FACULTY OF ENGINEER

STRUCTURAL ENGINFERING DEPARTMENT

Fourile Year Civil

Januvary, 2015 | Time : 3.00 Hrs
CES 451 __Foundation Engineering
The exam consists of six questions in Six pages. Maximum Mark = 140 116

Reasonably assume any missing data.

S

Question 1 (40 MARKS)

1-A} It is required to design an isolated footing, assuming equal contact stress, to-support a rectanguiar
column (40 cm x 100 cm) carrying a net working compression load of 210 ton and & workma
permanent moment of 70 m.t. The net bearing capacity of the foundation -soil is 16 t/m* The
thickness of the plain concrete footing is 10 cm. Draw neat sketches showing the concrete
dimensions and the reinforcement details in both plan and cross secticnal elevation (using

scale 1 :50).
Data :
Materials: ~ Concrete fo, = 300 kg/em’, Steel 40/60, f, = 4000 kg?om2 ’
Working stress:  f=100 kg/cm?® f; = 2200 kg/em?, ‘q=7 kglem®, Q=10 kgfom’,

local bond stress = 12 kg/cm? : —
. Ultimate stress: qq, =9 k.g/cm + Gepi= 14.5 kg/cm , Qo= 18 kg/cm2

Area of different reinforcement steel bars:

Cimin. = 3.0, j =074 . .

C; =35, j=078 ®12: area = 1.13cm’; ®16; area = 2.06 cm?;

Ci =40, j=080 ®18: area = 2.84cm’;  ®20:area = 314 cm? )

Ci =485, =082  op2area = 3.80 sz; ®25: area = 4.91 cm?
Cd= Gy (M, /( ” b) As=M, /f.d. |

1- B) For the two roiumns shown in Figure (1), |t is requrred LO

' l) Suggest a su.tabla type ‘of - shauow founc‘ahon to. Quppert the lWO columna (the net. beanng

. capacity of the foundation son is 10 t/m?).
“ « i) Without-any calculations, sketch, the reinforcement detaﬂs cn‘ the selected shailow foundation

" system in plan.

7 260 ton - - 340ton
/ - (40 x 7€ cm) : el o 7‘(40x9ﬁcm,}
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2-A) Evaluate the following staternents (right or wrong) and cormment on your evaluation (Any answer
without comments is not accented):

Question 2 {35 MARKS)

1.
2.

Driven piles are the most suitable piling technique in city centers beside historical buildings.
Nicking cannot be happened by Continuous Flight Auger (CFA) piles if the concrete slump is
less than 16.

Post grouting can increase the pile capacity.

Settlement criterion does not control the allowable pile capacity of large diameter bored ;ollcs
Factor of safety of pile capacity is related to the risk assessment considering mafenals an@
loads.

Dynamic formulas to detect the pile capacity are very accurate and can be applied for all -pile
types in all soils.

Static pile load tests is the most accurate method to get realistic values of pile load- se*ﬂemﬁnt
performance considering the construction methodoelogy as well as the real site conditions.

The cone penetration test is a very useful method to get accurate information on the in-situ soil
parameters that can lead to realistic pile design. A

Mobilization of pile skin friction needs small relative settlement between pile and surrounding
soil. .

The accuracy of Chin's method to evaluate the pile capacity from results of the pile_lpad test
depends on the measured settlement during the load test.

The pile group action leads {o decrease of pile settlement compared with the etitement of

,correspopdmg single pile under the average applied load.

1)

2)

3)

In a pile group under tension loads, the own weloht of soil between the psi can govern the
puliout resistance Cf the pile group

- 2- B) Results of geoteﬁnmcal |nve<tlgat:on at a site- showed that the soil profile, as shown in Figure (2.a),

_consists of a thick layer of very dense sand down to 20.0 m- fohow ed by rock formations. A bridge

pier has working-load (dead and live loads mcludmg the weight of the pile cap) of 10000 kN is to

be founded on CFA p!les with pile diameter of 0.6 m in the sand layer. The pile length is 12 m. The
-fomoatlon depth is just at the ground water table that lies 2.0 m. beiow the ground surface.

s Accordmg to-the conducted pile load test on a non-working plle the u!tifnate plle sl/m mcuo.. is 8ﬂ,
-kPa: and the plle base res;cfance is 3000 kPa t 1s fequred tor e .

Ca}cutate the anowc{ble pile capaaty under tenalon and compressxon loads cons-,!dnnng a )
factor of safety equals 2.5 for boﬁ tenswn and compression. ;

If twelve (12) piles were arranged below the pile cap as shown in Figure (2.b), calculate the
averagﬂ vnmcal load per pile. and tne corresoondmg factor of safety.

