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SECTION A
Q1 (a) Soil improvement and ground modification techniques are used to improve

(c)

poor/unsuitable subsurface soils and/or to improve the performance of embankments
or structures. Table Q1(a) shows the category of the ground improvement techniques
and its methods to carry it out. List ONE (1) function for each category of the ground
improvement techniques.

(6 marks)

List and explain FOUR (4) classifications of ground improvement techniques.
(8 marks)

A 5 m wide, 2500 m long, 0.5 m thick road is being constructed at Parit Raja.
Therefore, an earth fill has to be carried out. The soil density after compaction was
found to be 18 kN/m? at an optimum moisture content of 15%. The borrow material
imported from Batu Pahat has a bulk unit weight of 16 kN/m? and a moisture content
12%.

(1) Determine the required volume of borrow pit excavation from Batu Pahat.
(7 marks)

(i1) Evaluate the shrinkage factor due to the fill compaction.
(4 marks)

o
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SECTION B
Q2 (a) There are two types of soil sampling that can be obtained during subsurface

Q3

(b)

(c)

(a)

(b)

exploration. Explain in detail the types of soil sampling and give TWO (2) examples
of laboratory test for each type of soil sampling.
(8 marks)

As an experience engineer from an established Geotechnical firm, you are to be
interviewed by representatives of the owner of to be constructed high rise building.
The interview is related to performing a subsurface investigation at the site. Discuss
the various factors that govern the sub soil exploration and propose the guiding
principles for deciding the location of boreholes in engineering project.

(10 marks)

A standard penetration test is carried out in sand where the efficiency of the hammer
nu = 80%. The unit weight of the sand is 18 kN/m?. If the measured N-value at 9.15
m depth is 20, determine Neo and friction angle of sand. Assume n, =ns = ns = 1.

(7 marks)

Discuss with the aid of sketches a testing that is used to determine bearing capacity
in field.

(7 marks)

A square footing is 2.5 m x 2.5 m in size with depth of foundation of 1.2 m. The
footing is buried in 3.7 m thick of sandy gravel layer that has unit weight of 16.5
kN/m* and laying on top of 7.5 m thick of clay layer with unit weight of 18.3 kN/m?
and there is bed rock underneath this clay layer. Water table is exactly at the base of
footing as shown in Figure Q3(b). Load on raft footing is 2000 kN, initial void ratio
of clay layer, e = 1.27, compression index, C¢ = 0.69.

i.  Estimate the primary consolidation of the clay layer
(14 marks)

ii.  Estimate the total consolidation settlement after 25 years and primary

consolidation is to be completed in 4 years if secondary compression index, C’q
=0.02,
(4 marks)
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(a)

(b)

(c)

(a)

(b)

(c)

There are different ways of installing piles, depending on the types of pile and the
ground conditions. List the types of pile driving methods that are available in the

construction industry
(5 marks)

Varying soil conditions, unreliable soil parameters, and the assumptions and
simplifications in the theoretical model used in the prediction, contributes to the
variability in the ultimate load (Qu). The pile load test is a good way to verify the
load-carrying capacity of a pile. Figure Q4(b) shows the results of a pile load test.
The length of the pile is 15 m and its cross-section is 457 mm x 457 mm. Given the
Ep = 30 x 10° kN/m? and D; = 300 mm, calculate the ultimate load (Qu) using
Davisson’s method with the aid of Figure Q4(b).

(8 marks)

Consider 28 meter long concrete pile with a cross section of 0.305 m x 0.305 m that
is fully embedded in a combination of sand and clay layers. The site investigation soil
information is given in Table Q4(c). Determine the allowable load (Qan) that the pile
can carry by considering the soil resistance in all layers in that specific soil condition.
Use a factor of safety (FS) of 3. (Note: use the o method for the skin friction in clay)

(12 marks)

Explain in detail with the aid of sketches. the mechanism on how mechanically
stabilized retaining wall using geotextile can improve slope stability.
(4 marks)

With the aid of sketches, explain briefly the sequence of sheet pile construction with

an anchor system for a backfill and dredge structure.
(6 marks)

A retaining wall with a sloping backfill as shown in Figure Q5(c). The retaining wall
needs to be designed accordingly to avoid failure.

(1) Calculate the factors of safety with respect to overturning and sliding using
Rankine’s theory. Comment also whether the wall is safe from failure or not.

(note : yc=23.57 kN/m? and k; = ko= 2/3)
(12 marks)

(ii) If the desired value of the factor of safety (FS) against sliding is not achieved,
explain the several improvements that need to be done on the wall to avoid
failure.

