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1.0 [bookmark: _Toc343327774][bookmark: _Toc325006571][bookmark: _Toc328298189][bookmark: _Toc149122829]INTRODUCTION
[bookmark: _Toc343001687][bookmark: _Toc343327775]Binak oilfield in Bushehr province is a part of the southern oilfields of Iran, is located 20 km northwest of Genaveh city. 
[bookmark: _Toc343327080][bookmark: _Toc343327777][bookmark: _Toc328298191][bookmark: _Toc259347570][bookmark: _Toc292715166][bookmark: _Toc325006574]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 [bookmark: _Toc43881104][bookmark: _Toc149122830]SCOPE
This report covers design of Fire Water Storage Tanks (TK-2301A/B). The calculation of foundation is performed using “SAP” software.

3.0 [bookmark: _Toc149122831]NORMATIVE REFERENCE
3.1 [bookmark: _Toc343001691][bookmark: _Toc343327082][bookmark: _Toc343327779][bookmark: _Toc518745780][bookmark: _Toc107647693][bookmark: _Toc149122832]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 [bookmark: _Toc343001692][bookmark: _Toc343327083][bookmark: _Toc343327780][bookmark: _Toc518745781][bookmark: _Toc107647694][bookmark: _Toc149122833]International Codes and Standards
· [bookmark: _Toc325006576][bookmark: _Toc343001693][bookmark: _Toc343327084][bookmark: _Toc343327781]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.
3.3 [bookmark: _Toc518745782][bookmark: _Toc107647695][bookmark: _Toc149122834]The Project Documents	
· [bookmark: _Toc89766236][bookmark: _Toc90214141][bookmark: _Toc107327862][bookmark: _Toc107647696][bookmark: _Toc137036509]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

4.0 [bookmark: _Toc253505646][bookmark: _Toc39312729][bookmark: _Toc43881108][bookmark: _Toc149122835]MATERIAL PROPERTIES
Material properties are delivered in the following table.
	Material properties

	Structure and Foundation concrete
	F’c=300kg/cm²(28 days cylindrical sample)

	Long. Reinforcement
	Fy=4000 kg/cm² (AIII)

	Trans. Reinforcement
	Fy=4000 kg/cm² (AIII)



5.0 [bookmark: _Toc134016980][bookmark: _Toc149122836]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


 
6.0 
[bookmark: _Toc403986420][bookmark: _Toc120697414][bookmark: _Toc149122837][bookmark: _Toc253505649]GEOMETRY
Figure 1- foundation and pedestal plan for TK-2301-A




Figure 2- foundation and pedestal plan for TK-2301-B
7.0 [bookmark: _Toc39312734][bookmark: _Toc43881111][bookmark: _Toc149122838]DESIGN LOAD
7.1 [bookmark: _Toc403986422][bookmark: _Toc120697416][bookmark: _Toc149122839][bookmark: _Toc29899066][bookmark: _Toc66793016]Ds (Total Dead Load of Structure and Foundation & Soil overburden) 
Soil overburden: 
Inside of Ring wall = 1.85 × 1.5 = 2.78 t/m²
Outside of Ring wall = 1.85 × 0.9 = 1.67 t/m²
Top of Pedestal = +0.60
Top of Foundation= -0.90
Soil Pressure on Ring wall:
Ds = 0.5 × 1.85 × (1.5) = 1.40 ton/m²
[image: ]


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



7.2 [bookmark: _Toc403986423][bookmark: _Toc120697417][bookmark: _Toc149122840]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
[image: ]De = 57.265/40(joint) = 1.43 ton

Figure 4- joint load on ring wall 

7.3 [bookmark: _Toc403986424][bookmark: _Toc120697418][bookmark: _Toc149122841]F (Normal Fluid Load) 
Normal Fluid Load on ring foundation:
F = Ope load / area of ring foundation → area of ring foundation: (𝜋 × 13²)/4 = 132.67 m → 1085.3 / 132.67 = 8.18 ton/m² 

[image: ]Soil Pressure Due to Normal Fluid Load on Ring wall:
F = 8.18 × (Kₒ = 0.5) = 4.09 t/m²
[image: ]

