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ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 

Calc No. W-320-27-015 
Revision NO. X 3  
Page No. I of 2 9  

Client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319 Filename SSA-TEXT. WP 
Subject SUPPORT STRUCTURAL ANALYSIS Date 9 / 1 3  I 9 6  BY D.L.STONE 
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked IO./ 3 / 9 6  By N.J.JUPL0 
Location C TANK FARM - 200  W. AREA ,.~..C . 

z z . 3 ;  

Revised I 1  /-it / 77 BY ,k" p., 1 .. . , Cflkf:.' ' .  
.. . 

OBJECTIVF. 

The objective of  this calculation is to  perform the structural analysis o f  the Pipe Supports designed for 
Slurry & Supernate transfer pipe lines in order to meet the requirements of Code ASME Code 831.3. 

Design Criteria: - 

1. ASME Code B31.3-93 wi th  B31.3a-93 Addenda. 

2. Uniform Building Code, 1991 Edition. 

3. Functional Design Criteria WHC-SD-W320-FDC-00II Rev>! 
A- 

THODOLOGY: 

Support Design Loads: 

The pipe support design loads are obtained from the piping stress calculations W320-27-14 (Ref.7) and 
W320-27-15 (Ref.8). These loads are the total summation of the gravity, pressure, thermal and seismic 
loads. 

Since standard typical designs are used for each type of pipe support such as Y-Stop, Guide and Anchors, 
each type of  support is evaluated for the maximum loads to  which this type of supports are subjected. 
These loads are obtained from the AutoPipe analysis (Ref.7) and used to  check the structural adequacy of 
these supports. These loads are tabulated on Page 3. 

Since the intermediate anchor is designed to  serve as an anchor for both primary pipe and encasement 
pipe, it is evaluated for the combined effect of the loads from the primary pipe (Autopipe analysis) and 
encasement pipe loads. The only Encasement pipe load this anchor wil l  be subjected to is a thermal axial 
load. In the event of earth quake, since anchor structure will move in 
tandem w i th  ground motion, it will not experience any seismic loads. 

This load is calculated on Page 3. 

HNF-2474, Rev. 0, Page A 4  



ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 

Calc No. W-320-27-015 
Revision No. 23 
Page NO. 2 of 2 9  

Client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319 Filename SSA-TEXT. WP 
Subject SUPPORT STRUCTURAL ANALYSIS Date 9 1 1 3  1 9 6  By D L.STONE 
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 1 0  1 3 1 9 6  8y N.J.JUPL0 
Location C TANK FARM - 200 W. AREA Revised I / ~ L I  "7 By Il-, Ls2 , r,. ~ 4 

3 "i 
CI.I<D: g , 

STRUCTURAL ANALYSIS: 

The structural analysis (member stresses & weld stresses) is performed using the principles of statics 
as illustrated in "Design of  Welded structures" by Blodgett (Ref.5) & "Formulas for Stress and Strain" 
by Roark (Ref.6). 

The local stresses in the pipe wall due to  welded attachments such as trunnions are computed based 
o n  Bjilaard principles promulgated in  WRC Bulletin 107 (Ref.10). 
(Ref.1 I), a program based on WRC Bulletin, is used for computing the local stresses for Trunnion 

attachment. The calculated pipe local stresses are added to  corresponding pipe stresses obtained from 
the AutoPipe analysis in order to  satisfy the requirements of Code B31.3. 

The base plates are analyzed using the moment of inertia method. The concrete anchors are qualified 
based on criteria in SDC 4.2, Rev-0, (Ref.14). 

The "POP" computer program 

See pages 3 thru 1 6  for cs;culations. 
See Appendix-A for "POP" program results. 

BEFFRFNCFS; 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

11. 
12. 
13. 
14. 

