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A square spread footing supports an 18-in.-square column supporting a service dead {oad of 400 kips
and a service live load of 270 kips. The column is built of 5000-psi concrete and has eight No. 9 lon-
gitudinal bars with f, = 60,000 psi. Design a spread footing to be constructed by usiné 3000-psi
concrete and Grade-60 bars. The top of the footing will be coverad with 6 in. of fill with a density of
120 Ib/t> and a 6-in. basement floor (Fig. 16-13). The basement floor loading is 100 psf. The atlow-
able bearing pressure on the soil is 6000 psf. Use load and resistanee factors from ACI Sections 9.2
and 9.3. :

1. Compute the factored Ioads and the resistance factors, ¢. From ACI Section 9.2, the
applicable load combinations are as follows:

U= 14D+ F) ' (ACIEq. 9-1)
U=12(D+F+T)+ 1.6(L+H)+05(L,orSorR)  (ACIEq. 9-2)
U= 12D + 1.6(L,or Sor R) + (1.0L or 0.8W) (ACI Eq. 9-3)
U=12D+ 1.6W + 1.OL + 0.5(L,orSor R) {ACILEq. 9-4)
U=12D + 1L6W + 1.6H (ACI Eq. 9-6)
18* square
4 No. 6 dowels
See Flg. 189
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Because the statement of the problem mentioned only dead and live loads, we will ag
these as the only applicable loads. In effect, we are assuming that the wind loads and roof loa,
small compared to the dead loads. This reduces the set of load combinations to the following:

U= 14(D)
U=12(D) + 1.6(L)
From these equations, the design loads are

U =14 X 400 = 560 kips

and
U=12xX400 + 1.6 X 270 = 912 kips

SUe
ds are |

PERe-s ]

TR Y

Strength-reduction factors ¢ are given in ACI Section 9.3. These were selected on the basis of

For :
flexure, ¢ will be a function of the strain in the extreme-tension layer of bars, but ¢ will probably be

whether flexure or shear is being considered. For shear, ACI Section 9.3.2.3 gives ¢ = .75,

0.9 for footings- :

2. Estimate the footing size and the factored net soil pressure. Alléwable net soil pres.
sure g, = 6 ksf — (weight/ft? of the footing and the soil and floor over the footing and the floor
loading). Estimate the overall thiekness of the footing at between one and two times the width of the

colurnn, say, 27 in.:

27
gn = 6.0 — (E X015+ 05 X012+ 05 X015 + 0.100)

= 5.43 ksf

400 kips + 270 kips

- 2
5.43 ksf 12318

Area required =

= 11.1 ft square.

Try a footing 11 ft 2 in. square by 27 in. thick:

1.2 X 400 + 1.6 X 270
11.172

Factored net soil pressure =

= 731 ksf

3. Check the thickness for two-way shear. Generally, the thickness of a spread footing is
governed by two-way shear. The shear will be checked on the eritical perimeter at 4/2 from the face
of the column and, if necessary, the thickness will be increased or decreased. Since there is rein-

forcement in both directions, the average 4 will be used:
Averaged = 27 in. - (3 in. cover) — (1 bar diameter)
= 23 in,

The critical shear perimeter (ACI Seetion 11.12.1.2) is shown dashed in Fig. 16-14a. The tribut;
area for two-way shear is shown crosshatehed. We have

4 2
v, = 7.31 ksf[ll.l?"‘ - (1—;) ]ft2 = 827 kips

Length of eritical shear perimeter:
b, = 4(18 + 23) in. = 164 in.

@V, is the smallest of (a), (b), and (c) foﬂowing:

i
c

{
ary.

