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Tarut Bridge- Analysis and design of foundation

1 Introduction

1.1 Description of the project

Tarut Bridgeis a bridge on the road connecting betw&arut island andQatif city, Saudi Arabia The
bridge is 30.5 [m] wide over 9 spans in the Gulf, each is 25 figlure 1shows the location of the
bridge, whileFigure 2shows the project site.
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Figure 1 Project location

This report presentpart_of the analysis and design of the foundation bridgea sampleof
GEOTEC Office output

Offshore Area: Foundation is selected to be "Waterline Footing"” type. It is consist of a pile cap of
1.25 [m] thickness and 26 [m] x 6 [m] area. The pile cap is a support to three columns with about
6000 [kN] vertical load for &h. A total of 16 bored piles with diameter @f= 1.4 [m], are
arranged under the pile cap. The total pile length7i® Bn], which is consists of (28 [m] + B)

under the sea bed level and 5 [m] above the sea bed level. The subsoil at the lo¢chadoridfe
consists of variable layers of sand and clay with different properties up to a deptmgdfunder the

sea bed level as indicated in the geotechnical report prepar&€ilbyConsult Al Khobar, Saudi
Arabia
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Tarut Bridge- Analysis and design of foundation

Onshore Area: Foundation is seleetl to be a floor slab on piles. The left side foundation consists of
a floor slab of 0.5 [m] thickness and 51.1 [m] x 30.5 [m] area over 64 bored piles with diani@ter of
= 1.2 [m]. The floor slab is a support to a uniform load of 13 [Kij/lvesides a lia load from the
bridge support equal to 384 [KN/m]. Piles are arranged under the floor slab in strips with pile caps.

The right side foundation consists of a floor slab of 0.5 [m] thickness and 51.1 [m] length x 44.42
[m] width over 64 bored piles withiameter oD = 1.2 [m]. The floor slab is a support to a uniform
load of 13 [kN/m], besides a line load from the bridge support equal to 346 [KN/m]. Piles are
arranged under the floor slab in strips with pile caps.

The total pile length is 36 [m], whidk consists of (28 [m] + ®) under the sea bed level and 5 [m]
above the sea bed level. The subsoil at the location of the bridge consists of variable layers of sand
and clay with different properties up to a depth of 35 [m] under the sea bed lewvdiicagenh in the
geotechnical report prepared Bulf Consult Al Khobar, Saudi Arabia
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1.2 Methods of analysis and design

The analysis of single piles and pile capsdifshore was carried out by the progr&hPLA (2008).

A series of analyses were carried outchmosethe suitable pile diameter by evaluating the foad
settlement behavior of single piles. The lasadtlement relation is determined according@P 197
(1995) for bored piles of diameters greater tharfd®d]. Pile cap was analyzed by the method of
NPRDdeveloped by. El Gendy at el(2006). Internal forces in the pile cap was determined by the
finite-element method.
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Tarut Bridge- Analysis and design of foundation

The pile capis considered to be rigidly supported on equal rigid piles with an eféeletngth equal
to 28 [m]. Solil layers of total depth = 50 [m] with a different soil propertiesareconsidered.

For NPRD, the loadsettlement relation for piles was determined using the skin friction determined
accordingECP 197 (1995), while the pilpile interaction was determined frothe theory of
elasticity using an appropriasoung'smodulus andPoisson'sratio for the soil layers. Th¥oung's
modulus was estimated from the following parabolic correlation betweeh SPT and drained
Young'smoduus E proposed byenver(1982):

E = 7N%°[Mpa] 1) (

The uplift pressure on the pile cape due to water level was negiedtezlanalysiso get maximum
compressive applteload on the caplhen, a check for uplift is carried out later to insure that the
pile cap can resist the uplift forcEhe total applied load on thple capincluding own weight of the
pile capand piles iR = 42219[kN].

1.3 Choosing pile diameter and é@sign load

The summary of the single pile analysis is listed in Tables 1 and 2. The design load for the single pile
for all diameters is chosen to meet a settlement of 1.0 [cm]. Consideration is given also to using a
wider pile in diameter to develop beagi loads in less number of piles. Accordingly, a pile of
diameterl.0 to1.4 [m] and length of 28 [m] is chosen. The design load for the chosen pile is about
2500 [KN]. Due to the group action, the settlement of the chosen pile in the pile group isceipecte

be higher than that obtained from the single pile analysis.

Table 1: Pile load and settlement for BH 1

Pile Pile Allowable Allowable Design Expected
diameter length pile pile pile settement
load settlement load
d Lp Qal Sl Qv S
[m] [m] [kN] [cm] [kN] [cm]
1.0 3593.2 1.58 2250 0.99
1.2 28 4424.9 1.62 2700 0.99
1.4 5294.4 1.66 3200 1.00
Table 2: Pile load and settlement for BH 4
Pile Pile Allowable Allowable Design Expected
diameter length pile pile pile settlement
load settlement load
d Lp Qal Sall Qv Se
[m] [m] [kN] [cm] [kN] [cm]
1.0 4033.8 1.71 2350 0.99
1.2 28 5070.7 1.79 2800 0.99
1.4 6184.4 1.87 3300 1.00
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Tarut Bridge- Analysis and design of foundation

Table 1: Pile load and settlement for BH

Pile Pile Allowable Allowable Design Expected
diameter length pile pile pile settlement
load settlement load
d Lp Qal Sail Qv Se
[m] [m] [kN] [cm] [kN] [cm]
1.0 3083 1.59 2000 1.03
1.2 28 3812 1.64 2100 0.90
1.4 4580 1.69 2500 0.92
Table 2: Pile load and settlement for BH 5
Pile Pile Allowable Allowable Design Expected
diameter length pile pile pile settlement
load settlement load
d Lp Qal Sail Qv Se
[m] [m] [kN] [cm] [kN] [cm]
1.0 3181 1.59 2000 1.03
1.2 28 3930 1.64 2250 0.94
1.4 4747 1.68 2500 0.89

1.4 Spacing between piles

According to Bowels (1977}he National Building Codes states that the minimum distance between
centers of piles not driven to rock shall not be less tHanfa2 round piles. Large spacing is
impractical, since a pile cap is cast over a group of piles. In this case, large spdicreguire

massive and heavy pile caps carried by the piles. The spacing of piles is taken to be 204 to 2.5
(3.00 to 3.50 [m]).

