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1.0 [bookmark: _Toc343327774][bookmark: _Toc325006571][bookmark: _Toc328298189][bookmark: _Toc162430804]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 [bookmark: _Toc131498456][bookmark: _Toc136154375][bookmark: _Toc141536633][bookmark: _Toc162430805]SCOPE  
[bookmark: _Toc20899562][bookmark: _Toc20896747][bookmark: _Toc20837134]This calculation book covers a structural design for air cooler AE2101/AE2102. A 3-dimensional model analysed by means of SAP-2000 software VER. 21.0.2. This report contains computerized model, load evaluation and design verification.


3.0 [bookmark: _Toc423960122][bookmark: _Toc338750825][bookmark: _Toc311097405][bookmark: _Toc311097308][bookmark: _Toc310497001][bookmark: _Toc305309862][bookmark: _Toc305309759][bookmark: _Toc305309680][bookmark: _Toc304640544][bookmark: _Toc131498457][bookmark: _Toc136154376][bookmark: _Toc141536634][bookmark: _Toc162430806]CODES & STANDARDS
[bookmark: _Toc423960123][bookmark: _Toc338750826][bookmark: _Toc311097406][bookmark: _Toc311097309][bookmark: _Toc310497002][bookmark: _Toc305309863][bookmark: _Toc305309760][bookmark: _Toc305309681][bookmark: _Toc304640545]               American Institute of Steel Construction.  (AISC 360-16)
Minimum Design Loads and Associated Criteria for Buildings and Other Structures (ASCE-7-10)


4.0 [bookmark: _Toc131498458][bookmark: _Toc136154377][bookmark: _Toc141536635][bookmark: _Toc162430807]REFERENCE DRAWING & GENERAL DOCUMENT:
            General Arrangement Drawings: (BK-GCS-AA-120-ME-DW-0001)


5.0 [bookmark: _Toc423960124][bookmark: _Toc338750827][bookmark: _Toc311097407][bookmark: _Toc311097310][bookmark: _Toc310497003][bookmark: _Toc305309864][bookmark: _Toc305309761][bookmark: _Toc305309682][bookmark: _Toc304640546][bookmark: _Toc131498459][bookmark: _Toc136154378][bookmark: _Toc141536636][bookmark: _Toc162430808]MATERIALS
            - Structural Steel: S235JR (ST37)
              With   Fy = 2400 kg/cm²   & Fu = 3700 kg/cm²  
[bookmark: _Toc423960125][bookmark: _Toc338750828][bookmark: _Toc311097408][bookmark: _Toc311097311][bookmark: _Toc310497004][bookmark: _Toc305309865][bookmark: _Toc305309762][bookmark: _Toc305309683][bookmark: _Toc304640547]           - Bolts: A325 (ASTM.) or equivalent HR 8.8 (DIN.) With   Fu = 8000 kg/cm² 
           - Anchor Bolts: ISIR/ISO 4.6 or equivalent A307 With   Fu = 4000 kg/cm²

[bookmark: _Toc131498460][bookmark: _Toc136154379][bookmark: _Toc141536637][bookmark: _Toc162430809]Descriptions of Supported Equipment:
[bookmark: _Toc162430682][bookmark: _Toc162430810][image: ]
6.0 [bookmark: _Toc162430811]EXTERNAL LOADS
             
[bookmark: _Toc310497006][bookmark: _Toc305309867][bookmark: _Toc305309764][bookmark: _Toc305309685][bookmark: _Toc304640549]Load Case Definition
-Dead Load (DLs): Contain weight of steel structure & 20 percent weight of steel structure as structural connection and dead load of walk way.
-Empty Dead Load (DL): The dead load of equipment (bundle dry, plenum, fan ring, fan, fan guard, motor, motor support, reduction system).
-Live Load (L): Live load of walkway and load due to static pressure drop of fan.
-Operation Load (EO): The dead load of equipment (bundle dry, plenum, fan ring, fan, fan guard, motor, motor support, reduction system) and fluid weight that flows in bundles in operation.
-Test Load (ET): The dead load of equipment (bundle dry, plenum, fan ring, fan, fan guard, motor, motor support, reduction system) and Water weight that flows in bundles in hydro test.  
-ELX:  Effect of earth quake at x- direction. 
-ELY:  Effect of earth quake at y- direction.
-WLX:  Effect of wind load at x- direction.
-WLY:  Effect of wind load at y- direction.
- Snow Load (SL): Snow load shall be taken as 150 kg/m2 as per site information and shall be uniformly distributed over the horizontal projection of the loaded areas.
- TL: Thermal load.
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EARTHQUAKE   LOADS: 
COEFFICIANT FOR SEISMIC ANALYSIS (ASCE 7-10) 
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Ambient Temperature ± 35°C
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[bookmark: _Toc162430812]Analyis 
3D Computerized Model
[bookmark: _Toc162359740][bookmark: _Toc162430685][bookmark: _Toc162430813][image: ]
ANALYSIS INPUT DATA
	Mass Source According ASCE7:
	TABLE:  Masses 1 - Mass Source

	Mass From
	Load Pat
	Multiplier

	Text
	Text
	Unitless

	Loads
	DLS
	1.2

	Loads
	DL
	1

	Loads
	EO
	1

	Loads
	LL
	0.25

	Loads
	SL
	0.2



	

	
	


