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PART A
Q1 (a) Identify how piles are classified according to the method of installation and function.

Q2

(b)

(a)

(®

(5 marks)

The variation of Neo with depth in a granular soil deposit is as shown in Table Q1(b).
A rectangular concrete pile 7.5 m long (0.5 m x 0.5 m in cross section) is driven into
the sand and fully embedded in the soil. For the proposed site, given: Design load =
1112.1 kN, FOS = 3.0, P, = 100 kN/m? and Lyji. = 7.5 m.

(i)  Design Qp by using data given in Table Q1(b)

(6 marks)
(i) Design Qs by using data given in Table Q1(b)

(5 marks)
(iif) Estimate the allowable bearing capacity Qan of the pile

(3 marks)
(iv) Predict the elastic settlement of the pile based on the situation.

(6 marks)

The backfill used in the construction of the retaining wall has expansive behaviour.
These materials swell significantly when in contact with water during rainfall and
floods, resulting in large lateral pressure on the retaining wall. As a geotechnical
engineer, propose TWO (2) methods to maintain the stability of the retaining wall.

(6 marks)

The proposed design of the cantilever retaining wall will be constructed on clay soil as
shown in Figure Q2 (b). The backfill is a coarse grained soil and inclined at 8°. The
live load from a rural main road is 15 kN/m? .The ground water level is located 2 m
below the base.

(i)  Evaluate the stability of the retaining wall in terms of overturning
(6 marks)

(i) Design the stability of the retaining wall in terms of bearing capacity.
(5 marks)

(iif) Evaluate the factor of safety against sliding of the proposed retaining structure.
( 5 marks)

(iv) If the factor of safety against sliding is less than 1.5, propose THREE (3) suitable
methods to increase the stability against sliding.

( 3 marks)
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PART B

Q3

Q4

(@)

(b)

(©

(a)

(b)

©

Due to high loading of traffic, the local government is planning to widen the federal
road from Batu Pahat to Air Hitam in the near future. The Design Department of
JKR is requested to propose ground improvement works that needs to be carried out
in advance before commencement of the road widening project.

(i) The use of PVD together with surcharge load was proposed by the designer.
Explain the working principles and details of this ground improvement

technique with the illustration of relevant sketches.
(6 marks)

(i) Discuss any TWO (2) disadvantages of using this technique when compared to

soil replacement method.
(4 marks)

Cement stabilization was proposed by the designer. Briefly discuss any TWO (2)
advantages and TWO (2) disadvantages compared to the mechanical stabilization
method using roller.

(8 marks)

Evaluate whether dynamic compaction using tamper is suitable in this case. Based
on the desk study, the soil formation at the proposed site is comprised of quaternary
marine deposit.

(7 marks)

A new building will be constructed at Taman Seri Indah area. For foundation, the
consultant engineer has suggested to use a shallow foundation instead of deep
foundation. Compare the difference between shallow foundation and deep
foundation. Use sketches to support your answer.

(5 marks)

The consultant engineer suggested to build a bungalow house with one floor at
Elmina area. A 2.0 m wide strip foundation is placed in sand at 1.0 m depth. The
properties of the sand are: y = 19.5 kN/m? , ¢ = 0, and ¢’= 34°. Determine the
maximum wall load that the foundation can carry, with a factor of safety of 3.0.

(8 marks)

You anticipate the foundation for a proposed highway bridge will consist of end
bearing piles driven through the overlying soils to bedrock. However, you are not
certain the location of the bedrock.. You wish to obtain at least an approximate idea
of the depth to bedrock before you begin drilling the exploratory borings. Propose
plan of work to obtain the data needed

(12 marks)
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Q5

(@)

(b)

The road between Ayer Hitam and Batu Pahat had to be restricted due to the
collapse of a 9-meter high soil slope. Mr. Ahmad recommended the cantilever sheet
pile retaining structure as a method of stabilising the failing soil slope. Based on
your experience,

(i) Write comment on Mr. Ahmad's selection of a retaining structure idea.
(4 marks)