1.5 Design of reinforced concrete section

Design of reinforcement concrete section was carried out accordE@@R@03 (2007) by'working
stress design method".

Design data

Characteristic strength of concrete Fw =30 [N/mm?]
Characteristic strength of steel (High Tensile Steel grade 36/52) = 360 [N/mm?]
Allowable punching shear stress Op =1 [N/mm?]
Thickness of pile caps t =1.25 [m]
Youngods modulus of pil e capE ma=t2&rll a l[kN/m?
Poissonbds ratio of the sl absg =0.2 [-]
Concrete cover for pile cap C =7 [cm]

Minimum steel reinforcement in pilap section:

Min. CapAs =  0.15 % (CapA)
= (0.15/100) x 125 x 100 = 18.75 [&m]
Min. CapAs = 60 25/m  ( 29.45 [crim])

Minimum steel reinforcement in pile section:

Min. PileAs = 1.0 % (PileAc)
= (1. 0/ 10 &4=154FiPmt O
Min. PileAs = 32025/m (157.12 cAm)
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Tarut Bridge- Analysis and design of foundation

2 Offshore - Single pile analysis

GeoTools
Version 2010
dy/ Dr. A. El Gendy

Program authors Prof. M. El Gen

Title: Bearing capacity of a single pile BH -5,D=1.0 [m]
Date: 25/09/2010
Project: Tarut bridge, Qatif city - Saudi Arabia
File:BH -5 - D10m
Bearing capacity and settlement of a single pile
according to ECP (1995)
Data:
Pile diameter D [m] =100
Pile toe diameter Df [m] =1.00
Pile length Lg [m] =28.00
Soil property
Layer Layer Soll Av. SPT Bulk Unit Angle of Undrainage Modulus
Depth Type N Value Wit. Int. cohesion of
Under [KN/m3] friction Cu Elasticity
the SBL a [kN/m2] E
[m] [deg] [KN/m2]
1 0-3 CL- ML 1 15 - 50 7000
2 3-75 SM 30 18 35 - 38000
3 75-12 GM >100 19.5 38 - 70000
4 12-15 SM 28 18 35 - 37000
5 15-18 CL 38 19 - 150 43000
6 18-22.5 SG SM 48 19.5 31 - 48000
7 225 -25 CL >100 19.5 - 250 70000
Estimation of pile skin friction for non - cohesive soil
Layer Soil Layer Angle of Av. SPT Values according ECP (1995)
Type Depth Int. N Value
Under friction
the SBL v} depth SPT Skin friction
(m] [deg] U
[KN/m2]
2 SM 3-75 35 30 2-75 20- 30 45
3 GM 75-12 38 >100 2-10 >30 60
4 SM 12-15 35 28 >7.5 20- 30 75
6 SGSM | 18-225 31 48 >10 >30 100
Estimation of pile skin friction for cohesive soil
Layer Soil Layer Undrainage Av. SPT Values according ECP (1995)
Type Depth cohesion N Value
Under Cu
the SBL [kN/m2 Undrainage Skin friction
[m] cohesion U
Cu [KN/m2]
[kN/m2
1 CL- ML 0-3 50 1 50 35
5 CL 15- 18 150 38 150 45
7 CL 225 -25 250 >100 250 50
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Tarut Bridge- Analysis and design of foundation

Summary of results

Pile tip resistance (Given)

s/Df = 0.02 Sig [kN/m2] = 500
s/Df = 0.03 Sigl [kN/m2] = 700
s/Df = 0.10 SigGR [kN/m2] = 1200

Internal results

Skin friction:
Layer Layer Penetration Undrainage  Skin Friction
No. thickness tip cohe sion friction force
resistance  of soil
| L1 gs Cu Tau Qrg
[-] [m]  [kN/m2] [kN/m2] [kN/m2]  [kN]
1 300 - e 35.000 329.9
2 450 e e 45.000 636.2
3 450 - e 60.000 848.2
4 300 e e 75.000 706.9
5 300 e 45.000 424.1
6 450 e e 100.000 1413.7
7 550 e e 50.000 863.9
Sum of friction forces Qrf [kN] = 5222.9
Load on pile head Qma+Qsp = Qv [kN] = 2000.0

Skin friction part from Qv Qma [kN] = 1809.5
End bearing part from Qv Qsp [kN] = 190.5
Expected se ttlement sV [ecm] =1.03

Pile resistance depending on pile settlement:

No. Referred Pile Pile Tip Pile

settlement tip friction resistance resistance
settlement resistance
| s/Df s Qr Qs
[-] [ -1 [em]  [kN]  [kN]  [kN]

1 0.02 2.00 3481.9 392.7 3874.6
2 0.03 3.00 5222.9 549.8 5772.7
3 0.03 3.00 52229 549.8 5772.7
4

0 10 1000 52229 9425 6165.4 = Qg=2*Qzul
Final results:
Allowable settlement Szul [em] =1.59
Allowable pile load Qr+Qs = Qzul [kN] = 3082 N
Skin friction part Qr [kN] =2770.3
End bearing part Qs [kN] =312.4
Safety factor Qzul/lQV = ETHA [ -] =154
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Tarut Bridge- Analysis and design of foundation

Load settlement curve for piles according to EC890)

Load Q [kN]
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P. O. Box465PortSaid, Egypt * Tel. 20663609247

Title: Bearing capacity of a single pile B%{ D=1.0 [m]
Date:25/09/2010

Project: Tarut bridge, Qatif ckySaudi Arabia

File: BH-5-D1.0m
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Tarut Bridge- Analysis and design of foundation

