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STABI LI TY, BEARI NG CAPACI TY, AND REI NFORCEMENT COVPUTATI ONS, EXAMPLES
N-1. EXAMPLE 1. Analyze the wall shown below for stability and bearing
capacity. Find the reinforcenent required at critica
sections. Load Case RI1.
G ven:
Backfill: 'y = 0.120 kef, ¢ =35°, ¢ =0

0

Foundation: vy = 0.135 kcf, ¢ = 40°, <c
Rei nforced concrete: vy = 0.150 kcf, f& = 4 ksi, fy = 48 ks

Al'l concrete cover 4.5 in. (to center of gravity

of steel)
Load factor = 1.9, ¢ = 0.9
B 20.00 _
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a. Find critical slip-plane angles--driving side.

(1) TFoundation (see Appendix G):

6 = 40°, SMF = 2/3 , oy = tan' (2/3 tan §) = 29°

13.5°
\A 7~ - 35 -
3 A ;
tan a, P\\ﬁ
3tan B, —
hAB—T26;5+ 3
tan'az
=266+
tan o, a
2
Jl
1 o
§ Su
| ~#k0 :
ar. B//zj/ H Y
a N2 5 %‘,__hQ
E .

The increaséd unit weight in the bottom layer (layer 2) is éalculated as

.- 2y1h1‘+ \ 2Y1 (tan 81 - tan 62) (6251
h2 2 tan o, = tan 82
v o= 2(0.12%(26.5) +0.135 + 2(0.12) (1/3) - 2.255 + 0708
o tan az ) tan aZ

2
Y1h2 (tan Bl - tan 82)

2
2 (tan az - tan 82)

[G-26]
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_0.12(»%(1/3) _.0.18

v
- 2 tan az tan az
¢d
Let C'vz = 59-5 = 45 + ’é_ ’
0.08
LA e ==
»Y' 2.255 + 1697663 2.302 >
v, = — 018 o.0625
(1.697663)

From Equation G-27 (omitting theé ¢ term)-

2
2Va<} + tan ¢d)

A' = tan ¢, -
d 7
Y'h,
A" = 0.554309 - 2(0:0625)(1.307259) _ g 546422

2.302(3)>

From Equation G-28 (omitting the ¢ term)

4Va tan 82<1 + tan2 ¢d)

-

+ AT

0
il

2 tan2 ¢, -
a 11 2
Y h2

-

2(0.554309)2 + 0.546422 = 1.12462

0
]

From Equation G-29 (omitting the c¢ term)
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ZVG tan2 62(1 + tan2 ¢d>
tan ¢,.{1 - tan ¢, tan B ) ~ tan B, +
d d 2 2 2
Y'h
¢! = 2
2 Al
cé = 0.554309 + 0.546422 = 1.01443

Let

l |2 L
¢y + \lcl + 4c2

a, = tan 3 = 59,77° = 59.5°

a, = 59,73°, ' = 2,302, Va = 0,061

2(0.061) (1.307259)
2.302(3)2

A' = 0,554309 - = 0,546611

= 2(0.554309)2 + 0.546611 = 1,124231
c! = 0,554309 + 0.546611 = 1.014083
@, = 59.76° 59.73° (close enough)

a, = 59,76°

(2) Backfill:

3 tan B

1
hAB 26.5 +—E;I-1-_G——

= 27.083 ft, ¢ = 35°
2 ————

tan ¢, = t:an-1 (2/3 tan ¢) = 25°

¢, = 2 tan b = 2(0.466308) = 0.932616

N- 6
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tan Bl
c2 =1 - tan ¢d tan Bl ~ Tan ¢d
1
-1-0 466308(1 -3 - 0.129729
€2 . 3 0.466308 .

Q
[}

46.55°

b. Farth pressure coefficients (see Appendix H).

(1) Backfill:

1 - tan ¢, cot a tan a
C - d 1, 1
1 1 + tan ¢d tan al tan al - tan 81
1 -~ 0.466308 x 0.947307 1.055624
K, = . = 0.5468
1 1 + 0.466308 x 1.055624 1.055624 — % —_—
(2) Foundation:
oo LT tAn 8q COF G 1 - 0.554309 x 0.582949 _ o 4,79
1 + tan ¢d tan o, 1 + 0.554309 x 1.715416 ———

K =K tan a, = 0.5952

c. Lateral pressure and forces on Surfaces AB and DE.

