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The examination consists of 3 questions in 10 pages.
Make a reasonable assumption of any missing data.
All sketches should be neatly drawn and properly dimensioned

Question 1

a) Compare between the clastic modulus and cocthicient of subgrade reaction, and discuss the
relation between them.
b) Design a reinforced concrete isofated footing fora & € column 120 ¢ i diameter. The column
is carrying a net working load 900 ton. The net beaning capactty ol supporting soil is 9.0 t/m .
Data :
Materials: Concrete fo, - 300 kg/om . Steel 10/60 [ 4000 kefem
Working stress: £,:100 kg/en®, £, 2200 kg/cwm’. q, /hedem g, 10 kgfem ',
' local bond stress 12 ke/em’
Ultimate stress: Qe+ 9 kg/em'. Qe PLS Kp/em . 18 hedom'
Cloin. = 3.0, 5 5 0.74
Cl =35, 3+078
Cl = 4.0 , j: 080
Ct =485 , j=0.8206 -~
Area of different reinforcement steel bars:
O12: area - 1.13 cm. 16 wea 200 em. I8 arca 284 em’
$20: area - 3.14 cm’, d22: area 180 ¢’ h25: arca 491 em’

. d Oy (M /(L
As My /1. d g
¢) For the two columns shown in liigure 1. suggest o suitable type ol shallow foundation.
Sketch the concrete dimensions and reinforcement delails.
( Arca of foundation must be drown with suitable scale 1050 or 13 100). g 30.0 Um’

80t 1101

(40 x 40) (45 X 45)

/
S
P .
/] . e ._\___.-.‘,__w___Jru )
’ |
0.40 m 390 m
|

Figure (1)

Question 2

a) Evaluate the following statements (right or wrong) and comment on your evaluation (Any answer
without comments is not accepted):
i.  Driven piles are suitable piling technique in city centers beside historical buildings.
ii.  In CFA piles, the concrete should have stump smaller than 20 cm.

®
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L N SR AR
. Bentonite slurry s suitable to stabilize the drilling hole during construction of large diameter

bored piles in sandy soil.
iv.  Pile load tests (static and/or dynamic) should be performed af least on 30% of working piles.
v.  Pile skin friction is fully mobilized at small settlement.

b) Figure 2 shows the subsurface soil profile at a site and the geotechnical paramcters ol the soil layers in
that site. A tower crane s 10 be constructed in this site. The foandation is a square footing Sm x Sm x
1.5m. The vertical load of the cranc s 250 kKN, The {ooting weight reaches 937.5 kN The crane can
rotate i any direction around ts vertical axe. The maximum weight to be transported by the crane is
100 kN. The maximum lifting distance is 30.0 m.

The crane footing is founded on 4.0 driven concrete prles with pile dianseter 0.5 m.

i.  Calculate the pile loads in case the crane is on x axis.
ii.  Determine the pile length applying a factor of safety of 3.0,
For driven piles:
Kue 1.0 , L .
5 %o - O PON TR K P (tand) 2 R Al
Ngq =75 . oo

2
N
Lo

, 100 KN S ]

p AL
o I
If:,&i:: :}:i:ﬁxl?;H KN 16250 KN 10.00) 1 | | i

| . ¥ AT A P
| . 150) - o

Sand
/Y @010 ENSng?
o Q.0

G - U ~pile diamcta - 0.5m

~- 300m -

Figare (2) -

Question 3

A reinforced concrete footmg (9.0 m long X 1.20 m wide X 1.20 m thick) is carrying a masonary wall. Use
ohde equation, Lo determine the required masonary wall load (KN/mv) equivalent o uniform settlement 8
cm beneath the {ooting. '
[nput Data:

Modulus of clasticity of clay 20 MN/m’.
Modulus of elasticity of R.C. 21000 kN/cm'.
The footing should be divided into six clements.

(.‘-(] . ‘ ()U
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Question 1 2 3 4 Total Name: .

Mark Section:

Initials B BN: .

The examination consists of 4 questions in 12 pages.
Make a reasonable assumption of any missing data.
All sketches should be neatly drawn and properly dimensioned.

Question 1

A square R.C. isolated footing is proposéd to support a square column of a composite
section (as shown in figure 1). The column carries an axial compression load of 2000 KN.
The concrete dimensions of the column cross section are 0.4 x 0.4 m. The proposed
dimensions of the R.C. footing are 2.5 x 2.5 m, and its thickness is 0.5 m as estimated from
a preliminary design. It is required to check the safety of the proposed footing thickness
only for punching shear. If the given footing thickness is unsafe, estimate the footing
thickness that will be safe in punching shear (no more calculations or checks are required).
}

- . N h\
e Column dimensions: 0.4 x 0.4 m (. 0:4
¢ R.C. footing thickness: 0.5 m <> "
o fou= 30 N/mm’ . H ~.
v -1 1 "R.C. footing
«~
i ™~
[~
I! HEB-200
N +
P 25 m S
Figure (1)




CES 451: Foundation Eng. , 4™ Year Civil-Struct. Eng., Mid-term Exam, November 2010, Page 3

Question 2

Two isolated square footings (F, and F,) are founded on a thick layer of quite
homogenous silty sand followed by a rock deposit (as shown in figure 2). The
thickness of the silty sand layer is 13.0 m from the ground surface. The foundation
depth of the two footings is 2.0 m. The average value of the compression modulus of
the silty sand is 20 MPa. It 1s required to:

i) Calculate the average contact pressure below each footing.

i) Calculate the average settlement below each footing (the compressibie silty
sand can be divided into two layers).

ii) Estimate a reasonable value for the coefficient of subgrade reaction below each
footing.

iv) Estimate the differential settlement between the two footings.

v) If the allowable foundation settlement is 30 mm and the allowable differential
settlement 1s 1:500, check on the satisfaction of both the settlement and the
differential settlement of (F, and F,) with respect tc the given permissibie .

limits.
P, =600 KN P, = 1350 KN
B $=50m N
ol o 000
~>¢<«cﬁ - SRRRRRREY et
I-Fl 2x2m) S F;{3x3m) (-2.00)
Silty Sand
Fave =20 MPa
-13.00)
I . T 7

Figure (2)
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Question 3

It is decided to design the R.C. combined footing shown in Figure 3 comsidering soil

elasticity. The footing is 1.5 X 5.4 m and carries two columns 2.70 m center to center.

Each column is subjected to: N=1000 kN, M=50 kN.m. Tihe footing is 100 cm in thickness

and can be divided into 6 elements. |

The following is required:

i- Determine the contact stress under the footing using Winkler assumption ( Ks,= 2000
kN/m?).

ii- Determine the contact stress under the footing assuming the soil is elastic,
h_omogeneous, isotropic and semi-infinite. Use {C, =1.33, C; =0.52, C,=0.3, C; =0.2,
C4=0.16, Cs =0.12), Ec=2000 kN/cm® and Es = 1000 kN/m".

ii- Compare between the two solutions and explain the difference.
E

= 1000 kN N= 1000 kN

= 50 kNm M =50 kNm
l H\\
AT .
Figure 3
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Question 4

a- Advice the most suitable pile for following conditions:
1- Offshore platform with water depth of 20 m
2- Foundation of an extension building of a hospital where the 501l consists of 15 m
sandy silt followed by very dense sand and the ground water tabie iies 2.0 below
ground surface
3- Foundation of a road bridge where the subsoil consists of dense sand and the
ground water table lies just at ground surface

b- Comment on static pile load test using anchors or Osterberg cell as a reaction
system.

c- Results of geotechnical investigation at a site showed that the soil profile (see figure
4) consists of a thick layer of medium to dense sand down to 15.0 m followed by
rock formations. A column with working load (dead and live loads) of 5000 kN is to
be founded on driven piles with pile diameter 0.5 m in the sand layer. The pile
length is 10 m below foundation level. The foundation depth is just at the ground
water table that lies 1.0 m below ground surface. Calculaie the bearing capacity of
the single pile under compression and under tension loads.