ASME B31.3-93 Code and ASME B31.3.3a-93 Addenda for "Chemical and Petroleum Refinery". 
Uniform Building Code, 1991 Edition. 
Crane Technical Paper No: 410, 22nd Printing-1985. 
AlSC "Steel Construction Manual" 9 th Edition. 
"Design of  Welded Structures" by  Blodgett, 8 th  Printing. 
"Formulas for Stress and Strain" by Roark & Young, 5 th Edition. 
Calculation: W320-27-14,-Rw-@"Encasement Pipe Stress Analysis". Pcu. 3 
Calculation: W320-27-13,i?ev-Q-" Process Pipe Stress Analysis". Rev S 
Pipe Support Detail Drawings: H-2-818548 sh 1 & 2 of 2, Rev-0 
WRC Bulletin no: 107, March 1979 "Local Stresses in Spherical and Cylindrical Shells due t o  
External Loadings" by K.R. Wichman, A.G.Hopper and J.L. Mershon. 
Computer program "POP" (PIPE ON PIPE) Version-0, Release Date: Feb 12, 1993. 
W - W P r o j e c t  Specs: "WHC-SD-W320-FDC-00II Rev-?" 4 
"Hand Book of  Engineering Fundamentals" Third Edition by 0. W. Eshback and M. Souders. 
SDC 4.2, Rev-0, "Design & Installation of  Expansion Anchors" 
cued F G I J L J  P , , . ~ + ~ & *  W . Z \ S .  I 2 0 6  , c~Y, , :  .T k + p r s , o n  A,,i.ors) 



ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 

Client WESTINGHOUSE HANFORD CO. WOlJob No. ER4319 
Subject PROJECT W-320 WASTE RETRIEVAL Date 911 3/96 
for Tank 241-C-106 Support Structural Analysis Checked i0[43( ai 
Location C TANK FARM 200 EAST AREA Revised 

Incline 1 Node X Y 2 
A74 283 

Calc. No. W-320-27-015 
Revision No. 2 
PageNo. 3 of 29 

Filename FORCES.XLS 
By D.L.STONE 
BY r l . J . J U p L 0  
BY 

X Y z 
I I I 

ENCASEMENT PIPE AXIAL LOADS FOR INTERMEDIATE ANCHOR (Ref. 7) 

Y 2 X v 2 
(Ref. W320-27.013 Appdx. 1 1  FORCES (Ib) I MOMENTS (ft-lb) 

3844 

* Note: Where Encasement Pipe segments o n  on either side of anchors are equal, axial friction forces at  the 
anchor are equal in magnitude and opposite in direction, resulting in zero axial load on the anchors. 
The maximum difference between pipe segment lengths on either side of an anchor occurs at Node A49. 

Axial load at A49: 

AL = F =  F2 = FxAL = 
13.82 23.18 3844.1 71 2 

(Ref. 7) 

HNF-2474, Rev. 0, Page A d  



Calc No : 
Revision No : 2 
PageNo 4 of 29 

W- 320- 27- 015 ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 
Client: WESTINGHOUSE HANFORD COMPANY WONob No ER4319 Filename S A b l m c d  
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9 / 13 / 96 By D.L.STONE 

PIPE SUPPORT STRUCTURAL ANALYSIS Checked: l O l 0 3 1 9 b  BY: J. J .  JtlQLO 
Location: C TANK FARM - 200 EAST AREA HANFORD Revised BY 

DEAD WEIGHT SUPPORT ANALYSIS (Details 2 and 4 Ref.9) 

The purpose of this calculation is to determine a minimum plate thickness required for the 
Process Pipe Dead Weight Support. 

Static bending analysis to determine maximum allowable stress for a minimum plate thickness 

Worst case loadings determined from Autopipe analysis. (See Page 3) 

ASTM A36 

S h  = 169ODpsi 

F .= 286 lbf 

b = 3.3125.h 

d = 3.in 

b M = F  - 

M = 236.844 .Ibf.in 
y 4  

t = 0.25 in 

c .: (3 
c =0.125.in 

I = 0.004 *in4 

Plate Material (Ref. 9 ) 

Code 531.3 Allowable Stress 
at 200 deg F (Ref. 1 ) 

Worst case loading for 
Process Pipe Dead Weght Support. 