GeoTools
Version 2010
Program authors Prof. M. El Gendy/ Dr. A. El Gendy

Title: Bearing capacity of a single pile BH -5,D=1.2 [m]
Date: 25/09/201 0
Project: Tarut bridge, Qatif city - Saudi Arabia
File:BH -5 - D12m
Bearing capacity and settlement of a single pile
according to ECP (1995)
Data:
Pile diameter D [m =120
Pile toe diameter Df [m] =1.20
Pile length Lg [m] =28.00
Soil property
Layer Layer Soll Av. SPT Bulk Unit Angle of Undrainage Modulus
Depth Type N Value Wt. Int. cohesion of
Under [KN/m3] friction Cu Elasticity
the SBL a [KN/m2] E
[m] [deg] [KN/m2]
1 0-3 CL- ML 1 15 - 50 7000
2 3-75 SM 30 18 35 - 38000
3 75-12 GM >100 19.5 38 - 70000
4 12-15 SM 28 18 35 - 37000
5 15- 18 CL 38 19 - 150 43000
6 18-22.5 SG SM 48 19.5 31 - 48000
7 225 -25 CL >100 19.5 - 250 70000
Estimation of pile skin friction for non - cohesive soil
Layer Soil Layer Angle of Av. SPT Values according ECP (1995)
Type Depth Int. N Value
Under friction
the SBL a depth SPT Skin friction
[m] [deg] U
[KN/m2]
2 SM 3-75 35 30 2-75 20- 30 45
3 GM 75-12 38 >100 2-10 >30 60
4 SM 12- 15 35 28 >7.5 20- 30 75
6 SG SM 18-22.5 31 48 >10 >30 100
Estimation of pile skin friction for cohesive soil
Layer Soil Layer Undrainage Av. SPT Values according ECP (1995)
Type Depth cohesion N Value
Under Cu
the SBL [KN/m2 Undrainage Skin friction
[m] cohesion U
Cu [kN/m2]
[kN/m2
1 CL- ML 0-3 50 1 50 35
5 CL 15- 18 150 38 150 45
7 CL 225 -25 250 >100 250 50
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Tarut Bridge- Analysis and design of foundation

Summary of results

Pile tip resistance (Given)

s/Df = 0.02 Sig [kN/m2] = 500
s/Df = 0.03 Sigl [kN/m2] = 700
s/Df = 0.10 SigGR [kN/m2] = 1200

Internal results

Skin friction:
Layer Layer Penetration Undrainage  Skin Friction
No. thickness tip cohe sion friction force
resistance  of soil
| L1 as Cu Tau Qrg
[-] [m]  [kN/m2] [kN/m2] [kN/m2]  [kN]
1 300 - e 35.000 395.8
2 450 e e 45.000 763.4
3 45 - e 60.000 1017.9
4 300 0 - e 75.000 848.2
5 300 - e 45.000 508.9
6 45 - e 100.000 1696.5
7 550 - e 50.000 1036.7
Sum of friction forces Qrf [kN] = 6267.5
Load on pile head Qma+Qsp = Qv [kN] = 2100.0

Skin friction part from Qv Qma [kN] = 1894.8
End bearing part from Qv Qsp [kN] = 205.2
Expected se ttlement sV [ecm] = 0.90

Pile resistance depending on pile settlement:

No. Referred Pile Pile Tip Pile

settlement tip friction resistance resistance
settlement resistance
| s/Df s Qr Qs Q
[-] [ -1 [cm] [kN] [kN] [kN]

1 0.02 2.40 5014.0 565.5 5579.5
2 0.03 3.00 6267.5 678.6  6946.1
3 0.03 3.60 6267.5 791.7  7059.2
4

0 .10 12.00 6267.5 1357.2  7624.6 = Qg=2*Qzul
Final results:
Allowable settlement Szul [cm]=1.64
Allowable pile load Qr+Qs = Qzul [kN] = 3812 3
Skin friction part Qr [kN] = 3425.9
End bearing part Qs [kN] = 386.4
Safety factor Qzul/QV = ETHA [ -1 =182
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Tarut Bridge- Analysis and design of foundation

Load settlement curve for piles according to EC890)

Load Q [kN]
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Tarut Bridge- Analysis and design of foundation

GeoTools
Version 2010
Program authors Prof. M. El Gendy/ Dr. A. El Gendy

Title: Bearing capacity of a single pile BH -5,D=1.4 [m]
Date: 25/09/2010
Project: Tarut bridge, Qatif city - Saudi Arabia
File:BH -5 - D14m
Bearing capacity and settlement of a single pile
according to ECP (1995)
Data:
Pile diameter D [m] =1.40
Pile toe diameter Df [m] =1.40
Pile length Lg [m] = 28
Soil property
Layer Layer Soll Av. SPT Bulk Unit Angle of Undrainage Modulus
Depth Type N Value Wt. Int. cohesion of
Under [KN/m3] friction Cu Elasticity
the SBL a [KN/m2] E
[m] [deg] [KN/m2]
1 0-3 CL- ML 1 15 - 50 7000
2 3-75 SM 30 18 35 - 38000
3 75-12 GM >100 19.5 38 - 70000
4 12-15 SM 28 18 35 - 37000
5 15- 18 CL 38 19 - 150 43000
6 18-22.5 SG SM 48 19.5 31 - 48000
7 225 -25 CL >100 19.5 - 250 70000
Estimation of pile skin friction for non - cohesive soil
Layer Soil Layer Angle of Av. SPT Values according ECP (1995)
Type Depth Int. N Value
Under friction
the SBL a depth SPT Skin friction
[m] [deg] U
[KN/m2]
2 SM 3-75 35 30 2-75 20- 30 45
3 GM 75-12 38 >100 2-10 >30 60
4 SM 12- 15 35 28 >7.5 20- 30 75
6 SG SM 18-22.5 31 48 >10 >30 100
Estimation of pile skin friction for cohesive soil
Layer Soil Layer Undrainage Av. SPT Values according ECP (1995)
Type Depth cohesion N Value
Under Cu
the SBL [KN/m2 Undrainage Skin friction
[m] cohesion U
Cu [kN/m2]
[kN/m2
1 CL- ML 0-3 50 1 50 35
5 CL 15- 18 150 38 150 45
7 CL 225 -25 250 >100 250 50
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Tarut Bridge- Analysis and design of foundation

