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INTERNATIONAL
Standard Test Method for
Determining the In Situ Modulus of Deformation of Rock
Mass Using the Flexible Plate Loading Method 1
This standard is issued under the fixed designation D 4395; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 3.1.2 flexible plate—theoretically, a plate having no stiff-

1.1 This test method covers the preparation, equipment, te§€SS- _
procedure, and data reduction for determining in situ modulus 3.1.3 load—total force acting on the rock face.
of deformation of a rock mass using the flexible plate loading 3:1.4 peak-to-peak modulus of deformatiethe slope of
method. stress - strain curve line connecting the peaks of the curves

1.2 This test method is designed to be conducted in an ad®Ptained from successive pressure cycles (see Fig. 1).
or small underground chamber; however, with suitable modi-
fications it could be conducted at the surface.

1.3 This test method is usually conducted parallel or per-
pendicular to the anticipated axis of thrust, as dictated by the
design load. 83

1.4 Time-dependent tests can be performed but are to be Modulve
reported in another standard. | >/

1.5 The values stated in inch-pound units are to be regarded N
as the standard.

1.6 The references appended to this standard contain further
information on this test method.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.For specific
precaution statements, see Section 8.

Peak to Peak

5.5

4.

BEARING PRESSURE, MPo

28

2. Referenced Documents

2.1 ASTM Standards:
D 4394 Test Method for Determining In Situ Modulus of 0 e R
Deformation of Rock Mass Using the Rigid Plate Loading DEFORMATION. WM

Method? ' . FIG. 1 Rock Surface Deformation as a Function of Bearing
D 4403 Practice for Extensometers Used in Rock Pressure

(o

3. Terminology

3.1 Definitions of Terms Specific to This Standard: 3.1.5 recovery modulus of deformatierthe tangent modu-
3.1.1 deflectior—movement of the plate, mortar pad, or lus of the unloading stress - strain curve. This modulus is

rock in response to and in the same direction as the appliedsually higher than the other moduli and is used in calculations
load. where unloading conditions exist. The difference between the
tangent and recovery moduli indicates the material’'s capacity
of hysteresis or energy dissipation capabilities (see Fig. 2).
* This test method is under the jurisdiction of ASTM Committee D-18 on Soil ~ 3.1.6 secant modulus of deformatierthe slope of the
ﬁtﬂr;dChzszI; and is the direct responsibility of Subcommittee D18.12 on ROCkStreSS - strain curve between zero stress and any specified
Current .edition approved Nov. 12, 1984. Published January 1985. stress. This modulus should be used for complete load steps

2 Annual Book of ASTM Standardéol 04.08. from zero to the desired load (see Fig. 2).

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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6.2 Measurement of the deflection within the rock mass can
TANGENT utilize a finite gage length to reflect the average rock mass
MODULUS deformation properties between the measuring points. This
cecant approach entails three drawbacks, however. First, the rock
MODULUS RECOVERY  MODULUS mass is tested at very low stress levels unless the measurement
} points are very close to the rock surface and because of this, the
same problems as with surface measurements occur. Tests at
low stress levels may give unrealistical modulus values be-
cause microfractures, joints, and other discontinuities in the
FIG. 2 Relationship Between Tangent, Secant, and Recovery rock are open. Secondly, the disturbance caused by implanting
Moduli the deflection transducer in the rock mass is difficult to
evaluate. The techniques in this test method are designed to
produce minimal disturbance. Thirdly, in rocks with very high

3.1.7 tangent modulus of deformatierthe slope of the : . .
. . . modulus, the accuracy of the instruments may be insufficient to
stress - strain curve obtained over the segment of the loadin . .
ovide reliable results.

curve judged as the most representative of elastic response by . . - :

the investigator. It neglects the end effects of the curve and is gai“gme rate of loading has negligible influence on the
better suited to small stress changes. The ratio between tl%6 4 Célculations nealect the stress history of the rock
secant modulus and the tangent modulus can be used as a.’ g y ‘

means of measuring the stress damage of the material (see Frilc_ia.s'5 This test method is _|nsen5|t|ve to Poisson’s r_atlo, which
2). ust be assumed or obtained from laboratory testing.

