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1.1

12

1.3

. Egs. (1.7) and (1.14): S= wf* =[

CHAPTER 1

_ (87.5)(9.81)

y= =17.17 kN/m®
(1000)(0.05)

oy 17
Y= T+w 1015

=14.93 kN/m*

J G,y
. Eq.(1.12): =_—sw
q. (1.12): », Tte

(2.68)(981)

1493="2200700 . - 0.76
l+e
Bq(L6): n=——=-27% _o43

1+e 1+076

' From Figure 1.3b: §= ’;— _¥G [(0‘15)(2'68) ](1-00) 539

e 0.76

. From Egs. (1.11) and (1.12) it can be seen that

y _ 201

Y= = =16.48 kN/m’
1+w 14022

v, = 1648 kKN / mp = Sl - G:O8D

l+e l+e.

Eq. (1.14): e = wG, = (0.22)(G,). So

981G,

1648 =
1+022

; G, =2.67

081

. Eq(L6): n=—tm = =045

l+e 14081

(02 1)(2.68):] (100) = 69.5%

081

-1-




1.4

L5

1.6

Gy.(1+w) (2.68X981)(1+021)
l+e 1+ 081

c. Eq.(1.11): y= =17.58 kN/m’

G,y. _ (2.68)(9.81)
l+e 1+ 0381

d. Eq (1.12): y= =14.53 kN /m?

Gy,(l+w
a. Eq. (1.11): y=‘—71£;——)

1220 (2.68)(62].?(1 HOMT) e
e

e 057

= =0.36
1+e 1+057

b Eq.(1.6): n=

c. S=

wG, _ [ (0.147)(2.68)

100) = 69.1%
057 ]( ) °

e

¥ 122

= =106.4 b/ ft*
I+w 1+0147

d. FromEgs. (1.11)and (1.12): y, =

a Eq (115): y_ =27 1*::7 L. (62'4)1(.%32;; 057) _ 1292 b/ 8t*

b. Waterto be added =y, - y=1292- 122=72M/f

wG,  _ Se  (08)(057)

c. §S=—(f;w= =017
e '"7G T 268
y 2 G+ w) _ QE8)624)I401T) _ 0 s
l+e 1+057
116.64
om Egs. (1.11) and (1.12): », = =108 1b/ft°
From Eqs. (1.11) and (1.12): 7, 7008
Eq (1.12): y, = 3=, 108 Z6N62H) s
l+e - I+e
Eq (119): D,=082= Con ~¢ _fan =033 4,
Coax — Cmin Comy — 044 : .




1.7

1.8

Gy, (2.65)(62.4)
Y d@iny = =

=85.21b/ft®

l+e . 1+094

Refer to Table 1.5 fc_)r classification.

SOIL A:

SOIL B:

SOIL C:

SOIL D:

SOIL E:

SOIL F:

SOIL A:

SOIL B:

SOIL C:

SOIL D

A-7-6(9) (Note: P1is greater than LL — 30.)
GI = (Fyp — 35)[0.2 + 0.005(LL — 40)] + 0.01(Fj ~ 15)(P1 - 10)
= (65 —35)[0.2 + 0.005(42 — 40)] + 0.01(65 - 15)(16 - 10)=93=9

A-6(5) |
GI = (55— 35)[0.2 + 0.005(38 — 40)] + 0.01(55 — 15)(13 — 10)=5.4 = 5

A-3(0)

A4(5)
GI = (64 - 35)[0.2 + 0.005(35 — 40)] + 0.01(64 ~ 15)(9 - 10)= 4585 =5

A-2-6(1)
GI = (Fypy— 15)(P1 = 10) = 0.01(33 - 15)(13 - 10)= 054 = 1

A-7-6(19) (Pl is greater that LL —30.)
= (76 - 35)[0.2 + 0.005(52 ~ 40)] + 0.01(76 - 15)(24-10)=19.2~ 19

Table 1.6: 65% passing No. 200 sieve. Fine grained soi..; LL = 42; PI =16
Figure 1.5: ML :

Figure 1.7: Plus No. 200 > 30%; Plus No. 4 =0

% sand > % gravel — sandy silt

Table 1.6: 55% passing No. 200 sieve. Fine grained soil. LL =38, P1 =13
Figure 1.5: Plots below A-line - ML

Figure 1.7: Plus No. 200 > 30%

% sand > % gravel - sandy silt

Table 1.6: 8% passing No. 200 sieve.
% sand > % gravel — sandy soil ~ SP
Figure 1.6: % gravel = 100 — 95 = 5% < 15% ~ poorly graded sand

Table 1.6: 65% passing No. 200 sieve. Fine grained soil. LL =35,PI=9
Figure 1.5-ML

Plus No. 200 = 36% > 30%

% sand (31%) > % gravel (5§%) — sandy silt

-3~




SOIL E:  Table 1.6: 33% passing No. 200 sieve. 100% passing No. 4 sieve. Sandy soil.
LL=38,PI=13 .
Figure 1.5: Plots below A-line — SM
Figure 1.6: % gravel (0%) < 15% — silty sand

SOIL F:  Table 1.6: 76% passing No. 200 sieve. LL =52, PI =24

Figure 1.5: CH
Figure 1.7: Plus No. 200 is 100 — 76 = 24%
% sand > % gravel — fat clay with sand

Gsyw . _ st’w 1= (2.68)(62.4) —-1=043

19 =y = -
Te=qwe’ €750 117
Eq. (1.26):
Gl 063°

Kk _l+e 022 14063
k, & k043

l+e, 1+043

k, = 0.08 cm/sec
1.10 FromEq. (1.26)
_ _ - :
k, = e; 1+3e, kl
l+e, )\ ¢

3 3
0115 =2 (1 +°3'7)(0.25) —1239) %
l+e, J\ 07 l+e,

By trial and error, e, = 0.52

e (0.92)°"
§
11 ﬁ___ l-t;:e, : 54 x10 _ ]+0‘9s% =3126
k, 24 k, (0.72)

1+e, 14072

k=173 x 10 em / sec




112

1.13

1.14

Gy, (266)(624)
Vevswdd = 7 = 11055

_ Gy tey. _(624)(266+048
Y sasanty = 1) 1+048

_ Gy, (1+w) (2.74)(624)1+03478)
¥ sattetay) 1+ wG, 1+(03478)(2.74)

=107.09 b/ ft*

=13239 b/ ft’

=117.99 b/ f°

Atd; o=0,u=0;0=0
AtB: a=(107.09)(8) =856.72 Ib / i, u = 0; 0’ = 856.72 Ib /

AtC: 0= gy+(132.39)(4) = 856.72 + 529.56 = 1386.28 Ib / £’

u=(62.4)(4) = 249.6 1b / fE
o= 138628 - 249.6 = 1136.68 Ib / ft*

AtD: 0 = g+ (117.99)(15) = 1386.28 + 1769.85 = 3156.13 Ib / ff*
u=(62.4)(19) = 1185.6 b /
o’ =1970.53 Ib /f

7,(G, +e) _ (624)2.66+ 0.55)
1+e 14055

=12921b/ &>

In the top sand layer: y g =

When the ground water table is 4 ft below the ground surface,

o = (107.09)(4) +(129.2)(4) + (132.39)(4) + (1 17. 99)(15) 3244.57 b / 2
u=(62.4)(23) = 14352 Ib/ f* -
= 3244.57 - 1435.2 = 1809.37 Ib / fi2

Change in effective stress = 1809.37 - 1970.53 = -161.2 Ib / f¢*

Equatlon (1.37) i, —-q—'-:—l-
1+e

;L 265-1
T 1+042
;= 2.65-1
T 1+085

=1.16

Range
=0.89




115 Eq.(147): §, = ICGHC log Ze T AT’

!

+e, g,
_ [0.009(42 - 10)]1(3.7) 1 Og( 155 ) =0087 m= 87 mm
1+0.82 110

1.16 Eq. (1.51): S=1H‘ [CJlog(&J+Cclog(Pc+Apj]

+I eO (-4 pO

C.=0.009(42 - 10)=0.288; C, = C,/5=0.0576

37 (128 155 ‘ |
S, = 0.057610g| = | + 028810g| ~>> || = 0,056 m = 56
; 1+-0..82[ °g(1lo] °g(ms)] oo mT St mm
117 a Eq(138): ¢ =-8-%__091-0792_ ..,

AR E)
log[a,] 08(21

CH, ol+Ac’
log —*——
+e o,

aQ L

From Eq.(1.47): §, =

Using the results of Problem 1. 12
T, =(8)(107.09) + (4)(132.39 — 62.4) + (15/2)(117.99 ~ 62.4) =1553.6 b/ f*

e, = wG, = (0.3478)(2.74) = 0.953

= (0.392)(15 x12) o [ 15_53.6 + 1000) —78in.
1+0953 15536

b. Eq.(L55): T, =%§. For U= 50%, T, = 0.197 (Figure 1.21)

_145x107¢

0197 = ————"3—;
(15x12)

£=4402 x 10* sec = 509.5 days

e,—e, _ 082-064

. , .{138):C. = =
8 & 120

= 0377




082 ~e,

o! ; 200 ;
log| —% log(—)
g( a;} 120

1.19 Eq.(1.55) T, = % For 60% consolidation, T, = 0”28.7 (Figure 1.21)

e, =0.736

Lab time: ¢ = 8% min =4 min

C.(2

sy’

0.287 = ; C, =007907 in? /min

Field: U= 50%; T,=0.197

_ (007907)t .
(IOx 1‘2]2 ’
2

120 U=# =05

0197 t = 89693 min = 6.23 days

Gt XD 5, -
T, =— = =2x10"%¢
W g (nrooo)z *

2

_Cal __ OO _q 0%

T,y = .
@ H? ( 1x 1000)2
2

So, T,y = 0.25 T, ;. Now the following table can be prepared for trial and errox

procedure.
T T Ul U2 UIHI+U2H2 —
v *@ | (Fig. 1.21) (Fig. 1.21) H,+H,
0.05 0.2 0.26 051 0.34
0.1 0.4 0.36 0.7 ' 0.473
0.125 | 0.5 04 0.76 0.52
0.1125 | 0.45 0.385 0.73 0.5

S0, ), = 0.1125 =2 x 10°1; = 56,250 min = 39.06 days

-7-




CVtC

1.21 Eq.(1.66): T, = T T,=60days =60 x 24 x 60 x 60 s; H= %m= 1000 mm
-3
7 - 8x10 )(60x2£§x60x60) 00415
(1000)
o in o
After 30 days: T, = Cvzt _ (8x107)(30x Zj x 60 x 60) = 00207
H (1000)
From Figure 1.28, for T, = 0.0207 and 7, = 0.0415, U= 5%. So
S, =(0.05)(150)= 7.5 mm
-3
After 120 days: T, = (8x107°)(120 x 2? x 60 x 60) 0,083
(1000)
From Figure 1.28, for T, = 0.083 and T, = 0..0415, U=27%.8o
S, =(0.27)(150) = 40.5 mm
1.22
Normal Shear
Area | force, N | o'=Nid | force,S | 7=8/4 | ¢’=tan-1{770")
(in.%) (Ib) (b/in? (Ib) (b/in% :
4 50 12.5 43.5 10.88 41.06
4 110 27.5 95.5 23.88 40.97
4 150 37.5 132 33 41.35
When plotted, ¢'~ 41°
123 ¢’=0. Eq.(1.69):
o} = o} tan’ (45_-4- %) |
: , N2 |
30+ 96 = 30tan® (45 +"%); P = z[tan'I (}%ﬁ) - 45] ~ 38°

124 o) = o) tan? (45+%]
20+ 40 = 20tan> [45’+%); ¢ = 30°

-8-




28

125 ¢’=0. Eq.(1.69): o} =0} tan’ (45 +%J = 140 tan’ (45 +?J =387.8 kN/m?*

1.26 Eq.(169): o) =o}tan’ (4.5 +%]+ 2¢' tan’ [45 +%—J
368 = 140tan’® (45 + @7/2) + 2¢"tan(45 + $/2)
701 = 280tan® (45 + @'/2) + 2¢‘tan(45 + ¢'/2)

Solving Eqs. (a) and (b), ¢'= 24° and ¢ = 12 kN/m?

127 ¢= sip”’[-‘ﬁ:—f—lj = sin"‘( 32~ 13) = 25°

o, + 0, 32+13

~sin [ 1%
Sl
07=32-55=265b/in% 0;=13- 55=751b/in?

265+75

Normally consolidated clay; ¢,, = 0; ¢ = 0

128 o =0, m2[45 +§J o, = 150tan’ (45 +2'29] — 3059 KN/ m?

ﬁ=ta112(4.5+—¢—§~]; §-(-)~5‘~?~:~~z—{=tan”(45+.—2—§); u=619KkN/m?

o) 2 ) 150-u 2 )

129 £« =011+ 0.0037PL; i = 011+ (0.0037)(21) = 14.7 KN / m*
o (8)(19.6 -981)

(a)
(b)
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" CHAPTER 2

2 _ 2 2 _ 2
21 a Eq (25): AR(%)=20_E)2_D1.X100=[(2) (1875) }(100)=13.78%

: (1.875)
12
b A, =2 D =D gp7in,
100 D
22
Depth
from
ground
surface | N, ¢t o, ‘OCR®
(m) (kN / i) (MN / m?)
40 | 6| 1084 | 010'0' [2(17) +2(19 - 9.81)] = 0.0524 | 5.06
55 | 9| 1411 [00524+ ___10100 (17 - 9.81)(1.5)=0.0632 | 588
70 | 8] 1296 | 00632+ ﬁ(n - 9.81)(1.5)=0.074 | 4.86
85 [10] 1522 | 0074+ 1_010"6(17 _ 9.81)(1.5)=0.0848 | 5.16
100 |11 | 163.0 |0.0848+ ﬁ(n _ 9.81(1.5)=0.0956 | 5.08
*¢. (KN / m?) = 20N ,°7; "OCR = 0.193(No,/7)**®
23  Depth (m) o, (kN / n?)
15 | 18.08 x 1.5=27.12
3 18.08 x 3.0 = 54.24
45 18.08 x 4.5 = 81.36 | |
6 18.08 x 5.5+ (19.34 - 9.81)(0.5) = 104.2
75 18.08 x 5.5+ (19.34 - 9.81)(2) = 118.5
9 18.08 x 5.5+ (19.34 - 9.81)(3.5) = 132.8

-11-




24

2.5

-12-

05
Eq. 214): ¢, = [ i . Now the following table can be prepared.
(o}/p.) ]
Depth 1 N g, Cy | Ve
(m) (KN/m’)
1.5 5 27.12 1.92 10
3 7 54 24 1.36 10
45 9 81.36 1.11 10
6 8 104.2 0.98 8
7.5 12 1185 0.92 11
9 il 132.8 0.87 10
*rounded to nearest whole number
Depth | N, a, @’ (deg) ¢’ (deg)
(m) . (kN /m?) | [Eq. (2.24) | [Eq. (2.25)]
1.5t 5 '} 2712 28.59 0 33.04
30 | 7 | 5424 29.17 - 33.63
4.5 9 .81.36 29.76 33.98
60 { 8 | 1042 2947 31.61
7.5 12 118.5 30.62 34.48
9.0 11 132.8 30.33 33.0
Av.29.66° Av.33.29°
= 30° = 33°
| Depth g, Neo | Dy P. | Dr(%)
(m) (kN / m?) (mm) | (kN/m?) | [Eq. (2.19)]
1.5 1.5x18=27 6 0.6 100 61.2
3.0 3x18=54 8 0.6 100 50
4.5 4.5 x18=81 9 | 0.6 100 - - 43.3
6.0 6x18=108 8 0.6 100 354
7.5 108 + 1.5(20.2-9.81)= 1236 | 13 06 100 42.1
9.0 [123.6+1.5202-9.81)=139.2| 14 | 0.6 100 41.2




~

2.6

2.7

2.8

Depth 4 o, Pa Ne | ¢ (deg)®
(f) (b/ %) | (b/in? | (Ib/in?) [Eq. (2.25)]
10 106 7.36 14.7 7 34
15 106 11.04 14.7 9 34
20 106 1472 14.7 11 35
25 118 18.82 14.7 16 37
30 118 22.92 147 | 18 36
35 118 27.02 14.7 20 36
40 118 31.12 14.7 22 36
*rounded to nearest whole number

Average ¢’ = % (34 + 34 + 35 + 37 + 36 + 36 + 36) = 35.4°= 35°

!
12

P

Eq. (2.18b): D, (%) =122+ 0.75 [;zzzzv60 +2311-7710CR ~ 779( g

“05

[(222)(9) +2311-71130) T°° :
At10f: D, =122+075 _ 779( 1 150)_ Gox32)? | =3835%

2000

[(222)(11) +2311-711(30)
At15f: D, =122+4075 _ 49 ;ﬁg _(50)32)2 | =406%

p

05

(222)(12) +2311= 711(3.0) ]

Average D, = (15)(38.35 + 40.6 + 41.63) =~ 40%

T
Eq. (2.29): ¢, = —
q.(2.29): c, e

Eq. (231): K =366 x 10° DP = 366 x 10%(6.35)° = 93.7 x 10°

0.072

2
Cuvs = 937210 7684 kKN /m

05 -
J-socj}




= [1.7 - 0.54log(51 — 18))(76.84) = 67.62 kN / m

29 a FromEq. (233), K=0.00210% = 0.0021(2)’ = 0.0168

=—=—2"_=-738.11b/ft
Cuvsn = 1 = 00168 _

B. Cygeomenty = [1.7 — 0.54log(PD](738.1)

=[1.7~ 0.54log(64 ~ 29)](738.1) = 639.3 b/ ft*

210 OCR= g0 . g 2(pI)y 04 =22(51 - 18)°% = 411
Y- .

/]

o) = Q)17+ (2)(19-9.81) + 3)(17 - 9.81) = 73.95 kN / m’

OCR = (4.1 1)(—7-6:&J =427
7395

oy
2.11 =155kN / m’; A depth |——
4 L ( y xoep ono

Yt ~ ———
(MN/m?) (&N/m?)
Depth o, q. @ ]
MN/m?) | (MN/m? (deg)
1.5 0.0233 2.06 40
3.0 0.0465 423 40.2
4.5 0.0698 6.01 39.9
6.0 0.093 8.18 40
7.5 0.1163 9.97 © 399
9.0 0.1395 12.42 40.1
*Eq. (2.47) Av. ¢'= 40°

-14-




212

Depth 0':, Pa : q. DR (%)
(m) | (N/m’) | (N/m?) | (kN/m’) | [Eq. (245)]
1.5 23.3 100 2060 42.9
3.0 46.5 100 4230 53.9
4.5 69.8 100 6010 58.3
6.0 93 100 8180 63.1
75 116.3 100 9970 65.7
9.0 139.5 100 12420 69.5

213 a @, =(5)116) +(124)(12) = 2068 Ib/ fi~. Eq. (2.51):

L 2T, _ (90x144) 2068

. ~ 726 Ib / ft’
N, 15

b. &, = (5)(116) + (124 — 62.4)(12) = 1319.2 b / f2. Eq. (2.55):

_ 101 Jo1
OCR = 0..37(‘?—'-'-—‘5-0-] = (0.37)[ (90x144) 2068] =3.12
o 13192

2.14 Eq. (2.56):

Ap

E,=2( <+‘ys')(Vo_l grv,,)(z;) =) . 0.5)(535+ >

= 41216 kN/m?

p.—u, 280 (981)8-3)
o’ - 95 '

]

215 a K,= =243. Eq. 2.63):
K, = (Kp/1.5°47 ~ 0.6 = (2.43/1.5)°4 - 0.6 = 0.65

b. Eq. (2.64): OCR = (0.5K,)!* = (0.5 x 2.43)!% = 1.36

c. E=(1- pAEy=(1-0352)(34.7)(350 — 280) = 2131 KN/m®

-15-
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2.16

2.17

2.18

2.19

K Po~U _ _ 260~(3)981)
T ot T (A5 +(3)19-981)

o

=4.01. Eq. (2.69a):

K 4.01

¢ =31+ 2 =31+ =
0236+ 0.066K, 0236+ (0.066)(4.01)

Eq (2.70): Recovery ratio = 3.2ft/5 ft = 64%

E, 1-u,

; M,=032
y/g A=2u,)1+u,)

Eq. (2.72): v = \/

0.68

1900 = E__, ; E,=3125kN/m’
(18/981)  (036)132)

A time-distance plot is shown.-

el

-3 40
Slope of 0g = - = 1224 X107 f l i |
12 75 . /c6
- 30F 5.9,
~75x107 492 m/sec 3 - b Y
VWE—= ton 1 ) Lk " y )
1524  (top layer & Ty _..- ,
g 20" 17.19 4
= |
= | 5 Sewaca- 4
g 4 10
_ 10x10° = , 0 |
v, = =19 = 1390 m / sec 10 | -
' ix,=7.5m
o f
0 E ! | ! i
_ 20x10° 0 10 20 30 40 50

x,=7.5m
Zl :.1. mlx‘ -=..I_ Mx?S: 2.6 m
2Yv, +v, 2V1390+492

-16-




220

2Z v - )
Eq (274): Z, =l[1’;2 e ' A B :l[ e :|; T, = 20x107 sec

2 (V3 X)) -Jv32 —v§
2Z, |V -vi  (2)(26)Y(3390)° - (492)° _ 00105
V) (3390)(492) |

(D) __ (339001390) oo,
JE v (3390) - (1390)°

So, Z, = (¥4)(0.02 - 0.0105)(1524) = 7.24 m

1

. A time-distance plot is shown. 300 '
37x107
Slope of Oa = i = ZM 250
v, 5
= 200
v, = 678.4 ft / sec 5
& 150
86x107 =
Slope of ab = L 286x 107 g
vy 5 = 100
v, = 1748.25 ft / sec 50
0 i
¢ 5
Zl-—-——]" vz—v,xc 0
2\v, +v

x 98 = 32.87 ft

J1748.25 -6784
174825+ 6784

-17-
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CHAPTER 3

A 1
3.1 . Eq. (3.3) and Table 3.1: ¢'N, +gN, +=yBN
a. Eq. (3.3) and Table G = TS FS[ +q 27 )
For ¢’=28° N,=31.61,N,=17.81,N, =137

= %[(400)(31..61) +(110)(3)(1781) + %(1 10)(3)(134.7)] = 5195 Ib/ ft*

qa 1 1
‘. D [ 'N, +qN, +=1BN
b qu =T Fs [ T T J

For ¢’ = 35°, from Table 3.1, N,=57.75, N, = 4144, N,=4541 «

gy = :1{[0 +(12 x 178)(4144) +%(17.3)(1.5)(45..41)} =3728kN/m®

c. Table3.1: ¢"=30°N,=2246,N,=19.13

Eq (3.7), with¢’=0
9.
====—(qN, +04yBN.
9a = FS FS(q ¥BN,)

= %[(2 x 165)(22.46) + (04)(165)(3)(19.13)] = 280 KN / m*

32 Eq(3.7;¢=0

=& LN, r04BN)

9 =39~ Fs
9 = F = _B'z""

From Table 3.1, for ¢ =34° N,=36.5,N, = 38.04

-19-




3.3

1 05 [(15)(159)(36.5) + (04)(159)( B)(38 04)]

1
3
By trial and error, B=2 m

a. InEq. (3.25), all inclination factors are unity. Also, since it is a strip foundation, B/L =
0. So all shape factors are equal to unity. Therefore

9.= ¢’NF 4+ gNN,+ Y5yBN F,,
Table 3.3: ¢’ =28°, N,=25.8,N,=14.72, N, = 16.72
Eq. (3.30): F,y=1+04(D/B) =1 +0.4(3/3) = 1.4
Eq. (3.31): Fpy=1 + 2tang’(1 — sing”(Dy/B) = 1 + (0.299)(3/3) = 1.299
Eq. (3.32): Fy=1
g, = (400)(25.8)(1.4) + (3)(110)(14.72)(1.299) + %(110)3)(16.72)1)
- 14,448 + 6310+ 2758.8 ~ 23,517 Ib / 2 |

G = 4./ = 5879 1b / ft*

b Fy=Fy=F,=L;F,=F,=F,=1; Fy=1;¢'=0

9.
= N
9 = FS TS (q +- 709N )

Table 3.3: N, =33.3; N, = 48.03
Fp=1+2tang’(1-sing")*(D,/B) = 1 + 0.25(1.2/1.5) = 1.2

= Y[(1.2)(17.8)(33.3)(1.2) + %(17.8)(1.5)(48.03)] = 373.7 kN / m?