Soil Parameters

Soil parameter | Sand : !ﬁ | oo

E _[MN/m’| |50 aagd | [T
v [] 03 AT
7y |20m0 ' [
[kN/m’] IR
¢ [kN/m’] |00 ‘ i
o [l 33 I
E Primary loading stiffness | I
1% Unloading/reloading Poisson’s ratio ! : f
¥/ ¥ Total / Effective unit weight of soil | I !
c’ Cohesion _ do _U
@ Angle of internal friction _ T HJ !
|Lom ) 15m ]

Pile diameter D =0.5 m
Pile lengthL = 10 m
E concrere = 30000 MPa

For driven piles:

Kyc=1.0 ROCK
I;”T; 0.7 section

=74 Q - L
Nq = 60 Figure (4)

H=1
0, =P, N . 7R*+ Y K P (tan5)2 7 R AH
H=0
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General remarks:
« The exam consists of 5 questions in 4 pages
e Answer all questions
e Assume any missing data reasonably

Question 1

a) llustrate each of the following using neat sketches:
i. The different types of shallow foundations
ii. The main functions of the plain concrete footing in the shallow foundations construction and
design :
iii. The suitable conditions for the use of raft foundation
iv. The main factors affecting the rigidity of shallow foundation

b) It is required to design a shallow foundation to support a circular column. The diameter of the
circular column is 0.9 m, and it carries an axial compression load of 4500 KN. The suggested
thickness of the plain concrete footing is 40 cm. The allowable net bearing capacity of the subsoil is
200 kPa. Draw details for the designed foundation in both plan and cross sectional elevation using
scale 1:50.
Design Data:

* fou = 30 N/mm® ; £ = 360 N/mm’

« Cross sectional area of reinforcing steel bars:

Steel bar  Cross sectional Steel bar Cross sectional

diameter area (mmz) diameter area (mm?)
@10 78.5 18 254.5
12 113.1 @20 314.2
dl6 201 D25 490.9

i
|

| Question 2

Evpluate the following statements (right or wrong) and comment on your evaluation (Any answer

without comments is not accepted):
d) Driven piles are not suitable piling technique in city centers beside historical buildings.
b) In CFA piles, the concrete should have slump larger than 20 cm.

c) Bentonite slurry is used to stabilize the drilling hole during construction of large diameter

. bored piles in sandy soil and has no negative effect on its shaft capacity.
d) Pile load tests (static and/or dynamic) should be performed at least on 50% of working piles.
e) Pile skin friction is fully mobilized at small settlement. °

f) The settlement of pile group undgr vertical compression loads is smaller than the settlement of

* the same single pile under the same average load of the pile group
g) The settlement of pile group depends on the number of the piles.

h) In a pile group that is connected with a rigid pile cap and subjected to horizontal load, the front

. piles carry higher loads than the rear piles.

Page 1/4
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Question 3

Results of geotechnical investigation at a site showed that the soil profile, as shown in Figure 2,
consists of a thick layer of medium to dense sand down to 15.0 m followed by rock formations. A
column with working load (dead and live loads) of 5000 kN is to be founded on driven piles with
pile diameter 0.55 m in the sand layer. The pile length is 9 m. The foundation depth is just at the
ground water table that lies 1.0 m below ground surface. Nine piles were arranged below the pile
cap as shown in the Figure xx. The following is required:

a) Calculate the settlement of the pile group.

b) If the settlement of the single pile under working loads is 3 mm, calculate the pile group
action.

c) [f the applied working loads on the pile cap arc as follows:
Q =3200 kN
Mx  =2500 kNm
My = 1400 kNm
Determine the loads taken by piles No. P1, P2 and P3.

d) Determine the factor of safety of piles No. P1, P2 and P3 under the above mentioned loading
condition. Comment on the results.

Soil Parameters

4 sem Soil parameter Sand
cwigd ] I E [MN/m?}| 40
! v -] 0.3
1L 1y KN 20710
ol ¢ [kKN/m?] 0.0
I 9 ] 33
g I | E- °  Primary loading stiffness
i | | v Unloadingreloading Poi;son’s rat-io
- : v’y Total / Effective unit weight of soil
R ¢’ Cohesion
A @ Angle of internal friction
SAND Pile diameter D =0.55 m
(15,00 Pile length L =9m
E concrere = 30000 MPa
ROCHK

For driven piles:
KHC =1.0
0=Yq

R R L

5’; ' H=1
& _¢_$2 # | Oy =P, N 7 R+ ZK”C P (tand)2 7R AH
‘e M Ho

= 1
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Question 4

a) Choose the suitable sign (\) or (x) for the shown statements and illustrate the reason for each
one. (Use sketches if required): If you do not illustrate the reason, the answer will not be accepted:

I. The secant pile wall is used to support excavation and to prevent water leakage to inside the
excavation area. )

2. For the same conditions and dimensions, the safe depth of the fixed earth support wall is
greater than that of the free earth support wall. o

3. For the same conditions and dimensions, the acting earth pressure above the dredge line on
the fixed earth support wall is the same as that acting above the dredge on the free earth
support wall. .

b) For the shown cantilever pile wall, determine the safe penetration depth.

'y
Variable W
(3.0-4.5m)
G.W.T.
6.0lm
+ G.W.T. Sand

e @=30

ypun\- =1.7 t/m3
o= 1.8 Vm’

Queétibn 5

Choose the correct answer from the given varieties to set a suitable form for each of the following
statéments:

|
(1) Earth embankment can be used in ground improvement through the technique

of......
. (i) deep compaction (ii) preloading
1 (iii) soil replacement (iv) grouting
(2) The stability of the earth embankment side slopes is affected by the shear strength
 characteristics of......... ¢
(i) the embankment material only (ii) the foundation soil only
(iii)  both the embankment material (iv) non of the above

¢ and the foundation soil

(3) By compacting a soil sample, the sample volume is decreased due to the decrease in
the volume of voids by ejecting .......
~ (i) air (i1) water
- (iii) both air and water (iv) solids

Page 3/4



(4) After compaction, the soil saturation degree........
(i) decreases (it) increases
(iii) sometimes decreases and (iv) remains constant
sometimes increases

(5> After compaction, the soil permeability........
(1) decreases (ii) increases
(ii1) . sometimes decreases and (iv) remains constant
sometimes increases

(6) The maximum dry density of a compacted soil corresponds to.......
(1) a maximum void ratio (i) aminimum void ratio
(iii) a maximum water content (iv) aminimum water content

. (7) Ifarelative density of 80% is corresponding to a relative compaction of 95%, then
for a required relative density of 85% the relative compaction will be........

i)y 95% (i) lessthan 95%
(iii) greater than 95% (iv) properly less than 95% or greater than
95%

soil......

(i) decreases (ii) increases

(it1) sometimes decreases and (iv) remains constant
sometimes increascs
9) The earth embankment can be used as an earth dam, in such a case the embankment
soil material shali be.......
(i) sand (i1} gravel
(i)  mix of sand and gravel (iv) clay

(10)  For a railway earth embankment, the most suitable type of soil to be used in the
embankment construction is.........
(1) sand (ii) gravel
; (iii)  mixture of sand and gravel (iv) clay

h 1) [f an earth embankment is to be constructed using coarse-grained granular soil, then
' the embankment soil shall be.......... N
(i)  organic and well graded (i) inorganic and poorly graded
(iit)  organic and poorly graded (iv) inorganic and well graded
(12)  [f an carth embankment of coarse-grained grapular soil is constructed on a deep
deposit of sand, then the embankment settlement will be.....

