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Chapter 2

2 2
21 ¢ =P _ 042 565 9630 -—Cn 028 4456066
Dy 6 (Dgo)(Dyp)  (0.42)(0.16)
2 2
2.2 C, = D, 081 _ 30;C,. = Dy, __ 041 =0.768 ~ 0.77
D, 0.27 (Dg)(Dy)  (0.81)(0.27)
2.3 a
Sieve  Mass of soil retained  Percent retained Percent
no. on each sieve () on each sieve finer
4 28 4.54 95.46
10 42 6.81 88.65
20 48 7.78 80.88
40 128 20.75 60.13
60 221 35.82 24.31
100 86 13.94 10.37
200 40 6.48 3.89
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Grain Size (mm)

1



b. Dy = 0.16 mm; D3 = 0.29 mm:; Dgo = 0.45 mm

Dy _ 045

c. C, = =2.812~281
16

u
10

c D 029
“ (Dg)(Dy)  (0.45)(0.16)

=1.168~1.17

24 a.
Sieve Mass of soil retained Percent retained Percent
no. on each sieve (@) on each sieve Finer
4 0 0.0 100.00
6 30 6.0 94.0
10 48.7 9.74 84.26
20 127.3 25.46 58.80
40 96.8 19.36 39.44
60 76.6 15.32 24.12
100 55.2 11.04 13.08
200 43.4 8.68 4.40
Pan 22 4.40 0.00
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100 .
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Grain Size (mm)

b. Dy = 0.13 mm; D3 = 0.3 mm; Dgo = 0.9 mm
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. C,=P0_099 gor3.602
D, 0.13

2 2
d c,.=—Dn 03 57692077
(Dso)(Dy)  (0.9)(0.13)

2.5 a.
Sieve Mass of soil retained Percent retained Percent
no. on each sieve () on each sieve finer
4 0 0.0 100.00
10 40 5.49 94.51
20 60 8.23 86.28
40 89 12.21 74.07
60 140 19.20 54.87
80 122 16.74 38.13
100 210 28.81 9.33
200 56 7.68 1.65
Pan 12 1.65 0.00
>729¢
100 ®
80 —
R — ,
|18 1
£ :
S E
o 40— !
o :
20 |
0 TTTTT T T T |HIII\I\1’ IW IIHII\] T
10 1 0.1 0.01

Grain Size (mm)

b. Dig=0.17 mm; D3y = 0.18 mm; Dgg = 0.28 mm

c. ¢ =Pw_028_, 07 165
0.17

u
10
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c._ Dy _ 018 _
© (Dg)(Dy) (0.28)(0.17)

2.6 a
Sieve Mass of soil retained Percent retained Percent
no. on each sieve (@) on each sieve finer
4 0 0.0 100.00
6 0 0.0 100.00
10 0 0.0 100.00
20 9.1 1.82 98.18
40 249.4 49.88 48.3
60 179.8 35.96 12.34
100 22.7 454 7.8
200 15.5 3.1 4.7
Pan 235 4.7 0.00
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Grain Size (mm)

b. Dig=0.21 mm; D3y =0.39 mm; Dgg = 0.45 mm

D, 0.5

C. C,=—0="""_2142~214
. 021
2 2
d co-—DPn 039 659,161
(Dgo)(Dyp)  (0.45)(0.21)
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b. Percent passing 2 mm = 100 GRAVEL: 100 - 100 =0%
Percent passing 0.06 mm =73 SAND: 100-73=27%
Percent passing 0.002 mm =9 SILT: 73-9=64%

CLAY: 9-0=9%

c. Percent passing 2 mm =100 GRAVEL.: 100-100=0%
Percent passing 0.05 mm = 68 SAND: 100 - 68 = 32%
Percent passing 0.002 mm =9 SILT: 68 -9 =59%

CLAY: 9-0=9%

d. Percent passing 2 mm = 100 GRAVEL.: 100 - 100 = 0%
Percent passing 0.075 mm = 80 SAND: 100 - 80 =20%
Percent passing 0.002 mm =9 SILT: 80-9=71%

CLAY: 9-0=9%
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1 0.1 0.01 0.001
Grain Size (mm)

b. Percent passing 2 mm = 100 GRAVEL.: 100 - 100 =0%
Percent passing 0.06 mm = 30 SAND: 100 -30=70%
Percent passing 0.002 mm =5 SILT: 70-5=65%

CLAY: 5-0=5%

c. Percent passing 2 mm =100 GRAVEL: 100 - 100 =0%
Percent passing 0.05 mm = 28 SAND: 100 -28 =72%
Percent passing 0.002 mm =5 SILT: 72-5=67%

CLAY: 5-0=5%

d. Percent passing 2 mm =100 GRAVEL.: 100-100=0%
Percent passing 0.075 mm = 34 SAND: 100 - 34 = 66%
Percent passing 0.002 mm =5 SILT: 66 -5=61%

CLAY: 5-0=5%
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Grain Size (mm)

b. Percent passing 2 mm = 100 GRAVEL.: 100 - 100 =0%
Percent passing 0.06 mm = 84 SAND: 100 -84 =16%
Percent passing 0.002 mm = 28 SILT: 84 -28 =56%

CLAY: 28-0=28%

c. Percent passing 2 mm = 100 GRAVEL: 100 - 100 =0%
Percent passing 0.05 mm =83 SAND: 100-83=17%
Percent passing 0.002 mm = 28 SILT: 83 -28=55%

CLAY: 28 -0=28%

d. Percent passing 2 mm =100 GRAVEL: 100-100=0%
Percent passing 0.075 mm = 90 SAND: 100 -90=10%
Percent passing 0.002 mm = 28 SILT: 90 -28 =62%

CLAY: 28-0=28%
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210 a.
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Grain Size (mm)

b. Percent passing 2 mm = 100 GRAVEL: 100 - 100 = 0%
Percent passing 0.06 mm = 65 SAND: 100 - 65 = 35%
Percent passing 0.002 mm = 35 SILT: 65-35=30%

CLAY: 35-0=35%

c. Percent passing 2 mm = 100 GRAVEL.: 100 - 100 =0%
Percent passing 0.05 mm = 62 SAND: 100 -62 = 38%
Percent passing 0.002 mm = 35 SILT: 62-35=27%

CLAY: 35-0=35%

d. Percent passing 2 mm = 100 GRAVEL.: 100 - 100 =0%
Percent passing 0.075 mm =70 SAND: 100 -70=30%
Percent passing 0.002 mm = 35 SILT: 70-35=35%

CLAY: 35-0=35%

211 Gs=2.7; temperature = 24°; time = 60 min; L=9.2 cm

Eq. (2.5): D(mm)=K M
t (min)

8
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From Table 2.6 for Gs = 2.7 and temperature = 24°, K = 0.01282

D =0.01282, /% =0.005mm

212 Gs=2.75; temperature = 23°C; time = 100 min; L =12.8 cm

Eq. (2.5): D (mm)=K_| =M
t (min)

From Table 2.6 for Gs = 2.75 and temperature = 23°, K = 0.01279

D =0.01279, /@ =0.0046 mm
100

CRITICAL THINKING PROBLEM

2 2
2C1 a SoilA C,=Pn_t _qg33.c o Do 5 54
DlO 06 (DGO)(DlO) (ll)(OG)
2 2
SoilB: C,=20 - _35,¢c - Do _ 2L _g45
D, 02 (Dso)(Dy)  (7)(0.2)
2 2
Soilc: ¢ =D 45 g5.c o Do 1 4
D, 0.5 (D)(Dy)  (45)(0.15)

b. Soil A is coarser than Soil C. A higher percentage of soil C is finer than any
given size compared to Soil A. For example, about 15% is finer than 1 mm
for Soil A, whereas almost 30% is finer than 1 mm in case of soil C.

c. Particle segregation may take place in aggregate stockpiles such that there is a
separation of coarser and finer particles. This makes representative sampling
difficult. Therefore Soils A, B, and C demonstrate quite different particle size
distribution.

9
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d. Soil A:
Percent passing 4.75 mm = 29 GRAVEL: 100-29 =71%
Percent passing 0.075 mm =1 SAND: 29-1=28%
FINES: 1-0=1%

Soil B:

Percent passing 4.75 mm = 45 GRAVEL.: 100 -45 =55%

Percent passing 0.075 mm = 2 SAND: 45-2=43%
FINES: 2-0=2%

Soil C:

Percent passing 4.75 mm =53 GRAVEL: 100-53=47%

Percent passing 0.075 mm =3 SAND: 47 -3=44%

FINES: 3-0=3%

10
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Chapter 3

- _ G+ _Cu, ®fu _ e, W:n(1+Wsat]7W
at

sat l+e  l+e 1l+e (1+e)w, W,

32 7/sat =

Gi+e)rw _ Girw | €7u e
( ) = + =7d+ — Yw
1+e 1+e 1+e l1+e

Rearranging, y ., (1+€)=y,(1+e)+ey,

Vsat — Yd
Va = Vsat T Vw

Therefore, e=

1+w 1+w, 1+w_)n
33 }/Sﬁt = Q GS}/W — + sat e7W =( + sat) 7/W
l+e 1+e W W

sat sat

Reaﬂanging, Wsat (}/sat =N 7W) =N 7W

Therefore, W, = LY .
7sat_n7w
34 2 y=N 125 o5
V 0.1
b, 7, =L =125 _109.64l0/ft°
1+w 1+0.14
c. e:%_lzw_bo,m
74 109.64
d ne—8 - 0% 435
1+e 1+0.54
11
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5= WG _ OIHETD _ 205 _ 7020
e 0.54

(y—7sV _ (125-109.64)(0.1)
Y 62.4

~ 0.024 ft

f. Volume of water =

35 a = (H_WJGJW; 195 — (1+0.098)(2.69)(9.81) e =051
1+e 1+e
Gy, (2.69)(9.81)

_ = 17.48kN/m?®
1+e 1+0.51

b. 74

_(W)(G,) _ (0.098)(2.69)
e 051

c. S =0.517=51.7%

(G, +50)7, _ (2.69)(9.81)+(0.9)(0.51)(9.81)
 1l+e 1+0.51

=20.45kN/m’

Water to be added = 20.45 — 19.2 = 1.25 kN/m?®

B (G, +e)y, ~ (2.69+0.51)(9.81)
1+e 1+0.51

=20.78 kN/m’

sat

Water to be added = 20.78 — 19.2 = 1.58 kN/m?®

1 .
37 a V=208 (22)(—3j 00786 y = 2 936 _ 105 5610t
4 2 Vv 0078

o W-W, _956-851
W 8.51

S

=0.1233=12.33%

=" —109.11b/ft

W, _ 8.51
V. 0.078

C. Ya=

12
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Gyt _, _ (2:69)(624)

d e= -1~0.54
V4 109.1
e. S= WG, = (0.1233)(2.69) =0.614=61.4%
e 0.54
38 o o UEWGA (WG oe (+020(C)624) o,
l+e L+WGS 1+(02®«%)
S 0.72
b e WG, _(026)2.72) o0
S 0.72
G. +e } . )
o, y. =C:tO (2724098628 _ 416 6115
l1+e 1+0.98
39 a gy =t =290 17671/
I+w 1+0.166
b e :%_1:M_1zo_52
74 17.67
L og.f _ 052
l+e 1+052
4. 5=WG _(O166)Q.74) _ea4_ 5749
e 0.52
310 a _ (G, +Se)y, _ (2.74)(9.81) +(0.9)(0.52)(9.81) 0.7 KN/
1+e 1+0.52
Water to be added = 20.7 — 20.6 = 0.1 KN/m®
G. +e } . .
b' sat = ( : * )yw = (2 74+0 52)(9 81) = 2104kN/m3
1+e 1+0.52
13
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3.11

3.12

3.13

3.14

e =

Water to be added = 21.04 — 20.6 = 0.44 kN/m®

o, =L =170 1499 76 kg/m?
I+w 1+0.23
G ) .
e= spw_1:(273)(1000)_1:()92, n:i: 0.92 =0.48
o3 1422.76 I+e 1+0.92

WG, (0.23)(2.73)
e 0.92

S =0.682 =68.2%

_ (G, +e)p, _ (2.73+0.92)(1000) ~ 2967 kg/m3
1+e 1+0.23

sat

Water to be added = 2967 — 1750 = 1217 kg/m®

4 30.75

Vg =——= =112 Ib/ft?
1+w _ 0.25(1+0.098)
oo CTw __(260)(62.4) | g
V4 12
y (300'2755 1 12)(0.25)
Volume of water = 7=74) == ~0.044 ft°
Vw 62.4

Cipu. g _ra+e) 1800(1+043)

- S 2.57
1+e Py 1000

Gt _, _ (2:69)(624) _
74 105

1~0.598

14
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_ WG, _ (0.17)(2.69)

S =0.764=76.4%
e 0.598
(1+W)G,y, (1+W)G.y, (1+0.182)(2.67)(62.4) 5
315 a. y= L w = =122.51b/ft
l+e |, WG, | (0.182)(2.67)
S 0.8
by, =t =122 g3
1+w 1+0.182
N\ S— . .
Volume of water = 7 =74) = (122.5-103.6)(1) =0.302 ft¥/ft° of soil
7 62.4
316 a0 y—CitS . g (G +055)624)
l1+e 1+e
G, =1.148e+1.698 (i)
114 (G, +0.822¢)(62.4) i
l+e

From (i) and (i1): Gs=2.73

b. Using Gs=2.73 in Equation (i), we gete = 0.9

e —e A=
307 a D= . ges- 07578 . _g4
e e 0.75-0.52

G 67)9.
by, =2l CODO8D g agy N
I+e 1+0.6
e —e 2=
308 D, =—CmuT® . ggr_ 07278 g
e —e 0.72—0.46
15
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3 1+w)G,y,, ~ (1+0.11)(2.68)(9.81)
1+e 1+0.51

=19.32kN/m?®

319y, =2 = M5 0648108

1+w 1+0.08

AN
) |

J [106 48} ~0.918=91.8%
92

L

CRITICAL THINKING PROBLEMS

14092=V0. v Z1.00v,
V

140.65=2; V, ~1.65V,
V

AV V-V, 192-1.65
Y 1.92

=0.14=14% (decrease)

Gy G Gy,

b - — -
Ti0 T e 14092 192
Gy
Yo 1.565

16
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1 1
A7y _Yae) “Veo _1.65 1.92 0.163 =16.3% (increase)

Yaq JETO) !
1.92
wG, WG WG,
C. S1 = = ; 2 =
e 092 0.65
IR S
AS 5 =51 _ 065 092 _(415-415% (increase)
SR L
0.92
e —e
3.C2 a D =—mx
emax _emm

€ =€~ D (6. —¢€

'max 'min

)=0.92—-0.47(0.92—0.53) = 0.736

Gy, (2.65)9.81)
Y = =

= =14.97KkN/m? (before compaction)
1+e¢ 1+0.736

e,=¢e...—D(,.—¢€

'max 'min

)=0.92—0.8(0.92 - 0.53) = 0.608

V4= (2.65)0.81) _ 16.17 KN/m® (after compaction)
1+0.608

AH  Ae  0.736-0.608
H 1+e  1+0.736

=0.074; AH =0.074H = (0.074)(2) =0.148 m

Final Height=2 —0.148 =1.852 m

17
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Chapter 4

4.1 a. Refer to the plot 42
of w versus N.
LL=29.0 I N
36 — \
b. PI=LL-PL

=29.0-134

=156 . A

w (%)

24 T T
10 20 30 40
N
47 Il - w—PL :32—13.4:1.19
LL—-PL 15.6
43 a. From the plot, 36
LL =23.6.
- L
b. PI=LL-PL 30 —
=23.6-19.1 2 | \
=45 2
24 —
L
18 : .
10 20 30 40
N
19
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4a gy w-PL _21-19

= = -1 =0.422
LL—-PL 4.5

— Ml_Mz . Vi_Vf
4.5 SL—( m J(100) (—M j(pw)(IOO)

2 2

34-24 20.2-14.3
= [ - j(100) - (Tj(l)(IOO) ~17.08

M, 24

Vip, (143)D

_ Ml_Mz _ Vi_Vf
4.6 SL—[ m j(100) (M J(pw)(IOO)

2 2

_ (44.6 -32.8

16.2-10.8
1238 j(lOO) - [Tj(l)(loo) =19.51

M, 328
Vp, (108)(1)

SR =

CRITICAL THINKING PROBLEMS

PI
(% of clay - size fraction, by weight)

4.C.1 a. FromEq. (4.26): 4=

The computed P/ values are provided in the table on the following page.

20
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Soil % Clay A Tf-undisturbed St PI Tf-remolded

(< 0.002 mm (kN/m?) (kN/m?)
in size)

Beauharnois 79 0.52 18 14 41.08 1.3
Detroit I 36 0.36 17 2.5 1296 6.9
Horten 40 0.42 41 17 16.8 24
Gosport 55 0.89 29 2.2 48.95 13.0
Mexico City 90 4.5 46 53 405 8.7
Shellhaven 41 1.33 36 7.6 5453 4.8
St. Thuribe 36 0.33 38 150 11.88 0.3

b. From Table 4.2:

Beauharnois
A =0.52; PI=41.08; Mineral: lllite

Detroit
A =0.36; PI=12.96; Mineral: Kaolinite

Horten
A =0.42; PI=16.8; Mineral: Kaolinite

Gosport
A =0.89; Pl =48.95; Mineral: lllite

Mexico City
A =4.5; PI =405; Mineral: Montmorillonite

Shellhaven
A =1.33; PI=54.53; Mineral: lllite

St. Thuribe
A =0.33; PI=11.88; Mineral: Kaolinite

T .
itivi —undisturbed
c. Sensitivity, S, = Z f-undisturbed

Z-f —remolded

Trremolded 1S calculated using the above equation and listed in the table (Part a).
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d. The plots are shown below.
50
A Undisturbed
. [ Remolded A
40 — A
- A
g i A
=
S
= 30 A
(@]
g J
o
n 20— .
E A
g -
m .
10 °
o
1 o
[ )
0 T l.ll.lllll T T T TTTT
0.1 1 10
A

Explanation:

The shear strength of clay comes from two components: the

cohesion, which is the cementing force between particles, and the frictional
resistance, which is mainly due to the movement of one particle over another. The
greater the activity of clay, the greater is the contribution of cohesion to shear
strength. Although no reliable correlation can be developed from the above plots,
both the undisturbed and remolded shear strengths certainly show increasing

trends as the activity increases.

