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1.0 [bookmark: _Toc343327774][bookmark: _Toc325006571][bookmark: _Toc328298189][bookmark: _Toc146118217]INTRODUCTION
[bookmark: _Toc343327080][bookmark: _Toc343327777][bookmark: _Toc328298191][bookmark: _Toc259347570][bookmark: _Toc292715166][bookmark: _Toc325006574]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, construction of well location, access road, wellhead facilities (with electric power supply) for W007S shall be done. In addition, construction of new flowline from aforementioned well location to Binak B/C unit (with extension of relevant manifold) are in the Project scope of work
2.0 [bookmark: _Toc43881104][bookmark: _Toc146118218]SCOPE
       This report covers designing of structure & foundation calculations of the “CCTV Control Room- Binak GCS”. The structure calculation is performed by “ETABS” & calculation of foundation is performed by “SAFE” software’s.
3.0 [bookmark: _Toc146118219]NORMATIVE REFERENCE
3.1 [bookmark: _Toc343001691][bookmark: _Toc343327082][bookmark: _Toc343327779][bookmark: _Toc518745780][bookmark: _Toc107647693][bookmark: _Toc146118220]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: _Toc146118221]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: _Toc146118222]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
· BK-GCS-PEDCO-120-AR-DW-0008 Architectural Drawing For CCTV Control Room- Binak GCS

4.0 [bookmark: _Toc253505646][bookmark: _Toc39312729][bookmark: _Toc43881108][bookmark: _Toc146118223]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: _Toc146118224]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 
	ETABS 16.2.1

	analysis and design of foundation
	SAFE 16.0.2


6.0 [bookmark: _Toc94095167][bookmark: _Toc115870224][bookmark: _Toc142207515][bookmark: _Toc144629849][bookmark: _Toc146118225][bookmark: OLE_LINK107][bookmark: OLE_LINK108]DESIGN INFORMATION
· [bookmark: _Toc20901568][bookmark: _Toc76190540][bookmark: _Toc94095168][bookmark: _Toc115870225][bookmark: _Toc142207516][bookmark: _Toc144629850][bookmark: _Toc146118226]STRUCTURE LOCATION

The CCTV control room is located in Binak oilfield.










[bookmark: _Ref76199857][bookmark: _Ref76200057][bookmark: OLE_LINK44][bookmark: OLE_LINK45]	

Figure 1: Project Location






















· 
[bookmark: _Toc146118227]ARCHITECTURAL PLANS























Figure 2: Plan of CCTV control room












Figure 3: Elevation 1

























[bookmark: _Toc20901572][bookmark: _Toc94095170][bookmark: _Toc115870227][bookmark: _Toc142207518]Figure 4: Elevation 2

7.0 [bookmark: _Toc144629852][bookmark: _Toc146118228]MATERIAL PROPERTIES
· [bookmark: _Toc20901573][bookmark: _Toc94095171][bookmark: _Toc115870228][bookmark: _Toc142207519][bookmark: _Toc144629853][bookmark: _Toc146118229]REINFORCED CONCRETE
Concrete shall generally conform to the specification for Concrete Work, Document No:           
BK-GNRAL-PEDCO-000-ST-SP-0001. The following properties of concrete are used.
Lean concrete: f’c =150 kg/cm2
Cast in place concrete: f’c =300 kg/cm2
Where f'c is the minimum compressive characteristic strength of a cylinder specimen at 28 days.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Young Modulus of concrete:   kg/cm2 =261540 kg/cm2
Poisson's Ratio: ν = 0.2
Unit weight of reinforced concrete: 2500 kg/m3
[bookmark: _Toc32920650][bookmark: _Toc33003758]Reinforcing Steel: fy = 4000 kg/cm3 (Minimum yield stress)
· [bookmark: _Toc76190552][bookmark: _Toc94095186][bookmark: _Toc115870230][bookmark: _Toc142207520][bookmark: _Toc144629854][bookmark: _Toc146118230]STIFFNESS MODIFICATION
For analysis of concrete structure, the following modifications for flexural stiffness of elements are considered.
Columns………………………………..0.7Ig 
Beams………………………………….0.35Ig

8.0 [bookmark: _Toc20901577][bookmark: _Toc94095187][bookmark: _Toc115870231][bookmark: _Toc142207521][bookmark: _Toc144629855][bookmark: _Toc146118231]DESIGN LOADS
· [bookmark: _Toc20901578][bookmark: _Toc94095188][bookmark: _Toc115870232][bookmark: _Toc142207522][bookmark: _Toc144629856][bookmark: _Toc146118232]GENERAL
Structural elements stability and stress checking have been performed considering the following load conditions.
· Dead Load
· Live Load
· Seismic Load
· Snow Load