Design width of support plate. (Ref. 9 ) 
(Simple support beam span - conservative) 

Plate Length 
FY 

Momentat F y  (Ref.5) -1 
P 

t 

Design thickness of support plate. 

Distance between centroid and outerfiber. 

Moment of Inertia of the plate 

M. c 
(5 BPL = T 
a BpL =7.579.103 .psi Calculated bending stress at F 

t 

(Ref. 5 ) 

HNF-2474, Rev. 0, Page A-7 



Calc No : 
Revision NO : 2 
PageNo 5 of 29 

w- 320- 27- 015 ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 
Client: WESTINGHOUSE HANFORD COMPANY WONob No ER4319 
Subject: PROJECT W320 WASTE RETRIEVAL Date: 9 / 13 / 96 By D.L.STONE 

PIPE SUPPORT STRUCTURAL ANALYSIS Checked: IOlo3l5h By: d. J .JUPLD 
Location: C TANK FARM -200 EAST AREA HANFORD Revised BY 

Allowable stress for ASTM A-36 Plate 
(Ref. 1 ) 

tmin =0.145 *in 

t =0.25.in 

(Ref. 5 ) 

Minimum required plate thickness. 

Design Thickness (Ref. 9 ) 

1/4" Plate is adequate for worst case loadings. 

HNF-2474, Rev. 0, Page A-8 



Cab. No.: 
Revision No.: -2-3 

W- 320- 27- 015 ICF KAISER 
HANFORD COMPANY DESIGN ANALYSIS PageNo.: 6 of 29 

Client: WESTINGHOUSE HANFORD COMPANY WONob No.: ER4319 
Subject: PROJECT W320 WASTE RETRIEVAL Date: 9 / 13 / 96 By: D.L. STONE 

PIPE SUPPORT STRUCTURAL ANALYSIS Checked: i O l b 3 l q L  By: rf.4. JUPLO , 
1 BY: g,$6yAie ~ 1 4 x 2 :  I! J:.:;;.+ I- Location: C TANK FARM - 200 EAST AREA HANFORD Revised: I I * 

3 .  j3< 
WELD CALCULATIONS FOR JOINT BETWEEN LUGS-ANDPRQGWI~E+ i ,'\, . ', VI+ G > J  5.Na5e ,..: WT P;p. 

WELD PROPERTIES: (Ref, 5) 

b = 3 .313.h  d = 3 i n  I ;,, 
Y 
I As g ,g l~ r  ~ E J :  ';a" : N - ~ ~ Q W I T ~ ~ > \ - T  5 p o v i  1 2 ~ ; ~  Q 2';:' 2 .  . .  

JGINTLC 3s: 

Tensile 

Moment 

WELD STRESS: 

Aw = 2 d A w = h  2 ID 

Swy = b d  sWy=w?+& -3rn2 

L swZ=sm* 0 33 In 
d2 swz = - 
3 

FILLET WELD SIZE REQUIRED: 

S h = 1670O.psi 

S = p S =d -psi Allowable Weld Stress per ASME Code 831.3 (Rei 

w = ___ W = M W - l l l  Minimum M W e l d  Required 

I.33XO.8X s h  \748 I 

Geom E fw 
m. S 0.013 

Design = (:'*) Design Fillet Weld Size 

Design 9.6 
SFfw'=- SF fw =18r578 4.6 Design exceeds requirement by a factor of *8,5iL& - 

W 

HNF-2474, Rev. 0, Page A-9 



ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 
Client: WESTINGHOUSE HANFORD COMPANY WONob No.: ER4319 
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9 / 13 / 96 

Location: C TANK FARM - 200 EAST AREA HANFORD 
PIPE SUPPORT STRUCTURAL ANALYSIS Checked: 1 0  lo3 /9U 

Revised: 

Cab. No.: 
Revision No.: 2 
PageNo.: 7 of 2 9  

Filename: SA43A.mcd 
D.L. STONE 

w- 320- 27- 015 

By: 
BY: L a .  JOPLO 
By: 

Process Pipe Guide Lua Desiqn 

Assumptions: Lugs see Process Pipe Loads, only. 