C e .. w—PL

4.C.2 a. The liquidity index is given by: LI = ——
quidity g y 11— PL

The range of liquidity index corresponding to the range in natural water

content is calculated and listed in the table.

Soil % clay Wy LL  PL LI
(<0.002 mm (%)
in size)
1 34 59-67 49 26 1.43-1.78
2 44 18-36 37 21  -0.18-0.94
3 54 51-56 61 26 0.71-0.86
4 81 61-70 58 24 1.08-1.35
5 28 441-600 511 192  0.78-1.28
6 67 98-111 132 49 0.59-0.75
7 72 51-65 89 31 0.34-0.57
22
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b. Soils 1 and 4: Since LI range is greater than 1.0, the water content is greater
than the liquid limit. From Figure 4.1, the soil behaves like a viscous fluid
with practically no shearing resistance.

Soil 2: At a water content of 18%, the LI < 0, and the soil behaves like a
brittle solid with high shear resistance. At water content of 36%, the soil is in
a plastic state (0 < LI < 1) showing moderate shearing resistance and a ductile
behavior.

Soils 3, 6, and 7: Since 0 < LI < 1, the water content is less than the liquid
limit. From Figure 4.1, the soil is in the plastic state showing moderate
shearing resistance and a ductile behavior.

Soil 5: At a water content of 441%, the soil is in the plastic state (0 < LI/ < 1)
with moderate shear resistance. At water content of 600%, the L/ > 1, and the
soil becomes a viscous fluid with practically no shearing resistance.
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Chapter 5

5.1 Refer to Figure 5.1.

Soil  Classification
A Clay
B Sandy clay
C Loam
D Sandy clay and sandy clay loam (borderline)
E Sandy loam
5.2 SOIL A: From Table 5.1, the soil is A-2-4. The Gl for A-2-4 is zero.
Classification: A-2-4(0).
SOIL B: From Table 5.1, the soil is A-3. Gl = 0. Classification: A-3(0).
SOIL C: From Table 5.1, the soil is A-2-6. Equation 5.2:
Gl =0.01(F,,, —15)(PI -=10)=0.01(12-15)(13-10) =-0.09~ 0
Classification: A-2-6(0)
SOIL D: From Table 5.1, the soil is A-2-7. Equation 5.2:
Gl =0.01(F,,, —15)(P1 -=10)=0.01(30-15)(18-10) =1.2 ~ 1
Classification: A-2-7(1)
SOIL E:  From Table 5.1, the soil is A-1-b. Gl = 0. Classification: A-1-b(0).
53 SOIL A: From Table 5.1, the soil is A-7-5. Note: PI =21 <LL-30=22
Eq. (5.1):
Gl =(F,,, —35)[0.2+0.005(LL —40)]+ 0.01(F,,, —15)(P1 —10)
Gl =(72-35)[0.2+0.005(52—40)]+0.01(72 —15)(21-10)
=15.89~16
Classification: A-7-5(16).
SOIL B:  From Table 5.1, the soil is A-6. Eq. (5.1):

Gl =(F,,, —35)[0.2+0.005(LL —40)]+0.01(F,,, —15)(P1 —10)
Gl =(58-35)[0.2+0.005(38—40)]+0.01(58-15)(12-10)=5.23~5
Classification: A-6(5)
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54

SOIL C:

SOIL D:

SOIL E:

SOIL 1:

SOIL 2:

SOIL 3:

From Table 5.1, the soil is A-7-6. Note: PI=14>LL-30=11

Eq. (5.1):

Gl =(F,y, —35)[0.2+0.005(LL —40)]+0.01(F,,, —15)(P1 —10)

Gl =(64—-35)[0.2+0.005(41-40)]+0.01(64—15)(14—-10)=79=8
Classification: A-7-6(8)

From Table 5.1, the soil is A-6. Eq. (5.1):
Gl =(F,,, —35)[0.2+0.005(LL —40)]+ 0.01(F,,, —15)(P1 —10)

Gl =(82-35)[0.2+0.005(32—-40)]+0.01(82—15)(12-10) =8.86 9
Classification: A-6(9)

From Table 5.1, the soil is A-6. Eq. (5.1):
Gl =(F,,, —35)[0.2+0.005(LL —40)]+ 0.01(F,,, —15)(P1 —10)

Gl = (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 5.2 and Figure 5.3: SC

Figure 5.4: More than 15% gravel. Clayey sand with gravel.

Coarse fraction = 200 — 20 = 80%

Gravel fraction = 100 — 48 = 52%

Sand fraction = 80 — 52 = 28%

Table 5.2 and Figure 5.3: GC

Figure 5.4: Greater than 15% sand. Clayey gravel with sand

Coarse fraction = 100 — 30 = 30%

Gravel fraction = 100 — 95 = 5%

Sand fraction =95 — 70 = 25%

Table 5.2: fine-grained soil; LL = 52; Pl = 28.

Table 5.2 and Figure 5.3: CH

Figure 5.5: > 30% plus 200, % sand > % gravel, < 15% gravel,
so sandy fat clay
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SOIL 4:  Coarse fraction = 100 — 82 = 18%
Gravel fraction = 100 — 100 = 0%
Sand fraction =18 — 0 = 18%
Table 5.2: fine-grained soil; LL = 30; Pl = 19.
Table 5.2 and Figure 5.3: CL
Figure 5.5: lean clay with sand

SOIL 5:  Coarse fraction = 100 — 74 = 26%
Gravel fraction = 100 — 100 = 0%
Sand fraction =26 — 0 =26%
Table 5.2: fine-grained soil; LL = 35; Pl = 21.
Table 5.2 and Figure 5.3: CL
Figure 5.5: lean clay with sand

SOIL 6: Coarse fraction = 100 — 26 = 74%
Gravel fraction = 100 — 87 = 13%
Sand fraction =74 - 13 =61%
Table 5.2: coarse-grained soil; LL = 38; Pl = 18.
Table 5.2 and Figure 5.3: SC
Figure 5.4: < 15% gravel; clayey sand

SOIL 7:  Coarse fraction = 100 — 78 = 22%
Gravel fraction = 100 — 88 = 12%
Sand fraction =22 — 12 = 10%
Table 5.2: fine-grained soil; LL = 52; Pl = 28.
Table 5.2 and Figure 5.3: CH
Figure 5.5: <30% plus 200, % sand < % gravel; fat clay with gravel

SOIL 8:  Coarse fraction = 100 — 57 = 43%
Gravel fraction =100 - 99 = 1%
Sand fraction =43 — 1 =42%
Table 5.2: fine-grained soil; LL = 54; P| = 26.
Table 5.2 and Figure 5.3: CH
Figure 5.5: > 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; Cc=2.9. Table 5.2 and Figure 5.3: SP-SC
Figure 5.4: poorly graded sand with clay and gravel
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SOIL 10: Coarse fraction =100 — 2 = 98%
Gravel fraction = 100 — 100 = 0%
Sand fraction =98 — 0 = 98%
Cu=172; C.=2.2.Table5.2: SW
Figure 5.4: <15% gravel; well graded sand

SOIL 11: Coarse fraction = 100 — 65 = 35%
Gravel fraction =100 — 89 =11%
Sand fraction =35 - 11 =24%
Table 5.2: fine-grained soil; LL = 44; Pl = 21.
Table 5.2 and Figure 5.3: CL
Figure 5.5: sandy lean clay

SOIL 12: Coarse fraction =100 — 8 = 92%
Gravel fraction = 100 — 90 = 10%
Sand fraction =92 — 10 = 82%
LL=39; PI=31;C,=3.9; C.=2.1. Table 5.2 and Figure 5.3: SP-SC
Figure 5.4: poorly graded sand with clay

5.5 a. 13% passing No. 200 sieve; 38% passing No. 40 sieve; 90% passing No. 10
sieve. Pl =23 —19 = 4. Referring to Table 5.1, the soil is A-1-b. Gl =0.
So the soil is A-1-b(0).

b. Coarse fraction = 100 — 13 = 87%
Gravel fraction = 100 — 100 = 0%
Sand fraction = 87 — 0 =87%
LL =23; Pl =4. From Table 5.2 and Figure 5.3, the group symbol is SC.
From Figure 5.4, the group name is clayey sand.

CRITICAL THINKING PROBLEM

5.C.1 1. Stratum?2
18% passing No. 200 sieve; Pl = 5. From Table 5.1, the soil is A-1-b.
Gl = 0; Soil classification: A-1-b(0)

Stratum 3
8% passing No. 200 sieve; NP. From Table 5.1, the soil is A-3.
Gl = 0; Soil classification: A-3(0)
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Stratum 4
67% passing No. 200 sieve; LL =52; Pl = 10. From Table 5.1, the soil is A-5.
Gl =(F,y, —35)[0.2+0.005(LL —40)]+0.01(F,,, —15)(P1 —10)

Gl =(67-35)[0.2+0.005(52—-40)]+0.01(67—15)(10—-10) =8.3~ 8
Soil classification: A-5(8)

Stratum 5

52% passing No. 200 sieve; LL =36; Pl =9. From Table 5.1, the soil is A-4.
Gl =(52-35)[0.2+0.005(36-40)]+0.01(52-15)(9-10)=2.69 =3

Soil classification: A-4(3)

2. Stratum 2
Coarse fraction: 100 — 18 = 82%; Table 5.2: coarse-grained soil. From Table
5.4, most probable soil classification (corresponding to A-1-b): SW, SP, GM,
SM. Since it is a fine sand, and since C; is not between 1 and 3, it is a poorly
graded sand. Classification: SP

Stratum 3

Coarse fraction: 100 — 8 = 92%; Table 5.2: coarse-grained soil. From Table
5.4, most probable soil classification (corresponding to A-3): SP. Since it is a
non-plastic fine sand, classification: SP

Stratum 4

Coarse fraction: 100 — 67 = 23%; Table 5.2: fine-grained soil. From Table 5.4,
most probable soil classification (corresponding to A-5): OH, MH, ML, OL.
Since the soil is an organic sandy silt, and since LL = 52 > 50, the
classification is OH.

Stratum 5

Coarse fraction: 100 — 52 = 48%; Table 5.2: fine-grained soil. From Table 5.4,
most probable soil classification (corresponding to A-4): ML, OL. Since the
soil is a sandy silt, and since LL = 36 < 50, the classification is ML.
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Chapter 6

G,p
6.1 =_—SCw
pd GSW
1+
S
DOw w p4 @ S (kg/m’)
G, (kg/m®) (%)  70% 80% 90% 100%
5 2228 2273 2310 2340
10 1922 1991 2047 2095
265 1000 15 1690 1770 1838 1896
20 1508 1594 1668 1732
The plot is shown below.
2400
i —O— S=70%
—aA— S=80%
2200 — —HB— S=90%
—<— S =100%
£ i
g 2000 —
é 1800 —
5 -
1600 —
1400 T T T T T T T T T
4 8 12 16 20 24
w (%)
6.2 Eq.(6.4):
w(%)  ya (KNIMY)
P s 9'811 __ 98t 5 23.18
wa " w+0.3731 10 20.73
G, 2.68 15 18.75
20 17.11
The table can now be prepared. 25 15.74
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6.3 y

Weight of y _w T4 = 1. W)
Volume soil mass, W V W 100
(ft) (Ib) (/i) (%) (Ib/ft%)
& 3.92 117.6 5.0 111.9
3 4.12 123.6 7.5 114.9
o 4.29 128.7 10.0 1170
3 4.37 131.1 125 1165
= 4.45 133.5 15.0 116.0
= 4.35 130.5 175 1110
+ 4.20 126.0 20.0  105.0

a. The plot of y, versus w is Shown. yymay = 117.5 Ib/ft®> @ Wopt = 10.8%

120

14 (1b/ft3)

10— 71—

by, =G 1175 (208)(624).
l+e 1+e

~0.42

_ wG, (0.108)(2.68)
e 0.423

S =0.684 = 68.4%
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yy=—Le
Weight of y= w ‘ 1+ w(%)
Volume soil mass, W V w 100
(ft%) (Ib) b/t (%) (Ib/ft)
A 3.70 111.0 9.9 101.0
i 3.77 113.1 106  102.2
= 3.91 117.3 121 1046
= 4.03 120.9 13.8 106.2
3 4.11 123.3 15.1 107.1
3 4.14 124.2 17.4 105.8
3 4.12 123.6 19.4 103.5
= 4.07 122.1 21.2 100.7

The plot of y, versus w is Shown. yumax ~ 107.1 Ib/ft® @ Wop = 15%

108

14 (ID/FE3)
S
]

100

G : :
v, :A; 1071:%; ~ 0.57
l+e l+e
g G, _(015Q27) _ (51 _ 7106
o 0.57
33
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6.5 Volume of  Mass of o= M

mold wet soil M 14 w yo¥

(cm’) (kg) (kg/m*) (%)  (kg/im’)
943.3 1.47 1558.3 10.0 1416.6
943.3 1.83 1940.0 125 17244
943.3 2.02 21414 150 18620
943.3 1.95 2067.2 175 1759.3
943.3 1.73 18339  20.0 1528.2
943.3 1.69 17915 225 14624

a. The plot of p, versus w is shown. pymax) = 1870 kg/m® @ Wopt = 15%

2000

1800 —

p (kaim?)

1600 —

1400

24

b. R(%) = Pafield) <100 = Pafield) (100)
pd(max) 1870

Therefore, p, i) = (0.97)(1870) ~ 1814 kg/m®

From the graph, the acceptable range of moisture content is 13.5% — 16.5%.
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173
d (in situ) _—16

+ R
100

6.6 Jinsiy = 17.3kN/m?; » =14.91kN/m?; ycompacted) = 18.1 KN/m®

Volume of soil to be excavated = (2000)(%) =2,428m?®

Weight of moist soil to be transported = (2428 x 17.3) = 42,004 kN

(42004)(1000)

Number of truck loads = =
(20)(2000)(4.45)

235.9 ~ 236

6.7  Dry weight of solids required at the embankment site:

W, =5000y, kN = (5000)(@;—%&) = 28,029G, kN

Volume to be Total
Borrow /8 7, atborrow pit excavated Cost/m® cost
Pit (kN) (KN/m®) from borrow pit = $) $)
[Wv/ Jd (borrow pit)]
2. .81
| 100768 20298l _ 1444 5143.8 m® 8 41,150
1+0.8
2.68x9.81
1 75117.7 £09X992 =13.83 5431.5 m® 5 27,157
1+0.9
2.71x9.81
M 750586 29811966 5999.8 m° 9 53,998
1+1.1
2.74x9.81
v 76799.4 £ M8*9.92 =14.53 5285.5 m® 12 63,427
1+0.85

a. Shown in table.

b. Borrow Pit Il

6.8 From Eq. (6.20): D - Y acsieldy — YVaminy || 7 amax
Vamaxy ~ YVaminy || 7 d(tield)

.~ —15.5
0.75 = |:7d(f|9|d) j| 18.9 ; Y afieldy = 17.91 kN/m3
18.9-15.5 Y afield)
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17.91

R (%) = Y afield) (100) = ( =

Y d (max)

j(100) = 94.8%

6.9 R = 0935 = Jdfield) _ 7a(field)  Vacon) = 15.87 KN/m?
Y amax) 16.98

D - Vacsietdy — Vamin) || 7 amax) _ (15-87 —14-46J(16-98j — 0.598 = 59.8%
Vamax)y ~ YVaminy || 7 arield) 16.98-14.46 )\ 15.87

6.10 a R=088=ld) Tawen), 10384 Ib/ft?
7d(max) 118

b. D - l:?”d(field) — 7 (min) :H: Y a(max) } _ (103-84 - 98)( 118 j _0331=33.1%

Yamay — YVaminy || 7aield) 118-98 103.84

¥ = L+ W) 4gieigy = (1+0.13)(103.84) = 117.33 Io/ft’

6.11 In the field:

Sand used to fill the hole and cone: 6.08 kg — 2.86 kg = 3.22 kg
Sand used to fill the hole: 3.22 kg — 0.118 kg = 3.102 kg

3.102kg

g/m

Volume of the hole:
3.34

——— __=1863.84kg/m®
0.001792

Moist density of compacted soil:

_ (1863.84)(9.81)
1000

=18.28 KN/m*®

_y 1828 \
a. y,= W(%)_1+12_1_16.3kN/m

1+
100 100

b. From Problem 6.5 pymaxy = 1870 kg/m®
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612 S, =

Rating: GOOD

4 d(max) —

1000

_ (1870)(9.81)

R

_ Ya(fiend) _ 16.30
Y d (ma) 18.34

—18.34kN/m®

=0.888 =88.8%

1

1

1

1

(1.7)\/ 3 5+ 5+ 5
(DSO) (D2O) (Dlo)

=(1-7)\/ 3 =+ ~+ > =11.02
(1.98)>  (0.31)> (0.18)

CRITICAL THINKING PROBLEM

6.C.1 a. Osman et al. (2008) method: Egs. (6.13) through (6.16) are used to calculate
Wopt aNd yamax). These values are listed in the following table.

b. Gurtug and Sridharan (2004) method: Egs. (6.11) and (6.12) are used to
calculate wopt and yamax) . These values are listed in the following table.

c. Matteo et al. (2009) method: Eqgs. (6.17) and (6.18) are used to calculate wopt
and y4max), only for the modified Proctor tests. These values are listed in the
following table.

Part a Part b Part c

Soil Wopt Yd(max)

E 5 (Exp.) (EXp-% Wopt Vd(max% Wopt Vd(max% Wopt Vd(max%

(KN-m/m> (%) (KN/m®) (%) (KN/m®) (%)  (KN/m®) (%)  (KN/m®)

1 2700 8 20.72 0.69 2352 10.34 18.77 6.94  20.37
600 10 19.62 093 2173 1431 1746
354 10 19.29 1.02 2111 1570  17.02

2 2700 20 16.00 3226 1131 1357 17.69  19.44 16.6
600 28 13.80  43.92 9.82 1878  16.08
354 31 13.02  48.01 9.90 2061 1555

3 2700 15 1825 1304 1874 2391 1464 1756  16.62
1300 16 17.5 15.33  17.80 28.37 1350
600 17 16.5 17.76  17.07 33.09 12.38
275 19 1575 2020 1661 37.85 11.34
4 600 21 15.89 3645 1189 2415 1458
5 600 18 16.18 3.74 2095 1878  16.08
6 600 17 16.87 1215 1862 19.67 15.82
7 600 12 18.63 467 2069 16.10  16.89
8 600 15 17.65 8.41 1965 16.99  16.62
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d. The plots of calculated values against experimental results are shown in the
figures below. The 45° line of equality is also drawn in both figures.

