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INSTRUCTIONS 

1. Answer any four questions 

2. Each question carries 25 marks 

3. Clearly state any assumpt ions made 

MARK ALLOCATION 

QUESTION MARKS 

1 25 

2 25 

3 25 

4 25 

5 25 

TOTAL 100 
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Question 1 

Figure 1 shows a cantilever retaining wall 
' 

a. Determine the factors of safety against overturning, sliding and bearing capacity failure 

(10 marks) 
b. Design the wall and base reinforcement for feu= 30N/mm2, fy = 460N/mm2, cover = 

40mm and sketch the reinforcement layout. The soil parameters are as follows: a = 
30°, y = 20kN/m3, q;= 40°, q uit = 450kN/m3 

Sm 

Question 2 

SOkPa 
I 
y y I y 

0.3m 
~ ~ 

3m 

Figure 1 

.. 
~0.3m 

(15 marks) 

a. A sand sample with relative density 40% and critical state friction angle of 18° is subjected 

to a consolidated drained triaxial test with a confining pressure of 150kPa. Detennine the 

peak friction angle of the sand sample. ( 13 marks) 

b. Two tri-axial tests were performed on specimens of the same clay with the following results 
at failure: 

• 
1. 
•• 
11 . 

• • • 

111. 

Test 1: a1 = 108kPa, a3 = 41kPa 

Test 2: a1 = 83kPa, a3 = 27kPa 

Determine the cohesion and internal friction angle 

Find the shear and normal stresses at failure for the two specimens and the 

orientation of the failure planes 

Compute the maximum shear stress and the values of the normal stress on 

this plane (12 marks) 
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Question 3 
c. Using the Brinch Hansen method determine if a 2.0m long x 1.5m wide rectangular footing 

which is 0.8m deep can adequately support a vertical load Vult= 2000kN, a horizontal load 

HL= 500kN and Ha= OkN. The soil parameters are q; = 30°, C = 15kPa, y = 20kN/m3, the 

inclination constants are a1 = 1.5 and a2 = 2.0. The required safety factor is 2.5 

(15marks) 

d. Determine the bearing capacity of a circular footing 3.2m in diameter at a depth of 1m. The 

soil properties are q; = 25°, C = 10kPa, y = 15kN/m3. The water table is 1.5m below the 

ground level. ( 1 0 marks) 

Question 4 

a. A single 600mm diameter reinforced concrete pile is required to carry a maximum 
compression load of 900kN. The soil profile comprises of a 8.0m thick top layer of silt 

withy = 1 OkN/m3, q;= 17° and a 9 .6m thick bottom layer of dense clay with y = 13kN/m3, 

q;= 38°. Determine the depth of penetration (5 marks) 

b. Compute the nrunber of driven piles 0.5m in diameter and 12m long that are required to 
support a building given that the characteristic permanent load is 9MN while the 
characteristic variable load is 4MN. Static pile load test results that were perfonned on five 
piles are listed in Table 2. (15 marks) 

Table 2 
Pile Number Resistance R (MN) 

1 2.51 
2 2.87 
3 1.96 
4 2.17 

I 5 2.62 
" I 

c. A group of 6No. piles supports a structure with a load of2200kN. The piles are spaced at 

2m c/c, each pile is 600mm in diameter and 9m long. The soil Cu = 80kN/m2 at the surface 
and 11 OkN/m2 at a depth of 9m. Assess the group efficiency (5 marks) 

Question 5 
A 7m thick clay deposit underlain by a sand layer was preconsolidated with a 60kPa surcharge 

prior to the construction of a building with a surface loading of 80kPa. The in-situ pressure was 

75kPa and the water table was at the ground surface. The soil parameters are Cc = 0.51, Cs = 

0.15Cc, the natural water content Wn = 62o/o, Gs = 2.65 and Cv = 2.5m2/yr. 
a. Calculate the settlement that was induced by the surcharge load of 60kPa 

b. How long should the surcharge load be kept for 95o/o consolidation to take place 
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c. If prefabricated vertical drains 0.8m diameter are used in a triangular pattern at 2m c/c, 

how long should the surcharge be kept for the same U of 95%, Ch = llm2/yr and tnv= 

0.4m2/mN 
d. Determine the settlement that occurred after the surcharge was removed 
e. Calculate the settlement that occurred after the fmal construction 

(25 marks) 

