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Graduation Project / Project Abstract

Project Team:

Tasneem Mtoor Lara Smara Shrooq Jbraan

Supervisor: Dr. Mohammad Taha Sayed Ahmad

The school is a scientific and cultural heart of the community, it is a center of
intellectual life where such knowledge is flowing to student audience. Hence, the
architectural design of accountability, including humanitarian needs, such as
functional durability, beauty, the economy is a very important and therefore, the
work of a special chapter describes the architecture greatly helps in the

understanding of the project well.

School is a project of three floors with atotal area of 2208 m? studied in terms
of dimensions and elevations correct and Urban Spaces by the laws and regulations
of the Land Authority. Where they will be analyzed and a construction design
construction and the comparison between the mat foundations and deep
foundations, architectural concept of the design is a three overlapping rectangles
together to form the overall shape of the school, and vertical axes of movement in

architecture are two drawers opposite.
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List of Abbreviations

A, = area of concrete section resisting shear transfer.

A = area of non-prestressed compression reinforcement.

Ay = gross area of section.

As = area of non-prestressed tension reinforcement.

A, = area of shear reinforcement within a distance (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

D. = dead loads.

L. = live loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
E.= modulus of elasticity of concrete.

fc = compression strength of concrete .

F, = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

L, = length of clear span in long direction of two way construction, measured face-to-face of
supports in slabs without beams and face to face of beam or other supports in other cases.
Lw = length of wall.

P» = nominal axial load.

P, = factored axial load.

M, = nominal moment.

M, = factored moment.

Vn = nominal shear stress.

V. = factored shear force at section.

Vs = nominal shear strength provided by shear reinforcement.

V. = Nominal shear force provided by concrete.

W. = weight of concrete (Kg/m3).

W, = factored load per unit area.

Xii



S = spacing of shear or in direction parallel to longitudinal reinforcement.
W = width of beam or rib.

&, = strain of tension steel.

&, = strain of tension steel.

® = strength reduction factor.

p =ratio of steel area.

Qui = ultimate load.

Q. = allowable load.

F.S = factor of safety.

Dy = depth of footing.

B = strain of tension steel.

L = length of footing.

Y = unit weight of soil.

¢ = cohesion of soil.

K, = coefficient of passive earth pressure.

K, = coefficient of active earth pressure.

N, Ng, N, = bearing capacity factors.

I = moment of inertia.

K = modulus of rigidity.

Q, = frictional resistance.

L, = length of embedment in bearing stratum.

A, = area of pile tip.

¢’ = cohesion of soil supporting the pile tip.

qp = unit point resistance.

q' = effective vertical stress at the level of the pile tip.
f = unit frictional resistance at any depth z.

p = perimeter of the pile section.

a—’o= mean effective vertical for the embedment length.
¢, = mean undrained shear strength.

o', = vertical effective stress.

@' = drained friction angle of remolded clay.

xiii



OCR = over consolidation ratio.
6’ = soil-pile friction angle.
P, = atmospheric pressure.

q. = unconfined compressive strength.

Xiv
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Raft Foundation : (7-3) Js&
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mat

A thick, slablike foating of reinforced
concrete supporting 2 number of columns or
an entire bullding.

ribbed mat
A mat foundation reinforced by a arid of
rbs above or below the slab.

cellular mat

A camposite structure of reinforced
concrete slabs and basement walls serving
as a mat foyndation,

Bmand) (bl (e Adlida JISE] ; (8-3) Js

Ao sie 4383 3aee YY) Jleal ) 55 Larie dali (datana) cland) dakaiie Lalll sSiLa Lile o

Aagiine 408 Chstua 8 4 liie 3aac ) (5S35

lai¥ o 3o 5 (3 AN A sliad 5yl Jlaal) <3 5 gandl Jid L5l elass 30l ) o Ll o
Ay 3aas Y Gy bl 5w ) o 3al) s 85 (32ae Y] s 3) sie dadanse 2l L)
Bee Y1y Baian il yd A o claud) 30 5
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. (Soil) 44 1.3.3

b — ke ) — 3y 8 — Adpaia & ) Led (a5l gaadl (3 oSl o e (0 (5SS

8sall &g il 5 e 3 sallly a8 Llans 5 R 01 i) i g (1-3) 3l sond iy S

Detailed description of the type of soil layersencountered during :(1-3) Jdsd

drilling
Top depth Bottom o
Borehole from depth from | Thickness C Description
olor
Number ground ground (m)
level (m) level (m)
Sandy Clay
0.0 2.40 240 Brown with some
BH1 Grave
Dark Silt with some
2.40 16.00 13.60 Brown Sand
Sandy Clay
0.0 2.40 2.40 Brown with some
BH2 Grave
Dark Silt with some
2.40 16.00 13.60 Brown Sand

: Natural Properties of sSoH 4 _ill 4uxplall (al sall o
o8 - A il Ly gind ) Al o) gl ZEUS - olpally il A - el A - e il 5 )
4 ) A ulaiall 4y il A5 galll al 6a - (el Jie) 4SSN 4 5l Gl S sjeve analysisawsl)
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The tollowing table calculates Shows the :(2-3) dss»
safe bearing capacity values of the foundation at different levels

Borehole Top depth from ground Allowable Bearing Capacity kg/cm?
Number level |solated footing | Strip footing
0.0 1.38 1.03
BH1 2.40t0 16.00 211 1.6
16.00 To End of Borehole
(EOB) 4.20 3.50
0.0 1.38 1.03
BH2 2.40t0 16.00 211 1.6
16.00 To End of Borehole
(EOB) 4.20 3.50

S daiady 5 A gl dy 5 Agin, daly iy 3

A e Jlaal) g5 S : (10-3) Jsd
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Chapter 4

Structurall Analysis & Design

4.1 Introduction.

4.2 Design Method and Requirements.
4.3 Factored Loads.

4.4 Determination of Slab Thickness.
4.5 Loads Calculations.

4.6 Design the Raft Foundation.

4.7 Design the Pile Foundation.
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4.1 Introduction:

Concrete is the only major building material tbah be delivered to the job site in a
plastic state. This unique quality makes concredsirdble as a building material
because it can be molded to virtually any formrape.