Summary of results

Pile tip resistance (Given)

s/Df = 0.02 Sig [kN/m2] = 500
s/Df = 0.03 Sigl [kN/m2] = 700
s/Df = 0.10 SigGR [kN/m2] = 1200

Internal results

Skin friction:
Layer Layer Pe netration Undrainage  Skin Friction
No. thickness tip cohesion friction force
resistance  of soil
| L1 as Cu Tau Qrg
[-] [m]  [kKN/m2 ] [kKN/m2] [kN/m2]  [kN]
1 300 e e 35.000 461.8
2 450 e e 45.000 890.6
3 450 e e 60.000 1187.5
4 300 0 - e 75.000 989.6
5 300 e e 45.000 593.8
6 450 e e 100.000 1979.2
7 5560 e e 50.000 1209.5
Sum of friction forces Qrf [kN] =7312.1
Load on pile head Qma+Qsp = Qv [kN] = 2500.0
Skin friction part from Qv Qma [kN] = 2249.7
End bearing part from Qv Qsp [kN] = 250.3
Expected settlement sv [ecm] =0.92

Pile resistance depending on pile settlement:

No. Referred Pile Pile Tip Pile
settlement tip friction resistance resistance
settlement resistance

| s/Df S Qr Qs
[-] [-1  [em]  [kN] [kN]  [kN]

1 0.02 2.80 6824.6 769.7  7594.3

2 0.02 3.00 73121 813.7 8125.7

3 0.03 420 73121 1077.6  8389.6

4 0.10 14.00 7312.1 1847.3 9159.3 = Qg=2*Qzul
Final results:
Allowable settlement Sz ul [ecm] =1.69
Allowable pile load Qr+Qs = Qzul [kN] =4579.7
Skin friction part Qr [kN] = 4115.5
End bearing part Qs [kN] = 464.2
Safety factor Qzul/lQV =ETHA [ -] =183
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Load settlement curve for piles according to EC890)

Load Q [kN]
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Title: Bearing capacity of a single pile B% D=1.4 [m]
Date:25/09/2010

Project: Tarut bridge, Qatif ckySaudi Arabia

File: BH-5-D1.4m
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Tarut Bridge- Analysis and design of foundation

GeoTools
Version 2010
Program authors Prof. M. El Gendy/ Dr. A. El Gendy

**

Title: Bearing capacity of a single pile BH -6, D=1.0 [m]
Date: 25/09/2010
Project: Tarut bridge, Qatif city - Saudi Arabia
File:BH -6 - D1.0m
Bearing capacity and settlement of a single pile
according to ECP (1995)
Data:
Pile diameter D [m =1.00
Pile toe diameter Df [m] =1.00
Pile length Lg [m] = 28.00
Soil property
Layer Layer Soll Av. SPT Bulk Unit Angle of Undrainage Modulus
Depth Type N Value Wt. Int. cohesion of
Under the [KN/m3] friction Cu Elasticity
SBL a [KN/m2] E
[m] [deg] [KN/m2]
1 0-3 CL- ML 1 15 - 50 7000
2 3-75 SM 30 18 35 - 38000
3 75-12 GM >100 19.5 38 - 70000
4 12-16.5 SM 28 18 35 - 37000
5 16.5 -19.5 CL 38 19 - 150 43000
6 19.5 -245 SG SM 48 19.5 31 - 48000
7 245 -25 CL >100 19.5 - 250 70000
Estimation of pile skin friction for non - cohesive soil
Layer Soil Layer Angle of Av. SPT Values according ECP (1995)
Type Depth Int. N Value
Under friction
the SBL a depth SPT Skin friction
[m] [deg] U
[KN/m2]
2 SM 3-75 35 30 2-75 20- 30 45
3 GM 75-12 38 >100 2-10 >30 60
4 SM 12-16.5 35 28 >7.5 20- 30 75
6 SG SM | 195 -245 31 48 >10 >30 100
Estimation of pile skin friction for cohesive soil
Layer Soil Layer Undrai nage Av. SPT Values according ECP (1995)
Type Depth cohesion N Value
Under Cu
the SBL [KN/m2 Undrainage Skin friction
[m] cohesion U
Cu [KN/m2]
[KN/m2
1 CL- ML 0-3 50 1 50 35
5 CL 16.5 -19.5 150 38 150 45
7 CL 24,5 - 25 250 >100 250 50
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Tarut Bridge- Analysis and design of foundation

Summary of results

Pile tip resi stance (Given)

s/Df = 0.02 Sig [kN/m2] = 500
s/Df = 0.03 Sigl [KN/m2] =700
s/Df = 0.10 SigGR [kN/m2] = 1200

Internal results
Skin friction:

Layer Layer Penetration Undrainage  Skin Friction

No. thickness tip cohesion friction force
resistance  of soil
| L1 as Cu T au Qrg
[-] [m]  [kN/m2] [kN/m2] [kN/m2]  [kN]
1 300 - e 35.000 329.9
2 450 e e 45.000 6 36.2
3 450 e e 60.000 848.2
4 450 - e 75.000 1060.3
5 300 - e 45.000 424.1
6 500 - e 100.000 1570.8
7 350 e e 50.000 549.8
Sum of friction forces Qrf [kN] = 5419.2
Load on pile head Qma+Qsp = Qv [kN] = 2000.0

Skin frictio n part from Qv Qma [kN] = 1815.8
End bearing part from Qv Qsp [kN] = 184.2
Expected settlement sV [cm] =1.00

Pile resistance depending on pile settlement:

No. Referred Pile Pile Tip Pile
settlement tip friction resistance resistance
settlement resistance
| s/Df s

