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Notice 

The U.S. Government does not endorse products or manufacturers. Trade or 
manufacturer's names appear herein solely because they are considered essential to the 
object of this report. 

The contents of thls report are the views of the contractor and do not necessarily reflect 
the views or pohcies of the U.S. Department of Housing and Urban Development or the 
U.S. Government. 





Foreword 

Permanent Foundations Guide for Manufactured Housing is an update and revision of the 1989 
handbook. Its current technical information, recommendations, and tables of analytical data will 
meet the support and anchorage requirements for foundations that are necessary to minimize 
manufactured home damage during high winds or earthquakes. 

Whereas wind alone governed the information on overturning and sliding in the 1989 handbook, 
stringent seismic criteria now make it necessary to review both forces in order to determine which 
should control the foundation design. To account for this significant issue, the tables have been 
modified to include seismic data and highlight those values controlled by seismic considerations. 
In addition, the need to address current architectural preferences for open space required that the 
guide discuss large "marriage wall" openings for multi-section units. To make the Guide easier to 
comprehend, there has been a significant increase in the number of illustrations and clarification of 
the accompanying text. 

Although many pages have been added, the Permanent Foundation Guide is a logically organized 
easy-to-use reference for the permanent foundation process and for the design of anchorages that 
will assure adequate structural performance for manufactured homes. There is also companion 
computer software and its guide available. 

The Pennanent Foundation Guide will be extremely useful to al l  who are involved in the approval 
of mortgage insurance for manufactured homes on permanent foundations: engineers, 
manufacturers, HUD Field Office Staff, and site owners. 

for Policy 
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Executive Summary 

This Handbook updates and revises the 
erl Ho st, 1989. This work was 

commissioned by the U.S. Department of Housing and Urban Development, 
Office of Policy Development and Research. The Handbook has received a critical 
review and has been somewhat reorganized and supplemented with additional 
graphics to simplify its application. The major revisions include: 

The definition of Permanent Foundation has been expanded and clarified in 
Chapter 1. 

Design loads have been updated to the current loading requirements for snow, 
wind and seismic forces of the f 

. . 

5 & x U m , m 7 - 9 3 .  The load maps of Appendix H have been 
replaced by the new maps in ASCE 7-93. 

The Seismic portion of the Handbook, which showed no influence over wind 
in the previous code, has now become a significant factor in the ASCE 7-93 for 
consideration of overturning and sliding. Thus, the Tables of Appendix B have 
required reorganization and expansion. Seismic table values are grayed over to 
indicate that seismic controls over wind for the parameters of a given Table. 

All of the Foundation Concepts, except Type E2, have been retained in this 
updated edition. A survey was sent to all HUD field offices which substantiated 
this decision. Appendix D has been expanded to include sample formula 
derivations for all of these Foundation Concepts; this includes text and graphics 
for all single-section and multi-section units for added clarity. 

Appendix A Foundation Concept Details have been redrawn and revised to 
reflect the new ASCE 7-93 Loads document and their relationship to Appendix 
B Tables. 

This update now includes consideration of large openings along the length of 
marriage walls in multi-section units. Appendix B Tables includes openings that 
range from 10 to 20 feet in 2 foot increments. 

Although many pages have been added, the Handbook has become a logically 
organized and easy to use reference in the permanent foundation selection process 
and in the anchorage design to assure adequate structural performance for 
Manufactured Homes. 
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INTRODUCTORY COMMENTS 

Preface 

This Handbook is a guide for those ap- 
proving manufactured homes on permanent 
foundations -- HUD Field Offices involved in 
the approval process and manufacturers and 
site owners who are seeking approval. 

There are two acceptable methods for 
owners or developers to use in seeking HUD 
Approval: (1) Furnish foundation drawings and- 
design calculations prepared and sealed by a 
licensed professional for foundation concepts 
shown in Appendix A and other foundation 
concepts not covered in the Handbook. The 
design criteria and requirements of Chapters 
1-7 of the Handbook shall be followed in 
Method (1) and does not require the submittal 
of Appendix F (Appendix F instructions in 
paragraph 103 do not apply to Method 1.) Or 
(2) Furnish the Design Worksheet (Appendix 
F) prepared by a licensed professional in accor- 
dance with the Handbook. Method (2) does not 
require design calculations. Methods (1) & (2) 
both require submittals of Appendix E. See 
Table i - 1 on page ii. 

The Foundation Concepts (Appendix A) 
are considered permanent foundations. Perma- 
nent foundations are those that have been engi- 
neered for safety and long-term satisfactory 
performance. These foundations were also de- 
signed specifically for use with manufactured 
homes. The Handbook contains construction 
recommendations that assure the home, the 
foundation and the site are all compatible. Be- 
cause these recommendations are based on es- 
timated conditions, it is important to have 
complete information for each manufactured 
home and its site. 

Manufacturer-Supplied Information 

Information about the home must be 
provided by the manufacturer. To simplify the 
approval process, the manufacturer may wish to 
prepare a Manufacturer's Worksheet for each 
standard foundation system. The Manufac- 
turer's Worksheet is in Appendix E. 

OwnerSupplied Information 

Information about the building site must 
be provided by the owner. The size of the 
foundation, the depth of the footings, and the 
anchorage requirements depends on the build- 
ing's site. This information should be submit- 
ted on the Owner's Site Acceptance Worksheet 
(Appendix E). 

Chapters 2 and 3 of the Handbook con- 
tain recommendations for site preparation. 
They also point out unusual site conditions that 
may call for additional geotechnical engineer- 
ing reports, such as sloping sites and problem 
soils. This documentation must also be submit- 
ted if problem sites are found. 

Handbook: Foundation Design Concepts 

Companies building manufactured homes 
have assisted in the preparation of this hand- 
book by providing foundation design concepts 
appropriate for manufactured housing. This 
information was assembled and used as the ba- 
sis for the Foundation Design Concepts in Ap- 
pendix A. 



The Handbook provides information ries of logical steps designated to lead to ap- 
about three basic foundation types and six al- proval. The HUD Field Office at their pre- 
ternative types. Appendix A shows which rogative may review the Design Worksheet. 
foundation designs can be used on sites with 
special requirements, such as windy sites. Technical assistance to determine accept- 

ability of individual designs of Dermanent 

Handbook: Design Verification 
- . 

foundation systems should be obtained from a 
licensed professional engineer. 

The Handbook's format is arranged for a 
licensed professional to progress through a se- 

TITLE 

Foundation Drawings 
(Prepared & Sealed by Licensed 

Professional) 

Design Calculations 
(Prepared & Sealed by Licensed 

Professional) 

Yes 

I I 

Method (1) 

Yes 

Design Criteria Yes 

Appendix A - Foundation 
Concepts 

Other Foundation Concepts 

Appendix E 
(Owner's Site Acceptability & 
Manufacturer's Worksheets) 

Table i - 1 

Method (2)  

No 

Yes 

Appendix F 
Design Worksheet 

(Prepared & Sealed by Licensed 
Professional) 

Cnaprers i-7 1 I 
Yes 

Yes 

Yes 

Yes 

No 

Yes 

No Yes 
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CHAPTER 1 - GENERAL R\SIFOMATION 

100-1. GENERAL. Manufactured homes, as 
addressed by this handbook, are manufactured 
in accordance with 24 CFR Chapter XX, Part 
3280, Manufachlred Home Consrtuction aad 
Safety Standards (MESS), and are sited on a 
permanent foundation in accordance with 
Handbook 4145.1, REV-2, Chrmge I,  Feb. 14, 
1992, Architectural Processing and Inspections 
for Home Mortgage Insurance, paragraph 3-4. 

A. Description of Manufactured Unit 
Designs and approval for foundations in, this 
manual are based on the following assumptions 
about the manufactured home: 

1. Transportable in one or more sec- 
tions. 

2. Between 11'4' and 16'-0 in width 
in transport mode'. 

3. Minimum 400 sf. in area for a sin- 
g e  ~ e c ~ ~ ~  

4. Fkterior wall height of 7-6" or 8'-0" 
from top of wall to foundation. 

5. Built on permanent chassis with 
minimum distance between main 
chassis beams of: 

Mfg. Home Width Beam Spacing 
12' nom. 6'-3" 
14' nom. 6'-10" 
16' nom. 8'4" 

Note: Smaller beam spacing will require 
design by a professional engineer. 

6. Chassis beams 10" deep for 112' and 
14' nominal unit widths, and 12'' 
deep for 16' nominal unit width. 

7. Roof slope varies from a minimum 
11212 to a maximum 4.4:12 (20°). 

8. Set on permanent foundation of 
piers, or of continuous, cast-in-place 
concrete, concrete-block masonry, 
all-weather wood, or other approved 
systems. 

9. Double width units are assumed 
connected to behave structurally as 
a single box. 

B. Chassis Removal The chassis of a 
manufactured home, under the Federal Mmz- 
factiired hroitsing and Consmction s@ty 
Standards, is not permitted to be removed Ac- 
cordingIy, foundations in this manual are de- 
signed for maxfacced  homes that D 3  NOT 
HAVE THER W S I S  m o m .  

C. Definition of Peemanent Founda- 
tion. Permanent foundations must be con- 
structed of durable mat&als; i.e. concrete, 
mortared masonry, or treated wood - and be 
site-built It shall have attachment points to an- 
chor and stabiIize the manufactmed home to 
transfer all loads, herein defined, to the under- 
lying soil or rock. The permanent foundations 
shall be stnrcturalIy developed in accordance 
with this document or be structurally designed 
by a licensed professional engineer for the fol- 
lowing: 

1. Vertical stability 



a. Rated anchorage capacity to 
prevent uplift and overturning 
due to wind or seismic forces, 
whichever controls. Screw-in 
soiI anchors are considered a 
permanent anchorage. 

b. Footing size to prevent over- 
loading the soil-bearing capacity 
and avoids soil settlement. 
Footing shall be reinforced cm- 
Crete to be considered pema- 
nent. 

c. Base of footing below maxi- 
mum frost-penetration depth. 

d. Encloses a basement of crawl 
space with a continuous wall 
(whether bearing or non- 
bearing) that separates the 
basement of crawl space from 
the backfill. and kerns out ver- 
min and water. 

2. Lateral stability. Rafed anchorage 
capacity to prevent sliding due to 
wind or seismic fqrces, whichever 
controls, in the transverse and Iongi- 
tudinal directions. 

100-2. DEFINITIONS. These are term used 
throughout the Handbook and the Design 
Worksheet. Additional terms are used in Ap- 
pendix D, where the derivation of equations is 
shown. These terms are detined in Appen- 
dix D, and illustrated in Figure 6-2. 

Anchorage.. Connection between su- 
perstructure and foundation, by means of 
welds, bolts, and various light gage metal 
plates. Anchorage does not refer to any type of 
soil anchor. 

Chassis: The structural system nmning 
beneath the manufactured home. Example: Pair 
of steel beams. 

Exteeor Foourdation Wall: Founda- 
tion walls placed directly below the exterior 
perimeter walk of the unit. These walls may, or 
may not, be structurally used as bearing walls 
under gravity loads, andfor used as shear walls 
under horizontal loads. If these walls are not 
wed struct.jra?ly they are calIed non-bearing 
walls or skirt walls. 

Exterior Piers: Piers inside the exterior 
walls, needed to support the chassis beams 
neatest the longitudinal foundation walls. - 

Foua&n Types: 

Type C: Foundation system supported 
and anchored at chassis onIy, to equally spaced 
piers. 

Type E: Foundation system supported 
at chassis and exterior wall but anchored for 
uplift and ovemrming at exterior wall only. 

Tjpe I: Foundation system supported 
at chassis and exterior wall but anchored for 
uplift and overturning at exterior piers only. 

Interior firs: Piers nearest the mar- 
riage wall and supporting the chassis in multi- 
section units. 

Loaghdind Foandethn Walk: Two 
walls beneath the long dimension of the unit (in 
its transport mode) which are stnrcturalIy used 
as foundation shear walls that resist applied 
wind or seismic forces from the snperstruc- 
me's shear walls in the longitudinal direction. 



Longitudinal Direction: Direction of 
horizontal wind or seismic forces applied paral- 
lel to long dimension of unit. See Figure 1-1. 

Marriage Wall: The wall where two 
single-section units are structurally joined to 
form a multi-section unit. The marriage wall 
may contain openings that permit interior 
spaces to expand to two units wide. 

Marriage Wall Piers: Piers placed be- 
neath a continuous marriage wall in multi- 
section homes are assumed to be equally 
spaced. Piers are also placed at the ends of 
openings, beneath the posts that transfer con- 
centrated loads from the roof. 

Superstructure Shear walls: Vertical 
elements (usually walls) of the superstructure's 
lateral load resistance system. These vertical 
elements structurally transfer horizontal wind 
or seimsic forces, applied to the roof and floor 
planes of the unit, to the foundation system. 

Transverse Foundation Walls: Walls 
across the short dimension of the unit which 
are structurally designed to function as founda- 
tion shear walls that resist horizontal applied 
wind or seismic forces from the superstruc- 
ture's shear walls in the transverse direction. 

Transverse Direction: Direction of 
horizontal wind or seismic forces applied per- 
pendxular to long dimension of unit. See Fig- 
ure 1-1. 

As: The seismic coefficient represent- 
ing the effective peak acceleration as deter- 
mined by the seismic map 1. 

&: The seismic coefficient represent- 
ing the effective peak velocity-related accel- 
eration as determined by the seismic map 2. 

Longitudinal Transverse 

Figure 1 - I 

Av: Vertical anchorage force require- 
ment for the unit; (Pier load in lbs. or wall load 
in 1bs.lLF). Example; Anchorage force to pre- 
vent uplift and overturning in the transverse 
direction of applied wind or seismic forces. 

Ah: Horizontal anchorage force re- 
quirement (lbs./ft.). Example; Anchorage force 
to keep unit from sliding in the transverse and 
longitudinal directions of applied wind or 
seismic forces. 

Aftg: Foundation footing size for the 
isolated unit pier spread footing area (sq. ft.) & 
continuous wall footing width (ft.). 

hn: The height of the manufactured 
unit exterior wall. 

hp: The depth at which a pier footing 
must be placed to prevent it from pulling out of 
the soil (ft.). 

hw: The depth at which a continuous 
foundation wall must be placed to prevent it 
from pulling out of the soil (ft.). 

L: Length of manufactured home (ft.). 

W: Actual self (dead load) weight of 
the unit (lbs.). 



w: The distributed weight of the unit 
(lbs./ft). W/L = w; therefore weight per foot of 
length. 

Wt: Actual measured width of the unit 
(ft.) between superstructure walls, excluding 
roof projections. A single-section unit has one 
width measurement (Wt). A double-section 
unit is composed of 2 single-section widths 
(2Wt). 

100-3. LICENSED PROFESSIONALS. 
Thosekng this handbook are referred to using 
licensed professionals when design considera- 
tions require additional information or when a 
particular site, foundation system, or super- 
structure (manufactured home) falls outside the 
des~gn assumptions and parameters of the 
handbook. As used herein, the term Geotech- 
nical Engineer is a professional engineer regis- 
tered under the appropriate laws of the State to 
practice in the field of Geotechnical Engineer- 
ing. The term Structural Engineer is a profes- 
slonal or structural engmeer reg~stered under 
the appropriate laws of the State to practice in 
the field of Structural Engineering . And the 
term Architect is a professional architect regis- 
tered under the appropriate laws of the State to 
practice Architecture. 

101. LOCAL CODES AND STAN- 
DARDS 

101-1. NEW CONSTRUCTION. This 
handbook has been developed for use at all new 
permanent manufactured home sites, commu- 
nities, and set-ups. 

101-2. EXISTING CONSTRUCTION. The 
practices recommended in the Handbook are 
not intended to be applied retroactively to exist- 
ing sites unless the authority in the jurisdiction 
considers such application essential for safety 

and health of occupants. Upgrade of existing 
anchorages and footings shall meet the intent of 
the definition of permanent foundation stated 
herein. 

101-3. RESPONSIBILITY. This handbook 
does not relieve the installer of responsibility 
for compliance with local ordinances, codes, 
and regulations established by authorities hav- 
ing jurisdiction. 

101-4. OTHER FOUNDATION DESIGNS. 
Manufacturers of home designs not covered by 
this handbook or recommending a foundation 
system not included in this handbook shall 
submit drawings and structural calculations 
prepared and sealed by a licensed professional 
to the owner. 

102. REFERENCED STANDARDS 

102-1. CODES GOVERNING SUBSUR- 
FACE INVESTIGATION 

A. HUD Minimum Property Standards 
for Housing 1994 Ed. Handbook 4910.1; Fi- 
nal Rule-24 CFR Part 200.926 contain provi- 
sions that apply to permanent foundation instal- 
lations recommended in this handbook. 

B. Engineering Report. If adverse site 
conditions are discovered, specific recommen- 
dations by a Geotechnical Engineer shall be 
included with the Design Worksheet 
(Appendix F). 

102-2. CODES GOVERNING BUILD- 
INGS AND SITES 

A. Seismic, Wind and Snow Loads for 
each type of structure were computed based on 
ASCE 7-93: Minimum Design Loads for 
Buildings and Other Structures. Minimum 
wind and minimum roof live load were based 



Buildings and Other Structures. Minimum 
wind and minimum roof live load were based 
on MPS HUD Document 4910.1, Appendix K, 
art. 200.926e (a) & (c). 

B. Grading, Drainage and Fill. The 
HUD Land-Planning Data Sheets (79g), Hand- 
books 4140.3 and 4145.1, should be used for 
grading, drainage and fill specifications. 

C. Manufactured Homes on Elevated 
Foundations should follow standards in 
Manufactured Home Installation in Flood 
Hazard Areas, FEMA 85Beptember 1985. 

D. Additions to CABO One and Two 
Family Dwelling Code, 1992 Ed. (including 
1993 Amendments) that apply to construction 
in this manual are found in CABO, Appendix C 
-- Section C-101, C-102, C-201, C-301, (2-302, 
C-303, C-304, C-305, C-306, C-307, C-401, 
(2-501, C-502, C-503, C-504, C-505, C-506, 
C-507, C-600, C-601, C-602, C-603, C-604, 
C-605. 

E. Rural Housing Service (RHS) For- 
merly Rural Housing and Community De- 
velopment Sewice, formerly Farmers Home 
Administration (FmHA). Provisions for the 
approval of direct loans for manufactured 
homes on permanent foundations are contained 
in Subpart A of Part 1944: Section 502 Rural 
Housing Loan Policies and Authorizations and 
for guaranteed loans in Subpart D of Part 1980: 
Rural Housing Loans. The provisions for ac- 
ceptable site development, installation and set- 
up are contained in Subpart A of Part 1924 

Exhibit J: Manufactured Home Sites, Rental 
Projects and Subdivisions. These Agency in- 
structions are available in any RHS field office. 

F. Superstructure HUD Code - Federal 
Manufactured Home Construction and Safety 
Standards OcL 25,1994. The structural design 
of the superstructure of the manufactured home 
has been assumed to be in conformance with 
HUD Code Section 3280.305 and .306 (a)(2) 
which anticipates the manufactured unit to 
make provision for the support and anchoring 
system forces required by this document. 

103. GENERAL PROCEDURE 

103-1. SUBMISSIONS. Three worksheets 
must be filled out before evaluation of the 
foundation system can begin, the "Owner's Site 
Acceptability Worksheet and Manufacturer's 
Worksheet" in Appendix E, and the "Design 
Worksheet" in Appendix F. Refer to Table i - 1 
in_ the Introductory Commme~ts, which i ~ & c e ? e ~  
requirements and submissions. 

103-2. BEGINNMG THE APPROVAL 
PROCESS. If the worksheets in Appendices E 
and F have been filled out, the approval process 
can begin. See Chapter 2, "Site Acceptability 
Criteria" and the Design Worksheet, Appendix 
F. Persons using the handbook should fill out 
the Design Worksheets while progressing 
through the chapters in the Handbook. Ques- 
tions on the Design Worksheet are tied to sec- 
tions of the Handbook and the section numbers 
are noted on the Worksheet. 





CHAPTER 2 - SITE ACCEPTABILITY CRITERIA 

200. GENERAL. Before ao~roval of the 
A A 

site can begin, preliminary information about 
the site must be provided. Information to be 
provided appears in Appendix E. 

201. SITE SUITABILITY. site 
conditions can determine whether a given 
foundation design will be suitable for the 
manufactured home. Problem soils, flood- 
prone building sites, sloping sites, and ground- 
water level can affect decisions about founda- 
tion design. An investigation of the problem 
site by a qualified geotechnical engineer is rec- 
ommended to assure that site conditions will 
not adversely affect foundation performance. 

201-1. EXISTING GRADE ELEVA- 
TION(S) must be provided using a level and 
known benchmarks if any of the following are 
fme' 

A. Sites in Flood Zones. If the building 
site is within a flood zone, the finish grade of 
the building site must be located above the 
100-year return frequency flood elevation, and 
in accordance with HUD Handbooks 4135.1 
REV2 and 4145.1. 

B. Elevated Homes within flood zones 
can be built on specially-designed elevated 
foundations. 

1. Refer to Manufactured Home In- 
stallation in Flood-Hazard Areas, 
FEMA-85 / Sept. 1985. 

2. Homes built on elevated founda- 
tions must comply with require- 
ments of the National Flood Insur- 
ance Program to qualify for flood 
insurance. (N.F.I.P.) 

A. The elevation is to be altered by grad- 201-3. FROST PENETRATION DEPTH. 

ing or fill; or Verify the frost penetration depth with local 
building code department. Refer to the Maxi- - 

B. The site is near a flood zone ( e g  mum Annual Frost Penetration map on page 

lakes, rivers, streams, or coastal areas); or H-4. The base of the foundation footing must 
be below the maximum frost penetration depth. 

C. The site is or will be incorporated in Foundations in permafrost must be designed by 
subdivisions and communities. an engineer registered in Alaska. 

201-2. FLOOD-PRONE SITES. Building 
sites near lakes, rivers, streams and oceans are 
likely flood-prone areas. Information about 
whether the site is flood-prone should be ob- 
tained from FEMA Flood Maps. Determine 
whether the building site is in a flood zone. 
Refer also to the map showing distribution of 
great floods in the United States, page H-3. 

201-4. GROUND WATER TABLE ELE- 
VATION. Water table elevations vary from 
season to season and/or by locations. Building 
structures, streets, paved areas, and utilities 
shall be located or engineered to minimize the 
adverse effects of a high water table. 

A. Subdivisions. A subsurface investi- 
gation by a Geotechnical Engineer is required 
to determine water table elevation. 



1. Developed portions of a site which 
can be adversely affected by a po- 
tentially high ground water table 
shall be drained where possible 
(based on recommendations by 
Geotechnical Engineer) by subsur- 
face drainage facilities adequate for 
the disposal of excess ground water 
or by provision of surface drainage 
and surface ponds. 

2. A Geotechnical Engineering Report 
shall be submitted in subdivision 
applications. 

B. Exceptions. For individually-sited 
homes, the water table elevation may be based 
on local records if available; otherwise, deter- 
mine by subsurface investigation. 

202. SOIL BEARING CAPACITY 

202-1. GENERAL. Soil conditions typically 
vary w i k  d e p h  Subsurface inveszigations to a 
minimum recommended depth below the foot- 
ing depth by a Geotechnical Engineer, using 
appropriate laboratory tests, are recommended 
to identify soil type and bearing capacity. 

202-2. REQUIRED SUBSURFACE IN- 
VESTIGATION. For subdivisions and com- 
munities, a subsurface investigation is required. 

A. Preliminary Design. Other sources 
may be consulted for presumptive bearing 
pressures for preliminary design purposes. 

1. Allowable bearing pressures based 
on national model codes: 

a. BOCA - Basic National Build- 
ing Code 

c. ICBO - Uniform Building Code 

d. CAB0 - One and Two Family 
Dwelling Code 

2. Local authority having jurisdiction 

. Soil Conservation District 

4. United States Geological Survey 

5. Soil Conservation Service of the 
US. Dept. of Agriculture 

6. Highway Department 

7. Utility Company Records 

B. Exceptions. For individually-sited 
homes, the bearing capacity may be determined 
based on local building codes, unless the site is 
located in an area of known or suspected ad- 
verse soil conditions (as defined in Section 
203), then a subsurface investigation may be 
required. 

203. PROBLEM SOIL AND SITE 
CONDITIONS 

203-1. ORGANIC sons 
A . Soil Identification. If any of the fol- 

lowing soil types is identified at the proposed 
site by a Geotechnical Engineer (or soil con- 
servation maps), removal of the problem soil 
type and replacement with an engineered fill is 
permitted if submitted and approved by a 
Geotechnical Engineer. 

1. Loess. Deposits of windblown or- 
ganic silts. Susceptible to moisture 
and frost action and excessive set- 
tlement. 

b. SBCC - Standard Building Code 



--- 
2. Peat. River or water deposits of 

organic matter and silts, susceptible 
to excessive settlement. 

3. Topsoil. Top organic layer of soil, 
susceptible to excessive settlement. 

4. Others (As defmed by Geotechni- 
cal Engineer). Refer to overview 
map of expansive soils, Appen- 
dix F. 

203-2. UNSTABLE CLAYS have potential 
for large movements. 

A. Conditions Causing Instabifits: 

1. Expansive characteristics 

2. Highly plastic characteristics 

3. High compressibility 

4. Other conditions as noted by Geo- 
technical Engineer. 

B. Foundations for Unstable Clays. 
The presence of unstable clays indicates that 
specia! Io~un&t;t?r! 'crpItrr.ent a xcmxm::ded 
by a Geotechnical Engineer be included in the 
approval plan. 

203-3. SLOPING SITES 

A. General. There is the potential for 
slope instability and soil movement if the fol- 
lowing conditions occur: 

1. Loading on the slope by fiL1, home, 
or foundation. 

2. Removal of lateral supports by con- 
struction. 

3. Inherent characteristics of soil mate- 
r ia l  and slope geometry. 

4. Changes in the water content of the 
soil. 

5. Refer to overview map of landslide 
problems on pages H-6 and H-7, 
and National Academy of Sciences 
Report Reducing Losses from Land- 
sliding in the United States. 

B. Local Records. Refer to local Geo- 
technical records and ordinances for guidance. 

C. Identification. Subsurface investiga- 
tion by a Geotechnical Engineer is recom- 
mended for sloping sites. This is the primary 
method of determining dope instability. 

203-4. SUBSIDENCE 

A. General. Subsidence refers to the po- 
k n ~ a :  f ~ i  k ~ w e i g  ur coiiapse of rhe iand sur- 
face. Its causes are: 

1. Dissolving of soluble materials be- 
low the surface to form cavities. 

2. Underground mining. 

3. Withdrawal of gas, oil, and water 
from subterranean cavities 

4. Other causes as noted by Geotech- 
nical Engineer. 

B. Identification. Areas where subsi- 
dence occm can be identified by local geo- 
Iogical records or by subsurface investigation 
by a Geotechnical Engineer. Refer to the maps 
showing cave locations and coal field Iocations 
on pages H-8 and 8 9 ,  NBSIR 81-2215 Con- 
stmctiop~ of Housing in Mine Subsidewe Ar- 





eas, and National Academy of Sciences Report 203-5. TERMITE HAZARD. Refer to the 
Mitig&ng Lossesfrom Lmd Subsidence ia ihe map on page H-10 for locations and intensity 
United States. of termite infestation. Wood selection and 

treatment, and wood members in close prox- 
G. Stipulations. Construction on the site imity to the ground shall be in accordance with 

should be determined by a Geotechnical Engi- CAB0 One & Two Family Dwelling Code (all 
neer. provisions listed in section R-309) or with local 

ordinances. 





CHAPTER 3 - SITE PREPARATION 

300. GENERAL. Site preparation must 
conform to referenced standards in Chapter 1. 

301. DRAINAGE 

301-1. RAIN DIVERSION. Provide the best 
available routing of run-off water to assure that 
buildings or other important facilities will not 
be endangered by the path of a major emer- 
gency flood run-off which would occur if the 
site storm drainage system is exceeded. 

301-2. SITE-PLAN. Arrange structures on 
sites to retain natural drainage patterns (MPS 
HUD Document 4910.1, Chapter 3). 

301-3. ROOF DRAINAGE. Control roof 
drainage by use of gutters and downspouts. 
Route away from foundation walls. 

302. SITE-GRADING 

302-1. GENERAL. Site-grading plan must 
be approved by HUD, according to the Land 
Planning Data Sheet 79g and HUD Handbook 
4145.1 (Appendix 8). Site grading and drain- 
age must be performed to provide diversion of 
surface water away from the foundation and off 
the site, to prevent standing water. Design the 
new slope to tie in with natural grading. 

302-2. RECOMMENDED TESTS. Obtain 
soil analysis, bearing tests, or special founda- 
tion design where soil stability is questionable. 

303. FILL 

303-1. GENERAL. Bearing for footings or 
foundations on engineered fill is permitted 
where determined acceptable by HUD Field 
Office and Geotechnical Engineer. 

303-2. FILL SPECIFICATIONS. Fill must 
be engineered fill, (to 90% compaction, Modi- 
fied Proctor Test, ASTM D1557) free of or- 
ganic material such as weeds, or grasses, or 
other organic matter. 

303-3. ENGINEERED FILL. Engineered 
fill shall have a minimum load bearing capacity 
as recommended by a Geotechnical Engineer. 
Use HUD Land Planning Data Sheet 79g for 
preparation requirements. 

304. FINISH GRADE ELEVA- 
TION. The finish grade must be in accor- 
dance with HUD Handbook 4145.1, paragraph 
3-4.A.6). 





CHAPTER 4 - DESIGN LOADS FOR 
PERMANENT FOUNDATIONS 

400. GENERAL. Design and construc- 
tion must insure that the load bearing portion 
of the home's foundation will remain stable and 
maintain its capacity to transmit all imposed 
loads to the ground. 

400-1. FOUNDATION DESIGNER. The 
foundation designer must be aware of the 
structural limitations of the home to accomrno- 
date differential foundation movement. This is 
especially important with differential soil set- 
tlement or movement of problem soils. 

400-2. RE.FElU3NCED STANDARDS. All 
structural design shall be based on generally 
accepted engineering practice. All loads shall 
be in accordance with ASCE 7-93, except as 
shown otherwise in this manual. Local codes 
must be reviewed for requirements that may be 
more stringent than ASCE 7-93. 

400-3. DESIGN STANDARDS. Foundation 
design criteria is based on foundation criteria 

sign Load Tables, Appendix B, were developed 
based on average ASCE Minimum Design 
Dead Loads. See Table 4-1 below. (See Deri- 
vation of Foundation Design Load Tables, Ap- 
pendix D.) 

401. BUILDING STRUCTURE 
AND SIZE. Information must be provided 
by the manufacturer to assist in determining the 
suitability of a manufactured home for a par- 
ticular site and foundation system. The inspec- 
tor shall do a prelimnary check to verify that 
all information has been prepared by the manu- 
facturer. (The Manufacturer's Worksheet can 
be found in Appendix E, page E-3.) 

402. DESIGN LOADS 

402-1. DEAD LOADS 

A. Computation of Forces. Two design 
dead load values are used in this guide. The 
values are based on twical materials used in - <. 

for conventional housing as defined in the construction of homes. 
Minimum Property Standards, and is not based 
on the Manufactured Home Construction and 1. The lightest combination of loads is 
Safety Standards (Part 3280). Foundation De- used for computation of horizontal 

Refer to the "Manufacturer's 

Table 4 - I 



and vertical anchorage forces for 
wind related overturning and sliding 
stability. 

2. The heaviest combination of loads 
is used for computation of: (1) 
footing bearing area and (2) 
equivalent lateral inertia forces 
applied at roof and floor levels for 
seismic related overturning and 
sliding stability. 

B. Dead Load Values. The design light 
and heavy dead load values are shown in Table 
4-1 for manufactured home type and nominal 
unit width. 

C. Distributed Weight Calculation. 
The manufacturer shall provide the total weight 
(W) and the length (L) of the manufactured 
housing unit, including mechanical equipment. 
These values are used to convert the weight 
(W) into the distributed value of pounds per 
lined foot (wj. Ube the foiiowing formuia to 
make this conversion: 

Where: L = length of home (Mfr. Wksht. #3) 
W = total weight (Mfr. Wksht. #8) 

D. Distributed Weight Comparison. 
The distributed home weight (w) shall be com- 
pared with the average calculated values in 
Table 4- 1. 

1. If the manufacturer's distributed 
value (w) is less than the light load 
or greater than the heavy load, the 
structural engineer will be required 
to design the foundation system and 
anchoring system. Proceed no fur- 
ther until an approved system, cer- 

tified by a licensed structural engi- 
neer, has been provided. DO NOT 
USE THE TABLES. The tables are 
based on estimated conditions. 
Once outside those limits, the re- 
sults will not be valid. 

2. If the manufacturer's value falls 
within the light and heavy load lim- 
its (f 5%), USE THE TABLES IN 
THIS MANUAL and proceed with 
the verification process. 

E. Other Dead Loads. Manufactured 
home partitions and other known loads caused 
by special installations such as stationary 
equipment, i.e. water heater, furnace, etc., shall 
be included to arrive at applicable dead loads. 

402-2. SNOW LOAD 

A. General. Ground snow loads are 
based on values from ASCE 7-93. The Ground 

Tr . . -7 * m  7-  .- Snow iod map on pages =-I I, n-IL, 1-1-13, 

shall be used to determine a ground snow load 
value (Pg) for the manufactured home location. 
For areas where ground snow load values are 
not shown, consult local weather data or gov- 
erning code authority. Ground snow loads (Pg) 
are converted to roof design snow loads (Ps) by 
multiplication on 0.7 x Pg. See Appendix D 
for derivation. The tables in Appendix B use 
Pg values from the map. Roof snow loads are 
assumed to be horizontally projected over the 
roof area. 

B. Heavy Snow Loads. If the ground 
snow load value (Pg) exceeds 100 psf, consult 
a licensed structural engineer for footing de- 
sign. 

C. Minimum Roof Live Load. Roofs 
shall be designed for a minimum horizontally 



projected live load in accordance with MPS 
HUD Document 4910.1, Appendix K, 
art.200.926e. The load magnitude is related to 
roof slope as follows: greater than 3 in 12: 15 
psf; less than or equal to 3 in 12: 20 psf. The 
larger magnitude, between the design roof 
snow load and the minimum roof live load, 
shall be used for design. Note that a 20 psf 
ground snow load (Pg) corresponds closely to a 
15 psf minimum roof live load (i.e. 0.7 x 20 = 
14 psf rounded to 15 psf) and a 30 psf ground 
snow load corresponds closely to a 20 psf 
minimum roof live load (1.e. 0.7 x 30 = 21 psf 
rounded to 20 psf in the Foundation Design 
Load Tables). 

402-3. WIND LOAD 

A. General. Wind loads must be based 
on values from ASCE 7-93. The Basic wind 
speed map on page H-14 must be used to de- 
termine the basic wind speed (v) for the manu- 
factured home locat~on. Refer to Appendix D 
for factors influencing wmd ioad. Map values 
below 80 mph shall conform to the minimum 
wind speed of 80 mph in accordance with MPS 
HUD Document 4910.1, Appendix K, art. 
200.926e. 

NOTE: Tornadoes have not been consid- 
ered in the development of the basic wind 
speed map, and resistance to such conditions is 
not included in t h~s  manual. 

B. Coastal or Inland Sites. Coastal re- 
gions include any locat~ons \r ~thm 100 miles of 
the Atlantic Ocean or Gulf of Mexico humcane 
coastlines. All other locat~ons are to be con- 
sidered Inland reglons. Exposure Category C 
has been assumed regardless of Coastal or In- 
land location in accordance with MPS HUD 
Document 4910.1, Appendn K. art. 200.926e. 

C. Severe Wind and Design Pressures. 
In hurricane zones, or where severe wind pres- 
sures occur, foundations and anchoring for 
manufactured homes will require special treat- 
ment. 

1. Foundations may be required to re- 
sist greater uplift and overturning 
than values shown in this manual. 

2. Heavier, more deeply buried foun- 
dations may be required than values 
shown in the tables. It may be nec- 
essary to provide additional foun- 
dation shear walls andlor specially 
designed cantilever piers. 

3. Home-to-foundation connections 
must be strengthened. 

4. Refer to Mobile Home Anchoring 
Systems and Related Construction 
and An Engineering Analysis: 
Xobik Eo;ze: iii %'i i i&~i i i~~ ,  h t i -  
tute for Disaster Research in Lub- 
bock, Texas. 

D. Design Verification. The field office 
must verify the existence of engineered draw- 
ings showing connection and anchorage details. 
The connection details shall be engineered to 
resist wind speeds at the building site. 

E. High Wind Design. For high wind 
areas, foundation designs must be those that 
are suited to both high wind and other site 
conditions, such as seismic or soil conditions. 

402-4. SEISMIC LOADS 

A. General. Seismic design loads and 
requirements are based on criteria and values 
from ASCE 7-93, which are taken from the 
NEHRP Recommended Provisions for the De- 



velopmenf of Seismic Regulations for New 
Buildings (NEHRP 1991). The two seismic 
maps on pages H-15 and H-16 shall be used to 
determine the seismic values &. and & for the 
manufactured home location (county). Seismic 
values of &. and & that equal or exceed 0.3 
shall conform to the special requirements of 
seismic performance category C and D (cited 
on page H-17) as they apply to foundation de- 
sign and detailing. When & values from the 
map on page H-16 are less than 0.15, the 
seismic provisions of ASCE 7-93 need not be 
considered, and anchorage design 1s then based 
on wind considerations alone. In seismic areas 
where & andlor & L 0.3, foundations must 
be designed by a professional engineer licensed 
in the applicable state. 

B. Design Verification. The design con- 
cept proposed in question 10 of the 
"Manufacturer's Worksheet", found in Appen- 
dix E, should be compared with information in 
the Foundation Design Concept Tables 
(Appendix A) to determine whether the foun- 
dation is potentially su~table for location in a 
seismic zone. 

C. Characteristic Differences between 
W i d  and Seismic Loading. 

1. Wind loads subject the exterior 
building envelope to pressures and 
suctions on each wall or roof sur- 
face. Thus. exposed surface area is 
important. Seismic loads are gener- 
ated by the rround's acceleration 
being transferred to the foundation, 
according to the site soil character- 
istics (S) and then the building's 
structural system characteristics (R). 
This modified acceleration excites 
the building mass. which generates 
the inertia forces (F = m x a) at each 

level (i.e. floor and roof). Thus, the 
entire building participates in the 
creation of seismic force, while only 
the exterior envelope participates in 
wind load generation. 

2. Wind loading is usually long dura- 
tion with short duration gusting that 
usually creates slow stress reversals, 
while seismic events are of short 
duration, creating accelerations that 
generate rapid oscillations in all di- 
rections with sudden stress rever- 
sals. 

3. The slow structural response from 
wind loading permits frictional re- 
sistance from gravity loads to be 
considered for sliding resistance 
between superstructure and founda- 
tion. The simultaneous horizontal 
and vertical acceleration during a 
seismic event, generally negates the 
frictional resistance from gravity 
loads. Thus, friction is ignored as a 
potential resistance between super- 
structure and foundation for seismic 
loading. Even when wind loads ex- 
ceed seismic loads, positive con- 
nections between superstructure and 
foundation are required for areas - 
with Av equal to or greater than 
0.15. 

D. Seismic 1 Wind Force Comparisons. 
Overturning and sliding anchorage forces 
found in the Foundation Design Load Tables of 
Appendix B are based on the largest lateral 
forces from a consideration of wind and 
equivalent lateral seismic inertia forces. The 
results were as follows: 



I. Wind controls for single or multi- 
section units subjected to (1) over- 
turning from lateral forces in the 
transverse direction @erpendicular 
to long dimension of unit) and (2) 
uplift forces in the vertical direc- 
tion. Both conditions require verti- 
cal anchorage. 

2. Wind or seismic may control for 
single or multi-section units sub- 
jected to sliding in the transverse 
andfor longitudinal direction. Val- 
ues in the tables of Part 3 and 4 of 
Appendix 3 are grayed if seismic 
controls. 





CHAPTER 5 - FOUNDATION REQUIREMENTS 

500. GEPJ%m. This section outlines 
general material and quality standards for all 
foundations in this manual. 

501. EXCAVATION 

501-1. FOOTING D a T H .  Excavation for 
footings or foundation walls shall extend below 
depth of soil s u b j k d  to seasaal~or chmcter- 
istic volume chafge to undisturbed soil that 
provides adequate bearing; Select thegreatest 
depth required by any of the provisions below, 
reference Figure 5-1. 

A. Maximum Frost Penetration Depth. 
-:The bottom of fobtingsshall extend at least to 
the  depth indicated on the map on page H-4. 

B. Alternate Seasonal Wettihg and 
Drying; This is especially important with ex- 
$niivesoils. If &xpansive soils exist, consult a 
geote&ical engineer to obtain required foot- 
ing depth. 

C. ITO~tiog Depth. The footings &ali be 
deep enough to provide required upIift capac- 
ity. (This value may need to be determined for 
high wind areas after the calculations needed to 
determine footing bearing have been com- 
pleted.) 

502. P O b i A T I O N  PddAm-s. 
Footings and foundations shall be constructed 
of solid materials such as masonry, concrete, or 
treated wood, based on the Foundation Design 
Concept Selection (Appendix A) and Founda- 
tion Capacity Tables. (Appendix C), (For ma- 
sonry and concrete refer to CABO R-302.2, 
R-304.1 and R-304.3; for wood refer to CABO 
R-302.1 and R-304.5.) 

5 3  S T R U C ~ L  REQUIRE- 
MENTS 

503-1. FOUNDATION REQUIREMENTS. 
Alt exterior walls, marriage walls, marriage 
wall posts, columns and piers, must be sup- 
ported on an acceptable foundation system that 
must be of sufficient design to support safely 
the loads imposed, as determined from the 
character of the soil. 

A. Height Abo-ve Grade. Foundation 
walls shall extend at least 8" above the finished 
grade adjacent to the foundation at all points. 
See Figure 5-1. 

B. iMbhwn Fomdatio~ Wan annil 
WalI Footing Thickness. For masonry or 
concrete construction, 'the minimum foundation 
wall will be 6 inches. The minimum reinforced 
concrete footing thickness wil l  be 6 inches or 
1-1/2 times the length of the footing projection 
from the foundation wall, whichever is greater. 

503-2. PIER AND COLUMN FOOTING 
REQUIREMENTS. Footings for pier founda- 
tions shall be reinforced concrete and should be 
placed level on h undisturbed soil of ade- 
quate bearing capacity and below the frost 
penetration depth. They can also be placed on 
engineered, compacted fill, approved by a li- 
censed geotechnical engineer. 

A. Unusual Conditions. Where unusual 
conditions exist, the spacing of piers and pier 
size and the load bearing capacity of the soil 
shall be determined specifically for such condi- 
tions. 



B. Minimum Pier and Pier Footing 
'Mckness. The minimum thickness for a pier 
is 8 inches. The minimum thickness for pier 
footings is 8 inches or 1-112 times the 1 e n S  of 
the footing projection from the pier, whichever 
is greater. 

503-3. FOOTING REINFORCING 
(HORIZONTAL). Reinforce footings when 
the projection on each side of the wall, pier, or 
column exceeds 213 of the footing thickness, or 
when required because of soil conditions. 

503-4. MASONRY PlERS AND WALLS. 
AU masonry piers and walls shall have mor- 
tared bed and head joints. Reinforcing and 
grouting shall be in accordance with the foun- 
dation concept selected from Appendix A and 
de&ned in Appendix C. 

503-5. CRAWL SPACE REQUPRE 
MENTS (T3asementless spaces) 

,A. Height Reqnirement Ground level 
must be at least 18 inches below bottom of 
wood floor joists and 12 inches below bottom 
of chassis beam. Where it is necessary to pro- 
vide acrrtrs for zainrenance and _repak of m- 

chanical equipment located in the under floor 
space, the ground level in the affected area 
shall not be less than 2 feet below wood floor 
joists. (Refer to CABO, Section R-309.) See 
Fi,we 5-1. 

B. Interior vs. Exterior Ground Level 
The interior ground level must be above the 
outside finish grade unless: 

1. Adequate gravity drainage to a posi- 
tive out fall is provided or 

2. The permeability of the soil and the 
location of the water table is such 
that water will not collect in the 
crawl space, or 

3. Drain tile and automatic sump 
pump system are provided. 

C. Openings. Locations of crawl space 
openings and ventilation openings should be on 
long foundation walls. Avoid any openings on 
short foundation walls. Sill plates M other 
structural members should not be randomly cut 
to accommodate openings. Continuity of struc- 

sis 

Minimum Clearances and Footing Depth 
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turd members must be maintained. 

503-6. FOUNDATION WALLS FOR 
BASEMENTS. The design and reinforcing of 
basement walls is NOT in the scope of this 
document. Refer to local codes and ordinances 
for guidance. Refer also to CABO, Section R- 
304: 'Foundation Walls." Design the wit's 
foundation based on soil conditions present at 
the site. 

503-7. BACK FILL. Material used for back 
fa must be clean and free of wood scraps or 

other deleterious substances and must be 
placed carefully against walls. 

503-8. STEEL BEAMS AND COLUMNS. 
The analysis and design of steel transverse 
girders, steel longitudinal girders potentially 
used under marriage walk to reduce the num- 
ber of steel pipe m L m s  within a basement, 
and the steel pipe columns themselves are 
NOT within the scope of this document for 
system Types E5, E6 and E7 





CHAPTER 6 - FOUPaDATION DESIGN 

6- 1 

600. DESIGN PR3CEDURE. In this 
chapter information about the building site and 
the building structure are combined and used to 
determine the size of footings, reinforcing for 
the foundation, and the size and spacing of an- 
chorage used tc tie the unit to the foundation. 

600-1. GENERAL 

A. Fomdaticih ~p~endices. The foun- 
dation &sign information in Appendices A, B, 
& C may be used to design new fo&dation sys- 
tems or to V&fy the design of proposed or ex- 
isting systems. Appendix A, Foundation De- 
sign concept's, shows design concepts suitable 
for . . a variety of manufactured home types and 
:.site c6nditions. Appendix B, Foundation D 5  
-sign Load Tables, provides design Guirements 
for: anchorage of the manufactured home to the 
~ - 
rojmdation and reconmiended footing sizes. 
' ~ b ~ e n d i x  C, Foundation Capacities Tables, 

design capacities for foundation uplift 
and withdrawal, based on the f ~ ~ d a t i o n  type 
chosen (wood, concrete maSonry or cast-in-, 
place concrete). 

B. Design Verigcation Sequence. The 
three Appendices (A, B, & C) are intended to 
be used in sequence. 

1. Appendk A, Foundation Design 
Concepts, is used to identify accept- 
able foundation designs based on 
the manufactured home type and the 
site conditions. 

2. Appendix B, Foundation Design 
Load Tables, is used to determine 
the required footing sizes and the 
required vertical and horizontal an- 

chorage forces to be transferred to 
the foundation. 

3. The required anchorage vaIues are 
used in Appendix C, Foundation 
Capacities Tables, to determine the 
materials, dimensions, and con- 
struction details of the foundation. 

C. Design Criteria and Design Loads. 
The design cliteria and loads are needed for the 
Foundation Design Load TabIes (Appendix B). 

1. Width of Unit. The measured width 
of the manufactured home, con- 
verted to a nominal width is needed. 

2. Height of Unit. The unit is assumed 
8'4" tail from bottom of floor 
*mino to ezye roof. f l  3:--- b e ~ u u p  
may be horizontal (flat) or cathedral 
sloped. 

3. Design Loads. The design gromd 
sn_cl?? lo2& win:! s --A m;m...;c -, "IIYLLUL. 

ground acceleration and seismic 
performance category are needed 
Refer to Appendix H to deterpine 
the design load values. 

D. Effective Footing Area (Aftg). The 
footings for the pemanent fomdarion must be 
sized to prevent sinking or settlement of the 
manufactured home. Footing area is given the 
abbreviation (Aftg). The values for (Aft$ are 
given in square feet (sf) for pier footings and 
feet (ft) for wall footing width. Refer to Ap- 
pendix D for the derivation of equations for the 
determination of effective footing areas. 



F. Horizontal Anchorage (Ah). Another 
.c&ical anchorage requirement is for. the manu- 
facked home to resist horizon& sliding forces 
in 'both the transverse and longitudinal direc- 
tions. Horizontal forces &e a result of wind or 
seismic activity. Horizontal anchorage is given 
the.abbreviation (Ah). 'The transverse or lagi- 
c..I:.--1 aL,."d-- --I"*-- +- 6L- A:--&:-- -cJz ---- ruruuru +JL-UUII ~GL*L\;J LV ULF~ WICX,UU~ UI I V I C . ~  

aP$cation i d  to the orie&tion of the r&is- 
tame elements, such as the transverse vertical 
X-bracing pl&s or the l~ngLkii&nal walls of 
the h e t  respectively (see Figure 1-1). The val- 
ues for (Ah) are giveh in pounds per foot 
(lbsJft). Refer to Appendix D for the deriva- 
tion of equatioils for deterdnafiim of required 
horizontal anchorage force. 

G- h a d s  IneInded and Load Combioa- 
tions. An applicable gravity loads (dead, oc- 
cupancy and snow or minim- roof live) and 
all lateral loads (wind or seismic) have been 
considered in the development of the Founda- 
tion Design Load Tables of Appendix B. 
Chapter 4 gives a brief description of each load 
and Appendix D derives the equations upon 
which the magnitude of these loads is deter- 
mined for any geographic location and unit 
Type. Appropriate load combinations have 

E. Vertical Anchorage (AT). The manu- 
factured home must be securely anchored to the 
foundation. One critical anchorage require- 
ment is for the structure to resist uplift and 
overturning from wind activity in the transverse 
direction. This is vertical anchorage and it can 
be achieved at the chassis beams or dong lon- 
gitudinal wall locations, or both locations. It is 
given the abbreviation (Av), and the (Av) vai- 
ues are all given in pounds (Ibs. per pier or lbs. 
per foot of foundation wall). Refer to Appen- 
dix D for the derivation of the equations for 
determination of required vertical anchorage 
force. 

been selected from ASCE 7-93 for allowable 
'stress design as follows: 

1. The load combination used for The 
Foundation Design Footing Tables 
(Appendix 3, Part 1) is: 

DL (heavy) + LL (occupancy) + 
LL (attic) + SL (or min. roof LL). 

2. The load combination used for The 
Foundation Design: Anchorage Ta- 
bles (Appendix B, Part 2,3,4) is: 

(Wind or SeismicY) + DL (Light) 

* Heavy DL was used to calculate the 
roof and floor inertia forces only. 

600-2 DETEmATION OF BUILDING 
m m  

A. Building Width for Use of Appen- - ciix E Tabies. m e  acblai measured buiidmg 
width must be converted into the nominal 
building width for use in the Foundation De- 
sign Footing Tables and Anchorage Tables. 
The nominal building width should be calcu- 
lated as follows: 

1. To obtain the nominal building 
width for use in the Foundation De- 
sign: use the following information: 

Actual Buildinq Width Nominal Width 
11'4" to 12'4" 12' 

2. The tables are based upon the width 
of each section as it is transported. 
A ma-section superstructure clas- 
sified as a nominal 14-foot width 



SingleSection Unit MultiSeztion Unit 
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classified as a nominal 14-foot 
width could be 26-8" to 28'-0" in 
actual width. 

3. The nominal width to be used in the 
Foundation Design Load Tables 
should be recorded. 

B. Width Illustration. If there is a ques- 
tion about which dimension is actually the 
width of the structure, see Figure 6-1. The 
..<d+L -+-+I.- LA-- 
WLUUL "L U G  1IU111G is sho-iTi as 7ATt (iio&d 
12', 14, or 16'.) 

600-3. DETERMINATION OF DESIGN 
GROUND SNOW LOAD. Verify the geo- 
graphic location where the unit will be sited. 
Refer to the ground snow load map on pages 
H-1 1, H-12 and H-13, and read the pound per 
square foot (psf) isobar for the intended site. 
Note that a mandatory minimum roof live load 
may be greater than the roof snow load. Refer 
to section 402-2.A and C for further clarifica- 
tion. 

600-4. DETERMINATION OF DESIGN 
WIND SPEED. Verify the geographic loca- 
tion where the unit will be sited. Refer to the 
wind speed map on page H-14 and read the 
MPH wind speed isobar for the intended site. 
Note that a minimum wind speed of 80 MPH is 

required by the Minimum Property Standards, 
even if the map isobar shows a smaller MPH 
value. Establish if the site is Inland or Coastal 
(section 402-3.B). 

600-5. DETERMINATION OF DESIGN 
SEISMIC FACTORS. 

A. Determine Design Seismic Ground 
Acceleration Values. 

1, Ve~r;,f;. the ge =gap sc !ocagcn 
where the unit will be sited. 

2. Refer to the two Ground Accelera- 
tion Contour Maps on pages H-15 
and H- 16 and read (@ fiom map 1 
and (a fiom map 2 for the isobar 
closest to the site. 

3. The manufactured home is exempt 
from seismic requirements if the 
map value for (&& is less than 0.15; 
therefore, wind becomes the only 
lateral load design issue. If (a is 
equal to or greater than 0.15 seismic 
provisions must be met (Section 
402-4). 



B. Determine the Required Seismic 
Performance Category. 

1. A seismic hazard exposure group of 
(I) is assumed for single family 
residences. 

2. The seismic value (&) and the 
Seismic Hazard Exposure Group (I) 
are used to assign the manufactured 
home to a Seismic Performance 
Category. Refer to the Seismic Per- 
formance Category Table on page 
H-17, enter the Table with these two 
values and record either (C) or @) 
as applicable. Note that if (C) is the 
correct Category, it is required to 
comply with the requirements for 
Category (A) and (B) as well as (C). 
If Category (D) is the correct Cate- 
gory, then the requirements for 
Category (A) through @) must be 
met. These requirements, as they 
pertain to permanent foundations 
for manufactured housing are listed 
in Section H-300 as a reference. 
The Foundation Concepts illustrated 
in Appendix A can meet the intent 

of the foundation requirements of 
Section 9.7 of ASCE 7-93 for 
Seismic Performance Categories 
(A) through 0). 

3. The manufacturer shall verify that 
the unit provides continuous load 
paths with adequate strength and 
stifhess to transfer all forces from 
the point of application to the point 
of resistance at the foundation. The 
design and detailing of the unit shall 
comply with Section 9.3.6 of ASCE 
7-93 for the Seismic Performance 
Category assigned in step 2 above. 

601. VERIFYING THE FOUNDA- 
TION DESIGN CONCEPT 
(APPENDIX A) 

601-1. LOCATION OF FOUNDATION 
SUPPORTS 

A. Defmition of Support. Support is 
herein defined as the location where the gravity 
loads (dead, occupancy, snow, minimum roof 
live load) within and applied to the unit are 

or Post Locations 
Marriage '"" 7 
Interior Pier 

- Chassis Beam 

Exterior Wall 

Longitudinal 
1 1 9-~oundation-T 1 1 9 I 1 T 
"ii" 9 wall 

A 
T 9 '  .? 9 
A 

Exterior Pier----- Mamiage 
Wall P~er 

Definition of Terms and Possible Support Locations 
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transferred to the foundation system. 

B. Illustration of Support Locations. 
The acceptable locations where foundation 
piers and walls support the unit are illustrated 
in Figure 6-2. Terms that appear throughout 
Appendices A, B and C are also defined. Some 
or all of the illustrated locations may be used, 
but symmetry of the support system must be 
maintained. Note that marriage walls may be 
continuous walls, or contain specifically lo- 
cated openings with posts at the ends of each 
opening. 

C. Determine the Location of Founda- 
tion Supports. Single-section or multi-section 
units are supported by equally spaced piers 
along their chassis beams, by exterior longi- 
tudinal walls or both. Multi-section units may 
possibly have additional equally spaced pier 
supports along a continuous marriage wall, and 
have piers placed according to post locations at 
the ends of specific marriage wall openings. 

Select one of the following unit support op- 
tions: 

Type C: Piers are equally spaced along 
the chassis beams for single- 
section units. Additional piers 
may exist below continuous 
marriage walls and under posts 
at the ends of openings within 
the marriage wall, that exist for 
multi-section units. If no sup- 
port exists below the marriage 
wall the unit is defined as a 
Type Cnw, and no openings can 
be permitted in the marriage 
wall. It must be a continous 
wall, supported by the floor and 
chassis beam system. 

Type E or I: A combination of longitudinal 
exterior walls and equally 
spaced piers under the chassis 
h e a s  used f~ )?  &$- 

uplift 

Anchorage At Chass~s Beams Anchorage Along 
Longitudinal Extenor Walls 

Overturning and Uplift Resistance Options 
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section or multi-section units. 
The same discussion regarding 
continuous marriage walls and 
marriage walls with openings 
within them, as found under 
Type C, applies to Type E and 
I. 

601-2 LOCATION OF VERTICAL AN- 
CHORAGE (Av) IN THE TRANSVERSE 
DIRECTION. 

A. Definition of Vertical Anchorage. 
Vertical anchorage exists in the transverse di- 
rection when a mechanical connection is made 
between the manufactured home unit and the 
foundation to resist wind related overturning 
and uplift forces. Overturning is the tendency 
for the unit to rotate about a pivot point either 
at the bearing point between chassis beam and 
support pier, or the bearing between the unit 
and the longitudinal exterior wall. This rota- 
tion lifts the unit off its other bearing points; 
therefore, requiring vertical anchorage (tie- 
down) to resist the force. Uplift of the unit oc- 
curs as wind passes over the roof surface, 
tending to lift the unit. Vertical anchorage re- 
sists this force. See Figure 6-3 for illustration 
of both of these effects in the transverse direc- 
tion. Analysis for both effects in the transverse 
direction indicates that overturning forces are 
greater than uplift forces. Thus, Appendix B, 
Part 2 Vertical Anchorage Tables are based on 
overturning behavior with the knowledge that 
uplift forces will also be handled. Locations 
for this mechanical connection exist either 
along the chassis beams andlor along the exte- 
rior longitudinal walls. Vertical anchorage and 
gravity support may exist at the same locations, 
but other combinations of support and anchor- 
age may exist. Connection types include an- 
chor bolts, welds, or a broad range of framing 

anchors and fasteners common to the wood in- 
dustry. A unit that merely sits on its founda- 
tion, does not constitute vertical anchorage of 
the unit. A physical connection of adequate 
capacity is required for vertical anchorage to 
exist. 

B. Determine Locations of Vertical An- 
chorage (Av). The character of the foundation 
support Type selected in section 601-l.C must 
be reviewed for vertical anchorage capability. 
The manufactured home unit may be anchored 
by any of the methods described in section 
601-2.A. Select one of the following vertical 
anchorage options: 

TypeC: Vertical anchorage is along the 
chassis beams only, and occurs at 
the equally spaced support piers for 
single-section units. Multi-section 
units may utilize the exterior chassis 
beams (2 ties) or all the chassis 
beams (4 ties) for vertical anchorage 
to the support piers. 

Type C1: Vertical anchorage is typically pro- 
vided by external straps which wrap 
over the top and down the sides of 
the unit. Short vertical ties, which 
attach directly to the home's exte- 
rior wall structure, are a possible 
alternate. These straps or ties attach 
to concrete "dead man" footings set 
at the appropriate depth below 
grade. The straps or ties are gen- 
erally spaced to match support pier 
locations; however, variations are 
possible. These anchorage types are 
limited to single-section units. It is 
required that the first external straps 
or ties be a minimum of 2 feet in 
from each end of the unit with the 
remainder equally spaced. 



Type E: Vertical anchorage is only along the 
exterior longitudinal walls for sin- 
gle-section units. Multi-section 
units may vertically anchor to exte- 
rior longitudinal walls (2 ties) or 
vertically anchor to exterior longi- 
tudinal walls and interior chassis 
beams at the equally spaced piers (4 
ties). 

chassis beams only, and occurs at 
the equally spaced support piers for 
single-section units. Type I vertical 
anchorage differs from Type C ver- 
tical anchorage only in its pivot 
point location for overturning. 
Multi-section units may utilize the 
exterior chassis beams (2 ties) or all 
of the chassis beams (4 ties) for 
vertical anchorage at the equally 
spaced support piers. 

601-3. LOCATION OF HORIZONTAL 
ANCHORAGE (Ah) 

A. Definition of Horizontal Anchorage. 
Horizontal anchorage exists when a mechanical 
connection is made between the manufactured 
home unit and the foundation to resist sliding 
due to wind or seismic lateral forces. Sliding 
can occur in the transverse direction or the 
longitudinal direction, and both directions must 
independently be checked. Sliding involves 
horizontal movement in the transverse or longi- 
tudinal direction of the unit, and if the wind or 
seismic event is of large enough magnitude, 
these horizontal forces can result in the unit 
sliding off its foundation. Anchorage between 
unit and foundation to avoid this situation is 
accomplished in one of two ways: (1) utilizing 
bolts, welds or other acceptable means to con- 
nect the unit to foundation walls that are made 

Type I: Vertical anchorage is along the 

of concrete masonry, treated wood or concrete, 
or (2) utilizing vertical X-bracing planes of 
galvanized rod or wire diagonal ties or straps 
between the top side of the steel chassis beams 
diagonally down to the top of the concrete 
footings. 

k. Determine Locations of Horizontal 
Anchorage (Ah). Horizontal sliding must be 
resisted both in the transverse and longitudinal 
directions. Options for each direction are as 
follows: 

1. -n: Anchorage 
location options include 2, 4, or 6 
transverse walls (shear walls) or a 
select number of vertical planes of 
X-bracing (trussing) with galva- 
nized rods, wires or straps. Figure 
6-4 illustrates these individual op- 
tions for a single-section unit and 
Figure 6-5 illustrates one combina- 
tion of these options, also for a sin= 
gle-section unit. Selection of trans- 
verse horizontal anchorage location 
option is not influenced by the se- 
lection of Type C, E or I unit for 
support or vertical anchorage in the 
transverse direction as done in sec- 
tions 601-1 and 601-2. 

2. Longitudinal Direction: Anchorage 
location options include either the 
two exterior longitudinal walls (for 
single or multi-section units) or the 
chassis beam lines (2 for single- 
section units, or 4 for multi-section 
units), where vertical planes of X- 
bracing with galvanized rods, wires 
or straps are possible. Illustration 
of the two choices is shown in Fig- 
ure 6-6 for a single-section unit. 
Selection of longitudinal horizontal 



anchorage location option is not in- 
'fluenced by the selection of Type C, 
E or I unit for support or vertical 
anchorage in the transverse diec- 
tion as done in sections 601-1 and 
601-2. 

601-4. FOUNDATION CONCEPT SE- 
LECTION. Whether designing a new perma- 
nent foundation or upgrading an existing foun- 
dation to a permanent foundation, confirmation 
of a foundation concept from Appendix A is 
required. The permanent foundation type is a 
function of the support option selected in sec- 
tion 601-l.C and the vertical anchorage option 
selected in section 601-2.B. Note: The hori- 
zontal anchorage option is independent of these 
two issues and does not influence selection of 
foundation type. 

A. Three Basic Foundation Types. A 
summary of the structural characteristics re- 
quired for each type of permanent foundation 
system follows: 

Type C: Support and vertical anchorage oc- 
curs at equally spaced points along 
the Chassis beam lines only. This is 
true for single-section or multi- 
section units. 

TypeE: Support occurs at the Exterior 
longitudinal foundation walls as 
well as at equally spaced points 
along the chassis beam lines. Verti- 
cal anchorage occurs continuously 
along the exterior longitudinal 
foundation walls for single-section 
or multi-section units (2 ties), or a 
combination of vertical anchorage 
can occur continuously along the 
exterior longitudinal foundation 
walls and along the equally spaced 

pier locations along interior chassis 
beams (4 ties). 

Type I: Support occurs at the exterior longi- 
tudinal foundation walls as well as 
at equally spaced piers along the 
chassis beam lines, just as for Type 
E, for single-section or multi- 
section units. Vertical anchorage 
occurs at the equally spaced piers 
along the chassis beam lines only 
for single-section or multi-section 
units (2 ties or 4 ties). 

B. Illustration of Foundation Types 
and Concepts. Single-section foundation 
types and detailing concepts are illustrated in 
Figure 6-7 and Appendix A. Multi-section 
foundation types and detailing concepts are il- 
lustrated in Figure 6-8 and Appendix A. The 
meaning of the arrow orientation in both Fig- 
ures is as follows: 

Symbols: & vertical anchorage (uplift 
and overturning) 

CiiS support (gravity) 

Type C: concepts C2 to C4 

Type E: concepts El and E8 (E2 omitted 
in this revision) 

Type I: included here as possible future 
design concepts. None were 
currently submitted by manufac- 
turers. 

C. Determine Foundation Concept. 
Based on the foundation type selected, choose 
one of the several concept options below: 
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D. Additional Foundation Types and Type E: concept E3, E4 (single-section) 
Concepts. Some combinations of support and concept E3 (multi-section) 
vertical anchorage, other than the basic Types concept E5, E6, E7 (multi- 
C, E and I. Should that be the case, select one section) 
of the concept options below: 

Type Cnw: concepts C2, C3, C4 (type Cnw 
Type C1: concept C1 (Single-section) stands for a Type C multi- 

section with no marriage wall) 

Vertical 
chassis X-Bracing 

beam lines Foundation 
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.................................................................................................... 
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602. USING THE FOUNDATION vertical and horizontal anchorage forces to be 

DESIGN TABLES (APPENDIX B) resisted for all the foundation types. This sec- 
tion gives step-by-step instructions for using 

602-1. GENERAL. The Foundation Design the Foundation Design Load Tables. 
Load Tables (Appendix B) are used to deter- 
mine foundation footing sizes required, plus 

- 
Sing 
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602-2. FOUNDATION VOCABULARY. 
Figure 6-9 illustrates the following foundation 
terms. 

A. Pier Foundations. The longitudinal 
variety of spacing of piers under the chassis 
beam lines as shown in the Foundation Design 
Load Tables is 4, 5, 6, 7, 8 and 10 feet. If pier 
spacings other than those shown are contem- 
plated, use the next largest spacing (i.e. for 4.5 
feet use 5 feet). Piers placed under continuous 
marriage walls are assumed equally spaced, 
while piers must be placed under posts that de- 
fine the ends of a large opening in a marriage 
wall. These openings are assumed to range 
from 10 to 20 feet in 2 foot increments. All 
marriage wall piers are assumed to only par- 
ticipate in transfemng gravity loads, thus they 
do not participate in resistance to overturning 
or sliding. Piers may be made of concrete, con- 

crete masonry or steel. Reinforcing is required 
for all concrete or masonry pier concepts in 
seismic regions with & greater than or equal 
to 0.3. The values shown in the Foundation 
Design Load Tables are values based on the 
pier spacing in pounds per pier (lbs) for (Av), 
and square feet for (Aftg), whether exterior, 
interior or marriage wall piers. 

B. Transverse Foundation Walls. 
Transverse foundation walls can occur at the 
exterior ends of a single-section or multi- 
section unit, as well as at selected interior loca- 
tions along the length of the unit. A continuous 
concrete footing must exist under the trans- 
verse walls regardless of the wall material: 
concrete, concrete masonry or treated wood. 
Interior transverse foundation walls of concrete 
or masonry can: (1) box around the chassis 
beams and provide direct continuous connec- 
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tion to the floor structure of the unit, or (2) the 
wall can stop at the underside of the chassis 
beams and utilize diagonal steel straps or di- 
agonal wood ties to complete connection be- 
tween the transverse wall and the unit's floor 
structure. Appendix A illustrates these ap- 
proaches. Reinforcement will be required for 
most transverse wall concepts. The values 
shown in the Foundation Design Load Tables 
(Appendix B) for horizontal anchorage (Ah) 
are values based on pounds per lineal foot 
(1bs.Ift.) of wall. 

C. Longitudinal Foundation Walls. 
Longitudinal Structural foundation walls are 
provided for foundation Types E and I. A 
continuous concrete footing must exist under 
the longitudinal foundation walls regardless of 
the wall material: concrete, concrete masonry 
or treated wood. Reinforcement will be re- 
quired for all longitudinal wall concepts. The 
values shown in the Foundation Design Load 
Tables (Appen&x a) fcr: (1) vertical :!c!mrage 
(Av) are values based on a continuous wall 
support in pounds per lineal foot (1bs.Ift.) of 
wall, (2) horizontal anchorage (Ah) are values 
based on pounds per linear foot (1bs.Ift.) of 
wall and (3) footing width values are in feet (ft) 
for (Aftg). 

602-3. REQUIRED FOOTING AREAS 
(Aftg) (APPENDIX B, PART 1) 

A. General. The foundation must be ca- 
pable of transmitting the total gravity load to 
the soil without exceeding the net allowable 
soil bearing pressure. The gravity loads consist 
of the unit dead weight, snow load or minimum 
roof live load, and occupancy live load. Bear- 
ing against the soil is accomplished with square 
concrete footings under piers and continuous 
linear concrete footings under walls. Compli- 

ance with this requirement should prevent ex- 
cessive differential settlement. 

B. Determine Design Ground Snow 
Load / Minimum Roof Live Load. This step 
has been done in section 600-3 and is required 
for single-section and multi-section units. 

C. Occupancy Live Loads. The resi- 
dential occupancy floor live load is 40 psf in all 
the model codes and has been used as the floor 
live load in the Tables of Appendix B, Part 1. 
Attic live load is assumed to be 10 psf. 

D. Determine Net Allowable Soil 
Bearing Pressure. The maximum net allow- 
able soil bearing pressure shall be based on a 
geotechnical investigation, a national model 
code presumptive value, or an assigned value 
by the local authority having jurisdiction, as 
described in Chapter 2. The Tables in this 
document assume a minimum of 1000 psf. The 
value for design should be recorded in the 
Owner's Site Acceptability Worksheet 
(Appendix E, question # 10 or #11). 

E. Determine (Aftg) Value from the 
Tables. Refer to Appendix B, Part 1 of the 
Foundation Design Load Tables. Several steps 
must be followed to anive at the pier andlor 
wall footing sizes: 

1. Select the correct Table based on 
the foundation type (C, Cnw, E,I or 
E5; single-section or multi-section) 
and the unit nominal width (12, 14 
or 16 feet). 

2. Enter the selected Table with the 
design ground snow load or mini- 
mum roof live load. This step is 
slightly different depending on unit 
Type as follows: 



Type C (single-section or multi- 
section), Type Cnw, and Type E, I 
multi-section: Blocks of values 

have headings for the various 
ground snow load and minimum 
roof live load magnitudes. Select 

Example 1: Twe: C - Single-Section Unit; Location: Tampa, FL.; Wt = 14 ft.; L = 60 ft.; Roof Slope: 2 in 12; 4 
Transverse Shear Walls; Pier Spacing: 5 ft.; Pg = 0 psf.; Min. Roof LL = 20 psf.; V = 100 mph.; 
Coastal; Seismic Av = 0.05; Aa= 0.05; Allowable Soil Pressure: 2000 psf. 

Required Effective Footing Area - Aftg (sqft) * 

Example 2: Type: E - Multl-Section Unit; Location: West Yellow Stone, MT.; Wt = 14 ft.; L = 60 ft; Roof Slope: 
2 in 12; 4 Transverse Walls; Pier Spacing: 5 ft; Pg = 70 psf.; V = 80 mph.; Inland; Seismic & = 0.40; 
Aa = 0.40; Allowable So11 Pressure: 2000 psf. Marriage wall opening width = 14'4". - 

Required Effective Footing Area - A f i g  (sqft) * 

Pter Spacing (R) 
6 7 x 10 

2 I 2.4 2.7 2.9 3.5 
-3 I 7.6 ii.8 I s 0  12.3 

1.4 16 1.8 2.0 2.3 
5.1 5.9 6.6 8.2 
I 2  1.3 1 5  I X  
3.8 4.4 5.0 6.2 

2 3 % ;  c\l.mlLiicl 1.0 1.0 1.1 1.2 1.4 
uiar 2.1 2.6 5.0 j.5 3.0 4:) . .I-"- ,, C \ i  ,"I 1 0 1 0  ' I 0  1 0  1.3 1.2 

m y  I 8  2.2 2.5 2.9 3.3 4.1 . . 
>X"'  : I  1 0  1 0  1 0  1 0  1.0 1 0  

mar l .5 1.8 2.2 2.5 2.8 3.5 
: c\ i ,nt  I U  1 0  1 0  1.0 I .  1 0  



the correct ground snow load block 
of values. 

Type E or I single-section: Snow 
load is included in the loading 
combination but is not required to 
move to the next step. 

3. Select the row for the required net 
allowable soil bearing pressure and 
proceed horizontally until the de- 
sired, or manufacturer's recom- 
mended, pier spacing is located (see 
the Manufacturer's Worksheet in 
Appendix E, item #10 or #11). 
Read and record on the Design 
Worksheet (Appendix F) the re- 
quired footing areas for interior and 
exterior pier footings and continu- 
ous marriage wall footmgs (as re- 
quired). 

minimum footing widths are re- 
quired. 

602-4. REQUIRED VLATICAL AN- 
CHORAGE (Av) IN THE TRANSVERSE 
DIRECTION (APPENDIX B, PART 2) 

A. General. The foundation must pro- 
vide enough structural capacity to resist uplift 
and overturning forces due to wind pressure 
and suction. These forces are resisted by con- 
nections to anchors at the piers or to anchors 
along the longitudinal foundation walls. 
Seismic inertia forces generated from the 
ground acceleration and the mass of roof and 
floor planes of the manufactured housing unit 
were not found to control over wind for over- 
turning in the transverse direction, regardless of 
whether a single-section or multi-section unit 
was analyzed, and regardless of seismic, wind 
or snow zone. - 

4. When the marnage wall of a multi- B. Determine Design Wind Speed. This 
section unit has a lage opening, the step has been done in section 600-4, and is re- 
lower portion of the block of values quired for single-section and multi-section 
is also requ~red. Re-use the net al- units. 
lowable soil bearing pressure and 
move horizontally until the selected 
opening width is found. Read the 
required effectlye footing area 
(Aftg) for the piers required at the 
ends of the opening Record on the 
Design Vi'orkshest (Appendix F). 

Note: For T>pes E and I. the exte- 
rior wall foor~ng 1s a minimum 
1'4" wide for s in~le or multi- 
section units. Read the footnotes at 
the bottom of each table for special 
cases where for cena~n ground snow 
loads in combination ~ i t h  an allow- 
able soil pressure of 1000 psf other 

C. Determine (Av) Value from the Ta- 
bles. Refer to Appendix B, Part 2 of the Foun- 
dation Design Load Tables. Several steps must 
be followed to arrive at the Required Vertical 
Anchorage in the Transverse Direction: 

1. Select the correct Table based on 
the foundation type (C, C1, E or I 
for single-section units and C,  E or 
I for Multi-section units); 2 tie- 
downs or 4 tie-downs; 12, 14 or 16 
foot nominal unit width). 

2. Enter the selected Table and move 
down the wind speed column until 
the design wind speed magnitude 



(for Inland or Coastal region) is 
reached. Read horizontally across 
the row until the desired, or manu- 
facturer recommended, pier spacing 
is reached. 

3. Read (Av) and record on the Design 
Worksheet (Appendix F) the value 
with its appropriate units as shown 
in the table. Steps 1 through 3 were 
described for Type C, C1 or I sin- 
gle-section units. For Type E sin- 
gle-section units or multi-section 
units with 2 tie-downs, values must 
be multiplied by the anticipated 
spacing of connections along the 
exterior longitudinal walls. For 
Type C or I multi-section units se- 
lect the Table for 2 tie-downs or 4 

tie-downs (whichever applies) and 
proceed as above to find the correct 
value. For Type E multi-section 
units with 4 tie-downs read two val- 
ues, first for interior pier locations, 
and second for exterior longitudinal 
wall locations. 

D. Comparison With Home Manufac- 
turer's Values (Optional). The value for (Av) 
determined from the Tables must be compared 
to the value supplied by the manufacturer. The 
home manufacturer's uplift resistance value 
must be equal or greater than the vertical an- 
chorage requirement from the Tables. 

602-5. REQUIRED HORIZONTAL AN- 
CHORAGE (Ah) IN THE TRANSVERSE 
DIRECTION (APPENDIX B, PART 3) 

Example 1: 

Required VeIticai ~nchorage - Av (ibs) 

Example 2: 

Required Vertical Anchorage - Av (lbs) k Multi-Section 
Wi Speed Exterior 10 gP) (lbslRl ier Interior Spacing (ft) 

4 6 7 8 10 
llnland 801, "" -;- 270 320 370 420 530 

9 ' I ! ;9; %d 580 680 780 970 
100 230 i 590 730 880 1030 1170 1470 
110 320 ' 810 1010 1210 1410 1610 2010 

Coastal :: lgo 110 280 350 420 490 560 700 
480 590 710 830 950 1190 

100 280 690 870 1040 1210 1390 1730 
110 370 I 930 1170 1400 1640 1870 2340 



A. General. The attachment of the unit book, has shown that in the transverse direction 
to the foundation must provide sufficient for single-section units and for multi-section 
structural anchorage for the manufactured units, it is necessary to check both wind and 
home to ~esist sliding forces due to wind pres- seismic to determine which force controls. 
sures and suctions or seismic inertia forces, These horizontal forces are resisted by connec- 
whichever controls. Analysis, based on the tion of the unit to anchors along the exterior 
conservative load assumptions of this hand- walls, plus any additional interior transverse 

Example 1 : 

Required Horizontal Anchorage - Ah - Transverse Direction (Ibsfft) 

Example 2: 

Required Horizontal Anchorage -Ah -Transverse Ditection (lbstft) 



walls; or by connection of the unit to a combi- 
nation of exterior and interior vertical planes of 
X-bracing at pier locations. Interior transverse 
walls may be either full height or short of the 
chassis beams and completed with some form 
of diagonal bracing. See illustration of options 
in Appendix C. 

B. Determine Design Ground Snow 
Load. This step has been done in section 
600-3 and is only required for multi-section 
units, where it may influence seismic values. 

C. Determine Design Wind Speed. This 
step has been done in section 600-4, and is re- 
quired for single-section and multi-section 
units. 

D. Determine Design Seismic Ground 
Acceleration Values and Required Seismic 
Performance Category. This step has been 
done in section 600-5 and is required for sin- 
gle-section and multi-section units. 

E. Determine Horizontal Anchorage 
(Ah) in the Transverse Direction from the 
Tables. Refer to Appendix B, Part 3 of the 
Foundation Design Load Tables. Several steps 
must be followed to arrive at the Required 
Horizontal Anchorage in the Transverse Direc- 
tion: 

1. Select the correct Table based on 
single-section or multi-section unit, 
nominal unit width of 12, 14 or 16 
feet, and whether 2, 4, or 6 trans- 
verse walls (the handbook has lim- 
ited the number of transverse walls 
to 6). Note that the foundation type 
does not influence the required 
horizontal anchorage force, thus the 
heading for all the Tables read: 
Type C, E or I. 

2. Enter the selected Table at the far 
left and move down either the In- 
land or Coastal wind speed column, 
as appropriate, until the required 
MPH value is reached. Slide to the 
next column to the right within the 
block of numbers covered by that 
wind speed. 

3. Select the next smaller block of 
numbers based on the required 
seismic (Aa). Move to the right to 
the next column and locate the re- 
quired ground snow load. The 
seismic (Aa) and ground snow load 
columns will in many cases include 
a range of values (i.e. .05-.30, or 
0-100 psf respectively, which means 
that the group of values covers all 
values in that range). These column 
movements define a unique pair of 
rows of values taking into account 
wind and seismic lateral forces. 

4. Move to the right until the column 
for the known unit length is 
reached. The intersection of that 
column and the already located 
rows represents the correct horizon- 
tal anchorage values (Ah) for design 
in (lbs./ft.). If the values are grayed, 
seismic controlled the magnitude of 
the values. In the case of two trans- 
verse walls, they will be located at 
the ends of the unit. The Location 
column in the Table will state end. 
If 4 or 6 transverse walls are se- 
lected, there will be two rows of 
values; one for end walls and one 
for interior walls. 

help: Choosing the number of trans- 
verse foundation walls. As a 



guide, increasing the number of may be required. Multi-section 
transverse foundation walls reduces units may be stable enough so that 
the force per anchor/connection and only two transverse foundation 
permits an increased spacing be- walls are required. Long, narrow 
tween anchors. Thus, the user single-section units, or units in 
should begin with the fewest num- windy or high seismic areas, may 
ber of transverse walls - two (2). require more than two transverse 
Comparison of (Ah) with the hori- walls. 
zontal anchorage capacities in Ap- 
pendix C can be simultaneously F. Comparison with Manufacturer's 
verified during the completion of Values (Optional). The value for the horizon- 
the Design Worksheet tal anchorage force required for design in the 
(Appendix F). A greater number of transverse direction must be compared to the 
transverse foundation walls (4 or 6 )  value supplied by the manufacturer. The manu- 

Horizontal Anchorage with X-bracing - Transverse Direction 
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facturer's horizontal anchorage value must be 
equal to or greater than the horizontal anchor- 
age requirements from the Tables. See the 
Manufacturer's Worksheet, item # 16(c) and 
example number 1 in Appendix G. 

G. Horizontal Anchorage with Diago- 
nal bracing atop transverse shear walls or 
complete Vertical X-Bracing planes. Diago- 
nal members may be used to complete trans- 
verse walls that stop at the underside of the 
chassis beams, or complete X-bracing can be 
used in lieu of shear walls for transverse foun- 
dation walls. Refer to the Transverse Founda- 
tion Wall Concepts for Types C, E and I in 
Appendix A, and example number 2 in Ap- 
pendix G.  

1. To use diagonal steel straps or 
wood dzagonals to complete the 
transverse foundatzon walls. The 
required Horizontal Anchorage Ta- 
ble value of (Ah) for single-section 
or multi-section units must be con- 
verted to a diagonal tension Q to 
size the strap. 

a. Multiply the required (Ah) by 
(Wt) to calculate the total hori- 
zontal force at the transverse 
wall under a pair of chassis 
beams. Kote. m o  sets of diago- 
nals, using this force, are re- 
quired for multi-section units. 

b. Divide this value by the cosine 
of the angle of the diagonal to 
anive ar the tension (Td in the 
diagonal. See Figure 6-10 for 
an illustration of this condition. 
The equation is as follows: 

Ahx Wt 
T, = 

C O S ~ ,  

2. To use Verfical X-Bracing Planes 
with steel straps or rods instead of 
transverse foundation walls. This 
method is possible for Foundation 
Concepts C1, C2, El,  E3 and E4 
only. The required Horizontal An- 
chorage Table value of (Ah) must 
be modified as follows: 

a. Select the required (Ah) value 
from the Table for two (2) 
aansverse foundation walls for 
single-section or multi-section 
units. 

b. Multiply (Ah) times (Wt), re- 
gardless if single-section or 
multi-section unit and then 
multiply that by 2. Finally di- 
vide that total by the unit len-$h 
(L) to generate a horizontal 
force (H) in pounds per foot of 
unit length. The equation fol- 
lows: 

A h x w t x 2  
H (1bs.lft. of length) = 

L 

c. Multiply (H), horizontal force, 
by the spacing between vertical 
X-bracing planes to determine 
the horizontal force (C) to be 
resisted at each X-brace loca- 
tion. Thus, for multi-section 
units (C) is the applied force at 
both X-bracing locations in the 
vertical plane. This spacing 
should be some multiple of the 
pier spacing. The equation fol- 
lows: 



C (1bs.X-brace) = H x spacing 

d. Divide (C), horizontal force, by 
the cosine of the angle of the di- 
agonals as illustrated in Figure 
6-10, to arrive at the required 
diagonal tension force in 
pounds. The equation follows: 

e. Compare the required tension 
force (T,) and the required hori- 
zontal force per X-brace (C) 
with the rated capacities sup- 
plied by the manufacturer in the 
Manufacturer's Worksheet, 
items #16(c and e). See Figures 
6-4 and 6-5 for illustrations. 

