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SECTION A
Q1 (a) Briefly, discuss ONE (1) mechanical modification and ONE (1) hydraulic

(b)

(©)

modification technique for ground improvement.
(4 marks)

The in situ void ratio, e of a borrow pit is 0.72. The borrow pit soil is to be excavated
and transported to fill a construction site where it will be compacted to a void ratio of
0.42. The construction project requires 10,000 m> of compacted soil fill. Determine
the volume of soil that must be excavated from the borrow pit to provide the required

volume of fill.
(4 marks)

Refer to Figure Q1(c) and Table Q1(c) for a large fill operation, the average
permanent load (Ac’()) on the clay layer will increase by about 57.5 kN/m?. The
average effective overburden pressure on the clay before the fill operation is 71.88
kN/m?. For the clay layer, which is normally consolidated and drained from top and
bottom, it is also given that He =4.57 m, Cc = 0.30, e, = 1.0, ¢y = 9.68 x 102 cm?/min.
Determine the followings:

(1) The primary consolidation settlement of the clay layer caused by the addition of

the permanent load, Ac’ ().
(2 marks)

(i) The time required for 80% of primary consolidation settlement under the

addition permanent load only.
(4 marks)

(iii) The temporary surcharge, Ac’(n, that will be required to eliminate the entire
primary consolidation settlement in 12 months by the precompression technique.
(6 marks)
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SECTION B
Q2 (a) Site investigation is one of the important process in foundation works. Explain in
detail the purposes of doing site investigation or subsurface exploration.
( 6 marks)
(b) Table Q2(b) shows results of a seismic refraction field work at a Batu Pahat
residual soil for proposed new building project.
(i) Sketch of graph distance against time of first arrival.
(6 marks)
(i1) Calculate the seismic velocity and thickness of the material encountered from
the survey.
(8 marks)
Q3 (a) Explain types of bearing capacity failure.
(6 marks)
(b) The square footing is 1.5 m x 1.5 m in plan. The soil supporting foundation has a

friction angle 29° and cohesive value 92 kN/m?. The unit weight of soil is 19 kN/m?.
Assume the depth of foundation is 1.8 m depth. The column was located 0.3 m
away from the centre of footing in X-axis but remain in the centre for Y-axis,
calculate:

i.  The ultimate bearing capacity of soil using Meyerhof’s method (refer Table
Q3(b)(®)). '

(9 marks)
ii.  The ultimate bearing capacity of soil using Prakash & Saran’s method ( refer
Figure Q3(b)(ii)).
(5 marks)
[ Umet——
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Q5

(a)

(b)

©

(2)

(b)
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A pile is a slender structural member that is installed in the ground to transfer the
structural loads to the foundation soil. Outline how piles are classified according to
the type of material, cross sectional geometry, method of installation and load transfer

mechanism.
(5 marks)

A building was constructed with concrete piles used for its foundation that is
embedded in sand. The building imposed an allowable working load of 338 kN of
point load and 280 kN of frictional resistant load on a 0.305 x 0.305 m cross section
piles. Site investigation has shown that the sand has a unit weight of (y) 17 kN/m? and
a frictional resistance (¢) of 38°. It is also given that Ep =21 x 106 kN/m?, Es = 30,000
kN/m?, us = 0.3, and & = 0.62. Calculate the elastic settlement of the pile.

(7 marks)

A group of piles has a section of 3 x 4 with each having a diameter of 500 mm are
embedded in clay. The length of the piles is 12 m and the spacing between the piles
(d) is 1.2 m. The dry unit weight of the clay is 18 kN/m>. The water table is located
at a depth of 2 m and the saturated unit weight of the clay is 20 kN/m?. The recorded
undrained shear strength (Cu) profile for the ground is shown in Table Q4(c).
Evaluate the allowable load bearing capacity of the pile with a factor safety of (FS)
of 2.5.

(8 marks)

Propose and explain the suitable materials used as a backfill of retaining wall.
(2 marks)

A cantilever sheet pile wall penetrating 3.0 m into the sandy soil. The ground water
table is 3 m below the ground surface. The soil properties at site is shown in Figure
Q5(b). For design purposes, the factor of safety of 1.5 was applied on the passive
earth pressure coefficient.

(1) Determine the stability of the sheet pile wall as shown in Figure Q5(b).
(15 marks)

(i) According to the answer in Q5(b)(i), if the wall is not stable, propose and explain
briefly the conventional and economical method in the construction of sheet pile.
(3 marks)

-END OF QUESTIONS-
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Table Q1(¢): Variation of time factor with degree of consolidation

U (%) T, U(%) 7, U(%) T, U{%) T,
0 0 26 0.0531 52 0.212 78 0.529
i 0.00008 27 0.0572 53 0.221 79 0.547
2 0.0003 28 0.0615 54 0.230 80 0.567
3 0.00071 29 0.0660 55 0.239 81 0.588
4 0.00126 30 0.0707 56 0.248 82 0.610
5 0.00196 31 00754 57 0.257 83 0.633
6 0.00283 32 0.0803 58 0.267 84 0.658
7 0.00385 33 0.0855 59 0.276 85 0.684
8 0.00502 34 0.0907 60 0.286 86 0.712
9 0.00636 35 0.0962 61 0.297 87 0.742

10 0.00785 36 0.102 62 0.307 88 0.774

Ul{%) f U1{%) T U (%) T, U{%) T.

