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1.0 [bookmark: _Toc343327774][bookmark: _Toc325006571][bookmark: _Toc328298189][bookmark: _Toc178067635]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.
As a part of the Project, a New Gas Compressor Station (adjacent to existing Binak GCS) shall be constructed to gather of 15 MMSCFD (approx.) associated gases and compress & transfer them to Siahmakan GIS.
[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: _Toc178067636][bookmark: _Toc328298191][bookmark: _Toc259347570][bookmark: _Toc292715166][bookmark: _Toc325006574]SCOPE 
[bookmark: _Toc328298192]This calculation sheet is prepared for designing of Extension of Existing Control Building which is located at Compressor Station Plant.
This blast proof building includes parts such as Battery Room, Management Room, Conference Room , etc.

3.0 [bookmark: _Toc343327081][bookmark: _Toc343327778][bookmark: _Toc178067637] NORMATIVE REFERENCES
[bookmark: _Toc343001691][bookmark: _Toc343327082][bookmark: _Toc343327779][bookmark: _Toc178067638][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”
· IPS-E-CE-500 “Blast loads and Design Criteria”
· Iranian Seismic Design Code for Petroleum Facilities (Pub.038-3rd edition)
[bookmark: _Toc343001692][bookmark: _Toc343327083][bookmark: _Toc343327780][bookmark: _Toc178067639]International Codes and Standards
· ASTM  “Material Properties: American Society for Testing and Materials”

· ACI 318 “Building Code Requirements for Reinforced Concrete”, American Concrete Institute”
· ASCE 7 “Minimum Design Loads and Associated Criteria for Buildings and Other Structures-American Society of Civil Engineers”
[bookmark: _Toc343001693][bookmark: _Toc343327084][bookmark: _Toc343327781][bookmark: _Toc178067640]The Project Documents
· BK-GNRAL-PEDCO-000-ST-DC-0001   Structural Design Criteria
· BK-GNRAL-PEDCO-000-ST-SP-0001   Specification for Concrete Work
· BK-GNRAL-PEDCO-000-ST-SP-0007 Specification for Design of Blast Resistant Buildings
· BK-GNRAL-PEDCO-000-CV-SP-0004   Specification for Earth Work
· BK-GCS-PEDCO-120-GT-RT-0001      Geotechnical Investigation Report for Compressor Station
· BK-GCS-PEDCO-120-AR-DW-0011     Architectural Detail Drawing for Extension of Existing Control Building
[bookmark: _Toc83130850][bookmark: _Toc83133994][bookmark: _Toc83136016][bookmark: _Toc178067641]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: _Toc207532035][bookmark: _Toc208548660][bookmark: _Toc178067642]STRUCTURAL INFORMATION
· Frame: Reinforced Concrete (RC)
· Floor: RC Slab
· Roof: RC Slab
· Structural System in longitudinal & Transverse Direction: Special Moment Resistance           Frame : SMRF
· Foundation: Strip Footing 

5.0 [bookmark: _Toc178067643]SOFTWARE PACKAGES
· The 3-D structural model analysis and design: SAP2000 Version 21.1.0
· Foundation model analysis & design: SAFE2016 Version 16.0.2   

6.0 [bookmark: _Toc207532038][bookmark: _Toc208548663][bookmark: _Toc178067644]MATERIAL PARAMETERS
· Minimum compressive strength of concrete at 28 days on cylinder specimen shall be:
· 
300  for Concrete Structure 
· 
300 for Foundation
· 
150  for Lean Concrete
· Minimum yield strength of steel reinforcement shall be:
· 
4000  for Deformed High Tensile Bar
· Dynamic Strengths of materials in blast condition shall be:
· 
4000 x 1.2 = 4800  for Deformed High Tensile Bar
· 
300 x 1.25 = 375 for Concrete Structure & Foundation

· Unit Weight:
· 
Concrete: 2500
· 
Steel: 7850
· 
Earth:1900 
· Module of elasticity:
· 
Concrete: 
· 
Concrete in blast condition: 
· 
Capacity reduction factors can be increased by 10 percent in blast condition.

7.0 [bookmark: _Toc207532040][bookmark: _Toc208548665][bookmark: _Toc178067645]STABILITY
· Overturning Stability
The minimum factors of safety against overturning shall be limited to the following tables:
	Design Condition
	Stability Ratio

	Operating condition
	2

	Accidental condition
	1.5

	Blast condition
	1.2


· [bookmark: _Ref164062535][bookmark: _Toc176924460]Sliding Stability
The minimum factor of safety against sliding shall be 1.5 in all loading conditions/combinations except the accidental condition when the factor may be reduced to 1.2

8.0 [bookmark: _Toc207532041][bookmark: _Toc208548666][bookmark: _Toc178067646]CONCRETE COVER
The concrete cover for formed concrete should be as the following: (as per design criteria)
· Concrete exposed to ground : 75mm
· not in direct contact with earth: 50mm
· Column & beam: 40mm
· Slab: 35mm

9.0 [bookmark: _Toc205704947][bookmark: _Toc207532042][bookmark: _Toc208548667][bookmark: _Toc178067647]ARCHITECTURAL PLAN AND ELEVATION
Framing plan & elevation are shown in below picture.