(1)  short-term settlement (i) long-term settlement
(iiiy  consolidation scttlement (iv) both short and long term scttlement
[ 4
T
Best Wishes
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General remarks:
¢ The exam consists of 5 questions in 3 pages
e Answer all questions
. Assume any missing data reasonably

Question (1')

A} Design an isolated footing to carry a column load 2500 KN. The column dimensions are 0.90 x
0.40 m. Draw sectional elevation and plan with scale 1: 50. (f;, = 25 N/mm?, f, = 360 N/mmz).
Thickness of P.C. is 30 cm, and qu = 150 KN/m”.

B) Choose the suitable sign (¥) or (x) for the shown statements and illustrate the reason for each
one. (Use sketches if required): 1f you do not illustrate the reason, the answer will not be accepted

1. Ground beams can resist the effect of differential settlement between footings. .

2. The footing carrying-vertical load and temporary moment has greater dimensions than that
carrying vertical load only. '

3. "Steel stirrups are not used in the combined {ooting.

4. No need to check punching shear for strap beam footing,.

Question (2)
A) Compare between using grouted tie backs and deadman as supports for wall.

B) For the shown anchored free earth supported steel sheet pile wall, calculate the safe
embedment depth and the force in the tie back if it is spaced 2.5 m horizontally
(C'=8 kN/m?, ¢ =22°. '

18 kN/m?
_ E}_L&J_W
1.5
e L)
4.5m Silty Clay
v =19.5 kN/m?
S/
Pag_e 1



Question (3)

Q= 16000 kN
.y +00 -
v-15 .
— Soil Parameters
Soil parameter Sand Silty Sand  Very dense sand
Sand E  [MNm?] 60 20 100
For Driven pile: v o3 03 03
ke = 0.8 17y kNim'] 18/8 19/10 20/11
5 =-2/1 ® ¢ [kNm) 0.0 5.0 0.0
Ng= 75 @ [° 35 0 37.5 _
E Deformation modulus of soil (Young's Moduhis)
v Poisson’s ratio
14Y° Total / Effective unit weight of soil °
c Cohesion
P’ Angle of intermal friction
v -13.0 : - 2 M50
L le = Pn N“K R+ Y. KH‘pnm 5.2 R AH
H-O
Silty sand
v 190

Very dense sand
Figurc: Soil profile and geotechnical parameters

Results of geotechnical investigation at a site showed that the soil profife (see attached figure)
consists of a thick layer of sand down to 13 m followed by a layer of silty sand with depth of 6m. A
very dense sand layer was found up to 19 m below ground surface. A column with working load
(dead and live loads) of 16000 kN is to be founded on driven piles with pile diameter 0.6 m in the
upper sand layer. The pile tip should be on - 11.5. It is required to:

I- Determine the allowable pile load considering a factor of safety (F.S. = 3.0) using the
static equation. ' .

2- Determine the required number of piles and draw a sketch showing the distribution of
the piles beneath the pile cap

3- Calculate the settlement of the pile group assuming that the settlement is controlled
only by the silty sand layer.

4- If the scttlement of the single pile under working loads 1s 5 mm; calculate the pile
group action

@



Question (4)

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

l.
2.

i DN

Driven piles are the most suitable piling technique in city centers beside historical buildings.
Bentonite slurry is used to stabilize the drilling hole during construction of large diameter
bored piles in sandy soil.

Pile skin friction is fully mobilized at small settlement

The structural loads are carried completely by the piles of a piled raft foundation.

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

Question (5)

What are the main problems to be considered in the design of earth embankment?
Explain bricfly the design criteria for earth embankment. '

- Using neat sketches, discuss the process of surface and deep compaction in soil

improvement.
What is meant by preloading? And what are the different techniques used to accelerate it.

Page 3
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General remarks:
o The exam consists of 4 questions in 3 pages
e - Answer all questions
e Assume any missing data reasonably

Question 1

Design an isolated footing to carry a column load 300 t. The column dimensions are
1.0 x 0.3 m. Draw sectional elevation and plan with scale 1: 50.

(foa = 25 N/mm’, £, = 360 N/mm”).
Thickness of P.C. is 25cm, and gy = 150 KN/m*.

Question 2

A) Describe the following using neat sketches whenever it is required:
I- The types of anchorage systems.

2- Analysis of braced excavations. 15 kN/m’
L2 20 20 ! % )
1.5m
B) For the shown anchored free earth v 30°
support tangent pile wall, determine 1.5 B ~
the safe penetration depth and y=17 kN/m
the maximum bending moment T Yot = 18 KN/ .
on the wall. 3.0m sat O =31°
C =20 kN/m’
S/
Figure (1)

Question 3

Describe the following using neat sketches whenever it is required:
[

a), The required checks for the analysis of earth embankments.

b) The possible ways to increase the safety of earth embankments.

¢) The methods to improve the soil below the embankments.

d) The factors governing the choice of suitable soil type for the construction of an
earth embankment

1/3




Question 4

a) Explain briefly using nest sketches each of the following;

b)

N N

Classification of piles with respect to piling technology and soil-pile-interaction.
How can the piling technology affect the pile capacity? : '
_Special consideration must be followed when driving piles through cohesive soil.
Factors controlling the choice of pile installation procedure.

Effect of shallow soft clays on the capacity of piles subjected to tension loading.
Determination of the pile capacity using field testing procedures.

Figure (2) shows the subsurface soil profile and résults of laboratory tests for a given site.
Groups of bored piles (50cm in diameter and 10m long) were proposed for this site. These
piles to be constructed after excavation of the site to a depth of 2.5m below ground surface
which is considered the bottom level of the pile cap. The ground water table is at -2.5m
below ground level. Calculate; )

- 1. The maximum allowable load per pile.

2. Discuss the effect of increasing the pile length to 20m on the pile capacity.

; F
2.5m G.W.T.
s
6m . 3 )
Silty clay: v, = 18 KN/m”, C=20 kN/m*, ¢ =0
3m Silty sand: y, = 19 kN/m’®, C=0, ¢ = 15

Sand & gravel: y, = 21 KN/m*, C=0, ¢ =35

Figure (2)




c) A group of piles (5x6 piles) having a diameter of 0.45m and spaced at 1.35m are
driven to a depth of 18m below the ground surface. The soil formation at the site is
illustrated in Fig. (3). If the maximum allowable settlement of the group is 2.5cm.
Determine the maximum allowable compression and tension capacity of the group

(KHCZ 1 .0, KHT:O6)

Level| -2 | 4| 6| -8 |-10|-12|-14{-16 |-18|-20 | -22 | -24 | -26 | -28 | -30 | -32
N {343 |8 [18]38 8 9 |11 -1 412112 113113140 1|48 | 50
GS (0.00)
] GWT (-2.00m)
Soft Clay - e
y=1.8 t/m’ ca=c,=2 t/m’ 3
| 1 (-6.00m)
Clayey silty SAND
v=1.85 m® ¢=26 c¢'=3 m’
ca/c=0.33 (-9.00m)
\gs=6 t/m*
Medium stiff to v;ary stiff 3
CLAY v=1.85t/m" ¢'=0 '
Ca/c=0.4 18.00m)
(-27.00m) w=27.6 t/m’

y=1.85 t/m> ¢'=36 Ng=75 Dense SAND

Figure (3)

Best Wishes
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! - Example 1 (Midterm 2011 structure — question 2-a):-

i- v
| Sl g W“QSLA“Y‘ * driven piles ! alasiuly e Y -

Aol e figh 8 G, al ) yial Gagand (sa Gall dlee Y A YN

i .BJJB.A.“ R IRAN |
! ii- v
l Al Al Gua dey pobudll aas J )

1ii- X
| dala )l 4yl dlls A jiall il gn aiud bentonite slurry AV axdios -
| il ga Ao Mud cake 3V (5S3 1,k skin friction 3 (e iy 43Sl
l 5 sl
i 1v- X
| B3 200 IS Lt Jases Pile load test Jeeaill U1 £ jal & -
H Aaly Jlasl ge Gl LAY ae Jiy Y g a8 5l
| N

V_
|
i - The skin friction needs a small pile settlement to be fully
I mobilized as in case of large diameter bored piles:-
I - A; = 5-10 mm or 1% of pile diameter.
i - A; = 5% of pile diameter.
I p Total load
1

' End bearing
/i Skin friction
—
B

N




¢ . . 1287.5 kN
- Example 2 (Midterm 2011 structure — question 2-b):-

i Pile loads:- A B
-N=250+100+937.5 =1287.5 kN ks T
-M, =100x30=3000 kN.m Sand
_ sz —4x152=9 m> va_\-gzo/lo kN/m’ q .

