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       Customer: SOUTHERN COMPANY SERVICES                           HORIZONTAL    

  Service : AGR FLASH GAS COOLER                                U-TUBE        

  No. Shells: 1  Par. 1  Ser. 1   Surface:     443 Each      443 TotalSq.fT.  

        Size:   17 x  192 "     Type: A F U                                         

                                                                              

       (51) “U”-Tubes x 1.000 OD x 0.091 Thk   BWG x   192 "  Lg 1.2500 ROT TRI Pitch  

 

________________________________________________________________________________ 

  -Jurisdictional code requirements: Design, Material, Fabrication, Inspection,  

  Testing and Documentation in accordance with the ASME Code Section VIII,Division 1,  

  2010 Edition, and so stamped. 

  -Impact test requirements: TUBESIDE Exempt from Impact Testing per UG-20(f),  

   UCS-66(a),UHA-51   

    (c), Fig. UCS-66, general note (c), and UCS-67.SHELLSIDE Exempt from impact  

     testing per fig ucs-66.1            

  -Loadings per ASME code para. UG-22 that have been defined by the user, or his 

   designated agent, have been considered in the design process. 

  -This design has been reviewed for compliance with the requirements of UG-120(d). 

 ____________________________________________________________________________________ 

   

 

 

                                 Shell                   Tubes                

  Design Press/Ext            180.0 /  0.0 psig       150.0 /  0.0 psig       

  Test Pressure                  234.0     psig          195.0     psig       

  Design Temp/MDMT              290 /   10 deg.F        200 /   10 deg.F      

  Corrosion Allowance           0.0000"                 0.0000"               

  No. of Passes                      2                       4                

  Radiograph                    RT4-S                  100%                  

  Stress Relieve                   0 **   deg.F             0     deg.F      

 

** -  Exchanger is fabricated using sold 304L Stn. Stl.,  Requirements 

 Of UOP 4’-11-6, Para. 4.7,  Post Weld Heat Treatment does not apply. 

                                                                              

                                                                              

                                                                              

                                                                              

                                                                              

                                                                              

                                                                              

                                                                              

 

Certified Correct for Fabrication 

by Fabsco Shell & Tube, LLC 

 

By: Samuel H.Davis  Date: May 2,2011
 

R1 

R1 

R1 

R1 
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                            SHELL SIDE 

 ============================================================================ 

  NOM. 

  SIZE         PRESS.       TEMP.         C.A.       RT    H.T.         TEMA 

   18.000"     180.0psig      290deg.F  0.0000"   SEE BELOW     0deg.F    R 

 ============================================================================ 

 ASME CODE SECTION VIII, DIVISION 1, UG-27                       [ CYLINDER ] 

 ====DESIGN CONDITIONS==============CYLINDER CALCULATIONS ON O.D. FORMULA==== 

 SHELL CYL 
 MATERIAL: SA-312TP304L     PRESS =  180.0psig   TEMP =    290deg.F 

 O.D.          NOM. THK.    RW=0/PIPE=1   CORR.ALLOW   EFFICIENCY 

   18.0000"      0.2500"        1          0.0000"       0.65 

 ATM.STRS      DES.STRS     STRS/STRS     MAWP N-C     MAWP CORR. 

 14200.0psi    14200.0psi   1.000         226.543psig    226.543psig 

  

   P*(RO) 

 ---------- =  0.17416"   + CORR. ALLOW. =  0.17416"   + MTOL. =  0.19904" 

 S*E+(.4*P) 

 **************************************************************************** 

 

 ASME CODE SECTION VIII, DIVISION 1, UG-32                [ ELLIPTICAL HEAD ] 

 ====DESIGN CONDITIONS=======ELLIPTICAL HEAD CALCULATIONS ON O.D. FORMULA==== 

 SHELL HEAD 

 MATERIAL: SA-240-304L    PRESS =  180.0psig   TEMP =    290deg.F 

 O.D.           (min)THK.    CORR.ALLOW    EFFICIENCY 

   18.0000"      0.1875"      0.0000"       1.00 

 ATM.STRS       DES.STRS     STRS/STRS     MAWP N-C     MAWP CORR. 

   16700.0psi     16700.0psi  1.000        354.565psig  354.565psig 

 

   P*(RO)                                              0.0000 

 ---------- =  0.09607"   + CORR. ALLOW. =  0.09607"   + MTOL. =  0.09607" 

 S*E+(.9*P) 

 **************************************************************************** 

 ASME CODE SEC.VIII DIV.I UG-27              [ ANNULAR DISTRIBUTOR CYLINDER ] 

 ====DESIGN CONDITIONS==============CYLINDER CALCULATIONS ON I.D. FORMULA==== 

 __ 

 MATERIAL: SA-240-304L      PRESS =  180.0psig   TEMP =    290deg.F 

 I.D.          NOM. THK.    RW=0/PIPE=1   CORR.ALLOW   EFFICIENCY 

   23.5000"      0.2500"        0          0.0000"       1.00 

 ATM.STRS      DES.STRS     STRS/STRS     MAWP N-C     MAWP CORR. 

 16700.0psi    12950.0psi   1.290         263.962psig    204.689psig 

  

  P*(R+CA) 

 ---------- =  0.16469"   + CORR. ALLOW. =  0.16469"   + MTOL. =  0.16469" 

 S*E-(.6*P)
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                                 FRONT CHAN. 

 ============================================================================ 

  NOM. 

  SIZE         PRESS.       TEMP.         C.A.       RT    H.T.         TEMA 

   18.000"     150.0psig      200deg.F  0.0000"     100%        0deg.F    R 

 ============================================================================ 

 ASME CODE SECTION VIII, DIVISION 1, UG-27                       [ CYLINDER ] 

 ====DESIGN CONDITIONS==============CYLINDER CALCULATIONS ON O.D. FORMULA==== 

 CHAN. CYL 

 MATERIAL: SA-312TP304L     PRESS =  150.0psig   TEMP =    200deg.F 

 O.D.          NOM. THK.    RW=0/PIPE=1   CORR.ALLOW   EFFICIENCY 

   18.0000"      0.2500"        1          0.0000"       1.00 

 ATM.STRS      DES.STRS     STRS/STRS     MAWP N-C     MAWP CORR. 

   14200.0psi    14200.0psi  1.000        348.527psig    348.527psig 

 

   P*(RO) 

 ---------- =  0.09467"   + CORR. ALLOW. =  0.09467"   + MTOL. =  0.10819" 

 S*E+(.4*P) 

 **************************************************************************** 
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NOZZLE REINFORCEMENT CALCULATIONS/ ASME SECTION VIII, DIV.1, UG-37 & UG-16 

 NOZ NO= 1      6.00"    300 LB RF  WN 

 [INLET   ] SHELL SIDE 

 PRESSURE =  180.0psig   TEMP =  290.0deg.F 

 

 -------CYLINDER------------------------NOZZLE------- 

 SA-312TP304L                    SA-312TP304L 

 OPER STRS=   14200.0 psi        OPER STRS=   11020.0 psi 

 ATM STRS =   14200.0 psi        ATM STRS =   14200.0 psi 

 C.A.     =   0.00000"           C.A.     =   0.00000" 

 I.D.     =  23.34375"           I.D.     =   5.76100" 

 O.D.     =  24.00000"           O.D.     =   6.62500" 

 THK.     =   0.32812"           THK.   XH=   0.43200" 

 T        =   0.32812"           TN       =   0.43200" 

 TR       =   0.15135"           TRN      =   0.05375" 

 ET       =   0.17678"           ETN      =   0.37825" 

 

 MIN STD. WT. PIPE+C.A.=  0.24500"   TR+C.A.=  0.15135" 

 LIMITS=  11.52200" 

 fr1= 0.7761 fr2= 0.7761 fr3= 0.0000 fr4= 0.0000     F=   1.00000 

 Min weld sizes:NS=  0.3248" NP=  0.0000" PS=  0.0000" IF=  0.0000" 

 

 AREA REQD.              A =   0.90118in^2 

 EXCESS IN CYL.          A1=   0.98422in^2 

 EXCESS IN NOZ.(OUTSIDE) A2=   0.48159in^2  H =   0.82031" 

 AREA OF FILLETS           =   0.10913in^2 

 AREA AVAILABLE            =   1.57494in^2 

 

 NOZ. NECK WELD= 0.37500"  AREA=   0.10913in^2 

 

 < AREA REQD-AREA AVAILABLE >  =   -0.67376in^2 

 

 MAWP N-C=   272.0psig  LIMITED BY AR 

 MAWP COR=   247.0psig  LIMITED BY AR 
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NOZZLE REINFORCEMENT CALCULATIONS/ ASME SECTION VIII, DIV.1, UG-37 & UG-16 

 NOZ NO= 2      8.00"    300 LB RF  WN 

 [OUTLET  ] SHELL SIDE 

 PRESSURE =  180.0psig   TEMP =  290.0deg.F 

 

 -------CYLINDER------------------------NOZZLE------- 

 SA-312TP304L                    SA-312TP304L 

 OPER STRS=   14200.0 psi        OPER STRS=   11020.0 psi 

 ATM STRS =   14200.0 psi        ATM STRS =   14200.0 psi 

 C.A.     =   0.00000"           C.A.     =   0.00000" 

 I.D.     =  23.34375"           I.D.     =   7.62500" 

 O.D.     =  24.00000"           O.D.     =   8.62500" 

 THK.     =   0.32812"           THK.   XH=   0.50000" 

 T        =   0.32812"           TN       =   0.50000" 

 TR       =   0.15135"           TRN      =   0.06998" 

 ET       =   0.17678"           ETN      =   0.43002" 

 

 MIN STD. WT. PIPE+C.A.=  0.28175"   TR+C.A.=  0.15135" 

 LIMITS=  15.25000" 

 fr1= 0.7761 fr2= 0.7761 fr3= 0.0000 fr4= 0.0000     F=   1.00000 

 Min weld sizes:NS=  0.3248" NP=  0.0000" PS=  0.0000" IF=  0.0000" 

 

 AREA REQD.              A =   1.18790in^2 

 EXCESS IN CYL.          A1=   1.30836in^2 

 EXCESS IN NOZ.(OUTSIDE) A2=   0.54751in^2  H =   0.82031" 

 AREA OF FILLETS           =   0.10913in^2 

 AREA AVAILABLE            =   1.96499in^2 

 

 NOZ. NECK WELD= 0.37500"  AREA=   0.10913in^2 

 

 < AREA REQD-AREA AVAILABLE >  =   -0.77709in^2 

 

 MAWP N-C=   260.0psig  LIMITED BY AR 

 MAWP COR=   238.0psig  LIMITED BY AR 
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NOZZLE REINFORCEMENT CALCULATIONS/ ASME SEC.VIII DIV.I UG-37 & UG-16         

  NOZ NO=11      4.00"    150 LB RF  WN                                        

 [INLET & OUTLET  ] FRONT CHANNEL SIDE                                                

 PRESSURE =  150.0psig   TEMP =  200.0deg.F                                   

                                                                              

 -------CYLINDER------------------------NOZZLE-------                         

 SA-312TP304L                    SA-312TP304L                                 

 OPER STRS=   14200.0 psi        OPER STRS=   14200.0 psi                     

 ATM STRS =   14200.0 psi        ATM STRS =   14200.0 psi                     

 C.A.     =   0.00000"           C.A.     =   0.00000"                        

 I.D.     =  17.56250"           I.D.     =   4.02600"                        

 O.D.     =  18.00000"           O.D.     =   4.50000"                        

 THK.     =   0.21875"           THK. sc40=   0.23700"                        

 T        =   0.21875"           TN       =   0.23700"                        

 TR       =   0.09467"           TRN      =   0.02367"                        

 ET       =   0.12408"           ETN      =   0.21333"                        

                                                                              

 MIN STD. WT. PIPE+C.A.=  0.20738"   TR+C.A.=  0.09467"                       

 LIMITS=   8.05200"                                                           

 fr1= 1.0000 fr2= 1.0000 fr3= 0.0000 fr4= 0.0000     F=   1.00000             

 Min weld sizes:NS=  0.2166" NP=  0.0000" PS=  0.0000" IF=  0.0000"           

                                                                              

 AREA REQD.              A =   0.38114in^2                                    

 EXCESS IN CYL.          A1=   0.49954in^2                                    

 EXCESS IN NOZ.(OUTSIDE) A2=   0.23333in^2  H =   0.54688"                    

 AREA OF FILLETS           =   0.14062in^2                                    

 AREA AVAILABLE            =   0.87350in^2                                    

                                                                              

 NOZ. NECK WELD= 0.37500"  AREA=   0.14062in^2                                

                                                                              

 < AREA REQD-AREA AVAILABLE >  =   -0.49236in^2                               

                                                                              

 MAWP N-C=   244.0psig  LIMITED BY AR                                         

 MAWP COR=   244.0psig  LIMITED BY AR                                         
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  ASME SECTION VIII, DIVISION 1, APPENDIX 2    Front Channel to cover flange   

  DESIGN CONDITIONS           GASKET and BOLTING CALCULATIONS   TABLE          

  Design Pres=  150.0 psig    Eff.Gsk OD=    19.1250"           No.Passes= 2   

  Neg.   Pres=   None         Eff.Gsk ID=    18.1250"           N=  0.500"     

  Design Temp=    200 deg.F   THK= 0.1250"             col.=2   b=  0.250      

  Flg  Matl=SA-182F304L   Gsk Matl=304L DJ GRAPH F              y=   9000psi   

  Stud Matl=SA-193B7      Gsk Face=FLAT FACE       w= 0.0000"   m=  3.750      

  Corr Allow=    0.0000"         Wm2=    192824 #      Am =   7.9515in^2       

  Flange  Desn Sfo 14300.0 psi   Hp =     24103 #      Ab =   8.3800in^2       

          Atm. Sfa 16700.0 psi   H  =     40867 #      W  =   204143 #         

  Bolting Desn Sb  25000.0 psi   Wm1=     64970 #      Wm1=    64970 #         

          Atm. Sa  25000.0 psi    Gasket Width Check  Nmin =    0.1989"        