C q,= qN,F,F,, +2yBN F F,,

¢’ =30°. From Table 3.3, N, = 18.4; N,=224
Eqgs. (3.29)and (3.32): F,,=0.6; F,,= 1

Eq. (3.28): F, =1+tang’ = 1577

20-
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Eq. (3.31): F,=1+2tang’(1-sing")*(D/B) = 1 + 0.29(2/3) = 2.294

gu = AI2)(16.5)(18.4)(1.193)(1.577) + %(16.5)(3)(22.4)(0.6)(1) = 368.8 kN / m’

34 0, =(%1—S-)32[cwcﬁ;,5d1? +gN,F,F F, +4yBN N,N N ]

q° 9%

¢’ =25° Table 3.3: N,=20.72, N, = 10.66, N, = 10.88

N,
E, —1+£————1 [ )[1066) 1514
LN, 2072

F, = 1+ 2 ang =1+ (Sj)tan% — 1466
L 55

F=1- o..4% —1-04(1) = 06

D, 4
F,=14+04|— |=1+04|—|=129
B 55

F, _1+2tan¢(1 sm¢)2 =1+ 0311(545)~1.226_

(350)(20.72)(1514)(129X(0.694)
qu = (1)(1000) +{107 x 4)(10.66)(1.466)X(1226)(0.694) | = 119.7 kip
+(0.5X107)(5.5X(1088)(0.6)(1X(0.16)

35 Q= ( IS)BxL[ ¢'N F FyF, +gN,F FuF, + %;BN,N,,NﬁN,,~q’]

g’ =(1)(16.8) + (1)(19.4 - 9.81) =26.39 kN / ¥
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3.6

¢’=25° Table 3.3: N,=20.72; N, = 10.66; N, = 10.88

F, = 1+(3)(@)= 1343
3 )\ 2072

F, =1+ (%)tanZS =131

Fy=1+031 1@-) =1311

) )( , (50)(20.72)(1.343)(1.4) + (26.39)(10.66)(131)(1311
=|— X. Lo
Qu [4 +05)(19.4 —9.81)(2)(10.88)(0.73)1) — 26.39

O = 150,000 Ib = 150 kip; Q, = (FS)(Qy) = (3)(150) = 450 kip
Also, g = yD,= (0.115)(3) = 0.345 kip / fi?

450 | | - @

For = 40°, Table 3.3 gives N, = 64.20, N, = 109.41
F

q8

F,=1-04(B/B)=06; F,=1

=1+ (B/L)tang’= 1 + (B/B)tand0° = 1.839; F,,=1+0.214(3/B)

O'TJ + %(01 15)(B)(109 41)(0.6X1)

g = (0‘.345)(64.20)(1839)(1 +

= 4073 + %-15 +377B (b)

Combining Egs. (a) and (b)

=22-

)] .
= 3721 kN L




3.7

3.8

450

2615

=4073+——+3778
B

By trial and error, Eq. (c) gives B = 2,75 ft

Depth o, Pa Ny | ¢ (deg)

@ | d/in? | b/in? [Eq. (2.25)]

5 3.82 14.7 11 405
10 7.64 14.7 14 403
15 11.46 14.7 16 39.6
20 15.28 147 | 2t 40.5
25 19.1 147 | 24 40.4

Av. ¢ =40.26° = 40°
b. g,= BL@GN,F,F+Y%yBN,F,F,)

@’=40°. Table 3.3: N,

= 64.2; N, = 109.41

F, =1+ (8/8)tand0 = 1.84

F =1+ 2tand0(1 — sind0)*(5/8) = 1.134

Fr=1-04(8/8)=0.6

Fu=1

Qﬂ.

_(8x9)

1000

= 6563.9 kip

From Eq. (3.44)

E

3

T 21+ g )¢’ +¢’ tang’)

g'= y(D, +i;—) = (17)(1 +%) =255 kN/m?

1400

I =
" 2(1+035)(72 + 255 tan20)

=638

23~

[(5 110)(64.2)(184)(1.134) +— (110)(8)(10941)(06)(1)}




From Eq. (3.45) - -

Ty = %{CXP [(3-3 ~ 045 %J cot(45 - %'.J]}
= l{eXP [(3.3 ~045 lJ cot(45 - -2-9]]} = 4036
2 2 2

Since I, o, > 1, ,use Eqs. (3.46) and (3.48).

3.07sin ¢'1og(21,)J}

B
F.=F, = —4.4+06= |tang’
o exP{( ’ LJ ¢+[ 1+sing’

3.07sin201og(2 x 6-33)] — 0534
1+sin20 .

= exp{(—4..4 + O.6%Jtan20 +[

_I-F,
-4 gc Nq tan¢’
For ¢p'= 20°, N, = 6.4 (Table 3.3), | (

1-0534
64tan20

F, =0534- = 0334

Now, from Eq. (3.43)

9,=¢'NF FyFo+qN,F ,FyF, .+ %oy BN,F, F F,

From Table 3.3, for ¢’= 20°, N,=14.83, N, = 6.4, N, = 5.39. From Section 3.6
F =1+ (N, /N,XB/L)=1+(6.4/14.83)(%5) = 1216

F, =1+ (B/Ltang’= 1+ (5)tan20 = 1.182
Fp=1-04(B/L)=1-04(4)=038

Fy=1+04(D/B)=1+04(1/1)=14

Fpy=1+2tang’(1 —sing’y* (D,/B) = 1 + 2tan20(1 — sin20)%(1/1) = 1.315
F=1

Thus

-24-




3.9

3.10

g, = (72)(14.83)(1.216)(1.4)(0.334) + (1 x 17)(6.4)(1.182)(1.315)(0.534)

+ (12)(17)(1.0)(5.39)(0.8)(1)(0.534) = 717 kN / m’

B =B-2=15-2015=12m L=15m

4,=q N, Fp Fpy+ %y B'N,F, . F,,

Table3.3: ¢’= 36%N,=37.75; N, = 56.31

F,=1+(B'[Ltang"= 1‘+“(1”2/1 S)tan36 = 1.58

Fpy=1+2tang’(1 —sing')* (D,/B) = 1 + 2tan36(1 - sin36)(1/1.5) = 1.165

Fo=1-04(B/L)=1-04(1.2/1.5)=0.68

Fu=1

g, ={(1 x 17X37.75)(1.58)(1.165) + (%)(17)(1.2)(56.31)(0.68)(1)
=1571.9 kN /n?

_ g, B'L _(15719)(12)(15)
= d -

=707.3 kN

Qu

B=8-(2)(065=67f L=8f
q.=¢'NF,F,+q'N,F, F,;+%y B NF,F,

q- gs

Table3.3: ¢'= 26°% N, =2225 N,=11.85;N, =12.54

" Section 3.6:

F=1+(N,/N,XB'IL) =1+ (11 85/22.25)(6.7/8) = 1.446
F, =1+ (B’/Lytang’= 1+ (6.7/8)tan26 = 1.408
F=1-04(BIL)=1-04(6.7/8) = 0.665
Fu=1+04(D/B)=1+04(65/8)=1325
Fo=1+2tan26(1 — sin26)(6.5/8) = 1.25

F

va=1

225.




3.11

3.12

g% = (500)(22 25)(1.446)(1325) + [(3)(110) + (3.5)(122 - 62.4)]
(11.85)(1.408)(1.25) + 1%(122 ~ 62.4)(6.7)(12.54)(0.665)(1)

=34213 b/ f*

0,=.B’L = [(34,213)(6.7)(8)] ﬁ =1833.8 kip

B=5f;L=6fi;e=B2-2=25-2=0.5ft Eq. (3.74):

, |
Que = BL[" Ny Fosey + N gy Fsge) +57 BN, F, ;s(e):l

L

6 ,
F &) — 12 - 00253 =12- (025)(3-) =117

s

ot (-aafi o L)
S C S R G

Foey=1

g=(2)(105) + (2)(118 - 62.4) =321 2 b / 2
For ¢/B =0 and ¢’=25°, from Figures 3.20, 3 21, and 3.22: N, = 16.8, Nyy=12, Ny, =
6.5

O.x = (5)(O)[(400)(16.8)(1.17) + (321.2)(12)(1) + (¥4)(118 ~ 62.4)(5)(6.5)(0.794)]

= 373,026 1b =373 kip
e =70/450=0.156; ¢'= 0. Eq. (3.74):

l r
Qu =B z[qN g Faser + 57 BN, F, ;s(e)]

@’=30°% e/B=0.156/B

O = (450)(FS) = (450)(6) = 2700 kN
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Foy=1;B=L

14 (2 x J(;.156 o 68) 0+ [0” Boa 5)( 0.1 56)}(1)2

B
=]+ (.@ — 068) + (043 — .0_'2_3_.‘}.)
B B

- 075+ 0312 0234
B B

F,

»(

Hence

- 0312 0234

2 ' i |
2700 = B {(12 X16){[ Ny I} + 5 (19 = 98I(BYN ](04.75~ T"‘Eh]}

2700 = 32[192 N,y +(B595KBIN (0‘75 . 0-3B 12 0:?4 ]] @

TRIAL AND ERROR: Let B =2 m; ¢/B = 0.156/2 = 0.078; ¢"= 30°
From Figures 3.21 and 3.22, Ny, = 20; N, = 14
Right-hand side of Eq. (a):

(2)’[(1 92)(20) + (4.595)(2)(14)(0'.75 .—O"ZJ - 9’223—4” = 17814 kN < 2700 kN

Let B=2.5m; e/B = 0.156/2.5 = 0.0624; ¢'= 30°
From Figures 3.21 and 3.2, N, = 21; Ny, = 16
Right-hand side of Eq. (a):

25 = [(19'2)'(20) + (4.595)(_2._5)_(16)(0‘.75 - 2“323 _ 9-“-253%} ~ 3130 kN < 2700 kN

Let B =2.25 m; e/B = 0.156/2.25 = 0.0693; @’=30°
From Figures 3.21 and 3.22, N, = 20.5; N, = 15

Right-hand side of Eq. (a):
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313

3.14

0312 0234

(225)* = [(1 9.2)(20.5) + (4.595)2.25)(1 5)(0.75- 5 --Z——H =2391 kKN <2700kN |

So,B=24m

es/B=04/4=0.1;¢,/L=1.2/6=0.2. So Case II; Figure 3.16 applies.
From Figure 3,16, L, /L = 0.865 and L ,/L = 0.2 o
L,=(0.865)(6) =5.19 fi; L, = (0.22)(6) = 1.32 ft

Eq. (3.64): A’=Y(L,+L,)B="1%(5.19+ 1.32)(4) = 13.02 f*
Eq. (3.65): B’=A’/L,=13.02/5.19=251 f

Eq (3.66): L’=5.19 ft

q.= gN,F,F, + %y’ B'N,F,F,,

Table 33: ¢'=35% N, =33.3; N, = 48.03
F,=1+(B’/L)tang’= 1 + (2.51/5.19)tan35 = 1.339
Fo=1-04(B/L)=1-0.4 (2.51/5.19) = 0.806
Fy=1+2tan35(1 - sin35)3(3/4) = 1.191

F.

th:l

g7,= (115 x 3)(33.3)(1.339)(1.191) + %(1 i5')(2']51)(48..03)(0.,806)(i) = 23;908 b/ 2

_LBL _ (23908K2S1XS19) _ oo Kip
FS (4)(1000)

Qu

" ep/B=1.5/4=0.375; ¢;/L =0.06/6 = 0.01. So Case III, Figure 3.17 applies.

From Figure 3.17, B,/B=0.3 and B,/B=025
Bi=(03)4H=121B,=(0254=14%
Eq. (3.67): A™=Y%(B,+B,)L=Y%(1.2 + 1)(6)= 6.6 fi? |

Eq.(3.68): B'=A'/L =6.6/6=1.11

28
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Eq.(3.66): L'=L=61

F, =1+ (B'/L")tang’= 1+ (1.1/6)tan35 = 1.128

F,=1-04(B/L")=1-04(1 1/6)=0927

Fp=1+2tan35(1 — sin35)*(3/4)=1.191

Fu=1

g/, = (115 x 3)(33.3)(1. 128)(1.191) + %4(115)(1 1)(48.03)(0.927)(1) = 18,250 Ib / f

0, =BT _ (18,250)(1.1)(6) _
“7 FS  (4)1000)

30.1 kip

229..
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CHAPTER 4

» L] 1 * [ ]
41 Bq.(43): ¢, =aN,F+ Sy BN,

¢'= 40°. Figures 4.4 and 4.5: N, = 380; N, = 200
Egs. (4.4) and (4.5) and Figure 4.6

Fy=1-m, (%) =1- 0.46(%) = 0724

F =1-m, (%] 1- 0.52[%) = 0688

0 =22l - 132 2'5){(1.2 x 17)(380)(0724) + '-21-(17)(1.5)(_200)(0688)J ~ 9209 kN
42 H_05_o4
B 15

¢’=35° N, = 300; N, = 100

Egs. (4.4) and (4.5) and Figure 4.6:

Fo=1-m (5) =1- 055(2) =045
L 15

. B 15
Fy,=1-m, (2) =1- 0‘58(-;5) =042

0, = g,BL _ (15x15)
. -1 3

[(1 5x 1}(300)(045) + —;-—(l 5)(15)(100)(0..42)} = 1873 kN
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43 Eq (48)and Table4.1: 2 =14 _» ;
- H 07 \

qu = cllN: + q
N =524
g, = (105)(5.24) + (18)(1) = 568.2 kN / m?

44 Eq.(426): g, = (1 +02 %ch N, + ( 1+ %)( 2"'§H J +7,D,

—E—:o- & _ 38 _sgs

> ¢, 1000

From Figure 4.9 and Eq. (4.28):

Lo g 0.975; ¢, =(0975)(1000) =975 1b/ fi*
4

g, 5(585)’(5.[14)+£2—?-(97§~ﬂ2+(121)(1.65) = 4_27;9'11»/1’{2 .

CHECK — Eq. (4.27):

g, =4, = ( 1+02 »fi)cljvc +7,D, = (1000)(5.14) + (121)(165) = 5339.7 Ib / &>

So, g, = 4279 b/ fi2
= e _2277 1426 1b/ £
¢, 432

—=—=0754; Z2=—"—"=06
4.5 L 122 ¢ 719

From Figure 4.9: % » 0975; ¢, =(0975)(719) = 701 kN / m? | ,

i
.
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4.6

Eq. (4.26):

g, = (1+02—L}2]c2]\’C + [1+§Izcgﬂj+yth |

= [1+(0.2)(0.754))(432)(514) + (1 + 0.754)[ (2)(78';)2(0'76) ] +(17.29X092)

= 25553+ 20315+1591 = 4746 KN/ m’
CHECK — Egq. (4.27):

du =4, = (1 +02 %)cl N, +y,D; =[1+(02X0754)](719)(514) +(17.29X0.92)

= 4412 kKN / m?

0, =(441.2)(0.92)(1.22) = 4953.2 kN

2D, K, tang;
a. Eq.(4.21) [with B/L = 0]: q,,=5-14¢2“+?1H2(1,+- H’ ) : B.¢‘+hD,
4, 514c,
Eq. (4.22); 2= ———2—
e (422) q, 0‘571BN7(1)

For ¢*=40°, Ny, =109.41; N, = 64.2 (Table 3.3)

4 _ (14360 _
g, (05(18)(2)(10941)

From Figure 4.8, for #! = 40° and 22 = 0078, K, ~ 25
g - D078,

2x12)25tan40
15 2

g, = G130+ (1915 1+ +(18)(12)= 2863 KN/ m?

CHECK — | | | |
1 i : |
4 = 71D, NygoFqy + 37 BNy Py = (18)(12(642)(1)-+ 2 (1 8X2)109410D)
~ 3356 kN / m? |
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4.7

So, g, = 286.3 kN / m*

b. Minimum value of H/B will be when, from Eq. (4.21) (Note: B/L = 0)

. ( 2D,\K tand!
S1ac, +y, 5[ 14 220 | K tan gy
H ) B

. 1 '
\ 2 ;

3356 kKN/m2

or

+(18)(12) = 3356 KN / m?

(514)(30) + (18) Hz(l L2 1.2) 25tan40

H 2

1758 + 18..88]-[2[1 + -2—;) = 3356 kKN / m?>

By trial and error, H = 11.9 m

Eq. (4.23):
q. :‘[yl (Df-+ H)Nq(z)Fqs(z) +-2_yzBNr(2)F”(2)]
B 2D K, tang;
R e e 77 A
+¥, [+L)( HJ B 7.1. o

¢'=30°. Table 33: Ny = 18.4; N,y =22.4
Egs. (3.28) and (3.29); |

B 15

Fop =1+2tang, = 1+-—1an30 = 1577
I 15

7s5(2)

»

B 15
Fooy =1- 0.4-2 =1- 0..4(]—5) =06

: YN
Eq. (4.25): 92 12 r2)
q 7’1Ny(1)

@7 =40°. Ny =109.41 (Table 3.3)

gé__ (16)(18.4) — 0149

q, (18)10941)
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Figue 4.8: ¢ =40°; 2220149, X ~3

g,

g, = [(18X(1+08)(184)(1577) + (05)(16)(15)(22.4)(06)]
+(18)(08)> (1 ; %)[1 L) ] 3tandd _ 18)08)

08 L5

= (9401 +16128) +13535—144 = 12223 kN / m?

1
$; = 40° Table 3.3: Ny, =64.2; N,py = 109.41

F

B , 15
¢U)==1‘F:Etan¢h ==14-I§tan40==1839

B 15
Fop =1-04>=1- 0"4(E) =06

g, = (18)(1)(64.2)(1.839) + % (18)(1.5)(109.41)(0.6) = 2125.2 + 886.2 = 3011 4 KN / m?
So, g, = 1222.3 kKN / m’

Gy = 12223 (1 x 18) = 1204 kKN / m’

_Guan B _ (1204)(15)’

Qa.l!(net) = FS 4 = 677.25 kN

.o ] ,
48 Eq.(4.30): ¢,=gN, ¢, + 3 7BN, ¢,
@’=35° Table3.1: N, =41.44; N, =45.41

x_5_,

B3

For ¢'= 35°, from Figure 4.11, ¢, =131; ¢,=2.0

g, = (3 x 110)(41.44)(131) + ()1 10)(3)(45.41)(2) = 32,899.8 Ib / 2

Goee =G — ¥D;=32,899.8 - (3 x 110) = 32,569.8 Ib / fi*
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~ 8142 1b / ft*

Net allowable beating capacity = 32’1693

49 a B=4f;; H=151ft Since B<H, N, =0, =~3—=I.0

Eq. (4.33): g, =cN,

. b 6
Figure 4.15: —=—=15 g=50°; N, ~66
igure =37 B "
N
gu = =2 = 0068 _ 3349 1,/ g2
FS
b. _
b B b/B NG | qu=cNy,
() (ft) (b/ %
0 4 0 49 7,350
4 4 1 5.7 8,550
8 4 2 6.6 9,900
12 4 3 7 10,500
16 4 4 7 | 10,500
20 4 5 7 10,500
*Figure 4.15. Note: D,/B=1

1
410 Eq(432):q,=57BN,

D _4_. b
B 4 ° B
B=30°, the value of N, ~ 135

6 . D, b 't — apo
=Z=l.5m From Figure 4.11 for 3 1and §=1.5, ¢' =40° and

0.5y BN :
L L CD) L TTCCED
FS 4
Df 5 ’ .
411 —L=2=125. ¢'=35° Table 3.2: (D/B), = 5;m=025; K, = 0.936.

