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PART A
Q1 (a) A pile is a slender structural member that is installed in the ground to transfer the

Q2

(b)

(a)

(b)

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.

(8 marks)

A group pile has a section of 4 x 4 with each having a diameter of 305 mm are
embedded in clay. The length of the piles are 12 m and the spacing between the piles
(d) are 1.0 m. The recorded soil profile for the ground is shown in Table 1. Propose the
allowable load bearing capacity of the pile with a factor of safety of (FS) of 3.

(17 marks)

List and differentiate the type of retaining structure in terms of function, construction
method and design method.
(9 marks)

As a design engineer, use a suitable method to prevent slope failure for 12 m high
slope with the following specification.

The soil parameters for the wall backfill
Unit weight of soil, v, is 19.0 kN/m?
Soil internal friction angle, ¢, is 35°

Geotextiles properties
Tt is 65 kKN/m.
RFiq is 1.2,
RF¢ris 2.5,
RFcpa is 1.25.
(16 marks)
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PART B
Q3 (a) Soil improvement and ground modification techniques are used to improve

Q4

(b)

(a)

(b)

poor/unsuitable subsurface soils and/or to improve the performance of
embankments or structures. Table 2 shows the category of the ground improvement
techniques and its methods to carry it out. Elaborate TWO (2) function for each of
category of the ground improvement techniques.

(7 marks)

Table 3 shows result of a seismic refraction field work of a proposed site for a
building project.

(i) Analyse the seismic velocity and thickness of the material encountered from

the survey
(10 marks)

(ii) Evaluate the advantages and disadvantages of seismic refraction technique in

the site investigation works.
(8 marks)

A retaining wall with a sandy soil as backfill is shown as in FIGURE Q4(a). It is
very important that the retaining wall is design accordingly to avoid failure.

(i) Design the size of the retaining wall.
(4 marks)
(ii) Since the consultant want to use pile as a foundation, proposed the others
stability of the retaining wall.
(9 marks)

A site investigation report is prepared for a construction of a high-rise building as
given in Table 4. With that, the construction uses a 25-meter-long concrete pile with
a cross section of 0.4 m x 0.4 m that is fully embedded in a non-homogeneous soil
that has a combination of sand and clay layers. Design the allowable load (Qan) that
the pile are able to hold by considering the soil resistance in all layers in that
specific soil condition. Use a factor of safety (FS) of 3. (Note: use the simpliest

method for pile capacity in clay).
(12 marks)

CONFIDENTIAL




BFC 43103

CONFIDENTIAL

Q5 (a) Elaborate how the the water table will decrease the bearing capacity of the soil.
(5 marks)

(b)  The location of column and also the column load for construction of TNB store in
new school project as shown in FIGURE Q5(b). As a consultant engineer you are
required to design the shallow foundation for this structure. The soil properties of
the dense sand given as y = 16.5 kN/m?, ¢’ = 20°, ¢’ = 70 kN/m? and depth of the
footing, Dr= 1.5 m. Evaluate if spread footings can be used.

(20 marks)

-END OF QUESTIONS-
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TABLE 1 : Soil type and soil parameter
Depti Soil parameter

0.0 mto2.0m | Unit weight = 17.5 kN/m?
Cohesion =20 kN/m?

2.0mto 8.0 m | Unit weight = 18.5 kN/m?
Cohesion = 60 kN/m?

8.0 m to 15.0 m | Unit weight = 20.1 kN/m?
Cohesion = 80 kN/m?

