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Question 1: On Lateral Earth Pressure [3090]

1.1 In reference to the figures below, indicate which kind of earth pressure each of the figures represent.
Draw a graph showing the relationship between the displacement {u® and u™} of the retaining wall
and the earth pressure, p that acts on that wall. Also, within the graph, indicate the earth pressures
which represent equivalent active and passive earth pressures. (6%)
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1.2 Explain the conditions at which Rankine’s earth pressure theory and Coulomb’s earth pressure theory
become equal. (4%)
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1.3 For the frictionless wall shown, determine the following:
. _ bbbl

a. The active and passive lateral earth 2

pressure distribution with depth. o

b. The magnitude and location of the active v o

and passive force.

c. The resultant force and its location. ““:ZEW’”Z
(20%) o
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Question 2: On Bearing Capacity of Soils [409%0]
2.1 Let B=foundation width, Ds=depth of foundation from the ground surface for a strip foundation.

(1) Draw the failure pattern of the foundation soil that is assumed by Terzaghi to derive his general bearing
capacity equation. (3%)

(i1) List down at least 4 other assumptions of Terzaghi in deriving his equation. (4%)

(i1) Terzaghi’s bearing capacity equation consists of three terms. Write down the equation and explain the
meaning of each of those terms. (3%)

2.2 For the condition depicted in the figure below, re-write the ultimate bearing capacity equation

considering the soil layering and the location of the ground water. (5%)
Load. O

Saturated unit weight: ysqe(1)

VA
Footing depth. D : -
gdep 7| Layerl / Cohesion: ¢(y)
Angle of internal friction: ¢4
N

Unit weight: Ye(2)

N 7R/

Ty Unit weight: y(y

Layer 2 Footine width. B Saturated unit weight: yqe(2)
Cohesion: ¢(z)
Angle of internal friction: ¢,
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2.3 A footing 2 m square, subjected to a centric vertical load, is located at a depth of 1.0 m below the
ground surface in a deep deposit of compacted sand ¢ =35° and ysa= 18KN/m?3. The groundwater level is 5
m below the ground surface, but you should assume that the soil above the groundwater is saturated. The
friction angle is obtained from plain strain tests.

Determine the allowable bearing capacity for a factor of safety of 3 for both short-term and long-term
conditions.

Also recalculate the allowable bearing capacity for a factor of safety of 3 if the same footing is subjected to
a load inclined at 20° to the vertical along the footing width.

Make a summarized comparison of the values you calculated. (25%)

ESA:

qu = YD{(Ny — 1)sydy + 0.5yB'N,s, d,

e Ultimate bearing capacity equation for total and effective stress
=B T | analyses
S i C; i 1 Vertical Centric Load Only on a Horizontal Footing Resting on a Horizontal Surface
R 3004 o . l m A L ,
O Sy [ I

Inclined Load Only on a Horizontal Footing Resting on a Horizontal Surface

ESA: | g, = yD{(N, — )iy + 0.5yB'N, i,

o b ' , B’
N, = [ﬁmm,mlr<45o +J> N, = 0.1054 exp (9.6 b)) Sg = 1 + ?tan (bp 15y =1-— (}.4?

B' B' H n n—1
n:nB:(Q +?)/(l +L—) iqZ(l 77) =(1 - tanow)" i\:(l—‘t") =(1 - tanw)"*!

LY
dy =1+ 2tand,(1 — sind})’ tan (?)

35}
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Question 3: On Stability of Soil Slopes [3090]

3.1 Fellenius’s method is one of the slope stability analysis methods where failure surface is assumed to be
a circular arc and the failing soil mass is divided into several slices. In this method the following three
conditions are considered; a) the condition of equilibrium of forces along the direction perpendicular to the
failure plane, b) the condition of moment equilibrium around the center of the circular arc, and (c) the
conditional factor of safety (FS) with respect to Mohr-Coulomb failure condition.
Now, for the condition where pore water pressure is developed within the slope due to rain fall, write down
the conditional equations (a)~(c) mentioned above. From these conditional equations, derive following
equation for the safety factor.

Y. (W; cos a; — U;) tan ¢;
B W; sin «;
where ¢; = internal friction angle of soil; cohesion=0, a; =sloping angle of the failure plane; W; =self-weight
of the slice, U;=pore water pressure (15%)

FS

3.2 Consider the equation given in 3., explain why landslides are more likely to occur during/after rainfall.
(%)
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3.3 Consider the slope represented in the figure on the right-hand side.
Determine the factor of safety using the equation _ 4 tan ¢’ +B c

Use the modified Duncan stability chart given below to determine
parameters A and B. (10%)

Surface of
seepage

Seepage parallel to slope

Yw = Unit weight of water ry= ?—r( 1_;’- cos2p

¢' = cohesion intercept } Effective

vy = total unit weight of soil

¢' = friction angle Stress
ry = pore pressure ratio = k- B =30°
u = pore pressure at depthTH . ‘/_)-}_9 4/ ______
Steps: ﬂ” V== 20 kN/m?3
@ Determine r,, from measured Seepage emerging from slope Yw= TOKkN/m3

pore pressures or formulas at right w . o 200
(@ Determine A and B from charts below =y T tanf tan@ (P‘

tan¢' o ¢ c¢' =50 kPa
® Calculate F = A tanp B H
ry=0 10

1.0 - g

0‘9 0-1 8

0.8 0.2 o7
< 0.7 l /// 0.3 ) A
§ 0.6 - 0.4 S 5l 1~
205 l’l//.‘o.s § 2\ 1~

] 3

S oa I A 1e— & oA

o2 A~ 2 —

o1 L ]
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o 1 2 3 4 5 &6 :
Slope Ratio b = cot B Slpe Patia:bw porp
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