So it is a shallow foundation.

Eq. (4.38):
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412

F, = [Hm ]{— K, tang’

+2[1+(025)(125))(125)(0.936) tan 35 = 315

0, = F,4yD;=(3.15)(4 x 4)(112)(5) = 28,224 Ib = 28.2 kip

D, 2

B 12

D
(—f) =0107c, +2.6 = (0107)(74) +25=104> 7
of -square

=),
(F). o (F) Lo oot o3

D
(—-1-] =889
B or

Hence, this is a shallow foundation.

=167

Lb

B 167
Eq (444): a'= ==L~ 0188
@@ @' = 0 N " so

B cr

Eq. (4.46); m"756+144(f) 756+144(2ij 828

From Figure 4,22, with &= 0.188, the value of #=0.275

Eq. (4.48):
0,=AB'F, ¢, + YD) = (1.2 x 2.4)[(0.275)(8.28)(74) + (18)(2)] = 589 kN
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51

52

5.3

CHAPTER 5

Eq. (5.3): A =g, {1l-————=t.

(2]

B=951;¢,=3000b/f%z=751

r 3

Ac = 300041— | _ 1191 1b/ ft?

1
_ 21372
 1+( 9.5 )
2x75

Eq. (5.7): m=B/z; Eq.(5.8): n=L/z. Refer to areas in Figure 5.4.

Areal: m=12/8=015
n=3/8=0375
I, = 0.025 (Table 5.2)

Area2: m=3/8=0.375
n=3/8=0.375
L,=006

Area3: m= 0..15__
n=6/8=0.75
I, = 0.037

AreaS: m= 0.375
n=0.75
I,=008

Ao=q,d,+ I+ L +1,) = (110)(0.202) ~ 22.2 kKN / m?

Refer to Figure 5.4.
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5.4

5.5

5.6

Area z B L m=Blz n=1Lz 1
) 619) () (Table 5.2)
1 20 5 0.25 0.35 0.036
2 20 10 7 0.5 0.35 0.064
3 20 5 12 0.25 0.6 0.053
4 20 10 12 0.5 0.6 0.0947
¥ 0.2477
Ao=(2500)(0.2477) = 619 Ib / f¢?
L=L,+1,=3+6=9m
B=B,+B,=12+3=42m
z m, = L/B n,=z/BR) | L Ao=1gq,
(m) (Table 5.3) | (kN/md)
0 2.14 0 1 - 110
1 2.14 0.476 0.95 104.5
2 2.14 0.952 0.85 93.5
3 2:14 143 0.65 71.5
4 2.14 1.91 0.49 53.9
5 2.14 2.38 0.41 45.1
L=7+12=191t; B=10+5=15#
z m,=L/B n, = z/(B/2) A Ao=1g4,
() (Table 5.3) | (Ib/f?)
0 1.27 0 1 2500
5 1.27 0.67 0.85 2125-
10 1.27 1.33 0.55 1375
15 1.27 2 0.35 875
20 1.27 2.67 0.24 600

The plan of the foundation can be divided into 4 areas, each measuring 2.5 ft x 2.5 ft.

H=3fH,=13fB=25/:1=251%
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m2=£=g£=0‘.833; n =——£—=£=0833

H 3 H 3
Figure 5.7: 1,4, =0212

Figure 5.7: 1,4, =013

H1,, . -HI,
Aomfﬂn{ . h (”')]=<q,,)(4)

) [(13)(0.1 - (3)(0.212)][50 x 2000)( 4) = 1686 Ib / ft*
13-3 5% S

50 x 2000
o, = ——5
(5+3)°
_50x2000
" (5+8)

_30x2000 30610/ 2

AT

5.7 =15625 b/ fi*

Ac =5917 Ib/ ft?

Ag, = -é [1562.5 + (4)(591.7) +308 6] = 706.3 Ib / £

58 Point A: : B,/z=10/15=0.67

60 ft ——>ie¢-10 fi i . By/z=60/15=4
Figure 5,11: = 0.475

o8 Ao =30 % 1150475

~32781h /e

2
-~
-
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Point B:

o—— 60 ft —t  l—20 ft —e——60 A —

@308 o
!
Tt
P15
Bé eB ¢

For @: B, /z=0/15=0; B,/z=60/15=4; I'= 0.415
For @: B,/z=20/15=133; B,/z=60/15=4; 1049

Ao =(30x115)(0.415+0.49) = 3122 1b / f¢

Point C:
;._.,...._-.-.. ——
}0—-—-—- 60 ft
| ol
' il
|
[

i

i

'
Cé

For®: B,/z=80/15="533; By/z=60/15=4; I’= 0.5
For @:  B,/z=0/15=0; B,/z=60/15=4; ]’~0.415

Ag =(30 x 115)(0.5 - 0.415) ~ 203 1b /

59  Eq.(5.25): S, =q,(aB")- E“’ L1,

5

B’=£=2=1‘5m
2

2
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m'=£=ﬂ=153
B 3

Eq. (5.26) and Tables 5.4 and 5.5:

L=F+ 22 g _ 0669+ 1225 (0) = 0669
1= u, 1_'/“3
D
--f~=2=0..67; £=1‘53
B 3 B

Figure 5.15b: I, = 0.725

1-0.3?
8500

S, = (180)(4 x 15)[

510 m'=—=—=—=153

Tables 5.4 and 5.5: F, = 0.292; F, = 0.085

I =F +122 g 202004+ 12N0I) 6 55) 034
11—, 1-03

Figure 5.15b: 1= 0.62

43-

)(0.669)(0..725) = 0056 m = 56 mm




1-0.3?

Se =qo(aB’)' 8500

442
1= 4 LI, =(180)(4x15)(
—H,

] J(O..34)(0.62)

= 0024 m = 24.4 mm

g2
5.11 Egs.(5.25)and (533): S, =o.93q0(a3')1—E&1,1,

s

B' = 825 _ 3125 ft
2
m' _L_10 16
B 625
H 32

=1024

EHE

Tables 5.4 and 5.5: F, =0.597; F, = 0.025

L=F+1 222k <0507+ 12303 055y 0611
1—u, : 1-03 ' ) ' ‘,f
D "
D, =251 ._f_=_:2£.=0“4
‘ B 625

Figure 5.15b: 7, =0.83

(0.611)(0.83) = 0.0349 ft = 0.419 in.

— 2
5. = (0993000) 4 o29)_1-03
2 /3200 144

| L
512 Egs. (5.25)and (5.33): S, =0..9qu(aB')—E‘u—“‘I_,If

3

21

B =—=106m
2

Tables 5.4 and 5.5: F, = 0.52; F, = 0.01
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513

5.14

1-2u, F, =052+ 1-(2X04)
1-u 1-04

5

D
u, =04 L= B _omy Loy
B 21 B

I,=F+ (0.01) = 0523

Figure 5.15¢: I~ 0.74

1-04%
16,000

S, = (093)(230)(4 x 1.05) (0523)(0.74) = 00183 m = 18.3 mm

q,8

S, =44,

5

D/B=12115=08 H/B=3/15=2;L/B=3/15=2

From Figure 5.17, 4, = 0.69; 4, = 0.95

S = (0.69)(0..95)%52 = 0.245 m = 246 mm

From Eq. (5.36) the equivalent diameter is

5 \/4BL _ ‘/(4)(8)(2.5) _s0s R
7 KA

g, =3000Ib/ 2

E 1250
=—2 = =8
=18, = Goxs0s)
H = —-8— =158
B 505

e

From Figure 5.19, for §=8.25 and H/B, = 1.58, the value of ; = 0.72

Eq. (5.40):
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.=+
I3 4 )
46+1 % [31)
E,+-=<Fk B,
2
T 1
= —+4 =0
2 0.786
5 3
461 2><51(())5 [(2)(1)]
1250+[;2-)(30) 05
Eq. (5.41):
I;=1- ! |
35exp(122u, 0.4)(- B 4 1.6]
Df
1 |
=1~ 05 = 0928
3.5exp[(1.22)(04)—0.4](—§'—§+ 1..6) _{,
Eq. (5.39):
5. = g, B.As1c 1y (1= 1) = (3000)(5.05)(0.72)(0.786)(0.928) (1-04?)

E, (1250  144)
= 0037 ft ~0.446 in.

_ 9oB.Is1r 1y
E

[

515 Eq.(539: 5. (=)

o= 150 kN / n??

B = J 48 _ ‘/(4)(3)2 =3385m
¥4 /4

£

4= 0.3; E, = 16,000 KN / m? 4




E, 16,000
kB,  (400)(3385)

B=
H_ 20
B,

=-——=3591
3385

From Figure 5.19, /; ~ 0.89. From Eq. (5.40):

IF=-7-r-+ !
E 3
46+1 ———%— 3)
+ 24 N5
2
_Z, 1 — 0815
4
6 3
46410 15%10 [(2)(025)}
3385

16,000 + (3 3285)(400)

From Eq. (5.41):

1 - S
ol - 3385
35exp(122u, - 04)[1) ) 3Sexp[(122)(0 3) - 04](_5-— 16)
' ‘

= 0923

1-03%
16,000

= (150)(3.385)(0.89)(0.815)(0. 923)[ ) =00193 m= 19.3 mm |

5.16 Refer to Figure 5.22. Assume I, plots approximately the same as square foundation.

L=01latz=0;1, =05atz=3.125f;/, =0atz=1251
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Depth Az E, L | L)
) (in) | (b/in? E,

s

0-3.125 37.5 3200 0.3 0.00352
3.125-12.5 112.5 3200 0.25 | 0.00879

¥0.01231

g= yD,=(115)(25)=287.51b//2=1.997 b/ in.2

4, =7 —g="——=20831b/in?

3000
144

c =1-05-4-|=1- 0‘5[@) =0952; C, =1+02 log( > yea"s) =134
7-q 2083 01

S, = (0.952)(1.34)(20.83)(0.01231) = 0.327 in.

517 Referto Figwe 5.22. 1, =0.1atz=0;1, =05atz=105m;1 =0atz=42m

Depth Az E, I
(m) (m) | (kKN/m)

0-1.05 | 1.05 16,000 [ 0.3 0.196 x 10*
1.054.2 3.15 16,000 | 0.25 | 0.492 x 10

- 70.688 x 10*

= (a2)

3

g= ¥yD,=(18.1}(1.5)=27.15kN/m’ ; g, =230 kKN / m?

C =1 —'0.5(37-‘1—5 =0941; C, =1+02 1og(i) =14
230 0.1

S, = (0.941)(1.4)(230)(0.688 x 10*) = 208.5 x 10 m = 20.85 mm
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5.18 See the figure below for strain influence factor diagram.

. 0.2 A E;(lb/in?)
Layer No. 0 > >
® 875
® R e e N
- RPN DU AR
3 1740
20 do-mmfomm e baaa
@ 1450
K 1 /A R T
v v
Depth below Depth below
foundation (ft) foundation (ft).
Depth | Az E, Lo Loy
(ft) (in) | (b/in? E, (42)
0-6 72 875 0.313 0.0258
6-8 24 1740 0.463 0.0064
8-20 144 1740 0.375 0.0301
20-32 144 1450 0.125 0.0124
$'0.0756

g=yD;=(115)5)=5751b/in?

C =1 -os(

Se = Clcz(q_‘I)z

9-9

L
E

5

Az = (0.916)(14)(-

g =1—o.5( 575—) =0916; C, = l+0.2log(
3000575

4000575
14

-49-
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o1}

T)00756) = 231 in.




519

5.20

Depth N
(ft)

S 10

10 12

15 9

20 14

25 16

Average Ny, ~12

From Eq. (5.46b):
2
Allowable ¢, = %&[_15_5_1) F;S,

B=5fS,=1in
Fy=1+033(D/B) =1+ (0.33)(3/5) = 1.198

_I2

1 2 . .
T = (S%J (1198)(1) ~ 5.18 kip / f¢*

Eq. (5.56):

075
2 _q4d B
BR BR

I 075
z' = (1..4)(0.,3)(—] =104

03
2
B

07
Eq. (5.57): ‘;‘ = a,a,a, £ [ﬁ-J (-‘LJ
R 025 + — BR P,
B
Normally consolidated sand:
@, =0.14
1.71 1.71

a, = = =0.093

2 (Fw)l 4 (8) 14
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g'=153kN/m?

2 2
S (125)(-1-) 1\
== (014)0093)(1) —— =5 [ﬁ]
0‘25+(T] -

S, =0.0171 m=17.1 mm

(i)
100

5.21
Depth q. a, @’ (deg)
() (MN/m’) | (MN/m’) | [Eq. (247)]
2 2.1 0.033 38.1
. 4 4.2 0.066 38.1
6 52 0.099 37.0
8 7.3 0.132 37.3
10 8.7 0.165 37.0
15 14 0248 374
Average ¢’ =37°
From Figure 5.29, for ¢'=37°, N, = 43; N, = 60
tanf = b _ 02 _os
I-k, 1-0
. . N, 7E N gE
From Figure 5.30, for tan@ =02 and ¢’ =37°, —/— =034, =054
NJ’ N‘I
N,;=(0.34)(60) =20.4; N, =(0.54)(43)=23.22
Eq. (5.68):
Gus =GN + %;{BN,E = (165x 1)(2322) +%(165)(15)(20..4) = 635.6 kN /m*
D .
522 -BL = % = 0.67. For ¢p’=37°, FS = 4. Using Figure 5.31 and interpolating, &, = 0.33.

From Table 5.11, for &, = 0.33 and ¢’= 37°, the value of tana,; = 0.95
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From Eq. (5.69):

.|t
24

S. =0174
Ea A

v? 033
tane 4 | — | = 0174}—=
AE(Ag) 030

-4 2
035
095 -
( {o..sx 9..81)

=00047m = 4.7 mm

523 ol =(45)(100) + (3)(122 - 62.4) + 12—0(120 -624)
=450+1788+288=91681b/f*

ol +Ac!, =9168+1686 =2602.8 Ib/ i

CH & o CH o +Ac,

S, = e 0o e, Lo |
W 1re, Tol lve, T o
_ (006)(10x 12) Iog( 2000)+ (02510x12), 2602.8] iaSin
1407 2\9168)"  1+07 2000

5.24 From Problems 5.23 and 5.7
0, =9168 b/ f2
o, +Ad’ =916.8+706.3 =1623.1 Ib/ 2

CH, g Tot 80" _ (Q0610) 16231 _ o oooo 05 in.
l+e, o' 17 91638

Sery =

252.




CHAPTER ©

6.1 a Eq.(610)

G = 5.14c,,[1 ¥ (0'1253]][1 +0 4(%’)]

_(514)(120){ (0195)(8)][1 04(8)]=771 kN /m?

el 2]

_ (0.195)(20) 62\] _ 2
_(5.14)(2500)[1+-—-——-30 }[1 04(20)] .1§,32_1 Ib&lft

6.2

Depth Ny

(m)
1.5 9
3.0 12
45 11
6.0 7
7.5 13
9.0 11
10.5 13

Average Ng, = 10.86 = 11 .

N 033D, (S, S,
Eq. (6.12): qﬁ.(m>=0“(;‘§[1+ 2 f)(zs) 1663N,, (25)

 Na[, . (03305 3
_0..08[1+ 5 ](25) 1374Ng (25)
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Gapen = (13.74)(1 1)[%) =302.3 kN/m?

63  Gupw = 1374N, (%] = (1374)(1 1)@%) =181.4 kN /m?

64 a B=20m;¢,=30kN/m%L=20m; y=18.5kN/m’

QO _ 48x1000 kN

Eq (620): D, =2 = 6.49
4 _) by Ay (20x20)(18.5) "
b. Eq. (6.22):
04D
514c, (1 LB )(u ! ]
L B )
FS = G
A o
p '(0.195)(20)) 04D,
519G 14+ =22 ) 14— L
2“( X )(+ >0 5
- 3
48 < 10 ~185D,
20 x 20

240 - 37D,= 184.27 +3.69D;; D,=1.37m

04D
514c, [1+ 01958 ) 14——7
L B

65 Eq.(6.22): FS=
_Q.... — }(D
A i

FS=2;¢,=20kN/m% B=L=20m; Q=48 x 10°kN; y = I18.5 kN / m’

0.195x20)(, 04D,
5.14)20) 1+ ==
s1xen(1+ 2522201, 08 ]

48 x.10°
20x20

2=

240 - 37D,= 122.85 - 2.48D,; D,=3.39 m
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66 B=10m;L=12m; 0=30,000kN

Eq (5.70): Ao, = %(Ao’t + A, +Ad))

Eq. (5.12): m, = L/IB=12/10=1.2

4
n = " 1, Ao'=gq,l,
z (m) (g) ™1 (Table 5.3) (&N / 1)
| 30 % 1000
0 .. - 0. 0.81{39x1000)_,p 5
4 08 12 0.81 ( e )
30x1000) " ..
‘. 2| =0 0.64( 391000} _ 140
6.6 132 |12 0.64 [10x12),
| - 30 x 1000
92 | 1L 2| =0 045 30X1000)_ 41155
92 184 |12 045 ( 10x12) 112

Ao, = -é-(zoz.s +4x160+112.5)= 1502 kN /m? -

CH, 6 o,tAc,
S, = log
l+e, o,

]

o = (16)(42) + 2(18 - 9.81) +2.6(17.5 - 9.81) = 103.58 kN / m?
o, =105 kN /. So &, = 0/, (normally consolidated). |

_ (0.38)(5.2) o 103.58 +159.2

L= =0425m
1+088 10358

6.7 We will need to use Table 5.2.

At the top of the clay layer: m=B/z=10/4=25
n=Liz=12/4=3
Ag|=0242q,
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At the middle of the clay layer: m=10/6.6=1.515
n=12/6.6=13818
Ao, =022q,

At the bottom of the clay layer: m=10/92=1.09
' n=12/92=130
Ao,=0.189,

Ad’, = é(Aa,' +4Ac), +Ac})

[30 ,000
~6

10 12)[0242 +{4)(022) + 0 180]=54.63 kN / m?

- C Hc o, +Ao, (0.38)(5.2) 103.58 +54.63
S, = log- log
l+e, o 4 1+088 10358

=0.193 m

6.8  The plan of the mat foundation is shown.

Area of the mat = (32'20")(4820") = 1672.11 f?

¥y
A
A /B X c __ .
] _— .
F , | : | e
80k o0k 1. k]
] )
! |
| I 24 ft
l » '
!
| t
H : x ! .D—,L
g0k 120k | 120k
I I |
' ! 24 fi
I '
I |
ﬂﬁk : 100 k : 90'k ¥
| l n
Y F E ¥ oF
”-—16 ﬂ—.{-—.wﬂ —}| 1¢in
10 in. IOin
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I, = ésﬁ = 35(32' 20")(48' 20")° = 343,727 &*
1= éuﬁ =--(4s' 20")(32' 20")° = 157,937 f*

0 = (2)(40) + (3)(60) + (2)(45) + (2)(50) = 450 ton = 900 kip
x' = -9%[(32' 20")(80 -+ 120+ 90) + (16' 10")(100-+ 120+ 90)+ (10" )(100 +120 +80)]

= 16655 ft

e, =.x’—§=16f.655—32 207 _ 0178

M, =(900)(0.178) = 160.2 kip -
Y = [(48' 20")(80+ 90+ 80) + (24’ 0")(120+120+120)+(20")(100+1oo+ 90)]

=246 ft
48'20"

e, =246~ =-0.233 ft
M, = (900)(0.233) = 209.7 kip - ft

O Mx My 900 _ 1602x _ 2097y
g==% = + +
_E_q" (6.24): ¢ 167211 157937 343727

+
A 1 I

y x

= 0.5328+0.0010143x + 000061y

AtA: g=0.5382+(0.0010143)(16.83) - (0.00061)(24.83) = 0.54 kip / ft
AtB: g=0.5382+ (0.0010143)(0) - (0.00061)(24.83) = 0.523 kip / £
AtC: g=05382 - (0.0010143)(16.83) - (0.00061)(24 83) = 0.506 kip /
AtD: g=0.5382 - (0.0010143)(16.83) +0=0.521 kip / ¢

AtE: g=0.5382 - (0.0010143)(16.83) + (0.00061)(24.83) = 0536 kip / £
AtF: g=05382+0+(0.00061)(24.83) = 0.553 kip / fi*

ALG: g=05382 +(0.0010143)(16.83) + (000061)(24.83) = 0.570 kip 7

AtH: g=0.5382 + (0.0010143)(16.83) + 0 = 0.555 kip / £t
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y _2+ M}"x+ Mxy
69 Eq (624 g=

Y

A=(165)(21.5) = 354.75 n??

1 o1 3 (s 4
I, =—BL’ = —(165)(215)* = 13,665
=1 15 (169)(213) m

1 =Lip- -1-1-2- (215)(165)° = 8,050 m*

Y12

Q=350 + (2)(400) + 450 + (2)(500) + (2)(1200) + (4)(1500) = 11,000 kN

v = Q_lx{ + x5 +Ohx] +...