FORMULAE 
e = wG ( Gs ±_eo ) y = - y T _ _ Cv t T = -0. 933Zog10(1- U)- 0. 085 

s l+eo w 
v v 

_ cs ( _ avp ) 
Soc = H 0 log10 

1 +eo O"vinsitu • 

~ = _cc H log 1 O (avin~itu+q) 
"1t.c p 

1+ep O"vp 

e =e 
p 0 

- C log10( _ avp 
s 

u = 1 _ 10- 1.o11scr +o.os5) ) 
O'vinstu 

s = _ Cs H log10 c- O"v ins_itu ) 

rebound 1+ ept p1 
O"v insitu +q 

S = Soc+ Snc 
• 

S= C C (q - yD) z/.Iz llz C = 1 - 0. 5 an _ time in years) 
1 2 o Es 1 qn 

Cz -1 +0.2log( o.1 
- l zp 

( ) (z- 0. 5B) + l zp 
28- 0 .58 

0.5 /zp-0.1 
I zp = 0. 5 + 0. 1 (qn) l z = z + 0.1 I 

0 .58 z 
CTp 

tp Mx My 
H = 0. 5Btan( 45 + -{J ey = ex = v v Bmin = 4 + ey + B e 

Lmin = 4 + ex + L c B ' = B- 2ey L' =L - ex 

lp 
Nq = entantp tan2 ( 45 + 2) N c = (Nq- 1 )cotqJ Ny = Z(Nq + 1)tanqJ 

quu = cNcs cdcicgcbc + yDNqsqdqiqgqbq + 0. 5yBNysydyiygyby 

Q' = QxSRF N = Q'xAxBxC 

1± sintpll 
NP = 

1- s intpp 
U1p = J\PU3 

I 
DJL 100amn =- [Q In ( r-

R 100 - PA )] 

h = wtanatanp 0 5 gh l N = . P w 
tana+tanp FS 

0"tp± 2CTJ_ 
Ump = 3 

C/J. 
Tr = 2 d e 

Page 14 

(/Jp = qJ: + Jl, I R 

Ur = 1 - (1 - Uv)(1 - Ur) 

Copyright: National University of Science and Technology, 2024 



• • • 

= BTr 
Ur = 1 - e Fn 

n2 3n2-1 
Fn = ( z ) Inn - ( z ) 

n - 1 4n 

ES2 

P = -­
NMH D =nv mh = tan2 (45 - ! 

2 

1± sinq> 
Qu = ( . ' ) yH + 4C 

1 - S Ln(/Jc 
Qu = Qb + Qs 

S ult = m vH of1u 

Approximate induced settlement as % of treatment depth 

Soil type %depth 

Natural clays l-3 

Clay fills 3-5 

Natural sands 3-10 

Granular fills 5- 15 

Refuse and peat 7-20 

I 
Range of n values for various soil types 

r 

Soil type Degree of Recommended 

saturation n value 

Pervious soil deposits - Hioh 0 0.5 

Granular soils low 0.5 - 0.6 

Semipervious soil deposits - High 0.35-0.40 

Primarily silts with plasticity low 0.4- 0.5 

index of < 8 

Impervious deposits - Primarily High Not recommended 

clayey soils with plasticity Low 0.35 - 0.40 

index of> 8 Soils should be at water content 

less than the plastic limit 

• 
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TABLE 4-Sa 

Shape and depth factors ror u.~e in eithe:r the Hansen 
(1970) or Vesic ( 1973, 1975b) be.nrlng-capadty equations 
or Table 4-1 .. Use s;, d~ when f/1 ~ 0 only for Hansen 
equations. Subscripts H, V ror HaiLIIien, Veslc. rcspecUvely. 

~faclon 

(¢ = 0") 

.s,.., ,.., -

5,, = 1.0 for strip 

B' 
.s~on - 1.0 + U !iin tb 

8 
Syl \ ') = 1.0 + L tao¢ 

for all </J 

B' 
.f'rlfl l =- 1.0- 0.-47: 

B 
s.rw' = 1.0 - o.4 L 

Notes: 

~ 0.6 

~ 0.6 

d;. ~::: OAk (C'P =- On) 

d,: = 1.0 +OAk 

k ... D/8 for 0 /B ~ I 

k = •~n-t(D/8'1 for D/8 > 1 

k. it\ radians 

d., ~ I ·I 2 tan q,( I - sin<Pf-* 

k de tined above 

d.., == t.OO for all ,J. 

I . NoL.e use ()! ~df~J\~ ·· b~ &lroel'l!StOf\3 B1
• L' by Hua'"n ~n B04 ·by VeYc. 

2. 'The val~s abo"e are con!ii~em witJ1 eilher ~ venic::~~l ltNtd OJr a \'i!n.i~l IWid ~wmpa­
r•icd b)' .& horizoow IC~:...d H 8 . 

