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Book Problems: From Chapter 9, solve problems: 1,5, 8,9, 16, and 17.

Supplemental Problem #1:

For a vertical retaining wall of height H and a sloping granular backfill of unit weight y and friction angle
¢, making angle a with respect to the horizontal, the resultant Rankine active and passive forces acting
on the wall are given by the following relations:

_ A
M2 cosa — (cos? o — cos? )
P, =-—cosa =
2 | cosa +(cos? a —cos? g |

cosa + (cos? & —cos? g} ]

cosa =
| cosa —(cos? a —cos? g

2
p M
2

p

The resultant forces act parallel to the sloping granular backfill that makes angle a with respect to the
horizontal. Derive both of these results using fundamental principles.

Supplemental Problem #2:

In Section 9.7 of the textbook, the special case of a cantilever wall penetrating a saturated clay soil is

considered. Using equilibrium considerations derive Egs. (9.52) — (9.55). Show all of your work with
labeled sketch.
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91 a. RefertoFigure9.7inthetext. L, =4m; L,=8m

=161 kKN/m’; y,= 182kN/m’; §f = 32°

32
2

Kaztanz( 45—32)=0.307; Kp=tan2[ 45+ |=3255

oy = (yL, + ¥’ LK, = [(16.1X4) + (8.39)(8)](0.307) = 40.38 kN / m?

4038

L= =163
3 = (839)(3255 - 0.307) "
n.—llﬂ\/‘fﬂﬂﬂ\ SO T O T llo\ldﬂﬂﬂ E N s B kv iy
£=5@X19.77) + B)(19.77) + 5 (8)(30.38 - 19.77)
+1(1.63)(40.38) = 39.54 + 158.16 + 82.44 + 32.91 =313.05 kN /m

_ 4 8

P(2) = (3954) 963+ |+ (15816)(563) + (8244) 163+
+(—--—(2)(;'63)](32.91)
S_lmet_ o
31305

05 =(¥vL, + Y L)K, + y' L (K, -K,)
= [(16.1)(4) + (8.39)(8)](3.255) + (8.39)(1.63)(2.948) = 468.4 kN / m?
4684
' (839)(2.048)

L - (331305 _
27 (839)(2.948)

_ (6)(313.05)[(2)(547)(8.39)(2.948) + 4684]

10125

4, - . = 226894
k (8.39)7(2.948)
4, = BIRODOGATEC) + (S1309)] _ g5 4,
(8.39)°(2.948)

L} + 18.94L% - 101.25L5 — 2268.94L, - 8507.44=0; L, = 11.68 m

D=L,+L,=163+11.68=1331m
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b. Totallength=4 + 8+ (1.3)}(13.31)=29.3m

y(K,—K,) V(839)(2.948)

e J 2P \/(2)(313.05) —Sm
My = P(E+2) 272K, - K,)

= (31305)(547 +5)— é(s.39)(5)3 (2.948) = 2762 kN-m /m

9.5 a. Referto the following figure:

Ly=24m
e N1 =12.56 kN / m?
]
!
I
Ly=4.6m @i
'3\
' \e2=24.04kN/m?
o5 = 43.8 kN/mzlj
TD=7}
Ly=1.79m \
_L - o7=188.13 kN / m?

Ka = tanz(45—%)=tan2(45—15)=‘§

K, = tan2(45+%) =tan*(45+15)=3
o=yl K,= (15.7)(2.4)§= 12.56 kN / n?

o)=L, + y'L,) = [(15.7)(2.4) + (17.3 - 9.81)(4.6)]317= 24.04 kN / m?

P,=Areasof 1 +2+3=15.07+57.78 +26.4=9925kN/m

(15.0T)(54) (57.78)(2.3) + (26.4)[?)