TABLE 2 : Ground improvement techniques and its methods

Category Method
Consolidation prefabricated vertical drains, and surcharge
Load reduction geofoam, foamed concrete, and lightweight fill

vibro compaction, and dynamic compaction by

DEHE DA falling weight impact

Reinforcement stone columns

Deep soil mixing wet and dry mixing methods
Grouting permeation grouting, and jet grouting
Load transfer column supported embankment
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TABLE 3: Result of a seismic refraction field survey
Distance from the point of Time of first arrival of
impact seismic wave
(metres) (milliseconds)
2.5 10
5 24
75 34
10 42,
15 51
20 57
25 65
30 69
35 71
40 75
50 77
TABLE 4: Site investigation soil information
Depth (m) Thickness of Soil parameters Soil Description
each layer (m) given
0-4 4 Cone penetration Sand
frictional resistance
(f:) = 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
(fo) = 223 (kN/m?)
13-17 - cu=25kN/m% y=16 Silty clay
kN/m?
17 -24 7 cu=40 kN/m?, y =17 Clay
kN/m?
24 - 28 -+ cu=90 KN/m?, y =18 Hard Clay
kN/m’*
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0.1H
N
Soil properties
for backfill
v =18 kN/m?
0’ =32° 6.0 m
0.1H
0.15H ]: Soil properties below the
| ‘ cantilever wall
| | y=17.1 kKN/m?
0.7H @ =28°
FIGURE Q4 (a) : Retaining wall
le S Sl
i"\. /i
™
1
Q1 = 1000 kN
1.5
Q1 = 1000 kN 02 = 3000 kN Q1 = 1000 kN
4m
< |
n
25m \[/ 2.5m \;
Q1 = 1000 kN 1.5 s
-
&
FIGURE Q5 (b) : Geometry of spread footing
r———
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TABLE 5 : Terzaghi Bearing Capacity factor

&' N, N, N &' N, N, N
] 5.70 100 03,00 2% 27 {14 1421 9 %4
1 £.00 110 0.01 27 2924 15.00 11.60
2 6.30 1.22 0.04 28 3141 17.81 13.70
3 6.62 1.35 .06 29 3424 19.98 16.1%
4 6.97 1.49 0.10 30 3716 2246 19.13
3 7.34 1.64 .14 31 40.41 2528 2265 |
é 7.73 1.81 0.20 32 44.04 2852 2687
7 815 2.00 0.37 33 4809 3223 3194
& 860 271 0135 34 52 64 36.50 g
9 9.00 244 0.4 35 S1.75 41.44 4541 |
10 9.61 2,69 0.56 36 63.53 47.16 5436 |
11 .16 298 0.69 37 7001 3380 6527 |
12 10.76 3.29 0.85 38 77.50 6155 7861
13 141 3.63 Lo 39 85.97 70.61 9503
14 12.11 402 1.26 40 93.66 8127 11531 |
15 1286 4.45 1.52 41 106.81 93185 140,51
16 13.68 492 1.82 42 119.67 108.75 i71.99
17 14.60 5.45 218 43 13458 126.50 211.56
18 15.12 6.0 239 44 151.05 147.74 61 .60
19 16.56 6.70) 3407 45 17238 173.28% 32534
20 1760 7.44 3.64 46 196.22 204.19 407.11
21 18.92 £.26 431 47 22455 241.80 51284
22 W27 9.19 5.09 48 25428 287 %5 63067
23 21.75 10.23 £.00 44 20R.71 34463 831,99
24 2336 11.40 7.08 50 34750 415.14 1072.80
25 25.13 1272 834
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TABLE 6: Meyerhofs bearing capacity factor
&' N, Nq N, & N, N, n,
G 314 £.60 (3.00 26 23.25 11.85 1254
] 338 109 i ¥ 23.54 13.20 1447
2 363 120 .13 28 25,80 14.72 1672
3 5.80 1.31 024 29 2786 {644 19.34
4 6.19 143 L34 30 314 1840 2240
3 6.49 1.57 (.45 ;M 32467 216l 25499
3 681 L 0.57 2 3549 23.18 36.22
7 .16 188 .71 33 .64 2009 3519
& 7.53 206 .86 3 4216 2944 41.06
9 752 225 103 35 46.12 3330 4803
1 835 247 1.22 36 560,50 375 5631
Il 2,80 271 144 37 35.63 42.92 66.19
12 9.28 297 1.6 38 £1.33 48493 7803
13 Q.81 326 1.97 39 6787 3506 9225
id4 16.37 139 229 40 7531 £4.20 19.41
15 10.98 3a4 2.63 41 83.8b 7380 130.22
6 1163 4.34 30 42 9371 83,38 135.55
17 1234 477 333 43 5.1 99,02 186.54
s 13.16 326 4.407 44 H8.37 11531 22464
19 1383 .80 468 45 13388 134,88 27176
20 1483 640 339 46 132,10 158.51 33035
21 1582 ERiT 620 47 17364 187.21 40367
22 1688 182 7.13 48 1e%) 26 32231 496.01
23 18.05 a.66 320 44 23993 265.51 613.16
4 1932 pE Y44 50 266,89 907 Tel.84
it .72 10.66 HLRS
2
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TABLE 7 : Variation of a