  CONDITION    LOAD         x        LEVER ARM   =    MOMENT                   

               HD =    36079 #       hD=  1.43750"    MD=     51863 in#        

  Operating    HG =    24103 #       hG=  1.06250"    MG=     25609 in#        

               HT =     4787 #       hT=  1.34375"    MT=      6433 in#        

                                                      Mo=     83906 in#        

  Gasket                                                                       

  Seating      HG =   204143 #       hG=  1.06250"    mo=    216902 in#        

  Allow.Stress-STRESS CALCULATIONS-Operating          SHAPE CONSTANTS          

  1.5 Sfo Long Hub,SH            7329.8 psi    K    = 1.2929 h/ho=  0.5976     

      Sfo Radial Flg,SR           413.8 psi    T    = 1.8004 F   =  0.8352     

      Sfo Tang Flg,ST            4901.5 psi    Z    = 3.9785 V   =  0.2948     

      Sfo .5(SH+SR)or.5(SH+ST)   6115.7 psi    Y    = 7.7031 f   =  1.0000     

      J(APP.2-14)=    0.2571                   U    = 8.4649 e = 0.3993in^-1   

  Allow.Stress-STRESS CALCULATIONS-Gsk.Seating g1/go= 1.5000 d =   3.753In^3   

  1.5 Sfa Long Hub,SH           18947.9 psi    ho   =   2.0917"                

      Sfa Radial Flg,SR          1069.7 psi                                    

      Sfa Tang Flg,ST           12670.6 psi     OTHER STRESS FORMULA FACTORS   

      Sfa .5(SH+SR)or.5(SH+ST)  15809.3 psi        t         2.3750"           

      J(APP.2-14)=    0.6459                       Alpha     1.9483            

                                                   Beta      2.2645            

                                                   Gamma     1.0822            

                                                   Delta     3.5694            

                                                   Lambda    4.6516            

                                                   M           4794 #          

                                                   m          12394 #          

                                                                               

  O.D.      =   22.6250"             THK.          =    2.6875"                

  I.D.      =   17.5000"             T-Adder       =    0.1250"                

  GO        =    0.2500"             G1            =    0.3750"                

  HUB O.D.  =   18.2500"             HUB LEN       =    1.2500"                

  HUB ANG   =    5.7106deg           RIB LENGTH    =   18.1250"                

  G(MEAN)   =   18.6250"             G(CALC)       =   18.6250"                

  G(MIN.)   =   18.0000"             G(MAX.)       =   18.7500"                

  B.C.      =   20.7500"             B.S.C.F.      =    1.0000                 

  No. STUDS =   20                   STUD DIAMETER =    0.8750"                

  R         =    1.2500"             E             =    0.9375"                

  BOLT SPAC =    3.2460"             TORQUE        =       208ft#              

  MIN. SPAC =    2.0625"             TEMA MAX. SPAC=    5.1029"                

  FLG TURN  =    0.1875"             FACING        =    RECESS                 

  BPRIME    =    0.0000"             BG1           =    0.0000"                

  FLG RWT   =       183Lbs           FLG FWT       =       125Lbs              
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  Flange stress factor=0.9700        Bolting stress factor=0.9700              
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                 ///// FRONT COVER CALCULATIONS ///// 

 

 EXCHANGER TYPE....= A F U             MATERIAL...........= SA-240-304L 

 PRESSURE..........=       150.0 psig  CORROSION ALLOWANCE=      0.0000" 

 TURN LOW..........=      0.1875"      TURN HIGH..........=      0.3125" 

 S  COVER STRESS...=     16700.0 psi   E..................=         1.0 

 Sb  STRESS BOLTS..=     25000.0 psi   Ab.................=      8.3800 in^2 

 d.................=     18.6250"      C..................=      0.3000 

 W.................=      204143 #     Wm1................=       64970 # 

 hG (ASME).........=      1.0625"      hG (TEMA)..........=      1.0625" 

 G (TEMA)..........=     18.6250"      E (MOD.) x (10)-6..=        27.5 psi 

 COVER THK SET HOLD=     [ NO] 

 

 [ PER ASME SECT.VIII UG-34 USING Wm1 (OPERATING) ] 

               ______________________ 

              /  C P     1.9 Wm1 hG 

 THK = d  _  /  ----- + -------------  =     1.1647" 

            /    S E     S   E  d^3 

 

 [ PER ASME SECT.VIII UG-34 USING W (GASKET SEATING) ] 

               ________________ 

              /    1.9 W hG 

 THK = d  _  /   -------------  =     1.1511" 

            /     S   E  d^3 

 

 [ PER TEMA RCB-9.2 FLAT CHANNEL COVER ] 

 MAXIMUM DEFLECTION =    0.0300" 

 DEFLECTION at     1.5131"       THICK =    0.0300" 

                      _                          _ 

            G                                       

 Y =   ----------     0.0435 G^3 P + 0.5 Sb Ab hG   =    0.0272" 

    E (    1.562 )^3  _                          _  

 

 [ COV THK Min ] TEMA Deflection     =    1.5131" +    0.1875" =    1.7006" 

 [ COV THK Min ] CODE Operating      =    1.1647" +    0.1875" =    1.3522" 

 [ COV THK Min ] CODE Gasket Seating =    1.1511" +    0.1875" =    1.3386" 

 ACTUAL COVER THICKNESS USED (SET HOLD[ NO])=    1.7500" 
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            MAIN FLG IS FLANGE MARK # 2 

 

 CODE 46 MAIN FLG. SET: GASKET WIDTH WILL NOT CONTROL MAWP. 

 CODE 46 COMP FLG. SET: GASKET WIDTH WILL NOT CONTROL MAWP. 

 

             /// INDIVIDUAL COMPONENTS /// 

  MAWP CORR. MAIN FLG     =   340.0 Limited by: Flange stress. 

  MAWP CORR. COVER        =   205.0 

 

  MAWP N-C   MAIN FLG     =   397.0 Limited by: Flange stress. 

  MAWP N-C   COVER        =   222.0 
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  ASME SECTION VIII, DIVISION 1, APPENDIX 2   Front chan to tubesheet flange   

  DESIGN CONDITIONS           GASKET and BOLTING CALCULATIONS   TABLE          

  Design Pres=  150.0 psig    Eff.Gsk OD=    19.1250"           No.Passes= 2   

  Neg.   Pres=   None         Eff.Gsk ID=    18.1250"           N=  0.500"     

  Design Temp=    200 deg.F   THK= 0.1250"             col.=2   b=  0.250      

  Flg  Matl=SA-182F304L   Gsk Matl=304L DJ GRAPH F              y=   9000psi   

  Stud Matl=SA-193B7      Gsk Face=FLAT FACE       w= 0.0000"   m=  3.750      

  Corr Allow=    0.0000"         Wm2=    192824 #      Am =   7.9515in^2       

  Flange  Desn Sfo 14300.0 psi   Hp =     24103 #      Ab =   8.3800in^2       

          Atm. Sfa 16700.0 psi   H  =     40867 #      W  =   204143 #         

  Bolting Desn Sb  25000.0 psi   Wm1=     77964 #      Wm1=    77964 #         

          Atm. Sa  25000.0 psi    Gasket Width Check  Nmin =    0.1989"        

  CONDITION    LOAD         x        LEVER ARM   =    MOMENT                   

               HD =    36079 #       hD=  1.43750"    MD=     51863 in#        

  Operating    HG =    37097 #       hG=  1.06250"    MG=     39415 in#        

               HT =     4787 #       hT=  1.34375"    MT=      6433 in#        

                                                      Mo=     97713 in#        

  Gasket                                                                       

  Seating      HG =   204143 #       hG=  1.06250"    mo=    216902 in#        

  Allow.Stress-STRESS CALCULATIONS-Operating          SHAPE CONSTANTS          

  1.5 Sfo Long Hub,SH            8535.9 psi    K    = 1.2929 h/ho=  0.5976     

      Sfo Radial Flg,SR           481.9 psi    T    = 1.8004 F   =  0.8352     

      Sfo Tang Flg,ST            5708.0 psi    Z    = 3.9785 V   =  0.2948     

      Sfo .5(SH+SR)or.5(SH+ST)   7122.0 psi    Y    = 7.7031 f   =  1.0000     

      J(APP.2-14)=    0.2994                   U    = 8.4649 e = 0.3993in^-1   

  Allow.Stress-STRESS CALCULATIONS-Gsk.Seating g1/go= 1.5000 d =   3.753In^3   

  1.5 Sfa Long Hub,SH           18947.9 psi    ho   =   2.0917"                

      Sfa Radial Flg,SR          1069.7 psi                                    

      Sfa Tang Flg,ST           12670.6 psi     OTHER STRESS FORMULA FACTORS   

      Sfa .5(SH+SR)or.5(SH+ST)  15809.3 psi        t         2.3750"           

      J(APP.2-14)=    0.6459                       Alpha     1.9483            

                                                   Beta      2.2645            

                                                   Gamma     1.0822            

                                                   Delta     3.5694            

                                                   Lambda    4.6516            

                                                   M           5583 #          

                                                   m          12394 #          

                                                                               

  O.D.      =   22.6250"             THK.          =    2.6875"                

  I.D.      =   17.5000"             T-Adder       =    0.1250"                

  GO        =    0.2500"             G1            =    0.3750"                

  HUB O.D.  =   18.2500"             HUB LEN       =    1.2500"                

  HUB ANG   =    5.7106deg           RIB LENGTH    =   18.1250"                

  G(MEAN)   =   18.6250"             G(CALC)       =   18.6250"                

  G(MIN.)   =   18.0000"             G(MAX.)       =   18.7500"                

  B.C.      =   20.7500"             B.S.C.F.      =    1.0000                 

  No. STUDS =   20                   STUD DIAMETER =    0.8750"                

  R         =    1.2500"             E             =    0.9375"                

  BOLT SPAC =    3.2460"             TORQUE        =       208ft#              

  MIN. SPAC =    2.0625"             TEMA MAX. SPAC=    5.1029"                

  FLG TURN  =    0.1875"             FACING        =    RECESS                 

  BPRIME    =    0.0000"             BG1           =    0.0000"                

  FLG RWT   =       183Lbs           FLG FWT       =       125Lbs              
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  Flange stress factor=0.9700        Bolting stress factor=0.9700              
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  ASME SECTION VIII, DIVISION 1, APPENDIX 2        Shell to tubesheet flange   

  DESIGN CONDITIONS           GASKET and BOLTING CALCULATIONS   TABLE          

  Design Pres=  180.0 psig    Eff.Gsk OD=    19.1250"           No.Passes= 2   

  Neg.   Pres=   None         Eff.Gsk ID=    18.1250"           N=  0.500"     

  Design Temp=    290 deg.F   THK= 0.1250"             col.=2   b=  0.250      

  Flg  Matl=SA-182F304L   Gsk Matl=304L DJ GRAPH F              y=   9000psi   

  Stud Matl=SA-193B7      Gsk Face=FLAT FACE       w= 0.0000"   m=  3.750      

  Corr Allow=    0.0000"         Wm2=    192824 #      Am =   7.9515in^2       

  Flange  Desn Sfo 12950.0 psi   Hp =     28923 #      Ab =   8.3800in^2       

          Atm. Sfa 16700.0 psi   H  =     49040 #      W  =   204143 #         

  Bolting Desn Sb  25000.0 psi   Wm1=     77964 #      Wm1=    77964 #         

          Atm. Sa  25000.0 psi    Gasket Width Check  Nmin =    0.1989"        

  CONDITION    LOAD         x        LEVER ARM   =    MOMENT                   

               HD =    43295 #       hD=  1.43750"    MD=     62236 in#        

  Operating    HG =    28923 #       hG=  1.06250"    MG=     30731 in#        

               HT =     5745 #       hT=  1.34375"    MT=      7720 in#        

                                                      Mo=    100688 in#        

  Gasket                                                                       

  Seating      HG =   204143 #       hG=  1.06250"    mo=    216902 in#        

  Allow.Stress-STRESS CALCULATIONS-Operating          SHAPE CONSTANTS          

  1.5 Sfo Long Hub,SH            8795.8 psi    K    = 1.2929 h/ho=  0.5976     

      Sfo Radial Flg,SR           496.6 psi    T    = 1.8004 F   =  0.8352     

      Sfo Tang Flg,ST            5881.8 psi    Z    = 3.9785 V   =  0.2948     

      Sfo .5(SH+SR)or.5(SH+ST)   7338.8 psi    Y    = 7.7031 f   =  1.0000     

      J(APP.2-14)=    0.3137                   U    = 8.4649 e = 0.3993in^-1   

  Allow.Stress-STRESS CALCULATIONS-Gsk.Seating g1/go= 1.5000 d =   3.753In^3   

  1.5 Sfa Long Hub,SH           18947.9 psi    ho   =   2.0917"                

      Sfa Radial Flg,SR          1069.7 psi                                    

      Sfa Tang Flg,ST           12670.6 psi     OTHER STRESS FORMULA FACTORS   

      Sfa .5(SH+SR)or.5(SH+ST)  15809.3 psi        t         2.3750"           

      J(APP.2-14)=    0.6459                       Alpha     1.9483            

                                                   Beta      2.2645            

                                                   Gamma     1.0822            

                                                   Delta     3.5694            

                                                   Lambda    4.6516            

                                                   M           5753 #          

                                                   m          12394 #          

                                                                               

  O.D.      =   22.6250"             THK.          =    2.6875"                

  I.D.      =   17.5000"             T-Adder       =    0.1250"                

  GO        =    0.2500"             G1            =    0.3750"                

  HUB O.D.  =   18.2500"             HUB LEN       =    1.2500"                

  HUB ANG   =    5.7106deg           RIB LENGTH    =   18.1250"                

  G(MEAN)   =   18.6250"             G(CALC)       =   18.6250"                

  G(MIN.)   =   18.0000"             G(MAX.)       =   18.7500"                

  B.C.      =   20.7500"             B.S.C.F.      =    1.0000                 

  No. STUDS =   20                   STUD DIAMETER =    0.8750"                

  R         =    1.2500"             E             =    0.9375"                

  BOLT SPAC =    3.2460"             TORQUE        =       208ft#              

  MIN. SPAC =    2.0625"             TEMA MAX. SPAC=    5.1029"                

  FLG TURN  =    0.1875"             FACING        =    RECESS                 

  BPRIME    =    0.0000"             BG1           =    0.0000"                

  FLG RWT   =       183Lbs           FLG FWT       =       125Lbs              
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  Flange stress factor=0.9700        Bolting stress factor=0.9700              
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_ 

 

            MAIN FLG IS FLANGE MARK # 3 

            COMP FLG IS FLANGE MARK # 7 

 

 CODE 46 MAIN FLG. SET: GASKET WIDTH WILL NOT CONTROL MAWP. 