7 = =2567
o 99.25 67 m

Spring 2009
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Eq. (9.44): D*[4c—(yL; +y'L)-2DF ———15 f3 =0
\ [ 1 3

99.25[99.25 + (12)(29)(2.567)] _

. ~ - _
D2[(4)(29) - 72.13] - 2D(99.25) 7213+ (2)(29)

43.87D% ~198.5D - 757=0;,D=Tm
b. Lengthofsheetpile=2.4+4.6+1.4(7)= 16.8 m

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

=929 - [(15.72.4)— (173 - 9.81)(4.6)] =43.87 k N/ n?®

' P 9925
L(945): /=L =222 _226m
Ba- G400 7= "= 137
a L ™ f Il — aﬁzrz F ot 4% 24 Yie e VAL - s Y (43'87)(2.26)2
Mo = Fiz'+2,) ——— = (9925)226+2567) - ——

= 47908 —112.04 = 367.04 kN - m / m of the wall
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9.8 a. Referto the figure. ¢’ = 34"

o'y = 19.244 KN / m?

»
T Ei=2m
Li=4m : » F
Ig=2m
—
JJm
L:=9%m Zero shear
. _ — —~—atthis depth
! \ oy = 42.65 kN / m?
r 3
I3=143m
t 3
4:3.31'11
o'y = 98.68 kN / m? d

K, tan2(4s —%] =0283; K, tan’ [45+ ii—) =3537
o{= yL, K, = (17)(4)(0.283) = 19.244 kN / n?

0;=(yL, + YLK, = [(17)(4) + (19 — 9.81)(9))(0.283) = 42.65 kKN / m’

42,65 4265
L= S ~143m
y'(K,-K,) (919)(3254)

P=Areaof 1+2+3+4=38.49+173.2+105.33 +30.49=347.51 kN/m

_ 1
Z =

Eq. (9.58):

B+1582(l, + L + 1)~k :'%; fs;-)(fﬂl)] -0
P a

41522 +9+143) - DOATSDI(3 +9+149) - (568+2)] _
(9.19)(3254)

0

34751 [(38.49)(11.76) + (173.2)(5.93) + (105.33)(4.43) + (3049)(0.95)] =568 m

Spring 2009
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9.9

I3+18.64512-23532=0;L,= 33 m

D=33+1;=33+143=4.73

. EqQ. (9.56): 0¢=¥ (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— 21 [¥ (K, - K)L2] = 347.51 — 21 [(9.19)(3.254)(3.3)?] = 184.68 kN / m

8. Dy = (1.3)(Digeoy) = (1.3)(4.73) = 6,15 m

For zero shear, use Eq. (9.60): 21- o/L,-F+o/(z—L)+ %Ka Y(z—-L)*=0

3 oiL —F+ oix+5K, =0

21(19.244)(4) 184,68 +19.244x + % (0.283)(9.19)x? = 0
¥ +148x-112.46=0;x= 5.7m
z=x+L,=57+4=9Tm

Taking the moment about the point of zero shear

1 4 1
Mmax:-Ea'l'L,(x+§J+F(x+2)—a{[-xz—]—5 ay'xz(g)

With o] =19.244kN/m, L, =4,x=5.7, F=184.68 KN /m
M, =759kN-m/ m

b H'=Li+L,+Dy=4+9+6.15=19.15m~20m
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. I H| _1091x107H"* S M,=Sa, | M,
Section| (m*/m) |[(m)|P ™~ El logp | w/m) |(N/m-m)| M
PZ-35 |493.4x10%| 20 16.85x10* ~2.773|260.5%10°[ 547.05 | 0.721
PZ-27 |251.5%10%| 20 33.05x10% -2.4811162.3x10°| 340.83 | 0.449

If logp and M, /M, are ploited in Figure 9.22 with the curve for ioose sand as the
separating line, it can be seen that PZ-35 will be sufficient; however, PZ-27 is not
suitable.