Y

(825)(500 + 1500 + 1500 + 500) o
+(1625)(350+1200+ 1200+ 450) |= 7814 m
+(025)(400 + 1500 + 1500 -+ 400)

~ 11,000

=x'—

[
0o | by

=7814-825=-0435m~-044m

X
Hence, the resultant line of action is located to the left of the center of the mat. So

M, = (11,000)(0.44) = 4840 KN - m. Similarly

. : . , L
M,=Qe; e,=y )

P = O +0,y, +0sy; +j--

1 [(025)(400 +500+ 350) +(7.25)(1500 + 1500+ 1200) :l 108
=1085m

- 11,000| (14251500 +1500 + 1200) + (2125)(400 + 500 + 450)
e,=y —?= 1085-1075=01m

The location of the line of action of the resultant column loads is shown 6n the following
page. ' ‘ R .
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M, =(11,000)(0.1) = 1100 KN - m. So

_ 11,000

T 354, 75

, 4840x _ 1100y
=310+ 06x+008y (KN/
8050 13,665 ¥ +008y (N/m?)

=
&

025m

y
A
¥
[500 kN
|

g
“n
s

.-
5 3
u
+

I

3

1500 kN

i
¥
£
=

3
8

o
=

500 kN mkﬂ_‘
0.25m ’xr

"

Dt

® b iy

At A:
At B:
At C
At D:
AtE:

At F:

3
S

| .
I
025m

g =31.0 + (0.6)(8.25) + (0.08)(10.75) = 36.81 kN / m’
g =310 +(0.6)(0) + (0.08)(10.75) ~ 31.86 KN/ m?
g =310 - (0.6)(8.25) + (0.08)(10.75) = 26.91 kN / m’
g=31.0 - (0.6)(8.25) - (0.08)(10.75) = 25.19 kN / m’
g="31.0+(0.6)(0) - (0.08)(10.75) =30.14 kN / m’
g =31.0+(0.6)(8.25) - (0.08)(10.75) = 35.09 kN fm?

6.10 Determination of Shear and Moment Diagrams for Strips:

Strip AGHF:
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Average soil pressure = q,, = g 4 + Gury = M = 3595 kN / m?

Total soil reaction = ¢,, B, L = (35.95)(4.25)(21.50) = 3285 kN

load soil reactlo; +column loads _ 3285+ 3800 — 35425 kKN

Average load =

So, modified average soil pressure,

35425 35425
ety = Doy | — | = (3595)] ———=- [=38.768 kN / m?
9 2vimodified) q”( 3285 ) ( )( 3285 J m

The column loads can be modified ina si_milar marner by multiplying factor

F=33%25 _ 10320

3800

Figure (a) shows the loading on the strip and corresponding shear and moment diagrams.
Note that the column loads shown in this figure have been multiplied by = 0.9322. Also
the load per unit length of the beam is equal to B, Tavimodiieay = (4.25)(38.768) = 164.76
kN/m.

37289 kN 1398 36 kN 1398.236 kN 372 B9 kN
025 m im -—L Tm -—I. im Oﬁm
S B i i
16476 kN/m
821 65 576 7

3317
. 14 Shear (unit: kN)
41.19
3817

537670
821865
112757 1727 57
5.15 515
A\/ 718.35 L Moment {(unit: kN-m}
326.55 326 55
(2) Strip AGHF
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‘Strip G1JH: In a similar manner

g, =42 ;q“‘“’” = 31786;3 0 310k /m’

Total soil reaction = (31)(8)(21.5) = 5332 kN

Total column load = 4000 kN

Average load = 5332 +4000 = 4666 kN
4666 )
ey = (310)] ——= |=2712 kN /
9 av{modified) ( )(5332) m
= ﬂ = 11665
4000

- The load, shear, and moment diagrams are shown in Figure (b).

583 25 kN 1749.75 kN 1749.76 kN 583 25 kN

0.25m 025 m
-| Tm >l Tm -t p — [.--
B y  J S A

TTTITT“TTTszN/m

990.17 759 58

. 4 529 .
54.256 A
V / 7 Shear-{(unit: kN)
54 256 )

- 759.58

990.17

1620.89 1620 89

678
A Moment {unit: kN-m)

~ V4

637 94 637 94

(b) Strip GLJH
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Strip ICDJ: Figure (c) shows the load, shear, and moment diagrams for this strip.

3924 kN 1046 44 kN 1046 44 kN 3052 kN
025 m{ | 025m

—o{ L 7m ", 7m F 7 m—-;r |-

i I A

1298 kN/m

548 65 410 81

/] / 271297
3245
AV Shear (unit: kN)
328
358 95 497 79

635.63
664.56

360.15

4.06

o, " Moment (unit: kN m)

- 28995
4950 1196 19
(c) Strip ICDJ

Determination of the Thickness of the Mat: For this problem, the critical section for
diagonal tension shear will be at the column carrying 1500 kN of load at the edge of the

mat [Figure (d)]. So

b, = [0'5 + 52{] + (0.5 + -‘:—) +(05+d)=15+2d

1500 kN

U = (b,d)|($)034)F, ] | Column load
U = (17)(1500) = 2550 kN =2.55 MN Edge o |
of ma ' ]
2.55=(15+2d)(@){(085)(034)v207 ] ;05 a
.|

15+ 2d)(d)=194; d =068 "--"-_--’l

(15+24)) " L 05+ d/2
)
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Assuming a minitmum cover of 76 mm over the steel reinforcement and also assuming
that the steel bars to be used are 25 mm in diameter, the total thickness of the slab is

h=0.68+0.076 +0.025=0.781 m = 0.8 m

The thickness of this mat will satisfy the wide beam shear condition across the three
strips under consideration.

Determination of Reinforcement: From the moment diagram shown in Figures (a),
(b), and (c), it can be seen that the maximum positive moment is located in strip AGHF,

and its magnitude is

172757 _ 172757
B, 425

M’ =4065kN-m/m

Similarly, the maximum negative moment is located in strip JCD.J and its magnitude is

_ 119619 119619 ~2815KkN-m/m

B, 4.25
From Eq. (6.35): M, = (M')(load factor) = g4, 7, (d -~ g—)

Mr

For the positive moment, M, = (4065)(1.7) = ($)(4,)(413.7 x 1000)(0‘.68 - %)

@=0.9. Also, from Eq, (6.36):

A, (4,)(4137)

- - = 23514,; or 4, = 00425a.
@ 085D (085(207)(D) o “

0.0425a

691.05 = (0.9)(0.0425a)(413,700)(0.68 - ); or a ~ 00645

So, 4, = (0.0425)(0.0645) = 0.00274 m? / m = 2740 mm? / m
Use 25-mm diameter bars at 175 mm center-to-center

[As provided = (491)[%9795(—)) = 28057 mm?® / m]

Similarly, for negative reinforcement
M, = (2815)(1.7) = (#)(4,)(413.7 x 1000)(0'.68 - %)
@=0.9. 4,=0.0425a. So
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~ 0.045

47855 = (0.9)(0.0425a)(413.7 x 1000)(0.68 _9. 0425.;;)

So, 4, = (0.045)(0.0425) = 0.001913 m? / m= 1913 mm?/ m
Use 25-mm diameter bars at 175 mm center-to-center
[4, provided = 1924 mm’]

‘Because negative moment occurs at midbay of strip JCDJ, remfox cement should be
provided. This moment is -

M’=-2—§2-92=6822kN m/m

425

Hence,

M, = (6822)(L7) = (09)(0.04252)(4137 x 1000)[0 68— 90‘;25‘_’ ) ot a = 00108

4, =(0.0108)(0.0425) = 0.000459 m’ / m = 459 mm’ / m
Provide 16-mm diameter bars at 400 mm center-to-center
[4, provided = 502 mm].

For general arrangement of the reinforcement see Figure (e).

A_\-/ \f/\
| Top steel Bottom steel - Top steel l
I " |
Additional top steel
in strip ICDJ

(not to scale)

©

611 Eq (645): k= k(BH) _55(2,5“) ~14.91b/in.’

2B 50

—




i

6.12

6.13

kwm(l + os%]
B=30;L="70ft Eq.(648): k= =
From Problem 6.11, kg, 5= 14.91b/in?
(14.9)[1 + 0.5(3;-)]
k= = 12.11b/in?

15

From Eq. (6.48):

0.7
kopop|1+0Y —
Kixom = @ B)[ 1 )] - 135 _
1.
Ksx3s) k(st) [l +0 5( %é)] 35

k

~H5-
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7.1

72

7.3

CHAPTER 7

K, = (1 - sing”)(OCRY*™ = (1 — sin30)(2)*™° = 0.707
Atz=0f: o0,=0
Atz=12f: o,=K,0, =(0.707)(108 x 12)=916271b/ % u =0

So from Eq. (7.5):
P = G—J(QIG.:Z?)(IZ) =5497.5 Ib / ft

=4 ft

__H
Z=—
3

K, = (1 - sin35)(L.5)" = 0.538. Eq. (7.5):
P, =R+F =gk, H+ 2y HK,

= (20)(0538)(35) + %(1 82)(35)(0538) = 37.66+5997

=9763kN/m
H\ (H
o2)of2 -
s__\2) \3)_(766)(1L75)+ (599NN 149
> 97.63

a

K,=1-sin34 = 0,44
Atz=0m: 0,=K,0,=(0.44)(20)=8.8 kN /m’

Atz=2m:  o,=(0.44)[20 + (2)(15.5)] = 22.44 KN/ m* u =0

Atz=5m:  0;=(0.44)[20 +(2)(15.5) + (3)(18.5 - 9.81)] =33.91 KN/ n?

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

-67-




8.8 oW (kN/m?) 1 (kN / m?)
—» >

0 0
o)
2 b e e e N 22 44 2
! |
!
€ |
|
]
| S
s5hemcemee = den 33309 She e o2\ 2943
¥ z(m) v z(m)

P, = Ay+ 4y +A4; +A4, +4;= 17,6 + 13.64 + 6732+ 17.21 + 44.15
=159.92 kN /m

5 (17.6)(4) + (1364)(367) + (67.32)(15) + (1721)(1) + (44.15X1)
159.92 T

=177 m

74 a K = ta.nz(45-g-); K,=1; ¢=0
The pressuze distribution diagram is similar to that shown in Figure 7.5¢.

Atz=0ft:  0,=-2cVK, =-(2)(500)(1) = -1000 1b / £ _

Atz=18f: @, =yzK,~2evEs =(120)(18)(1) - 1000 = 1160 Ib / £

2 @000 _g 334

b. Eq.(7.9): 2. =
O 5T TR, T @200

¢. Before crack: Eq. (7.10):

B =3vK, 26K, =( 312018700 - 2X50008)D)

=1440 1b/ ft
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After crack: Eq. {7.12):

1 2c
P, =5[H-y J_J(yHK -2¢/K, )
= %(18 ~833)[(18)(120)(1) - (2X(500)(1)] = 5608 b / ft

7.5 Eq.(7.12):

P—l[ yJ_](yIIK 2ch<_)

Ka=tgn2[45---2—)= (45 2) 039; JK, =0625

g5 Q09
= __2,[6'3 a7 9)(0625)J[(179)(63)(039) <2)(15)(0625)]

- 51-(3..618)(4.3.98 ~1875)=45.64 kN/m

7.6 K = tan? (45 - 3?4) 0283

Atz=0m: 0,=K,0,=(0.283)(20) = 566kN/m%u=0

Atz=2m: o, =(0.283)[20 + (2)(15.5)] = 14.43 kKN / 2 =0

Atz=5m: - g, = (0.283)[20 + (2)(15.5) + 3(18.5 - "9‘.81)] =2181kN/m? -
u=(3)(9.81)=29.43 KN /m’

The pressure diagram is shown on the next page.
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(kN / m?) u (kN /m?)
> 0 > {
2
®
2181 5 29.43
vz (m) Lz (m)

P, m+&+&+&+a | |
=11.32+4 5 L o)14.43 - . 66) + (14 43)(3) 5 L@3y21.81 - 14 43)
2 L (3)(29.43) = 11.32 + 8.77 + 43290 + 11.07 +44.15=118.6 KN /m

(1132)(4) + (8.77)(367) + (4329)(15) + (1 1. 07)(1) + (44 190 _4 67

zZ =
118.6
T R TR
@, =25°; K, =tan’ (45 %) ?(45-12.5) = 0.406; J ay = 0637
Atz=0f: g,=0

Atz=82 ft (top layer): g, = ¥,2K,,= (107)(8.2X0.283) = 248.3 Ib / fi?

Atz=282 fi (bottom layer): 07 = y,2K,(5) —2¢; /K,
= (107)(82)(0406) — (2)(209)(0.637)

= 35622 ~ 26627 = 89.95 Ib/ ft*
Atz=23fi: =[(107)(8.2) + (140 — 62.4)(14.8)](0.406) — (2)(209)(0.637)

=822.5-266.27 = 556.23 b/ f*
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u=(62.4)(14.8) = 923.5 b/ &

The pressure diagram follows:

o', (Ib / 2) u (Ib/ f2)
0 > —
27| 89.95

:
]
1
'
@ |
)
]
]

230 b-~ & 923.5

v ) } v
z (ft) | z (ft)

P, = Area of pressure diagram 1 +2 +3 +4

=1018 + 1331 + 3450 + 6834 = 12,633 Ib/ ft = 12.6 kip / ft

78 a ¢ =32°%a=5%K,~0311(Table7.1). o,=vzK,.
Atz=2m o= (2)(18.2)(0.311) = 11.32 kN / m®
Atz=4m: 0,=22.62kN/m*

Atz=6m:  o,= 33.96 kN/m®

Atz=75m: o,= 42.45 kN /m?

b P,=ivyiPk, = % (18.2)(7.57(0.311) = 1592 kN / m

B —

79 Eq.(124): z, = 2¢ }1+s¥n¢ _ (2250 1+an25 — 682 R
¥y Vl—smgb' 115 1--sin25
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7.10

7.11

_¢ (50

=L =0.099 ~ 0.1
T 15)22)

At z=22 fi:

For ¢’ =25° o =10° From Table 7.2, K, =0.296. So
Atz=22f: o,= yzK,coso=(115)(22)(0.296)cos10 = 737 5 Ib / t?

,=% (137.5)22 - 682) = 5598 Ib /

a. Eq (7.25): P,= % K,yHY. 81¢"=20/30=2/3; & = 10°; = 85° ¢’ = 30°
Table 7.4: K, = 0.3857
P, =% (0.3857)(105)(12)2 = 2916 Ib / ft
Acts at a distance of 4 ft from the bottom of the wall inclined at an angle of 20° to the
normal drawn from the back face of the wall.
b, 8Y4'=15/30 = 1/2; & =20° B=85°. Table 7.5: K, = 0.4708
P, =3 (0.4708)(105)(12)2 = 3559 Ib / ft

Acts at a distance of 4 ft from the bottom of the wall inclined at an angle of 15° to the
normal drawn to the back face of the wall.

Eq. (7:29): Po, =5 YH'(1 - kK.,

For k=02, 8'/¢™=2/3, ¢’ =30°, e = 10°, and f= 85°, K, = 0.454 [Eq. (7.30)]
P, =% (18:2)(5)%(1 — 0)(0.454) = 103.3 kN / m

Eq.(7.25): P,= % KyH?.

For 87/¢p"=2/3, ¢ =30°, o = 10°, B=85°, K, = 0.3857 (Table 7.4)
P,=10.3857)(18.2)(5 = 87.8 kN /m |

3
AP, =1033-878 =155kN/m

=72




Eq. (7.33):

06H(AP,,) + (“},Ii)f’a (06)(5)(155) + (gJ(SIS)

7 = = = 1.87
‘ 7 1033 "
7.12
F,
, 2

s |ow | v | o |05 | »
(deg) (N / 1) (Table 7.7) | (kN / m)
35 0.5 175 | 03 | 0231 | 12936
35 0.5 175 | 04 | 0249 | 139.44
35, 0.5 175 | 05 | 0269 | 150.64

713 For a fictionless wall, 6’= 0; hence, m = 1 [Eq. (7 40)]. For rotation about the top,
from Eq. (7.41)

o' (2) = ytan2(45—- P2y, -
=
For rotation about the bottom, from Eq. (7.42)
, 2
o’ (z) = yztan? _cf)i_¢_
1+sing’

[ (2) ~ top] + [, (z) — bottom]

O':, (Z ) transtation — 2

With y=16 kN /m’, ¢"=30°, and H=6 m, the following table can now be prepared.

z o, (z-op | o, (2)-bottom | O (2)mmstsson
(n) | (N/m?) | &N/md) (kN / nr’)

1.5 16.01 8 1 nmn
3.0 20.59 16 - 18.30
4.5 18.50 24 21.23

6.0 12.64 32 22.32
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714 a K—tan’-(45+2) $=0;K,=1

Atz=0f: og,=0,K,+2¢/K, =0+ (2)(500)(1) = 1000 Ib /t*
Atz=18ft: g, = (120)(18)(1) + (2)(500)(1) = 2160 + 1000 = 3160 Ib / ft*
The pressure diagram is similar to Figure 7.21.

b. Eq. (7.47):

IH

p, =Lymk +2emvE = L (1200018)%1) + )(500)(1 8)(1)

4 2 2

= 19,440 + 18,000 = 37,440 Ib / ft*

st ) (L arx E)
(ZCH K, )( > J'* (2 " Kﬂ)[ 3 ) _ (18,000)(9) +(19,400)(6)
W S

P

Z=

= 7.44 ft from bottom of wall

7.15 K,,,.(,)=tan=(45+ ‘;') =145 +19) = 4.2; Km) tan?(45 + 12.5) = 2.463;

VK, =157
Atz=0: 0,=0
Atz=8 ft (infirst layer): 0= 72K, ;) = (110)(8.0)(4 2) = 3696 Ib / fi2
~37kip/f*
At z=8 ft (in bottom layer): o, = yl.zKpm +2¢; m |
= (110)(8)(2463) + (2)(209)(1 57)
—2824Ib/ﬂ2 ~ 282 kip/#*
Atz=24ft: o= [(110)(8) + (140 - 62 4)(16)](2 463) + (2)(209)(1 57)
= 5882 Ib/ % ~ 5:88 kip / f

u=(16)(62.4) = 998.4 Ib/ ft* ~0.998 kip / f?
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The pressure distribution diagram is shown below.

. o'y (kip / ft?) u (kip / ft*)
0 —> —p
@
gf-2eN37 —_
)
[}
I
]
@]
@ ®
1
1 .
24 —1 5.88 —— 0.998
v | v
z (f) z(f)

P, = Area of pressure diagtams 1 +2+3 +4=14.8 +45.12+24 48 +7.98

=92.38 kip / ft

716 K, o= tan’(45 + 14) = 2.77; VK, = 1.664; K, 5 =2.04; VK, = 1.428
Atz=0f: 0= 2¢{ VK =(2)(350)(1.664) = 11648 Ib/ ft* ~ 1.165 kip / £t
Atz =82 ft (in top layer): . g, = ﬁzKp(,) +2 cf wa;K
= (107X8.2)(2.77) + (2)(350)(1.664)
=359521b/ % ~ 3.6 kip / f?
Atz=82 fi (inbottom layer): 0, =(107)(8.2)(2.04) + (2)(100)(1.428)
| =2075.51b/ % = 2.1 kip / 2
Atz=23ft: o), =[(107)(8.2) + (125 - 624)(14.8))(2.04) + (2)(100)(1.428)
396551/ f2 = 396 kip/f2

u = (62.4)(14.8) = 923.52 b/ f* = 0.923 kip / 2
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The pressure diagram is shown.

1.165 o (kip / ft)) - u(kip/ ft?)
0 » >
D
2.
82 F~- —_—
©)
23.0 ¢ — 3.96 J, : 0.923
z (ft) z (ft)

P, =A,+ A, + A, = 21(1..165 +3.6)(8.2) +<2l(2;1 +3.96)(14.8) + %(14.‘3)(0‘.923)
=71.21 kip / ft

1
717 B =grH'K,

@'=35% 6= 10°% ¢'/6'=10/35 = 0.286; K, = 4.84 (Figure 7.26)
P, = % yH'K, = -21-(16.5)(_4)2 (4.84) = 638.88 kN /m

718 Eq (7.56): P, =|lym !

7. q. (7.56): P, = 5}’H Koo coss’

6= 20% ¢'=40° §'/6"= 0.5; K, =0; K,=0.2. From Figure 7.28, K, ., = 8.73
PHE)

]
COS.L.

_ 1 . 2. . ) o
P, = ,IEJ(I 8&(4) (8 73)J 50 — 1.3.3§ kN/ m
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8.1

CHAPTER 8

Refer to the diagram.

©

N e e - - —-——w—, - " - ————

s
=
r
b
Wl
y

Table 7.1. ¢ =34% a=10% K, = 0294 -

(218D (117)(0294)
1000

)-—-8.,18 kip/ ft

1 1
P ==(H)v,K,=—
a 2( )Yl a 2(

P, =P,sin10°=142kip/ f
P, =P,cos10°=8.06kip/ ft

Refer to the table on the next page.
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Moment arm Moment
Section Weight from C about C
(kip / ft) ) (kip-ft / ft)

1 (L.5X18)(7,) = 4.05 575 2329

2 Y(LOY(I8)(7,) = 1.35 | 4+24(1)=467 6.3
(12.5X2 75X 7,) = 5.156 625 | 3223

4 Qs—+219—’°6)-(6)(0..1 17)=1301 | 4425 +§= 95 | 1236
P,=142 12.5 17.75
T 24.986 ¥203.17

H 2181

o

3

20317

overtirning = 586

FS =347

M, =P, = (8..06)[-——] =586 kip-fit/ ft

2Y,, 1. A(2), 2 (2]
s (A e

shdiog P, cosa

= 1.49

24986

203.17-58.6

(6)(0.464)

EV(I 69) _ 24.986[l .