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

7.4 [bookmark: _Toc403986425][bookmark: _Toc120697419][bookmark: _Toc149122842]HT (Test Fluid Load)
Test Load on ring foundation:
HT = Hydrotest load / area of ring foundation → area of ring foundation: (𝜋 × 13²)/4 = 132.67 m → 1305.3 / 132.67 = 9.84 ton/m² 
Soil Pressure Due to Test Fluid Load on Ring wall:
HT = 9.84 × (Kₒ = 0.5) = 4.92 t/m²

[image: ]

Figure 6- [bookmark: _Toc311301789][bookmark: _Toc39312741][bookmark: _Toc43881118]area uniform HT load on the inside ring foundation and ring wall 
7.5 [bookmark: _Toc403986426][bookmark: _Toc120697420][bookmark: _Toc149122843]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 API650 with ASD behavior coefficient so its value is multiplied by 1.4 → 1151613.8  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).

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  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
[image: ]
Figure 7- joint load (EX) on ring wall and anchor bolt’s locations based on shear and moment of earthquake 
7.6 [bookmark: _Toc149122844]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
[image: ]
Figure 8- joint load (WX) on ring wall and anchor bolt’s locations based on shear and moment of wind 

8.0 [bookmark: _Toc120697422][bookmark: _Toc149122845]DESIGN LOAD COMBINATIONS
[bookmark: _Toc311301793]
	Load Assignments