50
[
] °
40 —
A
1 [
©
9] A
i 30 — *
3 A
©
Q ] A A
S 20 — A a A
z i A .t
{ P
10 — A ®  Osman et al. (2008)
74 L A Gurtug and Sridharan (2004)
- ® * Matteo et al. (2009)
) ) ’
Line of Equality
O 1 ._.r 1 I 1 I 1 I 1
0 10 20 30 40 50
W, (%) - Experimental
24 Py
7] L
@ *?
5 20 ¥
k] ®
©
E o & 4
= ) ‘. -
2 L, w ae
:,g 16 — & A
£ S
® A
3
A
&= 2 ®
iy
8 T T T I T | T
8 12 16 20 24

g (kN/m?) - Experimental
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e. Prediction of we,: For both the Osman et al. (2008) and Gurtug and Sridharan
(2004) models, several data points are closely packed around the 45° line
suggesting reasonable agreement between the calculated and experimental
values. For the remaining soils, a poor agreement is observed. All 3 points for
the Matteo (2009) model plot near the equality line showing close agreement.

Prediction of yimax: Most data points for all models show good agreement
between the calculated and the experimental values.

Empirical models are often limited to the materials, test methods, and
environmental conditions (among other factors) under which the experiments
were conducted and the models developed. For new materials and conditions,
the predicted values may not be reliable.
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Chapter 7

7.1
Ground surface
R T RO T e S R R
o — T T R Ak=Stana
I
4.2 ¢ox G.Ifm] i
|
1
I
From the figure: i = head loss _Stna sin
length ( S )
cosa
q=kiA=(k)(sin a)(4.2 cos a)(1)
k=4.8x107 cm/sec = 4.8 x 10 m/sec
g = (4.8x107°)(sin 6°)(4.2 cos 6°)(3600) = 0.0754 m’/hr/m
%,_/
to change
to m/hr
~ 7.54x10 m*/hr/m
h
7.2 | =
(e
cosa
J = kid = k(hcosaj(Hl cosarx1) = 0.035 (2.7500514](200514)
0 30

=1.29x10"* m?®/sec/m
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73 & ke OL (350 cm?)(30 cm)
' ' Aht  (176.71cm*)(50 cm)(300 sec)

b. vS:v[H_ej; v=ki

e

v =il 7€) = 0.00396) 22 | LEOC1Y_ ¢ 0174 cmisec
e 30cm 0.61

=3.96x 107 cm/sec

74 k=2, oe- (10005
Aht (31.67)(h)(60)
h=20.37cm

75 a k= 2.303[£j logm[ﬁ] = (2.303)[w} loglo[ﬂj
At h, (19.64)(8x 60) 20

=2.75x10™* cm/sec

h

I
b. k=2303 a—jlo M
(At glo(hzj

0.000275 = (2.303){m} 1ogm(@J =0.00122 log(ﬂ]
(19.64)(6x 60) h h,

hy=23.82cm

76 a 1\f=2.303(%j1()g10 L
At ,

=(2.303) 097x50 log,, il =0.241 cm/min=0.00402 cm/sec
16x10 18.5

kn _ (4.02x107° m/sec)(1.005x 10~ N -s/m’)
Y 9.789x10° N/m’

K= =4.13x10% m?
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b, k =2.303[%j10g10 Ly
At I,

0.241 cm/min = (2.303)(Mj log,, 4
16x7 h,

hy,=235cm
7.7 From Eq. (7.15) and Table 7.2 for 7=28" C:

Ky = (’“i}km = (0.832)(0.009) = 7.49 x 103 cmi/sec

20

e ( 0.62° j
. 1+0.62) 0.
78 Eq(an; Kolte 003 U1+ 2)_ 0.1471
ke k, 0.48° | 0.0747
I+e, 140.48

k> = 0.015 cm/sec

79 €= emax — (emax — emin)Dr = 0.68 — (0.68 — 0.42)(0.52) = 0.544

3 0.7825
Eq. (7.32): k(cm/sec) = 2.4622[Df0 le—}
+e

3 0.7825
- (2.4622)[(0.4)2(%]} =0.1cm/sec
+0.

7.10 €1 = emax — (emax — emin)Dr = 0.72 — (0.72 — 0.46)(0.8) = 0.512

e, =0.72 — (0.72 — 0.46)(0.67) = 0.545

e 0.512°
ko _l+e 0006 _ (1+o.512) _ 0.0887
k, e ' k, 0.545° | 0.1047
l+e, (1+0545]
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k, =7.08 x 1073 cm/sec

711 =036 ¢ =—T1 =930 _ 556
1-n,  1-0.36

048 _ 0.923
48

n,=048; e, =

3 3 3
Bq.(731): k=k| -2 [ |og 1ra ] e :(0,072)(1.562](0.92?
l+e, \ ¢ l+e, ) ¢ 1.923 1 0.562

k> =0.259 cm/sec

712 Yagsieldy = Rydmax) = (0.9)(16) = 14.4 kN/m’

oo Gy, 1 (2.7)(9.81) 120839
Y a(tield) 14.4
e3
Eq.(7.34): k (cm/sec) = 35(1 " e](Cf'ﬁ)(Dlo mm)>>
3
= 5(%}(3.1)“ (0.23)>** =0.732cm/sec
+0.
7.13 Sieve Opening Percent Fraction between two
no. (cm) passing consecutive sieves (%)
30 0.06 100 ————27
40 0.0425 73 (————14
60 0.02 59 ————36
100 0.015 23 ————23
200 0.0075 0
For fraction between f B 27 _550.03
sieve Nos. 30 and 40 D2'404 % D‘SSS% - 0.060'404 % 0'04250,595 - :
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7.14

7.15

For fraction between f; B 14 _5142]
sieve Nos. 40 and 60 D)% x D% T 0.0425%4% % 0.020%5 T
For fraction between fi 3 36 —2127.71
sieve Nos. 60and 100]  p0** x DO~ 0,02°% x0.015% =~

For fraction between /i 3 23 306,35
sieve Nos.100and 200 pp#* x p%*? T 0.015%% % 0.0075%% :

o
e LLLUNE 109 =0.0182

D) x D% 550.93+514.21+2127.71+2306.35

0.68’
1+0.68

k[ & 1+e2 _[1+e ’

k, (l+e l+e

0.2x10°° j[o
1.95

0.91x10°

k=(1.99x10%)(0.0182) (7 Sj ( J=0.0219 cm/sec

93 j 0.1648 = 0.593

1og0 1648
log0.593

-6
k = C(l ] ;. C= (02x107)(1+0.95) =4.655x10"7 cm/sec
+e

=345

0‘953.45

1 1345
k3:( % j(4655 x107")=3.08x107" cm/sec

Eq. (7.37): logk=A"loge+ B’

e logk, —logk, 10g(0.2x107°)—1log(0.91x10™°) _
loge, —loge, log(0.95) —log(1.6)

B' —logk, — A'loge, =10g(0.2x107°) - 2.910g(0.95) = —6.634

log (k,) = (2.9)log(1.1) - 6.634 = —6.514
45
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k,=3.062 x 107" cm/sec
1
716 kg = E(lel +k,H,+....)

1., _ _ _
Kigeqy = Z[(10 D) +(2.8x107) (1) +(3.5x107°)(2)] = 7.042 x 10~ cm/sec

P H ~ 4

veo T H, 1 1 2
—Ly 24 —+ —+ —
ko k 10 " 2.8x107  3.5x10

=5.95x107° cm/sec

Koy 7.042x107°
k 5.95x107°

=118.35

V(eq)

717  q=kid

;_160-150
125

=0.08

g =250m’/day
A =2x500=1000 m*

q 250

=~ =——"——=3.125m/day
iA  (0.08)(1000)

\ CRITICAL THINKING PROBLEM \

" 60 ) ,
7.C.1 a. kv(eq)_Hl i, 4, - 20 20 55— = 1076 X107 cm/sec

— — + +
ki k, k, 5x107° 42x107 3.9x10™

q =k, eqid = (0.001076)(%)&)(152) =0.149 cm®/sec = 536.4 cm’/hr
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b. x=0mm

Z =-220 mm;

M 4704220 =690 mm
Y,

h="1 47 =690-220=470mm
'

x =200 mm

Z =-220 mm

kv(eq)i = ki,

(0.001076) 4—7 =(0.005) ﬁ
60 20

AH =3.371cm =33.71 mm

Therefore, 7 =470 -33.71=436.29 mm

2 = 436.29 - (-220) = 656.29mm

Vi
x =400 mm
Z =-220 mm

Kyeql = kol

47 AH
(0.001076)(5] = (0.042)(5]

AH =0.4cm =4 mm

Therefore, 7 =436.29 —4 =432.29 mm

M 432,29 (~220) = 652.29 mm
Ve
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x =600 mm

Z =-220 mm

kv(eq)i =k,

(0.001076)(ﬂ =(0.00039) E
60 20

AH =43.224 cm =432.24 mm

Therefore, h =432.29 —432.24 ~0mm

2 0-(-220)=220mm

w

c. The variation of heads with distance is shown in the following figure.

Soil | Soil Il Soil 1l
- o 1% 1 20% %% 10 BTSN
I:'“\ ™ |:" ‘s |'.t.‘\ ";:'“ .l:n.'\ . :o‘_‘\
‘.-.‘_ el ) .-‘.J.- F -:.“.A-"|
ye,Tiv Ju, " \-a-l'l‘-l - “:‘t'
PRSI BRSNS NS e A
B WA B .';'u--‘ . :l'&-" \_-.'i‘st‘ PP )
LR L A T LA o Y L A T har o T L T
pavxtreie 'rl.‘ AP R bl PEast

Pressure head

600
Total head

head (mm)

=]
Da,
Ge ),
1 Nb/ d45
Elevation head

-200 *

Seepage velocity, vs (1073 cm/sec)

* * 4
-400 T T T T T 1
0 200 400 600

Distance along sample axis (mm)

d. v=k,i= (0.001076)(ﬂj =0.000843 cm/sec
60
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Soil I: v =%:0.00168 cm/sec

N

~0.000843

Soil II: v, =0.0014 cm/sec

Soil III: v, =% =0.00255 cm/sec

These values are plotted in the figure on the previous page.

e. Height of water column is equal to the piezometric or pressure head at a point.
Therefore: height of water in 4 = pressure head at x = 200 mm = 656.29 mm
height of water in B = pressure head at x = 400 mm = 652.29 mm
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Chapter 8

Hl(l + ZJ
Hl H2

R om = (20 cm)(0.004 cm/sec)

(10 Cm)(O.OO4 em/sec k, cm/secj
10 cm 15cm

k, = 0.009 cm/sec
8.2 The flow net is shown. v

k=4x10" cm/sec T =

<)
g

H=H—H,
=6.0-15=45m. ? a2 T

So \ 1‘
q:(4x104j(4.5x4) e
10° 8 6m
=9x10°° m’/m/sec
=77.76x10° m*/m/day AT
8.3  The flow net is shown. v
ih ) v |
Ni=3; Ng=5 T = osm
T 1.5m T
Nf
g=kH| — 3.75m
Nd
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10°

4
q= (4 e m/secj(3 - 0.5)(%) = 6x107° m*/m/sec = 0.518 m*/m/day

8.4  Based on the notations in Figure 8.10:

H=(4-15m=25mS=D=36m;T'=D;=6m; ST'=3.6/6=0.6

From the figure, 9 2044
kH

_ 4%107" _ 3
q=(0.44)(2.5) TS x 60 x 60 x 24 m/day | = 0.38 m*/m/day

8.5 The flow net is shown.

-.,
N
N
+
N
N
N

Impermeable layer 10m
{ Ao i |
Scale

N
q= kH (N—fj _ (0'0(2)2 X 60 % 60 x 24 m/dayj(lo)(%j — 7.2 m*/m/day
d

8.6  Refer to the flow net given in Problem 8.5 and the figure on the next page.

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

drop = (10/12) m. Thus,
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s A - » 4 R

» ]
F a r » 4 G N

'16‘7 \_
11.67m: !
_/..;__.t ! H |/
. R 11.6711.67
m e 18.32m ———jm >iem
1

1
1 i

11.67

Pressure head (m)

Pressure head at D = (10 + 3.34) — (2)(10/12) = 11.67 m

Pressure head at E = (10 + 3.34) — (3)(10/12) = 10.84 m

Pressure head at F = (10 + 1.67) — (3.5)(10/12) = 8.75 m

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

Pressure head at H= (10 + 3.34) — (9)(10/12) = 5.84 m

Pressure head at | = (10 + 3.34) — (10)(10/12) =5 m

The pressure heads calculated are shown in the figure. The hydraulic uplift force

per unit length of the structure can now be calculated to be

7. (area of the pressure head diagram)(1)

[11.67 + 10.84}

(1.67) +

[10.84 + 8754)(1.67)

N (8.75 24'586}18-32) N (4.58624— 584)(1.67) N (5.84;+ Sj(1-67)

= (9.81)(18.8+16.36 +122.16 +8.71 + 9.05)
= 1717.5 KN/m
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8.7 The flow net is shown. Ns=3; Ng = 5.

N -3
g =kH (N—fj = (11%2 ](10 - 1.5)(%) = (10‘5)(8.5)(%]
d

=2.429x107° m*/m/sec ~ 2.1 m*/m/day

8.8 For thiscase, T'=8m;S=4m;H=H,-H,=6m;B=8m; b=B/2=4m.

a. S _%_05 x=b-x=4-1=3m; X=3_075 D _%_¢5
T3 b 4 T3
From Figure 8.11, g/kH = 0.37.
q= (0.37)( Oiggl % 60 % 60 24)(6) ~1.92 m¥/m/day

b, S 205 L-05 x=b-x=4-2=2m; X=2-05.So q/kH = 0.4.
T T b 4
q= (0.4)(% % 60 % 60 24)(6) ~ 2.07 m¥miday
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8.9

a1=35% =40 H=7m; A=7cot35=10m. 0.3A=3 m.

d=H,cote, +L,+(H, —H)cote, +0.3A

= (10)(cot40) + 5+ (10— 7)cot 34 + 3 =242 m

L4 [d® HP 242 (24.2]2_( 7 jz
cosa, \cos’a, sin’a, cos40 cos40 sin 40

=1.94m

: 3x107" :
q=kLtane, sina, = TS (1.94) |(tan 40)(sin 40)

=3.139 x10°® m*/sec/m ~ 0.271 m*/m/day

8.10 From Problem 8.9,d=242m; H=7m; ap = 40°

d _242

H-7 =3.46; m = 0.25 (Figure 8.14)

L mH  (0.25)(7)
sina, sin 40

=2.72m

-4
q=kLsin’ a, = [3 Xl(l)? j(2.72)(sin2 40)

=3.37x10"° m*/sec/m ~ 0.291 m?®/m/day
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Chapter 9

9.1 . Ib/ft°
Point P
o u o
A 0 0 0
B (7)(110) =770 0 770
C 770 + (12)(121) = 2222 (62.4)(12) =748.8 1473.2
D 2222 +(6)(118) =2930 748.8 + (62.4)(6) = 1123.2 1806.8

The plot is given below.

0 o (Ib/f?) L o U (lb/ftz)_ 0 o' (Ib/ft?) R
SO T SOOI | (TSRS | W i P
T .. - SN N, ... S . 14732
5.2 ) NI, ... L) SN, - . (O | SR, 10088 ...
[  J v
Depth (ft) Depth (ft) Depth (ft)
G, (2.69)(9.81) 3
9.2 = —sfw =15.52 kN/
Vaaery =77 g 1+0.7 m
ety ) = 7w(Gg +€) _ (9.81)(2.7+0.55) 90.57 KN/m®
l+e 1+0.55
1.2
(9.81)('+ 1.2}
_ 7u(Gg+e) 0.38 _ 3
ysat(layer 3) — 1 _:e - 1 N 1.2 = 1943 kN/m
)
Point KN/m g
o u o
A 0 0 0
B (5)(15.52)=77.6 0 77.6
C 77.6 +(8)(20.57) = 242.16 (9.81)(8)=78.48 163.68
D 242.16 + (3)(19.43) = 300.45 78.48 +(9.81)(3) =107.9 192.54
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The plot is shown below.

5 o (KN/m?) L. (KIN/m?) o o' (kN/m?)
koo TR e s o e e b N
A B o o e e i T e e e e e el 163.68 ___
| IO, .. AS__ o1 N 192.54
v
Depth (m)
9.3 . kN/m”
Point p
o u o
A 0 0 0
B (3)(16) =48 0 48
C 48 + (6)(18) = 156 (9.81)(6) =58.86 97.14
D 156 +(2.5)(17) =198.5 58.86 + (9.81)(2.5) = 83.38 115.12

The plot is shown below.

0 a (kN/m?)
3-8 _ ]
1 NSO 1L A——
11.5F-mmmmmm a0 198.5___|
v
Depth (m)

9.4  a. Water table drops 2 m within layer 2. Assuming dry condition for 2 m:

_ Gy, _ (2.7)(9.81)

_ =17.08 kKN/m>
d (tayer 2) l+e 1+0.55
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9.5

o’ (at point C) = (5)(15.52) + (2)(17.08) + (6)(20.57) — (6)(9.81)
=176.32 kN/m”

Increase in o 176.32 — 163.68 = 12.64 kN/m?

. Water table rises to the surface. Layer 1 is saturated.

_ 7u(Gy+€) _ (9.81)(2.69+0.7)

_ =19.56 kN/m’
7sat(layer1) 1+e 1+0.7

o’ (at point C) = (5)(19.56) + (8)(20.57) — (13)(9.81) = 134.83 kN/m’

Decrease in o 163.68 — 134.83 = 28.85 kN/m?