1
4
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(a) Critical section for two-way {b) Critlcal section for two-way
shear—First trial. shear—FInal trial

Gritical sectlon for

one-way shear h—
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for moment ™ /

Tributary area for Tributary area

If//
é
7

one-shear for moment
]
d = 28* _ 30"- | 58"
- popet .
I
587 |
{c} Criticai secllon for one-way shear {d) Critical! section for moment
4
(@ oV.= ¢(2 + —) V febod (13-15)
Be (ACI Eq. 11-33)
_ long side of column 10
¢ shortside of column
v 0.75(2 + 4/1)V3000 x 164 X 23 _ 930k :
¢ = 1000 N ps
d
®) ¢V, = ¢(”;_j + 2)\/f—zb.,d (13-16)
e (ACI Eq. 11-34)

where a; = 40 for interior columns, 30 for edge columns, and 20 for corner columds. Thus,

40 X 23 V3000 X 164 X 23 L
PV, = 0.75( 4 + 2) 1000 = 1179 kips /
© ¢V, = d(4Vfb,d = 620 kips (13-17)

(ACI Eq. 11-35)
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Because ¢V, = 620kips is less than V, = 827kips, the footing is not thick enough, T,
h =132in.,d = 28in,, and b, = 184 in. The footing is thicker, and it weighs more. Hence, a larg?
area may be required: r

32
gy = 60— (—1?2— XI5 +05X0124+05 X015+ 0.100)

= 537 ksf

400 + 270 ‘,_
537 |

124.8 2 ;

= 11.17 ft square 1

Area required =

il

Try an 11-{t-2-in.-square footing, 32 in. thick:

1.2 X 400 + 1.6 X 270

11.172 !
=731 ksf \
|
k
\

Factored net soil pressure, gy, =

Averaged = 32 -3 — 1
= 28 in.

‘The new critical shear perimeter and tributary area for shear are shown in Fig. 16-14b.|We have

2
V, = 73111177 - 463 = 504 kips
12 P

ACI Eq. (11-35) governs again:

SV, = 0.75 X 41/3000 X (184) X Tg%i = 846 kips

This is adequate. A check using i = 30 in. shows that a 30-in.-thick footing is not adequate, Use an
11-ft-2-in.-square footing, 32 in. thick,

4. Check the one-way shear. Althongh one-way shear is seldom critical, we shall check it,
The critical section for one-way shear is located at 4 away from the face of the column (ACI Section
11.12.1.1), as shown in Fig. 16-14c. Thus,

v, =131 ksf(ll.l?ft X %g—ft) = 204 kips

OV, = $2V fib.d = 0.75 X 2V3000 X 134 X T%(SSE
= 308 kips

Therefore, OK in one-way shear.

5. Design the flexural reinforcement. The critical section for moment and anchorage of
the reinforcement is shown in Fig. 16-14d. The ultimate mownent is

‘ (58/12)° _
M,=1311L17 X T 954 ft-kips
Assuming that § = 0.9 and ¢ = 0.90, the area of stec] required is \
954 % 12,00 \
54 X 12,000 = 84! in?

*~ 0.9 X 60,000(09 X 28)

The average value of d was used in this calculation for simplicity. The same reinforeemen will be
used in both directions:

Minimmum A, {ACI Sections 10.5.3 and 7.12.2} = 0.0018b4
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e : ' Arcaof dowels = 0.0054, = 1.62in.2

[o So lu‘\"‘r‘ 5

= 0.0018 X 134 X 32 = 7.72 in.2 (does not govern)
" ; Maximum spacing (ACI Section 7.6.5) = 18 in.

Try eleven{No. 8 bars each way, A, = 8.69 in.%, Recompute ¢M,, as a check.

8.69 X 60,000

= = 1.53in.
=085 X 3000 x 134 00

i
because a / d = 1.53in/ 28 in. = 0.055 is much less than a / d for the tensicnlcontrolled limit

from Table A-4, the beanil is tension-controlled, and ¢p = 0.90.

i | ¢M, = 1070 ft — kips
|
This exceeds M, = 954 ft-kip.

