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1. [bookmark: _Toc79411988][bookmark: _Toc343327774][bookmark: _Toc518745777][bookmark: _Toc325006571][bookmark: _Toc328298189][bookmark: _Toc79412717][bookmark: _Toc121037670]INTRODUCTION
Binak oilfield in Bushehr province is a part of the southern oilfields of Iran, is located 20 km northwest of Genaveh city. 
With the aim of increasing production of oil from Binak oilfield, an EPC/EPD Project has been defined by NIOC/NISOC and awarded to Petro Iran Development Company (PEDCO). Also PEDCO (as General Contractor) has assigned the EPC-packages of the Project to "Hirgan Energy - Design and Inspection" JV.
[bookmark: _Toc343001687][bookmark: _Toc343327775]GENERAL DEFINITION
The following terms shall be used in this document.
	COMPANY:	
	National Iranian South Oilfields Company (NISOC) 

	PROJECT:
	Binak Oilfield Development – General Facilities

	EPD/EPC CONTRACTOR:	
	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 EPC CONTRACTOR and approved by GC & COMPANY (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 COMPANY rather than by an EPC/EPD CONTRACTOR, supplier or VENDOR.

	MAY:	
	Is used where	a provision is completely discretionary.


[bookmark: _Toc343327080][bookmark: _Toc343327777][bookmark: _Toc518745778][bookmark: _Toc328298191][bookmark: _Toc259347570][bookmark: _Toc292715166][bookmark: _Toc325006574]GUIDANCE FOR USE OF THIS DOCUMENT 
The amendments/supplement to the related IPS Standard(s) given in this document are directly   related to the equivalent sections or clauses in the IPS Standard(s). For clarity, the section and   paragraph numbering of the IPS Standard(s) has been used as long as possible. Where clauses 
 in IPS are referenced within this document, it shall mean those clauses are amended by this       document. Clauses in” IPS” that are not amended by this document shall remain valid as written.
[bookmark: _Toc79411990][bookmark: _Toc79412718][bookmark: _Toc121037671]For ease of reference, the clause or section numbering of the related IPS Standard(s) has been used throughout this specification. For the purpose of this specification, the following definitions shall hold: 
[bookmark: _Toc79411991][bookmark: _Toc79412719][bookmark: _Toc121037672]Sub. (Substitution): The IPS Std. Clause is deleted and replaced by a new clause.  
[bookmark: _Toc79411992][bookmark: _Toc79412720][bookmark: _Toc121037673]Del. (Deletion): The IPS Std. Clause is deleted without any replacement.  
[bookmark: _Toc79411993][bookmark: _Toc79412721][bookmark: _Toc121037674]Add. (Addition): A new clause with a new number is added.
[bookmark: _Toc79411994][bookmark: _Toc79412722][bookmark: _Toc121037675]Mod. (Modification): Part of the IPS Std. Clause is modified, and/or a new description and/or condition is added to that clause.