10.0 [bookmark: _Toc205704949][bookmark: _Toc207532043][bookmark: _Toc208548668][bookmark: _Toc178067648]DESIGN LOADS
[bookmark: _Toc178067649][bookmark: _Toc207532044][bookmark: _Toc208548669]  dead Load 
Self weight automatically will be considered by software.

[bookmark: _Toc207532045][bookmark: _Toc208548670][bookmark: _Toc164862089][bookmark: _Toc165380145][bookmark: _Toc165467331][bookmark: _Toc178067650]Roof Slab
· 

RC Slab(0.4mx2500): 1000     ( T.O.S= 4.10 m , B.O.S=3.70 m)
· 

Terrazzo Tiles(.025mx2250): 56.25
· 

Sand(.01mx1600): 16
· 
Polyethylene Sheet: 2.5
· 
Waterproofing Membrane: 15
· 

Sand Cement Mortar(.01mx2100): 21
· 

Light Weight Concrete(.05mx1700): 85

                         (Total weight without RC slab)
[bookmark: _Toc207532049][bookmark: _Toc208548674][bookmark: _Toc164862090][bookmark: _Toc165380146][bookmark: _Toc165467332][bookmark: _Toc178067651]Parapet
· 

Break Wall (0.3mx2100): 630
· 
Waterproofing Membrane: 15
· 

Sand Cement Mortar(.02mx2100): 42

                       

[bookmark: _Toc207532051][bookmark: _Toc208548676][bookmark: _Toc178067652]LIVE LOAD

[bookmark: _Toc207532052][bookmark: _Toc208548677][bookmark: _Toc164862092][bookmark: _Toc165380148][bookmark: _Toc165467334][bookmark: _Toc178067653]Roof Live Load: 150

[bookmark: _Toc207532059][bookmark: _Toc208548684][bookmark: _Toc178067654]EARTHQUAKE LOAD 


· E: Earthquake load resulting from combination of horizontal & vertical earthquake components
· 
 : Redundancy/ reliability factor
· 
: Horizontal seismic load
· 
: Vertical seismic load
· 
[bookmark: _Toc207532061][bookmark: _Toc208548686]Redundancy/ reliability FACTOR ()


                  ( For SMRF)
[bookmark: _Toc141697632][bookmark: _Toc144629865][bookmark: _Toc146118239][bookmark: _Toc148275076][bookmark: _Toc156726654][bookmark: _Toc165467337][bookmark: _Toc178067656]         12.3.1. Horizontal Seismic Load
[bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK76][bookmark: OLE_LINK77]According to Iranian Seismic Design Code for Petroleum Facilities (Pub.038-3rd edition) the structure shall be designed for earthquake load in two orthogonal directions. 
Base level is defined as the level below which the structure does not move relative to the ground during an earthquake.
Basic parameters which are used in calculation of earthquake forces are presented below.
Following formula is used for calculations according to Iranian Seismic Design Code for Petroleum Facilities (Pub.038-3rd edition)



In which: 
: Basic Shear 
Sa: Mapped Spectral Response Acceleration Parameter (𝑔) 
I: Importance Factor of Structure 
Ru: Structural System Factor 
W= Effective Seismic Weight of the structure, including dead loads and other loads, calculated from base level.
Basic Parameters Used for Earthquake Loads
	Height of the structure from the base level (m)
	5.65

	Importance factor, I
	1.25

	Structural System
	Special Moment Frame at Both Direction 

	Soil type
	II

	Ru
	8

	[bookmark: OLE_LINK52][bookmark: OLE_LINK55] (Based on table (4-6) Pub.038)
	0.047

	X   (Based on table (4-6) Pub.038)
	0.9

	
	0.223

	[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Based on part (4-8-3) Pub.038 : 
	= 0.223*1.4 = 0.312

	 (analysis) – mode 2
	0.083

	 (analysis) – mode 3
	0.077

	
	0.312

	
	0.312

	
	0.75

	 
	0.75

	
	0.04125

	
	0.117

	
	0.117


[image: 1234]
The lateral seismic load is computed by program due to above coefficient.