(ii) Propose the suitable type of retaining structure, with a diagram to ensure the
stability of the supported soil.
(5 marks)

(iii) Discuss the factors that should be considered while selecting a retaining
structure.
(3 marks)

(i) Explain in detail with the aid of sketches on what condition does pile
foundations need to be used.
(5 marks)

(i) A 12 m prestressed concrete pile 450 mm square is installed in a clay with
water table at 5 m depth as shown in Figure Q5(b). The upper clay layer is 5 m
thick, with a unit weight (y) of 17.4 kN/m>. The lower clay layer has a unit
weight (y) of 18.1 kN/m3. Determine the allowable pile capacity (Qan) with
factor of safety of 2 by using the simplest method.

(8 marks)

-END OF QUESTIONS-
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Table Q1(b): The SPT value for the proposed site

Depth of Soil Layer
(m) Description SPT (Neo)
0.0-1.50 Top soil, dark brown clayey silty sand 11
1.50-1.95 Medium dense with traces of gravel 11
3.00 —3.45 Light greyish brown, silty sand 47
Greyish brown silty sand with some
4.50—-4.95 gravel 8
6.00 — 6.45 Medium dense silty sand 19
Medium grey silty sand with some
7.50—-7.95 gravel 31
9.00-9.33 Very dense silty sand 50
10.50-10.82 Very dense silty sand 50
12.00—-12.32 Very dense silty sand 50
13.50 - 13.79 Very dense silty sand 50
15.00 — 15.445 Very dense silty sand 50
16.50—16.82 Very dense silty sand 50
18.00-18.32 Very dense silty sand 50
3
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Live load = 20 kN/m?
l«»l l IEENRER
% Backfill F
L =17 kN/m?
_’_, ¢ =30°
3 c1=0
i 6.5m
Z_%<—-Drainage blanket
15m 5 y
&> A
0.5m Yeoncrete = 24 kKN/m? 2% 0.7m
N T T TTTTTTTTTT Y
L B4 i y2= 18 KN/m?
¢’2=20°
- 2
v Groundwater table €2 =25 kN/m
Ysat = 20 kIN/; m?
73 =20°
¢’3 =25 kN/m?

FIGURE Q2(b): Cantilever gravity retaining wall
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50kPa Undrained Shear Strength
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FIGURE Q5 (b) : Undrained shear strength
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TABLE 1 : Terzaghi Bearing Capacity factor
& N, N, NS & N, N, N
0 5.70 1.00 0.00 26 27.09 14.21 984 |
: 6.00 1.10 0.01 27 29.24 1590 11.60 |
2 6.30 12 o4 28 3161 17.81 1370 |
3 6.62 1.35 0.06 29 34.24 19.98 16.18 |
4 6.97 1.49 0.10 30 37.16 2246 19.13 |
5 7.34 1.64 0.14 31 4041 25.28 265 |
6 7.73 1.81 0.20 2 44.04 28.52 2687 |
7 8.15 2.00 0.27 33 48.09 3223 3194 |
8 8.60 221 0.35 34 52.64 36.50 3804 |
9 9.09 2.4 0.44 35 57.75 41.44 4541 |
10 9.61 2.69 0.56 36 63.53 47.16 5436 |
1 10.16 2.98 0.69 37 70.01 53.80 6527 |
12 10.76 3.29 0.85 38 77.50 61.55 7861 |
13 11.41 3.63 1.04 39 85.97 70.61 9503 |
14 12.11 40 1.26 40 95.66 81.27 11531 |
15 12.86 4.45 1.52 41 106.81 93.85 14051 |
16 13.68 492 1.82 42 119.67 108.75 171.99 |
17 14.60 5.45 2.18 13 134.58 126.50 21156 |
18 15.12 6.04 2.59 4 151.95 147.74 261.60 |
19 16.56 6.70 3.07 45 172.28 173.28 32534 |
20 17.69 7.44 3.64 46 196.22 204.19 07.11 |
21 18.92 8.26 431 47 22455 24180 51284 |
2 20.27 9.19 5.09 48 258.28 287.85 650.67 |
23 21.75 10.23 6.00 49 208.71 34463 831.99 |
24 23.36 11.40 7.08 50 347.50 415.14 107280 |
25 25.13 12.72 8.34 ]
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TABLE 2: Meyerhof’s bearing capacity factor

¢' Nl N? NI ¢' Nc N'I N‘!’