1.0 [bookmark: _Toc121037676]SCOPE 
[bookmark: _Toc325006575][bookmark: _Toc328298192][bookmark: _Toc518745779]This specification gives amendment and supplement to IPS-E-PI-200(1), "Engineering Standard for Flexibility Analysis".
It shall be used in conjunction with data/requisition sheets for present document subject.
IPS-E-PI-200(1), covers the basic requirements for the flexibility analysis of piping systems in Oil, Gas and Petrochemical Industries.
The analysis shall consider the effects of Temperature, Pressure, Vibration, Loads, Fluid, Reactions and Environmental Factors.
2.0 [bookmark: _Toc343327081][bookmark: _Toc343327778][bookmark: _Toc121037677] NORMATIVE REFERENCES
Following Codes, Standards and Documents shall be added to the IPS-E-PI-200.
[bookmark: _Toc343001691][bookmark: _Toc343327082][bookmark: _Toc343327779][bookmark: _Toc518745780][bookmark: _Toc121037678][bookmark: _Toc325006576]Local Codes and Standards 
· [bookmark: _Toc429496032][bookmark: _Toc10451559]IPS-E-PI-240(2)	"Engineering Standard for Plant Piping Systems"
[bookmark: _Toc121037679]The Project Documents 
· ASME Section VIII Div. 2	(Boiler and Pressure Vessel Codes)
· API 620	"Design and Construction of Large, Welded, Low-     
                                                        Pressure Storage Tanks"
· UBC (1997+Addendum)	(Uniform Building Code)
· ASME B31.3: Pressure Piping
· ASME B31.1: Power Piping
· ASME B31.8: Gas Transmission and Distribution Piping Systems
· IPS-E-PI-200
· API Standard 560: Fire Heaters for General Refinery Services
· API Standard 610: Centrifugal Pumps for General Refinery Services
· API Standard 616: Gas Turbine
· API Standard 617: Centrifugal Compressors for General Refinery Services
· API Standard 618: Reciprocating Compressor for General Refinery Services
· API Standard 650: Welded Steel Tanks for Oil Storage
· API Standard 661: Air Cooler & Heat Exchanger for General Refinery Services
· NEMA Standard Publication SM-23: Steam Turbines for Mechanical Drive Services
· WRC 107/198: Local Stresses in Spherical and Cylindrical Shells Due to External Loading
· UBC - Uniform building code
· API 611 "General purpose steam turbine for refinery services"
· API 612 "Special purpose steam turbine for refinery services"
· API 619 "Rotary-type positive displacement compressors for general refinery services"
· API 660 – Shell & tube Type heat exchangers for general refinery
· API RP 520 “Recommended Practice for the Design and Installation of Pressure-Relieving System in Refineries”
· WRC 297-Supplement to WRC 107
· EJMA “Standard of the Expansion Joint Manufacturers Association”
· ASME B 16.9 – Factory made wrought steel butt-welding fitting
· ASME B 16.5 – 2003 Steel pipe flanges and flanged fitting
· ASME B 16.11– Forged-steel fitting, socket-welding and threaded
· ASME B 16.25 – Butt-welding ends for pipe, valves, flanges and fitting
· ASME B 16.28 – Wrought steel butt-welding short radius elbow and return
· ASME B 36.10 – Wrought steel and wrought-iron pipe
· ASME B 16.47 – Large diameter carbon steel flanges (Series B)
· LISEGA – Lisega catalogue
· ASCE#7 – Minimum design load for building and other structures
· MSS-SP-58: Pipe hangers and supports (Material, design and manufacture)
· MSS-SP-69: Pipe hangers and supports (Selection and Application)
· BS7159: Design and construction of glass-reinforced plastics (GRP) piping systems for individual plants or sites.
· UKOOA: Specifications and recommended practice for the use of glass fiber reinforced plastic piping offshore
· WRC	(Welding Research Council)
· 107/297	"Local Stresses in Cylindrical Shells Due to External 
                                                         Loading on Nozzles"
· WRC 537                              Precision equations and enhanced diagrams for local     stresses in spherical and cylindrical shells due to external loadings for implementation of WRC Bulletin 107
[bookmark: _Toc343001693][bookmark: _Toc350332919][bookmark: _Toc432323556][bookmark: _Toc10451234][bookmark: _Toc10451276][bookmark: _Toc121037680]The Project Documents
BK-GNRAL-PEDCO-000-PR-DB-0001	Process Basis of Design
	Plant Layout and Piping Design Criteria

	Specification for Pipe Support 

	Specification for Allowable Nozzle Loads for Static Equipment

	Piping and Pipeline Material Specification

	Piping Standard Support Drawings



[bookmark: _Toc341278664][bookmark: _Toc341280195][bookmark: _Toc343327085][bookmark: _Toc343327782][bookmark: _Toc518745783][bookmark: _Toc121037681]ENVIRONMENTAL DATA
Refer to "Process Basis of Design; Doc. No. BK-GNRAL-PEDCO-000-PR-DB-0001". 

3.0 [bookmark: _Toc10451561][bookmark: _Toc121037682][bookmark: _Toc341278665]DEFINITION AND TERMINOLOGY 
No amendments or supplements are to state.

4.0 [bookmark: _Toc10451562][bookmark: _Toc121037683]UNITS 
Using of SI units of CAESAR II is preferred.

