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1.0 [bookmark: _Toc343327774][bookmark: _Toc325006571][bookmark: _Toc328298189][bookmark: _Toc189581852]INTRODUCTION
[bookmark: _Toc343001687][bookmark: _Toc343327775]Binak oilfield in Bushehr province is a part of the southern oilfields of Iran, is located 20 km northwest of Genaveh city. 
[bookmark: _Toc343327080][bookmark: _Toc343327777][bookmark: _Toc328298191][bookmark: _Toc259347570][bookmark: _Toc292715166][bookmark: _Toc325006574]With the aim of increasing production of oil from Binak oilfield, an EPC/EPD Project has been defined by NIOC/NISOC and awarded to Petro Iran Development Company (PEDCO). Also PEDCO (as General Contractor) has assigned the EPC-packages of the Project to "Hirgan Energy - Design and Inspection" JV.

2.0 [bookmark: _Toc43881104][bookmark: _Toc189581853]SCOPE
This report covers the foundation calculation report of the “Gas Compressors Foundation”. The foundation modelled by “SAP2000” software.

NORMATIVE REFERENCE
2.1 [bookmark: _Toc343001691][bookmark: _Toc343327082][bookmark: _Toc343327779][bookmark: _Toc518745780][bookmark: _Toc107647693][bookmark: _Toc145814675][bookmark: _Toc189581854]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
· Iranian Seismic Design Code for Petroleum Facilities(3rd edition)
2.2 [bookmark: _Toc343001692][bookmark: _Toc343327083][bookmark: _Toc343327780][bookmark: _Toc518745781][bookmark: _Toc107647694][bookmark: _Toc145814676][bookmark: _Toc189581855]International Codes and Standards
· [bookmark: _Toc325006576][bookmark: _Toc343001693][bookmark: _Toc343327084][bookmark: _Toc343327781]C.Arya, W.O’Neil, “Design of Structures and Foundations for Vibrating Machines
· ACI 318. “Building Code Requirements for Reinforced Concrete”, American Concrete Institute.
· ACI 351.3R American Concrete Institute– Foundation Dynamic Equipment
· Structural Design CriteriaD01

2.3 [bookmark: _Toc189581856]The Project Documents
· BK-GNRAL-PEDCO-000-ST-SP-0001    Specification for Concrete Work
· BK-GNRAL-PEDCO-000-ST-SP-0004    Specification for Grouting
· BK-GNRAL-PEDCO-000-ST-DC-0001    Structural Design Criteria
· BK-GCS-PEDCO-120-ST-DW-0059         Foundation Drawing For Gas Compressor Shelter
· BK-GCS-PEDCO-120-ST-DW-0060          Structural Drawing For Gas Compressor Shelter
· BK-GCS-PEDCO-120-GT-RT-0001        Geotechnical Investigation Report for Compressor Station
· BK-GCS-HY-120-ME-DW-0001      Compressor Package General Arrangement
3.0 [bookmark: _Toc253505646][bookmark: _Toc39312729][bookmark: _Toc43881108][bookmark: _Toc189581857]MATERIAL PROPERTIES
Material properties are delivered in the following table. 
table 1 -Material Properties
	Foundation Concrete
	F'c = 30 Mpa(28- day cylindrical sample)

	Long. reinforcement bar
	Fy = 400 Mpa(AIII)

		Trans. reinforcement bar
	Fy = 400 Mpa(AIII)

	Soil Shear modulus
	G=2.9e7 (kg/m^2) According to geotechnical investigation report


[bookmark: _Toc253505649][image: ][image: ]  
[image: ]
[image: ]
                                 
4.0 [bookmark: _Toc189581858]LOADS
[image: ]
4.1 [bookmark: _Toc189581859]Deal Load
Dead loads are included the following loads:
Foundation weight + pedestals weight + soil weight and finally compressors and their attachments.
4.2 [bookmark: _Toc189581860]Operation Load
According to vendor data sheet the following loads are applied to the models
[image: ]
4.3 [bookmark: _Toc189581861]Dynamic Load
[image: ] [image: ]

4.4 [bookmark: _Toc189581862]Earthquake Load
Seismic loads applied to the model manually and its calculations are mentioned below:
V=0.7*Ca*I*W
V=0.7*0.3*1.25*W=0.263W

4.5 [bookmark: _Toc189581863]25% Operating Load
According to regulations, 25% of the compressor's operating loads must be applied as dynamic loads in both directions.



