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SECTION A
Q1 (@) Explain in detail THREE (3) factors that affecting soil pressure at the back of the

Q2

(b)

(©)

(a)

(b)

(©)

retaining wall.
(6 marks)

With the aid of sketches, explain briefly the sequence of sheet pile construction with
an anchor system for a backfill and dredge structure.
(9 marks)

As a design engineer, you are in charge in designing a 10 m high reinforce earth
retaining structure with the following specification.

The soils parameter for the wall backfill
unit weight of soil, y, is 18.5 kN/m?
soil internal friction angle, ¢’, is 36°

Galvanised steel reinforcement

Width of strip, w = 60 mm Sy =1 m center-to-center
F, =250,000 kN/m? Sk =1 m center-to-center
FS@y=3 & u=24°

FSpy=3

(i) Calculate the appropriate tie thickness for the steel-strip reinforcement. Assume
the corrosion rate of the galvanised steel to be 0.02 mm/year and the life span of
the structure to be 50 years.

(10 marks)

(i) Calculate the tie length at 2m, 4m, 6m, 8m and 10m below the top of the retaining
structure.
(5 marks)

(iii) Assess the overturning stability for the retaining structure.
(5 marks)

Discuss the differences between preloading and vertical drain and give the major
benefial effects of both techniques in civil engineering work.
(10 marks)

Define the meaning of smear effect and evaluate the factors caused by smear effect
after applying the vertical drains into the soft clay.
(10 marks)

As an engineer in consultancy firm, you need to propose a soil improvement method
of 30 km long highway project from Batu Pahat to Pontian. It is a new highway with
two lanes in each direction constructed largely in areas that are underlain by soft clay
deposits. Your proposal should include the reasons that associate with cost, time and
the efficiency of the method

(15 marks)
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SECTION B
Q3 (@) Define ultimate bearing capacity
(2 marks)
(b) List TWO (2) characteristic of shallow foundation
(4 marks)
(c) A square foundation 4.5 m x 4.5 m is founded at 2.4 m in a soil with the following
properties:
y=17.6 KN/m’
¥, = 20.4 kN/m’
¢ =32.0 kKN/m”
=28
(i) Compute the ultimate bearing capacity in kN/m? by using Terzaghi’s and
Meyerhof’s methods when the water table is level with the foundation base
(FS=3).
(16 marks)
(ii) Using Terzaghi’s method, determine the percentage reduction in bearing capacity
when the water table rises to 0.5 m below ground level.
(8 marks)
Q4 (a) Listand explain 3 types of testing in pile load test
(9 marks)
(b) FIGURE Q4(b) shows the section of 4 x 4 group pile in layered saturated clay. The

piles are square in cross section (350 mm x 350 mm). The center-to-center spacing, d
of the piles is 700 mm. Determine the allowable load-bearing capacity of the pile
group. Use FS=3

(21 marks)

-END OF QUESTIONS-
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TABLE Q3 (c): Terzaghi’s Bearing Capacity Factors

¢’ N, N, NS ¢’ N, N, Ny
0 5.70 1.00 0.00 26 27.09 14.21 0.84
1 6.00 1.10 0.0l 27 29.24 15.90 11.60
2 6.30 1.22 0.04 28 3161 17.81 13.70
3 6.62 1.35 0.06 29 34.24 19.98 16.18
4 6.97 1.49 0.10 30 37.16 22.46 19.13
3 7.34 1.64 0.14 31 4041 25.28 22.65
6 7.73 1.81 0.20 32 44,04 28.52 26.87
7 8.15 2.00 0.27 3 48.09 32.23 31.94
8 8.60 2,21 035 M 52.64 36.50 38.04
9 9.09 2.44 044 35 5175 41.44 45.41
10 9.61 2.69 0.56 36 63.53 47.16 54.36
Il 10.16 2.98 0.69 37 70.01 53.80 65.27
12 10.76 3.29 0.85 38 77.50 61.55 78.61
13 1141 3.63 1.4 39 85.97 70.61 95.03
14 12.11 4.02 1.26 40 95.66 81.27 115.31
15 12.86 4.45 1.52 41 106.81 93.85 140.51
16 13.68 4.92 1.82 42 119.67 108.75 171.99
17 14.60 545 2.18 43 134.58 126.50 21156
18 15.12 6.04 259 44 151.95 147.74 261.60
19 16.56 6.70 3.07 45 172.28 173.28 325.34
20 17.69 144 3.64 46 196.22 204.19 407.11
21 18.92 8.26 431 47 224.55 241.80 512.84
22 20.27 9.19 5.09 48 258.28 28785 650.67
23 21.75 10.23 6.00 49 20871 344.63 831.99
24 23.36 11.40 7.08 50 347.50 415.14 1072.80
25 25.13 12.72 8.34
4
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Table Q3(c)(i): Meyerhof’s Bearing Capacity factors for general equation