6. Clieck the development. The clear spacing of the bars being developed exceeds 2dp, and

the clear emjle; exceeds d b Therefore, this is case 2 development in Tables 8-1 and A
A-11, £; fora:No. 8 bottom bar in 3000-psi conerete is 54.8 d. The development e
|

L : £, = 548 d,BA

[
where 8 = 1.0 for uncoated reinforcement and A = 1.0 for normal-weight concre
we have '

£, =548 X 1.00 X 1.0 X [.0
= 54.8 in.

The bar extcnsion past thé point of maximum moment is (58 in. — 3 in.) = 55 in.
eleven No. 8 bars each way; A, = 8.69in.%

" 7. Design the column-footing joint. The column—footing joint is shown in

faetored load at the base tlsf the eolumn is
1

J !

' 1.2 X 400 + 1.6 X 270 = 912 kips

[

[

-11. From Table
ngth is

te. Accordingly,

This is OK. Use

Fig, 16-13. The

The maxjmuﬂm beariug load on the bottom of the column (ACI Section 10.17.1) is $0.85f%A |, where

Ay is the areiai of the contact surface between the column and the footing and £, is
When the tgj“contact supporting surface on the footing is wider on all sides than the
maximum Ein'ing load on the top of the footing may be taken as

i

A
! 0.85¢f LA, /A_?’ but not more than 1.7¢f44,

for the column,
loaded area, the

(16-15)

where As is ttlle area of the lower base of a right pyramid or cone as defined in Fig. 16-10. ACI Section

9.312.4 defines ¢| cqual to 0.65 for bearing. By inspection, V' A,/ A for the
2; hence, the|maximum bearing Ioad on the footing is 0.85 X 0.65 X 3 X 182 X
The allowabls bearing on |r.he base of the column is

H(0.85f1A,) = 0.65 X 0.85 X 5 X 182

|

! 3 = 895 kips
Thus, the mi{imum load ;that can be transferred by bearing is 895 kips, and dowe
transfer the excess load. Accordingly, we have

I -
Airea of dowels required = 212 — 895

! bfy

= 0.44 in2

footing exceeds
2 = 1074 kips.

Is are needed to

where ¢ = QGS has been {Jscd. This is the ¢ value from ACI Sections 9.3.2.2(b) for compression-con-
trolled tied columns and 9.3.2.4 for bearing. The area of dowels must also satisty ACI Section 15.8.2.1:
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= 0.0018 X 134 X 32 = 7.72 in.2 (does not govemn)
| Maximum spaeing (ACI Section 7.6.5) = 18 in.

Try eleven Ng! 8 bars each way, A; = 8.69 in.2. Recompute ¢M,, as a cheek.

| _ _ 8.69 X 60,000
' “ ™ 0.85 X 3000 X% 134

= 1.53 in,

because a / d |5 1.53in./ 28 in. = 0.055 is much less than a / d for the tension-cantrolled limit
from Table A-4,the beam is tension-controlled, and ¢ = 0.90.

oM, = 1070 ft — kips

This exceeds Mui =954 ft—l‘cip.

6. Chec;{ the development. The elear spacing of the bars being developed exceeds 2d, and
the elear cover ‘@i}ceeds dp. Therefore, this is ease 2 development in Tables 8-1 and A-1}. From Table
A-11, £ for a No. 8 bottom|bar in 3000-psi conerete is 54.8 ;. The development length is

i

| ‘ £5 = 548 dpf3A
where 8 = 1.0 for uncoated reinforeement and A = 1.0 for normal-weighi concrete.| Accordingty,
we have

!

i

! €= 548 X 1.00 X 1.0 X 1.0
i =548 in.

The bar extensioJl past the point of maximum moment is (58 in. — 3 in.) = 55 in. This is OK. Use
eleven No. 8 bars each way; A, = 8.69 in.2.