If the apphed ‘working: loads on the pilecan.are.as follows:
» Q= 10000 kN = Dead and live Inaas mf‘ludmg the weight of pi Ie cap,
= Mx'=1500 kN.m; and '
s My = 4000 kN.rn

i) Determine the loads taken by corner, enge and center pﬂc‘% no. P1, P2 and P3,
respﬂctwe!v '

ii) Determine the factor of safety of gﬂe@ no P« P2 as,d P3 und@r the abovg mentioned
loading-conditions.. R - ' '
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Soil Parameters

Soil parameter Sand

E [MN/m?) 100

v {-1 0.3

yiy  [kN/im® | 2010

(Z0.60

¢ [kN/m? 0.0

‘ f;fery Dense
- Sand

o 1|

~14.00 &

200 § 200, 2.00

E = Primary loading stiffness

v = Poisson’s ratio

¥/ y = Total / Effective unit weight of soil
¢’ = Cohesion

@’ = Angle of internat friction

Figure (2.a): Cross Sectional Elevation & Soil Profile
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Figure (2.b); Plan of Pile Cap
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Question 3 {25 MARKS)

3-4) Draw neat sketches to illusirate each of the following:

iy Details of the connection between grouted tieback and waling beam in a tangent pile wall.
ii) Details of the connection between an RC roof slzb and a diaphragm wall.

3-8) Compare between the following shoring systems:
s Steel sheetpile wall
e - Soldier piles
e Tange_nt piles
- with respect to: '
‘e Wall lateral stiffness;
e Induced wbration dunng construction; and

e Water tightness. .

3-C) A cantiiever SPW was driven across a water canal to aliow for the construction of a new irrigation
‘structure. The high water level in the canal is 4.0 m above the bed level. The subsoal below the canal
bed consists of a thick layer of sand with a saturatad unit weight of 20 %'N/m and an internal friction
angle of 35°. If the water léveton one sideof thre SPW was lowered by 4.0'm to reach the bed leve!,
determine the safe penetration depth of the SPW and the rnaximum bending moment on the wall.

Queetion 4 (20 E‘@ARKS)

Draw neat sketches to-illustrate each of ’fhe foliowmg

i)  Why does the ground settie above any tunnel constructed Lhrough soft ground'?

i) Comparison between stabiiity of the tunnel face usmg Bentonite Slu:ry TBM and Earth P ressure -
Balanced: TB!\II L

i) Ro

f the TBM Lalliseal in red:

using ground and.support reaction curves):
a). Stifiness of the soil.

b) S:ze of overcut teeth of an Open Face TBM

Qu‘ésﬁti_oiin' 5 (’2'0 MARKS)
5>-=A) Explain the foiiowing using neat sketches:

i) The main zones of earth and rock fill gams, ,
it) The Iabo tory tests and field tests requ&red for cmcfc!imo the ccrctructmn of the dam.

EB) For the homogeneous earth 'dam <»hovm i Figure (3), draw. che flow net under steady seepage
_condition.

2 V) EffeC{ of each of. the following. on the averaqe so.! pneesure actmg 0*1 a tunnel hmng (;I!ustrafe ', -
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Question § (20 MARKS)
6-A) The following table shows results of a CBR test conducted in ihg iaboratory.
Load

) ] 0T o02 | 112 | 336|683 070 14552, 18.02 | 21.25 { 24.14 26,76
Penetration o "Q. ‘ s : - :
() I 3. 4] 5 | 6 7|8 e

Itis required to:

) Find the CBR value for the above tested soil, o e .
i) Using the ACI-360 chart, find the subgrade réaction modulus for a piate 12-inch in diameter.

i) What is the possible classification of the tested SOil..

. 8B) The RC. slab on grade shown in Figure (4)is 1:50 X 6.0 maters and carries WO Columing, 3.0
- meters center to center. Each column is subjected to:N'="1000 kN ang M =50-kN.m at opposite
d;rectjqns_: The,slab‘t‘higk’r-)es‘s is 1000m and E_c =20 GPa Ihe»_g}__ab;isdivid.ed inte 6 elements: - -

If the slab on grade is constructed on the soil described above in problem (6-A); determine the
contact stress below the slab on _the basis of Winkler assumptions. (Assume the soil is
homogeneous for great depth fo_r K adjustme;n_t)_. e ' : : :

N=1009 kN N-
M= 50 kN.m M

4 15m ) 3.0m ) 1.5m +
Figure @4 -
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Question 1 (35 MARKS)

A) Explain using neat sketches the purposes of tie beams.

B) For the two columns shown in Figure (1), suggest a suitable type of shallow foundation, then give a
complete design of the suggested foundation system (dimensions and reinforcement). Thickness of
plain concrete footing is 25 cm, and the allowable net soil bearing capacity is 12 ton/m?. Draw neat

sketches showing concrete dimensions and reinforcement detail

250 ton
(60 x 60 cm)

B

s in plan and elevation,(scale 1 :50).

400 ton
(50 x 100 cm)

0.50 6:50m Z
~ 7
o
Fiqure (1)
Data :
Materials: Concrete f,, =300 kg/cmz, Steel 40/60, f, = 4000 kg/cm2
=100 kglem®, f; =2200 kglem’, q~=7 kglcm2, qu=10 kglcm?,

Working  stress:
: local bond stress = 12 kg/cm?