B) 125 125

B =125-(2)(0464) = 11.572 &

8.06

= 0464 ft

]: 244 kip/ ft

, 1 ’
qu=62Nchchf+ququFqi+_ yZB NyFde‘yi

2

From Table 3.3, for ¢; = 18°, N, = 13.1; N, = 5.26; N, = 4.07

F, = 1+0.4(-—-4—) =1138
11572

2
F:;! = F;f —_( —_;)
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82

P, cosa_J _ tan"[ 8.06

—— | = 17.88°
N4 24.986)

y = tan"(

£y == (11255 oz
90

g = (4)(0.110) = 0.44 kip / fi?

4
=1+031 —_)=1107
Foa =1+ (11572)

4 = ©. 8)(13.1)(1.138)(0. 642) + (0. 44)(5 26)(1 107)(0 641)+0=9.3 kip / f?

q, 93

FS, . =du _
o) = 244

=3.81

Refer to the diagram.

1 ft

1

1

1

)

]

) 2 ft H'=2545ft

o @

1

]

1

H

o]

+ 11 2 )
4 fi “—> o 275 ft
v &€ 225 fi v
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Table 7.1. ¢’ = 36°% a= 5% K, = 0.262 - |

] 1] (25.45)%(110)(0.262) e 1t
- (H' == =929 kip/ ft
Fo=2(HYy K, 2[ 1500 ] 9 kip
P,=P,sin5" =0.813 kip/ ft
P,=P,cos5"=929kip/ ft
Refer to the table. Note: y, = 0.15 kip/ft®
Moment arm Moment
Section Weight from C about C
(kip / ft) ®) (kip-ft / ft)
1- | @E2(y)=33 . 6.25 - 20.63
2 Y(1.25)22)(y) =2.063 | 4.5 +24(1.25) = 5.33 11
(14.75)(2.75)(y.) = 6.086 - 7375 |  44.87
4| ZEZL@xoin=1967 | 45+225 +2=1075 | 21145
P,=0.813 1475 | . 1199 {
¥31.93 ¥299.94

M, =P i’; - (929)(3%‘5) - 7881 kip- f

)24 tan(%)qéz + B@-—)cz (3193) tan@ x 1-5) + (14..75)@-](1.0)
P gten = P, cosax T T

= 1.66

o= B _ZMa-XM, . ..0 29979-T7881 . o
2 N4 . 3193 :

SV(, 6e\ 3193 (6)(0.45’)} POV
T =73 ( * B) 1475 " 1475 P
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B’=B-2e=14.75-(2)(0.45 = 13.85

4= CiNFoyFot qN,FpaFy+ 51,8 Ny FraFy

For @3 = 15% N, = 10.98; N, = 3.94; N, . 2 65

Y-

4
F,=1+041——1=1115
« (1335)

P cosar ) 929
= tan"!| =2 J=tan| === [=1622°
v ( >V ) | [ )

3193
2 2
v 1622
F,=F,=[1-£1 =[1-22£] — 0672
o ( 90] ( 90)

| g=(4)(0.12) =048 kip / 2

4 : 1622
F,=1+ 0.294(%J =1085 F, = (1 - -—J ~0

g, = (1.0)(10.98)(1.115)(0.672) + (0.48)(3.94)(1.085)(0.672) + 0 = 9.606 kip / f*

g, _ 9606

FS ey = 2 = —— = 3.75
b8 e 256

83 K,=026;H=73m

a

- % VHFPK, = 21 (18.08)(7.3)(0.26) = 12525 kN / m

P,=12525kN/m; P, =0

| Momént - | Moment
Section Weight - arm from C ‘about C
(kKN / m) (m) (kKN-m / m)
1 (0.3)(6.5)(y) =45.98 | 0.8+03 +0.15=125| 5748
2 %(0.3)6.5)(y)=2299| - 08+02=10 |- 229 |
3 (3.4)0.8)(y) = 64.14 1.7 109.04
4 (6.5)(2)(18.08) = 235.04 24 ) 5641
3.368.15 | ¥753.52
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0.3m

f T
I
I
}
I
]
|
3
!
6.5m ® :
! H'=73m
]
|
|
.
!
1. 5 —d-- ¥ ! i
:L_m le—> 0.8m
. 0.6m i
0.3 m le—— 2.0 m ——] T
e 73) s -
M,=( 25.25)(7) =30478 kN-m
75352
FS =l 247
(overtuming) 304,78
2 2\
(368..15)m[(3-)(15)]+(3..4)(-3;-)(30) |
=1.06

FS ... .=
(sliding) o 12525

_ 34 75352-304.78
2 368.15

368.15[ (6)(0481)
= 1+ =20019 kN /
Froe =, 34 L : 34 0G19 m

=0481 m

B =B-2c=34- (2)(0481) 2438 m

9= 2N Fatii+ N, FouFy EYZB’.NyFde

L5 15 o
F, =1+04 =1246; F, =1+0294 S1181 .
| [2438) = (2.438)-- '8
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12525
= tanvl ——1=1879°
v (368.15)

2 2
F,=F, =(l—1—89‘g-?-] -0626; F, =(1--‘-§-‘Z§) _ 0064

9., = (30)(10.98)(1.246)(0.626) + (1.5)(19.65)(3.94)(1.181)(0.626)
+ % (19.65)(2.438)(2.65)(1)(0.064) = 346.85 kN / m’

34611 _ 34685

FS, = = =1.73
G = 4. 20019
84  Refer to the figure. e,
i 1 J
#,=32% H'=68m pol L
|
i) I
! .
K, = tan® (45— 3;-) = 0307 : : : :
. 1 I
-
I 2] 0o
P, =B =y(H)K, b |
@i |} o\ | !
= Laesy68)2 (0307 || L
2 I p !
=1171KN/m LSt —m b b - 3
@ 0. ’_m
‘ fedle-2 M -sje—dje—2 m —sle—s]
Refer to the table. 0.5 0.6 0.75
m m
Section Weight Moiment arm from C | Moment about C
(kN /m) " (m) (kN-m / m)
1 —21~(2)(6)(y ) =14148 3.77 53338
2 (0.6)(6)(¥,) = 84.89 2.8 23769
| 141.48 1.83 2589
4 | (5.85)0.8)Xy,) =110.35 2.925 | 3228
5 %(2)(6)(16.5) =99 443 43857
6 (0.75)(6)(16.5) = 74.25 5.475 405.52
¥651.45 | ¥2196.86
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M, = H3P° = [—%)(117..1) =2654 kN-m/m
Fs _ZM, 219686 g0

(overming) T S M, 2654

sy tan(% &, ) + (—23-)ch (651.45) tan(14.66) + @J@O)(s.ss)

FS itng) = P 1171
_ 170424156 _, o
117.1
5 2 _ . .
85 =5 From Table 7.4, for ¢] = 32°, @ = 0; f= 7157°; K, = 0.45; & = 2133°
o

P = %(1 65)(68)%(0.45) = 17167 kN / m

B, = 17167 c0s(21.33 +1843) = 13197 kN /m
P, =171675in(2133+1843) = 1098 kN /m

Refer to sections in the figure shown for Problem 8.4.
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Weight | Moment arm from C | Moment about C
Section | (kN/m) (m) (KN-m / m)

1 141.48 3.77 533.38
2 84.89 2.8 237.69

3 141.48 1.83 2589

4 110.35 2,925 322.8
P, 109.8 4611 506.29
588 ¥.1859.06

H

M, = P, === (13197)

FS

' Fs(sliding) =

1859.06
. =TT =60
fovermumizg) — 59913 -

(‘%§)=299.13 KN -m/m

b3 V_ta.n@ ! ) + @)c; B (588)tan(14.66)+ [%)(40)(535)

8.6 - Refer to the figure.

15ft 11t 1.5ft

-85

P, 131.97
1T
: Loy
1 1 { |
} 1 ) !
1 1 P
\ | N
1 | 'H
! ' " |
! ! 1
: ' '
1 @ ) ! 121t
| o
I t b
t 1 ,
] 1 ® ' '|
' : : ;
Lo L
! ' S |
i . P
i ' '’y
§ BN RPN I . S #
@ 2ft
, 2
5 ft ~—vte-oi
2 ft

@1 =35°
y=1151b/ f*

$;=25°
y=1201b/ &>
c5=8001b/ £

=235




K, = tanz[45—-¢;—’) = tan"_"(45 -?) =027

P, = %y(H’)’Ka% %(1-15)(14)2(0.27) =30429 Ib/ft ~ 3043 kip / ft

_ Moment
Area Weight Moment arm from C about C
(kip / ft) (#) (kip-ft / )
1 %(1)(12)(;/‘ )=09 15 +%(1) =217 1.953
2 52X =27 | 15+1+0.75=325 8.775
3 51-(5)(12)(n) =45 15+1+15+ 53"- =567 25.515
4 (D2} (y) =33 12-1- =55 18.15
5 -;-(5)(1 2)(0.115) = 345 15+1+ 15+ %(5) ~733 2529
6 (2)(12)(0.115)=2.76 | 1.5+ 1 + 1.5+ 5 + 1 = 10,00 27.6
¥17.61 ¥107.28 =M,
M, = -’Z—P,, = (131)(3.043) =142 kip-ft
FS -!-(-)-7-'2§ =7.55

(overturning) — 142

| 2 2y, 2% 25 2
sz(;;az Jz +B(§-)cz ) I(17..61)m.( : ]+(1 1)(3(03)

= 3.66
P cosa - 3.043

F S(siians) =

b’=6f;a’=5 ft; g = 2000 Ib / f2

z 0;(|)= rz| z . 0;(2) g, =0';(1)+a;(2)
(ft) (b/ %) 2" (ib/ £ - (b/ D)
5 - 525 0.416 | 1000° 1525
10 | 1050 0.833 | 666.7° 1716.7
15 1575 | 1.25 540.5° | 21155
20 2100 1.67 476.2° 2576.2
*Eq. (8.25); ®Eq. (8.26)
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88

8.9

810 -

045’

Eq.(829: M=14———
9. (8.29: 014H

Refer to Figure 8.24

zZ Z

p=tan™ (_b_’_—i-_ai) ~ tan“‘[-b—:—

__(04)(6)
(014)(20)

o

=0543. Souse M=1.0.

1

2y

F4

a= tan"(u] -E-: 1 tan“(—b—’—tgi]+tan"(éij = 1 tan” (11)+tan [
z 2 2 z z 2l \z
K, = tan’(45 ~ 15) = 1/3; y,= 105 Ib/ £%; ¢ = 2000 I /
z. | Ouy=K, ¥z @ B 7y 0, =0t 0o
(®) [ (b/R) [ (deg) | (deg) | (b/F)) (Ib/ /)
51 175 | 5787 | 1536 | 4877 662.7
10 350 [3935 | 1677 | 193.1 543.1
15 525 29.03 | 1445 | 1553 680.3
20 700 2276 | 1211 | 812 7812
*Eq. (8.28)

a K,= tan2(45 - %-L) ='tan2(45..-.- 3221) = 0.2827

(J’:HK hY SH)[FS(B)] (119)(30)(02827)3X4)X(3)

Eq. (8.39): ¢

W/,

b. Eq.(8.38). Atz=0,

L= Htan(45 ~ fi)

2

= (30)tan(45-17) +

(4.75)(38,000)

FS 58,84 (K, 12)
(2wtang|)(32)
(3)(0.2827)(3)(4)

(2)(475](tan25>

=43.52ft

6

Z

=0.201 in.

a. Check for overturning: 7, =% nHK, = -21~ (119)(30%(0.2827) = 15,138.5 b / ft
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M,=P,2 = (15,1335)(3’59) =151,385 Ib-ft ~ 1514 kip - ft / fi;
L=4352ft

L
Eq. 841): M, = (HL)(;'I)(-;) - H}ﬁ(

LY _ (30)(119)(4352)°
2] 2

= 3,380,773 1b-ft ~ 3381 kip-ft / ft

o _3381_

b. Check for sliding: Eq. (8.43):

y,HLtar{zgi;J (119)(30)(4352)'41\1[(%)(34)]
A3 /. =4.29

FS,., . = -
(shdmai:)‘ P _ .. 151385

a

b. Check for bearing capacity: ¢; =25°. From Table 3 3, N, =20.72; N; = 10.88
Qo = cch'+% ¥, LN,

_L_ Mp-M, 4352 3381-1514
2 IV 2 (30)(4352)(0119)

L’=43.52 ~ (2><097) 41.58 ft

=097 ft

= (650)(20.72) + 1 5 L 11641, 58)(10 88)= 13,468 + 26,238.6 = 39,706.6 Ib / 2
Ohun= ¥ H=(119)(30)=3570 1b / i

39,706.6

Fs(heuringcapacity) = -"—"3-‘5—‘70— = 11.1

(nHKaSySH)[FS(B)] (119)(24X02827)3)(4)(3)

811 a t= Wf,, > = .. (4;.75)(38,000) =0.161 in.
¢,) FS 5,8y Sy (K,12) (3X02827)(3)(4)
b. L= Htan|45-2} |+ 24) tan(45 - 17) +
R Qwtang, Xr2). = _) (45-17)+ (2)(475)@@25) .

= 40.33 ft
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8.12  @,=230%K,=tan*(45 — 30/2) = 0.333.

[¢2
Eq (848): S5, =—%——
" nzK, [FS ]

Atz=H=6m: S, = 1 _o033
(159)(6)(0333)(15) _

H-z +SVK0[FS(B)] '
tan(45+%;~) 2tang;

L=

Atz = 0 (maximum length). L= o 4: T + (0'336)((;'333),(15)
(45+15) 2tan[—x30)

=3474+023=3.7m

S, K,[FSn] _ (0336)0333)(15) _ 0115m--Use1m
4tang; m(?.xzo)
3

Eq. (8.52): I, =

8.13  Check for overturning:

P, = %(15..9)(6)2 (0333)=953kN/m

M, = Pag=1906kN-m/m

Use L = 3.7 for all depths.
2 2
_ Hy, I’ (6)(15937)" _ 653 kKN -m/ m

M
® 2 2
653
FS(wmhg) = m = 3.
Check for shiding:
2
HL van(- )
BS o 4 39 (159)6)(37)tan20) 135
(eidon) P - 953 o

a
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Check for bearing capacity:
For ¢/=20°, from Table 3.3, N, = 14.83; N,=5.39

oL _M,-M, 37 653-1906
2 sV 2 (159)6)(37)

=054 m
L'=L-2=37-(2)0.54)=2.62m
Qu = CIN, + -;- ¥, L'N, = (55)(1483) +%(16.8)(2..62)(539) = 9343 kN /m?

934.3

FS,. _ . o A =
(bearing capacity) (15.9)(6)

9.79

Note: FS against Sliding is below acceptable values, so increase L to about 8 m.
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CHAPTER 9

9.1 a RefertoFigure 9.7inthetext. L, =4m; L,=8m
y=16.1kN/m’; y,, = 182kN/m’; ¢ =32°
y'=18.2~9.81 =839 kN /m’

32 32

K, =tan® [45— 5 ) =0307; K,= tan2(45 +-2—) =3255

o= yL, K, = (16.1)(4)(0.307) = 19.77 KN / n?
5= (7L, + 7' LK, = [(16.1)(@) + (8 39)(8)](0.307) = 40.38 KN /

4038

3 = =163m
(839)(3255—0307)

=L @(19.77) + ®19.77) + 1 (8)40.38 - 19.77)

+ 21(1.‘63)(40‘.38) =39.54 + 158.16 + 82.44 + 32.91 = 313.05 kN /m

P(z) = (39.54)(9..63 +i‘35)+(158_.1 6)(5.63) + (82.44)(1.6_3+g]

+ (@(;‘ﬂ)m@ 1)

171391
31305

L

=547 m

0% = (th+ VLK, + V'L (K,~K) |
= [(16.1)(4) + (8.39)(8)](3.255) + (8.39)(1.63)(2.948) = 468.4 kN / m’

4684

= = 1894
(839)(2.948)
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4 - _(8)31305)
27 (839)(2.948)

_ (6)(313.05)[(2)(547)(8:39)(2.948) + 4684]

=10125

4, (339 (2038 = 226894
_ (313.05)[(6)(547)(4684) + (4)(313.05)] _
A, = (839 2048 =8507.44

L4+ 18.94L3 - 101.25L2 ~ 2268.94L, - 8507.44=0; L, = 11 68 m

D=L,+1,=1.63+1168=1331m

b. Totallength=4 + 8+ (1.3)(13.31)=29.3 m

c. z -—-__J - 2P = (.2)(313'05) =5m
y'(K,~K,) (839)(2.948)

M, = P(E+z’)—%;,V'z’g'(l(JL7 -K,)

= (313.05)(547 +5) %(3.39)(5)3 (2948) = 2762 kN -m / m

9.2 a. Referto Figure 9.7

K, = tanz(45—i’;_)=tan2(45—15) =%

=0333 K, =tan’(45+15)=3
oy =K, = (17.:3)(3)(-%-) =173 kN /m?
o} = (L, +7 1)K, =[(17.3)(3)+ (194~ 98 1)(6)]% = 3648 kN / m?

Li=——2— = 3648 426m
7K, -K,)  (194-981)2667)

P=Areasof 1 +2+3+4=2595+103.8+57.54+26.01 =213.3kN/m
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9.3

(25.95)(8.426)+(103.8)(4.426) + (57.54)(3426) + (26.01)(0.95) .
2133

_ 21865+459.4+197.13+24.71
B 2133

zZ=

=422 m

Eq. (9.11): o5 =(yL,+ YLK, + v’ L (K, - K)
=(17.3 x 3+ 9.59 x6)(3) + (9:59)(1.426)(2.667)
= 364.79 kKN / m?

364.79

g =T 426
Eq. (017 1~ 1959)2.667)

_ (8)133)
Eq. (9.18): 27 (959)(2667)

_ (6)(213.3)[(2)(4.22)(9.59)(2.667) +364.79]

4 =113
Eq.(9.19): 3 (9.59)* (2.667)* 6

_ 2133[(6)(4.22)(364.79) + (4%2133)] _ 32;0

. 4
Eq. (9.16): L%+ 142613 - 66.72L2 - 1136L, - 3290 =0, L,=9 m

D=L,+1,=1426+9~1043m

. Total length =3 + 6 + (1.3)(10.43) =22.56 m _

. Eq. (921 Z'=\[ 2P ROy

v'(K,-K,) V(2667)(959)

Bq. (9.22): -

M, = (2133)(422 +4.08) - B— (959)(4.08)° (2'-667)] (g-,gg]

— 177039 - 289.58 = 1480.9 kKN -m / m

K, = tan(45 — 17 5) = 0.271; K, = (45 + 17.5) = 3.69
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Eq (9.24): - 0% = yLK,=(108)(15)(0.271) = 439.02 Ib / f?

LK,  (15)(0271)
L PR =1189 fi
Eq(928): ™ "k _ K. 369-0271

Eq. (9.29: P=21 ojL+lajL,= 21(439.,02)(15) + 21— (439.02)(1.189)

1
2 2
329265 + 261 =3553.65 Ib/ ft

LOK, +Kp) _15(2)(027D)+369] _ 10 o
3K, -K,)  3(369-027)

Eq. (9.30): %

Eq. (927: 0% = yLK,+ yLK,~K,)
= (108)(15)(3.69) + (108)(1.189)(3.69 — 0.271)
=5977.8 +439=6416.8 b/ fi?
Egs. (9.32) to (9.35):

o 64168

! = = =17.38

: y(K,-K,) (108)(369-0271)
4= 8P __ (8355365 . o9

y(K,-K,) (108)(3.69—0271)

. 6P2Zy(K, - K,)+0o}]

A3 = 2 z
4 (Kp - Ka)
_ (6)(3553.65)[(2)(6.19X108)(369 —0271) + 6416.8] _ 171834
(36925 o "

,_ P(6Zo5 +4P) _ (355365)[(6)(619)(64168) +(4)355365)] _ 658195

YTYNK, K (369.25)?

Eq. (9.31): L{+1738L; - 76.99L% - 1718.34L, - 658195 = 0; L, = 10.7

Dieory =Ly + L,=1.189 + 10.7 = 119 f¢
Maximum Moment: Similar to Eq. (9.21): -
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e 2P _ J(Z)(3553.65) _430
(K, - K,)y 36925

Moy = PG +2) - 2 Y& VK, - K)
— (3553.65)(6.19 +4.39) ~ 1 (108)(4 393 69 - 0.271)

= 37.597.6 - 5,206.7 = 32,301 Ib-ft / ft

94 K, = tanz(45—i’;—) =0333 K,=3

o= YLK, = (16.7)(3)(0.333) = 16.68 KN /m®

LK, _ (3)(0333)

L= 222) 20375 m
K,-K, 2667 S
P =% oL +2l 751y = (16 68)(3 +0375) = 28.15 KN /m

LK, —K,) _ (3(0666+3) 5.
3(K,-K,)  (32667)

z

o5 = YLK, +¥Ly (K, - K,) = (16.7)(3)(3) + (16.7)(0.375)(2.667)
=1503 +16.7= 167 kN / m’
Ds 167
A= = =375
' p(K,—K,) (167)(2.667)

o 8P _ (®)2815)
T p(K,-K,) (167)(2667)

. 6P2zy(K, — K,) + 5] - (6)(28.15)[(2)(1.375)(1 6.7)(2.667) +167] = 2465

T (K, - K, - [(167)2667))
, _ P(6Z0} +4P) _ (2815)[(6X1375(167) +(4)2815)] _ 1
YK, -K) [(16.7)(2667)* “

I4+3.7513 - 5.05612 — 24.65[,~21.15=0; L, ~ 2.8 m

Diary = L3 +1,=0375+28=3175m = 3.18m
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9.5

2P (2)(2815)

2= \/ &Ky \/ @s6T167) ™

M, =PE+7) —é Wz WK, - K,)
= (28.15)(1.375 + 1.12) ~ é(16”7)(1‘.12)3(2.667)

=70.23-10.43 =59.8 kN-m / m

a. Refer to the following figure:

)
______*_,_ g’ = 1256 KN/m?