Water level rises 3 m above ground. All layers are saturated
o’(at point C) = (3)(9.81) + (5)(19.56) + (8)(20.57) — (16)(9.81)
= 134.83 kN/m’

Decrease in o 163.68 — 134.83 = 28.85 kN/m? (same as Part b)

_ Gy _ (2:66)9.81)

= =16.2 kN/m’
Vacuma) =77 1+0.61
G, +e ) . )
e = (G, +8)y, _ (2.67+048)(9.81) _ 20,88 KN/
1+e 1+0.48
kN/m°

Point & u o’

A 0 0 0

B (16.2)(4)=64.38 0 64.8

C  64.8+(20.88)(5)=169.2 (9.81)(5)=49.05 120.15

b. Let the height of rise be h. Portions of the top sand layer will be saturated.
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(G, +8)y, _ (2.66+0.61)(9.81)
]/sat(topsand) 1 +e l + 061

=19.92 kN/m’
So, at any time, the stresses at C are:

o= (4-h)(16.2) + (h)(19.92) + (5)(20.88) = 169.2 + 3.72h
u=(5+h)9.81)=49.05 +9.81h

o’=(169.2 + 3.72h) — (49.05 + 9.81h) = 120.15 — 6.09h

New o' atC: 111 =120.15-6.09h; h=15m

7 G.-1 2681 168

96 i, ,="—= = =
Yo 1+e l+e 1+e
e ler
0.38 1.21
0.48 1.13
0.6 1.05
0.7 0.99
0.8 0.93

The plot is shown below.

1
0.8 —
© 0.6 -
0.4 —
02 L I L I L I L
0.9 1 1.1 1.2 1.3
Icr
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_ 1+ WGy, _ (1+0.29)(2.68)(9.81)

}/sat(clay) - =19.08 kN/l’Il3
1+ WG, 1+(0.29)(2.68)

9.7

Let the depth of the excavation be H.
So, (10 —H)(19.08) — (6)(9.81) =0 = &".

H~6.91m

9.8  Consider the stability of point A in terms of heaving.

(1925)(9.81)
7/ sat(clay) = W

=18.88 kN/m’
on=(10—5.75)(18.88) = 80.24 kN/m’
U = (6)(9.81) = 58.86 kN/m’

For heaving to occur, o’=0; or c=Uu

80.24
Therefore, factor of safety = In 27 1.36
u, 58.86

9.9  Let the maximum permissible depth of cut be H.
on=(10—-H)(18.88)
U = (6)(9.81) = 58.86 kN/m’
For heaving to occur, o’=0; or oo —Us=10

(10— H)(18.88) — 58.86 = 0; H=6.88 m

9.10  Let the height of water inside the cut be h (see figure on following page)
on= (10— 6.88)(18.88) + (h)(9.81) = 58.9 + 9.81h

U = (6)(9.81) = 58.86 kN/m’
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Saturated clay
Pear = 1925 kg/m?

3
1
—!
=~|||4
i
T 1
:
1
1
1
1
l||4

Sand
> m Poae = 1840 kg/m’

* ’._ : \
S
Y

0, _589+981h _

Factor of safety: — =
Uy 58.86
h=3.0m
. h L
911 a I=—=—=06
H, 25

q = kiA = (0.21)(0.6)(0.62 x 100* cm?) = 781.2 cm®/sec

G-l 2.66-1_

b. i, = = =1.11
y 1+e 14049
Since i < I, N0 boiling.
c. I=i,=—:; l1l=—
2
h=277m
012 a i= 215 o33
H, 45

q = kiA = (0.31)(0.33)(6.2) = 0.634 ft*/min
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b. Refer to Figure 9.4 (a). Since C is located at the middle of the soil layer,
z=H,/2=4.5/2=2.25ft

Eq. 9.7): o) =2y’ —izy, = (2.25)(119-62.4) — (0.33)(2.25)(62.4) = 81 Ib/ft?

G, ~ (2.69)(62.4)
1+e 1+0.47

=114.181b/ft*

913 J/d(sand) =

_ 7u(Gy +58) _ (624)[2.73+(0.4)(0.68)]

Y sat(clay: capillary zone) —

=111.51b/ft?

l1+e 1+0.68
G, +e A)(2. .
oy = 0G0 _ (62 DRT+089) ¢ s pp/pe
Y l+e 1+0.89
Ib/ft
Depth (ft) o u o’
0 0 0 0
10 (114.18)(10) = 11418 0 11418
‘ ' (~0.4)(62.4)(8) = —199.68 1341.48
10+8=18  1141.8+ (111.5)(8) = 2033.8 0 2033.8
10+8+16=34 2033.8 + (118.52)(16) = 3930.12 (16)(62.4)= 998.4 2931.72
The plot is given below.
0 o (Ib/fe?) o u(Ib/ft?) 0 o' (Ib/ft?)
10k L e el 0 T | SRREPNUSURSUSCUUREIN . i v SO
1141.8
) PREL . it TSR . & TSNNSO CISNNIN] RSSO 20338 ____
ailesnnci s oo RSREE. o) e T NOENESE R ) 283342
r v v
Depth (ft) Depth (ft) Depth (ft)
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_(2.69)(9.81)

914 Vyuma = =17.95kN/m’

1+0.47
(9.81)[2.73+(0.6)(0.68)] 3
ysat(clay:capillaryzonc) = 1+ 068 = 1832 kN/m
oy = (9.81)(2.7+0.89) —18.63 kKN/m’
Y 1+0.89
KN/m’
Depth (m) o u o’
0 0 0 0
0 71.8
4 17.95)4) = 71.8
( ) (-0.6)(9.81)(2.5) =-14.71 86.51
4+2.5=6.5 71.8 +(18.32)(2.5) =117.6 0 117.6
4+2.5+4.5=11 117.6 +(18.63)(4.5) =201.43 (4.5)(9.81)= 44.14 157.29
The plot is given.
0 o (kN/m?) o #(kN/m?) 0 o' (KN/m?)_

6.5

11

v v v

Depth (m) Depth (m) Depth (m)

Dy’
Corw(H, —H,)

9.15 From Eq. (9.22), FS=

D=45m; y’=17-9.81=7.19kN/m>; H,—H,=7-3=4m;
D/T=4.5/12 =0.375. From Table 9.1, C, = 0.354 (by linear interpolation).

_(45)(7.19)
(0.354)(9.81)(4)
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CRITICAL THINKING PROBLEM

9.C.1 a. The flow nets for both cases are given below:

Case 1
& 9m >|
T 5 8
35m v *
¢ ¢0.353mT 1m
4 7
r man +
4.75 m
7 A. —
l 159m
Case 2
e B ]
T "
35m
f
2.26 m
2.;?m
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b. Determination of ﬂ:

N
From Eq. (8.21): g =kH N—f

d
Case 1: Ni=4,Ng=11,H=35-1=25m

a. (2.5)(% —0.909m
K 11

Case2: Ni=3.5,Ng=13,H=25m

a_ (2.5)(3;5j —0.673m
k 13
i
c. FS=_te

exit

G, -1 2.66-1
I+e 155

=1.071

cr

Case 1: Refer to the flow net and Eq. (9.24a):

Co_H 25
TN (11)(0.353)

1071
0.643

FS 1.67

Case 2: Refer to the flow net and Eq. (9.24a):

H 2.5

i = = —0.545
N, (13)(0.353)
rs - L0714 o7
0.545
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d. From Eq. (9.18), seepage force per unit volume is vy
Case 1: Refer to the flow net. AtA,

AR 251 (s
I 1.59

Seepage force = yui = (9.81)(0.143) = 1.4 kN/m®

Case 2: Refer to the flow net. AtA,

AH  (2.5/13)

I 1.41

=0.136

Seepage force = ywi = (9.81)(0.136) = 1.33 kKN/m®

Installation of the sheet pile cut-off wall reduced the exit gradient and
increased the factor of safety against heaving. Accordingly, at any point A,

the seepage force also decreased due to a drop in the hydraulic gradient.
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Chapter 10

2
o, +0 O, —0
101 a Ctb=Zyt%ey JOy 7O L2
o, 2 2

oy = 162 KN/m?; oy = 128 KN/m?; 7, = +32 KN/m?

oy| _128+162 (128—162)2 4 (32)°
o, 2 2

o1= 181.23 KN/m?; o3 = 108.76 kKN/m?

c,+o0, O0,-0, )
b. o, = + 5 cos20 +1,,sin 20; 6 =35°

128 +162 N 128 -162

o, 5 cos[(2)(35)] + 32sin[(2)(35)] = 169.25 KN/m*?

o, — 0y

T, =

sin260 -z, cos 26

— 1287202 inf(2)(38)] - 32 cos[(2)(35)] = -26.92 kN/m”?

10.2  a. oy =72 kN/m? oy = 121 kKN/m%, 5, = 39 kN/m?; 0 = 147°

o] _121+72 (121—72j2+(39)2
o, 2 2

o1= 142.55 KN/m?; &3 = 50.45 kKN/m?

_121+72 +121—72

o, , cos[(2)(147)] + 39sin[(2)(147)] = 131.33 KN/m?
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Tn

=22 sin](2)147)] - (39) cos[(2)(147)] = -38.24 KN/’

10.3 a. The Mohr’s circle is shown below.

>
>

&
S B (550, 175)
[ )
D
S N
0 >
a5 0 o (Ib/fe?)

C (350,-175)

00, - &;3’50 _ 450 Ib/ft?; 0,0, = 550 — 450 = 100 Ib/ft

2
0.B- J(@j +(~175) = 2015 Ib/ft?

o, = 0S =450 — 201.5 = 248.4 Ib/ft? (+)
o, =ON =450+ 201.5 = 651.5 Ib/ft 2 (+)

/BO,0, = tan 1(@j = 60.25°
100

b. o, =00, —0,Dc0s(29.75) = 450 — 201.5¢05(29.75) = 275.1 Ib/ft > (+)

7, =0,Dsin(29.75) = 99.98 Ib/ft? (+)
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10.4 a. The Mohr’s circle is shown below.

z (Ib/f2)

C (50, 62

20.43° | N
Oy oo sabie)

B (200, -62)

0, = 290450 _ 195 1bsft2; 0,0, = 200125 = 75 I/t

0,B =/(75)% + (62)? =97.3Ib/ft?

o, =ON =125+ 97.3 = 222.3 Ib/ft 2

o

o, =0S =125-97.3=27.7 Ib/ft

ZB0O,0, =tan™" QJ =39.57°
75

b. o, =00, +0,Dc0s(20.43) =125+ 97.3¢05(20.43) = 216 Ib/ft 2

7, =97.13sin(20.43) = 33.9 lb/ft?
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10.5 a. The Mohr’s circle is shown below.

&
£
]
~
0 a 0 —
. 1 ¢ (KN/m?

B (45, -25)

o, =ON =99kN/m?; o, =0S = 33kN/m?

b. o, and t, are coordinates of D. So

on ~ 96 KN/m%; 7, ~ 15.8 KN/m? (-)

10.6 a. The Mohr’s circle is shown below.

 (Ib/ft2)

o

B (72, -40)
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o, =ON =136.5Ib/ft?; o, = 0S = 47.3Ib/ft?

b. o, and t, are coordinates of D. So

o, ~ 48 Ib/ft*; 7, ~ 10 Ib/ft?

10.7 Ao =
Load P r z r Iy 2=
@ (kN)  (m) (m) z (Table 10.1)  (KN/m?
B 100 6 6 1.0 0.0844 0.234
C 200 (6°+69)°°=8.48 6 1.41  0.0311 0.173
D 400  (6°+3% =6.708 6 1.118  0.0648 0.72

Ac, = ¥1.127 KN/m?

108  Eg. (10.15):

o - 2¢,2° 20,2°  _ (2)(90)(3)° +(2)(325)(3)3
Lol + %)+ 2% Al + 2% #[(6.5)% + (3% #[2.5° +3°)

= 24.6 KN/m?

10.9 Eq. (10.15): In this case, X, =0

_ 2q,2° 2q,2°
Lol %)+ 277 #[xE + 2%

_ (2(90)3)° N (2)(325)(3)° 7144 KN/m?
7[(4+0)? +(3)°) #[0% +3%]° '

2q,7° 2q,2°
(% +X%,)? +2°7  7[xs +2°)

1010 A, =

3 3
4g= DWOF, 203006) _ 3 55, 000874,
7[19° +6°]° #[5° +6°]

qu = 15,678 Ib/ft
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| (2(292)(3)°
A[@2+F

2q,2°
7[x® + 227

10.11 Ao, at Aduetoq, = or (Ao,),

Vertical component of g, = ¢, sin45°

_ 20,(sin45)(3)° .
z[(7.5)* +(3)*)*

(Ac),), (Ac,), =0.002850q,

Horizontal component of g, = ¢, cos 45°

20,x2° _ 2q,(cos45)(7.5)(3)

From Eq. (10.17): (A = =
a.( ) (o) z(X* +2%)? 7[7.5° + 3]

Total vertical stress,
Ao, =42 KNIM? = (Acy1 + (A2 + (AGy)s
42 = 15.49 + 0.00285¢, + 0.007136q>

4, = 2656.3KN/m

10.12 B =36 ft; q = 900 Ib/ft*; x = 21 ft; z = 15 ft

2x = @)@7) =15 2z = (2)15) =0.833. From Table10.4,
B 36 B 36

Ao,
q

Ao = (0.18)(900) = 162 Ib/ft?

1013 X _(2(0) _ 0. 2% ) _1 67. From Table 10.4, 2
B 6 B 6 q

=0.61

Ao, = (120)(0.61) = 73.2 kN/m?

74
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10.14 Refer to the figure.

4-52.5 ft—y - 34 ft ——pta—52.5 fi-p
® 30 x 112 = 3360 Ib/ft?
1 1
] ]
22.5ft | 122.5 ft
: ;
1 )
Aé o4

For the left side (with the notations given in Figure 10.19):

B = 0 =0; B = 525 = 2.33. From Figure 10.20, I, , =0.375

z 225 z 225

For the right side:

B = 34 =151, B, = 52.5 = 2.33. From Figure 10.20, I, = 0.48
z 225 z 225

Aoy = gl + law)] = (3360)(0.375 + 0.48) = 2872.8 Ib/ft?

10.15 AtA:
3.5m 3.5m For the For the
[€— 30 m —ptgt—p] f—ptg— 30 m 4 leftside: right side:
5 _35_ 0.437 5 _ 0.437
z 8 z
S
&=@=3.75 i—3.75
15x 19 =285 kN/m? 15x 19 =285 kN/m? z 8 z
I, =0.46 I,=0.46

8§m 8Sm

L

: ;

] |

| I
Aé &4
Ao; = (15)(19)(0.46 + 0.46) = 262.2 kN/m?
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At B:

€= 30 m —pi l¢— 7m —pja—30mp  FOrthe For the
left side: right side:
B, 0 B, 7
—=—=0 -1 =_—=0.875
@D z 8 z 8
15x 19 =285 kN/m? B, 30 _,. B 30 5.
H 1 z 8 z 8
I |
8Sm ! i8m l,=0.41 I, =0.48
-
| !
Beé L Y]
Ao, = (15)(19)(0.41 + 0.48) = 253.65 kN/m?
At C:
=30 m—»  le——37 m——>}e 30 m->| For the For the
left side: right side:
S) @) B B, 37
15x 19 =285 kN/m? —+=0 —L == =4625
— z z 8
\ !
1 }
8mj| 8 m &=@=3.75 i=§=3.75
i ! z 8 z 8
cé &cC I, =0.41 l,=05
Ao = (15)(19)(0.5 — 0.41) = 25.65 kN/m?
10.16 Eq. (10.26) and Table 10.6: q = 2200 Ib/ft?
Ao, ’
R(f)  z(ft) = o Ao, (I0/ft?)
12 0 0 1 2200
12 4 0.333 0.9634 2119.5
12 8 0.666 0.8251 1815.2
12 16 1.333 0.4983 1096.2
12 32 2.667 0.1809 397.9
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10.17 Eq. (10.27) and Tables 10.7 and 10.8: g = 380 kN/m?

I

2(m) r(m) R(m) é A B’ Ao, (KN/m?)

3 0 5 06 O 0.48550 0.37831 328.24
3 1 5 06 02 047691 037531 323.84
3 3 5 06 0.6 040427 0.32822 278.34
3 5 5 06 1 0.25588 0.14440 152.1
3 7 5 06 14 0.12657 0.00085 48.42

10.18 Refer to the Newmark’s chart.
The plan is drawn to scale.
AB =6m. M =~ 65.
Ao, = (IV)qM
= (0.005)(450)(65)

= 146.25 KN/m?

Influence

/ value = 0705

10.19 Point A:

Egs. (10.32) and (10.33): n=

N

3

Eqg. (10.30): Aoy =qls; Table 10.9: 13 =0.1999

Ao = (225)(0.1999) = 44.97 kN/m? ~ 45 kN/m?
Point B:
Refer to the figure on the next page.
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® ®
36mx1.8m 24mx1.8m
@
3.6mx1.2m 24mx12m
For rectangle 1: m= 3—36 =1.2; n= % =0.6; 1,=0.1431
For rectangle 2: m :¥=1.2; n:%=0.4; I, =0.1063
For rectangle 3: m= % =0.8; n= % =0.6; 1, =0.1247
For rectangle 4: m= 2—34 =0.8 n= % =0.4; 1,=0.0931

Aoy = Q[|3(1) + |3(2) + |3(3) + |3(4)] = (225)(0.1431 + 0.1063 + 0.1247 + 0.0931)

=105.12 KN/m?

Point C:

Refer to the figure.

¢ 6m

—pig-1.8 m-P

§

AN

A\

[stress at C due to J (stress at C due to J
Ao, = -

area 7.8mx3m areal.8mx3m
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7.8

For rectangular area 7.8 mx3m: m= 3 26; n=—=1 1,=0.2026

=1 1,=0.1361

Wlw w|w

For rectangular area 1.8 mx3m: m= % =0.6; n=

Ao, = (0.2026 — 0.1361) = (225)(0.2026 — 0.1361) = 14.96 KN/m’

10.20 Egs. (10.35), (10.37), (10.38), and (10.39):

b=E=§=1.5m
2 2

ml = % = % = 2
z (m)
2 4 6 8 10
n, = é 1.33 2.66 4 5.33 6.66
4
(Table 10.10) 0.682 035 0.190 0.119 0.079
Ao, =ql,
‘ 153.4 1 42.7 26. 17.
um 1534 80 6.8 8

‘ CRITICAL THINKING PROBLEM

10.C.1
1. Vertical stress increase due to wheel load:

y =0.305m; R = 0.15 m; q = 565 kN/m?

Element r(m) % % A B’ Aoy (KN/m?)
A 0.457 2.03 3.05 0.02221 0.00028 12.7

B 0.267 2.03 1.78 0.05278 0.04391 54.63

C 0 203 0 0.10557 0.17889 160.71
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Overburden pressure at the middle of the layer = 0.305 x 19.4 = 5.92 kN/m?
Total vertical pressure, Aoy:

AtA: oy.a=12.7+5.92 =18.62 KN/m?