Ultimate stress: q., = 9 kg/cm2, qqp,=14.5 kglem2, qp,= 18 kg/cm?2

Cimin. = 3.0, j = 0.74
C, =35, j=078
Cy =40 , =080
C, =485 , j= 0826

Area of different reinforcement steel bars:

®1g: area = 1.13 cmz; d16: area 2.00 cm2;<D18: area
cm®; ®22:area = 3.80 cm?: ®25:area = 4.91 cm’

2.84 cm? ; ®20:area = 3.14

d=C; ( My /(fo.b))* As=M, / f,.d.j
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Question 2 (25 MARKS)

For the shown-combined footing In Figure (2), the columns (55 x bbcm) are spaced by 2.25 m, the

footing width is.2.0m and the thickness is 1.0 m. Draw the bending moment along the footing

longintundal direction using the following methods:

-i) .Ohde method (C, = 1.5, C; = 0.65, C, = 0.35, C3 = 0.25, C4 = 0.18, Cs = 0.13, Cg = 0.09),
 Ec=2100 kNicni?, E; = 80 MN/m?; ' ‘

. iy Winkler method (K =50000 kN/m>); and

iii) . Pseudo-Coupled method.
1 010 KN 1010 KN

4.50 m

Figure (2)

Question 3 (30 MARKS)

A) Evaluate the following statements (right or wrong) and comment on your..evaluation. . {ANY--BREWEF- -
without comments will not be accepted):

Driven piles are the most suitable piling technique in off-shore structure

Bentonite slurry increases the bearing capacity of bored piles in clayey soil.

Pile integrity test is a quick and economic way to determine ultimate pile capacity.

Pile group action increases pile capacity and decreases pile stiffness.

In a pile group under tension loads, the own weight of soil between the piles can govern the
pullout resistance of the pile group.

In a pile group that is connected with a rigid pile cap and subjected to horizontal loads, the
horizontal loads are distributed equally among all piles.

In piled raft foundation, all loads are taken only by piles.

Applying multiple Osterberg cells to conduct the pile load test can lead to adequate estimation
of pile skin friction and end bearing resistance.

O wN -~

o

o N

B) Results of geotechnical investigation at a site showed that the soil profile consists of a layer of very
soft clay followed by very dense sand down to greater depth, as shown in Figure (3). Micro piles with
pile diameter of 0.2 m are used to support the planned structure. Load tests on single pile and pile
group of (4 x 4) piles are conducted to investigate the pile capacity and the pile group action. The
results of the conducted pile load tesls are shown in Figures (4.a & 4.b).

1) If the average working load per pile is 60 kN, determine the pile group action according to the
conducted pile load tests.

2) If the working loads on the 4 x 4 piles are as follows:
* Dead and live loads including the weight of pile cap P = 800 KN;:
= Mx =400 kN.m
= My =100 kN.m
i) Determine the vertical loads taken by piles no. P1, P2 and P3.
ii) Determine the factor of safety for piles no. P1, P2 and P3, if the ultimate pile capacity is 100 kN.

iif) Comment on the results of point (ii).
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Question 4 (25 MARKS)

Figure (5) shows a free-earth support diaphragm wall with a designed safe penetration depth of 8.0.m.
The wall is anchored by a row of grouted tiebacks at a depth of 2.50 m from the ground surface. The
tiebacks are spaced at 2.40 m out-of-plane. Because of site modifications, the dredge fline is to be
lowered by 1.0 m to reach the lower ground water table at level (-8.50). ltis required to:

1. Check the saféty of th'ebremaini_ng penetration depth of the wall after lowering the dredge line.’

2. Check the safety of the diaphragm._wa]l_.crOSSJSectioh -after-lowering the -dredge line, -if the -
bending capacity of the wall cross-section (maximum allowed bending moment) is 700 kN.m/m.

3. Check the safety of tiebacks after lowering - the drédge line, if the pullout capacity of tieback
(maximum allowed pullout force) is 500 KN. : B .

4. Comment on the results of items 1 to 3.

q =20 kPa
A X
250 m
v
N GWT (-3.50)
- 5.0m ™\
/ Tieback . @ 9
ol K Spacing=2.40m
Dredge line \/ (-7.50) J
l A Sand
1.0m Yary = 18 kN/m’
No_Gwr _ _(850 | Yea = 20 KN/m®
¢ =35°
8.0 m

Figure (5) (-1550) v

Question 5 (20 MARKS)

Draw neat sketches to illustrate each of the following:

i) Longitudinal cross section through the Bentonite Slurry (BS) TBM showing its main elements

; ; , al, Tail Grouting).

i) Explain why was an Open Face (OF) TBM used for constructing the large diameter Ahmed
Hamdi tunnel while OF-TBMs with Compressed Air were utilized for constructing the smaller
diameter sewer tunnels under Cairo?

iy Using the Ground and Support Reaction Curves, explain how does the size of the overcut teeth
affect the load carried by the tunnel lining?

iv) Effect of the distance between the centerines of three parallel tunnels on thc shape of
settlement troughs at ground surface.
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Question 6 (20 MARKS)

A) Explain the following using neat sketches:

i) Main zones of earth dam.
ii) Main items of construction monitoring.