5.0 [bookmark: _Toc328663432][bookmark: _Toc189581864]ANALYSIS
5.1 [bookmark: _Toc189581865]3d Model
SAP 2000 was applied for model this foundation and for more accuracy, solids elements have been used for checking of pressure and displacement of foundation. 

5.2 [bookmark: _Toc189581866]Analysis Cases








[bookmark: _Toc189581867]











5.3 [bookmark: _Toc189581868]Load Combinations
[bookmark: _Toc189581869]

[bookmark: _Toc189581870]



[bookmark: _Toc189581871]

[bookmark: _Toc189581872]

6.0 [bookmark: _Toc189581873]CALCULATION OF STIFFNESS:
[bookmark: _Toc189581874]
[bookmark: _Toc189581875]
Compressor:
   = 2572.17 
   = 13977.67
    = 14558.91
Motor :
  = 4595.43 
   = 4838.85
    = 2014.61

Modified Stiffness:
Number of Joints : n=400
· Translational
   kg/m
  kg/m
  kg/m
· Rotational
A=11.2*9.9=111 m2
 m3
 m3
  kg/m
  kg/m
 kg/m
 kg/m      Rocking Stiffness
 kg/m         Pitching Stiffness
 kg/m    Torsional Stiffness

7.0 [bookmark: _Toc189581876]CHECKING AND RESULTS
7.1 [bookmark: _Toc189581877]Minimum Weight of Foundation
According to design criteria total foundation weight shall be at least 5 times the total machinery weight for Reciprocating Machines.
Foundation Weight (Include foundation, pedestal & compressor)= 675.15  ton
Compressor Weight= 81.745  ton
> 5    ok √   
7.2 Resonance Control D01

  ˃ 1.4   or     <  0.7
[bookmark: _Toc189581880]

7.3 [bookmark: _Toc189581881]Rotation & Displacement Control: 
[bookmark: _Toc189581882]FZ(Total)  = Fprimary + Fsecondary
[bookmark: _Toc189581883]Fx(Total)  =  Fprimary + Fsecondary
[bookmark: _Toc189581884]Fy(Total)  =  Fprimary + Fsecondary
[bookmark: _Toc189581885]M ψ(Total)  = M ψ(primary) + M ψ(secondary) + Fy(total) *Ht + Fz(total) *ey  (Rocking about X)
[bookmark: _Toc189581886]M ϕ (Total)  = M ϕ (primary) + M ϕ (secondary) + Fx(total) *Ht + Fz(total) *eX  (Pitching about Y)
[bookmark: _Toc189581887]M θ (Total)  = M θ (primary) + M θ (secondary) + Fx(total) * ey + Fy(total) *ex  (Torsion about Z)
Control I:D01

[bookmark: _Toc189581889]Transitional Ocilation modes: 
[bookmark: _Toc189581890]Rotational Ocilation modes: 
[bookmark: _Toc189581891]ẟZ(total) = ẟz+(Xt* ϕ+ yt* ψ)
[bookmark: _Toc189581892]ẟx(total) = ẟx+(Zt* ϕ+ yt* ᶿ)
[bookmark: _Toc189581893]ẟy(total) = ẟy+(Zt* ψ + xt* ᶿ)
[bookmark: _Toc189581894]xt,yt,zt : Target Points in 3 Directions
[bookmark: _Toc189581895]At Target Point :  ẟmax < 25 μm (or vendor)
[bookmark: _Toc189581896]Control II:
[bookmark: _Toc189581897]Vmax.x  = Σ ẟmax.x * ωi  , (i=1,….,n)
[bookmark: _Toc189581898]Vmax.y  = Σ ẟmax.y * ωi        (i=1,….,n)
[bookmark: _Toc189581899]Vmax.z  = Σ ẟmax.z * ωi         (i=1,….,n)
[bookmark: _Toc189581900]V resultant = √[( Vmax.x  )2+( Vmax.y  )2 +( Vmax.z  )2     < 2.0 mm/s (or vendor)
[bookmark: _Toc189581901]Control III:
· [bookmark: _Toc189581902]qdyn.
[bookmark: _Toc189581903]FZ(base)  = FZ.Trz 
[bookmark: _Toc189581904]Mx(base)  = Mx.Trx   
[bookmark: _Toc189581905]My(base)  = My.Try 
[bookmark: _Toc189581906]qdyn.=  + + =  + + = 0.16 ton/m2
· [bookmark: _Toc189581907]qstat.:
[bookmark: _Toc189581908]       qmax  (1++) = (1++)(1+ + 10.67 ton/m2
[bookmark: _Toc189581909]     qmin  (1-- ) = (1--)(1- -  0.31 ton/m2
[bookmark: _Toc189581910]     WTotal = W found. + W ped. +W machine =648.5 ton 

