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CHAPTER 2

Percent retained
Sieve No.. Mass 1etained {g)  oneachsieve  Percent finer

4 28 4.54 95.46
10 42 6.81 88.65
20 48 778 80.87
40 128 2075 6012
60 - 221 35.82 24.3
100 86 13.94 10.36
200 40 648 3.88
Pan 24 3.88 0
Y617¢ -

The graph for percent finer versus grain size is shown.
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b. From the graph, D, = 0.14 mm, Dy, = 0.27 mm, Dy, = 0.42 mm.
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Percent retained
Sieve No.  Mass retained (g)  oneachsieve  Percent finer

4 0 0 100
10 44 7.99 92.01
20 - 56 10.16 81.85
40 82 14.88 66.97
60 51 0.26 57.71
80 106 19.24 38.47
100 92 16.70 21.77
200 85 15.43 6.34
Pan 35 6.34 0
Y551¢

The grain-size distribution curve is shown.
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b. From the graph, D, = 0.3 lilm, D3o'=' 0.17 mm, Dy =0.11 mm.

c,=2_273
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2.3

Sieve No.  Mass retained (g)

Percent retained
on each sieve

Percent finer

4 0 0 100
10 40 5.49 94,51
20 60 8.23 86.28
40 89 12.2 74.08.
60 140 192 54.88
80 122 16.74 38.14
100 210 28.81 9.33
200 56 7.68 1.65

Pan 12 1.65 0

Y729¢

The grain-size distribution curve is shown.
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b. From the graph, D, = 0.27 mm, D,, = 0.17 mm, D,;, = 0.15 mm.
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2.4

The grain-size distribution curve is shown.
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a
: Percent retained
Sieve No.  Mass retained (g)  oneachsieve  Percent finer
4 0 0 100
6 30.0 6.0 94
10 48.7 9.74 84.26
20 127.3 25.46 588
40 96.8 19.36 39.44
60 76.6 15.32 24.12
100 55.2 11.04 13.08
200 434 8.68 4.40
Pan 22.0 4.4 0
Y500 ¢

b. From the graph, Dy, = 0.82 mm, D, = 0.31 mm, D,, = 0.12 mm.

0.82

C,=——=6.83

012

_(031)?
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2.5

Percent retained
Sieve No. Massretained (g)  oneachsieve  Percent finer

4 0 0 100
6 0 0 100
10 0 0 100
20 9.1 : 1.82 98.18
40 249.4 49 88 48.3
60 179.8 35.96 12.34
100 227 454 7.8
200 15.5 3.10 4.7
Pan 235 4.70 0
Y500 ¢

The grain-size distzibution curve is shown.

100 T

- [} o0
S b=y S
T T I

Percent finer

[y
<
|

1
1
I
'
1
t
1
|
I
!
1
]
!
I
|
1

0 1. 1
10.0 3.0 10 0.3 0.1 0.05
Grain size (mm)

b. From the graph, Dy, = 0.48 mm, D, = 0.33 mm, D, = 0.23 mm.
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2.7

a. The grain-size distribution curve is shown.
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. Percent passing 2 mm = 100

Percent passing 0.06 mm = 84

Percent passing 0.002 mm =11

. Percent passing 2 mm = 100

Percent passing 0.05 mm = 80

Percent passing 0.002 mm = 11

. Percent passing 2 mm = 100
Percent passing 0.075 mm = 90
Percent passing 0.002 mm = 11

. Percent passing 2 mm = 100
Percent passing 0.06 mm = 74

Percent passing 0.002 mm =9

. Percent passing 2 mm = 100

Percent passing 0.05 mm = 70
Percent passing 0.002 mm =9

0.03

0.001

0.01 0.003
Grain size (mm)

GRAVEL: 100 - 100 =0%
SAND: 100 - 84 =16%
SILT: 84 -11=73%

CLAY: 11-0=11%

GRAVEL: 100 - 100 =0%
SAND: 100 - 80 =20%
SILT: 80-11=69%
CLAY: 11-0=11%

GRAVEL: 100 - 100=0%
SAND: 100 - 90 =10%

- SILT: 90-11=79%

CLAY: 11-0=11%

. The grain-size distribution is shown in the figure on the next page.

GRAVEL: 100 - 100 = 0%
SAND: 100 - 74 = 26%
SILT: 74 -9=65%
CLAY: 9-0=9%

GRAVEL: 100 - 100 =0%
SAND: 100 - 70 =30%
SILT: 70-9=61%
CLAY: 9-0=9%
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d. Percent passing 2 mm = 100 GRAVEL: 100 - 100=0%

Percent passing 0.075 mm = 80
Percent passing 0.002 mm=9

SAND: 100 - 80 =20%
SILT: 80-9=71%
CLAY: 9-0=9%

2.8 a. The grain-size distribution is shown.
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b. Percent passing 2 mm = 100
Percent passing (.06 mm = 30
Percent passing 0.002 mm =6

¢. Percent passing 2 mm = 100
Percent passing 0.05 mm = 26
Percent passing 0.002 mm =9

d. Percent passing 2 mm = 100

Percent passing 0.075 mm = 34

Percent passing 0.002 mm =6

" GRAVEL:

GRAVEL: 100 - 100 = 0%
SAND: 100 - 30 = 70%
SILT: 30 -6=24%
CLAY: 6-0=6%

100 -~ 100 = 0%
SAND: 100 ~26=74%
SILT: 26 -6=20%
CLAY: 6-0=6%

GRAVEL: 100 - 100=0%
SAND: 100 - 34 =66%
SILT: 34 -6=28%
CLAY: 6-0=6%

G, = 2.7; temperature = 24° L = 92 cm; time, ¢ = 60 minutes afier the start of

sedimentation

Equation (2.5): D (mm) =K L (cTn)
V t (min)

From Table 2.6, for G, = 2.7 and temperature = 24°, K =0.01282. So

D= 0..012821/2% = 0.005 mm

2.10  For G,=2.7 and temperature = 23°, K = 0.01279 (Table 2.6)

D (mm) =K /L 1) _ 001279,/222 — 0.0046 mm
t (min) 160 :




3.1

32

33

b. 74

C. Va4

CHAPTER 3

Gsyw+eyw G_,?w € 14
= = + =y, +
Vst l1+e l+e 1+ey" Va 1+¢::yw

(A +eXVm— YD) =€V
€Y =VYer~ Ya t €V~ €Yy
(V- Yat ¥a)= Va— Va

Yt —¥a
Va— Vatt Ve

e=

_(d+w, )Gy,
sat 1+w,G,

ysat+ wsaIGs ysal= Gs 7w+wsa.th yw

Gs( Vo T W Vie ~Wen ysat) = Yea

G = ¥ sat - Y sat
Vwt WtV — Wae sar 7w_wsat(?'sat_7w)

122

a =122 _imwiee
2

01

7 122 _ieg03 b/ ft*
l1+w 1+_1_2_

100

_ Gy,
l1+e
(2.72)(62.4)

10893 =—"—"—"+; e=0.56
l1+e




wG, _ (012)(2.72)

e. §= x 100 =58.3%

p 0.56

£ w="—o 122 108010
I+w 12
+-.._-—
100

W.=W-W,=122-1089=1311b

v, = 131 _ o021 8¢
624

34 a4 y,=L =22 _175kN/m’
1+w 1+_9_-§
100
b 5, =1752Ocdu _Q26908D oo
1+¢ 1+e
o n=2_-_01 _ga3g
l+e 1+051
4 §=2C _ (0098269 1105179
e 051
35 a y=z=%=123lblft3
v 025
b yy=t=1B __i102m/ee
1+w 1+0.098
o ooGtu__266X624) | o .0
Y4 112.02
d n==2_-9982 ;s
1+e 1+0482
o MG _(0098)266) o oo
e 0482
£ W= 3075 81
938
T+—
100

-10-




W,=W-W,=3075~-28=2751b

v, =0 275 o044 1°
v, 624
36 a y,=—t—-= 208 _ 47,67 kN/m?
1+w 1+0166

Gyrw _ | _ (274)981)
V4 17.67

. e 052
T l+e 1+052

wG, _ (0166)(2.74)
e 052

b. e= -1=0.52

= 0.34

d §= x 100 = 87.5%

3.7 a. At 90% saturation,

_G.r,+Sey, (G, +Se)y, (2.74+09x052)9381)
l+e l+e - 1+052

=207 kN/m’

Water to be added =20.7 - 20.6 = 0.1 kN / m?

b. At 100% saturation,

_(G,+9)y, (274+052X981)
1+e 1+052

=2104 KN/m’

sat

Water to be added = 21.04 - 20.6 = 0.44 kN / m*

38 a y= o7 + wG, 7, ; G, =£; G,w=Se
l+e w
(§£J V. +Sey, [—@Q—(—Q + (0.6)(8)}(62.4)
w 017 : :
7 = ; 96 =
l+e l1+e
e=10.59

-11-




- (G,+e)y, (2.08+0.59)624)
I+e 159

=104.8 Ib/ft?

C Vs

39  a e=wG,=(023)(267)=0614

(G, +e)y, _(267+0614)(624)
1+e 1+0.614

=126.97 b/ ft’

Ysat

=T 12697 0301183

I+w 14023

(G, +Se)y, (2.67+07x0614)(624)
7 1+e 1614

b. ¥4

=119.81b/ft®

_ (1820)(9.831)
1000

310 vy, =17.85 KN/ m’

G.7e _,_(268)081)
yd ’ 17.85

e 0473 -
£ =22 100=17.65°
G. 268 %

-1=0473

e=

w=

311 a e= 035 =0538

T 1-035

_ (G, +e)y, _ (2.69+0.538)(9.81)
Vsat 1+e 1.538 -C

= 20.59 kN/m’

_G.y,(1+w) 18 (2.69)(981)(1+w)
1+e 1+0538

w=0.049=49%

312 a y= .}M; 10573 = (624)(G, +05e)
l+e 1+e

G,=1.694+1194e¢

-12-




(62.4)(G, +0.75¢)

11267 =
l+e

From Equations (a) and (b),

11267 = (62.4)X1.694 + 1.194¢ + 0.75¢) . =081

1+e

b. From Equation(a),

G, = 1.694 + (1.194)(0.82) = 2.66

_ Gy, _(266)(624)
l+e 1+081

313y, =917 1b/f°

_7.(G,+e) _ (624)(2.66+0.81)
l+e 1+081

¥ at =119.6 b/ f°

Water = (4.5)(Ya - ¥u)=(4.5)(119.6 - 91.7) = 125.551b

314 e=e,, - D,(eny - €)= 0.86 - (0.56)(0.86 - 0.43)=0.619

_ Gy (1+w) _ (266)(624)(1+0.7)
1+e 1619

=109.7 Ib/ ft®

315 e=epy - D, (€ny ~ €up) = 0.75 — (0.65%0.75 ~ 0.52) = 0.6

=1053 b/t

_ G.7. - 2.7(624)
77 l+e 16

316 a D =—02%

€max — €min

€1 = Cnux ~ Dy (Eas = €)= 0.9 - (0.4)(0.9 - 0.46) = 0.724

_ G,y _ 265)(981)

= =15.08 kN/m’
l+e, 1+0724

b e, =e,, - Dy(en - €y) =09 - (0.75)(0.9 ~ 0.46) = 0.57

-13-
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AH _ Ae

_e—e; . AH _0724-057

k4

H l+e l+e 2

AH=0.1787 m=178.7 mm

140724

1137 1+25wG,

From Equations (a) and (b),

6 =032
w

From Equations (a) and (c),

(%)(62.4)
921=—2Y

921 ~ 1+1429wG,

p - —— -

. = = 190
(w)(032)’ w=0.12=12%
14| — [ =22
04 w
3.18 a. Refer to the plot 40
of w versus N.
LL=285 o
- 23t
2
201 0

-14-
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b. PI=LL-PL=285-122=16.3

319 gy W=PL _31-122

= = =1.15
LL-PL 16.3

M, - M. V=V
3.2 =72 N |
320 SL ( v, )(100) [ [v; )(pw)(IOO)

2 2

36-25 19.65-135
= . 100) — | —————— [(IX(100)=19.4%
[25]( )[ = )()( )

M, 25

SR = = =185
77D )

2 2

M -M V.-V
3.21 ol B W LA
SL [ v, J(IOO) ( ; J(pw)(IOO)

_(44-30.1

246-159
100) - [ ————— K(1)(100) = 4618 28.9 = 17.28%
301 )( ) ( 301 )( )(100) 9 o

M, 301

SR = =
Veow (139X

1.89

-15-
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4.1

42

SOIL A:
SOIL B:
SOIL C:
SOIL D:

SOIL E:

SOIL A:

SOIL B:

SOIL C:

SOIL D:

CHAPTER 4

From Table 4.1, the soil is A-2-4. The GI for A-2-4 is zero. So, the
classification is A-2-4(0).

Table 4.1. Soil is A-3. GI = 0. Classification: A-3(0)

Table 4.1. Soil is A-2-6. Equation (4.2):

GI = 0.01(Fy, - 15)(PI -10) = 0.01(12 -15)(13 - 10)=-0.09 = 0
Classification: A-2-6(0)

Table 4.1. Soil is A-2-7. Equation (4.2):

GI= 0"‘()1(1“2.)'0 - 15)PI-10)=0.01(30 - 15)(18 - 10)=1.2 = 1
Classification: A-2-7(1) '

Table 4.1. Soil is A-1-b. The group index for A-1-bis 0.
Classification: A-1-b(0) |

Table 4.1. Soil is A-7-5.
Note: PI=21, which is less than LL - 30 = 52 - 30 =22
GI = (Fy ~ 35)[0.2 + 0.005(LL - 40)] + 0.01(F,q, - 15XPI - 10)
= (72 - 35){0.2 + 0.005(52 - 40)] + 0.01(72 - 15)(21 - 10)=15.89 = 16
Classification: A-7-5(16) -
Iable 4.1. Soil is A-6.
GI= (Fypy - 35)[0.2 +0. 00S(LL - 40)] + 0.01(Fyq ~ 15)(PI - 10)
=(58 - 35)[0.2 + 0.005(38 - 40)] + 0. 01(58 - 15)12~ 10)=523=5
Classification: A-6(5) '
Table 4.1. Soil is A-7-6.
Note: PI= 14 is greater than LL - 30 =11
GI = (Fypp — 35){0.2 + 0.005(LL - 40)] + 0.01(F,p ~ 15)(PI - 10)
= (64 - 35)[0.2 + 0.005(41 - 40)] + 0.01(64 - 15)(14 - 10)=7.905 = §
Classification: A-7-6(8)
Table 4.1. Soil is A-6. |
GI= (Fyo - 35)[0.2 + 0.005(LL - 40)] + 0.01(Fyy - 15)(PI -10)
=(82 - 35)[0.2 + 0..005(32 - 40)] +0.01(82 - 15)(12-10)=8.86 ~ 9

-17-




4.3

SOIL E:

SOIL 1:

SOIL 2:

SOIL 3:

SOIL 4:

SOIL 5:

Classification: A-6(9)
Table 4.1. Soil is A-6.
GI = (Fypo = 35)[0.2 + 0.005(LL - 40)] + 0.01(Fyy, - 15)(PI - 10)
=(48 - 35)[0.2 ~ 0.005(30 - 40)] + 0.01(48 - 15)(11 - 10)=2.28 = 2
Classification: A-6(2)

Fine fraction = % passing No. 200 sieve = 30%
Coarse fraction =100 - 30 = 70%

Gravel fraction = 100 - 70 = 30%

Sand fraction: 70 - 30 = 40%

More than 50% of coarse fraction passing No. 4 sieve, so sandy soil.
Table 4.2 and Figure 4.2: SC
Figure 4.3; more than 15% gravel. Clayey sand with gravel

Coarse fraction =200 - 20 = 80%
Gravel fraction = 100 - 48 = 52%
Sand fraction = 80 - 52 =28%

Table 4.2. Gravelly soil.
Table 4.2 and Figure 4.2: GC

- Figure 4.3, >15% sand, so clayey gravel with sand

Coarse fraction = 100 ~ 70 =30%
Gravel fraction =100 - 95=5%
Sand fraction = 95 ~70 = 25%

LL=52; PI=28, From Table 4.2, it is a fine-grained soil.
Table 4.2 and Figure 4.2: CH

From Figure 4.4, >30% plus 200, % sand >% gtavel, < 15% gravel, so
sandy fat clay

Coarse fraction = 100 - 82 = 18%
Gravel fraction = 100 - 100 = 0%
Sand fraction=18 -0 = 18%

LL =30; PI=19. From Table 4.2 and Flgme 42:CL
Figure 4 .4: lean clay with sand

Coarse fraction = 100 - 74 =26%
Gravel fraction = 100 ~ 100= 0%

Sand fraction = 26%

Fine-grained soil. LL = 35; P =21

-18-




From Table 4.2 and Figure 4.2: CL
Figure 4.4: lean clay with sand

SOIL 6: Coarse fraction= 100 ~ 26 = 74%
Gravel fraction = 100 - 87 =13%
Sand fraction=74 -13 =61%

Table 4.2: coarse-grained soil; LL = 38, PI= 18
Table 4.2 and Figure 4.2: SC
Figure 4.3: <15% gravel: clayey sand

SOIL 7:  Coarse fraction = 100 - 78 =22%

Gravel fraction = 100 - 88 = 12%
Sand fraction =22 - 12 =10%

Table 4.2: fine-grained soil. LL = 69; PI =38
Table 4.2 and Figure 4.2: CH
Figure 4.4: <30% plus 200; %sand < % gravel: fat clay with gravel

SOIL 8: Coarse fiaction = 100 - 57 =43%
Gravel fraction=100 - 99=1%
Sand fraction=43 -1 =42%

LL=54; PI=26. Table 4.2 and Figure 4.2: CH
Figure 4.4: >30% plus 200; % sand > % gravel: sandy fat clay

SOIL 9: Coarse fraction= 100 - 11 = 89%
Gravel fraction = 100 ~ 71 = 29%
Sand fraction = 89 -29 =70%

LL=32; PI=16;C,=4.8; C,=2.9, Table 4.2 and Figure 4.2: SP-SC
Figure 4.3: poorly graded sand with clay and gravel

SOIL 10: Coarse fraction =100 - 2 =98%
Gravel fraction = 100 - 100 = 0%
Sand fraction = 98 -0 = 98%

C,=72;C.=22;Table 42: SW
Figure 4.3: <15% gravel: well graded sand

SOIL 11: Coarse fraction= 100 - 65 =35%
Gravel fraction= 100 - 89=11%
Sand fraction =35 -11 =24%

LL=44; PI=2]. Table 4.2 and Figwre 4.2: CL.
Figure 4 4: sandy lean clay

-19-




SOIL 12: Coarse fraction = 100 - 8 =92%
Gravel fraction= 100 - 90 = 10%
Sand fraction=92 -10 = 82%

LL=39;PI=31;C,=39,C,=21
Table 4.2 and Figure 4.2: SP-SC
Figure 4.3: poorly graded sand with clay

44  a. Percent passing No. 10 sieve =90
Percent passing No. 40 sieve = 38
Percent passing No. 200 sieve = 13

PI=23-19=4
Referring to Table 4.1, the soil is A-1-b. GI=0. So the soil is A-1-b(0).

b. Coarse fraction =100 - 23 = 77%
Gravel fiaction= 100 - 100 = 0%
- Sand fraction =77 -0 = 77%

LL=23;PI=19
From Table 4.2 and Figure 4.2: SC
From Figure 4.3: clayey sand

-20-




51

52

CHAPTER 5

From Equation (5.3):

. 2400 . r T
_ G,p, _(265(1000)
Pd= = Gw . 265w 2300
1+  Wacndid
S .
o S = 100%
__ 2650 E o100 ’
2.65w )
1+ — )
S z
2] —
E 1900
w | @S inkg/m g
fy -
e T oo | 100 1700
5 |2273.5 | 2309.9 | 2340.0
10 | 1990.6 | 2047.2°| 2094.9 1500 Iy ; 1'0 : 1'5
15 |1770.4 | 1838.2 | 1896.2 _ .
20 | 1594.0 | 1667.8 | 1732.0 Moisture content (%)
The plot between p, versus w is shown.
Equation (5.4): 2400 T T T
., 1000
Py = —2 —= : 2240 |
W+— W+——
G, . 254
T w+03937 oy
| & 1920
W (%) | Pay (kg / m’)
1760 |-
5 2253.7
10 2025.5
15 1839.2 1600 s 1 ]
20 1648.4 0 5 10 15 20

-21-
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53

Refer to the following table.

Weight of | Moist unit | Moisture | Dry unit
Volume, V' | wet soil, W | weight, ¥* | content, w | weight, y,°
() (b) (Ib/ ft%) (%) b/ )
1/30 3.69 110.7 12 98.84
1/30 3.82 114.6 14 | 100.53
1730 . 3.88 116.4 16 100.34
1/30 3.87 116.1 18 98.39
1/30 3.81 114.3 20 95.25
1/30_ 3.77 113.1 21 93.47
a,, _ E b _ Y
Tty T R
100

The plot of ¥, vs. wis shown. From the plot,

Maximum dry unit weight = 100.8 Ib / ft*; Optimum moisture content = 15%

'102 I T

- :
1008 1b/ £

100 r~

O
-7
I

Dry unit weight (Ib / ft%)
o
-3
l

el
4
!

92 | | 1 . | 1
10 12 14 16 18 20 22

Moisture content (%6)

yde‘y”; e Getu | _(268)(624) , . o
l+e V4 1008
wG, (015)(2.68)
— L —_ = 6009%
5 e 0.66

22




5.4  Refer to the following table.

Weight of wet soil | Moist unit | Moisture | Dry unit

Volume, V' | inthe mold, W | weight, y* | content, w | weight, 7,°
i) (Ib) (Ib / ft%) (%) (Ib/ £)
1/30 392 117.6 5.0 112
1/30 412 123.6 7.5 114,98
1730 4.29 128.7 10.0 117.0
1/30 4,37 131.1 12.5 116.5
1/30 445 133.5 15.0 116.1
1/30 - 4.35 130.5 17.5 111.1
1/30 420 126.0 20.0 105

a,, E . b . Y

4 y k] Va I+ W(% )
100

The plot of ¥, vs. wis shown. From the plot,
Maximum dry unit weight = 117.3 Ib / £¢*

Optimum moisture content = 11% -

120 T ] T

117316/ oo

Ya (b / £t))

110 -

] | I
5 10 15 20
w (%)

105
0

_Gtw | QETX624) | o4
Va 1173

_wG, _(011X2.67)
T e 042

e

S =0.699 = 69.9%

=23~




5.5

5.6

Volume of | Weight of | Moist unit

mold, V' | wet soil, W | weight, y w _ Vi
(em’) N) (kN /m’) (%) (kN /)
9433 | 1442 15.29 10.0 13.9
943.3 17.95 19.03 12.5 16.92
943.3 19.82 21.01 15.0 18.27
943.3 19.13 2028 17.5 17.26
943.3 16.97 17.99 20.0 1499
943.3 16.58 17.58 22.5 14.35

W = mass inkg x 9.81; y= WiV

The plot of ¥, vs. w is shown.

From the graph,

Yimay = 18.3 KN / m®

Won = 15.5% .E
Ys = 0.95 Vo = (0.95)(18.3) Z
=17.39 kN /m’ =
From the graph,
w=13% at 0.95 ¥y, :
10 15 20 25
w (%)
Viimsiny =173 kKN /m’;: Yea(insiruy = % =1491kN/m’
_ _ + 16
100
7d(compactcd) =181KkN/ m3
e 18.1 3
Volume of soil to be excavated = (2000) 1a91)" 24279 m

24.
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5.7  Dry unit weight of solids required: 5000y, kN = (5000)(%) = 28,853G, kN

5.8

59

Borrow Volume to be excavated Total
pit ¥, at borrow pit from borrow pit = Cost/m’ | cost
(kN / ') [28,853G, / ¥ worow pi)) %) %)
A g_,x_9_8_1_ = 545G, 5294.1 m’ 9 47.647
1+038
p | 898 5166, 5501.7 6 33,550
1+09
c | G866 6178.4 7 7 43249
1+11
G, x981
D —=2 =53¢, 5444 m’ 10 | 54,440
1+ 085 d e -
Borrow pit B

Mass of sand used to fill the hole and cone = 6.08 - 2.86 =3.22 kg

Sand used to fill the hole =3.22 - 0.118 =3.102 kg

Volume of the hole = %g% =000179 m?

_ 334
"~ 000179

pa=—389 __ 1664.5 kg/m’

4 ( 12.1)
1+ —
100
D = Yd(eedy — 7d(minj }[ ¥ d(max)
’ YVdmaxy = Vdmin) || Yd(tieid)
0.72 _ Yd(se) ~ 146% 178
178-146 ¥ dfield)

=18659 kg/m’

P

225.




16.77

R(%) = 14589 100 = - 100=942%

yd'(max) r
510 R=00935=Jddin _ 7 d(titd) | _ 3
" — Vs = - M yd(ﬁeld) = 15.88 kN/m
¥ d(max) 16.98 :

D, = Ya(fieldy ™ Ydmin) || ¥d(maxy _ (15.88 - 14.46)(16.98) - 603%
Zd(max) = ¥ d(min) Yt field) 1698—-14.46 \ 1588

511 a R=094= Yagiers) _ Vdifield) S Vagun = 1748 kKN /m>
¥ dimax) 186

b D, =| Lated ~ Yamin) | Vamy |_ [17.48— 15.1}[ 186 ]= .4%
yd(rnax) - 74(“,5,.) }’d(ﬁeld) 18.6-=15.1 1748 i

c. ¥ = y(1+w)=(17.48)(1 + 0.08) = 18.88 kN / m®

5.12  Equation (5.17):

Sy =17 32 + 12 + 12 =1.7‘/ 32+ ]2+ 12 = 11.02
Dy, Dy Dy 198° 031° 018 :

5.13 Equation (5.17):

3 1 1
Sy =17 + +
N \/04.722 0477 0172

=11.39

5.14  Refer to Figure 5.39. For 1-m distance from the vibroflot, /C = 8. There are 3 vibroflots.

So, combined /IC=8 x3 =24

With JC = 24, the probable relative density to be achieved is about 98%.
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6.1

62

6.3

6.4

CHAPTER 6

= oL = (20)(20) =0.0138 in./sec
Aht  (4.6)(35)(180 sec)

_OL _ (580 cm®)(35 cm)
Akt (125 cm?)(42 cm)(180 sec)

b. v, ~v(1+eJ, v==Fki

= 2,15 x 107 em / sec

e

v_,=k{1:e) (00215)(42"“’X1;gfl) 0.068 cm / sec

250
(120)( )
At = (1035)(A)(60)
h=34 cm

v=Fki= (0.014)(%) =0.019 cm / sec

L (h
a k= 2303(0 )log"’\h_:}: (2.30: )[g%g—()(;)—s)]log [f;) 6.88 x 10 in. / min

p
b. k= 2303( )log,o\ZJ

(015)(15) 25 25
00688 =(2303) ———= 1 04318lo
( )[ X4 ]°_g‘ [hzj g[th

01593 = log,o(is) 1..433{%5}

h,=17.3 in.
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65

6.6

6.7

638

h, ax38 650
k =2303 “L 1o 0175= (2303 |
( J g"’(th ( )(6.5>< s) og(aoo)

a = 0.31 cm?

k=2 303[“‘} gm(:;—')

_ 2,,303(0';”67: Ssojlogw(;ﬁ—g) =0234 cm/ min = 00039 em/ sec

o

% = _ (00039 cm /sec)(l 005x10° N-s/m?)
P 9.789 % 10> N/ m®

b k= 2303[ )logw(::)
2

. 0.97 x 50 760
0.234 cm/ min = 2.30:. -1 ——
cm/ min 3( 16 %6 ] og,o( i ]

=4x10"" m?

n, =478.3 mm

q= k4

._160~150

=0.08
125 '

3

x

k=3m/day=

5 =0.00208 m/ min

A=2x500 = 1000 m?

= (0.00208)(0.08)(1000) = 0.166 m® / min

From the figure on the following page, i = head loss = Luna =sina
length ( L )

cosa

g = kid = (k)(sine)(4.2cosa)(1); k=6.8 x 10* cm/sec =6.8 x 10°m / sec )

28-




Ground surface

T
5 R G T AN P R T O v e
AR T i A T T N T .,

- PO P LAl n gty [ . .

g = (68x107°)(sin10°}(4.2¢c0s10°)(3600) = 00176 m* / hr / m
%’_J

to change
tom/ h

~17.6x10° m® /hr/m

h
6.9 =
=)
cosex
g = kid = k(hcosa](yl cosax 1) = 0.025 (2'80085)(3cos5)
10 52
m /s

= (0.0005)(0.0536)(2.99) = 8.01x10° m* /s/m

6.10 From Equation (6.31a):

el [ 048> ) o
B, 1+e 0022 (14048 00747
kK ek (07°) 02018

T+e, (1+0.7J

k, = 0.059 cm / sec

-29.




n 0.31

1-n, 1-031

04
= 0667
~04

=0449

611 n = 0‘.31, e =

n, =04, ¢, = 3

Equation (6 31a):
3 3 3
kz = k[ % b‘jﬁ = ki i Zle =01 3[—15-4-—9-)(9—@) = 0.37 ft / min
I+e, A ¢ l+e, A g 1667 A 0.449

6.12 Py = RPusma = (0.8)(1720) = 1376 kg /

_ G _|_(266)(1000)

. ~1=0547
P 1720 |

o =GP | _6601000) oo

s Pacsity 1376

3 3
ky=k|-2[1ta ) 0..04(9:?2) [Eﬂ] =0.159 cm / sec
I+e, A ¢ 0547 / \ 1933 _

6.13 €)= Cpa ~ (€nex - €mi)D, = 0.7 - (0.7 - 0.46)(0.8) = 0.508

e,=0.7 - (0.7 - 0.46)(0.5) = 0.58

3 : 3 ‘
ky =k 2 | [ 120 2 o006 258 [1—503 =8.52x10° cm / sec
e | \1+e, 0508 ) { 158

6.14 Sieve | Opening | Percent | Fraction between two
No. (cm) | passing | consecutive sieves (%)
30 | 0.06 100 20 '
40 | 0.0425 80 | 12
60 | 0.02 68 [ 40
100 | 0.015 28 | T T
200 | 0.0075 0
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For fraction between Ji _ 20 = 407.98
sieve Nos. 30 and 40 D,? 404 Dﬁ'm - 006°** % 0.0425°°% = .