 CODE 46 COMP FLG. SET: GASKET WIDTH WILL NOT CONTROL MAWP. 

 

             /// INDIVIDUAL COMPONENTS /// 

  MAWP CORR. MAIN FLG     =   340.0 Limited by: Flange stress. 

  MAWP CORR. COMP FLG     =   308.0 Limited by: Flange stress. 

  MAWP CORR. T.S.[STD DIA]=   164.0 

 

  MAWP N-C   MAIN FLG     =   397.0 Limited by: Flange stress. 

  MAWP N-C   COMP FLG     =   397.0 Limited by: Flange stress. 

  MAWP N-C   T.S.[STD DIA]=   164.0 

 

 

      /// AS MATING FLANGES (NO VACCUUM INCLUDED) /// 

  MAWP CORR. MAIN FLG     =   308.0 

  MAWP CORR. COMP FLG     =   308.0 Limited by: Flange stress. 

 

  MAWP N-C   MAIN FLG     =   397.0 Limited by: Flange stress. 

  MAWP N-C   COMP FLG     =   397.0 Limited by: Flange stress. 
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                   ***** TUBE CALCULATIONS ***** 

 

 Tube size........=       1.00000"     Straight or U-Tube.= U-Tube 

 Internal Press...=     150.00000psig  External press.....=     180.00000psig 

 Temperature used.=     290.00000deg.  Tube Matl MT#123...= SA-213TP304L 

 Stress Oper......=   12950.00000psi   Stress Atm.........=   16700.00000psi 

 Yield............=   19400.00195psi   Inside Radius......=       0.40900" 

 Joint Eff........=       1.00000      Mill tol...= 0.00% =       0.00000" 

 Wall Thk. t......=       0.09100"     Tube gauge.........= 

 Mean Rad., R.....=       1.50000"     Tube Length........=     192.00000" 

 Corrosion ID.....=       0.00000"     Corrosion OD.......=       0.00000" 

 Thinning factor..=       1.16667 

 

 tr = PR/SE - .6P =       0.00477"     (tr*TF)+MT+CA......=       0.00557" 

 

 MAWP Internal H/C=    2216.10352psig  MAWP Internal N/C..=    2857.83228psig 

 MAWP External H/C=     956.56287psig  MAWP External N/C..=    1309.67029psig 

 

 

 

 

               **** ASME PRESSURE/TEMPERATURE RATING **** 

 

 

 ---- SHELL NOZZLES -----------------DESIGN PRESS=  180.0 DESIGN TEMP=  290.0 

 NOZ# 1      6.0- 300#  MT# FLG= 206 GROUP=2.3  @70deg.= 600.00 @TEMP= 460.50 

 NOZ# 2      8.0- 300#  MT# FLG= 206 GROUP=2.3  @70deg.= 600.00 @TEMP= 460.50 

 

 ---- FRONT CHANNEL NOZZLES ---------DESIGN PRESS=  150.0 DESIGN TEMP=  200.0 

 NOZ#11      4.0- 300#  MT# FLG= 206 GROUP=2.3  @70deg.= 600.00 @TEMP= 510.00 

 NOZ#12      4.0- 300#  MT# FLG= 206 GROUP=2.3  @70deg.= 600.00 @TEMP= 510.00 
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                    /// TEMA PASS PLATE CALCULATIONS /// 

                              Per RCB-9.132 

 

              _________ 

             /  q B 

   t = b    / ------- 

          \/   1.5 S 

 

   TUBE SIDE PRESSURE DROP   q =  10.00000 

 

   FRONT PASS PLATE THK....... =   0.25000 

   MATERIAL................... = SA-240-304L 

   STRESS OPER................ =  16700.00 

   FRONT Chan ID.............. =  17.50000 

   FRONT Chan OAL............. =  21.62500 

   a.......................... =  20.18750 

   b.......................... =  17.50000 

   TABLE RCB-9.132............ = Long sides fixed 

   a/b........................ =   1.15357 

   B.......................... =   0.45229 

   t.......................... =   0.23515 

   Min fillet leg [both sides] = 3/4t = .75 x 0.23515 = 0.17636 
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============================= EXCHANGER DATA ============================== 

 

                      ///// DRY WEIGHTS [Pounds] ///// 

 EXCHANGER.=     4086.55   ROUGH WT..=     4440.31   BUNDLE....=     2175.25 

 SHELL.....=     1107.23   FRONT CH..=      548.40   REAR CH...=        0.09 

 FLTG. HEAD=        0.00   BOLTS.....=       77.57 

 BOTT SUPTS=      143.03   TOP SUPTS.=        0.00 

 FC P-PLS..=       34.97   RC P-PLS..=        0.00   FH P-PLS..=        0.00 

 

                      ///// WET WEIGHTS [Pounds] ///// 

 EXCHANGER FLOODED WITH WATER TUBES AND SHELL SIDE.............=     5901.34 

 EXCHANGER FLOODED WITH WATER TUBE  SIDE.......................=     4645.43 

 EXCHANGER FLOODED WITH WATER SHELL SIDE.......................=     5342.46 

 WTR.TOTAL.=     1814.79   WTR.TUBES.=      558.88   WTR.SHELL.=     1255.91 

 

      ///// CENTER OF GRAVITIES [Inches fron outline reference] ///// 

 EXCHANGER DRY.................................................=       72.81 

 BUNDLE DRY ...................................................=       92.91 

 SHELL DRY.....................................................=       81.19 

 FRONT CHANNEL DRY.............................................=      -13.51 

 REAR CHANNEL DRY..............................................=        0.00 

 EXCHANGER FLOODED WITH WATER TUBES AND SHELL SIDE.............=       78.74 

 EXCHANGER FLOODED WITH WATER TUBE  SIDE.......................=       71.99 

 EXCHANGER FLOODED WITH WATER SHELL SIDE.......................=       80.07 

 

              ///// WEIGHT ON SUPPORTS [Pounds] ///// 

 EXCH DRY..........................[LEFT]=     2901.05 [RIGHT]=     1185.50 

 EXCH FLOODED W/ WTR TUBES & SHELL.[LEFT]=     3898.04 [RIGHT]=     2003.30 

 EXCH FLOODED W/ WTR TUBE  SIDE....[LEFT]=     3329.69 [RIGHT]=     1315.74 

 EXCH FLOODED W/ WTR SHELL SIDE....[LEFT]=     3469.40 [RIGHT]=     1873.06 

 

               ///// SURFACE AREAS [Square Feet] ///// 

 TUBES OUTSIDE GROSS...........................................=      446.99 

 TUBES OUTSIDE EFFECTIVE.......................................=      443.38 

 EXCHANGER.....................................................=      122.03 

 SHELL.........................................................=       89.80 

 FRONT CHANNEL.................................................=       18.46 

 REAR  CHANNEL.................................................=        0.00 

 FRONT TUBESHEET [Tubshts included to shell if fixed tubesheet]=        0.63 

 BOTTOM SUPPORTS...............................................=       13.15 

 TOP    SUPPORTS...............................................=        0.00 

 

 

 

 

 

 

 

Kemper County   MM233798



 

Mechanical Design Calculations     
Item/Tag No: HX1065/2065       Doc. No: S11-10279-7/8-CP       P.O. No:  MPC17901 

REQ. No: MC213 

 

              Page 19 of 37    

                                                                       Revisions to this Page 

No. Detailed Description of the Revision By Date Apdd. Date 

1 Revised per Customer Comments SR 1/12/12 GD 1/12/12 

2 CORRECTED LOADING CALC PG 27-37 RS 2/9/12 rds 2/9/12 

      

 

 

 

                       ASME SEC.VIII DIV.1 UHX-12 

 

 (U-Tube)  Configuration d 

 No or EPC=Elastic-Plastic Calcs SSC=Simply Supported Calcs       =NO 

 MT Tubes                  =SA-213TP304L MT Tubesheets            =SA-240-304L 

 MT Channel                =SA-312TP304L MT Shell                 =SA-312TP304L 

 Diameter (Do)             =  17.1250"   Pass Lane Area (AL)      =   74.328in^2 

 Perimeter of layout (CP)  =   0.0000"   Area enclosed by CP (AP) =    0.000in^2 

 Tubesheet thickness (h)   =   1.3750"   Tubesheet thickness HOLD =   NO 

 Tube Pitch (p)            =   1.2500"   Pitch type =  Rot Triangle (30 Deg) 

 Diameter of tube (dt)     =   1.0000"   Tube thickness (tt)      =   0.0910" 

 Exp length of tube (ltx)  =   0.0000"   Exp depth ratio (Rho)    =   0.9500 

 Groove channel side (hg)  =   0.1875"   Groove shell side        =   0.0000" 

 Channel I.D. (Dc)         =  17.5000"   Channel thickness (Tc)   =   0.2500" 

 Shell I.D. (Ds)           =  17.5000"   Shell thickness (Ts)     =   0.2500" 

 TS outside diameter (A)   =  19.1250"   Bolt circle (C)          =  20.7500" 

 G Channel side (Gc or G1) =  18.6250"   G Shell side (Gs or G1)  =  18.6250" 

 Bolt load Chan side (Wc)  =204143.89#   Bolt load Sh side (Ws)   =204143.89# 

 1.8*Sqrt(Dc*Tc)           =   0.0000"   1.8*Sqrt(Ds*(Ts or Ts1)) =   0.0000" 

 Thickness at Top TS (tr)  =   1.0000"   Outer Tube Circle        =  17.1250" 

 hr Ch Op=  0.0000"  Ch Atm=  0.0000"    Sh Op=  0.0000"   Sh Atm =   0.0000" 

 Tubes welded Backside TS  =NO           Hole Size in Tubesheet   =   0.0000" 

 

 Design Press Chan (Pt)    =    150.0psigDesign Press Shell (Ps)  =    180.0psig 

 Design Temp  Chan         =    200.0deg.Design Temp  Shell       =    290.0deg. 

 Corr Chan                 =  0.00000"   Corr Shell               =  0.00000" 

 Corr Chan side TS (ct)    =  0.00000"   Corr Shell side TS (cs)  =  0.00000" 
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                       ASME SEC.VIII DIV.1 UHX-12     Case  1 

 

 (U-Tube)  Configuration d 

 Tubesheet Thickness (h)   =   1.3750" 

 Exp length of tube (ltx)  =   1.3062"      Exp depth ratio (Rho)    =   0.9500" 

 Channel I.D. (Dc)         =  17.5000"      Channel thickness (Tc)   =   0.2500" 

 Shell I.D. (Ds)           =  17.5000"      Shell thickness (Ts)     =   0.2500" 

 

 Press Chan (Pt)           =    150.0psi    Press Shell (Ps)         =      0.0p 

 Corr Chan                 =  0.00000"      Corr Shell               =  0.00000" 

 Corr Chan side TS (ct)    =  0.00000"      Corr Shell side TS (cs)  =  0.00000" 

            Temp          Stress          Yield            Modulus  Coef   Poiss 

                                                           x10^6    x10^-6 Ratio 

 Temp TS  T = 290deg.F S  = 16700psi   Sy =      0psi   E  =27.0500      V =.000 

 Temp TBS Tt= 290deg.F St = 12950psi   Syt=      0psi   Et =27.0500      Vt=.000 

 Temp CH  Tc= 200deg.F Sc = 14200psi   Syc=  21400psi   Ec =27.5000      Vc=.300 

 Temp SH  Ts= 290deg.F Ss = 14200psi   Sys=  19400psi   Es =27.0500      Vs=.300 

 

 Mu=  0.2000 d*=  0.8659"    P*=  1.5189"    Mu*=  0.4299 hg'=  0.1875"    hgs'= 

 Wmax     = 204143.8906#        Rho s   = 1.087591290 

 Rho c    = 1.087591290         Mts      =-525.6760864In-Lb/In h/p     = 1.10000 

 E*       = 13253880.00psi      v*       = 0.288465917         Beta s  = 

 Kappa s  =         0.0#        Lambda s =         0.0psi      Delta s = 

 Delta c  =         0.0In^3/Lb  Beta c   =         0.0in^-1    Kappa c = 

 Lambda c =         0.0psi      Omega s  =         0.0in^2     Omega c = 

 K        = 1.116788268         F        = 0.160403192         M*      =-525.676 

 Mp       =-262.9884338In-Lb/In Mo       =-2523.286865In-Lb/In M       = 2523.28 

 Sigma s,m=         0.0psi      Sigma s,b=         0.0psi      Sigma s = 

 Sigma c,m=         0.0psi      Sigma c,b=         0.0psi      Sigma c = 

 Sigma      24974 psi    <= 2S      33400 psi   [OK               ] 

 Tau         2335 psi    <= .8S     13360 psi   [OK               ] 
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                       ASME SEC.VIII DIV.1 UHX-12     Case  2 

 

 (U-Tube)  Configuration d 

 Tubesheet Thickness (h)   =   1.3750" 

 Exp length of tube (ltx)  =   1.3062"      Exp depth ratio (Rho)    =   0.9500" 

 Channel I.D. (Dc)         =  17.5000"      Channel thickness (Tc)   =   0.2500" 

 Shell I.D. (Ds)           =  17.5000"      Shell thickness (Ts)     =   0.2500" 

 

 Press Chan (Pt)           =      0.0psi    Press Shell (Ps)         =    180.0p 

 Corr Chan                 =  0.00000"      Corr Shell               =  0.00000" 

 Corr Chan side TS (ct)    =  0.00000"      Corr Shell side TS (cs)  =  0.00000" 

            Temp          Stress          Yield            Modulus  Coef   Poiss 

                                                           x10^6    x10^-6 Ratio 

 Temp TS  T = 290deg.F S  = 16700psi   Sy =      0psi   E  =27.0500      V =.000 

 Temp TBS Tt= 290deg.F St = 12950psi   Syt=      0psi   Et =27.0500      Vt=.000 

 Temp CH  Tc= 200deg.F Sc = 14200psi   Syc=  21400psi   Ec =27.5000      Vc=.300 

 Temp SH  Ts= 290deg.F Ss = 14200psi   Sys=  19400psi   Es =27.0500      Vs=.300 

 

