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Question #1: (40 points)

A 6m vertical cut has been excavated from a dry cohesive loess soil deposit. For the
plane shown passing through the vertical cut face, estimate whether or not a shear failure
islikely. Show all of your work to receive credit.

a. Estimate the average normal stress and shear stress along the plane;

b. Based on these values, determine whether or not shear failureislikely.

4m

Question #2: (40 points)

Consider the reservoir, aportion of which is shown in the diagram below.

a. Inyour exam booklet, draw the flow domain to scale and then draw a good, neat
flownet that satisfies all of the necessary requirements.

b. Based on your flownet and the soil properties, what is the rate of fluid seepage out of
the reservoir, per unit length in the out-of-plane direction?

c. Based on your flownet, compute the fluid pressure at a point X midway along the
base of the retention structure.

d. Based on your flownet, what is the factor of safety against liquefaction in the critical
region of the flow domain?

e. What depth of water in the reservoir would be necessary to cause liquefaction in the
critical region?
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| 20m

Note: Thisdiagramis
not drawn to scale.

E

8m
silty sand
e=0.75, G=2.74; =
k=2.510°m-s*

Question #3: (40 points)

To raise the ground level for aroadway surface, a one-kilometer long embankment whose

cross-section is shown below will be constructed out of compacted fill. The relevant

construction codes require that the fill soil (Gs=2.68) be compacted to a minimum dry

unit weight of 18 kN-m™. In the borrow pit, the loose soil has e=0.85, and w=0.10.

a. How many 100 ton truckloads of moist soil will need to be brought to the
embankment construction site from the borrow site?

b. If the target moisture content at which the soil will be compacted isw=0.13, how
much water will have to be added to each 100 ton load of the fill soil?

c. Atw=0.13, what will be the estimated degree of saturation of the compacted fill?

<—20m—>‘<—20m —b‘(—ZOm—>

compacted fill embankment 5m
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Question #4. (40 points)

Consider the embankment of Question #3 built on a soft, saturated, normally consolidated

clay soil. The clay hasthe following properties: C=0.02; C.=0.48; ,=0.90; Gs=2.60;

c,=1.6m%yr?

a. Estimate the average stress increase in the clay layer beneath the center of the
embankment.

b. Calculate the ultimate consolidation settlements that will occur beneath the center of
the embankment.

c. How long will it take for 90% of this consolidation settlement to occur? (Use one
dimensional consolidation theory to answer this question.) The nondimensional time
constant for 90% consolidation is Tgp = 0.848.

Question #5: (40 points)

The figure below shows a homogeneous, sandy soil deposit with a horizontal ground

surface. Before the strip load is applied, the stresses at point P are as follows: vertical

stress 6,=90 kPa; horizontal stress 6,=45kPa.

a. Compute the maximum shear stress at point P befor e the surface pressure is applied.

b. Using the information provided in the figure below, compute the major and minor
principal stresses at point P after the uniform strip load is applied.

c. What are the respective orientations of the principal planes at point P after the surface
pressure is applied?

5m 3m
g=30kPa

[or+sing) cospr+27)

Ao, =

[o—sing) cosr+27))

Ao, =

NIlo 3o

[sin@)sing+2)]

At, =

SHie!
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Question #1 Solution:

A free-body diagram of the potentially unstable portion of the cut is shown below:

V2
W=y*V=15kN-m 3 8m? (120 KN * =~
W 2
l = 120kN o,=N/A= =15kPa
T)\ N=Wcos(45°)=84.85 kN (4m* v2*1m)
T=Wsin(45°)=84.85 kN
N leo KN * */ZEJ
r=T/A= =15kPa
(4m* J2x 1m)
7, =C+0,tan(¢)=10kPa +15kPa* tan (11" )
=12.92kPa

Since the actual average shear stress on the plane exceeds the average shear
strength of the soil on the plane, shear failureishighly likely.

Question #2 Solution:

a. A proper flownet on the domain drawn to scale is shown in the figure below.
b. Theflownet has N;=7 and N4q=17. The overall flow rate beneath the structureis:

N
q=kH —=25.10°m-s™**6m* L _62.10°m/s/m
N, 17
c. Taking the mudline at the reference datum, the head at the upstream mudlineis 6m,
and the head at the downstream mudlineis Om. The headl oss between any two
adjacent equipotentialsis thus:
ah=H_OM_ 5 353m
N, 17
The head at point X is. h, =6m—6.5Ah =6m-6.5* (0.353m) = 4.21m
The fluid pressure at X can be obtained from the head as follows:
py = 7., (hy —(h,), )=9.81kN - m™* (4.21m— (-6m)) = 100.16kPa
d. Inthecritical region, the flow is amost straight upward, and the approximate upward
hydraulic gradient in that region is as follows:
_ MyAh  1(4+7))*0.353m

ave =0.243
D 8m
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The critical hydraulic gradient for these soil propertiesis:
i, ZE:E:&20_994
Y. 1+e 175