	Case
	LoadType
	LoadName
	LoadSF

	Text
	Text
	Text
	Unitless

	A.A.O.1-NL
	Load pattern
	DE
	1

	
	Load pattern
	DL
	1

	
	Load pattern
	DS
	1

	
	Load pattern
	F
	1

	A.A.O.2-NL
	Load pattern
	DE
	1

	
	Load pattern
	DL
	1

	
	Load pattern
	DS
	1

	
	Load pattern
	F
	1

	
	Load pattern
	WX
	1

	A.B.T.1-NL
	Load pattern
	DL
	1

	
	Load pattern
	DE
	1

	
	Load pattern
	DS
	1

	
	Load pattern
	HT
	1

	
	Load pattern
	WX
	0.25

	A.B.T.2-NL
	Load pattern
	DL
	0.6

	
	Load pattern
	DE
	0.6

	
	Load pattern
	DS
	0.6

	
	Load pattern
	HT
	0.6

	
	Load pattern
	WX
	0.25

	A.C.E.1-NL
	Load pattern
	DL
	1

	
	Load pattern
	DE
	1

	
	Load pattern
	DS
	1

	
	Load pattern
	WX
	1

	A.C.E.2-NL
	Load pattern
	DL
	0.6

	
	Load pattern
	DE
	0.6

	
	Load pattern
	DS
	0.6

	
	Load pattern
	WX
	1

	A.D.E.1-NL
	Load pattern
	DL
	1

	
	Load pattern
	DS
	1

	
	Load pattern
	DE
	1

	
	Load pattern
	F
	1

	
	Load pattern
	EX
	0.7

	A.D.E.2-NL
	Load pattern
	DL
	0.6

	
	Load pattern
	DS
	0.6

	
	Load pattern
	DE
	0.6

	
	Load pattern
	F
	0.6

	
	Load pattern
	EX
	0.7

	S.A.O.1-NL
	Load pattern
	DL
	1.4

	
	Load pattern
	DS
	1.4

	
	Load pattern
	DE
	1.4

	
	Load pattern
	F
	1.4

	S.A.O.2-NL
	Load pattern
	DL
	1.2

	
	Load pattern
	DS
	1.2

	
	Load pattern
	DE
	1.2

	
	Load pattern
	F
	1.2

	
	Load pattern
	WX
	1

	S.A.O.3-NL
	Load pattern
	DL
	0.9

	
	Load pattern
	DS
	0.9

	
	Load pattern
	DE
	0.9

	
	Load pattern
	F
	0.9

	
	Load pattern
	WX
	1

	S.B.T.1-NL
	Load pattern
	DL
	1.2

	
	Load pattern
	DE
	1.2

	
	Load pattern
	DS
	1.2

	
	Load pattern
	HT
	1.2

	
	Load pattern
	WX
	0.25

	S.B.T.2-NL
	Load pattern
	DL
	0.9

	
	Load pattern
	DE
	0.9

	
	Load pattern
	DS
	0.9

	
	Load pattern
	HT
	0.9

	
	Load pattern
	WX
	0.25

	S.C.E.1-NL
	Load pattern
	DE
	1.2

	
	Load pattern
	DL
	1.2

	
	Load pattern
	DS
	1.2

	
	Load pattern
	WX
	1

	S.C.E.2-NL
	Load pattern
	DE
	0.9

	
	Load pattern
	DL
	0.9

	
	Load pattern
	DS
	0.9

	
	Load pattern
	WX
	1

	S.D.E.1-NL
	Load pattern
	DE
	1.2

	
	Load pattern
	DL
	1.2

	
	Load pattern
	DS
	1.2

	
	Load pattern
	F
	1.2

	
	Load pattern
	EX
	1

	S.D.E.2-NL
	Load pattern
	DE
	0.9

	
	Load pattern
	DL
	0.9

	
	Load pattern
	DS
	0.9

	
	Load pattern
	F
	0.9

	
	Load pattern
	EX
	1













9.0 [bookmark: _Toc311301794][bookmark: _Toc39312743][bookmark: _Toc43881120][bookmark: _Toc149122846]TANK ANALYSIS AND DESIGN 
9.1 [bookmark: _Toc375988357][bookmark: _Toc403986431][bookmark: _Toc120697424][bookmark: _Toc149122847]Tank geometry
       As noted before, the structure has modeled and analyzed by SAP2000. This figure shows a 3D view of the model in software.
[image: ]

Figure 9- 3D model 
9.2 [bookmark: _Toc308266427][bookmark: _Toc475973406][bookmark: _Toc39312748][bookmark: _Toc43881125][bookmark: _Toc90214158][bookmark: _Toc134016989][bookmark: _Toc149122848]Tank Design Results
1. [bookmark: _Toc144548292][bookmark: _Toc144548327][bookmark: _Toc144548359][bookmark: _Toc144559283][bookmark: _Toc149122849]
2. [bookmark: _Toc144548293][bookmark: _Toc144548328][bookmark: _Toc144548360][bookmark: _Toc144559284][bookmark: _Toc149122850]
3. [bookmark: _Toc144548294][bookmark: _Toc144548329][bookmark: _Toc144548361][bookmark: _Toc144559285][bookmark: _Toc149122851]
4. [bookmark: _Toc144548295][bookmark: _Toc144548330][bookmark: _Toc144548362][bookmark: _Toc144559286][bookmark: _Toc149122852]
5. [bookmark: _Toc144548296][bookmark: _Toc144548331][bookmark: _Toc144548363][bookmark: _Toc144559287][bookmark: _Toc149122853]
6. [bookmark: _Toc144548297][bookmark: _Toc144548332][bookmark: _Toc144548364][bookmark: _Toc144559288][bookmark: _Toc149122854]
7. [bookmark: _Toc144548298][bookmark: _Toc144548333][bookmark: _Toc144548365][bookmark: _Toc144559289][bookmark: _Toc149122855]
8. [bookmark: _Toc144548299][bookmark: _Toc144548334][bookmark: _Toc144548366][bookmark: _Toc144559290][bookmark: _Toc149122856]
9. [bookmark: _Toc144548300][bookmark: _Toc144548335][bookmark: _Toc144548367][bookmark: _Toc144559291][bookmark: _Toc149122857]
9.1. [bookmark: _Toc144548336][bookmark: _Toc144548368][bookmark: _Toc144559292][bookmark: _Toc149122858]
9.2. [bookmark: _Toc144548337][bookmark: _Toc144548369][bookmark: _Toc144559293][bookmark: _Toc149122859]
[bookmark: _Toc149122860]Soil Pressure Control
       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/cm³ ,allowable settlement = 2.5 cm and  Max soil pressure for this foundation is 1.80 Kg/cm², in this foundation maximum existing settlement is 1.686 cm and maximum existing stress is about 1.26 Kg/cm² .
[image: ]
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Figure 10- [image: ]displacement shape (cm)