Concrete used in most construction work is ret¥gd with steel. When concrete
structure members must resist extreme tensilessisesteel supplies the necessary
strength. Steel is embedded in the concrete irfidim of a mesh, or roughened or
twisted bars. A bond forms between the steel aedctincrete, and stresses can be
transferred between both components.

The project consists of several structural elémbnt in this project we will design
the Raft Foundation) Determine the thickness ot Rafl reinforced it) by using ACI
Code and software designSafe v. 12.0and determine the consolidation settlement
of raft foundation.

4-2 Design method and requirements:

The design strength provided by a member is ttled in accordance with the
requirements and assumptions of ACI Code (318 - 08)

Strength design method:

In ultimate strength design method, the serldaals are increased by factors to
obtain the load at which failure is consideredécbcurring.
This load called factored load or factored sernl@ad. The structure or structural
element is then proportioned such that the streisgteached when factored load is
acting. The computation of this strength takes atoount the nonlinear stress-strain
behavior of concrete.
The strength design method is expressed by thewiit,

44



Chapter 4 Structural Analysis & Desian

4.3 Factored Loads

The factored loads for members in our projectdetermined by:
Wu=12DL+16LL ACI Code 3188 (9.2.1).

NOTE:

fe =30 Mpa.

fy =420 Mpa

Will be used in the design and calculations.

4.4 Determination of Slab Thickness

1. Determination of Slab Thickness for One Way Ril&lab.

The structure may be exposed to different loads sis dead and live loads. The
value of the load depends on the structure typetandhtended use.

According to ACI Table 9.5(a), the minimum thickeed Non-prestressed

beams or one way slabs unless deflections are dechps follow:

Table (4-1): Minimum thickness of Non-prestresseddams or one way slabs unless deflections

TABLE 9.5(a) — MINIMUM THICKNESS OF
MONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

firnimum thickness, kb

Simply Cne end Both ends
supported continuous continuous | Cantilever

fMembers not supporting or attached to partiticns or other
Member construction likely to be damaged by large deflections

Solid one-
way slabs 20 24 28 10

Beams or
ribbed one- M6 ia.5 ér21 a8
way slabs

Molos:

Values given shall be used directly for members with normahaei concretes
anl::cﬁmde 420 reinfarcement. For aother conditions, the valuss shall be modilied
a5 lollows:

a) For lightweight gun-crele having eguilibrium density, w., In the range of
1440 o 1840 kg/m™, the values shall be multiplied by {1,55 — D.0003w,.) but
nol less than 1.09.

o) For l} athar than 420 MPa, the values shall be multpbed by (0.3 + f_‘.ﬂm_!_
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For one way rib (R) in ground, first and seconaf]as shown in fig below.

é 6.6 m % 2.80m %

Figure (4-1): Spans for one way rib slab.

Spans from left to right for one way rib slab:

[a

6.6

=22 - 0357 m Control  ACI-318-02 (9.5a)
185 185
L _28 _ ..
185 185 > ™M

So the thickness of One way rib slab = 40 cm.

2. Determination of Slab Thickness for Two Way RilSlab.

> AY

<]

_ * (02 * * *04*
¥ = 2*02*008*004+ 015*04*0.2 - 0144m
2*0.2*0.08+0.15*0.4

= 055x(0144° _(055- 015x(000§° , 015x(0264
rib ™ 3 3 3
1.00

|, =53x10*m* /b

0.25

Figure (4-2): Section for two way slab
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4
|dm:fﬁﬁfgz_x928:89x104nﬁ
0.55

I, = ——bh? = *05* (040)° = 267*10°
12 12
l,, = 533*10°
E Bi1 = E
) 0 o o e
_ly _ 267x10° _ 10000000p000007A0
a=-2=—"—""=>"—"-=03 N0000000p0000I00
I, 89x10 N0000000p000Ra000
N0000000@0 0o0og
l,, _533x107° n000000 0ooo0g
az————_4:0.6 B Ri7 8
I, 89x10 8,1 000000 B
n0000d 8
N0000xO0N00000000
NO00zO00n00000000
_ota, _03+06_ . N00pO000nO0000000
R N0z00000000000000
IzO00000000000000
02<a@<2==>0.2<0.45<2 000000800000000
B B6 B
According to ACI-code: | ————8238 ——
h = In(08+ fy/1509 ACI-318-02 (Eq: 9-1) Figure (4-3): Plan for two way rib
36+58(a-02) slab.
L
p=ra=823_ 1574
. 646
88(0.8+400/150
h, ( 9 =0.249M=25cm

© 36+5*1.274(045- 02)

So the thickness of Two way rib slab = 25 cm.
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4.5 Loads Calculations

1. Calculation of Dead Loads:

For the one-way and two-way ribbed slabs, thal td¢ad load to be used in the
analysis and design is calculated as follows:

1. Dead Loads for one way rib slab of structure.

Table (4-2): Dead Loads calculations for one way bislab of structure.

Dead Load from: KN/m/Rib
1 Tiles 0.03x23x0.72 = 0.4968
2 Mortar 0.03x22x0.72 = 0.4752
3 Coarse sand 0.07x17%0.72 = 0.8568
4 Topping 0.08x25x0.72 = 1.44
5 RCRib 0.32x25x0.12 = 0.96
6 Block-Ytong 0.32x5x0.60 = 0.96
7 Plaster 0.72x0.03x22 = 0.4752
8 Interior partitions 2.3x0.72 = 1.656
> = 7.32 KN/m
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One way rib slab S
. \

Figure (4-4): One way rib slab.