602-6 REQUIRED HORIZONTAL AN- 
CHORAGE (Ah) IN THE LONGITUDI- 
NAL D ~ C T I O N  (APPENDIX B, PART 
4). 

A. General. The attachment of the unit 
to the foundation must provide sufficient 
structural anchorage for the manufactured 
home to resist sliding forces due to wind pres- 
sures and suctions, or seismic inertia forces, 
whichever controls. Analysis. based on the 
conservative assumptions used in this hand- 
book, has shown that wind or seismic may 
control in the longitudinal direction for single- 
section or multi-section units. thus it is neces- 
sary to check both wind and seismic for all 
units. These horizontal forces are resisted by 
connection of the unit to anchors in the exterior 
longitudinal walls, or by connection of the unit 
to vertical planes of X-bracing under and along 
the chassis beams (between piers). 

B. Determine Design Ground Snow 
Load. This step has been done in section 
600-3 and is required for single-section or 
multi-section units. 

C. Determine Design Wind Speed. This 
step has been done in section 600-4 and is re- 
quired fur single-section or multi-section units. 

D. Determine Design Seismic Ground 
Acceleration Values and Required Seismic 
Performance Category. This step has been 
done in section 600-5 and is required for sin- 
gle-section or multi-section units. 

E. Determine Design Horizontal An- 
chorage (Ah) in the Longitudinal Direction 
from the Tables. Refer to Appendix B, Part 4 
of the Foundation Design Load Tables. Several 
steps must be followed to arrive at the Re- 
quired Horizontal Anchorage in the Longitudi- 
nal Direction: 

1. Select the coriect Table based on 
single-section or multi-section unit 
and nominal unit width (Wt) of 12, 
14 or 16 feet. Note that the founda- 
tion type does not influence the re- 
quired horizontal anchorage force in 
the longitudinal direction, thus the 
heading for the Tables read: Type 
C, E or I. 

2. Enter the selected Table and move 
down the left-most column until the 
required Seismic @a) value is 
reached. This defines a large block 
of values. Move to the right to the 
next column and locate the required 
ground snow load. This defines a 
smaller block of values. Move to 
the next column to the right and lo- 
cate the inland or coastal block of 



values and lastly frnd the required 
wind speed within that same col- 
umn. This now defines a single row 
of values that represents comparison 
of seismic and wind effects. 

3. Select the column which represents 
the length of the unit. The intersec- 
tion of that column and the already 
determined row locates the required 
horizontal anchorage value (Ah) in 
the longitudinal direction along two 

lines; either the two exterior longi- 
tudinal walls for Type E or I or 
along the two exterior chassis 
beams for Type C. 

Help: for Type E or I units, longitudinal 
exterior walls will exist, and will 
suffice as shear walls in the longi- 
tudinal direction. See example 
number 1 in Appendix G. For Type 
C units, vertical X-bracing planes 
under and along the exterior chassis 

Example 1: 

Required Horizontal Anchorage - Ah - Longitudinal Direction (lbslft) 

Example 2: 

Required Horizontal Anchorage - Ah - Longitudinal Direction (Ibslft) 



beam lines (between piers) are re- 
quired. See Section 602-6.F for 
guidance. 

F. Horizontal Anchorage with X- 
bracing for the Longitudinal Direction. Di- 
agonal members under and along the exterior 
chassis beams may also be used in lieu of exte- 
rior longitudinal shear walls. If galvanized 
steel diagonal members are used instead of full 
height exterior foundation walls, the required 
Horizontal Anchorage Table value of (Ah) 
must be modified as follows: 

1. Select the required (Ah) value from 
the Tables in Part 4, Appendlx B for 
single-section or multi-section units. 

2. Multiply (Ah) times the manufac- 
tured home unit length (L) and di- 
vide by the selected number of X- 
brace locations (n) along one exte- 
rior chassis beam to generate the 
&.. i o ~ i  horizontai force (2) 10 be re- 
sisted at each X-brace locatlon 
along each chassis beam for single- 
section units, and along each exte- 

rior chassis beam for multi-section 
units. As an example, there are 
three (n = 3) X-brace locations 
along each chassis beam for the 
single-section unit in Figure 6-6. 
The equation follows: 

A h x L  
B(1bs.X-brace) = - 

n 

Note: For multi-section units 
using all four (4) chassis beam lines 
as vertical X-bracing lines, divide 
the above equation by 2 (see Fig.D- 
26 for an example). 

3. Divide (B) by the cosine of the an- 
gle of the diagonals as illustrated in 
Figure 6-1 1, to arrive at the required 
diagonal tension force in pounds. 
The equation follows: 

4. Compare the required tension force 
(TL) and the horizontal force to each 

b = chassrs beam d e ~ t h  

i s = pler spacrng I 

Longitudinal Direction 

Horizontal Anchorage with X-bracing - Longitudinal Direction 

Frgure 6 - I I 



X-brace (B) with the rated capaci- 
ties supplied by the manufacturer in 
the Manufacturer's Worksheet, 
items #16(c and e), or supplied by 
another vendor. 

603. USING THE FOUNDATION 
CAPACITIES TABLES (APPEN- 
DIX C) 

603-1. GENERAL. The Foundation Capaci- 
ties Tables in Appendix C will be used to find 
the required size and depth of footings, the re- 
quired sizes and spacing of anchors, and neces- 
sary reinforcement. There are three conditions 
that will be investigated: 1) Vertical Anchorage 
( uplift and overturning) requirements for 
longitudinal foundation walls and piers, 2) 
Horizontal Anchorage (sliding) in the trans- 
verse direction (for transverse foundation walls 
that function as shear walls), and 3) Horizontal 
Anchorage (sliding) in the longitudinal direc- 
tion (for longitudimi foundation walls that 
function as shear walls). 

603-2. REQUIRED VERTICAL AN- 
CHORAGE: LONGITUDINAL FOUNDA- 
TlON WALLS AND PIERS 

A. Determining Footing Depth for 
Longitudinal Foundation Walls and Piers. 
This involves selecting sufficient counter- 
weight of material dead loads (wall or pier, 
footing and soil) to resist the required uplift. 
The field officer determines how deep the 
footings must be placed. In frost-prone areas, 
the footing must at least be placed below the 
extreme frost depth below grade (map, page 
H-4). In windy or seismic areas, it may also be 
necessary to place the footing deeper in the soil 
than frost protection alone would require. 
Burying the footing deeper gives it greater 

withdrawal resistance--it is harder to pull it out 
of the soil. 

B. Determine Required Withdrawal 
Resistance. It is necessary to compare the val- 
ues obtained from the Foundation Design Load 
Table for (Av) with Tables C-1 or C-2 of Ap- 
pendix C. 

1. For longitudinal foundation walls, 
compare the required value for (Av) 
with the numbers in the columns in 
Table C-1 (for foundation Type E). 

a. Find a number in the table that 
is greater than (Av). There may 
be several numbers that meet 
this criteria. 

b. Any number that is greater than 
(Av) means that the foundation 
type and footing width (found at 
the top of the column) can be 
used. The number (hw) in the 
column on the left indicates how 
deep the footing should be 
placed to resist the uplift and 
overturning force. Example cal- 
culations are included in Ap- 
pendix C if alternate footing 
widths are desired. 

2. For isolated pier foundations and 
concrete tie-down blocks (Concept 
Type Cl), compare the value for the 
required (Av) with the numbers in 
the columns in Table C-2 (for foun- 
dation Types C or I and type E with 
4 tie downs). 

a. Find a number in the table that 
is greater than (Av). There may 



be several numbers that meet 
this criteria. 

b. Any number that is greater than 
(Av) means that the width of the 
square footing (found at the top 
of the column) can be used. The 
number hw in the left-hand col- 
umn indicates how deep the 
footing should be placed to 
provide adequate withdrawal 
resistance. Example calculations 
are included in Appendix C if 
alternate footing widths are de- 
sired. The same Table C-2 can 
conservatively be used for on- 
Crete deadman footing sizes for 
concept Type C1. 

C. Foundation System Verification. 
The HLiD field office should verify that the 
foundation system selected has sufficient depth 
to withstand uplift. Regardless of the required 
depth for uplift or overturning, the footing must 
always be placed below the extreme frost depth 
below grade. 

D. Determine Required Anchorage and 
Reinforcement for Longitudinal Foundation 
Walls and Piers. The field officer will now 
verify the kinds of anchorage (steel anchor 
bolts) and reinforcement (steel reinforcing 
bars) that will be needed to tie together the 
footing, wall or pier, and the unit itself. The 
field officer will refer to Table C-3: Vertical 
Anchor Capacity for Piers and Table C-4A or 
C-4B: Vertical Anchor Capacity for Longitudi- 
nal Foundation Walls (Appendix C). 

1. For piers, use Table C-3. 

a. Compare the required value of 
(Av) with the capacity numbers. 

b. Find a capacity number that is 
greater than the required value 
for (Av). The number of anchor 
bolts is listed at the top of the 
column. The diameter of the 
anchor bolt is listed in the left 
column. 

c. Move to Table C-3A to find the 
reinforcing size, lap splice, and 
reinforcing-bar hook require- 
ments, based on the anchor bolt 
diameter selected in Table C-3. 

d. Refer to the illustration next to 
Table C-2 for the required foot- 
ing reinforcement. 

e. Refer to the Foundation Type 
C1 (Appendix A) Design Con- 
cept for the tie-down bar size. 

f. Sample calculations are in- 
cluded in Appendix C if alter- 
nate reinforcement sizes, spac- 
ings or material grades are de- 
sired. 

2. For longitudinal foundation walls, 
start with Table C-4A for concrete 
or concrete masonry walls, or C-4B 
for a treated wood wall. 

a. Compare the required value for 
(Av) with the numbers in the 
left hand column of Table C-4. 

b. Find a number that is greater 
than the required (Av). 

c. Read across the column and 
find: 



1) For masonry and concrete 
foundations (Table C-4A): 

(a) Anchor bolt size and 
spacing. 

(b) From Table C-3A, rein- 
forcing-bar size, lap 
splice, and hook length. 

2) For treated wood founda- 
tions (Table C-4B): 

(a) The required nailing. 

(b) The minimum plywood 
nailer thickness. 

(c) The required anchor bolt 
size and spacing. 

3) Example calculations are 
included in Appendix C if 
11temlte 
-.wLx-.w reirforcement 
sizes, spacings or material 
grades are desired. 

603-3. REQUIRED HORIZONTAL AN- 
CHORAGE: TRANSVERSE FOUNDA- 
TION WALLS 

A. Horizontal Anchorage in the Trans- 
verse Direction. This involves connections to 
avoid sliding between the unit and its founda- 
tion. The field officer will compare the re- 
quired value for (Ah) with Tables C-5 of Ap- 
pendix C: Horizontal Anchor Capacity for 
Transverse or Longitudinal Foundation Walls. 
See example number 1 in Appendix G. 

1. Compare the required value for 
(Ah) with the numbers in the left 
hand column of Table C-5A or 
C-5B. 

2. Find a number that is greater than 
the required (Ah). 

3. If none of the numbers is greater 
than (Ah), go back to Section 
602-5.E and increase the number of 
transverse foundation walls until the 
required value of (Ah) is small 
enough to be used in the Horizontal 
Anchor Capacities Tables C-5A or 

4. The required anchorage for the 
transverse foundation wall can be 
read across the columns for: 

a. Masonry and Concrete Foun- 
dations (Table C-5A): 

1) Anchor bolt diameter. 

2) Reinforcing bar size. 

3 j h c h v r  bvit spacing. 

4) Based on the anchor bolt 
size, refer back to Table 
C-3A to obtain the following 
values: 

(a) Minimum lap splice. 

(b) Reinforcing bar hook. 

b. Treated Wood Foundations 
(Table C-5B): 

1) Required nailing. 

2) Minimum plywood nailer 
thickness. 

3) Anchor bolt diameter. 



4) Anchor bolt spacing. 

5. Example calculations are included 
in Appendix C if alternate rein- 
forcement sizes, spacings or mate- 
rial grades are desired. 

603-4 R E Q U m D  HORIZONTAL AN- 
CHORAGE: LONGITUDINAL FOUNDA- 
TION WALLS 

A. Horizontal Anchorage in the Longi- 
tudinal Direction. This involves connections 
to avoid sliding between the unit and its foun- 
dation in the longitudinal d. d o n .  The field 
officer will check compliance with the required 
value for (Ah) in the longitudinal direction 
with Tables C-5 of Appendix C: Horizontal 
Anchor Capacity for Transverse or Longitudi- 
nal Foundation Walls. The process is identical 
with that of section 603-3 for transverse walls 
and will not be repeated here. See example 
number 1 in Appendix G. 

603-5 DIAGONALS USED TO COM- 
PLETE TRANSVERSE WALLS 

A. Horizontal Anchorage. Determine 
the required horizontal anchorage force by 
multiplying the required (Ah) by the unit width 
(Wt). Reference section 602-5.G. 1 .a and Figure 
6-10 for the required horizontal force (Ah) x 

( W .  

1. Compare this value with the bottom 
number in the left hand column of 
Table C-5A. The capacity listed for 
112" bolts at a 12" spacing is equal 
to the single-bolt capacity for hori- 
zontal anchorage of diagonals. 

2. Divide (Ah) x (Wt) by the number 
in the table to determine the number 

of bolts required for diagonal an- 
chorage. 

603-6 REQUIRED VERTICAL X- 
BRACING PLANES IN THE TRANS- 
VERSE AND/OR LONGITUDINAL DI- 
RECTIONS IN PLACE OF TRANSVERSE 
WALLS 

A. Horizontal Anchorage with Diago- 
nal Members. This involves connection of the 
ends of the diagonal straps to the unit and to 
the foundation. The HUD Field Office will 
compare the required horizontal anchorage 
value at each diagonal with Table C-5A of Ap- 
pendix C to verify adequacy of connection 
between diagonal and footing. See example 
number 2 in Appendix G. 

1. Transverse Direction. Use the hori- 
zontal anchorage force (C) per di- 
agonal found in section 602-5.G.2.c 
and Figure 6-10. 

a. Compare the value for (C) with 
the bottom number in the left 
hand column of Table C-5A. 
The capacity listed for 112" bolts 
at a 12" spacing is equal to the 
single-bolt capacity for anchor- 
age of diagonals. 

b. Divide (C) by the number in the 
table to determine the number of 
bolts required for diagonal an- 
chorage. 

c. Refer back to Table C-7.4, to 
obtain the following val  . 

1) Minimum lap splice. 

2) Reinforcing bar hook. 



2. Longitudinal Direction. Use the a. Repeat steps (a.) to (c.) as for 
horizontal anchorage force (B) per the transverse direction, using 
diagonal found in section 602-6.F (B) instead of (C). 
and Figure 6-1 1 .. 

603-7. CONCLUSION. Values for the veri- 
fication of the manufactured home foundation 
have now been obtained. 





CHAPTER 7 - FINAL CHECK 

700. GENERAL. Design values de- 
termined for the foundation sizes and detail- 
ing, that have been derived using procedures 
in the preceding chapters, will now be sum- 
marized. Follow the procedure near the end of 
the Design Worksheet of Appendix F for as- 
sembling relevant foundation information. 

700-1. BEARTNG AREA AND VERTI- 
CAL ANCHORAGE. 

A. Pier Footings and Piers under 
Chassis Beams. 

1. Determine the area required for 
pier footings by comparing two 
values: 

a. The Required Effective Footing 
Area (Aftg). 

b. The Required Footing Area to 
resist overturning and uplift 
from withdrawal capacities 
found in Appendix C, where 
required. 

2. Select the largest of the above two 
values. Th~s  value will determine 
the Pier Footing Size. The size and 
spacing of anchor bolts and the 
selection of reinforcing bar size, 
lap splice length, and reinforcing 
bar hook length for the piers has al- 
ready been determined. The depth 
of the footings for frost and for 
withdrawal (where required) has 
also been determined. Bring these 
values forward. 

B. Pier Footings and and Piers under 
Marriage Walls. Marriage walls only occur 
in multi-section units. Their piers only carry 
gravity loads and never participate in uplift or 
sliding. There are two pier situations that may 
occur at marriage walls: (1) the marriage wall 
is continuous without openings, or (2) there 
are locations where large openings in the 
manage wall are intended to enlarge a room's 
space. 

1. Where marriage walls are continu- 
ous: determine the area required 
for pier footings by using one 
value: 

a. The Required Effective Footing 
Area (Aftg) for marriage wall 
piers from the multi-section 
unit Foundation Design Tables 
in Appendix B. 

b. The piers are assumed equally 
spaced under the continuous 
portion of the wall. 

2. Where marriage walls have a large 
opening: determine the area re- 
quired for piers at the ends of the 
opening by using one value: 

a. The Required Effective Footing 
Area (Aftg) for marriage wall 
piers from the bottom of each 
multi-section unit Foundation 
Design Table in Appendix B by 
using the length of the opening. 

b. These piers are located at the ends 
of the opening directly under the 



posts that support the beam at the 
top of the opening. 

C. Longitudinal Foundation Wall 
Footings and Longitudinal Foundation 
Walls. 

1. Determine the correct footing size 
for longitudinal foundation walls, 
Types E & I, by comparing two 
values: 

a. The Required Effective footing 
width (Aftg). 

b. The Required footing width to 
resist uplift and overturning 
from the withdrawal capacities 
found in Appendix C, where 
required. 

2. Select the largest of the above two 
values and use it as the appropriate 
footing size 

3. The foundation system brought 
forward can either be 
wood,concrete or masonry. 

4. Bring forward values for the wall 
and footing as follows: 

a. Depth of footing 

b. Reinforcing bar size 

c. Lap splice length 

d. Reinforcing bar hook length . 

e. Size and spacing of anchor 
bolts 

f. Treated wood foundation nail- 
ing requirements 

700-2. HORIZONTAL ANCHORAGE IN 
THE TRANSVERSE DIRECTION: 
TRANSVERSE FOUNDATION WALLS. 

A. Transverse Foundation Walls: Ex- 
terior (at unit ends) and Interior (to Un- 
derside of Chassis). 

1. The number of transverse walls, 
wall footing sizes, anchorage re- 
quirements and foundation wall 
reinforcement have been deter- 
mined to resist sliding, based on 
capacities found in Appendix C. 
Bring all these values forward 
where continuous transverse foun- 
dation walls are used. 

2. The foundation system brought 
forward can either be wood, con- 
crete or concrete masonry. 

1. Connection sizes and anchorage 
requirements have been deter- 
mined. Bring these values forward 
where transverse foundation walls 
are completed with diagonal 
braces. 

2. The foundation wall system 
brought forward can be only con- 
crete or masonry. The galvanized 
steel diagonal straps connect to the 
top of chassis beams under the unit 
and to the top of masonry or con- 
crete wall option selected. 

C. Vertical X-Bracing Planes in Lieu 
of Walls. This applies only to Concept De- 
sign Types C1, C2, El,  E3 and E4 for either 
single or multi-section units. 



1. Number, spacing and detailing in- 
formation has been determined. 
Bring these values forward where 
vertical X-bracing planes are used. 

2. The foundation system brought 
forward can be only galvanized 
steel diagonal straps connected to 
the top of chassis beams under the 
unit and to the top of concrete 
footings. 

700-3 HORIZONTAL ANCHORAGE IN 
THE LONGITUDINAL DIRECTION: 
LONGITUDINAL FOUNDATION 
WALLS. 

A. Longitudinal Exterior Foundation 
Walls - Type E or I Units. 

1. Connection sizes and anchorage 
reauirements have been determined 
based on capacities found in Ap- 
,,"A;" P R.&n +h--n .r-1.. y,,,,,A ,. u u x 1 6  nlvar r a u C S  f ~ i -  
ward where longitudinal exterior 
foundation walls are used. 

2. The foundation system brought 
forward can be wood, concrete or 
masonry. 

B. Vertical X-Bracing Planes under 
Chassis Beam Lines-Type C Units Only. 

1. Number, spacing and detailing in- 
formation has been determined. 
Bring these values forward where 
vertical X-bracing planes are used. 

the unit and to the top of concrete 
footings. 

701. FINAL APPROVAL. All con- 
siderations important in the installation of the 
manufactured home should have been 
checked. If answers fall within the boundaries 
of this document, the foundation may be ap- 
proved. 

2. The foundation system brought 
forward can by only galvanized 
steel diagonal straps connected to 
the bottom of chassis beams under 





APPENDIX A 
FOUNDATION DESIGN CONCEPT SELECTION 

A-100. GENERAL. The foundation sys- 
tems presented in this section were condensed 
from over 40 systems submitted by the manu- 
factured housing industry. When a number of 
systems were similar in their detailing and the 
way they distributed loads, the system that was 
most representative of that group was selected 
for presentation in this section. Many varia- 
tions from the detailing shown here are possi- 
ble. 

Some of the original systems are not included. 
The most common reason for rejecting a foun- 
dation system was lack of positive vertical an- 
chorage. The superstructures of manufactured 
homes are too light to rely upon their mass to 
provide all resistance to overturning and uplift 
and must rely on the assist of their foundation 
to achieve adequate resistance. 

A-100.1. IDENTIFICATION OF AC- 
CEPTABLE FOUNDATION DESIGN 
CONCEPTS. The foundation systems are or- 
ganized by the pattern of superstructure support 
and vertical anchorage. These two issues have 
been used to characterize the types of systems 
used in the Foundation tables: Types C, E, and 
I. There are no Type I systems presented in this 
chapter only because none were submtted by 
the industry for consideration. Type I systems 
were Included in the Foundation Design tables 
due to their potential use. Thelr absence is not 
intended to imply that such systems are not vi- 
able, only that none are currently in use. 

A-100.2. DELETIONS FROM THE NRST 
EDITION. Concept E2 was deleted from this 
revision. It does not meet the permanent foun- 

dation criteria outlined in section 100-1.C. 
Specifically concrete footings are required for 
all f~undation systems. It has been left in this 
Appendix but crossed out as a reminder to field 
officers of its inability to perform to the stan- 
dard of this document. 

A-100.3. LOADS THAT GOVERN. In 
many cases, the wind forces govern over seis- 
mic inertia forces in the design of foundation 
systems for manufactured homes. However, 
there are high seismic activity areas where 
seismic inertia forces control over wind. The 
detailing of some systems is better suited to 
regions with such high seismic activity. The 
selection of systems suitable for use in high 
seismic regions is based upon complete conti- 
nuity in the connections between the super- 
structure and the foundation (and aii its partsj. 

A-100.4. ECONOMIC FACTORS. ECO- 
nomics are not addressed in identifying the re- 
gional applicability of the different systems. 
Some systems would become economically 
unfeasible in regions with higher wind loads 
due to the size and depth required for their 
elements to provide anchorage. It is assumed 
that those who use this handbook as a design 
tool will discover the economic limitations of 
specific foundation systems on a case by case 
basis. 

A-100.5. SELECTION TABLE. The table 
immediately following can be used to select 
appropriate foundation types for sites with 
special requirements. 



Table A - 1 
FOUNDATION SELECTION TABLE 



I Foundation Typ~ 

Reinforced pe- 
rimeter walls & 
piers 
wltransverse r 

l~einforced pe- 

I rimeter basement 
wall wltransverse 

Perimeter grade 
beam on deep 
piers 
wltransverse steel 
irders + 

Reinforced con- 
crete perimeter 
wall wltransverse 
steel irders k- 
Treated wood 
perimeter wall on 
concrete footing 
wlunanchored 
metal ier k 

High Wind Zone Engineering Design 
Required 

Yes No Mayb 

X 

X 

X 

Seismic Zone 

- 
All 

- 
Frost 
Zone 



SUPERSTRUCTURETYPE 
Chams or chauls and wallsupportedangle & mula-wde 

FOUNDATION TYPE 
Redomed masomy or treated wood 

TREATED 2 x 6 
WOOD PLATE 

" CONCREE BLOCK 

ElNFORClNG BAR 

2 #4 REINFORCING 

SYSTEM NUMBER 

ANCHOR BOLT 

REINFORCING BAR 

CHASSIS B a M  EXTENDS CHASSIS BEAM STOPS 
TO FOUNDATION WALL SHORT OF FOUNDATION WALL 

END TRANSVERSE FOUNDATION SHEAR WALLS 

TRANSVERSE INTERIOR FOUNDATION SHEAR WALLS 

2 X FLOOR JOIST 
PLYWOOD. ( 

DIAGONAL STEEL STRAPS 
I I I I 

.L .3 -"ma.,,., 

.M r BOLTED CONNECTION TO FLOOR JOIST 

TENSIONING DEVICE 
- BARS BAR 

2 X 6 BEARING 

HOR 
TS 

FOUNDATION WALL 

REINFORCING 
BARS 

STEEL ANGLE BOLTTO REINFORCING PLYWOOD CONNECTOR TO 
FOUNDATION WALL DIAGONAL AND FOUNDATION 

BAR .. .... ... 
BARS DIAGONAL WOOD MEMBERS 

-. .- -- *SEE APPENDIX C FOR PLYWOOD NAILING REOUIR~M~NI S 



SINGLE-WIDE 

FOUNDATION TYPE 
Reinforced m a r o q  pier. wl wire tie do- and diagonal tie 

SUPERSTRUCTURETYPE 
Chassis supp~ted singlewide 

FACE OF F R I O R  END WALL 

SYSTEM 
NUMBER 

c1 

CONCRETE FOOTING 

MASONRY PIER 

DIAGONAL WlRE TIE 

DIAGONAL WlRE TIE 
(LONGITUDINAL SLIDING 
RESISTANCE( (Ah) 

FOUNDATION PLAN 

REINFORCED STRAP SUPPORT POINTS 

VERTICAL TIE-DOWN STRAPS 
OVERTURNING RESISTANCE (A,) 

DIAGONAL WlRE TIE (TRANSVERSE SUDlNG 
RESISTANCE) (Ah) 

CRETE FOOTING (Ahp) 
?.... ....... : ---. 

, ............... ............. ANCHOR DESIGN AND CAPACITY 
BASED ON SOIL TYPE (Av) 

BUILDING SECTION 

NOTE TYPICAL STEEL TIE-DOWN STRAP: 102' X 1.114' 
MlhlMUM BREAKlhG TENSlOh STRENGM = 4750 LB (U-TIMATE -0bD 



VERTICALTIE DOWN 
smw-4 

FOUNDATION TYPE 
Reinforced masonry p ~ u r  wlwireire downs and dhgonal tie 

SUPERSTRUCTURETfPE 
Chassie supported singl-de 

MASONRY PIER 
: / GROUTED SOUD A. : :  

SYSTEM 
NUMBER 

c1 

NON-BEARING 

OTING ............. CUNtiHETt 'DEAD MAN' 8' MIN. 
ANCHORING DEVICE -----, (USE WITHDRAWAL RESISTANCE 

..... 34' GALVANIZED ;.--- FOR PlERSTO FIND SIZE) 
STEEL ROD 

I 
I' ....i..... >v SEETABLE C-2 W . . 

i i i  j IN APPENDIX C . . . , . . . . . . . . . . 

END WALL SIDE WALL ALTERNATE 
TO STRAPS 
AROUND UNIT 

TABLES - 
Use single-wide Type C for required footing areas (Ang). 
Use single-wide Type C1 for vertical anchorage (Av): 
Use single-wide Type C, E, I for transverse and longrtudinal sliding anchorage (Ah). 

REGIONAL APPLICATIONS 

CHASSIS 

1. Requlres lnstallatlon by quallfled installers. 

2 Not su~table for h~gh wmd cond~tlons and se~smic A, 2 0.3. Requires design by registered engineer. 

3. Not su~table for hlgh frost penetratlon depth. 

NOTES - 
1 Anchoring devlce IS a 314 dlameter hot d~pped galvanrzed steel rod embedded mto a block of concrete 

Refer to Appendlx B and C for concrete block size and depth. 

2 Capaclty of dlagonal wlres IS most effectwe when located at manufactured home end and 
Intenor transverse shear walls wh~cn should ahgn wlth chassis beam pler locat~ons. 

3. Guidance for design of transverse and longrtudinal x-bracing options to resist sliding is found In Figures 6-4 
and 6-10 and Figures 6-6 and 6-1 1 respectively. Requires design and detailing by a registered engineer 

4. Screw-in-ground anchors are not permitted as permanent foundation anchorage. 

A - 6 



SINGLE-WIDE MULTI-WIDE 

FOUNDATION TYPE 
Remforced - q m  concrete pier. 

SUPERSTRUCTURE TYPE 
Chassis supported single- and multi-luide 

REINFORCED 

SYSTEM 
NUMBER 

c2 

BUILDING SECTION BUILDING SECTION 



NON-BEARING 

ANCHOR BOLT 

CONCRETE FOOTING 

CONCRETE FOOTING 
8' MINIMUM DEPTH 

8' MINIMUM DEPTH 
MINIMUM LAP TO DEVELOP TRANSFER 
OF UPLIFT FORCES 

FOUNDATION TYPE 
Reinforced masonry or concrete p i e s  

SUPERSTRUCTURE TYPE 
Chassis supported single- and multi-wide 

TRANSVERSE 
FOUNDATION 
SHEAR WALL 

SYSTEM 
NUMBER 

c2 

EXTERIOR AND INTERIOR MARRIAGE WALL PIER 
CHASSIS PIERS 

TABLES - 
Use C tables for required effective footing area (Ang) for single-wide and multi-wide units. 
Use Cnw tables if there are no marriage wall piers. 
Use C tables for vertical anchorage (A,). 
Use C, E, I tables for transverse and longitudinal sliding anchorage (Ah) for 

single-wide and multi-wide units. 

REGIONAL APPLICATIONS 

1 Su~table for all seismlc zones wlth proper footing size and depth. 

2. Suitable for all wind regions with proper footing size and depth. 

3. Suitable in areas with high frost penetration with proper footing depth. 

NOTES 

1. Chassls may be anchored to resist overturning and uplift either with anchor bolt with clamps, as pictured, or weld plates 
as shown in system C3. 

2. Honzontal sliding in the transverse direction can be resisted by foundation shear walls as shown, or alternately 
by several x-bracing options shown in Figures 6-4 and 6-10. 

3. Horizontal sliding in the longitudinal direction is best accommodated with pairs of x-bracing 
as shown in Figures 6-6 and 6-1 1. 

4. Design details for items 2 and 3 shall be prepared by a registered engineer. 



. . 
SUPERSTRUCTURETYPE 
Chassis supported single and multi-wide 

FOUNDATION TYPE 
Isolated deeo oierr 

SINGLE-WIDE MULTI-WIDE 

SYSTEM 
NUMBER 

MARRIAGE WALL PIER LOCATED @POSTS 
(CONCENTRATED LOADS) TO ACCOMMODATE 
OPENINGS IN MARRIAGE WALL OR SUPPORT 
OF CONTINUOUS MARRIAGE WALL. , 

FOUNDATION PLAN FOUNDATION PLAN 

..... 
CONCRETE 
PIER 

BUILDING SECTION BUILDING SECTION 



FOUNDATION TYPE 
Isolated deep piers 

SUPERSTRUCTURETYPE 
Chassis suppomd slngle and multi-wide 1 C3 

NON-BEARING 
ENCLOSURE \ 

., . . . 

REINFORCED 
CONCRETE PI 

REINFORCED CONCRETE 
PlER 

TRANSVERSE 
END CHASSIS 
PlER 

EXTERIOR AND INTERIOR MARRIAGE WALL PIER 
CHASSIS PIERS 

C3 
TABLES 

Use C tables for required effective footing area (Ang) for single-wide and multi-wide units. 
Use Cnw lables if there are no marnage wall piers. 
Use C tables for vertical anchorage (A,). 
Use C, E, I tables for transverse and longitudinal sliding anchorage (Ah) for 

single-wide and multi-wide units 

REGIONAL APPLICATIONS 

1. Suitable in permafrost condrt~ons wth non-~nsulated side enclosures. 

2. Su~table in any wlnd or setsmlc reglon w~th proper design. 

3. Suitable in areas with hlgh frost penetration with proper footing depth. 

4. Des~gn of piers by reglstereo arch~tect or eng neer required in allcases. Piers to resist horizontal sliding 
In transverse and long~t~o na1 duect~ons (A,) by bending resistance and interaction with the soil. 

ACCEPTABLE ALTERNATIVES 

1. Chassis may be anchored either with weld plate as pictured, or anchor bolts with clamps as in system C2, 
as shown in system C3. 



SINGLE-WIDE 

FOUNDATION TYPE 
M a t  slab wl isolated pie6 

SUPERSTRUCTUREP(PE 
Chassis supported sin@-wide 

FOUNDATION PLAN 

SYSTEM 
NUMBER 

c4 

BUILDING SECTION 



SUPERSTRUCWREMPE 
Chassis ru~mrted sinde-wide I c4I 
FOUNDATION TYPE 
Mat slab wiisalated piers 

NON-BEARING 
ii ENCLOSURE \ \ 4 I  

SYSTEM 
NUMBER 

EL BASE PLATE 

REINFORCED 

REINFORCED CONCRETE 
PIER 

TRANSVERSE 
END CHASSIS 

EXTERIOR CHASSIS PlER 

PlER 

TABLES - 
Use C tables for required effective footing area (Ang) for single-wide and multi-wide units. 
Use Cnw tables if there are no marriage wall piers. 
Use C tables for vettical anchorage (A,). 
Use C, E, I tables for transverse and longitudinal sliding anchorage (Ah) for 

single-wide and multi-wide units. 

REGIONAL APPLICATIONS 

1. Useful in poor soil conditions with proper deslgn by registered architect or engineer 

2. Sultable in any wlnd or seismic region with proper design. 

3. Sultable In areas wlth high frost penetratlon wlth proper footmg depth 

4 Deslgn by registered architect or engineer requ~red In allcases 

ACCEPTABLE ALTERNATIVES 

1. Chassis may be anchored either with weld plate as pictured, or anchor bolts with clamps 
as In system C2. 



SINGLE-WIDE MULTI-WIDE 

FOUNDAllON TYPE 
Reinforced penmeter wall, meinfoxed piers at charsir 

SUPERSTRUCNRETYPE 
Exterior anchored chassis supported single and multi-wide 

POTENTIAL TRANSVERSE SLIDING ANCHORAGE 
(Ah) Wmt VERTICAL X-BRACING PLANES SPACED 

USUAL TYPICAL 
LONGITUDINAL 

MARRIAGE WALL OR SUPPORT OF 
CONTINUOUS MARRIAGE WALL. REQUIRED. TYPES SHOWN ON PAGE A-4. 

FOUNDATION PLAN FOUNDATION PLAN 

SYSTEM 
NUMBER 

El 

REINFORCED 

- 

BUILDING SECTION 



ANCHOR BOL 
TREATED WOOD PlATE TREATED WOOD PLATE 

ANCHOR BOLT TREATED SHIM 
WISTEEL CLIP 
ANGLE MAS0 

PlER 
REINFORCED 
MASONRY 
WALL . ..., 

.i+2.' &f&+ CONCRETE FOOTING -+@&j@&& 
Aa.>L--.-- 

FOUNDATION TYPE 
Reinforced perimeter wall, urninforced piem at chassis 

SUPERSTRUCTURElYPE 
Extenor &om& chassis sumorted smele- and multi-wide 

' REINFORCED' 
CONCRETE 
FOOTING 

SYSTEM 
NUMBER 

El 

ENDTRANSVERSE LONGITUDINAL CHASSIS PIER MARRIAGE WALL PIER 
FOUNDATION FOUNDATION 
SHEAR WALL SHEAR WALL 

TABLET - 
Use t w e  E. I tables for rewired effective footina area (Art,,) for sinale-wide or multi-wide units. 
Use type E tables for vertlcal anchorage (A,) fo;singleaz multi-Gde units. 
Use rype C, E. I tables for transverse and longitudinal sliding anchorage (Ah) for single-wide and multi-w~de units. 

Ri ilObdAL APPLICATIONS -- 
1. Requ~res sohd concrete or fully grouted block and sufflc~ent depth in coastal regions with wmd speed (V) greater than 90 mph. 

2. Not recommended in seismlc areas A, = 0.3 or 0.4 unless use reinforced plers. 

3. Su~table in areas with high frost penetration with proper footing depth 

4. Su~table for most "normal" soil conditions. 

ACCEPTABLE ALTERNATIVES 

1. Treated wood penmeter wall anchored to concrete spread footing. 

NOTES - 
1. Horizontal sliding in the transverse direction can be resisted by foundation shear walls as shown in plan, 

or alternately by several x-bracing options shown in Figures 6-4 and 6-10. 

2. Horizontal sliding in the longitudinal direction IS best accommodated by the exterior walls as shear walls. 

3. Design details for item 1 shall be prepared by a registered engineer. 



FOUNDATION TYPE 
Treated wwd perimeter wall on gravel, unmehored metal pies 

SUPERSTRUCNRETYPE 
Exterior anchored chassis supported single and multi-wide 

MULTI-WIDE 

FOUNDATION PLAN FOUNDATION PLAN 

TREATED WOOD 

GRAVEL FOOTING 

BUILDING SECTION 

A -  15 



\ FOUNDATION TYPE SYSTEM 
Treated wood perimeter wall on gavel, unanchored metal piers NUMBER 

SUPERSTRUCNREWPE 
Chasrts supported single and multi-wide E2 

4 X 4 BLOCKING 

ADJUSTABLE 

END TRANSVERSE MARRIAGE WALL 
FOUNDATION 
SHEAR WALL 

E2 
TABLES - 

dlrectlons for single and multi-w~de unlts. 

Use type E tables for requ~red effectwe footlng 
honzontal sl~dlng anchorage (Ah) In the 

REGIONAL APPLICATIONS \ 

SYSTEM CANNOT BE USED-NOT A PERMANENT FOUNDATION 



'coNcREE / 
BUILDING SECTION FOOTlNG 

FOUNDATION W P E  

Reinforced masonry or mnaete perimeter wails and piers 

SUPERSTRUCTURE TYPE 
Extmor and chassis anchored single or mulhmde 

BUILDING SECTION 

- 
SYSTEM 
NUMBER 

E3 

SINGLE-WIDE MULTI-WIDE 



ANCHOR BOLT 

REINFORCED 
CONCRETE 
FOOTING 

FOUNDAllON N P E  
Reinforced masonry or concrete perimeter walls and piers 

CHASSIS 

SYSTEM 
NUMBER 

TREATED WOOD PLATE 

ANCHOR BOLT W/ STEEL 

CONCRETEFMlTlNG -- 

SUPERSTRUCTURE N P E  
Exterior a d  chars& anchored single- and mulh-wde I E3 

UNREINFORCED 
MASONRY 
PlER 

END TRANSVERSE LONGITUDINAL CHASSIS PIER 
FOUNDATION FOUNDATION 

MARRIAGE WALL PlER 

SHEAR WALL SHEAR WALL 

Use type E, I tables for required effective footing area (At9) for single-wide and multi-wide units. 
For vertical anchorage (A,) for single-wide units use Type E3 table. 
For vertical anchorage (A,) for multi-wide units use Type E and apply magnitude at exterior pier, and 

also to interior pier. 
Use type C, E, I tables for transverse and longitudinal sliding anchorage (Ah) for single-wide and multi-wide units. 

REGIONAL APPLICATIONS 

1. Suitable in all wind and seismic regions under "normal" soil conditions. Reinforced piers required 
for seismic areas A r  0.3 and 0.4. 

2. Suitable in areas with high frost penetration 

ACCEPTABLE ALTERNATIVES 

1. Chassis beam may be anchored wlth weld plates as pictured in system C3. 

NOTES 

1. Anchor bolts and clip angles are required at interior and exterior piers. 

2. Horizontal sliding in the longitudinal direction is best accommodated by the exterior walls as shear walls. 

3. Horizontal sliding in the transverse direction can be resisted by foundation shear walls as shown, or alternately 
by several x-bracing options shown in Figures 6-4 and 6-10. 



SINGLE-WIDE 

FOUNDATION TYPE 
Reinforced masonry perimeter walk and prers wltransvene footings 

SUPERSTRUCNRETYPE 
Chmslr supported singlewide 

/ 
END WALLS ARETYPICAL 
TRANSVERSE SHEAR WALLS (Ah) 

SYSTEM 
NUMBER 

E4 

POTENTIAL TRANSVERSE SLIDING ANCHORAGE (Ah) 
REINFORCED MASONR WITH VERTICAL X-BRACING PLANES SPACED 
WALL AS REQUIRED 

REINFORCED MASONRY 
PIER 

USUAL NPICAL 
LONGINDINAL 
SLIDING (Ah) 
EXTERIOR SHEAR POTENTIAL TRANSVERSE SLIDING 
WALLS ANCHORAGE (Ah) SHEAR WALLS SPACED AS 

REQUIRED. TYPES SHOWN ON PAGE A-4. 

FOUNDATION PLAN 

REINFORCED 
MASONRY 
WALL 

REINFORCED 
CONCRETE 
FOOTING 

BUILDING SECTION 



SVPERSTRUCTVRENPE 
Chassis supported singlewide 

FOUNDAllON N P E  
Remfoxed masonry peemeter walls and piers whansvese fwhng. 

TREATED WOOD PLATE, CHASSIS BEAM 

SYSTEM 
NUMBER 

- ANCHOR BOLTS 

' REINFORCED' 
C O N C R m  
FOOTING 

-REINFORCED 
MASONRY 
PIER 

.REINFORCED 
C O N C R m  
FOOTING 

END TRANSVERSE LONGITUDINAL CHASSIS PIER 
FOUNDATION FOUNDATION 
SHEAR WALL SHEAR WALL 

E4 

Use type E, I tables for required effective footing area (Ahg) for single-wide units. 
For vertical anchorage !AY) for single-wide units use Type E tah!el 
Use type C, E. I tables for transverse and longitudinal sliding anchorage (Ah) for single-wide units. 

REGIONAL APPLICATIONS 

1. Suitable in all wind and seismic zones under "normal" soil conditions. Reinforced piers required 
for seismic areas with A- 0.3 and 0.4. 

2. Suitable In problem soils with proper design by registered architect or engineer. 

3. Sultable In areas with hlgh frost penetration vvlth proper footing depth. 

ACCEPTABLE ALTERNATIVES 

1. Continuous longitudinal footings at piers. 

2. Anchor bolts w~th clamps instead of weld plates. 

NOTES - 
1. Steel base plate optional. If used to provide an additional factor of safety, 

use A, divided by 2 to determine the footlng size and reinforcing for withdrawal capacity. 

2. Horizontal sliding in the longitudinal direction is best accommodated by the exterior walls as shear walls. 

3. Horizontal sliding in the transverse direction can be resisted by foundation shear walls as shown, or alternately 
by several x-bracing options shown in Figures 6-4 and 6-10. 



MULTI-WIDE 

FOUNDATION TYPE 
Reinforced con& perimeter foundation wall w l u w e r s e  steel girders 

SUPERSTRUCNRETYPE 
Exterior and chassis anchored multi-wide 

, STEEL GIRDER 

SYSTEM 
NUMBER 

E5 

POTEMlAL TRANSVERSE SLIDING 
ANCHORAGE (An) SHEAR WALLS 

/ 
SPACED AS REQUIRED. 

FOUNDATION PLAN 

STEEL POST 

REINFORCED 
CONCRETE 
WALL 

STEEL GIRDER 

REINFORCED CONCRETE - --- 

CONCREE PIER 
FOOTING 

BUILDING SECTION 



CHASSIS CHASSIS 

FLOOR OF UNIT 

CHASSIS BEAM 

ALT: STEEL BASE 
PLATE WELDED 
TO BEAM FLANGE 
AS REQUIRED. 

REINFORCED FOUNDATION SHEAR REINFORCED 
CONCREE 

WALL. 
CONCREE 
FOOTING FOOTING 

FOUNDATION TYPE 
Reinforced concrete perimeter foundation wall wlhmerse steel girderr 

SUPERSTRUCNRE TYPE 
Exterior and chassis ~ c h o r e d  multi-wide 

END TRANSVERSE LONGITUDINAL MARRIAGE INTERIOR 
FOUNDATION FOUNDATION WALL PIER SHEAR WALL 
SHEAR WALL SHEAR WALL 

SYSTEM 
NUMBER 

E5 

Use multi-wide type E5 tables for required effective pier footing area (Am) 
and exterior wall footing width(Afig). 

Use multi-wide typeE tables for vertical anchorage (A,). 
Use multi-wide type C, E, I tables for horizontal anchorage (Ah) due to sliding in the 

transverse end longitudinal direction. 

REGIONAL APPLICATIONS 

1. Suitable in high wlnd and seismic regions under "normal" soil conditions. 

2. Suitable in areas with high frost penetration with properfooting depth 

ACCEPTABLE ALTERNATIVES 

1. Reinforced concrete block acceptable though courslng may be diificult to resolve. 

NOTES 

1. Horizontal slldtng In the longitudinal direction is best accommodated at the extenor foundatton walls 

2 Horizontal slldmg in the transverse d~rect~on 1s best handled by reinforced poured concrete or 
concrete block shear walls @ end of unlt and at Inrenor locattons as requlred See detalls above 

3. Transverse girders to be designed by licensed professional 



MULTI-WIDE 

FOUNDATION TYPE 
Perimeter conaetegnde beam on deep pierr wlemmverresteel g i r d e ~  

SUPERSTRUCTUREMPE 
U~arsis supported multi-wide 

SYSTEM 
NUMBER 

E6 

FOUNDATION PLAN 

1 1 1 1 STEEL GIRDER 

0 I - 

I i I I ElNFoRcED CONCRETE 

REINFORCED CONCRETE 
GRADE BEAM 

STEELGIRDER 

REINFORCED CONCRETE i . , . :  i i 
PIER %:: . . j j  

i.:! i,; 

SP 

BUILDING SECTION 

- GRADE BEAM 
- 

CONCRETE 
PlER 



CHASSIS BEAM 
CHASSIS 

4 X 4 BLOCKING 
TREATED SHI 

ANCHOR BOLT 
WI  STEEL CLIP ANGLE 

RCED CONCRETE 
BEAM 

REINFORCED 
CONCRETE PIER 

FOUNDATION TYPE 
Penmeter concrete grade beam on deep piers wl Imwerse steel girders 

SUPERSTRUCNRE TYPE 
Chassis supported multi-wide 

END TRANSVERSE LONGITUDINAL 
FOUNDATION FOUNDATION 
SHEAR WALL SHEAR WALL 

SYSTEM 
NUMBER 

E6 

E6 
TABLES 

Use multi-wide type E5 tables for required effective pier footing area (Am) 
and exterior wall footing width(Aeg). 

Use multi-wide type E tables for vertical anchorage (A,). 
Use multi-wide type C, E, I tables for horizontal anchorage (Ah) due to sliding in the 

transverse and longitudinal direction. 

REGIONAL APPLICATIONS 

1. Suitable in h~gh wind and selsmlc zones w~th proper design. 

2. Su~table in h~gh frost areas wah proper locatlon or des~gn of bottom of grade beam. 

NOTES - 
1. Requires design by registered archrtect or engineer in all cases. 

2. Horizontal shding anchorage (An) In the longdudlnal direction IS 
best accommodated at extenor grade beams with moment transfer 
to the deep piers and lateral sod beanng. 

3. Horizontal shdlng anchoraae (A,) In tne transverse direction is 
best accommodated bv transfer ot the sl~d~nq torce to the steel girders 

MARR~AGE 
WALL PlER 

to steel base plates (Instead of treated shmfand then to the deep p~ers in 
bending and lateral sod beanng 



SUPERSTRUCNREWPE 
Exterior and chassis anchored multi-wide 

FOUNDATION TYPE 
Reinforced masonry penmeter basement wall w/ transverse steel girders 

MULTI-WIDE 

SYSTEM 
NUMBER 

STEEL COLUMN 

CONCRETE 

MASONRY 
WALL 

FOUNDATION PLAN 

REINFORCED 
MASONRY 
W A U  

RElNF 
CONC STEEL COLUMN 
FOOT 

REINFORCED CONCRETE 
REINFORCED CONCRm SLAB 

BUILDING SECTION 



SUPERSTRUCTURE TYPE 
Exterior md chassis anchored multi-wide 

FOUNDATION TYPE 
Reinforced -my perimeter basement d l  wltnnsverje steel girders 

ANCHOR BOLT 
POST FRO}; iARGE 
OPENING IF: UNIT 

AS REQUIRED 

REINFORCED CONCRETE 
FOOTING 

SYSTEM 
NUMBER 

END TRANSVERSE LONGITUDINAL MARRIAGE MARRIAGE WALL 
FOUNDATION FOUNDATION WALL COLUMN ALTEPNATE IF 
SHEAR WALL SHEAR WALL GIRDER USED 

TABLES - 
, A \ --A -- - - -  ' . '~ --- . .-- .,,, -. .-.-- I I-9V;l-U BIIT&VT &B muu6r1~ arcs (Angl arw ex'lerior wall rooting widitniAfigj~ 
Use multi-wide type E tables for vertical anchorage (A,). 
Use multi-wide type C, E, I tables tor horizontal anchorage (Ah) due to sliding in the transverse end longitudinal direction. 
Multiply (Ang) by allowable soil bearing pressure to obtain column load in pounds. 

REGIONAL APPLICATIONS 

1. Suitable in high wind and seismic regions. 
2. Suitable in areas with high frost penetration. 

ACCEPTABLE ALTERNATIVES 

1. Sohd reinforced concrete walls. 
2. Part~ally re~nforced, grouted masonry wall, as requ~red. 
3. All-Weather-Wood walls anchored to spread concrete footing. 
4 All-Weather-Wood walls on gravel base suitable in low wmd and low seism~c areas. 

NOTES - 
1. Requires dram tile, granular backfill and moisture-proofing membrane for basement fill. 
2. Reouirements for reinforced concrete and masonrv walls and All-W eather-Wood wall desian - ~- - - ~  ~ ~~ -~ ~~~ ~ - 

based on local soil condiiions. Requires engineered design. 
3. Engineering design required if central steelgirder desired under marriage wall and below steel transverse beims, 

to reduce number of basement columns. Footings will need to be resized as well. Central steel g~rder may aIs3 be 
required to carry posts from large openlngs along marriage wall. See detail above. Use multi-section C tables :o obtain 
marrlage wall post location required ellective footing area (Am). Divide (A3$ by the allowable soil pressure ard subtract 
the marriage wall pier weight used to obtam the post load in pounds for des~gn of the girder. 

4. Horizontal shd~na anchoraae force ( A d  in the lonaitudinal direction is best accommodated by the exterior lonl;:xudinal walk. 
5. Horizontal sl~d~ng anchorage force (A,,) in the transverse direction is best accommodated by the transfer fromthe chass~s 

beams anchored and bearina on the perimeter pilasters. The horizontal force thus is resisted by the passive s311 pressure. 
Engineering design is required to base design on existing soil conditions. 

A - 2 6  



SINGLE-WIDE MULTI-WIDE 

FOUNDATION M P E  
Treated wood pedmetel.wall on conmete fwting wl-nchored metal p~er  

SUPERSTRUCNRETYPE 
Chassis supported singleand multi-wide 

FOUNDATION PLAN 

SYSTEM 
NUMBER 

E8 

FOUNDATION PLAN 

FOOTING 
BUILDING SECTION BUILDING SECTION 



TREATED WOOD 
FOUNDATION WALL 

ANCHOR BOLT 

FOOTING .-. 

FOUNDATION TYPE 
Treated wwd pedmeter wall on can& h h n g  wl-chored metal pier 

SUPERSTRUCTURE TYPE 
Extezim and chassis anchored singlemd multi-wide 

END TRANSVERSE LONGITUDINAL 
FOUNDATION FOUNDATION 
SHEAR WALL SHEAf! WALL 

SYSTEM 
NUMBER 

E8 

TREATED WOOD PLATE 

DECORATIVE SIDING * 

CHASSIS 
BEAM -T 

TREATED WOOD 
-PLATE -- 

v.. 
CONCRETE* FOOTING 

.... . .. . . . . . .. .. .. ... . 

CHASSIS PIER MARRIAGE WALL 

ALTERNATE LONGITUDINAL 
TRANSVERSE FOUNDATION 
END FOUNDATION SHEAR WALL 

TABLES - 
Use E, I tables for required effective footing area (Afi,) for single and multi-wide units. 
Use type E tables for vertical anchorage (A,) for single and multi-wide (2 tie-downs) units. 
Use type C, E, I tables for horizontal sliding anchorage (Ah) in the transverse and longitudinal 

directions for single and multi-wide units. 

REGIONAL APPLICATIONS 

1. Not sudable in hlgh wmd areas. Consult tables for exact Imitations. 
2. Not suitable in se~smic areas where A, = 0.3 or 0.4. 
3. SuitaDle in areas with h~gh frost penetration with proper footing deptn. 
4. Not recommended in areas of h~gh termite actlon unless wood is pressure treated 
5. Below-grade fasteners must be gainless steel 

NOTES - 
1. Horizontal anchorage is limited to ?he perimeter shear walls for lateral and longitudinal sliding. 



APPENDIX B 
FOUNDATION DESIGN LOAD TABLES 

B-100. USE OF THE FOUNDA- 
TION DESIGN LOAD TABLES. 

B-100.1 GENERAL. The Foundation De- 
sign Load Tables provide design values spe- 
cific to the four conditions of foundation de- 
sign: items A thm D below. Refer to Figure B- 
1 for diagrams of anchorage locations designed 
to resist wind or seismic forces acting on the 
structure, and footing size to prevent settle- 
ment. Refer to Appendix D for a more detailed 
derivation of the Foundation Design Load Ta- 
bles. The four conditions are: 

A. The required footing area based on the 
allowable soil bearing capacity under full grav- 
ity loading. The footing area is found in the 
Required Effective Footing Area Tables - Part 
1 (pgs. B-3 to B-32). 

B. The required anchorage to prevent up- 
lift and overtuming (Av) - Required Vertical 
Anchorage Tables - Part 2 (pgs. B-33 to B-42). 

C. The required anchorage to prevent 
sliding (Ah) in the transverse direction - Re- 

quired Horizontal Anchorage Tables - Part 3 
(pgs.B-43 to B-59). 

D. The required anchorage to prevent 
sliding (Ah) in the longitudinal direction - Re- 
quired Horizontal Anchorage Tables - Part 4 
(pgs. B-60 to B-84). 

B-100.2. REQUIRED EFFECTIVE FOOT- 
ING AREA (Aftg). These tables provide the 
required effective footing area that will not ex- 
ceed the allowable soil bearing capacity under 
full gravity loading of dead load plus live load. 

B-100.3 REQUIRED VERTICAL AN- 
CHORAGE (Av). 

A. The Vertical Anchorage Table pro- 
vides r~n ,~ .&d .nchor= e tc ---is: &je g 
to wind suction and overturning at the perime- 
ter foundation wall or pier locations. Refer to 
Figure B- 1. 

B. Assumption: Uplift and overturning is 
resisted by anchorage to the piers andlor foun- 
dation walls. 

.I 

Overturnmg Skdlng Sildmg 
and UpiA Transverse Dlrectlon Longitudtnal Dlredlon 

Anchorage Locations 

Figure B - I 



B-100.4 REQUIRED HORIZONTAL AN- 
CHORAGE (Ah) IN THE TRANSVERSE 
DIRECTION. 

A. The Horizontal Anchorage Table pro- 
vides the required anchorage to prevent sliding 
at the short foundation shear wall locations. 
Refer to Figure B-1. 

B. Assumption: Sliding is resisted by 
anchorage to the short foundation shear walls 
and a portion of the dead load.) 

B-100.5 REQUIRED HORIZONTAL AN- 
CHORAGE (Ah) IN THE LONGITUDI- 
NAL DIRECTION. 

A. The Horizontal Anchorage Table pro- 
vides the required anchorage to prevent sliding 
at the long foundation shear wall locations. 
Refer tu Figure B-1 . 

B. Assumption: Sliding is resisted by 
anchorage to the long foundation shear walls 
and a portion of the dead load. 

C. Shear walls in the manufactured home C. Shear walls in the manufactured home 
are walls that have been designed and con- are walls that have been designed and con- 
structed by the manufacturer to resist lateral structed by the manufacturer to resist lateral 
loads. The home's shear walls transfer lateral loads. The home's shear walls transfer lateral 
loads to the floor frame. loads to the floor frame. 

D. Assumption: Shear walls inside the D. Assumption: Shear walls inside the 
unit are reasonably close to the location of unit are reasonably close to the location of long 
short foundation shear walls for proper load foundation shear walls for proper load transfer. 
transfer. 

INDEX to TABLES in APPENDIX B 
Part 1 - Required Efective Footing Area Single-Section I B-52 
(Aftg) Multi-Section C B-53 to B-54 

Single Section C B-3 to B-6 Multi-Section E B-55 to B-56 
Single Section E, I B-7 Multi-Section E3 B-57 
Multi-section C B-8 to B-16 Multi-Section I B-58 to B-59 
Multi-Section Cnw B-17 to B-20 Part 3 - Required Horizontal Anchorage - 
Multi-Section E, I B-21 to B-29 (Ah) Transverse Direction 
Multi-Section E5, E6 B-30 to B-38 
Multi-Section E7 B-39 to B-47 Single-Section C, E, I B-60 to B-64 

Multi-Section C, E, I B-65 to B-80 
Part ? - Required Vertical Anchorage - (Av) 

B-48 
Part 4 - Required Horizontal Anchorage - 

Sing .-tion C (Ah) Longitudinal Direction 
Sing don C1 B-49 
Singlt .~ection E B-50 Single-Section C, E, I B-81 to B-89 
Single-Section E3 B-5 1 Multi-Section C, E, I B-90 to B-100 



Part 1 
Required Effective Footing Area - Aftg 

Single-Section C 

Required Effective Footing Area - Aftg (sqft) * 

Min. Roof: 15 psf 
Net Sod 

I 
Pier S p a n g  (ft) 

Pres (psO 4 5 6 7 8 10 
1000 3 0  3 5  4 1  4 7  5 2  6 7  

Ground Snow: 25 psf 
Net So11 P~er  Spacmg (A) 
Pres (us0 4 5 6 7 8 10 
1000 3 0  3 6  4 2  4 8  5 7  6 5  

Ground Snow: 40 psf 
Net Sod Pler Soacrne f f t )  - .  . 
Pres (psO 4 5 6 7 8 10 
1000 3.3 3 9 4.5 5 2 5.8 7.1 
1500 2.2 2.6 3 0 3 5 3 9 4.7 
2000 1.6 2.0 2.3 2.6 2 9 3 6 

I Ground Snow: 30 psf & Min. Roof: 20 psf I 
Net Soil Pier Spacing (ft) 
Res (psO 4 5 6 7 8 10 
1000 3.1 3.7 4.3 4.9 5.5 6.7 
1500 2.1 2.5 2.9 3.3 3 7  4 5  

Ground Snow: 50 psf 
Net Soil Pier Spacing (ft) 
Res (psO 4 5 6 7 8 10 
1000 3.4 4.1 4.8 5.5 6.2 7.5 
1500 2.3 2.7 3.2 3.6 4.1 5.0 
2000 1.7 2.1 2.4 2.7 3 1  3.8 
25M) 1.4 1.6 1.9 2.2 2.5 3.0 

Ground Snow: 70 psf 
Net Soil Pier Spacing (ft) 
Pres(ps0 4 5 6 7 8 10 
1000 3.8 4.5 5.3 6.0 6.8 8.3 
1500 2.5 3.0 3.5 4.0 4.5 5.6 

* Minimum exterior and inlerjor p m  m a  I \  I 0 sqft 



Ground Snow: 80 psf 
Net Soil Pier Spacing (ft) 
Res (PSO 4 5 6 7 8 10 
1000 3.9 4.7 5.5 6.3 7.1 8.7 
1500 2.6 3.1 3.7 4.2 4.8 5.8 
2000 2.0 2.4 2.8 3.2 3.6 4.4 
2500 1.6 1.9 2.2 2.5 2.9 3.5 

Ground Snow: 100 psf 
Net Soil Pler Spacmg (ft) 
h s  (psO 4 5 6 7 8 10 
1000 4.2 5 1  6 0  6 9  7 8  9 6  

Required Effective Footing Area - Aftg (sqft) * 

Ground Snow: 90 psf 1 
Net Soil Pier Spacing (ft) 
Pns (psO 4 5 6 7 8 10 
1000 4.1 4.9 5.8 6.6 7.5 9.1 
1500 2.7 3.3 3.8 4.4 5.0 . 6.1 

~ ~ - - -~ 

4000 1.1 1.3 1.5 1.7 .1.9 2.4 

Required Effective Footing Area - Aftg (sqft) * 

Min. Roof: 15 psf 
Net Soil Pier Spacing (ft) 
h s  (pso 4 5 6 7 8 10 
1000 3.3 4.0 4.6 5.3 5.9 7.2 
1500 2.2 2.6 3.1 3.5 3.9 4.8 
2000 1.7 2.0 2.3 2.6 3.0 3.6 
2500 1.3 1.6 1.8 2.1 2.4 2.9 
3000 1.1 1.3 1.5 1.8 2.0 2.4 
3500 1.0 1.1 1.3 1.5 1.7 2.1 

~ ~ -p~~ 

Ground Snow: 25 psf 
Net Soil Pier Spacing (ft) 
Pres(ps0 4 5 6 7 8 10 
1000 3.4 4.0 4.7 5.4 6.1 7.4 
1500 2.3 2.7 3.1 3.6 4.0 4.9 
2000 1.7 2.0 2.4 2.7 3.0 3.7 
2500 1.4 1.6 1.9 2.2 2.4 3.0 

* Mllumum extenor and lntenor pter area is 1 0 sqft 

I Ground Snow: 30 psf & Min. Roof: 20 psf I Ground Snow: 40 psf 
Net Soil Pier Spacine (ti) Net Soil Pier Spacing (ft) 
Pres (psO 4 5 6 7 8 10 Pres (psO 4 5 6 7 8 10 
1000 3.5 4.2 4.9 5.6 6.2 7.6 1000 3.7 4.4 5.1 5.9 6.6 8.1 
1500 2.3 2.8 3.2 3.7 4.2 5.1 1500 2.4 2.9 3.4 3.9 4.4 5.4 
2000 1.7 2.1 2.4 2.8 3.1 3.8 2000 1.8 2.2 2.6 2.9 3.3 4 1  
2500 1.4 1.7 1.9 2.2 2.5 3.1 2500 1.5 1.8 2.1 2.4 2.7 3.2 
3000 1.2 1.4 1.6 1.9 2.1 2.5 3000 1.2 1.5 1.7 2.0 2.2 2.7 
3500 1.0 1.2 1.4 1.6 1.8 2.2 3500 1.0 1.3 1.5 1.7 1.9 2.3 
4000 1.0 1.0 1.2 1.4 1.6 1.9 4000 1.0 1.1 1.3 1.5 1 7  2.0 



Required Effective Footing Area - Aftg (sqft) * 

I Ground Snow: 50 psf 
Net Soil Pier Spacing (ft) 
Res (pso 4 5 6 7 8 10 
1000 3.9 4.6 5.4 6.2 7.0 8.6 
1500 2.6 3.1 3.6 4.1 4.7 5 7 
2000 1.9 2.3 2.7 3.1 3.5 4.3 

Ground Snow: 70 psf 
Net Soil Pier Spacing (ft) 
Res (psf) 4 5 6 7 8 10 
1000 4.2 5.1 6.0 6.9 7 8  9.5 
1500 2.8 3.4 4.0 4.6 5.2 6.4 
2000 2.1 2.6 3.0 3.4 3.9 4.8 
2500 1.7 2.0 2.4 2.8 3 1 3.8 
3000 1.4 1.7 2.0 2.3 2.6 3.2 

Ground Snow: 90 psf 
Net Sod Pler Spaclng (ft) 
Res (psf) 4 5 6 7 8 10 
1000 4 6  5 6  6 6  7 6  8 5  105 

Required Effective Footing Area - Aftg (sqft) * 

Min. Roof: 15 psf 
Net Sod Pler Spacmg (ft) 
Pres (pso 4 5 6 7 8 10 
1000 3 6  4 4  5 1  5 8  6 6  8 0  

I Ground Snow: 60 psf 
Net Sod her S~aclne (ft) 

~- ~ 

Ground Snow: 80 psf 
Net Soil Pier Spacing (ft) 
Pres (psfl 4 5 6 7 8 10 
1000 4.4 5.4 6.3 7.2 8.2 10.0 
1500 3.0 3.6 4.2 4.8 5.4 6.7 
2000 2.2 2.7 3.1 3.6 4.1 5.0 
2500 1.8 2.1 2.5 2.9 3.3 4.0 

I Ground Snow: 100 psf 
Net Soil Pier Spacing (ft) 
Pres (psfl 4 5 6 7 8 10 
1000 4.8 5.8 6.9 7.9 8.9 11.0 
I500 3.2 3.9 4.6 5.3 6.0 7.3 
2000 2.4 2.9 3.4 3.9 4 5  5.5 
2500 1.9 2.3 2.7 3.2 3.6 4.4 
3000 1.6 ' 1.9 2.3 2.6 3.0 3.7 
3500' 1.4 1.7 2.0 2.3 2.6 3.1 

Ground Snow: 25 psf 
Net Soil Pler Spacmg (ft) 
Pres (psfl 4 5 6 7 8 10 
1000 3 7  4 5  5 2  6 0  6 7  8 2  

* Minimum exterior and interior pier area is 1.0 sqft 



Required Effective Footing Area - Aftg (sqft) * 

/ Ground Snow: 30 psf & Min. Roof 20 psf I 
Net Sod Pler Spacmg (ft) 
Prer ( p a  4 5 6 7 8 10 
1000 3 8  4 6  5 4  6 2  6 9  8 5  

Ground Snow: 40 psf 
Net Soil Pier Spacing (ft) 
Res (psfl 4 5 6 7 8 10 
1000 4.0 4.9 5.7 6.5 7.4 9.0 
1500 2.7 3.2 3.8 4.4 4.9 6.0 

Ground Snow: 50 psf I Ground Snow: 60 psf 

Ground Snow: 70 psf 

* Muurnurn extenor and menor pler area is 1 0 sqft 

Net Sod P~er  Spac~ng (ti) Net Sod Pxer Soacme (ft) 

Ground Snow: 80 psf 

Ground Snow: 90 psf 

Net Soil Pier Spacing (ft) Net Soil Pier Spacing (li) 
PRs (psfl 4 5 6 7 8 10 F?ES ( ~ $ 0  4 5 6 7 8 10 
1000 4.7 5.7 6.7 7.7 8.7 10.7 1000 4.9 6.0 7.0 8.1 9.1 11.2 
1500 3.1 3.8 4.5 5.1 5.8 7.1 15011 7 2 d o  4 7  < A L I 7 < 

Ground Snow: 100 psf 
Net Sail Pier Spacing (ft) Net Sail Pier Spanrig (li) 
Prer (psO 4 5 6 7 8 10 Pres (psfl 4 5 6 7 8 10 
I000 5.1 6.2 7.3 8.4 9.5 11 7 1000 5.3 6.5 7.7 8.8 10.0 123 



Single-Section E, I 

Required Effective Footing Area - Aftg (sqft) * 
Interior Piers 
Net Sod her  Spac~ng (ft) 
Pres (psfl 4 5 6 7 8 10 
1000 1.7 1 9  2 2  2 4  2.7 3 2  

Required Effective Footing Area - Aftg (sqft) 

Intenor Rers 
Net Sod PIer Spacme (ft) - - 
Pres (psfl 4 5 6 7 8 10 
1000 1.8 2.1 2.4 2.7 2.9 3.5 
1500 1.2 1.4 1.6 1.8 2.0 2.3 
2000 1.0 1.1 1.2 1.3 1.5 1.8 
2500 1.0 1.0 1.0 1.1 1.2 1.4 
3000 1.0 1.0 1.0 1.0 1.0 1.2 
3500 1.0 1.0 1.0 1.0 1.0 1.0 
4000 1.0 1.0 1.0 1.0 1.0 1.0 

Required Effective Footing Area - Aftg (sqft) * 
Interior Piers ~~~~~ ---- 

Net Soil Pier Spacing (ft) 
h S  (psfl 4 5 6 7 8 1 0  
1000 2.0 2.3 2.6 2.9 3.3 3.9 
1500 1.3 1.5 1.7 2.0 2.2 2.6 
2000 1.0 1.1 1.3 1.5 1.6 1.9 
2500 1.0 1.0 1.0 1.2 1.3 1.6 
3000 1.0 1.0 1.0 1.0 1.1 1.3 
3500 1.0 1.0 1.0 1.0 1.0 1.1 

* Minimum interior pier area is 1.0 sqft. Minimum exterior foundation wall footing width is 1'-0; except for a 16' wide unit 
when the snow load is 100 psi and the allowable sail pressure is 1OOO psf, use 1'-2. 



I Multi-Section C 1 

Ground Snow: 25 psf 
Net Sod P~er Soacme (ft) " .  . 
Pres (psfl 4 5 k 7 8 10 
1000 ext, int 3.0 3.6 4.2 4.8 5.3 6.5 

marriage 3.1 3.7 4.4 5.0 5.6 6.9 
1500 ext,int 2.0 2.4 2.8 3.2 3.6 4.3 

marriage 2.1 2.5 2.9 3.3 3.7 4.6 
2000 extint 1.5 1.8 2.1 2.4 2.7 3.2 

marriage 1.6 1.9 2.2 2.5 2.8 3.4 
2500 ext,int 1.2 1.4 1.7 1.9 2.1 2.6 

marriage 1.2 1.5 1.7 2.0 2.2 2.8 
3000 ext, int 1.0 1.2 1.4 1.6 1.8 2.2 

marriage 1.0 1.2 1.5 1.7 1.9 2.3 
3500 extint 1.0 1.0 1.2 1.4 1.5 1.9 

marriage 1.0 1.1 1.2 1.4 1.6 2.0 
4000 extint 1.0 1.0 1.0 1.2 1.3 1.6 

marriage 1.0 1.0 1.1 1.2 1.4 1.7 
Net Soil Marriaee Wall Omnine Width (ft) . . 
pres (PSO lo  l i  14' -16 1s 20 
1000 marriage 6.7 7.9 9.1 10.3 11.5 12.7 
1500 marriage 4.5 5.3 6 1  6.9 7.7 8 5  

2500 marriage 2.7 3.2 3.6 4 1 4.6 5.1 
3000 marriage 2.2 2.6 3.0 3.4 3.8 4.2 
3500 marriage 1.9 2.3 2.6 2.9 3.3 3.6 
4000 marriage 1.7 2.0 2.3 2.6 2.9 3.2 

Required Effective Footing Area - Aftg (sqft) * 

Min. Roof: 15 psf 
Net Soil P m  S ~ a u n e  (fD - .  
pres (PSO 4 5 k i 8 10 
1000 ext,mi 3.0 3.5 4.1 4.7 5.2 6.3 

marriage 3.0 3.6 4.2 4.8 5.4 6.6 
1500 ex4 int 2.0 2.3 2.7 3.1 3.5 4.2 

marriage 2.0 2.4 2.8 3.2 3.6 4.4 
2000 exf int 1.5' 1.8 2.0 2.3 2.6 3.2 

marriage 1.5 1.8 2.1 2.4 2.7 3.3 
2500 exfint 1.2 1.4 1.6 1.9 2.1 2.5 

marriage 1.2 1.4 1.7 1.9 2.2 2.6 
3000 extint 1.0 1.2 1.4 1.6 1.7 2.1 

marriage 1.0 1.0 1.2 1.4 1.5 1.9 
4000 ext,int 1.0 1.0 1.0 1.2 1.3 1.6 

manias 1.0 1.0 1.0 1.2 1.3 1.6 
Net Soil Marriaee Wall Ooenine Width (ft) - . , 
pres (psn 10 i i  14' 16 18 20 
1000 ma* 6.4 7.5 8.7 9.9 11.0 12.2 
1500 mamage 4.3 5.0 5.8 6.6 7.3 8.1 

2500 m-e 2.6 3.0 3.5 3.9 4.4 4.9 
3000 marriage 2.1 2.5 2.9 3.3 3.7 4.1 
3500 maniagc 1.8 2.2 2.5 2.8 3.1 3.5 
4000 marriage 1.6 1.9 2.2 2.5 2.8 3.0 

'\ 

I Ground Snow: 30 psf & Min. Roof: 20 psf [ 
kc1 Sod P~cr S m m  If11 - .  . 
pres @SO 4 5 k 7 s 10 
1000 e x ~ i n t  3.1 3.7 4.3 4.9 5.5 6.7 

marriage 3.3 3.9 4.6 5.3 5.9 7.3 
1500 excint 2.1 2.5 2.9 3.3 3.7 4.5 

marriage 2.2 2.6 3.1 3.5 4.0 4.9 
2000 ext.int 1.5 1.8 2.1 2.4 2.7 3.3 

marriaze 1.6 2.0 2.3 2.6 3.0 3.6 
2500 ext, int 1.2 1.5 1.7 2.0 2.2 2 7  

marriage 1.3 1.6 1.8 2.1 2.4 2.9 
3000 ext,int 1.0 1.2 1.4 1.6 1.8 2.2 

marriage 1.1 1.3 1.5 1.8 2.0 2.4 
3500 exfint 1.0 1.1 1.2 1.4 1.6 1.9 

marriage 1.0 1.1 1.3 1.5 1.7 2.1 
4000 ext,int 1.0 1.0 1.1 1.2 1.4 1.7 

marriage 1.0 1.0 1.2 1.3 1.5 1.8 
Net Soil Marriage Wall O~enine Width (ft) . . 
PES (PSO lo i i  14' -16 18 20 
1000 m e g e  7.1 8.4 9.7 11.0 12.3 13.6 
1500 mamage 4.7 5.6 6.5 7.3 8.2 9.0 
2000 marriage 3.5 4.2 4.8 5.5 6.1 6.8 

- 
3000 marriage 2.4 2.8 3.2 3.7 4.1 4.5 
3500 marriage 2.0 2.4 2.8 3.1 3.5 3.9 
4000 marriage 1.8 2.1 2.4 2.7 3.1 3.4 

* Minimum exterior and interior pier area is 1.0 sqft. 