Load Pattern Definitions: 
	TABLE:  Load Pattern Definitions

	LoadPat
	DesignType
	SelfWtMult

	Text
	Text
	Unitless

	DLS
	DEAD
	1.2

	DL
	DEAD
	0

	EO
	DEAD
	0

	TL
	TEMPERATURE
	0

	LL
	LIVE
	0

	SL
	SNOW
	0

	WLXP
	WIND
	0

	WLYP
	WIND
	0

	ELX
	QUAKE
	0

	ELY
	QUAKE
	0

	ET
	DEAD
	0

	WLXN
	WIND
	0

	WLYN
	WIND
	0


Auto Seismic - User Coefficient: 
	TABLE:  Auto Seismic - User Coefficient

	LoadPat
	Dir
	PercentEcc
	EccOverride
	UserZ
	C
	K
	WeightUsed
	BaseShear

	Text
	Text
	Unitless
	Yes/No
	Yes/No
	Unitless
	Unitless
	Kgf
	Kgf

	ELX
	X
	0.05
	No
	No
	0.319
	1
	35158.31
	11215.5

	ELY
	Y
	0.05
	No
	No
	0.319
	1
	35158.31
	11215.5


7.0 [bookmark: _Toc162430814]DESIGN 
	TABLE:  Combination Definitions
	
	TABLE:  Combination Definitions
	
	TABLE:  Combination Definitions

	ComboName
	CaseName
	ScaleFactor
	
	ComboName
	CaseName
	ScaleFactor
	
	ComboName
	CaseName
	ScaleFactor

	Text
	Text
	Unitless
	
	Text
	Text
	Unitless
	
	Text
	Text
	Unitless

	EM1
	DL
	1.4
	
	OP1
	DL
	1.4
	
	TE1
	DL
	1.4

	
	DLs
	1.4
	
	
	DLs
	1.4
	
	
	DLs
	1.4

	
	TL
	1.4
	
	
	TL
	1.4
	
	
	TL
	1.4

	EM2
	DL
	1.2
	
	
	EO
	1.4
	
	
	ET
	1.4

	
	DLs
	1.2
	
	OP2
	DL
	1.2
	
	TE2
	DL
	1.2

	
	LL
	1.6
	
	
	DLs
	1.2
	
	
	DLs
	1.2

	
	SL
	0.5
	
	
	LL
	1.6
	
	
	LL
	1.6

	
	TL
	1.2
	
	
	TL
	1.2
	
	
	TL
	1.2

	EM3
	DL
	1.2
	
	
	EO
	1.2
	
	
	ET
	1.2

	
	DLs
	1.2
	
	
	SL
	0.5
	
	
	SL
	0.5

	
	WLXP
	1
	
	OP3
	DL
	1.2
	
	TE3
	DL
	1.2

	
	LL
	1
	
	
	DLs
	1.2
	
	
	DLs
	1.2

	
	SL
	0.5
	
	
	WLXP
	1
	
	
	WLXP
	1

	
	TL
	1.2
	
	
	EO
	1.2
	
	
	ET
	1.2

	EM4
	DL
	1.2
	
	
	LL
	1
	
	
	LL
	1

	
	DLs
	1.2
	
	
	SL
	0.5
	
	
	SL
	0.5

	
	WLXN
	1
	
	
	TL
	1.2
	
	
	TL
	1.2

	
	LL
	1
	
	OP4
	DL
	1.2
	
	TE4
	DL
	1.2

	
	SL
	0.5
	
	
	DLs
	1.2
	
	
	DLs
	1.2

	
	TL
	1.2
	
	
	WLXN
	1
	
	
	WLXN
	1

	EM5
	DL
	1.2
	
	
	EO
	1.2
	
	
	ET
	1.2

	
	DLs
	1.2
	
	
	LL
	1
	
	
	LL
	1

	
	WLYP
	1
	
	
	SL
	0.5
	
	
	SL
	0.5

	
	LL
	1
	
	
	TL
	1.2
	
	
	TL
	1.2

	
	SL
	0.5
	
	OP5
	DL
	1.2
	
	TE5
	DL
	1.2

	
	TL
	1.2
	
	
	DLs
	1.2
	
	
	DLs
	1.2

	EM6
	DL
	1.2
	
	
	WLYP
	1
	
	
	WLYP
	1

	
	DLs
	1.2
	
	
	EO
	1.2
	
	
	ET
	1.2

	
	WLYN
	1
	
	
	LL
	1
	
	
	LL
	1

	
	LL
	1
	
	
	SL
	0.5
	
	
	SL
	0.5

	
	SL
	0.5
	
	
	TL
	1.2
	
	
	TL
	1.2

	
	TL
	1.2
	
	OP6
	DL
	1.2
	
	TE6
	DL
	1.2

	EM7
	DL
	1.37
	
	
	DLs
	1.2
	
	
	DLs
	1.2

	
	DLs
	1.37
	
	
	WLYN
	1
	
	
	WLYN
	1

	
	ELX
	1
	
	
	EO
	1.2
	
	
	ET
	1.2

	
	ELY
	0.3
	
	
	LL
	1
	
	
	LL
	1

	
	LL
	1
	
	
	SL
	0.5
	
	
	SL
	0.5

	
	SL
	0.2
	
	
	TL
	1.2
	
	
	TL
	1.2

	EM8
	DL
	1.37
	
	OP7
	DL
	1.37
	
	TE7
	DL
	1.37

	
	DLs
	1.37
	
	
	DLs
	1.37
	
	
	DLs
	1.37

	
	ELX
	1
	
	
	ELX
	1
	
	
	ELX
	1

	
	ELY
	-0.3
	
	
	ELY
	0.3
	
	
	ELY
	0.3

	
	LL
	1
	
	
	EO
	1.37
	
	
	ET
	1.37

	
	SL
	0.2
	
	
	LL
	1
	
	
	LL
	1

	EM9
	DL
	1.37
	
	
	SL
	0.2
	
	
	SL
	0.2

	
	DLs
	1.37
	
	OP8
	DL
	1.37
	
	TE8
	DL
	1.37

	
	ELX
	-1
	
	
	DLs
	1.37
	
	
	DLs
	1.37

	
	ELY
	0.3
	
	