- oD
ZX (N -
-Q, :1287’5+3000x1.5:821.875kN (B
4 9 1
7.
-Q2:128 5—300><1.5:—178.1251<N q_r B A
0 llo
b
ii- Pile length:- \ | i |
- For pile No. 1 (max. compression):- ** 4+'P . {E}P' -
: | 1287.5kN |
L1 | 3000 kN.m
- Qi =Q, +Q, 20 | g -
| | | 1
- d2 ' - (':‘)P2 (':\)Pl
-Qy=q Ny (——) =R R
-q:l.5><20+L><20:15+2OL kN/m’ 10 10 1o
5 ¥ 50 ¥ i
=Q, =(15+20 L)x 75x (K%)._s)_j * !
= Q, =294.52 L +220.89
- Q, = (Kyc-0, - tan 8)(7-d-£)
-0,=1.5%x20 +-121>< 20=15+10L
- 5:ix¢:zx35 =26.25°
4 4
= Q, =(1x(15+10 L) tan 26.25")(7x 0.5x L) °
=Q, =11.62L+7.75 1 '
N 2 -




-

-Q, =294.52L+220.89+11.62 L +7.75 1’
=Q,, =7.7517 +306.14 L +220.89

. Q, 7.75L*+306.14 L+ 220.89
Qu=F0s " 3

—Q,, =258 >+102.05 L +73.63

2.58 12 +102.05 L + 73.63 =821.88

25812 +102.051 ~748.25=0
=L, =6.32m (1)

- Check on pile capacity as a structural element:-

7 (500)%

Qu=A, xf, = x 45=883.6 KN >821.88 kN OK.

- For pile No. 2 (max. tension):-

J R AN AN A AN SO S A A A D AN A A A— S S A M— D R, N -

-T, =Q,=11.62L+7.7517
-Q, =Ky -0, -tan 0)(7-d-{)
- assume K, =0.7

= Q, =(0.7x(15+10 L) tan 26.25 (7 x0.5x L)
—Q, =813L+5.4217 -

1 T
| -T, =—%_tow.
| F.O.S.
8. : ? -(0.5)°
ST, = 13L25 42 L +25X(n (0.5) )L
J =T, =1811"+7.62L =178.125
r —L,=804m )
- From (1) and (2)
zLPile :Lmax :804 m ¢
'S
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- Exampl_e 3 (Midterm 2010 structure — question 4-¢):-

7 5000 kN
- Pile capacity in compression:-

- Q. =Q,+Q,
-Q,=q- N, (“d>

-q:1><20+10><10:120kN/m2
2
::>Qb:120x60><[£x—(§é)—j

= Q, =1413.7 kN
-Q.=(K,. -0, -tan 5)(7r -d-L)

-0, =1x20 +5x10 = 70 kN/m?
3.3 : poHb
-8 ="xp="x33=2475 |
47" 4

<
~
4
9

1.0}

o
=

c
1‘

©

7 7 T T 7 7 Tz T 7

' 1Qb Sand

/yN=20/10 kN/m® 5.0
= Q, =(1x70x tan 24.75")(z x 0.5x10) S

0 =133°
= Q. =506.9 kN
-Q,, =1413.7+506.9 =1920.6 kN Rock

Q19206
i F.OS.

=640.2 kN

- Check on pile capacity as a structural element:-

7 (500)?

Qu=A,xf, = x 4.5=883.6 KN >640.2 kN O.K.

- Pile capacity 1n tension:-
- Tult = Qs
-Q,=(Kyy-o,-tan 0)(7-d-L)
= Q, =(0.7x70x tan 24.75")(x x0.5x10) = 254.8 kN

T e Ta gy 2258 s (e 0S)
F.O.S. 3

)x10 =134 kN

B YT S——
4
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- Example 4 (June 2011 civil — question 2):-

a- \
Shall lga 5f 4Sull (SLYY 8 driven piles ) aladiuly e Y -
A e 55 a8 a3 Gl el Sigaad (a5 Ball Adee 0 A9 5
B staal) ciliaa
b-

Adee Jagutd A gl Mo Ao il o8 ()55 0 omg CFA 1 Alls 3
Al Al G day eobudll aaa J1 3

C-X

ala )l 4 A Al 8 jasl) L_u‘}:. 2l hentonite slurry I padieg -
il ea Ao Mud cake 3 oS3l 10 skin friction 3 (e Jlay 4Kl
5 sl
d- x

Gu0a 200 JY UL Jaee Pile load test Jaesilh sl o) o 24 -
Aaly sl pe Gl laalh axe Ju Y 48 sell

e~V

- The skin friction needs a small pile settlement to be fully
mobilized as in case of large diameter bored piles:-

- Ay = 5-10 mm or 1% of pile diameter.

- Ay = 5% of pile diameter.

P ~ Total load
‘ ,
]
End bearing :
/ Skin friction
i ! A
A, A,

]

A |
5
;-_..,,,}V ‘
: .




T ST Ll (3 ) pAl Ac gane Laga -
/' e \ u‘Y gl @oolalt s (e
/,," VRN A dihie g Goolsal de sens
T ’ 2l sl gl e ]
i
| \i

iy
\

Stressed zone
of single piles

e e iy Bl Al e gane o gun -
|
26>

Gl gl

0=
|
A

h- x

4adY) Jlaa¥) ¢ 58 il JlaaY dm el (331 Al de gasae Al 3 -

STl s 4alall Gogtiall (8 503 Al Jaa Cumy 393 eall e
e Al 3 al Jeat WS kY Gaall 8 Gyl Al
Agdaiall 3 50 Al e 5T Jea il i
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I - Example 5 (June 2011 civil — question 3):-

, 5000 kN
a- Settlement of pile group:- | j l ‘
[ ¥ 1o
GW.T |
-Ao = 5000 =136.6 kN/m* -
6.05
-S, :%-AO'-H Sand °0
1
=S = x136.6x500=1.71 cm
£ 40x10° )Ll
42 (3.55x3.55) 2[9
b- Group action:- Er~Bn A 5.0
| (6.05 x 6.05) '
S
-G, === L7 54 7 I
| So 3 | Rock

¢- Loads taken by piles:-
X X. +

v M.
Q +ZX ' Zyz

I - Where:- | |

- Y xP =)y =6x1.5"=13.5m’