B) For the shown earth dam in- Figure (6), itis required to:

i) Draw the flow net and determine the rate of seepage.

ii) Draw the distribution of water pressure along the dam base.

iii) If the foundation of the dam is a layer of soft clay (6.0 m in thxckness) overlymg an
impervious layer. List the main points that should be implemented in the design of

the dam.

— / K=6x10° cm/sec
» ~18kN/m

T / =22kPa, , ¢' = 28°

7 Cu =70 kPa

ST
Inmpervigas layer

Figure (6)

@ BEST WISHES ©
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Question 1 (40 MARKS)

1.1 Explain using neat sketches the purposes of tie beams.
1.2 For the two columns, shown in Figure (1), it is required to:
i.  Suggest a suitable foundation type.

ii. Give a complete design of the foundation (dimensions and reinforcement). Thickness of plain
concrete is only 10 cm. The allowable net bearing capacity is 20 t/m?

iii. Draw neat sketches showing the concrete dimensions and reinforcement details in both pfan and
elevation (using scale 1:50).

Gan = 20 t/m?
2 350 ton' I~ 350 tom - Z .
f_- (70 x 70 cth) I(70 x 70 cm) %

7 - — I 2
—.% ............... __i-_. —_-__.—-—.—.—-i_-__-—_-_.-_.—_.-‘.-%i—_
Z ! ; 2
f ! ! 2
Z 3.20m i 2.40 m ‘LL 2.50 m ‘/j

< > "
Figqure (1)
Data :

Materials: Concrete f., = 300 kg/cm?, Steel 40/60, f,=4000 kg/cm?

Working  stress: =100 kglem?, f, =2200 kglem?  q.=7 kalem?,  qe=10 - kglem?,
local bond stress = 12 kg/cm? ’

Ultimate stress: q., = 9 kg/cm?, depu=14.5 kg/cm?, qbu= 18 kg/cm?

C1 min-= 30, J = 074
C, =35, j=078
Er—=40——f =080
C, =485, j=0826

Area of different reinforcement steel bars:

®12: area = 1.13 cmz; ®16: area = 2.00 cm?: ®18: area = 2.84cm?; ®20: area = 3.14
cm?; ®22:area = 3.80 cm?; ®25: area = 4.91 cm?

d=Cy ( My /(fe.b))* As=M, / f, . d.j
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1.3 For the two columns, shown in Figure (2), suggest a suitable foundation type. Sketch the foundation

concrete dimensions and reinforcement details in plan using suitable scale (1:50 or 1:100). Full
design is not required.

- 90 ton Qan = 30 t/m?
(30 x 50 cm)

120 ton
‘l’ I35 x 60 cm)

.:.(_)-_I.OTn.__._.._._._._._.._'_._./r_...._!__. ..... .

NN
é——
[—]
=
g

£

NN

480 m .

2.1

iii.
iv.

V.

vi.

vii.

2.2

Question 2 (35 MARKS).

Evaluate the following statements (right or wrong) and comment on your evaluation (Any answer
without comments will not be accepted):

Bored piles are the most suitable piling technique in off-shore structure.

@

Bentonite slurry is suitable to be used to stabilize the drilling hole during consfruction of large----

diameter bored piles in sandy soil. .
Pile integrity test is a quick and economic way to determine ultimate pile capacity, -

Pile skin friction is ‘mobilized under relatively small displacements where pile base resistance
needs relatively large displacements to be mobilized.

In a pile group under tension loads, the own weight of soil between the piles can govern the
pullout resistance of the pile group.

In a pile group that is connected with a rigid pile cap and subjected to horizontal load, the
horizontal loads are distributed equally among all piles.

Settlement of pile group under vertical compression load is smaller that the settlement of the
single pile under average load.

Resuilts of geotechnical investigation at a site showed that the soil profile consists of a thick layer of
very dense sand down to 25.0 m followed by rock formations, as shown in Figure (3). A bridge pier
has working load (dead and live loads including the weight of the Superstructure, pier and pile cap) of
36000 KN is to be founded on large diameter bored piles with pile diameter of 1.0 m in the sand
layer. Horizontal forces due to braking and wind loads in both X and Y directions are as follows:
Hx = 1000 KN and Hy= 400 KN. The pile length is 15 m. The foundation depth is just at the ground
water table that lies 1.5 m below ground surface. Nine piles were arranged below the pile cap, as
shown in Figure (3). The following are required:

Calculate the settlement of the pile group, neglecting the applied moments.

I
H-the-selilemn

ment-of the-single—pileunder—= workingtoad-of 4000 KN-15 6 mm.calculate the pile
group action.

Determine the vertical loads taken by piles no. P1, P2 and P3.

Determine the factor of safety of piles no. P1, P2 and P3 using the following data taken from a
pile load test on a nonworking pile:

a) The average ultimate pile skin friction along the pile shaft = 180 kPa
b) The ultimate pile base resistance = 3000 kPa.