Each lug is subjected to total loading (conservative.) 
Critical Process Pipe Loads located at Nodepoint A41 on 
Autopipe Model TRAN-SP are determined as critical. 

Loads (SeePage3) 

F = O.lbf 

F y  = 532.lbf 

Longitudinal Force 

Vertical Force 

F = 4670' + 6702.1bf F - 947.523 .Ibf 

F x  F L  =T F L  - O.lbf 

Horizontal Force 

Longitudinal Loading 

~ 

(Detail 3 Ref. 9) 

(Ref.8) 

Fz 

FA.=  Fycos,GO.degl +Fz.sin,60.degt F A  - 1.087.103 .Ibf Axiel Loeding 

F = Fysinl 60.degi + FZ.cos, 60.degt F - 934.487.1bf Shear Loading 

Properties 

Material: ASTM A240 TP 304L 

Sh = 167OO.psi 

(Ref. 9) 

Allowable Stress at 200 deg F (Ref.1) 

L = 4.in 

w .= 0.72.in 

t .= 0.375.in 

t 
c y . = ?  

L 
c z  = -  

2 

A = L.t A - 1.5.h' 

U 
t 

(Ref. 5 )  

Lug Area 

HNF-2474, Rev. 0, Page A-10 



ICF KAISER 
HANFORD COMPANY 

Calc. No.: 
Revision No.: 2 

w- 320- 27- 015 

DESIGN ANALYSIS PageNo.: 8 of 29 

Client: WESTINGHOUSE HANFORD COMPANY WOlJob No.: ER4319 Filename SAd3A.mcd 
Subject: PROJECT W320 WASTE RETRIEVAL Date: 9 I13 I 96 By: D.L. STONE 

PIPE SUPPORT STRUCTURAL ANALYSIS Checked: lo 1031 9b By: 4.J .JOPLO 
Location: C TANK FARM - 200 EAST AREA HANFORD Revised: By: 

I = 1 . 3 . L  I =0.01S-in4 Moment of Area about y (Ref. 5) y 12 Y 

1 
I =-t.L3 I z = 2 . i n 4  Moment of Area about z = 12 

z =0.094.in3 Section Modulus I Y  z = -  
Y 

Y y c  
Y 

Tension and Bendinq 

F A  FS.W 
on = -  +- on=7.901.103 'psi 

A ("J 
S all = 1.33-S h s2!, =2.221.104 .psi 

Idn/ =7.901*103 .psi < Sall=2.221-104 .psi (Ref. 1) 

WELD CALCULATIONS FOR JOINT BETWEEN LUGS AND PROCESS PIPE: 

WELD PROPERTIES: (Ref. 5) 
Y 

I b = 0.375in d.4.in 

Cy =0.187.in 
b Cy = -  
2 

d 
2 

cz  = -  Cz=2*in 

AW = 2.d Aw=S*in 

S y  = b.d 

2 
SW = 1.5-in2 

S W  =5.333 .in2 

Jw = 10,948 .in3 

swz = - 
3 

&b2 + d2) Jw = ~ 

HNF-2474, Rev. 0, Page A-11 
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ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 

Calc. No.: 
Revision No.: 2 
PageNo.: 9 of 29 

w- 320- 27- 015 

Client: WESTINGHOUSE HANFORD COMPANY WONob No ER4319 Filename SAb3A.mcd 
Subject: PROJECT W320 WASTE RETRIEVAL Date: 9 /13  / 96 By D.L. STONE 

Location: C TANK FARM - 200 EAST AREA HANFORD Revised 
PIPE SUPPORT STRUCTURAL ANALYSIS C h e c k e d : ( O l 0 3 1 9 6  By: d.J. JUPLO 

BY 

Design Fillet Weld Size 

(Ref. 1) 

JOINT LOADS: 