At B: oy.s =54.63 +5.92 = 60.55 KN/m?

AtC: oy.c=160.71 + 5.92 = 166.63 kN/m’

These values are entered into the following table.

Element Horizontal Shear  Vertical

at stress, oy stress, ¢ stress, Oy o1 o3 i
(kN/m®  (kN/m%) (KN/m?) (KN/m®) (kN/m%) (deg)
A 25 17 18.62 39 45 55
B 32 45 60.55 93 1 48
C 7 0 166.63 167 7 0

2. Element at A:
The Mohr’s circle is shown. o1 = 39 KN/m?; o3~4.5 KN/m?

These values are entered in the above table. The pole is located at point P.
The maximum principal stress acts on a plane which is inclined at 35° with

the horizontal. Therefore, ax = 90 — 35 = 55°.

(25,17)

7 (KN/m?)
N

0]

¢ (kN/m?)

(18.6,-17)
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Element at B:
The Mohr’s circle is shown. o1 = 93 kN/mZ; o3~1 KN/m?

These values are entered in the table on the previous page. The pole is located
at point P. The maximum principal stress acts on a plane which is inclined at

42° with the horizontal. Therefore, ag = 90 — 42 = 48°.

(60, 45)

7 (KN/m?)

>

¢ (KN/m?)

(32, -45)

Element at C:

Since there is no shear stress, the horizontal and vertical stresses are principal
stresses. Therefore, oy =~ 167 KN/m?%; o3 = 7 KN/m?; ac = 0°. These values are
entered in the table on the previous page.
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3. The plot is shown in the figure.

60 200
o A M o
c E
50 - B =
i — 160 g
s »
40 — ¢
i —120 &
~~ E
oN 30 - B - o
B - —80 £
o
S 20 i g
] ) 40 E
10 — %
J s =
(o]
0 (-1 1 I ) I ) I T o
0 1 2 3 4
/'R
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Chapter 11

1.1 S

e(flexible, center)

2
~ Ao(aB) E”S L,

355

=" —59.16kN/m?
(2)(3)

Given: oa=4; B' = % =1; us,=0.35; E;=13,500 kN/m?

[ =F 122

A 1_1us

=L 5 o % _y
B 2

2 G

From Table 11.1, F; = 0.454; from Table 11.2, F»> = 0.054.

I, =0.454+ ll(zﬂ(o 054) =0.472
.. D, 15 L .
Also, with ? = By =0.75 andE =1.5, Table 11.3 gives Iy=0.765. Hence,

1-0.4°

S e(tiexivt, centery = (59- 16)[(4)(1)]( j(o 472)(0.765) = 0.0053 m = 5.3 mm

e(rlgld) (0 93)(5 3) 4,93 mm

—0.93A0(aB) A ”S L1,

S

11.2 AsinProblem 11.1, S

e(rigid) —

_ZE 4z (3000)(6) + (1100)(8) + (8500)(10)

) = = 4658 Ib/in? = 670,752 Ib/ft*
’ z 24

Given: B=L=6f1t; u;,=0.3; =4

&3
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~ 100000

o= = 2778 lb/ft?
(6)(6)
p=8_%_34
2 2
[ =F+ 22 g
1— p,
. L ., H 24
m=—=1, n=—-= =

From Table 11.1, F; = 0.482; from Table 11.2, /> =0.02

I, =0482+ %(o.oz) =0.493

D.
Also, ?f = % =0.5. From Table 11.3, Iy ~ 0.77. So,

1-0.3°
670752

S

e(rigid)

= (0.93)(2778)(4 3)( j(o.493)(0.77) =0.016ft~0.2in

11.3 a. Theplotofevs. o’ is shown.

1.2
14—
1 |
]
i 1
1
1
® 0.9 i
) :
1
1
0.8 — ;
1
3 1
1
puns 1
07 o= 170 kN/m? 1
- \:
u‘s ] llllllll 1 ||l|l||| T LILLLALALL
10 100 1000 10000
o (kN/m?)
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b. & =170 kN/m?

e —e, 0.755-0.65

c. C = ; T =~ 0.35
log 72 log(j
ol 8
C - e —e'2 _ 0.658—12.65 —0.026
log % 10g(j
o] 8
C, _0.026 _ 0.074
C. 035
11.4 a. Height of solids: H, = ", 12 ‘% =0.152 cm = 0.06 in.
AGy, (491)(2.54)°(2.49)(1)
Change in Final H
o’ dial reading height, H H, H,=H-H, e= HV
(ton/ft%) (in.) (in.) (in.) (in.) s
0.063 0.0112 0.8013 0.06 0.7413 12.35
0.125 0.0059 0.7954 0.06 0.7354 12.25
0.250 0.0124 0.7830 0.06 0.723 12.05
0.500 0.0222 0.7608 0.06 0.7008 11.68
1.000 0.0324 0.7284 0.06 0.6684 11.14
2.000 0.0886 0.6398 0.06 0.5798 9.66
4.000 0.2105 0.4293 0.06 0.3693 6.15

The e-log o’ graph is plotted on the following page.
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14
12—
’ ~
.
.
D 10 — i e
1
- |
I
1
8 |
I
|
T o', = 1.8 ton/ft2 \ :
6 I llllllll T llllllll vl LILLLALAL]

0.01 0.1 1 10
g’ (tonift2)

b. From the graph, ¢’ =1.8 ton/ft?

e,—e, 9.66-6.15

. C,=7° 4 =1L66
log 0-2, log(j
o 2
s w=""2- 10 __j176,
S 1+w 1+0.19
|74 .
H =— = H7.6 =1.375cm
AGy, (m)(3.175)7°(2.7)(1)
Final H
o’ height, H H, H,=H-H, e= HV
(kgfo’)  (em) __ (cm) (cm) -f
0.5 2.519 1375 1.144 0.832
1.0 2.5 1.375 1.125 0.818
2.0 2.428 1.375 1.053 0.765
4.0 2.322 1.375 0.947 0.688
8.0 2.206 1.375 0.831 0.604
16.0 2.09 1.375 0.715 0.576
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The e-log o’ graph is plotted.

0.9
0.8
@ 0.7 —
0.6 —
10.= 1.85 kg/cm? |
|
\,
05 T Illlllll Yl Illlllll T T TTTTTT
0.1 1 10 100

o' (kg/em?)

From the graph, o’ =1.85 kg/cm?

¢ —e, _0.688-0.604 _

116 a § =SH log(a”+AaJ

C.=0.009(LL — 10) = (0.009)(42 — 10) = 0.288

o= 150 16.67 kN/m?
(3)(3)
=CTDO8D _ 5 5 inm?
1+0.7
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_(272+0.7)(9.81)

” =19.73kN/m’
1+0.7

o' =(15.7)(1.5)+(19.73 - 9.81)[%) = 63.23 kN/m>

o _(0289)®),

63.23+16.67
¢ 1+0.7

j =0.137m
63.23

Ao, +4Ao,, + Ao,

11.7 Eq.(11.68): Ao, = p

Eq. (10.35): Ac'=¢ql,

m, —£=§=l; b:§:1.5m; n, =2
B 3 2 b
q= IS0KN _ 6 67 kN/m?
3)3)
p=B | ,_Z
m | z 2 p q Iy Ao’'=ql4
(m) | (m) (kN/m®) | (Table 10.9) | (kN/m?)
1 |00 |15 0 16.67 ~1.0 16.67
1 | 40 | 15 2.67 16.67 0.231 3.85
1 |80 | 15 5.33 16.67 0.065 1.08
Ao = 16.67 + (4 ><63.85) +1.08 _ ¢ o N/
5. - (0.288)(8) | ( 63.23 + 5.52) _0049m
1+0.7 63.23

118 a. o =(6)(114)+(12)1 l8)+(%)(117)—(12+9)(62.4)=1842.61b/ft2

C. = 0.009(LL — 10) = (0.009)(38 — 10) = 0.252
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o _(0252(8) [1842.6+550

i j: 0.297ft.~3.5in.
1+0.73 1842.6

b. S.= C.H log(o-j)+ CH log(o-" +'AO-]
l+e,

o,) l+e, o,
0.252 (18)
5 ( 2200 j (0.252)(18) (1842.6+550j
= log + log
1.73 1842.6 1.73 2200
= 0.135ft ~1.63in.
119 Ve = (l;sy w (2'1661)(96'5% =15.81kN/m’
+e + O.
G, -1 .66 —-1)(9.
(G oy (Q66-DO8D g en i
l+e 1.65

clay —

I+e 1+0.98
ol =(2)(15.81)+(4)(9.87)+ [g}(&&) =96.96 kN/m’

C.=0.009(LL — 10) = (0.009)(54 — 10) = 0.396

CH o’ CH o +Ac’
S, =——log —< |+ —<—log —~

c

l+e, o) l+e, !
0.396 6)
6 [ 150 ] (0.396)(6) (96.96+ 85}
= og + log
1.98 96.96 1.98 150

=0.138m ~13.8cm

e —e, 122-097

o! 225
g[ U;J 108

11.10 C, = =0.784

&9
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C — 61_63

1
! 300

e,=e —C. 10g£6—3,] —1.22- 0.78410g(ﬁj = 0.872

O,

111 C = 0.92-0.77
ES)
1.5
4.5

e, =0.92-0.498log —= | =0.682
: 1.5

=0.498

11.12 The plot of e-log c”’1s shown. 1
| 70 kN/m?
o' =70 kN/m?; e; = 0.93; 0.95 —
o' +Ac’=250 kKN/m’*; e = 0.79 ReRs
Ae=093-0.79=0.14 s
o _ Hhe _(2)(0.14) =
‘ l+e, 14093 o
:O'145m 0-7 T 1 T Illlil T T T LU
10 100 1000

o’ (kN/m2)

113 7, =51 U=75%; T,= 0477 (Table 11.7)
H

v
dr

(0.24 cm®/min)(r)

(600 jz ’
—CIm
2

0.477 =

t=178,875 min = 124.2 days

90

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



=
11.14 a. 4, _\Ao

m = =
’ l+e, l+e,

Ae=e —e;=0.92-0.77=0.15
Ao’ =0, -0 =3-1.5=1.5 ton/ft’

_0.92+0.77 _ 0.845

eav

(0.15}
m,=— = LS ) _ 0,054 ft2/ton
l+e, 1+0.845

b. ¢, K 0.001085in2/scc=7.534 x 10° i’ /sec
mv]/W
62 k
7.534x107ft"/sec =

0.054 ft*/ton 624 ton/ft’
2000

k=1.27 x10°® ft/sec

11.15 In the laboratory:

c,t
G
0.304 = CIUOMIN) 5 24,107 m*/min
(0.019
—
2

U= 40%; Ty = 0.126 (Table 11.7)

In the field:
ct
T — v 40
T
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(2.74x107° mz/min)(%)

0.126 = k
(4m)

t40 = 735,766 min = 511 days

=
11.16 a. 4 Ac

m = =
' l+e, 1l+e,

Ae=0.9-0.75=0.15

Ao’ =1.5-0.5 =1 ton/ft>

_09+0.75 _ 0.825

eav

(0.15}
m, =~ _ 0,082 ft*/ton
1+0.825

k (6x107)(0.0328) ft/sec

c, = =
T (0.082 ftz/ton)(gg(')‘(‘) ton/ft3j

=7.69 x 10° ft*/sec = 0.664 ft* / day

_THZ (019712

=44 days
Y 0.644 y

e —¢ 09-0.75
C o lo L5
ol %) s

s =Lty Gt A (03D)(2) 1og[1;5j — 0.934 ft
Ite, / 1109 0.5

=0.31

O

o

S. at 50% = (0.5)(0.934) = 0.467 ft ~ 5.6 in.
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1117 m =—2v —(Aa - 250_125) =6.29x10" m2/kN

" lte. l+e (0.85+0.71]
av av 1+

Ae ) (0.85 -0.71

2
o (0.403)(0'325 ]
c, = — =1.31x10"° m*/min
L 4.8

k= cym, % =(6.29 x 10* m*kN)(1.31 x 10 m*/min)(9.81 kN/m’)

=8.08 x10® m/min

C ly,

1118 a. ]—'90= v2 : 0848:CV(188)
Hdr (15)
2

¢, = 0.265 ft¥/day

ct
b. Ts = ;Igs
dr

From Table 11.7, U= 65%; Tss = 0.119

0.75
TeH, (0'119)(@)(12) j
tes =54 = =4.38x10™ day ~ 38 sec
c 0.265

v

1119 a. Eq (11.68): Ao, =27 +4A60m +Aa;

Eq. (10.35): Ao’ =4I,
mlzﬁzgzl;b:E:I.Om; nl=E
B 2 2 b

_ 300kN

q= =75kN/m?
2)(2)
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b= B z
m | z 2 n == q Iy Ac’=qly
m) | (m) b | (kN/m?) | (Table 10.9) | (kN/m?)
1 [ 10 | 1.0 1.0 75 0.701 52.57
1 |20 | 1.0 2.0 75 0.336 252
1 |30 | 1.0 3.0 75 0.179 13.42
Ao’ = 52.57 + (4 xgs.z) H1342 oo nm?
N _ 1+ w)y,G, _ (1+029)(08DQ2T4) _ o s

Vs =106, 1+(0.24)(2.74)
ol =(1)(14)+(1)(17 - 9.81)+@)(2o.1 ~9.81)=31.48 kN/m”

C.=0.009(LL — 10) = (0.009)(46 — 10) = 0.324

Since o] < o, the clay is overconsolidated

S - C.H log(GcJ+ C.H log(c" +’A0)

& !

1+ e, o,) l+e, o
0.324 2)
5 40 j (0.324)(2) 31.48+27.8
= log + lo
1+0.657 31.48 1+0.657 40
=0.0749 m = 75 mm

c. U%)= [%j(m()) =25.3%

d T =51, U=253%; T,=0.0503 (Table 11.7)

v 2
dr

00503 = (¢)369)
(1m)

¢y, =1.378 x 10 m?/day
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7 _ (0.0001378)(2)(365)
v (2}2
2

Table (11.7): U (%) = 36%

=0.1

U(%) = [%J(l 00); S, = (0.36)(75) =27 mm

c

CRITICAL THINKING PROBLEM

11.C.1 a. For the clay layer:

Eq. (11.68): Al = 2% +4A60m Ao,

Eq. (10.35): Ac'=¢ql,

m1:£:1—0:1; b:£:5m; n =—
B 10

g =(2)19) =38kN/m’

b= B z
my| z 2 n == q Iy Ao’=qly
m) | (m) b1 (kN/m? | (Table 10.9) | (kN/m?)
1 4 5 0.8 38.0 0.8 30.4
1 6 5 1.2 38.0 0.606 23.02
1 8 5 1.6 38.0 0.449 17.06
Ao = 304+ (4x23.02) +17.06 _ 2 5o inii o

6

o = (2)(15)+(2)(17)+Gj(18)—(2+ 2)(9.81) = 60.76 kN/m”

_ (0364, (60.76+23.25

c—clay — ) = 0.096 m
1+1.1 60.76
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C.

For the peat layer:

£:1—0:1; b:£:5m; n =—
B 10 2

m,

g =(2)(19) = 38 kN/m’

b= £ z
mp| z 2 n == q 14 Ao’=qly
m) | (m) b1 (kN/m? | (Table 10.9) | (kN/m?)
1 8 5 1.6 38.0 0.449 17.06
1 9 5 1.8 38.0 0.388 14.74
1 10 5 2.0 38.0 0.336 12.76
Ao = 17.06 + (4 x 164.74) 1276 0o

o' =(2)(15)+2)(17)+ (4)(18)+ (1)(16)— (7)(9.81)=83.33kN/m”

_(66)2), (83.33+14.8

= j =0.136m
P 45.9 83.33

Total consolidation settlement, S. = 0.096 + 0.136 = 0.232 m

For the clay layer, a double drainage condition is assumed since the bottom
peat layer has high void ratio and considered permeable.

C(HL)(Ty,) _ (200*)(1.781)
ooy =T T T T 0,003

v

= 23,746,666 sec = 275 days

For the peat layer, a single drainage is assumed since the top layer is

considered to have relatively low permeability.

, _(Hy)(T,)  (200%)(1.781)
99-peat c 0.025

v

=2,849,600 sec ~ 33 days

Secondary compression in clay:

Ae . =C, 1og(ﬂj - 0.3610g[MJ — 0.0506

primary

o 60.76
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e, =¢,—Ae =1.1-0.0506 =1.049

)4 primary

C = ¢, = 0.03 =0.0146
1+ep 1+1.049

S

s—clay

—C'H log(i—zj — (0.0146)(4) 1@%} —0.0247 m

1

Secondary compression in peat:

_c log[ﬂJ _ 661%(@) _ 0.468

Ae._. )
primary ‘ o, 83.33

e, =¢e,—Ae =59-0.468=15.432

P primary

C = Co _ 0263 =0.0408

“lte, 1+5432

S, o =CLH log(i—zj - (0.0408)(2)104%) ~0.109m

1

d. Total settlement:

Se + Se-clay T Ss-peat = 0.232 + 0.0247 + 0.109 = 0.365 m

e. Time factor in 3 months:

7 — ot _ 0003)(BOEHE600) _, oo,
HE 200

Determine the degree of consolidation, U, from Figure 11.25:

:§=1.5; U.~0.85
2

Eq. 11.57: U, =1-"=
Uy

Initial excess pore water pressure, uy ~ Ac’'=23.25 kN/m?
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u, =(1-U_)u, =(1-0.85)(23.25) = 3.487 kN/m’ = remaining excess pore

water pressure at point A4 after 3 months.
The increase in effective stress after 3 months = 23.25 — 3.487 = 19.76 kN/m>
o, =2)(15)+2)17)+(3)(18)—(2+3)(9.81)=68.95 kN/m?

Therefore, the final effective stress after 3 months = 68.95 + 19.76
= 88.71 kN/m?
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Chapter 12

12.1 a. ¢'=0. From Eq. (12.3): 7= o’tan ¢’

300

T = —=75kN/m?
(1000)(0.063)

So, 75 = 105 tan ¢’

¢ =tan” NEREEYYE
105

b. For o’ =180 kN/m’, 7;= 180tan 35.5° = 128.39 kN/m’

Shear force, S = (128.39)(1000)(0.063)* = 509.5 N

12.2  The point O (180, 128.4) represents the failure stress conditions on the Mohr-
Coulomb failure envelope. The perpendicular line OC to the failure envelope
determines the center, C of the Mohr’s circle. With the center at C, and the radius
as OC, the Mohr’s circle is drawn by trial and error such that the circle is tangent
to the failure envelope at O. From the graph,

400 —
300 —
t:E_ o
< 200
[ %Y
100 -
0}’ ‘\\
0 —T T T T 1 |
0 100 200 300 400 500
o' (KN/m?)
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a. o) ~115kN/m’*; o] ~ 420 kN/m*
b. The horizontal line OP drawn from O determines the pole P. Therefore, the

orientation or the major principal plane with the horizontal is given by the
angle o ~ 65°.