qdyn.+qstat. <0.75*qallD01

[bookmark: _Toc189581912]qmax = qstat.max + qdyn. = 10.67+0.16=10.83 ton/m2  < 15 ton/m2
[bookmark: _Toc189581913]qmin = qstat.min - qdyn. = 0.31-0.16=0.15 ton/m2    → no uplift     ok√   

7.4 [bookmark: _Toc189581914]Overturning Control :

· Wm=Totally weight of machine =81,743 kg
· Wf= Totally weight of foundation=(11.2*9.9*1.9)*2500=526,680 kg
· Wp= Totally weight of pedestal=(2.9*4.5*1.22)*2500=39,802.5 kg
[bookmark: _Toc189581915]WT=Total Weight = 648,225.5 kg
[bookmark: _Toc189581916]MR=Resistance Moment = 648,225.5* = 3,630,063 kg.m
[bookmark: _Toc189581917]V= Totally lateral load= (0.25Wm+0.263Wm)=0.513*81,743=41,934 kg
[bookmark: _Toc189581918]Ma=Active Moment =41,934*(1.9+1.22)=130,834.5 kg.m
[bookmark: _Toc189581919]Safety Factor overturning = = 27.75 ˃3     ok √

7.5 [bookmark: _Toc189581920]Sliding Control :
[bookmark: _Toc189581921]V= Active lateral load=(0.25Wm+0.263Wm)=0.513*81,743=41,934 kg
[bookmark: _Toc189581922]WT = Total Vertical Load= 648,225.5 kg 
[bookmark: _Toc189581923]Safety Factor sliding = , μ= coefficient of friction 
[bookmark: _Toc189581924]Safety Factor sliding =  =  = 5.56 ˃1.5     ok √


7.6 Displcement Control :D01

[bookmark: _Toc189581926]For compressor:
[bookmark: _Toc189581927][image: ]
[bookmark: _Toc189581928]ẟ max x =0.00643 mm   →         = 0.0025 
[bookmark: _Toc189581929]ẟ max y =0.0005 mm       →        = 0.0002      ,   ω= 424 rpm 
[bookmark: _Toc189581930]According to ACI 351-3R.18 :
 
[bookmark: _Toc189581932]above graph indicate that maximum of displacement is acceptable. 
The following graphs also show that the maximum displacements in the vibration load combination are larger than the individual time history loadings.D01

[bookmark: _Toc189581934]Max displacement Ux(mm):
[bookmark: _Toc189581935][image: C:\Users\t.tavakoli\Desktop\1.JPG]

[bookmark: _Toc189581936][image: ]

D01

[bookmark: _Toc189581938][image: ]

[bookmark: _Toc189581939][image: ]

[image: ]D01


[bookmark: _Toc189581941]Max displacement Uy(mm):

[bookmark: _Toc189581942][image: ]



D01

[bookmark: _Toc189581944][image: ]

[bookmark: _Toc189581945][image: ]


[image: ]D01


[bookmark: _Toc189581947][image: ]



For Electrical Motor:D01

[bookmark: _Toc189581949][image: ]
[bookmark: _Toc189581950]ẟ max x =0.0075 mm   →         = 0.003 
[bookmark: _Toc189581951]ẟ max y =0.00056 mm       →        = 0.00022      ,   ω= 424 rpm 
[bookmark: _Toc189581952]According to ACI 351-3R.18 :
[image: Capture3] 
[bookmark: _Toc189581954]above graph indicate that maximum of displacement is acceptable. 
As mentioned for the compressor part as well the maximum displacements in the vibration load combination are larger than the individual time history loadings , However, the presentation of diagrams in this section has been omitted.D01


7.7 [bookmark: _Toc189581956]Foundation Design
The amount of reinforcement bar should be minimum 30 kg/m3 for foundation. 
The T16@200 reinforcement is used for the foundation for longitudinal & transversal footing (Top & Bottom) , so the amount of reinforcement is 9232 kg. 
Also the volume of concrete is 226 m3 and therefore the amount of reinforcement per unit volume is 41 kg/m3 which is more than minimum amount.
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