11 0.0095 37 0.107 63 0.318 89 0.809

12 0.0113 38 0.113 64 0.329 90 0.848

13 0.0133 39 0.119 65 0.304 91 0.891

i4 0.0154 40 0.126 66 0.352 92 0.938

15 0.0177 41 0.132 67 0.364 93 0.993

16 0.0201 42 0.138 68 0.377 94 1.055

17 0.0227 43 0.145 69 0.390 95 1.129

18 0.0254 4 0.152 70 0.403 96 1219

19 0.0283 45 0.159 71 0.417 97 1.336

20 0.0314 46 0.166 72 0.431 98 1500

21 0.0346 47 0.173 73 0.446 99 1.781

22 0.0380 48 0.181 74 0.461 100 %

23 0.0415 49 0.188 75 0.477

24 0.0452 50 0.197 76 0.493

P 0.0491 51 0.204 77 0.511

Table Q2(b): Result of a seismic refraction field survey

Distance from the source Time of first arrival of P-wave
of disturbance (m) (sec x 103)

5 10

10 20

15 30

20 40

30 50
40 60

45 65

60 72

70 76

80 80
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Table Q3(b)(i): Meyerhof’s Bearing Ca

pacity factors for general equation

o] N Nq Ny | © Ne Ng Ny
0 5.14 1.00 0.00 26 22.25 11.85 12.54
1 5.38 1.09 0.07 27 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
<+ 619 1.43 0.34 30 30.14 18.40 22.40
5 6.49 1.57 0.45 31 32.67 20.67 2599
6 6.81 1.72 0.57 32 35.49 23.18 30.22
7 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 1.22 36 50.59 37.75 56.31
11 8.80 2.71 1.44 37 55.63 42.92 66.19
12 | 9.28 297 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 4.34 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 et 118.37 115.31 224.64
19 | 13.93 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 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 | 20.72 | 10.66 | 10.88
Table Q4(c): Variation of Cy with pile embedment length
Depth (m) 0-4 4-7 7-13
Undrained shear strength, Cu ( kN/m?) 70 85 100

rmu.m.mi'-— e .
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Figure Q3(b)(ii): Variation of Ne) , Nye) and Ny with soil friction angle ¢
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cﬂ
E @
= 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
2.8 0.34

Note: p, = atmmospheric pressure
= 100 kIN/m? or 2000 Ib/ft*

Figure Q4(i): Variation of a
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Figure Q4(ii): variation of Nc with L/B,
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1 Sand
3m pb=1631 kg/m?
Water table | § e, LR oo (1) _:_32°
Sand
Ysat = 20 KN/m?3
L 6=32°
Dredge line +
SN, -
Sand Sand
Ysat = 22 kN/m3 3 m 'Ysat = 22 kN/m3
¢ =32° 6 =32°

Figure Q5(b): Sheet Pile Wall
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List of formula

SOIL IMPROVEMENT AND GROUND MODIFICATION

Neo = Standard penetration number, corrected for
field conditions.

nu = Hammer Effiency (%)

ne = Correction for borehole diameter

Ns = Sampler correction

nr = Correction for rod length

Variation of n)g

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

Variation of 15

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

CH, ©,+Ac, ol
Sc(l’) = 1+e0 log 0_;) v HCZ
2
V)
o | For U%: 0% to 60%; T, = g( [1103))
CH 6, +| Ao, ,+Ac
Spe =75, log [ Z.’ o] For U% > 60%:
¢ e T, =1.781-0.93110g (100— U%)
G, +Ac '
log| —2— L8 Ac,
U Go log l+—,i
= . ; . c
+Ac,  +AG,, U= 0
log S ) ) A A
% log| 1+—2| 1+—L
G, cY(p)
N =C,*N
D2 _ DZ corrected N field
A, (%) =—""—""(%
(%0) 38 (%) €\ =0.77l0g,, 1213
N = Nnunpnsig Schmertmann’s (1975) theory
0= " ¢eg
where

¢ = tan™! [ Neo )}0.34

-
12.2+20.3(P—0
a

where, 0y= effective overburden pressure
(kPa) = yH
P, = atmospheric pressure

11
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Modification of Bearing Capacity Equations for Water Table
Case II for water within 0 <d <

Case I for water within 0 < B; Case I1I when the water table
D1 =Dg q=Dy,, is located so that d > B, the

q=Dy, dry +D, (Kw - }’w) — ,.d , water will have no effect on

V=V =V r=r +§(7 ay "V ) the ultimate bearing capacity.

q,= ¢NF . FF, +gNJFF,F, + 3yBN,F, F F,

ctesT ed” c gs” qd s

Shape Factor

ch=1+§-£ F, :1+§tan¢ F, :1~0.4%
c Depth Factor
Ds/B<1,for¢ =0
Foa =1+ 04(7/p) Fa=1 Fa=1