Required Effective Footing Area - Aftg (sqft) * 

Ground Snow: 40 psf 
Net Sod P m  Spamng (M 
Pres (ps0 4 5 6 7 8 10 
1000 extmt 3.3 3 9 4 5  5.2 5 8 7.1 

marriage 3.6 4.3 5.1 5.8 ' 6.6 8.1 
1500 extint 2.2 2.6 3.0 3.5 3.9 4.7 

marriage 2.4 2.9 3.4 3.9 4.4 5.4 
2000 exLint 1.6 2.0 2.3 2.6 2.9 3.6 

maniagc 1.8 2.2 2.5 2.9 3.3 4.1 
2500 extint 1.3 1.6 1.8 2.1 2.3 2.8 

maniage 1.4 1.7 2.0 2.3 2.6 3.2 
3WO exLint 1.1 1.3 1.5 1.7 1.9 2.4 

marriage 1.2 1.4 1.7 1.9 2.2 2.7 
3500 exLint 1.0 1.1 1.3 1.5 1.7 2.0 

maniage 1.0 1.2 1.5 1.7 1.9 2.3 
4000 extint 1.0 1.0 1.1 1.3 1.5 1.8 

marriage 1.0 1.1 1.3 1.5 1.6 2.0 
Net Soil Marriage Wall Opening Width (ft) 
Res  (pS0 10 12 14 16 18 20 
1000 maniage 7.9 9.4 10.8 12.3 13.7 15.2 
1500 marriage 5 3  6.2 7.2 8.2 9.2 10.1 
2000 marriage 4.0 4.7 5.4 6.1 6.9 7.6 
2500 marriage 3.2 3.7 4.3 4.9 5.5 6.1 
3000 marriage 2.6 3.1 3.6 4.1 4.6 5.1 
3500 marriage 2.3 2.7 3.1 3.5 3.9 4.3 
4000 marriage 2.0 2.3 2.7 3.1 3.4 3.8 

I 
I Ground Snow: 60 =sf 
Net Soil Pier Spacing (ft) 
Pres (ps0 4 5 6 7 8 10 
1000 exrint 3.6 4.3 5.0 5.8 6.5 7.9 

mamiage 4.2 5.2 6.1 7.0 7.9 9.7 
1500 ext,int 2.4 2.9 3.4 3.8 4.3 5.3 

marriage 2.8 3.4 4.1 4.7 5.3 6.5 
2000 ext,int 1.8 2.2 2.5 2.9 3.2 4.0 

marriage 2.1 2.6 3.0 3.5 4.0 4.9 
2500 ext. int 1.4 1.7 2 0 2.3 2.6 3.2 

marriage 1.7 2.1 2.4 2.8 3.2 3.9 
3000 extint 1.2 1.4 1.7 1.9 2.2 2.6 

marriage 1.4 1.7 2.0 2.3 2.6 3.2 
3500 e g i n t  10 1.2 1.4 1.6 1.9 2.3 

marriage 1.2 1.5 1.7 2.0 2.3 2.8 
4000 ext.int 1.0 1.1 1.3 1.4 1.6 2.0 

marriage 1.1 1.3 1.5 1.7 2.0 2.4 
Net Soil Marriage Wall Opening Width (a) 
Res (ps0 10 12 14 16 18 20 
1000 marriage 9.5 11.3 13.1 14.9 167 18.5 
1500 marriage 6.4 7.5 8 7 9.9 11.1 129 
2000 marriage 4.8 5 7 6 6 7.4 8.3 9.2 
2500 e g e  3.8 4.5 5 2  6.0 6.7 7.4 
3000 -age 3 2  3.8 4.4 5.0 5.6 6.2 
3500 marriage 27 3.2 3.7 4 3  4.8 5.3 
4000 marria% 2.4 2.8 3.3 3.7 4.2 4.6 

1 Ground Snow: 50 psf 
Net Soil Pier Spacing (ft) 
Pres (pro 4 5 6 7 8 10 
1000 extint 3.4 4.1 4.8 5.5 6.2 7.5 

marriage 3.9 4.8 5.6 6.4 7.3 8.9 
1500 ext in1 2.3 2.7 3.2 3.6 4.1 5.0 

marriage 2.6 3.2 3.7 4.3 4.8 5.9 
2000 extint 1.7 2.1 2.4 2.7 3.1 3.8 

marriage 2.0 2.4 2.8 3.2 3.6 4.5 
2500 e.xt.int 1.4 1.6 1.9 2.2 2.5 3.0 

marriage 1.6 1.9 2.2 2.6 2.9 3.6 
3000 exsint 1.1 1.4 1.6 1.8 2.1 2.5 

maniage 1.3 1.6 1.9 2.1 2.4 3.0 
3500 exsint 1.0 1.2 1.4 1.6 1.8 2.1 

marriage 1.1 1.4 1.6 1.8 2.1 2.5 
4000 exLint 1.0 1.0 1.2 1.4 1.5 1.9 

marriage 1.0 1.2 1.4 1.6 1.8 2.2 
Net Soil Marriage Wall Opening Width (ft) 
PRs (psQ 10 12 14 16 18 20 
1000 marriage 8.7 10.3 12.0 13.6 15.2 16.8 
1500 marriage 5.8 6.9 8.0 9.1 10.1 11.2 
2000 marriage 4.4 5.2 6.0 6.8 7.6 8.4 
2500 marriage 3.5 4.1 4.8 5.4 6.1 6.7 
3000 marriage 2.9 3.4 4.0 4.5 5.1 5.6 
3500 marriage 2.5 3.0 3.4 3.9 4.3 4.8 
4000 marriaze 2.2 2.6 3.0 3.4 3.8 4.2 

I r ---..- A '2"- .-..I 
",",,,U UL,"W. ,C psf I 

Net Sail Pier Spacing (ft) 
Pres (Psi3 4 5 6 7 8 10 
1000 extint 3.8 4.5 5.3 6.0 6.8 8.3 

maniage 4.6 5.6 6.6 7.6 8.6 10.6 
I500 extint 2.5 3.0 3.5 4.0 4.5 5.6 

marriage 3.0 3.7 4.4 5.0 5.7 7.0 
2000 extint 1.9 ' 2.3 2.6 3.0 3.4 4.2 

marriage 2.3 2.8 3.3 3.8 4.3 5.3 
2500 extint 1.5 1.8 2.1 2.4 2.7 3.3 

maniage 1.8 2.2 2.6 3.0 3.4 4.2 
3000 e x ~ i n t  1.3 1.5 1.8 2.0 2.3 2.8 

marriage 1.5 1.9 2.2 2.5 2.9 3.5 
3500 extint 1.1 1 3  1.5 1.7 1.9 2.4 

marriage 1.3 1.6 1.9 2.2 2.4 3.0 
4000 extint 1.0 1.1 1.3 1.5 1.7 2.1 

marria~e 1.1 1.4 1.6 1.9 2.1 2.6 
Net Soil Maniage Wall opening Width (it) 
Res (ps0 10 12 14 16 18 20 
1000 mmiage 10.4 12.3 14.3 16.2 18.1 20.1 
1500 mania& 6.9 8 2  9.5 10.8 12.1 13.4 
2WO marriage 5.2 6.2 7.1 8.1 9.1 10.0 
2500 marriage 4.1 4.9 57  6.5 7.3 8.0 
3000 marriage 3.5 4.1 4 8  5.4 6.0 6.7 
3500 marriage 3.0 3.5 4.1 4.6 5.2 5.7 
4000 marriage 2.6 3.1 3.6 4.0 4.5 5.0 

Minimum exterior and interior pier area is 1.0 sqfL 



-- 

Ground Snow: 80 psf 1 
Net Soil Pier Lacme ift) - .  . 
Pres (PSO 4 5 6 7 8 10 
1000 exfint 3.9 4.7 5.5 6.3 7.1 8.7 

mamiage 4.9 6.0 7.1 8.1 9.2 11.4 
1500 ext,int 2.6 3.1 3.7 4.2 4.8 5.8 

maniage 3.3 4.0 4.7 5.4 6.1 7.6 
2000 extint 2.0 2.4 2.8 3.2 3.6 4.4 

maniage 2.5 3.0 3.5 4.1 4.6 5.7 
2500 eltt.int 1.6 1.9 2.2 2.5 2.9 3.5 

marriage 2.0 2.4 2.8 3.3 3.7 4.5 
3000 exfint 1.3 1.6 1.8 2.1 2.4 2.9 

marriage 1.6 2.0 2.4 2.7 3.1 3.8 
3500 e x t  int 1.1 1.3 1 6 1.8 2 0 2.5 

marriage 1.4 1.7 2.0 2.3 2.6 3.2 
4000 ex5 in1 1.0 1.2 1.4 1.6 1.8 2.2 

marriage 1.2 1.5 1.8 2.0 2.3 2.8 
Net~Soil Marriage Wall Opening Width (ft) 
Pres (psn 10 12 14 16 18 20 
1000 marriaee 11.2 13.3 15.4 17.5 19.6 21.7 - 
1500 marriage 7.4 8.9 10.3 11.7 13.1 14.5 
2000 marriage 5.6 6.6 7.7 8.8 9.8 10.9 
2500 marriage 4.5 5.3 6.2 7.0 7 8  8.7 
3MM marriage 3.7 4.4 5.1 5.8 6.5 7.2 
3500 marriage 3.2 3 8  4.4 5.0 5.6 6.2 
4000 marriage 2.8 3.3 3.8 4.4 4.9 5.4 

I 6-mind S n ~ w :  100 psf I 
Net Sod Pier Spamng lf i)  
Pres ( p a  4 5 6 7 8 10 
1MM extmt 4 2  5 1  6 0  6 9  7 8  9 6  

marriage 5.6 6.8 8.0 9.3 10.5 13.0 
1500 ext. in1 2.8 3 4 4.0 4.6 5.2 6.4 

marriage 3.7 4.5 5.4 6.2 7.0 8.7 
2000 ext int 2.1 2.6 3.0 3 4 3 9 4.8 , ~ ~~ 

marriage 2.8 3.4 4.0 4 6  5.3 6.5 
2500 ext. in1 1.7 2.1 ? 4 2 8 3.1 3.8 

maniage 2.2 2.7 3.2 ? 7  4.2 5.2 
3000 ext, int 1.4 1 7  2 0 1.3 2 6 X2 

marriqe 1.9 2.3 2 7  ? 1 3.5 4.3 
35W em in1 1.2 1.5 17  10 2 2 2.7 ~~ ~ ~ ,~~~~ 

marriage 1.6 1.9 2 3  17 3.0 3.7 
4000 ext.int 1.1 1.3 I 5  1 7  1.9 2.4 

marriage 1.4 1.7 2 0  1 1  2.6 3.3 
Net Soil Marriage Wall Opcmnp Wldih ( f t )  
PXS cpsn 10 12 14 16 18 20 
1000 maniaee 12.8 15.2 17 7 20 1 22.6 25 0 
~ ~ ~~ ~~~ -~ 
2000 marriage 6.4 7 6 8 8 I0 1 11.3 12.5 
2500 maniage 5.1 6 1 7 1 8 0 9.0 10.0 
3000 marriage 4.3 5 1 5 9 6 7 7 5 8.3 
35W marriage 3.7 4.4 5 1  5 :  6 4  7.1 
4000 marriage 3.2 3.8 1.: 0 5.6 6.2 

Required Effective Footing Area - Aftg (sqft) * 

Ground Snow: 90 psf 
Net Sod Pier Soacrne lftl - c ~ ~ ~ ~ ~ - -  ,--, 
Pres (P* 4 5 6 7 8 10 
1000 exLid 4.1 4.9 5.8 6.6 7.5 9.1 

marriage 5.2 6.4 7.5 8.7 9.9 12.2 
1500 exfint 2.7 3.3 3.8 4.4 5.0 6.1 

marriage 3.5 4.3 5.0 5.8 6.6 8.1 
2000 ext, in1 2.0 2.5 2.9 3.3 3.7 4 6 

mamiage 2.6 3.2 3.8 4.4 4.9 6.1 
2500 ext int 1.6 2.0 2.3 2.6 3.0 3.7 

maniae 1.7 2.1 2.5 2.9 3.3 4.1 
3500 ext.in1 1.2 1.4 1.6 1.9 2.1 2.6 

marriage 1.5 1.8 2.2 2.5 2.8 3.5 
4000 ext.int 1.0 1.2 1.4 1.7 1.9 2.3 

maniage 1.3 1.6 1.9 2.2 2.5 3.0 
Net Soil Marriage Wall Opening Width (!I) 
RS ( p a  10 12 14 16 18 20 
1000 marriage 12.0 14.3 16.5 18.8 21.1 23.4 
15W marriage 8.0 9.5 11.0 12.5 14.1 15.6 
2000 marriage 6.0 7.1 8.3 9.4 10.5 11.7 
2500 marriage 4.8 5.7 6.6 7.5 8.4 9.3 
3000 marriage 4.0 4.8 5.5 6.3 7.0 7.8 
3500 marriage 3.4 4 1 4 7 5.4 6.0 6.7 
4000 maniage 3.0 3.6 4.1 4.7 5.3 5.8 

* Minimum exterior and interior pier m a  rr 1 0 sqft 



Required Effective Footing Area - Aftg (sqft) * 

Min. Roof: 15 psf 
Net Soil Rer Spacing (ft) 
k s  (PSO 4 5 6 7 8 10 
1000 ext  int 3.3 4.0 4.6 5.3 5 9 7 2 

maniage 3.4 4.1 4.8 5.5 6.3 7.7 
1500 ext  in1 2.2 2.6 3.1 3.5 3.9 4 8 

marriaze 2.3 2.8 3.2 3.7 4.2 5.1 
2000 ext, int 1.7 2.0 2.3 2.6 3 0 3 6 

marriage 1.7 2.1 2.4 2.8 3.1 3.8 
2500 extint 1.3 1 6  1.8 2.1 2 4  2 9  

marriage 1.4 1.7 1.9 2.2 2.5 3.1 
3000 extint 1.1 1.3 1.5 1.8 2 0  2 4  

- - ~ - 

marriage1 .0  1.0 1.2 1.4 1.6 1.9 
Net Soil Marriage Wall Opening Width (ft) 
F ~ S  (PSO 10 12 14 16 18 20 
1000 m e g e  7.5 8.8 10.2 11.6 130 143 
1500 mamage 5.0 5.9 6.8 7.7 8 6 9 5 
2000 marriage 3.7 4 4  5.1 5.8 6 5 7.2 
2500 marriage 3.0 3 5  4.1 4.6 5.2 5 7  . 
3000 marriage 2.5 2.9 3.4 3.9 4 3 4 8 
3500 maniage 2 1 2.5 2.9 3.3 3 7 4 1 
4000 marriage 1.9 2.2 2.6 2.9 3.2 3.6 

k s  (PSO 4 5 6 7 8 10 
1000 ext  in1 3.5 4.2 4 9 5.6 6 2 7 6 

marriage 3.7 4.5 5.3 6.1 6.9 8.5 
1500 e,xf.int 2.3 2.8 3.2 3.7 4.2 5 1  

m&ge 2.5 3.0 3.6 4.1 4.6 5.7 
2000 ext  int 1.7 2.1 2.4 2.8 T i  3 8 

marriaee 1.9 2.3 2.7 3.1 3.5 4.1 
2500 ex& int 1.4 1.7 1.9 2.2 2 5 3 1 

marriage 1.5 1.8 2.1 2.4 2.8 3.4 
3000 extint 1.2 1.4 1 6  1 9  21 2 5  

marriage 1.2 1.5 1.8 2.0 2.3 2.8 
3500 exLint 1.0 1.2 1 4  1.6 1 8  2 2  

m-e 1.1 1 3  1.5 1.7 2 0  2.4 
4000 extint 1.0 1.0 1.2 1.4 1 6  1 9  

marriage 1.0 1.1 1.3 1.5 1 . i  2.1 
Net Soil Marriage Wall Opening Width (ftl 
Pres (psn 10 12 14 16 18 20 
1000 marriage 8.3 9.8 11 4 12.9 144 160 
IS00 *age 5.5 6.6 7.6 8.6 9 6 106 
2000 mayage 4 1 4.9 5 7 6.4 7 2 8 0 
2500 m a r y e  3 3 3 9 4 5  5.2 5 8 6 4  
3000 mamage 2 8  3 3 3 8 4.3 4 8 5 3 
3500 marriage 2.4 2.8 3.2 3.7 4 1  4 6  
4000 marriage 2.1 2.5 2.8 3.2 3.6 4.0 

* Minimum exterior and interior pier area is 1.0 sqft 

1 Ground Snow: 25 psf 
Net Soil Pier Spacmg (ft) . - .  
pres (PSO 4 5 6 i 8 10 
1000 ext  int 3.4 4 0 4.7 5.4 6.1 7.4 

rnauiage 3.6 4.3 5.0 5.8 6.5 8.0 
1500 ext  in1 2.3 2.7 3.1 3.6 4 0 4.9 

marriage 1.8 2.1 2.5 2.9 3.3 4.0 
2500 extint 1.4 1.6 1 9  2 2  2 4  3.0 

marriage 1.4 1.7 2.0 2.3 2.6 3.2 
3000 ext  int 1.1 1.3 1.6 1.8 2.0 2.5 

marriage 1.2 1.4 1.7 1.9 2.2 2.7 
3500 ext, int 1.0 1.2 1.3 1.5 1.7 2.1 

marriage 1.0 1.2 1.4 1.7 1.9 2.3 
4000 extint 1.0 1 0  1.2 1.3 1.5 1.8 

mamiage 1.0 1.1 1.3 1.4 1.6 2.0 
Net Sail Marriage Wall Omnine Width (ft) - . - 
F%s (PSO 10 12 14 16 18 20 
1000 marriage 7.8 9.3 10.7 12.1 13.6 15.0 
1500 marriage 5.2 6 2 7 1  8.1 9.0 10.0 
2000 marriage 3.9 4.6 5.3 6.1 6.8 7.5 

3000 marriage 2.6 3 1 3 6 4.0 4.5 5.0 
35W maniage 2.2 2.6 3.1 3.5 3.9 4.3 
4000 marriage 2.0 2.3 2.7 3.0 3.4 3.8 

I I Ground Snow. 40 psf 
Net So11 Rer Spac~nz (A) - - 
Pres (psO 4 5 6 7 8 10 
1000 ex t  int 3.7 4 4 5.1 5 9 6.6 8.1 

marriage 4.1 5.0 5.9 6.8 7.7 9.4 
1500 exfint 2.4 2.9 3.4 3.9 4.4 5 4  

marriage 2.8 3.3 3.9 4.5 5.1 6.3 
2000 ex5 int 1.8 2.2 2.6 2 9 3.3 4.1 

marriage 2.1 2.5 3.0 3.4 3.8 4.7 
2500 exr, int 1.5 1 8 2 1 2.4 2.7 3.2 

marriage 1.7 2.0 2.4 2.7 3.1 3.8 
3000 extint 1.2 1.5 1.7 2.0 2.2 2 7  

marriage 1.4 1.7 2.0 2.3 2.6 3.1 
3500 ext, int 1.0 1.3 1.5 1 7  1 9 2.3 

marriage 1 2  1.4 1.7 1.9 2.2 2.7 
4000 ext. in1 1.0 1.1 1.3 1 5  1 7  2.0 

marriage 1.0 1.3 1.5 1.7 1.9 2.4 
Net Soil Mimiage Wall Opening Width (ft) 
Pres (psO 10 12 14 16 18 20 
I000 marriage 9.2 11.0 127 14.4 16.2 179 
1500 marriage 6.2 7.3 8.5 9.6 1 0 8  11.9 
2000 marriage 4.6 5.5 6.3 7.2 8 1 8.9 
2500 marriage 3.7 4.4 5.1 5.8 6 5 7.2 
3000 marriage 3.1 3 7 4.2 4.8 5 4  6.0 
3SW marriage 2 6 3 1 3.6 4.1 4 6 5.1 
4000 marriaze 2.3 2.7 3.2 3.6 4.0 4.5 



Required Effective Footing Area - Aftg (sqft) * 

Ground Snow: 50 psf 
Net Sod Pler Spacmng (ft) 
Res (PSO 4 5 6 7 8 10 
1000 exL mt 3 9 4 6  5.4 6 2  7 0  8.6 

marriage 4.5 5.5 6.5 7.5 8.4 10.4 
1500 exsint 2.6 3.1 3.6 4.1 4.7 5.7 

marriage 3.0 3.7 4.3 5.0 5.6 6.9 
2000 ext,int 1.9 2.3 2.7 3.1 3.5 4.3 

marriage 2.3 2.7 3.2 3.7 4.2 5.2 
2500 ext.int 1.5 1.9 2.2 2.5 2.8 3.4 

marriage 1.8 2.2 2.6 3.0 3.4 4.2 
3000 ext,int 1.3 1.5 1.8 2.1 2.3 2.9 

marriaze 1.5 1.8 2.2 2.5 2.8 3.5 
3500 ext, inr 1.1 1.3 1.6 1.8 2 0  2.5 

marriage 1.3 1.6 1.8 2.1 2.4 3.0 
4000 exLint 1.0 1.2 1.4 1.6 1.8 2.1 

marriage 1.1 1.4 1.6 1.9 2.1 2.6 
Net Soil Marriage Wall Opening Width (ft) 
Res (PSD 10 12 14 16 18 20 
1000 marriage 10.2 12.1 14.0 16.0 179 19.8 
1500 marriage 6.8 8.1 9.4 10.6 11.9 13.2 
2000 marriage 5.1 6.1 7.0 8.0 8.9 9.9 
2500 marriage 4.1 4.8 5.6 6.4 7 1 7.9 
3000 marriage 3.4 4.0 4.7 ' 5.3 6.0 6.6 
3500 marriage 2.9 3.5 4.0 4.6 5.1 5.7 
4000 marriaee 2.6 3.0 3.5 4.0 4.5 4.9 

I .n -.. uruund Snow: 7O psf I 

Net Soil Pier Spacing (fi) 
Res (PSO 4 5 6 7 8 10 
1000 ext.int 4.2 5.1 6.0 6.9 7.8 9.5 

maniage 5.3 6.5 7.6 8.8 10.0 12.3 
1500 ext, int 2.8 3.4 4.0 4.6 5.2 6.4 

marriage 3.5 4.3 5.1 5.9 6.6 8.2 
2000 exT int 2.1 2.6 3.0 3.4 3.9 4.8 

mKMge 2.6 3.2 3.8 4.4 5.0 6.2 
2500 ext,int 1.7 2.0 2.4 2.8 3.1 3.8 

marriage 2.1 2.6 3.0 3.5 4.0 4.9 
3000 ext, int 1.4 1.7 2.0 2.3 2.6 3.2 

marriage 1.8 2.2 2.5 2.9 3.3 4.1 
3500 exLint 1.2 1.5 1.7 2.0 2.2 2.7 

maniage 1.5 1.8 2.2 2.5 2.8 3.5 
4000 extint 1.1 1.3 1.5 1.7 1.9 2.4 

marriage 1.3 1.6 1.9 2.2 2.5 3.1 
Net Soii Marriage Wall Opening Widcb (fi) 
Prer (PSD 10 12 14 16 18 20 
1000 marriage 12.1 144 16.7 19.0 21.3 23.6 
1500 marriage 8.1 9.6 11.1 12.7 14.2 15.7 
2000 marriage 6.1 7.2 8 4 9.5 10.7 11.8 

- 
3000 marriage 4.0 4.8 6.3 . .I 7 9  
3500 marriage 3.5 4.1 - ,  5.4 6.1 6.7 
4000 marriage 3.0 3.6 4.2 4.8 5.3 5.9 

Ground Snow: 60 psf 
Net Soil Pier Spacing (ft) 
Pres (psO 4 5 6 7 8 10 
lo00 extint 4.0 4.9 5.7 6.6 7.4 9.1 

marriage 3.3 4.0 4.7 5.4 6.1 7.6 
2000 ext,int 2.0 2.4 2.9 3.3 3.7 4.5 

marriage 2.4 3.0 3.5 4.1 4.6 5.7 
2500 extint 1.6 2.0 2.3 2.6 3.0 3.6 

maniage 1.6 2.0 2.3 2.7 3.1 3.8 
3500 ext,int 1.2 1.4 1.6 1.9 2.1 2.6 

mani?.ge 1.4 1.7 2.0 2.3 2.6 3.2 
4000 extint 1.0 1.2 1.4 1.6 1.8 2.3 

marriage 1.2 1.5 1.8 2.0 2.3 2.8 
Net Soil Maniage Wall Opening Width (ft) 
Pres (ps0 10 12 14 16 18 20 
1000 marriage 11.2 13.3 15.4 17.5 19.6 21.7 
1500 marriage 7.4 8.8 10.3 11.7 13.1 14.5 
2000 marriage 5.6 6.6 7.7 8.7 9.8 10 9 . 
2500 marriage 4.5 5.3 6.2 7.0 7.8 87  
3000 marriage 3.7 4.4 5.1 5.8 6.5 7.2 
3500 marriage 3.2 3.8 4.4 5.0 5 6  6.2 
4000 marriage 2.8 3.3 3.8 4.4 4.9 5.4 

. 
Res (psO 4 5 6 7 8 10 
loo0 ext. int 4.4 5.4 6.3 7.2 8.2 10.0 

marriage 5.7 6.9 8.2 9.5 10.7 13.3 
1500 e.Xt.int 3.0 3.6 4.2 4.8 5.4 6 7  

maniage 3.8 4.6 5.5 6.3 7.2 8.8 
2000 ex< int 2.2 2.7 3.1 3.6 4.1 5.0 

marriage 2.8 3.5 4.1 4.7 5.4 6.6 
2500 ext,int 1.8 2.1 2.5 2.9 3.3 4.0 

maniage 2.3 2.8 3.3 3.8 4.3 5.3 
3000 ext,int 1.5 1.8 2.1 2.4 2.7 3.3 

marriage 1.9 2.3 2.7 3.2 3.6 4.4 
3500 exfint 1.3 1.5 1.8 2.1 2.3 2.9 

marriage 1.6 2.0 2.3 2.7 3.1 3.8 
4000 ext.inr 1.1 1.3 1.6 1.8 2.0 2.5 

marriage 1.4 1.7 2.0 2.4 2.7 3.3 
Net Soil Marriage W d  Opening Width (ft) 
P r e ~  ( P a  10 12 14 16 18 20 
1000 marriage 13.1 15.6 18.1 20.5 23.0 25.5 
1500 marriage 8.7 104 12.0 13.7 15.4 17.0 
2000 marriage 6.5 7 8 9.0 10.3 11.5 12 8 
2500 marriage 5.2 6.2 7.2 8.2 9.2 10.2 
3000 maniage 4.4 5.2 6.0 6.8 7.7 8.5 
3500 maniage 3.7 4.4 5.2 5.9 6.6 7.3 
4000 maniaee 3.3 3.9 4.5 5.1 5.8 6.4 

* Minimum exterior and interior pier area is 1 0 sqft. 



Required Effective Footing Area - Aftg (sqft) * 

Ground Snow: 90 psf 1 
Net Soil Pier Spanng (fi) 
Pres (psfl 4 5 6 7 8 10 
1000 extmt 4.6 5.6 6.6 7.6 8.5 10.5 

marriage 6.0 7.4 8.8 10.1 11.5 14.2 
1500 extint 3.1 3.7 4.4 5.0 5.7 7.0 

marriage 4.0 4.9 5.8 6.8 7.7 9.5 
2000 ext, int 2.3 2.8 3.3 3.8 4 3 5.3 

maniage 3.0 3.7 4.4 5.1 5.7 7.1 
2500 ext int 1.8 2.2 2.6 3.0 3.4 4.2 

marriage 2.4 3.0 3.5 4.1 4.6 5.7 
3000 exfint 1.5 1.9 2.2 2.5 2.8 3.5 

marriage 2.0 2.5 2.9 3.4 3.8 4.7 
3500 ext  int 1.3 1.6 1.9 2.2 2.4 3.0 -~~ ~~, ~~~~ -~~ 

marriage 1.7 2.1 2.5 2.9 3.3 4.1 
4000 ext,int 1.2 1.4 1.6 1.9 2.1 2.6 

marriage 1.5 1.9 2.2 2.5 2.9 3.6 
Net Soil Marriage Wall Opening Width (ft) 
Pres ( ~ $ 0  10 12 14 16 18 20 
1000 marriage 14.0 16.7 19.4 22.1 24.8 n.4 
1500 marriage 9.4 11.1 12.9 14.7 16.5 18.3 
2000 e g e  7.0 8.4 9 7  11.0 12.4 13.7 
2500 -ge 5.6 6.7 7.8 8.8 9.9 11.0 
3000 marriage 4.7 5.6 6.5 7.4 8.3 9.1 
3500 marriage 4.0 4.8 5.5 6.3 7 1  7.8 
4000 marriage 3.5 4.2 4.8 5.5 6.2 6.9 

* Mtmmum extenor and menor per  area a I 0 sqfi 

Ground Snow: 100 psf 
Net Soil Rer Spacmg (ft) 
Pres (psn 4 5 6 7 8 10 
1000 extint 4.8 5.8 6.9 7.9 8.9 11.0 

marriage 6.4 7.9 9.3 10.8 12.3 15.2 
1500 ex\ in1 3.2 3.9 4.6 5.3 6.0 7.3 

marriage 4.3 5.3 6.2 7.2 8.2 10.1 
2000 exf in1 2.4 2.9 3.4 3.9 4.5 5.5 

marriage 3.2 3.9 4.7 5.4 6.1 7.6 
2500 extint 1.9 2.3 2.7 3.2 3.6 4.4 

marriage 2.6 3.2 3.7 4.3 4.9 6.1 
3000 exLint 1.6 1.9 2.3 2.6 3.0 3 7  

maniage 2.1 2.6 3.1 3.6 4.1 5.1 
3500 ext,int 1.4 1.7 2.0 2.3 2.6 3.1 

marriage 1.8 2.3 2.7 3.1 3.5 4 9  
4000 ext, int 1.2 1.5 1.7 2.0 2.2 2.7 

maniage 1.6 2.0 2.3 2.7 3.1 3.8 
Net Soil Maniage Wall Opening Width (ft) 
PreS ( p a  10 12 - 14 16 18 20 
1000 maniage 15.0 17.9 20.7 23.6 26.5 29.4 
1500 marriage 10.0 11.9 13.8 15.7 17.7 19.6 
2000 marriage 7.5 8.9 10.4 11.8 13.2 14.7 
2500 marriage 6.0 7.1 8.3 9.4 10.6 11.7 
3000 maniage 5.0 6.0 6.9 7.9 8.8 9 8  
3500 marriage 4.3 5.1 5.9 6.7 7.6 8.4 
4000 maniage 3.7 4.5 5.2 5.9 6.6 7.3 



Width I 

Required Effective Footing Area - Aftg (sqft) * 

marriage 3.7 4.5 5.3 6.1 6.9 8.5 
1500 extint 2.4 2.9 3.4 3.9 4.4 5.4 

maniage 2.5 3.0 3.6 4.1 4.6 5.7 
2000 exr, int 1.8 2.2 2.5 2.9 3.3 4.0 

maniage 1.9 2.3 2.7 3.1 3.5 4.2 
2500 extint 1.5 1.7 2.0 2.3 2.6 3.2 

marriage 1.5 1.8 2.1 2.4 2.8 3.4 
3000 extint 1.2 1.5 1.7 1.9 2.2 2.7 

marriage 1.2 1.5 1.8 2.0 2.3 2.8 
3500 exfint 1.0 1.2 1.5 1.7 1.9 2.3 

marriage 1.1 1.3 1.5 1.7 2.0 2.4 
4000 ext.int 1.0 1.1 1.3 1.5 1.6 2.0 

Min. Roof: 15 psf 

marriage 1.0 1.1 1.3 1.5 1.7 2.1 
Net Soil Marriage Wall Opening Width (ft) 
Pres (psO 10 12 14 16 18 20 
1000 marriage 8.3 9.8 11.4 12.9 14.4 16.0 
1500 m-agg 5.5 6.6 7.6 8.6 9.6 10.6 
2000 mamage 4.1 4.9 5.7 6.5 7.2 8.0 
2500 marriage 3.3 3 9  4.5 5.2 5.8 6.4 
3000 marriage 2.8 3.3 3.8 4.3 4.8 5.3 
3500 marriage 2.4 2.8 3.2 3.7 4.1 4.6 
4000 marriage 2.1 2.5 2.8 3.2 3.6 4.0 

Ground Snow: 25 psf 1 

I 
1 Ground Snow: 30 psf & iviin. Roof: 20 psf I 

I 

Net Soil P m  Spacmg (ft) 

Net Soil Pier Spacing (ft) Net Soil Pier Spacing (ft) 
Pres (psfl 4 5 6 7 8 10 PIes (psfl 4 5 6 7 8 10 
1000 exrint 3.6 4.4 5.1 5.8 6.6 8.0 1000 extint 3.7 4.5 5.2 6.0 6.7 8.2 

Pres (psfl 4 5 6 7 8 10 
1000 extint 3.8 4.6 5.4 6.2 6.9 8.5 

marriage 4.1 5.0 5.9 6.8 7.7 9.4 
1500 ext. int 2.5 3.1 3.6 4.1 4.6 5.7 

marriage 2.7 3.3 3.9 4.5 5.1 6.3 
2000 extint 1.9 2.3 2.7 3.1 3.5 4.2 

marriage 2.1 2.5 2.9 3.4 3.8 4.7 
2500 e.xt.int 1.5 1.8 2.2 2.5 2.8 3.4 

marriage 1.6 2.0 2.4 2.7 3.1 3.8 
3000 ext.int 1.3 1.5 1.8 2.1 2.3 2.8 

marriage 1.4 1.7 2.0 2.3 2.6 3.1 
3500 ext, int 1.1 1.3 1 5 1.8 2.0 2.4 

maniage 1.2 1.4 1.7 1.9 2.2 2.7 
4000 e x t  int 1.0 1 l 1.3 1.5 17  2.1 ~~~ ~~~~. ~~~~ - ~ 

marriage 1.0 1.3 1.5 1.7 1.9 2.4 
Net Soil Marriage Wall Opening Width (ft) 
Prer (psfl 10 12- 14- -16 18 20 
I000 marriage 9.2 10.9 12.7 14.4 16.1 17.8 
1500 rn-ge 6.2 7.3 8.4 9.6 10.7 11.9 
2000 -age 4.6 5.5 6.3 7.2 8.1 8.9 - 
2500 marriage 3.7 4.4 5.1 5.8 6.4 7.1 
3000 marriage 3.1 3.6 4.2 4.8 5.4 5.9 
3500 marriage 2.6 3 1 3.6 4.1 4.6 5.1 
4000 marriage 2.3 2.7 3.2 3.6 4.0 4.5 

* Minimum exterior and interior pier area is 1.0 sqft. 

mariage 3.9 4.7 5.6 6.4 7.2 8.9 
1500 exr,int 2.5 3.0 3.5 4.0 4.5 5.5 

marriage 2.6 3.2 3.7 4.3 4.8 5.9 
2000 extint 1.9 2.2 2.6 3.0 3.4 4.1 

maniage 2.0 2.4 2.8 3.2 3.6 4.4 
2 5 0 0 - e x t i n t  1.5 1.8 2.1 2.4 2.7 3.3 

marriage 1.6 1.9 2.2 2.6 2.9 3.6 
3W0 exLint 1.2 1.5 1.7 2.0 2.2 2.7 

marriage 1.3 1.6 1.9 2.1 2.4 3.0 
3500 extint 1.1 1.3 1.5 1.7 1.9 2.3 

marriage 1.1 1.4 1.6 1.8 2.1 2.5 
4000 extint 1.0 1.1 1.3 1.5 1.7 2.1 

marriage 1.0 1.2 1.4 1.6 1.8 2.2 
Net Soil Marriage Wall Opening Width (ft) 
h s  (~$0 10 12 14 16 18 20 
1000 marriage 8.7 10.3 11.9 13.5 15.1 16.7 
1500 marriage 5.8 6.9 7.9 9.0 10.1 11.2 
2000 marriage 4.3 5.1 6.0 6.8 7.6 8.4 
2500 muriage 3.5 4.1 4.8 5.4 6.1 6.7 
3000 marriage 2.9 3.4 4.0 4.5 ' 5.0 5.6 
3500 maniage 2.5 2.9 3 4  3.9 4.3 4.8 
40W marriage 2.2 2.6 3.0 3.4 3.8 4.2 

I Gi"-und Sno-w: 40 psf I 

Net Soil Pier Spacing (ft) 
PIes (PSO 4 5 6 7 8 10 
1000 ex5 int 4.0 4.9 5.7 6.5 7.4 9 0 

maniage 4.6 5.5 6.5 7.5 8.5 10.5 
1500 extint 2.7 3.2 3.8 4.4 4.9 6.0 

marriaxe 3.0 3.7 4.4 5.0 5.7 7.0 
2000 exf int 2.0 2.4 2.9 3.3 3.7 4.5 

mardagk 2.3 2.8 3.3 3.8 4.3 5.3 
2500 extint 1.6 1.9 2.3 2.6 2.9 3.6 

maniage 1.8 2.2 2.6 3.0 3.4 4.2 
3000 exf int 1.3 1.6 1.9 2.2 2.5 3.0 

marriage 1.5 1.8 2.2 . 2.5 2.8 3.5 
3500 ex5 int 1.2 1.4 1 6  1.9 2 1 2.6 

marriage 1.3 1.6. 1.9 2.2 2.4 3.0 
4000 extint 1.0 1.2 1.4 1.6 1.8 2.3 

marriage 1.1 1.4 1.6 1.9 2.1 2.6 
Net Soil Marriage Wall Opening Width (ft) 
Pres (psfl 10 12 14 16 18 20 
1000 marriage 10.3 12.2 14.2 16.1 18.1 20.0 
1500 maniage 6.9 8.2 9.5 10.7 12.0 13.3 
20W marriage 5.2 6.1 7.1 8.1 9.0 10.0 
2500 marriage 4.1 4.9 5.7 6.4 7.2 8.0 
3000 marriage 3.4 4.1 4.7 5.4 6.0 6.7 
3500 maniage 2.9 3.5 4.1 4.6 5.2 57  
4000 marriage 2.6 3.1 3.5 4.0 4.5 5.0 



Required Effective Footing Area - Aftg (sqft) * 

Ground Snow: 50 psf 
Net Soil P~er Soacine Kt) . - .  . 
Res (psO 4 5 6 7 8 10 
1000 ext,int 4.3 5.1 6.0 6 . 9 .  7.8 9.6 

marriage 5.0 6.1 7.2 8.3 9.4 11.6 
1500 ex5 int 2.8 3.4 4.0 4.6 5.2 6.4 

maniage 3.3 4.1 4.8 5.5 6.3 7.7 
2000 extint 2.1 2.6 3.0 3.5 3.9 4.8 

marriage 2.5 3.0 3.6 4.1 4.7 5.8 
2500 ex5int 1.7 2.1 2.4 2.8 3.1 3.8 

marriage 2.0 2.4 2.9 3.3 3.8 4.6 
3000 extint 1.4 1.7 2.0 2.3 2.6 3.2 ~ ~ - ~- 

marriage 1.7 2.0 2.4 2.8 3.1 3.9 
3500 extint 1.2 1.5 1.7 2.0 22 2.7 

marriage 1.4 1.7 2.1 2.4 2.7 3.3 
4000 extint 1.1 1.3 1.5 1.7 2.0 2 4  

marriage 1.2 1.5 1.8 2.1 2.3 2.9 
Net Soil Marriaee Wall Oaeninz Width [ft) , ~ ~ .  
pres (pro 10 12- 14' i s  1s 20 
1000 marriage 11.4 13.6 15.7 17.9 20.0 22.2 
1500 maniage 7.6 9.0 10.5 11.9 13.3 14.8 . 
2000 marriage 5.7 6.8 7.9 8.9 10.0 11.1 
2500 maniage 4.6 5.4 6.3 7.1 8.0 8.9 
3000 marriage 3.8 4.5 5.2 6.0 67 7 4  
3500 maniage 3.3 3.9 4.5 5.1 57  6.3 
4000 marriage 2.8 3.4 3.9 4.5 5.0 5.5 

I rL.....".4 c..,... . 
ULLJUAIU aiwd. 70 p.5: 1 

Net Soil Pier Soacine (ft) " .  . 
PXS (PSD 4 5 < 7 8 10 
1000 ext, int 4 7 5 7 6.7 7.7 8.7 10.7 

maniap 5.9 7.2 8.5 9.8 11.1 13.8 
1500 exLint 3.1 3.8 4.5 5.1 5.8 7 1  

maniage 3.9 4.8 5.7 6.5 7.4 9.2 
2000 extint 2.3 2.8 3.3 3.8 4.3 5.3 

marriaee 2.9 3.6 4.2 4.9 5.6 6.9 
2500 ext,int 1.9 2.3 2.7 3.1 3 5  4.3 

marriage 2.3 2.9 3.4 3.9 4.5 5.5 
3000 exiint 1.6 1.9 2.2 2.6 2.9 3 6  

maniage 2.0 2.4 2.8 3.3 3.7 4.6 
3500 ext, int 1.3 1.6 1 9 2.2 2 5 3.0 

marriage 1.7 22. 2.4 2.8 3.2 3.9 
4000 ext,int 1.2 1.4 1 7 1.9 22 2.7 

marriaze 1.5 1.8 2.1 2.5 2.8 3.4 
Net Soil Marriage Wall Owning Width (ft) . - ~ ~ 

Pres @sf) 10 12- 14 16 18 20 
1000 marriage 13.6 162 18.7 21.3 23.9 26.5 
1500 maniage 9.0 108 12.5 14.2 15.9 17.7 
ZOO0 maniage 6.8 8 1 9.4 10.7 12.0 13 3 
2500 mamaee 5.4 6.5 7.5 8.5 9.6 106 - 
3000 marriage 4.5 5 4 6.2 7.1 8.0 8.8 
3500 marriage 3 9  4.6 5 4  6.1 6.8 7.6 
4000 marriage 33. 4 0  4.7 5.3 6.0 6.6 

I Ground Snow: 60 psf 
Net Soil Pler Spacmg (ft) 
PI~S ( p a  4 5 6 7 8 10 
1000 exL m t  4.5 5 4  6 4  7.3 8.2 10 1 

marriage 5.4 6.6 7.8 9.0 ' 10.3 12.7 
1500 extint 3.0 3.6 4.2 4.9 5.5 6.7 

marriage 3.6 4.4 5.2 6.0 6.8 8.5 
2000 exiint 2.2 2.7 3.2 3.6 4.1 5.1 

marriage 2.7 3.3 3.9 4.5 5.1 6.3 
2500 ext,int 1.8 2.2 2.5 2.9 3.3 4.0 

marriage 2.2 2.7 3.1 3.6 4.1 5.1 
3000 exLint 1.5 1.8 2.1 2.4 2.7 3.4 

marriage 1.8 2.2 2.6 3.0 3.4 4.2 
3500 extint 1.3 1.5 1.8 2.1 2.4 2.9 

marriage 1.5 1.9 2.2 2.6 2.9 3.6 
4000 exLint 1.1 1.4 1.6 1.8 2.1 2.5 

marriaxe 1.4 1.7 2.0 2.3 2.6 3.2 
Net Soil Marriage Wall Opening Width (ft) 
PreS (PSO 10 12 14 16 18 20 
1WO maniaee 12.5 14.9 17.2 19.6 22.0 24.3 
1500 marriage 8.3 9.9 11.5 13.1 14.6 16.2 
2000 marriage 6.2 7.4 8.6 9.8 11.0 12.2 
2500 marriage 5.0 5 9  6.9 7.8 8.8 97  
3MX) marriage 4.2 5.0 5.7 6.5 7.3 8.1 
3500 marriage 3.6 4.2 4 9 5.6 6.3 7.0 
4000 marriage 3.1 3.7 4.3 4.9 5.5 6.1 

r Ground Snow: 80 psi 
I 

Net Sad P~er Saanne fftl 

marriage 6.3 7.7 9.1 10.6 12.0 14.8 
1500 ext, int 3.3 4.0 4.7 5.4 6.1 7 5 

marriage 4.2 5.1 6.1 7.0 8.0 9.9 
2000 exiint 2.5 3.0 3.5 4.0 4.6 5.6 

marriage 3.1 3.9 4.6 5.3 6.0 7.4 
2500 ext, in1 2.0 2.4 2.8 3.2 3.6 4.5 

marriage 2.5 3.1 3.7 4.2 4.8 5.9 
3W0 ext, int 1.6 2.0 2.3 2.7 3.0 3.7 

marriage 2.1 2.6 3.0 3.5 4.0 4.9 
3500 ex5 int 1 4 1 7 2.0 2.3 2 6  3.2 

marriage 1.8 2.2 2.6 3.0 3.4 4.2 
4000 ext,int 1.2 1.5 1.8 2.0 2.3 2.8 

marriage 1.6 1.9 2.3 2.6 3.0 3.7 
Net Soil Marriage Wall Opening Width (ft) 
PI- (PSO 10 12 14 16 18 20 
1000 marriage 14.7 17.5 20.3 231 259 28.7 
I500 marriage 9.8 116 13.5 15.4 17.2 19.1 
2WO marriage 7.3 87 10.1 11.5 12.9 14.3 
2500 marriage 5.9 7 0 8.1 9.2 10.3 11.5 
3000 maniage 4.9 5 8 6 8 7.7 8 6 9.6 
3500 marriage 4.2 5.0 5 8 6.6 7 4  8.2 
4000 marriage 3.7 4.4 5.1 5.8 6.5 7.2 

* Minimum exterior and interior pier area is 1.0 sqft 



Multi-Section 
Wldth I 

Ground Snow: 90 psf 
Net Sod Pier Spacmg (ft) . - 
h e s  (PSO 4 5 6 7 8 10 
1000 ext,int 5.1 6.2 7.3 8.4 9.5 11.7 

maniage 6.7 8.3 9.8 11.3 12.9 15.9 
1500 extint 3.4 4.1 4.9 5.6 6.4 7.8 

marriage 3.4 4.1 4.9 5.7 6.4 8.0 
2500 extint 2.0 2.5 2.9 3.4 3.8 4.7 

maniap 2.7 3.3 3.9 4.5 5.1 6.4 
3000 e.xt.int 1.7 2.1 2.4 2.8 3.2 3.9 

maniage 2.2 2.8 3.3 3.8 4.3 5.3 
3500 ext,int 1.5 1.8 2.1 2.4 27  3.4 

maniage 1.9 2.4 2.8 3.2 3.7 4.6 
4000 extint 1.3 1.6 18  2.1 2.4 2.9 

marriage 1.7 ' 2.1 2.4 2.8 3.2 4.0 
Net Sail Marriage Wall Ocenin~ Wsdth (ft) 

- 
2500 marriage 6.3 7.5 8.7- 9.9 11.1 12.3 
3000 marriage 5.2 6.3 7 3 8.3 9.3 10.3 
3500 marriage 4.5 5 4 6.2 7.1 8 0 8 8 
4000 mania~e 3.9 4.7 54 6.2 7.0 7.7 

Required Effective Footing Area - Aftg (sqft) * 

Ground Snow: 100 psf 
Net Soil Rer Spacing (ft) . . 
Pres (psO 4 5 6 7 8 10 
10W ext int 5.3 6.5 7.7 8.8 10.0 12.3 

marriage 7.2 8.8 10.4 12.1 13.7 17.0 
1500 extint 3.6 4.3 5.1 5.9 6.6 8.2 

marriage 4.8 5.9 7.0 8.1 9.2 11.3 
2000 exgint 2.7 3.2 3.8 4.4 5.0 6.1 

marriage 3.6 4.4 5.2 6.0 6.9 8.5 
2500 ext int 2.1 2.6 3.1 3.5 4.0 4.9 

marriage 2.9 3.5 4.2 4.8 5.5 6.8 
3000 extint 1.8 2.2 2.6 2.9 3.3 4.1 

marriage 2.4 2.9 3.5 - 4.0 4.6 5.7 
3500 exrint 1.5 1.9 2.2 2.5 2.8 3.5 

marriage 2.0 2.5 3.0 3.5 3.9 4.9 
4000 ext inr 1.3 1.6 1.9 2.2 2.5 3.1 

maniage 1.8 2.2 2.6 3.0 3.4 4.3 
Net Soil Maniaee Wall Onenine Width (ft) - . - . . 
Res (psO 10 12 14 16 18 20 
1000 marriage 16.8 20.1 23.3 26.5 29.8 33.0 
1500 marriage 11.2 13.4 15.5 17.7 19.9 22.0 

2500 marriage 6.7 8.0 9.3 10.6 11.9 13.2 
3000 marriage 5.6 6.7 7.8 8.8 9.9 11.0 
3500 marriage 4.8 5.7 6.7 7.6 8.5 9.4 
4000 marriage 4.2 5.0 5.8 6.6 7.4 8.3 



I Multi-Section Cnw I 
Required Effective Footing Area - Aftg (sqft) * 

Min. Roof: 15 psf 
Net Soil Pier Spacing (ft) 
P I ~ S  (PO 4 5 6 7 8 10 
1000 pier 3.0 3.5 4.1 4.7 5.2 613 
1500 pier 2.0 2.3 2.7 3.1 3.5 4.2 
2000 pier 1.5 1.8 2.0 2.3 2.6 3.2 
2500 oier 1.2 1.4 1.6 1.9 2.1 2.5 

-~~ 

3500 bier 1.0 1.0 1.2 1.3 1 5  1.8 
4000 pier 1.0 1.0 1.0 1.2 1.3 1.6 

Ground Snow: 25 psf 
Net Sod Pter Spacine (ft) . - 
Pres (psO 4 5 6 7 8 10 
1000 pier 3.0 3 6  4.2 4.8 5.3 6.5 
1500 pier 2.0 2.4 2.8 3.2 36  4.3 
2000 oier 1 5  1.8 2.1 2 4  2.7 3.2 
2500 oier 1.2 1.4 1.7 1.9 2.1 2 6  
3000 pier 1.0 1.2 1.4 1.6 1.8 2.2 
3500 pier 1.0 1 0  1.2 1.4 1.5 1.9 
4000 pier 1.0 1.0 1 0 1 2  1.3 1.6 

I G i ~ i i i d  Snow: 40 psf I 
Net Soil Pier Spacing (fi) 
Pres (PSO 4 5 6 7 8 10 
1000 pier 3.3 3.9 4.5 5.2 5.8 7.1 
1500 pier 2.2 2.6 3.0 3.5 3.9 4.7 
2WO pier 1.6 2.0 2.3 2 6  2.9 3.6 
2500 vier 1.3 1.6 1.8 2 1  2 3  2.8 
3000 pier 1.1 1.3 1.5 1.7 1.9 2.4 
3500 pier 1.0 1.1 1.3 1 5  1.7 2.0 
4W0 pier 1.0 1 0 1.1 1.3 1.5 1.8 

. .. 

Width 

. - .  . 
PXS (PSO 4 5 6 7 8 10 
1MM pier 3.1 3.7 4.3 4.9 5.5 6.7 
1500 pier 2.1 2.5 2.9 3.3 3.7 4.5 
2000 vier 1.5 1.8 2.1 2.4 2.7 3.3 

1500 mer 2 4  2 9  3 4  3.8 4.3 5.3 

I Ground Snow: 30 psf & Min. Roof: 20 psf I 
Net Soil P~er Svacm~ (ft) 

Ground Snow: 60 psf 
Net Sod P~er Spacmg [ft) 
Pres (psfl 4 5 6 7 8 10 
1000 o m  3 6  4 3  5 0  5 8  6 5  7 9  

2000 pier 1.8 2.2 2.5 2 9 3 2 4.0 
2500 pier 1.4 1.7 2 0 2.3 2 6 3.2 
3000 pier 1.2 1.4 1 7 '  1.9 2.2 2.6 
3500 pier 1.0 1.2 1.4 1.6 1.9 2.3 
4000 pier 1.0 1.1 1.3 1.4 1.6 2.0 

~~~ ~ ~ - - 

3000 pier 1.0 1.2 1.4 1.6 1.8 2.2 
3500 pier 1.0 1.1 1.2 1.4 1.6 1.9 
4000 pier 1.0 1.0 1.1 1.2 1.4 1.7 

I Ground Snow: 50 psf 
I 

Net Soil Pier Spacing (ft) 
Res (PSO 4 5 6 7 8 10 
1000 pier 3.4 4.1 4.8 5.5 6.2 7.5 
1500 pier 2.3 2.7 3.2 3.6 4.1 5 0 
2000 p m  1.7 2.1 2.4 2.7 3.1 3.8 
2500 pier 1 4 1.6 1 9 2.2 2.5 3.0 
3000 pier 1.1 1 4  1.6 1.8 2.1 2.5 
3500 pier 1.0 1.2 1.4 1.6 1 8  2 1  
4000 pier 1 0  1.0 1.2 1 4  1.5 1.9 

Ground Snow: 70 psf 
Net So11 her Spanng (ft) 
Res (PSO 4 5 6 7 8 10 
loo0 DU 3 8  4 5  5 3  6 0  6.8 8 3  

~~~~~ - - ~ 

2500 pier 1.5 1.8 2.1 2.4 2.7 3.3 
3000 pier 1.3 1.5 1.8 2.0 2.3 2.8 
3500 pier 1 1  1.3 1.5 1.7 1.9 2 4  
4000 pier 1.0 1.1 1 3  1.5 1 7  2.1 

* Minimum exterior and interior pier area is 1.0 sqft 





Required Effective Footing Area - Aftg (sqft) * 

Ground Snow: 50 psf 
Net Soil Pier Spacing (ft) 
Pres (us0 4 5 6 7 8 10 
1000 pier 3.9 4.6 5.4 6.2 7.0 8.6 
1500 pier 2.6 3.1 3.6 4 1  4.7 5.7 
2000 pier 1.9 2.3 2.7 I 3.5 4.3 

3000 pier 1.3 1.5 1.8 2.1 2.3 2.9 
3500 pier 1.1 1.3 1.6 1.8 2.0 2.5 
4000 pier 1.0 1.2 1.4 1.6 1.8 2.1 

Ground Snow: 70 psf 
Net So11 her  Spacing (fi) 
Pres ( P S ~  4 5 6 7 8 10 
1000 mer 4 2  5 1  6 0  6.9 7 8  9 9  

~. -. . 
2WO pier 2.1 2.6 3.0 3.4 3.9 4.8 
2500 pier 1.7 2.0 2.4 2.8 3.1 3.8 
3000 pier 1.4 1.7 2.0 2.3 2.6 3.2 
3500 der 1.2 1.5 1.7 2.0 2.2 2.7 

1 Ground Snow: 90 psf 
Net Sod he r  S ~ a c ~ n e  ffi) 
PreS (PSO 4 5 6 - , ?  8 10 
1000 pier 4.6 5.6 6.6 7.6 8.5 10.5 
1500 pier 3.1 3.7 4.4 5.0 5.7 7.0 
2000 pier 2.3 2.8 3.3 3.8 4.3 5.3 
2500 oier 1.8 2.2 2.6 3 0  34  4 2  - ~ . . ~ 

3000 1.5 1.9 2.2 2.5 2.8 3.5 
3500 pler 1 . 3 -  1.6 1.9 2.2 2.4 3.0 
4000 pier 1.2 1 4  1.6 1.9 2.1 2.6 

Required Effective Footing Area - Aftg (sqft) * 

Min. Roof: 15 psf 
Net Soil Pier Spacing (ft) 
pres (PSQ 4 5 6 7 8 10 
1000 pier 3.6 4.4 5.1 5.8 6.6 8.0 
1500 pier 2.4 2.9 3 4 3.9 4.4 5.4 
2000 pier 1 8  2.2 2 5  2.9 3.3 4.0 
2500 per 1 5  1 7  2 0  2 3  2.6 3.2 
3000 pier 1.2 1.5 1.7 1.9 2.2 2.7 
3500 pier 1.0 1.2 1.5 1.7 1.9 2.3 
4000 pier 1.0 1.1 1.3 1.5 16  2 0  

Ground Snow: 60 psf 
Net Sod her  Spacmg (ft) 
PEs (Us0 4 5 6 7 8 10 
1000 uler 4 0  4 9  5 7  6 6  7 4  9 1  . . ... 
1500 pier 2.7 3.3 3.8 4.4 4.9 6.0 
2000 pier 2.0 2.4 2.9 3.3 3.7 4.5 
2500 qer  1.6 2 0  2.3 2.6 3.0 3.6 
3000 pier 1.3 1.6 1.9 2.2 2.5 3.0 
3500 pier 1.2 1.4 1.6 1.9 2.1 2.6 
4000 pier 1.0 1.2 1.4 1.6 1.8 2.3 

Ground Snow: 80 psf 
Net Sod 

I 
Pier Soacme fft) - .  . 

Pres (us0 4 5 ti 7 8 10 
1000 pier 4.4 5.4 6.3 7.2 8.2 10.0 
1500 pier 3.0 3.6 4.2 4.8 5.4 6.7 
20W pier 2.2 2.7 3.1 3.6 4.1 5.0 
2500 pier 1.8 2.1 2.5 2.9 3.3 4.0 
3000 pier 1.5 1 8  2.1 2.4 2.7 3.3 
3500 pler 1.3 1.5 1.8 2.1 2.3 2.9 
4000 pier 1.1 1.3 1.6 1.8 2.0 2.5 

Ground Snow: 100 psf 
Net Soil Pier Spacing (ti) 
Pres (us0 4 5 6 7 8 10 

10M) pier 4.8 5.8 6.9 7.9 8.9 11.0 
1500 pier 3.2 3.9 4.6 5.3 6.0 7.3 
2000 pier 2.4 2.9 3.4 3.9 4.5 5.5 
2500 pier 1.9 2.3 2.7 3.2 3.6 4.4 
3W0 pier 1.6 1.9 2.3 2.6 3.0 3.7 
3500 pier 1.4 17  2.0 2.3 2.6 3.1 
4M)O pier 1.2 1.5 1.7 2.0 2.2 2.7 

I Ground Snow: 25 psf 
Net Sod her Spacmg (ft) 
Pres (us0 4 5 6 7 8 10 
1000 uler 37  4 5  5 2  6 0  6 7  8 2  

1 Width 

1500 pier 2.5 3.0 3.5 4.0 4.5 5.5 
2000 oier 1.9 2.2 2.6 3 0  1 4  4 i 

15' 

- ~ -  .. . ... 
2500 pier 1.5 1.8 2.1 2.4 2.7 3.3 
3000 pier 1.2 1.5 1 7  2.0 2.2 2.7 
3500 pier 1.1 1.3 1.5 1.7 1.9 2.3 
4000 pier 1.0 1.1 1.3 1.5 1.7 21 

* Mmmum extenor and menor prer area is 1 0 sqft 



Required Effective Footing Area - Aftg (sqft) * 
Cnw Multi-Section 1 16. 1 Wlcith 

I Ground Snow: 30 psf & Min. Roof: 20 psf I 
Net Soil Pier Spacing (ft) 
Pres (PSO 4 5 6 7 8 10 
lo00 pier 3.8 4.6 5.4 6.2 6.9 8.5 
1500 pier 2.5 3.1 3.6 4.1 4.6 5.7 
2000 pier 1.9 2.3 2.7 3.1 3.5 4.2 
2500 pier 1.5 1.8 2.2 2.5 2.8 3.4 

3500 pier 1.1 1.3 1.5 1.8 2.0 2.4 
4000 pier 1.0 1.1 1.3 1.5 1.7 2.1 

Ground Snow: 50 psf 
Net Sml P~er  Spacmg (fi) 
Pres (PS~)  4 5 6 7 8 10 
1000 vler 43  5.1 6 0  6 9  7 8  9 6  ~ ~ . ~. 
1500 pier 2.8 3.4 4.0 4.6 5.2 6.4 
2000 pier 2.1 2.6 3.0 3.5 3.9 4.8 
2500 pier 1.7 2.1 2.4 2.8 3.1 3.8 
3000 vier 1.4 1 7  2.0 2.3 2.6 3.2 
3500 pier 1.2 1.5 1.7 2.0 2.2 2.7 
4000 pier 1.1 1.3 1.5 1.7 2.0 2.4 