0 Ne N, Ny 0 N. N, Ny
0 5.14 1.00 0.00 26 2225 11.85 12.54
1 538 1.09 0.07 37 23.94 13.20 14.47
2 5.63 1.20 0.15 28 25.80 14.72 16.72

3 5.90 1.31 0.24 29 27.86 16.44 19.34
4 6.19 143 0.34 30 30.14 18.40 22.40
5 6.49 1.57 0.45 31 32.67 20.67 25.99
6 6.81 1.72 0.57 32 35.49 23.18 30.22

3 7.16 1.88 0.71 33 38.64 26.09 35.19
8 7.53 2.06 0.86 34 42.16 29.44 41.06

9 7.92 2.25 1.03 35 46.12 33.30 48.03

10 8.35 2.47 122 36 50.59 37.75 56.31

11 8.80 2.71 1.4 37 55.63 42.92 66.19
12 9.28 2.97 1.69 38 61.35 48.93 78.03

13 9.81 3.26 1.97 39 67.87 55.96 92.25

14 10.37 3.59 2.29 40 75.31 64.20 109.41
15 10.98 3.94 2.65 41 83.86 73.90 130.22
16 11.63 434 3.06 42 93.71 85.38 155.55
17 12.34 4.77 3.53 43 105.11 99.02 186.54
18 13.10 5.26 4.07 44 118.37 115.31 224.64
19 13.93 5.80 468 45 133.88 134.88 271.76
20 14.83 6.40 5.39 46 152.10 158.51 330.35
21 15.82 7.07 6.20 47 173.64 187.21 403.67
22 16.88 7.82 7.13 48 199.26 22231 496.01
23 18.05 8.66 8.20 49 229.93 265.51 613.16
24 19.32 9.60 9.44 50 266.89 319.07 762.89
25 | 2072 10.66 10.88

TABLE Q4(b): Variation of a

Cy
P, .
<0.1 1.00
0.2 0.92
0.3 0.82
0.4 0.74
0.6 0.62
0.8 0.54
1.0 0.48
1.2 0.42
1.4 0.40
1.6 0.38
1.8 0.36
2.0 0.35
2.4 0.34
Note: P, = atmospheric pressure
=~ 100 kN/m? or 2001b/ft2
5 .
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The following information may be useful. The symbols have their usual meaning.

SOIL IMPRO\ EMENT AND GROUND MODIFICATION

_ ct
SC(P) 1+e “log o v ch
2
(1)
H Ac, . +Ac
tpsdly = IC; c log l: (p') (f):l e T i
e, c, T :1.781—0.93llog(100_U%)
L+ A |
log G, * A9 o
" log| 1+—2
o Aoy, +A U G,
c,+Ac ,, +AC _ | |
log{ () (I)} =y o
G() log 1+ '[’ 1+ :
%o G(p)

D’) N corrected — CN 8 N field
A, (%) =—"-""(% 1915
(0= D ( ) Cy =0.7Tog;,—— .
Nngngnshr Schmertmann’s (1975) theory
N60 = '—6'0—' 0.34
where g = tan~1 ——MT
Neo = Standard penetration number, corrected for 12.2+20.3(—}-,—9)
a

field conditions.
nu= Hammer Effiency (%)
ns = Correction for borehole diameter
ns= Sampler correction
nr = Correction for rod length

where, o)= effective overburden pressure
(kPa)= yH
P, = atmospheric pressure = 100 kPa

Variation of ns

Diameter (mm) | ns
60 —120 1
150 1.05
200 1.15

Variation of 1s
Rod lenght (mm) N8
Standard sampler 1.0
With liner for dense sand and clay 0.8
With liner for loose sand 0.9
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: SHALLOW FOUNDATIONS
" Modification of Bearing Capacity Equations for Water Table

Case II for water within 0 <d <
Case I for wa1<ter within 0 < B; Case 11l when the water table
Di =Dg q=Dy,, is located so that d > B, the
9=Dy,, +D, (7.«” =/ w) _ . d , water will have no effect on
V'=Vu—7 r=r +§(7 ay ~Y ) the ultimate bearing capacity.