2. Dead Loads for two way rib slab of structure.

Table (4-3): Dead Loads calculations for two way h slab of structure.

No. Dead Load from: §Xyxhb KN /Rib
1 Tiles 0.03x23x0.52x0.52 = 0.1866
2 Mortar 0.03x22x0.52x0.52 = 0.1785
3 Coarse sand 0.07x17x0.52x0.52 = 0.322
4 Topping 0.08x25x0.52x0.52 = 0.5408
5 RC Rib 25x0.17x0.12x(0.52+0.4) = 0.4692
6 Block-Ytong 9x0.17x0.4x0.4 = 0.2448
8 Plaster 22x0.03x0.52x0.52 = 0.1785
7 Interior partitions 2.3x0.52x0.52 = 0.622
> = 2.7424 KN
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Rib(2)
Rib (1)

Steel Bar's

Steel Bar's

Hollow Block (17em )

Figure (4-5): Two way rib slab.

2. Calculation of Live Loads:
From Jordanian live loads table, live load for sduildings is
5 KN/m2,
= Live Load/Rib = LL/Rib =5x0.72=3.6 KN/m/rib — for one way rib slab.

= Live Load/Rib = LL/Rib =5 KN/m? - for two way rib slab

1. Wu=12DL+1.6LL=1.%7.32 + 1.63.6 :1:'3‘;4 =20.2
KN/m?/Rib - for one way rib slab.

2.7424
2. Wu=12DL+16LL=1.2 052x052 T 1.6x5=20.1704

KN/m?/Rib - for two way rib slab.

Then the factored loads must multiply byl 5 (Corrected Loads) to take in
account the weights of columns and other extradoad
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1. Wu =20.2X 1.15= 23.23 KN.
2. Wu =20.1704 x 1.15 = 23.2 KN.

4.5.1 Calculation of Loads on Columns:

The Loads calculations on each column and wathis project have been
determined as follow:

1. Calculate the area above each column by Area Meffibt@d area
between the half-spans of columns and walls) asvshio the figure

below.
Ly/2
| Area Method
LR |2 LA L2

Figure (4-6): Area Method

The shown figure below show how the distributioraodas of the first floor of
the structure.
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One Way Rib Slab
Two Way Rib Slab

-
{ Vi i _

; /// 7 //; 7 /? 7 ///
= 7 v /“/ . /"‘// & _
fz ,/ L / / / =
- - =
a3 /’f;, Z /"‘; ] 7 iff, - g
_

/// //; s

B

\

1
/I

. //}/;/

2o
)
e

;.. ;z, :%‘,ﬂf . 72
[

N0
=

Figure (4-7): Distribution areas of floors for structure.

2. After the area above each column calculated fordifferent floors, then
the loads on each column as in the following table.
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Table (4-4): Loads on columns for two / one way rilslab of structure in KN.m.

# COL Area (Two(‘l’(\ll:}lr:;?) Wu # of Stories Total Load (KN)
1 34 23.2 3 236.64
2 14.3 23.2 3 995.28
3 8 23.2 3 556.8
4 15 23.2 3 1044
5 7.8 23.2 3 542.88
6 14.6 23.2 3 1016.16
7 7.3 23.2 3 508.08
8 14.4 23.2 3 1002.24
9 7.9 23.2 3 549.84
10 8 23.2 3 556.8
11 34 23.2 3 236.64
12 15.4 23.2 3 1071.84
13 19 23.2 3 13224
14 14.1 23.2 3 981.36
15 12.8 23.2 3 890.88
16 15.4 23.2 3 1071.84
17 5.6 23.2 3 389.76

42 15 23.2 3 1044

45 7.3 23.2 3 508.08
46 14.2 23.2 3 988.32
49 14.1 23.2 3 981.36
52 4.1 23.2 3 285.36
53 8 23.2 3 556.8

58 15 23.2 3 1044

61 14.2 23.2 3 988.32
62 7.2 23.2 3 501.12
65 14.1 23.2 3 981.36
68 8 23.2 3 556.8
69 4.1 23.2 3 285.36

# COL Area e (‘I’(VI\T}In?;;) L # of Stories Total Load (KN)
32 8.3 23.23 3 578.427
33 5.6 23.23 3 390.264
34 6.6 23.23 3 459.954
35 6.7 23.23 3 466.923
36 6.7 23.23 3 466.923
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37 5.6 23.23 3 390.264
38 7.6 23.23 3 529.644
44 6.4 23.23 3 446.016
48 6.6 23.23 3 459.954
51 6.4 23.23 3 446.016
55 3.7 23.23 3 257.853
56 6.4 23.23 3 446.016
59 6.6 23.23 3 459.954
63 6.4 23.23 3 446.016
66 3.7 23.23 3 257.853