I Ground Snow: 70 psf 
Net Soil Pler Soacme (ftl . ~, 
Prer (psfl 4 5 k 7 8 10 
1000 pier 4.7 5.7 6.7 7.7 8.7 10.7 
1500 ~ i e r  3.1 3.8 4.5 5.1 5.8 7.1 

~~~ . ~. 
2500 pier 1.9 2.3 2.7 3.1 3.5 4.3 
3000 pier 1.6 1.9 2.2 2.6 2.9 3.6 
3500 pier 1.3 1.6 1.9 2.2 2.5 3.0 
4000 pier 1.2 1.4 1.7 1.9 2.2 2.7 

Ground Snow: 90 psf 
Net Soil Pier Spacing (it) 
P~es  (psfl 4 5 6 7 h 10 
1000 pier 5.1 6.2 7.3 8.4 9.5 11.7 
1500 pier 3.4 4.1 4.9 5.6 6.4 7.8 
2000 pier 2.6 3.1 3.7 4.2 4.8 5.9 
2500 vier 2.0 2.5 2.9 3.4 3.8 47  
3000 pier 1.7 2.1 2.4 2.8 3.2 3.9 
3500 pier 1.5 1.8 2.1 2.4 2.7 3.4 
4000 pier 1.3 1 6 1.8 2.1 2.4 2.9 

* Mmumum extenor and nuenor pier area is 1 0 sqft. 

Ground Snow: 40 psf 
Net Soil Pier S v a n n ~  (ft) - 
pres (us0 4 5 k i 8 10 
1000 pier 4.0 4.9 5.7 6.5 7.4 9.0 
1500 pier 2.7 3.2 3.8 4.4 4.9 6.0 
2000 pier 2.0 2.4 2.9 3.3 3.7 4.5 
2500 pier 1.6 1.9 2.3 2.6 2.9 3.6 
3000 pier 1.3 1.6 1.9 2.2 2.5 3.0 
3500 pier 1.2 1.4 1.6 1.9 2.1 2.6 
4000 pier 1.0 1.2 1.4 1.6 1.8 2.3 

- - 

Ground Snow: 60 psf 
Net So11 Pler Suacmng (ft) . - 
Pres (PSO 4 5 6 7 8 10 
1000 pier 4.5 5.4 6.4 7.3 8.2 10.1 
1500 pier 3.0 3.6 4.2 4.9 5.5 6.7 
2000 pier 2.2 2.7 3.2 3.6 4.1 5.1 
2500 vier 1.8 2.2 2.5 2.9 3.3 4.0 
3000 pier 1.5 1.8 2.1 2.4 2.7 3.4 
3500 pier 1.3 1.5 1.8 2.1 2.4 2.9 
4000 pier 1.1 1.4 1.6 1.8 2.1 2.5 

Ground Snow: 80 psf 1 
Net So11 Pler Spaclng (ft) 
PEs ( P S ~  4 5 6 7 8 10 
1000 mer 4 9 6.0 7.0 8 1 9 1 11 2 

... ~ ~- 

2000 pier 2.5 3.0 3.5 4.0 4.6 5.6 
2500 pier 2.0 2.4 2.8 3.2 3.6 4.5 
3000 pier 1.6 2.0 2.3 2.7 3.0 3.7 
3500 vier 1.4 1.7 2.0 2.3 2.6 3.2 

Ground Snow: 100 psf 
Net Soil Pler Soacme (ft) . 
Res (PSO 4 5 6 7 8 10 
1000 pier 5.3 6.5 7.7 8.8 10.0 12.3 
I500 pier 3.6 4.3 5.1 5.9 6.6 8.2 
2000 pier 2.7 3.2 3.8 4.4 5.0 6.1 
2500 pier 2.1 2.6 3.1 3.5 4.0 4.9 
3000 pier 1.8 2.2 2.6 2.9 3.3 4.1 
3500 pier 1.5 1.9 2.2 2.5 2 . 8 .  3.5 
4000 pier 1.3 1.6 1.9 2.2 2.5 3.1 



Multi-Section E, I 

Required Effective Footing Area - Aftg (sqft) * 

Min. Roof: 15 psf 
Net Soil Pter Soacme (ft) . 
h (PSO 4 5 6 7 8 10 
1000 ext,int 1.7 1.9 2.2 2.4 2.7 3.2 

marxiage 3.0 3.6 4.2 4.8 5.4 6.6 
1500 ext int 1.1 1.3 1.5 1.6 1.8 2.1 

marriage 2.0 2.4 2.8 3.2 3.6 4.4 
2000 ext,int ].a 1.0 1.1 1.2 1.3 1.6 

marriage 1.5 1.8 2.1 2.4 2.7 3.3 
2500 extint 1.0 1.0 1.0 1.0 1.1 1.3 

marriage 1.2 1.4 1.7 1.9 2.2 2.6 
3000 ext,int 1.0 1.0 1.0 1.0 1.0 1.1 

maniase 1.0 1.2 1.4 1.6 1.8 2.2 
3500 extint 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.0 1.0 1.2 1.4 1.5 1.9 
4000 extint 1.0 1.0 1.0 1.0 1.0 1 0  

marriage 1.0 1.0 1.0 1.2 1.3 1.6 
Net Soil Marriage Wall Ouening Width (ft) . . 
p m  (us0 10 IT 14- -16 18 20 
1000 maniage 6.4 7.5 8.7 9.9 11.0 12.2 
1500 maniage 4.3 5.0 5.8 6.6 7.3 8.1 
2000 marriage 3.2 3.8 4.3 4.9 5.5 6.1 . 
2500 marriage 2.6 3.0 3.5 3.9 4.4 4.9 
3000 maniage 2.1 2.5 2.9 3.3 3.7 4.1 
3500 marriage 1.8 2.2 2.5 2.8 3.1 3.5 
4000 marriage 1.6 1.9 2.2 2.5 2.8 3.0 

Ground Snow: 25 psf 1 
Net Sod P m  Svac~ne (ft) 
R ~ s  ( P S ~ )  4 5 6 - 7 8 10 
1000 ext,int 1.7 1.9 2.2 2.4 2.7 3.2 

marriage 3.1 3.7 4.4 5.0 5.6 6.9 
1500 extint 1.1 1.3 1.5 1.6 I R  2 1 ~ ~ ~ ~ 

marriage 2.1 2.5 2.9 3.3 3.7 4.6 
2000 ext,int 1.0 1.0 1.1 1.2 1.3 1 6  

marriage 1.6 1.9 2.2 2.5 2.8 3.4 
2500 ext,int 1.0 1.0 1.0 1.0 1.1 1.3 

marriage 1.2 1.5 1.7 2.0 2.2 2.8 
3000 extint 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 1.0 1.2 1.5 1.7 1.9 2.3 
3500 ext, int 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.0 1.1 1.2 1.4 1.6 2.0 
4000 en ,  int 1.0 1.0 1 0 1.0 1.0 1.0 

maniage 1.0 1.0 1.1 1.2 1.4 1.7 
Net Soil Marriage Wall Opening Width (ft) 
Res (ps0 10 12 14 16 18 20 
I000 marriage 6.7 7.9 9.1 10.3 11.5 127 
1500 marriage 4.5 5.3 6.1 6.9 7 7  8.5 
2000 marriage 3.3 3.9 4.6 5.2 5 8  6 4  
2500 marriage 2.7 3.2 3.6 4.1 4.6 5 1 - 
3000 marriage 2.2 2.6 3.0 3.4 3.8 4 2  
3500 marriage 1.9 2.3 2.6 2.9 3.3 3.6 
4000 marriape 1.7 2.0 2.3 2.6 2.9 3.2 

A 4 A A 

Interior Piers 
Exterior Piers 

Long Foundation Wall 

I Ground Snow: 30 psf & Min. Roof: 20 psf I 
Net Soil her Spanng (ft) 
Pres (PSO 4 5 6 7 8 10 
1000 extun 1.7 19  2 2  2 4  2 7  3 2  

maniage 3.3 3.9 4.6 5.3 5.9 7.3 
1500 ext,int 1.1 1.3 1.5 1.6 1.8 2.1 

marriage 2.2 2.6 3.1 3.5 4.0 4.9 
2000 extint 1.0 1.0 1.1 1.2 1.3 1.6 

maniage 1.6 2.0 2.3 2.6 3.0 3.6 
2500 extint 1.0 1.0 1.0 1.0 1.1 1.3 

marriage 1.3 1.6 1.8 2.1 2.4 2.9 
3000 extint 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 1.1 1.3 1.5 1.8 2.0 2.4 
3500 extint 1.0 1 0  1.0 1.0 1.0 1.0 

marriage 1.0 1.1 1.3 1.5 1.7 2.1 
40M) exf int 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.0 1.0 1.2 1.3 1.5 1.8 
Net Soil Marriage W d  Opening Width (ft) 
h s  ( P S ~  10 12 14 16 18 20 
1000 maniage 7.1 8.4 9.7 11.0 12.3 13 6 
1500 manias 4.7 5.6 6.5 7.3 8.2 9 0 

~ - 

2500 marriage 2.8 3 4  3.9 4.4 4.9 5.4 
3000 marriage 2.4 2.8 3.2 3.7 4 1 4.5 
3500 marriage 2.0 2.4 2.8 3.1 3.5 3.9 
4000 marriage 1.8 2.1 2.4 2.7 3.1 3.4 

hluurnum menor pier uc3 LS 1.0 sqft hlmmum exrenor foundzrm wall faouna width i s  1 -0 :except for a 16 wde unit 
u.hen the snou load 1, 100 prf md the allow3blc soil pressure is 1000 psf. use 1'-2 



Required Effective Footing Area - Aftg (sqft) * 

I Ground Snow: 40 psf 
Net Soil Pier Spacing (ft) 
Res (p~ f l  4 5 6 7 8 10 
1000 'ext.int 1.7 1.9 2.2 2.4 .2.7 3.2 

maniage 3.6 4.3 5.1 5.8 6.6 8.1 
1500 extint 1.1 1.3 1.5 1.6 1.8 2.1 

marriage 2.4 2.9 3.4 3.9 4.4 5.4 
2000 extint 1.0 1.0 1.1 1.2 1.3 1.6 

marriage 1.8 2.2 2.5 2.9 3.3 4.1 
2500 exfint 1.0 1.0 1.0 1.0 1.1 1.3 

marriaw 1.4 1.7 2.0 2.3 2.6 3.2 
3000 extint 1.0 1.0 1.0 1.0 1.0 1.1 

mamage 1.2 1 4  1 7  1.9 2 2  2 7  
3500 ex5 mt 1.0 1 0  1 0  1 0  1.0 1 0  

mrrhge 1.0 1.2 1.5 1.7 1.9 2.3 
4000 extint 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.0 1.1 1.3 1.5 1.6 2.0 
Net Soil Marriaee Wall Ocenine Width (ft) . - 
pres (pso lo l i  14 16 '18 20 
1000 marriage 7.9 9.4 10.8 12.3 13.7 15.2 
1500 marriage 5.3 6.2 7.2 8.2 9.2 10.1 - 
2000 marriage 4.0 4 7  5.4 6.1 6.9 7.6 
2500 m e g e  3.2 3.7 4.3 4.9 5.5 6.1 
3000 -age 2.6 3.1 3.6 4.1 4.6 5.1 
35W marriage 2.3 2.7 3.1 3.5 3.9 4.3 
4000 marriage 2.0 2.3 2.7 3.1 3.4 3.8 

I Ground Snow: 60 psi 
I 

Net Soil Pier S~acine (A) . - .  . 
ReS (psf) 4 5 6 7 8 10 
1OOO ext,int 1.7 1.9 2.2 2.4 2.7 3.2 

marriage 4.2 5.2 6.1 7.0 7.9 9.7 
1500 e a i n t  1.1 1.3 1.5 1.6 1.8 2.1 

marriage 2.8 3.4 4.1 4.7 5.3 6.5 
2000 ext int 1.0 1.0 1.1 1.2 1.3 1.6 

maniage 2.1 2.6 3.0 3.5 4.0 4.9 
2500 extint 1.0 1.0 1.0 1.0 1.1 1.3 

marriage 1.7 2.1 2.4 2.8 3.2 3.9 
3000 ext,int 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 1.4 1.7 2.0 2.3 2.6 3.2 
3500 ext,int 1.0 1.0 1.0 1.0 1.0 1.0 

manias 1.2 1.5 1.7 2.0 2.3 2.8 
4000 extint 1.0 1.0 1.0 1.0 1.0 ' 1.0 

marriage 1.1 1.3 1.5 1.7 2.0 2.4 
Net Soil Marriage Wall Openins Width (ft) 
Pres @sf) 10 12 14 16 18 20 
1000 marriage 9.5 11.3 13.1 14.9 16.7 18.5 
1500 marriaee 6.4 7.5 8.7 9.9 11.1 12.3 
- - ~ -  0~ 

2500 maoiage 3.8 4.5 5.2 6.0 6.7 7.4 
3000 marriage 3.2 3.8 4.4 5.0 5.6 . 6.2 
3500 marriage 2.7 3.2 3 7  4.3 4.8 5.3 
4000 marriage 2.4 2.8 3.3 3.7 4.2 4.6 

Ground Snow: 50 psf 
Net Soil Pier Spacing (ft) 
Res  (PSO 4 5 6 7 8 10 , 
1000 exfint 1.7 1.9 2.2 2.4 2.7 3.2 

marriage 3.9 4.8 5.6 6.4 7.3 8.9 
1500 exfint 1.1 1.3 1.5 1.6 1.8 2.1 

maniage 2.6 3.2 3.7 4.3 4.8 5.9 
2000 exfint 1.0 1.0 1.1 1.2 1.3 1.6 

marriage 2.0 2.4 2.8 3.2 3.6 4.5 
2500 extint 1.0 1.0 1.0 1.0 1.1 1.3 

marriage 1.6 1.9 2.2 2.6 2.9 3.6 
3000 exfint 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 1.1 1.4 1.6 1.8 2.1 2.5 
4000 exfint 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.0 1.2 1.4 1.6 1.8 2.2 
Net Soil Marriage Wall Opening Width (ft) 
ReS (Psf) 10 12 14 16 18 20 
I000 marriage 8.7 10.3 12.0 13.6 15.2 16.8 
1500 marriage 5.8 6.9 8.0 9.1 10.1 11.2 
2000 maniaee 4.4 5.2 6.0 6.8 7.6 8.4 - 
2500 marriage 3.5 4.1 4.8 5.4 6.1 6.7 
3000 marriage 2.9 3.4 4.0 4.5 5.1 5.6 
3500 marriage 2.5 3.0 3.4 3.9 4.3 4.8 
4000 maniage 2.2 2.6 3.0 3.4 3.8 4.2 

I Ground Snow: 70 psf I 
Net Sod PSI Soaclng 6%) - -~ 
Pres (ps0 4 5 6 7 8 10 
1000 extint 1.7 1.9 2.2 2.4 2.7 3.2 

maniage 4.6 5.6 6.6 7.6 8.6 10.6 
1500 exsint 1.1 1.3 1.5 1.6 1.8 2.1 

maniage 3.0 3.7 4.4 5.0 5.7 7.0 
2000 exsint 1.0 1.0 1.1 1.2 1.3 1.6 

marrive 2.3 2.8 3.3 3.8 4.3 5.3 
2500 exLint 1.0 1.0 1.0 1.0 1.1 1.3 

marriage 1.8 2.2 2.6 3.0 3.4 4.2 
3000 exr int 1.0 1.0 1.0 1.0 1.0 1.1 ~. 

marriage 1.5 1.9 2.2 2.5 2.9 3.5 
3500 extint 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.3 1.6 1.9 2.2 2.4 3.0 
4000 exfint 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.1 1.4 1.6 1.9 2.1 2.6 
Net Soil Marriaee Wall Ooening Width (ft) 

2500 marriage 4.1 4.9 5.7 6.5 7.3 8.0 
3000 marriage 3.5 4.1 4.8 5.4 6.0 6.7 
3500 marriage 3.0 3.5 4.1 4.6 5.2 5.7 
4000 maniage 22. 3.1 3.6 4.0 4.5 5.0 

* Minimum interior pier area is 1.0 sqft Minimum exterior foundation wail footing width is 1'-0; except for a 16' wide unit 
when the snow load is 100 psf and the allowable soil pressure is 1000 psf, use 1'-2". 



Required Effective Footing Area - Aftg (sqft) * 

Ground Snow: 80 psf 1 
Net Soil Pier Spaclng (ft) 
Pres (psO 4 5 6 7 8 10 
1000 exL mt 1.7 1.9 2.2 2.4 2 7 3.2 

marriage 4.9 6.0 7.1 8.1 9.2 11.4 
1500 extint 1.1 1.3 1.5 1.6 1.8 2.1 

marriage 3.3 4.0 4.7 5.4 6.1 7.6 
2000 extint 1.0 1.0 1.1 1.2 1.3 1.6 

marriage 2.5 3.0 3.5 4.1 4.6 5.7 
2500 extint 1.0 1.0 1.0 1.0 1.1 1.3 

marriage 2.0 2.4 2.8 3.3 3.7 4.5 
3000 extint 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 1.6 2.0 2.4 2.7 3.1 3.8 
3500 extint 1.0 1.0 1.0 1.0 1.0 1 0  

marriage 1.4 1.7 2.0 2.3 2.6 3.2 
4000 extint 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.2 1.5 1.8 2.0 2.3 2.8 
Net Soil Marriage WaU Opening Width (it) 
k s  (PSO 10 12 14 16 18 20 
1000 marriage 11.2 13.3 15.4 17.5 19.6 21.7 
1500 marriage 7.4 8.9 10.3 11.7 131 14.5 
2000 marriage 5.6 6.6 7.7 8.8 9.8 10.9 
2500 marriage 4.5 5.3 6.2 7.0 7.8 8 7 
3000 marriage 3.7 4 4  5.1 5.8 6.5 7.2 
3500 marriage 3 2 3.8 4 4 5.0 5 6 6.2 
4000 marriage 2.8 3.3 3.8 4.4 4.9 5.4 

I ~ ~ 

Ground Snow: 1% psf 1 

Net Soil Pier Spacing (it) 
Pres @SO 4 5 6 7 8 10 
1000 extim 1.7 1.9 2.2 2.4 2 7  3.2 

marriage 5.6 6.8 8.0 9.3 10.5 13.0 
1500 extint 1.1 1.3 1.5 1.6 1.8 2.1 

marriage 3.7 4.5 5.4 6.2 7.0 8.7 
2000 ext,int 1.0 1.0 1.1 1.2 1.3 1.6 

manbee 2.8 3.4 4.0 4.6 5.3 6.5 
2500 extint 1.0 1.0 1.0 1.0 1.1 1 3  

marriap 2.2 2.7 3.2 3.7 4.2 5.2 
3000 exiint 1.0 1.0 1.0 1.0 1.0 1.1 

maniage 1.9 2.3 2.7 3.1 3.5 4.3 
3500 extint 1.0 1.0 1.0 1.0 1 0  1.0 

marriage 1.6 1.9 2.3 2.7 3.0 3.7 
4000 e.xt.int 1.0 1.0 1.0 1.0 1.0 1.0 

-age 1 4  1 7  2 0  2 3  2 6  3 3  
Net So11 Mamage Wall Operung Wtdth (ti) 
Pres (psf) 10 12 14 16 18 20 
1000 mamaw 12 8 15 2 17 7 20.1 226 25 0 
-- ~ ~ - ~~ 

2000 marriage 6.4 7.6 8.8 10.1 11.3 125  
2500 marriage 5.1 6 1 7.1 8.0 9 0 10.0 
3000 marriage 4.3 5 1 5.9 6.7 7 5 8 3 
3500 marriage 3 7  4.4 5.1 5.7 6.4 7 1  

Ground Snow: 90 psf 
Net Soil Pie, Spacing (ft) 
PTes (PSO 4 5 6 7 8 10 
1000 extint 1.7 1.9 2.2 2.4 2.7 3.2 

marriage 5.2 6.4 7.5 8.7 9.9 12.2 
1500 extint 1.1 1.3 1.5 1.6 1.8 2.1 

maniage 3.5 4.3 5.0 5.8 6.6 8.1 
2000 extint 1.0 1.0 1.1 1.2 1.3 1.6 

marriage 2.6 3.2 3.8 4.4 4.9 6.1 
2500 ext in1 1.0 1 0  1 0  1.0 1.1 1.3 

marriage 2.1 2.6 3.0 3.5 3.9 4.9 
3000 extint 1.0 1.0 1 0  1.0 1.0 1.1 

marriage 1.7 2.1 2.5 2.9 3.3 4.1 
3500 ext int 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.5 1.8 2.2 2.5 2.8 3.5 
4WO extint 1.0 1.0 1 0  1.0 1.0 1.0 

marriage 1.3 1.6 1.9 2.2 2.5 3.0 
Net Soil Marriage Wall Opening Width (ft) 
pres (PS~)  10 12 14 16 18 20 
1000 marriage 12.0 14.3 16.5 18.8 21.1 23.4 
1500 v g e  8.0 9.5 11.0 12.5 14.1 156 
2000 rn-ge 6.0 7.1 8.3 9.4 10.5 11.7 
25M) mamage 4.8 5.7 6 6  7.5 8.4 9.3 
3000 marriage 4.0 4 8 5.5 6.3 7.0 7 8 
3500 marriage 3 4  4.1 4.7 5.4 6.0 6.7 
4000 marriage 3.0 3.6 4.1 4.7 5.3 5.8 

* Minimum interior pier area is 1.0 sqft. Minimum exterior foundation wall footing width is 1'-0; except for a 16' wide unit 
when the snow load is 100 psi and the allowable sail pressme is 1W psi, use Y-T. 

B-23 



Multi-Section 
W~dth I 
Min. Roof: 15 psf 

Net Sod Rer Spacing (ft) 
Re1 (pro 4 5 6 7 8 10 
1000 cxt mt 18 2 1 24 27 2.9 3 5 ~ ~ 

marriage 3.4 4.1 4.8 5.5 6.3 7.7 
1500 extint 1.2 1.4 1.6 1.8 2.0 23 

marriage 2.3 2.8 3.2 3.7 4.2 5.1 
2000 extint 1.0 1.1 1.2 1.3 1.5 1.8 

maniage 1.7 2.1 2.4 2.8 3.1 3.8 
2500 extint 1.0 1.0 1.0 1.1 1.2 1.4 

mamiaze 1.4 1.7 1.9 2.2 2.5 3.1 
3000 extint 1.0 1.0 1.0 1.0 1.0 1.2 

marriage 1.1 1.4 1.6 1.8 2.1 2.6 
3500 ext int 1.0 1.0 1.0 1.0 1.0 1 0 

marriage 1.0 1.2 1.4 1.6 1.8 2.2 
4000 extint 1.0 1.0 1.0 1.0 1.0 10 

marriage 1.0 1.0 1.2 1.4 1.6 1.9 
Net Soil Marriage W d  Opening Widh (ft) 
Pres (psQ 10 12 14 16 18 20 
1000 marriage 7.5 8.8 10.2 11.6 13.0 14.3 
1500 marriage 5.0 5.9 6.8 7.7 8.6 9.5 
2000 marriage 3.7 4.4 5.1 5.8 65 7.2 
2500 marriage 3.0 3.5 4.1 4.6 5.2 5.7 
3000 marriage 2.5 2.9 3.4 3.9 4.3 4.8 
3500 marriage 2.1 2.5 2.9 3.3 3.7 4 1 
4000 maniage 1.9 2.2 2.6 2.9 3.2 3.6 

Prer (pro 4 5 6 7 8 10 
1000 ext,int 1.8 2.1 2.4 2.7 2.9 35 

marriage 3.7 4.5 5.3 6.1 6 9 8.5 
1500 extint 1.2 1.4 1.6 1.8 2.0 2.3 

marriage 2.5 3.0 3.6 4.1 4.6 5.7 
2000 ext,int 1.0 1 1  1.2 1.3 1.5 18 

marriage 1.9 2.3 2.7 3.1 3.5 4.2 
2500 ext, int 1.0 1.0 1.0 1.1 1.2 14 

marriage 1.5 1.8 2.1 2.4 2.8 3.4 
3000 ext,int 1.0 1.0 1.0 1.0 1.0 1.2 

marriage 1.1 1.3 1.5 1.7 2.0 24 
4000 exr.inr 1.0 1.0 1.0 1.0 1.0 10 ~ ~ ~~~~. ~~ 

~ ~ ~ ~ ~ 

marriage 1.0 1.1 1.3 1.5 1.7 2.1 
Net Soil Marriage Wall O w ~ n g  Width (ft) . . 
Pres (psQ 10 12 14 16 18 20 
1000 marriage 8.3 9.8 11.4 12.9 114 16.0 
1500 marriage 5.5 6.6 7.6 8.6 9.6 10.6 
2000 marriage 4.1 4 9 5 7 64 7.2 8 0 
2500 maniaee 3.3 3.9 4.5 5.2 5.8 64 - 
3000 marriage 2.8 3.3 3.8 43 48 5.3 
3500 marriage 2.4 2.8 3.2 3.7 4.1 46 
4000 marriage 2.1 2.5 2.8 3.2 3.6 40 

Required Effective Footing Area - Aftg (sqft) * 

I Ground Snow: 25 psf 
Net Sod P~er Spacmg (ft) 
fie5 ( s 4 - 7 8 10 
I000 cxt mt 18 2 1 2.4 27 2 9 7 5 

marriage 2.4 2.9 3.4 3.9 4.3 5.3 
20W extint 1.0 1.1 1.2 1.3 1.5 1.8 

marriage 1.8 2.1 2.5 2.9 3.3 4.0 
2500 ext.int 1.0 1.0 1.0 1.1 1.2 1.4 . 

marriage 1.4 1.7 2.0 2.3 2.6 3.2 
3000 ext,int 1.0 1.0 1.0 1.0 1.0 1.2 

marriage 1.2 1.4 1.7 1.9 2.2 2.7 
3500 extint 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 1.0 1.2 1.4 1.7 1.9 2.3 
4000 extint 1.0 1.0 1.0 1.0 1.0 1.0 

-age 10 1 1  13 14 1.6 20 
Net Sod Mamage Wall Opemg Width (ft) 
Pres (PSO 10 12 1 4  16 18 20 
1003 marriage 7.8 9.3 10.7 12.1 13.6 15.0 
1500 maniage 5.2 6.2 7.1 8.1 9.0 10.0 
2000 marriage 3.9 4.6 5.3 6.1 6.8 7.5 
2500 maniage 3.1 3.7 4.3 4.9 5.4 6.0 
3000 marriaee 2.6 3.1 3.6 4.0 4.5 5.0 

I Ground Snow: 40 psf 1 
Ner So11 her  Spacmg (ft) 
Res (psfl 4 5 6 7 8 10 
1000 ext int 1.8 2.1 2.4 2.7 2.9 3.5 

&age 4.1 5.0 5.9 6.8 7.7 9.4 
1500 exLint 1.2 1.4 1.6 1.8 2.0 2.3 

marriage 2.8 3.3 3.9 4.5 5.1 6.3 
2000 extint 1.0 1.1 1.2 1.3 1.5 18 

marriage 2.1 2.5 3.0 3.4 3.8 4.7 
2500 extint 1.0 1.0 1.0 1.1 1.2 1.4 

maniage 1.7 2.0 2.4 2.7 3.1 3.8 
3000 extint 1.0 1.0 1.0 1.0 1.0 1.2 

maniage 1.4 1.7 2.0 2.3 2.6 3.1 
3500 exLint 1.0 1.0 1.0 1.0 1.0 10 

marriage 1.2 1.4 1.7 1.9 2.2 2.7 
4000 extint 1.0 1.0 1.0 1.0 1.0 1.0 

5l:mmum mrnor  pier = a s  I U sqfr Mmmmm exunor f3undrmn uall ionunp wdth i s  1'-D' :except for 3 16' uid? unlt 
u hen thc snob iozf is 100 pi md the allowable sol1 prcrrur: I %  I003 psi, use I'-2- 



Required Effective Footing Area - Aftg (sqft) * 

I Groiii,d Siioi\: sf I I Ground Snow: 80 psi I 

Net Soil P ~ e r  Spaan8 (ft) Net Soil Pier Spacing ( f t )  
Pres ( p s f )  4 5 6 7 8 I0 P r e s ( p s f l  4 5 6 7 8 10 
1000 ex5 int 1 8 2 1 2 4 2.7 2.9 3.5 1000 ext int 1.8 2.1 2.4 2.7 2.9 3.5 

maniage 5.3 6.5 7.6 8.8 10.0 12.3 marriage 5.7 6.9 8.2 9.5 10.7 13.3 
1500 extint 1.2 1 4  16  1.8 2.0 2.3 1500 extint 1.2 1.4 1.6 1.8 2.0 2.3 

marriage 3.5 4.3 5.1 5.9 6.6 8.2 marriage 3.8 4.6 5.5 6.3 7.2 8.8 
2000 extint 1 0  1 1  12  13  1.5 1.8 2000 extint 1.0 1.1 1.2 1.3 1.5 1.8 

marriage 2.6 5.2 3 fi 4.4 5.0 6.2 marriage 2.8 3.5 4.1 4.7 5.4 6.6 
2500 ext int 1 0 I 0 1 U 1 1 12  1.4 2500 extint 1 0  1.0 1.0 1 1 1.2 1.4 

marriage 2.1 2.6 .> 0 3.5 4.0 4.9 marriage 2.3 2.8 3.3 3.8 4.3 5.3 
3000 ext,int 1 0  I l l  I 10  1.0 1.2 3000 ext,int 1.0 1.0 1.0 1.0 1 0  1.2 

marriage 1.8 : 2  I' 29 3.3 4.1 marriage 1.9 2.3 2.7 3.2 3.6 4.4 
3500 ex5 int 1 0 1 1 .  i 1 0 1.0 1 0  3500 ext, int 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.5 I S  2 2  2.5 2.8 3.5 marriage 1.6 2.0 2.'3 2.7 3.1 3.8 
4000 extint 1 0  10  i t  10  1.0 1 0  4000 ext.int 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.3 I 6 1 " 2.2 2.5 3.1 marriage 1.4 1.7 2.0 2.4- 2.7 3.3 
Net Sail X 1 - q ~  \\ i i  O~rung Width ( f t )  Net Soil Marriage Wall Opening Width ( f t )  
b s  ( p s f l  10 12 1; 16 18 20 P r e s ( p s 0  10 12 14 16 18 20 
1000 marriage 12 1 I I 19 0 21.3 23.6 1000 marriage 13.1 15.6 18.1 20.5 23.0 25.5 
1500 marriage 8.1 Ob I l l  127 14.2 15.7 1500 maniage 8.7 10.4 12.0 137 15.4 17.0 
2000 marriage 6.1 7 2 S 2 9 5 107 118 2000 marriage 6.5 7.8 9.0 10.3 11.5 12.8 
2500 marriage 4 8 5 S 6 7 7 6 85  9.4 2500 marriage 5.2 6.2 7.2 8.2 9.2 10.2 
3000 marriage 4.0 2 8  5 6  6 3  7.1 7.9 3000 marriage 4.4 5.2 6.0 6.8 7.7 8.5 
3500 marriagc 3.5 4 1 2 h 5.4 6 1 6.7 3500 marriage 3.7 4 4  5.2 5.9 6.6 7.3 
4000 marriage 3.0 ? h  4 2  1.8 5.3 5.9 4000 marriage 3.3 3.9 4.5 5.1 5.8 6.4 

* Minimum interior pier area i r  i 0 rqii Mmmum exterior foundation wall footing width is 1'-0; except for a 16'wide unit 
when the snow load is 100 psf and chc allowable soil pressure is IOOOpsf, use 1'-2". 

Ground Snow: 50 psi Ground Snow: 60 psi 
Net Soil Pier Spacing (ft) Net Soil Pier Spacing (fi) 
Pres (ps f l  4 5 6 7 8 10 ~ r e s $ f l  4 5 6 7 8 10 
1000 ext,int 1.8 2.1 2.4 2.7 2.9 3.5 1000 extint 1.8 2.1 2.4 2.7 2.9 3.5 

marriage 4.5 5.5 6.5 7.5 8.4 10.4 marriage 4.9 6.0 7.0 8.1 9.2 11.4 
1500 extint 1.2 1.4 1.6 1.8 2.0 2.3 1500 extint 1.2 1.4 1.6 1.8 2.0 2.3 

maniage 3.0 3.7 4.3 5.0 5.6 6.9 manias 3.3 4.0 4.7 5.4 6.1 7.6 
2000 extint 1.0 1.1 1.2 1.3 1.5 1.8 2000 ext.int 1.0 1.1 1.2 1.3 1.5 1.8 

marriage 2.3 2.7 3.2 3.7 4.2 5.2 marriage 2.4 3.0 3.5 4.1 4.6 5.7 
2500 extint 1.0 1.0 1.0 1.1 1.2 1.4 2500 extint 1.0 1.0 1.0 1.1 1.2 1.4 

marriage 1.8 2.2 2.6 3.0 3.4 4.2 marriage 2.0 2.4 2.8 3.3 3.7 4.5 
3000 ext,int 1.0 1.0 1.0 1.0 1.0 1.2 3000 extint 1.0 1.0 1.0 1.0 1.0 1.2 

maniage 1.5 1.8 2.2 2.5 2.8 3.5 marriage 1.6 2.0 2.3 2.7 3.1 3.8 
3500 ext int 1.0 1.0 1.0 1.0 1.0 1.0 3500 ex5 int 1.0 1.0 1 0  1.0 1.0 1.0 

marriage 1.3 1.6 1.8 2.1 2.4 3.0 maniaee 1.4 1.7 2.0 2.3 2.6 3.2 
4000 extint 1.0 1.0 1.0 1.0 1.0 1.0 4000 extint 1.0 1 0  1.0 1.0 1.0 1.0 

marriage 1.1 1.4 1.6 1.9 2.1 2.6 marriage 1.2 1.5 1.8 2.0 2.3 2.8 
Net Soil Marriage Wall Opening Width ( f t )  Net Soil Marriage Wall Opening Width (ft) 
ha (ps f l  10 12 14 16 18 20 h s ( p s f l  10 12 14 16 18 20 
1000 marriage 10.2 12.1 14.0 16.0 17.9 19.8 1000 marriage 11.2 13.3 15.4 17.5 19.6 21.7 
1500 marriage 6.8 8.1 9.4 10.6 11.9 13.2 1500 marriage 7 4  8.8 10.3 11.7 13.1 14.5 
2000 marriage 5.1 6.1 7.0 8.0 8.9 9.9 2000 -ge 5.6 6.6 7.7 8.7 9.8 10.9 
2500 marriage 4.1 4.8 5.6 6.4 71  7 9  2500 mamage 4.5 5.3 6.2 7.0 7.8 8 7  
3000 marriage 3.4 4 0  4.7 5.3 6.0 6.6 3000 marriage 3.7 4.4 5.1 5.8 6.5 7.2 
3500 maniage 2 9  3 5 4 0 4.6 5.1 5.7 3500 marriage 3.2 3.8 4.4 5.0 5 6  6.2 
4000 marriage 2.6 3.0 3.5 4.0 4.5 4.9 4000 marriage 2.8 3.3 3.8 4.4 4.9 5.4 



marriage 6.0 7.4 8.8 10.1 11.5 14.2 marria% 6.4 7.9 9.3 10.8 12.3 15.2 
1500 extint 1.2 1.4 1.6 1.8 2.0 2.3 1500 extint 1.2 1.4 1.6 1.8 2.0 2.3 

marriage 4.0 4.9 5.8 6.8 7.7 9.5 maniage 4.3 5.3 6.2 7.2 8.2 10.1 
2000 exthr 1.0 1.1 1.2 1.3 1.5 1.8 2W0 extint 1.0 1.1 1.2 1.3 1.5 1.8 

marriage 3.0 3.7 4.4 5.1 5.7 7.1 maniage 3.2 3.9 4.7 5.4 6.1 7.6 
2500 extint 1.0 1.0 1.0 1.1 1.2 1.4 2500 extint 1.0 1.0 1.0 1.1 1.2 1.4 

maniage 2.4 3.0 3.5 4.1 4.6 5.7 maniage 2.6 3.2 3.7 4.3 4.9 6.1 
3000 extint 1.0 1.0 1.0 1.0 1.0 1.2 3000 extint 1.0 1.0 1.0 1.0 1.0 1.2 

maniaze 2.0 2.5 2.9 3.4 3.8 4.7 marriage 2.1 2.6 3.1 3.6 4.1 5.1 
3500 extint 1.0 1.0 1.0 1.0 1.0 1 . 0  3500 extint 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.7 2.1 2.5 2.9 3.3 4.1 marriage 1.8 2.3 2.7 3.1 3.5 4.3 
4000 extiot 1.0 1.0 1.0 1.0 1.0 1.0 4000 .=xt.int 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.5 1.9 2.2 2.5 2.9 3.6 marriage 1.6 2.0 2.3 2.7 3.1 3.8 
Net Soil Maniage Wall Opening Width (ft) Net Soil Marriage Wall Opening Width (ft) 
PES (psO 10 12 14 . 16 18 20 h S  (PSO 10 12 14 16 18 20 
1000 marriage 14.0 16.7 19.4 22.1 ' 24.8 27.4 1WO marriage 15.0 17.9 20.7 23.6 26.5 29.4 
1500 marriage 9.4 11.1 12.9 14.7 16.5 18.3 1500 marriage 10.0 11.9 13.8 15.7 17.7 19.6 
2000 m-ge 7.0 8.4 9.7 11.0 12.4 13.7 2000 marriage 7.5 8.9 10.4 11.8 13.2 14.7 
2500 m-ge 5.6 6.7 7.8 8.8 9.9 11.0 2500 maniage 6.0 7.1 8.3 9.4 10.6 11.7 
3000 mamage 4.7 5.6 6.5 7.4 8.3 9.1 3000 maniage 5.0 6.0 6.9 7.9 8.8 9.8 
3500 marriage 4.0 4.8 5.5 6.3 7.1 7.8 3500 maniage 4.3 5.1 5.9 6.7 7.6 8.4 
4000 maniage 3.5 4.2 4.8 5.5 6.2 6.9 4000 marriage 3.7 4.5 5.2 5.9 6.6 7.3 



Required Effective Footing Area - Aftg (sqft) * 

Min. Roof: 15 psf 
Net Soil Pier Spacing (fi) 
R ~ s  ( ~ $ 0  4 5 6 7 8 10 
10W exfint 2.0 2.3 2.6 2.9 3.3 3.9 

marriage 33. 4.5 5.3 6.1 6.9 8.5 
1500 extint 1.3 1.5 1.7 2.0 2.2 2.6 

marriage 2.5 3.0 3.6 4.1 4.6 5.7 
2000 ex5 int 1.0 1.1 1.3 1.5 1.6 1 9  

maniage 1.9 2.3 2.7 3 .  3.5 4.2 
2500 e x ~ i n t  1.0 1.0 1.0 1.2 1.3 1.6 

marriage 1.5 1.8 2.1 2.4 2.8 3.4 
3000 extint 1.0 1.0 1.0 1.0 1.1 1.3 

marriage 1.2 1.5 1.8 2.0 2.3 2.8 
3500 ext int 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 1.1 1.3 1.5 1.7 2.0 2.4 
4000 extint 1.0 1.0 1.0 1.0 1.0 1.0 ~ ~ - ~ 

marriage 1.0 1.1 1.3 1.5 1.7 2.1 
Net Soil Marriage Wall Ouenine Width (fi) 
I+.% ( ~ $ 0  10 1 2  14' -16 '1'8 20 
1000 marriage 8.3 9.8 11.4 12.9 14.4 16.0 
1500 marriage 5.5 6.6 7.6 8.6 9.6 10.6 
2000 marriage 4 1  4.9 5.7 6.5 7.2 8.0 
2500 marriaee 3.3 3.9 4.5 5.2 5 8  6.4 - 
3000 marriage 2.8 3.3 3.8 4.3 4.8 5.3 
3500 marriage 2.4 2.8 3.2 3.7 4.1 4 6  
4000 marriage 2.1 2.5 2.8 3.2 3.6 4.0 

Prer (psO 4 5 7 8 10 
1000 exL int 2.0 2.3 2.6 2.9 3.3 3.9 

marriage 4.1 5.0 5.9 6.8 7.7 9.4 
1500 extint 1.3 1.5 1.7 2.0 2.2 2.6 

marriage 2.7 3.3 3.9 4.5 5.1 6.3 
2000 ext,int 1.0 1.1 1.3 1.5 1.6 1.9 

marriage 2.1 2.5 2.9 3.4 3.8 4.7 
2500 entint 1.0 1.0 1.0. 1.2 1.3 1 6  - ~ 

marriage 1.6 2.0 2.4 2.7 3.1 3.8 
3000 extint 1.0 1 0  1.0 1 0  1.1 1.3 

marriage 1.4 1.7 2.0 2.3 2.6 3.1 
3500 ext, int 1.0 1.0 1.0 1.0 1.0 1 1 

marriage 1.2 1.4 1.7 1.9 2.2 2.7 
4000 extint 1.0 1.0 1.0 1.0 1.0 1 0  

marriaxe 1.0 1.3 1.5 1.7 1.9 2.4 
Net Soil Marriage Wall Opening Width (ft) 
hes (PSO 10 12 14 16 18 20 
1000 marriage 9.2 10.9 12.7 14.4 16.1 . 17.8 
1500 marriage 6.2 7.3 8.4 9.6 107 11.9 
2000 marriage 4 6 5.5 6 3 7.2 8.1 8 9 
2500 marriage 3.7 4.4 5 1  5.8 6.4 7 1 
3000 marriage 3 3.6 4 2  4.8 5.4 5.9 
3500 marriage 2.6 3.1 3.6 4.1 4.6 5.1 
4000 marriage.2.3 2.7 3.2 3.6 4.0 4.5 

Multi-Section I Width 

I Ground Snow: 25 psf 
Net Soil Rer Suacing (ft) . - 
PreS (PSO 4 5 6 7 8 10 
1000 excint 2.0 2.3 2.6 2.9 3.3 3.9 

maniage 3.9 4.7 5.6 6.4 7.2 8.9 
1500 eaLint 1.3 1.5 1.7 2.0 2.2 2.6 

marriage 2.6 3.2 3.7 4.3 4.8 5.9 
20W exLint 1.0 1.1 1.3 1.5 1.6 1.9 

maaiage 2.0 2.4 2.8 3.2 3.6 4.4 
2500 extint 1 0  1 0  1.0 1.2 1.3 1.6 

marriage 1.6 1.9 2.2 2.6 2.9 3.6 
3000 excint 1.0 1.0 1.0 1.0 1 . 1  1.3 

maniage 1.3 1.6 1.9 2.1 2.4 3.0 
3500 exfint 1.0 1 0  1.0 1.0 1.0 1.1 

maniage 1.1 1.4 1.6 1.8 2.1 2.5 
4 0 0 0 e x t i n t  1 0  1 0  1.0 1.0 1.0 1.0 

manias 1.0 1.2 1.4 1.6 1.8 2.2 
Net Soil Mvriaee Wall Ooenins Width Iftl 

1500 marriage 5.8 6.9 7.9 9.0 10.1 11.2 
2000 marriage 4.3 5.1 6.0 6.8 7.6 8.4 - 
2500 marriage 3.5 4.1 4.8 5.4 6.1 6.7 
3000 maniage 2.9 3.4 4.0 4.5 5.0 5.6 
3500 marriage 2.5 2.9 3.4 3.9 4.3 4 8  
4000 marriage 2.2 2.6 3.0 3.4 3.8 4.2 

PIGS (PSO 4 5 6 - 7  8 10 
1000 extint 2.0 2.3 2.6 2.9 3.3 3.9 

marriage 4.6 5.5 6.5 7.5 8.5 10.5 
1500 a t ,  int 1.3 1 5  1.7 2.0 2.2 2.6 

marriaze 3.0 3.7 4.4 5.0 5.7 7.0 
2000 exLib 1.0 1.1 1.3 1.5 1.6 1.9 

marriage 2.3 2.8 3.3 3.8 4.3 5.3 
2500 extint 1 0  1 0  1.0 1.2 1.3 1.6 

marriage 1.8 2.2 2.6 3.0 3.4 4.2 
3000 ext,int 1.0 1.0 1.0 1.0 1.1 1.3 

marriage 1.5 1.8 2.2 2.5 2.8 3.5 
3500 excint 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 1.3 1.6 1.9 2.2 2.4 3.0 
4000 ext.int 1.0 1 0  1.0 1.0 1.0 1.0 

marriage 1.1 1.4 1.6 1.9 2.1 2.6 
Net Soil Marriage Wall Opening Width (fi) 
hes  (P* 10 12 14 16 18 20 
1000 marriage 10.3 12.2 14.2 16.1 18.1 20.0 
1500 marriage 6.9 8.2 9.5 10.7 12.0 133 
2000 marriage 5.2 6.1 7.1 8.1 9.0 100 
2500 marriage 4.1 4.9 5.7 6.4 7.2 8 0  
3000 marriage 3.4 4.1 4.7 5.4 6.0 6 7  
3500 marriage 2.9 3.5 4.1 4.6 5.2 5.7 
4000 marriage 2.6 3.1 3.5 4.0 4.5 5.0 



Ground Snow: 50 psf 
Net Soil pier Spacing (ftj 
Pres (psfl 4 5 6 7 8 10 
I000 exiint 2.0 2.3 2.6 2.9 . 3 . 3  3.9 

marriage 5.0 6.1 7.2 8.3 9.4 11.6 
1500 ext, int 1.3 1.5 1.7 2.0 2.2 2.6 

marriage 3.3 4.1 4.8 5.5 6.3 7.7 
2000 extint 1.0 1.1 1.3 1.5 1.6 1.9 

marriage 2.5 3.0 3.6 4.1 4.7 5.8 
2500 ext.int 1.0 1.0 1.0 1.2 1.3 1.6 

marriage 2.0 2.4 2.9 3.3 3.8 4.6 
3000 exfint 1.0 1.0 1.0 1.0 1.1 1.3 

marriage 1.7 2.0 2.4 2.8 3.1 3.9 
3500 extint 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 1.4 1.7 2.1 2.4 2.7 3.3 
4000 ext.int 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.2 1.5 1.8 2.1 2.3 2.9 
Net Soil MKnage Wall Opening Width (ftj 
PreS (PSO 10 12 14 16 18 20 
1000 maniaee 11.4 13.6 15.7 17.9 20.0 22.2 " 
1500 marriage 7.6 9.0 10.5 11.9 13.3 14.8 
2000 marriage 5.7 6.8 7.9 8.9 10.0 11.1 
2500 marriage 4.6 5.4 6.3 7.1 8.0 8.9 
3000 marriage 3.8 4.5 5 2  6.0 6.7 7.4 
3500 marriage 3.3 3.9 4 5  5.1 5.7 6.3 
4000 maniage 2.8 3.4 3.9 4.5 5.0 5.5 

I GiWi,d Snow; 73 sf I 

Net Soil Pier Spacing (ft) 
Pres (ps0 4 5 6 7 8 10 
1000 extint 2.0 2.3 2.6 2.9 3.3 3.9 

marriage 5.9 7.2 8.5 9.8 11.1 13.8 
1500 exiint 1.3 1.5 1.7 2.0 2.2 2.6 

maniaee 3.9 4.8 5.7 6.5 7.4 9.2 
2000 extint 1.0 1 1  1.3 1.5 1.6 1.9 

marriage 2.9 3.6 4.2 4.9 5.6 6.9 
2500 ext.int 1.0 1 0  1 0  1.2 1.3 1.6 

marrias 2.3 2.9 3.4 3.9 4.5 5.5 
3000 e.xt.int 1.0 1 0  1 0  1.0 1.1 1.3 

marriage 2.0 2.4 28  3.3 3.7 4.6 
3500 exrint 1.0 I 0  1.0 1.0 ' 1 . 0  1.1 

marriage 1.7 2.0 2.4 2.8 3.2 3.9 
4000 ext,int 1 0  1 0  10  1.0 1.0 1.0 

-age 1 5  1 8  21 2 5  2 8  3 4  
Net Sod Mamay Wall Opeiuno Wldth (ft) 
Pres (ps0 10 12 I4 16 18 20 
1000 mamare 136 162 I8 7 21 3 23.9 265 
1500 marriage 9.0 108 125 14.2 15.9 17.7 
2000 marriage 6.8 8 1 9 4  107 120 13.3 
2500 marriage 5.4 6 5  7.5 8.5 9.6 10.6 
3000 marriage 4.5 5 4  6.2 7.1 8.0 8.8 
3500 marriage 3.9 4.6 5 4  6.1 6.8 7.6 
4000 marriage 3.4 4.0 4.7 5.3 6.0 6.6 

Required Effective Footing Area - Aftg (sqft) * 

I Ground Snow: 60 psf 
Net Soil pier Spacing ( f f )  
Res ( P S ~  4 5 6 7 8 10 
1000 ext.int 2.0 2.3 2.6 2.9 3.3 3.9 

marriage 5.4 6.6 7.8 9.0 10.3 12.7 
1500 e.xt.int 1.3 1.5 1.7 2.0 2.2 2.6 

maniage 3.6 4.4 5.2 6.0 6.8 8.5 
2000 extint 1.0 1.1 1.3 1.5 1.6 1.9 

mimiage 2.7 3.3 3.9 4.5 5.1 6.3 
2500 exLint 1.0 1.0 1.0 1.2 1.3 1.6 

marriage 2.2 2.7 3.1 3.6 4.1 5.1 
3000 exfint 1.0 1.0 1.0 1.0 1.1 1.3 

maniage 1.8 2.2 2.6 3.0 3.4 4.2 
3500 extint 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 1.5 1.9 2.2 2.6 2.9 3.6 
4000 exfinf 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.4 1.7 2.0 2.3 2.6 3.2 
Net Soil Marriage Wall Opening Width (ft) 
Pres ( P S ~  10 12 14 16 18 20 
1000 marriaee 12.5 14.9 17.2 19.6 22.0 24.3 
1500 8.3 9.9 11.5 13.1 14.6 16.2 
2000 marriage 6.2 7.4 8.6 9.8 11.0 12.2 
2500 maniage 5.0 5.9 6.9 7.8 8.8 97  
3000 marriage 4.2 5.0 5.7 6.5 7.3 8.1 
3500 maniage 3.6 4.2 4.9 5.6 6.3 7.0 
4000 marriage 3.1 3.7 4.3 4.9 5.5 6.1 

I Ground Snow: 80 psi I 

Net Sod Pler Spanng (R) 
PRs ipsf) 4 5 6 7 8 10 
1000 extmnt 2 0  2 3  2 6  2 9  3 3  39  

maniage 6.3 7.7 9.1 10.6 12.0 14.8 
1500 e?it.int 1.3 1 5  1.7 2.0 2.2 2.6 

marriage 4.2 5.1 6.1 7.0 8.0 9.9 
2WO extint 1.0 1.1 1.3 1.5 1.6 1.9 ~ ~~ 

marriage 3.1 3.9 4.6 5.3 6.0 7.4 
2500 extint 1.0 1.0 1.0 1.2 1.3 1.6 

marriage 2.5 3.1 3.7 4.2 4.8 5.9 
3000 ext,int 1.0 1.0 1.0 1.0 1.1 1.3 

maniage 2.1 2.6 3.0 3.5 4.0 4.9 
3500 ext. int 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 1.8 2.2 2.6 3.0 3.4 4.2 
4000 ext. int 1.0 1.0 1.0 1.0 1.0 1 0 

marriage 1.6 1.9 2.3 2.6 3.0 3.7 
Net Soil Marriage Wall Opening Width ift) 
hs ( p a  10 12 14 16 18 20 
1000 marriage 14.7 17.5 20.3 23.1 25.9 28.7 
1500 marriage 9.8 11.6 13.5 15.4 172 19.1 
2000 marriaee 7.3 8.7 10 1 11.5 12.9 143 
2500 marriage 5.9 7.0 8 1  9.2 10.3 11 5 
3000 marriage 4.9 5.8 6.8 7.7 8 6  9 6  
3500 marriage 4.2 5.0 5 8  6.6 7.4 8.2 
4000 maniage 3.7 4.4 5.1 5.8 6.5 7.2 

* Minimum interior pier area is 1.0 sqfr Minimum exterior foundation wall footing width is 1 ' - 0  except fora 16' wide unit 
when the snow load is 100 prf and the allowable soil pressure is 1000 psf, use 1'-2'. 

B-28 



Required Effective Footing Area - Aftg (sqft) * 

1 Ground Snow: 90 psf 
Net Soil Pier Spacing (ft) 
P~es  (psf) 4 5 6 7 8 10 
1000 e x t i n t  2.0 2.3 2.6 2.9 3.3 3.9 

marriage 6.7 8.3 9.8 11.3 12.9 15.9 
1500 extint 1.3 1.5 1.7 2.0 2.2 2.6 

marriage 4.5 5.5 6.5 7.6 8.6 10.6 
2000 exiint 1.0 1.1 1.3 1.5 1.6 1.9 

maiMge 3.4 4.1 4.9 5.7 6.4 8.0 
2500 ext,int 1.0 1.0 1.0 1.2 1.3 1.6 

marriage 2.7 3.3 3.9 4.5 5.1 6.4 
3000 extint 1.0 1.0 1.0 1.0 1.1 1.3 

marriap 2.2 2.8 3.3 3.8 4.3 5.3 
3500 ext,int 1.0 1.0 1.0 1.0 1.0 1 1  

marriage 1.9 2.4 2.8 3.2 3.7 4.6 
40W ext,int 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.7 2.1 2.4 2.8 3.2 4.0 
Net Soil Marriage Wall Opening Width (ft) 
PreS (PSQ 10 12 14 16 18 20 
1000 marriage 15.7 18.8 21.8 24.8 27.8 309 
1500 marriage 10.5 12.5 14.5 16.5 18.6 206 
ZOW marriage 7.9 9 4 10.9 12.4 13.9 15 4 
2500 marriaee 6 3 7.5 8 7  9.9 11.1 12.3 " 
3000 marriage 5.2 6.3 7.3 8.3 9.3 10.3 
3500 marriage 4.5 5.4 6.2 7.1 8.0 8.8 
4000 marriage 3.9 4.7 5.4 6.2 7.0 7.7 

Multi-Section I Width 

I Ground Snow: 100 psf 
Net So11 Pter Spacine (ft) . . 
Pres (psfl 4 5 6 7 8 10 
1000 ext, ml 2.0 2.3 2 6 2.9 3.3 3.9 

m m g e  7.2 8.8 10.4 12.1 13.7 17.0 
1500 ext mr 1.3 1.5 1.7 2.0 2 2 2 6 

marriage 4.8 5.9 7.0 8.1 9.2 11.3 
2000 exyint 1.0 1 1  1.3 1.5 1.6 19  

maniage 33. 4 4  5.2 6.0 6.9 8.5 
2500 exsint 1.0 1.0 1.0 1.2 1.3 1.6 

marriape 2.9 3.5 4.2 4.8 5.5 6.8 
3000 extint 1.0 1.0 1.0 1.0 1.1 1.3 

manage 2.4 2.9 3.5 4.0 4.6 5.7 
3500 ext,mnt 1.0 1.0 1.0 1.0 1 0  11  

marriage 2.0 2.5 3.0 3.5 3.9 4.9 
4000 exrint 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.8 2.2 2.6 3.0 3.4 4.3 
Net Soil Marriaee Wall b n i n e  Width fft) . - . . 
Pres (ps0 10 12- 14 16 18 20 
1000 maniage 16.8 20.1 23.3 26.5 29.8 33.0 
1500 marriage 11.2 13.4 15.5 17.7 19.9 22.0 
2000 marriage 8.4 10.0 11.7 13.3 14.9 16.5 - 
2500 marriage 6.7 8.0 9.3 10.6 11.9 13.2 
3000 marriage 5.6 6.7 7.8 8.8 9.9 11 0 
3500 marriage 4.8 5.7 6.7 7.6 8.5 9.4 
4000 marriage 4.2 5.0 5.8 6.6 7.4 8.3 

Minimum interior pier area is 1.0 sqft. Minimum exterior foundation wall foo!i"g width k 1'-I1"; except for a l!F.' wid2 =nit 
when the snow load is 100 psf and the allowable soil pressure is 10W psf, use 1'-2". 



I Multi-Section E5. E6 1 

I Ground Snow: 25 psf 
Kei Soil Trawerse G&t and her Spaclng (hl . ~ 

FTes (PSO 4 5 6 7 8 10 
1000 utwall 1.0 1.1 1.2 1.2 1.3 1.4 

marriage . 5.3 6.4 7.6 8.7 9.8 12.0 
1500 extwall 1.0 1.0 1.0 1 0  1.0 1.0 

marriage 3.5 4.3 5.0 5.8 6.5 8.0 
2WO mwal l  1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.7 3.2 3.8 4.3 4.9 6.0 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.1 2.6 3.0 3.5 3.9 4.8 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.8 2.1 2.5 2.9 3.3 4.0 
3500 extwall 1.0 1.0 1.0 1.0 1 0  1.0 

marriage 1.5 1.8 2.2 2.5 2.8 3.4 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.3 1.6 1.9 2.2 2.5 3.0 
Net Soil Marriage Wall Opening Width (ft) 
P- (PSO 10 12 14 16 18 20 
1000 marriage 9.7 11.5 13.2 15.0 168 18.5 
1500 marriage 6.5 7.6 8.8 10.0 11.2 12.4 
2000 marriage 4.9 5.7 6.6 7.5 8 4 9.3 
2500 marriaee 3.9 4.6 5.3 6 0  6 7  7.4 - 
3000 marriage 3.2 3.8 4.4 5.0 5 6  6.2 
3500 marriage 2.8 3.3 3.8 4 3 4 8 5.3 
4000 marriage 2.4 2.9 3.3 3.8 4.2 4.6 

Required Effective Footing - Aftg * 

Min. Roof: 15 psf 
Net Soil Transverse Girder and Pier Spacing (ft) 
Pres ( ~ $ 0  4 5 6 7 8 10 
1000 extwall 1.0 1.1 1.1 1.2 1.3 1.4 - ~ -  -~ 

marriage 5.2 6.3 7.4 8.5 9.6 11.8 
1500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.5 4.2 4.9 5.7 6.4 7.8 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 2.6 3.1 3.7 4.2 4.8 5.9 
2500 utwal l  1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.1 2.5 3.0 3.4 3.8 4.7 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.7 2.1 2.5 2.8 3.2 3.9 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.5 1.8 2.1 2.4 2.7 3.4 
4000 utwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.3 1.6 1.8 2.1 2.4 2.9 
Net Soil Marriage Wall Opening Width (ft) 
R ~ s  ( P S ~  10 12 14 16 18 20 
1000 marriage 9.4 11.1 12.8 14.5 16.3 18.0 
1500 marriage 6.3 7.4 8.6 9.7 10.8 12.0 
2000 marriage 4.7 5.6 6.4 7.3 8.1 9.0 
2500 marriage 3.8 4.4 5.1 5.8 6.5 7.2 
3000 marriage 3.1 3.7 4.3 4.8 5 4  6.0 
3500 marriage 2.7 3.2 3.7 4.2 4.6 5.1 
4030 marriage 2.4 2.8 3.2 3.6 4.1 4.5 

I Ground Snow: 30 psf 8: Min. Roof: 20 psf I 
? k t  So~l Transverse Grdtr and P~er Spac:ng (ft) . - 

h a  (PsO 4 5 6 7 8 10 
1000 extwall 1.1 1.1 1.2 1.2 1.3 1.4 

maniage 5.5 6.6 7.8 9.0 10.1 12.5 
1500 extwall 1.0 1.0 1.0 1 0  1.0 '1.0 

marriage 3.7 4.4 5.2 6.0 6.8 8.3 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.7 3.3 3.9 4.5 5.1 6.2 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

mania~e 22. 2.7 3.1 3.6 4.1 5.0 
3000 utwal l  1.0 1.0 1.0 1.0 1.0 1 0  

maniare 1.8 2.2 2.6 3.0 3.4 4.2 
3500 atwal l  1.0 1.0 1.0 1.0 1.0 1.0 

maniaee 1.6 1.9 2.2 2.6 2.9 3.6 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 -~~ 

marriage 1.4 1.7 2.0 2.2 2.5 3.1 
Net Soil Marriage Wall Opening Width (ft) 
PreS (PSO 10 12 14 16 18 20 
1000 marriage 10.1 12.0 13.8 15.7 17.5 19.4 
1500 marriage 6 7  8.0 9.2 10.4 11.7 12.9 
2000 marriage 5.1 6.0 6.9 7.8 8.8 9.7 
2500 marriaee 4C 4.8 5.5 6.3 7.0 7.7 
3000 marriage 3.4 4.0 4.6 5.2 5.8 6.5 
3500 marriage 2.9 3.4 3 9  4.5 5.0 5.5 
4000 marriage 2.5 3.0 3.5 3.9 4.4 4.8 

* Minimum interior pier area is 1.0 sqft. 
The Exterior Footing Widths are shown in feet. The Marriage Wall Footing Areas are shown in square feet 



Required Effective Footing - Aftg * 

Ground Snow: 40 psf 
Net Soil l'ransverri. Gtrdcr and Rcr Somne (It, . - .  . 
Pres (PSO 4 5 6 7 8 10 
1000 extwall 1.1 1.2 1.2 1.3 1.3 1.5 

marriage 5.8 7.0 8.3 9.5 10.8 13.3 
1500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.9 4.7 5.5 6.4 7.2 8.8 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.9 3.5 4.1 4.8 5.4 6.6 
2500 extwall 1.0 1.0 1.0 1.0 1 0  1.0 

marriage 2.3 2.8 3.3 3.8 4.3 5.3 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 -~ 

marriage 1.9 2.3 2.8 3.2 3.6 4.4 
3500 extwall 1.0 1.0 1.0 1.0 1 0  1.0 

marriage 1.7 2.0 2.4 2.7 3.1 3.8 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.5 1.8 2.1 2.4 2.7 3.3 
Net Soil Maniaee Wall O~enine Width (A) - 
FteS (PSO 10 12 14 16 18 20 
1000 mamage 109 129 15 0 170 190 21 0 
1500 mamage 7 3  8 6  100 11.3 127 140  

- 
2500 marriage 4.4 5.2 6.0 6.8 7.6 8.4 
3000 marriage 33. 4.3 5.0 5.7 6.3 7.0 
3500 marriage 3.1 3 7 4 3 4.8 5 4  6.0 
4000 marriage 2.7 3.2 3.7 4.2 4.7 5.2 

. 
Pres (psfl 4 5 6 7 8 10 
1000 extwall 1 2  1.2 I 3  1 4  1.4 1 5  

marria.ze 6.5 7.9 9.: 10.7 12.1 14.9 
1500 extwall 1 0  1 0  1 0  1 0  1.0 1.0 

marriage 4.3 5.2 6.2 7.1 8.1 9.9 
2000 extwal1 1.0 1 0  1 0  1 0  1 0  1 0  

marriage 3.2 3.9 4.6 5.3 6.0 7.5 
2500 extwall 1.0 1 0  1 0 I 0 1 0  1.0 

d a z e  2.6 3.1 3 7  4.3 4.8 6.0 
3000 extwall 1 0  1 0  1 0  1 0  1 0  1 0  

marriage 2.2 2.6 . 1 3.6 4.0 5.0 
3500 extwall 1 0  1 0  1 0  1 0  1.0 1.0 

marriage 1.8 2.2 Z 6 5.1 3.5 4.3 
4000 extwall 1 0  1 0  1 0  1 0  1 0  1 0  

~ ~. 
marriage 1.6 2.0 :.? 2 7  3.0 3.7 

Net Sail M a m ~ g e  Wall Operune Width (ft) 
Pres (psfl 10 12 1.: 16 18 20 
1000 marriage 12.6 119 I 196 219 243 
1500 marriage 8.4 9 9  i l  i 13 1 146 162 
2000 marriage 6.3 7 4  8 6  9 8  110 121 
2500 marriaee 5.0 6 0  6 9  7 8  8 8  9 7  

Width 

Ground Snow: 50 psf 
Net Soil Transverse Girder and Pier S~ac in r  (ft) . u.. 

Ftes (PC 4 5 6 7 8 10 
1000 extwall 1.1 1.2 1.3 1.3 1.4 1.5 

marriagc 6.1 7.5 8.8 10.1 11.4 14.1 
1500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 4.1 5.0 5.9 6.7 7.6 9.4 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 3.1 3.7 4.4 5.1 5.7 7.0 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.5 3.0 3.5 4.0 4.6 5.6 
3000 extwall 1.0 1.0 1.0 1 0  1.0 1.0 

marriage 2.0 2.5 2.9 3.4 3.8 4.7 
3500 extwali 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.8 2.1 2.5 2.9 3.3 4.0 
4000 extwall 1.0 1.0 1 0  1.0 1.0 1.0 

marrias 1.5 1.9 2.2 2.5 2.9 3.5 
Net Soil Marriage Wall Opening Width (ft) 
Pres (~sfl 10 12 14 16 18 20 
1000 marriage 11.7 13.9 16.1 18.3 20.5 22.6 
1500 mania% 7.8 9.3 10.7 12.2 13.6 15 1 - 
20W marriage 5.9 7.0 8.0 9.1 10.2 11.3 
2500 marriage 4.7 5.6 6.4 7.3 8.2 9.1 
3000 marriage 3.9 4.6 5.4 6.1 6.8 7 5 
3500 marriage 3.4 4 0 4.6 5.2 5.8 6 5  
4000 marriage 2.9 3.5 4.0 4.6 5.1 5.7 

I Ground Snow: 70 psi I 

k t  Soil Tmverse  Grdcr and Pier Soannz (ti) . " .  . 
Res (PO 4 5 6 7 8 10 
1000 extwall 1.2 1.3 1 3  1.4 1 5  1.6 

marriage 6.8 8.3 9.8 11.3 12.7 15.7 
1500 enwall 1.0 1.0 1.0 1.0 1.0 1 1  ~~~ - - 

marria* 4.5 5.5 6.5 7.5 8.5 10.5 
2000 extwall 1.0 1.0 l o  1.0 1 0  1.0 

marriage 3.4 4.1 4.9 5.6 6.4 7.9 
2500 extwall 1.0 1.0 1 0  1.0 1.0 1 0  

marriage 2.7 3.3 3.9 4.5 5.1 6.3 
3000 extwall 1.0 1 0  1.0 1.0 1.0 1.0 

marriage 2.3 2.8 3.3 3.8 4.2 5.2 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.9 2.4 2.8 3.2 3.6 4.5 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1 0  

marriage 1.7 2.1 2.4 2.8 3.2 3.9 
Net Soil Marriage Wall OOpening Width (ft) 
Re$ (Psf) 10 12 14 16 18 20 
1000 marriage 13.4 15.9 18.4 20.9 U.4 25.9 
1500 marriage 8.9 10.6 12.3 13.9 15.6 17.3 
2000 marriage 6.7 7.9 9.2 10.4 11.7 12.9 
2500 marriage 5 4 6 4 7.4 8.4 9.4 10.4 

* Minimum interior pier area 1s I 0 rqft 
The Exterior Foodng Widths arc shown m ieet The Marriage Wall Footing Areas are shown in square feet 
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3000 mania& 4.5 5 3 6.1 7.0 7.8 8 6 
3500 marriage 3 8  4.5 5.3 6.0 6.7 7 4  
4000 marriage 3.3 4.0 4.6 5.2 5.8 6.5 



,,.$*s- m 
--+XT. Width 

Ground Snow: 80 psf 
Net Soil Transverse Girder and Pier Spacing (ft) 
Res (psfl 4 5 6 7 8 10 
1000 atwal l  1.3 1.3 1.4 1.4 1.5 1.6 

marriage 7.1 8.7 10.3 11.8 13.4 16.5 
1500 extwall 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 4.7 5.8 6.8 7.9 8.9 11.0 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.6 4.3 5.1 5.9 6.7 8 9  
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.8 3.5 4.1 4.7 5.4 6.6 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.4 2.9 3.4 3.9 4.5 5.5 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.0 2.5 2.9 3.4 3.8 4.7 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriap 1.8 2.2 2.6 3.0 3.3 4.1 
Net Soil Marriage Wall Opening Width (ft) 
Prer (psfl 10 12 14 16 18 20 
1000 marriage 14.2 16.9 19.5 22.2 24.9 27.5 . 
1500 marriage 9.5 11.2 13.0 14.8 16.6 18.4 
2000 marriage 7.1 8 4  9.8 11.1 12.4 13.8 
2500 marriage 5 7  6 7  7.8 8.9 9.9 11.0 
3000 marriage 4.7 5.6 6.5 7.4 8.3 9.2 
3500 marriage 4.1 4.8 5 6  6.3 7.1 7.9 
4000 marriage 3.5 4.2 4.9 5.5 6.2 6.9 

I Gigiiid Snow: 100 psf I 

Net Sod Transverse Cnrder and Pler Spacmng (ft) 
Pres (psfl 4 5 6 7 8 10 
1000 extwall 1 3  1 4  1 5  1 5  1 6  1 7  

maniage 7.8 9.5 11.2 13.0 14.7 18.2 
1500 extwall 1.0 1.0 1.0 1.0 1.1 1.1 

marriage 5.2 6.3 7.5 8.6 9.8 12.1 
2000 extwall 1 0  1.0 1.0 1.0 1.0 1.0 

marriaze 3.9 4.7 5.6 6.5 7.4 9.1 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriaze 3.1 3.8 4.5 5.2 5.9 7.3 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriaze 2.6 3.2 3.7 4.3 4.9 6.1 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.2 2.7 3.2 3.7 4.2 5.2 
4000 atwall 1 0  1.0 1.0 1.0 1.0 1.0 

marriaxe 1.9 2.4 2.8 3.2 3.7 4.5 
Net Soil Marriage Wall Opening Width (it) 
Pres (psfl 10 12 14 16 18 20 
1000 marriage 158 18.8 21.8 24.8 27.8 30.8 

" 
2000 marriage 7 9  9.4 109 12.4 13.9 15.4 
2500 marriage 6.3 7.5 8 7  9.9 11.1 12.3 
3000 marriage 5.3 6.3 7.3 8.3 9.3 10.3 
3500 marriage 4.5 5 4  6 2  7.1 7.9 8.8 
4000 marriage 4.0 4.7 5.5 6.2 7.0 7.7 

Required Effective Footing - Aftg * 

Ground Snow: 90 psf 
Net So11 Transverse Guder and Pxer Spacmg (ft) 
Res (psfl 4 5 6 7 8 10 
1 0 0 0 e x t w a l l  1 3  1 4  1 4  1 5  1 5  1 7  -~ 

maniage 7.4 9.1 10.7 12.4 14.1 17.4 
1500 extwall 1.0 1.0 1.0 1.0 1.0 1.1 

maniage 5.0 6.1 7.2 8.3 9.4 11.6 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

matriage 3.7 4.5 5.4 6.2 7.0 8.7 
2500 extwall 1.0 1.0 1.0 1.0 1 0  i n  - ~ 

marriage 3.0 3.6 . 4.3 5.0 5.6 6.9 
3000 extwali 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.5 3.0 3.6 4.1 4.7 5.8 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 2.1 2.6 3.1 3.5 4.0 5.0 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.9 2.3 2 . 7  3.1 3.5 4.3 
Net Soil Marriage Wall %Opening Width (ft) 
Res (PSO 10 12 14 16 18 20 
1000 marriage 15.0 17.8 20.7 23.5 26.3 292' 
1500 marriage 10.0 11.9 13.8 15.7 17.6 19.4 
2000 marriage 7.5 8.9 10.3 11.8 3 2  14.6 
2500 manias 6.0 7.1 8.3 9.4 10.5 11.7 . 
3000 maniage 5.0 5.9 6.9 7.8 8.8 9.7 
3500 marriage 4.3 5.1 5.9 6.7 7.5 8.3 
4000 matriage 3.8 4.5 5.2 5.9 6.6 7.3 

* Minimum interior pier area is 1.0 sqit. 
The Exterior Footing Widths are shown in feet The Marriage Wall Foonhg Areas are shown in square feet. 



Required Effective Footing - Aftg * 

Width 

Min. Roof: 15 psf 
Net Soil Transverse Cnrder and Rer Spanng (ft) 
PreS (PSO 4 5 6 7 8 10 
inno extwall 1 1  1.2 1.3 1.3 1 4  1.5 ~~~~ - ~ -  

W g e  5.9 7.2 8.5 9.7 11.0 13.6 
1500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 4.0 4.8 5.7 6.5 7.3 9.0 
20M) extwall 1.0 1.0 1.0 1.0 1.0 1 0  

marriage 3.0 3.6 4.2 4.9 5.5 6.8 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 -. ~ 

marriage 2.4 2.9 3.4 3.9 4.4 5.4 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.0 2.4 2.8 3.2 3.7 4.5 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.7 2.1 2.4 2.8 3.1 3.9 
4000 extwall 1.0 1.0 1.0 1.0 1 0  1.0 

~ ~ 

marriage 1.5 1.8 2.1 2.4 2.8 3.4 
Net Sail Marriage Wall Opening Width (ft) 
PreS (Psf) 10 12 14 16 18 20 
1000 marriage 10.8 12.8 14.8 16.8 18.8 208  
1500 marriage 7.2 8 6  9.9 11.2 125 139 
2000 marriage 5 4 6 4  7.4 8.4 9 4 104 
2500 marriage 4.3 5.1 5.9 6.7 7 5 8 3 
3000 maniare 3.6 4.3 4.9 5.6 6 3 6 9 
3500 marriage 3 1 3.7 4.2 4.8 5 4 5 9 
4000 marriage 2.7 3.2 3.7 4.2 4.7 5.2 

P R S  (PSO 4 5 6 7 8 10 
1000 extwall 1.2 1.2 1.3 1.4 1 4 1 6 

marriage 6.3 7.6 9.0 10.3 11.7 14.4 
1500 extwall 1.0 1.0 1.0 1.0 1.0 1 0 

marriage 4.2 5.1 6.0 6.9 7.8 9.6 
2000 extwall 1.0 1.0 1.0 1.0 1 0  1 0  

marriage 3.1 3.8 4.5 5.2 5.8 7.2 
2500 extwall 1.0 1.0 1.0 1.0 1 0  1 0  

marriage 2.5 3.0 3.6 4.1 4.7 5.7 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1 0 

marriage 2.1 2.5 3.0 3.4 3.9 4.8 
3500 extwall 1.0 1.0 1.0 1.0 1 0  1 0  

marria- 1.8 2.2 2.6 2.9 3.3 4.1 
4000 extwall 1 0  1 0  1.0 1.0 1 0  1 0  

mamage 1 6  1 9  2 2  2 6  2 9  3 6  
Net So11 Mamage Wall Operung Wldth (it1 
PreS (PSO 10 1 2  14 16 18 20 
I000 marriage 11.7 13.8 16.0 18.1 20.3 224 
1500 marriage 7.8 9.2 107 12.1 13 5 15.0 
2000 rn-e 5.8 6.9 8 0 9.1 10 I 11 2 
2500 marriage 4.7 5.5 6 4  7.3 8 1  9.0 
3000 marriage 3 9  4.6 5 3 6.0 6 8 7 5 
?SO0 marriaee 3.3 3.9 4 6  5.2 5 8 6 4  

Ground Snow: 25 psf 
Net Soil Tmverse  Girder and Pier Spacing (ft) 
Pres (psO 4 5 6 7 8 10 
1000 extwall 1.1 1.2 1.3 1.3 1.4 1.5 

marriage 6.1 7.4 8.7 10.0 11.3 13.9 
1500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 4.0 4.9 5.8 6.7 7.5 9.3 
2W0 extwall 1.0 1.0 10  1.0 1 0  1.0 

marriage 3.0 3.7 4.3 5.0 5.6 6.9 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.4 3.0 3.5 4.0 4.5 5.6 
3000 extwall 1.0 1.0 1.0 1.0 1 0 1.0 

marriage 2.0 2.5 2.9 3.3 3.8 4.6 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.7 2.1 2.5 2.9 3.2 4.0 
4000 extwal1 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.5 1.8 2.2 2.5 2.8 3.5 
Net Soil Marriage Wall Opening Width (R) 
PRs (psO 10 12 14 16 18 20 
1000 marriage 11 2 13.3 15.3 17.4 19.4 21.5 
1500 marriage 7.5 8.8 10.2 11.6 13.0 14.3 
2000 marriage 5.6 6.6 7 7  8.7 9 7  107 
2500 marriage 4.5 5.3 6.1 6.9 7.8 8.6 
3000 e g e  3.7 4 4  5.1 5.8 6 5 7.2 
35W mamage 3.2 3 8  4.4 5.0 5 6  6.1 
4000 marrias 2.8 3.3 3.8 4.3 4.9 5.4 

I eWc,d S "A --' I 
I I U W .  *u p 1  

Net Soil Transverse Girder and Pier Spacing (ft) 
Pres (psfl 4 5 6 7 8 10 
1000 entwall 1.2 1.3 1.3 1.4 1.5 1.6 

~~~ 

marriage 6.6 8.1 9.5 11.0 12.4 15.3 
1500 extwall 1.0 1.0 1.0 1.0 1 0  1.1 

mamiage 44. 5.4 6.4 7.3 8.3 10.2 
2000 extwall 1.0 1.0 1.0 1.0 1 0  1 0  

manias 3.3 4.0 4.8 5.5 6.2 7.7 
2500 extwall 1.0 1 0  1.0 1.0 1.0 1 0  

maniage 2.7 3.2 3.8 4.4 5.0 6.1 
3000 extwall 1.0 1 0  1.0 1.0 1.0 1.0 

marriage 2.2 2.7 3.2 3.7 4.1 5.1 
3500 extwall 1.0 1 0  1 0  1.0 1.0 1.0 

m-age 1.9 2.3 2.7 3.1 3.6 4.4 
4000 exrwall 1.0 1 0  1 0  1.0 1.0 1 0  

marriage 1.7 2.0 2.4 2.7 3.1 3.8 
Net Soil Marriage Wall Opening Width (ft) 
Pres (psO 10 12 14 16 18 20 
1000 maniaee 12.6 15.0 17.3 19.7 22 0 24.4 - 
1500 marriage 8.4 100 11.5 13.1 147 16.2 
2000 mamiage 6.3 7.5 8.7 9.8 11.0 12 2 
2500 marriage 5 1  6 0  6 9 7.9 8.8 9.7 
3000 mamiage 4.2 5 0 5 8 6.6 7.3 8.1 
3500 marriage 3.6 4 3 4.9 5.6 6.3 7.0 
4000 marriage 3.2 3.7 4.3 4.9 5.5 6.1 

* Minimum interior pier area is 1.0 sqft. 
The Exterior Footing Widths are shown in feet. The Mamiage Wall Footing Areas are shown in square feet. 
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\.;.aftgg>; 

$58336. Multi-Section 
..:';g& 9:; . - 
, , - :  

Width 

1 Ground Snow: 50 psi 1 
Net Soil Transverse Girder and Pier Smcine (ft) . 
Res (psfl 4 5 6 7 8 10 
1000 extwall 1.2 1.3 1.4 1.5 1.5 1.7 

marriage 7.0 8.6 10.1 11.7 13.2 16.3 
1500 extwall 1.0 1.0 1.0 1.0 1.0 1.1 

maniage 4.7 5.7 6.7 7.8 8.8 10.9 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 3.5 4.3 5.1 5.8 6.6 8.1 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.8 3.4 4.0 4.7 5.3 6.5 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

manias 2.3 2.9 3.4 3.9 4.4 5.4 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.0 2.4 2.9 3.3 3.8 4.7 
4000 extwall 1.0 1.0 1.0 1 0  1.0 1.0 

marriage 1.8 2.1 2.5 2.9 3.3 4.1 
Net Soil Marriage Wall Opening Width (ft) 
Pres (psO 10 12 14 16 18 20 
1000 marriage 13.6 16.1 18.7 21.2 23.7 26.3 
1500 maniaee 9.1 10.7 124  14.1 15.8 17.5 
2000 marriage 6.8 8.1 9.3 10.6 11.9 13.1 
2500 mamage 5.4 6.4 7.5 8.5 9.5 10.5 
3000 -age 4.5 5.4 6.2 7.1 7.9 8.8 
3500 marriage 3.9 4.6 5.3 6.1 6.8 7.5 
4000 marriage 3.4 4.0 4.7 5.3 5.9 6.6 

I G i ~ i n d  Siifi: 70 p ~ f  I 

Net Sod Transverse Guder and Pier Spamg (ft) 
Pres (psfl 4 5 6 7 8 10 
1000 extwall 1.3 1 4  1 5  1 6  1 6  1 8  

marriage 7.8 9.5 11.3 13.0 14.7 18.2 
1500 extwall 1.0 1.0 1.0 1.0 1.1 1.2 

marriaxe 5.2 6.4 7.5 8.7 9.8 12.1 
2000 cxtwall 1.0 1.0 1 0  1.0 1.0 1.0 

manias 3.9 4.8 5.6 6.5 7.4 9.1 
2500 extwall 1.0 1 0  1.0 1.0 1.0 1.0 

marriage 3.1 3.8 4.5 5.2 5.9 7.3 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.6 3.2 3.8 4.3 4.9 6.1 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 ~-~~ ~~ 

marriage 2.2 2.7 3.2 3.7 4.2 5.2 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.9 2.4 2.8 3.2 3.7 4.5 
Net Soil Marriage Wall Opening Width (ft) 
Pres ( p a  10 I? 14 16 18 20 
1000 marriage 15.5 184 21.3 24.3 27.2 30 1 

Required Effective Footing - Aftg * 

Ground Snow: f 7 psf 
Net Soil Transverse Guder and Rer Smane (ft) . - . .  
h s  ( P S ~  4 5 6 7 8 10 
1000 extwali 1.3 1.4 1.4 1.5 1.6 1.7 

maniage 7.4 9.1 10.7 12.3 14.0 17.2 
1500 extwali 1.0 1.0 1.0 1.0 1.1 1.1 

marriage 4.9 6.0 7.1 8.2 9.3 11.5 
2WO extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniazoe 3.7 4.5 5.3 6.2 7.0 8.6 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 3.0 3.6 4.3 4.9 5.6 6.9 
3WO extWall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 2.5 3.0 3.6 4.1 4.7 5.7 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.1 2.6 3.1 3.5 4.0 4.9 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.9 2.3 2.7 3.1 3.5 4.3 
Net Soil Marriage Wall Opening Width (ft) 
R ~ s  (PSO 10 12 14 16 18 20 
1000 marriage 14.5 17.3 20.0 22.7 25.5 28.2 
1500 marria& 9.7 11.5 13.3 15.2 17.0 18.8 
2000 maniage 7.3 8.6 10.0 11.4 12.7 141 
2500 maniage 5.8 6.9 8.0 9.1 10.2 11.3 
3000 marriage 4.8 5.8 6.7 7.6 8.5 9.4 
3500 marriage 4.2 4.9 5.7 6.5 7.3 8.1 
4000 maniape 3.6 4.3 5.0 5.7 6.4 7.0 

I Ground Snow: 80 psi 
I 

I 
Net Sod Transverse Guder and h e r  Spaang (ft) 
Pres (psfl 4 5 6 7 8 10 
1000 extwall 1 4  1.5 1 5  1 6  1.7 1 8  

marriage 8.2 10.0 11.8 13.7 15.5 19.2 
1500 extwall 1.0 1.0 1.0 1.1 1.1 1.2 

marriage 5.5 6.7 7.9 9.1 10.3 12.8 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 4.1 5.0 5.9 6.8 7.7 9.6 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 3.3 4.0 4.7 5.5 6.2 7.7 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.7 3.3 3.9 4.6 5.2 6.4 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.3 2.9 3.4 3.9 4.4 5.5 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 2.0 2.5 3.0 3.4 3.9 4.8 
Net Soil Marriage Wall Opening Width (ft) 
&S ( p a  10 12 14 16 18 20 
1000 marriage 16.5 19.6 22.7 25.8 28.9 32.0 
1500 maniaee 11.0 13 0 15.1 17.2 19.3 21.3 

2000 marriage 7.7 9.2 10.7 12.1 13.6 150 
2500 marriage 6.2 7.4 8.5 9.7 10.9 12.0 
3000 marriage 5.2 6.1 7.1 8.1 9.1 10.0 
3500 marriage 4 4  5.3 6.1 6.9 7.8 8.6 

* Minimum interior pier area is 1.0 sqft. 
The Exterior Footing Widths are shown in feet The Marriage Wall Footing Areas we shown in square feet 
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- 
2000 mmiage 8.2 9 8  11.3 12.9 14.4 16.0 
2500 marriage 6.6 7.8 9.1 10.3 11.6 12.8 
3000 m a e g c  5.5 6 5  7.6 8.6 9.6 10.7 
3500 marnage 4.7 5 6  6.5 7.4 8.3 9 1  
4000 maniage 4.1 4.9 5.7 6.4 7.2 8.0 



Required Effective Footing - Aftg * 

Ground Snow: 90 psf 
Scr So11 Tnnsverse Gudcr and PET Snannr: (fu . - .  . 
pres (PSO 4 5 6 7 8 10 
1000 extwall 1.4 1.5 1.6 1.7 1.7 1.9 

maniage 8.6 10.5 12.4 14.3 16.3 20.1 
1500 extwdl 1.0 1.0 1.1 1.1 1.1 1.2 

maniage 5.7 7.0 8.3 9.6 10.8 13.4 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 4.3 5.2 6.2 7.2 8.1 10.1 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.4 4.2 5.0 5.7 6.5 8.0 
3000 extwdl 1.0 1.0 1.0 1.0 1.0 l o  

marriage 2.9 3.5 4.1 4.8 5.4 6.7 
3500 extwall 1 0  1.0 1.0 1.0 1.0 1.0 

maniage 2.4 3.0 3.5 4.1 4.6 5.7 
4000 extwall 1.0 1 0  1 0  1.0 1.0 1.0 

marriage 2.1 2.6 3.1 3.6 4.1 5.0 
Net Soil Marriaee Wall Oxnine Width (ft) . . . 
h S  (PSO 10 1 2  14 16 18 20 
I000 marriage 17.4 20.7 24.0 27.3 30.6 33.9 
1500 marriage 11.6 13.8 16.0 18.2 20.4 22.6 
2000 mamiage 8.7 104 12.0 13.7 153 170 
2500 maniage 7.0 8.3 9 6  10.9 12.2 13.6 
3000 marriage 5.8 6.9 8.0 9.1 10.2 11.3 
3500 marriage 5.0 5.9 6.9 7.8 8 7 9 7 
4000 marriaFe 4.4 5.2 6.0 6.8 7.7 8.5 

Multi-Section ES, E6 rn 
, -. .; 

Width 

1 Ground Snow: 100 psf 
Net Soil Transverse Cnrder and Rer Spacmg (ft) 
Pres bsfl 4 5 6 7 8 10 
1000 extwall 1 5  1 6  1.6 1 7  t x  I Q  -~ ... ..> 

marriage 8.9 11.0 13.0 15.0 17.0 21.1 
1500 extwall 1.0 1.0 1.1 1.1 1.2 1.3 

marriage 6.0 7.3 8.7 10.0 11.4 14.0 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 4.5 5.5 6.5 7.5 8.5 10.5 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.6 4.4 5.2 6.0 . 6.8 8.4 
3000 extwall 1.0 1.0 1 0  1.0 1.0 1.0 

marriage 3.0 3.7 4.3 5.0 5.7 7.0 
3500 extwall 1.0 1 0  1.0 1.0 1.0 1.0 

marriage 2.6 3.1 3.7 4.3 4.9 6.0 
4000 extwdl 1.0 1.0 1.0 1.0 1.0 1 0 - ~ 

matriage 2.2 2.7 3.2 3.8 4.3 5.3 
Net Soil Marriage Wall Opening Width (ft) 
Pres (psO 10 12 14 16 18 20 
1000 mamiage 18.4 21.9 254 28.8 32.3 35.8 
1500 marriage 12.2 14.6 16.9 19.2 21.6 23 9 
2000 marriage 9.2 109 12.7 14.4 16.2 17.9 
2500 m e a g e  7.3 8 7  10.1 11.5 12.9 143  
3000 marriage 6.1 7.3 8.5 9.6 10.8 11 9 
3500 marriage 5.2 6.2 7.2 8.2 9.2 10.2 
4000 marriage 4.6 5.5 6.3 7.2 8.1 9.0 

* Mmlmum menor pler area IS 1 0 sqft 
The Extenor Fwhng Wldths are shown m feet The Mamage Wall FooMg Areas are shown m square feet 



Required Effective Footing - Aftg * 

Min. Roof: 15 psf 1 
Net So11 Transverse &&I and Pler Spanng (ft) 
PreS (PSO 4 5 6 7 8 10 
1000 extwall 1.2 1.3 1 4  1 4  1 5  1 7  

marriage 6.6 8.0 9.5 10.9 12.3 15.2 
1500 extwall 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 4.4 5.4 6.3 7.3 8.2 10.1 
2000 extwal1 1.0 1.0 1.0 1.0 1 .  1.0 

Ground Snow: 25 psf 1 
Net Soil Transverse Cnrder and Pier Soactnz (ft) . - .  . 
~ e s c & n  4 5 6 7 8 10 
1000 extwall 1.2 1.3 1.4 1.5 1.5 1 7  

m i a g e  6.8 8.2 9.7 11.2 12.6 15.6 
1500 extwall 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 4.5 5.5 6.5 7.5 8.4 10.4 
2000 extwall 1.0 1.0 1 0  1.0 1.0 1.0 -... ~~~~ -- ~ ~ 

marriape 3.3 4.0 4.7 5.5 6.2 7.6 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.6 3.2 3.8 4.4 4.9 6.1 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1 . 0  

marriage 2.2 2.7 3.2 3.6 4.1 5.1 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.9 2.3 2.7 3.1 3.5 4.3 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.7 2.0 2.4 2.7 3.1 3.8 
Net Soil Marriage Wall Opening Width (ft) 
Pres (ps0 10 12 14 16 18 20 
1000 maniage 12.2 14.4 16.7 18.9 21.2 23.4 
1500 marriage 8.1 9.6 11.1 12.6 14.1 15.6 
2000 marriage 6.1 7.2 8.3 9.5 10.6 11 7 
2500 marriage 4.9 5.8 6 7  7.6 8.5 9.4 
3000 marriage 4.1 4.8 5.6 6.3 7.1 7.8 
3500 marriage 3.5 4.1 4.8 5.4 6.0 6.7 
4000 marriage 3.0 3.6 4.2 4.7 5.3 5.9 

ks (psn 4 5 6 7 8 10 
I O N  extwall 1.2 1.3 1.4 1.5 1.6 1.7 .... ~~~~ -. - -  

marriage 7.0 8.5 10.0 11.6 13.1 16.1 
1500 extwall 1.0 1.0 1.0 1.0 1.0 1.1 

marriage 4.7 5.7 6.7 7.7 8.7 10.8 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.5 4.3 5.0 5.8 6.5 8.1 
2500 extwall 1.0 1.0 1.0 1 0  1.0 1.0 -- ~ ~ 

marriage 2.8 3.4 4.0 4.6 5.2 6.5 
3000 atwal l  1.0 1.0 1.0 1.0 1.0 1.0 - ?. marriage . 2.8 3.3 3.9 4.4 5.4 
3500 ext wall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.0 2.4 2.9 3.3 3.7 4.6 
4000 extwall 1.0 1.0 . O  1.0 1.0 1.0 

marriage 1.7 2.1 2 2.9 3.3 4.0 
Net Soil Marriage Wail Opening Width (ftj 
Pres (ps0 10 12 14 16 18 20 
1000 marriage 13.1 15.5 18.0 20.4 22 8 25.3 
1500 m-ge 8.7 10.4 12.0 13.6 152 16.8 
2000 mamage 6.5 7.8 9.0 10.2 11.4 12.6 
2500 marriage 5.2 6.2 7 2 8 2 9.1 10.1 
3000 marriage 4.4 5.2 6.0 6.8 7.6 8.4 
3500 marriage 3.7 4.4 5.1 5.8 6.5 7.2 
4000 marriage 3.3 3.9 4.5 5.1 5.7 6.3 

marriage 3.4 4.1 4.9 5.6 6.3 7.8 
2500 extwali 1.0 1.0 1.0 1.0 1.0 1.0 

- .. -larriage 2.7 3.3 3.9 4.5 5.1 6.2 
300C :xtwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.3 2.7 3.2 3.7 4.2 5.2 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

manias  1.9 2.4 2.8 3.2 3.6 4.5 
4000 extwall 1.0 1 0  1.0 1.0 1.0 1.0 

mamiage 1.7 2.1 2.4 2.8 3.2 3.9 
Kc1 Soil Marriage Wall Opening Width (ft) 
Rer (psO 10 12 14 16 ' 18 20 
1000 marriaee 12.6 14.9 17.2 19.5 21.9 24.2 
1500 marriage 8.4 9.9 11.5 13.0 14.6 16.1 
2MX) marriage 6.3 7.4 8.6 9.8 10.9 12.1 
2500 marriage 5.0 6.0 6.9 7.8 8.7 9.7 
3000 marriage 4.2 5 . 0 ,  5.7 6.5 7.3 8.1 
3500 m-ge 3.6 4.3 4.9 5.6 6.2 6.9 
4000 -age 3.1 3.7 4.3 4.9 5.5 6.0 

I Ground Snow: 40 psf 1 
Net Sod Transverse Cnrder and P~er Spanng (ft) 
~ r e s  (PSO 4 5 6 7 8 10 
1000 extwall 1 3  1.4 1 5  1 5  1 6  1 8  

marriape 7.4 9.1 10.7 12.3 13.9 17.2 
1500 extwall 1.0 1.0 1.0 1.0 1.1 1.2 

marriage 4.9 6.0 7.1 8.2 9.3 11.5 
2000 extwall 1.0 1 0  1.0' 1.0 1.0 1.0 

marriage 3.7 4.5 5.3 6.2 7.0 8.6 
2500 extwall 1.0 1.0 1 0  1.0 1.0 1.0 

marriage 3.0 3.6 4.3 4.9 5.6 6.9 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriqe 2.5 3.0 3.6 4.1 4.6 5.7 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.1 2.6 3.1 3.5 4.0 4.9 
4000 extwall 1.0 1 0  1.0 1.0 1.0 1.0 

marriage 1.9 2.3 2.7 3.1 3.5 4.3 
Net Sail Mamage Wall O p e ~ n g  Width (fi) 
Pres (psO 10 12 14 16 18 20 
1MX) maniage 14.2 16.8 19.5 22.1 24.8 27.4 
1500 marriaee 9.5 11.2 13.0 14.8 16.5 18.3 

- - 
2500 marriage 5.7 6.7 7.8 8.9 9.9 11.0 
3000 marriage 4.7 5 6  6.5 7.4 8.3 9.1 
3500 marriage 4.1 4.8 5 6  6.3 7.1 7.8 
4000 marriage 3.5 4.2 4.9 5.5 6.2 6.9 

* Minimum interior pier area is 1.0 sqft. 
The Exterior Footing Widths are shown in feet. The Marriage Wall Footing Areas are shown in square feet. 
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Required Effective Footing - Aftg * 

Ground Snow: 50 psf 
Net Sad Transverse Cnrder and Rer Spacmg (ft) 
PFSS (psfl 4 5 6 7 8 10 
1000 extwall 1 4  1 4  1 5  1 6  1 7  1 8  - ~ -  , ... 

maniee 7.9 9.6 11.3 13.1 14.8 18.3 
1500 extwall 1.0 1.0 1.0 1.1 1.1 1.2 

maniage 5.2 6.4 7.6 8.7 9.9 12.2 
2000 ex1 wall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.9 4.8 5.7 6.5 7.4 9.1 
2500 ex1 wall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 3.1 3.8 4.5 5.2 5.9 7.3 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.6 3.2 3.8 4.4 4.9 6.1 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 2.2 2.7 3.2 3.7 4.2 5.2 
4000 extwall 1.0 1.0 1.0 1.0 1 0  1 0  ~ ~ ~~~ 

marriage 2.0 2.4 2.8 3.3 3 7  4.6 
Net Soil Marriaee Wall Opening Width (ft) . . 
Pres (psfl 10 12- 14'  -16 18 20 
1000 marriage 15.3 18.1 21.0 23.9 26.7 29.6 
1500 maniage 10.2 12 1 14.0 15.9 17.8 19.7 
2000 marriage 7 6  9 1  10.5 11.9 13.4 14.8 
2500 maniage 6.1 7.3 8.4 9.5 10.7 11.8 
3000 marriage 5.1 6.0 7.0 8.0 8.9 9.9 
3500 maniage 4.4 5.2 6.0 6.8 7.6 8.5 
4000 marria~e 3.8 4.5 5.3 6.0 6.7 7.4 

I G ~ ~ ~ ~ :  snow: 70 I 
J 

Net Soil Transverse Girder and Pier Spacing (ft) 
Pres (psn 4 5 6 7 8 10 
1000 extwall 1 5  1 5  1.6 1.7 1.8 1.9 

marriaze 8.7 10.7 12.6 14.6 16.6 20.5 
1500 extwall 1 0  1 0  1 1 1.1 1.2 1 9  

maniage 5.8 7.1 8.4 9.7 11.0 13.6 
2000 extwall 1.0 1.0 1.0 1 0  1 0  1.0 

marriage 4.4 5.3 6.3 7.3 8.3 10.2 
2500 extwall 1 0  1.0 1 0  1.0 1.0 1.0 

marriage 3.5 4.3 5.1 5.8 6.6 8.2 
3000 extwall 1 0 1 0 1 0  1.0 1.0 1.0 

marriage 2.9 3.6 4.2 4.9 5.5 6.8 
3500 extwall 1.0 I 0 1 0 1.0 1 0  1 0  

d a z e  2.5 3 1  3.6 4.2 4.7 5.8 
4000 extwall 1.0 1 0  1 0  1 0  1.0 1.0 

marriage 2.2 2.7 3.2 3.6 4.1 5.1 
Net Soil Maria,ae Wall Opening Width (ft) 
Pres (pro 10 12 14 16 18 20 
1000 marriage 17 4 20 i 24.0 27.3 30.6 33.9 
1500 marriage 11 6 13 8 16 0 18.2 20.4 22.6 
2000 marriage 8 7  104 120 13.7 15.3 17.0 
2500 marriage 7 0 8 3 9 6 10.9 123 13.6 
3000 maniage 5.8 6 9 8 0 9 1 10.2 11.3 
3500 maniage 5.0 5.9 6 9  7.8 8 8  9.7 
4000 marriage 4.4 5.2 6.0 6.8 7.7 8.5 

:,;* < 
Multi-Section E5j4E6' '. , 

Width yiw, , 

Ground Snow: 60 psf 
Net Soil Transverse Girder and Pier S~acine (ft) . - .  . 
Bes (pso 4 5 6 7 8 10 
I000 extwall 1.4 1.5 1.6 1.6 1.7 1.9 

maniage 8.3 10.1 12.0 13.8 15.7 19.4 
1500 extwall 1.0 1.0 1.0 1.1 1.2 1.3 

marriage 5.5 6.8 8.0 9.2 10.5 12.9 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 4.1 5.1 6.0 6.9 7.8 9.7 
2500 ext wall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 3.3 4.1 4.8 5.5 6.3 7.8 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

m e  2.8 3.4 4.0 4.6 5.2 6.5 
3500 extwall 1 0  1.0 1.0 1.0 1.0 1.0 

marriage 2.4 2.9 3.4 4.0 4.5 5.5 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.1 2.5 3.0 3.5 3.9 4.8 
Net Soil Marriaee Wall Oxnine Width (ft) . - ~ -  ~- . . 
Pres (psfl 10 12- 14 16 18 20 
1000 marriage 16.4 19.4 22.5 25.6 28.7 31.8 
1500 marriage 10.9 13.0 15.0 17.1 19.1 21.2 

-~ ~ 

2500 marriage 6.5 7.8 9.0 10.2 115  12.7 
3000 marriage 5.5 6.5 7.5 8.5 9.6 10.6 
3500 marriage 4 7  5.6 6.4 7.3 8.2 9.1 
4000 maniage 4.1 4.9 5.6 6.4 7.2 7.9 

I Ground Snow: 80 psf I 

Net Soil Transverse G x d e ~  and Pier S~acmg (ft! A - .  . 
Pres ( P S ~  4 5 6 7 8 10 
1000 extwall 1.5 1.6 1.7 1.8 1.8 2.0 

marriage 9.2 11.2 13.3 15.4 17.4 21.6 
1500 extwall 1.0 1.1 1.1 1.2 1.2 1.3 

marriage 6.1 7.5 8.9 10.2 11.6 14.4 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 4.6 5.6 6.6 7.7 8.7 10.8 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

manias  3.7 4.5 5.3 6.1 7.0 8.6 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.1 3.7 4.4 5.1 5.8 7.2 
3500 extwall 1.0 1.0 1.0 1 0  1.0 1.0 

marriaxe 2.6 3.2 3.8 4.4 5.0 6.2 
4000 extwall 1 0  1.0 1.0 1.0 1.0 1.0 

marriage 2.3 2.8 3.3 3.8 .4.4 5.4 
Net Soil Maniaee Wall Owning Width (ft) . - 
Pres (psfl lo  1 2  14 16 18 20 
1000 maniage 18.5 22.0 25.6 29 1 32.6 36 1 
1500 marriage 12.3 147 17.0 19.4 21.7 24 1 
ZOO0 marriage 9.3 11.0 12.8 14.5 16.3 18.1 

3000 mania& 6.2 7.3 8.5 9.7 10.9 12.0 
3500 marriage 5.3 6.3 7.3 8.3 9.3 10.3 
4000 marriage 4.6 5.5 6.4 7.3 8.2 9.0 

* Minimum interior pier area is 1.0 sqft. 
The Exterior Footing Widths are shown in feet The Marriage Wall Footing Areas are shown in square f e a  
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Multi-Section 
Width I 

Required Effective Footing - Aftg * 

* Mmmmum tntenor per area is 1 0 ssft 
The Extenor FooMg Wldthc are shown m fee1 The Mamage Wall Fooung Areas are shown m square feet 

Ground Snow: 90 psf Ground Snow: 100 psf 
Net Soil Transverse Girder and Pier Spacing (ft) Net Soil Transverse Girder and Pier Spacing (ft) 
Pres (ps0 4 5 6 7 8 10 ReS CPSO 4 5 6 7 8 10 
1000 extwall 1.6 1.6 1.7 1.8 1.9 2.0 1000 extwall 1.6 1.7 1.8 1.9 1.9 2.1 

marriage 9.6 61.8 13.9 16.1 18.3 22.6 m r i a g e 1 0 . 0  12.3 14.6 16.9 19.2 23.7 
1500 extwall 1.0 1.1 1.2 1.2 1.3 1.4 1500 extwall 1.1 1.1 1.2 1.2 1.3 1.4 

marriage 6.4 7.8 9.3 10.7 12.2 15.1 marriage 6.7 8.2 9.7 11.2 12.8 15.8 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 2000 extwall 1.0 1.0 1.0 1.0 1.0 1.1 

maniage 4.8 5.9 7.0 8.1 9.1 11.3 marriage 5.0 6.2 7.3 8.4 9.6 11.9 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.8 4.7 5.6 6.4 7.3 9.1 manias  4.0 4.9 5.8 6.7 7.7 9.5 
3WO extwall 1.0 1.0 1.0 1.0 1.0 1 . 0  3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.2 3.9 4.6 5.4 6.1 7.5 marriage 3.3 4.1 4.9 5.6 6.4 7.9 
3500 extwall 1.0, 1.0 1.0 1.0 1.0 1.0 3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.7 3.4 4.0 4.6 5.2 6.5 maniaee 2.9 3.5 4.2 4.8 5.5 6.8 
4000 atwal l  1.0 1.0 1.0 1.0 1.0 1.0 4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.4 2.9 3.5 4.0 4.6 5.7 maniage 2.5 3.1 3.6 4.2 4.8 5.9 
Net Soil Marriage Wall Opening Width (it) Net Soil Marriage Wall Opening Width (ft) 
Pres (psO 10 12 14 16 18 20 Pres(ps0 10 12 14 16 18 20 
1000 maniage 19.6 23.3 27.1 30.8 34.6 38.3 loo0 manias  20.7 24.6 28.6 32.6 36.5 40C 
1500 mamiage 13.1 15.6 18.1 2 0 . 5  23.0 2 5 . 5  1500 marriage 13.8 16.4 19.1 21.7 24.3 27 
2000 m+ge 9.8 11.7 13.5 15.4 17.3 19.1 2000 marriage 10.3 12.3 14.3 16.3 18.3 20.2 
2500 mamage 7.8 9.3 10.8 12.3 13.8 15.3 2500 marriage 8.3 9.9 11.4 13.0 14.6 16.2 
3000 marriage 6.5 7.8 9.0 10.3 11.5 12.8 3000 maniage 6.9 8.2 9.5 10.9 12.2 13.5 
3500 marriage 5.6 6.7 7 7  8.8 9 9  10.9 3500 manias  5.9 7.0 8.2 9.3 10.4 11.6 
40M) marriage 4.9 5.8 6.8 7.7 8.6 9.6 4000 marriage 5.2 6.2 7.2 8.1 9.1 10.1 



Multi-Section E7 I 
Required Effective Footing - Aftg * 

Min. Roof: 15 psf 1 
Ner Sol1 Transverse Cnrder and Pler Spaang (ft) 
Pres (PSO 4 5 6 7 8 10 
1000 extwall 1 7  1 7  1 7  1 7  17  I 7 

maniage 6 0  7.1 8.2 9.3 10.4 12.6 
1500 extwall 1.2 1.2 1.2 1.2 1.2 1.2 

&axe 4.0 4.7 5.5 6.2 6.9 8.4 
2000 extwall 1.0 1.0 1.0 1.0 1 0  1.0 

marriage 3.0 3.6 4.1 4.6 5.2 6.3 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.4 2.8 3.3 3.7 4.2 5.0 
3000 extwall 1.0 1 0  1.0 1.0 1.0 1 0  

marriage 2.0 2.4 2.7 3.1 3.5 4.2 
3500 extwall 1.0 1.0 1.0 1.0 1 0  1.0 

maniage 1.7 2.0 2.3 2.7 3.0 3.6 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1 0  

marriage 1.5 1.8 2.0 2.3 2.6 3.1 
Net Soil Marriage Wall Opening Width lh) 
Pres (Wfl 10 12 14 16 18 20 
1000 marriage 10.2 11 9 13.6 15.4 17 1 18 8 
1500 marriage 6.8 8.0 9.1 10.2 11 4 12.5 
2000 marriage 5.1 6.0 6.8 7.7 8 5 9 4 
2500 &age 4.1 4.8 5.5 6.1 6.8 7 5  
3WO marriage 3.4 4.0 4.5 5.1 5 7 6 3 
3500 marriage 2.9 3.4 3.9 4.4 4.9 5 4  
4000 marriage 2.6 3.0 3.4 3.8 4.3 4.7 

Ground Snow: 25 psf 
Net Sod Transverse Cnrder and Pler Spanng (h) 
Res (PSO 4 5 6 7 8 10 
1000 extwall 1 8  1 8  1 7  1 7  17  1 7  

marriage 6.1 7.3 8.4 9.5 10.6 12.9 
1500 exrwall 1 2  1.2 1 2  1.2 1.2 1.2 

rmarriage 4.1 4.8 5.6 6.3 7.1 8.6 
2000 extwall 1.0 1.0 1.0 1.0 1 0 1 0 

marriage 3.1 3.6 4.2 4.7 5.3 6 4  
2500 extwall 1.0 1.0 1.0 1.0 10  1 0  

mardage 2.5 2.9 3.3 3.8 4.2 5.1 
3000 extwall 1.0 1.0 1.0 1.0 10  1 0  

maniage 2.0 2.4 2.8 3.2 3 5 4.3 
3500 extwall 1.0 1 0  1 0  1.0 1 0  1 0  ~ ~ 

marriage 1.8 2.1 2.4 2.7 3.0 3.7 
4000 extwall 1.0 1.0 1.0 1.0 1 0  1.0 

marriage 1.5 1.8 2.1 2.4 2.7 3.2 
Net Soil Marriage Wall Opening Width lft) 
Pres (psfl 10 I? 14 16 18 20 
1000 marriaze I 0 5  123 14.1 15.8 17 6 19 4 
-- ~ - 
2000 marriage 5 3 6 1 7 0  7.9 8 8 9 7 
2500 marriage 4 2 4 9 5.6 6.3 7 0 7 7 
3000 marriage 3.5 4.1 4.7 5.3 5 9 6 5 
3500 marriage 3.0 3 5 4.0 4.5 5 0 5 5 
4000 marriage 2.6 3.1 3.5 4.0 4 4  4.8 

Multi-Section 

I 1  I 1  

"ii" 9 "ii" 
Marriage Wall Pier A 

[ Ground Snow: 30 psf & Min. Roof: 20 psf I 
Net Soil Transverse Girder and Pier Spacing (ft) 
Pres (PSO 4 5 6 7 8 10 
1000 extwall 1.8 1.8 1.8 1.8 1.8 1.8 

manias 6.3 7.5 8.6 9.8 10.9 13.3 
1500 ex1 wall 1.2 1.2 1.2 1.2 1.2 1 2 

marriage 4.2 5.0 5.7 6.5 7.3 8.8 
ZOO0 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.1 3.7 4.3 4.9 5.5 6.6 
2500 extwall 1.0 1.0 1.0 1.0 1 0  1.0 

marriage 2.5 3.0 3.4 3.9 4.4 5.3 
3000 extwall 1 0  1.0 1.0 1.0 1.0 1 0  

marriage 2.1 2.5 2.9 3.3 3.6 4.4 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1 0  

marriage 1.8 2.1 2.5 2.8 3.1 3.8 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.6 1.9 2.2 2.4 2.7 3.3 
Net Soil Marriage Wall Opening Width (ft) 
Pres (psO 10 12 14 16 18 20 
1000 marriage 10.9 12.8 14.6 16.5 18.3 20.2 
1500 marriaee 7.3 8.5 9.8 11.0 12.2 13.5 - ~ ~ 

~~ --  

2000 marriage 5.5 6 4  7.3 8 2  9.2 10.1 
2500 maniage 4.4 5.1 5.9 6.6 7.3 8.1 
3000 marriage 3.6 4.3 4 9  5.5 6.1 6.7 
3500 marriage 3.1 3.7 4.2 4.7 5.2 5.8 
4000 maniage 2.7 3.2 3.7 4.1 4.6 5.0 

* Minimum interior pier area is 1.0 sqft 
The Exterior Footing Widths are shown in feet. The Mamage Wall Footing Areas ax sham in square feet 

B-39 



Ground Snow: 40 psf 
Net Sod Transverse Gxder and P m  Spanng (ti) 
~ e r  ( p s ~  4 5 6 7 8 10 
1000 extwall 1.8 1.8 1 8  1 8  1.8 1.8 

maniage 6.6 7.9 9.1 10.4 11.6 14.1 
1500 extwall 1.2 1.2 1.2 1.2 1.2 1.2 

mamiate 4.4 5.2 6.1 6.9 7.7 9.4 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

mamiaze 3.3 3.9 4.6 5.2 5.8 7.0 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 2.6 3.1 3.6 4.1 4.6 5.6 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.2 2.6 3.0 3.5 3.9 4.7 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.9 2.2 2.6 3.0 3.3 4.0 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.7 2.0 2.3 2.6 2.9 3.5 
Net Soil Marriage Wall Opening Width (it) 
pres (PSO 10 12 14 16 18 20 
1000 marriage 11.7 13.8 15.8 17.8 19.8 21.8 
1500 marriage 7.8 9.2 10.5 11.9 13.2 14.5 
2000 ma-ge 5.9 6 9 7.9 8.9 9.9 10.9 
2500 mamage 4.7 5.5 6.3 7.1 7.9 8.7 
3000 maniage 3.9 4.6 5 3  5.9 6.6 7.3 
3500 marriage 3.4 3.9 4.5 5.1 5.7 6.2 
4000 marriaze 2.9 3.4 3.9 4.4 4.9 5.5 

I Gisiind S i i o ~ :  60 p ~ f  I 

Net Sod Transverse Gxder and h e r  S p m g  (ft) 
Pres (PSO 4 5 6 7 8 10 
1000 extwall 1 9  1 9  1 9  1 9  1 9  1 9  

marriage 7.3 8.7 10.1 11.5 12.9 15.7 
1500 extwall 1.3 1.3 1.3 1.3 1.3 1.3 

marriage 4.8 5.8 6.7 7.7 8.6 10.5 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.6 4.3 5.0 5.7 6.5 7.9 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marria= 2.9 3.5 4.0 4.6 5.2 6.3 
3000 extwall 1.0 1.0 1.0 1 . 0  1.0 1.0 

marriage 2.4 2.9 3.4 3.8 4.3 5.2 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.1 2.5 2 9  3.3 3.7 4.5 
4000 ext wall 1.0 1.0 1.0 1.0 1.0 l 0 

marriage 1.8 2.2 2.5 2.9 3.2 3.9 
Net Soil Mslriage Wall Opening Width (ft) 
her  (PSO 10 12 14 16 18 20 
1000 marriage 13.4 15.7 18.1 20.4 22.7 25.1 

Required Effective Footing - Aftg * 

I Ground Snow: 50 psf 
Net Soil Transverse Cnrder and Pler Spacing (ft) 
Pres (PSO 4 5 6 7 8 10 
1OOO extwall 1.9 1 9  1.9 1.8 1.8 1 8  

~~ ~- - 
1500 marriage 8.9 105  120 13.6 15.2 16.7 
2000 marriage 6.7 7 9 9 0 10.2 11 4 12.5 
2500 maniage 5.3 6.3 7.2 8.2 9.1 100 
3000 maniage 4.5 5.2 6.0 6.8 7.6 8.4 
3500 mslriaee 3.8 4.5 5.2 5.8 6.5 7.2 

* Mmmum intenor mer area 1s 1 0 sofl 

manias 6.9 8.3 9 . 6  10.9 12.3 14.9 
1500 extwall 1.2 1.2 1.2 1.2 1.2 1.2 

marriage 4.6 5.5 6.4 7.3 8.2 9.9 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 33. 4.1 4.8 5.5 6.1 7.5 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.8 3.3 3 8 4 4 4.9 6 0 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1 0  

marriage 2.3 2.8 3.2 3.6 4.1 5.0 
3500 extwal1 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.0 2.4 2.7 3.1 3.5 4.3 
4000 exrwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage1.7 2.1 2.4 2.7 3.1 3.7 
Net Soil Marriage Wall Opening Width (ft) 
PreS @sf) 10 12 14 16 18 20 
loo0 mamiage 12.6 14.7 16.9 19.1 21.3 23.4 
1500 marriage 8.4 9.8 11.3 12.7 14.2 15.6 
2000 marriage 6.3 7.4 8.5 9.5 10.6 11.7 
2500 m-ge 5.0 5.9 6.8 7.6 8.5 9.4 
3000 mamage 4.2 4.9 5.6 6.4 7.1 . 7.8 
3500 marriage 3.6 4.2 4.8 5.5 6.1 6.7 
4000 marriaee 3.1 3.7 4.2 4.8 5.3 5.9 

I Ground Snow: 70 psf I 
Net Sod Tramverse Cnrder and Pier Spanng (ft) 
Pres (psf) 4 5 6 7 8 10 
I000 extwall 1 9  1 9  1 9  1 9  1 9  1 9  

marriage 7.6 9.1 10.6 12.1 13.6 16.5 
1500 extwall 1.3 1.3 1.3 1.3 1.3 1.3 

marriage 5.1 6.1 7.1 8.0 9.0 11.0 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.8 4.5 5.3 6.0 6.8 8.3 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

manias 3.0 3.6 4.2 4.8 5.4 6.6 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

millriagc 2.5 3.0 3.5 4.0 4.5 5.5 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.2 2.6 3.0 3.4 3.9 4.7 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1 0  

marriage 1.9 2.3 2.6 3.0 3.4 4.1 
Net Soil Marriage Wall Opening Width (ft) 
Pres (psn 10 12 14 16 18 20 
1000 maniaee 14.2 16.7 19.2 21.7 24.2 26.7 - 
1500 marriage 9.5 11.1 12.8 14.5 16.1 17.8 
2000 mar$age 7.1 8.3 9.6 10.9 12.1 13.4 
2500 mmage 5.7 6 7  7.7 8.7 9.7 10.7 
3000 marriage 4.7 5.6 6.4 7.2 8.1 8.9 

The Extenor FOO& W~dths are shown m feet The Mamage Wall Foahng Axas are shown in square feet. 