Therefore the factor of safety against liquefaction in the critical region is:
o 0994 _ 4
i 0243

e. Therequired depth of water in the reservoir H
region can be computed as follows:

to cause liquefaction in the critical

crit

n Hcrit
n d
icr = 0994 = iaVe = nd (Ah)Crit — Nd
D
! ields: i N, 17
Solving for H;, yields: He =iqe* D* —==0.99478m* = 24.6m
Ny '
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Question #3 Solution:

D Vembakmen=2* (20m* 5m)* 1000m
= 200,000 m*
Wembankment= Yembankment™ V embankment = Yd* (1+W)* 200,000m3
= 18kNm3*(1.10)*200,000m® =3.96* 10°kN
Note: 1 ton = 1000kg* 9.81m/s* = 9.81kN, s0
100 tons = 981kN
No. truckloads = 3.96* 10°kN /(981kN/load)
= 4,037 truckloads
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b) 10981 kN of soil (1 truckload), the weight of solidsis:
We=W/(1+w)=981kN/1.10=891.82kN
At w=0.10, the corresponding weight of moistureis:
Wy, =w*Ws=0.10* 891.82kN=89.182kN
If the moisture content of the soil were raised to w=0.13, then the
moisture weight corresponding to 891.82kN of dry soil would be:
Wy, =w*Ws=0.13*891.82kN=115.94kN.
Theincrease in water weight is: 115.94kN-89.182kN=26.75kN
S0, 26.75kN should be added to each 981kN truckload of soil toraise
) the moisture content to w=0.13.
C
In the compacted fill, the dry unit weight of the soil is 18kN/m>. The corresponding
void ratio of the soil is:

GV 4 2.68%9.81kN-m?

e=stw _q =M 1-0.4606
Yy 18kN-m
5= WGs 01372688 _ . 0n 7560
e 04606

Question #4 Solution:

a) The moist unit weight of the compacted fill is:
v=Ya* (1+w)= 18KkNm™*(1.10)=19.8 kNm™
The corresponding stress increase beneath the center of the embankment will be
smply: Ao, = )h=19.8kN - m* 5m= 99kPa.
b)
The consolidation settlements beneath the center of the embankment:

At the center of the clay layer, before the embankment is constructed:

7.(G,-1) orrye BN - m>*(2.60-1)
l+e 1.0+0.90

(O-v )oI: 2rn(7b )clay = 2m*
=16.52kPa

After the embankment is constructed and the clay soil fully consolidates:

(0,),'=(0,),+A0, =16.52kPa+
=16.52 kPa+ 99 kPa
=115.52 kPa
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Since the soil isnormally consolidated,

a 1
5 = Mo pem Mo 1og (), :4_m*0_48*|og(115.52j
1+e, 1+e, (0,),)] 190 16.52

=0.85m

_ 0.848*(H, )*  0.848* (2m)’
C 1.6m*yr ™

=2.12yrs

t90
v

Question #5 Solution:

2 0,'=0,'=90kPa
0,'=0,'=45kPa
The resulting effective stress Mohr’ s Circle has a center at
o, =1(90+45)=67.5kPa, and aradius of r =1(c,'-0,')= 22.5kPa
T = = 22.5kPa.
b)

B= tan‘l(?’—mj =0.5404 radians, oo+ f3 = tan‘l(s—mj =1.0122radians
sm sm

a=o+ - =0.4718radians

Ao, = 30kPa [0.4718+ sin(0.4718) cos(0.4718+ 2* 0.5404) | = 4.584 kPa
T
30kPa .
Ao, = [0.4718—sin(0.4718) cos(0.4718+ 2* 0.5404) | = 4.426 kPa
/4
AT, = 30kPa [sin(0.4718) sin(0.4718+ 2* 0.5404)| = 4.339 kPa

0,, = 90kPa+ 4.584kPa = 94.58kPa
o,, = 45kPa+ 4.426kPa = 49.43kPa
7,, =4.34kPa

(o}

c

2
0,=0,+r =94.99%Pa; o,=0,—-r =49.01kPa;

2 1/2
=1(0,+0, )="T72.0kPa; r= [(gj + rxj} — 22.99kPa

c¢) Determination of the principal planes:
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The strip load does not change the stresses at point X appreciably, so we can expect that
the major principal plane will be close to horizontal, and the minor principal plane will be
closeto vertical.

Nevertheless, a precise quantification of the principal plane angles should be carried out,
using the Pole Method as follows:

o '=9458kPa \ ran
—3Zs
Y 7, = 4.34kPa 20 = tan‘l('—j =10.88°
T 94.58-72.0
PS e
A |0 '=49.48kPa §=>544
<«

(49.

the major princ. plane makes angle
6=5.44° ccw wrt horizontal;

the minor princ. plane make angle 6 =5.44°
ccw wrt vertical
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