5.0 [bookmark: _Toc350332924][bookmark: _Toc10451280][bookmark: _Toc121037684]PIPING STRESS ANALYSIS
[bookmark: _Toc432323562]The following specifications shall be complied with:
a) [bookmark: _Toc432323563][bookmark: _Toc10451281][bookmark: _Toc79412732][bookmark: _Toc121037685]Pipe support design based on IPS-G-PI-280 and Specification For Pipe Support (BK-GNRAL-PEDCO-000-PI-SP-0014).
[bookmark: _Toc121037686]GENERAL
Stress Analysis, calculation of reaction loads due to thermal expansion or contraction in piping systems and the selection of the type of supports shall be conducted in accordance with the criteria set in codes and standards referenced under sections 3. In the cases in which the flexibility of under examination piping system is found to be insufficient to absorb the imposed primary and secondary loads (e.g., weight and thermal loads respectively), those methods listed below shall be adopted, in the following order of preference:
· Introduction of restraints.
· Changing in piping routing and inserting proper pipe loops.
· Introduction of spring supports (variable or constant) to the piping system.
· Utilizing the reinforcing pad in pipe branches and nozzle intersection with equipment.
· Utilizing of proper type of metallic or elastomer expansion joint. 
· Victaulic and dresser type coupling.
· Metal and elastomer hoses.
· And all in-line flexible connectors

The following data shall be used through stress analysis according to the given values and references:
- The allowance of displacement stress range (SA) is the limit of stress calculation referred in ASME B31.3 Para. 302.3.5.
- Value of stress intensification factor (SIF) for elbows, bends and tees which is used for stress analysis calculation shall be in accordance with ASME B31.3 Appendix “D”. Data base of applied software can be used.
- Value of module of elasticity (E) which is used for stress analysis calculation shall be in accordance with ASME B31.3 Appendix “C”, Table C-6. Data base of applied software can be used.
- Value of Poisson ratio (n) may be taken as 0.3 at all temperature for all ferrous metals. More accurate and authoritative data can be used if available. Data base of applied software can be used.
- Material for pipe shall be extracted from “piping material specification” of the project. Also material of insulation shall be extracted from “insulation specification” of the project. Data base of applied software could be used for material properties.
[bookmark: _Toc154746751][bookmark: _Toc373051197][bookmark: _Toc415496637][bookmark: _Toc430522723][bookmark: _Toc113779595][bookmark: _Toc117076580][bookmark: _Toc121037687]  Analysis Classification
All lines shall be reviewed for flexibility, stress and load calculation by experienced   judgment, simplified or comprehensive methods.
[bookmark: _Toc415496638][bookmark: _Toc430522724][bookmark: _Toc113779596][bookmark: _Toc117076581][bookmark: _Toc121037688]  Experienced Judgment Method 
This method comprises the lines which can be judged by relying upon normal experiences and practices of engineering design team. The piping systems in this scope need no formal analysis of adequate flexibility.
[bookmark: _Toc415496639][bookmark: _Toc430522725][bookmark: _Toc113779597][bookmark: _Toc117076582][bookmark: _Toc121037689]  Simplified Method
This method comprises the piping systems in which adequate flexibility and suitable pipe supports shall be provided by computer analysis. But providing of documented output for presentation to employer is not mandatory.
[bookmark: _Toc415496640][bookmark: _Toc430522726][bookmark: _Toc113779598][bookmark: _Toc117076583][bookmark: _Toc121037690]  Comprehensive Method
Computer analysis shall be generally used where there is any concern over the flexibility of a piping system and in particular where accurate calculations of values are required. (e.g., equipment nozzle, support, spring loads and displacement vector). Documented output shall be prepared for the piping systems which are covered by this method.
[bookmark: _Toc415496641][bookmark: _Toc430522727][bookmark: _Toc113779599][bookmark: _Toc117076584][bookmark: _Toc121037691]  Stress Analysis grade classification
 The lines of a piping system shall be classified into three (3) categories from stress analysis point of view including size, temperature, origin and destination of lines. These classifications, according to severity of operating condition and methods of analysis, are categorized as:
“Level 1” Grade – Experienced judgment method.
“Level 2” Grade – Simplified method.
“Level 3” Grade – Comprehensive method.
In general, computer analysis will be required for that listed in attached chart and table (Refer to Fig#1 & Fig#2). The listing is not intended to be exhaustive and address every eventuality, sound engineering judgment shall always prevail.
Fig # 1: General chart for lines which do not meet the table in Fig#2.
Fig#2 Lines with various type of boundary condition, fluid service, pressure rating and material.