For fraction between fi - 12 =44103
sieve Nos. 40 and 60 DI? 404 Df.- 95 7 004259 5 0029595

For fraction between i 3 40 - 23608
sieve Nos. 60 and 100 D}?‘"“ < Df,- 957 0.020%% < 00159°% O

For fraction between fi _ 28 28122
sieve No.s 100 and 200 DY Df.- 95~ 0.015°7 % 0.0075°5° -

T100% 100 - 00166
D™ x DO 404.98+44103+23628+28122

SA65) L1405

615 £L= e, |l+e, _ l+e, _eln
ky \l+e { & I+e, Re )

% n
12x10% _ (&J(Eﬁ) ; 025=0571"
36x10 18 A 14

2 3
k = (199 x 10)(00166)° (i) ( % J = 0.0108 cm / sec

_ 1og025 _ —0.602

n= = =2477
log 0571 —-0243

of . .12x10°(1+08)

Tre. 087 =3754 %107 cm/ sec

k1=C

06224‘77 N ) .
k3=( ‘162 )(3..754x10"6)=0.709x10'6 cm/ sec

6.16 logk =A4'loge+ B’

_logk, —logk, _log(12x107°) —log(36x107°) _ 196
loge, —loge, log(0.8) —log(14) o

]

B =logk - A' loge, =log(12 x 10°) - (1.96)log(0.8) = -5.73
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log &, = (1.96)log(0.62) - 5.73 = -6.1369

k;=0.7 x 10° cm / sec

617 f_[lre)a)
kZ 1 +e, A&,
-6 " .
92x107 _ (32)(2) . 01667 =06316"
091x10

22719

. log(0.1667)  —0.778
log(0.6316) —01996

= 3.898

o klre) (02x10%)22)
- eln - 123 898

=0216x107%

n

e 0.93 893 % P
ky=C, = (0216x107)=0.075x 10" cm /sec
I+e 19

618  logk =loghk, — 225 ~ log(086 x10) - [ 221>
* 05 05x21
Se, vy

=0.1x10% cm/sec

1
619 kiyey=—(aHi+ kM +..)

Eitieqy = %[(1 07*)(15) +(300x 10~5)(2.5) + '(3‘5'>< 10°)(3)]

-5
- 5)7-—(1.5 +750+105) = 10886 x 10 cm/ sec

_ H _ 7 _ 5
ky(eq}-_fi.,._f_{z =713 735 3 =296x10" ¢cm/sec

=+ —+ —~
kK 107 300x10~°  35x10

Kiie) _ 10886x107
Fvey  296x107°

=36.8
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4
6.20 = -
Y S m H B A 1 I 1 1

+— + + +
k, ky, kK, 20x107* 2x107* 107 3x107

=2124x10™ cm/sec
1
Riieq) = E(th + Hyky + Hyky + Hyky)

11[(20><10*4 +2x107 +1x 107 +3x10™)=65%10™ em/sec

k -4
H(gq) = 6-5 X 10 ~ = .3.06
kyey 2124x10
6.21 Equation(6.37): v=v,=v,=v;=, .
kji=ki=hki,=ki=.. .
keq -3'99') =107 —--AhA
450 150

300 Ah
01213x 107 — |=10"2( =2 | Ah, =1213
X (450] 10 (150) 4 =1213 mm

Similarly, k220 =3x 10-{3‘&5)

150
300 Ah
1213x 1073 — |=3x 1073 =2 | Ak, =404
3x10 (450) X (150) z =4043 mm

hy= h, - Ahy=287.87 - 40.43 = 247,44 mm
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CHAPTER. 7

7.1  Equation (7.14):

h2 = hlkl
)
H|—+—+*
H, H,
_ (18 cm)(0.002 cm/ sec)
6cm=
0.002 cm/sec | k, cm/sec
(7 cm) +
7 cm 10 cm

k, = 0,0057 cm / sec

7.2 The flow net is shown.

k=4 x10%cm/ sec ' 6m

o]

1.5m

H=H, - H,=6- 1.5=45m So ?

: 4x10™ (45x4)
7=\ "1 8
=9%x10° m®/m/sec

=77.76 % 10? m* /m /day

7.3 The flow net is shown. M= 3 N,=5

5
o
B
2|=
S
ot

| 4x10™* | 3
=( 0 m/sec)(3-0.5)[§). 3

=6x10° m’/m/sec

m

o — Y

=0.518m’ /m/day
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7.4

7.5

7.6

Based on the notations in Figure 7.12,

H=@-15m=25m S=D=36m I’=D,=6m
S _38 g6
T 3

From the figure, —=— ~ 044
KH

4><104

g = (044)2. 5)( % 60 x 60 x 24 m/dayJ 0.38 m> /day /m

The flow net is shown.

T [4
Impermeable layer 10 m

N
q = k| L
Ny

J (01%22x60x60x24m/day](10)( ] 7.2m’/day/m

Refer to the flow net shown in Problem 7.5 and the figure on the following page.

The flow net has 12 potential drops. Also =10 m So the head loss for each drop =

(10/12)m. Thus,
' - Pressure head at D=(10+3. 34) 2(10/12) =11.67m
Similarly, -
" Pressure head at £ = (10 +3.34) - 3(10/12) = 10.84 m
Pressure head at F=(10 + 1.67) - 3.5(10/12) =8.75 m
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By T * . * » ‘ * A [ 4 o Ty
AT S B - " » - R
334m| * £ ¢’ .
3 -
) [ ]
lD—EA i :\fu I
16711.67! ' 6767

p-m-bﬂ-m-ﬂi—-———ls 32 m —————slem e m
1

Pressure head (m)
11.67

k 10.84

Pressure head at G = (10 + 1.67) - 8.5(10/12) = 4.586 m

Pressure head at /= (10 +3.34) - 9(10/12) =584m

" Pressure head at I = (10 +3.34) - 10(10/12) =5m
The pressure heads calculated above are shown in the above figure. The hydl aulic uphﬂ
force per unit length of the structure can now be calculated to be " '

= ¥, (area of the pressure head diagram)(1)

(L1084 Yy 71084 875

+(8 .75 4:24.586)(18 32) (4.5862+ 5.84)(1 67)+ (5 8;+ SJ(LG?)J

=981(188+1636+12216+8.71+9.05)

=17175kN/m

7.7 The flow net is shown on the next page. N,=4; N, =14

_ Nf 10-3 ' -5 i
Q—W(E) [ )(10 15)( ) (10 )(8.5)(14)

=2429x10° m’ /m/sec = 2.1 m’ /m/ day
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7.8

Problem 7.7

Refer to the flow net shown for Problem 7.7. At the bottom left-hand side of the weir, the
number of drops is about 1.5. At the bottom right-hand side of the weir, the number of

drops is 10. '
_ H,-H, 10-15

Ah =
N, 14

= 0,607 m/ drop

So, at the bottom lefi-hand side of the wei, the uplift head is
(10 +3) - (AR)(1.5) = 13 - (0.607)(1.5) = 1209 m
At the bottom of the right-hand side of the weir, the uplift head is

(10 +3) - (AR)(10) = 13 - (0.607)(10) =6.93 m

Je 37m —b}

693m
12.09m

—

‘ + -, AR
So, uplift force ~ 9.81 x (37)[%—‘52} ~ 3452 kN/m
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79  Forthiscase, T'=8m;S=4mH=H, - H,=6m;B=8m;b=B2=4m

x 3
£-2_075
b 4
b _4_os
I 8

From Figure 7.13, ¢/kH = 0.37

q= (0..37)(% x 60 x 60 24](6) ~1.92 m* /day/m

0.001
10

g= (0.4)[ x 60 x 60 x 24)(6) ~2.07 m*/day/m

710 ,=30% =45, H=8m; and A= 8cot30 = 13.86 m. 0.3A =4.16 m.
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d=Hycotey + L, + (H, - Hycota, + 0.3A

= (12)(cotd5) + 4 + (12 - 8)cot30 + 4.16 = 27.09 m

o4 | & B 270 (27.09)2_( 8 )2—I7lm
cosa, Vcos’a, sina, cos45Y\cosd5 sin45 "

g = kltana, sina, = [[2—%(&)(1..71)}[(tan45)(sin45)]

=2418x10"° m*/sec/m=~0.209 m* /day /m

7.11 A= Hcota, = 8cot28 = 15.05m
d=H, cote, + L, + (H, - Hycota, +0.3A
= 12c0t35 + 7 + (12 - 8)cot28 + (0.3)(15.05)

=17.14+7+7.52+4.52=36.183m

2 2 2 2
I= d __ i N I-;T _ 36.18 [36.18) ‘_( .8 ) =29 m
cosc, cos"a, sin“a, cos35 {\cos3s sin35

g=kLtana,sina, = [(19-3’56159:}(226)][(@35)(sin 35)]

=136x10"° m’ /sec/ m~ 0.118 m*® / day /m

7.12  From Problem 7.10, d =27.09 m; H= 8 m; o, = 45°

4_279 44

H 8

m= 02 (Figure 7.17)
mH _ (0.2)(8) =9

sin &, sin45 |

L=

26 m
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7.13

-4
g=kLsin’a, = [2 ’;;f J(226)(sin2 45)

=226%x10° m*/sec/m=~0.195m? /day /m

From Problem 7.11, d=36.18 m; H=8 m; a, = 35°

a4 _3618_,

H

m=~ (02

= ‘mH _ (0?)(8) —28m
sing, sin35

-4
q = kLtana, sina, = (2>;%—)(2.k26)(sin2 45)

=226x10° m’ /sec/m~0.119m* /day /m
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8.1

8.2

CHAPTER 8

Ib/ 2
POillt ’
g /] g
A 0 0 0
B )(115) = 230 0 |230
C |230+(118)@)= 702 (62.4)(4) = 249.6 | 452.4
D | 702 + (130)(6) = 1482 | (62.4)(4 + 6) =624 | 858
The plot is shown.
o(lb/ f?) u (b / f2) o (b/ )
0 > > —
20 \230 -\ 230
6 702 249 6 - 452.4
12 1482 624 . \gsg
v
Depth (ft) Depth (ft) Depth (ft)
b/ &2
Point
14 u o’
A 0 0 0
B (9)(100) = 900 0 | 900
C | 900+ (21)(122) = 3462 (21)(62.4) = 1310.4 | 2151.6
D | 3462+ (36)(128) = 8070 | (21 + 36)(62.4) = 3556.8 | 4513.2
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The plot is shown.

o(lb/ fi%) u (b / ft) o’ (Ib/ %)
0 —» —» »
9| 900 L\ 9go

30 3462 » 2151.6

66 ' '
l 8070 3556.8 'L 45132

v
Depth (ft) Depth (ft) Depth (ft)

83  Point A: o=0,u=0;,0'=90

Point B: -+ o0=(4)(16.2) = 64.8 kN _/ m?
' u=0
g’=648- 0=64.8 kN/m®

PointC:  0=648+(1.5)18.4) =92.4 kN / m’
2= (1.5)(9.81) = 14.72 kN / m’
0'=92.4 - 1472 =77.68 kN / m?

Point D: - 0=92.4 + (9)(19.81) = 270.69 kN / m?

~#=14.72+ (9)(9.81) = 103.01 kN / m*
0’=270.69 - 103.0]1 =167.68 kN / m*

The plot is shown on the next page.
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o(kN/m? u (kN /m?) o’ (kN/m?
0 —» —> >
4k 64.8 [ \64.8
35 924 - - 77.68
14.5 _
vL | 270 69 L 10301 ! 167.68
Depth (m) Depth_ (m) Depth (m) .
. Problem 8.3
G,y., (265(981) 3
.. el 7 £ 2P =1733kN/
84 Vaw = =105 m
(G, +e)y (2.68+0.65)9.81) . : 3
ot w=_ =198kN/
Veatsangy === 1770 14065 m
ey = G, ey _ RTI+OBNO8Y) _ g o0ini/ 3
sat(clay l+e 1+081
KN/ m?
POint ’
g u (74
A 0 0 0
B 4)(17.33)= 69.32 | 0 69.32
C | 69.31+(L.5)(19.8)= 99.02 (9.81)(1.5)=14.72 | 84.3
D 99.02 + (3)(19.08) = 156.26 | (9.81)(1.5 +3)=44.15 | 112.11

The plot 1s shown dn the next page.
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85

o (kN / m2) u (kN / m?) o’ (kN /m?
'

0 » >
41 69.32 - 6932
55F 99.02 — 843
85 ‘ '
" 15626 44.15 112.11
v v .
Depth (m) Depth (m) Depth (m)
‘Problem 8.4
G.y. (2.65(981) 3
= = - 171 kN /
Vawndy = = 17052 m
Gy, +ey, (2.68+052)981) - 3
= = =2046 kKN / :
Y sattsanc) l1+e 1+152 .~ m
Gy, +ey,
¥ sat{clay) — T
WG, =e; @,=5=122 97
w 045
(271+122)(981) .
ysat(clay) = ] 222 =17.37 kN / m3
KN/ m?
Point | o R u o’
A 0 .0 .0
B (17.1){(3)= 51.3 0 51.3
C 51.3 +(20.46)(2.5) = 102.45 (2.5)(9.81)=24.53 | 77.92
D | 102.45+(17.37)(2) = 137.19 | (2.5 +2)(9.81) = 44.15 | 93.04
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The plot is shown.

o (kN /m?) u (kN / m?)
0 > >
3k 51.3 0
55 102.45 ~ \24.53
75
137.19 44.15
v v
Depth (m) Depth (m)

o’ (kN / m?)
»

" 77.92

93.04

Depth (m)

Oty _QO8Y62Y) _ 1100 1/ 403

86 & Vdsand) = 1+e 1+049

_(G+o)y, _QT5+09X624) _ 1901 /a3

Vet =77, 1+09
b/ fi2
Depth
() a u o’
0 0 0 0
15 (111.2)(15) = 1683 0 1683
27 | 1683 +(119.9)(12) =3121.8 | (62.4)(12) =748.8 | 2373

_(G,+e)y, _(2.68+049)(624) 1328 Ib/ i

b. =
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o= (15)(132.8) + (12)(119.9) = 3430.8 Ib / 2
u=(27)(62.4) = 16848 Ib / ft*
0'=3430.8 - 1684.8 = 1746 Ib / f*

Change of o”: 2373 - 1746 =627 Ib / f*

¢. Let the height of rise be 4. So, at any time, at the bottom of the clay layer,
o=(15 - H(112.2) + (h)(132.8) + (12)(119.9)
u=(12 + h)(62.4)