Table (4-5): Loads on columns for both two way & oa way rib slab of structure

in KN.m.
# Area of Wu of # of Load of Part | Load of Part 2 Total
coL| Part1 i) OF T3 part1 | WU OfPart2 | o ries 1 (KN) (KN) Loads
18 3 2.6 23.2 23.23 3 208.8 181.194 389.994
19 7.1 6 23.2 23.23 3 494.16 418.14 912.3
20 7 6.5 23.2 23.23 3 487.2 452.985 940.185
21 13.5 5.7 23.2 23.23 3 939.6 397.233 1336.833
22 6.5 5.7 23.2 23.23 3 452.4 397.233 849.633
23 13.8 5.8 23.2 23.23 3 960.48 404.202 1364.682
24 7 5.7 23.2 23.23 3 487.2 397.233 884.433
25 14.1 6 23.2 23.23 3 981.36 418.14 1399.5
26 7.8 7.5 23.2 23.23 3 542.88 522.675 1065.555
27 13.5 4.8 23.2 23.23 3 939.6 334.512 1274.112
28 3 2.6 23.2 23.23 3 208.8 181.194 389.994
29 4 2.8 23.2 23.23 3 278.4 195.132 473.532
30 6.5 4.6 23.2 23.23 3 452.4 320.574 772.974
31 3.6 7.2 23.2 23.23 3 250.56 501.768 752.328
39 3.6 8 23.2 23.23 3 250.56 557.52 808.08
40 6.5 4.6 23.2 23.23 3 452.4 320.574 772.974
41 4 2.8 23.2 23.23 3 278.4 195.132 473.532
43 14.1 6 23.2 23.23 3 981.36 418.14 1399.5
47 6.5 5.7 23.2 23.23 3 452.4 397.233 849.633
50 13.3 5.6 23.2 23.23 3 925.68 390.264 1315.944
54 3.7 3.3 23.2 23.23 3 257.52 229.977 487.497
57 14.1 6 23.2 23.23 3 981.36 418.14 1399.5
60 6.5 5.7 23.2 23.23 3 452.4 397.233 849.633
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And the following table shows the total loads in damns in KN

1. Factored Loads on each column

Table (4-6): Factored Loads on columns in KN.m.
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2. Service Loads on each column.

Table (4-7): Factored Loads on columns in KN.m.
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4.6 Design the Raft Foundation

4.6.1 Determine the Rigidity of the Raft Foundation

The rigidity of the raft foundation (Kr) determinég the following equation:

Modulus of Elasticity of Material used in Structure
,\ Moment of inertia of structure per
/ unit length at right angles to B
E'l
K — b
r 3
E.B3
/ \

Modulus of Elasticity of Soil

Width of raft

If K. >0.5, then mat can be treated asrigidi&. @ # ) O
If K, =0.5, then ¢, © )= 0.1
If K, =0, then @, /0 )= 0.35(square mats) and,( 0 /=).50ong mats)

The rigidity of the raft foundation in this projectlculated as the following:

Rigidity of Raft Foundation:
1. The moment of inertia of raft foundation as follow:
I, = 223898.8 m?

I, =462152.7m*>  Control
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M
L}
o
o

2]
00
o

Figure (4-8): Mat Foundation

2. Calculated the rigidity of raft foundation by thgidity equation.

_ I X Ec

" Es x B3
Ec = 4700+/fc’
Ec = 4700v30

>> Ec = 25743 X 103KN /m?

Esoil(Medium Clay) = 20700 KN/m? Form the following table.
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Table (4-8): Modulus of elasticity for different sals.

Modulus of elasticity, E

Type of soil Ib/in! ; MN/m? Poisson's ratio, .
Loose sand 1,500-3,500 10.35-24.15 0.20-0.40

Medium dense sand 2,500-4,000 17.25-27.60 0.25-0.40

Dense sand 5,008,000 34.50-55.20 0.30-045

Silty sand 1,500-2,500 10.35-17.25 0.20-0.40

Sand and gravel 10,000=25, 000 69,00-172.50 0.15=0.35

Soft clay 600=3,000 4.1=20.7

Medium clay 3,000 =6, 000 20.7=414 0.20=0.50

Stiff clay 6, 000- 14,000 41.4-966

_ 462152.7 X 25743 X 10°
N 20700 X 26.503

=30.88 x 103 > 0.5 >>> Rigid

4.6.2 Design the Raft Foundation by using Programs:
The program that was used to design the Raft Fdiamdis CSI SAFE V.12.0.

CSl SAFE program usedinite element methodto design the Raft Foundations.

Thicknesses:
So Thickness of Maoundation =80 cm

Reinforcement:

Basic Mesh Reinforcemeg22@20cm for top and bottom bars in x & y directions.
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Figure (4-10): Plan — Mat Foundation
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4.7 Design the Pile Foundation

4.7.1 Equations for Estimating Pile Capacity

The ultimate loagtarrying capacity Qof a pile is given by the equation
Qu=0Qp+ Qs

Where:

Qp = load-carrying capacity of the pile point.

Qs = frictional resistance (skin friction) derived fnathe soipile interface as shown

in the figure below.

Qu

|

| T T : I

_’D‘_

i x Ul

Q

L

Figure (4-11): Ultimate load-carrying capacity of ple.
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Where:
L = length of embedment.
Lp = length of embedment in bearing stratum.
1. Point bearing capacity, Q
The ultimate bearing capacity of pile may be writées
Qp = A, Xqp =A,(c'Ng + q'Np)
Where:
A, = Area of pile tip.
¢’ = Cohesion of soil supporting the pile tip.
g,= Unit point resistance.
q'= Effective vertical stress at the level of theeip.
NZ, Nj = The bearing capacity factors.
2. Frictional resistance, Qs
The frictional resistance, or skin resistance pfl@ may be written as
Qs = Y pALf
Where:
p = Perimeter of the pile section.
AL = Incremental pile length over which p and f taken to be constant.

f = Unit friction resistance at any depth z.
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The variaus method for method estimating &hd Q are discussed and calculated in

the next several sections.
3. Allowable Load, Quai

After the total ultimate load-carrying capacity afpile has been determined by
summing the point bearing capacity and the frialdor skin) resistance, a reasonable

factor safety should be used to obtain the totahalble load for each pile, or

Qal = %
Where:

Qai = Allowable loadcarrying capacity for each pile.

FS = Factor of safety.

The factor of safety generally used ranges fiafm to 4 depending on the

uncertainties surrounding the calculation of ultien@ad.