	ELX
	1
	
	
	ELX
	1

	
	LL
	1
	
	
	ELY
	-0.3
	
	
	ELY
	-0.3

	
	SL
	0.2
	
	
	EO
	1.37
	
	
	ET
	1.37

	EM10
	DL
	1.37
	
	
	LL
	1
	
	
	LL
	1

	
	DLs
	1.37
	
	
	SL
	0.2
	
	
	SL
	0.2

	
	ELX
	-1
	
	OP9
	DL
	1.37
	
	TE9
	DL
	1.37

	
	ELY
	-0.3
	
	
	DLs
	1.37
	
	
	DLs
	1.37

	
	LL
	1
	
	
	ELX
	-1
	
	
	ELX
	-1

	
	SL
	0.2
	
	
	ELY
	0.3
	
	
	ELY
	0.3

	EM11
	DL
	1.37
	
	
	EO
	1.37
	
	
	ET
	1.37

	
	DLs
	1.37
	
	
	LL
	1
	
	
	LL
	1

	
	ELY
	1
	
	
	SL
	0.2
	
	
	SL
	0.2

	
	ELX
	0.3
	
	OP10
	DL
	1.37
	
	TE10
	DL
	1.37

	
	LL
	1
	
	
	DLs
	1.37
	
	
	DLs
	1.37

	
	SL
	0.2
	
	
	ELX
	-1
	
	
	ELX
	-1

	EM12
	DL
	1.37
	
	
	ELY
	-0.3
	
	
	ELY
	-0.3

	
	DLs
	1.37
	
	
	EO
	1.37
	
	
	ET
	1.37

	
	ELY
	1
	
	
	LL
	1
	
	
	LL
	1

	
	ELX
	-0.3
	
	
	SL
	0.2
	
	
	SL
	0.2

	
	LL
	1
	
	OP11
	DL
	1.37
	
	TE11
	DL
	1.37

	
	SL
	0.2
	
	
	DLs
	1.37
	
	
	DLs
	1.37

	EM13
	DL
	1.37
	
	
	ELY
	1
	
	
	ELY
	1

	
	DLs
	1.37
	
	
	ELX
	0.3
	
	
	ELX
	0.3

	
	ELY
	-1
	
	
	EO
	1.37
	
	
	ET
	1.37

	
	ELX
	0.3
	
	
	LL
	1
	
	
	LL
	1

	
	LL
	1
	
	
	SL
	0.2
	
	
	SL
	0.2

	
	SL
	0.2
	
	OP12
	DL
	1.37
	
	TE12
	DL
	1.37

	EM14
	DL
	1.37
	
	
	DLs
	1.37
	
	
	DLs
	1.37

	
	DLs
	1.37
	
	
	ELY
	1
	
	
	ELY
	1

	
	ELY
	-1
	
	
	ELX
	-0.3
	
	
	ELX
	-0.3

	
	ELX
	-0.3
	
	
	EO
	1.37
	
	
	ET
	1.37

	
	LL
	1
	
	
	LL
	1
	
	
	LL
	1

	
	SL
	0.2
	
	
	SL
	0.2
	
	
	SL
	0.2

	EM15
	DL
	0.9
	
	OP13
	DL
	1.37
	
	TE13
	DL
	1.37

	
	DLs
	0.9
	
	
	DLs
	1.37
	
	
	DLs
	1.37

	
	WLXP
	1
	
	
	ELY
	-1
	
	
	ELY
	-1

	
	TL
	1
	
	
	ELX
	0.3
	
	
	ELX
	0.3

	EM16
	DL
	0.9
	
	
	EO
	1.37
	
	
	ET
	1.37

	
	DLs
	0.9
	
	
	LL
	1
	
	
	LL
	1

	
	WLXN
	1
	
	
	SL
	0.2
	
	
	SL
	0.2

	
	TL
	1
	
	OP14
	DL
	1.37
	
	TE14
	DL
	1.37

	EM17
	DL
	0.9
	
	
	DLs
	1.37
	
	
	DLs
	1.37

	
	DLs
	0.9
	
	
	ELY
	-1
	
	
	ELY
	-1

	
	WLYP
	1
	
	
	ELX
	0.3
	
	
	ELX
	-0.3

	
	TL
	1
	
	
	EO
	1.37
	
	
	ET
	1.37

	EM18
	DL
	0.9
	
	
	LL
	1
	
	
	LL
	1

	
	DLs
	0.9
	
	
	SL
	0.2
	
	
	SL
	0.2

	
	WLYN
	1
	
	OP15
	DL
	0.9
	
	TE15
	DL
	0.9

	
	TL
	1
	
	
	DLs
	0.9
	
	
	DLs
	0.9

	EM19
	DL
	0.73
	
	
	WLXP
	1
	
	
	WLXP
	1

	
	DLs
	0.73
	
	
	EO
	0.9
	
	
	ET
	0.9

	
	ELX
	1
	
	
	TL
	1
	
	
	TL
	1

	
	ELY
	0.3
	
	OP16
	DL
	0.9
	
	TE16
	DL
	0.9

	EM20
	DL
	0.73
	
	
	DLs
	0.9
	
	
	DLs
	0.9

	
	DLs
	0.73
	
	
	WLXN
	1
	
	
	WLXN
	1

	
	ELX
	1
	
	
	EO
	0.9
	
	
	ET
	0.9

	
	ELY
	-0.3
	
	
	TL
	1
	
	
	TL
	1

	EM21
	DL
	0.73
	
	OP17
	DL
	0.9
	
	TE17
	DL
	0.9

	
	DLs
	0.73
	
	
	DLs
	0.9
	
	
	DLs
	0.9

	
	ELX
	-1
	
	
	WLYP
	1
	
	
	WLYP
	1

	
	ELY
	0.3
	
	
	EO
	0.9
	
	
	ET
	0.9

	EM22
	DL
	0.73
	
	
	TL
	1
	
	
	TL
	1

	
	DLs
	0.73
	
	OP18
	DL
	0.9
	
	TE18
	DL
	0.9

	
	ELX
	-1
	
	
	DLs
	0.9
	
	
	DLs
	0.9

	
	ELY
	-0.3
	
	
	WLYN
	1
	
	
	WLYN
	1

	EM23
	DL
	0.73
	
	
	EO
	0.9
	
	
	ET
	0.9

	
	DLs
	0.73
	
	
	TL
	1
	
	
	TL
	1

	
	ELX
	0.3
	
	OP19
	DL
	0.73
	
	TE19
	DL
	0.73

	
	ELY
	1
	
	
	DLs
	0.73
	
	
	DLs
	0.73

	EM24
	DL
	0.73
	
	
	ELX
	1
	
	
	ELX
	1

	
	DLs
