CHAPTER 12

12.1t0 124 K, =(1 - sin ¢")(OCR)*™%’

Problem ( dﬁg) K, P,=% K, yH*

Ny
il

wlm

12.1 | 35 |0.634 | (%4)(0.634)(18.1)(5) =143.44 kN /m | 1.67 m
122 | 30 |05 (%)(0.5)(90)(16.5)* = 6125.6 Ib / ft | 5.5 ft
123 | 38 [0.675| (%)(0.675)(17)(5)>=143.44 kN /m | 1.67 m
124 | 40 [0.463 | (%4)(0.463)(115)(18)2=8625.71b/ft | 6 ft

{ ’
12510 12.8 K, = tan?| 4 _15_)

2
Problem ¢ K o, =K yvH P, =% K yH? Z=-Ii
(deg) a a(z=H) a y a 2 K, Y 3
125 | 32 | 0307 | (0307)(110)(10) | (*4)(0.307)(110)(10)* | 3.33 ft
=337.71b /it =1688.51b /ft
126 | 28 | 0361 | (0361)98)(12) | (%4)0.361)(98)(127 | 41t
=424.51b/ fi® =25471b/ft
127 | 36 |026 | (0.26)17.6)3) | (%4)0.26)(17.6)3)* | 1m
=13.73 kN / m? =20.59 kN /m
128 | 40 | 0217 | (0.217)(18.2)(6) | (4)(0.217)(18.2)(6) | 2 m
=23.7 kN / m? =T7109 kN /m

Note: 1. Pressure distribution is similar to that shown in Figure 12.13a; that is,
0,=0atz=0and ¢,=K,yHatz=H.
2. Z is the distance measured from the bottom of the wall.
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12910 12.12 X, = tan?

(45 + ﬂ)

2

¢’ s _..K —1 2 5 H

Problem (deg) K, Oy =K, YH P,="%K,yH zZ= Y

12.9 34 | 3.537 | (3.537)(110)(10) | (*2)(3.537)(110)(10)* | 3.33 ft
= 3890.7 Ib / ft* =19,454 1b / ft

12.10 36 | 3.852 | (3.852)(105)(12) | (*2)(3.852)(105)(12)* | 4 ft

=4853.51b / ft* =29,2121b/ ft

12.11 31 |3.124 | 3.124)(14.9)(5) | (*2)(3.124)(14.4)(5)* | 1.67Tm
=224.9 kN / m? =562.3kN/m

12.12 28 |2.77 2.77(13.5@) | (A)(2.77)(13.5)4)* |1.33m
=149.6 kN / m? =2992 kN /m

Note: 1. 0,4, = 0; triangular pressure distribution
2. z is the distance measured from the bottom of the wall

30

12.13 K, = tan2(45 —%] = tan® (45——5-] = % Refer to the figure.

o, (b / f)
2

T

4

10

®

175

@

o~ - -

v
Depth (ft)

z=01ft:

z=51t:

z=10ft:

®

2743

u (b / %)
]

@

v
Depth (ft)

o,=0,K,=0; u=90

312

o’ =(105)(5)(a) =1751b/ % u=0

o’ = [(105)(5) + (122 - 62.4)(5))(¥s) = 2743 b / f2

u=(62.4)(5)=3121b/ f
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Area No. Area
1 (2)(5)(175)=437.5
(175)(5) =875
(2)(5)(274.3 - 175) =248.3
(4)(5)(312) =780
P,=%2340.81b/ ft

BHIWIIN

Resultant: Taking the moment about the bottom of the wall,

5 5 5 5
[(43 75)(5 + g) + (875)(—2—) + (248.3)(5) + (780)(5)}

23408

_2916.7+21875+413.8+1300
23408

zZ =

=291 ft

12.14 K, = tan? (45 - i;:] = 0.283. Refer to the figure.

849 0,(b/ft}) u(lb/ 1)
I 0 : —» —>
]
z '
I
6 b e 271.68
) i
@ 3
1 )
1 I
I 1
i ]
| @
I 1
) )
} I
20f - Loemeee A
523.6 873.6
& ¢
Depth (ft) Depth (ft)

z=0f: 0,=0%,K,=(300)(0.283)=84.91b/f% u=0

z=6f:  07,=[300+(6)(110)](0.283)=271.68 b/ fi% =0
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z=20ft: /= [300 +(6)(110) + (126 - 62.4)(14)](0.283) = 523.66 Ib / f*

u=(62.4)(14) =873.6 Ib/ f?