 Mu=  0.2000 d*=  0.8659"    P*=  1.5189"    Mu*=  0.4299 hg'=  0.1875"    hgs'= 

 Wmax     = 204143.8906#        Rho s   = 1.087591290 

 Rho c    = 1.087591290         Mts      = 630.8112793In-Lb/In h/p     = 1.10000 

 E*       = 13253880.00psi      v*       = 0.288465917         Beta s  = 

 Kappa s  =         0.0#        Lambda s =         0.0psi      Delta s = 

 Delta c  =         0.0In^3/Lb  Beta c   =         0.0in^-1    Kappa c = 

 Lambda c =         0.0psi      Omega s  =         0.0in^2     Omega c = 

 K        = 1.116788268         F        = 0.160403192         M*      = 630.811 

 Mp       = 315.5860901In-Lb/In Mo       = 3027.944336In-Lb/In M       = 3027.94 

 Sigma s,m=         0.0psi      Sigma s,b=         0.0psi      Sigma s = 

 Sigma c,m=         0.0psi      Sigma c,b=         0.0psi      Sigma c = 

 Sigma      29969 psi    <= 2S      33400 psi   [OK               ] 

 Tau         2802 psi    <= .8S     13360 psi   [OK               ] 
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                       ASME SEC.VIII DIV.1 UHX-12     Case  3 

 

 (U-Tube)  Configuration d 

 Tubesheet Thickness (h)   =   1.3750" 

 Exp length of tube (ltx)  =   1.3062"      Exp depth ratio (Rho)    =   0.9500" 

 Channel I.D. (Dc)         =  17.5000"      Channel thickness (Tc)   =   0.2500" 

 Shell I.D. (Ds)           =  17.5000"      Shell thickness (Ts)     =   0.2500" 

 

 Press Chan (Pt)           =    150.0psi    Press Shell (Ps)         =    180.0p 

 Corr Chan                 =  0.00000"      Corr Shell               =  0.00000" 

 Corr Chan side TS (ct)    =  0.00000"      Corr Shell side TS (cs)  =  0.00000" 

            Temp          Stress          Yield            Modulus  Coef   Poiss 

                                                           x10^6    x10^-6 Ratio 

 Temp TS  T = 290deg.F S  = 16700psi   Sy =      0psi   E  =27.0500      V =.000 

 Temp TBS Tt= 290deg.F St = 12950psi   Syt=      0psi   Et =27.0500      Vt=.000 

 Temp CH  Tc= 200deg.F Sc = 14200psi   Syc=  21400psi   Ec =27.5000      Vc=.300 

 Temp SH  Ts= 290deg.F Ss = 14200psi   Sys=  19400psi   Es =27.0500      Vs=.300 

 

 Mu=  0.2000 d*=  0.8659"    P*=  1.5189"    Mu*=  0.4299 hg'=  0.1875"    hgs'= 

 Wmax     = 204143.8906#        Rho s   = 1.087591290 

 Rho c    = 1.087591290         Mts      = 105.1352158In-Lb/In h/p     = 1.10000 

 E*       = 13253880.00psi      v*       = 0.288465917         Beta s  = 

 Kappa s  =         0.0#        Lambda s =         0.0psi      Delta s = 

 Delta c  =         0.0In^3/Lb  Beta c   =         0.0in^-1    Kappa c = 

 Lambda c =         0.0psi      Omega s  =         0.0in^2     Omega c = 

 K        = 1.116788268         F        = 0.160403192         M*      = 105.135 

 Mp       = 52.59768295In-Lb/In Mo       = 504.6573792In-Lb/In M       = 504.657 

 Sigma s,m=         0.0psi      Sigma s,b=         0.0psi      Sigma s = 

 Sigma c,m=         0.0psi      Sigma c,b=         0.0psi      Sigma c = 

 Sigma       4994 psi    <= 2S      33400 psi   [OK               ] 

 Tau          467 psi    <= .8S     13360 psi   [OK               ] 

 

 

 

 

 

 

           ////////// Recap of all Cases ////////// 

 (Case Number  1)OK 

 (Case Number  2)OK 

 (Case Number  3)OK 

 (hr Calc StatTS)OK 

 (hr Calc StatTS).. 
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Input Values: 
 

    Wind Design Code                ASCE-7 98/02/05/IBC-03/STS-1 

    Basic Wind Speed                     [V]              100.00  mile/hr 

    Surface Roughness Category                   C: Open Terrain 

    Importance Factor                                       1.15 

    Type of Surface                            Moderately Smooth 

    Base Elevation                                        396.00  in 

    Percent Wind for Hydrotest                              33.0 

    Using User defined Wind Press. Vs Elev.                    N 

    Height of Hill or Escarpment     H or Hh              0.0000  in 

    Distance Upwind of Crest              Lh              0.0000  in 

    Distance from Crest to the Vessel      x              0.0000  in 

    Type of Terrain ( Hill, Escarpment )                    Flat 

    Damping Factor (Beta) for Wind (Ope)                  0.0100 

    Damping Factor (Beta) for Wind (Empty)                0.0000 

    Damping Factor (Beta) for Wind (Filled)               0.0000 

 

Wind Analysis Results 
 

Static Gust-Effect Factor, Operating Case [G]: 
  = min(0.85, 0.925((1 + 1.7 * gQ * Izbar * Q )/( 1 + 1.7 * gV * Izbar))) 

  = min(0.85,0.925((1+1.7*3.400*0.228*0.959)/(1+1.7*3.400*0.228))) 

  = min(0.85, 0.904 ) 

  = 0.850 

 

 Natural Frequency of Vessel (Operating)               33.000 Hz 

 Natural Frequency of Vessel (Empty)                   33.000 Hz 

 Natural Frequency of Vessel (Test)                    33.000 Hz 

 

Note: Per Section 1609 of IBC 2003/06/09 these results are also applicable 
    for the determination of Wind Loads on structures (1609.1.1). 
 

 User Entered Importance Factor is                     1.150 

 Force Coefficient                                [Cf] 0.624 

 Structure Height to Diameter ratio                    11.277 

 

This is classified as a rigid structure. Static analysis performed. 
 

Sample Calculation for the First Element 
 

The ASCE code performs all calculations in Imperial Units 
only.  The wind pressure is therefore computed in these units. 
 

Value of [Alpha] and [Zg]: 
  Exposure Category: C from Table C6-2 

  Alpha = 9.500 : Zg = 10800.000 in 

 

Effective Height [z]: 
  = Centroid Height + Vessel Base Elevation 

  = 19.750 + 396.000 = 415.750 in 

  = 34.646 ft. Imperial Units 

 

Velocity Pressure coefficient evaluated at height z [Kz]: 
  Because z (34.646 ft.) > 15 ft. 

  = 2.01 * ( z / Zg ) 
2 / Alpha

 

  = 2.01 * ( 34.646/900.000 )
2/9.500 

 

  = 1.012 

 

Type of Hill: No Hill 
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Wind Directionality Factor [Kd]: 
  = 0.95 per [6-6 ASCE-7 98][6-4 ASCE-7 02/05] 

 

As there is No Hill Present: [Kzt]: 
  K1 = 0, K2 = 0, K3 = 0 

 

Topographical Factor [Kzt]: 
  = ( 1 + K1 * K2 * K3 )² 

  = ( 1 + 0.000 * 0.000 * 0.000 )² 
  = 1.0000 

 

Velocity Pressure evaluated at height z, Imperial Units [qz]: 
  = 0.00256 * Kz * Kzt * Kd * I * Vr(mph)² 

  = 0.00256 * 1.012 * 1.000 * 0.950 * 1.150 * 100.000² 
  = 28.3 psf 

 

Force on the first element [F]: 
  = qz * G * Cf * WindArea 

  = 28.317 * 0.850 * 0.624 * 0.454 

  = 6.8 lbf 

 

 Element           Hgt (z)   K1     K2      K3      Kz      Kzt        qz 

                     in                                               psf 

 --------------------------------------------------------------------------- 

 S11-10279-7/8    415.8    0.000   0.000   0.000   1.012   1.000      28.317 

 S11-10279-7/8    415.8    0.000   0.000   0.000   1.012   1.000      28.317 

 S11-10279-7/8    415.8    0.000   0.000   0.000   1.012   1.000      28.317 

 

 

Wind Loads on Masses/Equipment/Piping 
 

 ID              Wind Area   Elevation    Pressure       Force 

                  in²         in           psf            lbf 
 ------------------------------------------------------------------------- 

 WGHT:[1 OF 1]     1152.00      468.81       28.32      226.54 

 

Wind Load Calculation 
 

      |    |      Wind  |       Wind |      Wind |      Wind  |    Element | 

  From| To |    Height  |   Diameter |      Area |  Pressure  |  Wind Load | 

      |    |     in     |     in     |    in²    |    psf     |    lbf     | 
 --------------------------------------------------------------------------- 

    10|  20|    415.750 |    21.6000 |   65.4103 |    28.3171 |    6.81980 | 

    20|  30|    415.750 |    21.6000 |   4263.30 |    28.3171 |    671.036 | 

    30|  40|    415.750 |    21.6000 |   65.4103 |    28.3171 |    6.81980 | 

 

PV Elite is a trademark of Intergraph CADWorx & Analysis Solutions, Inc. 2012 
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Input Values: 
 

Earthquake Analysis Results per ASCE 7-2005 
 

   Short-period site coefficient 11.4-1                    Fa: 1.200 

   Long -period site coefficient 11.4-2                    Fv: 1.700 

   Maximum Mapped Acceleration Value for Short Periods     Ss: 0.200 

   Maximum Mapped Acceleration Value for 1 Sec. Period     S1: 1.000 

   Response Modification Factor                             R: 3.000 

   Importance Factor                                       Ie: 1.250 

   Site Class                                                      C 

 

Seismic Analysis Results: 
 

  Sms = Fa * Ss = 1.200 * 0.200 = 0.240 

  Sm1 = Fv * S1 = 1.700 * 1.000 = 1.700 

  Sds = 2/3 * Sms = 2/3 * 0.240 = 0.160 

 

  Sds = Max( 0.8*Sds, SdsUser ) 

      = Max( 0.128 , 0.163 ) 

      = 0.163 

 

  Sd1 = 2/3 * Sm1 = 2/3 * 1.700 = 1.133 

 

  Sd1 = Max( 0.8*Sd1, Sd1User ) 

      = Max( 0.907 , 0.099 ) 

      = 0.907 

 

Check Approximate Fundamental Period from 12.8-7 [Ta]: 
  = Ct * hn

x
 where Ct = 0.020, x = 0.75 and hn = Structural Height (ft.) 

  = 0.020 * ( 1.4583
0.75

) 

  = 0.027 seconds 

 

The Coefficient Cu from Table 12.8-1 is : 1.400 
 

Fundamental Period (1/Frequency) [T]: 
  = ( 1/Natural Frequency ) = ( 1/33.000 ) 

  = 0.030 

 

Check the Value of T which is the smaller of Cu*Ta and T: 
  = Minimum Value of (1.400 * 0.027 , 0.030 ) per 12.8.2 

  = 0.030 

 

As the time period is < 0.06 second, use section 15.4.2. 
 

Compute the Base Shear per equation 15.4-5, [V]: 
  = 0.3 * Sds * W * I 

  = 0.3 * 0.163 * 7181 * 1.25 

  = 438.974 lbf 

 

Note: Loads multiplied by the Scalar multiplier value of 0.7000 
 

 Final Base Shear,      V = 307.28 lbf 

 

 
 
 
 
 
 

Kemper County   MM233798



 

Mechanical Design Calculations     
Item/Tag No: HX1065/2065       Doc. No: S11-10279-7/8-CP       P.O. No:  MPC17901 

REQ. No: MC213 

 

              Page 26 of 37    

                                                                       Revisions to this Page 

No. Detailed Description of the Revision By Date Apdd. Date 

1 Revised per Customer Comments SR 1/12/12 GD 1/12/12 

2 CORRECTED LOADING CALC PG 27-37 RS 2/9/12 rds 2/9/12 

      

 

 

 

 
Earthquake Load Calculation 
 

      |    | Earthquake | Earthquake |   Element | 

  From| To |     Height |     Weight | Ope  Load | 

      |    |     in     |    lbf     |    lbf    | 

 ------------------------------------------------- 

    10|  20|    8.75000 |    1436.32 |   61.4564 | 

    20|Sadl|    8.75000 |    1436.32 |   61.4564 | 

  Sadl|  30|    8.75000 |    1436.32 |   61.4564 | 

    20|  30|    8.75000 |    1436.32 |   61.4564 | 

    30|  40|    8.75000 |    1436.32 |   61.4564 | 

 

PV Elite is a trademark of Intergraph CADWorx & Analysis Solutions, Inc. 2012 
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ASME Horizontal Vessel Analysis: Stresses for the Left Saddle 
  (per ASME Sec. VIII Div. 2 based on the Zick method.) 
 