12.3  For ¢’ =28 Ib/in’, 7= 28 tan 33° = 18.18 Ib/in®

Shear force, S = (18.18)(2.5)> =113.651b

124 Area of specimen A = (%}(2)2 ~3.14in.2

r
Test Normal — r_ % Shear S S ¢ =tan”' (;f}

No. force N force S 74

(Ib) (Ib/in.?)  (Ib) (Ib/in.®)  (deg)
1 15 477 5.25 1.67 19.29
2 30 9.55 10.5 3.34 19.27
3 48 15.28 16.8 5.35 19.29
4 83 26.43 29.8 9.5 19.77

A graph of 7 vs. o’ will yield ¢’= 19.5°.

12.5  Area of specimen A = (%j(o.osf = 0.00196 m?

Test Normal __N = Shear _ _S 4 =tan” (T—f]

No. force N A force S 4 ,
(N) Nm)  (N) (N/m?*)  (deg)

1 250 79.6 139 44.26 29.07

2 375 119.4 209 66.56 29.13

3 450 143.3 250 79.61 29.05

4 540 171.9 300 95.54 29.06

A graph of 7rvs. o7 will yield ¢~ 29°.

12.6 ¢'=0. From Eq. (12.8): o] =0} tan2(45 +%j; ¢' =30°
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o] =208tan’ (45 + ?j ~ 600 kN/m’

A G, i) = 01 — 03 = 600 — 208 = 392 kN/m>

12.7 a. From Eq. (12.4): 6’:45+%=45+2—29:59.5°

b. Refer to the figure.

A
¢ o' —p]
E
é )/ &
w .-/ N
i 7] 1
@
=
3 )
-
73] J 4
=196 . 3
i X
. P Normal stress
208 600

600 = 2(1 (kN,fmI)

14—404 —>

7= 196in 60° = 169.7 kN/m*
o’=404 + rcos 60 = 404 + 196 cos 60 = 502 KN/m>
For failure, 7= o’tan ¢’= 502 tan 29 = 278.26 kN/m’. Since the developed

shear stress = 169.5 kN/m? (which is less than 278.26 kN/m?), the specimen
did not fail along this plane.

12.8  ¢=28+0.18D, = 28 + (0.18)(68) = 40.24°

40.24

o = o} tan’ (45 + %j =150tan’ [45 + ) = 697.43kN/m’
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129 03 =125kN/m’; of =0} + Aoy, =125+175=300kN/m’
ol =0} tan2(45 + %j, 300=125 tan2(45 + %j

¢~ 24.3°

12.10 o3 +Ao; =0, tan2(45 +%) = o} tan”(60.5°) = 3.120}

A% 312 A% oo
O3 03

1+

ol = 18 849 1b/in.?
2.12

' 2
1211 o =0} tan’® (45 + %j = (o — Auy )tan2(45 + %j

o] = (15— 4.8)tan*(60.5)* = 31.861b/in.”

12.12 a. The effective principal stresses at failure are calculated as follows and the
Mohr-Coulomb failure envelope is drawn from the Mohr’s circles on the

following page.
Test o3 (Aoy)r (Augyy 03=03—(Auy), oj=o03+(Ao,),
no. gN/m?) (kN/m’)  (kN/md) (KN/m?) (KN/m?)
1 100 170 —-15 115 285
2 200 260 —40 240 500
3 300 360 —80 380 740
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Shear stress (kN/m?)

=40

=
Y

115 240 285 350 500 740

Normal stress (kIN/m?)

From the graph: ¢’ = 40 kN/m” and ¢’= 20°

b. Effective stress in the middle of the clay layer:
oy =(2)(19-9.8) =18.4 kN/m*

r=c'+0o'tang’ = 40 +18.4tan(20) = 46.7 kN/m*

12.13 a. o] =0} tan2(45 + %j : (25+33) = 25tan2(45 +%}
¢~ 23.4°
¢ 23.4

b. 6=45+"—=45+—"—"-=156.7°
2 2

c. From Egs. (10.8) and (10.9):

[ 1A ! !
) :‘71+‘73+‘71_‘73

o, 0529=58+25+58_25

cos(2x56.7)
2 2 2

= 34.94 1b/in.>

7 = o’ tan ¢’= 34.94 tan 23.4 = 15.12 1b/in.?

103

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



12.14 o] =0, tan2(45 +%j + 20'tan(45 +%j
Specimen I: (105 +220) =325=105 tan2(45 + %) +2¢' tan(45 + %) (a)

Specimen II:  (210+400) =610 = 210tan2(45 + —j +2c' tan[45 + %) (b)

oS

Subtracting Eq. (a) from Eq. (b): 610-325=105 tan2(45 + %), @' =27.48°
From Eq. (b):
610—210tan2(45 + 2748)
¢'= =12.48 kKN/m’
2 tan(45 + 27'48j

12.15 a. From Egs. (10.8) and (10.9): &=40°

,_0'1'+c7§+c7{—c7§ _105+325+325—105

o 0s26 cos(2 x 40)
2 2 2
= 234.1 KN/m?
ol —o} . _325-105

r=——sin 20 sin(2 x 40) = 108.32 kN/m’

b. The angle of inclination of the failure plane:

27.48
+ PR

9:45+%=45 = 58.73°

,_ 01103 +O-1,_O-§ 0820=6IO+210+610—210
2 2 2

cos(2x58.73)

o

= 317.74 KN/m’

! !
o -0y .

T:Tsngzw

sin(2 x 58.73) = 177.46 kN/m*
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0.5
12.16 o, =0, tan2(45 + gj ¢= 2{tan'l (%) — 45] =22.9°

' 0.5
o =ottan? 45+ 2 g = tan[ 22284 45| 220480
2 2214

12.17 a. o3=150 kN/m*; 1 = 150 + 120 = 270 kN/m*

o, = o, tan’ 45+£; @:tanz 45+£
2) 150 2

$=16.6°

o, —Au
! a9 _ tan2(45 + ﬂj =2.662
o5 —Auy s 2
270 - Auy > 660
150 — Auy,

Or, 270 — Augp = 399.3 — 2.662Au(

Augp = 77.8 KN/m’

12.18 o] =o! tan2(45 + %j = 150 tan® (45 + 27/2) = 399.4 kN/m”

A, ;) = 0f — 0} =399.4—150 = 249.4 KN/m”

12.19 o, =0, tan2(45 + gj = 20tan2(45 + %j = 62.48 Ib/in.
A, = 624820 = 42.48 Ib/in.’
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o/ = o! tan? 45+ﬂ
1 3 2

6248~ Autygyy _of o 24
20— Auy, 2

Augz =—10.98 Ib/in.”
A dense sand tends to expand during shear. Due to undrained condition, it creates

a negative pore water pressure. A loose sand tends to contract during shear, and a

positive pore water pressure is developed in undrained conditions. Therefore, for
loose sand, o' <o, and so, ¢’ > ¢ .

1220 o] =0} tan2(45 + %j

0—-Au,, 2

Augp = —83.6 KN/m’

12.21 a. Test o+ o0,

o 2 O-l,_o-; o s 2
o, - p' (kN/m) ———==¢" (Ib/in.")
1 212 108
362 155
g =m-+p'tana
108 =m + 212tan (a)
155=m+ 362tan (b)

m=41.56 kN/m?, a=17.4°

b. ¢’=sin"(tan @) = sin”'(tan 17.4) = 18.26°

o= A0 s sskNm?
cosa cos(17.4)
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C
1222 2 = 0.11+0.0037 P/
O-[)
o’=(2)(18) + (7)(19.5 — 9.81) = 103.83 kN/m’
cuvst) = [0.11 + (0.0037)(23)](103.83) = 20.25 kN/m’
CRITICAL THINKING PROBLEM
12.C.1 Task 1

1 1 ’ ! ’ 1
p =§(0'1 +203) = o, +§Aad ;q=A0,

At the end of consolidation, p, =o3; g, =0

03 p(,) (AO‘d)f: qr p.’f
(kN/m?) (kN/m?) (kN/m?) (kN/m?)
150 150 527 325.67
275 275 965 596.67
350 350 1225 758.33
450 450 1580 976.67
510 510 1800 1110

The drained stress paths and the failure line are shown below.

2000 —

1600 —

1200 —

q (kN/m?)

800 —

400 —

Drained stress
paths

N |
600 800

p’ (kN/m?)

0 200 400
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Task 2
Atpoint O: p'=0;¢g=0
Atpoint P: p'=c} =250 kN/m?; ¢ =0

Atpoint 4: ¢=1000= 40,
’ ’ 1 ! l
p' =675=0, +§A0'd =0, +§(1000)

Therefore, o} = 341.67 kN/m”

Stress path O to P: Increase confining pressure from 0 to 250 kN/m? under
drained condition (effective stress).

Stress path P to A: Increase confining pressure from 250 kN/m? to 341.67
kN/m” under drained condition (effective stress). Simultaneously increase
axial stress from 0 to 1000 kN/m”.
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Chapter 13

13.1— 134 Ko = (l_sin¢')(OCR)sin '

Problem | ¢’(deg) | K, P =1K yH’ z=H/3
13.1 35 0.634 | 143.44kN/m | 1.67m
13.2 33 0.627 | 8,607.1 Ib/ft 5.67 ft
13.3 29 0.515 | 176.13kN/m | 2m
13.4 40 0.463 | 8,625.7 Ib/ft 6 ft
13.5—13.8 K, =tan*(45-¢'/2)
Problem | ¢’(deg) | K. oy =K yH | P =1K yH’ z=H/3
(0.307)(110)(14) | ($)(0.307)(110)(14)?
35|32 0307 | “ 472710 | =3300.4 Ibfft 46Tt
(0.361)(99)(22) | (3)(0.361)(99)(22)?
36 |28 0361 | _786.210/f® | = 8648.8 Iblft 33
(0.248)(17.6)(5) | (3)(0.248)(17.6)(5)°
B7 ¥ 0248 | _21.8kNIm® | =54.56 kN/m Lo7m
(0.207)(19.5)(9) | (£)(0.207)(19.5)(9)°
B84 0207 | 3632 kKN/M? | = 163.47 KN/m 3m
Note: 1. Pressure distribution is similar to that shown in Figure 13.11a., i.e.,
o,=0atz=0and o, =K yHatz=H
2. z=distance measured from the bottom of the wall
13.9—13.12 K, =tan’(45+¢/2)
Problem | ¢’(deg) | K, Oy = K, yH | P, =1K,yH’ z=H/3
(3.254)(117)(11) | ($)(3.254)( 117)(11)?
13932 3254 | Jgr9 b | = 23,033 Iblit 367t
(4.203)(101)(16) | ($)(4.203)(101)(16)?
1310138 14203 | 700 1/t | = 54,336 Iblft >33 1t
(3)(16.6)(7) (2)(3)(16.6)(7)’
B3I )30 30 | 3486 kN/m? | =1220.1 kN/m 233m
(2.662)(20.5)(12) | (3)(2.662)(20.5)(12)?
13.12 127 2662 | _ 6548 kN/m? | = 3929.1 KN/m 4m

Note: 1. G;,(FO) = 0; triangular pressure distribution

2. z = distance measured from the bottom of the wall
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13.13 K, = tan2[45 —%) = tan2(45 —%) =0.361. Refer tothe figure.

o', (Ib/ft2) u (Ib/ft2)
0

L

436.8

14 14

v
Depth (ft) Depth (ft)

z=0ft: o0.,=0 K,=0; u=0
z=7ft o.=(103)(7)(0.361) = 260.28 Ib/ft*; u=0
z=14ft: o, =[(103)(7)+ (127 — 62.4)(7)](0.361) = 423.5 Ib/ft’
u=(62.4)(7) = 436.8 Ib/ft*

Area No. Area
1 ($)(7)(260.28) =910.98 = 910.98
(260.28)(7) = 1,821.96
($)(7)(423.5 -260.28)= 57127
(3)(7)(436.8) = 1,528.8
34,833 Ib/ft

EENIRVS R

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

7 7 7 7
{(910.98)(7 + 3) + (1821 .96)(2j + (571.27)(3) + (1528.8)(3]}
4833

zZ =

=4.09 ft
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2
13.14 K, = tan2(45 -~ %j =0.307. Refer to the figure.

76.75 a’, (Ib/ft?) ; u (Ib/ft?)

L

10

873.6

24

v v
Depth (ft) Depth (ft)

z=0ft: o =qK,=(250)0.307)=76.75 Ib/ft>; u=0
z=10ft: o, =[250+ (10)(115)](0.307) = 429.8 Ib/ft*; u =0
z=24ft: o/ =[250+ (10)(115) + (122 — 62.4)(14)](0.307) = 685.96 Ib/ft’
u=(62.4)(14) = 873.6 Ib/ft*

Area No. Area
1 (76.75)(24) = 1,842
2 ($)(10)(429.8 — 76.75) = 1,765.25
3 (14)(429.8 — 76.75) = 4,942.7
4 (3)(14)(685.96 — 429.8) = 1,793.12
5 (1)(14)(873.6) = 6,115.20

P,=2X16,458 Ib/ft

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

(1 842)(224j + (1765.25)(14 + 130j + (4942_7)(124j

(1793, 12)(“} (61 15.2)(14)
z= 3 3 755t
16458
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1315 K, = tan2(45 —ﬂj =0.333; K, = tan2(45 —ﬁ) =0.282.
2 2

Refer to the figure.

o', (KN/m?) u (KN/m?)
i 0 >

28.99 44

33.26 9 49.05

z=0m: o, =q¢K,=(21)(0.333)=6.99 kN/'m*; u=0

z=4m: o =[(16.5)(4) + 21](0.333) = 28.99 kN/m’
o' = [(16.5)(4) + 21](0.282) = 24.53 kN/m’
u=0

z=9m: o, =[(16.5)4)+ (20.2—9.81)(5)](0.282) = 33.26 kN/m’
u=(9.81)(5) = 49.05 kN/m*

Area No. Area
! (6.99)(9) = 6291
(3)(4)(28.99 — 6.99) = 44
(5)(24.53 —6.99)= 87.7
(3)(5)(33.26 24.53) = 21.82
(2)(5)(49.05) = 122.62
P, =%339.05 kKN/m

2
3
4
5

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

9 4 5 5 5
{(62.91)(2j + (44)(5 + 3) + (87.7)(2j + (21 .82)[3) + (122.62)(3)}

339.05

zZ =

=3.01m
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28
13.16 K, = tan’ (45 + 7) =2.77. Refer to the figure.

o', (b/ft) R : u (Ib/ft?)

3249.7
i e EE LR 14
L4 Y

Depth (ft) Depth (ft)

436.8

z=0 ft: (7;7
z=Tf o =yzK, =(103)(7)(2.77) =1997.17 Ib/ft*; u =0
z=14ft. o =[(103)(7) + (127 — 62.4)(7)](2.77) = 3249.7 Ib/ft’

u=(62.4)(7) = 436.8 Ib/ft’

Area No. Area
1 H)(7)(1997.17) = 6,990.09
2 (7)(1997.17) = 13,980.19
3 (3)(7)(3249.7 — 1997.17) = 4,383.8
4 (3)(7)(436.8)= 1,528.8

P,=X26,883 Ib/ft
Location of the resultant: Taking the moment about the bottom of the wall,

{(6990.09)(7 + Zj + (13980. 19)(;) + (4383.8)(;) + (1528.8)(;)}

z= =4.76ft
26883

13.17 a. Use Table 13.2: For a = 10° and ¢’ =36°, K,=0.270

o' =yzK, = (19)(4)(0.270) = 20.52 KN/m?
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b. Equation (13.24):

P = %Ka;/Hz - %(0.27)(19)(4)2 = 41.04 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 @ = 10° to the horizontal.

13.18 a. Use Table 13.3: For o = 10° and ¢' =36°, K, =3.598

o, =yzK, = (19)(4)(3.598) = 273.44 kN/m’

b. Equation (13.25):

1 1
P, = 5 yH*K, = E(19)(4)2(3.598) = 546.89 KN/m

Location and Direction of Resultant: At a distance of H/3 =4/3=1.33m
above the bottom of the wall inclined at an angle a = 10° to the horizontal.

13.19 a. H=5m;c,= 17 kN/m* y=21kN/m* ¢=0

K, = tan’ [45 —g) =0, =yz-2c,

- 34 kN/m?
ik f
At the top (z =0 m): \
\ 1.62 m
o, =-2¢, =(-2)(17) e l
A 3
\
=-34kN/m’ \\
\
At the bottom (z =5 m): - \
. m \
' N\
o =2N(5)-(2)17) L
\
\
= 71kN/m’ \
71 kN/m?

The pressure diagram is shown.
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b.

C.

d.

13.20 a.

b.

Eq. (1341): z =25 - @D _q 65
14 21

1

Eq. (13.43): P, = 5 yH* —2c,H = %(21)(5)2 —(2)(17)(5) = 92.5 KN/m

Eq. (13.45):

2
P =L _oc i
2 y

1

Resultant measured from the bottom:

_ H-z, 5-
z = =

3

;'62 =1.126 m~1.13m

o,=0,K, _20\/K_a
.

o,=yz+tq; K,=1. \
\

= 5(21)(5)2 —(2)A7)(5) + % =120 kN/m

- 23 kN/m?

—

1.09 m

1

Atz=0 ft:
o, =11 kN/m?
o, =11-(2)(17) = -23kN/m’
391 m

Atz=5m:

o,=(21)(5)+11 =116 kN/m*

o, =116—(2)(17) =82 kN/m’

The pressure diagram is shown.