7. Apparatus

4. Summary of Test Methgd ] 7.1 Equipment necessary for accomplishing this test method
4.1 Areas on two opposing parallel faces of a test adit argncjudes items for: preparing the test site, drilling and logging
flattened and smoothed. - _ the instrumentation holes, measuring the rock deformation,
4.2 A hydraulic loading system consisting of flatjacks, applying and restraining test loads, recording test data, and
reaction members, and associated hardware is constructq@nsporting various components to the test site.
between the two fac;es and a mortar pad i§ placed on each face7 2 Test Site Preparation EquipmentThis should include
4.3 If deflection is to be measured within the rock massgn assortment of excavation tools, such as drills and chipping
install extensometer instruments in the rock in accordance withgmmers. Blasting should not be allowed during final prepa-
Practice D 4403. ration of the test site. The drill for the instrumentation holes

4.4 The two faces are loaded and unloaded incrementallyhoyd, if possible, have the capability of retrieving cores from
and the deformations of the rock mass at the surfaces and, dfepths of at least 30 ft (10 m).

desired, within the rock, are measured after each increment. 7 3 Borehole Viewing DevieeSome type of device is

The modulus of deformation is then calculated. desirable for examination of the instrumentation holes to
- compare and verify geologic features observed in the core if
5. Significance and Use core recovery is poor or if it is not feasible to retrieve oriented
5.1 Results of this type of test method are used to predictores.
displacements in rock mass caused by loads from a structure or7.4 Deformation Measuring Instruments Instruments for
from underground construction. It is one of several tests thatneasuring deformations should include a reliable multiple
should be performed. The resulting in-situ modulus is comyposition borehole extensometer (MPBX) for each instrumen-
monly less than the elastic modulus determined in the laboraation hole and a tunnel diameter gage. For surface measure-
tory. ments, dial gages, or linear variable differential transformers
5.2 The modulus is determined using an elastic solution fo{LVDTs) are generally used. An accuracy of at lea$t.0001
a uniformly distributed load (uniform stress) over a circularin, (0.0025 mm), including the error of the readout equipment,
area acting on a semi-infinite elastic medium. and a sensitivity of at least 0.00005 in. (0.0013 mm) is
5.3 This test method is normally performed at ambientrecommended. Errors in excess of 0.0004 in. (0.01 mm) can
temperature, but equipment can be modified or substituted fanvalidate test results when the modulus of rock mass exceeds

operations at other temperatures. 5% 10° psi (3.5% 10* MPa).
7.5 Loading EquipmenrtThe loading equipment includes
6. Interferences the device for applying the load and the reaction members

6.1 The rock under the loaded area is generally not homo@usually thick-walled aluminum or steel pipes) which transmit
geneous, as assumed in theory. Rock will respond to the loathe load. Flatjacks at each rock face should be used to apply the
according to its local deformational characteristics. Thereforeload and should have sufficient range to allow for deflection of
deflection measurements at discrete points on the rock surfatiee rock and maintain pressure to within 3 %. They should be
tend to be heavily influenced by the deformational charactereonstructed so that the two main plates move apart in a parallel
istics of the rock mass at that location and may give results thahanner over the usable portion of the range. A spherical
are unrepresentative of the rock mass. The use of the averabearing of suitable capacity should be incorporated in the
plate deflection will mitigate this problem. reaction members.
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7.6 Load Cells and TransducersA pressure gage/ the plate loading test depends on the diameter of the plate and
transducer or load cell should be used to measure the pressule applied load. Larger plates and higher loads measure the
in the flatjacks. The pressure gage or transducer should have asponse of rock further away from the test adit. Thus, if the
accuracy of at leastt20 psi (0.14 MPa), including error rock around the adit is damaged by the excavation process, and
introduced by readout equipment, and a sensitivity of at leaghe deformational properties of the damaged zone are the
10 psi (0.069 MPa). The load cell should have an accuracy gfrimary objective of the test program, small-diameter plate
at least=1000 Ibf (4.4 kN) including errors introduced by the tests on typically excavated surfaces are adequate. If the
readout system, and a sensitivity of at least 500 Ibf (2.22 kNundisturbed in situ modulus is desired, larger diameter plates
is recommended. and higher loads may be used, although practical consider-