7. Desngin the column-footing joint. The eolumn-footing joint is shown in Fig. 16-13. The
factored load af the base of the column is

: ‘ | 1.2 X 400 + 1.6 X 270 = 912 kips

i
i1

| i

The maximum ]iae‘laring load on the bottom of the eolumn (ACI Section 10.17.1) is ¢~0.85| +A 1, where
Aj is the area olf the contact! surface between the column and the footing and f; is for the eolumn.
When the the contact supporting surface on the footing is wider on all sides than the Ioaded area, the

maximum bearing load on th"e top of the footing may be taken as

|
l |

; A

| 0.85¢f1A 1,/ A—z, but not more than 1.7¢f%4, (16-15)

5 ? .

where A, is the fa.rca of the loévcr base of a right pyramid or cone as defined in Fig. 16-10) ACI Section
9324 jefines ¢ equal to 0.65 for bearing. By inspection, V Ay/ A for the footing cxceeds

2; hence, the m Rimum beal;'ing load on the fooring is 0.85 X 0.65 X 3 » 182 x 2 = 1074 kips.

The allowable bte'fi‘ring on the base of the column is

b $(0.85f1A) = 0.65 X 0.85 X 5 X 182

- ! = 895 kips
o |

Thus, the maximum load that can be transferred by bearing is 895 kips, and dowels are needed to

transfer the cxcéss; load. Accordingly, we have | =

12— 8 -
N2 85 _ asin? |
q&fy |

where ¢ = 0.65 hﬁs been useh. This is the ¢ value from ACI Sections 9.3.2.2(b) for comp:ression-con—
trolled tied columns and 9.3.24 for bearing. The area of dowels must also satisfy ACI Section 15.8.2.1:

Area of dowels required =

Area of dowels = 0.0054; = 1.62in?

Try four No. 6 dowels (A, = 1.76 in?); dowel each eorner bar. The dow_els must extend into the fog, %
ing by the compression-development length for 2 No. 6 bar in 3000-psi concrete, or 16 in. The bay

will be extended down to the level of the main footing steel and hooked 90°. The hooks will be e 4
to the main Z%; to hold the dowels in place. The dowels must extend into the column a distan,,

252,

i
equal to the greater of a compression splice for the dowels (23 in.)orthe com‘lpression;-dewlt)pmem
length of the column bars (25 in.). Use four No. 6 dowels; dowel each corner bar. Extend dowels

25 in, into coltinin. (See Fig. 16-13.) | <
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"1; Check the one-way shear. Une-way sheal may e criical in a ICCEIRI'IgI.l]ﬂ]' footing and

must be checked. The critical section and tributary area for one-way shear arc shown in Fig. [6-16u.

We have | |
: i |
| 45 ) |
! vV, =731 = X9 ] =247 kips
2
| ‘ 28 :
b ¢V, = 0.75 x 2V3000 X 108 X S, = 248 kips |

]
'I{hgs is just OK in one-way shear.

More transverse
reinforcement here i
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A7 TV i

Tributary area

45" for one-way srear/ for moment
AL ~

_ og~ "\ Critical spetion
d= for cne-v ab shear f

i
N qotumn \Critical seclion

for moment

{b) Critical seclion for moment—

(&) Critical section for one-way &hear.
‘ Long direclion.

90"

X
| TriGltary area "
/ fT:)r mbment 3No.5@38 |
.
|
|
| . 46
e, 25 No. 5
i 24 spaces r
— : @4.5"
i : 13'-87
) &5
al section
ndment
Y Y
3N0.5@8"
A | ;
45" j . 15 No. 8
(¢} Crilical section for momerit - (d) Bar placement.
Short direction. !
Fig, 16-16

Rectangular footing—ExamplE 16-3.

2. Design the reinforcement in the long direction. The critical section for moment and re-
inforcement anchorage is shown in Fig. 16-16b. The uliimate moment is

. (73/12)? .
i M,=7319x — )= 1217 fe-kips

Assuming that ¢ = 0.9 and j = (.9, the area of steel required is

. 1217 X 12,000
ST 0.9 X 60,000(0.9 X 28)

= 10.73in3

Ag(min) = 0.0018 X 108 X 32 = 6.22 in.? (does not govemn)
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We coul(j us;c

14/NB. |8 bars, A, = [1.1in.
HIN .ihars,m = [1.0in?
9 Noli10 bars, 4, = 114 in.