B-40 



Required Effective Footing - Aftg * 

r Ground Snow: so psf 1 
Net So11 Transverse Guder and Rer Soac~np (ft) . - .  . 
Pres ( P S ~  4 5 6 7 8 10 
1000 extwall 2.0 2.0 2.0 2.0 2.0 2.0 

marriage 7.9 9.5 11.1 12.6 14.2 17.4 
1500 extwall 1.3 1.3 1.3 1.3 1.3 1.3 

marriage 5.3 6.3 7.4 8.4 9.5 11.6 
2WO extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 4.0 4.7 5.5 6.3 7.1 8.7 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.2 3.8 4.4 5.1 5.7 6.9 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 - ~ -  -~~ 

marriage 2.6 3.2 3.7 4.2 4.7 5.8 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.3 2.7 3.2 3.6 4.1 5.0 
4000 extwall 1.0 1.0 1.0 1.0 1 0  1 0 

marriage 2.0 2.4 2.8 3.2 3.6 4.3 
Net Soil Marriage Wall Opening Width (ft) 
h e s  (PSQ 10 12 14 16 18 20 
1000 marriage 15.0 17.7 20.3 23.0 25.7 283 
1500 marriage 10.0 11.8 13.6 15.3 17.1 18.9 
2000 marriaee 7.5 8.8 10.2 11.5 12.8 14.2 " 
2500 maniage 6.0 7.1 8.1 9.2 10.3 11.3 
3000 marriage 5.0 5.9 6.8 7.7 8.6 9.4 
3500 marriage 4.3 5.1 5.8 6.6 7.3 8.1 
4000 marriage 3.8 4.4 5.1 5.8 6.4 7.1 

Prer (psf) 4 5 6 7 8 10 
1000 extwali 2.1 2.1 2.1 2.1 2.1 2.0 

marriagc 8.6 10.3 12.0 13.8 15.5 19.0 
1500 extwall 1.4 1.4 1.4 1.4 1.4 1.4 

marriage 5.7 6.9 8.0 9.2 10.3 12.7 
2004 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marria- 4.3 5.2 6.0 6.9 7.8 9.5 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.4 4.1 4.8 5.5 6.2 7.6 
3000 ext wall 1.0 1.0 1.0 1.0 1.0 1 0 ~~~~ ~ ~ ~ ~ 

mamiage 2.9 3.4 4.0 4.6 5.2 6.3 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

width I . 12' 
Ground Snow: 90 psf - 

Net Soil Transverse Cnrder and P m  Saanne (fi) ~r~~~~ - ,  . 
Pres (psfl 4 5 6 7 8 10 
1000 extwall 2.0 2.0 2.0 2.0 2.0 2.0 

maniage 8.3 9.9 11.6 13.2 14.9 18.2 
1500 atwal l  1.3 1.3 1.3 1.3 1.3 1.3 

marriage 5.5 6.6 7.7 8.8 9.9 12.1 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 4.1 5.0 5.8 6.6 7.4 9.1 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.3 4.0 4.6 5.3 5.9 7.3 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.8 3.3 3.9 4.4 5.0 6.1 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.4 2.8 3.3 3.8 4.2 5 3  
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.1 2.5 2.9 3.3 3.7 4.5 
Net Soil Martiage Wall Opening Width (ft) 
b s  ( P S ~  10 12 14 16 18 20 
1OW marriage 15.8 18.7 21.5 24.3 27.1 30.0 
1500 marriage 10.5 12.4 14.3 16.2 181 20.0 
2009 marriage 7.9 9.3 10.7 12.2 13.6 15.0 
2500 maniage 6.3 7.5 8.6 9.7 10.9 12.0 
3000 marriage 5.3 6.2 7.2 8.1 9.0 10.0 
3500 maniage 4.5 5.3 6.1 6.9 7.8 8.6 
4000 maniage 4.0' 4.7 5.4 6.1 6.8 7.5 

marriage 2.5 2.9 3.4 3.9 4.4 5.4 
4000 cxtwall 1 0  1.0 1.0 1.0 1 0  1.0 

marriage 2.1 2.6 3.0 3.4 3.9 4.7 
Net Soil Marriage Wall Opening Width (ft) 
P E S  ( P S ~  10 12 14 16 18 20 
1OW marriage 16.6 19.6 22.6 25.6 28.6 31.6 
1500 marriage 11.1 13.1 15.1 17.1 19.1 21.1 
2000 marriage 8.3 9.8 11.3 12.8 14.3 15.8 - 
2500 marriage 6 7  7.9 9.1 10.2 11 4 12.6 
3000 marriage 5 5 6.5 7.5 8.5 9.5 10.5 
3500 marriage 4.8 5.6 6.5 7.3 8 2  9 0  
4000 marriage 4.2 4.9 5.7 6.4 7.2 7.9 

* Minimum interior pier area is 1.0 sqft. 
The Exterior Footing Widths are shown in feet The Marriage Wall Foofing Areas are shown in square feet. 



Min. Roof: 15 psi 
Net Soil Transverse Girder and Pier Spacing (it) 
PRs (psfl 1 5 6 7 8 ' 10 
1000 extwall 1.8 1.8 1.8 1.8 1.8 1.8 

marriage 6.8 8.0 9.3 10.6 11.8 14.4 
1500 extwall 1.2 1.2 1.2 1.2 1.2 1.2 

marriage 4.5 5.3 6.2 7.0 7.9 9.6 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.4 4.0 4.6 5.3 5.9 7.2 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.7 3.2 3.7 4.2 4.7 5.7 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.3 2.7 3.1 3.5 3.9 4.8 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.9 2.3 2.7 3.0 3.4 4.1 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.7 2.0 2.3 2.6 3.0 3.6 
Net Soil Marriage Wall Opening Width (it) 
p r e ~  (~$0 10 12 14 16 18 20 
1000 marriage 11.7 13.7 15.6 17.6 19.6 21.6 
1500 marriage 7.8 9.1 10.4 11.: 13.1 14.4 
2000 marriage 5.8 6.8 7.8 8.+. 9.8 10.8 
2500 marriage 4.7 5.5 6.3 7 .  7.9 8.6 
3000 marriage 3.9 4.6 5.2 5.9 6.5 7.2 
3500 e g e  3.3 3.9 4.5 5.0 5.6 6.2 
4000 mamage 2.9 3.4 3.9 4.4 4.9 5.4 

I C-rmnd S n s x  30 psf & Mn. Rook 2:: p d  ) 
Net Soil Transverse Girder and Pier S~acine (ft) . - .  . 
PRs (~$0 4 5 6 7 8 10 
1000 extwall 1.9 1.9 1.9 1.9 1.9 1.9 

marriage 7.1 8.4 9.8 11.1 12.5 15.2 
1500 extwall 1.3 1.2 1.2 1.2 1.2 1.2 

marriage 4.7 5.6 6.5 7.4 8.3 10.1 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

mamiage 3.5 4.2 4.9 5.6 6.2 7.6 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.8 3.4 3.9 4.5 5.0 6.1 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 2.4 2.8 3.3 3.7 4.2 5.1 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marria8e 2.0 2.4 2.8 3.2 3.6 4.3 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniap? 1.8 2.1 2.4 2.8 3.1 3.8 
Net Soil Marria~e Wall Ownine Width I*) . - . . 
YES (psO 10 12 14 16 18 20 
1000 marriage 12.5 146 16.8 19.0 21.1 23.3 
1500 marriaee 8.3 9.8 11.2 12.6 14.1 15.5 - 
2000 marriage 6.2 7.3 8.4 9.5 10.6 11.6 
2500 manias  5.0 5.9 6.7 7.6 8.4 9.3 
3000 marriage 4.2 4.9 5.6 6.3 7.0 7.8 
3500 marriage 3.6 4.2 4.8 5.4 6.0 6.6 
4000 marriage 3.1 3.7 4.2 4.7 5.3 5.8 

Required Effective Footing - Aftg * 

Ground Snow: 25 psf 
Net Soil Transverse Girder and Pier Sva,acine (it) - - .  
Res (psfl 4 5 6 7 8 10 
1000 extwall 1.9 1.8 1.8 1.8 1.8 1.8 

maniage 6.9 8.2 9.5 10.8 12.1 14.7 
1500 extwall 1.2 1.2 1.2 1.2 1.2 1.2 

manias  4.6 5.5 6.3 7.2 8.1 9.8 
20W ext Wall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.4 4.1 4.7 5.4 6.1 7.4 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

manias  2.8 3.3 3.8 4.3 4.8 5.9 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.3 2.7 3.2 3.6 4.0 4.9 
3500 extwall 1.0 1.0 1.0 1.0 I D  1.0 

marriage 2.0 2.3 2.7 3.1 3.5 4.2 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.7 2.0 2.4 2.7 3.0 3.7 
Net Soil Marriage Wall Opening Width (ft) 
I'm (Psfl 10 12 14 16 18 20 
1000 marriaee 12.0 14.1 16.1 18.2 20.2 22.3 - 
1500 marriage 8.0 9.4 10.8 12.1 13.5 14.9 
2000 maniage 6.0 7.0 8.1 9.1 10.1 11.2 
2500 manias  4.8 5.6 6.5 7.3 8.1 8.9 
3000 Inamage 4.0 4.7 5.4 6.1 6.7 7.4 
3500 maniage 3.4 4.0 4.6 5.2 5.8 6.4 
40W marriage 3.0 3.5 4.0 4.5 5.1 5.6 

I Ground Snow: 49 psi 
I 

Net So11 Transverse G ~ d w  and Rer Spanng (h) 
Pres (psfl 4 5 6 7 8 10 
1000 extwall 1 9  1 9  1.9 1 9  1 9  1 9  

marriage 7.5 8.9 10.4 11.8 13.3 16.1 
1500 extwall 1.3 1.3 1.3 1.3 1.3 1.3 

marriage 5.0 5.9 6.9 7.9 8.8 10.8 
2000 extwal1 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.7 4.5 5.2 5.9 6.6 8.1 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.0 3.6 4.1 4.7 5.3 6.5 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.5 3.0 3.5 3.9 4.4 5.4 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniaze 2.1 2.5 3.0 3.4 3.8 4.6 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 1.9 2.2 2.6 3.0 3.3 4.0 
Net Soil Marriagc Wall Opening Width (ft) 
r n ~  (psn 10 12 14 16 18 20 
1000 marriage 13.4 15.8 18.1 20.5 22.8 25.2 
1500 maniac 9.0 10.5 12.1 13.7 15.2 16.8 - 
2000 *ge 6.7 7.9 9.1 10.2 11.4 12.6 
2500 mamage 5.4 6.3 7.3 8.2 9.1 10.1 
3000 marriage 4.5 5.3 6.0 6.8 7.6 8.4 
3500 marriage 3.8 4.5 5.2 5.9 6.5 7.2 
4000 marriage 3.4 3.9 4.5 5.1 5.7 6.3 

Minimum interior pier area is 1.0 sqft. 
The Exterior Footing Widths are shown in feet The Marriage Wall Footing Areas are shown in square feet. 
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Required Effective Footing - Aftg * 

Ground Snow: 50 psf 
Nc! Soil Tmvcccc Girder and P~er S m n c  ~ f i )  . - .  . 
Pres (psO 4 5 6 7 8 10 
1000 extwall 2.0 2.0 2.0 2.0, 2.0 2.0 

marriage 7.8 9.4 10.9 12.5 14.0 17.1 
1500 extwall 1.3 1.3 1.3 1.3 1.3 1.3 

marriage 5.2 6.3 7.3 8.3 9.3 11.4 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.9 4.7 5.5 6.2 7.0 8.6 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1 0  

marriage 3.1 3.8 4.4 5.0 5.6 6:s 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 -~ - ~ ~~~ ~. 

marriage 2.6 3.1 3.6 4.2 4.7 5.7 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1 0  

marriage 2.2 2.7 3.1 3.6 4.0 4.9 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.0 2.3 2.7 3.1 3.5 4.3 
Net Soil Marriage Wall Opening Width (it) 
Pres (psO 10 12 14 16 18 20 
1000 marriage 14.4 16.9 19.5 22.0 24.5 27.1 
1500 marriage 9.6 113 130 14.7 16.4 18.1 
2000 maniage 7.2 8.5 9 7  11.0 123 13.5 

w ~ ~ ~ ~~~ 

3000 marriage 4.8 5.6 6.5 7.3 8.2 9.0 
3500 m F a g e  4.1 4.8 5.6 6.3 7 0 7.7 
4000 mamaee 3.6 4.2 4.9 5.5 6.1 6.8 

. 
PreS (PSO 4 5 6 7 8 10 
1000 extwall 2.1 2.1 2.1 2.1 2.1 2.0 

marriage 5.6 10.3 12.1 13.8 15.5 19.0 
1500 extwall 1 4  1.4 1 4  1.4 1 4  1.4 

maniage 5.7 6.9 8.1 9.2 10.4 12.7 
2000 ext wall 1.0 1 0 1.0 1.0 1.0 1.0 

maniage 4.3 5.2 6.0 6.9 7.8 9.5 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.4 4.1 4.8 5.5 6.2 7.6 
3000 extwall 1 0  1 0  1 0  1.0 1.0 1 0  

maniaee 2.9 3.4 4.0 4.6 5.2 6.3 
3500 extwall 1.0 1 0  1.0 1.0 1.0 1.0 

marriage 2.5 3.0 3.5 3.9 4.4 5.4 
4000 extwall 1 0  1.0 1.0 1.0 1 0  1.0 

maniage 2.2 2.6 3.0 3.5 3.9 4.8 
Net Soil Marriage Wall O~ening Width (ft) - . - 
Pres (psfl 10 12 14 16 18 20 
1000 maniage 16.3 19 2 22.2 25.1 28.0 30.9 
1500 marriage 10.9 12.8 14 8 167 187 20.6 
2000 marriage 8 2  9.6 11.1 125 140 15.5 
2500 maniaee 6.5 7 7  8.9 10.0 11.2 12.4 " 
3000 marriage 5.4 6.4 7 4  8.4 9.3 10.3 
3500 marriage 4 7  5.5 6.3 7.2 8.0 8.8 
4000 maniage 4.1 4.8 5.5 6.3 7.0 7.7 

Width 18' 

Ground Snow: 60 psf 
Net So11 Transverse Girder and Pier Spacing (ft) 
Pres @SO 4 5 6 7 8 10 
1000 e x t w d  2 0  2.0 2 0  2 0  2 0  2 0  

marriage 8.2 9.9 11.5 13.1 14.8 18.1 
1500 extwall 1.3 1.3 1.3 1.3 1.3 1.3 

marriage 5.5 6.6 7.7 8.8 9.9 12.0 
2000 extwal1 1.0 1.0 1.0 1.0 1.0 1 0  - ~ -~~ 

marriage 4.1 4.9 5.8 6.6 7.4 9.0 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.3 3.9 4.6 5.3 5.9 7.2 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

mamiage 2.7 3.3 3.8 4.4 4.9 6.0 
3500 extwall 1.0 1.0 1 . 0  1.0 1.0 1.0 

marriage 2.4 2.8 3.3 3.8 4.2 5.2 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.1 2.5 2.9 3.3 3.7 4.5 
Net Soil Marriage Wall Opening Width (ft) 
PreS (PSO 10 12 14 16 18 20 
1000 marriage 15.4 18.1 20.8 23.5 26.3 29.0 
1500 maniaee 10.2 12.1 13.9 15.7 17.5 19.3 
2000 marria& 7.7 9.0 104 11.8 13.1 14.5 
2500 maniage 6.1 7.2 8.3 9.4 10.5 11.6 
3000 marriage 5 1 6.0 6.9 7.8 8.8 9.7 
3500 marriage 4.4 5 2  5.9 6.7 7.5 8.3 
4000 marriage 3.8 4.5 5.2 5.9 6.6 7.3 

I Giouiid S n u ~ .  SO psi 1 

NCL Sod Tnncvmc Glrdcr and h e r  Soacme ~ f r l  . - .  . 
Res (PSO 4 5 6 7 8 10 
1000 extwall 2.1 2.1 2.1 2.1 2.1 2.1 

marriage 9.0 10.8 12.7 14.5 16.3 20.0 
1500 extwall 1 4  1.4 1.4 1.4 1.4 1.4 

marriage 6.0 7.2 8.4 9.7 10.9 13.3 
2000 extwall 1.1 1.1 1.1 1.1 1.0 1.0 

marriage 4.5 5.4 6.3 7.2 8.2 100 
2500 extwall 1.0 1 0  1.0 1.0 1.0 1 0  

marriage 3.6 4.3 5.1 5.8 6.5 8.0 
3000 extwall 1 0  1.0 1 0  1.0 1.0 1.0 

marriage 3.0 3.6 4.2 4.8 5.4 6.7 
3500 extwall 1.0 1 0  1.0 1 0  1 0  1 0  

marriage 2.6 3.1 3.6 4.1 4.7 5.7 
4000 extwall 1 0  1 0  1.0 1.0 1.0 1.0 

manias 2.2 2.7 3.2 3.6 4.1 5.0 
Net Soil Marriage Wall O#nine Width (ti) 
Res (psO 10 12- 14' -16 '18 20 
1000 marriage 17 3 204  23.5 26.6 29 7 32.8 
1500 marriage 11.5 13.6 15.7 177 19.8 219 
2000 maniage 8.6 10.2 11.7 13.3 14.9 16.4 
2500 marriage 6.9 8.2 9.4 10.6 11 9 13.1 
3000 marria& 5.8 6.8 7 8 8.9 9.9 10 9 
3500 maniage 4.9 5 8 6.7 7.6 8 5 9 4 
4000 marriage 4.3 5.1 5.9 6.7 7.4 8.2 

* Minimum interior pier area is 1.0 sqft. 
The Exterior Footing Widths are shown in feet The Maniage Wall Footing Areas are shown in square feet 
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Ground Snow: 90 psf 
Net Soil Transverse Guder and Rer Soacme (ft) . 
Pres (PSO 4 5 6 7 8 10 
1000 extwall 2.2 2.2 2.2 2.2 2.1 2.1 

mastiage 9.4 11.3 13.2 15.2 17.1 20.9 
1500 extwall 1.4 1.4 1.4 1.4 1.4 1.4 

marriage 6.3 7.5 8.8 10.1 11.4 14.0 
2000 extwall 1.1 1.1 1.1 1.1 1.1 1.1 

mastiage 4.7 5.7 6.6 7.6 8.5 10.5 
2500 extwail 1.0 1.0 1.0 1.0 1.0 1.0 

marriaee 3.8 4.5 5.3 6.1 6.8 8.4 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 3.1 3.8 4.4 5.1 5.7 7.0 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.7 3.2 3.8 4.3 4.9 6.0 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

m a m a p  2.3 2.8 3.3 3.8 4.3 5.2 
Net Soil Marriage Wail Opening Width (fi) 
Pres (psO 10 12 14 16 18 20 
1000 marriaee 18.2 21.5 24.8 28.1 31.4 34.7 

~ ~ - ~- - ~ 

2500 &age 7.3 8.6 9.9 11.3 12.6 13.9 
3000 marriage 6.1 7.2 8.3 9.4 10.5 11.6 
3500 marriage 5.2 6.2 7 1 8.0 9.0 9.9 
4000 mamage 4.6 5.4 6 2  7.0 7.9 8.7 

Required Effective Footing - Aftg * 

Ground Snow: 100 psf 
Net Sail Transverse Cnrder and Pler S~aclne (fi) . - .  . 
Re1 (mf) 4 5 6 7 8 10 
1000 extwall 2.2 2.2 2.2 2.2 2.2 2 2 

maniage 9.8 11.8 13.8 15.8 17.8 21.9 
1500 extwall 1.5 1.5 1.5 1.5 1.5 1.5 

marriage 6.5 7.9 9.2 10.5 11.9 14.6 
2000 extwall 1.1 1.1 1.1 1.1 1.1 1.1 

mamage 4.9 5.9 6.9 7.9 8.9 109 
2500 extwall 1 0  1.0 1.0 I 0  1.0 1.0 

marriage 3.9 4.7 5 .3 .  6.3 7.1 8.8 
3000 extwall 1.0 1.0 1.C 1.0 1.0 1.0 

marriage 3.3 3.9 4.6 5.3 5.9 7.3 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 2.8 3.4 3.9 4.5 5.1 6.3 
4000 exrwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.4 2.9 3.5 4.0 4.5 5.5 
Net Soil Marriage Wall Opening Width (ft) 
Res (pa0 10 12 14 16 18 20 
1000 marria% 19.2 22.7 26.2 29.7 33.2 36.7 - 
1500 marriage 12.8 15.1 17.4 19.8 22.1 24.4 
2000 marriage 9.6 11.3 13.1 14.8 16.6 18.3 
2500 marriage 7.7 9.1 10.5 11.9 13.3 14.7 
3000 mastiage 6.4 7.6 8.7 9.9 11.1 12.2 
3500 magage 5.5 6.5 7.5 8.5 9.5 10.5 
4000 mamas 4.8 5.7 6.5 7.4 8.3 9.2 

* Mlnrmum menor per  area is 1 0 sqfr 
The Extenor Foanng Wldrhs are shown m feet The Mamage Wall Fooang Areas are shown m square feet 



Required Effective Footing - Aftg * 

Min. Roof: 15 psf 
Net Soil Tmnsverse Gtrder and Pier S ~ a n n e  (8) . 
PreS (PSO 4 5 6 7 8 10 
1000 wtwall 1.9 1.9 1.9 1.9 1.9 1.9 

marriage 7.4 8.9 10.3 11.7 13.2 16.0 
1500 extwall 1.3 1.3 1.3 1.3 1.3 1.3 

marriage 5.0 5.9 6.9 7.8 8.8 10.7 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.7 4.4 5.1 5.9 6.6 8.0 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 3.0 3.5 4.1 4.7 5.3 6.4 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.5 3.0 3.4 3.9 4.4 5.3 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriaee 2.1 2.5 2.9 3.3 3.8 4.6 
4W0 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 1.9 2.2 2.6 2.9 3.3 4.0 
Net Soil Maniage Wall Ope- Width (ft) 
Prel (PC 10 12 14 16 18 20 
10W marriaee 13.0 15.2 17.5 19.7 Z.0 24.2 " 
1500 marriage 8.7 10.2 11.7 13.2 14.7 16.2 
2000 marriage 6.5 7.6 8.7 9.9 11.0 12.1 
2500 marriage 5.2 6.1 7.0 7.9 8 8  9.7 
3000 marriage 4.3 5.1 5.8 6.6 7.3 8.1 
3500 marriage 3.7 4.4 5.0 5.6 6.3 6 9 
4000 marriage 3.2 3.8 4.4 4.9 5.5 6.1 

) C ~ m d  Snow: 30 psf & ?&i. Rock 22 ppd I 
Net Sod Tmverse  Cnrder and P~er  Spaclng (ft) 
Pres (ps0 4 5 6 7 8 10 
l O 0 0 e x t w a l l  2 0  2 0  2.0 2 0  1 9  1 9  

marriage 7.8 9.3 10.9 12.4 13.9 16.9 
1500 extwall 1.3 1.3 1.3 1.3 1.3 1.3 

marriage 5.2 6.2 7.2 8.2 9.3 11.3 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

~~~ ~ ~ 

marriage 3.9 4.7 5.4 6.2 6.9 8.5 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.1 3.7 4.3 4.9 5.6 6.8 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.6 3.1 3.6 4.1 4.6 5.6 
3500 extwall 1 0  1.0 1.0 1.0 1.0 1.0 

marriage 2.2 2.7 3.1 3.5 4.0 4.8 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.0 2.3 2.7 3.1 3.5 4.2 
Net Soil Marriage Wall Opening Width (ft) 
Pres (psfl 10 12 14 16 18 20 
1000 marriage 13.9 16.3 18.8 21.2 23.7 26 1 
1500 marriaee 9.3 10.9 12.5 14.1 15.8 174  - 
2000 marriage 7 0 8.2 9.4 10.6 11.8 13.0 
2500 marriage 5.6 6.5 7.5 8.5 9 5  10.4 
3000 marriage 4.6 5.4 6.3 7.1 7 9  8.7 
3500 marriage 4.0 4 7  5.4 6.1 6 8  7.5 
4000 marriage 3.5 4.1 4.7 5.3 5.9 6.5 

1 Ground Snow: 25 psf 
Net Soil Transverse Guder and her S~acmz (ft) . -~ 
Pres (psf) 4 5 6 7 8 10 
1000 extwail 1.9 1.9 1.9 1.9 1.9 1.9 

marriage 7.6 9.1 10.5 12.0 13.5 16.4 
1500 extwall 1.3 1.3 1.3 1.3 1.3 1.3 

mardage 5.1 6.0 7.0 8.0 9.0 10.9 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 3.8 4.5 5.3 6.0 6.7 8.2 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 3.0 3.6 4.2 4.8 5.4 6.6 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

~~ ~~~ 

marriage 2.5 3.0 3.5 4.0 4.5 5.5 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.2 2.6 3.0 3.4 3.8 4.7 
4W0 extwall 1.0 1.0 1 0  1.0 1.0 1.0 

marriage 1.9 2.3 2.6 3.0 3.4 4.1 
Net Soil Marriage Wall Opening Width (it) 
PXS ( P S ~  10 12 14 16 18 20 
1000 marriage 13.4 15.7 18.0 20.3 22.7 25.0 
1500 marriage 8.9 10.5 12.0 13.6 15.1 16.7 

~ ~ ~ 

~ 

2500 maniage 5.3 6.3 7.2 8.1 9.1 10.0 
3WO marriage 4.5 5.2 6.0 6.8 7.6 8.3 
3500 marriage 3.8 4.5 5.1 5.8 6.5 7.1 
4000 marriage 3.3 3.9 4.5 5.1 5.7 6.3 

I Glouwi Sno\r. 40 psi I I 
Nct Sod T m v e n e  Glrdrr m d  Pier Smrtne th) . - .  . 
Pres (psn 4 5 6 7 8 10 
1WO extwall 2.0 2.0 2.0 2.0 2.0 2.0 

mardage 8.2 9.9 11.5 13.1 14.8 18.0 
1500 exrwall 1.3 1.3 1.3 1.3 1.3 1.3 

marriage 5.5 6.6 7.7 8.8 9.8 12.0 
2 m  extwal1 1.0 1.0 1.0 1.0 1 0  1.0 

marriage 4.1 4.9 5.8 6.6 7.4 9.0 
2500 cxtwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.3 3.9 4.6 5.3 5.9 7.2 
3000 ertwall 1.0 1.0 1.0 1.0 1.0 1.0 

~ ~~ 

marriage 2.7 3.3 3.8 4.4 4.9 6.0 
3500 extwall 1.0 1 0  1.0 1.0 1.0 1.0 

marriage 2.4 2.8 3.3 3.8 4.2 5.2 
4000 extwall 1.0 1.0 1.0 1.0 1 0  1.0 

marriage 2.1 2.5 2.9 3.3 3.7 4.5 
Net Soil Marriage Wall Owninz Width (fi) . - 
Pres (ps0 10 12- 14 16 18 20 
1000 marriage 15.0 177 20.3 23.0 25.6 28.3 
1500 mamiage 10.0 11.8 13.5 15.3 171  18.8 
2000 marriage 7.5 8.8 102 11.5 128 14.1 
2500 mardage 6.0 7 1 8.1 9.2 10.2 11.3 
3000 marriage 5.0 5.9 6.8 7.7 8 5 9.4 
3500 marriage 4.3 5 0  5.8 6.6 7 3  8.1 
4000 marriaee 3.8 4.4 5.1 5.7 6.4 7.1 

* Minimum interior pier area is 1.0 sqft. 
The Exterior Footing Widths are shown in feet. The Marriage Wall Footing Areas are shown in square feet 



Net Soil Transverse Girder and Pier Spacing (ft) 
Res (PSO 4 5 6 7 8 10 
loo0 extwall 2.1 2.1 2.1 2.1 2.1 2 1  

marriage 8.7 10.4 12.2 13.9 15.6 19.1 
1500 extwall 1.4 1.4 1.4 1.4 1.4 1.4 

mamiage 5.8 6.9 8.1 9.3 10.4 12.7 
2000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 4.3 5.2 6.1 6.9 7.8 9.6 
2500 extwall 1.0 . 1.0 1.0 1.0 1.0 1.0 

marriage 3.5 4.2 4.9 5.6 6.3 7.6 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.9 3.5 4.1 4.6 5.2 6.4 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.5 3.0 3.5 4.0 4.5 5.5 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.2 2.6 3.0 3.5 3.9 4.8 
Net Soil Marriage Wall Opening Wid& (ft) 
Res (psf) 10 12 14 16 18 20 
1000 marriage 16.1 19.0 21.8 24.7 276 30.4 
1500 marriage 10.7 12.6 14.5 16.5 184 20.3 
2000 marriage 8.0 9.5 10.9 12.3 13.8 15.2 
2500 marriage 6.4 7.6 8.7 9.9 11.0 12.2 
3000 marriage 5.4 6.3 7.3 8.2 9.2 10.1 
3500 maniage 4.6 5.4 6.2 7.1 7.9 8.7 
4000 marriage 4.0 4.7 5.5 6.2 6.9 7.6 

I Gionn< 3 3  -sf I 
Net Sod Tmverse  Cnrder and Rer Spanng (ft) 
Pres (PSO 4 5 6 7 8 10 
1000 extwal1 2 2  2 2  2 2  2.2 2 2  2 2 
~~~~ 

marriage 9.5 11.5 13.5 15.4 17.4 21.3 
1500 extwall 1.5 1.5 1.4 1.4 1 4  I 4  

marriage 6.4 7.7 9.0 10.3 11.6 14.2 
2000 extwall 1.1 1.1 1.1 1.1 1.1 1.1 

marriage 4.8 5.7 6.7 7.7 8.7 10.6 
2500 extwall 1.0 1.0 1.0 1.0 1 0  1 0  -- ~ ~ 

marriage 3.8 4.6 5.4 6.2 6.9 8.5 
3000 extwall 1.0 1.0 1.0 1.0 1 0  1 0  

marriage 3.2 3.8 4.5 5.1 5.8 7.1 
3500 extwall 1.0 1.0 1.0 1.0 1 0 1 0 

marriage 2.7 3.3 3.8 4.4 5.0 6 1  
4000 extwall 1.0 1.0 1.0 1.0 1 0  1 0  

maniage 2.4 2.9 3.4 3.9 4.3 5.3 
Net Soil Mamage Wall Opening Width (ft) 
Rcs (ps0 10 12 14 16 18 20 
1000 marriage 18.3 21.6 24.9 28.2 315 348 
1500 marriage 12.2 14.4 16.6 18.8 21 0 23 2 
2000 marriage 9.1 10.8 12.4 14.1 15.7 174 
2500 marriage 7.3 8.6 9.9 11.3 12.6 13.9 
3000 maniage 6.1 7.2 8.3 9.4 10.5 11 6 
3500 marriage 5.2 6.2 7.1 8.0 9.0 9 9  
4000 marriage 4.6 5.4 6.2 7.0 7.9 8.7 

Required Effective Footing - Aftg * 

Ground Snow: 60 psf 1 
Xe: Sod Transvwe Cnrdcr and Pler S ~ a n n e  ,fr) . - .  . 
&s (GO 4 5 6 7 8 10 
1000 extwall 2.1 2.1 2.1 2.1 2.1 2.1 

marriage 9.1 1110 12.8 14.7 16.5 20.2 
1500 extwall 1.4 1.4 1.4 1.4 1.4 1.4 

marriage 6.1 7.3 8.5 9.8 11.0 13.5 
2WO extwall 1.1 1.1 1.1 1.1 1.1 1.1 

marriage 4.6 5.5 6.4 7.3 8.3 10.1 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

manias 3.6 4.4 5.1 5.9 6.6 8.1 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.0 3.7 4.3 4.9 5.5 6.7 
3500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 
~~ ~~ ~-~ 

marriage 2.6 3.1 3.7 4.2 4.7 5.8 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.3 2.7 3.2 3.7 4.1 5.0 
Net Soil Marriage Wall Opening Width (ft) 
Pres (psfl 10 12 14 16 18 20 
lo00 mardaee 17.2 20.3 23.3 26.4 29.5 32.6 - 
1500 marriage 11.4 13.5 15.6 17.6 19.7 21.7 
2MXl mamag 8.6 10.1 11.7 13.2 14.8 16.3 
2500 -age 6.9 8.1 9.3 10.6 11.8 13.0 
3000 marriaee 5.7 6.8 7.8 8.8 9.8 10.9 

I Ground Snow: 80 psi 
I 

Net Sod Transverse Guder and Pler Spanng (ft) 
~ e s  ( p a  4 5 6 7 8 10 
lo00 extwall 2.2 2 2 2.2 2.2 2 2 2 2  

marriage 10.0 12.0 14.1 16.2 18.2 22.4 
1500 ex1 wall 1.5 1.5 1.5 1.5 1.5 1.5 

marriage 6.7 8.0 9.4 10.8 12.2 14.9 
2000 extwall 1.1 1.1 1.1 1.1 1.1 1.1 

marriage 5.0 6.0 7.1 8.1 9.1 11.2 
2500 ext wall 1.0 1.0 1.0 1.0 1.0 1.0 

maniage 4.0 4.8 5.6 6.5 7.3 8.9 
3000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 3.3 4.0 4.7 5.4 6.1 7.5 
3500 extwall 1.0 1.0 1.0 1.0 1 0  1.0 

marriage 2.9 3.4 4.0 4.6 5.2 6.4 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 

marriage 2.5 3.0 3.5 4.0 4.6 5.6 
Net Soil Marriage Wall Opening Width (ft) 
Pres (ps0 10 12 14 16 18 20 
1000 marriaee 19.3 22.9 26.4 29.9 33.4 36.9 
~~ ~ ~ .~ ~-~~ -~ - ~-~ 

2000 e g e  9.7 11.4 13.2 14.9 16.7 18.5 
2500 -age 7.7 9.1 10.6 12.0 13.4 14.8 
3000 marriage 6.4 7.6 8.8 10.0 11.1 12.3 
3500 manias 5.5 6.5 7.5 8.5 9.5 10.6 - 
4000 marriage 4.8 5.7 6.6 7.5 8.4 9.2 

* Minimum interior pier area is 1.0 rqfr. 
The Exterior Footing Widths are shown in feet The Marriage Wall Footing Area are shown in square feet. 
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Required Effective Footing - Aftg * m 
Width 

Ground Snow: 90 psf Ground Snow: 100 psf 1 
Net Soil Transverse Gtrder and Pler Spac~ng (ft) Net Sod Transverse Guder and Pler Spaclng (ft) 
P~es (ps0 4 5 6 7 8 10 Pres(ps0 4 5 6 7 8 10 
1000 extwall 2 3  2 3  2 3  2 3  2 3  2.3 1000 entwall 2 3  2 3  2 3  2 3  2 3  2 1  - - - 

marriage10.4 12.6 14.8 16.9 19.1 23.5 marriage 10.8 13.1 15.4 17.7 20.0 24.5 
1500 extwall 1.5 1.5 1.5 1.5 1.5 1.5 1500 extwall 1.6 1.6 1.6 1.6 1.6 1.5 

marriage 6.9 8.4 9.8 11.3 12.7 15.6 marriage 7.2 8.8 10.3 11.8 13.3 16.4 
2000 extwall 1.1 1.1 1.1 1.1 1.1 1.1 2000 extwdl 1.2 1.2 1 2  1.2 1.2 1.2 

marriage 5.2 6.3 7.4 8.5 9.6 11.7 marriage 5.4 6.6 7.7 8.8 10.0 12.3 
2500 extwall 1.0 1.0 1.0 1.0 1.0 1.0 2.500 extwall 1 0  1.0 1.0 1.0 1.0 1.0 

marriage 4.2 5.0 5.9 6.8 7.6 9.4 marriage 4.3 5.3 6.2 7.1 8.0 9.8 
3000 extwdl 1.0 1.0 1.0 1.0 1.0 1.0 3000 extwall 1.0 1 0  1.0 1.0 1.0 1.0 

marriage 3.5 4.2 4.9 5.6 6.4 7.8 marriage 3.6 4.4 5.1 5.9 6.7 8.2 
35W extwall 1.0 1.0 1.0 1.0 1.0 1.0 3500 extwall 1.0 1 0  1.0 1.0 1.0 1.0 

mamiage 3.0 3.6 ' 4.2 4.8 5.5 6.7 maxiage 3.1 3.8 4.4 5.1 5.7 7.0 
4000 extwall 1.0 1.0 1.0 1.0 1.0 1.0 4000 extwdl 1.0 1.0 1.0 1.0 1.0 1 0  - .  

marriaee 2.6 3.1 3.7 4.2 4.8 5.9 maniage 2.7 3.3 3.9 4.4 5.0 6.1 
Net Soil Mamiage Wall Opening Width (ft) Net Soil Maniaze Wall Owning Width (ft) . - 
Pres (ps0 10 12 1 4  16 18 20 Res (~$0 10 1 2  14 16 18 20 
1OOO marriage 2 0 4  24.2 27.9 31.6 35.4 39.1 1000 mamiage 21.5 25.5 29.4 33.4 37.3 41.3 
1500 maniage 136 16.1 18.6 21.1 23.6 26.1 ISM) marriage 14.3 17.0 19.6 22.2 24.9 275 
2000 mamiage 10.2 12.1 13.9 15.8 17.7 19.6 2000 marriage 10.8 12.7 14.7 16.7 18.7 20.6 
2500 marriage 8.2 9 7  11.2 12.7 14.1 15.6 2500 marriage 8.6 10.2 11.8 13.3 14.9 165 
3000 marriaee 6.8 8.1 9.3 10.5 11.8 13.0 3000 marriaee 7.2 8.5 9.8 11.1 12.4 13.8 ~ ~ 

3500 marriage 5.8 6.9 8.0 9.0 10.1 11.2 3500 marria& 6.1 7.3 8.4 9.5 107 11.8 
4000 maniaec 5.1 6.0 7.0 7.9 8.8 9.8 4000 marriage 5.4 6.4 7.4 8.3 9.3 10.3 

* Minimum interior pier area is 1.0 rqfi. 
The Exterior Footing Widths are shown in feet. The Marriage Wall Footing Areas are shown in quare feet. 



Part 2 
Required Vertical Anchorage - Av 

Single-Section C 

Required Vertical Anchorage - Av (Ibs) 

Wind Speed Pier Spacing (ft) 

.- 

Required Vertical Anchorage - Av Obs) 

Wind Speed Pier Spacing (ft) 
(mph) 4 5 6 7 8 10 

Inland 80 960 1200 1450 1690 1930 2410 
90 1370 1710 2060 2400 2740 3430 

.- 110 2330 2910 3500 4080 4660 5830 
Coastal 80 1120 1400 i68-96o6O224028% 

Required Vertical Anchorage - Av (Ibs) 
Single-Section 

Width Wind Speed Pier Spacing (ft) 
(mph) 4 5 6 7 8 10 

Inland 80 900 1130 1360 1580 1810 2260 
90 1310 1640 1960 2290 2620 3270 

100 1760 2210 2650 3090 3530 4410 



Single-Section C1 I 
Required Vertical Anchorage - Av (Ibs) 

Wind Speed lbslft Anchor Spacing (ft) 
b p h )  4 5 6 7 8 10 

Inland 80 170 1 680 850 1020 1190 1360 1700 

110 400 1 1610 2010 2410 2810 3210 4020 
Coastal 80 200 j 790 980 1180 1380-15701970 

90 270 1090 1360 1640 1910 2180 2730 
100 360 1 1430 1790 2150 2510 2860 3580 
110 450 j 1810 2260 2710 3160 3620 4520 

Required Vertical Anchorage - Av (lbs) 

Wind Sueed Ibslft Anchor S~acinc (ft) 
A -. , 

(mpk 4 5 6 7 8 10 
Inland 80 160 I 640 800 960 1120 1280 1610 

90 230 1 910 1140 1370 1600 1830 2290 
100 300 1220 1520 1830 2130 2440 3050 
I10 

2 0 4  
1550 1940 2330 2720 3110 3890 

&astal 80 190 , 750 930 1120 1310 1490 1870 

CQ pivot -& 

. 

W~nd Speed Ibslft Anchor Spaclng (ft) , 
(mph) 4 5 6 7 8 10 

Inland 80 150 610 770 920 1070 1230 1530 

Required Vertical Anchorage - Av (Ibs) 

110 - 380 1540 1920 2310 2690 3080 3840 
Coastal 80 180 . 720 900 1080 1260 1440 1800 

0 I Av 



Single-Section E I 
~ ~p 

Required Vertical Anchorage - Av (Ibslft) 

Wind Speed Ibslft 
b p h )  

Inland 80 i 120 - 

90 190 
100 260 
110 340 -- 

Coastal 80 150 
90 220 

PIVO' p- 1 &, 100 300 

Required Vertical Anchorage - Av (Ibslft) 

Wind Speed Ibslft 

-- 110 350 
Coastal 80 150 

Required Vertical Anchorage - Av (lbslft) 

Wlnd Speed Ibslft 
(mpb) 

Inland 80 120 

110 
Coastal 80 

90 



I Single-Section E3 1 
Required Vertical Anchorage - Av (lbs) 

Wind Speed Exterior Interior 
(mph) W f t )  Pier Spacing (ft) 

4 5 6 7 8 10 - 
Inland 80 230 290 350 410 470 590 

90 120 " 1  360 450 540 630 730 910 

110 220 660 830 1000 1160 1330 1660 
Coastal 80 90 280 350 430 500 570 710 

Required Vertical Anchorage - Av (Ibs) 

Wind Speed Exterior Interior 
(mph) (Ibslft) Pier Spacing (ft) 

4 5 6 7 8 10 
Inland 80 80 230 290 350 400 460 580 

110 230 ' 680 850 1020 1190 1360 1700 
Coastal 80 90 280 350 420 490 560 710- 

Required Vertical Anchorage - Av (lbs) 

Wlnd Speed Extenor Interior 
(mph) (lbsift) P~e r  Spacing (ft) 

4 5 6 7 8 10 
Inland 80 80 230 290 350 410 470 590 

90 120 380 470 570 660 750 940 
100 180 540 670 810 940 1070 1340 
110 240 710 890 1070 1250 1430 1780 

Coastal 80 100 290 360 430 510 580 720 
90 150 450 560 670 780 890 1120 

100 210 620 780 930 1090 1250 1560 
110 270 820 1020 1220 1430 1630 2040 

Width 16' 



Multi-Section C I 
Required Vertical Anchorage - Av (lbs) 

Wind Speed Pier Spacing (ft) . 
(mph) 4 5 6 7 8 10 

Inland 80 570 710 860 1000 1140 1430 

110 1970 2460 - 2950 3440 3930 4920 
Coastal 80 730 910 1100 1280 1460 1830 

Required Vertical Anchorage - Av (Ibs) 

Wind Speed Pier Spacing (ft) . 
bph)  4 5 6 7 8 10 

Inland 80 640 800 960 1120 1280 1600 

110 2200 2750 ~ 3300 3850 4400 5500 
Coastal 80 820 1020 1230 1430 1640 2050 

Required Vertical Anchorage - Av (lbs) 

Wmd Speed 
bph)  

Inland 80 
90 

100 
110 

Coastal 80 
90 

100 
110 

Multi-Section 



I Multi-Section C I 

Multi-Section 

-- 

Required Vertical Anchorage - Av (Ibs) 

Wmd Speed Pier Spac~ng (ft) 
(mph) 4 5 6 7 8 10 

Inland 80 370 460 550 650 740 920 
90 640 800 960 1120 1280 1600 

100 940 1180 1410 1650 1880 2350 
110 1270 1590 1910 2230 2550 3180 

Coastal 80 470 590 710 830 9 5 0 1 1 8 0  
90 770 960 1160 1350 1540 1930 

100 1100 1380 1650 1930 2210 2760 
-- I10 1470 1840 2210 2570 2940 3680 

Required Vertical Anchorage - Av (lbs) 
Multi-Section 

Wind Speed Pier Spacing (ft) 

2120 2480 2830 .. 3540 
790 920 1050 1320 

1290 1500 1710 2140 
1840 2140 2450 3060 

Required Vertical Anchorage - Av (lbs) 

Wind Sueed Pier S~acinz ffi) 



1 Multi-Section E I 
Required Vertical Anchorage - Av (Ibslft) 

Wind Speed Exterior 
(mph) (Ibslft) 

Inland 80 110 

-- 110 430- 
Coastal 80 150 

Required Vertical Anchorage - Av (Ibslft) 

Wind S ~ e e d  Exterior 
(mpt;) (lbslft j 

Inland 80 170 

110 490 - 
Coastal 80 170 

90 290 
100 420 
110 570 

Required Vertical Anchorage - Av (Ibslft) 

Wind Speed Exterior 
(mph) (Ibdft) 

Inland 80 150 

2 tiedowns 

Multi-Section m 
Width 

T~edowns 

110 550 
Coastal 80 190 

90 330 
100 480 
110 640 



Multi-Section E I 
I I 

Required Vertical Anchorage - Av (lbs) 

Wind Speed Exterior Interior 
(mph) (Ihslft) Pier Spacing (ft) 

4 5 6 7 8 10 
fl Inland 80 7 0 :  180 230 270 320 360 450 ~ ~ fp, 330 420 500 590 670 840 

510 630 760 890 1020 1270 

pivotE 1 149 600 750 900 1050 1200 1500 

4b 49 
4 tiedowns 

Required Vertical Anchorage - Av (lbs) 

Wmd Speed Exterior Interior 
(mph) (lbslft) Pier Spacing (ft) 

4 5 6 7 8 10 

810 J010 1210 1410 1610 2010 
350 420 490 560 700 
590 710 830 950 1190 

690 870 1040 1210 1390 1730 
1870 2340 

Width 
Tiedowns 

Required Vertical Anchorage - Av (Ibs) 

Wind Speed Exterior Interior 
(mph) (lbslft) Pier Spacing (ft) 

Inland 80 100 240 300 360 420 480 600 



I Multi-Section E3 I 
Required Vertical Anchorage - Av (Ibs) 

Wind Speed Exterior Interior 
(mph) (lbslft) Pier Spacing (ft) 

4 5 6 7 8 10 - 
Inland 80 50 170 210 260 300 340 430 

90 90 320 400 480 560 640 800 
100 140 480 600 720 840 970 1210 
110 190 660 830 1000 1160 1330 1660 

Coastal 80 60 230 290 340 400 460 570 

Required Vertical Anchorage - Av (lbs) 

Wind Speed Exterior Interior 
(mph) (lbslft) Pier Spacing (ft) 

4 5 6 7 8 10 

Coastal 80 70 
890 1110 

870 1 0 9 0  1310 1530 1740 2180 

Required Vertical Anchorage - Av (lbs) 

Wind Speed Exterior Interior 
(mph) (Ibslft) Pier S~acing (ft) - 

4 5 6' 7 8 10 
Inland 80 60 230 280 340 400 450 560 

90 120 410 510 610 720 820 1020 
100 170 610 770 920 1080 1230 1540 



I Multi-Section I I 
Required Vertical Anchorage - Av (lbs) 

Multi-Section 
Width Wind Speed Pier Spacing (ft) 

Tiedowns (mph) 4 5 6 7 8 10 
Inland 80 : 510 630 ' 760 890 1010 1260 

,-----7 90 ! 940 1170 1410 1640 1880 2350 
100 1420 1780 2140 2490 2850 3560 
110 1960 2450 2940 3430 3920 4900 

Coastal 80 670 840 1010 1180 1350 1680 
90 1150 1440 1730 2010 2300 2880 

2 tiedowns 
& 

Required Vertical Anchorage - Av (lbs) 

Wind Speed Pier S~acinz (ft) * - .  
(mp6 4 5 6 7 8 10 

Inland 80 590 740 890 1040 1190 1480 

110 2260 2820 3380 3950 4510 5640 
Coastal 80 780 980 1180 1370 15-60 

Required Vertical Anchorage - Av (lbs) 
Multi-Section 

Wind Speed Pier Spacing (ft) 
(mph) 4 5 6 7 8 10 

Inland 80 670 840 1010 1180 1350 1680 
90 1220 1530 1830 2140 2440 3050 



I Multi-Section I 1 
Required Vertical Anchorage - Av (lbs) 

Wind Speed Pier Spacing (ft) 

Required Vertical Anchorage - Av (lbs) 

Required Vertical Anchorage - Av (lbs) 

Wind Speed 
(mph) 

Inland 80 
90 

100 
110 

Coastal 80 
90 

100 
110 

Pler Spacing (ft) 
4 5 6 7 8 10 

400 500 600 700 800 1000 
720 910 1090 1270 1450 1810 

1090 1360 1630 1900 2170 2720 
1490 1860 2230 2610 2980 3720 
520 660 790 920 1050 1310 
880 1100 1320 1550 1770 2210 

1280 1600 1920 2250 2570 3210 
1730 1160 1590 3020 3450 4310 

Multi-Section 



Part 3 
Required Horizontal Anchorage - Ah - Transverse Direction 

I Single-Section C, E, I I 
Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 
Speed Aa Snow Location Length (fi) 
(mph) (PSO 40 50 60 70 80 90 100 

Inland 1, 80 Allseismic end ; 540 680 820 950 1090 1230 1370 
29 All Seismic i end : 690 850°m0 1210 1390 i560 1730 
100L_AJlSeismic i end : 860 1070 1280 1500 17101930-2140 
IlO! AllSeismic . end : 1040 1 2 ~ 1 % ~ 1 8 1 0 1 0 ? i j - ~ 3 ~ ' - - ~  

Coastal1 801 Al lSepec  end 600 750 900 1050 1210 1360 1510 
!...90 AUSe~smc : end 760-0-=7~793~ 
llOOi All Seismic ' end ' 940 1180 1420 1650 1890 2120 
1110! AU Seismic end i 1 m 4 3 0  1710 ' - ~ i b ~ ~ ~ ~  

Required Horizontal Anchorage - Ah - Transverse Direction (Ibslft) 

Wind Seismic Ground 
Speed Aa Snow Location Length (ft) 
( m ~ h )  (psf-1 40 50 60 70 80 90 100 

Inland / 80i.05-.30 0-100 end 1 480 600 720 840 960 1080 1200 
1 .40 0-90 end 1 480 600 720 840 960 1080-1200 

i 100 : end I 4% 0 720 iw -960 ;&so .t2m -~ 
end . 610 760 910 1060 1210 1370 1520 

' end : 750 940 1120 1310 1500 1690 1870 
~110 A U S ~ s ~ c  : end : 910 1130 1360 1590 1810 2040 2270 

Coastal i 80J All Se~smc end ..-530'-660 790'-'~-9To~iR%i--ii90 1320 
r g ~  + I All Seismic end 670 840 ~ 1 ~ 0 i 3 4 0 - f i ~ 1 6 7 0  
100, AllSeisnnc end . 830 1030 1240 1450 1650 1860 2070 
IlOj~~~i\llSeismic end ' 1000 1250 1500 1750 2000 2250 2500~ .. ....... ~ ~~ ~ ~ ~. - ~~ .. ........ . . - ~ - ~ ~ ~ ~  ~~ ~ .... . ~~ .. 

Short Walls 

Required Horizontal Anchorage - Ah - Transverse Direction (Ibslft) 

Nore: All Seismic refers to all values of Aa and all magnimdes of ground snow load 



Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 
Speed Aa Snow Location Length (ft) 

(pst) 40 50 60 70 80 90 100 
Coastal: 80 .05-.30 0-100 1 end . 480 600 720 830 950 1070 1190 

.40 i 0-90 : end 480 600 720 830 950 1070 1190 .- 
100 ' end ' '$"w 6@j: 720' ;&~ &o' dM& :iz@, 

90: AllSeismic I end . 600 760 910 1060 l2lC 1360 1510 
100 AllSeismic i* : 750 930 1120 1310 r490 1680 1870 
110 AUSeismic : end 900 1130 1350 1580 1810 2030 2260 

I I 

Required Horizontal Anchorage - Ah -.Transverse Direction (Ibslft) 

Wid Seismic Ground 
Speed Aa Snow Location Length (ft) 

640 760 890 1020 1150 1270 

-- 

Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 

510 610 710 810, 910 ,010 
310 370 440 500 560 ' 620 

00 620 750 870 1MH) 600 ...kso 1120 1250 .i6b 
00 380 450 530 

Note AU Selsmc refers to all values of Aa and all ma-prudes of ,pund snow load 



. ...I: Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 
Single-S&ion 

..c .. .- -. ,~.,* > I & ~  Width 
Wind Seismic Ground 

., ,=: .a:-c .. Speed Aa Snow Location Short Walls 
Length (ft) 

(mph) (PSO 40 50 60 70 80 90 100 
Inland i 80i.05-.30i0-100: end 140 180 210 250 290 320 360 

Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 
Speed Snow Location Length (ft) 
(mph) (PSO 40 50 60 7Q 80 90 100 

1 1 . ; " 450 560 GO-790 900 1020 1130, 
110 AUSeisrmc : end : 270 340 410 480 550 610 680 

! mnt 550 680 820 960 1090 1230 1370 
0 0  end I60 250 240 280 320 360 400 

1 ,  int 320 400 480 560 630 710 790 
1 1-.40 0-90 end . 160 200 240 280 320 360 400 

Coastal 

int ' 600 750 ~ ~ .~ 900 ........... ~. 1050 .. 1200 13% 1510 

Note. All Selsmc refen to all values of Aa and all masnudes of ground snow load. 

80 AUSeismic end . 170 220 260 310 350 400 440 

b 0 '  

!I00 
i 

: int i 350 440 530 610 700 790 SgO 
AUSeismic : end ; 220 280 330 390 450 500 560 

! int i 450 560 670 780 890 1000 1120 
AUSeismic . end : 280 340 410 480 550 620 690 

, int i 550 690 830 960 1100 1240 1380 
I r110! AUSeismic : end . 330 420 500 580 670 750 830 

i i I int 1 670 830 10M) 1170 1330 1500 1670 



Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 
Speed & Snow Location Length (ft) 

110 All Seismic 

Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 
Speed Snow Location Length (ft) 
(mph) (PS~)  40 50 60 70 80 90 100 

Inland 80 .05-.30 0-100 end 90 120 140 160 190 210 240 
int 190 230 280__330 380 430 -470 ... 

.40 . 0-90 end 90 120 140 160 190 210 240 
int 190 230 280 330 380 430 470 . ... .- - 

100 end 100 120 lilO 170 190 220 .240 
int I90 240 '290, 340 r380: MO 680, 

. --..-... .- - - -- -- 
90 AllSeismic end 120 150 180 210 7.40 270 300 

int 240 300 360 430 490 550 610 ..... -p 

100 AllSeismic end 150 190 220 260 300 340 370 
. . int 300 ......................................................................... 370 450 520 600 670 750 

110 All~eismic end 180 230 270 320 360 410 450 
640 730 820 910 . .... int 360 450 540 ............................................... 

coastal 80 All Seismic end 100 130 160 180 210 240 260 
int 210?6P_ . .  3 1 0 .  370. 220 . ::?&!3P 

90 All Seismic end 130 170 200 230 270 330 
int 2 7 0  0 .  . Po0 . 4 1 ! ?  540 . . E P  670 ... 

l 0 d  AlISeismic end l?O 210 250 290 330 370 410 
int 330 410 5 0 0 .  580 . 6 6 0  740 8 3 0  

110 AllSeismc end 200 250 300 350 400 450 500 
. . . .  . . . ... int 400 500. , 6 0 0 ~  7 %  800 900 1000 

Note: All Seismic refers to all valuer of Aa and all magnifuder of ground snow load 
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Required Horizontal Anchorage - Ah - Transverse Direction (Ibsfft) 

Wind Seismic Ground 

320 360 410 450 
630 720 810 900 - 

Note: All Seisnuc ~ f c r s  to all valuer of h a n d  all IMgnxNdes of p u n d  snow load. 



Multi-Section C, E, I 

Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seisnnc Ground 
Speed & Snow Location 

310 390 470 550 630 710 790 

Width 

Note All Semmc refers to all values of Aa and all mammdes of ground snow load 



.? &;.; Requued Horizontal Anchorage - Ah - Transverse Direction (h / f t )  
,C:%.4 Multi-Section 
.. . 

:: -, Width Wind Seismic Ground . . . , . ,. . . . .p-z. . - Short Walls Speed 
(mph) 

! 1 Inland 

Aa Snow Location - 

.- 
.40 

)5-.30 
.40 

153 
.40 

- 
All S 
k 2 0  
3 0  

- 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end 
end . . 

90 end 
100 . end 

All Se~snuc end 
All Se~snuc end 

Note All Scrsrmc refers to all \uiuer "I 4 i  m d  dl maprudes of gound snow load 



Required Horizontal Anchorage - Ah - Transverse Direction (ibslft) 

90 end 450 560 670 780 880 990 1100 
100 end 480 600 720 830 950 1070 11% 

ruble connnues 

Note All Selsrmc refers to dl values of Aa and all maggmdes of p u n d  snow load 



Required HorizontaE Anchorage - Ah - Transverse Direction (Ibslfi) 

Wind Seismic Ground 
Speed & Snow Location Length (ft) 

Note: All Seisnuc refers to all values of Aa and all magmtudes of ground snow load. 



Required Horizontal Anchorage - Ah - Transverse Direction (Ibslft) 

Wind Seismic Ground 
Speed Aa Snow Location Length (ft) 

110 140 170 200 230 260 290 

290 370 440 520 590 660 740. i int . , .  . . : ' gF:;jlh 7 -  :250 1%: -230 .2@3 300 :m 370, 
int I 3M) ,380 35% :$30 $CQ-,. -= 1x50: ................... ... - 

100 end 360 200 %O 280: 320 360 ,400: 
.. . .................. 1~ --mt. 330.. 410. i180- j60-~ -&M. , 7 2 0 ~ ~ ~  

100 AllSeismic end 180 230 270 320 360 410 450 
540 640 730 820 910 .......................... I . intL ..... 369.. % @ . .  ......................... ................ 

110 AllSeismic end 220 270 330 380 440 490 550 
440 550 660 770 880 990 1100 . in! .:............... .......................................... 

Note: All Seismic refers to all values of Aa and dl rnagnirndes of ground snow load. 
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Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismc Ground 
1 Aa Snow Location Len& (ft) + - ~ - . .  
1 (psi7 40 50 60 70 80 90 100 
80i.05-.20.0-100; end 90 120 140 160 190 210 230 

int i 180 230 280 320 370 420 470 
i .30 0-60 1 end i 90 120 140 160 190 2 1 r 2 3 0  

Note. All Seismic refen to all values of Aa and all magrumder of ground snow load. 



Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 
Speed Snow Location 

int . 290 370 440 510 590 660 740 
150 180 220 260 290 330 370 
290 370 440 510 590 660 740 ;= 9 @ 370 
SM) && $5io: 396' 740 . 

no MO. 1980 ;m -630 <$$o 790' i n t i  . . 
180 220 270 310 360 400 450 

;?.&. . 

Width .<:.l~. 
Short Walls ,-f..-#.. .. . 

Note: All Seismc refen to all values of Aa and all magnitudes of ground snow load 



Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 
Speed Aa Snow Location Length (ft) 
(mph) (psfl 40 50 60 70 80 90 100 

Inland!801.05-.20 0-100 end : 80 110 130 150 170 190 210 
: I 

1- int : 170 210 260 3 0 0 3 4 0  380 430 
I .30 : 0-50 end : 80 110 130 150 170 190 210 

Note: All Seismic refers to ail values of Aa and dl rnqrutudes of ground snow load 



Required Horizontal Anchorage - Ah - Transverse Direction (Ibslft) 

Wind Seismic Ground 

. ~ ~ '"' . . -320. $9- '440 2fa ..... $30- i!?;(?.... 
90 .05-.30 0-i0d 7' end 120 150 180 210 240 270 300 
.......................... . . i ... i?K -%- 3!?--~?60 420---480 540~-~~-600 

table continues 

Note All Sewmc refen to all values of Aa and all magrumdes of ground snow load 



Required Horizontal Anchorage - Ah - Transverse Direction'(1bslft) 
Mti-Section .... . . Wind Seismc Ground 

Speed Aa Snow Location Length (ft) 
(mph) ( P S ~  40 50 60 70 80 90 100 

Coastal! 90: .40 0-60 . end 120 150 180 210 240 270 300 

- - 
Wind Seismic Ground 
Speed & Snow Location Len,m (ft) 
(mph) (psf) 40 50 60 70 80 90 100 

Inland i 80 .05-.20 0-100 end 110 120 140 150 
i 2 5 0  210 - .  280 310 

.30 110 120 140 150 
210 250 280 310 - . 
310 :lZO ;I40 1160 
220 '250 1280 310 -I.ig .~i56. -iTb 
1240 ,270 liW 340 .. -- -- ,.,, 

90 %30 130 '140 160 -180 

Ah 

int 150 189 -222 25P '292 320 36Q 
tabie connnues 

m 1 Required Horizontal Anchorage - Ah - Transverse Direction (Ibslftl 

Note All Selsnuc refers to all values of Aa and all maggrudes of p u n d  snow load 



Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 
Speed & Snow Location 

80 100 120 140 160 180 200 
160 200 240 228 320 360 400 -- - - 

200 250 3 350 400 440 490 

240 300 360 420 480 540 600 
70 90 100 120 140 150 170 

140 170 210 240 280 310 340 

70 90 100 120 140 150 170 

int 140 180 .iyo. 210 ZO . ,280.. -310.. 350; 
70 end 80 130 .150 170 190 

190 :230 . 270 310 340 380 'nt '6% ~ 

80 end 80- 110 130 1.50 170 190 ,210 
inr 170 2 1 0  250 290 3% .,,,. 370, 410 

90 end 90 110, 
'' 

16d 180 :ZOO 220 
in1 ,.&. 180 DO 1270.. 320. 3m 400 450 

100 end 170 .19d 2 ~ )  240~ 
in1 2wI w. 290. w: 390.. -430. 480 

Multi-Section C,rE,I 
:.:..: , .. ..:. 

Width Zq:,.. 
-, <&>;:-:; , Short Walls . .  . , 

table conzmues 

Note All Se~smc refers ro all values of Aa and all magmmdes of ground snow load 



Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 
Speed & Snow Location 

Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 
Speed A Snow Location Len& (ft) 
(mph) (PSO 40 50 60 70 80 90 100 

Inland / 80 j .05-.20i 0-100 end 50 70 80 100 110 120 140 
, L :  i int i 110 140 160 190 220 250 280 
/ i .30 : 0-60 end 1 50 70 80 -100 110 120 140 

Note All Semmc refen to all values of Aa and all magrutudes of ground snow load. 



Note: All Seismic refen to all values of Aa and dl magnitudes of p u n d  snow load 

B-77 



Width 

I Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

I Wind Seismic Ground 
Speed A Snow Location Length (ft) 1 b p h )  (PS~) 40 50 60 70 80 90 100 

Coastal I 90 I .05-.30 0-100 end 80 100 120 140 160 180 200 
240 280 320 350 390 
120 140 160 18- 
240 280 320 350 390 - -- -- - .:$a i s 0  ,xm 'g@Q 
;s $ :  b& s o .  y-. 

Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 
Speed Aa Snow Location kngth  (ft) 
(mph) (PS~) 40 50 60 70 80 90 100 

Inland ' 80 , 05-.20: 0-100 i end 1 50 60 80 90 100 110 130 I ;. 
i int 100 130 150 180 200 230 260 / .30 j 0-50 : end -: 50 60 80 90 100 110 130 ! ! int 130 150 180 200 230 260 100 -. -. -- ..-........... . ... 
i i ; 60 . end 0 so '30 '$00 X O  $30 1 : int 100 IJO -50 280 '210~- .26@ 

. -. - 
: 70 : end : .:@ 3 0  PO- 300 jlf0. 330 W3 I I  ! 

: 110,.~.Z%O 370 ZWs~O_,-~%!3 
: 80 . end . M). -80 90  %lo :320 Cp3 :I50 

i - int i ;1U)- -. 290 -" -220 250 ;280 3@ / : 90 . end :70 40 .I00 120 330 :I50 :i70 
int : 130 870 '200 ,230 .uU i300 . S O  L ........... *- . I I i 100 end 1 . 7 0  90 0 130 340 -160 -I80 * .  

i I ..................... L _ ~ 1 5 0  jr@. 2 4 0  .2fiit W i320 1360 
40 0 4 0 ;  end . 50 60 80 90 100 110 130 

........... ............................ ............... . ...... 100 130 150 180 200 230 260 
50 : end . -60 :80 tW) %I0 ' 120. ,140 :la 

int :IF ,::@ , ,  Tl?O 1 2 0 ,  ,.-go ,280 i310 .............................. ~. 
i I 1 60 end j ;p 9 0  ::I00 120 '140 '150 ,170 
j I int : 140 170 210 240 270 310 .W 

.... ..--" . . -- 
I j i : 70 end ; . !SO 1.100 :I10 -130 -is0 170 m- 

....................... ....... 1 1 : int - : IS0 !I90 .!230 . 260 . ,300 ;340 370 
i 1 80 end : "80 100 320 340 3-60 60180 UX) 

1 ; ..... .-96 ~r i int .~nd..:...~~5 170 ..ii.5 1210 % 0  . ..... :290 330 ..lOO :370 ...~.m -410 ~ ! 
i 1 
8 :  

....................... .... I ------ int 1180 ,220 310 . ::350 400 ,440 
i j 100 1 end , 1100 ;I20 ;I40 170 :I90 1210 '240 
I i iut ' 394, Z O .  330. :38_0 :430 $70 ............................................. 

table conrinues 

Note: All Seismic refen to all valuer of Aa and all magnirudes of ground snow load. 
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lnt 190 240 290 340 390 440 490 
110 AllSeismc end 120 150 180 210 240 260 290 

I ~ n t  240 290 350 410 470 5 3 0 - 3  



Required Horizontal Anchorage - Ah - Transverse Direction (Ibslft) 

Wind Seismic Ground 
Speed & Snow Location 

160 200 230 260 

80 100 120 140 160 180 200 
160 200 240 280 320 360 400 
80 100 120 140 160 180 200 

Width 

150 180.. . :PO. .a;. 290 3-20 ,350. 

Note: All Seismic refers to all values of Aa and all magnitudes of ground snow load. 



Multi-Section 
Required Horizontal Anchorage - Ah - Transverse Direction (lbslft) 

Wind Seismic Ground 
Speed Aa Snow Location 

.40 0-60 end 70 90 110 130 140 160 180 

380 -. 430 , - - c O  
.05-.30 0-100 180 200 220 

360 400 2 
.4 180 200 220 

int 180 .'eO 270 . 3 1 0  360 , 400 450 
100 end 100 ,120 140 170 19b ,210 

int. 190 3 0  :290 , 330 ~3.80 ,1430 470 
10 AllSeismic ' end 110 140 160 190 220 240 270 

in' . 220 2 7 0  -320 380 . . 430 ,490 540 

Note: All Seismic refen to all values of Aa and all mapituder of ground snow load. 



Part 4 
Required Horizontal Anchorage - Ah - Longitudinal Direction 

Single-Section C, E, I 

Required Horizontal Anchorage - Ah - Longitudinal Direction (lbdft) 

Seismic Ground Wind 
Snow Speed 
(psfj (mph) 40 50 60 70 80 90 loo 

.05-.lo 0-100 Mand 80 34 27 23 20 17 15 14 

- 110 71 57 48 41 36 - 32 - 29 
.15 0-40 Inland 80 34 27 23 20 17 17 -17 

I 90 43 35 29 25 22 19 17 

j 100 54 

L 1'0- 65 
Coastal 80 38 
I 
I 90 48 

100 59 

I 100 54 

I 110 65 
I Coastal 80 40 

I 
90 48 

100 59 
110 71 

70 Inland 80-90 43 
100 54 

I 

1 110 65 1 Coastal 80 43 
90 48 

Width 



Required Horizontal Anchorage - Ah - Longitudinal Direction (Ibslft) 

Width Seismic Ground Wind Length 
& 

fable continues 
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Required Horizontal Anchorage - Ah - Longitudinal Direction (lbslft) 

Seismic Ground Wind 
& Snow Speed 

-. j 
.. I , ... . !!9i 71.- :%.. 3 - 4 5  45 
50 ' AllWind , , :  , . 99  9 5  95 "94 -94- 94 . .............. 4~ -~~~ ~ - -- . -- . - - . 
60 1 . . ..All.Wint. . j  106; . . W 104 1 %  103 . ~ 

70 1 AII Wind : 11s ,115: : ~ 4  -114' 3 i 3  $ 3  i z x  ...... ~.~ +~~~ ~ .~ ~ m : - - 3-53: 
. 8% 1 a l l  wind . . i - .-A -- - -- 

90 1 All Wind i 1.35. 134: 133 133- 133 j 3 3  '132 
~~ -~~ ~ ...,. ... .... ... ........... 
100 i AnE!%! . . 144 :!g! '43- 143.. 242 142 142 . ~~ 



Required Horizontal Anchorage - Ah - Longitudinal Direction (Ibsfft) 

Seismic Ground Wind Length 
Aa Snow - Speed (ft) 

(~s f f  (&h) 40 50 60 70 80 90 100 
.05-.10 0-100 Inland 80 41 33 27 23 20 18 16 

110 77 62 52 44 39 34 31 
Coastal 80 45 36 30 26 23 20 18 

110; 85 68 57,-- 49 43 38 34 
.15 ; 0-40 i Inland 80: 41 33 27 23 20 @-9- 

90; 52 41 35 30 26 23 21 

110 77 62 52 44 
Coastal 80 45 36 30 26 

table continues 



Required Horizontal Anchorage - Ah - Longitudinal Direction (Ibdft) 

Seismic Ground Wind 
& Snow Speed 

Length 
(ft) 





Required Horizontal Anchorage - Ah - Longitudinal Direction (lbslft) 

Seismic Ground Wind Length 
Snow Speed 

90 60 48 40 34 30 27 24 
1 0 0  74 59 49 42 37 33 30 
110- 89 72 60 51 45 40 36 
80 52 42 35 30 26 23 21 
90 66 53 44 38 33 29 26 

100 82 65 54 47 41 36 33 
110 99 79 66 56 49 44 39 -- 
80 47 38 32 27 24 31.: 21 

i 90 60 48 40 34 30 27 24 
I 100 74 59 49 42 37 33 30 
! 110 89 72 60 51 45 40 36 
!Coastal 80 52 42 35 30 26 23 %I,: 

-- 
i Inland 
i 

110 -- . 
' Coastal 80 

70 I Inland 

Coastal 

82 65 5 6  55 55 55 
99 ! ?  6 . . .  5 %  55 .... 3 5  55. 

rabie continues 



. . . . . . . .  ., ,,. ;:*. -.z 
: ........ 0 I Required Horiz.onta.1 Anchorage - Ah - Longitudinal Direction (Ibslft) I"". Single-Section I 
. ,;:,;%&a,..: ~, .~ .. Seismic Ground Wind Width ........ Aa Snow - S ~ e e d  



Required Horizontal Anchorage - Ah - Longitudinal Direction (Ibslft) 

Seismic Ground Wind Length 
Snow Width 

43, &; 45; 100 74 59 49 _43 ,~., . 1 1;:: 7 2  60 51 45 "": 
--+ 

Coastal SO i 52 44 43 43 '43: 2 ~ 3 2 ~  
53 44 43 -43 m. 



Multi-Section C, E, I 

Required Horizontal Anchorage - Ah - Longitudinal Direction (Ibslft) 

Width Seismic Ground Wind Length 
& Snzu Speed (ft) 

k- (mph) 40 50 60 70 80 90 100 
3-1, Inland 80 82 66 55 47 41 37 33 

110 156 125 104 89 78 69 62 
Coastal 80 91 73 61 52 45 40 36 

110 172 137 114 - 98 86 7 6 - 6 9  
0-40 Inland 80 82 66 55 47 41 37 33 

110 156 125 104 89.- 78 69 62 
Coastal 80 91 73 61 52 45 40 36 



Required Horizontal Anchorage - Ah - Longitudinal Direction (Ibslft) + :.:a :.?. 

. 
Mul&Section :&& 3. 

Seismic Ground Wind Length 
.??. ..J' 

Width Aa Snow Speed 

I 90 104 83 70 60 52 46 -43i 
100 129 103 86 74 64 57 51' ~ 110 156 125 104 89 78 69 62 . - 

Coastal 80: 91 73 61 52 45 &3: 43' 
90' 115 92 77 66 57 51 46 

I 100 142 114 95 81 71 63 57 
i 5.0 .... .Inland - ~~. 110. , 172 94 137 79,f. .. 114 gj -. ;9:: 98 

I 
I go1 104 3 32 
i 
i 100, 129 103 i93 32 
I 
1 . . .. ..... .... . 110. s o  156 . 125 +i3r ~ i& .33.,r... z92: 92. ~~ 

1 Coastal . . 

90; 115 -93; 93 ;92 
j 100: 142 114 95 -% 
i 110 172 137 114 98 60 jInland. . .g61 9.0.i ;iGx 'iiri. ~~~:Ifo,i'. 
i 100 129 .?03i ,303 :%02, 

110 156 125, 104 X02 1 . . . . . ~ ._ 
!Coastal 80, 104; :.TO3 ,+i@$- :&- 

1 90. 115 :l@ .103' 1B2 
100 142 114 303 . . ~ 2 :  
1!0. 172 137. ,114 302; 

table continues 



Required Horizontal Anchorage - Ah - Longitudinal Direction (lbslft) 

Seismic Ground Wind Len,* 
Aa Snow Speed (ft) 

110 156 125 104 .- 
coastal 80 91 73 67 

90 115 92 77 



Required Horizontal Anchorage - Ah - Longitudinal Direction (lbslft) 

Seismic Ground Wind 

Required Horizontal Anchorage 

Seismic Ground Wind 
Aa Snow S~eed  

110 189 151 126 108 94 84 76 
ICoastal 80 110 88 73 63 55 49 44 

110: 208 167 139 119 104 93 83 1 -  . . ~  ~ ~ ....... ................. ~~- ~ 

rable continues 



Required Horizontal Anchorage - Ah - Longitudinal Direction (Ibdft) 

Seismic Ground Wind 
Aa Snow Speed 



Required Horizontal Anchorage - Ah - Longitudinal Direction (Ibslft) 

Seismic Ground Wind 
Aa Snow - Speed 

Length 
(ft) 

ruble conrinues 



Required Horizontal Anchorage - Ah - Longitudinal Direction (lbslft) 
Multi-Section 

Seismic Ground Wind Length 
Aa - Snow Sneed 

~ - . ~  

110 208 ,167 , 1 3 9  '119 1 0 4  
~ ~ ~ .~ ..... 