0 514 1.00 0.00 26 2225 11.85 12.54

1 5.38 1.09 0.07 27 23.94 13.20 1447

2 563 1.20 0.15 28 25.80 14.72 16.72

3 590 1.31 024 29 27.86 16.44 19.34

4 6.19 143 0.34 30 30.14 18.40 22.40

5 6.49 .57 0.45 31 32.67 20.63 25.99

6 6.81 1.72 0.57 32 3549 23.18 30.22

7 7.16 1.88 0.71 33 38.64 26.09 35.19

8 753 206 0.86 34 42.16 2944 41.06

9 792 2.25 1.03 35 46.12 33.30 48.03
10 835 247 1.22 36 50.59 37.75 56.31
11 8.80 2N 1.44 37 55.63 4292 66.19
12 928 297 1.69 38 61.35 48.93 78.03
13 9381 3.26 1.97 39 67.87 55.96 92.25
14 10.37 359 229 40 3.31 64.20 10941
15 10.98 394 2.65 41 83.86 73.90 130.22
16 11.63 434 3.06 42 93.71 85.38 155.55
17 12.34 477 353 43 105.11 99.02 186.54
I8 13.10 5.26 4.07 44 118.37 115.31 224.64
19 1393 5.80 4.68 45 133.88 134.88 271.76
20 14.83 6.40 5.39 46 152.10 158.51 330.35
21 15.82 707 6.20 47 173.64 187.21 403.67
22 16.88 7.82 A3 48 199.26 222.31 496.01
23 18.05 3.66 8.20 49 229.93 265.51 613.16
24 19.32 9.60 0.44 50 266.89 319.07 76289
25 20.72 10.66 10.88
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TABLE 3 : Variation of a

Cy

Pa
=0.1 1.00
02 0.92
03 0.82
04 0.74
0.6 0.62
0.8 054
1.0 0.48
12 042
1.4 0.40
1.6 0.38
1.8 0.36
20 0.35
24 0.34
2.8 034
Note: p, = atmospheric pressure
= 100 kN/m? or 2000 Ib/ft?
10
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CH o, +Ac,
Se(p) lo -
+e, c,

List of formula
SOIL IMPROVEMENT AND GROUND MODIFICATION

c,t
v = HZ
U%)’
For U%: 0% to 60%; T, =— A’)
41\ 100
For U% > 60%;
Z, =1.781—0.93110g(100—U%)
Ao,
log{l+_,‘ﬂ}
GO
Iy

Ac Ao,
log{1+ ) [1+ ai H
%, Cip)

s = Sampler correction
nr = Correction for rod length

Variation of ng

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

Variation of ns

Rod lenght (mm) e
Standard sampler 1.0
With liner for dense sand and clay | 0.8
With liner for loose sand 0.9

D2 _ Dz N corrected — CN *N field
A, (%) =—"""—""(% 915
«(%) o C, =0.77log,, 222
Nnunpnsng Schmertmann’s (1975) theory
Neo = ——— 0.34
60 =
where ¢ = tan~1 _""La‘“_
Nso= Standard penetration number, corrected for 12.2+20.3 (P—O)
.y a
7 field conditions. where, o= effective overburden pressure
nu = Hammer Effiency (%) Pa) = vH
ne= Correction for borehole diameter (kPa) =y

P, = atmospheric pressure
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CONFIDENTIAL