Comment on the results of point (iv).
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(12.00)
i < Hy —w=_
Hy-| |
l Qv = 36000 KN
. Hx = 1000 KN
' Hy = 400 KN
=
R |'
_ i 7 \ Bridze Pier
(0.00) . T‘-’ (0.00)
APRERRN 15 TRET
L0, ) l ! | I CL0 6w 7T
Soil Parameters ] ! | ! —
Soil parameter Sand ' i I
E [MN/m?] 100 . ! . Sand
v [ 0.3 L | ]
vly [kN/m?] 20/10 j ' ' ; _
c [kN/m?] 0.0 - l I . [rDeile=t.0
9 [°] - 38 . i Rk i
E = Primary loading stiffness Q. l
~v=Poisson’s-ratio- oo ... — ' | )
¥/ 7 = Total / Effective unit weight of soil l , l
¢” = Cohesion ! ' i
»” = Angle of internal friction (-16.50) ., —U !
T~3 030
(-25.00)

KT TTTRILR

Figure (3)

Dpile=1.0

4 —
1.0 | ?Pi _ _69 _ 1
3.0 , Mx !

| ! Moz Qv s

= bR 4 \- 4
T , P2 {, X
3.0
11‘0 I 1 = 1 - 1 T
| l
1 oi—,;—3.o—»,f—3.o—fl—Ja1 0
Plan
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Question 3 (15 MARKS)

The R.C. combined fboting shown in Figure (4.a) is 1.50 x 6:00 m, and carries two columns 3.00 m center to
center. Each column is subjected to N vertical load. The footing is-divided into 6 elements. The footing
thickness is 100 cm. The expected settlement profile below the footing due to the columns loads is shown in

Figure (4.b). It is required to determine; _
i.  The contact stress under the footing asSuming the soil is. elastic, homogenous, isotropic and semi-

infinite. (Co=1.33, €1=0.52, C,=0.30, C4=0.20, C,=0:16, C4=0.12), E:=2000 kN/cm®,  E.= 20000
kN/m?. . AR R
i.  The Value of N. N I N

Figure
7L ﬁé
1.50 m
Length {m) .
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e ———t e — 0
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Figure (4.b) “settlement profile”

Question 4 (25 MARKS)

4.1 State briefly using neat sketches:

i.  The main zones of earth fill dams.
ii. The laboratory tests and field tests required for controlling the construction of the dam.
iii. ~ The main field instrumentation for main zones of the dam in operation stage (Jsdall i 14) and the
purpose of it.

4.2 For the earth dam shown in Figure (5). it is required to:

i.  Draw the flow net and determine the rate of seepage.
i. Show graphically the pore water pressure distribution over the impervious foundation layer.
iii.  Suggest measures to reduce the rate of scepage through the dam and determine the rate ot
seepage.




AIN SHAMS UNIVERSITY, FACULTY OF ENGINEERING

4™ Year Civil
December, 2012 Time : 3.00 Hrs
Foundation Engineering
The exam consists of six questions in Six pages. Total Marks = 140 5/6
center of toe failure circle center of toe failure circle
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3 — L— § (I G
. horizontal drain
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Figure (5)

_ Question 5 (20 MARKS)
- ..-Draw.neat sketches to-illustrate each of the following:

i.  Development of ground surface settlement along a iongithipgl section during the construction

of aturnet;

ii.”  Comparison between stability of the tunnel face using Open Face TBM with Compressed Air
or Bentonite Slurry (BS) TBM.

iii. Two different types of tunnel lining for soft ground tunnels.
iv.  Effect of lining pressure on the settlement trough of a tunnel constructed in a clayey soil.

- Question 6 (30 MARKS)

6.1 Draw neat sketches to illustrate each of the following:

i. Details of connection between a tieback anchor and a waling beam for tangent pile wall.
ii. Details of connection between an RC roof slab and a diaphragm wall.

6.2 Figure (6) shows a cantilever secant pile wall that is planned to be installed during a project of
widening a water canal section. The secant piles consist of R.C. pile 0.8 m in diameter, plastic
concrete pile 0.6 m in diameter, with an overlap of 0.15 m. Considering the most critical condition of
the water table level on the excavation side, it is required to:

i Estimate the wall safe penetration depth.
ii. Determine the maximum bending moment per each R C. pile.
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q =20 kPa

- Compacted Fill
¥p =20 KN/m®
C'=0, ¢=36°

2.0m

Upper Water Table

GWT

Silty Clay
Ysae = 19 KN/m?
Qun =100 kPa

Lower Water Table v C' =20 kPa, ¢'=20°

Fiqure (6)
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Reasonably assume any missing data.

Question 1

A) Compare between the modulus of subgrade reaction and the elastic modulus of soil.