g, = CN.F,FF, + gN,F,F,F, + +yBN,F,F,F,

e esT e q” gs
Shape Factor

B

o128 F =1+Ztan¢ F,=1-04=

cs L NC 4 L ‘ L
Depth Factor
Di//B<1,forp=0

D — =
Fog = 1+04(7/p) Fpa =1 Fpa=1

D
T/3<1,for$ >0

1-—F d i . ; Df F.: =1
Feqg = Fga — Hm_ip? Fgq =1+ 2tang’'(1 — sing )ZF e
= D;/B>1,for$ =0
F,y=1+04tan™t 7/ ) Faa=1 Fa=1
radians
D¢/B>1,forp >0
1—-F, . . D F .=1
Fog = Foq _N_Eﬁq&? Foq =1+ 2tan¢’ (1 — sing’)?tan™*(-2) e
d radians
where L is the length of the foundation and L>B.
Inclination Factor
o 2 2
(-5 i
q 900 kL ¢v

B is the inclination of the load on the foundation with respect to vertical
Eccentric Loading in Shallow Foundations

_Q, 6m =7

T BE™ BPL ¢

__ 40 Fs =S

Tmex =31 (B—2e) 0
8
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SHALLOW FOUNDATIONS
Terzaghi’s Method
qu = 1.3 ¢'N; + gN; + 0.4yBN,,  (square foundation)
qu = 1.3¢'N; + qN, + 0.3yBN,,  (circular foundation)
' One Way Eccentric Loading in Shallow Foundations

Method 2:
' 1
Method 1 Q"h - Bl:C Nf(’-’) +qu(e) +5}/BN7(E)}
€tno :
B'=B-2 ~ ‘ \
L _f e iy = 20 {c NeorFester + N geerFasce +573Nr(e)FmeJ
q; = CIAIICF%‘J?]FC" + quF;]sEJdF:{i ch(e) = ]2_0025%
+ 27 BNVF;'SF;dFyi

Qull = q:,B'L’ I;;S(e) = 1 .OO

2

F,,=10+ 2¢_ 0682+ 043- 3)(£ ﬁj
’ B L 2\ B)\T

ity Consolidation Settlement for Normally Consolidated Cla

CL‘HL' O-llr + Ao-:n' s L Qg
SC(F) = Tiia log ; 3 for 2:1 method AO’(l) = m

TN

i

"7 Primary Consolidation Setflement for OverConsolidated Clays. |
for o) +Ao., <O,

’ ! ! !
for o, <o, <0, +Ao,,

C.H o, +A0), CH,, o CH o +Ao),
B g log = Bap=7— log —&4——*]Jog—2—
o 1+e, ol P 1+e, o l+e, o

¢

T AVrags Tictease i Prossure ||

Ao, =%(Ao,, +4A0]

top medium

! —
+A0-;mllnm) ’ Agtop/middle/battm = 4q01

B L
m=—,n=-—

i Secondary Consolidation Seftlement i e

Sc(s) = ('qH log(t,/t1)
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P OUNDATIO

Dl  Ultimate Capacity of Piles’
Point Bearing Group Pile

Meyerhof
Sand Q, = A,q'Ny < Apq,

q; = 0.5p,Nytang’
Clay @, = 9¢, A,

2Q, = nn,(Qp + Qs)

Ly = (m ~1)d +2(D/2)

B, = (n,— 1)d +2(D/2)

2Q, = LngCu(p)Nc* + EZ(Lg'f-Bg)Cu(p)AL

Vesic

Correlation with Cone penetration
Sand Q, = A,q, = A,0,N; R

; Qp = 4Apq
Clay Qp = Apqp = ApcyN; q;’ _ qcp .
Frictional Resistance
= IpAL
Sand Q, = SpALf ?S: a,/’fc !

_ ’ r
f = Koptans fc = Frictional resistance

6 =0.8¢

i Pile Load Test (Davi : thod
a method, Q; = Zac,pAL ile Load Test (Davisson’s ;x)le oQ) i
A method, Q; = pLf,, Su(mm) = 0.012D, + 0.1 (D—) + - ”E

far = A3, + 2¢,) T\D A,
p method Q; = ZfpAL D, = reference pile diameter (= 300mm)

fs— Ba, D is inmm

- o

S Mellic Strip reinforcement SR R

Tnax = Ja(max)SVSH
Oa(max) = v1HK,

i Wix,
Ka = o (45 B %) FS(Overturning) = —P:Z’
A= w
Wf;y Wltan(k¢,1)
L i~ FSpyV12KaSv Sy FS(siidingy = Pe————
= - : 3
tan? (45 + %) 2wy, z tan@’,

10
CONFIDENTTAL




