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1.0 INTRODUCTION

Binak oilfield in Bushehr province is a part of the southern oilfields of Iran, is located 20 km northwest
of Genaveh city.

With the aim of increasing production of oil from Binak oilfield, an EPC/EPD Project has been defined
by NIOC/NISOC and awarded to Petro Iran Development Company (PEDCO). Also PEDCO (as
General Contractor) has assigned the EPC-packages of the Project to "Hirgan Energy - Design

and Inspection" JV.

2.0 SCOPE

This report covers design of Fire Water Storage Tanks (TK-2301A/B). The calculation of foundation is
performed using “SAP” software.

3.0 NORMATIVE REFERENCE

3.1 Local Codes and Standards

INBC Part 6 “Iranian National Building Code

INBC Part 7 “Iranian National Building Code

INBC Part 9 “Iranian National Building Code

INBC Part 10 “Iranian National Building Code

Iranian Seismic Design Code for Petroleum Facilities(3rd edition)

3.2 International Codes and Standards

ASCE 7-10 “Minimum Design Loads and Associated Criteria for Buildings and Other
Structures-American Society of Civil Engineers”.

ACI 318. “Building Code Requirements for Reinforced Concrete”, American
Concrete Institute.

AISC 358 “Prequalified Connections for Special and Intermediate Steel Moment
Frames for Seismic Applications.” American Institute of Steel Construction, Inc.
AISC 360 - “Specification for Structural Steel Buildings”. American Institute of Steel
Construction, Inc.
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3.3 The Project Documents

BK-GNRAL-PEDCO-000-ST-SP-0001 SPECIFICATION FOR CONCRETE WORK

BK-GNRAL-PEDCO-000-ST-DC-0001 Structural Design Criteria
BK-GNRAL-PEDCO-000-CV-SP-0004 Specification For Earth Work
BK-GCS-PEDCO-120-GT-RT-0001 Geotechnical Investigation Report for

Compressor Station

40 MATERIAL PROPERTIES

Material properties are delivered in the following table.

Material properties
F’c=300kg/cm?(28 days cylindrical sample)

Fy=4000 kg/cm? (Alll)
Fy=4000 kg/cm? (Alll)

Structure and Foundation concrete
Long. Reinforcement
Trans. Reinforcement

5.0 COMPUTER SOFTWARE
Computer’s Software, which is used in structure and foundation analysis and design, are defined in

the following table.

Computer software

analysis and design of structure and foundation SAP 20.1.0
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6.0 GEOMETRY
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Figure 1-  foundation and pedestal plan for TK-2301-A
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Figure 2-  foundation and pedestal plan for TK-2301-B
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7.0 DESIGN LOAD

7.1 Ds (Total Dead Load of Structure and Foundation & Soil overburden)

Soil overburden:

Inside of Ring wall = 1.85 x 1.5=2.78 t/m?

Outside of Ring wall = 1

Top of Pedestal = +0.60

.85 x 0.9 =1.67 t/m?

Top of Foundation=-0.90

Soil Pressure on Ring wall:

Ds = 0.5 x 1.85 x (1.5) = 1.40 ton/m?

Figure 3-  area surface pressure for ring wall (face top)

“|Tol G~
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7.2 De (Total dead load of tank)
Weight of empty tank: 45.283 ton
Weight of bottom plate: 9.353 ton
Weight of roof plate: 11.98 ton
Weight of shell with roof: 45.283 + 11.98 = 57.265 ton

De = 57.265/40(joint) = 1.43 ton
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Figure 4-  joint load on ring wall

7.3 F (Normal Fluid Load)

Normal Fluid Load on ring foundation:

F = Ope load / area of ring foundation — area of ring foundation: (& x 13?)/4 = 132.67 m — 1085.3 /
132.67 = 8.18 ton/m?
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Soil Pressure Due to Normal Fluid Load on Ring wall:

F =8.18 x (Ko = 0.5) = 4.09 t/m?