50 ~ ~ ~ All -~~~ Wind ~~ 2 l j  $215 214 2i3 :iiZ ", 

60 : AllWind i, -240 ::237 :236 235 -234 
~ ............. .... ~ 

70 : All Wind : 262 260 :259 258 237 
~~~ - -. 
80 ........... . All Wind ..... ..... : , . .. :283 281 2 8 0  ,280 
90 . Allwind 307 305' '':a 303 i302 .~ ...... ~ ---- 
100 : ~~~ All Wind ~~ ........ ...... i . i330 -. .... 328 ~ ,327 .326 :325 



Required Horizontal Anchorage - Ah - Longitudinal Direction (Ibslft) 

S e ~ s m ~ c  Ground Wind Length 
Aa Snow - Speed (ft) 

90 148 118 99 85 74 66 59 
100 183 146 122 104 91 81 73 
110 221 177 147 126 111 98 88 
80 129 103 86 74 64 57 52 
90 163 131 109 93 82 73 65 

100 202 161 134 115 101 90 81 
110 244 195 163 139 122 108 98_ 

.I5 0-40 /Inland 80 117 94 78 67 58 52 47 
90 148 118 99 85 74 66 59 

100 183 146 122 104 91 81 73 
110 221 177 147 126 111 98 88 
80 129 103 86 74 64 57 52 
90 163 131 109 93 82 73 65 

I 100 202 161 134 115 101 90 81 
I 110i- 244 195 163 139 122 108 -- -- 98 1 Inland 8 0  117 94 .91 r9D, 9 0  ,w. %9 

1 9 0  148 118 99 &i % '90: $9 
i I00 183 146 122 f04 91 ; :89 



.. .: .. '';?.&& . ., ' , 
. , .. m I Required Horizontal Anchorage - Ah - Longitudinal Direction (Ibslft) 

110 221 177 147 126 111 98 -- 88 
coastal 80 129 103 86 74 61 57 54 

table continues 



Required Horizontal Anchorage - Ah - Longitudinal Direction (lbslft) .i:&,, .., .. 

Seismic Ground Wind Length Width . + s ~ a  Aa Snow : .. S ~ e e d  

i 110 221 177 147 126 111 98 88 
~ ~~. ~~ ~~~ - 

I Coastal 8 0  1 2 9  103 86 .83 83 82 82 

I 100 202 182 181 180 180 '179 179 
i ... 1 lo. 244. 195 . : lgQL 180 . I79 129. 

table continues 





APPENDIX C 
FOUNDATION CAPACITIES TABLES 

C-100. USE OF FOUNDATION 
CAPACITIES TABLES. 

C-100.1. GENERAL. The Foundation Ca- 
pacities Tables provide foundation design ca- 
pacities and dimensions for three conditions of 
foundation design. 

A. Withdrawal Resistance. The ability 
of a foundation wall or pier plus its respective 
footing to resist uplift and overturning. See 
Tables C-1 & C-2. 

B. Vertical Anchor Capacity. The re- 
quired size and spacing of anchors to tie the 
superstructure to the foundation to meet the 
required uplift or overturning in the transverse 
direction. See Tables C-3 & C-4 (a & b). 

C. Horizontal Anchor Capacity. The 
required size and spacing of anchors to tie the 
superstructure to the foundation to resist sliding 
in the transverse and longitudinal directions - 
Horizontal Anchor Capacity Table, Table C-5. 

C-100.2. CONNECTIONS of the foundation 
to the manufactured home is dependent on the 
rated capacity of the manufacturer's connection 
designs. 

C-200. WITHDRAWAL RESIS- 
TANCE CAPACITY TABLES. There 
are two tables providing the withdrawal resis- 
tance (uplift and overturning) for different de- 
signs of foundation walls and piers on spread 
footings at different depths. 

C-200.1. LONGITUDINAL FOUNDATION 
WALLS. The "Withdrawal Resistance for 
Longitudinal Foundation Walls - Table C-1" is 
used for manufactured homes anchored to 
longitudinal foundation walls, specifically sys- 
tem type E. The table provides a footing wldth 
and depth below grade to prevent uplift. 

Example: Determine the withdrawal resistance 
of a 6" reinforced concrete wall with a height 
(hw) of 3'- 4" and with a 6"x16" footing. Re- 
peat for a 6"CMU wall grouted solid, then 
grouted at 48" o.c., and lastly for an all-weather 
wood foundation. 

Solution: Start with the coixrete wall: 
wall weight: (0.5')x(3.33')~150 pcf = 250 plf; 
reinforced concrete footing weight: 
@Y'xiC+i44in.sq.isq.ft.)xiSOpcf = IOU plf; 
rectangular soil wedge wt: (3.33'-l')x((16"x 
6")+(2"~12"))~120pcf = 116 plf. The total 
withdrawal resistance is the sum of the wall, 
footing and soil block weight, which is 
250+100+116 = 466 plf. This matches the ta- 
bled value. The solid grouted CMU wall: wall 
wt.: (3.33')~ (63 psf) = 210 plf, 16" footing and 
5" soil wedge calculations are the same as 
above. The total withdrawal is the sum = 210 + 
100 + 116 = 426 plf, just as found in the Table. 
The partially grouted CMU wall: wall wt.: 
(3.33)~(45psf) = 150 plf, 16" footing and 5" 
soil wedge are the same. The total withdrawal 
is the sum = 150+100+116 = 366 plf, just as 
found in the table. Lastly, for the all-weather 
wood foundation: wood stud wall wt.: Yx6" 
plate = 2.1 plf; (3)-Yx4" plates = 3x1.3 plf = 
3.9 plf; 2"x4"@ 16" O.C. = 1.0 psf x 3.33' = 



3.33plf; 112"plywood = 1.5psf x 3.33' = 5.0 
plf. Wood sum = 2.1+3.9+3.33+5.0 = 14.3 plf; 
footing weight is the same as caculated before. 
Soil weight is based on a 6" wide wedge: 
(3.33')x(l6-4)+(2xl2)xpcf = 140 plf. Total 
withdrawal = 14.3+100+140 = 254 plf, just as 
in the Table. 

C-200.2. PIER FOUNDATIONS. The 
"Withdrawal Resistance for Piers - Table C-2" 
is used for manufactured homes anchored to 
piers; specifically system Types C, I, and Type 
E when interior piers are used for anchorage. 
This table also applies to the concrete tie-down 
block for type C1 foundations. 

Example: Determine the withdrawal resistance 
of a 3 foot square footing with an S"x16" solid 
grouted CMU pier of a height (hp) of 3'-4". 
Grade exists 12 inches down from the top of 
the pier. 

Solution: Assume the following material 
weights: 8"CMLT = 84 psf; soil = 120 pcf; and 
concrete = 150 pcf. Pier weight = (84psf) x 
(16112) x (3.33') = 373 lbs. Footing weight = 

(150pcf)x(8/12)~(3'~3') = 900 lbs. Assume 
footing perimeter creates a conservative shear 
plane. Soil above footing also counted to resist 
withdrawal. Soil Weight = (120pcf)x(3.33'- 
1 ' ) ~ ( 3 ~  - (8)x(16)1144) = 2267 lbs. Total with- 
drawal resistance is the sum of the pier + 
footing + soil = 3541 lbs. This magnitude 
matches the value found m the Table C-2. 

C-200.3. FOOTING DEPTH. The bottom of 
the footings must be below the maximum frost 
depth for the area where the home is located. 

Example: The average depth of frost penetra- 
tion is 35 inches. Assume that the required 
footing depth to resist withdrawal (Av) is 

hw = 2 feet. The depth of the base of the foot- 
ing is 24"-12"+6"=18". This is less than 35". 
The depth of hw must be increased to 41" in 
order for the base of the footing to be at 35"-- 
the required depth to prevent frost damage & 
also satisfy withdrawal requirements (41"- 
12"+6"=35"). 

C-300. VERTICAL ANCHOR CA- 
PACITY TABLES provide the required 
anchor and reinforcing size and spacing to tie 
the superstructure to the foundation wall or 
piers. As in section C-200.1 above, there are 
two Vertical Anchorage Capacity Tables, one 
for longitudinal foundation walls and one for 
piers. 

C-300.1. PIERS. The "Vertical Anchor Ca- 
pacity for Piers - Table C-3" is used for manu- 
factured homes anchored to piers to prevent 
uplift specifically system Types C, I, and Type 
E when interior piers are used for anchorage 
(multi-section E's). 

Example: Anchor bolts are assumed to be made 
from A36 rod stock and of embedment length 
sufficient to fully develop the allowable tensile 
capacity (0.6xFY) of the diameter of rod used. A 
112"diameter anchor bolt has the following ca- 
pacity: (0.6x36,000psi)x(~ x 0.5'14) = 4,240 
psi, as noted in the Table. The capacity of any 
substituted grade of steel can easily be calcu- 
lated if the yield point and diameter are known. 

C-300.2. LONGITUDINAL CON- 
CRETElMASONRY FOUNDATION 
WALLS. The "Vertical Anchorage Capacity 
for Longitudinal Foundation Walls - Table C-- 
4A" is used for manufactured homes anchored 
to a continuous Reinforced concrete or rein- 
forced concrete masonry foundation wall, spe- 
cifically system Type E. 



Example: Determine the anchorage capacity per 
foot of foundation wall if 112" diameter anchor 
bolts are spaced 3 ' 4  O.C. and attach to a con- 
tinuous treated wood mud sill 1-112" thick. 
Standard washers are used under the nut and 
bear into the mud sill perpendicular to grain. 

Solution: Determine the bearing area of a stan- 
dard washer with O.D. = 1.375" and LD. = 
0.5625": Abrg = TC x (1.375~ - 0.5625') 1 4 = 
1.237 '" . The'capacity in bearing multiplied 
by a bearing area factor Cb = 1.25. Thus, the 
bearing capacity = 1.237 x 1.25 x 565 psi = 
873 1bs.I bolt. The capacity for a given spacing 
of bolts is found by division of that spacing. 
Thus, for a 3'4" bolt spacing: 873 + 3.33' = 
262 plf, which is the same as in the Table. 

Use of an oversized washer (for a 518" dia. 
bolt) produces a larger capacity per bolt. The 
O.D. = 1.75" and the I.D. = 0.6875", thus the 
net bearing area : Abrg = JC x (1 .752 - 0.6875~) t 
4 = 2.03Sq " . The vertical anchor capacity at 
the same same spacing = 2.03 x 1.25 x 565 psi 
+ 3.33' = 43 1 plf, which is the same as in the 
Table. 

C-300.3. LONGITUDINAL TREATED 
WOOD FOUNDATION WALLS. The 
"Vertical Anchorage Capacity for Longitudinal 
Foundation Walls - Table C-4B" is used for 
manufactured homes anchored to a continuous 
treated wood foundation wall, specifically sys- 
tem Type E. Vertical anchorage capacities are 
based on the use of standard washers over 112" 
dia. bolts. Plywood thickness, nail size and 
spacmg are selected so as to provide equal or 
greater capacity than the standard washer in 
bearing. The APA Plywood D~aphragm Guide 
was used to select plywood, and nailing re- 
quirements for the Table. 

Example: A 112" dia. bolt spaced at 3'-4" O.C. 
provides a vertical anchor capacity of 262 
1bs.Ift. This is the same capacity as  found in 
Table C-4A for a standard washer in bearing, 
and its calculation is illustrated above. The 
APA Table - Recommended Shear for Hori- 
zontal APA Panel Diaphrapms requires for a 
shear of 320 plf > 262 plf: 8d COM nails @ 4" 
O.C. and uses 318" APA rated sheathing. 

C-400. HORIZONTAL ANCHOR 
CAPACITY TABLES FOR TRANS- 
VERSE AND LONGITUDINAL 
FOUNDATION WALLS (Table C-5A 
& C-5B) are used for all types of manufactured 
homes: homes on continuous foundations - 
Type E; homes on piers - Types C and I. 

C-400.1. ASSUMPTIONS. Along with the 
notes at the bottom of the tables the following 
assumptions are made: 

A. The hoiizoiitd didiiig forces ;~rs ie- 
sisted totally by transverse foundation shear 
walls in the transverse direction and by longi- 
tudinal foundation shear walls in the longitudi- 
nal direction. An appropriate number of verti- 
cal X-bracing planes can be substituted for 
shear walls to resist sliding in the transverse or 
longitudinal direction. See sections 602-5.G 
and 602-6.F. 

B. The rooflceiling and floor of the su- 
perstructure are adequate as diaphragms, trans- 
femng wind load to the transverse and longi- 
tudinal foundation shear walls. 

C. A home supported by piers does not 
provide adequate horizontal sliding resistance 
unless the piers and footings have been engi- 
neered to withstand lateral loads. 



C-400.2. TABLES FOR HORIZONTAL 
ANCHOR CAPACITY. There are two Tables 
(C-5A & C-5B) for the Horizontal Anchor Ca- 
pacity for Transverse or Longitudinal Walls. 

A. Concrete or Masonry Walls. Table 
C-5A is based on the capacity of the anchor 
bolt in a properly designed concrete or masonry 
foundation system. Horizontal shear capacity 
for a specific spacing of anchor bolts is based 
on bearing of the anchor bolt against concrete 
or grout: Fbrg = 0.35 x f,' = 0.35 x 2500psi = 
875psi. 

Example: Horizontal capacity per anchor bolt 
bearing = 875 psi x 112" dia. x 4" min. embed. 
= 1750 lbholt, rounded to 1800 lbholt. (Note: 
shear of the bolt did not control since it calcu- 
lated to be 2830 lbholt, assuming A36 rod 
stock). Thus for 3 foot spacing: 1800 + 3' = 
600 plf, as shown in the Table. 

B. Wood Foundation Walls. Ta- 
ble C-5B is based on the capacity of the anchor 
connection to a treated wood wall which is at- 
tached to a concrete footing. Horizontal shear 

capacity is controlled by bearing of wood paral- 
lel to grain against the anchor bolt, and then the 
spacing of those bolts. A 1600 psi end grain 
bearing allowable stress was assumed, since it 
would cover most typical species. Thus, the 
capacity per bolt = 112" dia. x 1.5" x 1600 psi = 
1200 lb. The APA Plywood Diaphragm Guide 
was used to select plywood, and nailing re- 
quirements for the Table. 

Example: For a 112" dia. bolt spaced at 3'- 4", 
the horizontal capacity is: 1200 lb. + 3.33' = 
360 plf as shown in the Table. The APA Table 
- Recommended Shear for Horizontal APA 
Panel Diaphrapms requires for a shear of 360 
plf: 8d COM nails @ 4" O.C. and uses 15/32'' 
APA rated sheathing, just as shown in the Ta- 
ble. 

C. Anchorage For Diagonal Steel 
Members To Complete Transverse Founda- 
tion Walls Used As Shear Walls. The number 
of anchor bolts required to anchor the diagonal 
steel members to the foundation wall can be 
found by dividing the capacity value for a bolt 
spaced at 12 inches into the required Ah. 



Table C-1 
Withdrawal ~esistance' 

Longitudinal Continuous ~oundations~' 
(In pounds per linear foot of wall) 

0- Required Av 

Assumed Soil 
Shear Plane - $ 

Resisting Force 

Reinforcement 
t IIIE and Anchor Bolts 
c/ . See Table C-3 2 x 4 Stud Wail 

ll=Ill 
j', Ill 

-.-& 

Below Fmst 
12" or 1 6  Line - Min. 12" 

Reinforced Concrete All-Weather-Wood on 
or Grouted Masonry Concrete or Gravel 

' Potential resistance to withdrawal is the maximum uplift resistance which can he provided by the foundations show. It 
is computed by adding the weights of building materials and soil over the top of the footing, plus the footing weight. 
To fuUy develop this potential, adequate connections to the footing and superstructure must be provided. Material 
weights used: concrete (nlwt) = 150 psf; 6"solid grouted CMU = 63 psE 6 CMU grouted @ 48"o.c. = 45psf; grout u;t 
assumed = 140 pcf; CMU units nlwt; wood = 35 pcf; soil = 120 pcf. 

2 Foundations must be designed for bearing pressure, gravity loads, and uplift loads in addition to meeting the anchorage 
requirements tabulated in the Foundation Design Tables. 
Values shown in this table could be increased by widening the footing, provided the system is designed for the 
increased load, or by a more detailed analysis of the shearing strength of the soil overburden. 



Table C-2 
~ithdrawal' Resistance For 

(In pounds per pier) 

I HP 

4'-gV 1 607 1 2292 1 4994 1 8911 1 I . 
' Potential resistance to withdrawal is the maximum uplift resistance 

l\rwt e-- Resisting Force' 
which can be provided by the foundations shown. It is computed by 
adding the weights of building materials and soil over the top of the 
footing, plus the footing weight. To fully develop this potential, adequate connections to the footing and superstructure 
must be provided. Material weights used: concrete (nlwt) = 150 psf; nlwt 8"CMU = 84 psf grouted solid; grout (nlwt) 
= 140 pcf; soil = 120 pcf. 
Foundations must be designed for lateral soil pressure, bearing pressure, gravity loiids, and uplift loads, in addition to 
meeting the anchorage requirements tabulated in the Foundation Design Tables. The bottom of the footing must also 
be below the maximum depth of frost penetration. 
Values shown in this table could be increased by widening the footing, providing the wali system is designed for the 
increased load, or by a more detailed analysis of the shear strength of the soil overburden. 

4 Assumes 8" x 8" pier for the 1'4" square footing, and 16" x 16" pier for the 4'4" square footing. 

Width of Square Footing: Wf 

Depth 

2'4" 
~'-8" 
3'4" 
4'4" 

Table C-3 
Vertical Anchor Capacity For ~ i e r s " ~  

(In pounds) 

279 
361 
442 
525 

2'-0" 

997 
1322 
1643 
1967 

Required Av 

Anchor Bolt 

Lap Splice 

Anchor 
Bolt Dia. 

112" 
518" 

Remforclng 
Bar In Both 

Table C-3A Cells 

Anchor Vertical Minimum "Clear 

Bolt Dia. Lap Splice #4 Rebar At 
10" Each Way 

112" 
518" # 5 20" 7" 

' The vemcal anchor capaclty 1s based upon the working capacity of ASTM A-36 rod stock anchor bolts in 2500 psi 
concrete or grout. To fully develop this capacity, anchor bolts must be properly lapped with the pier's vertlcal 
reinforcement. 
The capacity is based on f, = 2500 psi; F, = 36,000 psi. 

3'4y 

2097 
2824 
3541 
4267 

Capacity Per Number Of Bolts 

1 

4240 
6620 

4'-p4 

3755 
5049 
6325 
7617 

2 

8480 
13240 

8" x 16" CMU 
Grouted Full 

9 



Table C-4A 
Vertical Anchor Capacity For Longitudinal Foundation wall' 

(In pounds per linear foot of wall) 

tci- Required Av 

*- - . . (2) a Continuous 

1 12" 1 
Concrete or Masonry Wall 

I Vertical capacity5 I Required An, - 
1bs.lft. I 

' Compare with required Av for Type E units. 
Values are based on vertical capacity per foot of wall. 
Assuming 1 112" thick sill plate, 314" edge distance for wood or composite nailer plates or 20 diameter end distance for 
plywood sheathing; APA rated, properly seasoned wood; Group IU woods, not permanently loaded, and a 25% len,d 
of bearing factor increase. 

4 It is assumed that a reinforcing bar of the same diameter and spacing as the anchor is adequately embedded in the 
footing and lapped with the anchor. 
Spacing and capacity is based on allowable compression of wood perpendicular to grain for F, = 565 psi and washer as 
define below: 

Standard washer: 1 318" O.D. and 0.5625" LD. washer (for 112" C$ bolt) 
Over-sized washer: 1 314" O.D. and 0.6875" LD. washer (for 518" @ bolt)  laced 

under the standard washer. 

Standard 
Washer 

146 
1 64 
187 
218 
262 
327 
437 

Over-Sized 
Washer 

239 
270 
307 
359 
43 1 
538 
718 

Anchor Bolt 

112" 
5'4" 
4 ' - r  
4'4" 
3'4" 
2 ' - p  
2'4y 

~ e b d  

# 4 

~ p a c i n ~ ~  

6'-0"1l?;lr_. 



Table C-4B 
Vertical Anchor Capacity For Longitudinal Foundation 

(In pounds per linear foot of wall) 

Required Av 

Anchor Bolt 

Treated Wood Wall 

I I I I 

. . 
In the case of a treated wood foundation wall, the wood wall and its connections must be designed to transfer the 
anchor load to a concrete footing. This table does not apply to treated wood. foundation walls on gravel bases. 
Values are based on veaical capacity per foot of wall. 

4 Assuming 1 1/72' thick sill plate, 314" edge distance for wood or composite nailer plates or 20 diameter end distance for 
plywood sheathing; M A  rated, properly seasoned wood; Group III woods, not permanently loaded, and a 25% length 

Vertical 
Capacity Required  aili in^^. Min. Plywood Required Anchorage2. 
1bs.Ift. (Edge Spacing, in.) Thickness 

Standard 
Washer I4 146 6d @ 6" O.C. 318" Diameter 6'-0"max. 

of bearing factor increase. 
' Nailing schedule in this table is intended to secure the superstructure to the foundation only, and not to provide 

1 64 
187 
218 
262 
327 
437 
*** 

required edge fastenmg for plywood siding or sheathing. 
Spacing and capacity is based on allowable compression of wood perpendicular to grain for F, = 565 psi and standard 
washer = 1 318" O.D. and 9/16' LD. washer (for 112" $bolt). 

5 ' 4 '  
4'43" 
4'4y 

8d @ 4" O.C. 3 '4 '  
8d @ 4" O.C. 2'-8" 

10d @ 2 112" O.C. 2'4" 

*** For requued Av greater than 437 lbs.lft., conslder using a different foundauon material or utilize an 
engineered design with a higher capacity. 

' Compare with repuired Av for Type E un~ts. 



Table C-5A 
Horizontal Anchor Capacity For Transverse or Longitudinal Shear walls1 

(In pounds per foot of wall) 

*** 

[ See Table C-3A For Rebar Details 1 
I I I 

*** For required Ah greater than 1800 ibs./ft., consider us- 
ing an engineered design with a higher capacity. Treated wood 

.---, Concrete or Masonry 

Table C-5B 

reated Wood 

Horizontal 
capacity2 

lbs./ft. 

300 
360 
449 
600 

. . 3-#4 
O W  t & b  

Pier Footing Used Wfi X-Bracing 

--..----------- 

Concrete or Masonry 

Horizontal Required Anchorage5 
capacity2 

Required ~ a i l i n g ~ . '  
(Edge Spaclng, in.) 

Ibs./ft. Anchor Bolt4 Rebar 
300 112" 
600 
675 
900 
1350 
1800 

Min. ~ l y ~ o o d ~  Required Anchorage 
Nailer Thickness Anchor 

~ o i t  spacing7 
Diameter 

7/16" 112" 4'4" max. 
15/32" I 3'4" 
15/32" 2'-gn 
19/32" 2'4y 

6 
. 

72" O.C. max. 
36" O.C. 

32" O.C. 
24" O.C. 
16" O.C. 

12" O.C. 

' Compare capacity w~th requ~red Ah in transverse or longitudinal direction . - 
Values are based on horizontal load per foot of wall. Select Ah for pier spacing of 4 feet for use with this table. 
Assuming 1 112" thick sill plate. 314" edge distance for wood or composite nailer plates or 20 diameter end distance for 
plywood sheathing; APA rated. properly seasoned wood; Group Ill woods, not permanently loaded. 
Nailing schedule in this table 1s intended to secure the superstructure to the foundation only, and not to provide 
required edge fastening for plyu ood siding or sheathing. 

' It is assumed that a reinforcing bar of the same diameter as the anchor is adequately embedded in the footing and 
lapped with the anchor. In the case of a treated wood foundation wall, the wood wall and its connections must be 
designed to transfer the anchor load lo a concrete footing. This table does not apply to treated wood foundation walls 
on gravel bases. 
Spacing based on bearins capacit! of bolt against concretelgrout 

' Spacing based on capacily of anchor bolt in bearing against the wood plate. (see also #5.)  





APPENDIX D 
DERIVATION OF FOUNDATION DESIGN 

D-100. CONDITIONS AFFECTING from the manufactured house to the foundation 

DESIGN. Values for the Foundation Design without failure. 

Load Tables have been derived based on major 
foundation design factors, foundation design 

D-100.2 CRITERIA FOR FOUNDATION 
DESIGN for manufactured homes must meet 

criteria, and design assumptions. the following: 

D-100.1 MAJOR FOUNDATION DESIGN A. Assumptions made in foundation 
determine the appropriateness of 

system design be compatible with the de- 
foundations for manufactured homes: sign of the housing unit and actual site condi- 

A. Soil and site conditions. tions. 

1. Soil types 
2. Bearing capacities 
3. Drainage 

B. Stress Limitations. The design must 
sustain all loads within stress limitations of 
connection systems. 

- 
4. Slopes C. Acceptable Foundation Design must 

B. Load Conditions and Combinations. provide for the Permanent Foundation criteria 

various combinaeions ( i j  bough (5) wih as specified in Secrio~? 100-1.C. 

appropriate factors: D-100.3 DESIGN ASSUMPTIONS 

1. Dead loads 
2. Occupancy live loads 

A. Values Included In Appendix B & 

3. Wind loads 
C. The foundation tables in Appendices B & C 

4. Snow loads / Minimum roof live 
are based on a number of design assumptions: 

loads 
5. Seismc loads 

C. Foundation Design and Capacity. 

1. Footing depth 
2. Footing size 
3. Reinforcing 
4. Materials 

D. Connection Compatibility with 
Manufactured Home. Adequate capaclty plus 
a safety factor 1s required to transfer forces 

1. Building width is discussed in terms 
of minimum chassis beam spacing 
in Chapter 1: 100-1.A.5 and again 
in Chapter 6: 600-2.A.1. for com- 
parison of nominal and range of 
actual width, and then is illustrated 
in Figure 6-1. It is clear that many 
actual widths are possible. The fol- 
lowing actual widths and projec- 
tions (dc) were used in the Tables of 
Appendix B: 



Wt Wt dc 
(nominal) (actual) 

12' 1 - 8  1.67') 32.25"(2.69') 
14' 13'-V(13.67') 4lM(3.42') 
16' 15'-V(15.5') 45.25"(3.77') 

2. The Overturning (Av) and Sliding 
(.a) Tables in Appendix B assume 
h=8.O feet and assume a chassis 
beam depth of 1 0  (0.833 ft). 

3. The manufactured home is located 
on a flat, open site with no protec- 
tion from the wind. 

4. Wind force on the manufactured 
home, instead of seismic force, is 
the controlling factor for the foun- 
dation overturning anchorage design 
in the transverse direction. Seismic 
forces or wind force may control 
sliding anchorage in the transverse 
or longitudinal direction. 

5. Uplift, overturning, and sliding 
caused by wind or seismic forces 

Double width units 
~ 0 n s t ~ c t e d  to behave 
as a single box 

Double width units 
not connected 

Marriage Wall Connection Options 

Figure D - I 

acting on the manufactured home 
are transferred to the foundation by 
the structural integrity of the manu- 
factured home. 

6. The manufactured home unit, single 
or multi-width, is assumed to be a 
box with flexible floor and roof dia- 
phragms. End walls and selected 
interior shear walls were assumed to 
transfer lateral forces based on 
tributary area methodology. The 
unit's shear wall locations must 
closely coincide with the foundation 
shear walls or vertical X-bracing 
planes. A structural engineer shall 
design the system if deviations from 
these assumptions exist. 

7. Multi-section units are assumed to 
be connected at the marriage wall to 
act as a single box for overturning 
consideration, and do not act sepa- 
rately as illustrated in Figure D-l. 
This is particularly necessary in 
high seismic locations. 

B. List of Variables. These variables are 
used throughout Appendix D. 

Aa Seismic coefficient representing - 
effective peak acceleration 

Ah Required horizontal anchorage 
(lbs. or lbs./LF) 

Av Required vertical anchorage (Ibs. 
or lbs./LF) 

& Seismic coefficient representing 
effective peak velocity related 
acceleration 



Ce 

Ct 

CP 

Cs 

Cs - 

dc 

DL 

Fr 

Fsl 

Exposure factor (See ASCE 
7-93) 

Thermal factor (See ASCE 7-93) 

External wall or roof pressure 
coefficient (See ASCE 7-93) 

GCpi Internal wall or ceiling pressure 
coefficient (See ASCE 7-93) 

Gh Gust response factor (See ASCE 
7-93) 

hn Height of the exterior wall acted 
on by lateral wmd pressure 

I Importance factor (See ASCE 
7-93) 

Kz Veloclty pressure exposure coef- 
ficient (See ASCE 7-93) 

LL Live load 

Mo Overturning moment of structure 

Mr Moment resisting overturning 

Roof slope factor (See ASCE 
7-93) 

Seismic design coefficient (See 
ASCE 7-93) 

Distance from perimeter of 
structure to chassis beam line. 

Total dead load of structure for 
each foot of length 

Force resisting sliding 

Sliding force (lbs.) 

p Design wind pressure 

Pf Design roof snow load (See 
ASCE 7-93) 

Pg Ground snow load (See ASCE 
7-93) 

Sp or Spacing: Spacing of founda- 
tion elements in the longitudinal 
direction. 

V Basic wind speed (See ASCE 
7-93) 

Wt Width of structure (or 112 the 
total width of a multi-section 
unit) 

D-200. LOAD CONDITIONS IN- 
CLUDED IN FOUNDATION DESIGN. The 
following load conditions have been used as 
assumptions in design of the foundation sys- 
+ L..-JL--?- 
L ~ U  111 UUJ IILUIUUUUL This info~natiun is 1x1- 
portant for engineers who may be designing 
connection details or modifying foundations 
designs. All Design Loads are based on ASCE 
7-93, except as noted otherwise. 

D-200.1 DEAD LOAD DESIGN FAC- 
TORS. Dead loads consist of the material 
weight of the manufactured home without fur- 
nishings or occupants. Dead load includes the 
weight of the roof, floor, walls, and chassis, 
and may include permanent attachments such 
as cabinets and attached appliances. 

A. Dead Load Categories. Dead loads 
were grouped into two categories: heavy and 
light. The heaviest combinations of dead loads 
were used for the computation of footing areas, 
and the determination of inertia forces for the 
computation of sliding and overturning due to 
seismic activity. Heavier loads generate the 



largest inertia forces and produce the largest 
footings. The lightest combinations of dead 
loads were used for the computation of hori- 
zontal and vertical anchorage due to wind. 
Lighter loads offer less resistance to overtum- 
ing and sliding and thus require greater anchor- 
age. The following dead loads in Table D-1 
have been included in the calculations for the 

Foundation Design Load Tables on the next 

B. Dead Load Equations for use in 
computing the required vertical and horizontal 
anchorage to resist overturning and sliding are 
listed below by type. The equations are for the 
total Dead Load per foot of Manufactured 
Home length. Figure D-2 illustrates the indi- 
vidual component loads and the total dead load 
situated at the geometric centroid of the unit. 

Lightest combination of loads: 

Sm-GLE-SELTiON- TYPES C, E, & 

DL = (34.5)2 + (6 + 8.6)Wt + 9 x 2 
(walls)+(floor+roof)+(chassis beams) 

MULTI-SECTION TYPES C, E, & I 

DL = (34.5)2 + (26.25)2 + 
2(6 + 8.6)Wt + 9 x 4 

(ext. walls) + (marriage wall) + 
(floor + roof) + (chassis beams) 

Heaviest combination of loads: 

SINGLE-SECTION TYPES C ,  E, & I 

DL = (44.25)2 + (13 + 9.7)Wt + 9 x 2 
(walls) + (floor + roof) + 

(chassis beams) 

MULTI-SECTION TYPES C, E, & I 

DL = (44.25)2 + (26.25)2 + 
2(13 + 9.7)Wt + 9 x 4 

(ext. walls) + (marriage wall) + 
(floor + roof) + (chassis beams) 

]DL = 177 + (45.4)Wt 

extenor 
wall 

I I 
floor 

Individual Components Total 

Dead Load Components and Total 

Figure D - 2 



TABLE D- 1 

LOCATIOh 

EXTERIOR 
WALL 

rOTAL 
FLOOR 

ROOF 

MARRL4G 
WALL 

TOTAL 

DEAD LOAD ON FOUNDATION 

ITEM 

7/16 siding 
,019 aluminum 
2 x 4 studs @ 16"o.c. 
3 112" fiberglass insu- 
lation 
112" gypsum 

SUM = 
7'-6" WALL 
carpet & pad 
1/16" vinyl 
518" plywood 
2 x 10 jest @ 16"o.c. 
2 x 6 jolst @ 16"o.c. 
1 1" fiberglass insula- 
tion 
5 112" fi~ergiass insu- 
lation 
mechanical 
misc. partitions 

SUM = 

asphalt shmgles wlth 
felt 

318" plywood 
20 ga. steel 
2x3truss 
9 1/2" fiber~lass msu- 
latlon 
112" vpsum ceiling 

SUM = 
2x4 studs @ 16" 
112" gypsum (one 
side) 

SUM = 
7'-6" WALL 

1.4 

1.5 
1 .o 

2.0 
5.9 

1 .o 

1.7 
2.6 

2.2 

2.0 
3.5 

13.0 * 
; 9 plf for ea 

2.5 

1.1 

1.5 
2.6 

2.0 
9.7 
1.5 
2.0 

3.5 

LIGHT 
(psf) 

- 

0.1 
1.5 
1 .o 

2.0 
4.6 

0.7 
1.7 

1.4 

1 .2 

1 .o 
0.0 

6.0 * 
manufacture 

2.5 
1.5 
2.6 

2.0 
8.6 
1.5 
2.0 

HEAVY 
(plf of 
length) 

LIGHT 
(plf of length) 

iome beam 

7 



1 Minimum Uniformlv Distributed D-200.2 LnTE LOAD DESIGN FACTORS 

A. Description. Design live loads consist 
of the weight of all moving and variable loads 
(from use and occupancy) that may act on the 
manufactured home including loads on floors, 
operational loads on roofs and ceilings, or snow 
loads, but do not include wind, earthquake or 
dead loads. All iive loads are assumed to be 
uniformly distributed and roof live loads are 
horizontally projected on sloped surfaces. The 
design live loads specified herein for the floor 
and anic are the mimmums recommended by 
the ASCE standard. The deslgn live loads 
specified herein for the roof are the minimum 
recommended by the Minimum Property Stan- 
dard, HUD Handbook 4910.1. 1994 Edition. 
The roof live load used for the design of the 
foundation system should be the greater of the 
appropriate value indicated in the Data Plate 
shown here or as obtained from the ASCE 7-93 
for snow load. 

B. Design Assumptions. The following 
values for live loads were used in the engmeer- 
ing calculations and are included in the tables. 
They are provided here as background infor- 
mation only. The field Inspector will not need 
to calculate live loads under normal circum- 
stances. See box of llve loads 

D-200.3 SNOW LOAD DESIGN FAC- 
TORS 

Pg - . 

S C C C L -  - a , ,  
-grade . (ground) 

Snow Load Distriburion 

Frgure D - 3 

Live ~ o a d s  
(used for Foundation Design Load Tables) 

Location Live Load 
(psf-1 

Roof (slope 3/12 or less, 114') 20* 
Roof (slope over 3/12, >14O) 15* 
(Over the entire width of the unit. 
Compare with snow load value. 
Use the larger value.) 

Dwelling rooms 40 
(Floor design live loads over the 
entire area of the unit.) 

Attics 10 
(uninhabitable, without storage) 

* Due to snow load factors, the 30 psf ground 
snow load used on the Foundation Design Load 
Tables is equivalent to a 20 psf roof live load. 
The 20 psf ground snow load is equivalent to a . - 
I 3 psf roof iive load. 

A. Ground Snow Load. The ground 
snow load values (Pg) to be used in the design 
of the manufactured home are found in Ap- 
pendix H. The ground snow load is converted 
to a roof snow load to account for wind and 
thermal factors (see Figure D-3). The value 
(Pg) modified by snow load design factors has 
been included in the derived values for the 
Foundation Design Load Tables. The follow- 
ing assumptions were made to find Pf, the hori- 
zontally projected uniformly distributed design 
roof snow load: 

B. Design Assumptions. 

Basic Snow Load Equation: 
P f = 0 . 7 x C e x C t x I x P g  

Where: 



1. Ground snow load (Pg) from the 
Ground Snow Load maps on pages 
H-11, H-12 and H-13. 

2. Importance factor I = 1.0 
(residential buildings) 

3. Exposure factor Ce = 1.0 (locations 
where snow removal cannot be re- 
lied on to reduce snow loads) 

4. Thermal factor Ct = 1.0 (heated 
structures) 

5. Slope factor Cs = 1.0 (4112 slope or 
less) 

6. Flat roof factor = 0.7 (contiguous 
U.S.; Use 0.6 in Alaska.) 

Therefore, the Required Effective 
Footing Area Tables are based on: 

Pf = 0.7 x Pg (Roof snow load) 

C. Drifted Snow. At locations where the 
manufactured home is adjacent to a higher 
structure, drifted snow loads MUST be calcu- 
lated in accordance with ASCE 7-93. An aver- 
age value .including the drifted load may be 
used with the Foundation Design Load Tables. 

D-200.4 WIND LOAD DESIGN FAC- 
TORS. 

A. Model for Analysis. The methodol- 
ogy for resistance of the box to uplift, overturn- 
ing and sliding utilizes equations for Main 
Wind-Force Resisting Systems as defined in 
ASCE 7-93. 

B. Basic Wind Speed. The basic wind 
speed map is found on page H-14. Wlnd fac- 
tors have been included in the derived values 

for the Foundation Design Load Tables of Ap- 
pendix B. 

C. Design Assumptions. 

1. To convert mile per hour (MPH) 
wind speed to a basic wind velocity 
pressure (q) in pounds per square 
feet (psf) use the following equation 
from ASCE 7-93: 

where: 

a. Mean roof height is assumed to 
be less than or equal to 15 feet 
from grade. 

b. Basic Wind Speed (V) is from 
the isobar map on page H-14 for 
the unit's geographic location. 

c. Velocity Pressure Coefficient 
(Kz) is based on Exposure C: 
open terrain with scattered ob- 
structions having heights gen- 
erally less than 30 feet. This 
Category includes flat open 
country and grasslands. For 
these conditions, including item 
(a) above, Kz = 0.8. 

d. Importance Category I 
(residential) for inland sites, sets 
I = 1.0, while for coastal sites 
(hurricane oceanline) I = 1.05. 
Linear interpolation can be util- 
ized for sites between the 
oceanline and 100 miles inland; 
however, this was not done for 
the tables of Appendix B. Thus, 
only the above two values have 
been included. 



2. Velocity pressure (q) is applied to 
surfaces, i.e. walls and roof planes, 
to generate design wind pressures 
(p) for Main Wind-Force Resisting 
Systems. Design wind pressures @) 
are based on external and internal 
effects utilizing the following equa- 
tion from ASCE 7-93: 

p = q x G h x C p - q x ( * G C p i )  
(external) - (internal) 

where: 

a. The Gust Response Factor (Gh) 
is assumed to be based on Expo- 

sure C (see section 
D-200.4.C.l.c). The Minimum 
Property Standard (ME'S) per- 
mits use of Exposure C regard- 
less of whether the site is inland 
or coastal. Thus, for units of as- 
sumed mean height less than or 
equal to 15 feet, Gh = 1.32. 

b. External Roof and Wall Pres- 
sure Coefficients (Cp) vary on 
the windward roof surface based 
on the stmctural issue being 
analyzed. Figure D-4 illustrates 
the various (Cp) values for the 
transverse and longitudinal di- 

/< Wmdward Leeward - 
I I 

" 
Sliding 

Transverse Direction 

h 

:-O 7 roof & side walls 

: -0.2 single-secfion units 
+0.8 ! '-0.275 multi-section unib - - \={> Sliding 

wikiward Leeward 

Longitudinal Direction 

Exterior (Cp) Coefficients 



rections. A roof slope of 10 to 
15 degrees ( 2 in 12 to 3 in 12) 
produces 2 possible situations: 
(+0.2) pressure and (-0.9) suc- 
tion. The value (-0.9) was se- 
lected to produce maximum 
suction for uplift and overturn- 
ing while (+0.2) was selected to 
maximize sliding. Note that (+) 
means pressure on the external 
surface, while (-) means suction 
on the external surface. For the 
leeward wall in the longitudinal 
direction the proportions of the 
unit (UWt) are important to es- 
tablishing the proper exterior 
(Cp) value. Single-section units, 

regardless of the combination of 
width or length, has a ratio LlWt 
2 4.0; therefore, Cp = -0.2. For 
multi-section units An average 
proportion of unit (28' x 70', or 
32' x 80') was assumed. Thus, 
the LlWt ratio was 2.5 and by 
interpolation Cp = -0.275. Sin- 
gle or multi-section units have a 
Wt/L ratio, which is 5 1.0 for all 
proportions of units. Thus, the 
leeward value for Cp = -0.5 in 
,the transverse direction. 

c. Internal Roof and Wall Pressure 
Coefficients assume a uniform 
distribution of openings on all 

+0.25 
GCpi 

cancel 

+0.25 
GCpi 

Sliding 

Transverse Direction 

Longitudinal Direction 

Interior (GCpi) Coefficients 

Figure D - 5 



surfaces, thus GCpi = M.25. ized for the calculation of over- 
Figure D-5 illustrates the pres- turning and sliding in the trans- 
sures and suctions used for vari- verse direction. Internal roof 
ous structural considerations. Pressures are not utilized in the 
Note that the walls receive off- longitudinal direction. 
setting values that cancel any 
internal effect; therefore, only d. Wind pressures and suctions are 
the roof (GCpi) values are util- typically treated as uniformly 

[ Wt12 1 Wt12 
1 

Single-Section Units 

I 1 cos e 
Wt Wt 

Multi-Section Units 

Roof Plane -Wind Components - Transverse Direction 

Figure D - 6 



distributed and typically applied 
perpendicular to the orientation 
of any planar surface. This 
usually requires the calculation 
of horizontal and vertical com- 
ponents when wind is applied to 
sloping surfaces, in this case 
only roof planes. Figure D-6 
illustrates that by the use of 
trigonometry the resultant force 
(P) on any sloping surface has 
components (Pv) and (pH). 
which can be arrived at as 
shown. Note that for the verti- 
cal components (Pv) it is possi- 
ble to merely multiply the pres- 
sure (p) by the horizontal length 
of the slope (Wtl2) for single 
section units or by (Wt) for 
multi-section units. This ap- 
proach simplifies the sample 
calculations provided in section 
D-300 for uplift, overturning 
and sliding in the transverse di- 
rection. 

D-200.5 SEISMIC LOAD FACTORS. 

A. Seismic Versus Wind Forces. It has 
been stated in Chapters 4 and 6 that seismic 
forces did not control over wind forces in the 
computations for consideration of overturning 
m the transverse direction; however, seismic 
forces did sometimes control over wind for 
certain situations of sliding in the transverse 
and longitudinal direction. This is particularly 
true in the longitudinal direction because only 
the end wall elevations are exposed to the 
wind, producing small applied horizontal 
forces. Seismic inertia forces are a function of 
mass that is the same in both directions, which 
may be larger than the wind forces in particular 
when the geographic region is also a high snow 
region. 

B. Dead Loads. The model assumes use 
of the "heavy" dead load values for roof, floor 
and wall components from Table D-I. It is as- 
sumed that the weight of the exterior walls and 
the weight of the mamage wall (for muftl- 
section units only) are distributed half to the 
roof plane and half to the floor plane. The 

end wall area . - . 

hni2 112 extenor 

., . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W r- I I 

112 extenor 1 $112 marriage 112 exterotr 
hnl2 Wail ti!, wall wall 

I I 

end wall area / 1 nwr 
asstgned to - - - 1 
floor mass I - - I . ~nclude only formu~tl-secbon unts 

mass at 
floor plane 

Seismic Dead Load Distribution 
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marriage wall was assumed continuous, with- 
out any large openings to maximize the dead 
load. This distribution of the dead load is illus- 
trated in Figure D-7 to arrive at inertia forces 
(Fxr) and (Fxf). The weight of the end walls 
was included in the total mass of the unit and 
distributed to the roof and floor as shown in 
Figure D-7 and defined by the equations below: 

1. Areas at each end of a Single- 
Section unit: 

W t x a  hn 
A, =- +-XWt 

2 2 

2. Areas at each end of a Multi-Section 
unit: 

hn 
A, = W t x a + 2 x W t x -  

2 

3. These areas are multiplied by the 
heavy wall weight of 5.9 psf result- 
ing in total roof and floor load addi- 
tions respectively for Single or 
Multi-Section units as follows: 

Wenmoor = 2 x 5 . 9 x A f  

The above loads are in pounds and are smeared 
into the unit's dead load for overturning by us- 
ing an average length of 60 feet, while for 
sliding they are smeared into the unit's dead 
load by dividing by "L". See Section 
D-200.5.E.7.a for further clarification. 

C. Snow Loads. When the flat roof snow 
load (Pf) is less than 30 psf, the snow load to 
be attributed to the mass at the roof plane shall 
be zero. Where siting and snow duration and 
conditions warrant, and roof snow load is equal 
to or exceeds 30 psf , the snow load shall be 
added to the mass of the roof plane. The local 
authority may permit a reduction in snow load 
by as much as 80%. See Figure D-7. Note that 
roof snow load (Pf) has been previously de- 
fined as 70% of the ground snow load (Pg) in 
section D-200.3B. 

D. Miscellaneous Loads. No considera- 
tion of partial occupancy live load was included 
in the mass of the floor plane; however, me- 
chanical and partition load was included in the 
floor plane. 

E. Seismic Analysis Method. The 
Equivalent Lateral Force Procedure (ELF) was 
assumed for manufactured houslng units, as 
defined by ASCE 7-93. No plan or elevation 
irregularities were assumed, Thus, the manu- 
factured home superstructure was assumed to 
be a simple rectangular box with proportions of 
length to width not exceeding 5 to 1. 

1. The Fundamental Period (T): the 
manufactured home is assumed to 
have the same period in either di- 
rection, transverse or longitudinal, 
determined from the following 
equation: 

where: 

a. Ct = 0.02 for the category of: all 
other buildings. 



b. the height from bottom of foot- 
ing to the mean roof height (h) 
has been assumed as 13.5 feet. 

c. Thus: T = 0.14 seconds. 

2. Site Coefficient (S): the site has 
been selected for the most signifi- 
cant soil classification, thus S = 2.0. 

3. The Response Modification Coeffi- 
cient (R): the structure has been 
selected as a bearing wall system 
with light frame walls with shear 
panels. Thus, R = 6.5. 

4. Effective peak velocity-related ac- 
celeration coefficient Uv): is se- 
lected for the geographic location 
based on the map H-16 in Appen- 
dix H. 

5. The Seismic Design Coefficient 
Igs) is determined by the following 
equation: 

Insertion of all the above values in 
the equation for c s )  leads to the re- 
sults tabulated below: 

6. But Gs)  need not exceed the fol- 
lowing equation: 

where: 

a. Effective peak acceleration co- 
efficient @a): selected for the 
geographic location based on 
map H-15 in Appendix H. 

b. The results are tabulated below: 

c. The values for (Cs) are defi- 
nitely smaller in item (6.b) 
above rather than in item (5.a), 
thus Q is based on the equation 
in item (6). Thus, for this Man- 
ual assuming & = &: 

7. The basic equation for base shear 
(VB), using the (ELF) method, is: 

where: 

a. The total weight (W) is the 
summation of the roof plane 
mass and the floor plane mass, 
including snow as applicable, as 
a function of unit length. It is 
advantageous to keep the roof 
and floor loads separated for 
calculation ease and kept in 
units of lbslft of unit length as 
follows: 



For a Single-Section Unit: - l x = C v x ~ V B  

For a Multi-Section Unit: 

Note: For ovemuning calcula- 
tions, where (L) does not enter 
the equations, use L 6 0  ft as an 
average length to smear the end 
wall load. For Slid~ng (L) is al- 
ways required and the end wall 
weight is smearing over the real 
length (L). 

Where for either the Single or 
Multi-Section unit, the total 
dead load per foot of length of 
the unit becomes: 

b. The seismic coefficient is 
based on equation in item (6.b). 

8. The base shear (VB) is then distrib- 
uted vertically as inertia forces (F, 
and Fxf) to the floor and roof levels 
according to the mass that exists at 
each level (see Figure D-7), based 
on the following generic equation: 

where also generically: 

a. The weight and height at each 
respective level is subscripted 
with an (x) while the sum of the 
product of each level's weight 
and height are generically sub- 
scripted with an (I). The up- 
permost level of the building (n) 
is in this case the roof. For a one 
story manufactured home, there 
will only be two levels, w,,f and 
w~,,, reducing to two expres- 
sions substituting Single or 
Multi-Section unit values as 
fr?ows: 

Wfloor X hf 
Cnwr = 

W m f  Xh, +wflo, X hf 

Thus, the inertia forces in lbslft 
of unit length at the two respec- 
tive levels becomes: 

F, = C,,,, x V, and: 

b. Sample spreadsheet - rtput for 
two cases (snow Pg = 3 psf and 
snow Pg = 100 psf) indicates the 
range of (F,) and (Fxf) values at 
the roof and floor levels respec- 



tively for a single section unit. 
These examples include the 12, 
14 and 16 nominal width units 
and are labeled as Tables D-2 
and D-3. Note: nominal , rather 
than actual unit width (Wt) were 
used in the dead load calcula- 
tions for conservatism. 

9. The forces (F, and Fxf) were ap- 
plied to the manufactured home unit 
as illustrated in Figure D-7 and used 
for transverse and longitudinal 
overturning and sliding calculations 
for comparison to the wind forces. 
The forces that produced the largest 
required resistance values were used 
in the Foundation Design Load Ta- 
bles - Appendix B. Values that are 
grayed in the Tables of Appendix B 
are controlled by seismic inertia 
forces. 

D-300. SAMPLE EQUATIONS 
USED FOR FOUNDATION DESIGN 
LOAD TABLE VALUES. 

D-300.1 REQUIRED EFFECTIVE 
FOOTING AREA. Refer to Figures 
D-8(A&B) and D-9(A&B) for the free-body 
diagrams illustrating the applied gravity loads 
on the superstructure and on the foundation for 
a Type C and Type E or I single-section unit, 
and a Type C multi-section unit with consid- 
eration of a continuous marriage wall and a 
marriage wall with a large opening. Note that 
the "heavy" dead loads are used from Table 
D-1. For allowable stress design methodology, 
the load combination from ASCE 7-93 is: 
DL(heavy) + LL(occupancy) + LL(attic) + 
SL(or rnin. roof LL). 

Superstructure 
Free-body 
Diagram 

Foundabon 
Free-body 
D~agram 

@; w 
Type C Single-Section Unit 

Gravity Loads 

Figure D -8A 



Seismic 

sinax= 2 R= 6.5 hn= i i .on 
Exposure Group I Ct= 0.02 
Se~sm~c Performance A to D Assume no plan or elevat~on ~rregularit~es 
Equivalent Lateral Force Procedure 
Penod: Ta=Ct(hnp314= 0.120802 

Tmax=Ta"Ca Ca= 1.5 (1.5 rnax for Av=.l5) 
Tmax= 0.181203 

Cs max=2.5*Aa/R Aa Cs max 
0.15 0.057692 
0.20 0.076923 
0.30 0.1 15385 
0.40 0.153846 

Snow Load: Pg= 0 psf Pi= 0 psf 
Wt 

DL 12.0 14.0 16.0 
roof 160.65 180.05 199.45 
floor 218.25 244.25 270.25 
total 378.90 424.30 469.70 

Width 12 ft 

w h w'h Cvx 
roof 160.65 11.0 1767.15 0.729654 
floor 2 1 8.25 3.0 654.75 0.270346 
sum 378.90 2421.90 1 .O 

floor 244.25 3.0 732.75 0.2700591 6.61 8.81 13.22 17.63 
sum 424.30 2713.30 1.01 24.48 32.64 48.96 65.28 

0.15 0.2 0.3 0.4 
15.95 21.27 31.90 42.53 
5.91 7.88 11.82 15.76 

21.86 29.15 43.72 58.29 

Width 14 ft Vbase= 24.48 32.64 48.96 65.28 

Width 16 ft Vbase= 27.10 36.13 54.20 72.26 
Fx=Cvx*Vbase 

Aa 

w h w'h Cvx 
roof 180.05 11.0 1980.55 0.729941 

w h w'h Cvx 1 0.15 0.2 0.3 0.4 
roof 199.45 11.0 2193.95 0.7301731 19.79 26.38 39.57 52.76 

Fx=Cvx*Vbase 
Aa 

0.15 0.2 0.3 0.4 
17.87 23.82 35.74 47.65 

Seismic Forces - Ground Snow < 30 psf 

Table D - 2 

floor 270.25 3.0 810.75 0.269827 7.31 9.75 14.62 19.50 
sum 469.70 3004.70 1.01 27.10 36.13 54.20 72.26 



Seismic 

Srnax= 2 R= 6.5 hn= 11.0ft 
Exposure Group I Ct= 0.02 
Se~smic Performance A to D Assume no plan or elevation irregulanties 
Equivalent Lateral Force Procedure 
Penod: Ta=Ct(hn)A3/4= 0.t20802 

Tmax=TaeCa Ca= 1.5 (1.5 rnax for Av=.15) 
Trnax= 0.181203 

Cs rnax=2.5'Aa/R Aa Cs max 
0.15 0.057692 
0.20 0.076923 
0.30 0.1 15365 
0.40 0,153846 

Snow Load: Pg= 100 psf Pf= 70 psf 
w t  

DL 12.0 14.0 16.0 
roof 1000.65 1160.05 1319.45 

Width 14 ft Vbase= 81.02 108.02 162.03 216.05 
Fx=Cvx*Vbase 

Aa 

floor 218.25 244.25 270.25 
total 1218.90 1404.30 1589.70 

Width 12 ft Vbase= 70.32 93.76 140.64 187.52 

w h w'h Cvx 
roof 1000.65 11 .O 11007.15 0.943856 
floor 21 8.25 3.0 654.75 0.056144 
sum 1218.90 11661.90 1.0 

Width 16 ft 

Fx=Cvx^Vbase 
Aa 

0.15 0.2 0 3 0.4 
66.37 88.50 132.75 176.99 
3.95 5.26 7.90 10.53 

70.32 93.76 140.64 187.52 

w h w'h Cvx 
roof 1160.05 11 .O 12760.55 0.945695 
floor 244.25 3.0 732.75 0.054305 
sum 1404 30 13493.30 1.0 

0.15 0.2 0.3 0.4 
76.62 102.16 153.24 204.31 
4.40 5.87 8.80 11.73 

81.02 108.02 162.03 216.05 . 

Table D - 3 

w h w'h Cvx 
roof 131945 11.0 14513.95 0.947095 
floor 270.25 3.0 810.75 0.052905 
sum 1589.70 15324.70 1 .O 

0.15 0.2 0.3 0.4 
86.86 115.82 173.72 231.63 
4.85 6.47 9.70 12.94 

91.71 122.28 183.43 244.57 

Seismic Forces - Ground Snow 100 psf 



A. Gravity Load Considerations for the 
Type C Single-Section Unit. 

1. General: The foundation to support 
the superstructure gravity loads is 
provided only by the spaced piers 
under the chassis beams. 

2. Superstructure load to a pier: As 
shown in Figure D-8A the snow 
load, the attic live load and the roof 
dead load are transferred equally to 
each exterior wall. The exterior 
walls in turn transfer the roof loads 
to the floor framing. The floor live 
and dead load combine with the 
roof and wall load to reach the 
chassis beam, where the foundation 
piers recewe the total concentrated 
superstructure load (Rp) in propor- 
tion to the pier spacing. 

3. Typical chassis beam pier founda- 
tion weight: The typical pier as- 
sumed for the calculations is based 
on a pier composed of four 
8"x8"x16" concrete masonry units 
grouted solld wlth a 2 foot square 
footing that 1s 8 inches deep. Thus 
the assumed pier welght is as fol- 
lows: 

pier: 2.67' x 1.33' x 84 psf = 298.0 lbs. 
footing: 150 pcf x 2' x 2' x .67' = 402.0 lbs. 

total = 700.0 lbs. 

4. Required chassis beam Pier Footing 
size: The foot~ng area (Aftg) must 
be large enough so that the net al- 
lowable soil bearmg pressure (Pso) 

is not exceeded under the full grav- 
ity dead, live and snow loads. Note 
that the pier and footing weight be- 
come additional dead load. 

Rp + 700 
Aftg = 

Pso 

B. Gravity Load Considerations for the 
Type E and I Single-Section Unit. 

1. General: Support of the superstruc- 
ture gravity loads is shared by the 
exterior longitudinal walls and the 
spaced interior piers under the 
chassis beams, which together com- 
prise the foundation. 

2. Superstructure load to the exterior 
longitudinal foundation walls: As 
shown in Figure D-8B, the snow 
load, the attic live load and the 
heavy roof dead load are transferred -. equaiiy to each exterior waii. m e  
exterior wall weight is added, and 
both loads transfer directly to the 
exterior foundation walls. A por- 
tion (dc/2) of the floor live and 
heavy dead load also goes to the 
exterior foundation walls. The total 
superstructure gravity load (Rw) 
transferred to the exterior founda- 
tion wall is in units of lbs./ft. of 
home length. The equation is as 
follows: 

[snow + (roof DL+attic LL)] 
(floor LL+DL) + (wall DL) 



3.  Superstructure load to an interior 
pier: The remainder of the floor 
dead and live load is equally divided 
between the chassis beam lines, and 
concentrated at the foundation piers 
based on their spacing. The total 
superstructure concentrated gravity 
load to a pier (Rp) is as follows: 

Wt-dc 1 
2 

+ 9  xspacing J 
(floor DL+LL) (chassis beam DL) 

4. Typical exterior longitudinal foun- 
dation wall weight: The typical 
exterior longitudinal foundation 
wall is assumed to be composed of a 
6" poured concrete wall, 3'-8" high, 
and a 6" x 24" continuous concrete 
footing. Thus, the assumed weight 

is as follows: 

wall: 150 pcf x 3.67' x 0.5' = 275.0 plf 
footing: 150 pcf x 2' x 0.5' = 150.0 plf 

total = 425.0 plf 

5. Required Exterior Wall Footing 
Width: The footing width (Wf) 
must be large enough so that the net 
allowable soil bearing pressure 
(Pso) is not exceeded under the full 
gravity dead, live and snow loads. 
Note that the longitudinal founda- 
tion wall and footing weight be- 
come additional dead load. The re- 
quired footing width: 

Rw + 425 
W f =  

Pso 

6. Required Interior Pier Footing 
Area: The footing area (Aftg) must 

Superstructure 
Freebody 
Diagram 

m/AR91, p!wj1Wft 
Type E and I Single-Section Units 

Gravity Loads 

Figure D -8B 



be large enough so that the allow- 
able soil bearing pressure (Pso) is 
not exceeded under the full gravity 
dead and live loads. Note that the 
pier and footing weight become 
additional dead load. The required 
footing area: 

Rp + 700 
Aftg = 

Pso 

C. Gravity Load Considerations for the 
Type C Multi-Section Unit with a Continu- 
ous Superstructure Marriage wall. 

live load and the roof dead load are 
transferred between the marriage 
wall and the exterior walls as bear- 
ing walls. The marriage wall in turn 
transfer the roof loads to the floor 
framing. A small portion of the 
floor live and dead load is assumed 
to combine with the roof loads and 
marriage wall weight to reach the 
top of the foundation pier as the to- 
tal concentrated superstructure load 
(Rpm) in proportion to the pier 
spacing. 

. 

r525+ (H + 19.7) x wt +-I 
1 .  General: The foundation to support 

the superstructure gravity loads is Rpm=L(40+ 13)xdc IX Spacing 
provided only by spaced piers under 
the chassis beams and under the [marr.wall+(snow+roofDL+attic LL)] 
continuous marriage wall. (floor DL+LL) 

2. Superstructure continuous marriage 3 .  Superstructure load to an exterior 

wall load to a pier: As shown in chassis beam pier: As shown in 
Figure D-9A the snow ioad, the anic Fig.;re D-9). the snew !sac!, the &tic 
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Diagram 
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live load and the roof dead load are dead load of a typical continuous 
transferred equally between the ex- marriage wall foundation pier is as 
terior wall and the marriage wall. follows: 
The exterior wall in turn transfers 
the roof loads to the floor framing. pier: 42 psf x 3.33' x 1.33' = 186.0 lbs. 

The floor live and dead load com- footing: 150 pcf x 2'x .67' = 402.0 lbs. 
bine with the roof and wall weight 
to reach the chassis beam, where the 
foundation piers receive the total 
concentrated superstructure load 
(Rpe) in proportion to the pier 
spacing. 

[snow+roofDL+atticLL+floorDL+LLl 
(ext.wal1 DLxhassis bm.) 

4. Superstructure load to an interior 
chassis beam pier: As shown in 
Figure D-9A The floor live and 
dead !a& iiiqiise the oiily ioad to 
reach the interior chassis beam, 
where the foundation piers receive 
the total concentrated superstructure 
load (Rpi) in proportion to the pier 
spacing. 

Rpi = [(4O + 13) x (y ) + 91 x spacing 

[(floorLL+DL)+chassis bm.] 

5. Typical Continuous Marriage Wall 
Pier: The typical continuous mar- 
riage wall within the superstructure 
of the multi-section unit is assumed 
to have a foundation pier composed 
of five courses of 8"x8"x16" con- 
crete block (ungrouted), and a con- 
crete footing 2'x2' by 8" deep. The 

total = 588.0 lbs. 

6. Required continuous marriage wall 
pier footing. The footing area 
(Aftg) must be large enough so that 
the net allowable soil bearing pres- 
sure (Pso) is not exceeded under the 
full gravity dead, live and snow 
loads. Note that the pier and foot- 
ing weight become additional dead 
load. The required footing area: 

7.  Required exterior chassis beam Pier 
Footing Area: The footing area 
(Aftg) must be large enough so that 
the allowable soil bearing pressure 
(Pso) is not exceeded under the full 
gravity dead and live loads. Note 
that the pier and footing weight be- 
come additional dead load. The re- 
quired footing area: 

Rpe + 700 
Aftg,, = Pso 

8. Required interior chassis beam Pier 
Footing Area: The footing area 
(Aftg) must be large enough so that 
the allowable soil bearing pressure 
(Pso) is not exceeded under the full 
gravity dead and live loads. Note 
that the pier and footing weight be- 
come additional dead load. The re- 
quired footing area: 



Rpi + 700 
= Pso 

D. Gravity Load Considerations for the 
Type C Multi-Section Unit with a Super- 
structure Marriage wall containing one 
opening or two large adjacent openings. 

1. General: The foundation to support 
the superstructure gravity loads, as 
illustrated in Figure D-9B, is pro- 
vided only by spaced piers under the 
chassis beams, piers placed under 
the posts at the ends of marriage 
wall openings, and equally spaced 
piers under the continuous portions 
of the m'arriage wall. 

2. Marriage wall openings: limitations 
and assumptions. Two maniage 
wall opening situations were re- 
viewed: (1) a single opening, as il- 

lustrated in Figure D-9C, is 
bounded by posts at the ends of the 
opening with continuous marriage 
walls extending beyond the opening 
width in both directions, and (2) 
two adjacent marriage wall 
openings, as illustrated in Figure 
D-9D, consisting of three posts with 
the outer two posts having continu- 
ous marriage walls extending be- 
yond the two openings. 

Note: A maximum 10 foot pier 
spacing was assumed under all con- 
tinuous marriage wall portions. 

Note: The center post between the 
twi ;djacent openings of the later 
scheme produces the largest con- 
centrated load to a marriage wall 
pier. This is the condition used for 

Pf 7 
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centrated load to a marriage wall 
pier. This is the condition used for 
the equations that follow. 

Note: It is conservatively assumed 
that the footing size required under 
the center post will be used under 
all three posts in the Appendix B 
Part 1 Tables for Multi-section 
units. 

Note: The opening width used for 
two adjacent openings in the Ap- 

pendix B Tables, is the average of 
the two opening widths: (x+x,) c 2. 
The marriage wall opening tables 
use 2 foot increments for single 
openings, or the average of two ad- 
jacent openings, from 10 feet to 20 
feet. 

3. Superstructure: Two large adjacent 
marriage wall openings: load to the 
pier under centerpost: As shown in 
Figure D-9D the snow load, the attic 

Tributary Floor 
Area Carried By Post 

Assume S,, = 10 fl 

Roof Plan 

Tributary Floor 
Area Carried By Post 
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live load and the roof dead load are 
transferred between the marriage 
wall ridge beam and the exterior 

loads to the center post. The floor 
live and dead load is assumed to be 
carried by floor beams, and also is 

walls as bearing points. The mar- transferred based on the average 
riage wall ridge beam (assumed to width of the two openings. 
act as two simple span beams) 
transfers the average of the two Note: For a single opening x,=O 
opening widths of the roof and attic and all the formulas still work. 

X+X1 X I S  

2 
Tributary Floor 
Area Camed By Post 

Roof Plan 

X+X1 

Chassis Beam Line 

X ! X I  1 
Opening ' Open~ng 

Floor Plan 
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The floor beam is assumed to weigh 
10 plf and the ridge beam is as- 
sumed to be composed of 6 layers 
of 3/8"plywood at a depth of 3 feet. 
Thus, the ridge beam weighs 19.8 
plf. The post is assumed to be a 4x4 
of weight 32 lbs. The total concen- 
trated superstructure load to the pier 
Wax): 

r (~f+19 .7 )  x wt + 
Rpm = 

[(40+13)xdc+l0+19.8 ]x(+)+32 

[( snow+roofDL+attic LL)] 
(floor DL+LL)+floor bm+Ridge bm) 

p o s t  DL 

4. Supershucture load to an exte- 
rior chassis beam pier: the super- 
structure load to an exterior pier is 
unchanged fiom that for a Type C 
multi-section unit with a continuous 
marriage wall. Thus, the total con- 
centrated superstructure load (Rpe) 
:- ----- L-> L--- 
I> lcpcaux ucrc. 

~ ( P ~ + I ~ . ~ + ~ O + I ~ ) ~ W ~ / ~ + I  

Rpe =1(44.25 + 9) 
1 x spacing 

[snow+roofDL+atticLL+floorDL+LL] 
(extwall DL+chassis bm.) 

5. Superstructure load to an interior 
chassis beam pier: the superstruc- 
ture load to an interior pier is un- 
changed fiom that for a Type C 
multi-section unit with a continuous 
marriage wall. Thus, the total con- 
centrated superstructure load (Rpi) 
is repeated here: 

Rpi = [ (40 + 13) x (w; dc) + 91 x spacing 

[(floorLL+DL)+chassis bm.] 

6. Requiredpier footing area for mar- 
riage wall containing large open- 
ings. The footing area (Aftg) must 
be large enough so that the net al- 
lowable soil bearing pressure @so) 
is not exceeded under the full grav- 
ity dead, live and snow loads. Note 
that the pier and footing weight be- 
come additional dead load. The re- 
quired footing area: 

Rpm+588 
Aftg,, = Pso 

7. Required pier footing areas for ex- 
terior and interior chassis beam 
lines. See items 7 and 8 for a Type 
C Multi-section unit with a con- 
tinuous marriage wall. Equations 
are ~e s m e  ax! are repeated here 
for ease of use: 

Rpe + 700 
Affg,, = Pso 

Rpi + 700 
Affg, = Pso 

E. Gravity Load Considerations for the 
Type E and Type I Multi-Section Unit with a 
Continuous Superstructure Marriage Wall. 

1. General: As illustrated in Figure 
D-9E, the foundation to support the, 
superstructure gravity loads is pro- 
vided by spaced piers under the 
chassis beams, along the exterior 
wall and by spaced piers under the 
continuous marriage wall. 

D - 25 Note: Foundation Concepts E5 and E7 do 
not follow the equation develop- 
ment presented here and are treated 



separately, later in Section D.300.1. r 5 2 5 + ( ~ f + 1 9 . 7 ) ~ ~ ~  +I 

2. Superstructure continuous marriage 
Rpm=L(40+ 13)xdc J spacing 

wall load to a pier: Identical to that 
shown in Figure D-9A for the Type 

[marr.wall+(snow+roofDLiattic LL)] 

C multi-section unit: the snow load, (floor DLiLL) 

the attic live load and the roof dead 
load are transferred between the 
marriage wall and the exterior walls 
as bearing walls. As shown in Fig- 
ure D-9E the marriage wall in turn 
transfers the roof loads to the floor 
framing. A small portion of the 
floor live and dead load is assumed 
to combine with the roof loads and 
marriage wall weight to reach the 
top of the foundation pier as the to- 
tal concentrated superstructure load 
(Rpm) in proportion to the pier 
spacing. 

3. Superstructure load to an exterior 
and interior chassis beam pier: As 
shown in Figure D-9E there are no 
gravity roof loads or exterior wall 
load transferred to the piers under 
the chassis beams. The floor live 
and dead load comprise the only 
load to reach the exterior and inte- 
rior chassis beam, where the exte- 
rior and interior foundation piers re- 
ceive the total concentrated super- 
structure load (Rpe and Rpi) equally 
in proportion to the pier spacing. 

P l  

Superstructure 
Free-body 
Dlagrarn 
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2 
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Type E and I - Multi-Section Units w/Continuous Marriage Wall 
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( floorDL+LL) (chassis bm.) 

4. Superstructure load to the exterior 
foundation wall. As shown in fig- 
ure D-9E the snow load, the attic 
live load and the roof dead load are 
transferred equally between the ex- 
terior wall and the maniage wall. 
The exterior wall in Nm transfers 
the roof loads to the floor framing. 
A small portion of the floor live and 
dead load combme with the roof 
and wall weight to reach the foun- 
datlon wall as a h e a l  uniform load 
(Rw). 

5. Required continuous marriage wall 
pier footrng. The footing area 

6. Required errerror and interior 
chassls beam Pier Footing Area: 
The footmg areas (Aftg) must be 
large enough so that the allowable 
soil bearing pressure (Pso) is not 
exceeded under the full gravity dead 
and live loads Note that the pier 

and footing weight become addi- 
tional dead load. The required 
footing areas: 

Rpe + 700 
Aftg,, = Aftg, = 

Pso 

7. Required exterior foundation wall 
Footing Width: The footing width 
(Wf) must be large enough so that 
the allowable soil bearing pressure 
(Pso) is not exceeded under the full 
gravity dead and live loads. Note 
that the wall and footing weight be- 
come additional dead load. The re- 
quired footing width becomes: 

Rw + 425 
W f =  

Pso 

F. Gravity Load Considerations for the 
Type E and I Multi-Section Units with a Su- 
perstructure Marriage wall containing one 

(Aftg) musr be large enough so that 
the net allowable sod bearing pres- 
sure (Pso) 1s not exceeded under the 
full gravlt) dead. live and snow 
loads Note rhar the pler and foot- 
ing welzht become addit~onal dead 
load The requlred footmg area: 

opening or two iarge adjacent openings. 

1. Continuous marriage wall. The 
equation development presented in 
Section D.300.1.E for loads and 
footing sizes at exterior foundation 
wall and exterior and interior chas- 
sis beam line piers is identical to 
that when a continuous marriage 
wall exists and will not be repeated 
here. 

2. One opening or two adjacent open- 
ings. The considerations for the 
foundation piers under the posts that 
define one opening, or two adjacent 
large openings within the length of 
the continuous marriage wall, is the 
same as that for the Type C Multi- 
section unit presented in Section 
D.300.1D and illustrated in Figure 



D-9D. The equation for r i x  maxi- 
mum reaction under the center post 
will be repeated here: 

[( snow+roofDL+attic LL)] 
(floor DL+LL)+floor bm+Ridge bm ) 

+post DL 

Note: For a single opening x, = 0 
and all the equations still work. 

Required marriage wall pier footing 
at center post. The pler and footing 
weight become additional dead 
load. The required footing area un- 
der the center post location repeats 
also: 

Note: RegardIess of Multi-Section 
Unit Type C, E or I the equations 
developed for plers under the con- 
tinuous maniase v.dls and the 
equations developed for the pier un- 
der the center post, when two large 
marriage wall openmgs exist, do not 
change. The onl) exception is for 
the Type E5, (E6 uses E5 Tables) 
and E7 Multi-sect~on unm, which 
are presented funher on in this Sec- 
tion D.300.1. 

G. Gravity Load Considerations for the 
Type Cnw Multi-Section Unit with a con- 
tinuous marriage wall (without any mar- 
riage waIl piers). 

1. General: As illustrated in Figure 
D-9F, the foundation to support the 
superstructure gravity loads is pro- 
vided by spaced piers under the ex- 
terior and interior chassis beams. 
Note: A marriage wall with large 
openings is not considered feasible 
for this foundation concept, since it 
would require piers under the posts. 

2. Superstructure load to an interior 
or exterior chassis beam pier: 
Similar to that shown in Figure 
D-9A for the Type C multi-section 
unit; the snow load, the attic live 
load and the roof dead load are 
transferred between the marriage 
wall and the exterior walls as bear- 
ing walls. The marriage wall and 
the exterior wall in turn transfer 
their dead weight and the roof loads 
to the floor framing. The floor live 
and dead load is equally distributed 
each chassis beam line. These loads 
from both levels combine to reach 
ti- op of the foundation pier as the 
t ~ d l  concentrated superstructure 
load (Rp) in proportion to the pier 
spacing. 

Note: The only difference between 
the exterior pier load and the inte- 
rior pier load is in the difference of 
the weight of the exterior wall and 
marriage wall. Since the exterior 
wall has a greater weight that the 
marriage wall, it will be used and 
thus the load to the exterior and in- 
terior chassis beam piers will be as- 
sumed equal. 



Rp + 700 
Aftgext =Aftginr = 

Pso 

3. Required exterior and interior 
chassis beam Pier Footing Area: 
The footing area (Aftg) must be 
large enough so that the allowable 
soil bearing pressure (Pso) is not 
exceeded under the full gravity dead 
and live loads. Note that the pier 
and footing weight become addi- 
tional dead load. The required ex- 
terior and interior footing areas be- 
come: 

Rpe = Rpi = 

1. General: As illustrated in Figure 
D-9G, the foundation to support the 
superstructure gravity loads is pro- 
vided by spaced transverse steel 
girders (under the chassis beams) 
that span between pilasters built into 
the exterior foundation walls and by 
spaced piers under the continuous 
marriage wall. A crawlspace exists 
below the first floor. The transverse 
steel girder is assumed to be com- 
posed of two simple spans that run 
from exterior wall to the central 
marriage wall piers, rather than 

1 
j Foundation 

Free-body 1 Diagram 
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Type E5 Multi-Section Unit with a Continu- 
ous Superstructure Marriage Wall. 



create a continuous two span girder. 

Note: A licensed professional shall be re- F1= 
A 

sponsible for the design of the 
transverse steel girders. 

2. Superstructure floor load trans- 
ferred to the transverse steel girder 
and then to the exterior foundation 
wall pilaster. As shown in Figure 
D-9G the floor dead and live load 
transfer to the chassis beam lines 
and present concentrated loads to 
the transverse girder. This concen- 
trated load is then assumed to trans- 
.fer to the end of the transverse 
g~rder and bear on the pilaster. 
Based on the transverse girder 
spacing, the concentrated load (Fl) 
becomes: 

3 .  Superstructure load to the exterior 
foundation wall: As shown in Fig- 
ure D-9G the snow load, the attic 
live load and the roof dead load are 
transferred between the marriage 
wall and the exterior walls as bear- 
ing walls. The exterior wall trans- 
fers this load down to the top of the 
foundation wall. A small portion of 
floor load is assumed to also go to 
the foundation wall. This is a uni- 
form linear load (F2) as follows: 

I Transverse Beams I 

f 
W t  R w  

Superstructure 
Free-body 
D ~ a g r a m  

Type E5 Multi-Section Units w/Continuous Marriage Wall 

Figure D - 9G 



(snow +roof DL+atticLL) 
(floorLL+DL) (exterior wallDL) 

4. Superstructure total load to the ex- 
terior foundation wall: As shown in 
Figure D-9G the pilaster receives 
load (Fl) and this load plus the 
transverse girder weight of 20 plf 
spreads at a 45' angle along the wall 
length based on an assumed wall 
depth of 2 feet. Therefore, the 
spread in the wall is 4 feet. This 
spread load combines with the roof 
and exterior wall load (F2) to pro- 
duce a total reaction (Rw) to the 
footing as follows: 

5. Superstructure load at the marriage 
wall: As shown in Figure D-9G the 
snow load, the attic live load and 
the roof dead load are transferred 
between the marriage wall and the 
exterior walls as bearing walls. The 
continuous marriage wall transfers 
this load down to the floor level and 
to a short steel post as a concen- 
trated load, based on the spacing of 
the transverse girders. This concen- 
trated load (F3) is as follows: 

(Pf + 19.7) x w t  + 52.5 + 
F3 = [ I x spacing 

(13 + 40) x dc 

(snow +roofDL+LL) (marriage wall weight) 
(floor DL+LL) 

6. Superstructure total load to a con- 
tinuous marriage wall pier: As 
shown in Figure D-9G two concen- 
tratcd floor loads (Fl) plus the con- 
centrated load (F3) in addition to 
the transverse girder weight of 20 
plf are assumed to be transferred to 
the continuous marriage wall pier as 
a total concentrated load (Rpm) as 
follows: 

7. Required exterior foundation wall 
Footing Width: The footing width 
(wf) must be large enough so that 
the allowable soil bearing pressure 
(Pso) is not exceeded under the full 
gravity dead and live loads. Note 
that the wall and footing weight be- 
come additional dead load. The re- 
quired footing width becomes: 

Rw + 425 
W f =  

Pso 

Note: The width of the footing 
between pilasters is assumed to be 
the same as at the pilaster. It is un- 
economical to continually jog foot- 
ing forms. Plus the spread through 
the wall will almost encompass the 
the entire wall between pilasters 
anyway. 

8. Required continuous marriage wall 
pier footing. The footing area 
(Aftg) must be large enough so that 
the net allowable soil bearing pres- 
sure (Pso) is not exceeded under the 





to be 12 inches deep. The chassis 
beams are assumed to be 10" deep. 
Thus, the total wall height to the top 
of basement floor is 8'4". To 
maximize the gravity loading the 
walls are assumed to be 8 " solid 
concrete, rather than the also ac- 
ceptable reinforced concrete block. 
The linear footing proportions are 
set at 1 foot deep x 2 feet wide. 
Since the pilaster only exists at the 
spacing of transverse girders its 
weight has been ignored. The foun- 
dation dead load becomes: 

Conc. wall: 0 .67 '~  8 . 5 ' ~  150 pcf = 850 plf 
footing: 1.0 x 2.0 x 150 pcf = a f  

total = 1150 plf 

3. Foundation under the marriage 
wall: Steel plpe columns 3.5"@ are 
assumed spaced under the trans- 
verse girders w~th a base plate at the 
bottom and a cap plate at the top 
with holes for boltmg. The footing 
is assumed to be I'deep x 3' x 3'. 
The column/foot~ng load is there- 
fore: 

Column: 7.6 plf x7 feet tall = 54 lbs. 
Footing: 15Opcfxl 'x3'x3' = 1350 lbs. 

total = 1404 lbs. 

4. Superstructure floor load transferred 
to the transverse steel girder and 
then to the exrenor foundation wall 
pilaster. The load (F1) is   den tical 
to that for the Type E5 Multi- 
Section unn found in section 
D.300.1 .H.2. 

5. Supersrrucrure load ro the exterior 
foundation bvail: The load (F2) is 

identical to that for the Type E5 
Multi-Section Unit found in section 
D.300.1.H.3. 

6. Superstmcture load a t  the marriage 
wall: The load (F3) is identical to 
that for the Type E5 Multi-Section 
Unit found in section D.300.1.H.5. 

7. Superstructure total load to the ex- 
terior foundation wall: The pilaster 
receives load (Fl) and the trans- 
verse girder weight of 20 plf. This 
load spreads at a 45' angle along the 
wall length based on an assumed 
wall depth of 8'4" below the su- 
perstructure. Therefore, the spread 
in the wall would be greater than the 
maximum 10 foot spacing for trans- 
verse girders. The maximum Code 
prescribed spread is thus the spacing 
(s). This spread load combines with 
the roof and exterior wall load (F2) 
to produce a total reaction (Rw) to 
the footing as follows: 

8. Superstructure total load to a con- 
tinuous marriage wall pier: The 
total concentrated load to the steel 
pipe column is identical to that for 
the Type E5 Multi-section unit con- 
centrated load to a pier, found in 
section D.300.1.H.6. The total con- 
centrated load (Rpm) is repeated 
here as follows: 



9. Required exterior foundation wall 
Footing Width: The footing width 
(wf) must be large enough so that 
the allowable soil bearing pressure 
(Pso) is not exceeded under the full 
gravity dead and live loads. Note 
that the wall and footing weight be- 
come additional dead load. The re- 
quired footing width becomes: 

W f =  
Rw + 1150 

Pso 

10. Required continuous marriage wall 
pipe column footing. The footing 
area (Aftg) must be large enough so 
that the net allowable soil bearing 
pressure (Pso) is not exceeded under 
the full gravity dead, live and snow 
loads. Note that the steel column 
and footing welght become addi- 
tional dead load. The required 
footing area: 

Rpm + 1404 
Aftg,, = 

Pso 

1 1. Basement longirudlnal beams used 
to space steel pipe columns further 
apart: It would be posslble to add 
longitudinal steel beams to support 
the transverse steel glrders in order 
to avold a large number of pipe col- 
umns. Thls produces concentrated 
loads to the longtudmal beams, 
which could be spaced (b) distance 
apart, assuming t b ~ c s )  by a signifi- 
cant amount. The value (n) is the 
number of trans\ erse beams that oc- 
curs within the dlstance (b). The 
area of footing xould then become: 

2 x F 3 + F 4 + n x 2 0 x ~ t  +I404 
- 

Af%m - 
s 

Pso 
I 

Note: There are no tables in Appendix B 
to cover this situation. The steel 
pipe column, the transverse and 
longitudinal steel beams would re- 
quire design by an engineer. 

J. Gravity Load Considerations for the 
Type E5, E6 and E7 Multi-Section Units 
with a Superstructure Marriage Wall con- 
taining one opening or two large adjacent 
openings. 

1. General: The presence of regularly 
spaced steel transverse girders in 
these foundation concepts compli- 
cates the equation development to 
account for randomly placed large 
openings along the marriage wall 
line. Any concentrated post load. 
defining the ends of an opening, that 
falls between transverse girders - 
would require either another pier or 
column, that would in many cases 
be close enough to the grid of trans- 
verse girder piers and posts, as to 
overlap or abut- clearly uneconom- 
ical and impractical to construct. 

2. Marriage wall openings: assump- 
tions and limitations: It has been 
assumed and is now recommended 
in this Handbook, that opening 
widths for these three foundation 
concepts be a multiple of the trans- 
verse girder spacing for the practical 
reasons stated above. Any other as- 
sumptions would require the design 
of a licensed professional. 



The equation development will 
again follow the logic and assump- 
tions of Section D.300.1.D.2 and 
will not be repeated here. Thus, two 
adjacent openings will be consid- 
ered, with the center post receiving 
the largest concentrated load. All 
three post locations will have their 
foundation sized based on that cen- 
ter post, thus introducing a degree 
of conservatism. 

The equations for the exterior foun- 
dation footing width are identical to 
those of the individual concepts for 
the Type E5 (E6 uses E5) and E7  
already developed for a continous 
marriage wall, and will not be re- 
peated here. 

3. Roof load to a center post between 
two large marriage wall openings: 
The given situation, illustrated in 
the roof plan of Figure 13-51. shows 
two adjacent marriage wall open- 
ings that follows the assumption of 
openings being a multiple of the 
transverse girder spacing; one 
opening twice the width of the 
other, hence x =2s and xl=s The 
tributary area of gravity loads car- 
ried by the center post as the con- 
centrated load (PI) is as follows: 

(snow+roofDL+LL) (ridge bm) (postDL) 

4. Floor load to a center posr be- 
tweeen two large marriage wall 
openings: Refering to the floor plan 
of Figure D-91, the tributary area 

illustrated produces the concen- 
trated gravity load (P2) to the foun- 
dation below the post as follows: 

(floorLL+DL) (floor bm) (two chassis bms) 
(transverse girder wt) 

Note: The 213rds factor in the above 
equation is to account for an aver- 
age floor load situation as illustrated 
in Figure D-91. 

5. Total concentrated load (Rpm) 
to the foundation at a center posr 
location: The roof and floor loads 
combine to produce the total reac- 
tion (Rpm) to the foundation pier or 
column as follows: 

6 .  Required, adjacent opening center 
post location, marriage wall pier 
footing for Foundation Concept 
Type E5 and Ed. The footing area 
(Aftg) must be large enough so that 
the net allowable soil bearing pres- 
sure (Pso) is not exceeded under the 
full gravity dead, live and snow 
loads. Note that the pier and foot- 
ing weight become additional dead 
load. The required footing area: 

Rpm+588 
Aftg,, = 

Pso 

7. Required, adjacent opening center 
post location, marriage wall pier 
footing for Foundation Concept 



footing for Foundation Concept Note: 
Type E7. The footing area (Aftg) 
must be large enough so that the net 
allowable soil bearing pressure 
(Pso) is not exceeded under the full 
gravity dead, live and snow loads. 
Note that the pier and footing 
weight become additional dead 
load. The required footing area: 

Rpm + 1404 
A f k ,  = Pso 

A foundation pier or column exists, 
centered below the larger marriage 
wall opening (x = 2xs) at a trans- 
verse girder line. The pier or col- 
umn footing here should be sized 
only for the floor concentrated load 
(P2). Substitute (P2) for (Rpm) in 
the above two equations. This is left 
to the engineer and is not reflected 
in the Tables of Appendix B. 
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D-300.2 REQUIRED VERTICAL AN- 
CHORAGE BASED ON WIND IN THE 
TRANSVERSE DIRECTION. Refer to Fig- 
ures D-10 to D-12 for the free-body diagrams 
of the superstructure and foundation, illustrat- 
ing the overturning forces due to wind and the 
element dead loads providing resistance. The 
foundation Types C, C1, E and I are included 
for single-section units. Figure D-4, D-5 and 
D-6 are also related to the equation develop- 
ment of this section. For allowable stress de- 
sign methodology, the load combination from 
ASCE 7-93 is: (Wind) - DL. 

A. Wind Load Considerations for the 
Type C Single-Section Unit. 

1. General: The superstructure re- 
ceives external and internal wind 
pressures or suctions (p) on the two 
walls and two sloping roof planes in 

tom of the wall are (Pt) and (Pb) re- 
spectively. The vertical component 
of the resultant wind force on the 
windward and leeward slope are 
(Pvw) and (Pvl) respectively. They 
are calculated as follows: 

3. Overturning Moment of the Super- 
structure: The resultant wind loads 
on each surface rotate about the 
pivot point shown in Figure D-10. 
The summation of the force times 
distance values define the equation: 

accordance wlth the equation of 
( 3 x  w t  section D-200.4.C.2. These wind M~ = pt x (ha + 0.833) + Ipvwi x - - A-) + 

4 --j pressures tend to overturn the su- 
perstructure, rotating it about the 
pivot point at the bottom of the 
chassis beam as shown on Figure 
D-10. The vertical anchorage force 
(Av) necessary to prevent this uplift 
action is located at the opposite 
foundation pier. The anchorage 
connection of superstructure to 
foundation must be capable of trans- 
femng the (Av) force to the pier. 
The dead load of the pier, footing 
and soil overburden must be equal 
to or greater than the (Av) force to 
keep the superstructure from over- 
turning. 

2. Wind Loads on the Superstructure: 
As shown in Figure D-10, the resul- 
tant wind force at the top and bot- 

4. Resisting moment of the superstruc- 
ture: The total dead load provides 
the only gravity load resistance to 
overturning. Using the light dead 
load from section D-200.1 .B: 

5. Required Vertical Anchorage 
Force: If the overturning moment 
(Mo) exceeds the resisting moment 
(Mr), an uplift force exists. The 
ASCE 7-93 restricts the usable dead 
load to 213rds of the actual dead 
load. This is the same as inverting 



the ratio and making the overturning 
moment 312 times the calculated 
value. Thus, the final equation for 
(Av) at a specific pier spacing is: 

r I ~ X M O - M ~ ~  
Av =l Jx spacing 

Wt-2xdc 