	0.73
	
	
	ELY
	0.3
	
	
	ELY
	0.3

	
	ELX
	0.3
	
	
	EO
	0.73
	
	
	ET
	0.73

	
	ELY
	-1
	
	OP20
	DL
	0.73
	
	TE20
	DL
	0.73

	EM25
	DL
	0.73
	
	
	DLs
	0.73
	
	
	DLs
	0.73

	
	DLs
	0.73
	
	
	ELX
	1
	
	
	ELX
	1

	
	ELX
	-0.3
	
	
	ELY
	-0.3
	
	
	ELY
	-0.3

	
	ELY
	1
	
	
	EO
	0.73
	
	
	ET
	0.73

	EM26
	DL
	0.73
	
	OP21
	DL
	0.73
	
	TE21
	DL
	0.73

	
	DLs
	0.73
	
	
	DLs
	0.73
	
	
	DLs
	0.73

	
	ELX
	-0.3
	
	
	ELX
	-1
	
	
	ELX
	-1

	
	ELY
	-1
	
	
	ELY
	0.3
	
	
	ELY
	0.3

	EM27
	DL
	1.2
	
	
	EO
	0.73
	
	
	ET
	0.73

	
	DLs
	1.2
	
	OP22
	DL
	0.73
	
	TE22
	DL
	0.73

	
	SL
	1.6
	
	
	DLs
	0.73
	
	
	DLs
	0.73

	
	TL
	1.2
	
	
	ELX
	-1
	
	
	ELX
	-1

	
	LL
	1
	
	
	ELY
	-0.3
	
	
	ELY
	-0.3

	EM28
	DL
	1.2
	
	
	EO
	0.73
	
	
	ET
	0.73

	
	DLs
	1.2
	
	OP23
	DL
	0.73
	
	TE23
	DL
	0.73

	
	WLXN
	0.5
	
	
	DLs
	0.73
	
	
	DLs
	0.73

	
	SL
	1.6
	
	
	ELX
	0.3
	
	
	ELX
	0.3

	
	TL
	1.2
	
	
	ELY
	1
	
	
	ELY
	1

	EM29
	DL
	1.2
	
	
	EO
	0.73
	
	
	ET
	0.73

	
	DLs
	1.2
	
	OP24
	DL
	0.73
	
	TE24
	DL
	0.73

	
	WLXP
	0.5
	
	
	DLs
	0.73
	
	
	DLs
	0.73

	
	SL
	1.6
	
	
	ELX
	0.3
	
	
	ELX
	0.3

	
	TL
	1.2
	
	
	ELY
	-1
	
	
	ELY
	-1

	EM30
	DL
	1.2
	
	
	EO
	0.73
	
	
	ET
	0.73

	
	DLs
	1.2
	
	OP25
	DL
	0.73
	
	TE25
	DL
	0.73

	
	WLYP
	0.5
	
	
	DLs
	0.73
	
	
	DLs
	0.73

	
	SL
	1.6
	
	
	ELX
	-0.3
	
	
	ELX
	-0.3

	
	TL
	1.2
	
	
	ELY
	1
	
	
	ELY
	1

	EM31
	DL
	1.2
	
	
	EO
	0.73
	
	
	ET
	0.73

	
	DLs
	1.2
	
	OP26
	DL
	0.73
	
	TE26
	DL
	0.73

	
	WLYN
	0.5
	
	
	DLs
	0.73
	
	
	DLs
	0.73

	
	SL
	1.6
	
	
	ELX
	-0.3
	
	
	ELX
	-0.3

	
	TL
	1.2
	
	
	ELY
	-1
	
	
	ELY
	-1

	
	
	
	
	
	EO
	0.73
	
	
	ET
	0.73

	
	
	
	
	OP27
	DL
	1.2
	
	TE27
	DL
	1.2

	
	
	
	
	
	DLs
	1.2
	
	
	DLs
	1.2

	
	
	
	
	
	LL
	1
	
	
	ET
	1.2

	
	
	
	
	
	SL
	1.6
	
	
	LL
	1

	
	
	
	
	
	TL
	1.2
	
	
	SL
	1.6

	
	
	
	
	
	EO
	1.2
	
	
	TL
	1.2

	
	
	
	
	OP28
	DL
	1.2
	
	TE28
	DL
	1.2

	
	
	
	
	
	DLs
	1.2
	
	
	DLs
	1.2

	
	
	
	
	
	WLXP
	0.5
	
	
	ET
	1.2

	
	
	
	
	
	EO
	1.2
	
	
	WLXN
	0.5

	
	
	
	
	
	SL
	1.6
	
	
	SL
	1.6

	
	
	
	
	
	TL
	1.2
	
	
	TL
	1.2

	
	
	
	
	OP29
	DL
	1.2
	
	TE29
	DL
	1.2

	
	
	
	
	
	DLs
	1.2
	
	
	DLs
	1.2

	
	
	
	
	
	WLXN
	0.5
	
	
	ET
	1.2

	
	
	
	
	
	EO
	1.2
	
	
	WLXP
	0.5

	
	
	
	
	
	SL
	1.6
	
	
	SL
	1.6

	
	
	
	
	
	TL
	1.2
	
	
	TL
	1.2

	
	
	
	
	OP30
	DL
	1.2
	
	TE30
	DL
	1.2

	
	
	
	
	
	DLs
	1.2
	
	
	DLs
	1.2

	
	
	
	
	
	WLYP
	0.5
	
	
	ET
	1.2

	
	
	
	
	
	EO
	1.2
	
	
	WLYN
	0.5

	
	
	
	
	
	SL
	1.6
	
	
	SL
	1.6

	
	
	
	
	
	TL
	1.2
	
	
	TL
	1.2

	
	
	
	
	OP31
	DL
	1.2
	
	TE31
	DL
	1.2

	
	
	
	
	
	DLs
	1.2
	
	
	DLs
	1.2

	
	
	
	
	
	WLYN
	0.5
	
	
	ET
	1.2

	
	
	
	
	
	EO
	1.2
	
	
	WLYP
	0.5

	
	
	
	
	
	SL
	1.6
	
	
	SL
	1.6

	
	
	
	
	
	TL
	1.2
	
	
	TL
	1.2


8.0 [bookmark: _Toc162430815]DESIGN OUTPUT
These results are related to model: 17208-AE-2101&2102-REV0

	








ELV. ON AXIS” A”
[image: ]

	ELV. ON AXIS” B”
[image: ]


	ELV. ON AXIS” 1”
[image: ]

	ELV. ON AXIS” 2”

[image: ]