Horizontal Vessel Stress Calculations : Operating Case 
 

 

Input and Calculated Values: 
 

 Vessel Mean Radius                            Rm       11.81  in 

 Stiffened Vessel Length per 4.15.6             L      182.06  in 

 Distance from Saddle to Vessel tangent         a       29.00  in 

 

 Saddle Width                                   b        5.50  in 

 Saddle Bearing Angle                       theta      118.00  degrees 

 

 Wear Plate Width                              b1       10.00  in 

 Wear Plate Bearing Angle                  theta1      145.00  degrees 

 Wear Plate Thickness                          tr      0.3750  in 

 Wear Plate Allowable Stress                   Sr    17100.00  psi 

 

 Inside Depth of Head                          h2        5.81  in 

 

 Shell Allowable Stress used in Calculation          17100.00  psi 

 Head Allowable Stress used in Calculation           20000.00  psi 

 Circumferential Efficiency in Plane of Saddle           1.00 

 Circumferential Efficiency at Mid-Span                  1.00 

 

 Saddle Force Q, Operating Case                       5135.57  lbf 

 

Horizontal Vessel Analysis Results:     Actual      Allowable 

 ------------------------------------------------------------------- 

 Long. Stress at Top    of Midspan       4415.89     17100.00  psi 

 Long. Stress at Bottom of Midspan       5349.11     17100.00  psi 

 Long. Stress at Top    of Saddles       6493.53     17100.00  psi 

 Long. Stress at Bottom of Saddles       3991.58     17100.00  psi 

 

 Tangential Shear in Shell                912.56     13680.00  psi 

 Circ. Stress at Horn of Saddle           941.96     21375.00  psi 

 Circ. Compressive Stress in Shell        119.74     17100.00  psi 

 

Intermediate Results: Saddle Reaction Q due to Wind or Seismic 
 

Saddle Reaction Force due to Wind Ft  [Fwt]: 
  = Ftr * ( Ft/Num of Saddles + Z Force Load ) * B / E 

  = 3.00 * ( 766.2/2 + 0 ) * 19.7500/20.2506 

  = 1120.9 lbf 

 

Saddle Reaction Force due to Wind Fl or Friction  [Fwl]: 
  = Max( Fl, Friction Load, Sum of X Forces) * B / Ls 

  = Max( 106.75 , 1605.86 , 0 ) * 19.7500/134.0000 

  = 236.7 lbf 

 

Saddle Reaction Force due to Earthquake Fl or Friction  [Fsl]: 
  = Max( Fl, Friction Force, Sum of X Forces ) * B / Ls 

  = Max( 273.88 , 1605.86 , 0 ) * 19.7500/134.0000 

  = 236.7 lbf 
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Saddle Reaction Force due to Earthquake Ft  [Fst]: 
  = Ftr * ( Ft/Num of Saddles + Z Force Load ) * B / E 

  = 3.00 * ( 273/2 + 0 ) * 19.7500/20.2506 

  = 400.7 lbf 

 

Load Combination Results for Q + Wind or Seismic  [Q]: 
  = Saddle Load + Max( Fwl, Fwt, Fsl, Fst ) 

  = 4014 + Max( 236 , 1120 , 236 , 400 ) 

  = 5135.6 lbf 

 

Summary of Loads at the base of this Saddle: 
 Vertical Load (including saddle weight)              5206.53  lbf 

 Transverse Shear Load Saddle                          383.11  lbf 

 Longitudinal Shear Load Saddle                       1605.86  lbf 

 

Formulas and Substitutions for Horizontal Vessel Analysis: 
 

Note: Wear Plate is Welded to the Shell, k = 0.1 
 

The Computed K values from Table 4.15.1: 
 K1  = 0.1035     K2  = 1.2043     K3  = 0.9157     K4  = 0.4095 

 K5  = 0.7680     K6  = 0.0546     K7  = 0.0546     K8  = 0.3424 

 K9  = 0.2741     K10 = 0.0595     K1* = 0.1871     K6p = 0.0347 

 K7P = 0.0347 

 

The suffix 'p' denotes the values for a wear plate if it exists. 
 

Note: Dimension a is greater than or equal to Rm / 2. 
 

Moment per Equation 4.15.3    [M1]: 
  = -Q*a [1 - (1- a/L + (R²-h2²)/(2a*L))/(1+(4h2)/3L)] 

  = -5135*29.00[1-(1-29.00/182.06+(11.812²-5.812²)/ 
    (2*29.00*182.06))/(1+(4*5.81)/(3*182.06))] 

  = -27404.3 in-lb 

 

Moment per Equation 4.15.4    [M2]: 

  = Q*L/4(1+2(R²-h2²)/(L²))/(1+(4h2)/( 3L))-4a/L 

  = 5135*182.1/4(1+2(11.812²-5.812²)/(182.06²))/(1+(4*5.812)/ 
    (3*182.063))-4*29.00/182.06 

  = 76704.5 in-lb 

 

Longitudinal Stress at Top of Shell (4.15.6)    [Sigma1]: 
  = P * Rm/(2t) - M2/(pi*Rm²t) 

  = 310.00 * 11.812/(2*0.375 ) - 76704.5/(pi*11.8²*0.375 ) 
  = 4415.89 psi 

 

Longitudinal Stress at Bottom of Shell (4.15.7)    [Sigma2]: 
  = P * Rm/(2t) + M2/(pi * Rm² * t) 

  = 310.00 * 11.812/(2 * 0.375 ) + 76704.5/(pi * 11.8² * 0.375 ) 
  = 5349.11 psi 

 

Longitudinal Stress at Top of Shell at Support (4.15.10)    [Sigma*3]: 
  = P * Rm/(2t) - M1/(K1*pi*Rm²t) 

  = 310.00*11.812/(2*0.375)--27404.3/(0.1035*pi*11.8²*0.375) 
  = 6493.53 psi 
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Longitudinal Stress at Bottom of Shell at Support (4.15.11)    [Sigma*4]: 
  = P * Rm/(2t) + M1/(K1* * pi * Rm² * t) 

  = 310.00*11.812/(2*0.375)+-27404.3/(0.1871*pi*11.8²*0.375) 
  = 3991.58 psi 

 

Maximum Shear Force in the Saddle (4.15.5)   [T]: 
  = Q(L-2a)/(L+(4*h2/3)) 

  = 5135 ( 182.06 - 2 * 29.00 )/(182.06 + ( 4 * 5.81/3)) 

  = 3356.6 lbf 

 

Shear Stress in the shell no rings,  not stiffened (4.15.14)   [tau2]: 
  = K2 * T / ( Rm * t ) 

  = 1.2043 * 3356.64/( 11.8125 * 0.3750 ) 

  = 912.56 psi 

 

Decay Length (4.15.22)   [x1,x2]: 
  = 0.78 * sqrt( Rm * t ) 

  = 0.78 * sqrt( 11.812 * 0.375 ) 

  = 1.642 in 

 

Circumferential Stress in shell, no rings (4.15.23)   [sigma6]: 
  = -K5 * Q * k / ( t * ( b + X1 + X2 ) ) 

  = -0.7680 * 5135 * 0.1/( 0.375 * ( 5.50 + 1.64 + 1.64 ) ) 

  = -119.74 psi 

 

Effective reinforcing plate width  (4.15.1)   [B1]: 
  = min( b + 1.56 * sqrt( Rm * t ), 2a  ) 

  = min( 5.50 + 1.56 * sqrt( 11.812 * 0.375 ), 2 * 29.000 ) 

  = 8.78 in 

 

Wear Plate/Shell Stress ratio  (4.15.29)   [eta]: 
  = min( Sr/S, 1 ) 

  = min( 17100.000/17100.000 , 1 ) 

  = 1.0000 

 

Circumferential Stress at wear plate (4.15.26)   [sigma6,r]: 
  = -K5 * Q * k / ( B1( t + eta * tr ) ) 

  = -0.7680 * 5135 * 0.1/( 8.783 ( 0.375 + 1.000 * 0.375 ) ) 

  = -59.87 psi 

 

Circ. Comp. Stress at Horn of Saddle, L>=8Rm  (4.15.27)   [sigma7,r]: 

  = -Q/(4(t+eta*tr)b1) - 3*K7*Q/(2(t+eta*tr)²) 
  = -5135/(4(0.375 + 1.000 * 0.375 )8.783 ) - 

     3 * 0.055 * 5135/(2(0.375 + 1.000 * 0.375 )²) 
  = -941.96 psi 

 

Free Un-Restrained Thermal Expansion between the Saddles [Exp]: 
  = Alpha * Ls * ( Design Temperature - Ambient Temperature ) 

  = 0.671E-05 * 134.000 * ( 205.0 - 70.0 ) 

  = 0.121 in 

 

Results for Vessel Ribs, Web and Base: 
 Baseplate Length                        Bplen           16.0000  in 

 Baseplate Thickness                     Bpthk            0.3750  in 

 Baseplate Width                         Bpwid            6.0000  in 

 Number of Ribs ( inc. outside ribs )    Nribs                 1 

 Rib Thickness                           Ribtk            0.3750  in 

 Web Thickness                           Webtk            0.3750  in 

 Web Location                           Webloc              Side 
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Moment of Inertia of Saddle - Lateral Direction 
 

                       Y           A          AY          Io 

 Shell                0.          5.          1.          0. 

 Wearplate            1.          4.          2.          1. 

 Web                  5.          3.         19.        125. 

 BasePlate           10.          2.         23.        234. 

 Totals              16.         14.         45.        360. 

 

 Value  C1 = Sumof(Ay)/Sumof(A)              =           3.  in 

 Value   I = Sumof(Io) - C1*Sumof(Ay)        =         222.  in**4 

 Value  As = Sumof(A) - Ashell               =           9.  in² 
 

 K1 = (1+Cos(beta)-.5*Sin(beta)² )/(pi-beta+Sin(beta)*Cos(beta)) =   0.1999 
 

 Fh = K1 * Q = 0.1999 * 5135.569 = 1026.5900 lbf 

 

 Tension Stress, St = ( Fh/As )       =        108.4187  psi 

 Allowed Stress, Sa = 0.6 * Yield Str =      22800.0000  psi 

 

 d  = B - R*Sin(theta) / theta        =         12.3233  in 

 Bending Moment, M  = Fh * d          =      12650.9326  in-lb 

 

 Bending Stress, Sb = ( M * C1 / I  ) =        175.9178  psi 

 Allowed Stress, Sa = 2/3 * Yield Str =      25333.3340  psi 

 

Minimum Thickness of Baseplate per Moss : 
  = ( 3 * ( Q + Saddle_Wt ) * BasePlateWidth / ( 2 * BasePlateLength * 

    AllStress ))½ 

  = ( 3 * (5135 + 70 ) * 6.00/( 2 * 16.000 * 25333.334 ))½ 
  = 0.340 in 

 

 

Input Data for Base Plate Bolting Calculations: 
 

 Total Number of Bolts per BasePlate            Nbolts           2 

 Total Number of Bolts in Tension/Baseplate        Nbt           2 

 Bolt Material Specification                                SA-325 

 Bolt Allowable Stress                            Stba    20200.00  psi 

 Bolt Corrosion Allowance                          Bca      0.0000  in 

 Distance from Bolts to Edge                   Edgedis      2.0000  in 

 Nominal Bolt Diameter                             Bnd      0.7500  in 

 Thread Series                                  Series          TEMA 

 BasePlate Allowable Stress                          S    20000.00  psi 

 Area Available in a Single Bolt               BltArea      0.3020  in² 
 Saddle Load QO (Weight)                            QO      4085.6  lbf 

 Saddle Load QL (Wind/Seismic contribution)         QL       236.7  lbf 

 Maximum Transverse Force                           Ft       383.1  lbf 

 Maximum Longitudinal Force                         Fl      1605.9  lbf 

 Saddle Bolted to Steel Foundation                          No 

 

Bolt Area Calculation per Dennis R. Moss 
 

Bolt Area Requirement Due to Longitudinal Load [Bltarearl]: 
  = 0.0 (QO > QL --> No Uplift in Longitudinal direction) 
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Bolt Area due to Shear Load [Bltarears]: 
  = Fl / (Stba * Nbolts) 

  = 1605.86/(20200.00 * 2.00 ) 

  = 0.0397 in² 
 

Bolt Area due to Transverse Load 
 

Moment on Baseplate Due to Transverse Load [Rmom]: 
  = B * Ft + Sum of X Moments 

  = 19.75 * 383.11 + 0.00 

  = 7566.36 in-lb 

 

Eccentricity (e): 
  = Rmom / QO 

  = 7566.36/4085.62 

  = 1.85 in < Bplen/6 --> No Uplift in Transverse direction 

 

Bolt Area due to Transverse Load [Bltareart]: 
  = 0 (No Uplift) 

 

Required of a Single Bolt [Bltarear] 
  = max[Bltarearl, Bltarears, Bltareart] 

  = max[0.0000 , 0.0397 , 0.0000 ] 

  = 0.0397 in² 
 

 

ASME Horizontal Vessel Analysis: Stresses for the Right Saddle 
  (per ASME Sec. VIII Div. 2 based on the Zick method.) 
 

 

Input and Calculated Values: 
 

 Vessel Mean Radius                            Rm       11.81  in 

 Stiffened Vessel Length per 4.15.6             L      182.06  in 

 Distance from Saddle to Vessel tangent         a       43.00  in 

 

 Saddle Width                                   b        5.50  in 

 Saddle Bearing Angle                       theta      118.00  degrees 

 

 Wear Plate Width                              b1       10.00  in 

 Wear Plate Bearing Angle                  theta1      145.00  degrees 

 Wear Plate Thickness                          tr      0.3750  in 

 Wear Plate Allowable Stress                   Sr    17100.00  psi 

 

 Inside Depth of Head                          h2        5.81  in 

 

 Shell Allowable Stress used in Calculation          17100.00  psi 

 Head Allowable Stress used in Calculation           20000.00  psi 

 Circumferential Efficiency in Plane of Saddle           1.00 

 Circumferential Efficiency at Mid-Span                  1.00 

 

 Saddle Force Q, Operating Case                       3365.37  lbf 
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Horizontal Vessel Analysis Results:     Actual      Allowable 

 ------------------------------------------------------------------- 

 Long. Stress at Top    of Midspan       4863.34     17100.00  psi 

 Long. Stress at Bottom of Midspan       4901.66     17100.00  psi 

 Long. Stress at Top    of Saddles       7101.94     17100.00  psi 

 Long. Stress at Bottom of Saddles       3655.12     17100.00  psi 

 

 Tangential Shear in Shell                463.04     13680.00  psi 

 Circ. Stress at Horn of Saddle           617.27     21375.00  psi 

 Circ. Compressive Stress in Shell         78.47     17100.00  psi 

 

Intermediate Results: Saddle Reaction Q due to Wind or Seismic 
 

Saddle Reaction Force due to Wind Ft  [Fwt]: 
  = Ftr * ( Ft/Num of Saddles + Z Force Load ) * B / E 

  = 3.00 * ( 766.2/2 + 0 ) * 19.7500/20.2506 

  = 1120.9 lbf 

 

Saddle Reaction Force due to Wind Fl or Friction  [Fwl]: 
  = Max( Fl, Friction Load, Sum of X Forces) * B / Ls 

  = Max( 106.75 , 897.78 , 0 ) * 19.7500/134.0000 

  = 132.3 lbf 

 

Saddle Reaction Force due to Earthquake Fl or Friction  [Fsl]: 
  = Max( Fl, Friction Force, Sum of X Forces ) * B / Ls 