6.0 [bookmark: _Toc121037692][bookmark: _Toc10451283]LOAD AND STRESS CONSIDERATION IN PIPE STRESS ANALYSIS 
[bookmark: _Toc432323566][bookmark: _Toc10451284][bookmark: _Toc121037693]Weight Effect
Weight load includes the weight of piping components (pipe, fitting, flange, valve …), content, insulation and any in-line equipment, ice or snow shall be considered if applicable. The primary stress caused by weight as a part of SL shall not be more than allowable stress Sh. Another weight effect is tank settlement which shall be considered in a comprehensive calculation. The displacement caused by tank settlement as a secondary stress shall be considered as a data in displacement field of Caesar II spread sheet and the stress caused shall not be more than SA.
[bookmark: _Toc432323567][bookmark: _Toc10451285][bookmark: _Toc121037694]Hydro Test
Hydrostatic test weight shall be taken into consideration as an occasional event for lines which have content with specific gravity less than 1.0. The applied stress due to hydrostatic test weight including weight and test pressure shall not be more than Sy.
In cases that extra supports are required only for HYD, the temporary supports shall be considered for piping during hydrostatic test period. Where applicable, hydrostatic test at grade is preferred and shall be mentioned in relevant documents (e.g., isometric drawings, line list…). Note that hydrostatic test, wind, snow load, earthquake and expansion effects shall not be considered as acting concurrently.

[bookmark: _Toc15711662][bookmark: _Toc187307563][bookmark: _Toc113779610][bookmark: _Toc117076595][bookmark: _Toc121037695]Pressure effects
Design pressure shall be taken as the calculation pressure as per ASME B31.3, unless otherwise noted. The primary stress caused by pressure as a part of SL shall not be more than allowable stress Sh.
[bookmark: _Toc432323568][bookmark: _Toc10451286][bookmark: _Toc121037696]Thermal Expansion and Contraction Effects
· [bookmark: _Toc432323569][bookmark: _Toc10451287]The difference between Max/Min ambient temperature and design temperature should be used for calculating maximum stress range.
· Max/Min operating temperature should be used for piping support, equipment nozzle load and spring hanger selection.
· Other thermal cases that should be considered are : Steam out , solar radiation , fire case , start up/shut down for towers, regeneration for reactors , destocking and stand by conditions.
· Installation temperature should be considered as 21°C.

[bookmark: _Toc121037697]Friction Effect
[bookmark: _Toc432323570][bookmark: _Toc10451288]Friction effect in piping system includes the effect of frictional resistance to thermal movement of the pipe based on coefficient of friction. 
Following friction factors shall be considered for computing the frictional resistance in stress analysis:


Surfaces            Friction factor (µ)
                                                     	Steel – Steel                    0.3
                                                     	Steel – Teflon                 0.1
                                                     	Steel – Concrete              0.5
[bookmark: _Toc121037698]Dynamic Effects 
[bookmark: _Toc121037699][bookmark: _Toc432323571][bookmark: _Toc10451289]6.5.2 WIND 
                      6.5.2.1. Wind loading shall be considered on the following piping to ensure structural integrity of pipe support structures and vessel shells when the pipe outside diameter (including insulation thickness) is 500 mm and over:
1. Lines that are routed down towers, columns or vertical drums.
2. Inlet lines to Air coolers.
      The wind load shall be calculated by the equation shown below:
       WL = 0.7 A.q
       WL = wind load
       A = Projected area (O.D. of pipe including the insulation multiplied by the unit length of the piping)
       q = wind pressure (specific value)
Prevailing wind direction: W-E, NW-SE
Basic wind speed: refer to site condition.
Importance factor I=1.15
Exposure factor = C

