UNIVERSITY OF RUHUNA

Faculty of Engineering

End-Semester 7 Examination in Engineering: August 2015

Module Number: CE7324 Module Name: Geotechnical Engineering Design

[Three Hours]
[Answer all questions, each question carries TWELVE marks]

Q1. a)

b)

Briefly describe the situations in which pile foundations are required. Briefly
explain 4 numbers of situations.

{2.0 Marks]
Sub-surface soil profile at a bridge abutment in a highway is shown in
Figure Q1.1 together with soil parameters obtained from the soil investigations.
Based on this information, design engineer has decided to install 0.4 m square
type precast concrete piles up to the bed rock level.
However, during construction, the contractor had great difficulty in driving the
pile through the dense sand layer, and requested approval to terminate the pile at
top of the dense sand layer.
Water table was found to be at the existing ground surface. The unit weight of
water can be taken as 9.81 kN/m3.

i) If the piles are rest on the bed rock, calculate the expected ultimate bearing
capacity of a single pile. You may assume that entire load transfer to the
ground at the pile tip.

Following equations with general notations may be useful in the
calculations.
4p =4 (Né + })
where N, = tan” (45 +¢/2)
[2.0 Marks]
ii) If the piles terminate at top of the dense sand layer, calculate the ultimate
bearing capacity of a single pile assuming the contributions by both skin
friction and end bearing.
Following equations with usual notations may be useful in the calculations.
Qp = Apq'Ng < Apqq
g, = 50N tang
Figure 1.2, Figure Q1.3 and Figure (Jl4 may also useful in the
calculations.
[5.0 Marks]
iii) It is proposed to drive 48 (12 x 4) precast concrete piles at 1.5 m spacing for
the bridge abutment. If expected load of the bridge abutment is 1400 tons,
would you give the approval for the contractor’s request? You may use the
factor of safety 3.0 against bearing failure.
Following equations with usual notations may be useful in the calculations.
O [(n—1m+(m-"1n
n= 1 — e
90 mn
tan~Y(d/s)
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i

[3.0 Marks]



Q2. a) Briefly describe the “Plate Load Test” procedure with suitable sketches.
[3.0 Marks]
b)  List four numbers of common mistakes which occurred during the plate load test.
[2.0 Marks]
¢) The subsurface soil profile at a building site is shown in Figure Q2.1. Due to
presence of loose sand layer at the top, the consultant requested fo carry out a
plate load test in order to determine the bearing capacity of the shallow
toundation.
Results of plate load test which was carried out at the proposed building site are
shown in Figure Q2.2. The testing was done at the center of 2 m x 2 m pit
excavated to the expected foundation depth of 1 m. It was revealed that water
table is at a depth of 1.5 m below the ground surface and unit weight of loose
sand above and below the water table are 15 kN/m? and 16 kIN/m?® respectively.
The unit weight of coarse sand is found to be 17.5 kIN/m?.
i) Estimate the ultimate bearing capacity of the proposed foundation assuming
that trial footing size is 1 m x 1 m and diameter of the plate is 0.3 m.
[2.0 Marks]
ii) Determine the size of a square column foundation that should carry a load
of 2500 kN with a maximum settlement of 20 mm.
Note:- The allowable bearing capacity of a foundation in sandy soil, based on
settlement considerations and for a given intensity of load is given with
general notations by,

28, Y
R by
})

[5.0 Marks]

Q3. A column supporting a structure is subjected to a vertical load of 250 kN at a distance
0.5 m from the center of the footing as shown in Figure Q3.1. It is proposed to use a
1.0 m x 2.0 m rectangular foundation placed at a depth of 1.0 m from the ground
surface. The sub surface soil condition together with foundatmn arrangement is in
Figure Q3.2. The ground water table was found to be at a depth of 1.0 m below the
existing ground level. The properties of the silty sand and dense sand are depicted in
Table Q3.1. The unit weight of water can be taken as 9.81 kN/m3.
Following equations with general notations, Table (3.2, Table 3.3, Table Q3.4 and
Figure Q3.2 may useful in the calculations.

g, =cNF F F. +qgN F F F ﬁ“z]/EAfEFF

et es® ed qg* gs qd gt yr ot ol
N, =(N, ~1)cot ¢
— tan? arTy
N, =tan (454{?/2)6 ‘
N, = 2(N . +1}1;an¢