Area No. Area
1 (84.9)(20) = 1,698
2 (*2)(6)(271.68 - 84.9) = 560.34
3 (14)(271.68 - 84.9)=2,614.92
4 (4£)(14)(523.6 - 271.68) =1,763.44
5 (*2)(14)(873.6) = 6,115.2

P,=Y12,751.9Ib / ft

Location of resultant: Taking the moment about the bottom of the wall,
i 1
(1,698)(122—0—) + (560.34)(14 + —g—) +(2 ,614.92)(%)
+(1,763.44)(1—3‘1) +(6,11 5.2)(%4—)
] 12,7519

16,980 +8,96544 +18,304.44 +8,2294 +28,537.6
12,7519

N
il

=6.351t

12.15 K, = tan’ (45 -329) =0333; K, = tan’ (45-376) = 0.26.. Refer to the figure.

5 0, (KN/m? u (kN / m?)
I-o > ——%
z
3| @ 20.48
®
6 23.16 29.43
v v
Depth (m) Depth (m)
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z=0m: 0,=0,K,;,=(15)0.333)=5kN/m% u=0
z=3m:  0%,= 0/, Ky, = [(15.5)3) + 15](0.333) = 20.48 kN / m?

g, = 0, K2 = [(15.5)(3) + 15](0.26) = 15.99 kN / m?
u=0

z=6m:  0,= 0K, =[15+(15.5)3) + (19 - 9.81)(3)](0.26) = 23.16 kN / m?

u=(9.81)(3)=29.43 kN / m’

Area No. Area
1 6)(5)=30
2 (”2)(3)(20.48 - 5)=23.22
3 (3)(15.99 - 5)=32.97
4 ("2)(3)(23.16 - 15.99) = 10.76
5 (*2)(3)(29.43) = 44.15

P,=Y141.1kN/m

Location of resultant: Taking the moment about the bottom

6) 3 3 3 3
(30)(—2—) + (23.22)(3 + 5) + (32.97)(5) +(1 0.76)(5) +(44.1 5)(-3—)

141.1

90 +92.88+49.46 +10.76 + 4415 28725
- = =2.04 m
141.1 1411

Z =

12.16 a. Equation (12.23):

_ yzcos a\/l +sin® ¢’ — 2sin @' cosy ,

(o}

’
a

cosa + \/sin2 ¢’ —sin’

w,=sin"| 222 | _ 5 420= sin"( ST“IO) ~10+(2)(5) = 20.32°
sing’ sin30

o = (1 5)(4)(cole)\/ 1+sin? 30 - (2)(sin30)(cos20.32)

4 =22.7kN/m?
cosl0 +\/sin2 30-sin?10
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Equation (12.25):

(]

e tant SRSV, )] (sin30Xsin2032)
1-sing'cosy, 1 - (sin30)(cos20.32)

b. Equation (12.27):

cos(a — 9)\/1 +sin? ¢’ —2sing’ cosy,,

a(R) =
cos’ H(cosa +/sin® ¢ — sin’ a)
_ cos(10- 5)\/ 1+sin® 30— (2)(sin30)(c0s20.32) _ 0394
cos” 10{cos10-++/sin* 30 - sin’ 10)
1 1
P=- H? K,z = 5(1 5)(4)*(0.394) = 47.28 kN / m

Location and direction of resultant: — At a distance of H/3 = 4/3 = 1.33 m above

the bottom of the wall inclined at an angle §= 18.1° to the normal drawn to
the back face of the wall

. . . . 1
12.17 This is a Rankine case since '=0. P, =5 H* K,z

cos(a — O)Jl +sin® ¢’ +2sing’ cosy,

Equation (12.33): Ky =
1 ) cos’ 9(cosa — |Jsin? ¢' —sin’ a)

a=0; 8=10°% ¢' =36°

: 6
=sin”! | 222 |+ —2B=sin"(sm )+0— 2)(10) = =20°
Vo (sin¢' ¢ sin36 2)10)

c0s(0 — 10)4/1+ sin? 36 + (2)(sin 36) cos(—20)
Kpiwy = 2 . 2 . 2
cOS (10)(cosO—w/sm 36 —sin 0)

= 3855

P,= %(165)(3)2(3.855) =286.2kN/m
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Equation (12.32):

sin ¢’ sin i in(—
£ tan"! n ¢'siny , ~ tan-] S0 365sin(—20) _ 7340
1+sing’cosy , 1 + (sin36)[cos(—20)]

P, acts at a distance of H/3 =3/3 =1 m from the bottom of the wall inclined at an
angle §= -7.34° to the normal drawn to the back face of the wall.