Note-1: Wind load calculation shall not be considered for piping systems which have been located inside or in the shadow of a structure or a building.
Wind, earthquake, snow load, expansion effects and hydrostatic test loads shall not be considered as acting concurrently. The effect of wind load shall be considered on restriction points (e.g., supports and anchor points) but not for nozzle and Heater Tie-in points.
[bookmark: _Toc121037700][bookmark: _Toc10451290]6.5.3 EARTHQUAKE  
                      6.5.3.1. According to site condition, the seismic coefficient with forced acceleration      shall be considered. CAESAR II facility (ASCE code) could be used for seismic coefficient calculations.
                       6.5.3.2. All critical piping systems (Level 3) shall be analyzed for seismic loads. 
7.0 [bookmark: _Toc121037701][bookmark: _Toc10451291]FLANGE LEAKAGE CRITERIA 
The flange leakage shall be evaluated for all flanges on critical lines with rating >=600# and also for critical lines which carry M fluid service.
The following formula for equivalent pressure can be used for this verification:
Peq = 4F∕ πG2 + 16M ∕ πG3
In which: 
Peq: Equivalent pressure due to external loads (MPa).
F: Axial Force acting on the flange face due to weight and thermal expansion (operation case) of the pipe (N)
M: Bending moment acting on the flange face due to weight and thermal expansion (operation case) of the pipe (N mm)
G: Diameter of the gasket that reacts to the load
If the sum of the equivalent pressure calculated in this way and the operating pressure of the piping does not exceed the maximum pressure allowed by the rating of the flange joints as per ASME B 16.5, the applied external loads are acceptable. Also, evaluation of the flanges could be done according to ASME B&PVC Section III Subsection NC-3658.3 method. The flange load checking shall be considered in operating temperature and operating pressure. 
8.0 [bookmark: _Toc121037702][bookmark: _Toc10451292]ALLOWABLE LOADS ON EQUIPMENT NOZZLES 
For all nozzle loads calculation shall be based on operating temperature. 
In all below items , vendor data which have been specified in vendor GA is in first priority:
· Pump: 2xAPI 610 or vendor data 
· Pressure vessel :Nozzle allowable load specification or vendor data
· Centrifugal compressor : 2xAPI 617 or vendor data. Displacement shall be submitted by vendor.
· Reciprocating compressor: Nozzle allowable loads and nozzle flange displacements shall be submitted by vendor.  Compressor SUPPLIER shall carry out analogue study for compressor suction and discharge piping
· Turbine : 3xNEMA SM-23 or vendor data. Displacement shall be submitted by vendor.
· Air cooler : 3xAPI 661 or vendor data.
· Heater : 4x API 560 or vendor data. Allowable displacement shall be submitted by vendor.
· Other equipment and vendor package tie-in points should be considered in agreement with vendor.
9.0 [bookmark: _Toc121037703][bookmark: _Toc10451293]DESIGN CONSIDERATION 
[bookmark: _Toc121037704][bookmark: _Toc432323575][bookmark: _Toc10451294]Expansion Joints 
Expansion Joints must be rated and evaluated against manufacture's allowable.
[bookmark: _Toc121037705][bookmark: _Toc350332928][bookmark: _Toc432323576][bookmark: _Toc10451295]fire case 
To be considered for flare lines. Temperature for the same to be considered as identified in the line list.

10.0 [bookmark: _Toc350332935][bookmark: _Toc10451296][bookmark: _Toc121037706]EXTENT OF ANALYSIS
No amendments or supplements are to state.
11.0 [bookmark: _Toc350332942][bookmark: _Toc10451297][bookmark: _Toc121037707]ANALYSIS SOFTWARE
Computer stress analysis for critical systems will be carried out using CAESAR-II (2018) or higher.
[bookmark: _Toc350332943][bookmark: _Toc432323581][bookmark: _Toc10451298][bookmark: _Toc121037708]GEOMETRIC DATABASE
· CAESAR II library of piping will be utilized with nominal bore and schedule no. For pipe size above 42” and for non-standard schedules, piping material spec. (PMS), relevant pipe/fitting/valves vendor catalogues will be used for entering outside diameter, pipe thickness and weigh.
· Actual density shall be entered as per Line list.
· Insulation thickness shall be entered as per the line list.
[bookmark: _Toc350332944][bookmark: _Toc432323582][bookmark: _Toc10451299][bookmark: _Toc121037709]CAESARII CONFIGURATION FILE AND UNIT FILES
· SI units will be followed for this project.
· The load combination cases is also attached in Appendix C
[bookmark: _Toc10451300]
APPENDIX A “STRESS ANALYSIS LEVEL REQUIREMENTS”
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FIG # 1
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FIG # 2
Note:
1- By vendor
2-For GRE/GRVE/GRP/HDPE items, the SUPPLIER shall perform the formal computer analysis based on material properties and allowable stress values and other criteria of relevant product of SUPPLIER. 
3- For specifying each line’s criticality level ,Fig#1 (This chart comprises the lines connected to vessels including exchangers, reactors, drums, towers, filters, tanks, flare stack, silencers and lines which are not included in Fig#2 ) shall be used.