[bookmark: _Toc142207532][bookmark: _Toc144629866][bookmark: _Toc146118240][bookmark: _Toc148275077][bookmark: _Toc156726655][bookmark: _Toc165467338][bookmark: _Toc178067657]12.3.2. Vertical seismic load
   Ev:   Vertical seismic load applied at model according to section 2-2-3-2 (code 038)
             

[bookmark: _Toc207532081][bookmark: _Toc208548706][bookmark: _Toc178067658]MASS SOURCE   
[bookmark: _Toc207532082][bookmark: _Toc208548707]The mass source is developed from loads participating in earthquake is shown on table below:
	[bookmark: OLE_LINK1]LOAD
	MULTIPLIER

	DEAD
	1

	LIVE  ROOF
	0.2



[bookmark: _Toc178067659]BLAST PRESSURE
       The Blast pressure parameters will be taken out from IPS-E-CE-500, Appendix IC which is same as Specification for Design of Blast Resistant Buildings Doc No: BK-GNRAL-PEDCO-000-ST-SP-0007.

      In 20 milliseconds (Peak Blast Pressure for Roof) ~  6.9  Ton/m2

  In 20 milliseconds at both direction (Peak Blast Pressure for Wall) ~ 17.2  Ton/m2

   In 35 milliseconds at both direction (Peak Blast Pressure for Roof) ~ 3.8  Ton/m2

 (Design Blast pressure) 
· R: required dynamic resistance of structural element, expressed as static load equivalent of blast pressure and duration  (kpa.)
· P: peak blast load for the element under consideration (kpa.)
· 

: energy absorption factor = 
· 

: maximum displacement factor  = 
· 

 duration factor =  
· 
 maximum allowable dynamic displacement (mm)
· 
 duration of blast load (milliseconds)
· 
: fundamental period of vibration of structure or element  (milliseconds)
	Structural Component
(RC Structure)
	Displacement Factor
(Xm/Xy)

	Axial compression
	1.5

	Flexure
	3

	Shear
	1.5


[bookmark: _Toc164862103][bookmark: _Toc165380159][bookmark: _Toc165467345][bookmark: _Toc178067664]Load application for blast design is as follows:




· Wall Panel Design
[bookmark: _Toc164862104][bookmark: _Toc165380160][bookmark: _Toc165467346][bookmark: _Toc178067665]Each wall shall sustain peak reflected pressure (Pr, equivalent static value). 
Case1

· Roof Slab Design
[bookmark: _Toc164862105][bookmark: _Toc165380161][bookmark: _Toc165467347][bookmark: _Toc178067666]Roof slab and beams shall sustain peak overpressure (Pso, equivalent static value). 
Case2

· Frame Slab Design
[bookmark: _Toc164862106][bookmark: _Toc165380162][bookmark: _Toc165467348][bookmark: _Toc178067667]Structural framing shall sustain peak reflected pressure (equivalent static value) on any one wall + roof subjected peak overpressure (equivalent static value).
Case3


[bookmark: _Toc164862107][bookmark: _Toc165380163][bookmark: _Toc165467349][bookmark: _Toc178067668]Design loads on structural members are summarized as bellow:


	
	
	
	 Roof Slab
	
	
	

	 
	direction
	

	a
	t(ms)
	T(ms)
	t/T
	
P
	
R

	Flexure
	x
	3
	5
	20
	101.753
	0.1965
	6.9
	1.8131

	
	y
	3
	5
	20
	101.751
	0.1965
	6.9
	1.8131

	Shear
	x
	1.5
	2
	20
	101.753
	0.1965
	6.9
	2.8307

	
	y
	1.5
	2
	20
	101.751
	0.1965
	6.9
	2.8307

	Axial
	x
	1.5
	2
	20
	101.753
	0.1965
	6.9
	2.8307

	
	y
	1.5
	2
	20
	101.751
	0.1965
	6.9
	2.8307




	
	
	
	Wall
	
	
	

	
	direction
	

	a
	t(ms)
	T(ms)
	t/T
	
P
	
R

	Flexure
	x
	3
	5
	20
	101.753
	0.1965
	17.2
	4.5195

	
	y
	3
	5
	20
	101.751
	0.1965
	17.2
	4.5196

	Shear
	x
	1.5
	2
	20
	101.753
	0.1965
	17.2
	7.0562

	
	y
	1.5
	2
	20
	101.751
	0.1965
	17.2
	7.0563

	Axial
	x
	1.5
	2
	20
	101.753
	0.1965
	17.2
	7.0562

	
	y
	1.5
	2
	20
	101.751
	0.1965
	17.2
	7.0563




	
	
	
	 Roof Slab(Framing Design)
	