  = Max( 273.88 , 897.78 , 0 ) * 19.7500/134.0000 

  = 132.3 lbf 

 

Saddle Reaction Force due to Earthquake Ft  [Fst]: 
  = Ftr * ( Ft/Num of Saddles + Z Force Load ) * B / E 

  = 3.00 * ( 273/2 + 0 ) * 19.7500/20.2506 

  = 400.7 lbf 

 

Load Combination Results for Q + Wind or Seismic  [Q]: 
  = Saddle Load + Max( Fwl, Fwt, Fsl, Fst ) 

  = 2244 + Max( 132 , 1120 , 132 , 400 ) 

  = 3365.4 lbf 

 

Summary of Loads at the base of this Saddle: 
 Vertical Load (including saddle weight)              3436.33  lbf 

 Transverse Shear Load Saddle                          383.11  lbf 

 Longitudinal Shear Load Saddle                        897.78  lbf 

 

Formulas and Substitutions for Horizontal Vessel Analysis: 
 

Note: Wear Plate is Welded to the Shell, k = 0.1 
 

The Computed K values from Table 4.15.1: 
 K1  = 0.1035     K2  = 1.2043     K3  = 0.9157     K4  = 0.4095 

 K5  = 0.7680     K6  = 0.0546     K7  = 0.0546     K8  = 0.3424 

 K9  = 0.2741     K10 = 0.0595     K1* = 0.1871     K6p = 0.0347 

 K7P = 0.0347 

 

The suffix 'p' denotes the values for a wear plate if it exists. 
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Moment per Equation 4.15.3    [M1]: 
  = -Q*a [1 - (1- a/L + (R²-h2²)/(2a*L))/(1+(4h2)/3L)] 

  = -3365*43.00[1-(1-43.00/182.06+(11.812²-5.812²)/ 
    (2*43.00*182.06))/(1+(4*5.81)/(3*182.06))] 

  = -37753.7 in-lb 

 

Moment per Equation 4.15.4    [M2]: 
  = Q*L/4(1+2(R²-h2²)/(L²))/(1+(4h2)/( 3L))-4a/L 

  = 3365*182.1/4(1+2(11.812²-5.812²)/(182.06²))/(1+(4*5.812)/ 
    (3*182.063))-4*43.00/182.06 

  = 3149.7 in-lb 

 

Longitudinal Stress at Top of Shell (4.15.6)    [Sigma1]: 
  = P * Rm/(2t) - M2/(pi*Rm²t) 

  = 310.00 * 11.812/(2*0.375 ) - 3149.7/(pi*11.8²*0.375 ) 
  = 4863.34 psi 

 

Longitudinal Stress at Bottom of Shell (4.15.7)    [Sigma2]: 
  = P * Rm/(2t) + M2/(pi * Rm² * t) 

  = 310.00 * 11.812/(2 * 0.375 ) + 3149.7/(pi * 11.8² * 0.375 ) 
  = 4901.66 psi 

 

Longitudinal Stress at Top of Shell at Support (4.15.10)    [Sigma*3]: 

  = P * Rm/(2t) - M1/(K1*pi*Rm²t) 

  = 310.00*11.812/(2*0.375)--37753.7/(0.1035*pi*11.8²*0.375) 
  = 7101.94 psi 

 

Longitudinal Stress at Bottom of Shell at Support (4.15.11)    [Sigma*4]: 
  = P * Rm/(2t) + M1/(K1* * pi * Rm² * t) 

  = 310.00*11.812/(2*0.375)+-37753.7/(0.1871*pi*11.8²*0.375) 
  = 3655.12 psi 

 

Maximum Shear Force in the Saddle (4.15.5)   [T]: 
  = Q(L-2a)/(L+(4*h2/3)) 

  = 3365 ( 182.06 - 2 * 43.00 )/(182.06 + ( 4 * 5.81/3)) 

  = 1703.2 lbf 

 

Shear Stress in the shell no rings,  not stiffened (4.15.14)   [tau2]: 
  = K2 * T / ( Rm * t ) 

  = 1.2043 * 1703.19/( 11.8125 * 0.3750 ) 

  = 463.04 psi 

 

Decay Length (4.15.22)   [x1,x2]: 
  = 0.78 * sqrt( Rm * t ) 

  = 0.78 * sqrt( 11.812 * 0.375 ) 

  = 1.642 in 

 

Circumferential Stress in shell, no rings (4.15.23)   [sigma6]: 
  = -K5 * Q * k / ( t * ( b + X1 + X2 ) ) 

  = -0.7680 * 3365 * 0.1/( 0.375 * ( 5.50 + 1.64 + 1.64 ) ) 

  = -78.47 psi 

 

Effective reinforcing plate width  (4.15.1)   [B1]: 
  = min( b + 1.56 * sqrt( Rm * t ), 2a  ) 

  = min( 5.50 + 1.56 * sqrt( 11.812 * 0.375 ), 2 * 43.000 ) 

  = 8.78 in 
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Wear Plate/Shell Stress ratio  (4.15.29)   [eta]: 
  = min( Sr/S, 1 ) 

  = min( 17100.000/17100.000 , 1 ) 

  = 1.0000 

 

Circumferential Stress at wear plate (4.15.26)   [sigma6,r]: 
  = -K5 * Q * k / ( B1( t + eta * tr ) ) 

  = -0.7680 * 3365 * 0.1/( 8.783 ( 0.375 + 1.000 * 0.375 ) ) 

  = -39.23 psi 

 

Circ. Comp. Stress at Horn of Saddle, L>=8Rm  (4.15.27)   [sigma7,r]: 
  = -Q/(4(t+eta*tr)b1) - 3*K7*Q/(2(t+eta*tr)²) 
  = -3365/(4(0.375 + 1.000 * 0.375 )8.783 ) - 

     3 * 0.055 * 3365/(2(0.375 + 1.000 * 0.375 )²) 
  = -617.27 psi 

 

Results for Vessel Ribs, Web and Base 
 

 Baseplate Length                        Bplen           16.0000  in 

 Baseplate Thickness                     Bpthk            0.3750  in 

 Baseplate Width                         Bpwid            6.0000  in 

 Number of Ribs ( inc. outside ribs )    Nribs                 1 

 Rib Thickness                           Ribtk            0.3750  in 

 Web Thickness                           Webtk            0.3750  in 

 Web Location                           Webloc              Side 

 

Moment of Inertia of Saddle - Lateral Direction 
 

                       Y           A          AY          Io 

 Shell                0.          5.          1.          0. 

 Wearplate            1.          4.          2.          1. 

 Web                  5.          3.         19.        125. 

 BasePlate           10.          2.         23.        234. 

 Totals              16.         14.         45.        360. 

 

 Value  C1 = Sumof(Ay)/Sumof(A)              =           3.  in 

 Value   I = Sumof(Io) - C1*Sumof(Ay)        =         222.  in**4 

 Value  As = Sumof(A) - Ashell               =           9.  in² 
 

 K1 = (1+Cos(beta)-.5*Sin(beta)² )/(pi-beta+Sin(beta)*Cos(beta)) =   0.1999 
 

 Fh = K1 * Q = 0.1999 * 3365.372 = 672.7310 lbf 

 

 Tension Stress, St = ( Fh/As )       =         71.0475  psi 

 Allowed Stress, Sa = 0.6 * Yield Str =      22800.0000  psi 

 

 d  = B - R*Sin(theta) / theta        =         12.3233  in 

 Bending Moment, M  = Fh * d          =       8290.2373  in-lb 

 

 Bending Stress, Sb = ( M * C1 / I  ) =        115.2801  psi 

 Allowed Stress, Sa = 2/3 * Yield Str =      25333.3340  psi 

 

Minimum Thickness of Baseplate per Moss : 
  = ( 3 * ( Q + Saddle_Wt ) * BasePlateWidth / ( 2 * BasePlateLength * 

    AllStress ))½ 

  = ( 3 * (3365 + 70 ) * 6.00/( 2 * 16.000 * 25333.334 ))½ 
  = 0.276 in 
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Input Data for Base Plate Bolting Calculations: 
 

 Total Number of Bolts per BasePlate            Nbolts           2 

 Total Number of Bolts in Tension/Baseplate        Nbt           2 

 Bolt Material Specification                                SA-325 

 Bolt Allowable Stress                            Stba    20200.00  psi 

 Bolt Corrosion Allowance                          Bca      0.0000  in 

 Distance from Bolts to Edge                   Edgedis      2.0000  in 

 Nominal Bolt Diameter                             Bnd      0.7500  in 

 Thread Series                                  Series          TEMA 

 BasePlate Allowable Stress                          S    20000.00  psi 

 Area Available in a Single Bolt               BltArea      0.3020  in² 
 Saddle Load QO (Weight)                            QO      2315.4  lbf 

 Saddle Load QL (Wind/Seismic contribution)         QL       132.3  lbf 

 Maximum Transverse Force                           Ft       383.1  lbf 

 Maximum Longitudinal Force                         Fl      1605.9  lbf 

 Saddle Bolted to Steel Foundation                          No 

 

Bolt Area Calculation per Dennis R. Moss 
 

Bolt Area Requirement Due to Longitudinal Load [Bltarearl]: 
  = 0.0 (QO > QL --> No Uplift in Longitudinal direction) 

 

Bolt Area due to Shear Load [Bltarears]: 
  = Fl / (Stba * Nbolts) 

  = 1605.86/(20200.00 * 2.00 ) 

  = 0.0397 in² 
 

Bolt Area due to Transverse Load 
 

Moment on Baseplate Due to Transverse Load [Rmom]: 
  = B * Ft + Sum of X Moments 

  = 19.75 * 383.11 + 0.00 

  = 7566.36 in-lb 

 

Eccentricity (e): 
  = Rmom / QO 

  = 7566.36/2315.42 

  = 3.27 in > Bplen/6 --> Uplift in Transverse direction 

 

 f = Bplen / 2 - Edgedis 

   = 16.00/2 - 2.00 

   = 6.00 in 

 

Modular Ratio Of Steel/Concrete (n1): 
  = ES / EC 

  = 29500000/3122018 

  = 9.45 

 

 K1 = 3 (e - 0.5 * Bplen) 

    = 3 (3.27 - 0.5*16.00 ) 

    = -14.20 in 

 

 K2 = 6 * n1 * At / Bpwid * (f + e) 

    = 6 * 9.45 * 0.60/6.00 * (6.00 + 3.27 ) 

    = 52.89 in ² 
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 K3 = -K2 * (0.5 * Bplen + f) 

    = -52.89 * (0.5 * 16.00 + 6.00 ) 

    = -740.51 in ³ 
 

Iteratively Solving for the Effective Bearing Length: 
 Y³ + K1 * Y² + K2 * Y + K3 = 0 

 Y³ + -14.20 * Y² + 52.89 * Y + -740.51 = 0 
 Y  = 14.16 in 

 

 Num = (Bplen / 2 - Y / 3 - e) 

     = (16.00/2 - 14.16/3 - 3.27 ) 

     = 0.01 

 

 Denom = (Bplen / 2 - Y / 3 + f) 

       = (16.00/2 - 14.16/3 + 6.00 ) 

       = 9.28 

 

Total Bolt Tension Force [Tforce]: 
  = - QO * Num / Denom 

  = - 2315.42 * 0.01/9.28 

  = -3.41 lbf 

 

Bolt Area Required due to Transverse Load [Bltareart] 
  = Tforce / (Stba * Nbt) 

  = -3.41/( 20200.00 * 2.00 ) 

  = -0.0001 in² 
 

Required of a Single Bolt [Bltarear] 
  = max[Bltarearl, Bltarears, Bltareart] 

  = max[0.0000 , 0.0397 , -0.0001 ] 

  = 0.0397 in² 
 

 

Baseplate Thickness Calculation per D. Moss: 
 

Bearing Pressure (fc) 
  = 2 * (QO + Tforce) / (Y * Bplen) 

  = 2 * (2315.42 + -3.41 )/(14.16 * 16.00 ) 

  = 20.42 psig 

 

Distance from Baseplate Edge to the Web [ADIST]: 
  = (Bplen - Weblngth) / 2 

  = (16.00 - 14.00 )/2 

  = 1.0000 in 

 

Overturning Moment due To Bolt Tension [Mt]: 
  = Tforce * Adist 

  = -3.41 * 1.00 

  = -3.41 in-lb 

 

Equivalent Bearing Pressure (f1): 
  = fc * (Y - Adist) / Y 

  = 20.42 * (14.16 - 1.00 )/14.16 

  = 18.97 psig 
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Overturning Moment due to Bearing Pressure [Mc]: 
  = (Adist² * Bpwid / 6) * (f1 + 2 * fc) 

  = (1.00² * 6.00/6) * (18.97 + 2 * 20.42 ) 
  = 59.81 in-lb 

 

Baseplate Required Thickness [Treq]: 
  = (6 * max(Mt,Mc) / (Bpwid * Sba))½ 

  = (6 *max(-3.41 ,59.81/(6.00 * 30000.00 ))½ 
  = 0.0446 in 

 

 

PV Elite is a trademark of Intergraph CADWorx & Analysis Solutions, Inc. 2012 
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FORWARD

Included in this manual are Tables and Figures which are reprinted in their
entirely from the Standards of the Tubular Exchanger Manufacturers Association
Seventh Edition (1988). Pages containing such material contain a citation to that
publication.

Additionally, there are extensive extracts of text reprinted from the yth Edition
TEMA Standards. Pages containing such excerpts contain a footnote to that
effect.

No part of this publication may be reproduced in any form, in an electronic
retrieval system or otherwise.

The information in this publication is based on the collective experience of
Industry engineers and technicians. While the information is intended to be
comprehensive and thorough, it is subject to change based on particular
applications, field experience and technological developments. The Tube
Exchanger Manufacturers Association expressly disclaims any warranty of
fitness for a particular application, as well as any claims for compensatory,
consequential or other damages arising out of or related to the use of this
publication.
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GENERAL INSTUCTIONS FOR INSTALLATION, OPERATION AND
MAINTENANCE OF SHELL AND TUBE HEAT EXCHANGERS

SAFETY CONSIDERATIONS

LIFTING DEVICES

When eyebolts, lugs, clips or other devices are installed by the manufacturer, it is intended that these lifting
devices are to lift only the empty components to which they are attached and not the assembled heat
exchanger, unless explicitly specified otherwise.