% GOEAL <(feimb -

Figure 5-  area uniform F load on the inside ring foundation and ring wall

7.4 HT (Test Fluid Load)
Test Load on ring foundation:

HT = Hydrotest load / area of ring foundation — area of ring foundation: (& x 132)/4 = 132.67 m —
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1305.3/ 132.67 = 9.84 ton/m?
Soil Pressure Due to Test Fluid Load on Ring wall:

HT =9.84 x (Ko = 0.5) = 4.92 t/m?

Figure 6- area uniform HT load on the inside ring foundation and ring wall

7.5 E (Earthquake Load)

Shear load = 1151613.8 N (based on Mechanical Data Sheet for fire water storage Tanks (TK-2301

A/B).

This shear is based on the datasheet, but we used AP1650 with ASD behavior coefficient so its value

is multiplied by 1.4 — 1151613.8 X 1.4 = 1612259.3 N

Shear load based on earthquake on ring wall= 1612259.3 N / 40(joints) = 40306.5 N

Moment = 3679379.2 N.m (based on Mechanical Data Sheet for fire water storage Tanks (TK-2301

A/B).
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This moment is based on the datasheet, but we used API650 with ASD behavior coefficient so its
value is multiplied by 1.4 — 3679379.2 X 1.4 =5151130.2 N.m

Based on this moment, we calculate the tensile and compressive force for each anchor bolt and place
it in the position of each theme

[ Tnink Cunds (50 {4s Defmagh

e
ADN0RS A0
eV A0
T ap0b: Y5 - B = ~

5 -
o soffpon

a 5
Au0pAL o il

ApADES 2
e

T i 51
E ~ 3

New & = GLoRAL w Nm.C

Figure 7-  joint load (EX) on ring wall and anchor bolt’s locations based on shear and moment of earthquake

7.6 W (Wind Load)

Shear load = 110468.3 N (based on Mechanical Data Sheet for fire water storage Tanks (TK-
2301 A/B).

Shear load based on wind on ring wall= 110468.3 N / 40(joints) = 2761.7N

Moment = 716860.7 N.m (based on Mechanical Data Sheet for fire water storage Tanks (TK-
2301 A/B).

Based on this moment, we calculate the tensile and compressive force for each anchor bolt and
place it in the position of each theme
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Figure 8-  joint load (WX) on ring wall and anchor bolt’s locations based on shear and moment of wind

8.0 DESIGN LOAD COMBINATIONS

Load Assighments
Case LoadType LoadName LoadSF
Text Text Text Unitless
Load pattern DE 1
AAO.LNL Load pattern DL 1
Load pattern DS 1
Load pattern F 1
Load pattern DE 1
Load pattern DL 1
A.A.0.2-NL | Load pattern DS 1
Load pattern F 1
Load pattern WX 1
AB.T.1-NL | Load pattern DL 1
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Load pattern DE 1
Load pattern DS 1
Load pattern HT 1
Load pattern WX 0.25
Load pattern DL 0.6
Load pattern DE 0.6
AB.T.2-NL | Load pattern DS 0.6
Load pattern HT 0.6
Load pattern WX 0.25
Load pattern DL 1
ACELNL Load pattern DE 1
Load pattern DS 1
Load pattern WX 1
Load pattern DL 0.6
ACE2NL Load pattern DE 0.6
Load pattern DS 0.6
Load pattern WX 1
Load pattern DL 1
Load pattern DS 1
A.D.E.1-NL | Load pattern DE 1
Load pattern F 1
Load pattern EX 0.7
Load pattern DL 0.6
Load pattern DS 0.6
A.D.E.2-NL | Load pattern DE 0.6
Load pattern F 0.6
Load pattern EX 0.7
Load pattern DL 1.4
SAO.LNL Load pattern DS 1.4
Load pattern DE 1.4
Load pattern F 1.4
Load pattern DL 1.2
Load pattern DS 1.2
S.A.0.2-NL | Load pattern DE 1.2
Load pattern F 1.2
Load pattern WX 1
Load pattern DL 0.9
S.A.0.3-NL | Load pattern DS 0.9
Load pattern DE 0.9
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Load pattern F 0.9
Load pattern WX 1
Load pattern DL 1.2
Load pattern DE 1.2
S.B.T.1-NL | Load pattern DS 1.2
Load pattern HT 1.2
Load pattern WX 0.25
Load pattern DL 0.9
Load pattern DE 0.9
S.B.T.2-NL | Load pattern DS 0.9
Load pattern HT 0.9
Load pattern WX 0.25
Load pattern DE 1.2
S.CELNL Load pattern DL 1.2
Load pattern DS 1.2
Load pattern WX 1
Load pattern DE 0.9
S.CE2-NL Load pattern DL 0.9
Load pattern DS 0.9
Load pattern WX 1
Load pattern DE 1.2
Load pattern DL 1.2
S.D.E.1-NL | Load pattern DS 1.2
Load pattern F 1.2
Load pattern EX 1
Load pattern DE 0.9
Load pattern DL 0.9
S.D.E.2-NL | Load pattern DS 0.9
Load pattern F 0.9
Load pattern EX 1
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9.0 TANK ANALYSIS AND DESIGN