	
	

	
	direction
	

	a
	t(ms)
	T(ms)
	t/T
	
P
	
R

	Flexure
	x
	3
	5
	35
	101.753
	0.3438
	3.8
	1.6206

	
	y
	3
	5
	35
	101.751
	0.3438
	3.8
	1.6206

	Shear
	x
	1.5
	2
	35
	101.753
	0.3438
	3.8
	2.4852

	
	y
	1.5
	2
	35
	101.751
	0.3438
	3.8
	2.4853

	Axial
	x
	1.5
	2
	35
	101.753
	0.3438
	3.8
	2.4852

	
	 y
	1.5
	2
	35
	101.751
	0.3438
	3.8
	2.4853








[image: C:\Users\t.tavakoli\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Screenshot (205).png]
Blast Loading on Roof, BL1 (t.m)

Blast Loading on Wall, BL2 (t.m)


Blast Loading on Roof, BL3 (t.m)

Blast Loading on Opening , Point Load (t.m)
11.0 [bookmark: _Toc207532090][bookmark: _Toc208548715][bookmark: _Toc178067669]LOAD DEFINITION
· Dead: D
· Live Roof : L 
· Earthquake: E
· Blast For Roof: BL1
· Blast For Wall: BL2
· Blast For Frame: BL3
· Soil for Foundation : S

12.0 [bookmark: _Toc178067670]LOAD COMBINATION :
[bookmark: _Toc178067671][bookmark: _Toc213301514]SEISMIC DESIGN LOAD COMBINATION  
· 1.4D
· 1.2D+1.6L
· 1.2D+1.0L±1.0Ex±0.3Ey+EV
· 1.2D+1.0L ±1.0Ey±0.3Ex+EV
· 0.9D±1.0Ex±0.3Ey+EV
· 0.9D±1.0Ey±0.3Ex+EV
[bookmark: _Toc178067672][bookmark: _Toc213301515]BLAST DESIGN LOAD COMBINATION 
[bookmark: _Toc165380168][bookmark: _Toc165467354][bookmark: _Toc178067673][bookmark: _Toc213301516]12.2.1.FLUXURE DESIGN LOAD COMBINATION 
· SLAB
· D+L+1.8131BL1
· WALL
· D+L±4.5195BL2
· FRAME(AXES 1~2)
· D+L+1.6206BL3±4.5195BL3
[bookmark: _Toc165380169][bookmark: _Toc165467355][bookmark: _Toc178067674]12.2.2.SHEAR DESIGN LOAD COMBINATION
· [bookmark: _Toc213301518]SLAB 
· D+L+2.8307BL1
· WALL 
· D+L±7.0563BL2

· FRAME(AXES 1~2)
· D+L+2.4853BL3 ±7.0563BL2
[bookmark: _Toc165380170][bookmark: _Toc165467356][bookmark: _Toc178067675]12.2.3. AXIAL LOAD DESIGN LOAD COMBINATION
· SLAB 
· D+L+2.8307BL1
· WALL 
· D+L±7.0563BL2
· FRAME(AXES 1~2)
· D+L+2.4852 BL3+7.0563 BL2
[bookmark: _Toc178067676]FOUNDATION LOAD COMBINATION
· 1.4D+1.4S
· 1.2D+1.2S+1.6L
· 1.2D+1.2S+1.0L±1.0EX±0.3EY
· 1.2D+1.2S+1.0L±1.0EY±0.3EX
· 0.9D+0.9S+±1.0EX±0.3EY
· 0.9D+0.9S±1.0EY±0.3EX

Max M11 (T.m)


Max M22 (T.m)


Max V13 (T.m)


Max V23 (T.m)


13.0 [bookmark: _Toc213301520][bookmark: _Toc178067677]DEFLECTION CONTROL LOAD COMBINATIONS
[bookmark: _Toc178067678][bookmark: _Toc213301521]DEFLECTION CONTROL EARTHQUAKE LOAD COMBINATION 
· D+L
· D+L±Ex
· D+L±Ey
· 0.9D±Ex
· 0.9D±Ey
[bookmark: _Toc178067679][bookmark: _Toc213301522]DEFLECTION CONTROL BLAST LOAD COMBINATION 
· SLAB
· D+L+BL1
· WALL
· D+L±BL2
· FRAME(AXES 1~2)
· D+L+BL3±BL2