€

!
i
I
Ir=4.6m @,'
|
I %2 =24.04 kKN / m?

06—438kN/m2,j

D-—'/\\

Ly=1.79m \ : _
44 \q7=-“188..13 KN/ m?

K, = tan® (45 ¢)—tan2(45 15) = %

K, = tan2(45+%) = tan’(45+15) =3
o=yl K,= (15‘.7)(2..4)%= 12.56 kKN / m?
= (Mo + 'Ly = [(15.7)X2.4) + (173 — 9..81)(4.,6)]31= 24.04 kN /

=Areasof 1 +2+3=15.07+57.78 + 26.4=99.25 kKN /m

(A5.07)5.4)%(57.78)(2.3) + (264)[—%@)

7 = : =2567
“ 9925 m
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9.6

B(P +12c7)
(yL, +y'L,) +2¢

Eq. (9.44): D*[4c—(yL, +v'L,)]-2DF, -

99.25[99.25 + (12)(29)(2.561)] _ ,
7213+ (2)(29)

D?[(4)(29) - 72.13] - 2D(99“.25) -

43.87D*-198.5D - 757=0; D=Tm

. Lengthof sheetpile=24+4.6+1.4(7)=16.8 m

. Eq.(9.38): o, =4c-(yL,+Y'L)

= (4)(29) — [(15.7)(2.4) - (17.3 — 9.81)(4.6)] = 43.87 k N / n1?

“ P, 9925
.(945); z2'=—=—"—-=226m
Eq. (9.45): z -
2 | ,
96" _ (9925)226+2.567)— U822

anx = I)l(z'+zl)'—

2
= 479.08 —112.04 = 367.04 kN - m / m of the wall

. K= tan’(45 — 18) = 0.26

o, = yL, K, = (108)(5)(0.26) = 140.4 Ib / f*
0= (4L, + YLK, = [(108)(5) + (60)(10)]0.26 = 296.4 b / ft*
p,= 21- (5)(140.4) + (140.4)(10) +%(10)(296.4 —140.4) =351 + 1494 + 780

=25351b/ 1t

(35 1)(10 + %) +(1404)(5) +..(780)(?)

= =5411t

25335

P(P +12cz))
(YL, +v'Ly) +2¢

D*[de~ (4L, +7'L,)]~2DP, -

2535[2535 + (12)(541)(800)] _ o
(108 x 5+ 60 x 10) + 1600

D*[3200— (108 x 5+ 60 x 10)] — 2D(2535) —
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9.7

D*~246D~2446=0; D=6.4ft
b. Length of sheet pile =5 + 10 + 1.4(6.4) = 23.96 ft ~ 24 ft

c. 5=y + 'Ly =3200 - (540 + 600) = 2060 Ib / fi*

r2 2

Moo = P(a' +5) =78 =2535(1.23 + 54 - 22002,

= 15,274 1b - ft / f¢

K, = tan’(45 — ¢5'/2) = tan®(45 — 35/2) = 0.271

Eq. (9:50): P, = 1 yK, = 21(16)(4)2(0..271) = 3469 KN /m

5=L/3=4/3=133m

P(P, +12c)
w+2c

Eq. (9.52): D*(4c~yL)-2DP, -

34.69[34.69 + (12)(45)(1.33)] _ 0
164 +()@s)

DF(4 x 45) - (16)(4)] - (2X(D)(34.69) ~

116D - 69.38D ~ 169.6 = 0

D=16m

r2
Eq. (9.54): M, =P(z'+7)- g2

Os=4c—yL=(4x45)— (16 x4) =116 KN/m?

P 3469

Eq. (9.55): z/=-2 =0299m=03m
oy 116 :
. 2 "
M. =(3469)(133+03) - ﬂé)z(L“;)_ =5654-522=5132kN-m/m
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9.8 a Referto the figure. ¢'=134".

o'y =9868KN/m?” ¥

c'1 =19.244 kKN / m®

T 11 =2m
Li=4m ¥ -+ F
L=2m
N S
m
L=9 m Zero shear
. ¥ _ _ . —atthis depth
o' =42.65 KN/ m?
3
I[3=143m
¥
L4 =33m

K, m2(4 %] 0283; Kptanz(45+-§—)=.3537

o{= yL, K, = (17)(4)(0.283) = 19.244 KN / m*

o7 = (yL, + YL)K, = [(17)(4) + (19 - 9.81)(9))(0.283) = 42.65 KN / m®

4265 4265

3=

r'(

K, —-K,) (919)3254)

P=Areaof1+2+3+4=3849+173.2+105.33 +30.49=34751kN/m

Z=

34751 [(3849)(11.76) + (1732)(5 93) + (10533)(4.43) + (30 49)(0.95)] =568 m

Bq. (9.58):

L +15L2

54 J-'I.SLZ

(12”2 L) 3P[(L1+L(QK+L,I)( )(z-i-l)] 0

2+ 9041 43 QBTSN+ 9+143) - (568+2)] -
(9.19)(3254)

=0
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99 a.

L} +186451%-23532=0;1,~33m
D=33+L,=33+143=4.73

Eq. (956) o=y (K,— K)L,=(9.19)(3.254)(3.3) = 98.68 kN / m*

The pressure distribution diagram is shown in the figure.

Eq. (9.57):

F=P -é- [y (K,— K,)L2] = 347.51 il' [(9.19)(3.254)(3.3)%] = 184.68 KN / m

Dy = (1.3)(Dyge) = (13)(4.73) = 6.15m
For zero shear, use Eq. (9.60): % oL -F+o/(z-L)+ %Ka Y(E~L)Y=0
Letz-L,=x

OI,LI _F+ UI’X +%‘Ka }’fx2=0

DI

21(19‘.244)(4) 184,68 + 19.244x + %(0.283)(9‘.19 2=0
2 +148x— 11246 =0;x ~ 5.7 m
z=x+L, =57+4=97m

Taking the moment about the point of zero shear

Mm;x =—-'Z'O'ILI(.X+§J+F(.x+2)—0’1(7J—'EKo}f xz(?J

With 0] =19.244 kKN /m, L, =4,x=57, F= 184.68 KN /m

M~ 759KN-m/ m

b H'=L L+ Dy =4+9+615=1915m~20m
. 1 |A| 1091x107 B S M,=So, | My
Section| (m*/m) |(m) p= __ El _ _IOgP w'/m) {(KN/m-m)| M,
PZ-35 |493.4x10%| 20 16.85x10* - {-2.773|260.5x10%( "547.05 | 0.721
PZ-27 |251.5x10%] 20 33.05x10* . |-2.481{162.3x10°| 340.83 | 0.449
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If logo and M, /M, are plotted in Figure 9.22 with the curve for loose sand as the
separating line, it can be seen that PZ-35 will be sufficient; however, PZ-27 is not
suitable.

9.10. a. Refer to the figure. ¢ =40".
| o'y = 260.88 Ib / fi?

f / ‘11%411
* © L 6f
: 242 fi
1
®
Lr=25ft :
i Zero shear

i Ehat v A3 at this depth

3 y © \oh=625021b/
3 .
L=2.138 g/
Ny |
Le=6711t

o' = 1970 Ib / fi2 = *

'

K, = tanz(45 —?J =02174; K, = tan2(45+%) = 4599

o = yL, K, = (120)(10)(0.2174) = 260.88 b/ #2
o, = (¥Li+ y LK, = [(120)(10) + (67)(25)](0.2174) = 625.02 Ib / ?
L= 62502 62502 ., ..o
*Ty(K,-K,) (67)43816) .
P=Areasof 1 +2+3+4=4,+A4,+4;+4,

=1304.4 + 6522 + 4551.75 +665.65 = 13,043.8 b/ ft

(A4,)(30.46) + (‘Az )(14.63) + (4,)(1046) + (4, X142) 14.05 R
13,0438 o

ZF =

-101-




9.11

9.12

3P(L, + Ly + L) = (Z+1)]
7' (K,-K,)

=0

Li +1SL2(, + L, + L) -
L +49712 -25433=0; L, ~671ft
D=L+L,=213+671=884 1t
b. oy= ¥ (K,— KL, = (67)(4.3816)(6.71) = 1970 Ib / fi?
The p_res'sure diagram .is.shown in the figure.

c. F= P——'y (K, - K,,)Lf=13,043..8%%(67)(4.3816)(6.‘71)2=6435 b/ ft

Do = (1.3)(Digeory) = (1.3)(8.84) = 11.49 £
For zeio shear: 5 0} L,~F+ o(z—L;) + %Ka Y(z— L)y =0
Let (z - ,) . > (260. 88)(.10) — 6435 + (260.88)(x) + 21(0‘.2174)(67)(x2) =0

x2+3582x 704.5=0;x~ 142 ft -

1, 10 Y 1. (%
M, = —Ea,Ll(x+?J+F(x+6)—0',(—£—)——2—Kay x(——g—)

With 07, =260.88 Ib/ 2, L, = 10 ft, x = 1420 ft, F=6435 b/ ft,

M. =73,8641b-ft / ft =8.86 x 10° Ib-in. / ft

y H M
Section | I H | p=—r|lgp| S | M=S04 4
/! @ | | @2y | (bin/f) | Mume
PZ-35 [ 3612 |4649 | 0.000445 | -3.35| 485 | 1,212,500 | 1.37
PZ-27 | 1842 | 4649 0.000874 | ~3.06 | 30.2 755,000 | 0.85
H =Ly + Ly + Dyyy = 10425+ 1149 = 46,49 £, E=29 x 10°Ib/ in %
0, =25 kip/ in.?

PZ-27 falls above the plot for loose sand in Figure 9.22, so PZ-27 may be used.

2 — =2 _o167; ¢ =35 L __ 4
L+L, “4+8 Li+L, 4+8

=0333

From Figure 9.16, GD = 0.18; from Figure 9.19, CDL, = 1.144
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Eq. (9.61): D=(L, + L)GD)CDL) = (12)(0.18)(1.144) = 2.47 m
b. From Figure 9.17, GF = 0.059. From Figure 9.20, CFL, = 1.071

. - A +y T+ 20, L, _ (16)4) +(185-981X8)” + )16)(4)(®)
’ (L + L,)? 122

=1275kN/m*

Eq. (9.62): F=vy,(L,+ LYGFXCFL) = (12.75)(12)%(0.059)(1.071) = 116 kN / m
c. From Figure 9.18, GM = 0.018. From Figure 9.21, CML, = 1.026
M, = v(L, + LY (GMY(CML,) = (12.75)(12)%(0.018)(1.026)

=406 9kN-m/m

913 ¥ = ¥y %, =19.5-9.81 =9.69kN/m’

, _AtrT _ (15D +O66) _ 15 oo i/

YL+ - 3+6

K, = tan2(45 —%) = tan? (45 - 175) = 0271
&' = CK, ¥, L = (0.68)(0.271)(12.29)(9) = 20.38 kN / rr?

G,=R3, = (0.6)(20.38) = 1223 KN/

2
D2+ZDL(1—-I—’—-)—-£- 1*—2(1—‘,) =0
L/ R L

, _15)_ 9, g) i
D +ZD(9)(1 9) _006[1 (2)(9 ]_-0_

D?+15D-90=0:D ~ 4.6 m

L(L-2l -
Check for R: R=me—2)__ .20

= _ = =0599 -~ O.K.
DRL+D-2l) 46(18+46-3)

F=5,(L~RD)=(2038)[9 - (0.6)4.6)] = 12717 KN /m
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w252 - () -2

2
= (0.5)(20.38)(9)2[(1 _0s ; 4'6) - (2 ’;15)(1 98 "9‘ 4'6)J =206 kN-m/m

9.14 a. Refer to the figure.

'f 2 )

. Hh=15

Li=3m]: 0
@ lz=1...5m

ald
L b

1

I

|

|

|

i

t

i

61 =13.26 KN/ m?

0s=3148kN/m* . [  \62=334kN/m?

D=33m

| K, =tan’ (45 - ?—'J =026; K b= tan2(45 + ﬂ) = -3‘.85;' K,-K, =359
2 2
o= ¥L, K, = (17)(3)(0.26) = 13.26 kN / n??
o, =(¥L, +¥'Ly) = [(1T3) + (19.5 - _9..81)(8)](0..26_) = 33.4 kN /m?

P,=Ateasof 1 +2 +3=19.89 + 106.08 + 80.56 =206.53 kN /m

5  (1989)(9) + (106.08)(4) +(8056)(2.67) _ 179.01+42432+2151 _ 396 m
! 206.53 ' 20653 -

Eq. (9.75): 0gD*+20,D(L, +L,— L)~2P,(L,+L,~1,-Z)=0
0 =4c— (¥, +¥’L,) = (4)(40) - 128.52 =31 48 kKN / ?®

So, 31480+ (2){3 1.48)(9.5)D — (2)(206.53)(3 + 8 — 1.5 — 3.96)=0
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v

or

D*+19D-7269=0;D =33 m

b. P,

_06D=F

206.53 ~(31.48)(3.3)=102.6 kN / m

915 a K, =

(45 - %QJ 02174

o= yL, K, = (115)(8)(0.2174) = 200 Ib / ft?

= (¥, + ¥'L)K, = [(115)(8) + (128 — 62.4)(20))(0.2174) = 48524 Ib / ft*

P, =

% oL+ 0L+ %(a; _ o)L, = 21(200)(8) + (200)(20) + %(485..24 - 200)(20)

800 + 4000 +2852.4=7652.41b/ ft

Taking the moment about the dredge line (atz=1L, + L,)

Pz
7652,

Z, =

| , T
1=(5°'*"")(L * s)*‘l“( ) [5..(_"5#"0“2)](.—;")
4z, = (800)[20+8)+(4000)( ) (2852.4)[2—30)

_ 77,4933

=10.08 ft
76524

=do—(yL,+ 7'Ly) = (4)(1500) = [(115)8) + (128 — 62.4)(20)] = 3768 Ib / £

Eq. (90.75): o D*+20,D(l, +L=h)- 2Pt == 7)=0

376802 + (2)(3768)(D)(8 + 20 — 4) — (2)(7652. 4)[8 £20-4-10 08)] 0

D?+48D-56.54=0; D=1151t

b.. F=Pl_

0D =7652.4 - (3768)(1.15) = 3319 Ib / ft

9.16 From Figure 9.33(a), for ¢ = 30°, the value of K, = 0.31.

W= thmcm—(S)[ J(lSO)-lS?Slb/ft
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9.17

Eq. (9.79):

W+ 1 v K, sing’ 1875+ l(1 10)(5)* (0.31)(0.5)
K, sing’ = —2 = 2 = 0291

| ] 2
"'Z"JH 5(1 10)(5)

From Figure 9.33(b), K cosd’~ 3.4
Eq. (9.78):
” =% YEA(K 036~ K, cos¢’) = 21 (110)(5)[3.4 — (0.31)(0.866)] = 4305.9 Ib /

Assume loose sand.

Eq (985): P =|-Co¥llp |1+ e a1a431b/ 8
7 5
R 14+=
%) U3
*j{ ;5 = %- =0375. Refening to Figure 9.35(b),
B,-B ’ '
222 L 019;B, = (019)(8) +4 =552
Hap M5B =019®) +4=

P, =P B,=(4122.7)(5.52) ~ 22,757 Ib = 22.76 kip

Eq. (9‘.82_):

s4 (H2\'" 54 (092 )" ST
P=- |2 appg e 22 17)(B)(03)(0.9) = 52.39.8°™ kN
"_,tan¢’(3h)_ 7B = 32038 | IBN009) o

B(m) | P,=52.39B°7 (kN)

03 2
0.6 36.3
0.9 48.6
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CHAPTER 10

10.1 Eq.(10.1):
a,= 0.6 yHK, = 0.65 yHtan*(45 — ¢’/2) = (0.65)(17)(6.6)tan*(45 — 35/2) = 19.46 kN / m?

19.46 KN/ m? 19.46 kN / m?
I m T 2m 2m T 15m
4 B B C
TM, =0
3
(1 9-46)(3)[5)_
A= ~4379KN/m

B, =(19.46)(3) - 43.79 = 14.59 kN /m

ZMB;' =0

( 19..46)(3.5)(-:-5—':5-)
2 =596 kN/m

C=

B,=(1946)(35) - 59.6 =851 kN/m
Strut load at A = (43.79)(spacing) = (43.79)(3) = 131.4 kN
Strut load at B = (B, + B;)(spacing) = (14.59 + 8 51)(3) = 69.3 kN

Strut load at C = (59.6)(3) = 178.8 kN

10.2 a. For the sheet pile, refer to the shear force diagram on the next page.
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2433 kN
—1m —] le-0.75 m-b}
B Bl
\ —— 1.25 m—»
~19.46 kN 14.39 kN

M,= %(1)(19.‘46) =9.73kN-m/m; M, = 21(0‘.75)(14..59) =547kN-m/m
29.18 kN
8.51kN [\ | \
. B" '
B! =

N
j¢0.437 mW@ m——>»e¢—1.5 m —}
\J 30.42kN

My = %(0.437)(34.51) =1.86kN-m/m; M, = %(1..5)(29‘.18) =21.9KN-m/m

_ 219KkKN-m/m
170 x 10 kN / m?

=0.129 x 10> m?® / m of wall

2
b. Forwales, M = Bi

_Bs'  (693)3%)
80, (8X170x10%)

=0.459%x10° m* /m
40

103 K,= (45- 7): 0217
M, =0

0, =0.65yHK, = (0.65)(18)(6.5)(0.217) = 16.5 KN / m?

3
A=£—-l-&)gs—)-(—~/—%)=37‘.l3kN/m
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16.5 kN / m? 16.5 kN /m?

im | 2m 2m [15m
4 C

B B

B =(16.5)(3)-37.13=12.37kN/m
ZMBzuo

o 1653.50-%)
2

=50.53kN/m

By =(16.5%3.5)~50.53 =722 kN /m

Strut load at 4 = (37.13)(4) = 148.5 kN
Strut load at B = (12.37 + 7.22)(4) = 78.4 kN
Strut load at C = (50.53)(4) = 202 kN

10.4  Refer to the pressure diagram in Problem 10.2. The shear force diagram is given,

&—1m —ple 2m P
2063 kN '
y —»0.75 mie—
B :
B'
\ N12.37 kN
16.5 kN '

2578 kN

By .
B" C
V {7'5 KN
722 KN

[¢——P»ie-1.562 m —Pje——>]
0.438 m L5m
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It can be seen that M, will be maximum.

M= (1.5)(24.75)= 18.56 kN - m

_1856kN-m _ 1856

= =0.109x 10 m® / m of wall
ou 170% 10° T omimoetwa

S

105 a H=8mH=3mH=5m

Eq. (10.5): y,, =—[y.H,+(H-H,)y,] =%[(175)(3) +(5X182)]= 17.94 kN/m?

L
H

1
Eq. (104): Co = 57 K. H] tang, +(H~H)n'q, ]

1

= '(_2).(-5[(17.5)(1)(3)2 (tan34) + (5)(0.75)(55)] = 19.53 kN / m*

Yol _ (17.94)8)
¢y, 1953

=735

The pressure diagram will be like Figure 10.6.

o, = nH[l - f—c—H—J = (1794)(8) (1 _ 7%) 654 KN/ m?

a

Also check g, = 0.3y, H'= (0.3)(17.94)(8) = 43.06 kN /m?