1 2
Pap = 7 Ki¥iPus

1 2
AB =3 (0.5468)(0.12) (27.083) " = 24.06 kips
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Sur f ace DE:
_ L p2
PDE =3 Kyzh2 + va
=1 3
V=g (hyg+hep) (Yl)(tan az)
vV = 1 (27.083 + 26.5)(0.12) —3 = 5.623 kips
2 ‘ * ¢ 1.715416 *
PDE = % (0.347)(0.135)(3)2 + 0,5952(5.623) = 3.5576 kips
pB = KIYIhAB = 0.5468(0.12)(27.083) = 1.7771 ksf
pD = KYthD = 0.3470(0.12)(26.5) = 1.1035 ksf
P = ..p..D.-.::—E—.E_ h
DE 2 2
o - Poe
E h2 ’ D
_ 2(3.5576) _
Pp = "3 - 1.1035
pE = 1,2683 ksf
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=1.749’
tan a,
Al e
P~
\G
2| PRESSURE
N K DIAGRAMS
Pag = 24.06% :
o
8
& 17771ksF |B|D H
Ppe = 3.56K 1.1035
< 72683 E
S KSF 12°
d. Shear force on structural wedge (paragraphs 4-8c, 9-7a).
(1) The horizontal force P wi Il be considered to act on any vertica

AB
plane in the soil that lies on Surface AB, or on any surface to the right of
Surface AB, such as surfaces CD or GH

(2) In order for the body of soil lying between CD and GHto be in
equilibrium a small vertical shear will be assuned to act on vertical surfaces
along with the horizontal force P

AB -’
(3) The value of this shear force is found froma free body of any bl ock
il as shown on the follow ng page:
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_ c
! 351
i G
| w ' [
< v
- o
_PAB ‘ ®
Pag =
o slof
£ )
J S0y y
D r HJ\O
w
=0 = h _(h_a
ZMO =0 PAB[3 (3 - 9)] - va
a Pap 80 8 Pap 54 06
va = PAB(?) sy V = 3 =5 = é = 2.673 kips

e. Weight and center of gravity of structural wedge.

1.5 ft x 22 ft x 0.15 kef = 4.95 x 5.75 ft = 28.46 Kkips

L x 1.5 ACft x 22 ft x 0.15 kef = 2.48 x 7.00 ft = 17.36 Kips
20 ft x 3 ft x 0.15 kef = 9.00 x 10.00 ft = 90.00 kips
Concrete = 16.43 ki ft 135.82 + 16.43 = 8.27 ft = X
2 x13.5 ft x 4.5 ft x 0.12 kef = 3.65 x 15.50 ft = 56.58
12 ft x 22 ft x 0.12 kef = 31.68 x 14.00 ft = 443.52
2x 1.5ft x 22ft x 0.12 kef = _1.98 x 7.50 ft = _14.85
Soil = 37.31 k/ft 514.95 + 37.31 = 13.80 ft

= X
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f. Overturning stability (paragraph 4-8).

Cc

13.80°

SOIL

37.31 K/FT
‘\\
i

v=2.67 K/FT\\

20.00
-
Pap = 24.06 KIFT Y G % _ )
- 2 x| 8.27" .
) So SOIL RESISTANCE
3 ON SURFACE J
. = NEGLECTED.
3| Ppe=356K/FT ’
= "D H J
N/
1 :_— ——

IH=27.62K/FT
0.5698 A 50713

KSF KSF

\ El o Me-734] 1

IV =5641K/FT

2.67 kips x 20.00 ft
37.31 kips x 13.80 ft
16.43 kips x 8.27 ft

53.400 ft-kips
514.878 ft-kips
135.876 ft-kips

non

°6.41 = 1V 414,291
R = —56_4—1_ = 7.34 ft
-24.,06 x 11.83 = -284.630 .
- 3.56 x 1,47 = -5,233
=27.62 = IH 414.291 = M,

One hundred percent of base is in compression, overturning stability require-
ment is satisfied.

g. Sliding stability analysis (paragraph 4-15).

N' = IV = 56.41 kips, T = IH = 27.62 kips

. N' tan ¢ + cL
TSR etch [4-12]
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Using the minimum FS of 1.5 from Table 4-1 yields

56.41 tan 40° + 0 (20)
1.5

IA

27.62

IIA

27,62 = 31,56

Sliding stability requirement is satisfied.

h. Check bearing capacity (Chapter 5).

-1(27.62
6: hd ° _ R _
t (56_41> 26 0.4538 rad (Figure 5-1(a))
-3 20 _
e =35 =X =5 - 7.34 = 2.66 ft
B =B - 2e =20 - 2(2.66) = 14.68 ft

q, = Yp = 0.135(3) = 0.405 ksf

5 \2
£ = <1 - —-> = 0,5057
qi 9
2 2
J N 26\
EYi ( - ?T> < - 40> = 0.1225

Nq = 64.20 , Ny = 93.69 (Table 5-1)
Using Equation 5-2 yields
€ .. BN

= Yi Y
Q=8B Eqiquq + 5

N-12
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Q- 14.68[}'5057(0_405)(64_20) N 0.1225(14.68)§0.135)(93.69)]
Q = 359.97 kips
For this problem IV = N' . The factor of safety is calculated as
FS = g = 222221 = 6.38 > 3.00 [5-1]

Bearing capacity requirenent is satisfied (Table 4-1).

i. Reinforcenent at base of stem (Chapter 9). Neglect vertical shear
conmponent v .