Ly

E F: 4
= (0.1 1.00
0.2 0.92
3 6.82
04 074
06 0.62
0.8 .54
10 (.48
12 042
14 3,40
1.6 038
1.8 .36
2.0 035
24 .34
2.8 034

Note: p, = atmospheric pressure
= 100 kN/m? or 2000 Ib/ft?
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List of formula
SOIL IMPROVEMENT AND GROUND MODIFICATION

_ (Hﬂ' 10 0-0 - AG(P) T:‘ = C‘ta
“» l+e, c, H
2
UO
| | | For U%: 0% to 60%; T, :35[ /°]
CH. o, +[A0’m +AGU-}:| 41100
Sy = by log = ' For U% > 60%;
’ ’ 7, =1.781-0.931log (100 -U%)
G +Ac ‘
T R — At
o, log| 1+—2
Y= ,+Ac,  +Ac, U %
o, + AG, + AC =
fop] 2o ELE R ‘ .
g[ o, log| 1+ AG.“’) [] + A(.Fm ]
G, G(P)
D2 el D? Ncnrrec.’ed = CN % Nﬁen’d
A, (Y0) =——(% 1915
R (%0) D (o) C, =0.77log,, —>
Nnungnsng Schmertmann’s (1975) theory
Neo = 60 0.34
where ¢ = tan™? Neo
Ngo= Standard penetration number, corrected for 12,2+20.3(g—°)
a

— é:}:;;ng;%g; (%) where, g,= effective overburden pressure
H™ 0

ne = Correction for borehole diameter (kPa) = YH
ns = Sampler correction Pa = atmospheric pressure
Nr = Correction for rod length

Variation of g

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

Case Il for water within 0 <d <
Case I for wziter ‘_“thm 0= B; Case I1I when the water table
D =Dg q=Dy,, is located so that d > B, the
q4=Dy,, +D, (?’m e w) S | ] water will have no effect on
Y=y -7, r=v +§(?/ ay =V ) the ultimate bearing capacity.
qu = CJNCF;:VF;'dF;r + quF;,"F:{d‘Ei]I + %}/ BNyF}f.cﬁ;dFyr
e _ Shape Factor .
7128 N Bl o Fo=1-042
cs L NC q L ¥ L
D¢/B <1,forp=0
D = =
Foa = 1+04( 7/p) Faa=1 Fyra=1
D
f/B <1,for¢ >0
U D Fa=1
F = F = 4 F = t — <] Ay _f yd
il ad N.tand’ qa = 1+ 2tang’(1 — sing’) B
D¢/B>1,forp=0
ch=1+0.4tan‘1!Df/B) Faa =1 Fa=1
radians

Ds/B>1,for ¢ >0

L= D Foq=1
F.,=F,;, — Soeiber /.. F. = 4 —qi AY o _f yd
cd = Fod = Ny qa =1+ 2tan¢’ (1 — sing’) ta.n =)
radians
where L is the length of the foundationand L>B.
Inchaabignfadtor - o 0
o 2 2
F;r:F:JZ(l_B Fi: ]“‘E
g 900 ¥ ¢|
_B is the inclination of the load on the foundation with respect to vertical
Eccentric Loading in Shallow Foundations
Q L 6M M
qmax = = 2 €=—"
BL BL 0
= _4Q Qm’l
Ine = 3L(B-2¢) FS——Q“
12 .
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SHALLOW FOUNDATIONS

q:r = C'NchchdF;'i + quFQSquF;]J 25 %}/'B'NyFrsFyd ¥i
__One Way Eccentric Loading in Shallow Foundations