B) For the two columns shown in Figure (1), suggest a suitable type of shallow foundation, then give a
complete design of the suggested foundation system {dimensions and reinforcement). Thickness of
plain concrete footing is 25 cm, and the allowable net soil bearing capacity is 12 ton/m®. Draw neat
sketches showing concrete dimensions and reinforcement details in plan and elevation, (scale 1 :

50).
280 ton 380 ton
(60 x 60 cm) (40x 120cm)
0.60 m: 6.50 m
—P i >|
Figyure (1)
Data :

Materials: Concrete fq, = 300 kg/cm? |, Steel 40/60 fy = 4000 kg/cm?2

Workigg stress: f=100 kg/em?, f, =2200 kglem?, q.=7 kglem2, 4p=10 kg/cm?,  local bond stress = 12
kg/em h

Ultimate stress: qecu = 9 kg/en2, gepu=14.5 kg/em2, gbu= 18 kg/cm2
Cymin. = 30 ,j = 0.74
C, =35, j=078 d=Cy ( My /(fy.b))?”
i ) As=M, / f,.d.j
C, =40, j=080 ’
Cy =485, j=0828
Area of different reinforcement steel bars:

©12: area = 1.13cm®; ®16: area = 2.00 cm? ; ®18 area = 2.84 cm®; d20: area = 3.14 cm?;
®22:area = 3.80 cm?; ©25: area = 4.91 cm?

1
frie
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Question 2

~

The R.C. strip footing shown in Figure (2) is 2.0 x 6.0 meters and carries two columns 3.0 meters center
to center. Each column is subjecied to: N = 1000 kN and M = 50 kN.m at opposite directions. The
footing is divided into 6 elements. it is required to:

.a) Determine the contact stress below the footing on the basis of Winkler assumptions.
(Keo = 2500 kN/m?®, thickness of footing is 120 cm).

b) Determine the contact stress under the footing, assuming the soil to be elastic,
homogenous, isotropic and semi-infinite. (Co 1.33, C4=0.52, C,=0.30, C3=0.20, C4=0.16,
Cs=0.12), Ec= 2000 kN/cm?, E¢=1200 kN/m?, thickness of footmg is120 cm.

c) Compare between the two solutions and »e,\p!aln the differences.

= 1000 kN N = 1000 kN
M =50 kN.m M =50 kN.m
1
| - 1
/- 1.5m —~ ——3.0m — = 1.5m -~
Figure (2)

Question 3

A) Evaluate the following statements (right or wrong) and comment on your evaluation {Any answer
without comments is not accepted):

1. Bored piles are the most suitable piling technique in city centers beside historical buildings.

2. Bentonite slurry is suitable to be used to stabilize the drilling hole during construction of large

diameter bored piles in sandy soil.

3. Static pile load tests should be perfor'ned at least on 50% of working piles.

4. Mobilization of more than 80% of pile skin friction needs large settlement.

5. In a pile group under tension lcads, the own weight of soil between the piles can govern the
pullout resistance cf the pile group.

6. In a pile group that is connected with a rigid pile cap and subjected to horizontal load, the front
piles have smaller load than the rear piles.

B) Results of geotechnical investigation at a site showed that the scil profile, as shown in Figure (3),
consists of a thick layer of very dense sand down to 20.0 m followed by rock formations. A bridge
pier has working load (dead and live loads including the weight of the pile cap) of 40500 kN is to be
founded on large diameter bored piles with pile’diameter of 1.20 m in the sand layer. The pile length

| is 15 m. The foundation depth is just at the ground water table that lies 2.0 m below ground surface.
| Nine piles were arranged below the pile cap, as shown in Figure (3). The following are required:

1. Calculate the seitlement of the pile group.

2. If the settlement cf the single pile under a working load of 4500 kN is 8 mm, caiculate the pile
group action.
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3. If the applied working loads on the pile cap are as follows:
Q =40500.0 kN
M, = 54000.0 kNm
My =45000.0 kNm

Q: dead loads including the weight of the pile cap, live loads and wind loads

Determine the loads taken by piles No. P1, P2 and P3.

4. Determine the factor of safety of piles No. P1, PZ and P3 under the above mentioned loading
conditions (in item ¢) using following data taken from pile load test on a nonworking pile

The average ultimate pile skin friction along pile shaft =240 kPa
The ultimate pile base resistance = 5000 kPa
‘ +0.00
; k S
2NN PANZNTAN
GW(-2.0) 20m
—
- P3
. Jan) I 1N
P NI NV N
|
E
s P2
£ m /
2 T Ny V1S N g
i_30m | 3om |
9.‘0 m l
Soil Parameters:
f ;
N L Ly Soil parameter Sand
[E  [MN/m7? 120
I— 38m - 30m - v [-] 0.3
vy [kN/m?] 20/10
c [kN/m?) 0.0
SAND 9 (‘] 38
E Primary loading stiffness
(-20.0) 1204 Total / Effective unit weight of soi}
: c’ Cohesion
73 Angle of internal friction
ROCK
Figure (3}

Ed
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Question 4

Draw neat sketches to illustrate each of the follawing:

a) Distribution of stresses around a shallow unlined tunnel constructed through dry elastic soil

having Ko< 1.
b) Comparison between stability of the tunnel face using Bentonite Slurry (BS) TBM or Earth

Pressure Balanced (EPB) TBM.
c) Effect of each of the following on the ground settlement trough above a tunnel:

i.  Depth of the tunnel below ground surface.
ii. Magnitude of pressure acting on the lining.
d) Effect of each of the following on the,average soil pressure acting on a tunnel lining using
ground and support reaction curves:
i. Stiffness of the lining.
ii. Magnitude of pressure acting on the face of EPB-TBM.