BFC 43103

' CONFIDENTIAL

FINAL EXAMINATION
SEMESTER / SESSION : SEM II 2021/2022 PROGRAMME CODE : BFF
COURSE NAME : FOUNDATION ENGINEERING COURSE CODE : BFC 43103
Modification of Bearing Capacity Equations for Water Table
) Case II for water within 0 <d <
Case I for wa<ter within 0 < B; ' Case I1I when the water table
D1 <Dy g=Dy,, is located so that d > B, the
q= D]?’d,y +D, (7’m —J’w) —_,.d , water will have no effect on
V=Vu~7. F=g +E(7 ay "V ) the ultimate bearing capacity.
qu = c'NcF;chd‘F;i + quF:]s}zdF;i + %}/BNyF;rs‘F;d‘F;fi
Shape Factor
F 12BN F,=1+Ztan¢ F,=1-042
e LN, : L L
Depth Factor
D¢/B<1,forp =0
Fa=1+ 0.4(Df /g Foa =1 Fra=1
D
T/p<1,forg>0
1-F, D Eis=1
- qd _ ' Y i d
ch — qu = m qu =1+ Ztamp (1 = qub )ZE 4
Di/B >1,fordp =0
F.q=1+04tan™? Df/) Faa=1 Fpa=1
radians
Ds/B >1,for ¢ >0
1-F D Fga=1
_ qd e r . r - i d
Fog=Fgq — Notand’ Fpa =1+ 2tan ¢’ (1 — sing)?tan™1 (L) ¥
radians
where L is the length of the foundation and L>B.
Inclination Factor
0 N2 2
EizF;iz[]_B ) F,= I_E
90O b d) T
B is the inclination of the load on the foundation with respect to vertical
Eccentric Loading in Shallow Foundations
1Z
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Dinax = &i 61}! e:_j\i
BL BL G
o _%
Tnee =31 (B -20) Fs==2
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q,= ¢'N,F F,F, + N FLEF, + LY BN F F.E,
One Way Eccentric Loading in Shallow Foundations
Method 2:
1
Ou = B[C'Nc{e) + qu(e) + E?BNr(e):l

Method 1:

B’ = B "26 1 1

el Ou =BL {c NewFosor + N gy Feey + 27 BN r(e)F;'S(e)jl

9= ch Fotiaa + aN FoFF, F. =12 —0.025%

+ 5}/ BNyF;'sF;'dﬁ;i
0, =4.BL Fru =100
2 2
Fop=10+[Z—-068 |2 +|043-[3)[2]| 2
B T 2N\ B b

Method 3:

Rk — 1 _ qu(eccemrir:)
qu(centn‘c)

& k
B3]
qu(eccemn‘c) = Qu(cenrrr'c) (1 - "Rk )

quP;d +—;— }’ B'Ny};;d
= Bq

q}l (centric) ==

Quh

H ! /
= CH, log o, +Ao,, Qg
P 1+e, o,

Q

, for 2:1 method Acr(’l) =

for o, + Ao, <o’

(Lg+z1)(Bg+2)

g hC’H‘logo.:’+AJ:‘V B SHCJ.O onrCchl o +Ac!,
W) e, ol W 1ye gO" 1+ !

Ao, =1(Adl,, +4Ac),,

lium

+A0me:om)’ AGLop fmiddie foottm = Qole
L

_ _ ZzZ
™= M T g

14
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3= _‘;,[. K; _Ka_.l
o;=("L;+7L,)K +7L; (K -K,]
A:=i—.

7K, -K,)
Aje B
7K, -K,)

]—j__'r' R o r ]
L OP 27K -K, )+t

.:,’- [Kp - K; }-

LATERAL EARTH PRESSURE AND RETAINING WALLS

P| 625% +4P |

24

. K, —Kz_l:

LS +ALL AL} -ALL, A, =0
o, =ct+7L,(K,-K,)

o3=L,| K. -K, )7

_03L, 2P

L-: 4 r
G +G)

_ Ty
112K, [FS 5]

V

H-:- SyK,[F. S(B)]

L=

tau[ 45+ EL} 2 tan ¢z
Z
_ SyK,[FSp)

l,
4tan ¢

E_ (-4

[gJ (1=24)1+ 2)

g

1 vV, — ¥,

c

2 v, + v,
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