A. Fractional (Skin) Resistance in Clay

A Method

Is based on the assumption that the displacemesdilofaused by pile driving results

in a passive lateral pressure at any depth andhibatverage unit skin resistance is
f,o = A(0'y + 2¢,)

Where:

a', = Mean effective vertical for the embedment langt
A1+A2 +A3 +

o = L

=
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Ay, A, Ag, ... = Areas of the vertical effective stress diagrarstaswn in the figure
below.

. Vertic
Undrained &ltu_al
v i i effective
T cohesion, ¢, —
i stress, o,
Ly _
A Cu1y
L L, [€— Cu2) —>| . Area = A,
I ) Area = A,
i (-m 3)
(a)
d v
Depth Depth

Figure (4-12): Application of aAd method in layered soil.

¢, = Mean untrained shear strength=£ 0).
The value oft changes with the depth of penetration of the fileus, the total
frictional resistance may be calculated as

Qs = pLf,,

Table (4-9): Variation of A with pile embedment length, L

Embedment
length, L (m) A
0 0.5
5 0.336
10 0.245
15 0.200
20 0.173
25 0.150
30 0.136
35 0.132
40 0.127
50 0.118
60 0.113
70 0.110
80 0.110
90 0.110
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B. Fractional (Skin) Resistance in Sand

The frictional resistance calculated as

Qs = XfpAL

The unit frictional resistancd, is hard to estimate. In making an estimatiorf,of
several factors must be kept in mind:

1. The nature of the pile installation. For driy@les in sand, the vibration caused
during pile driving helps densify the soil arouihé fpile. The zone of sand densi-
fication may be as much as 2.5 times the pile diamé the sand surrounding
the pile.

2. It has been observed that the nature of vanatiof in the field is approximately
as shown in Figure. The unit skin friction increagath depth more or less linearly
to a depth ofL’ and remains constant thereafter. The magnitude of

the critical depth Lr may be 15 to 20 pile diamet&x conservative estimate
would be

L'~ 15D

o A Y > Unit
frictional
resistance, f

L
—f

L=
&~

Figure (4-13): Unit frictional resistance for pilesin sand
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3. At similar depths, the unit skin friction in le® sand is higher for a high-
displacement pile, compared with a low-displacenpdpt

4. At similar depths, bored, or jetted, piles \adive a lower unit skin friction com-

pared with driven piles.

Taking into account the preceding factors, we dae the following approximate
relationship foff :

Forz=0toL'

f=Ka',tanéd’

Andforz=L"toL

[ = fz=u

In these equations,

K = effective earth pressure coefficient
a', = effective vertical stress at the depth undesitt@ration
&' = soil-pile friction angle

In reality, the magnitude of K varies with depth;is approximately equal to the
Rankine passive earth pressure coefficikpt, at the top of the pile and may be less
than the at-rest pressure coefficieh, at a greater depth. Based on presently
available results, the following average valuesKofare recommended for use in
equation.

The values 06’ from various investigations appear to be in theyeafrom 0.8’
to 0.87".

Based on load tests results in the field, Mansdrtaumnter (1970) reported the
following average values of K.
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Table (4-10): Magnitude of K versus with pile type.

Pile type K
Bored or jetted ~K,=1—sin¢’

Low-displacement driven ~K,=1—sin¢ to 14K, = 1.4(1 — sin¢’)
High-displacement driven ~K,=1—sin¢ to 1.8K, = 1.8(1 — sin¢’)
H-pile.......... K=1.65
Steel pipe pile.......... K=1.26
Precast concrete pile.......... K=15

Coyle and Castello (1981) method. Proposed that
Qs = fawpL = (Ka-’o tan 6,) pL
Where

a', = average effective overburden pressure
&' = soil-pile friction angle = 0@

The lateral earth pressure coefficient K, which wdstermined from field
observations, is shown in the figure below. Thiihat figure is used.
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Earth pressure cocfficient, K

Embedment ratio, L/D

36

Figure (4-14): Variation of K with L/D (Redrawn after Coyle and Castello,
1981)

Q, = Kao',tan(0.80") pL

4. Meyerhof's Method for estimating Qp - Sand

The point bearing capacity,, of a pile in sand generally increases with thethlef
embedment in the bearing stratum and reaches mmaxvalue at an embedment r
atio of Lo/D = (Lu/D)cr. Note that in @ homogenous sbib is equal to the actual
embedment length of the pile, L. However wherela Ipas penetrated into a bearing
stratum, b < L. Beyond the critical embedment raioy/D)er, the value ofy, remains
constantq,=qy). Thatis, as shown in figure for the case of ambgenous soil, L=}
For piles in sand, = 0.

Qp = Apqp = Apq'N,
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The variation ofV; with soil friction anglep’ is shown in figure. The interpolated
values ofN; for various friction angles are also given in @atowever, @should
not exceed the limiting valuk, q;; that is.

Qp = 4,9, = Apq'Ny < Apq,

Figure(4-15): Variation of the maximum values 1000 -
of N with soil friction angle @’ (From 800
Meyerhof, G. G. (1976). “Bearing Capacity and sl
Settlement of Pile Foundations,” Journal of the 400 -
Geotechnical Engineering Division, American
Society of Civil Engineers, Vol. 102, No. GT3,
pp. 197-228. With permission from ASCE).

200

1

100
80

Unit point 60
< T » resistance, o 40

1

1

qp
: 20 -

cr 10 \;
8 4

o

1 —
0 10 20 30 40
«— g, = q;—> Soil friction angle, ¢'(deg)

Y
LD=L,/D

Figure(4-16) : Nature of variation of unit point resistance in a
homogenous sand

69



Chapter 4

Structural Analysis & Desian

Table (4-11):
Interpolated values of Ny based on Meyerhof's theory

Soil friction
angle, ¢ (deg)
20
21
"™
23
24
25
26

77

28

29

The limiting point resistance is

Ng
124
13.8
15.5
17.9
214
26.0
29.5
340
39.7
46.5
56.7
68.2
81.0
96.0
115.0
143.0
168.0
194.0
231.0
276.0
346.0
420.0
525.0
650.0
780.0
930.0

q: = 0.5p,Nytan®’

Where
Pa= atmospheripressurg= 100kN/m?)