Question 5

The zoned earth fili dam, shown in Figure (4), has six zones. Choose the suitable material for each zone
~ from the following list:

Material Size {mm)
SandyClay | =
Rock stone 150 to 300
Sound Sand stone 300 to 450
Grouting —mmmenmneee
Oversize Rock 600 (max size)
Crushed Weathered Sand stone 100 to 200
A, : Max height =80 m

Max. locd con_\mi podlE14210

Summer poo! E1408

Min Pool EI384

S _Cownstream WL 365

A) Redraw the dam cross —section in the answering sheet, showing the following:
i) Choice for each zone in term of geotechnical design of the dam from the listed material.
iy For each zcne, the required instrumentation to check the vaiidity of the dam design.

B) State briefly using neat sketches the Laboratory tests and field tests required for controlling the
construction of the dam.

.

i
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Question 6

A) Compare between the following types of in-situ walls:

» Steel sheet pile wall
*. Soldier pile wall with timber lagging
= Tangent pile wall
= Diaphragm wall
with respect to: -
* Induced Vibration during construction
*  Water Tightness
= Lateral Stiffness

B) Figure (5) shows two sides of excavation [side A and side B], which are planned to be supported
using anchored-free secant pile walls with grouted tiebacks. For the secant piles, the diameter of '
the R.C. pile is 0.8 m and the diameter of the plastic concrete pile is 0.6 m, with an overlap of 0.15

m. It is required to:

1. Determine the relatively more critical side (which is more critical: wall condition on side A or

wall condition on side B?)
2. For the critical side wall:
i) Estimate the safe penetration depth;
ity Calculate the maximum moment per each R.C. pile
..iii) ... Estimate the tension force in each tieback
iv) Determine the-maximum-moment on‘the wate
v) Determine the free length of the tieback :

* Compacted Fill
¥» = 18 KN/m’

C’=0, ¢=35°

Clayey Silt SRS \

b = 17 KN/m® 2.0 m

C’ =15 kPa ¢ = 20°

e v
GWT 30° N

4.0 m

Tieback
Spacing =2.2 m

VW

CWT e XXX

GWT

Spacing =22 m i

Sand Sand
Ysor = 20 KN/m® — Year =20 KN/m®
- =359 =35

.vi)._.Draw._neat sketch showing the connection between the tieback, wale and-thewall.......

Figure (5)

O BESTWISHES &)
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The exam consists of Five Questicns in Four Pages.
Assume any missing data.

Questicn 1

144 Explain briefly, using neat sketches, each of the following:

1. The main principles and applications of floating raft.
2. The main features of modeling a shallow foundation using the Finite Element Method.
3. The limitations of using the plate load test for estimating the coefficient of subgrade reaction.

1-2 Figure (1) shows an isolated R.C. footing supports a rectanguler column (50 x 100 cm). The
column is designed to resist two different cases of loading (Case 1 and Case 2). Each case of
toading incorporates a normal load and a single temporary moment, as follows:

M,
Case N My M, / $ —_
no. (KN) | (KN.m) (XKN.m)
I 3000 380 | e
2 3000 | - — 400 . :
dd - % i ,
£ =V ) -
i 4
. < 2 fI.O m
Figure (1) I
|
v —
4.5m

N
-

It is required to:

1. Calculate and draw the diagram of contact pressure below the footing for each case of
loading.

2. Estimate the minimum factor of safety against bearing capacity failure in_each case of
loading, if the value of the uitimate bearing capacity of the subsoil is 400 kPa.

3. Design the isolated R.C. footing shown in Figure (1) considering only the case of loading
no. 1 (full design is required).

4. Draw the details of the designed footing in both plan and cross sectional elevation using scaie
(1:50).

Data:
« R.C. footing dimensions: {Lrc = 4.5 m ; Brc = 4.0 m}
e tpc =15 cm
o £y =30 Nimm’; f, =360 N/mm?
o Cross sectional area of reinforcing steel bars:

Steel bar Cross sectional Steel bar Cross sectional
diameter area (mmz) diameter area (mmz)
®10 78.5 ®18 2545
12 113.1 ©20 3142
®16 | 201 ©25 490.9
Question 2

Figure (2) shows the subsurface soil profile at a site and the geotechnical parameters of the soil
layers in that site. Groups of driven piles (50 cm in diameter and 15 m long) were proposed tc
support a bridge fouridation in this site. The foundation depth of the pile cap is 3 m below the
ground surface. :

i
CES 451: Foundation Eng; 4™ Year Civil-Structure Eng., Final Exam, January 2010 Page 1 of 4
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aeaary:

i) Calculate the alicwatle pile compression lcad, 2pplying a factor of safety of 3.0.
i) Determine the required ’xumber of piles if the pier load is Q, = 12000 kN.
i) Draw the pile cap with arrangement of the estimated number of piles beneath it
iv) - Calculate the pile group settlement,
v) Calculate the plle group action assuming that the settlement of the single pile, under S
. its working load, is 1% dpf the pile diameter. N
vi) Re-calculate the required number of piles if the column loads are as follows: B
Vertical normal load | Q, = 12000 kN,
Moments | My = 4000 kN.m
vii) Arrange the required number of piles and check the factor of safety of the maximum
loaded pile. i
viit) Check the horizontal fb*::Q distribution among the pile group piles under fcllowing
force combination : | :
Vertical normal load | Q, = 12000 kN, :
Moments M, = 4000 kN.m
Horizontal force ' Hy = 1500 kN

