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1.0 [bookmark: _Toc343327774][bookmark: _Toc325006571][bookmark: _Toc328298189][bookmark: _Toc108003062]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.
[bookmark: _Toc343001687][bookmark: _Toc343327775]GENERAL DEFINITION
The following terms shall be used in this document.
	CLIENT:	
	National Iranian South Oilfields Company (NISOC) 

	PROJECT:
	Binak Oilfield Development – Surface Fcilities; New Gas Compressor Station

	EPD/EPC CONTRACTOR (GC):
	Petro Iran Development Company (PEDCO)

	EPC CONTRACTOR:
	Joint Venture of : Hirgan Energy – Design & Inspection (D&I) Companies

	VENDOR:
	The firm or person who will fabricate the equipment or material.

	EXECUTOR:	
	Executor is the party which carries out all or part of construction and/or commissioning for the project.

	THIRD PARTY INSPECTOR (TPI):
	The firm appointed by EPD/EPC CONTRACTOR (GC) and approved by CLIENT (in writing) for the inspection of goods.

	SHALL:
	Is used where a provision is mandatory.

	SHOULD:
	Is used where a provision is advisory only.

	WILL:	
	Is normally used in connection with the action by CLIENT rather than by an EPC/EPD CONTRACTOR, supplier or VENDOR.

	MAY:	
	Is used where	a provision is completely discretionary.



2.0 [bookmark: _Toc343327080][bookmark: _Toc343327777][bookmark: _Toc108003063][bookmark: _Toc328298191][bookmark: _Toc259347570][bookmark: _Toc292715166][bookmark: _Toc325006574]SCOPE 
[bookmark: _Toc328298192] This report covers the structure calculation report of the “GAS COMPRESSORS SHELTER ”. The structure modelled by “SAP” software & the foundation modelled by “SAFE” software.
3.0 [bookmark: _Toc343327081][bookmark: _Toc343327778][bookmark: _Toc108003064] NORMATIVE REFERENCES
[bookmark: _Toc343001691][bookmark: _Toc343327082][bookmark: _Toc343327779][bookmark: _Toc108003065][bookmark: _Toc325006576]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)
[bookmark: _Toc343001692][bookmark: _Toc343327083][bookmark: _Toc343327780][bookmark: _Toc108003066]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.
[bookmark: _Toc343001693][bookmark: _Toc343327084][bookmark: _Toc343327781][bookmark: _Toc108003067]The Project Documents
· [bookmark: _Toc89766236][bookmark: _Toc90214141]BK-GNRAL-PEDCO-000-ST-SP-0001  SPECIFICATION FOR CONCRETE WORK
· BK-GNRAL-PEDCO-000-ST-SP-0003  SPECIFICATION FOR FABRICATION OF STEEL STRUCTURES
· BK-GNRAL-PEDCO-000-ST-SP-0004  SPECIFICATION FOR GROUTING
· BK-GNRAL-PEDCO-000-ST-SP-0005  SPECIFICATION FOR ERECTION OF STEEL STRUCTURES
· BK-GNRAL-PEDCO-000-ST-DW-0002  STANDARD DRAWING FOR ANCHOR BOLTS
· BK-GNRAL-PEDCO-000-ST-DW-0011  GENERAL NOTES-STEEL STRUCTURES
· BK-GNRAL-PEDCO-000-ST-DW-0014  STANDARD DRAWING FOR STRUCTURAL BUILT-UP SECTIONS
[bookmark: _Toc341278664][bookmark: _Toc341280195][bookmark: _Toc343327085][bookmark: _Toc343327782][bookmark: _Toc108003068]ENVIRONMENTAL DATA
Refer to "Process Basis of Design; Doc. No. -----------------------". 
[bookmark: _Toc83130850][bookmark: _Toc83133994][bookmark: _Toc83136016][bookmark: _Toc108003069]Order of Precedence
In case of any conflict between the contents of this document or any discrepancy between this document and other project documents or reference standards, this issue must be reported to the CLIENT. The final decision in this situation will be made by CLIENT.
4.0 [bookmark: _Toc253505646][bookmark: _Toc39312729][bookmark: _Toc43881108][bookmark: _Toc90214142][bookmark: _Toc108003070]MATERIAL PROPERTIES
Material properties are delivered in the following table.
	Foundation Concrete
	F'c = 25 Mpa(28- day cylindrical sample)