9.0 [bookmark: _Toc142207523][bookmark: _Toc115870233][bookmark: _Toc94095189][bookmark: _Toc20901579][bookmark: _Toc144629857][bookmark: _Toc146118233]DEAD LOAD
· [bookmark: _Toc142207524][bookmark: _Toc144629858][bookmark: _Toc146118234]FOR CCTV CONTROL ROOM
Dead Load is considered as the weight of materials forming a permanent part of the structure plant. The weight of materials of construction incorporated into the building, including but not limited to walls, floors, roofs, ceilings, stairways, built-in partitions, finishes, cladding and other similarly incorporated architectural and structural items, and the weight of fixed service equipment, such as plumbing stacks and risers, electrical feeders, heating, ventilating and air-conditioning systems. 
Specific weight of materials which will be used is based on Iranian National Building Code, Part 6, where applicable. Other weights are in accordance with the specifications and/or drawings of vendors and manufacturers.
As it mentioned above the self-weight of structural elements (introduced Dead Load in software) is automatically considered by ETABS program with the specific weights below:
Reinforced Concrete:	            2500 kg/m³
Structural Steel and Bars:      7850 kg/m³
Here is the calculation of design dead load for floors and walls.
· 
(Pressed brick = 20cm  1700 = 340→340 = 408 kg/m) + (Travertine stone= 2500 2cm = 50→50  1.2 = 60 kg/m) + (mortar = 1cm  2100 = 21 → 21 1.2 = 25.2 kg/m) + (Terrazzo tile (30*30*2.5)= 2500 2cm = 50→50  0.3 = 15 kg/m) + (mortar = 1cm  2100 = 21 → 21 0.3 = 6.3 kg/m) + (cement = 3cm = 63→63 1 = 63 kg/m) + (Waterproofing (Isolation or Similar = 15 kg/m²  30cm =4.5  kg/m)    → totally ≈ 585 kg/m
· ) :
[image: ](Face Brick = 5cm   1700 = 85) + (Pressed brick = 20cm  1700 = 340) + (plaster and soil mortar = 3cm  1600 = 48) → totally ≈ 475 kg/m²
·            
) + (clay block = 8  10 = 80) + (facilities = 20) + (waterproofing = 15) → totally ≈ 300 kg/m²
Figure 5: Dead load on roof

[image: ][image: ]Figure 6: Parapet dead load
Figure 7: Dead load for wall
   
10.0 [bookmark: _Toc142207526][bookmark: _Toc144629860][bookmark: _Toc146118235]LIVE LOAD
Live Load is defined as the weight of all movable loads, including partition walls, personnel, tools, miscellaneous equipment and temporarily stored materials.  
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Generally where applicable, the live loads shall be in accordance with Iranian National Building Code, Part 6. The Live Loads is generally considered as uniformly distributed over the horizontal projection of the loaded areas, except for the loads with a concentrated nature. 

The live load has been considered according to the following table.
· [image: ]Table 1- Live Load
	NO.
	Level
	kg/m2

	1
	Roof
	150



Figure 7: Live load on roof
11.0 [bookmark: _Toc142207527][bookmark: _Toc144629861][bookmark: _Toc146118236]SNOW LOAD
· [bookmark: _Toc146118237][bookmark: _Toc142207528][bookmark: _Toc144629862][bookmark: OLE_LINK23][bookmark: OLE_LINK24]FOR CCTV CONTROL ROOM 
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:
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK39]Pr=Is.Cn.Ch.Cs.Ps       Ps=25 kg/m2   
Is=1, Cn= 1, Ch= 1, Cs= 1 →   Pr=Ps  = 25 kg/m2 
Figure 8: Snow load on roof
[image: ]
12.0 [bookmark: _Toc144629864][bookmark: _Toc146118238]SEISMIC LOAD
· [bookmark: _Toc141697632][bookmark: _Toc144629865][bookmark: _Toc146118239]HORIZONTAL SEISMIC LOAD
[bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK3][bookmark: OLE_LINK4]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.
· Table 6- B Table 6- Basic Parameters Used for Earthquake Loads
	Height of the structure from the base level (m)
	4.35 

	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

	
	0.176

	[bookmark: OLE_LINK35][bookmark: OLE_LINK36]Based on part (4-8-3) Pub.038 : 
	= 0.176*1.4 = 0.247