Try 14 Nulj. Bars—pM, .= 1330 ft-kips. Check devclopment:
s S Ly =548 X 10X 1.0 X 1.0 = S48 in.
The |

rth available is 70 in.—therefore, QK. Use 14 No. 8 bars in the long direction.

3.1 1 F-]gn the remforcement in the short direction. The critical se(,uon for moment and ye.
inforcement :‘l chorage'is Qhown n FIU 1G-16c. We have I
o P *
; ! (45/12)* . i
g M, =731 13.67 X — )= 702 ft-Kips i
i 2
1 |
Assuming t 1:Ej =09/ A, = 6.19in2,

! Asgminy = 0.0018 X 164 % 32 = 9.45 in.” (This aovelm.)

I '

Try 12 Nd 8 brrs: A, = 9.48in.".
Chech

i . . . o

develapment. {; = 54.8 in. and the length available is 28.5 in 2 therefdre. not OK. W
must cons’ulﬂr maller bars. Try 31 Nov 5 bars, A, = 9.61 in.". (; = 274 in.—therefore OK. Use
31 No. 5 Buri] 1 the short direction of the footing. For the arrancement of the bars in the

ANSY ey
direclion (A

Bection 15.4.4.2),

long side _
=— = |.5[v
short side

In the midgllc|srip of width 9 ft. provide

ol

3
m X 31 bars = 24.6 bars

Provide 25 Ni. 15 bars in the middie sirip. and provide three No. 5 bars in cach end strip. The fial de-
sign is sho'.vn iq Fig. 16-16d,

) T T e " -




A 12-in.-thick concrefe wall carries a service (unfactored) dead load of 10 kips per foot and a service
live load of 12.5 kips per foot. The allowable soil pressure, g, is 5000 psf at the level of the base of
the footing, which is 5 ft below the final ground surface. Design a wall footing, using £ = 3000 psi
and f, = 60,00 psi. The density of the soil is 120 Ib/ft. Frequently, the strength of the eoncrete in
the footing is lower than that in the column. Dowels are used to aceommaodate this“change in
strength. Most strip footings on soil have one mat of reinforcement.

1. Estimate the size of the footing and the factored net pressure. Consider a I-ft strip of
footing and wall. Allowable soil pressure is 5 ksf; allowable net soil pressure is 5 ksf — weight/fi2
of the footing and of the soil over the footing. Sinee the thickness of the footing is not known at this
stage, it is necessary to guess a Lhickness for a first trial. Generally, the thickness will be 1 to 1.5 times
the wall thickness. We shall try a 12-in.-thick footing. Therefore, g, = 5 — (1 X 0.15 + 4 X 0.12)
= 437 ksf, and we have:

10 kips + 12.5 kips
4.37 ksf
= 5.15 ft? per foot of length of wall

Area required =

Try a footing 5 ft 2 in. = 62 in. wide.
Using the load factors in AC] Section 9.2.1:
12X 10+ 1.6 X 125

Factored net pressure, g, = 5167 = 6.19 ksf

In the design of the eoncrete and reinforcement, we shall use g, = 6.19 ksf,

2. Check the shear. Shear usually governs the thickness of footings. Only one-way shear is
signifieant in a wall footing. Check it at d away from the faee of the wall (section BB in Fig. 16-11)

d = 12in. — 3 in cover — % bar diameter = 8.5 in.

The tributary area for shear is shown crosshatched in Fig. 16-12a.

5
v, = 6.19(% X 1) ft? = 8.51 kips/ft
BV = & X 2V/frb,d = 075 X 2 X V3000 X 12 X 8.5/1000

= 8.38 kips/ft

where, from ACI Section 9.3.2.3, ¢ = 0.75 for shear design when the load factors from ACl s
Seetion 9.2.1 are used. j
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(¢) Reinforcement detalls.