Figure 11- Soil pressure (kg/cm²)
[bookmark: _Toc403986439][bookmark: _Toc113438279][bookmark: _Toc134014732][bookmark: _Toc134016997][bookmark: _Toc149122861]Foundation reinforcement
        According to ACI-318-08:
[image: ]
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 	→ If use Φ 12@200 → A = 5.65cm² → 5.65 cm² ≤ 10.8/2 = 5.4 cm² → ok







Figure 12- Foundation reinforcement plan
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Figure 13- M11 Max
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Figure 14- [image: ]M11 Min

Figure 15- M22 Max

[image: ]
Figure 16- M22 Min
























10.0 [bookmark: _Toc149122862]ATTACHMENTS 
10.1 [bookmark: _Toc149122863]SOWFTWARE FILE 
“SAP” software file is attached.





















10.2 [bookmark: _Toc149122864]MECHANICAL DATA SHEET 
	Mechanical data sheet is attached.




















10.3 [bookmark: _Toc149122865]MECHANICAL CALCULATION
Mechanical calculation file is attached.
image2.wmf

oleObject2.bin

image3.png
14

129

118

108

097

036

075

055

054

043

ox

02

o1

T [ & |ameA

Tor,mC ~





image4.png
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa




image5.png
Sl 2 S L s ot 555 5 a3 Lk S e Sl e Ls ol 10T Sy

8 s e il

ol Lt s dante cdle @=30°
PN ORI

o5 il L s K 050

[ N T K, 033
Sl Sl s pglie e i a5 K 3100





image6.png
818

755

622

629

566

503

aa

378

315

2532

189

126

083

iew

& S GLOBAL

© Torf.m.C




image7.png
984

.08

833

757

681

605

53

454

378

303

227

151

076

& & GLOBAL

o~ Tort.m.C




image8.wmf
´


oleObject3.bin

image9.wmf
´


oleObject4.bin

image10.png




image11.png
)))))




image12.png
View GLOBAL “ NmcC




image13.png
e Gon Sl s s i e i el S e 16 oo

tkglem3) b o fs Ledll 1Ss Jsae

B(m)
L/B=1 LB=2 L/B=5 L/B=10
10 1.69 1.33 114 1.09
2.0 1.00 0.85 0.78 0.77
3.0 0.78 0.69 0.65 0.64
4.0 0.68 0.60 0.57 0.57
5.0 0.61 0.55 0.53 0.53

A US o Gln ol s b e o A el S Jsoe 26 Jso

kglem3) b o s Jadll 5o S5

B(m)
L/B=1 1/B=2 1/B=3 1/B=10
10 1.76 1.36 118 113
20 0.92 0.82 0.75 0.73
3.0 0.72 0.62 0.58 0.58
4.0 0.60 0.54 0.51 0.51
5.0 0.54 049 0.48 047
Fess el )y s i e o e Sl (S e 36 o
(kglem3) b o s ol S Jpn
B(m)
L/B=1 L/B=2 L/B=5 L/B=10
10 185 142 1.23 118
20 0.92 0.81 0.79 0.77
3.0 0.76 0.64 0.61 0.60
4.0 0.62 0.56 0.53 033
5.0 0.56 0.51 0.49 0.49





image14.png
Shallow Foundation- GCS

a0
S
£
i
2
S
B
H
£
o
@
o
o
o
I .
e
22 185
Le-10
s
>ism
Df=1Im
o

D Depth of fooring with respectto ground surfoce
D D of foting embeiment





image15.png
012

024

036

048

06

0n2

084

036

108

12

BE

148

156

168

T —— Goim | 9| O [EEE o wienE -




image16.png
00

018

027

036

0as

054

063

0n2

081

03

089

108

117

126

Plane @ Z=0 & | & |GloBAL ClkdemC v




image17.png
10.5.4 — For structural slabs and footings of uniform
thickness, Ag i 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.
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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

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

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

0.35 percent is used..... . 0.0018 x 60,000
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