0,=0;(yzo+q)—2c=0

2¢,—q 34-11
z = =

. =1.09m
4 21

115

82 kN/m?
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c. Referring to the diagram in Part a,

P, = %(3.91)(82) - %(23)(1 .09) = 147.8 KN/m

d. P = %(3.91)(82) =160.3 kN/m

Location of the resultant from the bottom of the wall: 391 =1.3m

3

1321 K, = tan2(45 —%) = tan2(45 —%j =0.361; \/K, =0.6. Eq. (13.44):

1

12
P =S Ky H =2[K,cH + 2

/4

(2)(750)’

= %(0.361)(122)(33)2 —(2)(0.6)(750)(33) + = 3502.18 Ib/ft

13.22 Use Egs. (13.53) and (13.54). a=0; 0= 12° ¢’=34% y = 119 Ib/ft’; H=132 ft

1

Part ¢’ K, P, = EKayH2
(deg)  [Eq.(13.54)]  [Eq.(13.53)]

1 14 0.3511 21,392 Ib/ft

2 21 0.3509 21,381 Ib/ft

P, is located at a vertical distance of 32/3 = 10.67 ft above the bottom of the
wall and is inclined at an angle 6" to the normal drawn to the back face of

the wall.

1323 a. ¢’=38% w=90-0-06"=90-5-20=065°

Weight of wedge ABC = l(1 1.6)(7.1)(128) = 5271 1b/ft = 5.271 kip/ft
2 \ﬁf_J

Y
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The weight of each of the wedges

CBE, EBF, FBG, GBH = %(20)(4)(128) = 5120 1b/ft = 5.12 kip/ft

Wedge Weight (kip/ft)
ABC 5.271
ABE 5.271+5.12=10.391
ABF  10.391 +5.12=15.511
ABG 15511 +5.12=20.631
ABH  20.631+5.12=25.751

The graphical construction is shown. P,= 5.2 Kip/ft

/\ fe— 4 ft a4 ft a4 ft —>fa—4 ft —»]

P, =52 kip/ft

l Scale
4 ft

 Load Scale ]
4 kip/ft

_ (1680)(9.81)

=16.48kN/m’; ¢’ =30°% w =90-10-30 = 50°
1000

Weight of wedge ABC = %(5.25)(2.5)(16.48) =108.15kN/m
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The weight of each of the wedges

CBE, EBF, FBG, GBH = %(1)(6.5)(16.48) =53.56 kN/m

Wedge Weight (kip/ft)
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

/)\ fe1 mple-1 Mmpje1 m-ole-]1 m->

P, =125 kN/m

L Scale |

" 12
Load
Scale

50 kN/m

13.24 From Egs. (13.66) and (13.67), 8" =60+ and ¢ =a + f3 .

B = '[anl(1 khk J =tan"' (%j =5.71°

0"=9°+571°=14.71°
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a = 12°+5.71°=17.71°

* * 1
PO, a )=57/H2Ka

o2
$ 3

From Table 13.5, for " =14.71°and " =17.71°, the value of K, ~ 0.582.

From Eq. (13.70):

P, = a(e*,a*xl—kv)[m}

cos@dcos’

(1 2 oy _€08"O+5.71) | _
_{(2}0.582)(19)(6) :|(l 0){005(9)(:052(5.71)} 190.41kN/m

CRITICAL THINKING PROBLEM

13.C.1 Refer to Table A.1 to prepare the following table:

6=10° Y (kN/m3) ¢' Ka(R) Ka(R)Y
16.5 28° 0.402 6.633

a=0° 17.7 300 0.354 6.265
19.5 36° 0.314 6.123

16.5 28° 0.471 7.771

a=10° 17.7 300 0.414 7.327
19.5 36° 0.365 7.117

00 16.5 28° 0.612 10.09
o= 17.7 320 0.518 9.168
19.5 36° 0.447 8.716

The graph of 0 5;[2 versus backfill inclination angle, a, is shown on the

next page.
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10—- ¢':280
g ¢r:320
Pa, 9 ¢1:360
050
8_
7_
1
0 5 10 15 20

o (deg)

The above chart shows that for any backfill inclination a and any wall height
H, the active force P, per unit length of the wall decreases as the soil friction
angle (or the compacted unit weight) increases. For a desired level of P, (at a
given a), a compaction unit weight could be estimated from the chart for field
specification.
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14.1

14.2

14.3

14.4

14.5

Chapter 14

Pp=2KoyH?; Ky =Kys-0R. With ¢’=30°, 6 = 15°, and = 0, the value of
Kpes—0) = 2.34 (Table 14.2). With 8= 15°, 6’= 18°, 57¢’= 18/30 = 0.6, the value

of R is 1.55 (Table 14.3). So,

1
P, = (234 x1.55)(17.8)(5)* ~ 807 KN/m

P, = 2KoyH*. From Figure 14.5, for ¢’=35° and &"=23.33°, 67¢’= 0.666, the

value of Kp, is about 6.2. So,

1
P, = E(6.2)(112)(14)2 = 68,051 Ib/ft

P, = 3KpyH?. From Figure 14.4, for ¢’=30° and &' = 20°, the value of Ky is

about 5.5. So,

P, = %(5.5)(19)(4)2 = 836 KN/m

From Table 14.2, for ¢’=30° and 6= 0, the value of Kys=¢) = 3.0. For 8= 0 and

01¢’=20/30 = 0.667, the value of R is about 1.75. So

P, = %(3 x1.75)(19)(4)* ~ 798 kN/m

From Equation (14.15): P, = 37H ’K,

Step 1: =£:O.333
30

@
¢!
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Step 2: From Figure 14.7: K, 5_4) ~ 8.5

Step 3: i:§=0.6
¢ 30

Step 4: From Table 14.4: R"=0.811

Step 5: K, = (R)|K 5y, | = (0.811)(8.5) = 6.893

1
P, = 5(16.8)(4.75)2 (6.893) ~ 1306 KN/m

1

1
14.6  Eq.(14.16): Ppez{Eszpr(e)}m

For ky =0, kn = 0.25, 67¢’=15/30 = 0.5, the value of Ky, ) = 3.95.

Pee = [(0-5)(1 18)(15) (3.95)]$ = 54,286 Ib/ft

P
147 n, = 2.75m _ 0.5. ¢’=40°% ¢’= 15°. Table 14.5: = —=0.216

® 55m 0.5H2>

P. = (0.216)(0.5)(15.8)(5.5)* = 51.61 KN/m

na=6.5ftz0.3; ¢ __ 255 _,,
211t H o 12DQ2))

14.8

P
From Table 14.6 for ¢’=25° and 6'= 15°, & =0.085.
0.5+

;=

Pa=(0.085)(0.5)(121)(21)* ~ 2268 Ib/ft
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149 o, =0.65yH tan2(45 —%j 3
3ft
5 32 A T
= (0.65)(115)(27) tan?| 45 - & e TR
6 fit
= 620.1 Ib/ft? l
B; L
Z MBI =0 'Hl T
1 9 0 ft le- 620.1 Ib/ft" -
A= [Ej (620.1)(9)[5j = 4185.6 Ib/ft l
C
B, = (620.1)(9) — 4185.6 = 1395.3 Ib/ft ’
3
B,=C, = w =1860.3 Ib/ft 6 Tt
e 620.1 Ib/ft’ -
D
Y M., =0
6 ft
1 12
D= (gj{(ézo. e 2)(?ﬂ = 74412 1b/ft l

C, = (620.1)(12) — 7441.2 = 0 Ib/ft

Strut Loads:
A =(4185.6)(10)~ 41,856 Ib
B =(B; + By)(10)
=(1395.3 + 1860.3)(10) = 32,556 Ib
C=(C; +Cy(10)
=(1860.3 + 0)(10) = 18,603 Ib

D = (7441.2)(10) = 74,412 Ib
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1410 o, ZH_0I®) 54 4
C 42

Use Figure 14.14(c) to determine the earth pressure envelope.
Maximum pressure intensity: o, = 0.3yH = (0.3)(19)(8) = 45.6 kN/m”’

The pressure envelope is shown below.

'S
=

b. To determine the strut loads, refer to the following diagram.

|-<-——2m—>+4—2m——>i H—Zm—b-i-(—Zm——bl

|

45.6 kN/m? 45.6 kN/m?

-1m>e—— 3m —> |&—— Im —c1m—>
A B, B, C
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Z Mg =0
2 2
A(3) - (0.5)(45.6)(2)[2 + Ej - (2)(45.6)(5j =0

Therefore, A= 70.93 kN/m

Also, sum of vertical forces, >V =0
A+ B, =(0.5)(45.6)(2) + (45.6)(2)
or

70.93+ B, =136.8

Therefore, B, =65.87 kN/m

Due to symmetry, B, = 65.87 kN/m

and

C=70.93 kN/m

Strut load at A = (70.93)(s) = (70.93)(3.5) = 248.25 kN
Strut load at B = (B + B2)(s) = (65.87+65.87)(3.5) = 461.09 kN

Strut load at C = (70.93)(3.5) = 248.25 kN
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15.1

15.2

15.3

15.4

Chapter 15

Eq. (15.15):

Foo c' N tan ¢’
' yHcos® ftan B tanpf

31 tan 28
275 = > +
(17.8)(H)(cos” 25)(tan25) tan25

2.775= ﬂ+1.14
H

H=282m
Eq. (15.16):
o c_ 2 1 = 300 ) ! = 1797 ft
y cos” f(tan f—tang’) 115 (cos” 30)(tan 30 — tan 21)
7’=19.2-9.81 =939 kN/m’
Eq. (15.28):
P ¢’ N y' tang’ 46 N 9.39 tan 22

T Yo Hcos® Btan By, tan B - (19.2)(11)(cos18)*(tan18) 19.2 tan18
=0.741+0.608 = 1.35

_ (G +e)y, _(273+0.69)(62.4)

Ve =126.27 Ib/fi’
l+e 1+0.69

y'=126.27 — 62.4 = 63.87 Ib/ft’
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!

o c N y' tan¢’
’ 7/sat]{CC)S2 ﬂtanﬂ 7sat tanﬁ

~ 1000 , 6387 tanlg
(126.27)(27)(cos’ 28)(tan 28)  126.27 tan28

=0.707+0.309 = 1.016

155 a. Eq.(15.15):

o ¢’ N tan ¢’
' yHcos® ftanf tan f

f= 21 N tan 26
T 1(1950)(9.81 an 26
[(10)(50)}(5)(0052 18)(tan18) "
~ 2.25
b. Eq.(15.15):
¢’ tan ¢’

Fim——
yH cos” ftan f tan 3

21 tan 26

+
(1950)(9.81) 2 tan 27
{1 000 }(H )(cos” 27)(tan 27)

1.75 = 2713 +0.957
H

H=342m

15.6  Consider a 1-ft length of the wedge ABC
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Eq. (15.29):
W= %H2 y(cot & —cot ) = (0.5)(257)(115)(cot 25 — cot 50) = 46,913 Ib

T, =46913sin25=19826.31b
N, =46913c0s25=42517.61b

1 43488.3

TrzL(Ec’+Natan¢'):— ,25
F F_ [ \sin25

j(400) +(42517.6) tan 25} =

N S

Since T, =T,

43488.3 198263

N

Therefore, F, =2.19

15.7 Eq. (15.42):

_ 4_0[ sin B cos ¢’ } _ {(4)(28)}{ (sin58)(cos14)} _19.9m

“ y | l-cos(B-¢") 16.5 | 1—cos(58—14)
158 F=25 ¢ =S=2 112 N ¢ = tan [ 2012 )5 600
F 25 2.5

A { sin B cos ), } _ {(4)(1 1.2)}{ (sin 58)(c055.69)} _tgom
y | 1=cos(S—¢)) 16.5 1-cos(58-5.69)

4/ : !
159 H= cd{ Sinjeosdy };yzllSlb/f‘f
7 [1=cos(f—¢;)
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F. s(assumed) ¢0’i = tan71 (MJ C; = c_
s Foop H
(deg) (b/f?)  (deg) (ft)
2.0 11.42 350 45 4927
2.5 9.18 280 45  35.02
3.0 7.67 2333 45 27
2.75 8.36 2545 45 30.54

Fy=2.75

_ (1800)(9.81)

15.10 p= 1800 ke/m?:
p g7 1000

=17.65kN/m”*; ¢' =20 kN/m?; ¢'=17°

—tan[ L] =26570: F=23: ¢ =< = 20 _§ 60 kN/m?
d
2 F 23

¢, =tan™ tang’ = tan"~ tanl7 =7.57°
F, 23

P ARCLY I __{(4)(8.69)} (sin 26.57)(c0s7.57)
oy | 1=cos(B=¢))| | 17.65 | 1—cos(26.57—7.57)

~
~

15.11 m=0.185 (From Figure 15.13). Eq. (15.48):

€, __ 26 _ 7.59m - -Toecircle

HCI‘ = =
ym  (18.5)(0.185)

15.12 m ~0.185 for = 55° (Figure 15.13)

¢, =S 220 104 10N/’
F 25
% _Ca _ 10.4

“om (18.5)(0.185)

1
15.13 B=tan" {5} =26.56°. For f=26.56° and D = 1.5, m = 0.16 (Figure 15.13).
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% _800 o012
25

Cd=

c, 320

- -168ft
ym  (119)(0.16)

15.14 H_= &:42& It is a midpoint circle.

T om (119)(0.16)

15.15 a. D:E:IA; Yeat = 17 KN/m’. For f=48°and D=1.4, m=0.18.

10

H, =<5 ¢,=(10)(17)(0.18) = 30.6 KN/m’
ym

b. From Figure 15.13, midpoint circle

c. From Figure 15.15, n = 0.85.

Distance = nH = (0.85)(10) =8.5m

15.16 a. p=tan" Gj =26.57°

F, 1

N

tang' tanl2

From Figure 15.25

!

‘o2
yH_, tan ¢’

Or,
H, = 750 =149.5ft
(118)(0.2)(tan12)
b o o1 =3.07. ,H:tanl(lJ =45°.
tang’ tanl8 1
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Figure 15.25:

¢ 1022 30 =0.22
yH , tan ¢’ (I7)(H ,)(tan 18)

H,=24.7m

15.17 B=tan" (2%) =21.8%; ¢’=14° ¢' = 500 Ib/ft’; y= 120 Ib/ft’.

9 Fy = tan ¢: - ¢y =myH F, :L"
(deg) tan ¢, (Ib/fE%) c,
8 1.77 0.06 432 1.15
10 1.41 0.048 346 1.44
12 1.17 0.04 288 1.74
14 1.00 0.026 187 2.67

The plot of F, vs. F, is shown. From the figure, F,=F, =F,=1.42.

2.8

2.4

1.6

1.2
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1
15.18 n'=1; f=tan" [T) =45°; ¢’=20° ¢' =32 kN/m%; y= 18 kN/m’;

H=10m
9 F, :M m Ca :”ZVH F. :i'
(deg) tan @, (KN/m”) Cq
5 4.16 0.134 24.12 1.32
10 2.06 0.105 18.9 1.69
15 1.36 0.08 144 2.22
20 1.00 0.059 10.62 3.01

The plot of F, vs. Fy is shown below. From the figure, Fy =F,=F,=18.

4.5

3.6

1.8

¢ = 500 =0.278, the value of fan ¢
yHtang' (120)(60)tan14

15.19 For f=21.8° and

s

obtained from Figure (15.27) is about 0.15. Therefore,

F oo tan14

i ~1.66
0.15
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15.20 a. Refer to the figure.

&:sin300;x= 100 ft
X

5_—0 =sin35°; R = ‘50
Radius, R sin 35

=87.17 ft

With radius R = 87.17 ft, the trial surface circle has been drawn.

50 ft
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Now the following table can be prepared.

Weight of slice
Slice Area of slices Wy=Axy ay, W,cos o, W,sin a,
() (kip/ft) (deg) (kip/ft)  (kip/ft)
30)(23
1 % =345 41.75 47 28.47 30.52
2 w =462 559 32 474 2962
30 DI g5 9987 20 938 34.14
25)(2
4 % =312 37.75 5 37.6 3.29
220727 >97.57
o RO+ (W, cosa,)tan ¢’
* YW, sina,
8717 | - |(70) [(0.65) + (207.27)(tan 18)
180
= = 1.4
97.57
Note: The accuracy can be increased by increasing the number of slices.
b. Asin Parta, £=sina;x= 'H = _8 =16m
X sina  sin30

)
2 :sing,or ,8 =R=1244m
R 2 sin40

With a radius R = 12.44 m, the trial surface has been drawn on the next page.
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The following table can now be prepared.

Weight of slice
Slice  Area of slices Wy=Axy lo W,cosa, W,sin a,
(m?) (kN/m) (deg) (kN/m) (KN/m)
1 %2(385) =4.54 77.18 54 45.36 62.44
. SD(3.2
2 (3.85+6.5)3.25) _ 16.83 286.11 38 225.45 176.14
6.51+4.14)(3.55
3 ( * > X ) =18.9 321.3 20 301.92 109.89
4.14)(4.74
4 @.19@E.74) 9.81 166.77 6 165.85 17.43
2.738.58 23659
Fo RO+ (W, cosa,) tan ¢’
’ SW, sina,
(12.44) (”j(so) (27) + (738.58)(tan 20)
B 180 501

365.9

Note: The accuracy will improve with smaller slices.
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1521 ¢/=25% B=26.56% r, = 0.5: -~ =—20 0,
A (19)(14)

Using Table 15.3, the following table can be prepared.

D m' n' F =m'-n'r,

Toe circle 1.853 1.430 1.138

1.00 1.872 1.386 1.179

1.25 2.004 1.641 1.183

1.50 2308 1.914 1.351
F,~1.14.

c' 475

1522 ¢'=20% B=18.43%r,=0.5; —=——">_=0.]
v (118)(40)

Using Table 15.3, the following table can be prepared.

D m' n' F =m'-n'r,

Toe circle 2.286 1.588 1.49

1.00 2421 1472 1.68

1.25 2283 1.558 1.50

1.50 2387 1.742 1.51
F,~1.49.

1523 =26 ¢’=21%7r,=0.5; y=19 kKN/m’; ¢’ =21 kN/m*; H= 17 m

c' , tan ¢’
F. s(assumed) VTFS ¢d (deg) F, s(calculated) — m
1.2 0.0541 27.5 0.737
1.1 0.0591 25 0.823
1.0 0.065 23 0.9
0.9 0.0722 21.5 0.974

From the plot on the next page, F; =~ 0.95.
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F, s(assumed)

0.7 0.8 0.9 1 1.1 1.2

Fs[calculated)

1
1524 B=tan" [Ej =18.43°; ¢’=24% ¢' =27 kN/m*; y=17.5 kN/m’; r, = 0.25;
H=18m

a. Spencer’s solution (Figure 15.35):

!