	PLAN AT EL.: 4570
[image: ]

	PLAN AT EL.: 5500
[image: ]


9.0 [bookmark: _Toc162430816]BEAM CONTROL 
Where chevron braces intersect a beam from below, i.e., inverted V brace, the beam shall be capable of supporting all tributary gravity loads presuming the bracing not to exist.
These results are related to model: 17208-AE-2101&2102-Unbraced-REV0
PLAN AT EL.: 5500
[image: ]


































10.0 [bookmark: _Hlk162358577][bookmark: _Toc162430817]  CONNECTIONS  
COLUMN BASE PLATE AND SETTING BOLT DESIGN -These loads are related to model:  17208-AE-2101&2102-Connection-REV0 (SEISMIC COEFFICIANT Cx =0.638, Cy = 0.638) 
[image: ]
[image: ]
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[bookmark: _Toc162430818]DISPLACEMENT CONTROL 

Allowable Deflections:
Design deflection of structural steel members shall not exceed the following values:
Floor beams supporting equipment: L/450
Floor beams without equipment: L/240
Frames (horizontal): 
Drift = DPL = I*DP = I*(δx- δy)= I*( δxe *Cd / I) = δxe *Cd  ≤ 0.02 H  ⇒ δxe  ≤  0.0057H 
In which:
L= span of the beam; H= Height of the frame.
MODEL NAME: 17208-AE-2101&2102-REV0
SWAY OF STRUCTURE:
Max sway of structure due to Ex (in joint 6): 0.2 cm
H=550cm:     0.0057H=3.135 cm > 0.2 cm    ok.
Max sway of structure due to Ey: (in joint 13): 0.7 cm
H=550cm:     0.0057H=3.135 cm > 0.7cm    ok.

[image: ]





	TABLE:  Joint Displacements

	Joint
	OutputCase
	U1
	U2

	Text
	Text
	m
	m

	6
	ELX
	0.2
	0.0

	6
	ELY
	0.0
	0.3

	8
	ELX
	0.2
	0.0

	8
	ELY
	0.0
	0.3

	10
	ELX
	0.2
	0.0

	10
	ELY
	0.0
	0.3

	12
	ELX
	0.2
	0.0

	12
	ELY
	0.0
	0.3

	13
	ELX
	0.2
	0.0

	13
	ELY
	0.0
	0.7

	50
	ELX
	0.2
	0.0

	50
	ELY
	0.0
	0.7





CHECKING P-DELTA
Control :





P-Δ need not be considered












   
[bookmark: _Toc162430819] JOINT REACTION
	TABLE:  Joint Reactions

	Joint
	OutputCase
	F1
	F2
	F3

	Text
	Text
	Kgf
	Kgf
	Kgf

	A1
	DL
	817
	322
	5426

	
	EO
	33
	14
	160

	
	TL
	42
	24
	0

	
	LL
	-119
	-101
	3019

	
	SL
	5
	-9
	494

	
	WLXP
	-302
	0
	-715

	
	WLYP
	0
	-769
	-2318

	
	ELX
	-2967
	48
	-6277

	
	ELY
	9
	-2828
	-7896

	
	DLs
	289
	104
	3294

	
	ET
	53
	25
	255

	
	WLXN
	302
	0
	715

	
	WLYN
	0
	577
	1738

	A2
	DL
	-817
	322
	5404

	
	EO
	-33
	14
	160

	
	TL
	-42
	24
	0

	
	LL
	118
	-98
	2909

	
	SL
	-5
	-9
	479

	
	WLXP
	-302
	0
	715

	
	WLYP
	0
	-769
	-2318

	
	ELX
	-2968
	-48
	6277

	
	ELY
	4
	-2822
	-7907

	
	DLs
	-289
	105
	3277

	
	ET
	-53
	25
	255

	
	WLXN
	302
	0
	-715

	
	WLYN
	0
	577
	1738

	B1
	DL
	798
	-322
	4835

	
	EO
	25
	-14
	120

	
	TL
	35
	-24
	0

	
	LL
	-133
	101
	449

	
	SL
	3
	9
	159

	
	WLXP
	-302
	0
	-714

	
	WLYP
	0
	-769
	2318

	
	ELX
	-2640
	81
	-6127

	
	ELY
	-29
	-2784
	7896

	
	DLs
	283
	-104
	2962

	
	ET
	52
	-25
	253

	
	WLXN
	302
	0
	714

	
	WLYN
	0
	577
	-1738

	B2
	DL
	-798
	-322
	4829

	
	EO
	-25
	-14
	120

	
	TL
	-35
	-24
	0

	
	LL
	134
	98
	418

	
	SL
	-3
	9
	155

	
	WLXP
	-302
	0
	714

	
	WLYP
	0
	-769
	2318

	
	ELX
	-2640
	-81
	6127

	
	ELY
	16
	-2782
	7907

	
	DLs
	-283
	-105
	2953

	
	ET
	-52
	-25
	253

	
	WLXN
	302
	0
	-714

	
	WLYN
	0
	577
	-1738
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Motor Support Beam :

Dead Load :

510 kg

255 kg

Fan Live Load :

Fan Diameter : 7 Ft.

S.P.D : 152 Pa

Live Load per Fan = 108.8 kg

54 kg

Live Load Dead load

SNOW LOAD:

SNOW LOAD:

50

A =

16.9725

P

r 

=I

S

C

n

C

h

C

S

P

S

SL= 140

kg

C

h

 =1.2 C

S

 =1

kg/m

2

m

2

Maximum Area of Bundle or one Bay 

Dead  Load For Motor Support Beam = 

(Motor + Reduction System + Fan)/Fan =

 Live Load For Motor Support Beam = 

C

n

 =1 I

S

 =1.1


image4.emf
Weight of Grating = 45kg/m²

 Walkway Frame = 0kg/m²

Rail = 55kg/m

2

Width of Walkway = 0.80m

Dead Load for Walkway Beams : 40kg/m

Live Load for Walkway = 500kg/m²

Dead Load

Live Load for Walkway Beams :

200kg/m

Snow Load for Walkway = 50kg/m²

Snow Load for Walkway Beams :