14.0 [bookmark: _Toc205704950][bookmark: _Toc207532102][bookmark: _Toc208548727][bookmark: _Toc178067680]STRUCTURAL MODEL & ANALYSIS
[bookmark: _Toc207532103][bookmark: _Toc208548728][bookmark: _Toc165380176][bookmark: _Toc165467362][bookmark: _Toc178067681]All analysis is done by assumption of cracked section as per ACI318.
[bookmark: _Toc165467363][bookmark: _Toc178067682]Modified moment of inertia: 
· Beams &  Walls                         0.35 Ig
· Columns                                     0.7 Ig
· Flat Plates and Flat Slabs           0.25 Ig

15.0 [bookmark: _Toc178067683]WALL DESIGN


[bookmark: _Toc165380179][bookmark: _Toc165467366][bookmark: _Toc178067685]








  
16.0 [bookmark: _Toc178067688]SLAB DESIGN











    
17.0 [bookmark: _Toc144629878][bookmark: _Toc156825456][bookmark: _Toc178067691]FOUNDATION DESIGN AND RESULTS
1. [bookmark: _Toc32662617][bookmark: _Toc32920733][bookmark: _Toc33002372][bookmark: _Toc33002531][bookmark: _Toc33002816][bookmark: _Toc33002940][bookmark: _Toc33003064][bookmark: _Toc33003187][bookmark: _Toc33003312][bookmark: _Toc33003437][bookmark: _Toc33003559][bookmark: _Toc33003681][bookmark: _Toc33003803][bookmark: _Toc143683455][bookmark: _Toc144127925][bookmark: _Toc144130923][bookmark: _Toc144286718][bookmark: _Toc144296916][bookmark: _Toc144629411][bookmark: _Toc144629879][bookmark: _Toc146118133][bookmark: _Toc146118251][bookmark: _Toc146715245][bookmark: _Toc156825457][bookmark: _Toc165380182][bookmark: _Toc165467369][bookmark: _Toc178067692][bookmark: _Toc26260556]
2. [bookmark: _Toc32662618][bookmark: _Toc32920734][bookmark: _Toc33002373][bookmark: _Toc33002532][bookmark: _Toc33002817][bookmark: _Toc33002941][bookmark: _Toc33003065][bookmark: _Toc33003188][bookmark: _Toc33003313][bookmark: _Toc33003438][bookmark: _Toc33003560][bookmark: _Toc33003682][bookmark: _Toc33003804][bookmark: _Toc143683456][bookmark: _Toc144127926][bookmark: _Toc144130924][bookmark: _Toc144286719][bookmark: _Toc144296917][bookmark: _Toc144629412][bookmark: _Toc144629880][bookmark: _Toc146118134][bookmark: _Toc146118252][bookmark: _Toc146715246][bookmark: _Toc156825458][bookmark: _Toc165380183][bookmark: _Toc165467370][bookmark: _Toc178067693]
3. [bookmark: _Toc32662619][bookmark: _Toc32920735][bookmark: _Toc33002374][bookmark: _Toc33002533][bookmark: _Toc33002818][bookmark: _Toc33002942][bookmark: _Toc33003066][bookmark: _Toc33003189][bookmark: _Toc33003314][bookmark: _Toc33003439][bookmark: _Toc33003561][bookmark: _Toc33003683][bookmark: _Toc33003805][bookmark: _Toc143683457][bookmark: _Toc144127927][bookmark: _Toc144130925][bookmark: _Toc144286720][bookmark: _Toc144296918][bookmark: _Toc144629413][bookmark: _Toc144629881][bookmark: _Toc146118135][bookmark: _Toc146118253][bookmark: _Toc146715247][bookmark: _Toc156825459][bookmark: _Toc165380184][bookmark: _Toc165467371][bookmark: _Toc178067694]
4. [bookmark: _Toc32662620][bookmark: _Toc32920736][bookmark: _Toc33002375][bookmark: _Toc33002534][bookmark: _Toc33002819][bookmark: _Toc33002943][bookmark: _Toc33003067][bookmark: _Toc33003190][bookmark: _Toc33003315][bookmark: _Toc33003440][bookmark: _Toc33003562][bookmark: _Toc33003684][bookmark: _Toc33003806][bookmark: _Toc143683458][bookmark: _Toc144127928][bookmark: _Toc144130926][bookmark: _Toc144286721][bookmark: _Toc144296919][bookmark: _Toc144629414][bookmark: _Toc144629882][bookmark: _Toc146118136][bookmark: _Toc146118254][bookmark: _Toc146715248][bookmark: _Toc156825460][bookmark: _Toc165380185][bookmark: _Toc165467372][bookmark: _Toc178067695]
5. [bookmark: _Toc32662621][bookmark: _Toc32920737][bookmark: _Toc33002376][bookmark: _Toc33002535][bookmark: _Toc33002820][bookmark: _Toc33002944][bookmark: _Toc33003068][bookmark: _Toc33003191][bookmark: _Toc33003316][bookmark: _Toc33003441][bookmark: _Toc33003563][bookmark: _Toc33003685][bookmark: _Toc33003807][bookmark: _Toc143683459][bookmark: _Toc144127929][bookmark: _Toc144130927][bookmark: _Toc144286722][bookmark: _Toc144296920][bookmark: _Toc144629415][bookmark: _Toc144629883][bookmark: _Toc146118137][bookmark: _Toc146118255][bookmark: _Toc146715249][bookmark: _Toc156825461][bookmark: _Toc165380186][bookmark: _Toc165467373][bookmark: _Toc178067696]