(3 marks)

-END OF QUESTIONS- -
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TABLE Q1(a): Category of ground improvement

Category Method
Consolidation prefabricated vertical drains, and surcharge
Load reduction geofoam, foamed concrete, and lightweight fill
Densification ;;llalllﬁ ;i)\l/lgsga;ttii%}l; ;&d dynamic compaction by
Reinforcement stone columns
Deep soil mixing wet and dry mixing methods
Grouting permeation grouting, and jet grouting
Load transfer column supported embankment

- TABLE Q3(b): Variations of illﬂklence value /

i R (o i e S U“
01 < 0ODA0.." 000917 . 001323 0OI6TS. . 00178 002223 - 0.2420 002576

02 000917 001790 002585 00380 003866 00438 004735 05042
0,3 k,)_mszs 002585 003735 004742 005593 006204 | 006858, ,z-;,,(n:a(;:é«
04 DO1678 003280 004742 006024 0071 j‘ 008009 00873 009314
05 001978 003866 005593 007111 00803 009473 0,10340 -'f‘;funmt ‘
06 002233 00448 006294 008000 0.0047F e L OIeTe 012474
(7 00220 00475 006858 008134 00Mo. 0116 s 0
08 002576 005042 007308 009314 011035 012474 0.4365.
04 D098 005283 007661 009710 041584 0.
L0 002794 005470 007938 010129 .fmmw
(2002926 005733 008323 010631 0.
do ‘nmuu | 005894 0.0BS61 040041 O
Lo DO30SE 005994 008709 0111

LB 0.03090 0.06058 - 008804 0
20 o0dii 006100 (o0Bse7 . btaMe 1

607
0018371
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A
Sandy gravel

y=16.5 kN/m?

37m | 12m

L

Sandy gravel
Ysat =17.5 kN/m?

Clay

Ysat =18.3 kN/m?
Cc=0.69

€o =].27

7.5m

FIGURE Q3(b): Load on raft footing
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TABLE Q4(c): Site investigation soil information
Depth (m) Length of each Soil parameters Soil Deseription
layer (m) given
0-4 4 Cone penetration Sand
frictional resistance
(fe) = 83 (kN/m?)
4-8 4 Cone penetration Sandy soil
frictional resistance
(fz) = 143 (kN/m?)
8-13 5 Cone penetration Sandy gravel
frictional resistance
(fz) = 223 (kN/m?)
13-17 5 cu=25kN/m? Silty clay
y =16 kN/m?
17-24 7 cu= 40 kKN/m? Clay
y = 17 kN/m?
24 -28 4 cu=90 kKN/m? Hard Clay
y = 18 kN/m?
TABLE Q4(c)(i): Variation of a
CU
P. “
=0.1 1.00
0.2 0.92
0.3 0.82
04 0.74
0.6 0.62
0.8 0.54
1.0 0.48
12 0.42
14 0.40
1.6 0.38
1.8 0.36
20 0.35
24 0.34
28 0.34
Note: p, = atmospheric pressure
= 100 kN/m? or 2000 Ib/ft®
7
FIb

TERB




BFC 43103

CONFIDENTIAL
FINAL EXAMINATION
SEMESTER / SESSION  : SEM 11/2018/2019 PROGRAMME CODE : 4 BFF
ICOURSE NAME : FOUNDATION ENGINEERING COURSE CODE : BFC 43103
2.0 4
Schmertmann { 1978):
Nottingham and Schmertmann (1975)
L5 Timber
Steel _ pile
pile
= |0
0.5 - Concrete” ™= 17 = T
pile ' - T . )
Y T T T 1
() 1 20 A 30
L0
FIGURE Q4(c)
1.5m
“ >
i
Ci’ =0
oy’ = 30°
6.
3.0m y1=17.0 kN/m? o
2.0m
‘ 1.0m
...........................
20m 2.0m 1.5m ¢’ =30 kN/m?
¢)3' = 35°,
y2=17.5 kN/m?
FIGURE Q5(c): Retaining wall
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The following information may be useful. The symbols have their usual meaning.

SOIL IMPROVEMENT AND GROUND MODIFICATION ’

_CH, og +Ac, T = c\,t’
L c(p) ] + 8“ i< G’:] H‘,_
0/ 2
| | | For U%: 0% to 60%; T, :E(U °)
C.H, o, [AG([') + AG(}‘)J 4\ 100
Spen =1, 108 . For U% > 60%;
. e c
$ b T, =1.781-0.931log (100 - U%)
log E"ji(—s‘”—’
) % log| 1+—"*
L/Y - ! y 3 ) Gu
o, +Ac, +Ac,, U=
log| —— "= Ac, Ao,
g, log I+‘—F{(]+“‘“J
5 ' '
Gu G(p)
D3 - Dl /\Imrm-ml = (‘.\' s ]v]/vhl
Ay (Foy=—1—— (U 1915
R( 0) D,]'_ ( 0) (,’N = 0.77 ]Ogl() s
_ NNunpTsig Schmertmann’s (1975) theory
Noo = 60 0.34
where ¢ = tan™? Neo ,
Nso = Standard penetration number, corrected for 12.2+20.3(:—0)
~ .. a
_ HEY, vaTiings, where, gy= effective overburden pressure
Nu = Hammer Effiency (%) KPa) = v
ns = Correction for borehole diameter B (kPa) =y o o '
ns = Sampler correction Py = atmospheric pressure = 100 kPa