@' = effective soil friction angle of the bearingagtim.
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The following table shows the conducted lab testsepresentative samples obtained
from the drilled boreholes:

Table (4-12): Conducted lab tests on representativamples obtained from the
drilled boreholes.

BH % % % S.G UCs C Classification
(0]
NO. Depth | Group | W.C | L.L | P.L | P Gravel | Sand | Fines | g/cn? | Kg/cm? e Kglcm? & Color
0-1.2 4.5 Sandy Clay
with some
1 27.2| 202| 70| 6.0 | 44.4| 496 | 2.609| 1.71 31 | 029 Gravel
1.2-24 7.8 YR 7.5Brown
BH @4
1
2.4-4 136 Silt with some
Sand (Dark
46 2 [176|550| 315|235 00 | 69 | 931 | 2552| 277 |1370| 071 and (Dar
YR 7.58rown
6-16 17.0 /4
0-1.2 8.5 Sandy Clay
with some
1 27.2| 202| 70| 6.0 | 44.4| 496 | 2.609| 1.71 31 | 0.29 Gravel
1.2-2.4 15.0 YR 7.5Brown
BH @14
2
2.4-4 18.5 Silt with some
26 > [145]550|315|235| 00 | 69 | 931 | 2552| 277 | 1370 o071 | Sand(Dark
YR 7.5Brown
6-16 14.4 @/4
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;Cap

240m

Sandy Clay with some Gravel/

/ Pile (D = 50 cm)

15.0m

13.60 m

Silt with some Sand

i L]

Figure (4-17): layered soil and the pile foundation

Calculation:
Length of pile = 15 m, Diameter of pile = 50 mm.

Using table above to determine the pile capacity.
y for clay = 18 KN/m?3

y for sand = 17 KN/m3

Equations for Estimating Pile Capacity

The ultimate load-carrying capacity Qu of a pilgigen by the equation

Qu=Qp+Qs
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1. Frictional resistance in clay, Qs
Qs =) pALf

a. A Method

» Undrained » Vertical effective
cohesion stress

Figure (4-18): Application of aAd method in layered soil.

167.751
oy = T 227700 _ 938755 KN /m?
2 2
L o_A_s184 o,
Co=T =1 ~ % /m

From table make interpolation A = 0.42128

f., = A(6'y + 2¢,) = 0.42128(21.6 + 2 X 83.8755) = 79.8 KN /m?

Qs =798 X X 0.5 X 2.4 = 301 KN
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2. Frictional (skin) resistance in silt with some sandsand).

Thickness of sand layer, L= 13.6 m

1. L'=15D =15%x0.5=7.5m

4 KN/m?

P Unit frictional
resistance, f

15.6 KN/m?

Depth

f =Ko’ tané’

K =1—s5sin@" Bored or jetted piles From table.

K =1-sin13.70° = 0.763

6" =0.50"=0.5x%13.70° = 6.85

At z=0m: o', =24x18 =43.2 KN/m?

Sof = 0.763 x 43.2 X tan6.85° = 4 KN /m?

At z=75m: o', =(24x%x18)+ (7.5 17) = 170.7 KN /m?
Sof = 0.763 x 170.7 X tan6.85° = 15.6 KN /m?

Qs = (fzzo-l-zﬂpy + fz=75p(L — L")
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~ [(4 +15.6)

> X (m % 0.5 % 7.5)] + [15.6 X T X 0.5 X (12.6 — 7.5)]

=240.4 KN

2. Coyle and Castello (1981) method.

Q, = Kd', tan(0.80") pL

12.6 x 17

5. = (2.4 x 18) +( _

) = 150.3 KN /m?

Qs = 0.763 x 150.3 x tan(0.8 x 13.70°) X X 0.5 X 12.6 = 440 KN

240.4 + 440
Qs average fOT sand layer = — =340.2 KN

3. Meyerhof's Method for estimating Q.

Qy, =Apqp = qu,N* < A4,q;

2

Q,=mx X (18%x2.4+17X7.6) X5 =169.25 KN

2

X 0.5x100 x5 X tan13.7

Apq; = Ap X 0.5p,Nytan®d’ =  x
=12 KN — control

Qiotar for all soil layers = Q, = Q, +YQs = 340.2 + (12 + 301)
=653.2 KN

Q. 653.2
Qallowable = FsS = 2 5 =261.2 KN
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Calculation of Zc

Length ofZc calculate when the clay layer exist just.

C for sandy clay layer (clay layer) = 0.29 Kgfkm28.45 Kn/m

2 2
@ =tan?! (— tan(b) =tan ! (— tan31) =218

3 3

K - 1—sin® 1-sin21.8° 0.458

* 1+sin@ 1+sin21.8°

Sandy clay layer
7 2c 2 X 2845 167
= = = 4, m

° yJK, 18x+0.458
Z. = 4.67 is big value.
So takeK, =1

2c 2 X 28.45

Z = =3.16m

‘T yJK, 18xvV1

SotakeZ, =3 m.

The following tables show the pile capacity andpitsperties (D, L and number of
piles).

The columns loads in the table are service loads.
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Table (4-13): Pile capacity and its properties.




Chapter 4 Structural Analysis & Design




Chapter 4 Structural Analysis & Desian

4.7.2 Pile design

4.7.2.1 Spacing between piles

In most cases, piles are used in groups, as showeifigure below, to transmit the
structural load to the soil. pile cap is constructed over group piles. The cap can be
in contact with the ground, as in most cases, dratmve the ground, as in the case
of offshore platforms.