Qr Qs Q
[-] [ -1 [em] [Nl [kN]  [kN]

0.02 200 3612.8 3927 40055
003 3 00 54192  549.8  5969.0
0.03 300 54192 5498 5969.0

0.10 1000 5419.2 9425  6361.7 = Qg=2*Qzul

A WN PR

Final results:

Allowable settlement Szul [em] =1.59

Allowable pile load Qr+Qs = Qzul [kN] =3180.9

Skin friction part Qr [kN] = 2869.0

End bearing part Qs [kN] = 311.8

Safety factor Qzul/QV =ETHA[ -] =159
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Tarut Bridge- Analysis and design of foundation

Load settlement curve for piles according to EC890)
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Title: Bearing capacity of a single pile B& D=1.0 [m]
Date:25/09/2010

Project: Tarut bridge, Qatif ckySaudi Arabia

File: BH-6-D1.0m
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Tarut Bridge- Analysis and design of foundation

GeoTools
Version 2010
Program authors Prof. M. El Gendy/ Dr. A. El Gendy

Title: Bearing capacity of a single pile BH -6,D=1.4[m]
Date: 25/09/2010
Project: Tarut bridge, Qatif city - Saudi Arabia
File:BH -6 - D12m
Beari ng capacity and settlement of a single pile
according to ECP (1995)
Data:
Pile diameter D [m =120
Pile toe diameter Df [m] =1.20
Pile len  gth Lg [m] =28
Soil property
Layer Layer Soll Av. SPT Bulk Unit Angle of Undrainage Modulus
Depth Type N Value Wt. Int. cohesion of
Under the [KN/m3] friction Cu Elasticity
SBL a [KN/m2] E
[m] [deg] [KN/m2]
1 0-3 CL- ML 1 15 - 50 7000
2 3-75 SM 30 18 35 - 38000
3 75-12 GM >100 19.5 38 - 70000
4 12-16.5 SM 28 18 35 - 37000
5 16.5 - 19.5 CL 38 19 - 150 43000
6 19.5 -245 SG SM 48 19.5 31 - 48000
7 245 - 25 CL >100 19.5 - 250 70000
Estimation of pile skin friction for non - cohesive soil
Layer Soil Layer Angle of Av. SPT Values according ECP (1995)
Type Depth Int. N Value
Under friction
the SBL a depth SPT Skin friction
[m] [deg] U
[KN/m2]
2 SM 3-75 35 30 2-75 20- 30 45
3 GM 75-12 38 >100 2-10 >30 60
4 SM 12-16.5 35 28 >7.5 20- 30 75
6 SG SM | 195 -245 31 48 >10 >30 100
Estimation of pile skin friction for cohesive soil
Layer Soil Layer Undrain age Av. SPT Values according ECP (1995)
Type Depth cohesion N Value
Under Cu
the SBL [KN/m2 Undrainage Skin friction
[m] cohesion U
Cu [kN/m2]
[KN/m2
1 CL- ML 0-3 50 1 50 35
5 CL 16.5 - 19.5 150 38 150 45
7 CL 245 - 25 250 >100 250 50
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Tarut Bridge- Analysis and design of foundation

Summary of results

Pile tip resi stance (Given)

s/Df = 0.02 Sig [kN/m2] = 500.000
s/Df = 0.03 Sigl [kN/m2] = 700.000
s/Df = 0.10 SigGR [kN/m2] = 1200.000

Internal results

Skin friction:
Layer Layer Penetration Undrainage  Skin Friction
No. thickness tip cohesion friction force
resistance  of soil
| L1 as Cu Tau Qrg
[-] [m]  [kN/m2] [kN/m2] [kN/m2]  [kN]
1 300 - e 35.000 395.8
2 450 e e 45.000 763.4
3 45 - e 60.000 1017.9
4 450 - e 75.000 1272.3
5 300 - e 45.000 508.9
6 500 - e 100.000 1885.0
7 350 - e 50.000 659.7
Sum of friction forces Qrf [kN] = 6503.1
Load on pile head Qma+Qsp = Qv [kN] = 2250.0

Skin friction part from Qv Qma [kN] = 2037.4
End bearing part from Qv Qsp [kN] =212.6
Expected settlement sV [cm] =0.94

Pile resistance depending on pile settlement:

No. Referred Pile Pile Tip Pile

settlement tip friction resistance resistance
settlement resistance

| s/Df s Qr Qs Q
[-] [ -1 [cm] [kN] [kN] [kN]

1 0.02 240 5202.5 565.5 5768.0

2 0 .03 3.00 6503.1 678.6  7181.7

3 0.03 3.60 6503.1 791.7  7294.8

4 0.10 12.00 6503.1 1357.2  7860.3 = Qg=2*Qzul
Final results:
Allowable settlement Szul [cm]=1.64
Allowable pile load Qr+Qs = Qzul [kN] =3930.1
Skin friction part Qr [kN] = 3544.8
End bearing part Qs [kN] = 385.3
Safety f  actor QzullQV = ETHA [ -1 =175
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Tarut Bridge- Analysis and design of foundation

Load settlement curve for piles according to EC890)

Load Q [kN]
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Title: Bearing capacity of a single pile B&iD=1.4 [m]
Date:25/09/2010

Project: Tarut bridge, Qatif ckySaudi Arabia

File: BH-6-D1.2m
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Tarut Bridge- Analysis and design of foundation