7.7 Bearing Pads-The bearing pad material shall have a ations often limit the size of the equipment. Alternatively,
modulus no greater than the modulus of the rock being tested¢areful excavation procedures, such as presplitting or other
as determined from an intact sample. Generally, a neat cemetytpes of smooth-wall blasting, may be employed in the test
grout is satisfactory if the curing time does not exceed severarea to limit damage to the rock and the resulting need for
days. Fly ash or other suitable materials may be added ttarger plates and loads.
reduce the stiffness, if necessary. 9.5 Cores, if any, should be logged and tested for rock

. quality designation (RQD), fracture spacing, strength, and
8. Safety Precautions deformation.

8.1 All personnel involved in performing the test should be 9.6 Site conditions may dictate that site preparation and pad
formally prequalified in accordance with the quality assuranceonstruction be performed immediately after excavation.
procedures of Annex Al.

8.2 Verify the compliance of all equipment and apparatustO- Procedure
with the performance specifications in Section 7. If no require- 10.1 A schematic of an optimum test setup is shown on Fig.
ments are stated, the manufacturer's specifications for th@. A properly located wooden platform (not shown) allows for
equipment may be appropriate as a guide, but care must adignment of all test components.
taken for sufficient performance. Performance verification is 10.2 Conduct the test across a “diameter” or chord of the
generally done by calibrating the equipment and measuremendit with the two test surfaces mutually parallel and in planes
system. Accomplish calibration and documentation in accoreriented perpendicular to the thrust of the loading assembly.
dance with Annex Al. 10.3 Surface Preparation

8.3 Enforce safety by applicable safety standards. Pressure10.3.1 Method—Prepare the surface by a method that will
lines must be bled of air to preclude violent failure of the cause minimal damage to the finished rock face. Drilling may
pressure system. Total deformation should not exceed thee required to reach uniform depth. Residual rock between the
expansion capabilities of the flatjacks; normally this is approxi-drill holes may be removed by burnishing or moving the bit
mately 3 % of the diameter of a metal jack. back and forth until a smooth face is achieved. Alternatively, in

: " hard, competent rock, controlled blasting with very small
9. In Situ Conditions charges may be required to remove the residual materials. In

Note 1—The guidelines presented in this section are the domain of th&ofter materials, coarse grinding or cutting devices may be
agency or organization requesting the testing and are intended to facilitatgsed.
definition of the scope and development of site-specific requirements for 10,3.2 Size—The prepared rock surface should extend at
the testing program as a whole. least one-half the diameter of the flatjack beyond the edge of

9.1 Test each structurally distinctive zone of rock masghe jack during the test.
selecting areas that are geologically representative of the mass.10.3.3 Rock Quality—Prepare the bearing surface in sound
Test those portions of the rock mass with features such a®ck. Remove loose and broken rock from the excavation.
faults, fracture zones, cavities, inclusions, and the like tdeeper breaks may be detected by a dull hollow sound when
evaluate their affects. Design the testing program so that affectee rock surface is struck with a hammer; remove such
of local geology can be clearly distinguished. material.