3200 1400 2500

e
L
@-%P-——%

—> U = + X X. + X V. _
Qn 9 13.5 1 135 Y $2500kN.
3200 1400 2500
-Q, = - x1.5~- x1.5=-77.8 kN 71 L 3!
9 13.5 13.5 P —-PH-—P—
15 I 13200 kN
| -Q, = 3200 _ 3556 kN | ol Ha—d—g s
I R | S,
320 400 500 e N
| -Q, = 0, 1400 15,2500 1 5_7880kN J P—O -
| ‘ 9 13.5 13.5 . 5 | 15
: 4.2 .
I - Loads capacity of single pile:-
= 1- For driven pile under compression:- .
- Qult - Qb +Qs
E
| o
; 7




-Q,=(K -0, tand) (7-d- 1)
-0, =1x20+4.5x10 =65 kN/m’

-

-0 = -3-x¢—_--3-x33=24.75°
4 4

= Q, =(1x65 tan24.75") (7x0.55x9) = 466 kN

r.d?
Q,=q-N,( 1 )

-q=1x20+9x10=110 kN/m’
2
lt_x__@is)_):1568kN

= Q,, =466+1568 =2034 kKN

= Q, =110%60x(

2- For driven pile under tension:-

- T, =Q, =466 kN

- Check on pile capacity as a structural element:-

= 2222 % 45=1069 kN
= Q,, =1069x3 =3207kN > 2034 kN

d- Factor of safety for each pile:-

1- For pile P1:-

7 (0.55)?

- 0.W.=25x x9=53.5kN

T, +ow. 466+53.5

= F.0.8.= =6.7>3>
T,.. 77.8
2- For pile P2:-
-F.OS= Qu = 2034 =5.72 >3 = Safe
ot 355.6 =
3- For pile P3:-
2034
-F.OS= Qu = : =2.58 <3 = Unsafe
788.9 _

act

4

Safe




X4

16000 kN

- Example 6 (May 2010 civil — question 3):-

1- Capacity of single pile:- v

N A A4 (
L | "
- Qun - Qb + Qs A T
Q= (K, -0, tan &) (7-d-0) il
-K,c =0.8 (given) A b 1§05
1
-0, =6.5x18=117 kN/m’ i 100
2 [l
5=2xp=2x35-233% |l
3 3 1
= Q, =(0.8x117xtan 23.33°) (zx0.6x10) | QN_EMMWQ
= Q, =760.9 kN Ao, 38x60m s
g2 ° , Silty Sand J \ 45
-Q,=qN, .("4“ ) i
Ac
- q=11.5x18=207 kN/m’ B0
- N, =75 (given) L
6 2 Very dense Sand
= Q, =207%75x (1‘1-(-2—1-) =4389.6 kN
"o Q,, =760.9+4389.6 =5150.5 kN
5150.5
-Q, = Qui = =1716.8 kN
F.O.S.
2- For column load of 16000kN:-
_n:1.15><PCO,:1.15><16OOO:10.7 take n =11 piles
Q,, 1716.8 -
L 6.0 |
| OgOT TRt T SN T T ST TN T T 7N
SO O S o i s
L60 \‘\ /,/ \ /,/ \‘_\ \og/ :
50 % Z /ﬁ“% 3.8
) 160 L/'/ \'\w/' '\W/'/ \‘\h.i J
1 E;L}_---{AL}-—-_{AL}_._.{_\ 3 L
0.90 ToTTTTTTT Tt — ’
090 1.80 1.80 180 090
7.20
9
Y
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3- Settlement of pile group:-

- S, =-1~-A0'~H
- E

- Where:-
-E =20 MN/m? =20x10° kN/m?
16000

-Aog =———— =183.6 kKN/m?
8.3x10.5

S, = 1
® 20000

x183.6x6=0.055m=5.5¢cm

4- Group action:-

S
-Gﬁ*‘g‘:ié:ll
S S
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- Example 7 (May 2009 civil — question 4-_a):-

1- Classification of piles:-

a- According to piling technology:-

1- Driven piles:- Gall 354

G ()5S (displacement piles) LAl 3 550 35 3ph e Wbidn ) -
by Aabuldl Bl al sl S il e 068 G OSags gpe S sl g Ll
lesa o sl Precast R.C. pile siall o)l lena Koy dnlujall Gjlall A
‘ .Cast in place R.C. piles 5l Jala

[—]___ “~_ hammer

hammer
! v
d;_/.bﬂ ez -’\.J_>~).a~\ dJJI U_z_),.,-Y Qy—uij Ll_yd_gJ‘—r
R Gayladt s

Precast driven pile

hammer
steel
casing
i T
<:/>
T
|
",>
<:i> Tremie pi
R RreT pee
it o
Lost part <;:: .
i T
: |
a By
i <:\>
‘€ <::‘:>
»
PUIIS R [UEUREV B RO TP :‘LA.-J\ [FEPE S Ul o J) el il -2
PR A
Cast in place driven pile
1
A IS~ |




AP

2- Bored piles:- sl 505158
piall lSe d @O Cam 2y 5 Al G ska dee Gpb oo LAES S -
i 2y Aaluall LLujall a5l g U @ld (55 (replacement piles)

3ysule (s ol with temporary casing 5 sule Giyb o W jiall Calsa

-Bentonite slurry 1 .laaiul 3ih (e @y

r ] steel

casing

__________

Auger
| e

s Pomator LJSb e sa -
L O Iy

NV AUER W AN W S50 W A0 W AN W A W AR O A W U W AN W . ¥

A VD A WY 2. WY A VU A U A VIV A N A U A VIV A WP A WY A WP A

ANAAAN
YVVVY

Benton

slurry

ite

MR RREAR

__________

Auger

or Bucket

Bentonite |-

slurry

.‘[

¢
X
IS

RFT

Tremie pipe

Bentonite |
slurry

VVVVVV

ANAAANNA

Bentonite |11

slurry
RFT

o

Concrete

5 BJl s

Bored pile with bentonite slurry

Concrete

Tremie pipe

RZERYARY MR VDR Y AV VA

A 27 WO A0S O A O A WY A0 Wl 49 WY

g N, -
YA TS A WY .Y VDY A T . R0

et e -0

12

e

oy
n!
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3- Screw piles &Continuous Flight Auger CFA piles:-
e i Jely Qs il Gplay Bl Gyl n e g g4y -

A nll (e (replacement) ¢ (335 (displacement)

= = Nl 1S
= = =
= > =3
= =
1 F 1 p il Ig
= - = J =
<
S L = -
9 L| _CrFa N al IN
o 5/_—— = 8L
< )= =
=S =
>
= C 4 L 4R L .
I~ S - <7 - Tremie pipe
= = = a
< - > >
< =
< =
= 4 L < z
H | < < [
o 4 F sl I8
1 H I~ N <
] 1 >
; i = =
\ H > =3
: : 9 B 5l I
i 5 9 b 94 b
o ] J
i ! <41 > 9 =
E i N ’
edl U e URIOY I DU A Lluysdl s -1 —all Bl e
K} q;\LJJl _;_;.5
CFA Piles
| _ .
steel pipe
B
Lt
H
i
b Tremie pipe
i l& RFT PP
l' Auger :::1
|
I ~4
~\: IR ;
TH y S
M~ o
<]
Shadl as et e [0 dl-Y CJ_L_;J)f_'a.r\- EC NN | NP
sonladl X : °
S Screw piles .