Change of 0*: 300 =2373 - [(1683 - 112.2k + 132.8% + 1438.8) - (748.8 + 62.4h)]

h="7.18 %
87 i o2 _Gez1_268-1_ 168
7, l+e l+e 1+e
e iy
0.4 12
0.5 112
0.6 1.05
0.7 0.99
A+w)G.y, (1+04)(27)(624) ,
88 - sV =134 b/ ft
Veaen =" 750G, 1+(04)(27)

Let the depth of the excavation be H. So, (25 ~ H)(113.4) - (18)%(62.4)=0= ¢’

H~15.1f

8.9  Let the depth of excavation be H, and height of water be /. Given: H= 18 f, So,

(25 ~ H)(113.4) + (h)(62.4) - (18)(62.4) =0

_ (18X(62.4)~(25-18X1134)
- 624

h =5.28 ft
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810

811

8.12

q=kd= (%(% x 60 m/ min)(O..4)(0..45) =0.013 m® / min

a, 1=i=1—%=0..6

H, 2

g = ki4 = (0.1)(0.6)(0.5 x 100 cm®) = 300 cm® / see
b1 =2 o G,—-1 268-1 108

“ y, l+e 14055

Since I < i, no boiling

C. 1=1, =

—E—, 108 = h
A 2
h=2.16

Referring to Figure 7.9, the block to be —75ft —»l

considered on the downstream side is : T
7.5 R (width) x 15 ft (depth) x 1 ft 15 ft

(length at right angle to the section). l
>

Distance

H=15f;H,=51f

0.233H
0.333H

H=H -H,=15-5=10f

From the flow net, the hydraulic head

) 05H
can be estimated (see figure). - S )
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8.13

814

" Equation (8.25): & (mm) =

Area of the hydraulic head diagram under the block of soil shown in the figure is

(55)+H(0_3,_§3+0233
‘ 2

= H[O.S + 0.333)

Average hydraulic head = ~ 381 ft

(2.29+0.566)10)
75

i, = %{;—1- = 0254

Factor of safety:

y'_ (120-624)

FS = = =
7w  (0258)(624)

3.63

Equation (8.19): W} = (5 ﬁ)(—g)(r} )+(1)(§}r;m]

1. 2, 5, D
_ W+ W _ ED ¥ +57F‘D+"2"'yd(.ﬂ‘)
U

FS T
EDziav Vw

or

)(75 —-35)=229H +0566H

}"+h+ Yacr) (120—624)+(5)(127_62‘4)+105
FS = D D __ 15 15
a7 (0254)(624)

= 5.43

10

10
" (065)(0.18)

50
" (0.65)(018)

C=10mm*; h =855 mm

C =50mm*; A =4274 mm

Range: 85.5 mm to 427.4 mm
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G,7., (266)624) 3
15 =—it¥ = =110661b/ ft
815 Yawo =310 =" 1105
any = L2 (G, +8¢) _ (62)271+OSXOT] _ 101 /55
1+e 1+0.75
(G, +e) (624)(2.72+095
},sai(clay)=y (1+e )=( )1(+095 )=117441b/ﬂ3
Depth S b/ &
() o u o’
' 0 0 0 0
0 663.96
6 (110.66)(6) = 663.96
: : ' (-0.54(62.4)(4)=-124.8 | 788.76
6+4=10 663.96 + (_1 1_0)(4) = 1103.96 0 |1103.96
10+9=19 | 1103.96 + (117.44)(9) = 2160.92 (9X(62.4) = 561.6 | 1599.32

The plot is given.

o(ib/ ) u (b / ft?)
> >

o (Ib/ f)
>

6 663.96 - -124.8

10 1103.96 -0

19
2160 92 5616
v v

Depth (ft) Depth (ft)
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1103 96
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(2.66)(981) . ,
816 = AT S 174 KN/
Y d(sand) 1405 m
= (O3DR2T1+(OE)(OTN _ 5y 1/ o3
1+0.75
(981)(2.72 +0.95) 3
= - = 18.46 kN /
Y saciay) 1+095 o
Depth kN /m?
(m) g u o’
0 0 0 0
| 0 69.6
4 (17.4)(4)=69.6
(-0.6)(9.81)(2.5)=-14.72 | 84.32
4+2.5=6.5 69.6+(17.71)(2.5)=113.88 - 0 ]113.88
6.5+3.5=10 | 113.88 + (18.46)(3.5)=178.49 (3.5)(9.81) = 34.34 | 144.15
The plot is given.
- o (kN / m?) u (kN / m?) o’ (kN /m?)
-0 -» > —»
84.32
41 696 - -14. =
2 69.6
6.5k 113.88 0 = 113.88
10
178.49 l 34.34 144.15
v
Depth (m) Depth (m) Depth (m)
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8.17 From Problem 8.15, ¥, (ungy = 110.66 Ib/ £} ¥ 0y = 117.44 b / ft*

_ (62[2.T1HOAYO0TS)] _ 00 33 1/ 413

i) = 1+0.75
Depth b/ f _
() o u o’
0 0 - 0 0
0 |1106.6
10 (110.66)(10)=1106.6
) (~0.4)(62.4)(8)=-199.68 | 1306.28
10+8=18 - 1106.6+(8)(107.33)~1965.24 0 ]1965.24
18+16=34 } 1965.24+(16)(117.44)=3844.28 (16)(62.4)=998.4 | 2845.38
The plot is given.
o(lb/ ftY) u (b /%) o’ (Ib/ ft)
0 — — »
10 1106 6 ~ -199.68 = 1306.28
1106.6
181 1965.24 - — 1965 24
A . 3844.28 988 | :
3844, 988 .4 2845.88
v v s :
Depth (ft) | Depth (ft) Depth (ft)
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8.18  From Problem 8.16, ¥,y = 174 KN/ 10} ¥ () = 18.46 KN / m°

- = OBNR271HOSHOTIN _ 10 s 10y /o’
1+0.75
Depth kN / m2 .
(m) o u g’
0 0 0 0
0 52.2
3 (17.4)(3) = 52.2
(-0.55)(9.81)(1.8)=-9.71 | 61.91
4.8 | 522+ (1.8)(17.5)=83.7 0 83.7
8.8 | 83.7+ (4)(18.46) = 157.54 (4)(9.81) =39.24 | 118.3
The plot is given.
o (kN / m?) u (kN / m?) o’ (kN / m?)
0 —p » >
5L 529 1 g7 1B 61.91
522
48 837 - 837
8-"8 157.54 118.3
v v
Depth (m) Depth (m)
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CHAPTER 9O

o _ 2
9] a 1 - O'J,+O’x + O'y T, +12
o 2 2 »
3

o, =80kN/m% ¢g,= 120 kKN /m’; 7, =+40kN/m? 6= 145°

Ti| _120+80 (120—:30)2+(40)2
o 2 2
3

0, =144.7 kN / m?; 0, = 55.3 KN / m?

_o,t0, 0,-0

b o, = 5 + 5 ~c0820 + 7, 5in26
= 120; 80, 1202‘ 30 cos[(2)(145)]+ 40sin[(2)(145)] = 69.25 kN /
o'y - O-x .
Th = sin260-r7_, cos2d

= 1202' % sin[(2)(149)] - 40cos[(2)(145)] = -32.47 N/’

92 a 0,=5001b/f% g,=2501b/f% 7,=-80Ib/f% O=45°

o1} _ 2504500, (250—500)2“_'50)’2
o, 2 2

0,=523.4 b/ %, 0, = 226.6 Ib / f*

_250+500 250500
2

c. 7,= wsm%— (~80)cos90 = -125 Ib / ft*

b. o,

c0s90—-80sin%0=2951b/ ftz_
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9.3

a. The Mohr’s circle is shown. -

> A
)
723
8
£ (150,25)
&
&
7
0 $ N >
o,
} G Normal
stress (kN / m?)
C
(100,-25)

o_o.=1§02L199~_-125kN/m2

2 L
OB = \/[-1—5-9;1—(")) +(25) = 3536 kKN/m?

0,="08 =125-3536=89.64 kN/m* (H

0,=ON =125 +35.36 = 160.36 kN / m* (+)

b. £BOO, = tan“’[as-] =45°
25

g,= 00, + 0,D cos65 = 125 + 35.36¢c0s65 = 139.9 kN /m* (+)

O, D sin65 = 35.36sin65 = 32.05 KN / m? (-)

&
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9.4 a. The Mohr’s circle is shown.

a4
9
¢
£ D
_§ (90, 40) ‘
= /
0 ) ud >
3 ! Normal
stress (Ib / ft%)
(125,-40)
00, = 125; 0 10751b/ 82
0,0, =12=0 _ 1751/ 82
0,B = /(175 +(40)* = 4366 Ib/ i

0,=0ON =107.5 +43.66 = 151.16 Ib / ft*

0,= 08 = 107.5 - 43.66 = 63.84 b / £ (+)

b. ZCO,0, = tan-*[-ﬂJ = 6637°
175

0,= 00, +0,Dsin(36.37) = 107.5 + 43.66sin36.37 = 133.4 b / 2

7, = 43.66¢0s36.37 = 35.16 Ib / ft’
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9.5

9.6

a.

The Mohr’s circle is shown.

%4
]

g

‘f (75,30)

]
=
73

o

% 0 NG Normal
D stress (kN / m?)

B
(50, -30)

0,=ON =95kN /m?; 0,~0S =30kN/m?

g, and z, are coordinates of D. So

0,~ 942 kN /m?; z,= 7.1 kN /m?(-)

The Mohr’s circle is shown on page 59. |

0,=0N ~109.1kN/m?; o,= 0S5 =259 kN / m’

o, and 7, are coordinates of D. So

,~29.1kN/m?; 7, 16.08 kN / m’
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ot
S
g
g
=
73
(90,35)
- C
’
//
0 S N >
g Normal stress (Ib / ft?)
B
(45, -35)
~ Problem 9.6
9.7
P
Ao, ==
Load | P r z | r I 777 4
@ | @) ®) @[ z |(Table9.)| @b/f?
A 2000 ]| 102+5%)°*=11.18 | 10 | 1.12 0.0626 1.25
B 4000 | (10°+5%)*=11.18 | 10 | 1.12 0.0626 2.5
C | 6000 5 10 0.5 02733 16.4

Ao, = 32015 b/ f2

9.8 Equation(9.16): 7= /.%:ms

Equation (9.15):

(2000)(0.408) i
22(10)° | (0408)? + (1.12)*

3
2
] =077 b/ ft?

Load A:
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3

Load B (4000)(("4208) 2] > * 2153 1b/ 2
27(10)° | (0408)* +(112)
3
Load c; {8000X0:408) 21 s =1451b/f?
27(10)* | (0.408)* +(05)
Ao, =0.77+153+14.5=1681b/f?
9.9  Equation (9.19):
Ao 29,2 2q,2° _ @000x2)° (2)(200)(2)
ﬂ[(x, +x,) +z ] 7r(x2 +z ) +z° a5 +2") (2 +2 )
= 16.53 kN / m?
3
910 Ao, = 24,2 29,2

”[(xl+‘x2)2 +z ] ”(xz +z ) +7
(2)(100)25)° . (2)(260)(2.5)°
A(3+25 + 57| @3 +@5)]

= 2083 kN /m®

' 2‘112 : 2‘?22
fr[(x1+x2) +z] ﬂ(x2+z +2°

_ 2XT75003)° | 29,3’
+ = 055+00275
T RT3 @ syt

9.11

g, =1252.71b / ¢
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2
912 Ao atdductogq, = 24z

;z-(x2 +22)2
or
(Ac,), = (2)(100)(2)32 = 7.96 kN / m?
(2)? + Q)]

Vertical component of ¢, = ¢, sind5

2¢,(sin45)z*
45)? +2)*]

(Ac,); = ; (Aa), =0.0043q,

Horizontal component of g, = g, cos45
From Equation (9.21):

2q,x2° _ 2g,(cos45)(5X2)’
ax*+22) ) + @7

(A0.); = = 00107¢,

Total vertical stress,
Ag.=10kN/m’=(Ag), + (Aa), +(Aa),
10 =7.96 + 0.0043g, + 0.0107¢,

_10-7.96

- 136 kN /
% =75015 "

913 B=10f;¢=2001b/f%x=8f;z=8 fi

2x _ X _ 16 22 _ 16 From Table 94, A9: _ 0248
B 10 B 10 q
Ao, = (0.248)(200) = 49.6 Ib / f*
o4 X220 _, 22_2B3) _, ' From Table 9.4, 2% — 0409
B 3 B 3 ‘ q

Aag, = (60)(0.409) = 24.54 kN / m*

-61-




9.15 Equation (9.24):

Ao, = 2 Bgxz®
YT
x{{xg + 27 _.(__) ] + Bzzz}
2
o NGNS’

272 '
ﬂ{[(lS)z +(0.75)* -GJ ] +(1)2(0.75)2}

g=119.4 kN / m?

9.16 Refer to the figure below.

4—5 m-—» . M——8m —pje—5 m —p
@ [5x18=90kN/m? - | L

1 |
] 1
H !

5m! '5m
: :

Ad ¢

With the notations given in Figure 9.17, for the left side:

z .z 5§ B _ _

For the right side,

Bi_3216 22321 FromFigure 9.18, Iy = 0,48
z 5 z 5 .

Ac. =gl +Iip] = (90)(024 +048) =648 kN /m* [
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9.17 At A4:

60 i 751t 75 % 60 fi—p For the left side: For the right side:
o [G0x115) z 15 Z
b/ fi B, _60_, B _,

' z 15 z

! ]
) ' 1. = 0468 I,=0468

1581 115f ’ 3
] !
] |

Ad &4

Ag, = (30)(115)(0.468 + 0.468) ~ 3229 Ib / ft*

At B:

j¢—60 ft —» je—15 ft—pie—60 fi—»  For the left side: For the right side:

B_0_, B_15_,
(30 x115) z 15 z 15
D |1/ :
B _60_ B _60_
! | Z 15 Z 15
] ] .
] { -
Isg! 15 8 I, =042 I,=048
| |
]
Bé @B

Ac, = (30)(115)(0.42 + 0.48) = 3105 b / £
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At C:

M— 60 ft — ] 751t —pie¢—60 ft—»j
e @D | (30 x115)1b/ fi2

.

I J

15 ! 115 fi
L] ]
| ]
cé $C

For the left side: For the right side:

B _y B _75_
z z 15
BL_&_,  B_s_,
z 15 z 15
I; =042 I,=05

Aa,=(30)(115)(0.5 - 0.42) = 276 Ib / £

9.18 Equation (9.30) and Table 9.6: g = 3500 Ib/ fi?

R z z Ao, Ag,
® | ® |7| 5 o

6 1.5 (04109488 | 3321

6 3 05]09106 | 3187

6 6 1.0 ] 0.6465 | 2263

6 9 1504240 | 1484

6 12 2.0 | 0.2845 996




9.19 Equation (9.31) and Tables 9.7 and 9.8:

g =300 kN / m?

z r Rz |r A’ B’ Ag,
@ ||| 7| (N /1)
48 |0 4 [1.2]10 023178031485 | 164.0
48 |08 | 4 |1.2]021022795]|030730 | 160.6
48 16| 4 |12]104[0.21662|0.28481 | 1504
48140 4 |12]1.0]0.15101 |0.14915 90.1
48 60| 4 11.2}1.50.09192 | 0.04378 40.7
48 |80 4 |1.2]20]0.05260 | 0.00023 15.8

920 Refer to the Newmark’s chart.
The plan is drawn to scale.

AB=4m M= 65.