26kg/m

Live Load

Snow Load 

 Walkway Loads:


image5.emf
V =Cs.W

Cs = [(S

Ds

*I) / ( R )] 12.8-2

Cs max= [(S

D1

*I) / ( R*T)] or  [(S

D1

*I*T

L

) / ( R*T

2

)]

12.8-3 & 12.8-4

Cs min= 0.01 12.8-5

T = C

t

 (h

n)

 x

H(base) = 500 mm

H(str) =5500 mm

H =6000 mm (Higher Elevation)

Zone :3

S

D1

=0.58

T

L

 =4 S

S

Ds

=0.83

Ctx =0.0488 (TABLE 12.8.2)

Cty =0.0488 (TABLE 12.8.2)

Cv = 0.84(TABLE 16-R)

Ca = 0.4(TABLE 16-Q)

I = 1.25

         Rx =

      Ry =

Tx = 0.19sec

Ty = 0.19sec

(Cs )x= 0.319

(Cs)y = 0.319

Max (Cs )x= 1.1741

Max (Cs )y= 1.1741

Csx =0.0100

Cmin =

Csy =0.0100

Csx = 0.319

Csy = 0.319

3.25

3.25

(ASCE 7-10)
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(ASCE 7-16, 29-4-1)

q=0.613K

z

K

zt

K

d

K

e

V

2

SPAN (X-dir): 4650

 mm 

SPAN (Y-dir): 3,650  mm

DRAFT: Induced

H

Base 

=  500

 mm

H

str

= 5500

 mm

Plenume Height =  1050  mm

Side wall Height = 685  mm

 H

Total

 = 7735

 mm

Exposure:

C

K

d

=  0.95

K

zt

=  1

K

z

= 0.98

K

e

= 1

Wind Speed (V) =

34

m/s (120Km/h)

q = 

659.7

N/m

2

G=  0.85

C

Fx

= 2.9

According to Wind Loads for Petrochemical and Other Industrial Facilities

C

FY

= 2.9

According to Wind Loads for Petrochemical and Other Industrial Facilities

A

fx

 =  7.2

m

2

A

fy

 = 9.2

m

2

F

hx

 =1207.6

Wx (Kg)

F

hy

 =1538.5

Wy (Kg)

Wind Load (W):

Top of outside frame:

    F = 604 Kg

Top of middle frame:     F = 1208 Kg

Top of outside frame:

    F = 769 Kg

Top of middle frame:     F = 1539 Kg

force (Y-direction): 

force (X-direction): 
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image20.emf
LRFD METHOD

BASE PLATE TICKNESS IN COMPRESSION

PU(AXIAL COMPRESSION)= 35061KG

f'c=210  kg/cm2

A1=PU/1.7*ф*f'c = 163.7

CM

2

b

f

(width of column flang)= 16 CM

d(depth of column)= 15.2CM

Δ=0.5(0.95d-0.8b

f

) = 0.82CM

ASSUME N=

32 CM

ASSUME B=

32 CM

m=[N-(0.95*d)]/2 = 8.78 CM

n=[B-(0.8*bf)]/2 = 9.6 CM

max m,n= 9.6 CM

tp= 1.71 CM tp=(m or n)√(2Pu/0.9fy*B*N)

USE PLATE 25 MM THK

BOLT DESIGN IN TENSION & SHEAR 

TU(AXIAL TENSION)= 13895.1KG

VU(SHEAR FORCE)= 5394.8KG

fv(ultimate existing shear stress)=. 298.281

ft(ultimate existing tension stress)= 819.106

N(NUMBER OF BOLTS)= 4

D(DIAMETER OF EACH BOLT)= 2.4 CM

A(AREA OF EACH BOLT)= 4.52

CM

2

Fu(ULTIMATE STRENGHT OF BOLT)= 4000

KG/CM

2

ISIR/ISO 4.6

Fnv

 (NOMINAL SHEAR STRESS ON EACH BOLT

)= 1800

KG/CM

2

0.45Fu

Fnt(

NOMINAL TENSION STRESS OF BOLT 

)= 3000

KG/CM

2

0.75Fu

F'nv (NOMINAL SHEAR STRESS )= 1684.71

KG/CM

2

F'nt (NOMINAL TENSION STRESS )= 3000

IF Ft<F'nt  ,Fv<F'nv  OK

BOLT DESIGN IN SHEAR 

Vu max= 7713.4 kg

NA(AREA OF REQUIRED BOLTS)= 5.7

CM

2

V/0.75*(0.45Fu)

USE 4M24 18.10

CM

2

Joint OutputCase CaseType Fx Fy Fz V

Text Text Text Kgf Kgf Kgf Kgf

B2 EM26 Combination 759 5341 -13895 5395

A2 TE13 Combination -3229 6170 35061 6964

A2 TE8 Combination -7419 2112 32791 7713

TABLE:  Joint Reactions


image21.emf
BRACE CONNECTION(BEARING TYPE)

AISC VOLUME 2 CONNECTIONS 9TH EDITION  CHAPTER 7

SECTION PROFILE OF BRACE : HEA 140

AREA OF BRACE SECTION:      Ag= 24.7

cm

2

 USED ST37 :

YEILD STRESS :        F

y

= 2400

kg/cm

2

TENSILE STERENGTH :         F

u

= 3700

kg/cm

2

SEISMIC FORCES IN COMBINATION WITH GRAVITY LOADS  :           T=Pmax

 

=

19666 kg

DIAMETER OF USED BOLT : d

b

= 2 cm

 FOR A325 BOLTS : db≤ 25mm →  Fu=8000

kg/cm

2

ALLOWABLE SHEAR STRESS  :     F

v

=0.75*0.45× F

u 

= 2700

kg/cm

2

(UBC-2213.4.2)

REQUIRED AREA OF BOLTS    :            A

b

=T

max

/F

v 

= 7.28

cm

2

→ N=

2.3

 ASSUMED NUMBER OF BOLTS : N=4

CHECK CAPACITY OF GUSSET PLATE

THICKNESS OF GUSSET PLATE :       t

pl

= 1.2 cm

BEARING STRESS : F

P

=1.2×F

u

 = 4440

kg/cm

2

BEARING CAPACITY    :    R

B

=F

P

×d

b

×t

pl

= 10656 kg

SHEARING CAPACITY   :       R

SS 

= A

b

×F

v 

= 8478 kg

Rss<RB     ,   SHEAR CAPACITY OF BOLT GOVERNS.