6. [bookmark: _Toc32662622][bookmark: _Toc32920738][bookmark: _Toc33002377][bookmark: _Toc33002536][bookmark: _Toc33002821][bookmark: _Toc33002945][bookmark: _Toc33003069][bookmark: _Toc33003192][bookmark: _Toc33003317][bookmark: _Toc33003442][bookmark: _Toc33003564][bookmark: _Toc33003686][bookmark: _Toc33003808][bookmark: _Toc143683460][bookmark: _Toc144127930][bookmark: _Toc144130928][bookmark: _Toc144286723][bookmark: _Toc144296921][bookmark: _Toc144629416][bookmark: _Toc144629884][bookmark: _Toc146118138][bookmark: _Toc146118256][bookmark: _Toc146715250][bookmark: _Toc156825462][bookmark: _Toc165380187][bookmark: _Toc165467374][bookmark: _Toc178067697]
7. [bookmark: _Toc32662623][bookmark: _Toc32920739][bookmark: _Toc33002378][bookmark: _Toc33002537][bookmark: _Toc33002822][bookmark: _Toc33002946][bookmark: _Toc33003070][bookmark: _Toc33003193][bookmark: _Toc33003318][bookmark: _Toc33003443][bookmark: _Toc33003565][bookmark: _Toc33003687][bookmark: _Toc33003809][bookmark: _Toc143683461][bookmark: _Toc144127931][bookmark: _Toc144130929][bookmark: _Toc144286724][bookmark: _Toc144296922][bookmark: _Toc144629417][bookmark: _Toc144629885][bookmark: _Toc146118139][bookmark: _Toc146118257][bookmark: _Toc146715251][bookmark: _Toc156825463][bookmark: _Toc165380188][bookmark: _Toc165467375][bookmark: _Toc178067698]
8. [bookmark: _Toc32662624][bookmark: _Toc32920740][bookmark: _Toc33002379][bookmark: _Toc33002538][bookmark: _Toc33002823][bookmark: _Toc33002947][bookmark: _Toc33003071][bookmark: _Toc33003194][bookmark: _Toc33003319][bookmark: _Toc33003444][bookmark: _Toc33003566][bookmark: _Toc33003688][bookmark: _Toc33003810][bookmark: _Toc143683462][bookmark: _Toc144127932][bookmark: _Toc144130930][bookmark: _Toc144286725][bookmark: _Toc144296923][bookmark: _Toc144629418][bookmark: _Toc144629886][bookmark: _Toc146118140][bookmark: _Toc146118258][bookmark: _Toc146715252][bookmark: _Toc156825464][bookmark: _Toc165380189][bookmark: _Toc165467376][bookmark: _Toc178067699]
9. [bookmark: _Toc32662625][bookmark: _Toc32920741][bookmark: _Toc33002380][bookmark: _Toc33002539][bookmark: _Toc33002824][bookmark: _Toc33002948][bookmark: _Toc33003072][bookmark: _Toc33003195][bookmark: _Toc33003320][bookmark: _Toc33003445][bookmark: _Toc33003567][bookmark: _Toc33003689][bookmark: _Toc33003811][bookmark: _Toc143683463][bookmark: _Toc144127933][bookmark: _Toc144130931][bookmark: _Toc144286726][bookmark: _Toc144296924][bookmark: _Toc144629419][bookmark: _Toc144629887][bookmark: _Toc146118141][bookmark: _Toc146118259][bookmark: _Toc146715253][bookmark: _Toc156825465][bookmark: _Toc165380190][bookmark: _Toc165467377][bookmark: _Toc178067700]
10. [bookmark: _Toc32662626][bookmark: _Toc32920742][bookmark: _Toc33002381][bookmark: _Toc33002540][bookmark: _Toc33002825][bookmark: _Toc33002949][bookmark: _Toc33003073][bookmark: _Toc33003196][bookmark: _Toc33003321][bookmark: _Toc33003446][bookmark: _Toc33003568][bookmark: _Toc33003690][bookmark: _Toc33003812][bookmark: _Toc143683464][bookmark: _Toc144127934][bookmark: _Toc144130932][bookmark: _Toc144286727][bookmark: _Toc144296925][bookmark: _Toc144629420][bookmark: _Toc144629888][bookmark: _Toc146118142][bookmark: _Toc146118260][bookmark: _Toc146715254][bookmark: _Toc156825466][bookmark: _Toc165380191][bookmark: _Toc165467378][bookmark: _Toc178067701]
11. [bookmark: _Toc32662627][bookmark: _Toc32920743][bookmark: _Toc33002382][bookmark: _Toc33002541][bookmark: _Toc33002826][bookmark: _Toc33002950][bookmark: _Toc33003074][bookmark: _Toc33003197][bookmark: _Toc33003322][bookmark: _Toc33003447][bookmark: _Toc33003569][bookmark: _Toc33003691][bookmark: _Toc33003813][bookmark: _Toc143683465][bookmark: _Toc144127935][bookmark: _Toc144130933][bookmark: _Toc144286728][bookmark: _Toc144296926][bookmark: _Toc144629421][bookmark: _Toc144629889][bookmark: _Toc146118143][bookmark: _Toc146118261][bookmark: _Toc146715255][bookmark: _Toc156825467][bookmark: _Toc165380192][bookmark: _Toc165467379][bookmark: _Toc178067702]
[bookmark: _Toc33003814][bookmark: _Toc144629890][bookmark: _Toc146118262][bookmark: _Toc146715256][bookmark: _Toc156825468][bookmark: _Toc178067703]Foundation Model
[bookmark: _Toc165380194][bookmark: _Toc165467381][bookmark: _Toc178067704][bookmark: _Toc57728604][bookmark: _Toc61165832]Foundation model, analyse and design has been done by SAFE2016 software.(Version 16.0.2) 