12.18 K, = tan2(45 +%) = 3. Refer to the figure.

| o', (Ib/ f}) u (b / fi?)
I ' '
flo
5 1575
E
@ i@ @
t
10 L2469 312
L 4 v
Depth (ft) Depth (ft)

z=0ft: o0/=0; u=0
z=5ft:  o7=yzK,=(105(5)3)=1575b/f% u=0
z=101ft: o,=[(105)(5) + (122 - 62.4)(5)](3) = 2469 Ib / f?

u=(62.4)5)=3121b/ f?

Area No. Area
1 (2)(5)(1575) = 3,937.5
2 (5)(1575)= 7,875
3 (72)(5)(2469 - 1575) = 2,235
4 (2)(5)(312)= 780

P,=Y14,8281b/ft
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Location of the resultant: Taking the moment about the bottom of the wall,

5 5 5 5
(39375)(5 + 5) + (7875)(5) +(223 5)(3) + (780)(-3-)

zZ= =3.44 ft
14,828
1219 a. H=4.5m;¢,=193kN/m% y=19.6kN/m* =0
a2 _ﬂ —1 — ‘
Ka = tan (45 2)—- L o, =) 26',, -38.6 kKN /m?

At the top (z = 0): '
g,=-2¢c,=(-2)(19.3) = -38.6 KN / m® \ 1.97 m
At the bottom (z = 4.5 m): l
o,=(19.3)(4.5) - (2)(19.3)
= 86.85 - 38.6 = 48.25 kN / m’ 2.53m
The pressure diagram is shown. l |
]

b. Equation (12.49):

2¢, (2X193)
z = =

o =197 m
¥ 19.6

c. Equation (12.51):
P, = %sz —2¢c,H= (%)(19.6)(45)2 —-(2)(193)(45)=24.7S kN /m

d. Equation (12.53):

2
2c,

2
P=im 20 H+ @)193)"
2 /4

19.6

= (%)(19.6)(45)2 —(2)(19.3)(45) +

=62.76 kN /m
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Resultant measured from the bottom:

H-z, 45-197
3 3

=0.84 m

1220 a. o, =0,K,-2¢, /K, 30.6 kN / m?
-30. m

g,=yz+q; K,=1

Atz=0: T
1.56m

g,=8 kKN /m? l

Ug = 8 - (2)(19.3) = _306 kN/m2 =z
Atz= 4.5 m:

0,=(19.6)(4.5) + 8 =96.2 kN / m? 294 m

g,= 0, - (2)(19.3) = 57.6 kN / m?
The pressure diagram is shown. ¥

j¢——57.6 KN / m?> —}

b. 0,=0. (Jz+q) - 2¢,=0.

, _26.-q_386-3

, = 1.56m
¥ 196

c. Referring to the diagram in Part a:

P, = (-21—)(2.94)(57.6) - (—21—](30.6)(156) =60.8 kN/m
d P, = (%)(2.94)(57.6) =84.67kN/m

Location of the resultant from the bottom of the wall = 2% =0.98 m
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1221 K, =tan? 45- 2" = tan? 45~—1-é =0568; /K, =0.754. Equation (12.52):
a 5 > q ( )

2¢"?

4

P, = %K,,;HZ -2,/K,c'H+

%(0568)(19)(5)2 ~ (2)(0.754)(26)(5) + @%@ﬁ ~10.02 kN /m

12.22 Equation (12.63):

, =_2_c_ 1+sTn¢ =(2)(88) 1+an25 _51ft
y \1-sing’ 110 V1-sin25

Atz=0ft: o;=0

a

Atz=15ft: o0,= yzK zco8

¢__ 8 0.053
2 (110)(15)

!