9.1 Tank geometry

As noted before, the structure has modeled and analyzed by SAP2000. This figure shows a 3D
view of the model in software.

9.2 Tank Design Results

Figure 9-

9.2.1. Soil Pressure Control

3D model

Soil pressures in different service load combinations should be checked by allowable value. The
following figure is extracted from “SAP” model.

According to Geotechnical report Ks = 0.73 Kg/cm?® ,allowable settlement = 2.5 cm and Max soil
pressure for this foundation is 1.80 Kg/cm?, in this foundation maximum existing settlement is
1.686 cm and maximum existing stress is about 1.26 Kg/cm? .
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o Fer slpa)lg s S o e e e g 16 5o
thglem3) b o s fesl) oSe J3as
Bim) i
L/B=I =3 L/B=5 L/B=10
1.0 1.69 1.33 1.14 1.09
2, 1.00 0.85 078 077
3.0 0.78 0.69 0.65 .64
4.0 0.68 0.60 037 0.57
3.0 0.61 0.55 0.33 0.53
D s dlp gy s M e o e el S e 26 s
thgiem3) o o s Jasll poSe Joda
Bim) : :
IL/B=1 L/B=> L/B=3 L/B=10
1.0 176 1.36 1.1I8 113
20 0.92 0.82 0.75 0.73
3.0 0.72 0.62 038 0.38
4.0 0.60 0.54 031 0.51
3.0 0.54 0.49 0.48 047
o33 Ges glp oilai g Als i e o e el S gae 30 Jgon
thglom3) o o s baoll So Jaas
Bim)
L/B=1 /B=2 IL/B=5 L/B=10
1.0 1.85 1.42 123 1.18
2.0 0.92 0.81 0.7 0.77
3.0 0.76 0.64 0.61 0.60
4.0 0.62 0.56 0.53 0.53
3.0 0.56 0.31 0.49 0.49
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9.2.2. Foundation reinforcement

According to ACI-318-08:

10.5.4 — For structural slabs and footings of uniform
thickness, Ag min in the direction of the span shall be
| the same as that required by 7.12.2.1. Maximum
spacing of this reinforcement shall not exceed three
times the thickness, nor 18 in.

7.12.2 — Deformed reinforcement conforming to 3.5.3
used for shrinkage and temperature reinforcement

shall be provided in accordance with the following:

7.12.2.1 — Area of shrinkage and temperature
reinforcement shall provide at least the following ratios
of reinforcement area to gross concrete area, but not

less than 0.0014:

(a) Slabs where Grade 40 or 50
deformed bars are used .................................0.0020

(b) Slabs where Grade 60
deformed bars or welded wire
reinforcement are used..............ccccceveeeeee....0.0018

(c) Slabs where reinforcement
with yield stress exceeding 60,000 psi
measured at a yield strain of

0.0018 x 60,000

fy

0.35 percentis used.....................

Agmin = 0.0018 x 60 X 100 = 10.8cm? for top and bottom — If use ® 12@200 — A = 5.65cm?
— 5.65cm?<10.8/2 = 5.4 cm? — ok
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TK-2301 A/B

Foundation reinforcement plan

T12@200
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