[bookmark: _Toc10451301]APPENDIX B “STRESS ANALYSIS REPORTS”
The CAESARII Output generally includes the following terms and shall be officially issued for all level 3 pipes. 
· Input Listing Report, including: 
·    Element description, Bend Elements, Rigid Elements, Material ID.
·    Restraints, Uniform Loads, Allowable Stress, SIF's & Tee's.
·    Input Units, Setup File Parameters, Execution Control Parameters, Coordinate Report. 
· Restraint-Displacement Summary Report 
· Stress Summary Report 
· Flange Leakage Table (if any)
· Nozzle load check
· Sketch

Note 1: 
The special items such as spring, expansion joint, rigid-strut and snubber data sheets shall be prepared as per Stress Analysis requirements and shall be separately issued. 
Note 2: 
For Uniformity of work in direction, -X should consider as Plant North, +Y should consider vertical up direction.



[bookmark: _Toc350332949][bookmark: _Toc10451302]APPENDIX C "LOAD COMBINATION CASES" (ADD.)
	SL.NO.
	Combinations
	Case
	Remarks

	1
	WW+HP
	HYD
	HYDRO TEST

	2
	W+T1+P1
	OPE
	DESIGN

	3
	W+T2+P1
	OPE
	OPE.

	4
	W+T2+P1+U1
	OPE
	EARTHQUAKE(N/S)

	5
	W+T2+P1+U2
	OPE
	EARTHQUAKE(E/W)

	6
	W+T2+P1+WIN1
	OPE
	WIND(N)

	7
	W+T2+P1+WIN2
	OPE
	WIND(S)

	8
	W+T2+P1+WIN3
	OPE
	WIND(W)

	9
	W+T2+P1+WIN4
	OPE
	WIND(E)

	10
	W+T2+P1+F1
	OPE
	PSV REACTION FORCE

	11
	W+P1
	SUS
	SUSTAINED

	12
	L4-L3
	OCC
	ALG

	13
	L5-L3
	OCC
	ALG

	14
	L6-L3
	OCC
	ALG

	15
	L7-L3
	OCC
	ALG

	16
	L8-L3
	OCC
	ALG

	17
	L9-L3
	OCC
	ALG

	18
	L10-L3
	OCC
	ALG

	19
	L11+L12
	OCC
	SCA

	20
	L11+L13
	OCC
	SCA

	21
	L11+L14
	OCC
	SCA

	22
	L11+L15
	OCC
	SCA

	23
	L11+L16
	OCC
	SCA

	24
	L11+L17
	OCC
	SCA

	25
	L11+L18
	OCC
	SCA

	26
	L2-L11
	EXP
	EXPANSION1 (ALG)

	27
	L3-L11
	EXP
	EXPANSION2 (ALG)




Designations
W: weight with content	     WIN1: wind pressure in N direction
WW: hydro weight	     WIN2: wind pressure in S direction
P1: design pressure	     WIN3: wind pressure in W direction
HP: hydro pressure	     WIN4: wind pressure in E direction
T1: Design Temperature	     F1=force
T2: Ope. temperature	     ALG: algebraic
U1: seismic coefficient in N/S direction	     ABS: absolute
U2: seismic coefficient in E/W direction	     SCA: scalar
In addition to the above, WNC (weight with no content) may be added with P1 at appropriate case.
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