	 (analysis) – mode 1
	0.59

	 (analysis) – mode 2
	0.58

	
	0.247

	
	0.247

	
	0.75

	 
	0.75

	
	0.04125

	
	0.136

	
	0.136


· 
· [image: Capture]
· 
· [bookmark: _Toc142207532][bookmark: _Toc144629866][bookmark: _Toc146118240]VERTICAL SEISMIC LOAD
   Ev:   Vertical seismic load applied at model according to section 2-2-3-2 (code 038)

[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: _Toc142207533][image: Capture] 


13.0 [bookmark: _Toc144629867][bookmark: _Toc146118241]REDUNDANCY FACTOR 
According to Iranian Seismic Design Code for Petroleum Facilities (Pub.038-3rd edition Paragraph 4-6) -  =1.0
14.0 [bookmark: _Toc90214153][bookmark: _Toc132790371][bookmark: _Toc142207536][bookmark: _Toc144629870][bookmark: _Toc146118242]LOADING TABLE
Loading for structure and foundation for CCTV control room is defined as below table.
	TABLE 

	Load Pat
	Design Type
	Self Wt Mult
	Auto Load
	Not Base Pat
	Not Ratio
	Not Dir.

	DL
	Dead
	1
	 
	 
	 
	 

	Lr
	Roof Live
	0
	 
	 
	 
	 

	EX
	Quake
	0
	USER COEFF
	 
	 
	 

	EY
	Quake
	0
	USER COEFF
	 
	 
	 

	SL
	Snow
	0
	 
	 
	 
	 

	SUPERDEAD
	Dead
	0
	 
	 
	 
	 

	T
	Temperature
	0
	 
	 
	 
	 

	Ev
	Quake
	0
	None
	 
	 
	 

	NotionalX(DL)
	Notional
	0
	 
	DL
	0.002
	Global X

	NotionalY(DL)
	Notional
	0
	 
	DL
	0.002
	Global Y

	NotionalX(Lr)
	Notional
	0
	 
	Lr
	0.002
	Global X

	NotionalY(Lr)
	Notional
	0
	 
	Lr
	0.002
	Global Y

	[bookmark: _Hlk139120784]NotionalX (SUPERDEAD)
	Notional
	0
	 
	SUPERDEAD
	0.002
	Global X

	NotionalY (SUPERDEAD)
	Notional
	0
	 
	SUPERDEAD
	0.002
	Global Y

	Soil
	Other
	0
	
	
	
	


Notional loads must be added with the same coefficient in all combinations of loads that have gravity loads. Although this type is not necessary for concrete building, it has been considered.
15.0 [bookmark: _Toc311301790][bookmark: _Toc39312742][bookmark: _Toc43881119][bookmark: _Toc90214154][bookmark: _Toc132790372][bookmark: _Toc142207537][bookmark: _Toc144629871][bookmark: _Toc146118243]LOAD COMBINATIONS
[bookmark: _Toc311301793]For foundations, structures and members of structures, according to structural design criteria & Iranian National Building Code Part 6, the following load combinations have been considered:
1) 1.4D
2) 1.2D + 1.6L + 0.5 (Lr or S)
3) 1.2D + 1.6 (Lr or S) + (L or 0.5(1.6W))
4) 1.2D +1.6 W + L + 0.5 (Lr or S)                       
5) 1.2D+(Eh + Ev)+ L + 0.2S
6) 0.9D + 1.6W                                                      
7) 0.9D + (Eh – Ev)
Load listed herein shall be considered to act in the following combinations; whichever produces the most unfavourable effect considering soil reactions.










Allowable Stress Design: 
	Category
	Load Combination

	Category A
	Operation Without Wind
	1.0(DL+ DLempty + LLop)

	
	
	1.0(DL+ DLempty + LLop + LL + TL ± TLst ± FR)

	
	
	1.0(DL+ DLempty + LLop + TL ± TLst ± FR) + 0.75LL + 0.75S

	
	Operation With Wind
	[bookmark: OLE_LINK65][bookmark: OLE_LINK66]1.0(DL+ DLempty + LLop + TL ± FR) ± WL

	
	
	1.0(DL+ DLempty + LLop + TL ± FR) + 0.75LL ± 0.75WL

	
	
	1.0(DL+ DLempty + LLop + TL ± FR) + 0.75LL ± 0.75WL + 0.75S

	
	
	0.6(DL+ DLempty + LLop+TL + FR) ± WL

	Category B
	Test
	1.0(DL+ DLempty + Test) ± 0.25WL

	
	