9.2 The size of the plate will be determined by local 10.3.4 SmoothnessThe prepared rock face should be as
geology, pressures to be applied, and the size of the adit to Immooth as practicable. In no case should the deviation from a
tested. These parameters should be considered prior to exgalane between the highest and lowest points exceed 1 in. (25
vation of the adit. Optimum adit dimensions are approximatelymm).
six times the plate diameter; recommended plate diameter is 10.3.5 Cleaning—After the surface has been prepared,
commonly %> to 3¥a ft (0.5 to 1 m). Other sizes are used scrub and rinse it with clean water to remove any loose
depending upon site specifics. particles or dirt caused by the smoothing operation.

9.3 The affects of anistropy should be investigated by 10.4 Bearing Pad Construction-Construct the bearing pad,
appropriately oriented tests: for example, parallel and perperwith the flatjack in position, by pouring the pad material
dicular to the bedding of a sedimentary sequence, or paralldédetween the rock surface and the jack. Contain the pad material
perpendicular to the long axes of columns in a basalt flow. by suitable formwork around the edges of the jack. The only

9.4 Tests should be performed at a site not affected bgxception to this method is for near vertical tests where cement
structural changes resulting from excavations of the adit. Theads are used. In this case, the lower flatjack may be placed
zone of rock that contributes to the measured deflection durindirectly upon the pad prior to curing. It is recommended that a
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FIG. 3 Typical Flexible Plate Bearing Test Setup Schematic

TRANSDUCER LEAD WIRE

thin (approximately/z in. (13 mm)) particle board (wood chips  10.5.2.1 If deformation measurements in the rock mass
and resin) or other suitable material fabricated to accommodaiéself are required they should be taken along a line within 5°
the flatjack configuration on one side and the plate on the othesf the direction of loading and located no farther from the
side be placed between the flatjack and the plate. In all casesenter line than 10 % of the width of the bearing pad.
exercise care to avoid air pockets or other cavities within the 10.5.2.2 The holes for instruments should be as small as
pad. The thickness of the pad should be no more than 1.5 in./feasible. Holes should be diamond-rotary drilled on opposing
(38 mm/0.305 m) of flatjack diameter at any point. Thesurfaces and continuously cored and logged.
dimensional requirements are shown in Fig. 4. 10.5.2.3 Select the location of each measurement point by
10.5 Measuring Points examining the rock core and inspecting the borehole with a
10.5.1 Surface MeasuremenisTake deformation measure- horescope or other suitable device. Place the measuring points
ments on the rock surface at the edge of the bearing pad atah either side of joints, thin beds, seams, and the like. Place at
minimum of six equally spaced intervals around the edge ofeast two measuring points within one flatjack diameter of the
each pad. If measurements are made on the rock at the cenigek surface. Locate the deepest two measuring points at least
of the loaded area using an annular flatjack, take them at gix flatjack diameters from the bearing surface to be outside the
minimum of three equally spaced positions around the edge qfalculated zone of measured influence. Other instrument ar-

the opening of the annulus. Secure reference pads to the rog§ngements may be appropriate for specific geologic condi-
surface at surface measurement points. Support the displacgons.

ment transducers so that only the deflection of the rock itselfis 105 2 4 The installation of recording procedures for the

measured. Generally, this means mounting the transduCef§easuring instruments or extensometers are presented in
from supports located outside the zone of influence of the tespractice D 4403. The extensometer leads extend out from the
In no case should the transducers be mounted on the loadifgle and exit out the side of the bearing pad. Prior to casting
apparatus. Install cross tunnel measurement points and equifie pads, shield the leads with polyvinyl chloride or rubber
ment such as described in Practice D 4403. tubing.

10.5.2 Measurements Within the Rock Mass 10.6 Pretest Check-Electronically or mechanically check
all components of the instrumentation after they are installed in
the drill holes. After the loading and restraining components
are installed, make another check of the instrumentation. Make
final checks of all mechanical, hydraulic, and electronic
components after the concrete pads are placed and again before
the first load increment is applied.