r
b- According to seil-pile interaction
H 1- End bearing piles.
! 2- Friction Piles.
3- End bearing — friction piles.
4- Tension piles.
5- Piles resisting Horizontal force and B.M.
4- According to statical system
1- End bearing pile 2- Friction pile 3- End bearing - friction 4- Tension 5- HI. force and B.M.
oF d—i Jeall JS oF Oy Joaadl IS | Jei Siga bl ) [ Aapeall G lsadl Al
S Y b S SaYl (Gih Al Ga¥l Gyb oo deeadl | B deadl L 28 JlesY
SV ] sl Gy b e A
Lol ol
P T M’/:] C_H
VV‘Ji‘ P VV_L—‘ R7AZE r
. I |
soft
soil \) L
o |l
N
L} [®BMD) L
(NFD) — on pile
on plle R()Ck or ' 1101} Qs Qb
dense sand (N.F.D)
-P=Q, -P=Q, on pile Tz Q,
- For Q,>0.85 P -ForQ,>0385P -P=Q+Q,
o
Q
14
N L FT A
ISR
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2- Effect of piling technology in pile capacity:-

o le AT Al Laglia oY S Ty Gjlal Jend 58 s -

=1 Y s 4G g5 Cus soil displacement ) jlase

1- For large displacement piles:-
30 o Cus Guial oAl Gal Gls U 3y -
Jsn Al CaiSal (5o Lee Led Aaly) Cigan N Al Jala cagilall
SV 3% Lo Ay Goal) s Gl 5355 G5)a) pus
ol daglae 85508 50k Gigaa

2- For small displacement piles:-

Aaly) Gand Y cam QU el iy dpaeall Gl Giilea Ala b 4y -
Al daglae 8t Sy Y MGl 4 Al5 5
3- For replacement piles:-
533 Las Golal gy o Al A s Cam il Galss Als b ag
Al daglae 4 S el Siga )

3- Special considerations when driving piles in cohesive soil:-

cohesive-soil A<ulaiall L5l & driven piles 3al (il a0 xie —

~ish Ledlebe g

lee pore water pressure dggll oluall Jaria 3305 A Ball ddee (0% —)

& Al Pile caps @plsad Dlalay Sa)lsadl S pslaall Slall o iy 8

<yy pressure relief wells bacall Caganl U Jee Juaty UM adasn
ol b e Julil

° illa 4 skin friction lSaY! Gk e JEn Jeall aaae oY Dl -Y
S g Goladl bl mhudl 6 o slelie cany 43l ASulaal) 3y fl)
LAY 5l

im
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4- Factors controlling the choice of pile installation procedure:-
1- Structure loads.
2- Soil and ground water conditions.
3- Site constraints.
5- Effect of shallow soft clays on the capacity of piles subjected to
tension loading:-
P i R Tk Sk 358 G0 oS 1 -
2 ' Y . -
7 ! dad e 5Sy4 soft or very soft clay Jiw
Qs ¥ |¥ Softclay e 4é rock or very dense sand Jie Ay
< 2 ¢
\ €= IV (NaL 2 a Jleal soft clay 3 Ak e
N[ Lo Sgaa M Jdeall B oy gl Jea
/ \
o Sl i Y 5% Les ikl odn B S
52 D d c
I TN e Q) o MLy JauN Ayl
Ht o a4l 1 JiuY 48lad) raay dagkall o2
Qo S g Aaglie Gy Golall e Sl
o2 e il GSAY) ey JiwY ol
.Negative skin friction 4kl
—i ok LS Gl Jaad 5)8 Glus 2ty A A -
Qun - Qb T Qs2 - Qs,
- and ‘
Q _Q*Q, Q |
: *  FOS. i
16




AT tension pile a8 88l Gawadl Gl A b -
4 | A a3 Negative skin friction 3 Gigas o Jaads
Q \ / Soft clay Y olaey) Laexalh Y o<ty Gatall asll Al e e
\ C.S BKNM™ 3 5% lus o Cus more critical 1w
Al —1 b LS a8 L Gglal
N[ =
Qs, Dense sand - T QSZ
\ y - and
T
T,=—%~ + o.w.
_F.O.S.

6- Determination of the pile capacity using field testing procedures:-

Alial Colaill ol Aadialy dlldg L) (3e)ad GLARY Al Jexd 3)% aant S -
¥ aleall (ga ol dagykall sl i (SPT, CPT, pressure meter test Ji)
Aglere Ghloal aladinly g oy A 5l palis Je aded )

-Pile capacity using Standard Penetration Test (SPT):-

1Al e @Al Jdl Jes Gt Sy -

- For driven pile:-

-Q,=9N(zR)+NQ27RL) (kN)
- T, =N@2 7z RL)+ow. (kN)




‘

- Where:-

- Qa1 = Allowable compression load per pile with a factor of
safety 2.5 for end bearing resistance and 3.0 for friction
resistance.

- T,y = Allowable tension load per pile with a factor of safety
3.0 for friction resistance.

- N = Average value of Ny in the distance affecting the end
bearing resistance of the pile which is extended at
distance 3d above pile tip and d below the pile tip.

_ Ny +N, + N,
3

= N

-N = Average value of Ny, in the distance affecting the friction

resistance of the pile which is extended along the pile
shaft.

NZ +N3 +I\I4 +1\15 +N6 +N7 +N8 +-1\19 +N10
; .

— N=

- 0.w. = Own weight of pile.

—:daly c\Bada -

N 50% ow Qan G Qs Jas a8 ~li0 bored pile 3 Al 3 )
Al Al e Aygunall 35340 Jsi Jea 28 (30 100%

spilia e Aihy SPT I dpjad wils dbaulyy Go)all Jidi Jen G (e =Y

é&;}[\&ﬂbwu&&jq;w@lﬁ“ﬁfjuﬁ@uKN,N Cpad Cus |
Sua Byl Jad Al gy SISl Gyl ded S5 55 sl s Ll

From table:-
-atN;, =N = P=4, ®
-atN,, = N é=g,
18

7
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- Examplle 8 (May 2009 civil — question 4-b):-
- For the silty clay layer ¢, <25 kPa
A4 VA Z
= Negative skin friction will take place s
=18 kKN/m®
Qult = Qb + Q52 + Qs3 o Qsl G_li/:_l' =
J L Silty Clay
- For silty clay layer:- Il T20KN/m® 5
Qs.\| L ;\ :— (2)0 kN/m?
Q, =c¢, (7-d-{)
2 /] r Silty Sand
‘Ca:aXC:O.35X20:7kN/m Q/] [\ =19 kN/m?
s2 ¢ =0
:>QSl =7 (rx0.5%3.5) =38.5 kN 11 $=15° |
T
- For Silty sand layer:- (N Sand & Gravel
: o /l r Y\=19 kN/m? 15
- QS2 =(K,. o, tan 0)(m-d-?) 5’1 F g\;?so |
—O'V:2.5><18+3.5><10+—;—><9_=93.5 kN/m’ Hﬂob ’
-.5=3x¢:-3—><15:11.25°
4 4
= QSz =(93.5tan 11.25°) (7 x0.5x3) = 87.6 kN
- For sand & gravel layer:-
Q, =(K,-0o, tan &) (7-d-¥)
-0,=25%x18+3.5x10 +3x9 + i?;—lel =126.25 kN/m’
- 5:-3-><¢ :—3—><35:26.25°
4 4
= QS3 =(126.25 tan 26.25") (77 x0.5%3.5) = 342.3 kN
n-d’
Q=9 N, ( ) .
4
-q=2.5x1843.5x10+3x9+3.5x11 = 1455 kN/m? -

- =35-3=32"° = N, =48




DI AEMEAR TV TAVDONI AN AN DI AN NN SN S A S N

- (' =35-3=32" = N_=48

2
= Q, =145.5% 48 x(l‘.i%);i)-):1371.3 kN

5. Q,, =13713+87.6+342.3-38.5=1762.7 kN

Q,+Q, +Q,, 1371.3+87.6+342.3

-Q, = —33.5
F.O.S. QS' 3

- Qall =

— Q. =561.9kN

- Check on pile capacity as a structural element:-

7 (500

Qu=A,xf, = x 4.5=883.6kN >561kN OK.

o

- If the pile length was increased to 20 m

-Q, =Ko, tan 9) (7-d-£)

- o, :2_.5x18+3.5><10+3x9+132'5

x11=181.25 kN/m”

5= xg=x35-2625
477 4

— QS3 =(181.25 tan 26.25%) (7 x0.5x13.5) =1895.4 kN

n-d’
"Qb”‘qu'( 4 )

-q=2.5x18+3.5x10+3x9+13.5x11=255.5 kN/m’

2 .
=>Q, =255.5x48x (-’11(%?—'5—)—) =2403.3 kN

S Qy =2403.3+87.6+1895.4-38.5=4347.8 kN

+Q, +Q, 403.3+87.6 + 1895.4

0, -2*Q Q, _2AB3+876+ 18954 44
F.O.S. ! 3

=Q,, =1423.6 kN > 883.6 kN

=>Q,, =883.6 kN

- Increasing the pile length to 20 m isn't economic because the pile
capacity as a structural element will be governing in design.