9.16 From Figure 9.33(a), for ¢ = 30°, the value of K, = 0.31,
W =Hty porere = (5)[{12-)(150) =18751b/ ft
Eq. (9.79):

W+l K sing 1875+ (110)5)*(031)(05)
2 = 2 = 0291

K, sing’ = 1 - 1
—yH’ ~(110)(5)
57 5 (110)(5)
From Figure 9.33(b), K,cosd"~ 3.4
Eq. (9.78):

J*% YH' (K cosd’~ K cosgp”) = 21(1 10)(5)°[3.4 - (0.31)(0.866)] = 4305.9 b /

Assume loose sand.

Bq (985); P! =|-Ce +;1 Pr= 14*; 43285) = 41443 b/ i

C, +— 14+—
h 3
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S'-B 7-4 _
= = 0.375. Referring to Fi .
Hah 3533 eferring to Figure 9.35(b),

B,~B
£ — ~019; B, = (019)(8) +4 =552
Tk (0.19)(8)

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

9.17 Eq.(9.82):

Bh

*~ tang’ 03B

B(m) | P,=52.39B°" (kN)

0.3 22
0.6 36.3
0.9 48.6

Spring 2009

£ 2y2 028 | -
# [H ) 7 = tafl432 ( o ) (17X(B)(0.3)(0.9) = 52.39B°™ kN
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Bonus Problem Solution:

Losder dor o moved an inenit Jre»&f . ;ﬂ_,;g_ SR

Jsa{’ﬁng' By Sf e, ‘R'Mike skope e:vul @raumc.? o FBD e HWe'

W= Y?.L oS (d)

;e W g oSt o)

ﬂe :I;rm. ‘P s -ﬂz-cg :‘Aa-}- wed J‘e eKEfJec! on B re.‘}aiutlj %ﬂé’
et _one. ffxsen‘i:

7; .sdene ‘C P. An Hhe. Preserce &£ sad r&ﬁm_,mmwé'}o
A Iﬂokrs cm‘jL ﬁew&‘!'a‘!loh

52»-“‘1“5& e

10
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e
o

(17* e Je.s‘;&u He M.C. ?dSSx:g’fLro\aLL
Atk miinies B

..... ' \* patt A VG'-?!Q‘TC“‘IS _the sivess

shie on ?Qaves It 'H-es.oo?e_ otz
A ph B s e se-colled pofe ar
origun. # Ppan&s -
x _He stess of 'Ipoﬁ:}- B repesm!s the.

ol
shressnon yerhical ?’Ques :

o
TN Mc}:,jh;we_ R Persfress ow verk C£ Pﬁhe = OR
g: % mémluda ..)€ S‘}"’QSS"?SEHQVJ‘Q!AS!QQ?f ) ,‘P:?tue= 54

ko OB - OD-BD .
i oA 6D +DA )
ﬂ BD = D4a *ﬂf";’%"cf YL
vr DL Sin®
D= oc. Sin vL
. . PP = 6C cosn
o OB = OC cosd — oe(siwg = sid) _cosd=(sw’8 -Su2d)
Of ] L Y
0C cosd + be (5P -sudd) ~ cosat (SiFgm shid) T

11
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Vo
. Y - ¥’ / P2 N }J\ s
b = oS X — ( (os"¥~ Cos @) ,;%_
OF

p ~ \’L
o tesd ¥ (ros®e - cost)

N

ot g 5, = Oz B oo NN

Cullges

I SN * SR * S /&B’A)& e e
R | G@de (o bd:
ST - L
i

I}

gsmhfb’%md dz2 = W iestpB

e Ma }_’ﬂa cosd[ casw"'(tosz“‘ CoS’é)J S

Yo
L ocosel 3 (ta:‘d*ms’ﬂ B R S

1

Us% fhe smpmceo’nveaudam aﬂ‘[erha:ﬁve _MC. -}au?cnluo
. %e‘(;;/@wﬂ- eﬂ\!t‘-azfe L we _could daanvkmv&an»Qweg LpESnE
. S‘lvess LN \erth .re ,Jeém‘g -wqfﬂ N n.ammﬂarﬁacﬁlcw‘fﬂ

2 T gesa | cos o 4 Leos™od-ose) L
2

Ve
L.cast~ Coos®d~cot) |

12