Ao, = (IV)gM = (0.005)(300)(65)

=97.5 kN / m?

9.21 a. Equations (9.36) and (9.37): n=

Equation (9.34): Ag,=gql,; 1,=0.1999

Aa, = (1800)(0.1999) = 359.8 Ib / f*
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b. Refer to the figure below.

@ ©)

6 ftx3fi 4ftx3ft
@ @

6t x 2 fi 4ftx2ft

Forrectangle 1: m= —g— =06, n= g— =12; I, =01431
2 6
Forrectangle 2: m= 3 =04; n= 3 =12; I, =01063
3 4 '
Forrectangle3: m= 3= 06, n= r 08, 1,=01247
. 2 4
For rectar_lgle 4: m= 3 =04, n= 3 =08; I, =00931

A0, = qlly, + Ly + Ly + Lie)] = (1800)(0.1431 +0.1063 + 0.1247 + 0.0931)

= 8411b/ f¢

c. Refer to the figure.

e 10 f Me—3 ft—»]
I Y
5ft
I ;)
A C
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Ao ={ Stressat C due to rectangular area 13 i x5 ft
C: = - stress at C due to rectangular area 3 ft x 5 ft

13

Forrectangulararea 13 i x5ft: m=<=1, n= e =26, I, =0202

Forrectangulararea3 fix5ft: m=

wnlw i

= 0.6; n=%=1; I, =01361

Aa,=g(0.202 - 0.1361) = (1800)(0.202 - 0.1351) = 118.6 Ib / ft*

9.22 Equations (9.41), (9.42), and (9.43):

p=B_2_258
33

oL 10,
3 s

n,=f—=—13=6
525

From Table 9.10, I, = 0.095

Ag, = gI, = (1800)(0.095) = 171 kN / m?
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CHAPTER 10

2
101 Equation (10.1): Se=AaB-1Ei1p

B=3ft;L=61f;m=6/3=2
Table 10.1: Form, =2, 1,=1.21

1- 042
(140 x 2000 Ib / %)

S, = (3000)(3) (121) = 0.03267 ft = 0.39 in.

_ 711
3x3

102 Ac

=79 kN /m?; I,=0.88 (Table 10.1)

1-032?

Se = =T500

(0.38) = 00117 = 11.7 mm

- e (-4
103 Equation (10.5): S, = AoB,I5I;1; Z

]

Ao=100 kN / n?
2 -2

B, = J 4B ‘/ @O _3385m
T b4

4,=03; E, = 16,000 kN / m?

E 16,000
== =1182
d kB,  (400)(3385)
R _ 20 g
B, 3385

From Figure 10.4, I, ~ 0.89. From Equation (10.6):
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E 3
4.6+10 —mmié—u (EJ
E, +—<k
\ 2
i1 1
=2 = 0815
4 [
& 3
R PPN e
16,000 +( )(400) o
From Equation (10.7):
IE‘ = l_ 1

35exp(1224, ~ 04)(

=

. |
=1- = 0923
35exp[(122)(03) - 04(2-83 16)

1-03?
16,000

= (100)(3.385)(0.89)(0.815)0. 923)( ] = 001289 m ~ 13 mm

10.4 a. The plot is shown.

1.2 T T Y T
0, =120kN /m?

1.1

10 -
e
09 —
08 -
0“‘7 | 1 { i
20 50 100 200 500 1000
o’ (kN/m?)
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b. o/=120 kN/m?

. C o1 _ 0.985-085 _ 0.448
C lo 93 log(i%)
8 200
10.5 a Heightofsolids: H =—"—= 9522g =112 em=0.441 in.
AG,y, (4.91)(2.54)*(2.68)1)
o’ H | H |H=H-H|.,-1%
(b/f%) | (in) | () | = (in) H,
500 | 0.6947 | 0.441 0.2537 0.575
1,000 | 0.6850 | 0.441 0.244 0.553
2,000 | 0.6705 | 0.441 0.2295 0.52
4,000 | 0.6520 | 0.441 0.211 0.478
8,000 | 0.6358 | 0.441 0.1948 0.442
16,000 | 0.6252 | 0.441 0.1842 0.418
The e-log o’ graph is plotted.
0.6 T T T T T T 7T
05 _ -
\_\\"
e
.
0.4 T~
0.3 b3 e L 11§41 tal
400 1,000

o’ (Ib/ %)

10,000 20,000

b. From the graph, o/=940 Ib / ff

e,—e, _ 052-0478

¢c. C.=

o

4000

o> 22
2000

g

£

= 0.133
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W 117 g

10.6 = = = 1356 cm = 0.539 in.
4G,y g(z..s x 2.54)2 (2.72)(1)
Final height of
Pressure, 0’| specimen, H |H,=H-H,| o= ,
(ton/ f?) (in.) (in) H,
0 1.000 0.461 0.855
0.5 0.9917 0.4527 0.840
1.0 0.9844 0.4454 0.826
2.0 0.9562 04172 0.774
4.0 0.9141 0.3751 0.696
8.0 0.8686 0.3296 0.612
The e-log o’ graph is shown.
085 o0
W
g 0.80
g0.75
E070r
g .
065
0.60 |-
1 1 1 I} ]
0.5 10 20 50 100
Pressure, o’(ton / ft?)
107 a § =G log(a" +4o0 J
l1+e, o,

C,=0.009(LL - 10) =0.009(50 - 10) =036
: H
0o = Yagandy Fh ¥ saysangy — 6241, +[ Y sauclay) ~ 62«4]7
= (110)(8) + (115— 62.4)(15) + (120 62'.4)(-1:22) =215861b/ &?

_ (036)(17x12), (21586 +1000
‘ 1+09 21586

) =6.39 in.
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109

b. §,. = C.H log(a—fJ+ CH log(a" tao )
o3

l+e, o, l+e, ’
_ana2)[036 log( 2600 ]+ 03 6log( 3158.6 379 in.
14091 6 21586 2600
G,y, (268X98)) 3
108 =—lw _ =1643 KN/
Van) = e =T 1406 3N/ m
_(G,+e)y, (268+06)(981) _ s
Yeuanty = 7777 = 1+06 =2011kN/m
i = (G, +e) 7, _ @75+12098D) _ ., 6 KN / m’
l+e 1+12
o), = (1643X2) + (2011 - 9.81)(15) + (17698 1)—2;— = 5806 kKN / m?
C,=0.009(LL - 10) = 0.009(45 - 10) =0.315
5, = (0.315)(2.5 x 1000) 10g(58.06 + 140) _ 190.8 mm
1+12 58.06
o = G, 7w _ (267)981) _ 1658 KN/
1+e 1+058
(G, ~Dy, _(267-1)981) 3
P = =1037 kN /
Visnay i+e 158 m
ety = @, Dy, _ 272-DO3D =803 kN/m’
l+e 1+1.1

o’ = (15)(1658) + (15)10.37) + @)(8.03) = 4846 kN / m?

C, = 0.009(LL - 10) = 0.009(45 - 10) = 0.315
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CH (o) CH, (o +Ac’
S, = log + log| —=2
I+e, o, ) l+e, oL
(.9.‘_32)(2) :
5 160 | (0315X2). (4846+140
21 °g(4s‘.46) 21 °g( 160 ] 00524 m =524 mm
1010 ¢, =-97%__12-095 0,

€ —ée;

’

B o3 -1 @J
lOg(a'] Og(110

=Ty e Te -C, 108[0_
log[ 3) !

e; =11-0419log 32 =0.872
1

1012 T, = ;—2’

dr

U =50%;

0197 (0002 em’ / 5)t

(25>< 100 cm)
2

t=17.8 days

T, =0197 .

?
%
!
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10.13 The e-log o’plot is shown.

11—
o,=0.7 tsf; e, = 0.96;

o;+Ao’=251sf,e=0.79. | 1o

Ae=0.96 - 0.79=0.17

1 T

07 ton/ ft?
]

e 09
_ HAe
¢ l4e,
_ (15x12)(017) 08
1+096
=78 in. 0.7 '
7.8 in 01 03
Ae
d, - Ac’

1014 a. m, =

l+e,, - I+e,,
Ae=¢ ~e,=182-154=028

Ao’=o; - a{=400 - 200 =200 kN / m*

. = 1.82 +154 _ 168
(50)
200 2
= —={.000522 /kN
17168 m AR
k )
b. ¢, = =0.003 cm” / sec
mvyw
_ k
2 2 9.81 ) 3
(0.000522 x 100° ¢m” / kN) ™ kN /cm

k=153 x 107 cm / sec
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t
1015t =—2L =

2 T g2
L@n HF(dr)

v

HE ot in.)>
t; = F(:') L (0x12 1n..) (1240 ) - 8,064,000 sec = 93.3 days
Hi (0.5in.)

c,t
2
@)

10.16 Equation (10.58): =T, « U2

n _UP 933 50°

t, U2 1, 30

t, = 33.6 days

( Ae J (0.81—0.7)
1017 2 my=-—% 1A A120=50) _ 000895 m? /KN
l+e, l+e, 1+(0'81+0'7J

2
~7
¢, = F__ 31x 107 m/s - =3531x107 m? / sec

m, 7, (0.000895)9.81 kN /m>)

2
I (0..197)(% m’) |
by, =4 = S = 0.00223 x 10 sec = 6.2 hrs

c, 3531x 107" m* /sec

b 5, = AeH _ (081-07)(4) _ 0243 m

" l+te, 1+ 081

S, at 50% = (0.5)(0.243) = 0.1215 m = 121.5 mm

Ae ) ( 0.81-0.73

1018 m, =% =(A°’ - 20-0"100) = 0451910 m® /KN
l+e, l+e, 1_’_[0.81+0.73)

2
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0.025
0.1 e
__nm (%S

J2
. . = o =09x10~° m? / min

k=c,m,¥,=(0.4519 x 10° m? / KN)(0.9 x 10 m* / min)(9.81 kN / m)

=399 x 10®° m / min

Cva _ cvtF

1019 T, = =
H ? {dr) H 2'(dr)
bt 150 sec __
Hiw Hig (Mm) (3 m)*
2

t. = 8,640,000 sec = 100 days

(Ae)
1020 a m, =—% _AAC
l+e, 1+e,,

Ae=121- 096=025
Ag’=4-2=21ton/f?

121+0.96
W

So

= 1085

m, = —-3-—)— ~006 8% /ton
141085

_ -+
¢, =—F - 18x19 = 00962 ft* / day

v (006 /2 /ton)( 624 ton/ftz)
2000

( 0.25

:. _TH _ (0286X9)°

= 240.8 d
0= 0.0962 0.8 days
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10.21 a.

1022 a

_ e—e _121-096
= = 2
)0
o} 2

S‘ _ Q H log(o*o + Ao ]= (083)(9) log(%) =1018 £

C, =083

l+e, fo gl 1+121

]

S at 60% = (0.6)(1.018) = 0.611 ft = 7.33 in.

Ae [1.2-0.95J
_\Ag’/ \220-110

_ 4 2
m, ire. = L 57095 —-10.95.x10 m-* /kN
k
¢, =
m, ¥y
2 k
00036 cm” /sec =
—4 2 2 9.81 3
[(10.95x 107" )(100)° cm* / kN] 100? kN /cm
k=3.87 x 107 cm / sec
oy = c;;zgo . 0848 = ¢, (120x 24 x 60x260)
& (-If-x 12 % 2‘54)
2
¢, =4.27 x 10" cm? /sec
by lhea . L _ 120 x24 x 60 % 60
=2 > 7= 2
Higy  Higgiow ( 15x 254) ( 15 1oxas 4]
2 2.
by, = 720 sec
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1023 a U(%)z(%g-)(IOO)=37.5%

b T, =52 U=50% T,=0197
H

dr

0.003¢

0197 = ——
(400 cm)

o = 10,506,667 sec = 121.6 days

0.003¢
&3l
2

ts, = 2,626,667 sec = 30.4 days

Ao, +4A0,, + Aoy,

10.24 Equation (10.66): Ac., =

6
Equation (9.39): Ao'= gl
m=L=3_3 5B _o5m; n =2
B 1 2 b
m| z | b |n q I Ao'=gql,
(m) (KN/m?) |Table9.10 | (N/m?
311 |05]2 ;gol =333 0525 | 1748=A0;
32 |os]|4 33.3 0.241 8.03=A0g,
3 |os]e6 33.3 0.13 433=Acy
por, = 1148+ x6s.03) +433_ 000 oN/m?
G,y, +WwG,y, (2.TX981)1+035) ;
- = = 1838 kN/
Y satetay) 1+ wG, 1+(035)2.7) -

0;=(1 x 14.5) + (1)(17.8 - 9.81) + (1)(18.38 - 9.81)=31.06 kN / m?

C,=0.009(LL - 10)=0.009(38 - 10) = 0.252
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P

02522 | ( 3106+ 8-99J ~ 00286 = 28.6 mm

1+(035x2.7) 31.06
L 15
1025 Z=m =—=1
B 15
b= B _z I
m|z |°T2 (MR q Table 9.10 | Ao’=gI;
m | (m) (kN / m?) : (kN / m?)
1 | 075 | 1.33 33.3 (.56 18.65
075 | 267 33.3 %0.285 9.49
3107514 33.3 =(.108 3.60
Aot = 1865+ (4 >; 949)+36 _ 1004 eN / m?
5. - (0252)(2), (3106+1004) _ 00315 m = 315 mm
1+ 0945 3106
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CHAPTER 11

a. Normal stress, 0= 192 KN / m’; shear stress, 7, = 120 kN / m’

-1 rf -1 120
f= —|=tan"| — = 32°
#' = tan [o") (192]

b. 7 = o’tang’ =200tan32 = 124.97 kN / m’

11.1

50 x 50

hear force, § = ( 7, ) —o >0 _
Shear force, § (ff)(looomooo

) = (124.97)(005)* = 0312 kKN =312 N

11.2  Shear force, $= (2 x 2 in?)(o tang’) = (4)(15)(tan41) = 52.16 Ib

113  Area of specimen = [%)(0..05)2 =0.0019634 m* = 4

Test [ Normal | _, _ N | Shear o =51, A 7
No. | force, N A |force,S| /4 ¢’ =1tan o'
AN) [WN/m)] N) |&N/md)
1 250 1273 | 139 - 70.8 29.08
2 400 203.7 222 113.1 29.04
3 500 2547 279 142.1 29.16
4 550 280.1 308 156.9 20.26
A graph of 7 versus o’ will yield ¢' = 29.1°,
114  Area, 4 =0.0019634 m®
Test | Normal [ _, _ N | Shear _S K
No. | force, N[ © ~ 4 |force,s| 74 | # =tan (?J
N |GKN/mH| N) | &N/
1 200 101.9 82 41.8 223
2 300 152.8 120 61.1 21.8
3 400 203.7 160 81.5 21.8
4 550 280.1 . 220 112.1 21.8

A graph of 7; versus o’ will yield ¢’ = 21.9°.
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11.5 Equation (11.8). Withc' =0

ol =g} tan2(45 + %J = 105tan’ (45 + 32-6-] = 404.4 kKN / m?