Df/Bs1,for¢>o

r ; rsz
Faq = 1+ 2tang’(1 — sing’) R
D¢/B>1,for ¢ =0

D - =
Faa =1+ 0.4 tan™ f/B) Foa =1 Fra =1
radians

Df/B >1,for¢p >0

FCd = qu_NCtan(pl

l—Fd , ) . _ Df F ——1
FCd:qu—NcTTZ# Fpa=1+2tan¢ (l—szn%) r
radians

where L is the length of the foundation and L>B.
Inclination Factor

Ei:F'z(l_ Bo) F.Z(I—P—)
“ 90° v o'

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

_Q ., 6M
™  BL BL
__ 40
Trx =31 (B—2¢)

12
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SHALLOW FOUNDATIONS
q,= ¢N.F . F,F, +qN F F F.+ 1y'B'NF, FF,

9" gs” qd” g

Yo ysT yd” yi
One Way Eccentric Loading in Shallow Foundations
Method 2:
O,=B [c '"Neey T 4N (e +%7BNN)}
Method 1:
B=B-2 _ ' 1
=1 € Qult =BL lic Nc(e)Fes(e) + qu(e)E;s(e) + §7BN7(6)E/S(E)}
q,= chFFdF + gN I E, o, =12 —0.025L
I E}/BNy‘F;sF;'dF}'I B
0, =4,BL For =100

gse) =

£ =101(5-st)- o () ](2)

Rk _ 1 _ qu(eccentric)

Method 3:

Qu(centric)

% k
Rk = G(Ej
qu(eccentric) = qu(cenlric) (1 - Rk )
qu(centric) = quF‘qd—i_%}/BN;/Evd

Quli = B qu(eccemric)
Primary Consolidation Settlement for Normally Consolidated Clays

Se(o)

CH, . o,+Ac), / Q9
= 1+e0 IOg O_:) , for 2:1 method AO’(l) = m

Primary Consolidation Settlement for OverConsolidated Clays

! ! ’ 4 ! r 7
for o,+A0,, <O, for o0, <0.<0,+A0,,
! / ! ! !
g = CH, log %o +Ao), s = CH, log 2 + CH, 10a %o +Ac),
)Ty o ' O Tie, ol 1+ '
eo O-() el) 0_0 el) O-C
Average Increase in Pressure
| 7 ! ! ’ _
Ao-av - E(Ao-top + 4A01715d111}11 + Ao-boltom) > Aatop/middle/bottm - qOIC
L z
m==,n=
" BT (B/2)

CONFIDENTIAL



BFC 43103

- CONFIDENTIAL

FINAL EXAMINATION
SEMESTER / SESSION : SEM 1/2018/2019 PROGRAMME CODE  : BFF
ICOURSE NAME : FOUNDATION ENGINEERING COURSE CODE : BFC 43103

Ultimate Capacity of Piles and Group Piles in Saturated Clay

Q. =2 fpAL
f=Bo, 2.0 =nn, [9Apcu(p) X apc"AL]
B=K tan ¢ D
K =1-sind, Lg:(n‘"l)d”(?)
K =1-sin ¢z ~OCR
sin dg Bg:(nz—l)d+2(2)
OCR :%2 2
o 20, =LBc,,N.+22(L,+B,)c,AL
Q, = A9,
Qp :qu,Nq Ae.
* ASL.‘ = : H’-
Qp ~ NccuAp ! 1 + eoi
Q=% A,
_[2(ny +ny — 2)d + 4D]
Jfav = 4G5 + 2¢) n= pnyn,

CONVENTIONAL GRAVITY AND CANTILEVER WALL

Rankine’s Theory
E: :%K0Y1H2
P e %Kayle +qK H S M
P =P sina® FS overturning i
v a ZMO
B, = P,cosa? G
1 5 ; O *h 3
Pp = 2przD +2cz,/KpD
, B, =P cosa
K, =fan? (45°—%¢]) P _Psing
K, = tan® (45°+ 1 ¢;)

_YF, (XV)tan(kg,)+ Bk, +P,
sliding — ZFd - Pa cosa

1
qy = c'™e +qN, + 5 YBNy

14
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pond _“rw( K,F —Kz }
s =(AL+7Ly)K, + 7L, (K, -K,
A_.,—_,_'___E’i__._...
"'"{K? "’Kzi
8P

P
{I\p “k;‘

LATERAL EARTH PRESSURE AND RETAINING WALLS

P| 6265 +4P |
. ';": ! Kp _Kz I
Li *A‘X;Li’":X:Li—IX:\‘L_‘,‘.‘%.’. :O
G_';, =G§+';'14{Kp“Ka‘
; =1, lKF -Ka | ','"
g.L,-2P
L5 =__~‘_’_"__'__
Gz+0,
K

/

2 )

— 'S‘I'KG{FS(P)]

ly ,
4tandy

¥ ,-) r
tan{ 45+ } Ao

K .. =—£
- ' - pléssizn) .
6P 27/(K, -K, | +0% | %
‘ K, -K, I
S~ e, I:ﬂl
Sp =t
112K, [FS 5]
7 H--: & SVKa[FS(E)]
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