Tensile Fx = F A  Fy = O.lbf FZ 2 O.lbf 

Moment M s  .= O.inlbf My = F S'W Mz = 0-inlbf 
WELD STRESS: 

f,,,. -+ -+ -  Mv Mz)* + (Fy -+- MxCy)' + (Fz -+- M s C z T r '  Ibf 
fw r584.376.- 

in 
[ ( E v  Swy Swz Aw Jw Aw Jw 

FILLET WELD SIZE REQUIRED: 

S h  = 167OO.psi 

S = 1.2.0.75.S S = 1.503.104 -psi Allowable Weld Stress per ASME Code 831.3 

Minimuni Fillet Weld Required w =0.055 .in fW 

0.707,s 
w =- 

SFfwz3.409 Design SF hV = - 
W 

Design exceeds requirement by a factor of 3.409 - 

PIPE LOCAL STRESSES DUE TO WELDED LUGS: 

As is evident from above, since weld stresses are very low, 
local stresses in pipe will be insignificant. 

HNF-2474, Rev. 0, Page A-12 
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Calc. No.: W- 320- 27- 015 
Revision No.: 2 
PageNo.: 10 of 29 DESIGN ANALYSIS 

Client: WESTINGHOUSE HANFORD COMPANY WONob No.: ER4319 Filename: SAb7mcd 
Subject: PROJECT W320 WASTE RETRIEVAL Date: 9 / 13 / 96 By: D.L. STONE 

Location: C TANK FARM - 200 EAST AREA HANFORD 
PIPE SUPPORT STRUCTURAL ANALYSIS C h e c k e d % o / o 3  1910 By: J.J.JLIPL0 

Revised By: 

AUTOPIPE global axes oriented at 
45 degree angle to  pipe local axes. 

INTERMEDIATE ANCHOR: (Detail 1 Ref. 9) P 

AUTOPIPE Loads for Process Pipe 

F, =50Xlbf M, =8XAlbf 

(See Page 3) 

Pad 314"Thk 

3.32" 

i 
4.68" 

PIPE LOADS at A 

P = F y  

V c = F Z.cos(45.deg) + F , cos(45,deg) 

1' = 259 .Ibf 

V =845.7 .Ibf 

V L  = F ,.sin(45deg) + F Z.sin(45.deg) V L =X-lj.7.lbf 

Radial Load 

Circumferential Shear 

Longitudinal Shear 

MT = M y  MT =3.276.103 einlbf Torsional Moment 

MC .= MX.cos(45.deg) + Mz.cos(45.deg) M C  =3.818-103 +lbf Circumferential Moment 

ML.= Mx.sin(45.deg) +Mz.sin(45.deg) Mt=3.818.103 .inlbf Longitudinal Moment 

F .= 3844.lbf Encased pipe Axiai Load 
(See page 3) 

PIPE LOADS at B (Checking pipe local stresses and weld between pad and pipes.) 

P = 259 .Ibf 

V CB = 845.7 .Ibf 

V LB =4.69.103 .Ibf 
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Revision No.: 2 
PageNo.: 11 of 29 

ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 
Client: WESTINGHOUSE HANFORD COMPANY WOlJob No.: ER4319 Filename: SA47mcd 
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9 13 / 96 By: D.L. STONE 

Location: C TANK FARM - 200 EAST AREA HANFORD 
PIPE SUPPORT STRUCTURAL ANALYSIS Checked10 103 1% By: d. J. APLO 

Revised: By: 

PIPE LOADS at C (Checking base plate and anchor bolts.) 

P c  = P  

vcc ' V C  

VLC = V L + F A L  

MTC = M T  

MCC = MC + (8 in) V c  

'rKU!!IOrI STRESSES: 

Material: 

A .= 4.4~7.iil2 

z := 4.217.in3 

4" Schedule 80 

Area of metal of 4" pipe. 

Section Modulus 

A 106 GR-B Pipe 

an .= -  P C + M C C + M L C  on=1.237.104 .psi Tensionand Bendinq 
A 

Allowable Stress 

on=1.237.104 -psi < Sal1 =2.66.104 'psi 

Shear stresses are insignificant. 