B. Wind Load Considerations for the 
Type C1 Single-Section Unit. 

1. General: The same wind pressures 
as for Type C tend to overturn the 
superstructure, rotating it about the 
pivot point at the bottom of the 
chassis beam as shown on Figure 
D-10. The vertical anchorage force 
(Av) necessary to prevent this uplift 
action is a tie-down strap that wraps 
over the roof of the unit and down 
the side walls to anchorage below 
grade at concrete deadmen. The ca- 
pacity of the steel straps must be 
capable of transfening the (Av) 
force to the deadman. The dead 
load of the concrete deadman and 
soil overburden must be equal to or 
greater than the (Av) force to keep 
the superstructure from overturning. 

2. Wind Loads on the Superstructure: 
As shown in Figure D-10, the resul- 
tant wind forces are the same as for 
the Yype C single-section unit. See 
equations in section D-300.2.A.2. 

3. Overturning Moment of the Super- 
structure: The resultant wind loads 
on each surface rotate about the 
pivot point shown in Figure D-10. 
The equation is the same as for the 
Type C single-section unit. 

4. Resisting moment of the superstruc- 
ture: The resisting moment is the 
same as for the Type C single- 
section unit. 

5. Required Vertical Anchorage 
Force: The final equation for (Av) 
at a specific vertical tie-down strap 
or tie spacing is: 

r l 5 x ~ o - M I l  
Av =l ]X spacing 

Wt - dc 

C. Wind Load Considerations for the 
Type E Single-Section Unit (excluding Types 
E3 and E4, which follows). 

1. General: The applied wind loads to 
the superstructure are the same as 
for the Type C single-section unit. 
These wind pressures tend to over- 
turn the ;uperstructure, rotating it 
about the pivot point at the exterior 
foundation wall as shown in Figure 
D-I IA. The vertical anchorage 
force (Av) necessary to prevent this 
uplift action is located at the oppo- 
site exterior foundation wall. The 
anchorage connection of superstruc- 
ture to foundation must be capable 
of transferring the (Av) force to the 
wall. The dead load of the wall, 
footing and soil overburden must be 
equal to or greater than the (Av) 
force to keep the superstructure 
from overturning. 

2. Wind Loads on the Superstructure: 
Same as for the Type C single- 
section unit. The equations are 
shown is section D-300.2.M. 



3. Overturning Moment of the super- The summation of the force times 
structure: The resultant wind loads distance values define the equation: 
on each surface rotate about the 
pivot point shown in Figure D-11A. 
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Free-body / Diagram 

I 
Wt-dc b tie-down strap 

Foundation 

A V ~  upl i  Free-bcdy \Lcompressi!'" Diagram 
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'-concrete deadman 

Type C1 Single-Section Unit 

Wind Related Overturning Loads - Transverse Direction 
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~ o = ~ t x h , + l ~ v w l x  ('"T) - + I ~ v ~ /  x (F) Type E3 and E4 Single-Section Unit. 

1. General: The applied wind loads to 

4. Resisting moment of the superstruc- the superstructure are the same as 

ture: The total dead load provides for the Type C single-section unit as 

the only gravity load resistance to shown in Figure D-10. These wind 

overturning. Using the light dead pressures tend to overturn the su- 

load from section D-200.1 .B: perstructure, rotating it about the 
pivot point at the exterior founda- 
tion wall as shown in Figure D-11B. 

Mr = DLx[?) The vertical anchorage force (Av) 
necessary to prevent this uplift ac- 

5. Required Vertical Anchorage tion is located at the two chassis 
Force: Similar to Section beam piers and the opposite exterior 
D-300.A.5. Thus, the final equation foundation wall. The anchorage 
for anchorage force (Av) to be connection of superstructure to 
transferred to the exterior founda- these piers and foundation wall 
tion wall becomes: must be capable of transferring the 

(Av) force in proportion to their 
15x Mo - Mr distance from the pivot. The dead 

Av = 
Wt load of the exterior wall, footing 

and soil overburden; plus the dead 
C-X. W i d  Load Considerations for the load of the two piers, footings and 

soil overburden must all be equal to 

Type E SingleSection Unit 

Wind Related Overturning Loads - Transverse Direction 

Figure D - 11A 



or greater than the portion of the 
(Av) force each must resist to keep 
the superstructure from overtuming. 

2. Wind Loads on the Superstructure: 
Same as for the Type C single- 
section unit. The equations are 
shown is section D-300.2.A2. 

3. Overturning Moment of the super- 
structure: The resultant wind loads 
on each surface rotate about the 
pivot point shown in Figure D-1 1B 
The summation of the force times 
distance values define the equation: 

4. Resisting moment of the supersrruc- 
ture: The total dead load provides 
the only gravity load resistance to 
overtuming. Using the light dead 
load from section D-200.1 .B: 

5 .  Required vertical Anchorage Force: 
Assuming the anchorage force at the 
exterior wall to be (Av), and uslng 
triangle proportions, the interned!- 
ate vertical anchorage force at the 
furthest pier from the p~vot (AvI) 
becomes: 

Note: As illustrated in Figure 
D-11B the anchorage force at the 
pier closest to the pivot is very 
small and is ignored. The anchorage 

force (Avl) shall be used at both 
piers for conservatism. 

The resisting moment created by 
these two anchorage locations is: 

M, = Av x Wt + Av, x (Wt - dc) 

Substitution of the anchorage force 
value (Avl) into the above equation 
results in the following: 

(Wt - dc)' I 
Since the anchorage moment (MA") 
must balance the net overturning 
moment (1.5 x Mo-Mr), the maxi- 
mum vertical anchorage force (Av), 
which is used in the Foundation 
Design Load Tables of Appendix B, 
Part 2 for the exterior wall per foot 
of !eq& becezes: 

(1.5xMo-Mr) 

Av = [W+ (Wt - dc)' 
w t  I 

Note that the vertical anchorage 
force (Avl) used in the Tables for 
anchorage at both piers under the 
chassis beams is based on pier 
spacing (s) and renamed (Avlpler) in 
the equation becomes: 

Wt - dc 
Avl pier . = ( wt ) x Av x spacing 

D. W i d  Load Considerations for the 
Type I Single-Section Unit. 



1. General: The applied wind loads to 
the superstructure are the same as 
for the Type C and E single-section 
unit. These wind pressures tend to 
overturn the superstructure, rotating 
it about the pivot point at the exte- 
rior foundation wall as shown in 
Figure D-12. The vertical anchor- 
age force (Av) necessary to prevent 
this uplift action is located at the far 
side chassis beam at the intenor pier 
spacing. The anchorage connection 

of superstructure to foundation must 
be capable of transferring the (Av) 
force to the pier. The dead load of 
the wall, footing and soil overbur- 
den must be equal to or greater than 

the (Av) force to keep the super- 
structure from overturning. 

2. Wind Loads on the Superstructure: 
Same as for the Type C single- 
section unit. The equations are 
shown is section D-300.2.A.2. 

3. Overturning Moment of the super- 
structure: Same as for the Type E 
single-section unit. 

4.  Resisting moment of the superstruc- 
ture: Same as for the Type E sin- 

I ~ S  force 

1 
Superstructure 
Free-body 
Dlagram 

v 

uplift 9 9 A v 2  & c o m p r e s s i o n  1 
Foundation ' free-body 
Diagram 

4 Tie Downs 

Type E3 and E4 Smgie-Sect~on U n ~ t  

Wind Related Overtummg Loads - Transverse Direction 
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gle-section unit. 

5. Required Vertical Anchorage 
Force: Similar to Section 
D-300.A.5. Thus, the final equation 
for anchorage force (Av) to be 
transferred to the exterior founda- 
tion wall becomes: 

(1.5 x Mo - Mr) 
Av =[ (wt - dc) Ixspacing 

E. W i d  Load Considerations for a 
Type C Multi-Section Unit. 

described in Section D-300.2.A. 1. 
The pivot point is under the exterior 
chassis beam on one side. Anchor- 
age connection of superstructure to 
foundation is either two tie-downs 
or four tie-downs as illustrated in 
Figure D-13 at the other chassis 
beams. 

2. Wind Loads on the Superstructure: 
As shown in Figure D-13, the resul- 
tant wind force at the top and bot- 
tom of the wall are (Pt) and (Pb) re- 
spectively. The vertical component 
of the resultant wind force on the 
windward and leeward slope are 
(Pvw) and (Pvl) respectively. They 
are calculated as follows: 

1. General: The superstructure is as- 
sumed to behave as a single box for 
overturning. It receives wind loads 
and tends to overturn in a similar 
E rne :  tc ?he single-section mi: as 

Superstructure 
Free-body 
Diagram 

AV? uplii j compression 1 , ;;an;; 
Free-body 

Type I Single-Section Unit 
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L \ I A  Pvw = p, x w t  

Pvl=p,xWt The resisting moment created by 
the three anchorage locations is: 

Overturning Moment of the Super- 
structure: The summation of the WAv =Av,  xWt+Av,x(Wt-2xdc)+  
force times distance values defines Avx2x(Wt-dc) 
the equation: 

('"2"' dc)+ MO = Pt x (hn + 0.833) + IPvwl x - - 

4. Resisting Moment of the Superstruc- 
ture: The total dead load provides 
the only gravity load resistance to 
overturning. Using the light dead 
load for a multi-section unit from 
section D-200.1 .B: 

5 .  Required Vertical Anchorage 
Force: 

a. Two tie-downs: 

Substitution of the anchorage 
force values into the above 
equation results in the follow- 
ing: 

Since the anchorage moment 
(MAv) must balance the net 
overturning moment (1.5 x Mo- 
Mr), the maximum vertical an- 
chorage force (Av) concentrated 
at the exterior pier, which IS 

used in the Foundation Design 
Load Tables of Appendix B, 
Part 2, becomes: 

(1.5xMo-Mr) (1.5xMo-Mr) 
AV = [ Ix spacing AV = x spacing 

2x(Wt-dc) 1 ( ~ t - 2 x d c I 2  

1 2x(Wt-dc) + 
i 
I 

b. Four tie-downs: by triangle I 

proportions the intermediate 
I (wt)' 

+2x(Wt-dc) 
i 

vertical anchorage forces (Av) i2x(wt-dc)  1 
are: 

Note that the smaller vertical 
anchorage forces (Avl) and 
(Avz) are not used in the Tables. 

2 x (Wt - dc) 



F. Wind Load Considerations for a 1. General: The pivot point is located 
Type E Multi-Section Unit. at the exterior foundation wall on 
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one side. Anchorage connection of Av = [(1.5 x Mo - Mr) 
superstructure to foundation is ac- 
complished at the opposite exterior 

2 x w t  

wall and at specific pler locations 
resulting in either two tie-downs or 

I 
b. Four tie-downs: by triangle 

four tie-downs as illustrated in Fig- proportions the intermediate 

ure D-14. Foundation Concept Type vertical anchorage forces (Av), 

E3 has six tie-downs. The illustra- also in lbslft, are: 

tion would be similar to that for four 
tie-downs; however, the calcula- Wt + dc 

Av,=[ ].Av 
tions are included here. 2 x W t  

2. Wind Loads on the Supersmcture: 
Wind loads on the walls and roof 
planes are the same as for the Type 
C multi-section unit. 

3. Overturning Moment of the Super- 
structure: The summation of the 
force times distance values defines 
the equation: 

4. Resisting Moment of the Superstruc- 
ture: The total dead load provides 
the only gravity load resistance to 
overturning. Using the light dead 
load for a multi-section unit from 
section D-200.1 .B: 

The resisting moment created by 
the three anchorage locations is: 

Substitution of the anchorage 
force values into the above 
equation results in the follow- 
ing: 

M,=Avx 
(Wt + dc)' (Wt - d ~ ) ~  [ 2 x w t  

+ + 2 x w t  
2 x w t  I 

Since the anchorage moment 
(MAv) must balance the net 
overturning moment (1.5 x Mo- 
Mr), the maximum vertical an- 
chorage force (Av) at the exte- 
rior wall in lbslft, becomes: 

5. Required Vertical Anchorage 
Force: (1.5xMo-Mr) 

a. Two tie-downs: at the exterior 
Av = [(T;;)' + (wt - dcl2 + 2 x W t  

wall in lbslft: 2 x w t  I 



And the next largest anchorage 
force (in lbs.) (Av,) at the first 
interior pier becomes: 

b. Six tie-downs: by triangle pro- 
portions the intermediate verti- 
cal anchorage forces (Av), in 
lbslft of unit length, are: 

The resisting moment created by 
the four anchorage !ocations is: 

Substitution of the anchorage 
force values into the above re- 
sults in the following: 

(2 x ~t - dc)' (Wt + dc)' + 
+Avx[  (Wt 2xwt - dc12 2xwt +] 

+ 2 x w t  
2 x w t  

Since the anchorage moment 
(MAv) must balance the net 
overturning moment (1.5 x Mo- 
Mr), the maximum vertical an- 

chorage force (Av) at the exte- 
rior wall in lbslft, becomes: 

(1.5 x Mo - Mr) 

(2 x w t  - dc)' (wt  + dc)' +I A v = r  2xWt  + 2 x w t  

And the next largest anchorage 
force (in lbs.) (Av,) at the first 
interior pier becomes: 

The smaller values of Av are not 
printed in the tables for fabrica- 
tion economy. 

G. W i d  Load Considerations for a 
Type I Multi-Section Unit. 

1. General: The pivot point is located 
at the exterior foundation wall on 
one side. Anchorage connection of 
superstructure to foundation is ac- 
complished at specific pier locations 
resulting in either two tie-downs or 
four tie-downs as illustrated in Fig- 
ure D-15. 

2. Wind Loads on the Superstructure: 
Wind loads on the walls and roof 
planes are the same as for the Type 
C or E unit. 

3. Overturning Moment of the Super- 
structure: The summation of the 
force times distance values defines 
the equation: 



4. Resisting Moment of the Superstruc- 
M O = P ~ X ~ , + I P V W ~ X  

ture: The total dead load provides 
the only gravity load resistance to 
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overturning. Using the light dead 
load for a multi-section unit from 
section D-200.1 .B: 

Mr = DL x (Wt) 

5.  Required Vertical Anchorage 
Force: 

a. Two tie-downs: Concentrated 
load in lbs. at the exterior pier 
becomes: 

(1.5 x Mo - ~ r )  
A V = [  ] x spacing 

(2 x Wt - dc) 

b. Four tie-downs: by triangle 
proportions the intermediate 
vertical anchorage forces (Av) 
are similar to the Type E multi- 
section unit. 

The resisting moment created by 
the three anchorage locations is: 

Substitution of the anchorage 
force values into the above 
equation results in the follow- 
ing: 

Since the anchorage moment 
(MAv) must balance the net 
overturning moment (1.5 x Mo- 

Mr), the maximum vertical an- 
chorage force (Av) at the exte- 
rior pier, used in the Foundation 
Design Load Tables of Appen- 
dix B, Part 2, becomes: 

(1.5xMo-Mr) 
Av = 1 x spacing 

I .  - '  + 1 (2x  Wt - dc) I 

And the next largest anchorage 
force (Avl) at the first interior 
pier becomes: 

This (Avl) force equation is not 
used in the Foundation Design Load 
Tables of Appendix 8. It is shown 
here for engineers who wish to re- 
duce the design (Av) force at inte- 
rior pier locations. 

D-300.3 REQUIRED VERTICAL AN- 
CHORAGE BASED ON SEISMIC IN THE 
TRANSVERSE DIRECTION. Refer to Fig- 
ure D-16 to D-18 for the free-body d~agrams of 
the superstructure and foundation for single- 
section umts, illustrating the overturmng forces 
due to seismic acmity and the element dead 
loads providing resistance. 

A. General. The seismic provisions of 
ASCE 7-93 are a limit state methodology that 
must be modified to an allowable stress meth- 
odology for comparison to wind. This is ac- 
complished in the load combination as follows: 



The basic load combination from E-DL 
ASCE 7-93: 

The seismic equation from ASCE 
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where QE is the effect of horizontal 
seismic. Substitution of E into the ba- 
sic equation: 

Thus, for Seismic the net overturning 
equation generalizes to: 

which includes the same 1.5 factor of 
safety as used for wind. 

B. Seismic Force Consideration for the 
Type C, C1, E or I Single-Section Units. 

1. Seismic Inertia Forces on the Su- 
perstructure: Determination of the 
horizontal forces was explained in 
section D-200.5. The "heavy" com- 
ponent dead loads were used to ar- 
rive at the inertia forces F, and Fxf. 

2. Overturning Moment of the Super- 
structure: The moment components 
are force times distance from the 
pivot. 

a. For Type C and C1 single- 
section units: 

Mo = F,x (h, + 0.833) + Fxf x 0.833 

b. For Type E or I single-section 
units: 

3. Resisting moment of the Superstruc- 
ture: The dead load and snow load, 
where applicable, constitute the 
gravity load resisting overtuming. 
The "light" unit dead load was used 
for overtuming resistance to be con- 
servative, even though the "heavy" 
dead loads for single-section units 
were used for the calculation of the 
floor and roof inertia forces. Gen- 
erally the equations become: 

a. For Type C and C1 single- 
section units: 

b. For Type E and I single-section 
units: 

4. Required Vertical Anchorage 
Force: Using the general equation 
described in section D-300.3.A and 
using the appropriate Mo and Mr 
equarions for each unit Type, the 
equations become: 

a. For Type C single-section units: 

b. For Type C1 single-section unit: 



c. For Type E single-section units: ~ 1 . 5 x ~ o - ( l - 0 5 x ~ v ) x ~ r 1  
wt J 
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This is reflected in the Foundation 
Design Load Tables of Appendix B, 
Part 2. Note: should any (Av) value 
become negative, there is no uplift. 

C. Seismic Force Considerations for the 
Type C, E and I Multi-Section Units. 

1. General: The moment equilibrium 
equations for anchorage resistance 
are similar to those for the multi- 
section units subjected to wind load 
as shown in Figures D-13 to D-15. 
The applied roof and floor inertia 
forces (F, and Fxf respectively) are 
based on heavy dead loads for 
multi-section units and positioned 
where shown in Figures D-16 to 
D-18. Calculation of the horizontal 
roof and floor forces was explained 
in section D-200.5. 

2. Overturning Moment of the Super- 
structure: 

b. For Type E or I multi-section 
units: 

4. Required Vertical Anchorage 
Force: Using the general equation 
described in section D-300.3.A the 
equations become: 

a. For Type C multi-section units: 
The concentrated force at the 
exterior pier for two tie-downs: 

with four tie-downs: The 
maximum concentrated (Av) 
force that is used in the Founda- 
+A- nap;- ,,,, ,,,,,,, h a d  Tables ef Ap- 
pendix B, Part 2 is: 

a. For Type C multi-section units: 
Use the same equation found in Av = 
section D-300.3.B.2.a., except 
calculate F, and Fd from the 
expressions for Multi-Section 
units. 

b. For Type E or I multi-section 
units: Use the same equation 
found in section D-300.3.B.2.b., 
except calculate F, and F,f from 
the expressions for Multi- 
Section units. 

3. Resisting Moment of the Superstruc- 
ture: 

a. For Type C multi-section units: 

~ . ~ x M o - ( ~ - o . ~ x A v ) x M ~ )  
x spacing 

(wt  -2xdc)' + 
2x(Wt-dc) I I 

Note: that the smaller vertical an- 
chorage forces (Avl) and (Av3 de- 
rived in Section D-300.2.E.5 are not 
used in the tables. Note: negative 
values of (Av) produce no uplift. 

b. For Type E multi-section units, 
anchored at the exterior walls, 
the (Av) value is in units of 
lbslft. With two tie-downs: 



For four tie-downs: The c. For Type I multi-section units: 
maximum vertical anchorage The concentrated force at the 
force (Av) that is used in the exterior pier for two tie-downs: 
Foundation Design Load Tables - 
of Appendix  art 2 at the 1 ~ ~ x M o - ( ~ - o ~ x A v ) x M ~ ~  
exterior wall in units of Ibslft is: Av =l 2x(Wt-dc) -IX Spacing 

(1.5 x Mo- (1- 0.5 x Av) x ~ r )  

= [(T;;)' + (wt - dc)' 
+ 2 x W t  

2 x w t  I 
The next largest anchorage force 
(Avl in lbs.) at the first interior 
pier as used in the Appendix B, 
Part 2 Tables becomes: 

Av - 
/ ~ t + d c l  

1 - 1  2 x w t  
J x  Av x spacing 

For six tie-downs: This condi- 
tion exlsts only for the Type E3 
Foundation Concept. The 
maxlmum vertical anchorage 
force (Av) that 1s used in the 
Foundation Deslgn Load Tables 
of Append~x B. Part 2 at the 
exterior wall in units of lbslft is: 

with four tie-downs: The 
maximum vertical anchorage 
force (Av in Lbs.) at the exterior 
pier, which is used in the Foun- 
dation Design Load Tables, Part 
2, is: 

( ~ . ~ x M o - ( ~ - o . ~ x A v )  x ~ r )  
Av = -, x spacing 

And the next largest anchorage 
force (Av,) at the first interior 
pier is: 

Wt + dc 
Avl =[ (2 x Wt - dc) ].Av 

(1.5 x Mo - ( 1  - 0.5 x Av)x Mr) This (Avl) force equation is not 
Av = used in the Foundation Design 

(2 x ~t - dc)' ( ~ t  + dc)' + Load Tables of Appendix B. It 
is shown here for engineers who 

(Wt - dc )-  wish to reduce the design (Av) 
-2xWt  

force at interior pier locations. 

The next largest anchorage force D-300.4 REQUIRED HORIZONTAL AN- 
(Av] in lbs ) at the first mterior CHORAGE BASED ON WIND IN THE 
pler as used in the Appendix B, TRANSVERSE DIRECTION. Refer to Fig- 

Part 2 Tables becomes: ures D-19 and D-21 for the free-body diagrams 



of the superstructure and foundation for single 
section and multi-section units, illustrating the 
horizontal forces due to sliding and element 
dead loads providing resistance. Horizontal 
sliding is not influenced by the foundation 
Type C, E or I; thus the same analysis applies 
to all of the foundation types. Figure D-4, D-5 
and D-6 are also related to the equation devel- 
opment of this section. A roof slope of 10-15" 
(20" also) (approx. 3 in 12 slope) was used so 
as to utilize the maximum exterior pressure co- 
efficient on the windward slope (Cp = +0.2) to 
produce the largest horizontal windward force 
component, and thus the largest sliding force. 
An external windward slope uses a Cp=-0.9 to 
produce the smallest resistance force. These 
were conservative assumptions for the Tables. 
Note that internal pressures on the walls cancel; 
therefore, only internal pressures of +GCpi on 
the roof planes are considered (see Figure D-5). 
For allowable stress design methodology, the 
load combination from ASCE 7-93 is: (Wind - 

DL). Figure D-20 illustrates that a tributary 
width approach is used to calculate the forces 
to each foundation horizontal load resisting 
plane. 

A. Wind Load Considerations for the 
Type C, E and I Single-Section Unit. 

1. General: As shown in Figure D-19 
the external wind pressure on the 
windward wall and the external 
suction on the leeward wall are 
transferred into the roof (plus ceil- 
ing) and floor diaphragms. The roof 
(plus ceiling) diaphragm transfers 
the force into superstructure shear 
walls perpendicular to the unit 
length, and then in turn to the floor 
diaphragm, assuming all connec- 
tions are properly designed to resist 
the horizontal wind forces. From 
the floor diaphragm the horizontal 
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force is transferred into the founda- 
tion shear wall or vertical X-bracing 
plane. Reference Figure 6-4. It is 
assumed that the location of super- 
structure shear walls coincides with 
the foundation shear wall locations. 

Wind Loads on the Superstructure: 
As shown in Figure D-19, the resul- 
tant wind force at the top and bot- 
tom of the wall are (Pt) and (Pb) re- 
spectively. The vertical component 
of the resultant wind force on the 
windward and leeward slope are 
(Pvw) and (Pvl) respectively. The 
horizontal components of the roof 
wind loads both contribute to slid- 
ing, and are calculated as follows: 

For calculation of (Fr) use (Cp) = 
-0.9 in the above equation. 

For calculation of fiL) use (Cp) = 
i0.2 in the above equation. 

3. Sliding Force on the Superstruc- 
ture: The sliding force is a function 
of the number of foundation shear 
walls (transverse foundation walls) 

that are used. Note that all four 
sliding force horizontal components 
point in the same direction and thus 
are additive. 

a. For twb end shear (transverse) 
walls: the end wall sliding force 
distribution is illustrated in Fig- 
ure D-20 and calculated as fol- 
lows: 

FSLmd = (Pt + Pb) x + (P, + PHL) x 

b. For four shear (transverse) 
walls: the interior and end wall 
sliding force distribution is illus- 
trated in Figure D-20 and calcu- 
lated as follows: 

c. For six shear (transverse) walls: 
the interior and end wall sliding 
force distribution is illustrated in 
Figure D-20 and calculated as 
follows: 

4. Resisting Force supplied by the Su- 
perstructure: At the shear walls the 
sliding force (FsL) is resisted by the 
friction from the dead load of the 



structure, reduced by the differential 
uplift pressure on the roof planes. 
Note that the "light" unit dead load 
was assumed for the calculations. 
The coefficient of static friction is 
assumed to be 0.4 for wood against 
concrete or masonry. 

a. For two end shear (transverse) 
walls: the frictional resistance is 
a function of dead load as illus- 
trated in Figure D-20 and calcu- 
lated as follows: 

Spacing has been conservatively 
set to 4 feet, regardless of actual 
pier spacing. If (Frend) is nega- 
tive, set Frend = 0. 

b. For four shear (transverse) 
walls: the frictional resistance is 
distributed to an end and interior 
shear wall location as illustrated 
in Figure D-20 and calculated as 
follows: 

Spacing has been conservatively 
set to 4 feet, regardless of actual 
pier spacing. If (Fr,, or Frend) is 
negative, set Fr,,, or Frend = 0 as 
appropriate. 

c. For six shear (transverse) walls: 
the frictional resistance is dis- 
tributed to an interior and end 

wall the same as for four shear 
walls as illustrated in Figure 
D-20. 

5. Required Horizontal Anchorage 
Force: I f  the horizontal sliding 
force exceeds the horizontal sliding 
resistance, then sliding occurs. This 
net sliding force (Ah) must be re- 
sisted by connections between the 
superstructure and the foundation 
shear walls or vertical X-bracing 
planes with an appropriate factor of 
safety, generally assumed to be 1.5 
as for overturning. Refer to section 
D-300.2.A.5 for a full description. 
The equation requires substitution 
of the above (FsL) and (Fr,,, and 
Frmd) values for the selected 2, 4 or 
6 shear walls. For the interior shear 
wall locations: 

and for the end shear wall locations: 

B. Wind Load Considerations for a 
Type C, E or I Multi-Section Unit. 

1. General: Comparing Figures D-19 
and D-21, it is clear that the behav- 
ior of a multi-section unit is identi- 
cal to the single-section unit in re- 
gards to sliding. The behavior de- 
scribed in section D-300.4.A. can be 
applied here, except that the multi- 
section unit is twice as wide (2 x 
Wt). 
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2. Wind Loads on the Superstructure: P, = p ,  x Wt x tan2O0 
As shown in Figure D-21, the same 
wind force components are re- 3. Sliding Force on the Superstruc- 
quired, except that the roof forces ture: The sliding force equations 
are twice as large for the multi- for single-section units from section 
section unit as follows: D-300.4.A.3 are applicable, substi- 

tuting the force values from section 
h 

Pt = Pb = (p, + Ip,, 1) x D-300.4B.2 for multi-section units. 

Pvw = p, x Wt 4. Resisting Force supplied by the Su- 
perstructure: The resisting force 

For calculation of (Fr) use (Cp) = equations for single-section units 

-0.9 in the above equation. from section D-300.4.A.4 with the 
same notes are applicable, substitut- 

Pvl = p,l x Wt ing the "light" dead load for a multi- 
section unit and the wind force val- 

PHW = p, x Wt x tan2O0 ues from section D-300.4.B.2. 

For calculation of (FsL) use (Cp) = 5. Required Horizontal Anchorage 

+0.2 in the above equation. Force: Similar equations are util- 
ized as for the single-section units 
except for unit width (2 x Wt). The 

D~rection 

floor 
diaphragm' 

PVI* 

roof 1 ceiling 
diaphragm 

- - -9Pt  - 
Fsl 

/% 

a ', ---*Pb ~a 
rnanufaactured home 
rated shear wail 

foundation 
shear wall 

Type C, E or I Multi-Section Units 

Wind Related Sliding - Transverse Direction 

Figure D - 21 

Superstructure 
Free-body 
Diagram 

1 
Foundation 
Free-body 
Diagram 

I - 



equation requires substitution of the 
above (FS~) and (Fri,, and Frmd) val- 
ues for the selected 2, 4 or 6 shear 
walls. For the interior shear wall 
location: 

and for the end shear wall location: 

C. Horizontal Anchorage with X- 
Bracing. The calculation of (Ah) is necessary 
to proceed to analyze X-bracing alternatives. 
Refer to Figure 6-10 and section 602-5.G for 
illustration and explanation of two horizontal 
anchorage options: 

1. To use steel straps to complete the 
transverse foundatlon walls, or 

2. To use steel straps instead of trans- 

verse foundation walls. 

D-300.5 REQUIRED HORIZONTAL AN- 
CHORAGE BASED ON SEISMIC IN THE 
TRANSVERSE DIRECTION. Refer to Fig- 
ures D-22 and D-23 for the free-body diagrams 
of the superstructure and foundation for single 
section and multi-section units, illustrating the 
horizontal forces due to seismic induced slid- 
ing. No gravity load frictional resistance is 
considered due to the dynamic vertical compo- 
nent of acceleration. Horizontal sliding is not 
influenced by the foundation Type C, E or I; 
thus the same analysis applies to all of the 
foundation types. Figure D-7 is related to the 
equation development for the calculation of 
horizontal inertia floor and roof forces. 

A. Seismic Force Considerations for the 
Type C, E and I Single-Section Units. 

1. General: Figure D-22 shows all the 
applied and resisting forces in- 
volved in the horizontal equilibrium 
equations. 
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2. Seismic Inertia Forces on the Su- 
perstructure: Determination of the 
horizontal forces was explained in 
section D-200.5. The "heavy" com- 
ponent dead loads were used to ar- 
rive at the inertia forces for single- 
section units. 

3. Sliding Force on the Superstruc- 
ture: The sliding force is a function 
of the number of foundation shear 
walls (transverse foundation walls) 
that are used. 

a. For two end shear (transverse) 
walls: the end wall sliding 
seismic force distribution is il- 
lustrated in Flgure D-20 and 
calculated as follows: 

b. For four shear jtransversej 
walls: the interior and end wall 
sliding seismic force d~stribution 
is illustrated in F~gure D-20 and 
calculated as follows: 

c. For six shear (transverse) walls: 
the interior and end wall sliding 
seism~c force d~stribution is il- 
lustrated in h p r e  D-20 and 
calculated as follows~ 

4. Resisting Force supplied by the Su- 
perstructure: The unreliability of 
friction to provide horizontal resis- 
tance to sliding during a seismic 
event requires : 

Fr = 0 for interior and end wall re- 
sistance. 

5. Required Horizontal Anchorage 
Force: The equations require sub- 
stitution of the above (&) values 
for the selected 2, 4, or 6 shear 
walls. The horizontal sliding force 
for interior shear wall locations is: 

The horizontal sliding force for the 
end shear wall locations is: 

B. Seismic Force Considerations for the 
Type C, E and I Multi-Section Units. 

1. General: Figure D-23 shows all the 
applied and resisting forces in- 
volved in the horizontal equilibrium 
equations. 

2. Seismic Inertia Forces on the SU- 
perstructure: Determination of the 
horizontal forces was explained in 
section D-200.5. The "heavy" com- 



ponent dead loads for multi-section 
units were used to arrive at the iner- 
tia forces. 

3. Sliding Force on the Superstme- 
hire: The sliding force is a function 
of the number of foundation shear 
walls (transverse foundation walls) 
that are used. Reference Figure 
D-20 as a similar illustration, 
changing the unit width from (Wt) 
to (2 x Wt). The equations for hori- 
zontal sliding are the same as for 
single-section units, except that the 
magnitude of the inertia forces is for 
multi-section units as described in 
section D.200.5.B and 
D.200.5.E.7.a. and D-200.5.E.8. 
The sliding (FSL) equations then 
duplicate as shown in section 
D-300.5.A.3 with the larger F, and 
F,f values used in the equations. 

friction to provide horizontal resis- 
tance to sliding during a seismic 
event requires : 

Fr = 0 for interior and end wall re- 
sistance. 

5.  Required Horizontal Anchorage 
Force: The equations require sub- 
stitution of the above (Fs3 Multi- 
Section unit values for the selected 
2 , 4  or 6 shear walls. The horizon- 
tal sliding force for the interior 
shear wall locations is: 

and the horizontal sliding force for 
the end shear wall location is: 

4. Resisting Force supplied by the Su- 
perstructure: The unre!lahi!!ty of C. Horizontal Anchorage with 
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X-Bracing. The calculation of (Ah) is neces- 
sary to proceed to analyze X-bracing altema- 
tives. Refer to Figure 6-10 and section 602-5.G 
for illustration and explanation of two horizon- 
tal anchorage options: 

1. To use steel straps or rods to com- 
plete the transverse foundation 
walls, or 

2. To use steel straps or rods instead of 
transverse foundation walls. 

D-300.6 REQUIRED HORIZONTAL AN- 
CHORAGE BASED ON WIND IN THE 
LONGITUDINAL DIRECTION. Refer to 
Figure D-24 for the free-body diagram of the 
superstructure and foundation for single section 
and multi-section, illustrating the honzontal 
forces due to longitudinal sliding from wind 
loading. The longitudinal sliding force (Ah) is 
not influenced by the foundation Type C, E or 
I. The same free-body diagram is used for the 
analysis; however, the detailing does dlffer 
based on foundation Type C, or E and I. The 

Type E or I foundation, where structural exte- 
rior longitudinal foundation walls are used, is 
illustrated in Figure D-25. A Type C unit, 
where non-structural exterior longitudinal walls 
are typically used, incorporates vertical X- 
bracing planes along the chassis beam lines for 
longitudinal sliding resistance as illustrated in 
Figure 1)-26. Figure D-4 is also related to the 
equation development of this section. A roof 
slope of 20 degrees (approx. 4 in 12 slope) was 
used so as to maximize the end wall area to 
produce the largest horizontal windward and 
leeward forces. Note that internal pressures 
GCpi on the end walls cancel (see Figure D-5). 
For allowable stress design methodology, the 
load combination from ASCE 7-93 is: (Wind - 
DL). Figures D-25 and D-26 also illustrate that 
a tributary width approach is used to calculate 
the (Ah) force transferred to each foundation 
horizontal load resisting plane. 

A. W i d  Load Considerations for the 
Type C, E and I Single-Section Units. 

1. General: As shown in Figure D-24 
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the external wind pressure on the 
windward wall and the external 
suction on the leeward wall are 
transferred into the roof (plus ceil- 
ing) and floor diaphragms. The roof 
(plus ceiling) diaphragm transfers 
the force into the exterior super- 
structure shear walls parallel to the 
unit length, and then in turn to the 
floor diaphragm, assuming all con- 
nections are properly designed to 
resist the horizontal wind forces. 
From the floor diaphragm the hori- 
zontal force is transferred into the 
exterior (longitudinal) foundation 
shear walls for Type E or I units, or 
is transferred from the exterior walls 
to the vertical X-bracing planes un- 
der chass~s beam lines for Type C 
units as shown in Figures D-25 and 

D-26 respectively. Also, reference 
Figure 6-6 for further illustration of 
both longitudinal resistance sys- 
tems. Note: it is assumed that the 
exterior superstructure shear walls 
can transfer their force through the 
floor diaphragm and send the total 
sliding force over to the chassis 
beam lines for the Type C founda- 
tion. 

2. Wind Loads on the Superstructure: 
The resultant wind forces occur on 
the end elevations of the single- 
section unit. The windward pres- 
sure (mVE) and the leeward suction 
(PLE) include exterior effects only 
(internal effects cancel) as shown in 
Figures D-4 and D-5. The areas 
over which these pressures act are 

utafy width carried exterioifoundation 
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illustrated in Figure D-27 for single- For selection of external pressure 
section units, and is calculated as coefficients (Cp) on the leeward 
follows: side, use Cp = -0.2 for single- 

section units 

A,, = Wt x h, + 3 .  Sliding Force on the Superstruc- 
ture: The sliding force is distrib- - 

The combined longitudinal resultant uted to the two longitudinal exterior 

force for the windward and leeward superstructure walls and then to the 

end walls of a single-section unit is: floor diaphragm as follows: 
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4. Resisting Force supplied by the Su- 
perstructure: Superstructure gravity 
dead loads are distributed differ- 
ently to the Type C and Type E or I 
foundations as described in section 
D-300.1.A to C. Also, the roof 
planes are subjected to external and 
interior combined suctions as shown 
in Figures D-4 and D-5 that would 
offset much of the dead load in most 
cases. Note: the "light" unit dead 
load was assumed. For these rea- 
sons, and for simplicity in the 
analysis, no frictional resistance was 
assumed to exist. This is a conser- 
vative approach. It should be 
pointed out that for wind speeds of 
80 and 90 MPH incorporating the 
Cp=-0.7 on both roof sloping planes 
would have resulted in no sliding, 
meaning values of FSL that are 
negative. This was ignored for ad- 
ditional conservatism. 

5.  Required Horizontal Anchorage 
Force: The longitudinal sliding 
force (Ah), without any assumed 
frictional resistance, is the same 
magnitude as the sliding force on 
the superstructure (FsL). This slid- 
ing force (Ah) must be resisted by 
connections between the superstruc- 
ture and the longitudinal foundation 
shear walls for Type E or I Founda- 
tions, and it must be resisted by 
vertical X-bracing planes for Type 
C foundations. The appropriate 
factor of safety is assumed to be 1.5 
(as for overturning). Refer to sec- 
tion D-300.2.A.5 for a full descrip- 
tion. The longitudinal sliding force 
per foot of length of unit is: 

B. Wind Load Considerations for the 
Type C, E and I Multi-Section Units. 

1 .  General: The analysis process is 
the same as for single-section units, 
except that the end elevation area is 
greater than the single section unit. 
Figures D-24 to D-27 illustrate the 
multi-section unit information re- 
quired. 

2. Wind Loads on the Superstructure: 
The resultant wind forces occur on 
the end elevations of the multi- 
section unit. The windward pres- 
sure (p& and the leeward suction 
(PLE) include exterior effects only 
(internal effects cancel) as shown in 
Figures D-4 and D-5. The area over 
which these pressures act is illus- 
trated in Figure D-27 and is calcu- 
lated as follows: 

Aend2 = (2 x Wt) x h, + ( ~ t ) '  x tan20° 

The combined longitudinal resultant 
force for a multi-section unit is: 

and Cp = -0.275 for multi-section 
units in the calculation of (pLE) as 
required above. 

3. Sliding Force on the Superstruc- 
ture: The slidmg force is distrib- 
uted to the two longitudinal exterior 
superstructure walls and then to the 
floor diaphragm as follows: 



foundation walls would typically be 
required for Type E or I units. 

4. Resisting Force supplied by the Su- 
perstructure: Same discussion ap- 
plies as for single-section units. 

5. Required Horizontal Anchorage 
Force: The same discussion applies 
as for single-section units. The 
longitudinal sliding force, distrib- 
uted to each exterior longitudinal 
wall, per foot of length of unit is: 

Ah=1.5xFSL 

Note if 4 lines of vertical X-bracing 
are to carry the sliding force (FSL) as 
depicted in Figure D-26 then: 

C. Horizontal Anchorage with X- 
Bracing. The calculat~on of (Ah) is necessary 
to proceed to analyze X-brac~ng. Refer to Fig- 
ure 6-11 and section 603-6.F for illustration 
and explanation of the horizontal anchorage 
with X-bracing in the longitudinal direction: 

Note: X-bracing is typically used for Type 
C units. Only Perimeter longitudinal 

D-300.7 REQUIRED HORIZONTAL AN- 
CHORAGE BASED ON SEISMIC IN THE 
LONGITUDINAL DIRECTION. Refer to 
Figure D-28 for the free-body diagram of the 
superstructure and foundation for single section 
and multi-section units, illustrating the horizon- 
tal forces due to longitudmal sliding from 
seismic forces. The longitudinal sliding force 
(Ah) is not influenced by the foundation Type 
C, E or I. The same free-body diagram is used 
for the analysis; however, the detailing does 
differ based on foundation Type C, or E and I. 
The Type E or I foundation, where structural 
exterior longitudinal foundation walls are used, 
is similar to that illustrated for wind in Figure 
D-25. A Type C unit, where non-structural 
exterior longitudinal walls are typically used, 
incorporates vertical X-bracing planes along 
the chassis beam lines for longitudinal sliding 
resistance is similar to that illustrated for wind 
in Figure D-26. Figure D-7 illustrates the 
seismic terms and is related to the equation de- 
velopment found in section D-200.5.B. and 
E.7. and E.8. for the calculation of horizontal 
inertia floor and roof forces. These forces are 
the same magnitude in the transverse and longi- 
tudinal directions. For allowable stress design 
methodology, the load combination from 
ASCE 7-93 is: (Seismic)-DL. 

SingleSection MultiSection 

End Elevation Areas -Wind - Longitudinal Direction 
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A. Seismic Force Considerations for the 
Type C, E and I Single-Section Units. 

1. General: Figure D-28 shows all the 
applied and resisting forces in- 
volved in the horizontal equilibrium 
equations. The seismic inertia floor 
and roof forces are transferred into 
the roof (plus ceiling) and floor dia- 
phragms. The roof (plus ceiling) 
diaphragm transfers the force into 
the exterior superstructure shear 
walls parallel to the unit length, and 
then in turn to the floor diaphragm, 
assuming all connections are prop- 
erly designed to resist the honzontal 
inertia forces. From the floor dia- 
phragm the horizontal force is trans- 
ferred into the extenor 
(longitudinal) foundation shear 
walls for Type E or I unlts, or 1s 
transferred from the extenor walls 
to the vertical X-bracing planes un- 
der chassis beam lines for Type C 
units. Figures D-25 and D-26, 

drawn for wind loads, can be simi- 
larly applied. Also, reference Fig- 
ure 6-6 for further illustration of 
both longitudinal resistance sys- 
tems. It is assumed that the exterior 
superstructure shear walls can trans- 
fer their force through the floor dia- 
phragm and send the total sliding 
force over to the chassis beam lines 
for the Type C foundation. 

2. Seismic Loads on the Superstruc- 
ture: Calculation of the seismic in- 
ertia forces is the same as that de- 
termined for the transverse direction 
seismic related sliding found in sec- 
tion D-200.5.B and E.7. and E.8. 

3. Sliding Force on the Superstruc- 
ture: The sliding force is distrib- 
uted to the two longihdinal exterior 
superstructure walls and then to the 
floor diaphragm in lbslft of length 
as follows: 
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section unit information required for 
seismic forces. 

4. Resisting Force supplied by the Su- 
perstructure: The unreliability of 
friction to provide horizontal resis- 
tance to sliding during a seismic 
event requires : 

5. Required Horizontal Anchorage 
Force: The longitudinal slidmg 
force (Ah), without any assumed 
frictional resistance, is the same 
magnitude as the sliding force on 
the superstmcture (FSL). This shd- 
ing force (Ah) must be resisted by 
connections between the superstruc- 
ture and the longitudinal foundation 
shear walls for Type E or I Founda- 
tions, and it must be resisted by 
vertical X-bracing planes for Type 
C foundations. The appropnate 
factor of safety is assumed to be 1.5 
(as for overturning). Refer to sec- 
tion D-300.2.A.5 for a full descnp- 
tion. The longitudinal sliding force 
per foot of length of unit is: 

B. Seismic Load Considerations for the 
Type C, E and I Multi-Section Units. 

1.  General: The analysis process is 
the same as for single-section units, 
except that the dead load for the 
multi-section unit is greater than the 
single section unit, and the Inertia 
forces will be greater. Figures D-24 
to D-26, although illustrating wlnd 
loads, are similar for the multl- 

Fr = 0: for all foundation types 

2. Seismic Loads on the Superstruc- 
ture: Calculation of the seismic in- 
ertia forces is the same as that de- 
termined for the transverse direction 
seismic related sliding. 

3. Sliding Force on the Superstruc- 
ture: The sliding force is distrib- 
uted to the two longitudinal exterior 
superstructure walls and then to the 
floor diaphragm in lbslft of unit 
length as follows: 

4. Resisting Force supplied by the Su- 
perstructure: Same discussion ap- 
plies as for single-section units. 
Thus, (Fr) = 0. 

5. Required Horizontal Anchorage 
Force: The same equation applies 
as for single-section units. The 
longitudinal sliding force per foot of 
length of unit is: 

C. Horizontal Anchorage with X- 
Bracing. The calculation of (Ah) is necessary 
to proceed to analyze X-bracing. Refer to Fig- 
ure 6-11 and section 603-6.F for illustration 
and explanation of the horizontal anchorage 
with X-bracing in the longitudinal direction: 

Note: X-bracing is typically used for Type 
C units. Only Perimeter longitudinal 
foundation walls would typically be 
required for Type E or I units. 



APPENDIX E 
OWNER'S SITE ACCEPTABILITY WORKSHEET 

Owner's 
Name: 

Address: 

Telephone: 

Site Location: 

Legal Description: 

Have you provided a copy of a map pinpointing the site? yes no 

Have you submitted a foundation plan? yes no 
(See #10 of Manufacture's Worksheet) 

Preliminary Site Information 

Before approval of the site can begin, the applicant must provide preliminary site information to the 
field office. Refer to Chapter 2, "Slte Acceptability Criteria" for clarification. 

1. Provide survey results showing existing grade elevation. (201-1) ft. 

2. Is the building in a flood-prone area? (201-2) 
If the answer to 2 is Yes, answer 3,4, & 5. 
If the answer to 2 is No, answer 6, below. 

yes no 



3. What is the Base Flood Elevation? 

What is the Flood Protection Elevation? 

4. Has approval for drainage, grading and berrning been approved 
for flood-prone sites? 

5. Have permits been provided? 
(Permits must be obtained for any alteration of the building site in 
a flood protection area.) 

6. Provide geotechnical report in areas of known high water table 
(20 1-4) 

7. Provide geotechnical report if adverse site conditions are found or 
suspected. (203) 

8. Provide site-drainage plan complying with CAB0 R301.3 or local 
requirements. (301) 

9. Provide fill specifications if site is to be prepared with earth fill. 
(303-2) 

10. If a geotechnical report is required, what is the net allowable soil 
bearing pressure? (202) 

1 1. If no adverse soil conditions are known or suspected, and if the 
home is individually sited, assume a soil bearing pressure of 1,000 
psf. and use this value when a determination of soil bearing pres- 
sure is called for. 

ft. 

ft . 

yes no 

yes no 

yes no 

yes no 

yes no 

yes no 

psf. 

1,000 psf. 



APPENDIX E 

Manufacturer's 
Company Name: 

Address: 

MANUFACTURER'S WORKSHEET 

Telephone: 

Determination of Building Structure and Size 

The manufacturer shall provide the following information: 

1. Type of unit 

2. Method, location and types of support: 
Refer to Figures 6-7 and 6-8 and Section 601-4 
Is the home a C, E, or I? 

3. Length of unit L 

4. Actual width of unit Wt 

5. Height of exterior wall ** 

6. Height of roof peak ** 

7. Roof slope ** 

8. Self weight of total unit (W) including mechanical equipment ** 

9. Distance between chassis members 

10. One foundation design concept (See Appendix A) 
(Cl-C4; El-E8; or I) 

Single-Section 
Multi-Section 

ft. 

ft. 

ft. 

ft. 

lbs. 

ft. 



11. Recommended pier spacing ** 

a. Exterior 

b. Interior 

c. Continuous Marriage Wall 

Length of largest isolated marriage wall opening or average of 
largest two adjacent openings 

d. Tie-down Strap (C1 concept only) 
(Number) 

12. One installation method recommendations (include documenta- 
tion showing connection details pertinent to geographic area for 
seismic or wind). ** 

13. Interior shear wall locations (include documentation showing lo- 
cations). ** 

14. Design wind speed used in designing connection details for hori- 
zontal anchorage (Ah) and vertical anchorage (Av) in the trans- 
verse direction. ** 

ft . 

ft. 

ft. 

ft. 

ft. 
(Spacing) 

yes no 

yes no 

mph. 

15. Seismic acceleration values used in designing connection details - Av 
for horizontal anchorage (Ah) in the transverse and longitudinal 
directions. ** - Aa 

16. Shear wall connection details with rated capacity for wind and 
seismic are provided. ** i 

a. Connection locations at foundation end and interior walls 
shown? ** 

b. Rated connection capacity for uplift and overturning ** 

c. Rated connection capacity for sliding in transverse direction ** 

d. Rated connection capacity for sliding in longitudinal direction ** 

yes no 

yes no 

lbs./ft. 
(or lbs./tie-down) 

lbs./ft. 
(or lbs./diag. strap) 

lbs./ft. 

e. Vertical X-bracing tension strap capacity ** 
1bsJdiag. strap 



f. Engineering calculation by licensed structural engineer? ** yes no 

** Optional values: It is optional for the manufacturer to provide these values. If the manufacturer 
does not provide the values, it is the responsibility of the owner to supply values, based on engineer- 
ing analysis by a licensed structural engineer. 

7 Item 16 is provided in California. 





APPENDIX F 
DESIGN WORKSHEET 

Owner's Name: 

Address: 

Builder's Name: 

Site Location: 

PART 1: SITE CONDITIONS 
(Accompanies Chapter 2) 

1. Has the Manufacturer's Worksheet been provided? yes no 

Existing Grade Elevation (201-1) 

2. Does the site requlre a survey? yes no 
(Answer yes if: 1) elev. to be altered by grade or fill; 2) site near 
flood zone; 3) subdivision. Answer no if individually-sited with 
no alteration of building site.) 

3. If yes to above, what is the surveyed existing grade elevation? ft. 

Flood Protection Elevation (201-2) 

4. Is the building site in a flood zone? 
(If yes to 4, then answer 5,6,7 & 8. If no, skip to 9.) 

yes no 

5. What is the Base Flood Elevation or the Flood Protection Eleva- 
tion (use highest value)? ft 

6. Is the site to be graded, filled, or bermed? 
(If no, skip to 9.) 

7. If yes to 6, have all permits been provided? 

yes no 

yes no 

8. If no to 6, then are the buildings to be built on elevated founda- 
tions? yes no 
(If yes, this handbook cannot be used. Refer to FEMA Manual.) 



Frost Penetration Depth (201-3) 

9. What is the maximum frost penetration depth? 
(see Appendix H, page H-4) 

in. 

10a. Does foundation plan show base of footing extending below frost 
penetration depth? yes no 
(If yes proceed; if no, applicant should revise plans.) 

lob. Does foundation plan show base of footing extending below top- 
soil layer (min. 12") to undisturbed soil? yes no 

Ground Water Table Elevation (201-4) 

11. For subdivisions, does a Geotechnical Engineer recommend 
drainage of subsurface water? 
(If no, skip to 13.) 

yes no 

12. Has groundwater drainage plan been provided? yes no 

Soil Conditions (202,203) 

13. If any of the following adverse site conditions are discovered, specific recommendations by a 
Geotechnical Engineer will be required (applies to subdivisions and individually-sited homes.) 

Organic soil (8" topsoil layer) yes no 

Expansive (shrink-swell) soil yes no 

Sloping site yes no 

Subsidence yes no 

(Applicant may be referred to Geotechnical Engineer if any of the above are yes. If no, to all 
of above, move to next step.) 

14. Is area in a known termite infestation area? yes no 

Region classification? 
(See Appendix H, Termite Infestation Map, page H-10) (If no, 
skip to 16.) 

15. Has applicant complied with CABO R-308 or local ordinance for 
construction procedures and treatment? yes no 
(If yes, continue; if no, refer applicant to CABO requirements.) 



PART 2: SITE PREPARATION 
(Accompanies Chapter 3) 

16. Acceptable surface drainage plan provided? (301) yes no 
(If no, one must be provided for subdivision) 

17. Grading plan provided? (302) yes no 

18. Fill specifications conforming to those cited in HUD Land Plan- 
ning Data Sheet (79g)? (303) yes no 
(If fill is used, below the home's foundation, a report by Geotech. 
Eng. should be submitted to provide fill specifications.) 

19. Finish grade elevation? (304) * 
(Check answers to Part 1 : #4 & #5. The finish grade elevation 
must be higher than #5 if in flood zone.) 

PART 3: DESIGN LOADS 
(Accompanies Chapter 4) 

Information from Manufacturer's Worksheet 

20. Has all the information been provided on the Manufacturer's 
Worksheet? (P.ppen6k E) yes no 

21. What is the building self weight (W)? lbs. 
(Mfg. Wksht. #8) 

22. What is the building length (I,)? fi. 
(Mfg. Wksht. #3) 

23. What is the distributed weight per foot of unit length? (w=WL) lbs./ft. 
(402-1 .B, C) 

24. What is the building type? 
(Mfg. WkSht. #2) 

Single-Section 
Multi-Section 

Foundation design concept? 
(Cl, C2, C3, C4, El, E3, E4, E5, E6, E7, E8,I) * 



Dead Load (402-1) 

25. What is the light dead load value from Table 4-I? 
(402-1.A. 1) 

26. What is the heavy dead load value from Table 4-l? 
(402-1.A.2) 

27. Does the answer from Question #23 fall within the values in #25 
and #26? (402-1 .D) 
(If the answer is yes, continue. If no, the foundation is not within 
the limits of this document and must be redesigned by a structural 
engineer.) 

Snow Load (402-2) 1 Minimum Roof Live Load (402-2.C) 

28a. What is average annual ground snowfall (Pg)? 
(See Ground Snow Load map, pages H- 11, H- 12 and H- 13.) 

28b. What is 0.7 multiplied by Pg? 

29a. What is the roof slope? (Mfg. Wksht. #7) 

29b. What is the minimum roof live load for the roof slope? 
@-200.2.B) 

30. Record the larger magnitude of item 28b or item 29b. Use this 
magnitude for roof load where required. 

Wind Load (402-3) 

31a. What is the basic wind speed (V)? 
(See Wind Speed map, page H-14.) 

31b. If V is less than 80 mph, record MPS min. 80 mph for wind de- 
sign. (402-3.A) 

32. Is the site inland or coastal? (402-3.B) 
(If inland, skip to question #38.) 

33. If a coastal area, has the manufacturer provided connection de- 
tails? (402-3.D) (Mfg. Wksht. #12) 

yes no 

(1bs.lsq.ft.) 

psf. 

psf. 

mph. 

mph. 

Inland 
Coastal 

yes no 



34. If ves to #33, what design wind speed has the manufacturer used - 
in designing connection details? 
(Mfg. Wksht. #14) 

mph. * 

35. Are the connection locations shown? (Mfg. Wksht. #16a) yes no 

36. Are connection details provided for foundation shear walls? yes no 
(For an answer of yes, all questions under Mfg. Whht  #16 must 
be answered satisfactorily.) 

37. Is the value for Question 34 equal to or greater than the number 
given in Question 3 l ?  yes no 
(If yes, proceed. If no, reNm design to manufacturer for clarifica- 
tion.) 

Seismic Load 

38a. What are the seismic acceleration values? 
(See Seismic maps, pages H-15 and H-16) 

38b. Is & .: 0.15? yes no 
(if no, proceed. If yes, seismic need not be considered, skip ques- 
tions 39 to 41.) 

39. Seismic performance category. 
(See H-300 for Special Requirements of Foundation Design.) 

40. What is the applicant's proposed design concept? 
(Design ~ k s h t .  #24) 

41. Do the Foundation Design Concept Tables approve the foundation 
system for use in seismic areas of Question #38 above? (See Ap- 
pendix A) yes no 
(If yes, proceed. If no, reNm to applicant for foundation design 
choice more suited to high seismic areas.) 

PART CFINAL DESIGN PROCEDURE 
(Accompanies Chapter 6) 

42. What is the actual building width? ft. 
(Mfg. Wksht. #4) 



43. The nominal building width to be used in the Foundation Design 
Tables, (Aftg, Av & Ah) is Wt: ft . 
(600-2.A and Figure 6-1) 

44. Where are the foundation supports located? Check drawings Chassis Beams 
submitted by the owner and Foundation Design Concepts in Exterior Walls 
Appendix A. Circle the support locations shown on the Marriage Wall 
Manufacturer's foundation concept plan. 

45. Do these locations match the Foundation Concept shown in Ap- 
pendix A? Do the locations match Question #24 on the Design 
Worksheet? yes no 
(If yes, proceed. If no, return to Owner for clarification.) 

46. Is Vertical Anchorage present? yes no 
(601-2.B, 601-3.B & 601-4.B (Figures 6-7 & 6-8); Mfg. Wksht. 
#12 & #16) 

APPENDIX A 

47. What is the basic system type? 
(From Part 3: #24; Mfg. Wksht. #2) 

43. '%%at is k e  spacing benveen piers? ~ ~ ~ r i ~ ~ :  4 5, 6' 7' 8' 
(Mfg. Wksht. #I 1) 
(602-2) Interior: 4' 5' 6' 7' 8' 

Continuous Marriage Wall: 4' 5' 6' 7' 8' 

Largest or Average Marriage Wall Opening: ft . 

Tie Down (Cl) ft  . 

APPENDIX B 

Required Footing Size 

49. The required Exterior Wall Footing, for the foundation type, is 
found in the Required Effective Footing Area table in App. B, 
Part 1. (Use maximum value from item #30.) * 

The Required Exterior Square Footing size is: Type C sq. ft . 

Type E or I ft . 
(width) 



50. The Required Interior Footing area is: 
(Also exterior piers for foundation type E) 

5 la. The Required Continuous Maniage Wall Footing area is: sq.ft. 

5 lb. The Required Footing area under posts at the ends of marriage 
wall opening(s) is: sq.ft. 

Vertical Anchorage Requirements in the Transverse Direction (602-4) 

52a. Using the Foundation Design Load Tables (Appendix B, Exterior Av * 
Part 2), determine the Required Vertical Anchorage. (1bs.lpier spacing; 

1bs.Ift for E type; 
lbs./tie-down spacing) 

52b. Number of vertical tie-down locations for multi-section units: 2 or 4 or 6 

52c. For units with additional vertical anchorage at the interior piers, 
determine the Required Vertical Anchorage. Interior Av * 

(1bs.Iint pier spacing) 

53. What is the manufacturer-supplied value? 
(#16b, Mfg. WkSht.) 

54. Is this value (#53) greater than the value given in #52a? 
(If yes, continue. If no, return to owner for clarification.) 

Exterior * 

Interior * 

Horizontal Anchorage Requirements In The Transverse Direction (602-5) 

55a. What number of transverse foundation walls 
was selected? (602-5.E) (If vertical X-bracing 
planes are used. complete items #55a, #56 and 
#57 for 2 transverse walls. and then skip to 
item #59.) 

55b. Are diagonal ties used to complete the top of 
the transverse shon wall for horizontal anchor- 
age? (602-5.G. 1 ) 

Estimate height (h) for appropriate illustration 
in Figure 6- 10. 

yes no 

no 

ft. 



56. Using the tables, find the Required Horizontal End Wall Ab 
Anchorage (Ah). (Appendix B; Part 3) 

Int Wall Ah 

57a. What is the manufacturer's-supplied rated ca- 
pacity for sliding? (#16c, Mfg. WkSht.) 

57b. If answer to item #55b is yes, record manufac- 
turer or product supplier rated strap tension ca- 
pacity 

58a. Is value #57a greater than item #56? 
If yes, continue. If no, return to section 
602-4.C and to question #55a and select a 
larger number of transverse foundation walls. 
If the maximum number selected (6) does not 
work, return to owner (who may wish to con- 
tact the manufacturer for clarification). 

58b. If answer to #55b is yes, required tension in di- 
agonal (T,). (Complete procedure in Section 
602.5.G. 1 .) 

58c. Is value #57b greater than #58b? 
If yes, continue to item #62. If no, retum to 
owner for product with greater capacity. 

yes yes yes 

no no no 

trial 1 ( trial 2 1 trial 3 

- 

- 

- 

- 

- 

1bs.lft. 

1bs.Ift. 

1bs.Ift. 

lbs./strap 

Ibs. 

59. If usmg vertlcal X-braclng planes in lieu of transverse short walls (and the formulas in 
section 602-5.G.2). determme anchorage values and sizes for diagonal members. 
(If shear walls are selected in Item #55, skip to item #62.) 

trial 1 trial 2 trial 3 

a. Vertical X-braclng spacmg proposed. ft. * 

b. Number of vertical X-bracing locations proposed. * 
(Item #13, Mfg. WkSht for tnal 1.) 



c. Required horizontal anchorage (C) value, based on for- 
mula. (602-5.G.2.c) 

d. Estimated height (h) in Figure 6-10. 

e. Tension (TJ required. (602-5.G.2.d) 

60. What is the manufacturer-supplied rated strap tension ca- 
pacity? (#16, Mfg. WkSht.) (or capacity defined by literature 
supplied by product supplier) 

61a. Is value #57 greater than value #59c? 
If yes, continue. If no, return to Section 602-5.G and to 
question #59 and select a greater number of X-brace loca- 
tions as a next trial. Repeat until answer is yes, then con- 
tinue. 

61b. Is value #60 greater than value #59e? 
If yes, continue. If no, return to section 602-5.G and to 
question #59 and select a greater number of X-bracing loca- 
tions. If the maximum number selected does not work, re- 
turn to owner (who may wish to contact the manufacturer for 
clarification or product supplier for clarification). 

1bs.I 
x-brace 
set 

ft. 

Ibs./diag. 

lbs. * 

Horizontal Anchorage Requirements In The Longitudinal Direction (602-6) 

62a. Using the tables, find the required horizontal anchor- 
age (Ah) in the longitudinal direction. (Appendix B, 
Part 4) (602.6.E) Exterior Wall Ah lbs./ft. 

62b. If using vertical X-bracing planes (and the formulas in sec- 
tion 602-6.F) determine anchorage value for X-bracing 
planes. (If using exterior long walls, skip to item #63.) 

1. Number of chassis beam lines used for vertical X- 
bracing planes. 



Number of X-bracing planes proposed under each chas- 
sis beam along the length of the unit. 

2. Horizontal anchorage (B) required force, based on for- 
mula. 

3. Assumed height (h-b) based on Figure 6-1 1. 

4. Tension (T,) based on formula. (602-6.F.(3)). 

63. What is the manufacturer-supplied value for horizontal an- 
chorage? (#16d, Mfg. WkSht.) 

64a. For shear walls: is value #63 greater than #62a? 
If yes, skip to item #67. If no, contact owner for clarifica- 
tion. 

64b. For X-bracing: is value #63 greater than value #62b.2? 
If yes, reC&r.?~ i?e~.  #621?.3. Ifno, increzse n-&&er ~f \,er- 
tical X-bracing planes and repeat items 62b.l and 62b.2 until 
answer is yes. For multi-section units consider 4 limes of 
vertical X-bracing under all chassis beams. 

65. What is the manufacturer-supplied rated strap tension? 
(#16e, Mfg. WkSht. or product supplier) 

66. Is value $65 greater than #62b.4? 
If yes, continue. If no, contact owner to obtain straps with 
greater capacity, or return to item #62b.l and increase the 
number of vertical X-bracing planes until answer is yes. 

APPENDIX C 

Withdrawal Resistance Verification (603-2.B) 

trial 1 trial2 trial 3 

yes yes yes 

no no no 

yes yes yes 

no no no 

bs. 

?&. 

bs. 

bs./fi 

bs. 

67. Using Appendix C, Table C-1 or C-2, verify that the Exterior 

foundation system will resist withdrawal. Answer ques- 
tion #67a for type E. Answer question #67b for types C, =Frost (Table C-1) 

(item #9) Depth1 I, or type E with interior pier anchorage. 



a. Withdrawal Resistance for long foundation wall. (Type E) 
Circle the type of material that is to be used. 

1) Using Table C-1, which capacity is greater than required 
Av? (603-2.B.(1)) (#52a) 

2) Using Table C-1, what is the height of the wall + footing 
for required withdrawal resistance? (hw + 6") 

3) What is the height of the wall + footing for frost protec- 
tion? (frost depth (#9) + 12") 

4) What is the greatest height #67a.2 or #67a.3? 

Circle the height which controls. 

Reinforced Concrete 
Masonry-Fully Grouted 
Masonry-Grouted @ 48" O.C. 
All-Weather Wood / Footing 

in. 

in. 

Withdrawal 
Frost Depth 

5) Record the bottom of footing depth from grade. in 
(Item #67a.4 - 12") 

6) Using Table C-I, what is the required width of the wall 
footing for withdrawal? in 

7) Is item #67a.6 greater than or equal to item #49? yes no 
If yes, continue. If no, change footing width to item #49. 

8) Record design exterior wall footing width. in 

b. Withdrawal Resistance for Piers. (Types C, C1 Exterior 
Grade 7 12" 

(concrete dead-man), I or type E with interior pier 
anchorage - multi-section units.) =Frost LTL $= (Table c-2) 

(Item #9) Depth 

j YW' j 

Reinforced Concrete Circle pier type: 
Reinforced Masonry - fully grouted 
Reinforced Concrete Dead-man 



Exterior Interior 
(when used) 

1) Using Table C-2, which capacity is greater than 
required Av? (#52a and #52c) (603-2.B.(2)) 1bs.Ipier * 

2) Using Table C-2, what is the height of the pier + 
footing for required withdrawal resistance? in. * 
(hp + 8") 

3) What is the required height of pier + footing for 
frost protection? (frost depth (#9) + 12") in. 

4) What is the greatest height #67b.2 or #67b.3? in. 

Circle the height which controls. Withdrawal Withdrawal 
Frost Depth Frost Depth 

5) Record the bottom of footing depth from grade. in. 
(Item #67b.4 - 12") 

6) Using Table C-2, what is the required width of 
the square footing if withdrawal resistance con- 
trols or if frost depth controls? in. * 

c. Frost depth for marriage walls. What is the required depth of 
footing below grade for frost protection? (frost depth (W)) in. 
(no withdrawal resistance) 

Vertical Anchorage and Reinforcement for Longitudinal Foundation Walls and Piers 
(603-2.D) 

68. Using Appendix C, Table C-3, C-4A or C4B,  verify that the 
foundation anchors will resist uplift. Answer question #68a for 
type E. Answer question #68b for types C, I, or type E with inte- 
rior pier anchoiage. 

a. Vertical Anchor Capacity for longitudinal foundation wall 
(type E). (603-2.D.2) 

1) Using Table C-4A (concrete & masonry), which capacity 
is greater than the required Av? (#52a, Design Wksht.) 
If treated wood wall, skip to item #68a.3. lbs./lineal ft. of wall 



Circle correct washer choice for the capacity selected 

2) Using Table C-4A (masonry and concrete): 

a) Required anchor bolt diameter 

b) Required anchor bolt spacing 

c) Using Table C-3A: 

Standard Washer 
Oversized Washer 

in. 

in. 

(1) Rebar size * 

(2) Lap splice in. 

(3) Rebar hook length in. 

3) Using Table C-4B (wood), which capacity is greater than 
the requlred Av? (#52a, Design Wksht.) 
If uslng concrete or masonry wall, skip to item #68b. 1bs.Aineal ft. of wall 

4) Usmg Table C-4B (wood): 

a) Requlred nailmg * 

b) Mlnlrnum plywood thickness in. 

c) Requ~red anchor bolt diameter in. 
i 

d) Requlred anchor bolt spacing in. 

b. Vertical Anchor Capacity for Piers 
(Types C. I. or rype E with interior pier anchorage) 
(603-2.D 1 )  

Exterior Interior 
(when used for 
anchorage in 
multi-section units) 

1) U s m ~  Table C-3. which capacity in the table is 
I 
I 

greater than the required Av? Ibs./pier L 

(From #52a. Desl,on Wksht.) 



2) Using Table C-3: 

a) Number of anchor bolts 

b) Anchor diameter 

3) Using Table C-3A: 

a) Rebar size 

b) Lap splice 

c) Rebar hook length 

Exterior Interior 

#4 or #5 #4 or #5 

in. 

in. 

Horizontal Anchorage and Reinforcement for Transverse Foundation Walls (603-3) 

69. Using Appendix C, Table C-5A or C-5B, verify that the founda- 
tion anchorage will resist sllding at the transverse end foundation 
walls. Use for types C, E, or I. 

End Wall Interior Wall 
a. For continuous foundations. 

Using Table C-5A (concrete & masonry) or C-5B 
(wood), which capacity 1s greater than the required 
(Ah) (603-3) (item #56)? lbs./ft. 

1) Using Table C-5A, find. 

a) Required anchor bolt diameter in. 

b) Required anchor bolt spacing in. 

c) Using Table C-3A: 

(1) Rebar size 

(2) Lap spllce in. 

(3) Rebar hook length in. 

2) Using Table C-5B. find: 

a) Requlred nalllng x 



End Wall Interior Wall 

b) Minimum plywood thickness in. 

c) Required anchor bolt diameter in. 

d) Required anchor bolt spacing in. 

b. For transverse short foundation walls completed with diagonal braces. 
(603-5) 

Using Appendix C, Table C-5A, verify the diagonal 
anchorage capacity to the short foundation wall. 

End Interior 

1) Record the required horizontal force (Ah x Wt) 
from 602-5.G.l.a and item #56. lbs. 

2) Table C-5A capacity for one 112" diameter bolt at 
12" O.C. 1800 1800 lbs. 

3) Number of bolts (Ah x Wt + 1800; one mini- 
mum) at concrete or masonry top of short wall. * 

4) Size of anchor bolts in. 

5) Using Table C-3A: ~ 
a) Rebar size * I 
b) Lap splice in. 

c) Rebar hook length in. 

c. For vertical X-bracing planes in the transverse direction. 
(603-6) 

Using Appendix C, Table C-5A, verify the diagonal anchorage 
to the pier footings and the tension capacity of the diagonals. 

1) Record the required horizontal force (C) from item #59c. lbs. 

2) Table C-5A capacity for one 112" diameter bolt at 12" O.C. 1800 lbs. 



3) Number of bolts (C + 1800; one minimum) at top of a 
footing. 

4) Record the required tension force (T,) from item #59e. 

5) Select tension strap capacity greater than or equal to T, 
from owner's product supplier or manufacturer's supplied 
capacity (item #60). 

6) Record diagonal strap data 

Horizontal Anchorage for Longitudina' oundation Walls (603-4) 

70. Using Appendix C, Table C-5A or C-5B, verify that the founda- 
tion horizontal anchorage will resist sliding at the long foundation 
walls. Use for types C, E and I. 

a. For continuous exterior foundation walls. 

Using Table C-5A (concrete and masonry) or Table C-5B 
(wood), which capacity is greater than the requ~red exterior 
Ah? (602-6.E) (item #62a) 

1) Using Table C-5A, find: 

a) Required anchor bolt diameter 

b) Required anchor bolt spacing 

c) Using Table C-3A: 

(1) Rebar size 

(2) Lap splice 

(3) Rebar hook length 

2) Using Table C-5B, find: 

a) Required nailing 

b) Minimum plywood thickness 

c) Required anchor bolt diameter 

d) Required anchor bolt spacing 

in. 

in. 

in. 

in. 

in. 



b. For vertical X-bracingplanes. 
(603-6.A.(2)) 

Using Appendix C, Table C-5A, verify the diagonal anchorage 
to the pier footings and the tension capacity of the diagonals. 

1) Record the required horizontal force (B) from item #62b.2. lbs. 

2) Table C-5A capacity for one 112" diameter bolt at 12" O.C. 1800 lbs. 

3) Number of bolts (B + 1800; one minimum) * 

4) Record the required tension force (TL) from item #62b.4. lbs./diag. 

5) Select tension strap capacity greater than or equal to TL 
from owner's product supplier or manufacturer's supplied 
capacity (item #60). IbsJdiag. 

6) Record diagonal strap data 

SUMMARY SHEET 
(Accompanies Chapter 7) 

71. Compare values from preceding questions. 
Select the kges t  vdiie. 

a. Bearing area and vertical anchorage 

1 .  Pier footings: types C, E & I. 

Piers 
Marriage Wall 

Exterior Interior Cont. At Post 
Required Effective Footing Area 
from questions #49, #50, & #51. sq.ft. 

Required footing area to resist 
withdrawal due to uplift from 
Question #67. (for single-section 
or 2 tie-down system, only the 
exterior piers resist uplift, for 4 
tie-down only the interior piers 
and exterior walls resist uplift) sq.ft. 



Piers 
Marriage Wall 

Exterior Interior Cont. At Post 
Pier Footing Sizes (largest of 
above) sq.ft. 

"Dead-man" footing size. sq.ft. 

Reinforcing for pier footings: 
Bring forward answers from previous questions. (#68b) 
(Types C , I, or E with interior pier anchorage.) 

Exterior Interior 

Number of anchor bolts 

Anchor bolt diameter in. 

Rebar size 

Lap splice in 

Rebar hook length in. 

Marriage 
Exterior Interior Wall 

Footing depth: grade to bottom of 
footing in. 

Pier footing and "dead-man" footing reinforcing bars: #4 at 1 0  O.C. 

"Dead-man" footing depth: grade to bottom of footing in. 

2. Long Foundation wall footing: type E or I: 

Required Effective Footing Width 

Required Footing Width for soil bearing (#49) ft. 

Required Footing Width to resist uplift withdrawal 
(#67a.6) ft. 

Wall Footing Size (largest of above) ft. 

Footing Depth: Grade to bottom of footing (#67a.5) in. 



Footing reinforcing bars. 

Reinforcing for longitudinal foundation walls: Record an- 
swers from item #68a and record sizes and spacings. 

From 68a.2: masonry and concrete: 

Required anchor bolt diameter 

Required washer size Standard 

2 #4 bars 

in. 

Oversized 

Required anchor bolt spacing 

Rebar size 

Lap splice 

Rebar hook length 

From 68a.4: wood: Record answers from item #68a.4 and 
record sizes and spacings. 

Required nailing 

Minimum plywood thickcess 

Required anchor bolt diameter 

Requlred anchor bolt spacing 

b. Horizontal anchorage in the transverse direction - foun- 
dation walls 

1 .  Continuous foundation walls (#69a) 

Number of transverse foundation walls 
(#Ma) 

Required Footing Width (minimum) 

p 

Anchor bolt diameter 

in. 

in. 

2 4 6  

12 in. 

End Wall Interior Wall 

in. 



Anchor bolt spacing 

Rebar size 

Lap splice 

Rebar hook length 

From #69a.2: wood: 

End Wall Interior Wall 

in. 

in. 

in. 

Required nailing 

Minimum plywood nailer 

Anchor bolt diameter 

Anchor bolt spacing in. 

2. For transverse short foundation walls completed with di- 
agonal braces (#69b) 

End Interior 
Number of pairs of diagonals (1 for single- 
section units, 2 for multi-section units) times 
number of shon walls (end or interior) (#55a) 

Diagonal spacing (same as number of short 
walls) 

From #69b: concrete / masonrv: 

Anchor bolt diameter in. 

Number of bolts 

Rebar size 

Lap splice in. 

Rebar hook length in. 

3. For vertical X-bracing planes in lieu of short walls. (#69c) 

Number of X-brace locations (#59) 



Spacing of vertical X-brace planes (#59) 

Items from #69c.3 and #69c.5 

Required anchor bolt diameter 

ft. 

in. 

Number of bolts at top of footing to connect diagonal 

Diagonal strap size 

Connection to top flange of chassis beam (describe) 

c. Horizontal anchorage in the longitudinal direction - exte- 
rior foundation walls 

1. Continuous foundation walls 

Reinforcing for loneitudinal foundation walls: record only 
if larger sizes or closer spacing than recorded for vertical 
anchorage (#7 1a.2). 

From #70a. 1: concrete 1 masonrv: 

Anchor bolt diameter 

Anchor bolt spacing 

Rebar size 

Lap splice 

Rebar hook length 

From #70a.2: wood: record only if larger sizes or closer 
spacings than recorded for vertical anchorage (ki71a.2) 

Required nailing 

Minimum plywood nailer 

Anchor bolt diameter 

" - In. 

in. 

in. 

in. 

Anchor bolt spacing in. 





APPENDIX G 
SAMPLE PROBLEMS 

All the data necessary for the approval of 
the adequacy of a permanent foundation for the 
manufactured home can be located in this hand- 
book and on worksheets submitted by the home- 
owner. The HUD field office (or user) must refer 
to Design Worksheet as a guide through the 
process of collecting and verifying data. 

There are two steps in the approval proc- 
ess: (1) the Owner's Site Acceptability I Manu- 
facturer's Worksheets, with accompanying forms 
as required, from the owner, and (2) the Design 
Worksheet. The reader is referred to the com- 
pleted worksheet samples in Appendix E. 

Examole #1 is a proposed site for a multi- 
section manufactured home in Champaign, Illi- 
nois. The marriage wall has two adjacent 
large openings of 16 and 12 feet respectively. - 
I ne remainder of the waii is continuous. Both the 
Owner's Site Acceptability I Manufacturer's 
Worksheet and the Design Worksheet for Ex- 
ample 1 have been filled out. Asterisks (*) on 
the Design Worksheet mark the items that were 
filled in based on data submitted by the owner. 
The remaining data on the Design Worksheet 
must be collected from the handbook as de- 
scribed herein. 

COMMENTS - EXAMPLE # 1 

DESIGN WORKSHEET 

Part 1 -- Site Conditions 

9. Refer to the Average Depth of Frost 
Penetration map on page H-4. The aver- 
age frost depth for Champaign Illinois is 
30 inches. 

14. Refer to the Termite Infestation map on 
page H-10. The site is in a moderate to 
heavy infestation region. 

15. The owner has indicated compliance with 
CAB0 R.308. 

Part 3 -- Design Loads 

21. Calculate the distributed weight per foot 
of length by dividing the total weight of 
the home by its length: 33,040156=590 
lbs./ft. 

Dead Load 

25. From Table 4-1 (402-1.A1). The light 
dead load value is 560 1bs.lft. 

26. From Table 4-1, the heavy dead load value 
is 805 1bs.Ift. 

27. Yes, the distributed weight of the home is 
within the limits defined by this docu- 
ment. The design tables may be used. 

Snow Load 

28. Refer to the Ground Snow Load (Pg) map 
on page H-12 for the central United 
States. The average ground snow load is 
20 psf. 

29. Refer to Section D-200.2.B for minimum 
roof live load based on roof slope. For a 2 
in 12 roof slope, the minimum roof live 
load is 20 psf. 

30. Comparison of roof snow load (14 psf) 
and minimum roof live load, minimum 



roof live load is greater; therefore, it con- 
trols. 

Wind Load 

31. Refer to the Design Windspeed map on 
page H-14. The site location is near the 
70 mph design wind isobar. Use mini- 
mum 80 mph for MPS in lieu of map 
value. 

32. Based on the map provided by the owner, 
the site is not near a hurricane coastline. 
The site is Inland. 

transverse and longitudinal directions 
must be clearly shown on the documents 
provided by the owner. 

Required Footing Size 

49. In order to determine the Required Foot- 
ing sizes, the user needs the data from the 
following items on the Owner's Site Ac- 
ceptability Worksheet: Nos. 10 or 11 and 
on the Design Worksheet: Nos. 24,30,43, 
48. 

Item Numbei 

Seismic Load #10or#ll Net allowable soil bearing 
pressure = 1000 psf * 

38a. Refer to the maps for Seismic acceleration 
Aa and & on pages H-15 and H-16. The #24 Foundation System, Multi- 
- 
site has Seismic acceleration values: Section type El 

Aa = 0.05 and & = 0.05. - 

38b. Residential construction is exempt from 
seismic considerations if & is less than 
0.15. 

41. Checking the Foundation Design Concept 
Tables for Type El, this foundation type 
is not recommended for seismic areas 
where & and & are greater than or equal 
to 0.3. This is because the piers are unre- 
inforced. The Type El concept is permit- 
ted in seismic areas where & and & are 
greater than 0.3, if the piers are reinforced. 

Part 4 -- Final Design Procedure 

42. From the table (600-2.A.1), the nominal 
width for a 13'-6" home width is 14-0.  

#30 Ground snow load Pg = 20 
psf. Use 30 psf for the Foun- 
dation Design Table. The 30 
psf value with load factors 
,@& is eqG+g&%fit to 

minimum live load of 20 psf. 

#43 Nominal Building width: 
Wt = 1 4 - 0  

#48 Pier Spacing: Interior and 
exterior piers, 5 '-0;  Continu- 
ous Maniage wall piers, 8'- 
0 .  

Next the user will locate the Required 
Effective Footing Area tables in Appendix 
B, Part 1. The user locates the table for a 
multi-wide E with a nomnal width of 14 
feet. 

44. The user will the ~ ~ ~ ~ d ~ t i ~ ~  49. The user finds a note which indicates that 
Design Concept, Fi,pres 6-7 and 6-8 with the minimum longitudinal foundation wall 

foundation drawings and details provided footing width is 1 foot. - A 

by the owner. The concept drawings 
identify the bearing and vertical anchorage 50. Interior pier and exterior pier 

locations. An anchorage system for the 



1) For the interior and exterior piers, the 
user finds the block of values for 
minimum roof live load of 20 psf. 

2) Next, the user finds the two rows of 
values for a Net Allowable Soil pres- 
sure of 1000 psf (read ext, int row). 

3) Under the column for a pier spacing of 
5 feet, the required pier footing area is 
2.1 square feet (1'-6" x 1'-6"). 

51a. Continuous Marriage Wall Piers 

1) Refer to the same block of values as for 
the exteriorlinterior footings. 

2) Next the user finds the second line of 
values for a Net Soil Pressure of 1000 
psf (labeled mar). 

3) Under the column for a marriage wall 
pier spacing of 8 feet, the required pier 
footing area is 6.9 square feet (2'-8" x 
7-8"). 

5 1 b. Marriage Wall Openings 

1) Refer to the lower block of values as 
for the extfint footing. 

2) Next, the user finds the average of two 
adjacent openings from item#% (14 
feet). Read area of footing at piers un- 
der posts as 11.4 sq.ft. (3'-6"x3'-6"). 

Vertical Anchorage Requirements In The Trans- 
verse Direction 

52. In order to determine the Required Verti- 
cal Anchorage the user needs the data 
from the following items on the Design 
Worksheet: Nos. 24,31,32,43. With this 
information, the user can determine Verti- 
-a1 Anchorage in the transverse direction 

by using the appropriate table in Appendix 
B, Part 2. 

1) The user locates the Tables for a Multi- 
Section E with a nominal width of 14 
feet and 2 tie-downs. 

2) Then the user finds a block of values 
for the Inland condition. 

3) To the right of the 80 mph wind value, 
the user finds a value of 130 1bs.lft 
along the longitudinal exterior walls. 

53. The user verifies that the manufacturer's 
design value (200 lbs./ft.) shown on line 
16b of the Manufacturer's Worksheet is 
greater than the required value shown on 
line 52a. Otherwise repeat the process 
with four tie-downs. 

Horizontal Anchorage Requirements In The 
Transverse Direction 

55. Two (2) transverse foundation shear walls 
are initially selected in order to compare 
the required horizontal anchorage with the 
values provided by the manufacturer. This 
is trial #l. 

56. In order to determine the Required Hori- 
zontal Anchorage the user needs data from 
the same items on the Design Worksheet 
that were required for Approval item 
number 52a plus item No. 22 (namely, the 
building length L = 56'-0), No. 30, roof 
snow/minimum roof live load and No. 36, 
Seismic Acceleration values. Proceed 
knowing that you are exempt from seismic 
considerations. 

Next, the user will locate the Required 
Horizontal Anchorage table in Appen- 
dix B, Part 3. 



1) The user locates the tables for a Multi- 
Section E with a width of 14 feet and 
two (2) transverse walls. 

2) Then the user finds the block of values 
for the Inland condition and the line of 
values for a design wind speed of 80 
mph. 

3) Then the user finds Seismic & range 
0.05-0.2 and snow load range 0-100 
psf. Only one row of values remains. 

4) For a length L of 56 feet, the user 
rounds the value to the next highest 
number shown on the top line of the 
table -- 60 feet. 

5) Under the column of values for 60 feet, 
the user finds the required anchorage 
Ah = 420 pounds per lineal foot along 
the length of each transverse shear 
wall. Note that the value was not 
grayed over, indicating the force calcu- 
lations were conuoiied by wind. 

Note: if the manufacturer has specified (1) 
diagonal metal straps to complete the 
transverse short foundation walls, or (2) 
vertical x-bracing in place of transverse 
foundation walls, for comparative pur- 
poses, the user shall use the formulas in 
section 602-5.G.1 or 602-5.G.2 and pro- 
ceed with item #55b or #59 respectively. 

58. Verify the Manufacturer's design value 
shown on line 57a (400 plf) is greater than 