 

TOTAL LENGHT IN SHEAR  :  L

V

= 22 cm

SHEAR AREA  :        A

V

= 26.4

cm

2

THE BLOCK SHEAR CAPACITY OF THE GUSSET PLATE  =  0.6 ×  F

y 

× A

v  

= 38016 kg

0.6Fy Av > Tmax     ok

A-A

A

A

30°

30°

W


image22.emf
CHECK WHITMORE WIDTH

P=

19666 W= 18 KL/r =1.2x8/0.3x1 = 26.667

f=P/wt=

910.46 < 0.9 Fy = 2160

fa=P/wt= 910.46 <  F

a 

= 2042

f <  0.6 F

y

ok

f

a

< F

a

ok

GROSS AREA OF GUSSET PLATE    :             A

gpl 

= T

max

/0.9F

y  

= 13.657 cm

2   

→ W

1

= A

gpl

/t

pl

= 11.38 cm

EFFECTIVE NET AREA OF GUSSET PLATE    :  A

e

=T

max

/0.75F

u

= 10.63 cm

2

 → W

2

= A

e

/t

pl

= 8.858 cm

USE W

min

=MAX(W

1

,W

2

)= 12 cm

CHECK CAPACITY OF PROFILE

REQUIRED AREA OF BRACE PROFILE :        A

gr 

= T

max

/0.9 F

y

= 9.1046

cm

2

EFFECTIVE NET AREA OF BRACE PROFILE :              A

e 

= T

max 

/ 0.75 F

u 

= 7.0868

cm

2

REDUCTION COEFFICIENT OF EFFECTIVE AREA : U= 0.85

NET AREA : A

n

= 8.337

cm

2

Ag>Agr & An     ok

WELD OF GUSSET PLATE

(TWO LINE)

USED ELECTRODES : E70 → Fu= 4900 kg/cm

2

      , φ =0.75

WELD SIZE  :  D=  0.6 cm

WELD LENGHT  :     L

w

=  20 cm

VERTICAL COMPONET OF MEMBER FORCE  :        F

y

= 6193 kg

HORIZONTAL COMPONET OF MEMBER FORCE  :  F

x

= 18665 kg

WELD STERSS COMPONENT  :

f

x

=154.84 kg/cm

f

y

=466.63 kg/cm 491.65 kg/cm

DESIGN LOAD FOR THE WELD  :   R

W

=0.75× 0.707D × 0.6F

u

 × φ = 701.52 kg/cm

fr<Rw    ok

Frame StationOutputCase CaseType P V2 V3

Text cm Text Text Kgf Kgf Kgf

85 0 TE14 Combination -19665.83 -6.2 5.62

86 0 EM26 Combination 15975.81 -6.19 21.51

TABLE:  Element Forces - Frames

   

2 2

y

f

x

f

r

f
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SHEAR CONNECTION(BEARING TYPE)

AISC VOLUME 2 CONNECTIONS 9TH EDITION CHAPTER 3

forIPE270

TENSION FORCE FROM ANALYSIS   :           Nmax  = 5534 kg

SHEAR FORCE  FROM ANALYSIS  :                 Vmax= 1270 kg

DIAMETER OF USED BOLT  :    d

b 

=2 cm

 FOR A325 BOLTS : db≤ 25mm →  Fu=8000

kg/cm

2

THICKNESS OF END PLATE :    t

pl

= 1.2 cm e =3 cm

 USED ST37 :

YEILD STRESS :       F

y

= 2400

kg/cm

2

TENSILE STERENGTH :            F

u

= 3700

kg/cm

2

ALLOWABLE SHEAR STRESS  :        F

v 

= 0.75x.45 × F

u 

= 2700

kg/cm

2

BEARING STRESS :   F

P 

= 1.2 × F

u

 =9600

kg/cm

2

ALLOWABLE TENSION STRESS  :      4500

kg/cm

2

SHEARING CAPACITY   :                    R

SS  

=  A

b 

× F

v  

= 8478 kg

BEARING CAPACITY    :               R

B 

= F

P 

× d

b 

× t

pl 

= 23040 kg

Rss<RB     ,   SHEAR CAPACITY OF BOLT GOVERNS.

TOTAL REQUIRED AREA OF BOLTS  :  A=V

max

/F

v

= 0.470363

cm

2

   →    

 assumed   A=

18.84

cm

2

NUMBER OF BOLTS :  N=6

TENSION STRESS : 294

kg/cm

2

TORSIONAL MOMENT ON C.G OF BOLTS   :      T = V

max

 × e = 3809.94 kg.cm

POLAR MOMENT OF ENERTIA  :    J= Ad

i

2

=A(∑X

i

2

+∑Y

i

2

)=

622

cm

4

85.8

kg/cm

2

, X=1.5 d=3

36.77

kg/cm

2

, Y=3 d=6

93.35

kg/cm

2

==>   fv  < Fv     ok

VERTICAL COMPONENT OF SHEAR 

STRESS  :  

HORIZONTAL COMPONENT OF 

SHEAR STRESS  :  





 

J

X T

A

V

f

VY







J

Y T

f

VX

  

2 2

vy vx V

f f f

ܨ

௡௧

ൌͲǤ͹ͷכͲǤ͹ͷ�ܨ

௨

ൌ

݂

௧

ൌ

ܰ

ܣ

ൌ
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1.265 1 4500

kg/cm

2

1.235 1.00 2700

kg/cm

2

0.10  < 1     OK

REQUIRED LENGHT OF end PLATE    :              L

pl 

= 20 cm

REQUIRED LENGHT OF end PLATE    :            W

pl 

= 14 cm

EFFECTIVE LENGHT :             L

epl

= 13.4 cm

REDUCTION COEFFICIENT OF EFFECTIVE AREA   :         U = 0.85

THE NET SHEAR CAPACITY OF PLATE   :               P

all 

= 0.5 Fu × tpl × L

epl 

× U=25286 kg

 Vmax<Pall    OK

M=V

max

× e=3809.94 kg.cm

FOR PLATE YIELDING  :              M

all

 = 0.9 F

y

 × S

x

 =172800 kg.cm

FOR PLATE RUPTURE  :               M

all

 = 0.75 F

u

 × S

x

 =222000 kg.cm

M< Mall     ok

Frame Station OutputCase CaseType P V2 V3

Text m Text Text Kgf Kgf Kgf

8 1.675 TE19 Combination -5534.1 402.5 575.8

8 2.325 EM1 Combination 248.5 1270.0 0.3

ALLOWABLE STRESS  : 