	Long. reinforcement bar
	Fy = 400 Mpa(AIII)

		Trans. reinforcement bar
	Fy = 400 Mpa(AIII)

	Bolt Type
	HV 8.8

	Electrode Type
	E 70


5.0 [bookmark: _Toc39312732][bookmark: _Toc43881109][bookmark: _Toc90214143][bookmark: _Toc108003071]STRUCTURE ‘S SYSTEMS
The structure’s system is OMF in X direction and OCBF system in Y direction.
Seismic Parameters  according to Iranian seismic design code listed at below table.
	dir
	R
	Omega
	cd

	x 
	3.5
	3
	3

	y 
	3.25
	2
	3.25


6.0 [bookmark: _Toc253505650][bookmark: _Toc39312733][bookmark: _Toc43881110][bookmark: _Toc90214144][bookmark: _Toc108003072]INPUT DATA
6.1 [bookmark: _Toc39312734][bookmark: _Toc43881111][bookmark: _Toc90214145][bookmark: _Toc108003073]DESIGN LOAD
[bookmark: _Toc475877990][bookmark: _Toc475973393][bookmark: _Toc479518046][bookmark: _Toc39312735][bookmark: _Toc41742177][bookmark: _Toc43881112][bookmark: _Toc90214146][bookmark: _Toc104722958][bookmark: _Toc108003074]6.1.1. Dead load
Dead loads include the self-weight of the structure and all the permanent equipment which are supported by the structures
                          

Roof weight is assigned in software 26 kg/m2. 
· At  ended frame :               At middle frame : 
For wall: Consider galvanize sheet with weight 8kg/m2   (8 kg/m2 assign to the model)
· At  ended frame :               At middle frame : 

 [image: ]                [image: ] 

Figure 1-applied Dead load on ended axe(1&3&6&8&11&13) (kg/m)  Figure 2-applied Dead load on middle axe (2&7&12) (kg/m)

[bookmark: _Toc104722959][bookmark: _Toc108003075]6.1.2. LIVE loadS
The design live load on an area shall be defined as the weight of all movable loads, including personnel, tools, and parts of dismantled equipment, cranes, hoist, and temporarily stored materials.
According to Iranian National Building code No.6 Live load in light slop roof is  50kg/m2 and assumed 1.3KN concentrated load has been applied at critical frame.
·            At  ended frame :                      At middle frame : 
[image: ]     [image: ]
Figure 3-Applied live Load on frame (1&3&6&8&11&13)(kg/m)  Figure 4-Applied live Load on frame (2&7&10)(kg/m)

[bookmark: _Toc39312738][bookmark: _Toc41742180][bookmark: _Toc43881115][bookmark: _Toc90214148][bookmark: _Toc108003076]6.1.3. SNOW LOADS
Snow load of this structure is calculated in accordance with Iranian National Building Code No.6 Latest edition.. Parameters which are used in calculation of snow force is presented in below:
Ps=25 kg/m2         Is=1            Cs= 0.91   (slope 15)=1-           
Ch=1     Cn=0.8              
·    At  ended frame :                                                 At middle frame : 
[image: ]                           [image: ] 
Figure 5-Applied Snow Load on frame (1&3&6&8&11&13)(kg/m)    Figure 6-Applied Snow Load on frame (2&7&10)(kg/m)