	1.0(DL+ DLempty + Test) + 0.75LL ± 0.25WL + 0.75S

	
	
	0.6(DL+ DLempty + Test) ± 0.25WL

	Category C
	Erection
	1.0(DL+ DLempty + ER ± WL)

	
	
	1.0(DL+ DLempty + ER) + 0.75LL ± 0.75WL

	
	
	0.6(DL+ DLempty + ER) ± WL

	Category D
	Earthquake
	1.0(DL+ DLempty + LLop + TL) ± 0.7EQ

	
	
	1.0(DL+ DLempty + LLop + TL) ± 0.525EQ + 0.75LL + 0.75S

	
	
	0.6(DL+ DLempty + LLop+ TL) ± 0.7EQ

	Category E
	Maintenance
	1.0(DL+ DLempty + ML)

	
	
	1.0(DL+ DLempty+ ML) + 0.75LL ±  0.25WL

	
	
	0.6(DL+ DLempty+ ML) ± 0.25WL





Strength Design: 
	Category
	Load Combination

	Category A
	Operation Without Wind
	1.4(DL+ DLempty + LLop)

	
	
	1.2(DL+ DLempty + LLop ± FR + TL ± TLst) +1.6LL 

	
	
	1.2(DL+ DLempty + LLop ± FR + TL ± TLst) +1.6LL + 0.5S

	
	Operation With Wind
	[bookmark: OLE_LINK22]1.2(DL+ DLempty + LLop ± FR + TL) + 1.0LL ± 1.6WL + 0.5S

	
	
	1.2(DL+ DLempty + LLop ± FR + TL) ± 0.8WL + 1.6S

	
	
	0.9(DL+ DLempty + LLop ± FR + TL) ± 1.6WL

	Category B
	Test
	1.2(DL+ DLempty + Test ) + 1.0LL ± 1.6(0.25WL) + 0.5S

	
	
	1.2(DL+ DLempty + Test ) + 1.6LL + 0.5S

	
	
	0.9(DL+ DLempty + Test ) ± 1.6(0.25WL)

	Category C
	Erection
	1.2(DL+ DLempty + ER) + 1.6LL 

	
	
	1.2(DL+ DLempty + ER) + 1.0LL ± 0.8WL

	
	
	0.9(DL+ DLempty + ER) ± 1.6WL

	Category D
	Earthquake
	1.2( DL+ DLempty + LLop + TL) + 1.0LL ± 1.0EQ + 0.2S

	
	
	0.9( DL+ DLempty + LLop+ TL) ± 1.0EQ

	Category E
	Maintenance
	1.2(DL+ DLempty + ML ) + 1.0LL ± 1.6(0.25WL)

	
	
	1.2(DL+ DLempty + ML ) + 1.6(LL)

	
	
	0.9(DL+ DLempty+ ML) ± 1.6(0.25WL)


16.0 [bookmark: _Toc132790373][bookmark: _Toc142207538][bookmark: _Toc144629872][bookmark: _Toc146118244]STRUCTURE ANALYSIS AND DESIGN
[image: ]The steel structure is checked in accordance with LRFD method. Frame analysis and structural checks are based on the 3D model that covers all the Load Combinations.

Figure 9: 3D model of ETABS

[image: ]



















Figure 10: Plan View
17.0 [bookmark: _Toc308266427][bookmark: _Toc475973406][bookmark: _Toc39312748][bookmark: _Toc43881125][bookmark: _Toc90214158][bookmark: _Toc132790375][bookmark: _Toc142207539][bookmark: _Toc144629873][bookmark: _Toc146118245][bookmark: OLE_LINK100][bookmark: OLE_LINK101]STRUCTURAL DESIGN RESULTS
The design of these elements is done by software facilities according to Code ACI-318-14. Summary of the results for columns and beams design is shown in the following figures.
[image: ]






Figure 11: Ratio Check



For all elements D/C ratio shall be ≤ 1, according to above output all elements are ok. 
18.0 [bookmark: _Toc410054329][bookmark: _Toc32057659][bookmark: _Toc61165828][bookmark: _Toc142207540][bookmark: _Toc144629874][bookmark: _Toc146118246]DRIFT CONTROL
[bookmark: OLE_LINK117][bookmark: OLE_LINK118]According to “Iranian Seismic Design Code for Petroleum Facilities (Pub.038-3rd edition)”       Table 4-8, drift shall not exceed 0.02.
[image: ]
The deflection at level X () (in. or mm) used to compute the design story drift, Δ, shall be determined in accordance with the following equation:
Equation 4-22 (Pub.038-3rd edition, part 4-14-1):
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Maximum displacement in x direction due to earthquake: 11.9 mm     
        