GeoTools
Version 2010
Program authors Prof. M. El Gendy/ Dr. A. El Gendy

*kk

Title: Bearing capacity of a single pile BH -6,D=1.4[m]
Date: 25/09/2010
Project: Tarut bridge, Qatif city - Saudi Arabia
File:BH -6 - D14m
Bearing capacity and settlement of a single pile
according to ECP (1995)
Data:
Pile diameter D [m] =1.40
Pile toe diameter Df [m] =1.40
Pile length Lg [m] =28
Soil property
Layer Layer Soll Av. SPT Bulk Unit Angle of Undrainage Modulus
Depth Type N Value Wt. Int. cohesion of
Under the [KN/m3] fricti on Cu Elasticity
SBL a [KN/m2] E
[m] [deg] [KN/m2]
1 0-3 CL- ML 1 15 - 50 7000
2 3-75 SM 30 18 35 - 38000
3 75-12 GM >100 19.5 38 - 70000
4 12-16.5 SM 28 18 35 - 37000
5 16.5 - 19.5 CL 38 19 - 150 43000
6 19.5 -245 SG SM 48 19.5 31 - 48000
7 245 - 25 CL >100 19.5 - 250 70000
Estimation of pile skin friction for non - cohesive soil
Layer Soil Layer Angle of Av. SPT Values according ECP (1995)
Type Depth Int. N Value
Under friction
the SBL a depth SPT Skin friction
[m] [deg] U
[KN/m2]
2 SM 3-75 35 30 2-75 20-30 45
3 GM 75-12 38 >100 2-10 >30 60
4 SM 12-16.5 35 28 >7.5 20- 30 75
6 SG SM | 195 -245 31 48 >10 >30 100
Estimation of pile skin friction for cohesive soil
Layer Soil Layer Undrai nage Av. SPT Values according ECP (1995)
Type Depth cohesion N Value
Under Cu
the SBL [kN/m2 Undrainage Skin friction
[m] cohesion U
Cu [KN/m2]
[kN/m2
1 CL- ML 0-3 50 1 50 35
5 CL 16.5 - 19.5 150 38 150 45
7 CL 245 - 25 250 >100 250 50
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Tarut Bridge- Analysis and design of foundation

Summary of results

Pile tip r esistance (Given)

s/Df = 0.02 Sig [kN/m2] = 500

s/Df = 0.03 Sigl [kN/m2] = 700

s/Df = 0.10 SigGR [kN/m2] = 1200

Internal results
Skin friction:

Layer Layer Penetration Undrainage  Skin Friction

No. thickness tip cohesion friction force
resistance of soil
| L1 as Cu Tau Qrg
[-] [m]  [kKN/m2] [kN/m2] [kN/m2]  [KkN]
1 300 - - - 35.000 461.8
2 450 e e 45.000 890.6
3 450 e e 60.000 1187.5
4 450 e e 75.000 1484.4
5 300 e e 45.000 593.8
6 500 - e 100.000 2199.1
7 350 e e 50.000 769.7
Sum of friction forces Qrf [kN] = 7586.9
Load on pile head Qma+Qsp = Qv [kN] = 2500.0

Skin friction part from Qv Qma [kN] = 2257.9
End bearing part from Qv Qsp [kN] =242.1
Expected settlement sv [cm] =0.89

Pile  resistance depending on pile settlement:

No. Referred Pile Pile Tip Pile
settlement tip friction resistance resistance
settlement resistance
s/Df S Qr Qs
[-] [ -1 [em]  [kN] [kN]  [kN]

0.02 2.80 7081.1 769.7  7850.8
0.02 3.00 7586.9 813.7  8400.6
0.03 420 75869 1077.6 8664.5
0.10 14.00 7586.9 1847.3 9434.2= Qg=2*Qzul

A WN P

Final results:

Allowable settlement Szul [cm] =1.68

Allowable pile load Qr+Qs = Qzul [kN] =4717.1

Skin friction part Qr [kN]1=4 254.6
End bearing part Qs [kN] = 462.5

Safety factor Qzul/lQV =ETHA [ -1 =189
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Tarut Bridge- Analysis and design of foundation

Load settlement curve for piles according to EC890)

Load Q [kN]
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P. O. Box465PortSaid, Egypt * Tel. 20663609247

Title: Bearing capacity of a single pile B&iD=1.4 [m]
Date:25/09/2010

Project: Tarut bridge, Qatif ckySaudi Arabia

File: BH-6-D1.4m
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Tarut Bridge- Analysis and design of foundation

3 Offshore- Pile cap analysis

*kkkk

Analysis of slab foundation
by the program package ELPLA
Version 9.2 SP1

Title: Pile cap analysis
Date: 25/09/2010

Project: Tarut bridge, Qatif city - Saudi Arabia
File: Pile cap analysis

Calculation method:
Method (9) (Layered soil model)
Rigid free - standing raft

Program authors Prof. M. El Gendy/ Dr. A. El Gendy
GEOTEC Software Inc. PO Box 14001 Richmond Road PO , Calgary AB, Canada T3E 7Y7
www.geotecsoftware.com; geotec@geotecsoftware.com ; Tele.:+1(587) 332 - 3323
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Tarut Bridge- Analysis and design of foundation

GEOTEC
PO Box 14001 Richmond Road PO, Calgary AB, Can ada T3E 7Y7

Soil data

Title: Pile cap analysis

Date: 25/09/2010

Project: Tarut bridge, Qatif city - Saudi Arabia
File: Pile cap analysis

Analysis of slab foundation
by the program package ELPLA
Version 9.2 SP1

Calculation method:
Method (9) (Layered soil model)
Rigid free - standing raft

Soil data

Ground water depth under the ground surface GW [m] =0
Settlement reduction factor Alfa [ -] =1

Boringlayers

Boring log No.: 1

Boring Log Label: B1

Location  of boring in global coordinates system
Xb [m] =0.00
Yb [m] =0.00

Layer No.: 1

Symbole for soil type a nd rocks after DIN 4023: T

Level of layer underground z [m] =3.00

Modulus of Elasticity of the soil (Loading) E [kN/m2] =7000.0

Modulus of Elasticity of the soil (Reloading) W [kN/m2] = 7000.0
Poisson's ratio of soll Nue [ -] =0.30
Unit weight of the soil Gama [KN/m3] = 5.2