1
H
i

GS=00m Soil Parameters '
30m E Seil parameter Sand ;
- E [MN/m2] 60
v (-1 0.3 i
: /vy [KN/m']  20/10 of
CGWIT=-80m | ¢ [kN/m’] 0.0
e (P' [Q" 35 . ;
| E Soil deformation modulus
15.0 m | v Poisson’s ratio
: . . y/vy  Total / Effective unit weight of soil 3
L c’ Cohesion 1
: 9 Angleofinternal friction
. Figure (2) : “3
. ; E concrete = 30000 MPa . '
For driven piles:’ Z H=L ’
Kuc = 1.0 0,; =P, N, 7 R? + > K, P, (tan ) 27 R AH '
=% H=0 :
Ny =75 :
| )
U p l Gaaoz 4 E
i B2
1.00 -5 ermmmm e s e , 1.00 — - - ----- g
7 ; 0.90 '» ,_.,.:;,/
// | 0.75 4 g,
~ | )
7 Tl
0.50 -+ '( ! 0.50 l
i
| |
ot 0 bt | >
1 2 3 4 5 6 lay /D ! 2 3 an/D

a, : Spacing between piles on longitudinal direction
aq: spacing between piles in transverse direction
Please assume any missing data reasonably

l

i
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Question 3

3-1 Using neat sketches, propose a connection between the following:

i} Secant pile wall and horizontal tie rods.
i) Diaphragm wall and inclined grouted anchors.
iii) Soldier piles with timber lagging and horizontal struts.

3-2 For the cantilever tangent pile wall shown on Figure (3):

i) Calculate the safe penetration depth.

i} Determine the maximum bending moment assuming the pile diameter is 0.8 m.

i) Using neat sketches, without further calculations, discuss the different alternative
statical systems that can be used to optimize the wall design if “h” was increased to 8 m.

Yary = 1.0 im® h=5m
Ysar = 2.0 Um®

¢ = 30 degrees

GL & GWT v CGWT
EEEEs e ssH| =
d=7?
Figure (3) v
Question 4

4-1 For the earth dam shown in Figure(4), it is required to:

CES 451:

iy Draw the flow net and determine the rate of seepage.

i) Show graphically the pore water pressure distribution over the impervious
foundation layer.

i) Determine the factor of safety against sliding assuming that c, = 0.8 ¢ and

5= 0.75 ¢
center of toe fajlure circle center of toe failure circle
- I K =7x 10™ mm/sec ]
y =18 kN/m* :

' ’ ©=28°,

i ¢ =20 kPa, ¢, = 60 kPa

37

| |

i e |

- max reservoir level | o i

L e \ ‘

' . . i
St ) i ; \ ! 23
min reserveir level [ ~ : ;

. ~

T = = \
B
'

. o horizonta! drain
Impervious Foundation l i

l_.. S 8 ! 46 T

Figure (4)
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4-2 The zoned earth fill dam shown in Figure {5} hes six zores. Thoose the suitable malerial fcreach
zone from the following list:

Material Size {(mm)

Sandy Clay —_—

Rock stone 150 to 300

Sound Sand stone 300 to 450

Grouting e

Oversize Rock 600 (max size)
Crushed Weathered Sand stone 100 to 200

ctm,  ppasy Max height = 80 m

Max. flood controt poot E1421.0

Summer poct E1403

Min Pool EL364

Trarsition Zone k

Figure {5)
Redraw the dam cross —section in the answer sheet, showing the following:
i) Choice for each zone in term of geotechnical design of the dam from the listed material.
i) For each zone, the required instrumentation to check the validity of the dam design.

. Question 5
5.1Draw neat sketchies to illustrate each of the foltowing: :
i) Stability of tunrel face when using bentonite slurry TBM of Cairo Metro tuhnels.
i) Details of the Tail seal of a bentonite slurry TBM and its role on reduction of ground loss in
Cairo Tunnels.
iil Use Ground Reaction Curves of the Ancient Egyptian tunnels in Luxcr and of Cairo Metro
tunnels.

5.2 Sketch the combined settiement trough above two parallel tunnels for the following Cases:
i) The two tunnels have the same diameter and depth below ground surface with jarge distance
between their centerlines.
i) The two tunnels have the same diameter and depth below ground surface with smail distance
between their centerlines.
iiy The two tunnels have different diameters and the same depth below ground surface with smaill
distance between their centerlines.

BEST WISHES

o
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