UNBALANCED SNOW LOADS
[bookmark: _Toc88292465][bookmark: _Toc88311410][bookmark: _Toc89701823][bookmark: _Toc89766244][bookmark: _Toc90214149]According to Iranian National Building Code No.6 (latest edition)) Unbalanced snow load have been considered  for roof slope between 4%~60%..in this structure Calculation of this load represents as below:
[bookmark: _Toc88292466][bookmark: _Toc88311411][bookmark: _Toc89701824][bookmark: _Toc89766245][bookmark: _Toc90214150][image: ]
[image: ]




[image: ]                        [image: ]
    Load on frame  (1&3&6&8&11&13) (kg/m)                                                  Load on frame  (2&7&12) (kg/m)   

[image: ]
Figure 7-Applied Unbalanced SNOW Load on frame-SP-
 [image: ]                  [image: ] 
    Load on frame  (1&3&6&8&11&13) (kg/m)                                                  Load on frame  (2&7&12) (kg/m)   

[image: ]

Figure 8-Applied Unbalanced SNOW Load on frame-SN-


[bookmark: _Toc108003077]6.1.4. SEISMIC LOADS
All structures are in area with high risk zone of seismic and until finalizing of  “Geotechnical Final Report” soil type consider  is type III. Equivalent static method is used for calculation of seismic loads. Parameters which are used in calculation of earthquake force and seismic coefficient is presented in below
Seismic loads are calculated according to Iranian Seismic Design code for petroleum facilities (3rd Edition)
For OMF system (X direction)
 Rux=3.5       Omega=3           Cd=3
           For OCBF system (Y direction)
Ruy=3.25      Omega=2           Cd=3.25
Soil Type : Type III
According to Iranian Seismic Design code for petroleum facilities (3rd Edition)
· For  X direction

[image: ]
A=0.3
(According to table 4-4 code 038 3r Edition)
(According to table 4-4 code 038 3r Edition)

B(0.2s)=2.75( According to Soil type)         B(1s)=1.9( According to Soil type)

T0<T<Ts               =0.235

· For  Y direction:

[image: ]


( In this area)
(According to table 4-4 code 038 3r Edition)
(According to table 4-4 code 038 3r Edition)

B(0.2s)=2.75( According to Soil type)      B(1s)=1.9( According to Soil type)
  
T0<T<Ts            =0.254        
Ev : Vertical seismic load applied at model according to section 2-2-3-2 (code 038)

[image: ]
Ev applied at model as a portion of dead load as above.
[bookmark: _Toc108003078]6.1.5. wind LOADS
Wind  loads are calculated according to ASCE07-last Edition and applied at model as below:
V=120K km/h(according to Iranian National Building Code No.6 last edition) 


[image: ][image: ]
Building classification =I   building and other structures that represent a low risk to human life in the event of failure  (Risk Category)
Exposure Category=C(open terrain with scattered obstructions having heights generally<30ft . this category includes flat open country and grass lands. 
Ridge height =9.9 m         Eave height =9 m    Building width=12 m       Building length=72m    
Roof type =Gable
Topo factor   Kzt=1
Direct factor   kd=1 
Enclose =yes 
Hurricane rfegion =no
Roof angle =8.50
Mean roof height =9.45 m 
[image: ]
[image: ]

Figure 9-Wind Load calculation( (kg/m2))










[image: ][image: ]
Figure 10-Wind Load Direction





Load Case A
 (Wx) Due to G+Cpi   :                                                          Wx1: Due to G-Cpi                       
      




(WxE) Due to G+Cpi   :                                                          Wx1E: Due to G-Cpi                       
      









[image: ][image: ]
      Load on frame  (1&13) (kg/m)                                             Load on frame  (2&3&6&7&8&11&12) (kg/m)
[image: ]
Figure 11-Applied Wind Load on frame-Wx-


[image: ] [image: ]
Load on frame  (1&13) (kg/m)                                             Load on frame  (2&3&6&7&8&11&12) (kg/m)

[image: ]
Figure 12-Applied Wind Load on frame-Wx1-




Load Case B
 (Wy) Due to G+Cpi   :                                                          Wy1: Due to G-Cpi                       
      