Proper rigging must be used in lifting assembled heat exchangers. Exchangers are usually much heavier
than pressure vessels of comparable dimensions; therefore, weights should be carefully evaluated. Where
available, determinations should include reference to manufacturers drawings, added components, bill of
lading, etc. Special care must be exercised in handling exchangers with expansion joints.

ROUTING PRECAUTIONARY PROCEDURES

A heat exchanger is a multi-chamber pressure vessel designed at specific limits of pressure, temperature
and fluid fiow conditions as shown on the exchanger specification sheet and heat exchanger nameplate(s).
The process system, which includes the heat exchanger, must be safeguarded so that the heat exchanger
design conditions and operating limits are not exceeded. All operating and maintenance personnel should
be made aware of specific limitations including pressures and temperatures flow rates, start-up/shut-down
procedures and cleaning procedures.

Do not remove channel covers, shell covers, floating head covers, bonnets or connecting piping until all
pressure has been relieved and both shell and tube sides are completely drained. Exceptions are
permissible when design permits independent pressure testing of shell or tube sides.

Plugged tubes and double tubesheets, unless vented, may remain pressurized after shell and tube side are
depressurized. Caution may be exercised in loosening of tube plugs or opening of vents to avoid sudden
release of pressure or harmful fluids.

Many heat exchangers circulate fluids, which are toxic, lethal or flammable and dangerous to the human
system. These fluids could cause problems if bolted or threaded joints are not maintained in leak-tight
condition under operating or no-flow ambient conditions. Proper precautions, such as effective draining and
purging, must be taken in handling and decontamination when exchangers are opened for any reason. It is
essential that the user advises maintenance or repair personnel, including outside contractors, when toxic,
lethal, or flammable conditions exist.

When heat exchangers are cleaned, it is important that full characteristics of the clrculatlng flUids, fouling
material, and the cleaning agent be known and care exercised in handling them. Use eye protection, a
respirator, or other appropriate protective devices.

Do not blowout heat exchangers with air when the process fluids or the cleaning fluids being handled are
flammable or reactive.

Kemper County   MM233798



SECTION 1
HEAT EXCHANGER NOMENCLATURE

N-1 TYPE DESIGNATION·RECOMMENDED PRACTICE

It is recommended that heat exchanger type be designated by letters as described below.

N-1.1 TYPE

Type designation shall be by letters describing stationary head, shell (omitted for bundles
only), and rear head, in that order, as indicated in Figure N-1.1.

FIGURE N-1.1
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SECTION 1
HEAT EXCHANGER NOMENCLATURE

N-2 NOMENCLATURE OF HEAT EXCHANGER COMPONENTS

For the purpose of establishing standard terminology, Figure N-2 illustrates various types of heat
exchangers. Typical parts and connections, for illustrative purposes only, are numbered for
identification in Table N-2. (See Note).

TABLE N-2

1. Stationary Head - Channel
2. Stationary Head - Bonnet
3. Stationary Head Flange - Channel or Bonnet
4. Channel Cover
5. Stationary Head Nozzle
6. Stationary Tubesheet
7. Tubes
8. Shell
9. Shell Cover

10. Shell Flange - Stationary Head End
11. Shell Flange - Rear Head End
12. Shell Nozzle
13. Shell Cover Flange
14. Expansion Joint
15. Floating Tubesheet
16. Floating Head Cover
17. Floating Head Flange
18. Floating Head Backing Device
19. Spiit Shear Ring

20. Slip-on Backing Flanges
21. Floating Head Cover - External
22. Floating Tubesheet Skirt
23. Packing Box
24. Packing
25. Packing Gland
26. Lantern Ring
27. Tie rods and Spacers
28. Transverse Baffles or Support Plates
29. Impingement Plate
30. Longitudinal Baffle
31. Pass Partition
32. Vent Connection
33. Drain Connection
34. Instrument Connection
35. Support Saddle
36. Lifting Lug
37. Support Bracket
38. Weir
39. Liquid Level Connection

NOTE: Manufacturers may identify corresponding parts
Using numbers differing from the above.

Figure N-2

$ 1I

I
I

...

e Copyright 1990Tubular Exchanger Manufacturers Association, Inc.
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SECTION 1
HEAT EXCHANGER NOMENCLATURE

Figure N-2 (Continued)
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e Copyright 1990 Tubular Exchanger Manuraclurers Association, Inc.
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SECTION 2
HEAT EXCHANGER IDENTIFICATION AND DEFINITIONS

D-2.1 EXCHANGER IDENTIFICATION

D-2.11 COMPLETE EXCHANGER

Manufacturers normally assigned on a serial number, which is unique and
permanently identifies each exchanger. Inquiries to the manufacturer should
reference this number when it is shown on the nameplate and manufacturer's
drawings. Additional useful information normally shown includes size, type, and
itemnumber.

D-2.12 EXCHANGER PARTS

Exchanger parts should be identified by the exchanger serial number and by the
name and part number corresponding to those shown in Section 1, Table N-2, or
as shown on the manufacturer's drawings.

D-2.2 DEFINITIONS

D-2.21 EXCHANGER UNIT

One or more exchangers designed for a specific service.

D-2.22 ITEM NUMBER

The purchaser's identification number for an exchanger unil.

D-2.23 NORMAL OPERATING CONDITIONS

The thermal and hydraulic performance requirements generally specified for
designing the heat exchanger.

D-2.24 UPSET CONDITIONS

A departure from specified operating conditions.

D-2.25 PULSATING FLUID CONDITIONS

Conditions of fiow generally characterized by rapid fluctuations in pressure and
fiow rate resulting from sources outside of the heat exchanger such as: pumps,
compressors, blowers, etc.

D-2.26 START-UP CONDITIONS

The condition of operation, which exist from the time that flow of either or both
process streams, is initiated to the time that steady-state operating conditions are
achieved.

D-2.27 SHUTDOWN CONDITIONS

The conditions of operation, which exist, form the time of steady-state operating
conditions to the time that flow of both process streams has ceased.

D.2.28 CODE

All references to Code herein mean the ASME Boiler and Pressure Vessei Code,
Section VIII, Division 1, Pressure Vessels.

€I Copyright 1990 Tubular Exchanger Manufacturers Association, Inc.
containing copyrighted material from the 1988 Tubular Exchanger Manufacturers Association, Inc. r" Edition Standards.
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SECTION 3
INSTALLATION OF HEAT EXCHANGERS

E-3 INSTALLATION

E-3.1 INSTALLATION PLANNING

E-3.11 CLEARANCE FOR DISMANTLING

For straight tube exchangers fitting with removable bundles, provide sufficient
clearance at the stationary head end to permit removal of the bundle from the
shell and provide adequate space beyond the rear head and to permit removal of
the shell cover and/or floating head cover.

For fixed tubesheet exchangers, provide sufficient clearance at one end to permit
withdrawal and replacement of the tubes and enough space beyond the head at
the opposite end to permit removal of the bonnet or channel cover.

For U-tube heat exchangers, provide sufficient clearance at the stationary head
end to permit withdrawal of the tube bundle, or at the opposite end to permit
removal of the shell.

E-3.12 FOUNDATIONS

Foundations must be adequate so that exchangers will not settle and impose
excessive strains on the exchanger. Foundation bolts should be set to allow for
setting inaccuracies. In concrete footings, pipe sleeves at least one size larger
than bolt diameter slipped over the bolt and cast in place are best for this
purpose, as they allow the bolt center to be adjusted after the foundation has set.

E-3.13 PIPING

E-1.131 THERMAL EXPANSION

It is essential that adequate provisions be made in the connecting piping
to allow for thermal expansion without imposing unspecified piping loads
on the exchanger. This is particularly important for single pass internal
floating head designs, outside packed floating heads, and fixed
tubesheet types with shell expansion joints. Unless precautions are
taken, leakage or damage may result.

E-3.132 PULSATION AND VIBRATION

In all installations, care must be taken to eliminate or rmrurruze
transmission of fluid pulsations and mechanical vibrations to the heat
exchangers.

E-3.14 CLEANING

Convenient means should be provided for cleaning the unit as suggested under
"Maintenance." (Section 5).

E-3.15 LEVELING

Exchangers must be installed so that pipe connections are made without forcing,
disassembling or loosening of flanged assemblies.

E-3.16 STACKED HEAT EXCHANGERS

The manufacturer normally stacks exchangers prior to completion of fabrication
to insure proper aiignment of interconnecting nozzles. Shims separating the
intermediate shell supports are normally used. Therefore, it is important that
shims, if used, match the thicknesses and locations used by the manufacturer.

o Copyright 1990Tubular Exchanger Manufacturers Association, Inc.
containing copyrighted material from the 1986Tubular Exchanger Manufacturers Association, Inc. i" Edition Standards.
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SECTION 3
INSTALLATION OF HEAT EXCHANGERS

E-3.17 CONNECTION PROTECTORS

Remove shipping covers and plugs immediately prior to instaliation. Before
connecting to piping, inspect ali openings in the heat exchanger or foreign
material. The entire system should be clean and free of foreign objects before
starting operation. Do not expose heat exchanger internals to moisture or
harmful contaminants.

E-3.18 PIPE CONNECTiONS

Pipe connections must be in accordance with the manufacturer's dimensional
outline drawing.

E-319 FOUNDATION BOLTS

Foundation bolts should be loosened at one end of the unit to aliow free
expansion of shells. Slotted holes in supports are provide for this purpose.

E-3.20 If the heat exchanger is equipped with a beliows type expansion joint, the
expansion joint must be adequately protected during shipping and setting.
Shipping supports must be removed in accordance with instructions.

E-3.3 HEAT EXCHANGER STORAGE

Heat exchangers normally are not protected for storage. If storage is necessary, a
covered location at uniform temperature is preferable and provisions must be made to
protect the heat exchanger interior from moisture, freezing, or harmful contaminants.

o Copyright 1990Tubular Exchanger Manufacturers Association, Inc.
containing copyrighted material from the 1988Tubular Exchanger Manufacturers Association, Inc. i h Edition Standards.
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SECTION 4
OPERATION OF HEAT EXCHANGERS

E-4 OPERATION

E-4.1 PERFORMANCE OF HEAT EXCHANGERS

Satisfactory performance and service life can be expected only from heat exchangers
which are properly installed, operated In accordance with design conditions, and receive
preventative maintenance and cleaning on an appropriate schedule. These requirements
are the responsibility of the user.

E-4.11 PERFORMANCE FAILURES

The failure of heat exchanger equipment to perform satisfactorily may be caused
by one or more factors, such as:

(1) Excessive fouling.
(2) Air or gas binding resulting from improper piping installation or lack of

suitable vents.
(3) Operating conditions differing from design conditions.
(4) Mal-distribution of flow in the unit.
(5) Excessive clearances between the baffles and shell and/or tubes, due

to corrosion.
(6) Improper thermal design.
(7) Flooding resulting from inadequate drainage of condensate.

E-4.2 OPERATION OF HEAT EXCHANGERS

E-4.21 OPERATING PROCEDURES - NORMAL

Before placing any exchanger in operating, reference should be made to the
exchanger drawings, specification sheet(s), and name plate(s) for any special
instructions. Local safety and health regulations must be considered. Improper
start-up or shutdown sequences, particularly of fixed tubesheet units, may cause
leaking of tube-to-tubesheet and/or bolted flanged joints.

E-4.22 START-UP OPERATION

Most exchangers with removable tube bundles may be placed in service by first
establishing circulation of the cold medium, followed by the gradual introduction
of the hot medium. During start-up all vent valves should be opened and left
open until all passages have been purged of air and are completely filled with
fluid. For fixed tubesheet exchangers, fiuids must be introduced in a manner to
minimize differential expansion between the shell and tubes. (Refer E-4.24).

E-4.23 SHUT-DOWN OPERATION

For exchangers with removable bundles, the units may be shut down by first
gradualiy stopping the flow of the hot medium and then stopping the flow of the
cold medium. If it is necessary to stop the flow of cold medium, the circulation of
hot medium through the exchanger should aiso be stopped. For fied tubesheet
exchangers the unit must be shut down in a manner to minimize differential
expansion

E-4.24 START-UP AND SHUT-DOWN RPOCDURES FOR FIXED TUBESHEET
EXCHANGERS

When start-up and shutdown instructions are furnished, they must be followed.
When specific instructions are not supplied, the recommended procedure is to
start, or stop, the circulation of both shell and tube side fluids gradually and at the
same time.

c Copyright 1990 Tubular Exchanger Manufacturers Association. Inc.
containing copyrighted material from the 1988 Tubular Exchanger Manufacturers Association, Inc. 7th Edition Standards.
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SECTION 4
OPERATION OF HEAT EXCHANGERS

E-4.3 OPERATING LIMITATIONS

E-4.31 NORMAL OPERATING CONDITIONS

Equipment must not be operated at conditions more severe than those specified
on the heat exchanger specification sheet, and/or nameplates. A change in
service or deviation from the specified operating conditions may require that a
mechanical design check be made in order to avoid possible damage to the heat
exchanger.

E-4.32 SUPPLEMENTAL NAME PLATE DATA

The manufacturer may supply supplemental data where it is pertinent to the
operation or testing 0 the exchanger. This may include information pertaining to
differential design and test pressure conditions, restrictions on operating
conditions for fixed tubesheet type exchangers, or other restrictive conditions
applicable to the design and/or operation of the unit or its components. Such
information may be noted on the standard nameplate or on a supplemental plate
attached to the exchanger at the nameplate location.

E-4.33 FLOW RATE

Heat exchangers are not to be operated at flow rates greater than those shown
on the heat exchanger specification sheet. Excessive flow rates can cause
vibration and/or erosion and severely damage the heat exchanger.

E-4.34 HYDRAULIC HAMMER

Exchangers shouid not be SUbjected to pulsating, slugging, or unstable flow
conditions, which may impair performance or result in destructive hydraulic
hammer. Adequate condensate drainage is essential for steam heaters and
similar apparatus.

E-4.35 TEMPERATURE SHOCKS

Exchangers normally should not be subjected to abrupt temperature fluctuations.
Hot fluid must not be suddenly introduced when the unit is cold, nor cold fluid
when the unit is hot.