7 < g _ tang’
s(assumed) 7/ HFS (deg) s (calculated) tan ¢ (;

1.7 0.0504 12 2.09

1.8 0.0476 125 2.0

1.9 0.045 13.8  1.81

2-1 1 1 I T ' | I 1

From the graph,
Fy~1.88.

F s(assumed)

1.6 1.7 1.8 1.9 2 2.1

Fs{calculated]
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b. Michalowski’s solution (Figure 15.36)
1
B =tan™ [Ej =18.43°; ¢’=24% ¢’ =27 kKN/m’*; y=17.5 kN/m’; r,, = 0.25;

H=18m

c 3 27 0.19
yHtang' (17.5)(18)tan24

F
Figure (15.36): *— ~4.5; Therefore, F. ~2.0
tan 24 ‘
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16.1

16.2

16.3

16.4

Chapter 16

¢’=32°% Nc =44.14; Nq = 28.52; N, = 26.87 (Table 16.1)
Q _1({. 1
Qi = Fzzg(c Nc + qu +E7BNyj

= %[@1)(44-14) F(D(75)28.52) + (17.5)1 .5)(26.87)}

= 593 kN/m?

¢’=24% Nc = 23.36; Ng = 11.40; N,=7.08 (Table 16.1)
O _ 1., 1
qall = F: :Z(C Nc + qu +578Nyj

[(1500)(23 36) + (118)(4)(11.40) + — (6)(1 18)(7. 08)}

4>|~

= 10,732 Ib/ft?

#’=0% Ny =5.7; Ng=1; N, = 0 (Table 16.1)

Oy = qu é(c N, +aN, )=%[(37)(5.7)+(19.5)(0.75)(1)]=37.58kN/m2

S

For a continuous foundation with vertical loading, all inclination factors and
shape factors are equal to one. So,

q, 1
qall:F_ = [CNcﬂ“cd"‘qu qd+ 7’BN A J

S

¢’=32° N¢ =35.49; Nqg=23.18; N, = 30.22 (Table 16.2)

D, 1
A =1+04 — |=1+0.4 — |=1.266
B 1.5
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D
A =1+2tang'(1-sing')’ ?f =1+ 2tan32(1-sin32)’ [%j =1.184

=1

(21)(35.49)(1.266) + (17.5)(1)(23.18)(1.184)

0y = = 606.8 KN/m?

[SSRE

%(1 7.5)(1.5)(30.22)(1)

16.5 ¢’=24° Nc=19.32; Ng=9.60; N, =9.44

Ay =1+ 0.4(%) =1.266

D
Ay =1+2tang'(1-sing’)’ ?f =1+ 2tan 24(1 —sin 24)’ (%) =1.209

Ay =1

(1500)(19.32)(1.266) + (4)(118)(9.60)(1.209)

1 = 11,377 Ib/ft?
4 + (118)(6)(9.44)(1)

166 g =Fi[c'Ncﬂcd +ON g +§7BN/wj

S

¢’= 0% Ng=5.14; Ng = 1.0; N,,= 0

D
Ay =1+0.4 — 1404 22110
B 2.5

! . 72 Df
/1qd :1+2tan¢(l—s1n¢) ?zl
Ay =1

q, = %[(37)(5.14)(1.12) +(0.75)(19.5) + 0] = 37.94 KN/m”
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16.7 Eq.(16.12): g, =1.3¢'N, +qN, +0.47'BN,

¢'=32° N, = 44.04; Nq=28.52; N, =26.87

q=yh+ /(D —h)= (16 x 0.9) + (18.9 — 9.81)(1.2 — 0.9) = 17.12 kN/m’

B> B> _,
Q, = qT ==~ (L3CN, +aN, +047BN, )
1.75°
Qu =55 [13)17)(44.04) + (17.12)(28.52) + (0.4)(18.9~9.81)(1.75)(26.87)]
— 1428 kN

16.8 q=yDt=(16 x 1.2) = 19.2 kN/m?
D=h-D;=(12+05)-12=05m
Eq. (16.7):

Vo = %[m +7'(B-D)]= %[(1 6)(0.5) + (18.9 —9.81)(1.75 - 0.5)| = 11.06 kN/m*

2 2
F, = qcu)—B =3_(1-30’Nc +0aN, +0.47BN,)
all all

1.75°

F =
1428

[(1.3)(17)(44.04) + (17.12)(28.52) + (0.4)(11.06)(1.75)(26.87)] = 3.58

16.9 ¢'=22° From Table 16.1, Nc =20.27; Ny =9.19; N, = 5.09

_ (1750)(9.81)
1000

=17.16 KkN/m’

g, =1.3¢'N, +gN, + 0.4y, BN,

q=yDt=(1.5)(17.16) = 25.74 kKN/m’
1 '

Vav ZE[7D+7 (B-D)]

D=h-Df =25-15=1m
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_ (1950)(9.81)

=19.13kN/m’
1000

Vo = %[(17.16)(1) +(19.13-9.81)(2 —1)] =13.24 kN/m’

g, = (1.3)(28)(20.27) +(25.74)(9.19) + (0.4)(13.24)(2)(5.09)
=1028.3kN/m’

_(q,)B” _ (1028.3)(2)’

- =1175kN
Qu F, 3.5

1 ,
16,10 From Eq. (16.12): g, =—(1.3¢N, + N +0.4/BN,)

S

¢’=29° N¢=34.24; Nqg=19.98; N, = 16.18 (Table 16.1)

0, = %[(1 3)(900)(34.24) + (4.5)(116)(19.98) + (0.4)(116)(B)(16.18)]

(a)
=12622.6+187.7B
250000
Qi = T (b)
From Egs. (a) and (b), M =12,622.6+187.7B . By trial and error,

B~4.31ft

16.11 ¢’=25° From Table 16.1, Nq = 12.72; N, = 8.34.

q, = 2L5[(2.1x 19)(12.72) + (0.4)(19)(B)(8.34)] = 203 + 25.35B

Q= 5;—20 =203 +25.35B

B=15m
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¢’ cs ed

9 _ 1 (. 1
16.12 qalle—zF—(cN/i A +qu/1qs/1qd+573Ny/1ﬁ/1}dj

S S

¢’=32° N¢=35.49; Nqg=23.18; N, = 30.22 (Table 16.2)

N
A =1+ Bl e o 22182 653
LA N, 35.49
D
Ay =1+04 —|=1+04 120 107
B 1.75

Ags :1+(5Jtan¢':1+tan32:1.624
L
' . \2 Df . 2 l
Ao =1+2tang'(1-sing’) ?=1+2tan32(l—sm32) o5 |7 1157

Ay =1 —0.4(EJ =0.6
L
a =1

q=yh+ 7 (Df—h)= (16 x 0.9) + (18.9 — 9.81)(1.2 — 0.9) = 17.12 kN/m’

(1.75)? (17)(35.49)(1.653)(1.274) + (17.12)(23.18)(1.624)(1.157)
@l T T3 +5(18.9—9.81)(1.75)(30.22)(0.6)(1)

~ 1890 kKN/m?

: 1,
16.13 a. For vertical load, Eq. (16.44): q, =qN, 4,44, +E;/B N, A4,

c'=0, ¢’=31° Table 16.2: Ng=20.63; N,=25.99.

B'=B-2x=25-(2)02)=2.1m;L'=2.5m

Ag = 1+(Ejtan¢' = 1+(£ tan31=1.504
L’ 2.5
As=1- 0.4(5) =1- 0.4[£J =0.664
L’ 2.5
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b.

D
Ao =1+2tan¢'(l—sin¢')2?f —1+2tan31(1—sin31)2£ij =1.134

a=1
g, = (19)(1)(1.504)(1.134)(20.63) +%(19)(2.1)(25.99)(1)(0.664)
=1012.8 kN/m*

q,B'L"  (1012.8)(2.1)(2.5)
Fo (5)

=1063.4kN

Qall =

B'=6-(2)(09)=421ft L' =61t ¢'=26°

Ne =22.25; Ng=11.85; N, = 12.54

!/ 1 !/
0y = CNodesog +UNo A g BN, 22,

c”*cs”"cd

(N
A =1+ B Za |22 11850 595
L" A N, 6 N\22.25
Aes =1+(E tang' =1+ 42 tan26 =1.341
L’ 6
A =1—0.4[Ej=1—0.4 42 =0.72
L' 6

D
Jog =1+0.4tan”'| — :1+0.4tan1(ij ~1.006
B 42

D
A =1+2tang'(1-sing’)’ ?ﬁ =1+ 2tan26(1 —sin 26)° (41'2} =1.293

Ay =1
g, = (900)(22.25)(1.373)(1.006) + (115)(4)(11.85)(1.341)(1.293)
+(0.5)(115)(4.2)(12.54)(0.72)(1)
= 39,291 Ib/ft* = 39.29 kip/ft’
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Qau = =198 klp

(39.29)(4.2)(6)
5

c. ¢'=38%c =0. Ng=48.93; N,=78.03.
B'=1.5-(2)0.1)=13m;L'=1.5m

~ (1800)(9.81)
1000

For vertical load, Eq. (16.44): q, =qN,4

=17.66 kKN/m’

|
S+578 Nyﬂmﬂﬁ

q”~qd

A =1+ Bjtanqﬁ =1l+| — 1.3 tan38 =1.677
L’ 1.5

As=1- 04(5’ )—1—0.4[143):0.653

D

A =1+2tang'(1-sing')’ ?f, =1+ 2tan38(1-sin38)’ G—;j =1.266

=1

q, = (17.66)(1.5)(1.266)(1.677)(48.93) +%(17.66)(1.3)(78.03)(1)(0.653)
= 3336.7 kN/m’

tu’L’ B (3336.7)(1.3)(1.5)
F (5)

S

=1301.3 kKN

Qall =

16.14 Eq. (16.57): Oy = qu(P)(B J (6800)[ ) 170,000 Ib/ft?
P

Aqu(F)
5

Qu = (170 000)(5) =85,0001b =85 kip

16.15 qup) =320 KN/m”. Eq. (16.56): Oyr) = Oy(py; Gue, = 320 kN/m’
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T 2
o AQMF)::(4J(25)(320)
all F 4

S

=392.7 kN

CRITICAL THINKING PROBLEM

C.16.1

The footing is placed at a depth of 1.5 m.
Part (a)

B=1m

N S, (mm)
Eq. (16.49): =0 F | =¢
q ( ) qnet 0.05 d[ 25 }

2xB=2x1=2m

Neo should be averaged up to a distance of 2 m below the foundation or up to a
depth=1.5+2=3.5m

Therefore, Neo-avg = (12 + 7)/2 = 10; Se =20 mm

D
F, =1+0.33£Ff]:1+0.33[1T5j:1.495S1.33 So, Fqg=1.33

Oy = ia ,33)[§} =212.8kN/m*
0.05 25

_ @A) _ (212.8)(1)° 71kN

Qall—net_ 3
B=15m
N,, (B+0.3) _[S,(mm)
Eq. (16.50): = F |2
(16507 g, = (2203 [s.om)]

2xB=2x15=3m
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Ngo should be averaged up to a distance of 3 m below the foundation or up to a
depth=15+3=45m

Therefore, Neo-avg = (12 + 7)/2 = 10; Se =20 mm

D, 1.5
F, =1+0.33 — |=1+0.33 —= |~1.33
B 1.5

0 = 8 (1.5+0.3
0.080 1.5

2
) (1.33)[§} =153.2 kN/m’
25

2
Q0 = (qneg(A) _ (153.23)(1.5) CLISKN

B=2m

N, (B+0.3) _[S,(mm)
Eq. (16.50): ¢ = —% F |2
q ( ) qnet 008( B j d[ 25 i|

2xB=2x2=4m

Neo should be averaged up to a distance of 4 m below the foundation or up to a
depth=1.5+4=55m

Therefore, Noo-avg = (12 +7 + 8)/3=9; S¢ =20 mm

D 1.5
F,=1+0.33 B =1+4+0.33 - =1.247

8 (2+0.3
qnet =

0.08 2

Qutnes = (q“e‘g,)(A) MUY RPN

2
j (1.247){%} =114.7 kN/m*

B=3m

N, (B+0.3) _[S,(mm)
Eq. (16.50): ¢, = —% F |2
q ( ) qnet 008( B j d[ 25 i|
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2xB=2x3=6m

Neo should be averaged up to a distance of 6 m below the foundation or up to a
depth=15+6=75m

Therefore, Ngp.ave = (12 +7 + 8 + 19)/4 = 12; S¢ =20 mm

D, 1.5
Fy=1+033 = |=1+033 == |=1.165

8 (3+0.3
qnet =

0.08 3

Qe = (q“eg(A) MUELEORETIO

? 20
j (1.165)[2—5} =112.77 kN/m?

The design chart is shown below.

400
300
< .
3 200 |
5
0 ]
(]
100
0 T I T I T I T I T
05 1 15 2 25 3
B (m)
Part (b)
For any design footing size B,
Qallfnet 2 Qapplled ................................................................. (1)

Qapplied = 250 kN

From the chart it is found that condition (1) is satisfied when B = 2.25 m
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Part (¢)

¢’=33%c"=0; Ng=32.33;N,=31.94 (Table 16.1); B=2.25m

qufne qu —q 1 '
Qattonet = Tt :T 25(1.3(3 N, + C]Nq +0.4-’YBNY — Q)

S

= %[(1 5)(17)(32.33) + 0.4(17)(2.25)(31.94) — (1.5)(17)]

=429.2 kN/m?

Qall-net = qall—net(B)2 = (4292)(225)2 ~ 2173 kN

Part (d)

Net allowable column load calculated by the Terzaghi’s bearing capacity equation
(Part c) is significantly higher than that calculated by the method based on Ngy and
limting settlement value (Part b). In actual design of foundations, both bearing
capacity (based on shear strength) and settlement criteria need to be satisfied. It is
possible that the allowable column load calculated in Part (c¢) will change
(decrease) if a settlement limit is imposed. Considering the uncertainty in
sampling and testing of granular materials for the determination of shear strength,
the method based on Ngy and settlement criteria may be preferable for these

conditions.
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17.1

17.2

17.3

Chapter 17

Shelby tube A:

D! —ZDf (100) = (76.2)° —2(73)2
D. (73)

Eq. (17.6): A, (%) = x100 = 8.96% < 10%

Samples can be considered undisturbed. Suitable for grain size distribution,
Atterberg limits, consolidation and unconfined compression tests.

Shelby tube B:

2 _n2
Eq. (17.6): A, (%) = Df’D—ZD'(mO) -

(3.5)? — (3.375)?
(3.375)°

x100 =7.54% < 10%

Samples can be considered undisturbed. Suitable for grain size distribution,
Atterberg limits, consolidation and unconfined compression tests.

Split spoon sampler:

2 _p2
Eq. (17.6): A, (%) = Df’D—ZD'(mO) -

(50.8)° — (35)?

35)° x100=110% >10%

Samples can be considered as highly disturbed. Suitable for grain size distribution
and Atterberg limits tests, but not for consolidation and unconfined compression
tests.

, -0.5
Depth %o Cy = {ﬁ} Neo  (N1)so=CnNeo
(m) (KN/m?) Pa
2 34 1.71 7 ~12
4 68 1.21 10 ~12
6 102 0.99 11 =11
8 136 0.857 14 12
10 170 0.767 9 ~7
¢ =tan™ Neo — |} pa~ 100 kN/m?
12.2+ 20.3(?}
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Depth % Po Neo ¢’ (deg)
(m) (kN/m?)  (kN/m? [Eq. (17.20)]
2 34 100 7 20.1
4 68 100 10  21.0
6 102 100 11 1848
8 136 100 14 19.37
10 170 100 9 10.9
Average ¢’~ 18°
r 1.7 0.5
Nﬁo[o.zs + o[.)osJ
17.4 Eq.(17.18): D, (%)= 5 2 (S_Sj (100)

Given y= 15.7 kN/m?>. The following table can now be prepared.

Depth z o, =71 Dso Ngg  Dr

(m) (kN/m?)  (mm) (%)

15 23.55 0.3 9 99.5=100
3.0 47.1 0.3 10 74.2 ~ 74
4.5 70.65 0.3 14 71.7 =72
6.0 94.2 0.3 18 70.4 ~ 70
7.5 117.75 0.3 20 66.4 =~ 66

GV
175 (Ny)g =CyNg = (p_o

a

-0.5
j Neo ; ¢ =27.1+0.3(N,),, —0.00054(N,)?,

Depth O-(; ) Neo Cn (N1)60 ¢/

(m) (KN/m°) (deg)
1.5 1.5x18 = 27 8 1924 154~15 314
3 3x18 =54 9 136 12.24~12 30.6
45 45x18=81 11 111 122~12 306

(5.3x18) _

6 L 0.7(188-98) |~ 101.7 12 099 11.89~12 304
75 101.7+1.5(18.8-9.8) =115.2 15 0.931 13.96~14 312
9 115.2+1.5(18.8-9.8)=128.7 17 0.881 1497~15 314
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17.6 a. The properties should be averaged over a distance of 2B or 4 m below the
footing, i.e. up to a depth of 5.5 m.

Therefore, design Negp=(8+9+11)/3=9.33~9

and design ¢' (deg) = (31.4 + 30.6 + 30.6) / 3 =30.8

D, 15
b. F, =1+0.33 — [=1+(0.33)| == | =1.247
d B 2

2 2
Qo = o0 [B+O.3j R[22 :i(2+o.3j (1.247)(§j:185.53kN/m2
008l B 25) 008\ 2 25

Qnet = Ot ¥ 82 =185.53x4 =742 kN

s

60

17.7  Eq. (17.39):

=7.64D%”. Use pa~ 100 KN/m?,

Depth (m)  Ngo  Dso (mm) g (KN/m?)

1.5 8 0.28 4,390
3 9 0.28 4,938
4.5 11 0.28 6,036
6 12 0.28 6,585
7.5 15 0.28 8,231
9 17 0.28 9,328

17.8  Eq.(17.33): E, =3q,

Using gc from Problem 17.7:

Depth(m)  qc(KN/m?)  Eg (KN/m?)

1.5 4,390 13,170
3 4,938 14,814
4.5 6,036 18,108
6 6,585 19,755
7.5 8,231 24,693
9 9,328 27,984

155

© 2014 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



179 Eq. (17.35): c, :qcl\_I—C’C; Ny ~ 18.3
k

. _ 26000 (22)(118)

. =1278.9 Ib/ft*
18.3

17.10 From Eq. (17.43):

Recoveryratio,R = (%J(lOO) =56.25%
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