(WyE) Due to G+Cpi   :                                                          Wy1E: Due to G-Cpi                       
      








[image: ]    [image: ]         Load on frame  (1&13) (kg/m)                                                      Load on frame  (2&3&6&7&8&11&12) (kg/m)
[image: ]
Figure 13-Applied Wind Load on frame-Wy-




[image: ]                  [image: ]
 Load on frame  (1&13) (kg/m)                                                      Load on frame  (2&3&6&7&8&11&12) (kg/m)

[image: ]
Figure 14-Applied Wind Load on frame-Wy1-


[bookmark: _Toc108003079]6.1.6. CRAINE  LOADS
For the shelter structure of the main gas compressors, an electric overhead crane with a capacity of 10 tons is provided in annex 10 (description of works in the contractor’s commitment). 
[image: ]

6.2 [bookmark: _Toc90214153][bookmark: _Toc108003080]SAP loading table
[bookmark: _Toc104728520][bookmark: _Toc108003081][image: ]
[bookmark: _Toc311301790][bookmark: _Toc39312742][bookmark: _Toc43881119][bookmark: _Toc90214154]Load combinations
According to code ASCE7 structures, components, and foundations shall be designed, so that their design strength equals or exceeds that effect of factored loads in the following combination:
1.4(D)
(1.2D) +1.6(L)+0.5(Lr/S/R)
1.2D+1.6(Lr/S/R) + (L/0.5W)
 1.2D+1.0(W) + L+.5(Lr/S)
1.2D+1.0E+L+0.2S
0.9D+1.0W
0.9D+1.0E

Load listed herein shall be considered to act in the following combinations; whichever produces the most unfavorable effect considering soil reactions.
D
D+L
D+(Lr/S/R)
D+0.75(L)+0.75(Lr/R/S)
D+(0.6W or 0.7E)
D+0.75L+0.75(0.6W)+0.75(Lr/S/R)
D+0.75L+0.75(0.7E)+0.75S
0.6D+0.6W
0.6D+0.7E
















7.0 [bookmark: _Toc108003082][bookmark: _Toc39312744][bookmark: _Toc41742186][bookmark: _Toc43881121][bookmark: _Toc90214156]STRUCTURE ANALYSIS AND DESIGN
7. [bookmark: _Toc108003083]ANALYSIS
Structural analysis is done by SAP2000 software. In model loads are applied, some graphical outputs from model are shown as follows.
[image: ]
Figure 15 - 3D view of  SAP  model

[image: ]
Figure 16 - Moment 3-3 under Ex load
[image: ]
Figure 17 - Moment 3-3 under Wx load
7.1 [bookmark: _Toc475973405][bookmark: _Toc39312746][bookmark: _Toc43881123][bookmark: _Toc90214157][bookmark: _Toc108003084]Control of Columns Required Axial Strength
According to AISC 341-10 section D1.4a. columns axial strength shall be checked with load combination including amplified seismic load.
Omega X = 3
Omega Y = 2
Load combination for amplified seismic control:
		1- D+0.75L+0.75S±2EY (compression)
	2- 0.6D±2EY  (tension)
According to design file (sap model) axial load in columns in above combination checked an all columns are acceptable .
8.0 [bookmark: _Toc308266427][bookmark: _Toc475973406][bookmark: _Toc39312748][bookmark: _Toc43881125][bookmark: _Toc90214158][bookmark: _Toc108003085]STRUCTURAL DESIGN RESULTS
8.1 [bookmark: _Toc308266428][bookmark: _Toc475973407][bookmark: _Toc39312749][bookmark: _Toc43881126][bookmark: _Toc90214159][bookmark: _Toc108003086]Graphical output

[image: ]

Figure 18 – Design Results

[image: ] [image: ]
       Section of  frame  (1&2&3&6&7&8&11&12&13)                                  Section of  frame  (4&5&9&10)

 Figure 19 :  Frames

8.2 [bookmark: _Toc108003087]DRIFT CONTROL
[bookmark: _Toc108003088][image: ]
Maximum displacement according to above output from sap model under critical service load combination  is  about  4.19 cm  which is less than allowable drift.