10.7 Pressurization Cycles

10.7.1 Observations during the first pressure cycle can be
used to modify time rate requirements for successive cycles.

10.7.2 In general, five pressure cycles to peak pressure, each
in ten increments at 1 min per increment, should be conducted.
FIG. 4 Allowable Dimensions for Rock Surface and Bearing Pad, The middle cycle should be approximately at design load with

Flexible Plate Loading Test the upper cycle approximately two times design load, if

MEASUREMENT A
LOCATIONS— ==

INSTRUMENTAT ION
BOREHOLE ——
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FIG. 5 Rock Deformation at Surface Versus Time

possible. The cycles need not be uniformly spaced. Theyhere:
unloading phase should be at the same rate, holding at zerg
load until creep has stabilized. Take deflection readings afteQ
each load increment and decrement. Maintain the peak an®R radius of loaded area, in. (mm), and

zero pressures for each cycle for at least 10 min, withW. = deflection at center of loaded area, in. (mm).
deflection readings taken at 5-min intervals. A typical five- Calculate the modulugk from the deflection at the edge of

Poisson'’s ratio of the rock,
pressure on loaded area, Ibfi(MPa),

cycle loading sequence is shown in Fig. 1. a circularly loaded area at the rock surface as follows:
10.7.3 Time restrictions may require modifications of the 41— v?)QR
foregoing procedures. At the least, peak pressures must be held E = W, @)

for at least 10 min.
where:

10.7.4 If required, both instantaneous deformation and pri- - . .

mary creep can be obtained from this test method. Fig. 5 showé,/ve = deflection at the edge of the Ioaded. area, In. (mm).

a time deformation relationship with incremental loading. Witch?rictuhlat? trllemmOdglur":E" tfr:C;Ln thentd(:flictlorilr atl arll plom(tj q
10.7.5 Data—Record the data shown on the example form © yocK mass benea € center ot a circuiarly foade

I o area as follows:
in Fig. 6 as a minimum for each test.

2Q(1 — y2
11. Calculation E= Q(TZV) (R*+2Z%"-2) @3
11.1 These equations are based on the elastic solution for _ QZ(\1N+ ) (2R + 2272 — 1)

uniformly distributed load (constant stress) over a circular area
acting on a semi-infinite isotropic elastic medidmhe deflec-  where:
tion is always defined as the movement in the same direction aZ depth beneath center of loaded area, in. (mm), and
the applied load. W, deflection at deptlz, in. (mm).

11.1.1 Calculations of the Modulus of Deformation, Calculate the modulug, from the deflection at the center of
E—Calculate the modulug, from the deflection at the center an annularly loaded area at the rock surface as follows:
of a circularly loaded area at the rock surface as follows: 20(1 - y2(R, — Ry)

2(1 - y*)QR . We @
E= W (1)
¢ where:
R, = outside radius of annulus, in. (mm), and
R, = inside radius of annulus, in. (mm).

3 The derivations to these equations are found in: Timoshenko, S., and Goodier, Calculate the mOdUIUEa from the deflection at the edge of
J. N., Theory of Elasticity McGraw-Hill, New York, 1951. an annularly loaded area at the rock surface as follows:
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Project Test No.
Feature Rock Type
Test Location Plate Diameter
Orientation Tested By
Date
Measurement Depths No. 1 No. 4
No. 2 No. 5
No. 3 No. 6
Equipment . Date of
Description M Next Calibration
Defiection Readings
Time Load Reading No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
Displacement Reading
Time Load Reading No. 1 No. 2 No. 3
Remarks:
Test Supervisor Date
Quality Assurance Date
Project Engineer Date

FIG. 6 In-Situ Modulus of Deformation Test Data Sheet

4Q(1 - v?)(R,— R Z2.Q(1 +
E= ::-Vil(e 2 ) ) i Q\(NZ Y)

Calculate the modulust, from the deflection at a point  The deflectionW ,, along the center line beneath the loaded
within the rock mass beneath the center of an annularly loadegrea may be expressed in a general form (inches or millimetres)
area as follows: from equations Eq 3 or Eq 6 as follows:

~2Q1—-+?
-

[(R12 + ZZ)—l/Z_(RZZ + 22)7112]

E [(R?+2Z%)Y — (R + 29" (6) W, = 2 @)
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From this, it follows that the modulug, may be calculated 12.4.2 Site-Specific Influences
from the relative deflection between two positions below the 12.4.2.1 Assumptions-Discuss in detail the differences be-

center of the loaded area as follows: tween actual test site conditions and conditions assumed in the
K. — K data reduction equations. Estimate the affects of such differ-
E=Qy —w. (8  ences on numerical results, as much as feasible.

' ‘ 12.4.2.2 Correction Factors—Fully explain any factors or
where: methods applied to the data to correct for a non-ideal situation.
K, K, = geometric coefficients for depthg and z,, 12.5 Results Section

respectively, and 12.5.1 Summary Table-Present a summary table including
Wy, Wy, = deflection at depths, andz,, respectively. the characteristics of the rock materials, the pressure range

11.2 Calculate as a minimum for each rock material orover which the modulus values were calculated, the average
structure, the mean modulus value, range, standard devia-tiomodulus values, ranges, and uncertainties.
and 95 % confidence limits for the mean. 12.5.2 Table of Individual Resuks-Present a table listing
test number, rock material/structure, and average modulus
12. Report values for each test location. Take care to identify the depth
12.1 The purpose of this section is to establish the minimuninterval in the rock mass and stress range for each modulus.
requirements for a complete and usable report. Further details 12.5.3 Graphic Presentations-Present a typical average
may be added as appropriate, and the order of items may kg flection curve for each rock material.
changed if necessary. Applications of the test results are 12.5.4 Other—The following other types of analyses and
beyond the scope of this test method, but may be an integrghesentations may be included as appropriate:
part of some testing programs. In such a case, an applications12.5.4.1 Relationship between modulus and applied stress.
section compatible with the format described below should be 12.5.4.2 Discussion of modulus dependence on geology.
included. 12.5.4.3 Histograms of results.
12.2 Introductory Section of the Report 12.5.4.4 Comparison with laboratory modulus values or the
12.2.1 The introductory section is intended to present theesults of other in situ modulus tests.

scope and purpose of the testing program and the characteris-12.5.4.5 Comparison of results to other rock types or
tics of the material tested. The introductory section includes:previous studies.
12.2.1.1 Scope of Testing Program 12.6 Appended Data-An appendix is recommended and
12.2.1.2 Test Locations-Including the location and orien- should include:

tation of the plate-loading test; a graphic presentation is 12.6.1 A completed test data form (Fig. 6) for each test.

recommended. . _ _ 12.6.2 Plots of deformation versus pressure, such as Fig. 1.
12.2.1.3Test Rationale-A discussion of the reasons for |nformation from this plot can be used to determine the shape
selecting the test locations. of the stress - strain curve, to obtain values for calculation of

12.2.1.4Limitations of the Testing Program Discuss the various moduli, and to determine rebound and elasticity
areas of interest which are not covered by the testing prograharacteristics.
and the limitations of the data within the areas of application, 12.6.3 Plots of deformation versus time, as in Fig. 5. This
in general terms. plot is useful for studying the creep characteristics of the rock
12.2.1.5Description of the Test Site GeolegyA complete  and should be kept during testing to establish time require-
geologic description of the test site including core logs, photosnents for each load increment.
of core, photos of prepared test areas, and a description of local12.6.4 Plots of deformation versus depth referenced to the
blast damage; macroscopic description of the rock typesjeepest anchor, as in Fig. 7. This deformation profile is used to
structural features affecting the test; and diagrams of thedentify anomalous areas with lower or higher moduli than the
geology of the test area, both before and after testing, argverage. Once such zones are identified, they can be correlated
recommended. with core from the instrument holes. If MPBX anchors are