Use 0, = 65.4 kN / m*

106 a Eq. (10.6): ¢, = —[(5X2125) + (10)(1565) + (10X(1670)] = 1719 Ib / f¢*

1
2—5[

Eq. (10.7): 7, = 2—15[(5)(1 11) + (10)(107) + (10)(109)] = 108.6 Ib / f¢°

b X »H _ (108.6)25) = 158. Use Figure 10.7.
c. 1719 B

a,= 0.3y, H=(0.3)(108.6)(25) = 814.5 Ib / f¢*
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107 YL_Q18X20) _ 104 Use Figure 10.7.
c - 800

[4—6.5ft —pit——85ft —»t  [44.5 fi-dje—65 ft —»]

!
! 9204 1b/ ft2 | 9204 b/ ft?
!
t

'424 8

;4-—5&4 10 ft » 4——sﬂ—Lﬁ‘-u

A B, B - C

0,= 0.3y, H=(0.3)(118)(26) = 920.4 Ib / £
¥ M, =0

2
9204 x85 +(l x 9204 x 6.5)(85+6—5~ ..
L, 2 2 3

10

=651561b/ 1t

B = [(9204)(3.5) + % (6.5)(92&.4)] _65156=429911b/

2
(9204"45 ) + %x9204x65](45+§J

8

=3657.63 Ib/ ft
B, = [(920.4)(4.5) + -;-(6.5)(920..4)] — 365763 = 347547 Ib/ ft

6515.6

12) =178,
1000 )( ) =78.19 kip

Strut load at 4 = [

(4299.1+ 3475 47)(12) — 9329 kip

Strut load atB= (B] + Bz)(lz) = 1000

Strut load at C = (3.657)(12) = 43.88 kip

10.8 Refer to the load dmgxams in Ptoblem 10 7 The shear force dlaglams are given on the
next page.
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47456 1b

A

\ Br' Bl
1770 1b

S 4299.1 b
— 5 ft —pj¢—— 10 ft ———»}

3776 fi :3020.43 1b
_ C
BZ B" '
347547 Ib .
63721

—— 8 —— D3R ¥

It can be seen that M,,,, = My = 21(4.“67)(4299‘. 1)~ 10,038 b~ ft / f

10,038 Ib-ft  (10,038)(12) — 4.82 in it
Ca 25,000 Ib/in 2

S=

109 2 (18X20) =511, Use Figure 106,
e 600

a,=03yH=92041b/ ﬁz, or

ac (A
= 1-— 261181 1——— [=6664 b/ ft
s, rH[ m] (26X )( m)

So, use g,=920.4 b/ fi

6.5 P— 85— 11—

9204 Ib/ ft? 920 4 lb / fi?

h—Sﬂ—-Tt 10 & 8ﬁ—43ﬁﬁ
4




Reactions at 4 and B, will be similar to those in Problem 10.7; that 1s,.4 651561/ fi,
and B, =4299.1 lb/ﬁ

S M,, =0

(9204)(1 1)[121)
C=

=696051b/ft
=(920.4)(11) - 6960.5=316391b/ft
Strut load at 4 = (6150105 6)(12) 78.19 kip

4299.1+ 31639
1000

Strut load at B = ( ](12) = 89.56 kip

Strut load at C = (69605)(12) 83.53 kip

5.14c(1+0'23 )+‘Zf
10.10 Eq.(10.14): FS=

yH+q

Given: c=8001b/fi%¢g=0; y=1181b/ fi%; H=26 fi;and L=30ft

p=2_2 _ji148 NoteT> 52 SoB"=+2B.
V2@ 2

(5..14)(300)[1 + (0-2)(20)] + (800)(26)
30 14.14

FS= ~ 2
(118)(26)
N(l+0—2;—)
10.11 Eq.(10.13): FS=
(y+-g~——c—)H
H B
B 20
B =-——==—==1414 f1.
N
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(02)(14.14)
(600)(5..7)[1 T

] =0.88
(1 18 + 0—@-)26
1414

FS =
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CHAPTER 11

111 a Eq (11.15):Q,=4,¢'N,;
A,=(0.46)*=02116 m’
g =vyL=(18.6)(20) =372 kN / n??
N, =55 (Figure 11.12)
@, = (0.2116)(372)(55) = 4329 kN
Check: Eq. (11.17):
Q,= 4,9, = 0.5p,4, N, tanp"= (50)(0.2116)(55)(tan30) = 335.96 kN = 336 kN

Use 0, =336 kN

b. Eq.(11.20) (forc™=0): Q,=4,0,N,

I,=75; ¢’=30%N",=45(Table 11-5)

E,_(Hz&) ,
3l

g =312kN/n?; K,=1- sing’=0.5

o' = [17—’—(-2-’-32-(92](372) =248 kN / nﬁz

0, = (0.2116)(248)(45) = 2361.5 KN ~ 2362 kN

¢. Eq.(11.31) (fore=0): Q,=4,q'N,;
N =184 (Table 11.6)

0,=(0.2116)(372)(18.4) = 1448 4 kN ~ 1448 kN

112 Eq (1137) L =15D=(15)(0.46)=6.9m
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Atz=0, f=0.

Atz=69m, =Ko, = (1.5)(18.6 x 6.9)[tan(0.6 x 30)] = 62.55 kN / m?

6255

Qs=owsom = (4% 0-.46)(6-9)(——5—--) =3971kN

O, sms91020m = (4 X 0.46)(13.1)(62.55) = 1507.7 KN

Q,=397.1 +1507.7 = 1905 kN

113 £=2% _4348; ¢"= 30° From Figure 11.15, N," =23,

D 046
Eq. (11.33): Q,=4,4'N, =(0.2116)(372)(23) = 1810.5 kN

With % = 4348, from Figure 11.19; K ~ 0.2 (extrapolation)

Eq. (11.41): Q, = K&, tan(0.8¢") pL

186 x20
2

= (0-2)( —) tan(24)(4 x 0.46)(20) = 609.5 kN

O = 1810.5:— 609.5 — 605 kN

114 a Eq (1115): Q,=4,q'N,

¢'=35% N, = 125 (Figure 11.12)

2
Q,= ((}122:1122J (115x 80)(125) = 1,150,000 Ib = 1150 kip

Check: Eq. (11.17):

2
0, = A4 =©05x 2000)(%"—%) (125)(tan35) = 87,526 Ib ~ 87.5 kip
X 3 .

Use 87.5 kip

b. I,=75; ¢’=35%N,’ =72 (Table 1.5); X, =1 - sin35 = 0.426
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5 = [_L*;Q"TO-‘P?_‘S)_]a 15% 80) = 5679.5 Ib / ft2

12x12
12%x12

2
0, =A4,5,N, = ( ) (5679.6)(72) = 408924 1b ~ 409 kip

c. Eq.(1131): Q,=4,4'N,. N, =34

12x12Y |
= 115 x 80)(34) = 312,800 Ib ~ 313 ki
2, [12“2)( x80)(34) p
1.5 L=15D=15(12/12)=15f
Atz=0, f=0
C Atz=151f, f=Ko’,tand’=(1.35)(115 x 15)tan(0.75 x 35) = 1148.4 b/ f*

12 11484
Qs(o tol5f) — (4 X ﬁ')(l 5)[—2—) =34,452 b

Quasoson) = (4 b %)(65)(1 1484)=298,584 1b

0, = 34,452 + 298,584 = 333,036 Ib ~ 333 kip

116 L8 _g0; 4 =35 V] ~17 (extrapolated from Figure 11.15)

0 = A gN: =[12x12 2(115x80)(17)=1564001b
r= 12x12 ’

117 Eq (11.19): Q,=9,4,= (9)(0.381)(70) = 91.45 kN

Eq. (11.50): Q.= eac,pL
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Average value of effective vertical pressure = 5/, = (1 8.5)(§) =185 kKN / m? {
2 :

S 70 0378

o, 185

From Figure 11.23, o~ 0.76

O, =(0.76)(4 x 0.381)(70)(20) = 1621.5 kN

O = 91.45-;1621.5 ~ 571 KN

11.10 Q,=pif,
Eq. (1147): £, = A& +20)

o

5, = 822 g5 /m?

L=20m Table 11.7: A=0.173
O, = (4 x0.381)(20)(0.173)[185 + (2)(70)] = 1714 kKN B | L

_9145+1714

Q== ——=~602kN

15Y
-15) (1450)(9)

119 Eq (1119): Q, = 4,c, N, = ( = 2039 kip

1000

L=601t=1829in; 41=0.184

o = (60x122) _ +cco b/ f2

[

0, = pLA(G, +2¢,) = (4 X %)(60)(0.184)(3660 +2 x 1450) = 362,112 Ib ~ 362 kip

_2039+362 _ 120746 kip ~ 128 kip

Qu

1110 a @ =plLiec,y+ Litye,p) p=4x16/12=533
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z=0t020f: & = 1182x20=11801b/ﬁ2

Suny _ 700 _ 459
= 1180

Figure 11.23: &, ~ 0.6

=, _ (118x20)+4001224-624) _ 200 o

z=0t020ft: &)
2
clm _ 1500 — 063
o, 2380

]

Figure 11.23: &, ~ 0.59

0, = 5.33[(20)(0.6)(700) + (40)(0.59)(1500)] = 233,454 Ib ~ 233 kip

_ (700)(20) + (1500)(40)

‘. = =123331b/ &7
b cu{av) 60 _
o, (Ib/ %)
0 >
20w e = D\ 118 x 20 = 2360
60 [ = e = e m e e em = ) 2360 + (60)(40) = 4760
vz(®
L (202360) + 1 (40)2360 + 4760)
Ty =2 2 = 27667 Ib/ ft?

| 60
Length of pile = 60 ft = 18.3 m; A = 0.18
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O, = PLA Gl + 2]

1

16
= =2 1(60)(018)[2766 7 + (2)(1233.3)] = 3014 kiv ~ 301 ki
1000 20)( )(0.18)[2766 7 + (2)(1233.3)] = 3014 kip ~ 301 kip

Coo faqy = (A —singi)tangio,

= (1 - sin20)(tan20) (51 x 118 x 20) =2826 b/ fi?

= 8526 1b/ ft’

f a = (1—5in20)(tan 20) (@m_;ﬂfg)

0. = PlI+fur + oo 555 (4 15 J 202826 + doxss2 61 =212 kg

ILIT Eq. (11.59): qygesigny = q"g“” = “’:OO =2280 Ib/in?

N, = tan? 45-I-i = tan? 45+-3-—6— = 3852
¢ 2 2 .

qu(dcs:gn) (N + I)A

Eq. (11.61): Q. =

FS
For HP 14 x 102, 4,=30 in?
(2280)(3852 + 1)(30) .
6 ki
Oriany = (3)(1000) =110.6 kip
(Qv, +50.,)L [70 + (057)(110)](50)
12 Eq. (11.63); -

11.12 Bq (1163): sy = == E,  (16x16in2)(3x10° kip/in?)

= 0.0086 ft = 0.104 in.

9y, D
Eq.(11.64): Sey = E” -,

70 kip a2 ) -
[(16 x 16)( 5kip/in. ]J(l ‘0..38 )(085) = 0‘..636 in.
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Qw.r D 2
E B 1166 . ‘ L R A I—u, st
q ( ) ’se(3) [ L )E, ( )

I, =24035 |0 =413

(i)

110 16
Ry — (1-038%)(4.13) = 0.032 in,
Se(s) [(4x16)(50x12)]( 5)( )413)= 0032 in

s,=0,104 + 0.636 + 0,032 =0.772 in.

(Qup +40,)L _ [98+(06)AON2 _ (0 0o 1 4o

11.13 Eq. (11.63): s, =

AE, (0305)*(21x10%)
4, D
Eq. (11.64): s, = ——(1- )1,
g, =22 % 10534 1N/m?
A, (0305 -
(1053.4)(0.305)

S0, S,y = l: 30.000 }(1 ~03%)(085) = 00083 m =83 mm

Again, from Eq. (11.66)

WS D
Sez) = (g_]_(l - ”f )st

pLJE,
I, =2+ 0.35‘/-7- =2+ 0.,35‘/i =42
D 0305
240 0305 ) .
- 1-032)(42) = 0.00064 m = 0.64
S0, S = 7% 030512) (30,000)( )42)< Fme et mn

5,= 148 +8.3 + 0.64 = 10.42 mm

1114 J=2pp= i(0.305)‘ = 0.0007 m*
12 12
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E,=21x 10° KN/ m?

E, I,  [(21x10°)0.0007)
 (11.80): T=s/—22 =3 =1
Eq. ( ) 5\/ 5200 098 m

n,

£ = —2- > 5. So, long pile. M, =0. From Eq. (11.75)

T 1098
3 ‘
QgT _ _ xz(z)i‘.i"r,I‘D

* & 3
Ep[‘p AT

x,(z)= A,

Atz=0, x,= 12 mm=0.012 m; 4, =2.435 (Table 11.13)

(0.012)(21 x 10°)(0.0007)

= =547 kN
Oe (2.435)(1098)° ,
_ _ L
Check for moment capacity: M, = F,, £ = 4,0, T
"2"
2F 1,
S dA T

From Table 11.13, the maximum value of 4,, is 0.772.

(2)(21,000)(0.0007)
(0.305)(0.772)(1098) _

=1137 kN

O =

Use 0, =54.7 kN

11.15 Check for bending failure:

I, 0.0007
0.305
2

M, . X . 9639
D), D4ym2(45+%;) (0305)°(16) tan’ (45 + 15)

= 9639 kKN - m

=232

Qﬂ(s)
K,D’y

[

From Figure 11.34a, with -;- =0, ~ 50
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Ouey = 50tan’(60)(0.305)°(16) = 68 kN

Check for pile head deflection:

9200
Eq (1191): 7= = ' =
e (191 7 VE, 1, ~ {21x10(00007)

nL =(091)(30) = 27.3. From Figure 11.35a, for L =27.3,
a2
‘xlz(z=0) (Ep Ip) 5 (nh) 5

~ 015
O L

3

_ X (z=0) (EpIp )3 (n,)

2
5

t-«lm

_ (0012)[(21 x 10°)(0. 0007)]5 (9200)

2
5

0

: (015)L - 1960

Use 0, =32.5 kN

EH,

Eq. (11.108): Q, =%

H, =40Kkip - ft =40 x 12kip - in; E = 0.85

0 = (0.851)(40 X12) _ 5040 kip

—+01
10

Q,u_-z":sﬂ_340k.p

EWyh We +1'W,

Q= S+C Wy+W,

90 x 100

W, = weight of (pile + cap)= 1000

+24=114kip _

o, =
1 0 12+114

10

(085)(40 x 12) [12 +(035)%(1 1.4)] - 11679 kip
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Ou =17~ 292 kip

s g =—21 . [EH, L _ (085)(40 x 12)(90 x312) _05
94 JEHE.L V24,E, (2)(294)(30 x 10%)
24,E,
(085)(36 % 12) .
= = 680 ki
%= 01+05 P
0y =5 ~ 227 ip
| p(l-singl, )y, H; tans’
11.19 Eq (11.116): Q, = = L
_ (xx0450)1 sm25)§17.5)(4 )an(05x25) _ pexyn
1120 Q - p(l—Sln¢;m)}’}H} tané’
g 2
0450)(1 — sin 25)(19.8 — 9.81)(4>
_ (7= 0450)(1 ~5in25)(198 - 98141} tan(05x25) _ o1

2

(L-—Hf)((L—Hf) X y;H,)_ 2y H,

1121 Eq. (11.117): L= ; ;
¢ (1L117) L 2 y ¥

_ (60-12)[(60—12)+ (105)(12) ]_ 2(105)(12)
L, 2 (121-624) | (121-624)

L =2—2{;1"'—43; L ~30f
I
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. Lp(l-sing, )y’ tans
Eq (11.119): @, = p(1-singy, )y} H, tandl, +— - .

= [x x %](1 — sin28)(105)(12) tan(0.5 x 28)(30) +

(30° )(7; x -11—;)(1 —sin28)(121 — 62.4) tan(0.5 x 28)

2
= 56,434 Ib =~ 56.4 kip

pnn,

11.22 a. M

d=092m; D=046m. So

7= [(2)(3 +3-2)(0.92) + (4)(046)

](100) = 70.7%
(7 % 046)(3)(3)

b 7= 1=—{ =D+, (n, = D+ V20, - D, ~ D)
1
— 1046 [(3)(2)+(3)(2)+(Jf)(zxz)]=o.688=63.8%
(FX09DNB) | -

1123 a. d=12m

| @X3+3-2)(12) +(4)(0.46) @7 QKo
n= [ ETYTSCIORE ](100) =87.96%

0.46

_ FnW[GXZ) + ()2 +(V2)D@)] = 076 = 76.06%

b. n=1

11.24 Piles acting individually;

Eq. (11.123). 20, =mn,[94,¢,,, + ape, L]

To obtain 2: & ~—-—(I—8-)--g@=166.5kN/m2
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11.25

S 28 0575 Figwe1123: @ =06

. 1665

o

Ql

3Q, = (3)(3)[(9)[% x 0.406° J(95.s)'+ 06)(x x 0.406)(95..3)(18..5)]

= (9)(11162 +13563) = 13211 kKN

0, 13211
=24 = D2 5 4404 KN
Qall FS 3

Piles acting as a group:
Eq. (11.124): ¥Q,=L,B,c,,N."+2¥(L, + B)ec, AL

L, =B, =(n- 1)d+2[D) (2)(0.406) + (2)(07) =1512m

L, . L 185 | R
—= =1 ——=——=1224. From Fi 11‘.44, N' =9,
B, 7 " Ts12 rom Figure . =9. So

g

£0.= (1.512)(1.512)(95.8)(9) + (2)(1 512 + 1.512)(95.8)(18.5)

= 1971.1 + 10,718.9 = 12,690 KN
On= -———12’3690 = 4230 kN
Piles acting individually:
Eq. (11.123): YO,=mn,[94,c,,,+ apc, L]
To obtain &' :

_ (451224 -624) l3501b/ﬁ2

Q
[\

Figure 11.23: & ~0.58
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0, = 33 {(9) [-- x (;2) ](860) + (058)[7: x —)(860)(45)}

= (9)(6079 + 70,516) Ib ~ 689 kip

Piles acting as a group:

Eq. (11.124): ¥.Q,=L,B,c,, N, +2¥ (L, + Bc,AL

L, =B, =(n—1)d+2(—§-)=(2)(25 f) + 16t = 6t

L ' | |

£ =1 L B 7.5. From Figwre 11.44, N, =9

B, ~ B, 6

30, = (6)(6)(860)(9)+ (2)(6 + 6)(860)(45) _ 12074 kip

1000

0, = 6—29 =229.7 ~ 230 kip

11.26 Piles acting individually:

YO.=mn,[94,¢,, + o pc, L, +_°‘2P‘3u(2)L2 + 003 PC, 3y L5

Depth c, a, _ ./, . @
@® |o/ed (b / %) (Figure 11.23)
0-15 | 550 133115 _g625 | 0.64 0.58
15-35 | s75 | XD . 20x120) _ 20625 | 0.424 0.7
{[(15x115)+(20x 12)]}' |
- 24 % 20 |
35-55 | 1200 | |+(124x ; | _33gps | 0363 | o088

| (14’ 14
(9)(3-:2-) (1200) + (0.58)(4 X E](550)(1 5)

20, =——(3

=2313 kip
1000

+(0 7)(4 X —)(875)(20) (0.88)(4 X ;—; 1200)(20)
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Piles acting as a group:
Eq.(11.124): YQ,= LB, c,‘p)Nc' + ZE(Lg + Bg)c,,AL

L,=120+14=134in.=11.17f; B,=80+14=94in =783 fi

L
g 111 =I.43;'£—='_5=7"02
B, 783

B, 783
} = 2790 kip

From Figure 11.14, N, = 7,57
(1117X783)1200X857) + (2)(1 117 + 783)

1
~ 1000 {x[(SSO)(l S)+ (875X(20) + (1200)(20)]

20

Q;ﬂ:&;izsmki

11.27 The pressure distribution diagram is shown.
lzsss'kN

GWT

<

]

W] W
—-’15?43’

h o0

[
—— ;—*—-—
-~ '
-

\]
\

!
o1 [}

W
3
[~
.
w

Loo o

‘s

(F8 ]
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e

Layer o, Ao’ o,+Ao’
(KN / m’) (KN / ) (KN / m’)
(15.72)(3) + (18.55 - 9.81)(3)

1335

1 | +(13)(19.18 - 9.81) =20 _=2223 | 217.42
—4716+2622+12181=19519| G73+3)
195.19 + (5)(19.18 - 9.81) 1335
2 ¥ (25)(18.08 - 981)=26272 | @75+125)% | 20846
| 26272+ @5)18.08 - 9.81) 1335

— =36 5
+(1.5)(19.5 - 9.81)=297.93 | (275+ 165)° 301.53

‘M7 1408 19519

(031)(5) (268.46
As . = )
=741 26272

_(026)(3) log( 30153

_ 0800 ( 217-42) 0208 m

) = 00073 m

=107 ¥29793
2 As, = 217.7 mm

J = 00024 m
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12.1

12.2

CHAPTER 12

Eq. (12.20): Qppey = 4,9 (@N% - 1)

g’ =Ly, + L, 7= (18)(100) + (10)(112) = 2920 Ib / f*

w w
4,= 3D} =7 (6 =2827 &

Eq. (12.21): N* =021¢"179 = 0.21e01769 = 1342

L _18+10

D, 6

=4.67. Assume approximately 5.

Figure 12.7: @ = .83
Oy = (28.27)(2920)[(0.83 x 134.2) ~1]=9,112,187.7 Ib = 9112 kip

o 9112 .
Queey =~ - = — =~ 3037 kip

Eq (1216): Qp(net) =qu,(Nq - I)Fququqc
¢$’=35". Table 3.3: N,=48.93

Fp=1+tang’=1+tan38 =178

F, =1+2tang'(1-sing’)? tan“‘(Di] =1+2tan38(1 — sin 38)> tan"‘[%) =1314
b7 : _ .

Eq. (129): I, = 0.5exp[2.85cot(45 - ?)jl = 05exp[2..85c0t(45 - %)] =17247

I

r

1+71.A

r

Eq. (1210 I, =

E

5

21+ p,)q" tang’

r

E, = 400p, = (400)(2000) = 800,000 Ib / £ = 800 kip / ft2
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Eq. (12.18): u, =01+ o.3(¢ 2"025 ) =01+ 0.3(352‘025 ) = 0295 ;

;o 800
" 2(1+0295)(2.92)(tan 38)

& 25J g 5( 38—25)(292
Eq.(12.19): A=0.0051- 00
4. (12.19) [ - [ _0 25 000256

Pa

=1354

1354

]rr = = 10055
1+ (1354 x 0.00256)

So,1,<1,. Hence, F,.=1.