Ady,=404.4 - 105 =299.4 kN / m?

11.6 a. Equation(11.4):

9=45+——-=45+£=63‘°
2 2

b. From Equations (9.8) and (9.9):

L TitOL 1= g 40444105 4044-105 oo
2 2
= 3508 kN / m?
;= Ci=05 g ﬂ“"‘z‘lﬁsm@x 25) = 11468 kN / m’

For failure, 7, = o”tang’ = 350.8tan36 = 254.9 KN/ m_2
Since the developed shear stress ris 114.68 kN / m?, which is less than 254.9 kN / m?,

the specimen did not fail.:

117 ¢'=25+0.18D, =25 + (0.18)(60) = 35.8°

o, =0} m2[45+%) = 18tan> (45+§§—’8) =68.71b/in.?

11.8 o{=0;+A0,,=140+264 =404 KN/ m’

o} =0} tan’(45 +%)
' 0.5 0s ) .
¢ =2tan | ZL| _a5(=2 tan-’(f?i) _45|=29.03°
g} 140
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1.9 o] =03+A0yy, =0} tan2[45+%)

A
TR N— 23 = =14731b/in’
tan2(45+—g—]-l tanz(45+-§~)—1
A o
1110 o} = Ganr 180 12296 KN/m?

tan2[45+%)—1 tan2(45+32§]—1

111 a a{:agtanz[45+%); (300+350)=300tan2(45+%J
¢ =21.6°
b o=45+2 45+ 210 5580
2 2

¢. From Equations (9.8) and (9.9):

650+ 300 + 650-300

o' = .0', -;-0'3 + 2 -2- éa_ cqs29 == 5 ?08(2 x 55.8)
= 410.6 KN/ m?
ol -0} 650 —300

T= c0s28 = —2-—-—--cos(2 x 558) = 162.7 kN /m*

1112 o} =0} tanz[45 + %J +2¢' tan(45 +%J

Specimenl: (15+314) =464 = 15tan? [45 + %—») +2¢ tan(45 + %J

SpecimenII: (25+47)y=72=25 tan2{45 + %J +2¢' tan(45 + %)

Equation (b) minus Equation (a):

72 - 464 = 10tan? (45 + %J ; 9 =26°
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From Equation (b):

72~25tan2(45+2—6

5 2 ) =2491b/in.?

=

1113 o) = 36tan2(45 +-2§6~) +(2)(2.49) tan(45+329J =1002 1b/ in.?

11.14 ¢'=0

Ao
o4 = olC2 NE— L9 =0.59 ton / ft*

tanz(45+i’-’-)--1 tan2(45+§-§-)—1
2 2

05 ‘
1115 0'130‘3tan2(45+-gj; ¢=2|itan"(12-:;'l4j —'45:l=16°

" ' | 05
a;=a;tan2(45+ﬂ); ¢ =2 tan-‘(12+9'14‘6‘83] ~45|=28°
2 12-683 ) |

05
1116 ¢=2[tan"[%a%g£) _45]=18°

05
= (5T sl

1117 a o, =0, tan2(45+g)

[13
$= 2[tan"'(10f;597) - 45] =18.4°
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b. o= agtanz(45+%)

Aud(f) =502 KN/ mz

1118 o =0} tanz(4s+%—) = 105tan2(45+%)-= 2908 kN/m?®

Ao, ,=290.8 -105=185.8 kN /m*

1119 o, =0, tan’ [45 +§) = 15tan? (45 + 22—2) =32971b/in?

Ady,=32.97-15=17.971b/in.?
o} =0} tan2(45 + i;—)

Audm = 7.01 b / in-z

1120 g,= 0, - 0,=2800 - 1500 = 1300 Ib / ft*

1121 o} =0o} tanz(45+5;—J

Audm =-68.5KkN/ mz
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140-A
1122 204 _ a2 (45 + EJ
Audm = - 134.6 kN / lr.l.2
11.23 a.
Test | o} +0; o —-0;
No. 2 2
(Ib/in?) (b/in?
1 50 23
2 30 18

g’=m+p’tane
23=m+ 50tana
18 = m + 30tana

m=1051b/in2 a=14°

b. ¢ =sin’(tane) = sin''(tan14) = 14.44°

, m 105
ol =

= = =10.82 1b/ in.?
cosa cos(14)

1124 25 _ 011400037 P1
0'0

o’=(3)(17) + (3)(19.5 - 9.81) = 80.07 kN / m?

Cavsny = [0.11 + (0.0037)(18)}(80.07) = 14.14 kN / m?
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CHAPTER 12

121t0 124 K, =(1 - sin ¢")(OCRy™’

,' . . ¢' . ) _ H
Problem (deg) K, P,=%K, yH 7=3
121 | 35 |0.634 | (4)0.634)(18.1)(5)° = 14344 KN /m | 1.67 m
122 | 30 |05 (%4)(0.5)(90)(16.5)* = 6125.6 Ib / ft | 5.5 ft
123 | 38 (0675 (%)0.675) (175 =143.44KkN/m | 1.67m
24 | 40 ]0463| (4(0463)(115)187 ~86257Ib /%t | 6
12510128 K, = tan2(4 -%]
Problem 4 K 0lin=K H. P,=hK yH? -E—ﬁ
(deg) a a(z=Hy = 15q Vi a= 28, Y =3
125 | 32 | 0307 | 0.307)(110)(10) | ¢4)0.307)(110)(10)* | 3.33
=33771b /1 =1688.51b/ft
12.6 28 10361 | (0.361)98)(12) | (%X0.361)(98)(12° | 41t
=424.51b / ft* =25471b/ft
127 | 36 |026 | (026)17.6)3) | (%)026)(17.6)37 | 1m
=13.73 kN / m* =20.59 kN /m
128 | 40 |[0217 | (0217)18.2)(6) | (%)(0.217)(18.2)(6) | 2m
=23.7 kN / m*® =T71.09 kN/m

Note: 1. Pressure distribution is similar to that shown in Figure 12.13a; that is,
o,=0atz=0and 0;=K,yHatz=H.
2. 7is the distance measured from the bottom of the wall,
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129101212 K, = tan2(45+%)

Problem (dzg) K, Oprin = K, YH P,=%K yH* z= ~€I—
12.9 34 | 3.537 1 (3.537)(110)(10) | (%2)(3.537)(110)(10)? | 3.33 f¢
=3890.7 b / ft* =194541b/ ft
12.10 36 | 3.852 | (3.852)(105)(12) | (*£)(3.852)(105)(12)? | 4 ft
' =4853.5 b / ft =292121b/ ft '
12,11 31 13124 | (3.124)(14.4)(5) | (*£)(3.124)(14.4)(5)* | 1.67 m
' =224.9 kN / m? =5623kN/m |
12.12 28 1277 771354 | (BAR.ID(13.5@) | 1.33 m
=149.6 kN / m* =299.2kN/m

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

12.13 X, = tan2(45 —%) = tan’ (45- 22(2) = % Refer to the figure.
S o, (Ib/ ) u (Ib/ %)
I‘ 0 > »
5 175
5
1
@ e @
I
10 L2743 | 312
v | v
Depth (it) Depth (ft)
z=0f: o0,=0,K,=0;, u=0
z=5ft: o,=105G)B)=1751b/8% u=0
z=10f 0%, =[(105)(5) + (122 - 62.4)(5))(*s) =274.3 b/ 2

u=(62.4)(5)=312 b/ f?
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Azea No. Area
1 (A)(5)(175)= 4375
(175)(5)= 875
(72)(5)(274.3 - 175)=248.3
(%)5)(312) = 780
P,=%2,34081b/ ft

BN

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

[(43 75)[5 + g—) +(87 5)(%) + (243.3)@) + (780)@)}

23408

_2916.7+21875+4138+1300
23408

Z =

=291 ft

12.14 K, =tan® (45 - 3—24-) = 0.283, Refer to the figure.

84.9 O,(b/ 1) u(lb/ ftd)
I 0 -» — &

- E

6

@
20f e o
v
Depth (ft) Depth (ft)

z=0f: 0,=0,K,=(300)(0.283)=8491b /8% x=0

z=61f: 07, =[300+(6)(110))(0.283)=271681b/f% u=0

-89-




z=20ft: o/, =[300+(6)(110) + (126 ~ 62.4)(14)](0.283) = 523.66 Ib / ft*

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 (2)(14)(523.6 — 271.68) = 1,763.44
5 (*2)(14)(873.6) =6,115.2

P,=Y12,751.91b / ft

Location of resuitant: Taking the moment about the bottom of the wall,

(1,698)(%9) + (560..34)[14 + g) + (2,614..92)(1;)

+(l,763.44)(‘%‘—J +(6,1 152)(1_34-)_
] 12,7519

_ 16,980+ 8,96544 +18,304.44 + 8,229.4 + 28,537.6
12,7519

ty
il

=635t

1215 K, = tan’ (45 - 322) =0333; K, = tan® (45 - %) = 0.26. Refer to the figure.

X

o, (kN / m?) u (kN / m?)
"

23.16 29.43

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, =[(155)3) + 15)(0.333) = 20.48 KN / m?
0%y = 0%, K = [(15.5)(3) + 15](0.26) = 15.99 KN / i
u=0
z=6m  0,=0,K,=[15+(155)3) + (19 - 981)(3)](0.26) = 23.16 KN / m?

u=(9.81)(3) = 29.43 kN / m?

Area No. _ Area
(6)(5)=30
(*2)(3)(20.48 - 5) =23.22
(3)(15.99 - 5)=32.97
(*2)(3)(23.16 - 15.99)=10.76
(2)(3)(29.43) = 44.15 _
P,=Y141.1kN/m

ik |WiN]—

Location of resultant: Taking the moment about the bottom

6 .. 3 3 (3 3
(30)(-2—) + (2322)[3 + 5-) + (32..97)(5) + (10..76)(3) + (44.15)[§J
1411

_ 90+9288+4946+1076+ 4415 _ 28725
B 1411 1411

F=

=2.04m

12.16 a. Equation (12.23):

7zcosaJ 1+sin® ¢' ~2sin g’ cosy,

o, =

cosa + \/sinz ¢' —sin’ a

v, =sin”| 2% |_ g +20= sin“(sf“ 10-) ~10+(2)(5) = 20.32°
sin ¢’ sin30

o = (15)@)cos 10)y/1+sin? 30 - (2)(sin 30)(c0s 2032)

a =227 kN/ m?
¢0510 ++/sin? 30~ sin’ 10
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Equation (12.25):

B=tan"" sing'siny T (sin30)(sin20.32) —18.1°
1—sing'cosy, 1-(sin30)(c0s20.32)

b. Equation (12.27):

cos(a — @)1 +sin’ ¢’ — 2sing’ cosy,

cos’ H(cosa +sin’ ¢ —sin’ a)

Ka(R) =

_ cos(10- 5)«,/ 1+sin? 30 — (2)(sin 30)(c0s20.32)
cos? 10(cole ++/sin? 30 — sin? 10)

= (394

P, = % VH K,z = -%-(15)(4)2 (0394) = 47.28 kN /m

Location and direction of resuitant: — 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 {

12.17 This is a Rankine case since §'=0. P, =%;HZKP(R)

cos(e - 6)\/1 +sin® ¢ +2sing’ cosy

‘cos? B(cosa ~ |Jsin® ¢’ —sin’ a)

Equation (12.33): Kpz) =

a=0; 0=10% ¢'=36°

v, =sin” 0 |+ a-20= sin“_‘( Sing )+ 0-(2)(10) = —20°
sin ¢ sm3_ﬁ _ .

c0s(0 — 10)4/1+ sin® 36 + (2)(sih 36)cos(—20)

= 3855
cos?(1 0)(0050 — «/sin? 36 — sin® 0)

KpcR) =

P, = %(16.5)(3)2(3..855) =286.2 kN/m
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Equation (12.32):

B =tan™

sing’siny, | tan-1,__Sin36sin(-20)
I+sing’cosy, 1+ (sin36)[cos(-20)]

}=

-7.34°

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

12.18 K, = tan2[45 +22(-)-J = 3. Refer to the figure.

| &, (ib/ ) u(lb/ )
S
N N0
5 1575
:
@ i@ )
i .
10 2469 312
v ' v
Depth'(_ﬁ) - Depth (ft)

z=0ft: o;=0; u=0
z=5ft: 0,=y2zK,=(105)(53)=15751b/ft}; u=0
z=10ft: o,=[(105)(5) + (122 ~ 62.4)(5)](3)=2469 Ib / ft?

u=(62.4)(5)=3121b/ f2

Area No. Area
1 (2)(5)(1575)=3,937.5
2 (5)(1575)=17,875
3 (2)(5)(2469 - 1575)=2,235
4 (2)(5X312)= 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
(393 75)[5 + -5) + (7875)(5) +(223 5)(5) + (730)(5)

zZ= =3.44 ft
14,828
1219 a. H=45m;¢,=193kN/m% y=19.6 kN/m? ¢#=0
Ka =tan2(45"§'J=l; aa =}e_26n _386kN/m2
e
At the top (z = 0): | T
o,=-2¢,=(-2)(19.3)= -38.6 kKN / m* 197m
At the bottom (z = 4.5 m): , _l
g,=(19.3)4.5) - (2)(19.3) T
= 86.85 - 38.6 = 48.25 kN / m? 253 m
The pressure diagram is shown. ¥
]
48.25 kN / m?

b. Equation (12.49):

2c, (2X193)
¥ 19.6

=1.97m

z, =
¢. Equation (12.51):
P, = % yH? —2¢, H= [%)(196)(4.5)2 ~(2)(193)4.5)=24,75kN/m

d. Equation (12.53):

. 2
o= =201+ 2 <D0 - @19 9049 + D

196
= 62.76 kN /m |
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12.2G a.

Resultant measured from the bottom:

H-z, 45-197

=084 m
3 3
- ~2¢,.f
To =0, K, ~2c,yK, ~30.6kN/m? -
—
g,=prtg K,=1
Atz=0: T
1.56 m
0,= 8 kN / m? l
g,=8 - (2)(19.3) =-30.6 kN /m? ¥
Atz=45m:
0,=(19.6)(4.5) +8=962kN/m? > ¢ ™
0,= g, - (2)(19.3) = 57.6 kN / m?
h 4

The pressure diagram is shown.
P g | [ —57.6 KN / m2 ——¥]
9,=0. (yz+¢g) - 2¢,=0.

_2,-q _386-8
¥ 196

z, = LS6m"

Referring to the diagram in Part a:

P = (_21-](2..94)(57.6) - (%J(BOAS)(I.S_G) _ 608 kN/m
P = (—3(2.94)(57..6) ~8467KN/m

Location of the resultant from the bottom of the wéll= 13—4 =098 m
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1221 K, = tan2(45 ~ %) = tan2[45 ~ 12—6J =0568; /K, =0.754. Equation (12.52):

2
P = -;-Kaﬂ-lz 2 KoH+ 2
¥

= -;—(0568)(19)(5)2 ~(2)(0.754)(26)(5) + -@(sz)i =10.02kN/m
12.22 Equation (12.63):

z, = 2c 1+an¢ _ (2)(88) l+sTn25 =251 %
7 Y1-sing’ 110 ¥1-sin25

Atz=0f: o/=0

Atz=15f: o]= yzKjpcos

c.___ 8 _ 0053
z  (110)(15)

For @=10°, ¢’ =25°, and = 0,053, the value of K, », ~ 0366
¥z

o= (110)(15)(0.366)(cos10) = 594.7 Ib / fi?