BN, , )
Fo=1+—=L | F :}+§tan¢? and F :1»~O,4§
LN, T " L

&

hen 2L <1 F 140420 140 @4(1’ i }Q’Df dF, =1
when 35 w =1+0. ““‘éi""afqd =1+ 2tangll —sing «éfan =
D (D, (D

when —L>1  F, =1+04tan"| —L | F, =1+2tang(l - sing)’ tan™| =L | and
B ' B ) (B

F, =1
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4.

when0<d<B §=y+-(y—v)wherey' = Yor — Vi

R

(a2
Elastic settlement of foundation S, = g,{(aB’) &%ﬁfﬁ}- Iy

B’ =B/, for center of foundation

B’ = B for corner of foundatior

o = 4 at the center of the foundation

1 at the corner of the foundation

Center of foundationm’ =% | /==
B B/2
Corner of foundation m' = —; , o= ;ﬁf
(1-~2u.)
I, = F + = ﬁizz‘g
(}  HsJ
Sp=5 ( Gl )2
PP \Be + By
a) Estimate the ultimate carrying capacity of the trial footing.

b)

[5.5 Marks]
Hstimate the allowable bearing capacity of the foundation assuming that factor of
safety is 3.0 against bearing failure.

[0.5 Marks]
Assuming that only the effective area of the foundation is loaded; estimate the
immediate settlement at center and corner of the foundation. Hence, estimate the
differential settlement of the foundation. You may assume that foundation is
perfectly flexible.

[6.0 Marks]

Briefly describe the variation of safety factor with time for soil beneath a fill
(under an embankment) with suitable sketches.

[2.0 Marks]
Briefly explain the differences between Ordinary method of slices (or Fellenious
method or Swedish circle method) and Simplified Bishop’s method in solving the
circular slope failures.

[2.0 Marks]
Figure Q4.1 illustrates a cross section of an abutment in a proposed earth dam
constructed for a local reservoir in a rural area. In order to find the stability of the
embankment against sliding, a trial failure surface with radius 20 m has been
selected and the failure mass is divided into several slices. The effective shear
strength parameters of the fill material are cohesion of 25 kPa and internal friction
angle of 28°. The unit weigh of fill material can be taken as 18 kN/m?>.
During rainy season, water table increases up to 2 m above the existing ground
level as shown in Figure O4.1.
Using the Bishop’s simplified method of slices, determine the factor of safety for
the selected trial failure surface. Use a trial factor of safety as 1.65 and do only one
iteration.
You may use the following Bishop's simplified expression with usual notations
and the data given in Table (4.1 to estimate the factor of safety.
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M-

ic'&xj +(W, 4+ 0, - u,Ax, Jtan g E’i/M, {:‘?}é

F=i

7

S, +0,)sing, - ¥ 4 Ko
=l r v

m Sin8. tang
where M ,(8)= Cos6, + M_L«jw
Note:~ Calculation of factor of safety can be done in Table Q4.1 and should be
attached to the answer book.
[8.0 Marks]

There is a proposal to develop a recreational area for a new housing complex. Due to
scarcity of land, the developer is planning to fill up an area to use as a recreational
area. This area is to be supported by a gravity retaining wall made up of gabion units
up to a height of 4.0 m as shown in Figure Q5.1 Backfill material has effective
shear strength parameters, with usual notations, of ¢’ =10 kN/m?2and ¢’ = 28°. The
bulk unit weight of backfill material is 18 kN/m3. The water table is at the ground
surface. The unit weights of water and gabion material can be taken as 9.81 kIN/m?
and 16kIN/m?, respectively.
a) EBvaluate the long term stability of the retaining wall with respect to overturning.
Variation of Ka with ¢4, ., is given in Figure Q5.2.
[7.0 Marks]
b) Check whether the given retaining wall section satisfies the stability criterion
against sliding. Assume that founding material and backfill material are same.
[2.0 Marks]
d) If the allowable bearing capacity of the founding soil is 230 kN/m?, evaluate the
stability of the retaining wall against bearing failure.
[3.0 Marks]
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Figure 1.1 Sub-sutface soil profile at the proposed bridge abutment
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Table Q3.1- Properties of soil

Silty Sand

Dense Sand

Dry unit weight (kIN/m?)