Method 2:

Qu.'r = B|:C‘Nc(e) + qul’e) +%yBN?(e}:I
Method 1:
Br = B - 2 1 1
I'=1[ ¢ Qu =BL [c NewFoser HaNV o F o0 + EyBNr(c)FJ«\(e)}
g.:= c]\/’:f;’xfr;dﬁ;., + quF;;sF:;dF;f F;tc(e) =19, 0_025§

VgV BN B P E,
0. =4,BL Fyo =1.00
B 2
F.,=10+ 2{0.68J—+ 0432 3} (ﬁ
" B b 2/\ B L
Method 3:
Rk - gu(ec‘cenrrlc)
Qu (centric)
2 k
Redf3)
qu(ecceniric) = qu(cemrm) (1 = Rk )
qu(cemnc) = ququ-'-%}/BNy yd

ally Consolidated Cla;

O i
, for 2:1 method Aa(l) =

!
o,+A
r
a

Qg
(Lg+2:)(Bg+2z1)

ry Consolidation Settlement for OverConsolidated Clays
for 0 <ol <o +Ad,

r r r
for G + A, <0,

Chl,. & +8a, CH,, o CH . ol +Ac,
SC( ) — c ].Og o av SC( ) — & C log__c_+ (il lOg - av
7 l+e, ol P 1+e, o, l+e, e,

___ Average Increase in Pressure

AO';,‘ = %(Ag:ap +4Ao’:nedmm +Ao“f:o.r.'am) L Ao—tiop/middie/bottm = qGIC
L 7
m -, =
BT (B/2)
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Q, =2 fpAL
f=fo,

B =K tan ¢y

K =1-sindy

K =1-sin¢, vOCR

OCR =Pe

Qp =4A,0,
Q= qulN;
Q, #Nic,A,

Qp — 9cuAp

fav = /1(5(; g ZCu)

Z Q,, =mn, [9APCH(P) + Zapc”AL]

L =(m —1)d+2(§j

D

B, :(nz—l)d+2[?)

20, =LBec, N +32(L, +B,)c,AL

As, { £ }H,
: 1—!-30,

_[2(ny +np — 2)d + 4D]

pnyn;

1Da =%Ka'},iH2
P =1KyH+qK H
2 l 1 B ZMR
R) = lDa Sin OL° overtuming Z M
9]
P, =P cosa’ '
T 2,1
B, =%Kﬂy2D3 e K.D
B, =P cosa
£, =t (453} P =P sina
K, =tan®(45°+1¢})
——_ Y F, (ZV)tan(kgy)+ Bk, +P,
shiding ZF;{ })a cos &
IN 1
qu = ¢ ¢+ gqN, +§yBNY
14
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L G) LF £
o T—— _ 2
¥ {“Kp _:&-a] Liﬁ‘gtii_ﬂkzi.l_ﬁl_g}d#_;i;t =0
G5 =(vL; +7L ) K, +vL; TE\:: -K, ] 0. = Gi"-’:h"f’l%[:Kp K, |
Ao T oy =L, (K, -K, )
1 *;!{KF —HE} . G_;L;—EP
A= &P  dy+a
& "};’ iKP —Kz’] ~ _ K}?
y B P ) S—
6P| 22/ (K, -K, )+ % | FS
Ay=—>v - e —
.;,f- I K‘F == Ka }
- Ty
112K, [FS ]
tan]| 45+j’——§~ g Htagy
L < J
| _ SKAFSp]
y 4tan ¢y
- E (1_/“) 7 _ ]_ vz_le
= y B
[;/J(l—z,u)(u,u) 2 \[v, + v,
g
1 vy - v VsV
z, = —|T,-2Z2,
2 ViV, \/vf - sz
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