9.0 [bookmark: _Toc108003089]STRUCTURAL CONNECTIONS
9.1 [bookmark: _Toc108003090]Special Moment Frame
· [bookmark: _Toc475973411][bookmark: _Toc39312753][bookmark: _Toc41742195][bookmark: _Toc43881130][bookmark: _Toc107327885][bookmark: _Toc107647723][bookmark: _Toc108003091]Beam to column
According to AISC 358-10 chapter 6, connection types 4ES and 8ES shall be used. Prequalified Special moment frame connections have been determined according to AISC 341- 10, Part 1, Section 10; AISC 358-10, Chapter 6 & AISC Design Guides 4, 13. Introductory figures & tables are attached. (Design procedure is mainly based on AISC 358 – 10 section 6.10)
 High pretension bolts, used are equivalent to HV8.8 with ultimate strength of Fu=8,000 kg/cm2. The units used in the above mentioned codes & based calculation are kg-cm.
[bookmark: _Toc108003092][image: ][image: ]    
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[image: ]
9.2 [bookmark: _Toc475973412][bookmark: _Toc39312754][bookmark: _Toc41742196][bookmark: _Toc43881131][bookmark: _Toc107647724][bookmark: _Toc108003093]    DESCRIPTION OF DESIGN PROCEDURE & PARAMETERS 
Compact sections shall be selected according to AISC 360-10.
bf, tf, hw and tw are sizes of girder.
Ry is the ratio of expected to specified structural steel yield strength.
  probable maximum moment at plastic hinge (according to AISC358- 10).
 distance from the face of column to plastic hinge  (according to AISC358- 10).
 Length of the end-plate stiffener.
end-plate thickness.
distance between plastic hinges.
 moment at the face of te column (according to AISC358- 10).
Shear force at the end of the beam (according to AISC358- 10).
since amplified moment is allowed to be used for Special frame connections. It is extracted from the load combination using  ().
 bolt ultimate strength (HV8.8).
 nominal tensile strength of bolt.
 non-ductile resistance factor (according to AISC358-10).
 distance from the centerline of the beam compression flange to the centerline of ith tension bolt row.
required bolt dimension (according to AISC358-10)
 selected bolt diameter
phi Rn 4S = bolt shear rupture strength of the connection (according to AISC358-10)
 bolt stress according to flexural <  phi Fnt.
phi Rn yield = local column web yielding strength at beam flanges (according to AISC358-10).
phi Rn buck. = unstiffened column web buckling strength at beam compression flange (according to AISC358-10).
phi Rn cripp. = unstiffened column web crippling strength at beam compression flange (according to AISC358-10).
 overall depth of column.
 column web thickness including doubler plates with plug weld.
Astiff = calculated required continuity plates area.
 thickness of end-plate calculated according to plate theories formulas regarding plate boundary conditions. (it submits exactly the same amount using AISC 358 formulas).
[image: ]
9.3 [bookmark: _Toc108003094]    CONNECTION FORCE CALCULATION:



9.4 [bookmark: _Toc108003095]    BEAM  SPECIFICATION:










9.5 [bookmark: _Toc108003096]    END PLATE THICKNESS CALCULATION:
Mu=31.62 ton.m 
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10.0 [bookmark: _Toc108003097]PURLIN DESIGN
10.1 [bookmark: _Toc108003098]     SOIL PRESSURE 
Property of  Purlin(Z180x2.5)
[image: ]
Section Property Of Purlin
According to above table :









FOR Z 180 :









[bookmark: _Toc107647737][bookmark: _Toc90214167][bookmark: _Toc89766265][bookmark: _Toc88311431][bookmark: _Toc43881139][bookmark: _Toc41742204][bookmark: _Toc39312762]11.13.2.Un deformed shape CONTROL:



11.0 [bookmark: _Toc108003099] FOUNDATION DESIGN
11.1 [bookmark: _Toc108003100]     SOIL PRESSURE 
Until finalize of geotechnical report for this area we consider	        =>	qa= 2kg/cm2
Based on Bowels experimental formula for subgrade modulus 	=>	Ks = 1.345qall    
  Loading used for foundation design, have been received from SAP analysis.
11.2 [bookmark: _Toc108003101]     DESIGN
[bookmark: _Toc460664716][bookmark: _Toc461267241][bookmark: _Toc461281196][bookmark: _Toc461347038][bookmark: _Toc461347145][bookmark: _Toc461953743][bookmark: _Toc469302562][bookmark: _Toc471737552][bookmark: _Toc475979873][bookmark: _Toc479518077][bookmark: _Toc485464887][bookmark: _Toc498437666][bookmark: _Toc499632711][bookmark: _Toc268560][bookmark: _Toc28165919][bookmark: _Toc39312783]Concrete Foundation are designed according to ACI 318-14. Required loads are derived from SAP data, and design process will be done according to ACI code based on ultimate strength procedure.
[bookmark: _Toc469302564][bookmark: _Toc471737554]		
11.3 [bookmark: _Toc475979875][bookmark: _Toc485464889][bookmark: _Toc39312785][bookmark: _Toc43881158][bookmark: _Toc107647822][bookmark: _Toc108003102]     FOUNDATION DESIGN CONTROL
[bookmark: _Toc475979876][bookmark: _Toc485464890][bookmark: _Toc39312786][bookmark: _Toc41742227][bookmark: _Toc43881159][bookmark: _Toc107647823][bookmark: _Toc108003103][bookmark: _Toc461953767][bookmark: _Toc469302637][bookmark: OLE_LINK3]10.3.1 Check of Stress for Foundation 

[image: ]

Figure 20 :  Check of Stress for Foundation (kg/cm2)


According to SAFE report, Max soil pressure under the foundation is:

[bookmark: _Toc43881161][bookmark: _Toc88311444]10.3.2  REINFORCING  CONTROL

[bookmark: _Toc469302638][bookmark: _Toc471737595][bookmark: _Toc479518082][bookmark: _Toc475979878][bookmark: _Toc498437671][bookmark: _Toc499632716]Minimum rebar for foundation:
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Figure 21 :  additional reinforement
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[bookmark: _GoBack][image: ]

Figure 22:  punch shear control
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My= M+ VS, (6.10-1)

where
M, = probable maximum moment at plastic hinge, kip-in. (N-mm), given by
Equation 24.3-1
Sy = distance from face of column to plastic hinge, in. (mm)
= the lesser of d/2 or 3y for an unstiffened connection (4E)
=Lyt +1, for a stiffened connection (4ES, SES)
V. = shear force at end of beam, kips (N)
= 2‘;’:’" + Venaviey (6.10-2)
by = width of beam flange, in. (mm)
a depth of connecting beam, in. (mm)
Ly =distance between plastic hinge locations, in. (mm)
Ly =length of end-plate the stffener, as shown in Figure 6.5, in. (mm)
f, = thickness of end-plate, in. (mm)

Vyravicy = beam shear fotce resulting from 1.2D+iL-+0.25 (where fi is a load fac-
tor determined by the applicable building code for live loads, but not less
than 0.5), kips (N)




image48.jpeg
For eight-bolt connections (SES):

(6.10-4)

(m+ha+hs+hs)

where
Fye=nominal tensile strength of bolt from the AISC Specification, ksi (MPa)
I; = distance from the centerline of the beam compression flange to the center-
line of the ith tension bolt row.
I = distance from centerline of compression flange to the tension-side outer
bolt row, in. (mm)
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‘Slab Strip Design - Layers A, B - Top and Bottom Reinforcement (Enveloping Flexural) - Additional to 16 @ 20 cm (Top), 16 @ 20 cm (Bot)
ip Desigr P
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$ Punching Shear Capacity Ratios/Shear Reinforcement
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