P, = 21(15 —251)(594.7) = 3714 b/ ft

12.23 Use Equations (12.68) and (12.69).

a=0; 6=10°% ¢ =36°% y= 18kN/m3;H=5 m

_1 2

Part | &/ K, £ = "Z'K; i
(deg) [ [Equation (12.69)] | [Equation (12.68)]

1 | 18 03118 70.15kN /m

2 | 24 0.3137 70.58 kN / m

P, is located at 2 vertical distance of 5/3 = 1.67 m above the bottom of the wall and is
inclined at an angle 6”to the normal drawn to the back face of the wall.
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1224 a. ¢'=38%y=90-80 -8 =90~ 5 - 20=65°

Weight of wedge 4BC = %-(1 16)(7.1)(128) = 5721 1b/ ft = 5.271 kip / fi
¥

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

(%)(20)(4)(123) =51201b/ft=5.12kip/ f

Wedge Weight (kip / ft)

ABC 5.271
ABE 5.271 +5.12=10.391
ABF 1106391 +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.

A

20 ft

P,=52kip/ft

Scale

LA

L.oad scale

4kip/ft
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b.

¢’ =34°% =90 -0 - 17 =73°

Weight of wedge ABC = %(16)(9)(1 16)=83521b/ ft ~835kip/ ft

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

GJ(4)(22)(1 16) = 5104 b/ ft = 5.10 kip / £

Wedge Weight (kip / ft)
ABC 8.35
ABE 835+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,=63kip/ ft.

98-

<-P,=63kip/ft

Scale

—————— 4 ft

e—_ 4
Load scale

Akip/ft,




- (GB0OO8D _ 1448 1N/m®; ¢'=30° gr=90-10 - 30 = 50°

1000

Weight of wedge 4BC = -%(5.25)(25)(16.48) =10815kN/m

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

[%)(1)(6..5)(164.48) — 5346 KN /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,=125kN/m.

-99.

65m

P,=125kN/m

Scale
1m '

| Load i

scale

S0KN/m




12.25

12.26

1227

Equation (12.74): P, = 5]-;/ H*(-k )K"

J 2
k=0, 8=0; a=0; ¢'=35%—=—; k, = 0.3. From Table 12.9, X “=0.486

s 3

P,.= —(15)(6)X(1 - 0)(0.486) = 1312 kN /m

1
2

For ¢'=35°, —‘;;- = -i— From Table 12.6, K, = 0.2444.
P = -;—szKa = %(15)(6)2(02444) =66kN/m

Equation (12.83):
H 6
P, [-3—) AP, (06 H) (66)(3-] +(1312 - 66)(0..6 x 6)

z= = =28m
P, 1312

Equation (12.84): P,.= yH - zy’N,, - ¢ (H - z)'N/,
Given: z, = 0; 8=10°% ¢'=15%k,=0.15
Nz =N, = 1.75 (Figure 12.33); N,, = 0.3 (Figure 12.35); A = 1.3 (Figure 12.36);

Ni,= AN,

ay"

So,

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

z,=0;n=0; §=5°% ¢'=20°%k,= 025N, = 1.65 N,, ~ 025; 1~ 1.65; N/, = AN,,
Equation (12.84): |
Pp=YH-zYN;, - c(H- 2N,
= (100)(10 - 0)*(1.65 x 0n25)..~ (200)(10 - _6_)(1.65) :

=4125-3300=8251b / ft

-100-




CHAPTER 13

13.1 Equation (13.10): 2, = >

H 3 __ 319m; y=155kN/m’.

HIK,

1o cos@ cos20

From Figure 13.4, with 6=+20° and ¢’ = 35°, the value of K, 5.4y = 5.3

5245

2207,
¢ 35

From Table 13.1, R = 0.836. K, =(5.3)(0.836) = 4.431
P,= %(15..5)(3.19)2(4..431) —349.4kN/m
132 9 -2 Equation (13.10): P.= Ly
3. —-—E quatlon( . 1 ). r '2—}’ IKP

¢'
0=0;, H =H=15ft; ¢’ =30° «=0. From Figure 13 .4, K s=py = 6.2

From Table 13.1, for ¢’ = 30° andg-; _ % the value of R is 0.85, So

P,= %(100)(15)2(6.2 x 0.85) = 59,288 Ib / ft

133 Equation(13.14): P,= é- yHK,

& = %¢' = 20°. From Table 13.3, for ¢’ =30° and 6'=20°, K, = 4.4

P,= %(100)(15)2(4..4) = 49,500 b / ft

LA -1-2- = +04. From Figure 13.5, for% =+04and ¢'=30° K, gupy 9.8,

13.4
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From Table13.2, R = 0.686

P,= % YH?K, = - (14.8)(2.5%(9.8 x 0.686) = 311 KN/ m

1
2

13.5 Equation(13.15): P =-;~ yHK *

For ¢’ = 30°, ; =%— 05,k,= 0, and k, = 0.3, the value of K * = 3.7 (Figure 13.9)
%(16)(5)2(3 7)="740 KN/ m

136 n,=2D_04. §'=35%6'=20°. Table 134: —12_ 0248
S5m 05yH

= (0.248)(0.5)X16)(5)* = 49.6 kN / m

137 5, =28m_ 44

156m

o __ 28
WH (18(156)

5

=0.122
05y H*

From Table 13.5, for ¢’ = 20°; 6= 15°,

P, = (0.122)(0.5)(18)(15.6) ~ 267.2 kN

13.8 Refer to Figure 13.15.

o, = 0.657H tan® [45 - %) (0.65)(16)(9) tan® (45 - 3’2-9) 312 kKN /m?

Refer to the diagram on the next page.
24 =(31.2)(3)(%)

A=702KN/m
Hence,
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B, =(31.2)(3) - 702 =234 kN /m
PICLE RSPy

Again, taking the moment about C,, we have
2D =(31.2)(4)(%)
D=1248kN/m
So, G, =(31.2)(4) - 1248=0
The strut loads are as follow:
At level 4:
(A)(s) = (70.2)(2) = 140.4 KN

At level B:

(B, + B)(s) = (23.4 + 31.2)(2) = 109.2 kN

Atlevel C:
(O)s) = (C, + C)s)
=(31.2+0)(2) = 62.4 kN
At level D:

(DXs) = (124.8)(2) = 249.6 kN

-103-
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1 m

A
| - 31 2 kN / m? —»

2m

€— 31.2 kN / m? -p|

4 31.2 kN / m? ~»
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CHAPTER 14

14.1 Equation (14.15):

F,= ¢ + tang’
*  yHcos’ftanf tanf
952 1:1 N tan 25
(18X H)Xcos” 20)(tan20) tan20
25= 3'4—24- 1.28
H
H=198 m

14.2  Equation (14.16):

H,=<—; 1 =[250) = 1 = 26.8 ft
y cos’ ftang—tang’) {110 )| cos® 20(tan20 — tan 15)

_ (1850)(981) _

143 ¥, 1005 18.15 kN /

y' =18.15 - 9.81 =834 KN/’

Equation (14.18):

_ c'! + yf tan¢!
Y sar Hcoszﬂ tan By tanf

N 25 834 tan20
(1815)(8)(cos” 15)(tan15) 1815 tan15

s

= 1.3_1

144 y = (G*;;e)” v = .(2‘-7;'+°§;62'4 =1287 Ib/ ft°
e X

y' =1287-624=6631b/ 1
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_ c! + yl' tarl¢l
Y Heos’Btanf  y ., tanf

_ 500 , 663 tan20
(128.7)(20)(cos® 20)(tan20)  128.7 tan20

]

= 0604 +0515~1.12

145 Equation (14.42):

_4c’| _sinBcosg’ _(4)9.6)| sin60cosl0 | _ 5 83 m
“ y ll-cos(B-¢)| 1572 |1-cos(60-10) |
146 H, =_4_1£'_ sinf cos¢’ _ (25X4)| (sin45)(cos20) —394m
¥y | 1~cos(f—¢") 18 | I—cos(45-20)
25 .f tan20
7 = 2L.0. '=C—=-—= 2. ’=tan](_..._..__.J-_— . [+)
147 F,=25; ¢, F =35 10 kN /m*; & X 8.28
From Equétion (14.40):

b 4l [ sinf cosg/, ] _ (40 [ (sin45)(cosS.2_8)]

=7.84m
¥ |1-cos(B—¢}) 18 | 1-cos(45-828)

14.8 H=4c"[ sinfj cos¢ ]; y=1151b/&°

¥y [1-cos(8-¢,)
_f tan13 '
#, = tan '(—F—] ¢ ==
F s(assumed) * F’ ﬂ H
(deg) (b/f) |(deg) | () -
1.6 9.5 125 60 | 102
1.8 847 111 60 8.75
1.76 8.66 113.6 60 | 9.01

F,=1.76

149 p=1700kg/m’®
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_ (1700)9.81)
1000

=16.68 kN/m’
¢’ =18kN/m¥ ¢ =20°

p=tan (2] =26.57°

18
F'=2; c; = S =—2—-—= 2
bu =tan"'[ )-—ta (mzoj_ 1031°

g ey | _sinfeosg; | (4)9) [ (sin26.57)(cos1031) ] —2374m
B 1~cos(B—¢4) | 1668 [1-cos(2657-103D) |

14.10 m = 0,185 (from Figure 14.9). Equation (14.47):

G 500
“ " ym (110)(0185)

= 24.56 ft — Toe failure

14.11 m=0.185 for f=56° (Figure 14.9):

¢, 500 )
=% 2 a00m/a
“=F =25
I R Y ¥
ym  (100)0185)
1412 B=tan" —:— = 6343°. For B= 63.43°, m=0.196 (Figure 14.9)
z)
6= 2 23255 160 i
F- 2
e 16275

=22 439
ym  (189)(0.196) "
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3255
1413 H, =S =__222° _878m
T ym  (189)(0.196)

Since # > 53°, it is a toe circle
Refer to Figure 14.14 and Example Problem 14.5,

H

r= or

) L]
2 sing sin—
2

From Figure 14.10, & ~37°;, 8=~ 69°. So

8.78 8.78 .
(2sin 37)(sm 69] (2)(0.6)%0.566)

=12.93 m

1414 a D= g?g-lau v = 18.5 KN/ 1. For f=40°, D=141;m=0175
Hcr=c_"
ym

¢, = (8.5)(18.5)(0.175) = 27.5 kN / m?
b. From Figure 14.9, mid point circle

¢. From Figure 14.11, n=0.7

Distance = nH = (0.7)(8.5) = 5.95 m

14.15 Equation (14.56): ¢, = a,H = (3X4) =24
Cu(z=0) 5
Equation (14.55): m = —2¢=0)
Table 14.1, m = 0.0478
5
00478 = ——>—: F.= 1.41
(18.5)(4)(F,)
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o M. B=30%H=12m;c,=40 kKN / m®

1416 F, =
yH

From Figure 14.16,for k,=04and D=1, M = 4

40

= m(4) =0.74

§

14.17 F, =%”{—M., B=60%c,=10001b/ % y=115 b/ f% H = 50 f1; k, = 0.3
#

From Figure 14,17, M= 3.3

1000

= Tineg O

1418 a. B= tan"'(-zl)=26.57°
F, 1

= =275
tang’ tan20

From Figure 14.22,

c

% 005
yH, tang
or

700 _ = 349.7 ft

05=
(110)(H,, )(tan20)

F, 1
tang’ tan25

1
=214. B= tan”| — [=1337°
A (1.5)

Figure 14.22,

—_ %0035 730 =0035
Y H, tang’ (110)(H,, )(tan25)

H,=417.8 ft
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c. B= tan"(%): 184°

£ o__1 =373
tang’ tan20
Figure 14.22:
c’ 30

0.05

yH,tang’  (I58)H, )tan15)

H, ~142m

14.19 B= tan"[-é—-) =2657°; ¢'=10°% y =1201b/f3, H=40 ft; ¢’ = 600 1b/ % ¢y =myH

7 A B ) =L
(deg) tang; (b / %) Cq
5 201 0.092 | 441.6 1.36
6 1.68 0.088 | 4224 1.42
8 1.25 0.078 | 374.4 1.60
10 1 0.064 | 307.2 1.95

The plot of F,. versus F . is shown.

From this

FC'= F¢r=F$=lo46

20

F,

¥

=146 /,

7’
I

+

7 F,=146

1.5

F,

2.0
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1420 f=45°% ¢'=20%c' =6001b/f% y =1151b/ A% H=25f

¢‘:r = tan¢’ m c’dxmyH , =£
(deg) tang, (Ib/ f?) €4
5 4.15 0.138 396.8 1.51
10 2.06 0.107 307.6 1.95
15 1.36 0.086 2473 2.43
20 1 0.06 172.5 3.48
From the graph, given
Fc»= F¢f=Fs=2.0
4 T '
3 —
F,.
2 a—
VA
1%
5
1421 B= tan"(ing =218% ¢ =12% y =17.5kN/m* H=10m; ¢’ = 18 KN/ mZ; ¢y =
myH
‘; L = tan¢’r m c’d=myH F|c' =£:_
(deg) tang; (kN /m?) s
5 2.43 0.088 15.4 117
8 1.51 0.06 10.5 1.71
12 1 0.042 7.35 2.45

From the graph on the next page, Fc,=- Fy=F,=1.6
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Problem 14.21

1422 p=tan G) = 45°

¢ ___ 18 _0786. Figure 14.22, —*_~69 *
yHtang’  (17.1)(5)(tanl5) : tang’

F,= (6.9)(tanl5) = 1.85

14.23 a. Refer to the figure. OP\
AN
40 \
~~=5in30°;, x=80ft -
P WO _3s™>~pr
__i(.)_.__... = sin35°
radius, R
R= _40 =69.73 ft
sin35




With radius R = 69.73 i, the trial failure circle has been drawn.
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The following table can now be prepared.
Slice - | Weight of slice,
No. Area of slices, 4 W,=Axy a, W,cosea, W, sing,
" 4i] (kip / ft) (deg) | (kip/f) | (kip/R)
1 (_26)2(ﬂ= 260 29.9 47 | 2039 21.86
2 “L@;-ﬂ =290 33.35 32 | 2828 1767
3 @)(3—22@ =520 50.8 20 56.19 20.45
4 (2_0)2@ ~ 200 23 5 22.91 20
Y127.77 Y6198




P ROc' +(XW,cosa, )tan g’
s YW, sina,

(6973)[(%)(70)](0.4) +(127.77)(tan 20)
B 6198

=13

(Note: Accuracy can be increased by increasing the number of slices.)

b. AsinParta, E—zsina; x= .H = ,5 =10m
x sing sin30
L=s' 2), or ,5 =R=778m
R 2 sin40

With 1adius R = 7.78 m, the trial surface has been drawn.
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The following table can now be prepared.