nr = Correction for rod length

Variation of ng

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

Variation of ng

Rod lenght (mm) B
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 [ for water within 0 = B; Case 111 when the water table
D1 =Dx, q=Dy,, is located so that d > B, the
q = Dx]’(/n +D, (J’W _7/)‘-) _ ,.d / water will have no effect on
V'=Vu=7u r=r +E(7d/.v o i ) the ultimate bearing capacity.
qu o= C,N L'F:'.\E.'{/'F:‘f + qN LIE,\'E}[IE;/ . JZ-}/ BNyF;'sF,:’cl F;/I
Shape Factor
7
_1.B3 5 F‘[\,:l+£tan(|) F =1-042
a=lr - I ; L
Depth Factor
Df/B <1,for ¢ =0
D = =
Foa =1+ 04("/p) Fqa =1 Fpa=1
D
f/B <1 for¢$ >0
1L.=F5q4 , o DF F.,=1
Fog = Fpq — m Faa = 1+ 2tang’(1 — sing )Z—B— i
D¢/B > 1,forp =0
D —_— —
Fog =1+ 04 tan™ | f/B) Fa =1 g =1
radians
D¢/B > 1,for ¢ >0
1 — Fan , Y _1.0r F.,=1
Foa = Foa =i | Fae =14 2tane’ (1 —sm¢)2t:_n Y =
radians

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

Inclination Factor
2
F:.'I :F:/i Z(] F;,:[]—E')
o

BO
B is the inclination of the load on the foundation with respect to vertical

- 90°j
Eccentric Loading in Shallow Foundations

_Q , 6M g
qma\: = —i 2 Q
* BL BL
. Fs = Lu
e = S5 - 50} 0
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SHALLOW FOUNDATIONS
qu = CJN(E.\F F + [IN EI\EIJF:II + '7]/BIN7F/\F;LIF
One Way Eccentric Loading in Shallow Foundations

Method 2:
: 1
Ly = B[C Nc(u) + qum + Z)_yBN;/(u)}
Method 1: “
"= B=2 ; l
fl _f ¢ QH// BL‘: ¢ N&‘(U)F:'.\(u) i qN/( )FN ) }/BN;'(U)F;'.\U)}
(11’1 = C,N(F:'.\'F:'JE'I & (IN E/\F/JF F (o) = 1.2 _0.025£
+ 1y'BN,F,F,F, o B
Qu/l tu'L, ["I”L') =1.00
> g s 4 s aib
o =Lt | 2088 |2+ 0.43—(1J ij (5)
: B L 2 )\ B L

Primary Consolidation Settlement for Normally Consolidated Clays

C.L, ol +A0' 0
- RS
S = ea log “ . for 2:1 method 4a(,) = TR T

: Primary Consolidation Settlement for OverConsolidated Clays:
for o) +Ac, <o’

for o, <ol <0 +Ac,

CH, ,  o,+Ag, CH . o CH, o +Ac,
By = g Ty P = T R e
W 1+e, ol o 1+e, o, l+e, o,

0 c

Average Increase in Pressure

1 ! o
Ao-m % (Ao-mp * 4A0_mulmm + AO-Imllum) ? A Utop/middle/bottm = 4q01

B L
m=—,n=-—
Z <

Secondary Consolidation Settlement

Sc(s) == C,chlog(tZ/tl)

11
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PILE FOUNDATIONS
Ultimate Capacity of Piles
Point Bearing
Meyerhof

Sand Q, = A,q'Ny < Ayq,
q; = 0.5p,Ngtang’

Correlation with Cone penetration
Clay Q, = 9¢, A4,

Qp = quc
Vesic =
Sand Q, = Apq, = ApG,N; 0, = SpALf
Clay Q, = A,qp, = Apcy N f=af,

o ) fc = Frictional resistance
Frictional Resistance

Sand Qg = IpALf Pile L.oad Test (Davisson’s method)
f = Kajtans’ D a.L
§ =0.8¢ sy(mm) = 0.012D, + 0.1 (—) +
t ; D,/ AyE,
53 D, = reference pile diameter (= 300mm)

o method, Qs = Xac,pAL
A method, Q; = pLf,,

f(lU = A(EOI + ZCU)
B method Q; = ZfpAL

f =Ba,

CONVENTIONAL GRAVIT

D isinmm

AND CANTILEVER WALL

Rankine’s Theory
B: = %Klyle
[31 = %KGY]HZ +q]<uH
o A
Pv = = Sin o overturning ZM)
(
B = P cosa® H'
I ! ZM{I =4y {—j
P,=3K,y,D*+2¢, /K D o
_ P,=P,cosa
K, = tan?(45°-1¢}) P = Fdng
K, =tan?(45°+1¢))

pg 1B _(ZV)tan(kd)+ Bh + B,
Msliding — ZF:I = [)ﬂ -
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