Foundation 3D plan in SAFE

[bookmark: _Toc146118263][bookmark: _Toc146715257][bookmark: _Toc156825469][bookmark: _Toc178067706][bookmark: OLE_LINK105]Soil Characteristic
· Allowable soil bearing capacity
· 
  as per soil investigation report 
· ẟa  =2.25 cm             as per soil investigation report
· Modulus of sub grade reaction value
· 
   as per soil investigation report 
0


[bookmark: _Toc33003843][bookmark: _Toc144629892][bookmark: _Toc146118264][bookmark: _Toc146715258][bookmark: _Toc156825470][bookmark: _Toc178067707]Loads
[bookmark: _Toc165467385][bookmark: _Toc178067708]The loads have been imported from ETABS analysis. 
[bookmark: _Toc165467386][bookmark: _Toc178067709]Reinforced concrete unit weight equals 2500 kg/m3 and defined for SAFE, so the program calculated the foundation weight automatically.
[bookmark: _Toc165467387][bookmark: _Toc178067710]Soil unit weight equals to 1900 kg/m3. The soil height above foundation is 1.0 m, so distributed Soil Weight : 1900 kg/m2












[bookmark: _Toc33003858][bookmark: _Toc144629893][bookmark: _Toc146118265][bookmark: _Toc146715259][bookmark: _Toc156825471][bookmark: _Toc178067711]Settlement Control
[bookmark: _Toc165467390][bookmark: _Toc178067712]Settlement in different service load combinations should be checked by allowable value. 

[bookmark: _Toc165467392][bookmark: _Toc178067713]Maximum settlement of foundation equals to 1.540 cm, which is less than allowable 2.25 cm.

[bookmark: _Toc33003859][bookmark: _Toc144629894][bookmark: _Toc146118266][bookmark: _Toc146715260][bookmark: _Toc156825472][bookmark: _Toc178067714]Soil Pressure Control
[bookmark: _Toc165467394][bookmark: _Toc178067715]Soil pressures in different service load combinations should be checked by allowable value.

[bookmark: _Toc165467396][bookmark: _Toc178067716]Maximum soil pressure under foundation equals to 1.863 kg/cm2, which is less than 2.1 kg/cm2.



[bookmark: _Toc26260565][bookmark: _Toc33003861][bookmark: _Toc144629895][bookmark: _Toc146118267][bookmark: _Toc146715261][bookmark: _Toc156825473][bookmark: _Toc178067717]Punching Shear Control
[bookmark: _Toc165467398][bookmark: _Toc178067718]The punching shear control ratio of foundation is shown below. As seen the punching shear ratio in all columns base which is calculated by software is less than allowable range (1.0), so the footing thickness is acceptable.