TABLE:  Element Forces - Frames

22vyvxVfff
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SHEAR CONNECTION(BEARING TYPE)

AISC VOLUME 2 CONNECTIONS 9TH EDITION CHAPTER 3

forIPE240

TENSION FORCE FROM ANALYSIS   :           Nmax  = 4846 kg

SHEAR FORCE  FROM ANALYSIS  :                 Vmax= 5336 kg

DIAMETER OF USED BOLT  :    d

b 

=2 cm

 FOR A325 BOLTS : db≤ 25mm →  Fu=8000

kg/cm

2

THICKNESS OF END PLATE :    t

pl

= 1.2 cm e =3 cm

 USED ST37 :

YEILD STRESS :       F

y

= 2400

kg/cm

2

TENSILE STERENGTH :            F

u

= 3700

kg/cm

2

ALLOWABLE SHEAR STRESS  :        F

v 

= 0.75x.45 × F

u 

= 2700

kg/cm

2

BEARING STRESS :   F

P 

= 1.2 × F

u

 =9600

kg/cm

2

ALLOWABLE TENSION STRESS  :      4500

kg/cm

2

SHEARING CAPACITY   :                    R

SS  

=  A

b 

× F

v  

= 8478 kg

BEARING CAPACITY    :               R

B 

= F

P 

× d

b 

× t

pl 

= 23040 kg

Rss<RB     ,   SHEAR CAPACITY OF BOLT GOVERNS.

TOTAL REQUIRED AREA OF BOLTS  :  A=V

max

/F

v

= 1.976422

cm

2

   →    

 assumed   A=

18.84

cm

2

NUMBER OF BOLTS :  N=6

TENSION STRESS : 257

kg/cm

2

TORSIONAL MOMENT ON C.G OF BOLTS   :      T = V

max

 × e = 16009.02 kg.cm

POLAR MOMENT OF ENERTIA  :    J= Ad

i

2

=A(∑X

i

2

+∑Y

i

2

)=

622

cm

4

360.5

kg/cm

2

, X=1.5 d=3

154.5

kg/cm

2

, Y=3 d=6

392.22

kg/cm

2

==>   fv  < Fv     ok

VERTICAL COMPONENT OF SHEAR 

STRESS  :  

HORIZONTAL COMPONENT OF 

SHEAR STRESS  :  
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1.155 1 4500

kg/cm

2

1.243 1.00 2700

kg/cm

2

0.20  < 1     OK

REQUIRED LENGHT OF end PLATE    :              L

pl 

= 20 cm

REQUIRED LENGHT OF end PLATE    :            W

pl 

= 14 cm

EFFECTIVE LENGHT :             L

epl

= 13.4 cm

REDUCTION COEFFICIENT OF EFFECTIVE AREA   :         U = 0.85

THE NET SHEAR CAPACITY OF PLATE   :               P

all 

= 0.5 Fu × tpl × L

epl 

× U=25286 kg

 Vmax<Pall    OK

M=V

max

× e=16009.02 kg.cm

FOR PLATE YIELDING  :              M

all

 = 0.9 F

y

 × S

x

 =172800 kg.cm

FOR PLATE RUPTURE  :               M

all

 = 0.75 F

u

 × S

x

 =222000 kg.cm

M< Mall     ok

Frame Station OutputCase CaseType P V2 V3

Text m Text Text Kgf Kgf Kgf

16 0 EM12 Combination -4845.9 -5002.1 -11.6

16 3.65 TE1 Combination 0.7 5336.3 0.0

ALLOWABLE STRESS  : 

TABLE:  Element Forces - Frames

22vyvxVfff
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INBC-6 ASCE 7-10

34 m/s D

C 0.83/0.58/3.25/1.25/0.58

1.00 1.25

2190 2320

2390 2680

2700 2820

780 300

400 320

152 1000

Louver

WEIGTH (kg)  AE2101 WEIGTH (kg)  AE2102

BUNDLE (HYDRO TEST PER BAY) :

BUNDLE (OPERATION PER BAY) :

CODE :

BUNDLE (DRY PER BAY) :

IMPORTANCE FACTORE : IMPORTANCE FACTORE :

FAN + FAN GUARD (PER BAY):

MOTOR (PER BAY):

CODE :

DESIGN DATA TABLE

EXPOSURE :

ZONE / SOIL TYPE :

SD/S /SD1/ R / Ss/S

WIND SPEED :

REDUCTION SYSTEM (PER BAY):

STATIC PRESSURE DROP (Pa):

BUNDLE (DRY PER BAY) :

BUNDLE (OPERATION PER BAY) :

PLENUME + FAN RING (PER BAY):

BUNDLE (HYDRO TEST PER BAY) :

WIND DATA SEISMIC DATA


image2.emf
AE2101

AE2102

DEAD LOADS :

Bundle Reaction Dry :

    There are Two bundles per each bay :

Weight Of Each Bundle with louver(Dry) : 2,690 kg AE2101

Weight Of Each Bundle with louver (Dry) : 2,820 kg AE2102

Plenum  Load : 780 kg

DL=726 AE2101

DL=743 AE2102

 Bundle Reaction Due to Fluid Weight :

    There are two  bundles per each bay :

200 kg AE2101

360 kg AE2102

EO=25 AE2101

EO=45 AE2102

Bundle Reaction Due to Water Weight :

    There are twobundles per each bay :

510 kg AE2101

500 kg AE2102

ET=64 AE2101

ET=63 AE2102 t/m

Weight Of Each Bundle(Test: Only Weight of Water) :



Weight Of Each Bundle(Operation: Only Fluid Weight) :

Weight Of Each Bundle(Operation: Only Fluid Weight) :

Weight Of Each Bundle(Test: Only Weight of Water) :
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