the required value shown on line 56. 
Since it is not (420 > 400), attempt trial #2 
ans consider 4 short walls. Repeat steps 
1) to 5). Read (Ah) exterior 140 plf and 
(Ah) interior 280 plf, both less than the 
manufacturer's value 400 plf. Thus, 4 
short walls will provide adequate sliding 
resistance. 

Horizontal Anchorage in the Longitudinal Di- 
rection 

62a. In order to determine the Required Hori- 
zontal anchorage in the longitudinal di- 
rection the user needs the same data as 
used in steps 52 and 56 from the Design 
Worksheet. 

Next, the user will locate the Required 
Horizontal Anchorage in the Longitudinal 
Direction tables in Appendix B, Part 4. 

1) The user locates the table for a Multi- 
section unit Type E with a nominal 
width of 14 feet. 

2) Then the user finds Seismic & range 
0.05-0.1 and snow load range 0-100 
psf. 

3) Then the user finds the block of values 
for the Inland condition and the row of 
values for a design wind speed of 80 
--L "'p,. 

4) For a length L of 56 feet, the user 
rounds the value to the next highest 
number shown on the top row of the 
table -- 60 feet. 

5) Under the column for 60 feet, the user 
finds the required anchorage force 
Ah = 67 plf along each of the longitu- 
dinal exterior shear walls. Note that 
the value was not grayed over indicat- 
ing that the force calculations were 
controlled by wind, not seismic. 

Note: if the manufacturer has specified a 
diagonal metal strap X-bracing in place of 
the shear wail, for conwrative purposes, 
the user shall use the mulas in section 
602-5.F, which are based n the required 
anchorage (Ah) found in the tables. This 
could be the case for Type C or I units. 



64. Verify the manufacturer's design value on 
line 63 is greater than the required value 
shown on line 62a. 

Withdrawal Resistance Verification 

67. For type E foundations answer item 67a. 

67a. For this example, a masonry foundation 
fully grouted was depicted on the docu- 
ments submitted by the owner. 

1) Checking the tabular columns of Table 
C- 1, Appendix C, for Masonry-Fully 
Grouted, the lowest value greater than 
(Av) is 231 lbs. per foot. Thus, 231 > 
130 (from item #52). 

2) The footing depth (Hw) is found in the 
far left column, hw = 2'0'. This value 
corresponds to the mimmum depth of 
the footing below grade which is shown 
in the illustration above the table. 

3) The width of the footing is found at the 
top of the column, 12". 

4) Based on item #9, the frost depth for 
Champaign, IL. is 30 inches. Based on 
Table C-1, the depth of the base of the 
footing below grade is : 

from Table C- 1 : 

hw = 24" 
+ 6" (footing thickness) - 
30" for withdrawal 

resistance 

for frost protection: 

hw = 30" (depth below grade) 
+12" (min. wall height 

above grade) 
42" 

therefore; frost protection controls over 
withdrawal resistance 

42" 
-12" (min. wall height 

above grade) 
30" (bottom of footing 

to grade) 

for establishing the number of block 
courses: 

42" 
- 6" (footing depth) - 
36" min. required 

foundation wall 
height 

Use hw = 4 0 ,  which is a multiple of 
the 8" masonry unit -- 40" = 5 block 
comes. 

5) Interior piers under (item M57b.3.) chassis 
beams do not participate in vertical an- 
cherage fer this exaq!e. Frost depth 
considerations are accounted for at the 
perimeter walls. Interior piers may be set 
below the 18 " of topsoil on undisturbed 
soil. See item #50 for required footing 
size. 

6) Item #67c.; Marriage wall piers do not 
participate in vertical anchorage in any 
case, and do not need to set at frost depth. 
Again, set footings below the 18" of top- 
soil onto undisturbed soil. 

Vertical anchorage and reinforcement for 
longitudinal foundation walls and piers 

68. For type E foundations answer item 68a. 

1) From item #52, the value for (Av) was 
130 lbs./ft. Using Table C-4A for a ma- 



sonry foundation wall, the first value in 
the left hand column is 146 lbs. per foot of 
wall. The 146 1bs.Ift. value utilizes the 
maximum recommended anchor spacing 
by code as 6'4" O.C. The wood material 
connected to the anchor bolt with a stan- 
dard washer controls the final capacity. 
(Note the similarity in capacities with a 
treated wood foundation wall, Table 
C4B, since wood bearing on washer con- 
trols). 

2) For a masonry wall grouted solid, the 
following sizes are required: 

On Table C-4A - on the same line as 
+I46 lbs./ft., read: 

a) Anchor Bolt diameter = 112" 

b) Anchor Bolt spacing = 72" 

On Table C-3A - on the same line as 
112" anchor bolt diameter read: 

c.1) Rebar size = #4 

2) Lap splice = 16" 

3) Rebar hook length = 6" 

Horizontal Anchorage and Reinforcement for 
Transverse Foundation Walls 

69a. From item number 56, the value for trans- 
verse (Ah) is 140 lbs. per foot along the 
transverse end (shear) wall and 280 lbs. 
per foot along the Intenor transverse 
walls. Using Table C-5A for a masonry 
foundation wall, the first value in the left 
hand column 1s 300 lbs. per foot of wall 
which is greater than either end or interior 
(Ah). The 300 1bs.Ift. value is based on 
the maximum recommended anchor 
spacing of 6'4" O.C. by code. The mate- 

rial connected to the anchor bolt will con- 
trol the final capacity. 

1) For masonry walls grouted solid, the 
following sizes are required: 

On Table C-5A: On the same line as 
Ah = 300 lbs./ft., read: 

a. Anchor bolt diameter = 112" 

b. Anchor bolt spacing 72" (cores 
must be grouted solid) 

On Table C-3A: On the same line as 
112" anchor bolt diameter, read: 

2) Lap splice = 16" 

3) Rebar hook length = 6" 

Horizontal Anchorage and Reinforcement for 
Longitudinal Foundation Walls 

70a. From item #62a, the value for longitudinal 
(Ah) is 67 plf. From Table C-5A, again 
the 300 plf value is adequate. All other 
information for reinforcement is the same 
along the exterior longitudinal walls. 

Summary Sheet 

The values can be brought forward on to 
the summary sheet and the design approved. 

EXAMPLE 2 

Examole #2 is a proposed site for a single- 
section manufactured home in Tampa Florida. 
The data on the Owner's Site Acceptability 
Worksheet remains the same as Example #1, 
with the exception of item 1. The grade eleva- 
tion is 28 feet. The data on the Manufacturer's 
Worksheet, regarding the superstructure, remains 



the same as Example #1 with the exception of 
the following items: 

Item # Data 
1. Single-section (Nominal 14' wide unit) 
2. TypeC 
7. Roof slope = 4 in 12 
8. Unit weight = 16,500 lbs. 

10. TypeC1 
1 la. Pier Spacing = 7 ft. 
l ib .  NA 
l lc .  NA 
1 ld. 7 Tie-down straps at 8'-8" spacing 

Note: Tie-downs are required to be at 
2'4" in from each end of the unit. 
(Section 601-2.B.) 

14. Design wind = 120 mph 
16b. Uplift capacity = 3,150 1bs.Itie-down 
16c. Sliding capacity = 4,800 1bs.Idiag. set 
16d. Sliding capacity = 4,800 1bs.ldiag. set 
16e. Vertical X-bracing tension capacity = 

5600 lbs./strap 

Asterisks (*) on the HUD Approval Work- 
sheet mark the items that were filled in based on 
data submtted by the owner. As demonstrated in 
Example #1, the remaining data must be col- 
lected from the handbook as described herein. 

DESIGN WORKSHEET 

Part 1 -- Site conditions 

9. Refer to the Frost Penetration map on 
page H-4. The average frost depth for 
Tampa Florida is zero inches. 

14. Refer to the Termite Infestation map on 
page H-10. The site is in a very heavy 
infestation area. 

15. Yes, the owner has indicated compliance 
with CAB0 R-308. 

Part 3 -- Design Load 

23. The distributed weight is the weight of the 
home divided by its length: 

25. From Table 4-1 (402-I), the light dead 
load value is 290 1bs.Ift. 

26. From Table 4-1, the heavy dead load value 
is 425 1bsJft. 

27. Yes, the distributed weight of the home is 
within the limits defined by this docu- 
ment. The design tables may be used. 

Snow Load 

28. Refer to the Ground Snow Load map on 
page H-13 for the Eastern United States. 
The average ground snow load is zero. 

29. Based on a 4 in 12 roof slope, the mini- 
mum roof live load is 15 psf (D-200.2.B). 

30. The 15 psf minimum roof live load con- 
trols. 

Wind Load 

31. Refer to the Design Wind Load map for 
the Eastern United States on page H-14. 
The average wind load is near the 100 
mph design wind isobar, which exceeds 
the MPS minimum of 80 mph. Thus, 100 
mph wind speed is used for the founda- 
tion design. 

32. Based on the map provided by the owner, 
the site is located on a humcane coastline. 
The site is Coastal. 

33-36. The manufacturer should supply details 
consistent with a coastal high wind site. 

Seismic Load 



38. Refer to the Seismic Acceleration maps on 
pages H-15 and 8 1 6 .  The seismic coef- 
ficients for Hillsborough County, and 
Av = 0.05. Residential construction is ex- - 
empt from seismic consideration since & 
c 0.15. 

41. Checking the Foundation Design concepts 
for Type C1, it is permitted for use when 
seismic coefficient Av < 0.15. It is not 
acceptable for use in areas where & and 
Av greater than or equal to 0.3. - 
Part 4 -- Final Design Procedure 

43. From the Section 600-2.A table, the 
nominal width for a 13'-8" home width is 
14-0". 

44. The user will compare the Foundation 
Design concept illustrations with founda- 
tion drawings and details provided by the 
owner. The concept drawings identify the 
anchorage locations. An anchorage sys- -  re^ iuu>r be ckaily shown on the docu- 
ments provided by the owner. 

Required Footing Size 

49. In order to determine the Required Foot- 
ing size, the user needs the data from the 
following items on the Owner's Site Ac- 
ceptability Worksheet item #10 or #11 and 
on the Design Worksheet: Nos. 24,28-30, 
43,48. 

Item Number 

#10 or # l  1 Net allowable soil bearing pres- 
sure = 1000 psf from Owner's 
Worksheet. 

#24 Foundation System, Single- 
section type C1 

#28-#30 Ground Snow Load Pg = 0 psf. 
Use a minimum roof live load of 
15 psf for the Foundation Design 
Load Tables. 

#43 Building nominal width: Wt = 
14-0" 

#48 Pier Spacing: Exterior = 7-0" 

Next the user will locate the Required 
Effective Footing Area Tables in Appen- 
dix B, Part 1. 

1) The user locates the tables for a Single- 
section Type C with a width of 14 feet. 

2) Find the block of values for a Mini- 
mum Roof Live Load of 15 psf. 

3) Next the user finds the row of values 
for a net allowable soil pressure of 
1000 psf. 

4) Last, the user finds the intersection ,nf 
that row with the column for a 7-0 
foot pier spacing. The required footing 
area is 5.3 square feet (2-4" x 2-4"). 

Vertical Anchorage Requirements in the 
Transverse Direction 

52a. In order to determine the Required Verti- 
cal Anchorage the user needs the data 
from the following items on the Design 
Worksheet: Nos. 24, 31, 32, 43 and 48. 

_With this information, the field officer can 
locate and determine the Required Verti- 
cal Anchorage tables in Appendix B, Part 
m 

Use the tables for a Type C1 system. 
Then multiply Av x Tie-down spacing. 

Item No. Data 



#24 Foundation System: Type C1 - Single- 
section 

#3 1 Design Windspeed: 100 mph 

#32 Site Location: Coastal 

#43 Building Nominal Width: 14-0" 

#48 Tie-down Spacing: st = 8'4". Number of 
tie-downs is 7 from (N): 

1) The user locates the Required Vertical 
Anchorage (Appendix B, Part 2) tables 
for a Single-section Type C1 with a 
nominal width of 14 feet. 

2) Then the user finds a block of values 
for the Coastal condition. 

3) Locate the row for a wind speed 100 
=;ph. Th- .. f i -AC +ha -P-..:-PA TIP+: "" usr* 'lllYII Ull llyuulu 11111- 

cal anchorage Av = 350 lbs./ft. of home 
length and multiplies this by a tie-down 
spacing of 8.667 feet (3033 lbs.) or 
conservatively move across the row to 
the next largest anchor spacing (10') 
and reads 3460 lbs. as an approximate 
check. 

4) The Required Vertical Anchorage force 
for a tie-down is 3033 lbs. 

54. The manufacturer's supplied value, item 
#53, is 3,150 pounds, which is more than 
the Required Vertical Anchorage of 3,033 
pounds. Note: see optional details in Ap- 
pendix A for Type C1. If the manufac- 
turer's supplied value had been less than 
Av, the owner would have been notified. 
The owner would need to contact the 
manufacturer in order to have a licensed 

structural engineer verify the existing de- 
sign or modify the anchor design or spac- 
ing to comply with the required anchor- 
age. 

Horizontal Anchorage in the Transverse Di- 
rection 

56. In order to determine the Required Hori- 
zontal Anchorage, the user needs data 
from the same items on the Design Work- 
sheet that were required for Approval item 
number 52a and item No. 22 (the building 
length L = 56'-0"). Also required is item 
#9 (6'-10") from the Manufacturer's 
Worksheet. 

Next, the user will locate the Required 
Horizontal Anchorage table in the trans- 
verse direction in Appendix B, Part 3. 

1) The user locates the tables for a Single- 
section Type C, E or I with a nominal 
width of 14 feet and initially selects &.. he--.-- 
L W ~  U ~ I I J Y ~ L ~ ~  ws!k for #l. This 
is required to initiate the process of se- 
lecting vertical X-bracing planes for 
horizontal anchorage in the transverse 
direction. 

2) Then the user finds the block of values 
for the Coastal condition and the row of 
values for a design wind speed of 100 
mph. All Seismic is on the same hori- 
zontal line, even though it need not be 
checked. 

3) For a length L of 56 feet, the user 
rounds the value to the next highest 
number shown on the top row of the 
table -- 60 feet. 

4) Under the column of values for 60 feet, 
the user finds the required anchorage 
(Ah) of 1240 pounds per lineal foot 



along the length of each transverse 
foundation wall (2 shear walls). 

59c. The required horizontal anchorage per X- 
brace set (C) is calculated using the pro- 
cedure of Section 602-5.G.2, illustrated in 
Figure 6- 10. 

Process always begins by selecting 2 short 
walls, then: 

1. From item #56, Ah = 1240 lbs./ft. 

8475 lbs. This indicates that the connec- 
tion of unit to a foundation diagonal is in- 
adequate for sliding resistance. 

The owner would be contacted at this 
point and notified that the horizontal an- 
chorage is not adequate. If an inspector or 
ovner wanted to determine how many 
vertical X-bracing planes would be re- 
quired, they could use the following: 

Trial #2: 

2. Solving equation for H: Piers must be present at the extremities of 
any vertical X-bracing plane; therefore, 

H= 1240 x 13.67 x 2 
= 605 lbs./ft. of unit length the next logical choice is the actual pier 

56 spacing of 7'4". 

1. From item #56, Ah = 1240 lhs./ft. 
Note: actual unit width, rather than 
nominal width is used here. 2. Solving equation for H: 

3. For a first trial, set spacing equal to a 
multiple of pler spacing: try 14'4". 
Cnl,i;ng pmlatlnn fr, hrrri-rnntnl fnrm i t  ".,'."' -.,.. .,. .lV.l"Vl..ll ... 
each X-brace set (C): 

C = 605 x 14-0" = 8475 1bs.K-brace 
set. 

Note: number of vertical X-brace 
planes = 

L 56 
+I=-+1=5 

spacing 14 

therefore, number of X-braced planes 
equals 5. 

61a. Verify that the Manufacturer's design 
value on line #57a is greater than the re- 
quired value (C) shown on line #59c. In 
this example, the manufacturer's design 
value of 4800 lbs. (#57) is less than the 
Required Horizontal Anchorage (C) = 

1240 x 13.67 x 2 
H =  = 605 1bs.lft. of unit length 

56 

Note: actual unit width, rather than 
nominal width is used here. 

3. C = 605 x 7'4" = 4235 1bs.K-brace 
set. 

Number of vertical planes = 

The required horizontal anchorage of 4235 
is less than the manufacturer's rated ca- 
pacity of 4800 lbs., thus 9 vertical X- 
bracing planes are required at the same 
spacing as the piers (7'4"). 

59d. The user must estimate a height (h) on 
Figure 6-10, which can be revised later if 
necessary. Try h = 4 feet. 



59e. From item #9, Manufacturer's Worksheet, 
Wt - 2 dc = 6.83': 

therefore: 0, = 30.4" 

4235 T, =-- - 4907 lbs. tension in strap 
0.863 

61b. The rated capacity of a strap in tension, 
item #60 is greater than the required T, 
(item #59e) for 9 vertical X-bracing 
planes 5600 > 4907, therefore OK. 

Horizontal Anchorage Requirements in the 
Longitudinal Direction 

62a. In order to determine the Required Hori- 
zontal Anchorage (Ah) in the Longitudinal 
Direction, the user needs data from the 
same items in the Design Worksheet that 
were required for item #56. 

Next, the user will locate the Required 
Horizontal Anchorage Table in the Longi- 
tudinal Direction (Appendix B, Part 4). 

1) The user locates the table for a Single- 
section, Type C ,  E, or I with a nominal 
width of 14 feet. 

2) Then, the user finds the block of values 
for = 0.05-0.10, ground snow 0-100 
psf and coastal site. 

3) The user finds the row of values for 
wind speed of 100 mph. 

4) For a length (L) of 56 feet, the user 
rounds to the next highest length shown 
across the top row of the table - 60 feet. 

5) Under the column for 60 feet, the user 
finds the intersection value with the 
row for 100 mph wind speed. Read Ah 
= 47 1bs.Ift. of length along the longi- 
tudinal exterior foundation walls, if 
shear walls exist. 

62b For this example of a Type C1 foundation, 
no structural exterior longitudinal walls 
exist, thus vertical X-bracing planes are 
required between piers under chassis 
beam lines. Follow the procedure of Sec- 
tion 602-6.F and use the illustration in 
Figure 6-1 1 and Figure D-26. 

Begin Trial 1 with the minimum required 
vertical X-bracing planes: n = 2; one pair 
under each chassis at both ends of the unit 
length. Follow the equation: 

47 plf x 56 
B =  

2 
= 1316 lbs. of horizontal 

force carried by each X-brace set. 

64. Verify that the manufacturer's rated vaiue 
(item #63) is greater than the required 
horizontal anchorage force (B) of item 
#62b.2. In this example the manufac- 
turer's value of 4800 lbs. is greater than B. 
Thus, vertical X-bracing planes at both 
ends of the unit and under each chassis 
beam line is adequate. 

62b.3 Approximate the height (h) in Figure 6-1 1 
by assuming the chassis beam is 1 foot 
deep, thus: h = 4' - 1' = 3'. 

62b.4 Return to the calculation procedure of 
section 602.6.F and determine the tension 
force in a diagonal strap: 

7 
first: case, = J7 - -0.919 

32 + 7  

therefore: = 23.2" 



1316 
next: T - - = 14321bs. 

- 919 

66. Verify that the manufacturer's (or product 
supplier) rated value (item #65) is greater 
than the required tension (TL) h m  item 
#62b.4. In this example, the manufac- 
turer's value of 5600 lbs. is greater than 
(Td. Thus, the straps proposed are ade- 
quate as tension diagonals. 

Withdrawal Resistance Verification 

67b. For Type C1 foundation answer item 67b 
for concrete "deadman" footings. 

For this example, square concrete footings 
used as "deadmen" are depicted on the 
documents submitted by the owner to an- 
chor the tie-down straps. See Appendix A 
- concept details for Type C1 foundation. 

1. From item number 52a, the value for 
Av is 3033 lbs. per tie-down anchor. 

2. Use Table C-2, The Withdrawal Resis- 
tance for Piers, in Appendix C. Table 
C-2 can conservatively be used for 
concrete footings used as "deadman" 
anchors. The footing depth (hp) in the 
far left column can either be hp = 3 '4"  
for a 3'-0 sq. ft. footing or hp = 2'-0 
for a 4-0" sq. ft. footing. Assume the 
least costly solution is the 3'4" square 
footing. 

3. Based on item #9, the frost depth for 
Tampa, m. is 0". Thus, the 
"deadman" footings are at an adequate 
depth. The pier footings under the 
chassis beams can be set 8" below 
grade, if undisturbed soil (not organic 
material) is available, otherwise, foot- 
ing must extend to firm bearing strata. 

Vertical Anchorage and Reinforcement for 
Long Foundation Walls and Piers 

68. For type C foundations answer item 68b. 

1) From item number 52a, the value for 
Av is 3033 lbs. per foot. The lowest 
value greater than Av on Table C-3 is 
4240 pounds. 

2) For the size of bolt set in concrete 
"deadman" to complete connection to 
the tie-down rod, from Table C-3: 

a) Number of anchor bolts = 1 

b) Anchor bolt diameter = 112" 

3) Use Table C-3A for the reinforcement 
of the piers under the chassis beams. 
Even though these piers do not directly 
receive anchorage overturning force, it 
is desirable to reinforce them to assist 
in force distribution in the vertical X- 
braci~g planes. 

a) Rebar size = #4 

b) Lap splice = 16" 

C) Rebar hook length = 6" 

Horizontal Anchorage and Reinforcement for 
Transverse Foundation Walls 

69c. From itcn number 59c (Assume the 
owner de-ided to use 9 X-bracing planes), 
the value for (C) is 4235 lbs. per diagonal. 
Use Table C-5A for concrete. The hori- 
zontal capacity of a single bolt is shown at 
a spacing of 12". 

Bolt size Cavacitv 
112" 1800 lbs. 



Three 112" bolts would be required to 
connect the diagonal to the footing. Detail 
the pier footing as shown in Table C-5A. 
Verify that the rated capacity of the strap 

exceeds the required tension (TJ. 

Horizontal Anchorage and Reinforcement for 
Longitudinal Foundation Walls 

70b. From item #62b.2, record the horizontal 
anchorage force (B) as 1316 lbs. per X- 
brace. Again, from Table C-5A, the shear 
capacity of a 112" diameter bolt in con- 

crete is 1800 lbs. One anchor bolt is suf- 
ficient into the concrete footing. Detail 
the pier footing as shown in Table C-5A. 
Verify that the rated strap capacity ex- 
ceeds the required tension (TL). 

Summary Sheet 

The values can be brought forward on to 
the summary sheet and the design approved. 





APPENDIX E 
OWNER'S SITE ACCEPTABILITY WORKSHEET 

Owner's 
Name: 

Address: 1600 5. f \ ~ -  +T . 

Telephone: 

Site Location: . CGAUPA I6iJ ,, I C 

Legal Description: 

Have you provided a copy of a map pinpointing the site? no 

Have you.submined a foundation plan? 
(See #I0 of Manufacture's Worksheet) 

Preliminary Site Information 

Before approval of the site can begin, the applicant must provide preliminary site information to the 
field ofice. Refer to Chapter 2, "Site Acceptability Criteria" for clarification. 

1. Rovide survey results showing existing grade elevation. (201-1) 

2. Is the building in a flood-prone area? (201-2) 
If the answer to 2 is Yes, answer 3,4, & 5. 
If the answer to 2 is No, answer 6,  below. 
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3. What is the Base Flood Elevation? 

What is the Flood Protection Elevation? 

4. Has approval for drainage, grading and berming been approved 
for flood-prone sites? 

5. Have pennits been provided? 
(Pennits must be obtained for any alteration of the building site in 
a flood protection area) 

6. Provide geotechnical report in areas of known high water table. 
(20 1-4) 

7. Provide geotechnical report if adverse site conditions are found or 
suspected. (203) 

8. Provide site-drainage plan complying with CAB0 R301.3 or local 
requirements. (301) 

9. Provide fill specifications if site is to be prepared with earth fill. 
(303-2) 

10. If a geotechnical report is required, what is the net allowable soil 
bc&~i.ng pressure? (202) 

1 1 .  If no adverse soil conditions are known or suspected, and if the 
home is individually sited, assume a soil bearing pressure of 1,000 
psf. and use this value when a determination of soil bearing pres- 
sure is called for. 

yes no 

yes no 

yes @ 

yes @ 

yes @ 

1,000 psf. a 
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APPENDIX E 
MANUFACTURER'S WORKSHEET 

Manufacturer's 
Company Name: ~+OUJARD 3 4 ~ 7 - H  CO. , NL, 
Address: \q04 b . .  7sW 5T.  

Telephone: (3 \4 \ - x > c % f  

Determination of Building Structure and Size 

The manufacturer shall provide the following information: 

1. Type of unit 

2. Method, location and types of support: 
Refer to Figures 6-7 and 6-8 and Section 601-4 
Is the home a C, E, or I? E 

3. Length of unit L 

4. Actual width of unit Wt 

5. Height of exterior wall ** 

6. Height of roof peak ** 

7. Roof slope ** 

56 ft. 

13'-8 ft. 

1 6 ft. 

3 ft. 

2 : :  12 

8. Self weight of total unit (W) including mechanical equipment ** 9304 0 lbs. 

9. Distance between chassis members 6' 10 ft. 

10. One foundation design concept (See Appendix A) 
(Cl-C4; El-ES; or I) 
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11. Recommended pier spacing ** 

a Exterior 

b. Interior 

c. Continuous Marriage Wall 

5.0 ft. 

5.0 ft. 

8 -0 fi. 

Length of largest isolated marriage wall opening or average of 
largest two adjacent openings - 1 b t r 2 ~  Iq 14.0 ft. 

L 
d. Tie-down Strap (C1 concept only) U A. hll . A  . ft. 

(Numbed (Spacing) 

12. One installation method recommendations (include documenta- 
tion showing connection details pertinent to geographic area for 
seismic or wind). ** @ no 

13. Interior shear wall locations (include documentation showing lo- 
cations). ** @ no 

14. Design wind speed used in designing connection details for hori- 
zontal anchorage (Ah) and vertical anchorage (Av) in the trans- 
verse direction. ** 1 0 0 mph. 

15. Seismic accelerat~on values used in designing connection details - Av 0. 03 
for horizontal anchorage (Ah) in the transverse and longitudinal 
directions. ** - 0.05 

16. Shear wall connection details with rated capacity for wind and 
seismic are provided. ** t @ no 

a. Connection locations at foundation end and interior walls 
shown? ** 8 no 

b. Rated connecuon capaclty for uplift and overturning ** 2 0 0 Ibdft. 
(or lbs./tie-down) 

c. Rated connection capacity for sliding in transverse direction ** 4 00 lbs./ft. 
(or lbs./diag. strap) 

d. Rated connection capacity for sliding in longitudinal direction ** 4 0 0 lbs./ft. 

e. Vertical X-bracing tension strap capacity ** N . A .  
1bs.Idiag. strap 
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f. Engineering calculation by licensed structural engineer? ** @ no 
** Optional values: It is optional for the manufacturer to provide these values. If the manufacturer 
does not provide the values, it is the responsibility of the owner to supply values, based on engineer- 
ing analysis by a licensed structural engineer. 

7 Item 16 is provided in California. 

(Appendix G - Example I )  





APPENDIX F 
DESIGN WORKSHEET 

Owner's Name: dOHbl E 

Address: 

Builder's Name: ACME . LTD 
Site Location: CHAMQAI~U ,, \L 

PART 1: SITE CONDITIONS 
(Accompanies Chapter 2) 

1. Has the Manufacturer's Worksheet been provided? @ no 
Existing Grade Elevation (201-1) 

2. Does the site require a survey? yes @ 
(Answer yes if: 1) elev. to be altered by grade or fill; 2) site near 
flood zone; 3) subdivision. Answer no if individually-sited with 
no alteration of building site.) 

3. If yes to above, what is the surveyed existing grade elevation? M t A . ft, I 
I 

Flood Protection Elevation (201-2) ~ 
4. Is the building site in a flood zone? 

(If yes to 4, then answer 5,6,7 & 8. If no, skip to 9.) 
yes @ 

5. What is the Base Flood Elevation or the Flood Protection Eleva- 
tion (use highest value)? - 

ft 

6. Is the site to be graded, filled, or bermed? 
(If no, skip to 9.) 

7. If yes to 6, have all permits been provided? 

yes no 

yes no 

8. If no to 6, then are the buildings to be built on elevated founda- 
tions? yes no 
(If yes, this handbook cannot be used. Refer to FEMA Manual.) 
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Frost Penetration Depth (2013) 

9. What is the maximum frost penetration depth? 
(see Appendix H, page H-4) 

30 in. 

10a. Does foundation plan show base of footing extending below frost 
penetration depth? @ no 
(If yes proceed; if no, applicant should revise plans.) 

lob. Does foundation plan show base of footing extending below top- 
soil layer (min. 12") to undisturbed soil? 

@ no 
Ground Water Table Elevation (201-4) 

1 1. For subdivisions, does a Geotechnical Engineer recommend 
drainage of subsurface water? 
(If no, skip to 13.) 

12. Has groundwater drainage plan been provided? yes no 

Soil Conditions (202,203) 

13. If any of the following adverse site conditions are discovered, specific recommendations by a 
Geotechnical Engineer will be required (applies to subdivisions and individually-sited homes.) 

0 L 
Organic soil (8" topsoil layer) 18" layer \opd\ i  @ no 

a+ a 4i-L 
Expansive (shrink-swell) soil CD&'L&bL? yes @ 

Sloping site 

Subsidence 

yes @ 

yes @ 

(Applicant may be referred to Geotechnical Engineer if any of the above are yes. If no, to all 
of above, move to next step.) 

14. Is area in a known termite infestation area? 

Region cks.ification? M a D E R A x  7-0 YEhVY 
(See Appendix H, Termite Infestation Map, page H-10) (If no, 
skip to 16.) 

15. Has applicant complied with CABO R-308 or local ordinance for 
construction procedures and treatment? @ no (If yes, continue; if no, refer applicant to CABO requirements.) 
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PART 2: SITE PREPARATION 
(Accompanies Chapter 3 )  

16. Acceptable surface drainage plan provided? (301) @ no (If no, one must be provided for subdivision) 

17. Grading plan provided? (302) @ no 

18. Fill specifications conforming to those cited in HUD Land Plan- 
ning Data Sheet (79g)? (303) yes @ 
(If fill is used, below the home's foundation, a report by Geotech. 
Eng. should be submitted to provide fill specifications.) 

- 
19. Finish grade elevation? (304) * 

(Check answers to Part 1: #4 & #5. The finish grade elevation 
must be higher than #5 if in flood zone.) 

PART 3: DESIGN LOADS 
(Accompanies Chapter 4) 

Information from Manufacturer's Worksheet 

20. Has all the information been provided on the Manufacturer's 
Worksheet.? (Appendix E) yes oa 

21. What is the building self weight (W)? 
0 
33 ?040 lbs. 

(Mfg. Wksht. #8) 

22. What is the building length (L)? 
(Mfg. Wksht. #3) 

5 ft. 

23. What is the distributed weight per foot of unit length? (FWIL) 59 0 lbs./ft 
(402-1 .B, C) 

24. What is the building type? Sln~~;Slnc;~5 (Mfg. WkSht. #2) 

~ Q o r  I 

Foundation design concept? 
(Cl, C2, C3, C4, El, E3, E4, E5, E6, E7, E8, I) El * 
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Dead Load (402-1) 

25. What is the light dead load value from Table 4-I? 
(402- 1 .A. 1) 

26. What is the heavy dead load value from Table Pl? 
(402- 1 .A.2) 

27. Does the answer from Question #23 fall within the values in #25 
and #26? (402- 1 .D) @ no 
(If the answer is yes, continue. If no, the foundation is not within 
the limits of this document and must be redesigned by a structural 
engineer.) 

Snow Load (402-2) 1 Minimum Roof Live Load (402-2.C) 

28a What is average annual ground snowfall (Pg)? 2 0  * 
(See Ground Snow Load map, pages H-11, H-12 and H-13.) (Ib~./~q.ftJ 

28b. What is 0.7 multiplied by Pg? 1 4 psf. 

29a. What is the roof slope? (Mfg. Wksht. #7) 2 :: 1'2- 

29b. What is the minimum roof live load for the roof slope? 20 psf 
@-2W.2.5) 

30. Record the larger magnitude of item 28b or item 29b. Use this 
magnitude for roof load where required. 2 0  psf. 

Wind Load (402-3) 

31a. What is the basic wind speed (V)? 
(See Wind Speed map, page H-14.) 

7 0  mph. 

31b. If V is less than 80 mph, record MPS min. 80 mph for wind de- 
sign. (402-3.A) 80 mph. 

32. Is the site inland or coastal? (402-3.B) @ 
(If inland, skip to question #38.) Coastal 

33. If a coastal area, has the manufacturer provided connection de- 
tails? (402-3.D) (Mfg. Wksht. #12) yes no 

(Appendix G - Example 1) 



34. If yes to #33, what design wind speed has the manufacturer used 
in designing connection details? 
(Mfg. Wksht. #14) 

35. Are the connection locations shown? (Mfg. Wksht. #16a) 

36. Are connection details provided for foundation shear walls? 
(For an answer of yes, all questions under Mfg. Wksht #16 must 
be answered satisfactorily.) 

37. Is the value for Question 34 equal to or greater than the number 
given in Question 31? 
(If yes, proceed. If no, return design to manufacturer for clarifica- 
tion.) 

Seismic Load 

38a. What are the seismic acceleration values? 
(See Seismic maps, pages H-15 and H-16) 

38b. Is & c O.l5? 
(if no, proceed. If yes, seismic need not be considered, skip ques- 
tions 39 to 41 .) 

39. Seismic performance category. 
(See H-300 for Special Requirements of Foundation Design.) 

40. What is the applicant's proposed design concept? 
(Design Wksht. #24) 

4 1. Do the Foundation Design Concept Tables approve the foundation 
system for use in seismic areas of Question #38 above? (See Ap- 
pendix A) 
(If yes, proceed. If no, return to applicant for foundation design 
choice more suited to high seismic areas.) 

PART 4-FINAL DESIGN PROCEDURE 
(Accompanies Chapter 6) 

42. What is the actual building width? 
(Mfg. Wksht. #4) 

mph. * 

yes no 

yes no 

yes no 

yes no 
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43. The nominal building width to be used in the Foundation Design 
Tables, (Aftg, Av & Ah) is Wt: 14'-0 ft. 
(600-2.A and Figure 6-1) 

44. Where are the foundation supports located? Check drawings 
submitted by the owner and Foundation Design Concepts in 
Appendix A. Circle the support locations shown on the 
Manufacturer's foundation concept plan. 

45. Do these locations match the Foundation Concept shown in Ap- 
pendix A? Do the locations match Question #24 on the Design 
Worksheet? @ no 
(If yes, proceed. If no, return to Owner for clarification.) 

46. Is Vertical Anchorage present? 
@ no (601-2.B, 601-3.B & 601-4.B (Figures 6-7 & 6-8); Mfg. Wksht. 

#12 & #16) 

APPENDIX A 

47. What is the basic system type? 
(From Part 3: #24; Mfg. Wksht. #2) 

48. V&at is the spackg between piers? 
(Mfg. Wksht. #11) 
(602-2) 

: 7' 8' u 
Interior: 4' 0 6 '  7' 8' 

Continuous Marriage Wall: 4' 5' 6' 7'@ 

16+\r ,+' -= Largest or Average Maniage Wall Opening: 4 ft. 
-2- 

TieDown (Cl) M A . ft. 

APPENDIX B 

Required Footing Size 

49. The required Exterior Wall Footing. for the foundation type, is 
found in the Required Effective Footing Area table in App. B, 
Part 1. (Use maximum value from item #30.) E l  * 

The Required Exterior Square Footing size is: Type C sq.ft. 

TypeEorI i . 0  ft. M\M. 
(width) 
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50. The Required Interior Footing area is: 
(Also exterior piers for foundation type E) 

51a The Required Continuous Maniage Wall Footing area is: 6 . 9 sq.ft. 

51b. The Required Footing area under posts at the ends of marriage 
wall opening(s) is: 1 1 4 sq.ft. 

Vertical Anchorage Requirements in the Transverse Direction (6024) 

52a Using the Foundation Design Load Tables (Appendix B, Exterior Av ( 5.0 * 
Part 2). determine the Required Vertical Anchorage. $$zr ~$5 

lbs./tie-down spacing) 

52b. Number of vertical tie-down locations for multi-section units: @or 4 or 6 

52c. For units with additional vertical anchorage at the interior piers, 
determine the Required Vertical Anchorage. Interior Av 13 * 

(lbs./int pier spacing) 

53. What is the manufacturer-supplied value? Exterior 2 0 0 * Ih/fi 
(#16b, Mfg. WkSht.) 

Interior EJ I A * 

54. Is this value (#53) greater than the value given in #52a? @ no (If yes, continue. If no, return to owner for clarification.) 

Horizontal Anchorage Requirements In The Transverse Direction (602-5) 

55a. What number of transverse foundation walls 
was selected? (602-5.E) (If vertical X-bracing 
planes are used, complete items #55a, #56 and 
#57 for 2 transverse walls, and then skip to 
item #59.) 

55b. Are diagonal ties used to complete the top of 
the transverse short wall for horizontal anchor- 
age? (602-5.G.1) 

Estimate height (h) for appropriate illustration 
in Figure 6- 10. 
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56. Using the tables, find the Required Horizontal End Wall Al 
Anchorage (Ah). (Appendix B; Part 3) 

Int Wall Ai 

57a What is the manufacturer's-supplied rated ca- 
pacity for sliding? (#16c, Mfg. WkSht.) 

57b. If answer to item #55b is yes, record manufac- 
turer or product supplier rated strap tension ca- 
pacity 

58a. Is value #57a greater than item #56? 
If yes, continue. If no, return to section 
602-4.C and to question #55a and select a 
larger number of transverse foundation walls. 
If the maximum number selected (6) does not 
work, return to owner (who may wish to con- 
tact the manufacturer for clarification). 

58b. If answer to #55b is yes, required tension in di- 
agonal (Tt). (Complete procedure in Section 
602.5.G.1.) 

58c. Is value #57b greater than #58b? 
If yes, continue to item #62. If no, return to 
owner for product with greater capacity. 

59. If using vertical X-bracing planes in lieu of transverse short walls (and the formulas in 
section 602-5.G.2), determine anchorage values and sizes for diagonal members. 
(If shear walls are selected in item #55, skip to item #62.) 

a Vertical X-bracing spacing proposed. ft. * 

b. Number of vertical X-bracing locations proposed. * 
(Item #13, Mfg. WkSht. for trial 1.) 

(Appendix G -Example 1) F-8 



C. Required horizontal anchorage (C) value, based on for- 
mula. (602-5.G.2.c) 

d. Estimated height (h) in Figure 6-10. 

e. Tension (T,) required. (602-5.G.2.d) 

60. What is the manufacturer-supplied rated strap tension ca- 
pacity? (#16, Mfg. WkSht.) (or capacity defined by literature 
supplied by product supplier) 

61a. Is value #57 greater than value #59c? 
If yes, continue. If no, return to Section 602-5.G and to 
question #59 and select a greater number of X-brace loca- 
tions as a next trial. Repeat until answer is yes, then con- 
tinue. 

61 b. Is value #60 greater than value #59e? 
If yes, continue. If no, return to section 602-5.G and to 
question #59 and select a greater number of X-bracing loca- 
tions. If the maximum number selected does not work, re- 
turn to owner (who may wish to contact the manufacturer for 
clarification or product supplier for clarification). 

- 
trial - trial 2 trial 

yes yes 

no no 

yes yes 

no no 

Ibs.1 
x-brace 
set 

ft. 

1bs.Idiag. 

Ibs. * 

Horizontal Anchorage Requirements In The Longitudinal Direction (602-6) 

62a. Using the tables, find the required horizontal anchor- 
age (Ah) in the longitudinal direction. (Appendix B, 
Part 4) (602.6.E) Exterior Wall Ah 67 1bs.Ift. 

62b. If using vertical X-bracing planes (and the formulas in sec- 
tion 602-6.F) determine anchorage value for X-bracing 
planes. (If using exterior long walls, skip to item #63.) 

1. Number of chassis beam lines used for vertical X- 
bracing planes. 
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Number of X-bracing planes proposed under each chas- 
sis beam along the length of the unit. 

2. Horizontal anchorage (B) required force, based on for- 
mula. 

3. Assumed height (h-b) based on Figure 6-1 1. 

4. Tension (T,) based on formula. (602-6.F.(3)). 

63. What is the manufacturer-supplied value for horizontal an- 
chorage? (#I 6d, Mfg. WkSht.) 

64a. For shear walls: is value #63 greater than #62a? 
If yes, skip to item #67. If no, contact owner for clarifica- 
tion. 

64b. For X-bracing: is value #63 greater than value #62b.2? 
If yes, ?&rr? tc item #62b.3. If nn, c r e a s e  x d x x  ~f ver- 
tical X-bracing planes and repeat items 62b.l and 62b.2 until 
answer is yes. For multi-section units consider 4 lines of 
vertical X-bracing under all chassis beams. 

65. What is the manufacturer-supplied rated strap tension? 
(#16e, Mfg. WkSht. or product supplier) 

66. Is value #65 greater than #62b.4? 
If yes, continue. If no, contact owner to obtain straps with 
greater capacity, or return to item #62b.l and increase the 
number of vertical X-bracing planes until answer is yes. 

trial 1 trial2 trial3 w 
@ yes yes 

no no no 

lbs. 

Ft . 

Ibs. 

Ibs./ft. 

bs. 

APPENDIX C 

Withdrawal Resistance Verification (603-2.B) 

67. Using Appendix C, Table C-1 or C-2, verify that the Exterior 

foundation system will resist withdrawal. Answer ques- 
tion #67a for type E. Answer question #67b for types C, 3 0 =Frost i / F a b l e  C-1) 

([tern #9) Depth; i I, or type E with interior pier anchorage. 
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a. Withdrawal Resistance for long founaktion walL (Type E )  
Circle the type of material that is to be used. 

MI-weather Wood 1 Footing 

1) Using Table C-I, which capacity is greater than required 
Av? (603-2.B.(1)) (#52a) 3 \ 1bsJft. 

2) Using Table C-I, what is the height of the wall +footing 
for required withdrawal resistance? (hw + 6") 

24 
'3 0 in. 

3) What is the height of the wall + footing for frost protec- 
tion? (frost depth (#9) + 12") 

30 
42 in. 

4) What is the greatest height #67a2 or #67a3? 42 in. 

Circle the height which controls. Withdrawal 

- 

QGx$iz> 
- 

5) Record the bottom of footing depth from grade. 30- in. 
(Item #67a.4 - 12") 

47 . - 
6) Using Table C-I, what is the required width of the wall II 

&&ng ~ i k ~ ~ ~ a ! ?  !3 ,  in. 

7) Is item #67a.6 greater than or equal to item #49? 
If yes, conunue. If no, change footing width to item #49. 

8) Record design exterior wall footing width. I z "  in. 

b. Withdrawal Resistance for Piers. (Types C, C1 
(concrete dead-man), 1 or type E with interior pier 
anchorage - muiti-section units.) 

Circle pier type: Reinforced Concrete 
Reinforced Masonry - fully grouted 
Reinforced Concrete Dead-man 
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Exterior Interior 
(when used) 

1) Using Table C-2, which capacity is greater than 
required Av? (#52a and #52c) (603-2.B.(2)) N . A .  1bs.lpier * 

2) Using Table C-2, what is the height of the pier + 
footing for required withdrawal resistance? M .A .  in. * 
(hp + 8") 

3) What is the required height of pier + footing for be\- bp 
frost protection? (frost de th (#9) + 12") fl w L . 1 8  'A,,".. 

cl, . 
1% 

in. o s-+ 14 or b t 
6 1  \ 

4) What is the greatest height #67b.2 or #67b.3? in. 

Circle the height which controls. 

6) Using Table C-2, what is the required width of 
the square footing if withdrawal resistance con- 
trols or if frost depth controls? N . A -  in. * 

c. Frost depth for marriage w&. What is the required depth of 
footing below grade for frost protection? (frost depth (#9)) d w  1 0 in. 
(no withdrawal resistance) b e \ \  @ u*a;& 

*-l\ \ew\ 
Vertical Anchorage and Reinforcement for Longitudinal Foundation Walls and Piers 
(603-2.D) 

68. Using Appendlx C, Table C-3, C-4A or C-QB, verify that the 
foundation anchors will resist uplift. Answer question #68a for 
type E. Answer question #68b for types C, I, or type E with inte- 
rior pier anchorage. 

a. Vertical Anchor Capacity for bngitudinul foundrrtion wall 
(type E). (603-2.D.2) 

1) Using Table C-4A (~oncrete~~~masonry), which capacity 
is greater than the required Av? (#52a, Design Wksht.) 14 6 
If treated wood wall, skip to item #68a.3. Ibs./lineal ft. of wall 
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Circle correct washer choice for the capacity selected 

2) Using Table C-4A (masonry and concrete): 

a) Required anchor bolt diameter 

b) Required anchor bolt spacing 

c) Using Table C-3.4: 

(1) Rebar size 

(2) Lap splice 

(3) Rebar hook length 

3) Using Table C 4 B  (wood), which capacity is greaterthan 
the required Av? (#52a, Design Wksht.) 
If using concrete or masonry wall, skip to item #68b. 

4) Using Table C 4 B  (wood): 

a) Required nailing 

b) Minimum plywood thickness 

c) Required anchor bolt diameter 

d) Required anchor bolt spacing 

Oversized Washer 

1 6 in. 

6 in. 

M t A  - 
1bs.flineal ft. of wall 

in. 

in. 

in. 

b. VerficalAnchor Capacity for Piers 
(Types C, I, or typeE withinterior pier anchorage) 
(603-2.D.1) 

Exterior Interior 
(when used for 
anchorage in 
multi-section units) 

1) Using Table C-3, which capacity in the table is 
greater than the required Av? k . 4 .  IbsJpier 
(From #52a, Design Wksht.) 
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Exterior Interior 

2) Using Table C-3: 

a) Number of anchor bolts 

b) Anchor diameter 

3) Using Table C-3A. 

a) Rebar size 

b) Lap splice in. 

C) Rebar hook length in. 

Horizontal Anchorage and Reinforcement for Transverse Foundation Walls (603-3) 

69. Using Appendix C, Table C-SA or C-5B, verify that the founda- 
tion anchorage will resist sliding at the transverse end foundation 
walls. Use for types C, E, or I. 

a. For continuous foundations. 

Using Table C-5A (concrete & 
(wood), which capacity is 
(Ah) (603-3) (item #56)? L40 2' 0 

1) Using Table C-5A, find: 

a) Required anchor bolt diameter 

b) Required anchor bolt spacing 

c) Using Table C-3A: 

(1) Rebar size 

(2) Lap splice 

(3) Rebar hook length 

2) Using Table C-5B, find: 

End Wall Interior Wall 

I L 6 in. 

b 6 in. 

a) Required nailing 
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End Wall Interior Wall 

b) Minimum plywood thickness in. 

c) Required anchor bolt diameter in. 

d) Required anchor bolt spacing in. 

b. For transverse short fou-n w& completed with diagonal braces. 
(603-5) 

Using Appendix C, Table C-SA, verify the diagonal 
anchorage capacity to the short foundation wall. 

End Interior 

1) Record the required horizontal force (Ah x Wt) 
from 602-5.G.l.a and item #56. N . A .  Ibs. 

2) Table C-5A capacity for one 112" diameter bolt at 
12" O.C. 1800 1800 lbs. 

3) Number of bolts (Ah x Wt + 1800, one mini- 
mum) at concrete or masonry top of short wall. x 

4) Size of anchor bolts in. 

5) Using Table C-3A: 

a) Rebar size * 

b) Lap splice in. 

C) Rebar hook length in. 

c. For vertical X-bracing planes in the transverse direction. 
(603-6) 

Using Appendix C, Table C-5A, verify the diagonal anchorage 
to the pier footings and the tension capacity of the diagonals. 

1) Record the required horizontal force (C) from item #59c. kJ * A . lbs. 

2) Table C-5A capacity for one 112" diameter bolt at 12" O.C. 1800 lbs. 
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End Wall Interior Wall 

Anchor bolt spacing 

Rebar size 

Lap splice 

Rebar hook length 

From #69a.2: wood: 

Required nailing 

Minimum plywood nailer 

Anchor bolt diameter 

72. 7 2 in. 

* 4  + 4  
16 1 6 in. 

b 6 in. 

Anchor bolt spacing in. 

2. For transverse shon foundation walls completed with di- 
agonal braces (#69b) 

Number of pairs of diagonals (1 for single- 
section units, 2 for multi-section units) times 
number of short walls (end or interior) (#55a) 

Diagonal spacing (same as number of short 
walls) 

From #69b: concrete / masonrv: 

Anchor bolt diameter 

Number of bolts 

Rebar size 

Lap splice 

Rebar hook length 

End Interior 

- 
in. 

in. 

in. 

3. For vertical X-bracing planes in lieu of short walls. (#69~) - 
Number of X-brace locations (#59) 
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Spacing of vertical X-brace planes (459) ft. 

Items from #69c.3 and #69c.5 

Required anchor bolt diameter in. 

Number of bolts at top of footing to connect diagonal 

Diagonal strap size 

Connection to top flange of chassis beam (describe) 

c. Horizontal anchorage in the longitudinal direction - exte- 
rior foundation walls 

1. Continuous foundation walls 

Reinforcina for longitudinal foundation walls: record only 
if larger sizes or closer spacing than recorded for vertical 
anchorage (#7 1a.2). 

From #70a.1: concrete 1 masonrv: 

Anchor bolt diameter 

Anchor bolt spacing 

Rebar size 

Lap splice 

Rebar hook length 

From #70a.2: wood: record only if larger sizes or closer 
spacings than recorded for vertical anchorage (#71a.2) 

Required nailing 

Minimum plywood nailer 

Anchor bolt diameter 

Anchor bolt spacing 

\ in. 

w 
in. 

in. 

in. 

in. 
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2. Vem'cal X-bracing planes under chassis beam lines 
(#70b.) 

Number of X-brace locations along one chassis beam line. b.4.. 

Spacing of X-brace locations along one chassis beam line. ft. 

Required anchor bolt diameter. in. 

Number of bolts at top of footing at connection to the di- 
agonal. 

Diagonal strap size. 

Connection to bottom flange of chassis beam (describe). 

72. Do foundation dimensions and details comply with Foundation 
Capacities Table, based on Foundation Design Table Values? @ no 

/ - . 
73. If #72 yes, approve. If no, return to applicant. 
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Owner's 
Name: 

APPENDIX E 
OWNER'S SITE ACCEPTABILITY WORKSHEET 

Address: 

TAMPA - FL 

Telephone: 

Site Location: 

Legal Description: 

Have you provided a copy of a map pinpointing the site? 

Have you submitted a foundation plan? 
(See #10 of Manufacture's Worksheet) 

Preliminary Site Information 

Before approval of the site can begin, the applicant must provide preliminary site information to the 
field office. Refer to Chapter 2, "Site Acceptability Criteria" for clarification. 

1. Provide survey results showing existing grade elevation. (201-1) 28 ft. 

2. Is the building in a flood-prone area? (201-2) yes @ 
If the answer to 2 is Yes, answer 3,4, & 5. 
If the answer to 2 is No, answer 6, below. 
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3. What is the Base Flood Elevation? 

What is the Flood Protection Elevation? 

4. Has approval for drainage, grading and benning been approved 
for flood-prone sites? 

5. Have permits been provided? 
(Permits must be obtained for any alteration of the building site in 
a flood protection area.) 

6. Provide geotechnical report in areas of known high water table. 
(201 -4) 

7. Provide geotechnical report if adverse site conditions are found or 
suspected. (203) 

8. Provide site-drainage plan complying with CAB0 R301.3 or local 
requirements. (301) 

9. Provide fill specifications if site is to be prepared with earth fill. 
(303-2) 

10. If a geotechnical report is required, what is the net allowable soil 
Se&:.ng pressure? (2C2) ' 

11. If no adverse soil conditions are known or suspected, and if the 
home is individually sited, assume a soil bearing pressure of 1,000 
psf. a n d u e  this value when a determination of soil bearing pres- 
sure is called for. 

ft. 

yes no 

yes no 

yes @ 

yes @ ' 

yes a 

1,000 psf. 0 
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APPENDIX E 
MANUFACTURER'S WORKSHEET 

Manufacturer's 
Company Name: UEvJ HOMES 

Telephone: z\q 1%- - 1 7 9 2  

Determination of Building Structure and S i  

The manufacturer shall provide the following information: 
~ ~~~ ~ 

1. Type of unit 

2. Method, location and types of support: 
Refer to Figures 6-7 and 6-8 and Section 601-4 
Is the home a C, E, or I? 

3. Length of unit L 

4. Actual width of unit Wt 

5. Height of exterior wall ** 

6. Height of roof peak ** 

7. Roof slope ** 

5 6 ft. 

19'- 0 ft. 

2 ' 4 ft. 

8. Self weight of total unit (W) including mechanical equipment ** 16!5a lbs. 

9. Distance between chassis members k '- 10 ft. 

10. One foundation design concept (See Appendix A) 
(Cl-C4; El-E8; or I) 

CL 
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1 1. Recommended pier spacing ** 

a Exterior 

b. Interior 

c. Continuous Marriage Wall 

Length of largest isolated marriage wall opening or average of 
largest two adjacent openings 

d. Tie-down Strap (C1 concept only) 7 
(Number) 

12. One installation method recommendations (include documenta- 
tion showing connection details pertinent to geographic area for 
seismic or wind). ** 

13. Interior shear wall locations (include documentation showing lo- 
cations). ** 

14. Design wind speed used in designing connection details for hori- 
zontal anchorage (Ah) and vertical anchorage (Av) in the trans- 
verse direction. ** 

7 ft. 

I L .  

- 
ft. 

0%" ft. 
(Spacing) 

12 0 mph. 

15. Seismic acceleration values used in designing connection details - AV 0.05 
for horizontal anchorage (Ah) in the transverse and longitudinal 
directions. ** - Aa 0105 

16. Shear wall connection details with rated capacity for wind and 
seismic are provided. ** ? @ no 

a,' Connection locations at foundation end and interior walls 
shown? ** @ no 

b. Rated connection capacity for uplift and overturning ** 3 1 5 0  1bsM. 
(or 1bs.Itie-down) 

c. Rated connection capaclty for sliding in transverse direction ** 4 8 00 1bs.Ift. 
(or 1bs.ldiag. strap) 

d. Rated connection capacity for sliding in longitudinal direction ** 4 %OD Ibs./ft. 

e. Vertical X-bracing tension strap capacity ** 
bs.1diag. strap 
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f. Engineering calculation by licensed structural engineer? ** 

** Optional values: It is optional for the manufacturer to provide these values. If the manufacturer 
does not provide the values, it is the responsibility of the owner to supply values, based on engineer- 
ing analysis by a licensed structural engineer. 

i Item 16 is provided in California 
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APPENDIX F 
DESIGN WORKSHEET 

Owner's Name: -\okw 5 M m  

PART 1: SITE CONDITIONS 
(Accompanies Chapter 2) 

I. Has the Manufacturer's Worksheet been provided? 

Existing Grade Elevation (201-1) 

2. Does the site require a survey? 
(Answer yes if: 1) elev. to be altered by grade or fill; 2) site near 
flood zone, 3) s~bdivisiosi. Answer nc if individudly-sited with 
no alteration of building site.) 

3. If yes to above, what is the Su~eyed existing grade elevation? 2 0  ft. 

Flood Protection Elevation (201-2) 

4. Is the building site in a flood zone? yes @ 
(If yes to 4, then answer 5, 6,7  & 8. If no, skip to 9.) 

5. What is the Base Flood Elevation or the Flood Protection Eleva- 
d 

ft . tion (use highest value)? 
I 

6. Is the site to be graded, filled, or benned? yes no 
(If no, skip to 9.) 

7. If yes to 6, have all permits been provided? yes no 

8. If no to 6,  then are the buildings to be built on elevated founda- 
tions? yes no 
(Tf yes, this handbook cannot be used. Refer to FEMA Manual.) 
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Frost Penetration Depth (201-3) 

9. What is the maximum frost penetration depth? 
(see Appendix H, page H-4) 

0 in. 

10a. Does foundation plan show base of footing extending below frost 
penetration depth? @ no 
(If yes proceed; if no, applicant should revise plans.) 

lob. Does foundation plan show base of footing extending below top  
soil layer (min. 12") to undisturbed soil? 6 no 

Ground Water Table Elevation (201-4) 

1 1. For subdivisions, does a Geotechnical Engineer recommend 
drainage of subsurface water? 
(If no, skip to 13.) 

yes @ 

12. Has groundwater drainage plan been provided? yes no 

Soil Conditions (202,203) 

13. If any of the followjng adverse site conditions are discovered, specific recommendations by a 
Geotechnical Engineer will be required (applies to subdivisions and individually-sited homes.) 

Organic soil (8" topsoil layer) @ no 

Expansive (shrink-swell) soil 

Sloping site 

Subsidence 

yes Q 
yes 

yes @ 

(Applicant may be referred to Geotechnical Engineer if any of the above are yes. If no, to all 
of above, move to next step.) 

14. Is area in a known termite infestation area? 

Region classification? V%'f lkFA\IY 
(See Appendix H, Termite Infestation Map, page H-10) (If no, 
skip to 16.) 

15. Has applicant complied with CABO R-308 or local ordinance for 
construction procedures and treatment? no 
(If yes, continue; if no, refer applicant to CABO requirements.) 
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PART 2: SITE PREPARATION 
(Accompanies Chapter 3) 

16. Acceptable surface drainage plan provided? (301) 
(If no, one must be provided for subdivision) 

17. Grading plan provided? (302) 

18. Fill specifications conforming to those cited in HUD Land Plan- 
ning Data Sheet (79g)? (303) 
(If fill is used, below the home's foundation, a report by Geotech. 
Eng. should be submitted to provide fill specifications.) 

19. Finish grade elevation? (304) 
(Check answers to Part 1: #4 & #5. The finish grade elevation 
must be higher than #5 if in flood zone.) 

PART 3: DESIGN LOADS 
(Accompanies Chapter 4) 

Information from Manufacturer's Worksheet 

20. Has all the information been provided on the Manufacturer's 
Wdsheet? (Appendix E) 

2 1. What is the building self weight (W)? 
(Mfg. Wksht. #8) 

22. What is the building length (L)? 
(Mfg. Wksht. #3) 

23. What is the distributed weight per foot of unit length? (w=WIL) 
(402-1.B, C) 

24. What is the building type? 
(Mfg. WkSht. $2) 

Foundation design concept? 
@ ~ 2 ,  C3, C4, El,  E3, E4, E5, E6, E7, E8,I) 
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Dead Load (4021) 

25. What is the light dead load value from Table e l ?  
(402-1 .A. 1) 

26. What is the heavy dead load value from Table e l ?  
(402-1 .A.2) 

27. Does the answer from Question #23 fall within the values in #25 
and #26? (402- 1 .D) 
(If the answer is yes, continue. If no, the foundation is not within 
the limits of this document and must be redesigned by a structural 
er, gineer.) 

Snow Load (402-2) / Minimum Roof Live Load (4022.C) 

28a. What is average annual ground snowfall (Pg)? 
(See Ground Snow Load map, pages H-11. H-12 and H-13.) 

28b. What is 0.7 multiplied by Pg? 

29a. What is the roof slope? (Mfg. Wksht. #7) 

29b. What is the minimum roof live load for the roof slope? 
@-200.2.B) 

30. Record the larger magnitude of item 28b or item 29b. Use this 
magnitude for roof load where required. 

Wind Load (402-3) 

31a. What is the basic wind speed (V)? 
(See Wind Speed map, page H-14.) 

31b. If V is less than 80 mph, record MPS min. 80 mph for wind de- 
sign. (402-3.A) 

32. Is the site inland or coastal? (402-3.B) 
(If inland, skip to question #38.) 

33. If a coastal area, has the manufacturer provided connection de- 
tails? (402-3.D) (Mfg. Wksht. #12) 

0 * 
(1bsJsq.ft.) 

0 psf. 

411i2. 

5 psf. 

15 psf. 

1 0 0 mph. 

\ 0 0 mph. 
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34. If yes to #33, what design wind speed has the manufacturer used 
in designing connection details? 120 rnph.* 
(Mfg. Wksht. #14) 

35. Are the connection locations shown? (Mfg. Wksht. #16a) @ no 

36. Are connection details provided for foundation shear walls? 
(For an answer of yes, all questions under Mfg. Wksht #16 must 
be answered satisfactorily.) 

37. 3s the value for Question 34 equal to or greater than the number 
given in Question 3 I? @ no (If yes, proceed. If no, return design to manufacturer for clarifica- 
tion.) 

S&mic Load 

38a. What are the seismic acceleration values? - Aa 0.05 * 
(See Seismic maps, pages H-15 and H-16) 

AV 0.05 * - 
38b. Is&<O.lS? 

(if no, proceed. If yes, seismic need not be considered, skip ques- 
tions 39 to 41 .) 

39. Seismic performance category. 
(See H-300 for Special Requirements of Foundation Design.) 

40. What is the applicant's proposed design concept? 
(Design Wksht. #24) 

41. Do the Foundation Design Concept Tables approve the foundation 
system for use in seismlc areas of Question #38 above? (See Ap- 
pendix A) 
(If yes, proceed. If no, retum to applicant for foundation design 
choice more suited to h~gh seismic areas.) 

PART CFINAL DESIGN PROCEDURE 
(Accompanies Chapter 6) 

42. What is the actual building width? 
(Mfg. Wksht. #4) 
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43. The nominal building width to be used in the Foundation Design 
Tables, (Aftg, Av & Ah) is Wt: 
(600-2.A and Figure 6-1) 

44. Where are the foundation supports located? Check drawings 
submitted by the owner and Foundation Design Concepts in 
Appendix A. Circle the support locations shown on the 
Manufacturer's foundation concept plan. 

14'- 0 ft. 

@ G a x a m 3  
Exterior Walls 
Marriage Wall 

45. Do these locations match the Foundation Concept shown in Ap- 
pendix A? Do the locations match Question #24 on the Design 
Worksheet? @ no 
(If yes, proceed. If no, return to Owner for clarification.) 

46. Is Vertical Anchorage present? 
@ no (601-2.B, 601-3.B & 601-4.B (Figures 6-7 & 6-8); Mfg. Wksht. 

#12 & #16) 

APPENDIX A 

47. What is the basic system type? c.1 * 
(From Part 3: #24; Mfg. Wksht. $2) 

48. What is the spacing between piers? Exterior: 4' 5' 6' @' 
(Mfg. Wksht. #I  1) 
(602-2) Interior: 4' 5' 6' 7' 8' N .A . 

Continuous Marriage Wall: 4' 5' 6' 7' 8' M .A - 
Largest or Average Marriage Wall Opening: M * A . ft. 

TieDown(C1) B( -B  ft. 

APPENDIX B 

Required Footing Size 

49. The required Exterior Wall Footing. for the foundation type, is 
found in the Required Effective Footing Area table in App. B, 
Part 1. (Use maximum value from item #30.) 

The Required Exterior Square Footing size is: Type C 5 L 3 sq.ft. 

Type E o r I  " ft . 
(width) 
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50. The Required Interior Footing area is: 
(Also exterior piers for foundation type E) 

51a. The Required Continuous Maniage Wall Footing area is: - sq.ft. 

51b. The Required Footing area under posts at the ends of marriage - 
wall opening(s) is: sq.ft. 

Vertical Anchorage Requirements in the Transverse Direction (6024) 

52a Using the Foundation Design Load Tables (Appendix B, Exterior Av 90 93 * 
Part 2), determine the Required Vertical Anchorage. (Ibs./pier spacing; 

3 . 5 0 ~ ~ ' ~ ~  x 8.&&7'= w* LB ~bs./ft for E type; 
cbs./tie-down spacmgD 

52b. Number of vertical tie-down locations for multi-section units: 2 or 4 or 6 

52c. For units with additional vertical anchorage at the interior piers, 
determine the Required Vertical Anchorage. Interior Av ubr * * 

(Ibs./int pier spacing) 

53. What is the manufacturer-supplied value? 
(#16b, Mfg. WkSht.) 

54. Is this value (#53) greater than the value given in #52a? 
(If yes, continue. If no, return to owner for clarification.) 

Horizontal Anchorage Requirements In The Transverse Direction (6025) 

55a. What number of transverse foundation walls 
was selected? (602-5.E) (If vertical X-bracing 
planes are used, complete items #55a, #56 and 
#57 for 2 transverse walls, and then skip to 
item #59.) 

55b. Are diagonal ties used to complete the top of 
the transverse short wall for horizontal anchor- 
age? (602-5.G.1) 

Estimate height (h) for appropriate illustration 
in Figure 6- 10. 
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56.- Using the tables, find the Required Horizontal End Wall Ah 
Anchorage (Ah). (Appendix B; Part 3) 

Int Wall Ah 

57a. What is the manufacturer's-supplied rated ca- 
pacity for sliding? (#16c, Mfg. WkSht.) 

57b. If answer to item #55b is yes, record manufac- 
turer or product supplier rated strap tension ca- 
pacity 

58a. Is value #57a greater than item #56? 
If yes, continue. If no, return to section 
602-4.C and to question #55a and select a 
larger number of transverse foundation walls. 
If the maximum number selected (6) does not 
work, return to owner (who may wish to con- 
tact the manufacturer for clarification). 

58b. If answer to #55b is yes, required tension in di- 
agonal (T,). (Complete procedure in Section 
602.5.G. 1 .) 

58c. Is value #57b greater than #58b? 
If yes, continue to item #62. If no, return to 
owner for product with greater capacity. 

59. If using vertical X-bracing planes in lieu of transverse short walls (and the formulas in 
section 602-5.G.2), determine anchorage values and sizes for diagonal members. 
(If shear walls are selected in item #55, skip to item #62.) 

trial 2 

yes 

no 

yes 

no 

a. Vertical X-bracing spacing proposed. 

b. Number of vertical X-bracing locations proposed. 
(Item #13, Mfg. WkSht. for trial 1.) 
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c. Required horizontal anchorage (C) value, based on for- 
mula. (602-5.G.2.c) 

d. Estimated height (h) in Figure 6-10. 

e. Tension (TJ required. (602-5.G.2.d) 

60. What is the manufacturer-supplied rated strap tension ca- 
pacity? (#16, Mfg. WkSht.) (or capacity defined by literature 
supplied by product supplier) 

61a. Is value #7 greater than value #59c? 
If yes, continue. If no, return to Section 602-5.G and to 
question #59 and select a greater number of X-brace loca- 
tions as a next trial. Repeat until answer is yes, then con- 
tinue. 

61b. Is value #60 greater than value #9e? 
If yes, continue. If no, return to section 602-5.G and to 
question #59 and select a greater number of X-bracing loca- 
tions. If the maximum number selected does not work, re- 
turn to owner (who may wish to contact the manufacturer for 
clarification or product supplier for clarification). 

trial 1 trial2 mal: =FF 1bs.I 
x-brace 
set 

ft. 

IbsJdiag. 

Ibs. * 

Horizontal Anchorage Requirements In The Longitudinal Direction (602-6) 

62a Using the tables, find the required horizontal anchor- 
age (Ah) in the longitudinal direction. (Appendix B, 
Part 4) (602.6.E) Exterior Wall Ah 47 ibs./ft. 

62b. If using vertical X-bracing planes (and the formulas in sec- 
tion 602-6.F) determine anchorage value for X-bracing 
planes. (If using exterior long walls, skip to item #63.) 

1. Number of chassis beam lines used for vertical X- 
bracing planes. 
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Number of X-bracing planes proposed under each chas- 
sis beam along the length of the unit. 

2. Horizontal anchorage (B) required force, based on for- 
mula. 

3. Assumed height (h-b) based on Figure 6-1 1. 

4. Tension (TL) based on formula. (602-6.F.(3)). 

63. What is the manufacturer-supplied value for horizontal an- 
chorage? (#16d, Mfg. WkSht.) 

64a. For shear walls: is value #63 greater than #62a? 
If yes, skip to item #67. If no, contact owner for clarifica- 
tion. 

64b. For X-bracing: is value #63 greater than value #62b.2? 
If yes, return tc item #62b.3. If no, hcrezse cumber of ver- 
tical X-bracing planes and repeat items 62b.l and 62b.2 until 
answer is yes. For multi-section units consider 4 lines of 
vertical X-bracing under all chassis beams. 

65. What is the manufacturer-supplied rated strap tension? 
(#16e, Mfg. WkSht. or product supplier) 

66. Is value #65 greater than #62b.4? 
If yes, continue. If no, contact owner to obtain straps with 
greater capacity, or return to item #62b.l and increase the 
number of vertical X-bracing planes until answer is yes. 

lbs. 

ft . 

Ibs. 

lbdft. 

ibs. 

APPENDIX C 

Withdrawal Resistance Verification (603-2.B) 

67. Using Appendix C, Table C-1 or C-2, verify that the Extenor 

foundation system will resist withdrawal. Answer ques- 
tion #67a for type E. Answer question #67b for types C, =Frost (Table GI) 

I, or type E with interior pier anchorage. (Item #9) Depth 

(Appendi G - Example 2) F -  10 



a Withdrawal Resisfance for long foumktion walL (Type E) 
Circle the type of material that is to be used. 

1) Using Table C-1, which capacity is greater than required 
Av? (603-2.B.(l)) (#52a) 

2) Using Table C-1, what is the height of the'wall + footing 
for required withdrawal resistance? (hw + 6") 

3) What is the height of the wall + footing for frost protec- 
tion? (frost depth (#9) + 12") 

4) What is the greatest height M7a2 or #67a.3? 

Circle the height which controls. 

5) Record the bottom of footing depth from grade. 
(Item #67a4 - 12") 

6) Using Table C-1, what is the required width of the wall 
footing for withdrawal? 

7) Is item #67a6 greater than or equal to item #49? 
If yes, continue. If no, change footing width to item #49. 

8) Record design exterior wall footing width. 

Reinforced Concrete 
Masonry-Fully Grouted 
Masonry-Grouted @ 48" O.C. 
All-Weather Wood I Footing 

in. 

in. 

in. 

Withdrawal 
Frost Depth 

in. 

in. 

yes no 

in. 

Circle pier type: 

b. WifMrawnl Resistmce for Piers. (Types C@ = 
(concrete dead-man), I or type E with interior pier 
anchorage - multi-section units.) 

Reinforced Concrete 
-ed 

/~einforced Concrete Dead-man 7 
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1) Using Table C-2, which capacity is greater than 
required Av? (#52a and #52c) (603-2.B.(2)) 

2) Using Table C-2, what is the height of the pier + 
footing for required withdrawal resistance? 
01p + 8") 

3) What is the required height of pier + footing for 
frost protection? (frost depth (#) + 12") 

0 

4) What is the greatest height #67b.2 or #67b.3? 

Circle the height which controls. 

5) Record the bottom of footing depth from grade. 
(Item #67b.4 - 12") 

4% 

6) Using Table C-2, what is the required width of 
the square footing if withdrawal resistance con- 
trols or if frost depth controls? 

Exterior Interior 
(when used) 

4 bl* in. * 

\ 2. in. 

4 8  in. 

9 6  in. 

3 6" in. * 

c. Frost depth for maniage walls. What is the required depth of 
footing below grade for frost protection? (frost depth (#)) U . A  - in, 
(no withdrawal resistance) 

Vertical Anchorage and Reinforcement for Longitudinal Foundation Walls and Piers 
(603-2.D) 

68. Using Appendix C, Table C-3, C-4A or C4B, verify that the 
foundation anchors will resist uplift. Answer question #68a for 
type E, Answer question #68b for types C, I, or type E with inte- 
rior pier anchorage. 

a. Vertical Anchor Capacity for longitudinal foundation wall 
(type E). (603-2.D.2) 

1) Using Table C-4A (concrete & masonry), which capacity 
is greater than the required Av? (#52a, Design W h t . )  
If treated wood wall, skip to item #68a3. 

L ) . I C .  
IbsAineal ft. of wall 
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Circle correct washer choice for the capacity selected Standard Washer 
Oversized Washer 

2) Using Table C-4A (masonry and concrete): 

a) Required anchor bolt diameter in. 

b) Required anchor bolt spacing in. 

c) Using Table C-3A: 

(1) Rebar size * 

(2) Lap splice in. 

(3) Rebar hook length in. 

3) Using Table C-4B (wood), which capacity is greater than 
the required Av? (#52a, Design Wksht.) 
If using concrete or masonry wall, skip to item #68b. Ibs.Aineal ft. of wall 

4) Using Table C-4B (wood): 

a) Required nailing * 

b) Minimum plywood thickness in. 

c) Required anchor bolt diameter in. 

d) Required anchor bolt spacing in. 

b. Vertical Anchor Capacity for Piers 
(Types C, I, or type E with interior pier anchorage) 
(603-2.D. 1) 

Exterior Interior 
(when used for 
anchorage in 
multi-section units) 

1) Using Table C-3, which capacity in the table is 
greater than the required Av? 3033 4740 lbs./pier 
(From #52a, Design Wksht.) 
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Exterior Interior 

2) Using Table C-3: 

a) Number of anchor bolts I or 2 

b) Anchor diameter 

3) Using Table C-3A: 

a) Rebar size 

b) Lap splice 

C) Rebar hook length 6 in. 

Horizontal Anchorage and Reinforcement for Transverse Foundation Walls (603-3) 

69. Using Appendix C, Table C-5A or C4B, verify that the founda- 
tion anchorage will resist sliding at the transverse end foundation 
walls. Use for types C, E, or I. 

End Wall Interior Wall 
a. For continuous foundations. 

Using Table C-5A (concrete & masonry) or C-5B 
(wood), which capacity is greater than the required 
(Ah) (603-3) (item #56)? IbsJft. 

1) Using Table C-5A, find: 

a) Required anchor bolt diameter in. 

b) Required anchor bolt spacing in. 

C) Using Table C-3A: 

(1) Rebar size 

(2) Lap splice 

(3) Rebar hook length 

2) Using Table C-5B, find: 

a) Required naiIing 
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End Wall Interior Wall 

b) Minimum plywood thickness 

c) Required anchor bolt diameter 

in. 

in. 

d) Required anchor bolt spacing in. 

b. For transverse short f o u ~ n  waZk completed with diagonal braces. 
(603-5) 

Using Appendix C, Table C-5A, verify the diagonal 
anchorage capacity to the short foundation wall. 

End Interior 

1) Record the required horizontal force (Ah x Wt) 
from 602-5.G. 1.a and item #56. Ibs. 

2) Table C-5A capacity for one 112" diameter bolt at 
12" O.C. 1800 1800 lbs. 

3) Number of bolts (Ah x Wt + 1800; one mini- 
mum) at concrete or masonry top of short wall. * 

4) Size of anchor bolts in. 

5) Using Table C-3A: 

a) Rebar size * 

b) Lap splice 

C) Rebar hook length 

in. 

in. 

c. For vertical X-bmcingplanes in the transverse direction. 
(603-6) 

Using Appendix C, Table C-SA, verify the diagonal anchorage 
to the pier footings and the tension capacity of the diagonals. 

1) Record the required horizontal force (C) from item #59c. 47-55 lbs. 

2) Table C-5A capacity for one 112" diameter bolt at 12" O.C. 1800 lbs. 
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3) Number of bolts (C t 1800, one minimum) at top of a 
footing. 3 * 

4) Record the required tension force (TJ from item #59e. 4907 ibs./diag. 

5) Select tension strap capacity greater than or equal to T, 
from owner's product supplier or manufacturer's supplied 
capa&y (item #60). 5 600 lbs./diag 

6) Record diagonal strap data A?& ?\d~k. : '4's 
Horizontal Anchorage for Longitudinal Foundation Walls (603-4) 

70. Using Appendix C, Table C-5A or C-5B, verify that the founda- 
tion horizontal anchorage will resist sliding at the long foundation 
walls. Use for types C, E and I. 

a. For continuous exterior foundation waUs. 

Using Table C-5A (concrete and masonry) or Table C-5B 
(wood), which capacity is greater than the required exterior 
Ah? (602-6.E) (item #62a) lbs./ft. 

1) Using Table C-5A, find: 

a) Required anchor bolt diameter in 

b) Required anchor bolt spacing 

C) Using Table C-3A: 

(1) Rebar size 

(2) Lap splice 

(3) Rebar hook length 

2) Using Table C-5B, find: 

a) Required nailing 

b) Minimum plywood thickness 

c) Required anchor bolt diameter 

d) Required anchor bolt spacing 
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b. For vertical X-bracing planes. 
(603-6.A.(2)) 

Using Appendix C, Table C-5A, verify the diagonal anchorage 
to the pier footings and the tension capacity of the diagonals. 

1) Record the required horizontal force (B) from item fi2b.2. 1316 lbs. 

2) Table C-5A capacity for one 112" diameter bolt at 12" O.C. 1800 lbs. 

3) Number of bolts (B + 1800, one minimum) I * 

4) Record the required tension force (TL) from item fi2b.4. \ 4 32 1bsJdiag. 

5) Select tension strap capacity greater than or equal to TL 
from owner's product supplier or manufacturer's supplied 
capacity (item #60). 5 6 0 0 lbddiag. 

6) Record diagonal strap data 

SUMMARY SHEET 
(Accompanies Chapter 7) 

7 1. Compare values from preceding questions. 
Select the largest value. 

a. Bearing area and vertical anchorage 

1. Pierfootingst rypes C, E &I.  

Piers 
Marriage Wall 

Exterior Interior Cont. At Post 
Required Effective Footing Area 
from questions #49, #50, & #5 1. 5 '3  sq.ft. 

Required footlng area to resist 
withdrawal due to uplift from 
Questlon #67. (for single-section 
or 2 tie-down system, only the 
exterior piers resist uplift, for 4 
tie-down only the interior piers 
and extenor walls resist uplift) #. A sq.ft. 
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Piers 
Marriage Wall 

Exterior Interior Cont. At Post 
Pier Footing Sizes (largest of 
above) 5.3 ( 2 ~ 4 ~ 2 ~ 4 )  sq.ft. 

mad-man" footing size. 7 * 0 sq.ft. 

Reinforcing for uier footins: 
(a'-0 %. %.Lo) 

Bring forward answers from previous questions. (kE68b) 
( T y p e s  C , I, or E with interior pier anchorage.) 

Exterior Interior 

Number of anchor bolts I 
Anchor bolt diameter 

Rebar size 

YZ 4 in. 

Lap splice 16 in. 

Rebar hook length b in. 

hamiage 
__Exterior Interior Wall 

Footing depth: grade to bottom of 
footing ol- 8" in. 

Pier footing and "dead-man" footing reinforcing bars: #4at10no.c. E.M 

"Dead-man" footing depth: grade to bottom of footing 36 in. 

2. Long Foundation wall footing: type E or 1: 

Required Effective Footing Width 

Required Footing Width for soil bearing (#49) ft . 

Required Footing Width to resist uplift withdrawal 
(#67a6) ft . 

Wall Footing Size (largest of above) ft . 

Footing Depth: Grade to bottom of footing (467a.5) in. 
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Footing reinforcing bars. 2 #4 bars 

Reinforcing for longitudinal foundation walls: Record an- 
swers from item #68a and record sizes and spacings. 

From 68a.2: masonrv and concrete: 

Required anchor bolt diameter 

Required washer size Standard 

Required anchor bolt spacing 

Rebar size 

Lap splice 

Rebar hook length 

From 68a.4: wood: Record answers from item #68a.4 and 
record sizes and spacings. 

Required nailing 

Minimum plywood thickness. 

Required anchor bolt diameter 

Required anchor bolt spacing 

b. Horizontal anchorage in the transverse direction - foun- 
dation walls 

1.  Continuous foundation walls (#69a) 

Number of transverse foundation walls 
(#55a) 

Required Footing Width (minimum) 

in. 

Oversized 

in 

in. 

in. 

in. 

in 

12 in. 

From #69a. 1 : concrete 1 masonrv: 

End Wall Interior Wall 

Anchor bolt diameter in. 
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Anchor bolt spacing 

Rebar size 

Lap splice 

Rebar hook length 

From #69a.2: wood: 

Required nailing 

Minimum plywood nailer 

End Wall Interior Wall 

in. 

in. 

in. 

Anchor bolt diameter 

Anchor bolt spacing in. 

2. For transverse short foundation walls completed with di- 
agonal braces (#69b) 

End Interior 
Numb~i  of pairs of diagonals (1 for single- 
section units, 2 for multi-section units) times 
number of shon walls (end or interior) (#%a) 

Diagonal spacing (same as number of short I 

walls) I 

From #69b: concrete 1 masonn): 

Anchor bolt diameter in. 

Number of bolts I 
Rebar size 

Lap spllce 

Rebar hook length 

in. 

in. 

3. For vertical X-bracing planes in lieu of short walls. (#69c) 1 
Number of X-brace locations (#59) 
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Spacing of vertical X-brace planes (#59) 7 ft. 

Items from #69c.3 and #69c.5 

Required anchor bolt diameter 4 in. 

Number of bolts at top of footing to connect diagonal 3 

Diagonal strap size 

Connection to top flange of chassis beam (describe) t -  &' \ 
c. Horizontal anchorage in the longitudinal direction - exte- 

rior foundation walls 

1. Continuous foundation walls 

Reinforcing for longitudinal foundation walls: record only 
if larger sizes or closer spacing than recorded for vertical 
anchorage (#71a.2). 

From #70a. 1 : concrete 1 masonry: 

Anchor bolt diameter 

Anchor bolt spacing 

Rebar size 

Lap splice 

Rebar hook length 

From #70a.2: wood: record only if larger sizes or closer 
spacings than recorded for vertical anchorage (iY71a.2) 

Required nailing 

Minimum plywood nailer 

Anchor bolt diameter 

Anchor bolt spacing 

in. 

in. 

in. 

in. 

in. 
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2. Vertical X-bracing planes under chassis beam lines 
(#70b.) 

Number of X-brace locations along one chassis beam line. 2 

Spacing of X-brace locations along one chassis beam line. 4 4  ft. 

Required anchor bolt diameter. y2 /2 in. 

Number of bolts at top of footing at connection to the di- 
agonal. I 

Diagonal strap size. 

Connection to bottom flange of chassis beam (describe). W $ b -  & 1 
72. Do foundation dimensions and details comply with Foundation 

Capacities Table, based on Foundation Design Table Values? 

73. If #72 yes, approve. If no, return to applicant. 

DISAPPROVE 
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APPENDIX H 
M A P S  

H-100. GENERAL. The following col- 
lection of maps is intended to assist the user in 
the foundation sdection and design process. 
The maps provide information for geographic 
locations within the 50 States of the United 
States covering a wide range of issues: flood- 
ing, frost penetration, expansive soils, land- 
slides, subsidence, termites, snow, wind and 
earthquakes. The maps have been accumulated 
from various sources, most notably the U.S. 
Department of Commerce Weather Bureau, the 
US. Army Corps of Engineers Waterways Ex- 
periment Station, and the American Society of 
Civil Engineers. 

H-200. SEISMIC PERFORMANCE 
CATEGORIES. Table H-1 is a condensed 
version of the ASCE 7-93 Seismic Perform- 
ance Category Table as it applies to manufac- 
tured housing. 

H-300. SPECIAL SEISMIC DE- 
SIGN CONSIDERATIONS FOR 
FOUNDATIONS. 

H-300.1. General. Based on the Seismic Per- 
formance Category for the geographic location 
involved, special requirements must be satis- 
fied that involve the foundation: 

A. Seismic Performance Category A. 
There are no special requirements for the foun- 
dations of manufactured housing assigned to 
this Category. 

B. Seismic Performance Category B. 
The site coefficient has been assumed as 2.0 for 
all Tables in Appendix B. The resulting ca- 

pacities of the foundations, subjected to the 
prescribed seismic forces of the Tables in Ap- 
pendix B shall meet the following require- 
ments: 

1. Structural Components. The design 
strength of foundation components 
subjected to seismic forces alone or 
in combination with other pre- 
scribed loads and their detailing re- 
quirements shall conform to the re- 
quirements of the applicable mate- 
rial codes (wood, concrete or ma- 
sonry) referenced by the local 
authority having jurisdiction. 

2. Soil Capacities. For the load com- 
bination including earthquake, the 
capacity of the foun&tion soi! in 
bearing or the capacity of the soil 
interface between pile, pier or cais- 
son and the soil must be sufficient 
to resist loads at acceptable strain 
considering both the short duration 
of loading and the dynamic proper- 
ties of the soil. 

C. Seismic Performance Category C. 
Foundations for buildings assigned to Category 
C shall conform to all of the Foundations for 
Categories A and B and to the following addi- 
tional requirements of this section. 

1. Investigation. The authority having 
jurisdiction may require the sub- 
mission of a written report that shall 
include, in addition to the evalua- 
tions required in this section, the re- 
sults of an investigation to deter- 



mine the potential hazards due to 
slope instability, liquefaction and 
surface rupture due to faulting or 
lateral spreading, all as a result of 
earthquake motions. 

2. Foundation Ties. Individual drilled 
piers shall be interconnected by ties. 
All ties shall have a design strength 
in tension or compression, greater 
than a force equal to 25 percent of 
the effective peak velocity related 
acceleration (Av) time the larger 
column dead plus live load. 

3. Special Pile Requirements. For un- 
cased concrete drilled piers, there 
shall be a minimum of four longi- 
tudinal bars (with a minimum rein- 
forcement ratio of 0.005) and No. 3 
closed ties with maximum spacing 
of 3 inches. 

D. Seismic Performance Category D. 
category D does not add any additional re- 
quirements for manufactured housing. The re- 
quirements of Category C plus A and B shall 
be followed. 
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Tabie H-I 
Seismic Performance Category for - - 
Seismic Hazard Exposure Group I 

Manufactured Housing of Category A and B (one story detached one and two family 
dwellings which are located in seismic map area having an effective peak velocity-related 
acceleration (&) value less than 0.15) are exempt from the requirements of these 
provisions. 

Effective Peak Velocity-Related ' 
Acceleration A,. 

& < 0.05 

0.05 r A,. < 0.10 

0.10 2 A, < 0.20 

0.20 r A, 

Manufactured Housing of Category C and D shall comply with aII the requirements of 
these provisions. 

seismic Performance 
Category 

A 

B - 
C 
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