Angle of internal friction Fhi [°] =0.00
Cohesion of the soil ¢ [kN/m2] =50.0

Layer No.: 2

Symbole for soil type and rocks after DIN 4023: S+U

Level of layer underground z [m] =750

Modulus of Elasticity of the soil (Loading) E [kN/m2] = 38000.0

Modulus of Elasticity of the soil (Reloading) W [kN/m2] = 38000.0

Poisson's ratio of soil Nue [ -] =0.
Unit weight of the soil Gama [KN/m3] = 8.2

Angle of internal friction Fhi [©] =35.00

Cohesion of the soil ¢ [kN/m2]=0.0

Layer No.: 3

Symbole for soil type and rocks after DIN 4023: G+U

Level of layer underground z [m] =12.00

Modulus of Elasticity of the soil (Loading) E [kN/m2] = 70000.0

Modulus of Elasticity of the soil (Reloading) W [kN/m2] = 70000.0

Poisson's ratio of soll Nue [ -] =0.30
Unit weight of the soil Gama [KN/m3] = 9.7

Angle of internal friction Fhi [©] =38.00

Cohesion of the soil ¢ [kN/m2]=0.0
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Tarut Bridge- Analysis and design of foundation

Layer No.: 4

Symbole for soil type and rocks after DIN 4023: S +U

Level of layer underground z [m] =15.00

Modulus of Elasticity of the soil (Loading) E [kN/m2] =37000.0

Modulus of Elasticity of the soil (Reloading) W [kN/m2] = 37 000.0
Poisson's ratio of soll Nue [ -] =0.30

Unit weight of the soil Gama [KN/m3] = 8.2

Angle of internal friction Fhi [©] =35.0 0
Cohesion of the soil ¢ [kN/m2]=0.0

Layer No.: 5

Symbole for soil type and rocks after DIN 4023: T

Level of layer underground z [m] =18.00

Modulus of Elasticity of the soil (Loading) E [kN/m2] = 43000.0

Modulus of Elasticity of the soil (Reloading) W [kN/m2] = 43000.0

Poisson's ratio of soll Nue [ -] =0.30
Unitwei ght of the soil Gama [KN/m3] = 9.2

Angle of internal friction Fhi [°] =0.00

Cohesion of the soil ¢ [kN/m2] =150.0

Layer No.: 6

Symbole for soil type and rocks after DIN 4023: S+T

Level of layer underground z [m] =22.50

Modulus of Elasticity of the soil (Loading) E [kN/m2] = 48000.0

Modulus of Elasticity of the soil (Reloading) W [kN/m2] = 48000.0

Poisson's ratio of soil Nue [ -] =0.30
Unit weight of the soil Gama [KN/m3] = 9.7

Angle of internal frict ion Fhi [°] =31.00

Cohesion of the soil ¢ [kN/m2]=0.0

Layer No.: 7

Symbole for soil type and rocks after DIN 4023: T

Level of layer underground z [m] =50.00
Modulus of Elasticity of the soil (Loading) E [kN/m2] = 70000.0

Modulus of Elasticity of the soil (Reloading) W [kN/m2] = 70000.0

Poisson's ratio of soll Nue [ -] =0.30
Unit weight of the soil Gama [KN/m3] = 9.7

Angle of internal friction Fhi [°] =0.00

Cohesion of the soil ¢ [kN/m2] =250.0
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Tarut Bridge- Analysis and design of foundation

GEOTEC

PO Box 14001 Richmond Road PO, Calgary AB, Canada T3E 7Y7

Slab properties/ Foundation level/ Global coordinates

Title: Pile cap analysis

Dat e: 25/09/2010

Project: Tarut bridge, Qatif city - Saudi Arabia
File: Pile cap analysis

Analysis of slab foundation

by the program package ELPLA
Version 9.2 SP1

Calculation method:
Method (9) (Layered soil model)
Rigid free - standing raft

Slab properties/ Foundation level/ Global coordinates

Unit weight of slab materia | GB [kN/m3] = 25.0

Element groups (with the same thickness and material):

Group E - Modulus  Poisson's Slab
No. of slab ratio  thic kness
I Ep Nue d
[-] [kN/m2] [ -1 [m]
1 2.4E+07 0.2 1.25
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Tarut Bridge- Analysis and design of foundation

GEOTEC
PO Box 14001 Richmond Road PO, Calgary AB, Canada T3E 7Y7

Loads

Title: Pile cap anal
Date: 25/09/2010

Project: Tarut bridge, Qatif city

ysis

Saudi Arabia

File: Pile cap analysis

Analysis of slab foundation
by the program package ELPLA
Version 9.2 SP1

Calculation method:
Method (9) (Layered soil model)

Rigid free

Loading

- standing raft

Column types (with the same properties):

Group  Column  Column
No. side side
| a b
[-] (m] [m]
1 1.11 1.11
Point loads:
Load Column Load X -coord. Y - coord.
No. types  value
| | P X y
[-] [ -1 [kN] [m] [m]
1 1 6000 13 3
2 1 5500 3 3
3 1 5500 23 3
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Tarut Bridge- Analysis and design of foundation

PO Box 14001 Richmond Ro

GEOTEC
ad PO, Calgary AB, Canada T3E 7Y7

Loads

Loading data:

Distribute column loads: (Yes)
Slab weight

Force on slab

Groundwater force

Total load (P = Pe + Pa
Groundwater pressure on raft
Average contact pressure

Sum Mx from loads
Sum My from loads

Eccentricity of loading in x
Ecce ntricity of loading in y

Moment of inertia of slab about x
Moment of inertia of slab about y
Product of inertia

Area of the slab

Volume of the slab

Page BO

Pe [kN] =4875
Pa [kN] =373 44
Pw [kN] =0
- Pw) P [kN] =42219
Qw [kN/m2]=0.0
Qo [kN/m2] = 270.6
Mx [KN.m] = -0.3
My [KN.m] = -1.7
- direction ex [ecm] =0.00
- direction ey [cm] =0.00
- Axis Ix [m4] =468.00
- Axis ly [m4] =8788.01
Ixy [m4] =0.00
A [m2] =156.00
V [m3] =195.00