For a =10°, ¢' =25°, and —— = 0.053, the value of K}z, ~ 0.366
¥z

o’ = (110)(15)(0.366)(cos10) = 594.7 Ib / ft2

P = %—(15— 251)(594.7)=37141b/ ft

12.23 Use Equations (12.68) and (12.69).

a=0; 0=10°% ¢'=36° y=18kN/m’; H=5m

_1 2

Part | & K, P, = KH
(deg) | [Equation (12.69)] | [Equation (12.68)]

1 18 0.3118 70.15 kN /m

2 | 24 0.3137 70.58 kN /m

P, is located at a vertical distance of 5/3 = 1.67 m above the bottom of the wall and is
inclined at an angle &’ to the normal drawn to the back face of the wall.
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1224 a. ¢"=38%y=90-6 -6’ =90- 5 - 20=65°

Weight of wedge ABC = %(1 L6)(7.1)(128) = 5721 1b/ ft = 5.271 kip / ft

4

The weight of each of the wedges CBE, EBF, FBG, GBH=

(%)(20)(4)(128) =51201b/ ft =5.12 kip / f

Wedge Weight (kip / ft)

ABC 5.271
ABE 5.271+5.12=10.391
ABF | 10.391 +5.12 =15.511
ABG | 15.511+5.12=20.631
ABH |20.631+5.12 =25.751

The graphical construction is shown.

P,=52kip/ ft.

&
=p

Scale

/ £
7.1 ft 4 ft
A
h
L
7
/s
7
/
7/
7
7
/
Ve
11.6 ft
N
65°
38°
7
B
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Load scale

p4kip/ft ,
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b.

¢'=34% =90-0- 17 =73°
Weight of wedge ABC = —;—(16)(9)(1 16)=83521b/ft ~8.35kip/ f
The weight of each of the wedges CBE, EBF, FBG, GBH =

(—;—)(4)(22)(1 16)=51041b/ft = 5.10 kip / f

Wedge Weight (kip / ft)

ABC 8.35
ABE 8.35+5.10=13.45
ABF | 13.45+5.10=18.55
ABG | 18.55+5.10=23.65
ABH | 23.65+5.10=28.75

The graphical construction is shown.

P,=6.3kip / ft.

16 ft

— . —— —

LAt

Load scale

G kip/ft,
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_ (1680)(9.81)

=1648 kN /m?; ¢'=30° =90
1000 m’; v

-10 - 30 =50°

Weight of wedge 4BC = 21(525)(25)(16.48) =10815kN /m

The weight of each of the wedges CBE, EBF, FBG, GBH =

(%)(1)(6.5)(16.48) =53.46kN/m

Wedge Weight (kN / m)
ABC 108.15
ABE | 108.15 +53.56 = 161.71
ABF | 161.71 +53.56 =215.27
ABG | 215.27 +53.56 = 268.83
ABH | 268.83 +53.56 =322.39

The graphical construction is shown.

P,=125 kN / m.
_MC E _F G __H
\‘/2'5 m Im Im Im 1m'4 7
A
/\ / 6.5m
525m / R e
5.5m P,=125kN/m
Scale
- I'm i
- Load A
B scale |
S0kN/m
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12.25

12.26

12.27

Equation (12.74): P,, = %;’ H*(1-k)K!

o 2
k,=0;0=0;,2=0;, ¢'=35%—=—; k,=0.3. From Table 12.9, K 7= 0.486

:¢, 3

P..= Ls)6)(1 - 0)(0.486) = 131.2 KN/ m

N | =

For ¢'=35°, 5—;7 = % From Table 12.6, K, = 0.2444.
1

B =srHK, = %(15)(5)2 (02444) = 66 kKN /m

Equation (12.83):

P, (—g{—) +AP, (0.6 H) (66)(2) +(131.2 - 66)(0.6 x 6)

P, B 1312

z= =2.8m
Equation (12.84): P, = ¥(H - z,)’N,, - ¢ (H- z,Y'N_,

Given: z, = 0; 8=10°% ¢'=15°k,=0.15

N; =N, =1.75 (Figure 12.33); N,, = 0.3 (Figure 12.35); A = 1.3 (Figure 12.36);

Nj,= AN,

ay*

So,

P, = (19)(6 - 0)%(1.3 x0.3) - (20)(6 - 0)(1.75) = 56.76 kN /m

2,=0;n=0; 0=5°% ¢'=20%k,=0.25;N,. =~ 1.65;N,, = 0.25; A = 1.65; N, = AN,
Equation (12.84):
P,=WH-z)N;, - c(H-z)N,
= (100)(10 - 0)*(1.65 x 0.25) - (200)(10 - 0)(1.65)

=4125-3300=8251b/ft
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