M = 24.06(7.33 ft) = 176.36 k-ft

=
]

—
1

5 (Figure 9-2)

0.425f'bd
c

=

- 1.9(176.36) (12)

" : .
rale 0.90 = 4,468 k-in,
b =

22'

Pag=24.06 K/FT 12 in., d =h - 4.5 = 3115 in.
L= Bihehi A

[
0.425fébd2 = 0.425(4) (12) (31.5)2 = 20,241.9 °

R o1 fi o ass
Y = 1= - 95,81, = 0-1174

0.85f'k bd
“cu

7.33'

(@}
It
3
]

0.85(4)(0.1174) (12) (31.5) *

(@]
o
-3
1

150.88 kips

. ST ‘ )
A = — = =314 in. /ft
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Check if ductility requirement of Pmin S P S Pmax is satisfied:

Prax = Apb s A =0.25 (paragraph 9-8b(3))

Pmin = 200/fy = 200/48,000 = 0.00417 (paragraph 9-8b(4), from ACI 318)

The reinforcement ratio oy in the balanced condition may be obtained by

applying equilibrium and compatibility conditions. From the linear strain
condition shown below:

€c

Cog :: b % . 0.003
d d EC + ¢ f
:: 70,003 + gt
1 | ’

The compressive force C 1is

= '
C 0.85fcelbcb
The tensile force is
T=+fA
y s

p = Ppbdfy

Equating C to T yields

' -
0.85f" c 0.85f" €
- g _b c g c
°b 3 1d £ 1 3
y y €

.
29,000 ksi

81 = 0,85 , €. = 0.003 (for nonhydraulic structure, paragraph 9-8e)
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o, = L8 (4 gs) 9.003 = 0.03880
b 48 0.003 + 48
: 29,000
P = 0.25(0.03880) = 0.009700
max
A
__8 _ _3.14
P =%q°= T§?§TT§7 = 0.008307
0.00417 < p = 0.008307 < 0,009700
Ductility is adequate.
j. Reinforcement in heel at face of stem.
2.67 x 12,00 = 32,04
12’ 35.28 x 6.16 = 217.32
« - 6.16° 5.40 x 6.00 = 32.40
x AL
3 ' ~-23.05 x 4,59 = ~105,80
N oY —_—
3 0)';9,’ M= 175.96 k-ft
{ G x pais From Figure 9-2
=29
S & M
EE - 1.9(173.36)(12) = 4,458 k-in.
D H )
ba—h=3=36" b =12 in., d =36 - 4.5 = 31.5 in.
r
E | 59 0.425£16d” = 20,241.9

0.5698 3.2711
KSF \ : N A
KSF k =1 L - 5553215 = 0-1170

u

23.05K Cu Tu = 0.85(4)(0.1170)(12) (31.5)
BRG. PRESS.

It

150.37 kips

_ 150.37
s 48

= 3.13 in.z/ft

———————————

Check ductility:

p = 0.009700 , o = 0.00417
max min
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b

_s _ _3.13

P=3%3° TETETTET = (0,008280

0.00417 < p = 0.008280 < 0.009700

Ductility is adequate.

k. Reinforcenent in toe at face of stem

22.55 x 2.60 = 58.63
-2.25 x 2.50 = -5.625
M = 53.01 k-ft
5 ,
“_if' ' From Figure 9-2
“y° v 1.963.00)U2) _y 545 g k-in.
1 ¢ 0.9
ir" *4 b =12 in., d = 36 in. - 4.5 = 31.5 in.
264 |I
- ‘ 2

0.425f<':bd = 20,241.9

3.9465 L\T 5.0713
KSF KSF [ 1.342.8
k 1l - 1 - '2_0,'2_41'._9' = 0.0337

u
22.55K N -

C =T =0.85(4)(0.0337)(12)(31.5)

BRG. PRESS. u u @ ‘

= 43,31 kips
a =231 _ 0,90 in. /st
s 48 s —
Check ductility:
Ppax ~ 0.02910 , Pmin = 0.00417
As  0.90

P=%d " 12(31.5) = 0,002381

0.00417 < p = 0.002381 < 0.009700

Ductility is adequate.
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1. Shear check (paragraph 9-8f). The shear capacity of the concrete
will be checked at a distance d from the base of the stem according to
ACI 318,

d =131.5- %2 4 . 1.06818 4 = 31.5
v v v

N

dV = 29,5 in. = 2,46 ft (member depth for shear at distance dv above
base)

Since the shear has a quadratic variation, the shear at distance dv can be
calculated as shown below.

2
v = SZZ-Z—Eéﬁél- (24.06) = 18.98 kips
(22)
V= 1.9(18.98) = 36.06 kips
#V, = (0.85)(2) /E: bd_ (from ACI 318)

¢Vc = (0.85)(2)v4,000(12)(29.5) = 38,061 1b > Vu

Check the shear capacity of the heel at the base of the stem:

V = 2.67 + 5.40 + 35,28 - 23.05 = 20.3 kips
Vv, = 1.9 (20.3) = 38.57 kips
- 1
oV, = (0.85)(2) /E: bd,
v, = (0.85) (2)v%4,000 (12)(31.5) = 40,642 1b > v,
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