Tarut Bridge- Analysis and design of foundation

GEOTEC
PO Box 14001 Richmond Road PO, Calgary AB, Canada T3E 7Y7

Data of piles

Title: Pile cap analysis

Date: 25/09/2010

Project: Tarut bridge, Qatif city - Saudi Arabia
File: Pile cap analysis

Analysis of slab foundation
by the program package ELPLA
Version 9.2 SP1

Calculation method:
Method (9) (Layered soil model)
Rigid free - standing raft

Pile groups:

Group No.: 1

Description of pile groups: P1

Pile diameter D [m]=14

Pile toe diameter Df[m]=1.4

Pile length Lg [m] =28

Soil data under the pile tip:

Pile tip resistance (s/Df = 0.02) Sig [kN/m2] =500

Pile tip resistance (s/Df = 0.03) Sigl [kN/m2] = 700

Pile tip resistance (s/Df = 0.1) SigGR [KN/m2] = 1200

Geotechnical data of the layer:

Layer Layer Undrainage Penetration Skin

No. thickness cohesion resistance  friction
| L1 Cu gs Tau

[-] [m] [kN/m2] [kN/m2] [kN/m2]
1 3.00 35.0
2 450 45.0
3 450 60.0
4 3.00 75.0
5 3.00 45.0
6 450 100.0
7 5.50 50.0
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Tarut Bridge- Analysis and design of foundation

Pile locations and groups:

Pile Node X -coord. Y -coord.  Group
No. No. No.
(-1 I -] [m] (m] [ -]
1 197 1.50 1.50 1
2 449 1.50 4.50 1
3 202 4.75 1.50 1
4 454 4.75 4.50 1
5 207 8.00 1.50 1
6 459 8.00 4.50 1
7 212 11.25 1.50 1
8 464 11.25 4.50 1
9 219 14.75 1.50 1
10 471 14.75 4.50 1
11 224 18.00 1.50 1
12 476 18.00 4.50 1
13 229 21.25 1.50 1
14 481 21.25 4.50 1
15 234 24.50 1.50 1
16 486 24.50 4.50 1
Pile material:
Modulus of elasticity of pile Ep [kKN/m2] = 24000000
Unit weight of pi le concrete GP [kN/m3] = 29.50

The 5 m pile length above the bed level is considered by assuming
an equivalent unit weight of pile concrete)
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Tarut Bridge- Analysis and design of foundation

GEOTEC
PO Box 14001 Richmond Road PO, Calgary AB, Canada T3E 7Y7

Support reactions

Title: Pile cap analysis

Date: 25/09/2010

Project: Tarut bridge, Qatif city - Saudi Arabia
File: Pile cap analysis

Analysis of slab foundation
by the program package ELPLA
Version 9.2 SP1

Calculation method:
Method (9) (Layered soil model)
Rigid fre  e- standing raft

Support reactions

Node Load -V Moment -Y  Moment -X

No.
| \% My Mx
[-] [kN] [KN.m] [kN.m]
197 2962 0 0
202 2648 0 0
207 2500 0 0
212 2445 0 0
219 2445 0 0
224 2500 0 0
229 2648 0 0
234 2962 0 0
449 2962 0 0
454 2648 0 0
459 2500 0 0
464 2445 0 0
471 2445 0 0
476 2500 0 0
481 2648 0 0
486 2962 0 0

Sum.V 42219
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Tarut Bridge- Analysis and design of foundation

GEOTEC
PO Box 14001 Richmond Road PO, Calgary AB, Canada T3E 7Y7

Pile results

Title: Pile cap analysis

Date: 25/09/2010

Project: Tarut bridge, Qatif city - Saudi Arabia
File: Pile cap anal ysis

Analysis of slab foundation
by the program package ELPLA
Version 9.2 SP1

Calculation method:
Method (9) (Layere d soil model)
Rigid free - standing raft

Pile results

Value of total load (including own wt.) Po [kN] = 42219

Total pile loads PL [kN] = 42219

Bearing factor of piled raft Alfa - Kpp [%] =100.00

Pile loads and displacements

Pile  pile  Settlement Soil
No. load stiffness
| Fr Sr ks
[-1 [kN] [cm] [kN/m]

1 2962 1.68 176360.8
2 2962 1.68 176360.8
3 2648 1.68 157700.8
4 2648 1.68 157700.8
5 2500 1.68 148899.1
6 2500 1.68 148899.2
7 2445 1.68 145577.4
8 2445 1.68 145577.4
9 2445 1.68 145577.4

10 2445 1.68 145577.4

11 2500 1.68 148899.2

12 2500 1.68 148899.2

13 2648 1.68 157700.8

14 2648 1.68 157700.8

15 2962 1.68 176360.7

16 2962 1.68 176360.8
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Tarut Bridge- Analysis and design of foundation

Pile loads
Pile Skin Tip  Total
No. resistance resistance load
| Qma Qsp Fr
[-] [kN] [kN]  [kN]
1 2585 288 2962
2 2585 288 2962
3 2382 265 2648
4 2382 265 2648
5 2284 254 2500
6 2284 254 2500
7 2246 250 2445
8 2246 250 2445
9 2246 250 2445
10 2246 250 2445
11 2284 254 2500
12 2284 254 2500
13 2382 265
14 2382 265 2648
15 2585 288 2962
16 2585 288 2962
Pile settlements
Pile Self  Settlement Sum of
No.  settlement settlements
| Sv Sr -Sv
[-] [cm] [cm]
1 1.06 0.62 1.68
2 1.06 0.62 1.68
3 0.98 0.70
4 0.98 0.70 1.68
5 0.94 0.74 1.68
6 0.94 0.74 1.68
7 0.92 0.76 1.68
8 0.92 0.76 1.68
9 0.92 0.76 1.68
10 0.92 0.76 1.68
11 0.94 0.74 1.68
12 0.94 0.74
13 0.98 0.70 1.68
14 0.98 0.70 1.68
15 1.06 0.62 1.68
16 1.06 0.62 1
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