Since V, > ¢V, the footing depth is too small. If V, is larger or considerably smaller than ¢V,
choose a new thickness and repeat steps 1 and 2. Try a 13-in.-thick footing 5 ft 2 in. wide. A 13-in.-thick
footing has = 9.50 in. and ¢V, = 9.37 kips/ft. Because ¢V, exceeds V, = 8.51 kips/ft, a 13-in.-
thick footing 5 ft 2 in, wide is adequate for shear. Recompute 4:

d = 13in. — 3in. cover — %bar diameter = 9.5 in.

3. Design the reinforcement. The critical section for moment is at the face of the wall (sec-
tion A-A in Fig, 16-11). The tributary area for moment is shown crosshatehed in Fig. 16-12b.
The required moment is
(25/12)%
2

M, =619 X X 1 ft-kips/ft = 13.4 fi-kips/ft of length

M, = oMy = dA.f,id
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Footings are generally very lightly reinforced. Therefore, assume that j = 0.925. Therefore,

_ 134 X 12,000
$ 7 0.9 X 60,000(0.925 X 9.5)

A = 0.339 in.%/it

From ACI Secs. 10.5.4 and 7.12.2

Minimum A, = 0.00186%
= 0.0018 X 12 X 13 = 0.281 in%/ft

Maximum spacing of bars = 2k, or 18 in.
We could use:
No. 5bars at 11 in. o.c., 4; = 0.34 in.2/ft
No. 4 bars at 7 in. 0.c., A; = 0.3 in.2/ft
Try No. 4 bars at 7 in. 0.c., A, = 0.34 in. /1t

Because the calculation of A, was based on assumptions, recompute the moment capacily:

0.34 X 60,000

= 085X 3000 x 12 266710

a

Since a/d = 0.667/9.5 = 0,070 is much less than the a/d = 0.319 for the tension-controllcd Jimi,
from Table A-4, the seclion is tension-controlled, and ¢ = 0.9.

L 09X 034X 6000005 — 0667/2)
P = 12,000 = 10 fkips/f

Because this exceeds M, = 13.4 fi-kips/ft, the moment capacity is OK.
For completeness, we could compute g; directly and use it to check ¢, From similar triangles

e d —c
0.003 &
and "
d —c ,
& = (—’c—) X 0.003

wherc d, = 9.5in, and ¢ = a/f3, = 0.667/0.85 = 0.7851in.
Calculations show ¢, = (.333.
This far exceeds g limit = 0.005. Therefore, f, = f; and ¢ = 0.90.

4. Check the development. The clear spacing of the bars being developed excecds 2d), and
the clear cover exceeds d,,. Therefore, this is case 2 development in Tables 81 and A-11. From
Table A-11, £; for a No. 4 bottom bar in 3000-psi concrete is 21.9 in,

The distance from the point of maximum bar stress (at the face of the wall) to the end of the
bar is 25 in, — 3 in. cover on the ends of the bars = 22 in. This is more than €; = 21.9. Usc No. 4
bars at 7 in. on centers. This is still case 2 development, and 22 in. just satisfies £,.

5. Select the minimum (temperature) reinforcement. By ACI Seetion 7.12.2 we require thal

<A, = 0.00186h = 0.0018 X 62 X I3in.
1.45 in.2

The maximum spacing is 5 X 12 = 60 in. or 18 in. Provide three No. 7 bars for shrinkage
reinforcement.

6. Design the connection between the wall and the footing. ACI Section 15.8.2.2 requires
that reinforcement equivalent to the minimum vertical wall reinforcement extend from the wall into
the footing. A cross section through the wall footing designed in this example is shown in Fig. 16-12e.

The section through the strip footing shows a shear key in the top surfaee of the footing. This
is formed by a two-by-four pushed down into the surface. The shear key is intended to resist some
shear to prevent the wall from being dislocated laterally. Sometimes the shear key is omitted, and
shear friction is used to resist dislocation of the wall during construction, =

i