F—ex p{ (38tang") + [(3.07sin ¢'.)(1og21,;)]}
i 1+sing’

= exp{ (~381tan38) +| 07510 38)(10g2 x 10055) ] (-2 969 + ﬂ =076
: ' i 1+5sin38

Oy = (28.27)(2.92)(48.93 — 1)(1.78)(1.314)(0.76) = 7033 kip

_ 7033
0, ey = 2 —— = 2344 Kkip

12.3 Egs. (12.42) and (12.44):

0,= d'c,pL = (0.4Y(720)( 7 % 3.5)(18) = 57,000 Ib =~ 57 kip

124 ¢"=(4)(17.8) + (2.5)(18.2) = 116.7 KN / m?
x |
4,= 5 (175)" =2.405 m
N* =021¢°7% = 0210172 = 48 39

L _ 65
D, 175

=371 Assume 5

Fig. 12.7: =079

Oriuery= A4, 4" (@N*% - 1) = (2.405)(116.7)[(0.79)(48.39 — 1] = 10,508 KN
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10,508
Oy =5 ~ 2627 KN

12.5 ¢'=32" Table 3.4: N,=2318

F,

qs

=1 +tang’= 1 + tan32 = 1.625

Fy =1+2tang’(1-sing’)* tan™ (—g—] =14 2tan32(1~ sin 32)? tan"(%j =1361

b

Eq. (129): 1, =05 exp[Z.SS cot(45 - %J] = 0.5exp,:2‘.85 cot(45 - %3)] =855
Eq. (12.10): | 1, =— L N
L L A TN

r

E

5

1=
21+ p,)q' tang’

E, = 600p, = (600)(100) = 60,000 kN / m?

| ¢'—25) " (32-25] .
L (12.18): g, =01+03 = 01+03 22222 = 0205
Eq. (12.18): p, ( 20 20 )=
. 60,000
" T 201+ 0205)(116.7)(@an32)

Eq.(12.19): A= 0..005(1 - M) 4. 0..005[1 _32-25Y1 16'7) = 000379
20 Ap, 20 100

= 3414

I = 3414 jaee
1+ (3414 x 0.00379)

I,> L. 80,F, =1
Qp(na) =qu’ (Nq - I)Fququqc
= (2.405)(116.7)(23.18 ~ 1)(1.625)(1.361)(1) = 13,767 kN

Ou = 2787 3442 kN
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126 a Q,=a c,pL, = (0.4)(32)(r x 1)(4) = 160.8 kN
b Q.= &cupL, ~1.5)=(0.55)(32)(7 * 1)(4 - 1.5) = 138.2 kN

127 a Q,=A,c,p N
N*=133[In(,) + 1]

Cuy _ 1800 _

—— =09
P. 2000 .

E,

I u2)

=2375

From Eq. (12.41) and Figure 12.15: I, =

N%=133[In(237.5) + 1] =8.61
0, =7 (5(1800)(8.61) =304,302 Ib = 304 kip

b. O, = %Pl + @, = (04) (7 S)[(1000)20) + (1800)(15)]

=295,310 Ib = 295.3 kip

~ 149.9 kip

¢ Q= 304.3+2953
4
128 a. Eq.(12.46):

L 35 -
g,= 6c,,,,(1 +02 B_) = (6)(2000)[1 + (0.2)(3—5]} = 36,000 Ib/ fi2

b

Check: 9¢, = (9)(2000) = 18,000 Ib / fi2

Use g, = 18,000 Ib / f*

{ s,000)[-’5](35)2~
4
QP(“‘) = qPAP = 1000

= 173.18 kip
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b. O “:cu(oP(Lx -35)+ “:CKJ)P(Lz - D)

(0.55)(7r x 3.5)(1200)(25- 5) + (0.55)(7 x 3 5)(2000)(10 - 3.5)

= 223,760 Ib ~ 223.76 kip

0, = I73.18;223.76 = 132.3 kip

129 a Eq.(1232): g,=57.5N, = (57.5)(23) = 1322.5 kKN / m’

Since D, >127m, g, = 1§7q (127)(1322 5) = 839.79 kN / m?
b
settlement ofbase _ 25 125%
D, 2x1000

Figure 12.9: Using the trend line,

end bearing 039

PqP’

Quie) = (0-.39)(% x 2? J(8‘39..79) =1028.9 kN

b. Egs. (12.30) and (12 31):
Qs = ZfrpALJ
1. = pa.,

a{,,,-=[%-)y (125)(19)—118751@1/1:1

os ’
B=15-02442%5 = 15— (0244)(125) =089

£, =(0.89)(118.75) = 105.69 KN / m’®
0, = (105.69)(7 x 1)(12.5) = 41504 kKN

settlement _ 25
D, 1x 1000

=25%
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Figure 12.10: Using the trend line

side load transfer

~09
X f, pAL

Q.o = (0.9)(4150.4) =3735.4 kN

c. Q,=10289+37354 =~ 4764.3 kN

075
12.10 a. Eq. (1236) B=20- 0062L°75—20 (0062)(18) =1678

Zf.'pAL ( )(mD)(L) (IOIOOJ(HSx-IZEx1678)(“3)(18) 3023 kip

9,4, =12Ng 4, = (1'2)(29)& x 452) = 55347 kip

0, =302.3+55347 ~ 856 kip

b, allowable settlement _ 1 =278%
D, Tea) T

From Figure 12.12a trend line, normalized size load = (0.95)(ultimate side load)

allowable settiement _ 1

D, ~ 45)12) B
From Figure 12.9 trend line, normalized end bearing = (0‘.4)l(ultimate end bearing)

=185%

0= (0.95)(302.3) + (0.4)(553.47) = 508.6 kip

1211 2 AL=20-5=15R;c,q = 1000 Ib/ £
AL,=15-5=101f;c,q = 1800 b/ f?

Y f.pAL, = (0.55)[(1000)( 7 x 5)(15) + (2800)( 7 x 5)(10)] = 472,593 Ib = 371.5 kip
g,= 6c,,b[1 +02 DiJ = (6)(1800)[1 -+‘(0.2)[35-J] — 25920 1b/ °

Check: g, =9c,, = (9)(1800) = 16,200 Ib / fi*
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Use g, = 16,200 Ib / f?

0, = 3715 +(162)(§ x 52) = 689.6 kip

allowable settlement . 1in.
D (5)(12)

s

b, =166%

From Figure 12.16, normalized side load = (0.87)(ultimate side load)

allowable settlement ]

= =167%
D, ¢x12)

'From Figure 12.17, normalized end bearing =~ (0.77)(ultimate end bearing)

0 = (087)(3715) + (0.77)(1 6.2)(% X 52] = 568.1 kip

12.12 From Problem 12.7(c), 0, = 149.9 kip.
0..=0380,=(0.8)(149.8) = 119.92kip . _

0,,=149.9-119.92 = 29.98 kip kN

Bq (11.63) s, = D2 S0l _ [2998+(065)11992))35)

4,5, [G’-)(S)’](s.z x 10° x 144)
= 0418 x 107 ft ~ 0.005 in.
,,C |
Eq (11.65): s, =—Q——"~’—-’¥
o p

g, = Cuy N = (1800)(9) = 16,200 b/ #% C, = 0.03

1y =@
(15X162)

Eq. (11.66): 1,, =2+ 035\/% =2+ 0.35\/_3-5E =2926

Assume 4, =0.3; E,= 1800 Ib /in.* = (1.8)(144) kip / ft*
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Eq. (11.66);

. Qws D 2
Se3) = [p_L E(l_ﬂs)lws

) [(frli 2)525)](1 8 xsl 44 J(l ~03)(2926) = 00112 = 0134 in,

Total settlement = s, ), + 5,5 + 5,3 = 0.005+ 0.133+ 0,134 ~ 0.272 in.

12.13 From Problem 12.8(c), O, = 132.3 kip
0,.=0.830, = (0.83)132.3) ~ 109.8 kip
0,=1323 -~ 109.8=22.5kip . _
(G +80u)L _ [225+(065X(1098))(35)
AE, Fia L 1(3%10° x 144
Z1(3: 2 . : -
G [55)

= 0.00079 ft = 0.06095 in.

C
Eq. (11.65): s, =%p >

b p

Eq. (11.63): s, =

C,=0.03 |
g,=c, N:= 2 kip / £3)(9) = 18 kip / 2

(22.5)(0.03) SR
=200 66107 8 ~0.13in.
Se2) 35(18) ft» in

9.\D 2
Eq. (11.66): s,, === 1—QQ—u)I
q ( ) 53(3) (pL E_,( ﬂs) wy

I, =2+ 0.35\[5 =2+035, /55- = 3107
‘ D 35

#,=03; E,=2000lb/in? = 288 kip /f2. So

[ 1098 Y35). .o L
Sy = [(;;)(3.5)(35)](288)(1 93 )(3..107)--‘_ 0.0098 ft .0.1.18 in

Total settlement = s, ;, + 5, + 8,5 = 0.0095 +0.13 + 0.118 = 0.258 in.

-138-




12.14 From Eq. (12.63): f=6.564¢°° < 0.15g,
SINCE G, concree) < T rockp USE T comreey 10 EQ. (12.63).
G tconcratey = 28,000 KN/ o
F=(6.564)(28,000)°° = 1098 4 kN / m?
Check: f=0.15¢, = (0.15)(28,000) = 4200 kN / m? > 1098.4 kN / m?
So use f= 1098.4 kN / m?

FromEq. (12.64): Q,= 7D,Lf = (2)(1.5)(8)(1098.4) = 41,409 kN

: Q L Qqu.
From Eqgs. (12.65), (12.66), and (12.67): s, =—=—"—+
rom Eqs. (12.65), (12.66), and (12.67): s AE TDE
For RQD = 75%, from Eq. (12.69):
-gm = 0.0266(RQD) — 155 = (0.0266)(75) — 166 = 0335

Epas =0.335E,,. = (0.335)(12.1 x 10%) = 4.05 x 10°kN/ m”'

Ee 2 sa3
E . 405
L = 3 =533
D, 15
_ E L A SR
From Table 12.1 for 5 £ =543 and D =533, the magnitude of I, is about 0.42.
mass ) b _ . .
Hence

(4LA0OKNYE) (41409 kN)042)
Al : |

€

= 00114 m=11.4mm > 10 mm

So, From Eq. (12.71):
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34 5o 3,50 )
0, =34, D, — g, =(3)(%x 152 1500 ____18,000)
5
9 10)f 1+300——
10(1+30063J ( )( + 500)
= 29,573 kN

12.15 a. Eq.(12.56):

05

yD.$'K

=157D*(E_R £
Qc s( P 1)( EPRI J '

E, =22 110°kN/m’ -~

R =1
4 4
= _ @02 _ 61198 mt
64 64

— tan? ¢ 2 35
K, =tan [454-2) tan(45+2) 369

_ 299 « 106y )] (E7-D(125)(35X3.69) :
0. = (15712522 x 10 )(1)[ 22X 100 ] = 326,630 kN

Q, 260

0. 326630

= 0.0008

From Figure _12.>21, X,/ D, =_0..0025

x,= (0.0025)(1.25) = 0.00313 m = 3.13 mm

b, Eq.(12.58): o
7 ¢'K]

M, =133D}(E,R )(
E,R,

(175)(125)(35)(369)] — 1,586,544 KN -m

e ’ 3 ’
= (133)(125)°(22x 10 )(D[ (22x10°)D)

From Table 12.3, for gg 0.0008, -ﬂ—;-;!——— 0.000375

{3 <
.
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M, = (0.000375)(1,586,544) = 594.9 kN - m

Mm[%—) (594.9)(3:;5-)

‘, o = =— = 3104 kN /m?

& e =7 01198 "
ER  (2x105%0)  _ 77879

yD#K,  (175)125)(35X369)

(i) ~6
'D-’ min

Loy =(6)125)=75m

-141-




-142-




13.1

13.2

13.3

CHAPTER 13

Grw
1+ (LLYG,)

Eq. (13.5): For collapse, y, <

G,=274; y,= 981 kN /m?

¥; (KN / m®) below which
LL coilapse will occur
20 17.36
25 15.95
30 14.75
35 13.72
40 12.82

The plot can now be made.

(2.74)(9.81)
1+(027X2.74)

=1545kN /m’

ForLL=27, Y4 =

Since the given vy, is 14.5 kN / m®, which is less than'yd- 15.45 kKN / n?’,
collapse is likely to occur.
o, =84 KN/m?; g,=62 kN/m?

Ge B _y35<15

o,

The soil is normally consolidated.

LL=50-w-¢20%; =10t
Eq. (13.10): AS,; =0, oozszs,,(fm,
From Figure 13.9, $,, (g = 3%. S0

AS, = (0.0033)(10)(3) = 0.099 ft = 1.19 in.
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1T 1 1 1
13.4 AS= @—[5(0.6 +0)2) +5(06+15)2)+- (15+275)2) + (275 + 4.75)(2)]

= 0145 ft =1.73 in.

02 ? 3 50y (%)
4 g
Rk
12¢
Depth (ft)
13.5
Depth (ft) Total swell, AS (in) -
12 0
10 0+— (06)(2)(-—1—0)(12)=0.>072
8 0072 +— (15+06)(2)( )(12) 0324
6 0324+~ (15+275)(2)[ )(12) 0834
1
‘ —(2.75+4.752)] — =17
4 0334+2( 75+4.75X )(100](12) 1734

The plot of AS vs. depth is shown in the figure on the next pag'e.‘ From this figure, the
depth of undercut is 5.4 - 4 = 1.4 ft below the bottom of the foundation.
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0 0.18 1.0 1.6 2.4 » AS (in)

40
54

- v ——

8.0

12.0
Depth (ft)
. U P
2 (04+0)D) +2(04+ 075D + 2075+ 15D
136 AS= 1—(1)0 |  |=00635m= 635 mm
+ %(1.5 +31)(1) + %(3..1 +55)05) '
2 4
00 —T T — Swa1y (%0)
2 i /‘
4 -
6
Depth (m)

-145-




13.7

Depth (m) Total swell, AS (m)
5 0
5 0+-1-(04+0)(1)(—1—)=0002
2% 100
1 1 =
1 —(0. 04D — =0, 5
4 0002 +-(0.75-+0.4) )[100) 0.0077
1 1
. 0.00775+—(0.75+15)(D| — [= 0019
3 + 275415 )[mo)
1 1
019+ —(15+ 3. — | = 0.
2 0019+2.(15+31) )(100) 0042
] ]
1 0042+ (31455505 - | = 0.0635
5 +201+ 55X 5)[100]

The plot of AS vs. depth is shown in the following figure. From this figure, the
depth of undercut is 2.5 — 1.5 = 1 m below the bottom of the foundation.

0 20 30 40 60
0 T i T » AS (mm)

T
}
I
|
|
3
I
!

6.0

Depth (m)
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13.8  Eq.(13.14): U= zD,Zotang,,
D=1m;Z=9m
U= (7)(1)(9)(600)(tan20) = 6174.6 kN

e,N,
FS 4

6174.6 = (QMJ[ )(D2 17)=2411(D] -1)
3 4

or 2561+1=D}

Eq. (1317) U=-—<—(D}-D})

Dy= 516 m

(CuNc)( )(Db

39 FS=
13.9 D
(150)(614)( )(D,, ~1%) 72335(1)5 _1)
- 6174.6 —1500 4674.6

or25.85=D}-1

D,=52m
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CHAPTER 14

141 Eq (14.1): 5, = 1“ D Ve =9.81 KN/ m’

—+w
G,
. o (KN / )
(%) | G,=2.60 | G,=2.65 | G,=270 | G,=2.75
5 22.57 22,95 23.34 23.72
10 20.24 20.55 20.86 21.16
15 18.35 18.60 18.85 19.1
20 16.78 16.99 17.20 17.40

Now the plot of y,,, vs. w can be plotted.

142 a Eq (142): RC =140 =[1°°)(100)=89,3%
| Vamey 12 N

RC—-80 _89.3-80

. Eq. (14.4): D.(%) = = 46.5%

. %y RC=——~—
c. Bq (143) RC=1—7—
7 dtmin)

a=Tae 0393 112

7 dnes 1-0465 1 L%
112

Yominy = 915 Ib / 1t

143 a. Eq.(14.5): w,,=[1.95-0.38log(CE)(PL) = [1.95 — 0.38log(600)}(14) = 12.5%

EQ. (14.7): ¥gqum = 22.26 — 0.28(w,) = 22.26 — (0.28)(12.5) = 18.76 kN / m®
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b. Eq. (14.5): Wy = [1.95 — 0.38l0g(2700](14) = 9.05%

Eq (1470 Yy gmmy = 22.26 — 0.28(9.05) = 19.73 kN / ma?

144 Compacted 7,= 108 Ib/ £ 2 y=108(1 + w) = 108(1 + 14/100) = 123.112 Ib / f*

| 3 L
Total weight of moist soil needed = {12312 10/ 87X20,000x27 £7) _ 33 543 4 4ons

2000
Total volume of soil to be excavated = %‘2—4— = 23,4514 yd®
27 |
(2000)( )
Truckloads needed = %424— ~1662 |
| ) G,y Gy 3
45 Forth ted =St = /¥ KN/
1 | or the compacted fill, y, 140616 /m
The total dry weight of fill needed = W, = Q%%iy—“f 5000 G,y, kN
Borrow | Void | Dryunit | Volume of soil to be
pit ratio | weight, y, | excavated=W,/y, Cost..
@) ®
A 082 | G,y,/1.82 9100 9100x9 = 81,900
B 091 | G,7,/1.91 9500 95507 = 66,850
C 095 | G,y./1.95 9750 -1 9750x8 = 78,000
D 0.75 | G,y,/1.75 8750 8750x11 = 96,250

Borrow pit B is the cheapest.

146 Eq.(14.11):

3 ] I 3 . 1 1 |
th ”N (D) Du) (Do)’ J" (”)N @ 7 (063 ]"’ 356

Ratmg — Excellent (Sy between 0 and .iO)
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K

1

1

| - — \ 3
147 Eq.(14.11): S, _(1..7)[\/(32),

148 a Eq.(1412):

+ 7+ 2
091y~ (072)

J = 3.15 —_ Eﬁmellent

' 4 Ao’ ‘ : . .
St = CH, log 22 22T _ O2N®),1 10275 _ g 541 m
l+e, o, 202 110

b 7T = % For 80% consolidation, T, = 0,567 (Chapter 1).

0567 = Qési)-gl = 17.45 months

2
. C,t 521

d. For t,= 12 months (Figure 14.20), T, = —2% = (052%12) =039

G

From Figure 14.21, for T, = 0.39, U= 53%. Refer to Eq. (14.15).

AGEP) = 75

- = (682
o’ 110
A f
053 = log(1+ 0.68.’:) , Aam _ 1445
[ o-"
log 1+o.682'[1 +-f-’—‘-f—’-] @
Aa'(.v)
Ao, = (1.445)(75) = 108.4 kN / m®
o)
C,H,, 0,+Acl, (03)15), 1500+1200
. . 8, =——=lo = Io =0574 ft ~ 6.9 in.
149 2 S =1 f T o 2 BT 1500 '
-2 s 2 s
b, 7,=0567= (23x107° in.*/ min)¢

15x12Y
2
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t=1996.8 x 10> min = 138.67 days = 4.62 months

Coty _ (23x107 in.”/ min)(12 x 30 x 1440)
H" 15x 12)2
2

From Figure 14.20, U = 95% (by extrapolation)

=147

c. Fort,=12months, T, =

i A%t St
From Figure 14.18, for U = 95% and = 08, the value of =0l
X, Ao,

Aoy, =(0.1)(1200) = 120 Ib / £

d, 45 _
2, (X025

1410 a. Eq.(14.21): n=

r., 035
! 2 S="_=—"=14
Eq. (14.22) =025

C,t, (03X6)
A A = 0,089
Bq (1423 T =5 =" =05

Eq. (14.20);
n’ ny 3 8§ k(n-8
e (et e I

-_-_.2_2__111(9) 3,14 (')( _14” Jin(14)—1.82

97142 \14) 3" (@\9)
Eq. (14.19):
U, =1- exp( A ) =1- exp(wj = 0324 = 32.4%
m 182

b 7 =St _ OO o 0e

=)
2

U,%

100

T, =0.089 = 4( J U, =337%

-152-




1411

14.12

Eq. (14.18): U,, =1 ~(1 -U)(1 -U) =1 - (1- 0.324)(1 - 0.337) = 0.552 = 55.2%

C,=C,=0.042 f?/ day = 1533 f*/ year

Vettical drainage:

T = %’22 - 1-51'*:’)3‘;2 - 06131,
%)
Radial drainage:

C,t, 15331,

Eq (1423): T, = 7 = = 0426¢,
_d O,
2r,  (2)(®
U,

12 : Tv ‘Uv I;' - [EqS (1419) Un.v
(1) | [Eq.(a)] | (Fig.1.21) | [Eq. (b)] | and(14.25)] | [Eq. (14.18)
02 0.123 0.38 - 0.085 0.553 0.72
04 | 0245 056 | 0170 0.80 .. 0,91
0.8 0.49 0.76 0.341 0.96 0.99
1.0 0.613 0.82 0.426 0.98 0.997

C,t. (0.015)(30)
T =—F= =0015
" = C’vt22 _ (0.015)250) — 00248
H (55)
From Figure 14.24, U, = 15%.
For the sand drain, n = de 25 17.86

2. (2)(007)

C,t. (0.015X30)
Eq. (14.28): T, = = =0072
q. (14.28): T, pr 25)°

~153-
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7 = Cotz _ (QO15(50) _

Todl (25)°

Eq. (1427): U, =1- A;‘ [exp(4T, ) —1]exp(- AT,)

re

4=2
Eq. (14.29): 4 =—

2 2 _ 2 2
m=——ln(n) - 3n . L 17'826 In(17.86) -M =214
~1 4n*  1786% -1 (4)(17.86)
2
A=—=_=0935
2.14

AT, = (0.935)(0.072) = 0.067

1
U, =1-
T 0067

[exp(0.067) ~ 1]exp(~0.067) = 0.033 = 33%

U,

L=1-(1-U)1-U)=1- (1- 0.033)(1 - 0.15) = 0:178 = 17.8%

CH, (ol+Ac’) (03X55). (80+70) o
s =Lt ool T - 1 £ 0256 m=
= Tre °g[. o J 14076 Og( 80 J 6 m =256 nm

o

Settlement at 50 days = (256)(0.178) = 45.6 mm
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