R B S R A
.

20
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- Example 9 (May 2009 civil - question 4-¢):- I
1- Group capacity from single pile capacity:- K L4
2.0
- For the silty clay layer ¢, <25 kPa GWT.
—> Negative skin friction will take place j t Soft Clay
y=1.8 tm’ 40
- Q, ca=cu= 2 t/m*
- Qull = Qb +Qsz -*-(253 ——(25l \] L v
-Q, =c, (7-d-0) J | ,
_ _ ClayeySilty Sand
=Q, =2 (7x045x4) =113t BN v
—Qsz :(KHC.O-V.tan 5+Ca)(7r.d€) 1 F ft:u\:gg‘{m'
- 3 . , 1 ’\ /e = 0_._-3; .
-0, =2x1.8+4x0.8+ Ex0.85:8.1t/m : 4™
3° 3 Qs‘1 F 9.0
-0==x¢=-%x36=19.5 11
4 4 |
-C, =0.33x3=0.11 t/m’ : ﬁ
=Q, =(8.1tan 19.5° +0.11)}(7x0.45x3) = 16.4 t b La gt 90
-Q, ¢, (7-d-1) | |
‘/1 N
o= 14 g0 |
2 T
-C,=a.c=04x72=2.88 t/m* 1 r
= Q, =2.88 (7x0.45x9)=36.61 Mo 16.8Vm”
3 b
n-d?
- Qy =e N+ 4 ) Stiff Clay
. 045y
:>Qb=-1—6—§x9x(u)=12t Semoa
2 4 ' me=1x10" m*t
5 Q, =12+36.6+16.4-113=5371
+, +, <124+36.6+16.
'Qan:Qb Q. +Q, 1243664164
F.O.S. B
=Q, =104t
=Q,, =nxQ, =30%104=312t P
. q,27.6 t/m’
- Check on pile capacity as a structural element:-
7 (450)*
Qa”:Aprw: —-—(—)— x 45="715.7 kN >104 kN O.K.
.




2- Group capacity as a pier:-

-Qu, =Qy +Q, +Q, - Q,

- QSl =C, -[2-(A+B)-f]

=Q, =2x[2x4x(7.2+5.85)] =208.8 t
-Q, =(K,.-o,-tai 6 +c,) {2 (A+B)-/|

| z}—}%%%{
?sn—%%/ﬁ$w
1—%%—}%{2

SRR SPL AP I PP L A .U U . AL S

-crv:2><1.8+4><o.8+%><0.85:8.1t/m2 R

L S=3xp=2x36=-195
4777

= Q, =(8.1tan19.5 +0.33x3)[2x3%(7.2+5.85)] =302.1 t

-Q, =c, {2 (A+B)-/]
oL 1

2 2
-C,=a-c=04x7.2=288 ¢m’
= Qs3 = 2.88><[2 ><9x(7.2+5.85)] =676.5t
-Q, =¢N,-(AxB)

:sz%-g—x 9 x(7.2x5.85)=31843t

o Q, =31843+676.5+302.1-208.8=3954.1t

+Q, +Q, 3184.3+676.5+302,
Q, F%s Q“—QSI: 184.3+676.5+302.1 5088=1178.81

- Qultg = 3




3- Group capacity from settlement:—

- Sg — mv * AO- * H r I
= 0.025=1x10""x Quig x14.33 Clay 40
13.017x14.367 . |
i = Qaug=3262.71 NN R 3'0" 10.67
(5.85x72) | _U_U_
/ \ 90
/ \
/ \
/ \
/ u uououu \
/ Ac \
(13.017x14.367) 132
9.0

4- Group capacity from SPT results:-

-Q,=9%N(zR)+N@27RL) e
- Where:-

-N=11
_N:3+3+8+18+8+8+9+11+11+12:

5 _

- Q= 90x11x 7% (0.225) +9.1x2x 7x0.225%16
= Q,, =363.31t
= Q, =nxQ, =30x363.3=10899 kN =1090 t

o
£3
3

9.1

From 1, 2,3 and 4
= Q, =312t & Ge=1.0
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Ex_ample_l():—

- A column is subjected to the following loads:-

N =2500 kN
- M, =250 KN.m
- M, =300 kN.m

- It’s required to
1- Determine the numbers of piles required to support this column
- if the allowable capacity of a 50cm diameter and 12m long
bored pile is 450 kN.

2- Calculate the actual load acting on each pile.
3- Draw a plan of the pile cap showing the pile arrangement.

- Solution:-

- Number of piles:-

M
- X = Y = 300 :0. m
N 2500
e =M 20 500
N 2500
1.15xP,
No. of piles = ——-———X—~°-9'—><(1+€x)'(1+€y)
Qall
1.15x2500
= 22T (140.12)-(140.1) = 7.9 = take n = 8 piles
450
- Arrangement of piles:- | ﬂ 250 KN.m
-TryS=S_,, =3x0.5=1.5m | 0751
= Y x?=4x1.52+2x0.752 =10.125 m> | | ‘TG T
‘ 130 | ‘ | 300 kN
-2 2 2 .m
= » vy =6x1.3"=10.14 m i | s | —
Z . | 5\‘-"[4"44\*—’4 |
1.30 l I
O S D%
s S S P
0.75 1.50 1.50 0.75
. Ny

(m




b

- Check_ force in critical piles:-

- critical pile in compression is pile No. 1 where:-
1.L15xN M,

M
——X
Qmax n ZX Z yl
1.15x2500 300 250
= Qmax = X l

+ S+
8 10.125 10.14
= Q__ =4359kN <Q,_, =450kN = safe

x 1.3

all

- critical pile in tension is pile No. 8 where:-
1.LI5SxN M, Mx
. = —_ . X —_—————— .
Qmm n sz 8 Zyz Yg
__—>Qmin:1.15x2500_ 300 15 — 250
3 10.125 10.14
=>Q_ . =2829kN <Zero = safe

x1.3

- Actual force in each pile:-

Q_115><N M, e Mo
i .0 ZX Z Yi

1.15x2500 300 300
+ X X, + X
8 10.125 ' 10.14

=Q, =

Pile No. | X (m) | Y (m) | Qu; (KN)
1.5 | 1.3 | 4359
0 | 1.3 | 3914
15 | 13 | 347
075 | 0 | 381.6
0750 0 | 3372
1.5 | -1.3 | 371.8
0 | Z13 | 3273
| -15 | <13 | 2529

N0 I NISN | IN—
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- Example‘ 11:-