3. With ~ \'Crtka.llood and a Joa.d Ht (and c-i•hcr H11 - 0 or H B ~ 0) )'t>U ·lflil ~' lr.a\IC h> 
C\lmputc two sc..ts 1:1f stla,pc s, and dJ .3Jl sur. ·"U. a!lld d r.ll· J ;.L. Rw l , I. ~llliK.'fipl) uf Eq. 
(4-l). pcescmro in Sec. 4-6, u~ rruWt L'/8' or 1)/L'. 

I So ltl(l l50 

TABLE 4-Sb 
Table of iodination, ground, and ~ factors for the 
Hamen ( 1970) equations. See Table 4-Sc for equhaleDt 
Vesic equations. 

JDdinatioa fadors 

1 

• . 1 - ':~ rc = ~~ - w N - I ot 

t - 1 -~---~ . l 0.7H. rl 
' ~ v' + A1c .. cot t,O 

i,.. = [ l - ( o.. 7 - "~~0 /45<:nH. r = 

V + A 1 c,. ·Col ~ I 
2 'S a~ :.i .S 

4 

Nuux: 

1. u~ H, as either 1/j or H~.. or ooch If Hl. ~ 0. 

b' r­c 

• g .. :: 

fl "' 
LO - 141'-

1)" 
l - l4~ 

<If> - 0) 

(t/1 > 0} 

b., ,. cxp(, - 2-rJian 4>) 

b7 :: e.xp(-2. 7 '1 WI 6) 

Tl i:n ndim" 

1. Han:sen ~ 1970) di.d n(l( P''e iln i~ (Qr ~ > 0 . Tbe valiX abo~ is. from. ~mm 0961) 
.ilDd ~l!i<> w;cd by Ve..~ • 

. \. Varia ble .-;,. -= ~ adhe~MJn. on !be Ql:det uf 0 .6 C() t ()X ~ ~-

4. Refet t\) sl~t:tcb for icktltifu:ahoo ,,, al".g~ ll 3100 p, footit~.~ de:pcb D. loca«k-n of H; 
(p:1.1aUeJ and *t top of btie slab. ~Uatttlly abo ptcd~ ecce-ncriciJyJ. E.spe....-ul}y IIOCe 
\.' = fiWC~ nonm.IIID ba~ and '~ r.tK ~ ~ul1ant R ff\1m 100(1J.b!ltUQf V aod H;. 
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A ctio n Symbol Set 

A1 A2 

OA1.C1, DA2 OA1 .C2 

DA3 (structu ra l action s) OA 3 (geotech .actio ns) 

Unfavourable 1,35 1,0 
Permanent 

Favourable VG 1.0 1, 0 
• 

Variable 
Unfavourable 1.5 1,3 

• 

Favourable 
~'Q 

0 0 

8.4.1 Recommended correlation factors ~1 and ~2 to determine characteristic 
resistance from pile load test results 

n 1 2 3 4 

1,4 1,3 1,2 1,1 1,0 

1,4 1,2 1,05 1,0 1,0 

Recommended partial resistance factors for driven, bored and CFA piles 

I 

Resistance Symbol Set 

R1 R2 R3 R4 

Partial resistance factors for driven piles 

Base Yb 1,0 1,1 1 ,0 1,3 

Shaft (compression) y-5 1,0 1 '1 1 .0 1,3 

TotaVcombined {com pression) Yt 1,0 1,1 1 ,0 1.3 

Shaft in tension v~,: 1 .25 1,15 1,1 1,6 

Partia l resistance factors for bored piles 

Base Yb 1,25 1,1 1.0 1,6 

Shaft (compression) v~ 1,0 1,1 1 .0 1,3 

Total/combined (compression) Yt 1,15 1,1 1 .0 1,5 

Shaft in tension Y3.;t 1,25 1,15 1 .1 1,6 

Partial resistance facto rs for continuous flight auger (CFA) piles 

Base Yb 1,1 1,1 1.0 1.45 

Shaft (compression) Vs 1,0 1,1 1.0 1.3 

Total/combined (compression} Yt 1,1 1,1 1,0 1,4 

Shaft in tension Ys;o: 1,25 1,15 1 .1 1,6 
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Bar Spacit1g of 
• bars SIZe 

(nun) so 75 100 125 150 175 200 250 300 

6 566 377 283 226 189 162 142 113 94·3 
8 1010 671 5°3 402 335 287 252 201 168 

10 1570 1050 785 628 523 449 393 314 262 

12 2260 1510 1130 905 754 646 566 452 377 
16 4020 268o 2010 1610 1340 nso 1010 8o4 670 

20 6280 4190 3140 2510 2090 18oo 1570 1260 1050 

25 9820 65so 4910 3930 3270 2810 2450 1960 1640 

32 161oo 10700 8040 6430 5360 4600 4020 3220 268o 

40 25100 168oo 126oo 10100 8380 7180 6280 5030 4190 

• 
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