16.0

17.5

Saturated unit weight (kIN/m?)

17.0

Friction angle (%)

Young's modulus (MN/m?

)

Poission’s ratio

Table Q3.2- Bearing capacity factors

B 00 000 020
-~ 538 109 007 020
CES3 120 015021
590131 024 092
619 143 034 02
649 157 045 ‘024
S 881 L7200 057 025
1B 188 071 026
753206 086 027
L7925 1030 038
10 835 247 122 030
1 8.80 2?1 144 031
1200 928 287 ey 032
139810826 0 197 033

DKy ooeT TS O A G 00T e S

1470 10.37 - 359 229 035 o

151098 - 894 265 036
160 1163 434 306087
171234 477,358 639
8 13907 526 407 040
9 1393 . 5 8 042
14.83 Y043

82 J

2000045
048
050+
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Table Q3.4 - Variation of Fo with m and n’
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Figure (4.1 - Circular slope failure
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Table Q4.1 - Data for estimation of FOS of the circular slope

Slice | w; (kN) g Ax; (m) |y (KN/m?)
1 121938 | 7.0 3.0 12.5
2| 43875 | 17.0 3.0 19.6
3| 36563 | 285 3.0 34.3
41 23400 | 435 3.0 221
5 87.75 | 66.0 3.0 11.2
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Figure Q5.1 Cross section of retaining

L1 0m L 10m
i g} B

i

Page 14 of 15

5 B
e i

/

4.0 m

wa

3

{

;1

i



ubISaP y pis VY JO UORBLIEA 7'G0) 2mST]

S josamen wBisag

5% 0y mw

<3
&g
3
Laad

Lon)

<

J

. B , T T LN :
e . « : e PP SRR QP = VI S sadgh
e o= ST V - : . L B AR 5
s . . N : . -
. " ) K i | Py UG S pEaN:
m‘w@ @ . RPN DU TR e
e : Bk
. i H N w H
[ P SUSDE S
; 1 i B i
s b
v e 0
bosi 54 ¢ i - g
el ., e i beFuis :
- s ot 7 s pppy v ] ot 2 o 1 s s . ety
o R Sauk: - 78 S0 e s . N ; .
= ¢ . ,/ar 2 i ok . od g il
e K i . s o | . + - ,
SO - - SEEYE SRS S SR 1 g NS Sh IR b
i g - oot &
> [ S i e e ] i b
o s 1 .
e : - : €0
Tl e « i it ot e - ey
e B AR e S L R aR et s TRt SO y i
ey o “ D e At s TR e & s
e p s ko b oot sk : i Shomy mos
e v § S UGS M
: - (- - e
o @by Loy = 0ot
by ! : -
- sy 4 - et w0
- )
Cound Eelw/w)n.éa o s ¢ 4 Sy
"
s 28 pees A vy ot 13e
s ps 3 = T I ot
3% eﬂh\dx DA e ITTTA T Tt 1333 7 ﬂ‘
T T e R T omen &) s 1 b
TR s T T 1Tty Y
Ty + : bow s »e1 1
g k4 Nu & R p iy i “ : - N_H,M« - 3
oee ey 1 s eabuatape 8 Ty T
sepduiond grasyyale; Ty T sass T
S e S Eeesttat IA IR I SY SsaianInItse: T 90
O T 08 4 E3 M ANAN W0 24
- : . : ; I b
e N - . Bt a o s i fro 8 wbbe g sboe : e,
. @%m‘w siepung - SEAPS BAPS DISRC M ete .
h A . 7 £ A SN S 4
. p ; o Ao i Sone ; ¥ Y ) Q
Rjuoziioy T - e 58 F5508 K1aps GRS IN0E KOst b 1A o3 vapes sonai seses angus A
o A B ¥ L = i aefrosrdurs speriogiion. . 5 omy polf e e o 9 Bttt s Bt 5 0 o o @
L : ; ot ot ok o o e XL + g T
N v - . st 2 0 s s g e + m - .
s
: bt o et sene > g0
e 0" Y g ;
AT SHALA AN i i .
T 3 T T 72T
¥ T i1
.l Y « b £
1o i e et e 1T O.Mu
i

1RLU0ZLI0H

€y uauodwos