12.3 Test Method Section located properly, the moduli of these zones can be calculated
12.3.1 Equipment and ApparatusA detailed listing of the  using equations in Section 11.

equipment actually used for the test and the name, model

number, and basic specifications of each major piece. 13. Precision and Bias
12.3.2 Procedure—Detailed steps of the procedure actually 13.1 Precision—Due to the nature of rock materials tested
used for the test. by this test method, it is, at this time, either not feasible or too

12.3.3 Variations—If the actual equipment or procedure costly to produce multiple specimens which have uniform
varies from the requirements contained in this test methodphysical properties. Therefore, since specimens which would
note each variation and the reasons for it; also discuss the affegield the same test results cannot be tested, Subcommittee
of the variation upon the test results. D18.12 cannot determine the variation between tests since any

12.4 Theoretical Background Section variation observed is just as likely to be due to specimen

12.4.1 Data Reduction EquatiorsAll equations used to variation as to operator or laboratory testing variation. Sub-
reduce the data shall be clearly presented and fully definedlommittee D18.12 welcomes proposals to resolve this problem
note any assumptions inherent in the equations or limitations ithat would allow for development of a valid precision state-
their applications and discuss the affect on the results. ment.
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ROCK DISPLACEMENT (MM) 13.2 Bias—There is no accepted reference value for this test

o 02 0203 0305 0406 0508 060 method: therefore, bias cannot be determined.
03— 4= 'SENSOR H;b ——
o Vol 14. Keywords
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Project (Date) Type of Rock No. of Tests E- (GPa)® E,(GPa)” EJE,
Oroville Dam (1961) Amphibolite (massive) 5 10.4 89.0 0.11
Tumut 2 (1962) Gneiss/granite 6 6.9 59.1 0.12
Dworshak Dam (1966) Granite/gneiss (massive) 24 235 51.7 0.45
Tehachapi Tunnel (1967) Diorite gneiss (fracture) 4 4.8 77.9 0.06
Crestmore Mine (1966 to 1974) Marble (blocky) 2 15.0 47.5 0.31
Gordon Scheme (1971) Quartzite 8 19.0 67.0 0.28
Churchill Falls (1971) Gneiss (massive) 10 41.5 55.0 0.75
Waldeck Il (1973) Greywacke Not Known 5.0 20.0 0.25
Mica Project (1974) Quartzite gneiss 12 27.6 27.0 1.04
LG-2 Project (1976) Granite (massive) Not Known 50.0 80.0 0.62
Elandsberg (1977) Greywacke 33 39.6 73.4 0.54

“Note—E , field modulus; E ,, laboratory modulus at 50 % strength.
FIG. 8 Field and Laboratory Moduli by Plate Bearing Test at Major Projects

ANNEX
(Mandatory Information)

Al. QUALITY ASSURANCE

Al.1 The following items are the minimum requirementsto  A1.1.3 Required Documentation

ensure that the test results are defendable and traceable. It isa1.1.3.1 Equipment Performance VerificatierQuality as-

not the intent of this section to establish quality assurancgyrance should maintain complete calibration records and
procedures, but to identify those points during the test at which g ificates.

quality assurance action is recommended. Al.1.3.2 Equipment Serial NumbersQuality assurance

Al1.1.1 Personnel PrequalificatiorsPrior to testing, all  ghould verify that serial numbers of all equipment used in the

pe;\slognze ITZZ(t)u:ﬂsbpeegtr%?ql—]algiegl.'t assurance personnel test are recorded on the form (Fig. 6).

A i uality u . . .
should review the test setup, procedure, and equipment perfor- A1'3'3ﬁ3 Tes_t Slgpohfﬁ&f Quallty asGSurance should maintain
mance verification. After testing, the completed form (Fig. 6)Si9n€d-off copies of the form (Fig. 6).
should be reviewed and signed off only if correct.
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