When the piles are placed close to each otherasomable assumption is that the
stresses transmitted by the piles to the soil airlap, reducing the load-bearing

capacity of the piles. Ideally, the piles in a gg@hould be spaced so that the load-
bearing capacity of the group is not less thanstira of the bearing capacity of the

individual piles. In practice, the minimum centexcenter pile spacing, is2.5Dand,

in ordinary situations, is actually abdub to 3D

Pile cap
Section ¢

le— d —>j«— d —>|

Figure (4-19): Group piles.
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Stresses transmitted by the piles to the soilaviirlap

Figure (4-20): Overlap stresses of the piles.

So spacing between piles d =2.5%xD

If D =600 mm, then d = 1500 mm.

If D =500 mm, then d = 1250 mm.

Calculations of pile design:

Using the geotechnical solution — from piles tablabove.
No. of piles = 1 pile (D = 50 cm)

Column No.1& No. 11

Pu = 236.64 KN
Load factored on pile 236.64KN

OPymax = 00.85[0.85f" (Ay — As) + Asef,] — For spirally reinforced columns.
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236.64 x 103 = 0.75 X 0.85[0.85 X 30(196349.54 — A,) + A4420]

— As < As min

As
0.01<§= <008
Ag

So usey = 0.01

As =8 X Ay, = 0.01 X 196349.54 = 1963.5 mm?

Use@l6 — 10016

Spacing between barsw =89>75 0K

Design of spiral reinforcement:
Use spiralp14 with a = 153.94 mr
D.p =D —2cover =500 — 2 X 75 = 350 mm

nD? 1 x 5002

Ay = Z v 196349.54 mm?
D% mx 35072
Ay = = = 96211.275 mm?
4 4

= 0.45 (Ag 1) fe_ 0.45 ( 196349.54 ) 30 _ 0.03345
AV T 96211. 420

_ 4‘as(Dch - ds)
Ps T

4 % 153.94(350 — 14)

0.03345 =

s X 3502

— s =50.5mm

Take s =50 mm.

81



Chapter 4 Structural Analysis & Desian

Check for code requirements:

1. Clear spacing between longitudinal bars:

Clear space = 89 mm.

2. Gross reinforcement ratio:

py = 0.01

3. Number of bars: 10 > 6 — for circular membersl@sed by spirals OK
4. Spiral diamete®14 > 10 0K

5. Clear spacing for one loop: clear spacing=d; = 50 — 14 = 36 mm

25<36mm<75 OK

No. of piles = 4 pile (D = 60 cm)

Column No0.12, No0.13, N0.16, No.21, N0.23, No0.25,.R N0.43 No0.50, N0.57 &
No.64

Pu = 1400 KN
.. 1400
Load factored on each plle:T = 350KN

OBy max = 90.85[0.85f" (Ay — As) + Ay f,] — For spirally reinforced columns.

350 x 103 = 0.75 x 0.85[0.85 X 30(282743.34 — A,) + A4420]

— As < As min

As
0.01< 8= <008
Ag

So usey = 0.01

As =6 X Ay = 0.01 x 282743.34 = 2827.43 mm?
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Useh20 — 9020

Spacing between barg=20"220 _ 130 > 75 0K

9
Design of spiral reinforcement:
Use spiralp14 with a = 153.94 mri

D.p =D — 2cover = 600 — 2 X 75 = 450 mm

nD? 1 X 60072
A — =

— 2
g 2 2 282743.34 mm

nD?%  m x 4507
ACh = 4 = 4

o (Ag )f'c ~ 045(282743.34 1) 30 _ o one
Ps =0\~ ) he - T \Us904313 ~ Ja20

= 159043.13 mm?

_ 4as(Dch - ds)

Ps D2,

4 x 153.94(450 — 14)

0.025 =
s X 4502

— s=53mm

Take s =50 mm.
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Check for code requirements:

1. Clear spacing between longitudinal bars s ./ , /
Clear space = 130 mm. ! ‘//ﬁ >Z »

/ ‘// 9¢20 \\
2. Gross reinforcement ratio: [/ — y
pg = 0.01 430 mm \ T Pile 7 K
3. Number of bars: 9 > 6 — for circular . \\ " ‘ \m
members enclosed by spiralsOK Ny // :

e >

4. Spiral diamete®14 > 10 OK

Figure (4-21): Longitudinal bars in the
pile and the clear spacing between them.

5. Clear spacing for one loop: clear spacing=d; = 50 — 14 = 36 mm

25<36mm<75 OK

e N
/ // ",i\\ iy
7 9g@20.~ X
/ X \
A \
‘ . :
| | P I | e ) !
g foasdh
“\\ ‘f‘ :: \
' \\. iy D =600 mm
N \\ ’ .
. e o
42 g . e

@ 14 @ pitch S=50 /

Figure (4-22): Spiral reinforcement in the pile andclear spacing between them.
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4.7.2.2 The Horizontal dynamic force that exert ompile

Horizontal dynamic force = Take 10% of factoreddad the column, Pu and assume
L . . . :
that exert ony of the pile. Design the pile as the beam and lyetre¢inforcement, so

we useBEAMD program to design it.
Pile diameter 600 mm

We chose the section that equivalent the ([le600 mm)in area, so we choose
rectangular sectioB00x500 mm

Vertical factored load, Pu = 1400 KN

WP
Il

Horizontal dynamic force — Hu = 10% Pu = 0.1x140D49 KN that exert o

1?5 = 5m, as shown in the figure below.

5 00m

Hu = 140[KN /p"e B engmin

Figure (4-23): The Horizontal dynamic
force that exert on the pile.

From BEAMD program we get the reinforcement reqaii@ the beam (equivalent
the pile in area) 450 mm?

As =4608 mm? > 450 mm?