Also 
Maximum displacement in y direction due to earthquake: 11.6mm    
  ,      

19.0 [bookmark: _Toc32057658][bookmark: _Toc53933782][bookmark: _Toc144629875][bookmark: _Toc146118247]JOIST SHEAR CAPACITY RATIO CONTROL
According to ACI 318-14 part 18-8-4, shear strength of connection has been controlled and for two columns (Axis 4C & D1) as a sample have been shown below.
[image: Capture]
[bookmark: _Toc144629408][bookmark: _Toc144629876][bookmark: _Toc146118248][bookmark: _Toc33003802][image: Capture]

20.0 [bookmark: _Toc144629877][bookmark: _Toc146118249]STRONG COLUMN-WEAK BEAM REQUIREMENTS IN SPECIAL CONCRETE MOMENT FRAME
According to INBC Part 9 (section: 9-20-60-4), the flexural strength of columns shall satisfy:
 ΣMnc ≥ 1.2 ΣMnb
Based on Etabs report, maximum force due to seismic load combination is equal to 48.6 ton which is smaller than 0.1Ag f’c, so according to section 9-20-6-4-5 could be ignored above equation for one story building.

21.0 [bookmark: _Toc144629878][bookmark: _Toc146118250]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: _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]
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]
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]
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]
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]
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]
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]
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]
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]
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: _Toc33003814][bookmark: _Toc144629890][bookmark: _Toc146118262]FOUNDATION MODEL
[bookmark: _Toc57728604][bookmark: _Toc61165832]Foundation model, analyse and design has been done by SAFE2016 software. 
[bookmark: _Toc33003829][bookmark: _Toc144629891][image: ]Figure 11: Foundation 3D plan in SAFE

· [bookmark: _Toc146118263][bookmark: OLE_LINK105]SOIL CHARACTERISTIC
Based on Geotechnical Report (Attachment 4, 5):
q allowable = 1.75 kg/cm2 (Allowable Soil Bearing Capacity)
δ allowable = 1.6 cm (Allowable Settlement)
Ks = 1.6 kg/cm3 (Subgrade Modulus)
[image: ]
[image: ]
· [bookmark: _Toc33003843][bookmark: _Toc144629892][bookmark: _Toc146118264]LOADS
The loads have been imported from ETABS analysis. 
Reinforced concrete unit weight equals 2500 kg/m3 and defined for SAFE, so the program calculated the foundation weight automatically.
Soil unit weight equals to 1900 kg/m3. The soil height above foundation is 0.95 m, so distributed soil weight:
[image: ]Ws = 0.95×1900 = 1805 kg/m2

Figure 12: soil weight on foundation




· [bookmark: _Toc33003858][bookmark: _Toc144629893][bookmark: _Toc146118265]SETTLEMENT CONTROL
[image: ]Settlement in different service load combinations should be checked by allowable value. 

Figure 13: Foundation Settlement
[bookmark: _Toc26260563]Maximum settlement of foundation equals to 0.91 cm, which is less than allowable 1.6 cm.







· [bookmark: _Toc33003859][bookmark: _Toc144629894][bookmark: _Toc146118266]SOIL PRESSURE CONTROL
[image: ]Soil pressures in different service load combinations should be checked by allowable value.
[image: ]

Figure 14: Soil Pressure under Foundation
Maximum soil pressure under foundation equals to 1.43 kg/cm2, which is less than1.75 kg/cm2.

· [bookmark: _Toc26260565][bookmark: _Toc33003861][bookmark: _Toc144629895][bookmark: _Toc146118267]PUNCHING SHEAR CONTROL
[image: ]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.

Figure 15: Punching Shear Capacity Ratios

· [bookmark: _Toc26260567][bookmark: _Toc33003863][bookmark: _Toc144629896][bookmark: _Toc146118268]FOUNDATION DESIGN
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. 
[image: ]
Figure 16: Reinforcement in X, Y Direction
In Both Directions: 
Top Bar             USE Φ16@150 mm
Bottom Bar        USE Φ16@150 mm
[bookmark: _Toc469302638][bookmark: _Toc471737595][bookmark: _Toc479518082][bookmark: _Toc475979878][bookmark: _Toc498437671][bookmark: _Toc499632716]Minimum rebar for strip foundation: 
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