[bookmark: _Toc26260567][bookmark: _Toc33003863][bookmark: _Toc144629896][bookmark: _Toc146118268][bookmark: _Toc146715262][bookmark: _Toc156825474][bookmark: _Toc178067719]Foundation Design
[bookmark: _Toc165467401][bookmark: _Toc178067720]Foundation reinforcement is calculated by software and add bars in X, Y direction are shown at below figure. Uniform Ф16@150 pattern is assigned for top and bottom of foundation in both directions and needed additional bars at some part that is presented in below pictures. 

[bookmark: _Toc165467402][bookmark: _Toc178067721]Reinforcement in X, Y Direction
[bookmark: _Toc165467403][bookmark: _Toc178067722]In Both Directions: 
[bookmark: _Toc165467404][bookmark: _Toc178067723]Top Bar             USE Φ16@150 mm
[bookmark: _Toc165467405][bookmark: _Toc178067724]Bottom Bar        USE Φ16@150 mm
[bookmark: _Toc469302638][bookmark: _Toc471737595][bookmark: _Toc479518082][bookmark: _Toc475979878][bookmark: _Toc498437671][bookmark: _Toc499632716][bookmark: _Toc165467406][bookmark: _Toc178067725]Minimum rebar for strip foundation: 



[bookmark: _Toc460664742][bookmark: _Toc461267259][bookmark: _Toc461953771][bookmark: _Toc173587788][bookmark: _Toc173925824][bookmark: _Toc178067727][bookmark: _Hlk173324244]OVERTURNING & SLIDING CONTROL
[bookmark: _Toc460664743][bookmark: _Toc461267260][bookmark: _Toc461281216][bookmark: _Toc461347059][bookmark: _Toc461347166][bookmark: _Toc461953772]Foundations must be checked for overturning and sliding. 
[bookmark: _Toc460664745][bookmark: _Toc461267262][bookmark: _Toc461347060][bookmark: _Toc461347167][bookmark: _Toc461953773]Overturning Control:

[bookmark: _Toc461953776][bookmark: OLE_LINK2][bookmark: OLE_LINK4]Following loads for foundation:
· Southern Part of Building ,
[bookmark: _Toc461953777]MR = 
W Found.1=[(21.3*6.9*0.7)*2.5 T/m3 ] = 257.2 Ton   , MR Found.1=257.2*(21.3/2)= 2739.2   T.m
W Found.2=[(14.1*5.4*0.7)*2.5 T/m3 ] = 133.2 Ton   , MR Found.2=133.2*(21.3+14.1/2)= 3777.5   T.m
W Wall.10= [(34.3*5.25)-(1.8*2.5) ]*0.4)*2.5 T/m3    = 175.5 Ton    , MR Wall.10 =175.5*(34.3/2)= 3010.0   T.m
W Wall.9= [(20.2*5.25)-(2.6*2.5) ]*0.4)*2.5 T/m3   ] =99.5 Ton      , MR Wall.9 =99.5*(20.2/2)= 1004.95   T.m
W Wall.8= [(1.1*5.25*0.4)*2.5 T/m3   ] =5.8 Ton    , MR Wall.8 =5.8*20.55= 119.2   T.m
W Wall.7= [(14.5*5.25*0.4)*2.5 T/m3   ] = 76.12 Ton     , MR Wall.7 =76.12*[ (20.35+14.5/2) ]= 2100.9   T.m
W Wall.6= [(5.9*5.25*0.4)*2.5 T/m3   ] = 31.0 Ton     , MR Wall.6 =31.0*(1.5/2) = 23.25   T.m
W Wall.5= [(4.4*5.25*0.4)*2.5 T/m3   ] = 23.10 Ton     , MR Wall.5 =23.1*34.65 = 800   T.m
W Roof =[ (14.1*5.2) +(20.2*6.7)]  *0.4*2.5 T/m3 = 208.66 Ton    , MR  roof =208.66* 5.25= 1095.5 T.m
Σ MR= 14670.5 T.m  
[bookmark: _Toc461953781]
[bookmark: _Toc461953784]Mo Blast  roof  =1.8131*[(14.1*5.2)+(20.2*6.7)]*5.65=2137.5  T.m
Mo Blast  wall 10= 4.5195*(33.9*5.65)*(5.65/2) =2445.50 T.m
Σ Mo Blast =2137.5+2445.5=4583  T.m



Sliding Control:

 
PR roof = (Rroof*Aroof) = 1.8131*[ (14.1*5.2) +(20.2*6.7) ]=378.3 ton
PR Total = 56.83+367.65+378.3 = 802.78  ton
PBlast = (Rwall*Awall1)above ground +(K0* Rwall* Awall1)under ground = [4.5196*(34.3*4.25)]+[0.5*4.5196*(34.3*1)] = 736.35 ton
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