So the pile reinforcement enough (cover the beamfiareement when the horizontal
dynamic force exert on the pile).
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4.7.2.3 Check for punching — two way shear

Column No0.12, No0.13, N0.16, No.21, N0.23, No.25,.R4 N0.43 N0.50, N0.57 &
No.64

Maximum factored loads = 1400 KN
Diameter of the pile = 600 mm.

Number of piles = 4

125.D

1.25D

25-3D

— [r—
== —

Figure (4-24): Distribution of piles and dimensionof cap
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Factored load = 1400 KN
Take h =80 cm.
d= 800-75-22= 703 mm

bo =2 X (703 + 500) + (703 + 200) = 4212 mm = 4.212m
1 2
OV, = 0.75 x = (1 + E)A\/ fob,d

1 2
@V, =075 xg(l +E)V30 X 4212 x 703 X 1073 = 3649.1 KN >V,

=1400KN OK

Check for pile punching

1400

—3 = 350KN | — Perimeter of the
! — critical section for
the pile
bo=2.7067 m (A—
0.75m

1
OV, = 0.75 x 51,/ f'ob,d

1
OV, = 0.75 x 5@ X 2706.7 X 703 x 1073 = 2605.53 > V, = 350 KN 0K

So the thickness is adequate
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D =600 mm —_

Cap, h=800 mm —_

\

~— 32m ™=

Figure (4-25): Cap and piles foundations.

4.7.3 Design of pile cap

The pile cap should be deep enough for the piletiafrom below the pile caps to
be transferred to the pile cap. Similarly, consigthe loads from the column at its
top, the pile cap should have sufficient capacitesist the bending moment and shear
forces as well as the punching shear requirementsatsfer the load to the piles
through the pile cap.

There are two alternatives theories on which malesccan be assumed to transfer the
loads from the columns to the pile foundations.yraee (a) the truss theory and (b)
the beam or bending theory.

So we use in this project the first one (Truss theo

Figure below shows the truss action for a four-gileup. Even in conventional

designs when the angle of dispersion of l8asl less thar30° (tarB0° = 0.58), (i.e.
the value of (av/d) ratio as shown in the figuress than 0.6), we may assume the
load to be transferred to the pile by strut act®B.being in compression and BC in
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tension. This is called the strut truss action.dfkxpents show that this action (as in
deep beams and corbels) can be predominant evien(awd) ratio equal to 2 or av=
2d. In this truss action, the tensile force betwgiémheads is assumed to tie the ends

of the reinforcements at its ends as needed inabke of an arch. This known as truss
theory.

P

[

"4

p
LA
;;ul d d// | )é d
I IO 7 B
L e

)
&1
N
\F .
¥
T\
J.
.
NS
|

Figure (4-26): Design of pile-cap reinforcement byruss theory.
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Shape of pile caps for 2 to 6 piles formulae foisten by truss theory for
arrangement of steel.

Table (4-14): Shape of pile caps for 2 to 6 pilesrimulae for tension by truss
theory for arrangement of steel.

No. of piles Shape of pile cap Tension by truss theory
T T (d = depth of pile cap)
kh»”
a
i i P
| s nn',+300 Along XX = —— (32 - d%)
Diameter of pile = 12Ld
P il e
Along XX = ——(4I” +bh" - 3a”)
361d
3
Along YY = L(zﬁ —b%)
¢ 18Ld
- (ke1he300 |
lY 4
l Along XX = uid G -2)
’ g el ;
ki, —> =
3 i @ Along Y¥ = —— 3L - b%)
;‘— Lly_ﬂ 24Ld
> (k+1)h,+300 |a-
i \}‘ i 1 >
B g
hp @ Along XX = Loy 3L -4%)
x| | % e 30Ld
; T T
& P .
f ‘—é}_ Along Y¥ = — (312 - p%)
+——1 T 30Ld
— L —3f
| (¥2k 1 )b, 1 300 |
¥ P 202
| Along XX = —— (317 —a’)
g e 18Ld
6 2 S ol P
P
o o Along Y¥ = —— (37 - b%)
by 361d
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Column No0.12, N0.13, N0.16, No.21, No.23, No.25,.RlG N0.43 No.50, No.57 &
No.64

Maximum factored loads = 1400 KN
Each column has 4 piles.

Diameter of the pile = 600 mm

Cap thickness = 800 mm

Cap dimensions3.2 x 3.2

Spacing between piles = 2.5d mm
2.5x600 = 1500 mm

From the table:

For x-direction

P
T =—— (3L — a?)

24Ld
1400

24xLSxQ8BX15 0.52) =316 KN
T 316

= 864.8 mm?

A. = =
® 0.87f, 0.87x420

Agmin = 0.0018bh = 0.0018 X 3200 X 800 = 4608 mm?
Agmin = 4608 mm? > A, = 864.8 mm?

Use@22 — 13022
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For y-direction

P
— 2 _ 2
T _24Ld(3L a®)

B 1400
T 24x15x0.8

T 3262
~ 0.87f, 0.87 x 420

(3% 1.52 - 0.2%) =326.2KN

= 892.7 mm?

As

Ay min = 0.0018bh = 0.0018 x 3200 x 800 = 4608 mm?
Agmin = 4608 mm? > Ag = 892.7 mm?

Use@22 — 13022
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4.7.3.1 Using (CSI Safe v12.0) program to the conmad cap

CSI Safe program used finite element method togdetsie combined cap. From the
program get the thickness and reinforcements.

) ) N I
\_/ N N N~
- [, 3
O OO
\_/ N N N~
|/_\| |/_-\| I/_\' '/_\'
_/ _/ \_/ /
(N e ) CES
\\-_/ ........... \_/ bonmon
) N I N
/ _/ N /

Figure (2-27): Combined Cap
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