E-4.36 FLUID TEMPERATURE LIMITS

E-4.361 Heat exchangers are not to be operated at fluid temperature more
severe than those shown on the heat exchanger specification sheet.

E-4.362 For fixed tubesheet exchanger's fluid inlet temperatures may be
severely limited when there is no fluid on the opposite side. Operation
with fluid circulation on one side only should be avoided. unless
specifically provided for in the design of the heat exchanger.

E-4.4 BOLTED JOINTS

E-4.41 RECOMMENDATIONS FOR RETIGHTENING

. ",r's shop·in
. .of gask"et

shop,and
a'y, require
s."iabhed
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SECTION 4
OPERATION OF HEAT EXCHANGERS

E-4.3 RECOMNIENDEDBOP llGHlENING PROCEDURE

Figure E-4.42
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SECTION 5
MAINTENANCE OF HEAT EXCHANGERS

E-5 MAINTENANCE

E-5.1 INSPECTION OF UNIT

At regular intervals and as frequently as experience Indicates, an examination should be
made of the interior and exterior condition of the unit. Neglect In keeping all tubes clean
may result in complete stoppage of flow through some tubes, which could cause severe
thermal strains, leaking tube joints, or structural damage to other components. Sacrificial
anodes, when provided, should be inspected to determine whether they should be
cleaned or replaced.

E-5.11 INDICATIONS OF FOULING

Exchangers subject to fouling or scaling should be cleaned periodically. A light
sludge or scale coating on the tube greatly reduces its efficiency. A marked
increase in pressure drop and/or reduction in performance usually indicate
cleaning is necessary. The unit shouid first be checked for air or vapor binding to
confirm that this is not the cause for the reduction in performance. Since the
difficulty of cleaning increases rapidly as the scale thickness or deposit
increases, the intervals between cleanings should not be excessive.

E-5.12 PREVENTATIVE MAINTENANCE

Additional important reasons for inspections include:

(1) Corrosion and erosion may weaken various parts of an exchanger and
may eventually cause mechanical failure, or impaired performance.

(2) Determination of fouling and corrosion rates for prediction of service iife
scheduling downtime.

(3) Implementation of preventive maintenance procedures, which reduce
rates of fouling and general deterioration, or eliminate leaks.

E-5.13 ACCESS TO TUBES

Before disassembly, the user must assure himself that the unit has been
depressurized, vented and drained, neutralized and/or purged of hazardous
materials.

To inspect the inside of the tubes and also make them accessible for cleaning,
the following procedures should be used:

(1) Stationary Head End

(a) Type A, C, & D, removes cover only.
(b) Type B, remove bonnet.

(2) Rear Head End

(a) Type L, N. & P, remove cover only.
(b) Type M, remove bonnet.
(c) Type S & T, remove shell cover and floating head cover.
(d) Type W, remove channel cover or bonnet.

® Copyright 1990 Tubular Exchanger Manufacturers Association, Inc.
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SECTION 5
MAINTENANCE OF HEAT EXCHANGERS

E-5.14 LOCATING LEAKS IN TUBES

The following procedures may be used to locate perforated or split tubes and
leaking joints between tubes and tubesheets. In most cases, the entire front face
of each tubesheet will be accessible for inspection. The point where water
escapes indicates a defective tube or tube-to-tubesheet joint.

(1) Units with removable channel cover:
Remove channel cover and apply hydraulic pressure in the shell.

(2) Units with bonnet type head:
(a) On fixed tubesheet units where tubesheets are an integral part

of the shell, remove bonnet and apply hydraulic pressure in the
shell.

(b) On fixed tubesheet units where tubesheets are not an integral
part of the shell and on units with removable bundles, remove
bonnet, re-bolt tubesheet to shell or install test flange or gland,
whichever is applicable, and apply hydraulic pressure in the
shell.
See Figure E-5.14-1 for typical test flange and test gland.

CAUTION: Bolting directly to the edges of the tubesheets
may result in overstress unless sit was
considered in the design of the tubesheets.

Figure E-5.14-1
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(3) Units with type S or T floating head:
Remove channel cover or bonnet, shell cover and floating head cover.
Install test ring and bolt in place with gasket and packing. Apply
hydraulic pressure in the shell. A typical test ring is shown in Figure E­
5.14-2. When a test rings is not available it is possible to locate leaks in
the floating head end by removing the shell cover and applying
hydraulic pressure in the tubes. Leaking tube joints may then be
located by sighting through the tube lanes.

NOTE: Care must be exercised when testing partially assembled
exchangers to prevent over extension of expansion joints or
overloading of tubes and/or tube-toOtube-to-tubesheet joints.

Hydrostatic test should be performed so that the temperature of the
metal is at least 30°F above the minimum design metal temperature,
MDMT.

Figure E-5.14-2

o Copyright 1990 Tubular Exchanger Manufacturers Association. Inc.
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SECTION 5
MAINTENANCE OF HEAT EXCHANGERS

E-5.2 TUBE BUNDLE REMOVAL

Bundles must be withdrawn from the stationary end as noted on the drawing. All parts
such as glands, retainer rings, split shear rings and closure packing ust be removed
before attempting to remove bundle. Threaded eyebolts may be attached to the stationary
tubesheet when tapped holes have been provided for this purpose. When eyebolt
tappings are not provided, rods may be passed through two or more tubes and attached to
a steel bearing plate over the floating tubesheet. Provide a protective spacer between the
bearing plate and tubesheet to protect the tube ends.

E-5.21 HANDLING TUBE BUNLDES

Tube bundles should not be handled with hooks or other devices, which might
damage the tubes. Bundles should be supported on cradles or skids. Horizontal
tube bundles should be lifted by means of suitable sings. Baffles can be bent
and damaged by dragging a bundle over a rough surface. All gasket and
packing contact surfaces should be protected from accidental damage since
these areas are generally difficuit to repair.

E-5.3 CLEANING TUBE BUNDLES

E-5.31 CLEANING METHODS

The heat transfer surfaces of heat exchangers should be kept reasonabiy clean
to assure satisfactory performance. Convenient means for cleaning should be
made available.

Heat exchangers may be cleaned by either chemical or mechanical methods.
The method selected must be the choice fo the operator of the plant and will
depend on the type of deposit and the facilities available in the plant. Following
are several cleaning procedure that may be considered:

(1) Circulating hot wash oil or light distillate through tubes or shell at high
velocity may effectively remove sludge or similar soft deposits.

(2) Some sait deposits may be washed out by circulating hot fresh water.

(3) Some commercial cleaning compounds are available for removing
sludge or scale provided hot wash oil or water is not available or does
not give satisfactory results.

(4) High pressure water jet cleaning.

(5) Scrapers, rotating wire brushes, and other mechanical means for
removing hard scale, coke, or other deposits.

(6) Employ services of a qualified organization that provides cleaning
services. These organizations will check the nature of the deposits to
be removed, furnish proper solvents and/or acid solutions containing
inhibitors, and provide equipment and personnei for a complete cleaning
job.

E-5.32 CLEANING PRECAUTiONS

(1) Tubes should not be cleaned by blowing steam through individual tubes
since this heats the tube and may result in severe expansion strain,
deformation of the tube, or loosening of the tube-to-tubesheet joint.

(2) When mechanically cleaning a tube bundle, care should be exercised to
avoid damaging the tubes.

(3) Cieaning compounds must be compatible with the metallurgy of the
exchanger.

e Copyright 1990 Tubular Exchanger Manufacturers Associaton. Inc.
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SECTION 5
MAINTENANCE OF HEAT EXCHANGERS

(4) Cleaning procedures, especially those which circulate hot fluids through
the tubes, can cause significant temperature differentials between the
shell and tubes. Such cleaning procedures can cause damage to fixed
tubesheet heat exchangers and should be avoided unless specifically
provided of in the design of the heat exchanger.

E-5.4 GASKET REPLACEMENT

Gasket and gasket surfaces should be thoroughly cleaned and should be free of scratches
and other defects. Gaskets should be properly positioned before attempting to retighten
bolts. It is recommended that when a heat exchanger is dismantled for any cause, it's to
be reassembled with new gaskets. This will tend to prevent future leaks andlor damage to
the gasket seating surfaces of the heat exchanger. Composition gaskets become dried
out and brittle so that they do not always provide an effective seai when reused. Metal or
metal-jacketed gaskets. when compressed initially, flow to match their contact surfaces.
In so doing they are work hardened and, if reused, may provide an imperfect seal or resuit
in deformation and damage to the gasket contact surfaces of exchanger.

Bolted joints and flanges are designed for use with the particular type of gasket specified.
Substitution of a gasket of different construction or improper dimensions may result in
leakage and damage to gasket surfaces. Therefore, any gasket substitutions should be of
compatible design.

Any leakage at a gasketed joint should be rectified and not permitted to persist as it may
result in damage to the gasket surfaces.

When metal jacketed filled type gaskets are used with a tongue and groove joint without a
nubbin, the gasket should be installed so that the tongue bears on the seamless side of
the gasket jacket. When a nubbin is used, the nubbin should bear on the seamless side.

E-5.5 SPARE AND REPLACEMENT PARTS

The procurement of spare or replacement parts from the manufacturer will be facilitated if
the correct name for the part, as shown in Section 1, Table N-2, of this manual is given,
together with the serial number, type, size, and other information from the nameplate.
Replacement parts should be purchased from the original manufacturer.

E-5.6 EXPANDED TUBE JOINTS

E-5.61 TUBE HOLE FINISH

Tube hole finish affects the mechanical strength and leak tightness of an
expanded tube-to-tubesheet joint. In general:

(1) A rough tube hole provides more mechanical strength than a smooth
tube hole. This is influenced by a complex relationship of modulus of
elasticity; yield strength, and hardness of the materials being used.

(2) A smooth tube hole does not provide the mechanicai strength that a
rough tube hole does, but it can provide a pressure tight joint at a lower
level of tube wall reduction.

(3) Very light wall tubes require a smother tube hole finish than heavier wall
tubes.

(4) Significant longitudinal scratches can provide leak paths through an
expanded tube-to-tubesheet joint and should therefore be removed.
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E-5.62 TUBE WALL REDUCTION

The optimum tube wall reduction for an expanded tube-to-tubesheet joint
depends on a number of factors, some of which are:

(1) Tube hole finish.

(2) The presence or absence of the tube hole serrations (grooves).

(3) The tube hole size and tolerance.

(4) Tubesheet ligament width and its relation to tube diameter and
thickness.

(5) Tube wall thickness.

(6) Tube hardness and change in hardness during cold working.

(7) Tube O.D. tolerance.

(8) Type of expander used.

(9) Type of torque control or final tube thickness control.

(10) Function of tube joint, i.e., strength in resistance to pulling out, minimum
cold work for corrosion purposes, freedom from leaks, ease of
replacement, etc.

(11) Length of expanded joint.

(12) Compatibility of tube and tubesheet materials.

E-5.63 TUBE EXPANDING

A suitable tube expander should be used to tighten a leaking tube joint. Care
should be taken to insure that tubes are not over expanded. Do not re-expand
tubes, which are not leaking. Do not expand tubes beyond 1/8" from the back
face of the tubesheet.

E-5.64 TYPICAL COMPUTATiON OF TUBE WALL REDUCTION

EXAMPLE OF DETERMINING THE EXPANDED TUBE INSIDE DIAMETER
FOR A SPECIFIED AMOUNT OF WALL REDUCTION

GIVEN: TUBE DIAMETER = 0.750
TUBE HOLE DIAMETER = 0.760
TUBE WALL THICKNESS = 0.065
SPECIFIED WALL REDUCTION = 5%

SOLUTION: WALL REDUCTION = 0.065 x 0.05 =0.00325
FINAL WALL THICKNESS = 0.065 - 0.00325 =0.06175
FINAL EXPANDED TUBE LD. = 0.760 - 2(0.06175) =0.6365

CAUTION: THE USE OF NOMINAL DIMENSIONS, WITHOUT A TTENTION TO
PERMISSIBLE TOLERANCES CAN LEAD TO INCORRECT
CONCLUSIONS.

EXPANDING PROCEDURES SHOULD BE BASED ON MEASURED
DIMENSIONS, NOT NOMINAL DIMENSIONS.
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E-5.65 PLUGGING TUBES IN TUBE BUNDLES

In U-tube heat exchangers, and other exchangers of special design, it may not
be feasible to remove and replace defective tubes. Defective tubes may be
plugged using commercially available tapered plugs with ferrules or tapered only
plugs, which mayor may not be seal welded. Excessive tube plugging may
result in reduced thermal performance, higher-pressure drop, andlor mechanical
damage.

E-5.7 WELDED TUBE JOINTS

Welding procedure and testing techniques for either seal welded or strength welded tube
joints normally are by agreement between manufacturer and purchaser and therefore
should be considered prior to welded tube joints or tube repiacements.

E-5.8 END FLANGES AND BOLTING

The purpose of this section is to alert the users, and provide basic data for consideration
in assembly and maintenance of bolted flanged joints. Controlling the torque applied in
tightening threaded bolts is the most economical and commonly used method for the
control of initial tension. There are several factors, which affect the relationship between
torque and tension of threaded bolts. A few of the factors are the type of lubricant and/or
plating, if any, used on the threads and the materials from which the bolt and nut are
manufactured.

In assembling gasketed joints it is essential that the gasket first be seated uniformly by
initial tightening of studs using a staggered quarterly pattern. After the gasket is seated,
torquing may be completed stepwise to the final desired value, following a staggered or
sequential pattern.

The following may be used as references and aids when assembling bolted flanged joints:

1. Recommended assembly and maintenance of flanged joints as shown In the
Crane Company Catalog #60, Engineering Data Section.

2. Torque Control, Sixth Edition, Sturtevant Company.

3. ASME Code, Appendix S.

E-5.9 SPECIAL HIGH PRESSURE CLOSURES

E-5.10 REPAIRS, ALTERATION, RERATING, AND REPLACEMENT PARTS.

In order to maintain the Code integrity of the vessel, any repairs by welding, subsequent
heat-treating, alterations, replacement pressure parts, or re-rating must be done In
accordance with the National Board Inspection Code.

Potentially toxic or harmful contaminants must be neutralized prior to repairs.

Following repair by welding, post weid heat treatment may be a requirement for
preservation of resistance to corrosion.
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