- Figure (2) shows the subsurface soil profile at a site, and the geotechnical parameters

of the soil layers in that site. Groups of bored piles (50cm in diameter and 12m long)
were proposed to support the columns foundations (pile caps) in this site. The
foundation depth of such pile caps is 2.5m below the ground surface.
a) Calculate the allowable pile compression load, applying a factor of safety of 3.0
b) Determine the required number of piles if the column load is 9000 kN. .
c¢) Draw the pile cap with arrangement of the estimated number of piles beneath it.
d) Calculate the pile group settlement, assuming that the settlement of single pile,

under its working load, is 1% of its diameter.

e) Recalculate the required number of piles if the column loads are as follows:
Vertical normal load Q, = 9000 kN

Moments

- Solution:-

M, = 2000 kN.m and
M, = 1000 kN.m

©

- For the N.L. clay layer ¢, < 25 kPa

—> Negative skin friction will take place

= Quit=0Qb + Qs — Qs

- For N.L. clay layer:-

Qs = ca (7.d.0)
- Where:-

-Ca= axc =0.35x20=7 kN/m?
= Qs =7 (x0.5x3.5)=38.5kN

- For Sand layer:-

Qs = (Kuc.o0 tanod) (7.d.¢)

Y% N4
25
Foundation level ok
GWT. | GW.T. 051
\I Normally loaded Clay
\J l/ y=18 kN/m’ 3.0
QS'\J L c,=20 kN/m’
Sand with fine gravel
y=21 kN/m"*
. =35°
Bored pile ¢ =3

d=50cm

L

N N N NN [ S N

Pile tip level

- 00=3x18+3x8+4.25x11 = 124.75N/m’

- Where:-
-Kuc=1.0
3 73
-0 = Zx¢= =x
4 / 4

— Qs = (124.75 tan26.25") (rx0.5x8.5) = 821.4 kN

35=26.25

8.5

m— = = - S e e

L°

26

\\,\




N

n.d?

;)

Qb:q'Nq.(
- Where:-
- q=3x18 +3x8+8.5x11=171.5 kN/m’
- ('=35-3=32° => Ny=48

1x(0.5)> )

= Qb= 171.5% 48 x(

=1616.3 kN

o Qu=16163 +821.4 — 38.5=2399.2 kN

1616.3 +821.4

Qo+ Qs _ Q

- Qan = FOS

— 385 =

Qan =774 kN

- Check on pile capacity as a structural element:-

- For column load of 9000kN:-

1.15% Pt 1.15x9000

x 45=883.6 kN >774 kN OK.

-n= = =13.4 taken = 14 piles
Qal 774
0.85| P .
* ( ‘—r—-—1—7vr-——-——47vr———————4T—r—-—47 |
L 45 NN SN SN
' \Y  Npbpm /) \_/
160 Ko~ )
] Z?’m XX
45 VAR 777 NN
: / \ / N/ N/ \
+ e Cr—-~4Mr—-~4Mr~——4—ir———4g )
0.85 ~ ~ e ~ ~
S B
085 165 165 165 1.65 0.85
8.30




- Group settlement:-

fB
Sg:SoX —
d

Where:-
S, =0.01 x55=0.55 cm
B =145x2+0.55=345m

| [345 ..
=  S=0.55x% §—— = 1.38 cm
0.55

- -Tor pile cap under normal force and B.M.:-

M, 1000 M. 2000
cex=—=—=01lm & -€y=-—= =0.22 m
N 9000 N 9000
1.15 % Peol 1.15x9000
n= ——— " x(l+e)(l+ey) = —————x (1+0.11)(1+0.22) = 18.1
Qall 774
= take n= 18 piles
f; 1000 kN.m
0.85 - = ~ ~ ~ ~
T L [—/}-—-————4\—]—-——;—-——4\—’——,}-—-—- -—4\—]—}—--——-—{—]——}——-—_4:—' :l
[ R i R I 1
1.65 : : '
| | J | | |
4-95 {IT\: :IT\: =I I \‘ l/ T\: 1.I’J}\\: (T\:
\T 12 \Tll 1 IO\T 4 719 \Tlg \T/7
1.65 : - : : : :
1 i | | | |
r 1’ L\r——-—-ll—l:r——-———-llj;—f\r—~ -——-l,’i—))--———-—-lﬁ‘——l-——\}--——-—-lj‘\l
0.85 ~18 17 el 15 Y4 13
085 165 165 165 _ 165 165 085
9.90

= Y x? =6x(0.85" +2.5 +4.15") = 145.17 m’
= Y y* =12x1.65"=32.67 m’

2000 kN.m
_2,7 40




- Check force in critical piles:-

- critical pile in compression is pile No. 1 where:-

_LISXN | M, M
max ~— = T |
n ZXZ ZyZ y
A5
s Q= 1129000 2000 5, 1000 ) s
: 18 145.17 .67
= Quax= 682.7kN <Qu=774kN = safe

X X1 +

- critical pile in tension is pile No. 18 where:-

Ouam LISXN_ My M

min —~ - 18 — =<~ 18

R e 5y
15%9000 200

Ly Q. 11529000 2000 o 1000

— X x 1.65
18 145.17 67

= Qmin= 4673 kN <Zero = safe

29

. }
| «

N
,,k ' —
1K R SR |
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- Example 12:-

- A group of 25 precast concrete piles is driven to a depth of 7.5m in a silty clay deposit
12m thick. The piles are square in cross section (25x25cm) and spaced 1.0m center to
center. The unconfined compressive strength of clay layer varies with depth from 70
kN/m? at the foundation level (0.00) to 220 kN/m” at the end of the clay layer (-12.0).

1- Determine the allowable compression load on the pile group, if the safety factor is 2.5
and the allowable group settlement is 25mm. Assume m,=0.5 cm”/kN.

2- Determine the value of the pile group efficiency.

- 3- Determine the single pile capacity under tension force.
- Solution:- ¢, = 35 kN/m?
1- Group capacity from single pile capacity:- Clay i
Qult: Qb + Qs QS’] i
= ¢.Ne.(d?) + ca(4.d.L) T v
1 [\ 58.44
=81.88x9x0.25” +0.75x58.44x4x 0.25x 7.5 i

— Qult: 374.8 kN 1 [\

It 374.8 81.88

 Qui= ~ 148.9KN 1mr '3

F.O.S. 2.5 Qs
- From chart S/d =4 = G=0.85
. 453
= Qallg= Gexnx Qall=0.85x25x148.9 =3164.1 kN
2- Group capacity as a pier:-
Gu= 110 kKN/m?
- Qult.g = Qb + QS
= c.Ne.Ab + Ca.As A A
-Q,=c N, A, [ 4'1
, g Bk
=81.88x9x4.25" =13310.6 kN i i j i i
| | i i I
-Q, =c A 425 i : : - i
e R S S
=58.44x4x4.25x7.5=T451.1 kN | l 1 1 I
- | i i | I
— Quh.g =20761.7 kN A .. P A 4
Q | I | I
ult " ' ' | (!
= = | | | | i
Qa”g F'O°S' I&L’:‘:.:L-_il_':::;'Ei};:L:':EIE:.:’::;.de
20761.7

=T~ =8304.7kN = —
. 2%

‘m
-
A
7
s
.

A

K,

L
A




-

3- Group capacity from settlement:- J lT"g
Sg =mv-Aoc-H
= 0.025=0.5x10" x Quie 10 T ]
9.25%x9.25
= Qult.g =4278.1 kN >0
From 1, 2 and 3 (4.25x4.25) H—H~ 8 _H__
= Qallg=3164.1 kN / \
/ \
_ 3l64.1 085 // it J I \\
25x148.9 (9.25x9.25) 00

1- Single pile capacity in tension:-

Tuit= Qs = ca.(4:d.L) = 0.75x 5844 x4 x 0.25x 7.5

= Tult=328.7 kN

Tutt 328.7
+ =

w +0.25% x7.5%25=143.2 kN
O.S.

J— Tall =

} 14