Slice Weight of slice,
No. Area of slices, 4 W,=Axy a, | W,cosa, | W, sing,
() N/m) | (deg) | (N/m) | (N /m)
1 Q‘%(ﬁ ~ 195 33.35 54 19.6 29.98
2 (—2)—(-2—'-2—@ =68 116.28 38 9163 | 71.59
3 @(4—‘2?—%@ =170 119.7 20 | 11248 4094
4 @-(;8-)- =42 71.82 6 71.43 751
¥295.14 Y150.02
ROc' +(ZW, cosa,, Jtan g’
F, = -
2W,sine,
(7.78) (—”—)(80) (18) + (295.14)(tan15)
_ 180 83

150.02

(Note: Accuracy will improve with smaller slices.)

1424 ¢ =25° B=26.57°r,= 05,5 115

-
nely

= =005
A (115X20) -

Using Table 14.1, the following table can be prepared.

D m’ n {(F,=m'-nr,
1 1.624 | 1.338 0.955
1.25 1 1.822 | 1.595 1.025
1.5 |2.143 | 1.903 1.19

F, = 0.96

-115-




1425 ¢ =20 f=18.43%7,=05;-°_ O

= = 0.05
yH  (20)(6)

Using Table 14.1, the following table can be prepared.

D m’ n |F,=m-nr,
1 11.840 ] 1.387 1.15
125 | 1.834 | 1.493 1.09
1.5 [2.011 | 1.705 1.16

F, =~ 1.09

14.26 r,=0.25; H=25f; f=30% ¢'=20%c’=1001b/f% y=115Ib/ &3

_yHtang’  (115)(25)(tan20)
- c' - 100

Ay = 1046

From Figure 14.29(b), for toe circle: N, = 25, D'= 1.05
From Figure 14.30(b), N, = 25, D= 1. So N,=25

_ N 25100) oo
Ty H T 15X25)

1427 4, =12End 7-5)(125())(tan 15)
4

=352

r,=0.5; f=20°

Figure 14.29(c): N, = 14,D = 1.25
Figure 14.30(c): N, = 15,D = 125,
SoN,=25;D=125

_ N 4500
ST oyH 11515
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1428 [=20°% ¢'=15%r,=0.5;, y=175kKN/m* ¢’ =20kN/m* H=15m

cr P ta!l¢r
1.2 0.0635 | 155 0.966
1.1 0.0693 | 14 1.075
1.0 00762 | 12.5 1.209
0.9 0.0847 | 11.5 1.317

From the plot, F, = 1.09

12

F 5 {calculated)
-
—
1

10

13

F s (assumed)

1429 f= tan'l[%)= 18.43% ¢'=25% ¢’ =12 kN /m’% y=19kN /m% r,= 0.25; H=12.63 m

cl ¢' tan¢r
F =

F, (assumed) v HF, ( de; ) Scateutated) = o
1.7 0.0294 { 15 1.74
1.8 00278 | 16 1.63
1.9 0.0263 | 17 1.53
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F\(calculatcd)

From the graph, F, = 1.72

19 T T

-
o0

,..‘
~i

16

L35 1.6 1.7

F,

s{assumed)

1.8
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15.1

152

15.3

154

15.5

CHAPTER 15

Equation (15.11): ¢, = ¢'N, + gN, + % YBN,
¢'=28° N,=3161; N,= 17.81; N, = 13.7 (Table 15.1)

dut = %" = %[(14)(3 161)+(07 x 168)(17.81) + %(16..8)(08)(!3..7):' =248 kN/m?

¢'=20°. From Table 15.1, N, = 17.69; N,=744; N, =3.64

g, = % = %{(142)(1 7.69) + (05 x 182)(7.44) + %(1 8.2)(12)(3.64)] =119.6 kN/ m?

¢ =0. From Table 15.1, N,=5.7; N,=1;N,=0

=4

a1 = -

%(ou N, +q)= %[(2600)(5.7) +(3x110)] = 3788 b/ ft*

s

-

¢'=20°. From Table 15.2, N, = 11.85; N, = 3.88; N, = 1.12

Equation (15.16): ¢, = gcw; +qN,+ 21 YBN',

Gy = ‘,IT; = %[(% X 14.2)(1 185) + (05x 182)(388) +2l(182)(1.2)(1.12)J

¥

=532 kN/m?

For continuous footing, Equation (15.39): A, = Ap=A,=1
Also, for vertical load: 4;=/1,=4,=1

SO, q,~ c'/lcd]\fc + q/lquq + % }fBﬂﬁNr

¢'=28° From Tables 15.3 and 15.4, N.=258;,N,=14.72; N,=11.19. From Table 15.5
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D ’
A, =1+02 2L w{45+¢’—]=1+02(£)m(45+§)=1z9
B 2 08 2
A, =2 =1+01 2 tan[45+ﬁ)-=1+01[-°'—7)w{45+2—8)=1146
“@ =" \ B 2 “Lo8 2, 7

g, 1](14X258)(129) +(07 x 168)(14.72)(1.146) ,
da = =3 +%(168)(0.8)(1.146)(1 19) = 2521KN/m

156 ¢'=20%N,=1483;N,=64;N,=2871 (Tables 15.3 and 15.4)

Ag =14 02(92) tan(45 + 2) =1119
12 2

Aga=Ay =1+ 0.1(?—;) m{45+ 329) = 1.06

o 1[(142X1483(1119)+ (05 182)(64)(106) 2
T = = 3]+ (182X12)2871X106 =102 kN/m

157 ¢ =0;N,=5.14;N,=1; N,= 0 (Tables 15.3 and 15.4).

Shape and inclination factors are equal to 1,

. . 1
9 = qF = F[cu ch’cd' +qlcd]

, D, 3
Table 15.5: A,=1+02 ) =1+02 35 L171; A, =1

G = %[(2600)(5..14)(1..171) +(3 x 110)(1)] = 3995 Ib / £

15.8 Equation (15.12): ¢, =gN,+04y'BN,. ¢'=35° N,=4144;N,=4541

g=vh+ y(D,- b)=(105 x 2) + (118 - 62.4)(4 - 2) =321 2 b/
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tuz Bz

52

Qall_?

[(321.2)(41.44) + (0.4)(118 - 62.4)(5)(45.41 )]ﬁ= 153 kip

159 ¢’ =25° From Table 15.1, N, = 25.13; N, = 12.72; N, = 8 34

1000
4.= 1.3¢'N, +gN, + 04y, BN,
g = yD,= (1.2)(17.66) = 21.19 KN / r?

Yo = %[yD + y(B - D)] - [Equation (15.24)]

D=h-D;=2-12=08m

_ (1980)(9.81) _

1942kN/m’.
1000

sat

T = T2 [(17.66)0.8) + (1942 - 981X(18 - 0.8)] = 1319 kN /

g, = (1.3)(23.94)(25:13) + (21._,19)(12..72) +(0.4)(13.19)(1.8)(8.34) = 1130.8 kN / r?

_ (11308)(B”) _ (11308)(18)

=1221 kN .
G F, ) 3 oA

15.10 ¢'=40° From Table 15.1, N,=8127,N,=11531

Qat = % = "Fl_[q N, +04yBN, ]= %[(0-92 x 181)8127) +(0.4)(1 SDIBYS3DT
] 3 : ’ ' . : (a)
= 4511+ 27838
670
9 =37 | | _ ‘ ®
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So, 7= 451.1+2783B
B

B =098 m

15.11 ¢ =35° From Table 15.1, N, = 41.44; N, = 45.41
G = %[(2 x 115)(41.44) + (0.4)(115)(B)(45.41)] = 3177 + 696.3B

= .939%9 = 3177 + 696.3B

B=4ft

15.12 ¢'=35° From Tables 15.3 and 15.4, N,=33.3; N,=37.152
| R
gy = qN; A, + > YB'N, A4,
g =321.2 KN/ m’ (see Problem 15.8). Table 15.5:

D '
hgg = A =14 0.1(-51’-} tan[45 + %—) =1+ 0..1(%) tan[45 + %5) = 1154

Ap=Ap =1+ 0..1(%)@? (45 + %) =1+ 0.1(%) tan’ (45 + %J =1369

g, = (321.2)(33.3)(1.154)(1.369) 4-%(55.6)(5')(3'72.152)'(1.154)(1..369) = 25,056 Ib /fi2

_ (26,056)(5)

W = " 3%(1000) P

15.13 a. For vertical load, Equation (15.43):
i :
4= qA, lquq+-2— A4, ¥B'N,

¢’ =0; ¢'=30° Tables 15.3 and 15.4: N,=184; N, =15.668
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TN

B'=B-2x=45-(2)(05)=35f; L' =451

Table 15.5:
35

Ags=A,=1+ 0..1(%)&»«12 (45 +%J =1+ 04.1(3Jtan2 (45+15) =1233

D '
Ay =4y =1+01] =L [tan| 45+ 9 ) 140133 tan(45 +15) = 1173
e "‘ B’ 2 35

g, = (105)(3.5)(1.233)(1.173)(18.4) + (0.5)(1.233)(1.173)(105)(3.5)(15.668)
= 13,944 Ib / f2

g.B'L' _ (13.944X35)45) _
F, (410000

O,y = 54.9 kip

b BP=6-2x05=50f1L =61
¢'=25°. Tables 15.3 and 15.4: N,=20.72; N, = 10.66; N, = 6.765
B'Y ¢ 5Y 2
A =1402{ = [tan 45+—2— =1+02 i tan? (45+12.5) = 1411

’

Ay =Ay =14+ 0.1(%) tan2(45 + %) =1+ o.,1(%)tan2 (575) = 1205
. D r
Ay =1+ 0‘2[?{) tan[45 + %-) =1+ 0..2(%) tan(57.5) = 1283

D 3
A=A, =1+ 0..1(3—{) tan(45 + %-) =1+ 0..1(‘-‘5-5-) tan(575) = 1141
0= N, Adog ¥ GN, A+ % YB'N, A4,

So
4, = (400)(20.72)(1.411)(1.283) + (120)(4.5)(10.66)(1.205)(1.141)

+(0.5)(120)(5)(6.765)(1.205)(1.141) = 25,709 Ib / % = 25.71 kip / ft*
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= (25.711(5 X 6) - 192.8 kip )

1 -
¢ q,= qA A N, + 3 ¥B' A AN,

B'=25-2x%x02)=21m;L'=25m

_ (2000%(931)

= 19.62 kN / m?
1000

¢' =42°. Tables 15.3 and 15.4: N,=85.38; N, =139.316

B’ py 21 42
/Iqs = /1;4- =14+ OI(EJ tan® [45 + ?) =1+ OI[EJ tan® (45 + —2—') =1424

D ’
Ag=Ag=1+ o..1(-B—{) fan(45+%) =1+ 0.1(%%}3:{45+ 42—2) = 1135

g = (19.62)(1.5)(85.38)(1.424)(1.135) +-21 (19.62)(2.1)(139.316)(1.424)(1.135)

=8 700 kKN / m? N L

O, = q,B'L _ (8700)2.1%2.5) 11,419 kN
, 4
15.14 Equation (15.55):
dury = Qu(P)('ﬁ_FJ = (3850)(%) =231001b/ >
P : _

Ay r 23,100
Qal! = & =(

7 ’j ](6)2 =207,900 Ib = 207.9 kip

15.15 g, =248.9kN/ . Equation 15 54: ¢,.5, = q,p). Guery = 248.9 KN / m?

T 2
Aqu(F‘) _ (E)(2) (2489)

=260.65 kN
F, 3

O =
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CHAPTER 17

17.1 Equation (17.4):
2 _ 2 2 2
Area ratio, 4, (%) = D"—ZD’— %100 = 32 (33275) x 100 = 7.54%
D; (3.375)
2_n2 N2 2
172 A4, = BP—ZD'—- x 100 = ©) (2'835) x 100=8.88%
7 (2875)
17.3  (Npg = CulNgy = [9..78 f-——!'—J(Nﬁo) . Given: y=14.5kN/n’.
ol.0
Now the following table can be prepared.
Depth,z | o/=yz | Cy | Ny Nso™
(m) |(&N/md)
15 2175 |21 6 =13
3 43.5 1.48 8 =12
45 6525 {121 |10 =12
6 87.0 1.05 | 12 =13
75 | 108.75 109381 15 =14
* Rounded off
- -
' -1 Neo . 2
174 ¢’ =tan —F P.~100kN/m
122+ 20.3[—‘-’-‘1)
i ' Pa j |

z ;= yz | Ng ¢’

(m) | (kN/m’) (deg)
15| 2175 | 6 [3527
3 | 435 8 |35.75

451 6525 10 |36.05
6 87.0 12 | 36.26
7.5 | 108.75 15 |37.05

Average ¢’ = 36°
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17.5 Equation (17.11):

17
N, 0.23+9'9§J
) (9)

D, (%)=

=205

(100)

9 o,

Given y=15.5 kN / m’. The following table can now be prepared.

Depth,z | o;=yz | Dy [Ny| D,
(m) (KN/m?) [ (mm)
1.5 2325 | 024 | 4[733=~73%
3 46.5 024 | 7 686=~69%
4.5 6975 | 024 |12 | 73.3~73%
6 93,0 024 | 14 | 68.6 ~ 69%
75 11625 | 024 | 19 | 71.5~72%
2
17.6 (Nl)e,o=CNN¢5¢)=[I ,]Neo
+0o)
Depth, z (74 Nego Cy (N s
() (ton/ ft%)
5%110 | )
= 0275 571 942= 9
> 2000 611
10x 110
=055 | 8 )12 10.32 = 10
10 2000 7
15x110 | -
o = 0825 1.1 9= 10
15 2000 9 99=1
20 | [a75x 110)+2.5(120—62.4)]5—%)6= 1035 | 9| 0983 | 8845~ 9
5(120-624) . :
1.035+ =" "2 =1179 | 14 | 0.918 | 12.85~13
25 T 2000 0918 1
30 1.179 +&é%.g_%:‘.‘l =1323 [ 12 | 0.861 [10332~10
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17.7 a. Average value of (N, ), = 13

b. Equation (15.50):

3288+1Y (S,
Datignety = 11.98(N 1)60(—%) Fd('ig)

D
Fy=1+ 0.33(7"J “1+ o‘.33[§) = 1248

2
(328)2) +1 ( 25] 2
= (1198)(13)| =222 T | (1248) =2 | = 258.1 KN/
G alignety ( X )[ (328)(2) ]( )25 m
%)
17.8  Equation (17.25): %—=7..6429D§’625.. Use p, = 100 kN / m2.
60
Depth, z | Ny | Dy 9.
(m) (om) | (KN /)
1.5 41024 2,109
3 7 | 0.24 3,692
45 |12 | 024 6,328
6 14 | 0.24 7,383
76 [19]024 | 10,020

179 Equation (17.23): ¢, =-qc—];i‘12-" Ny~ 183
k
L _920-(8X18)

3 = 42.4 kN/m?*
18.3

17.10 From Equations (17.20) and (17.21):

E, =210 3g,=2 10 3(205) = 410 to 615 kN / m’

17.11 From Equation (17.29):

Recovery ratio, R = (%)( 100) = 75%
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