HNF-2474, Rev. 0, Page A-I4 



ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 
Client: WESTINGHOUSE HANFORD COMPANY WO/Job No.: ER4319 
Subject: PROJECT W320 WASTE RETRIEVAL 

Location: C TANK FARM - 200 EAST AREA HANFORD 

Dale: 
Checked ,0103 l q b  
Revised 

9 / 13 / 96 
PIPE SUPPORT STRUCTURAL ANALYSIS 

Calc. No.: w -  320- 27- 015 
Revision No.: 2 
PageNo.: 12 of 29 

Filename: SAd7.mcd 
By: D.L. STONE 
By: A.J. J d P L O  
By: 

WELD CALCULATIONS FOR TRUNION TO BASEPLATE JOINT: 

JOINT LOADS at C: 

F x - = P c  

Fx = 259 -Ibf 

Mx .= M TC 

Mx =3.276*103 *in.lbf 

WELD STRESS 

WELD PROPERTIES: 

d =451n 

C) i d  
2 
d cz = -  
2 

Aw = n d  

v d2 
4 

s y  = -  

suz = s y  
R d' 

Jw = - 
4 

(Ref. 5) 

Cy = 2.25 .in 

Cz = 2.25 .in 

Aw =14.137.in 

Swy = 15.904.111~ 

Swz = 15.9O4.in2 

Jw = 71.569 .in3 

Fz =Vcc 
Fz =845.7 .lbf 

FILLET WELD SIZE REQUIRED: 

s h 17800 PSI 

S = 3 2 0 7 5 8 h  S=16O2*1O4 .PSI 

ALLOWABLE WELD STRESS PER CODE 831.3 for A36 Plate 
(Ref. 1) 

w = 0.293 -in fW 

0.707,s 
w .= ~ 

Design = (G).)." 
Minimum Fillet Weld Required 

Design Fillet Weld Size 

SF fw = ?!?@ SF fw = 1.068 HNF-2"k@&e%g%&~rement by a factor of 1.068 - 
W 

HNF-2474, Rev, 0 
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ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 

Calc. No.: W- 320- 27- 015 
Revision No.: 2 
PageNo.: 13 of 29 

Client: WESTINGHOUSE HANFORD COMPANY WOlJob No.: ER4319 Filename: SAd7.mcd 
Subject: PROJECT W320 WASTE RETRIEVAL Date: 9 / 13 / 96 By: D.L. STONE 

PIPE SUPPORT STRUCTURAL ANALYSIS Checked10 103 146 By: &J.dOeLP 
Location:C TANK FARM - 200 EAST AREA HANFORD Revised: By: 

WELD CALCULATIONS FOR JOINT BETWEEN PAD AND PIPES: 

Note: 1" gaps on top and bottom have been omitted to allow room to weld drain and vent. These gaps 
are insignificant compared to the total weld length and are, therefore, not considered in the analysis. 

Y 

JOINT LOADS at E: 

FX VLB 

Fx=4.69.103 *lbf 

M X  =MCB 

Mx =6.626.103 4nlbf 

WELD STRESS: 

WELD PROPERTIES: 

d = 4.5 in 

d c y  = - 
2 
d c z  = -  
2 

Aw = 2.(?i.d) 

(Ref. 5) 

Cy =2.25 .in 

Cz =2.25 .in 

Aw =28.274.in 

Swy =31.809.in2 

Snz=31.809*in2 

J w  = 143.139.in3 

Fz = V C B  

Fz = 845.7 -1bf 

M z  =MLB 

M z  = 1.939.104 .in-lbf 

0.5 

fiv = [ (2 +- My +-)Z Mz + (G+T)l Fy MXCy + (G+T)Z] Fz MXCz fw=895.75.- lbf 
Aw Swy Swz in 

(Ref. 5) 

FILLET WELD SIZE REQUIRED: 

S h* 167OO.psi 

Sz1.2.0.75.Sh S =1.503.104 .psi 

ALLOWABLE WELD STRESS PER CODE 831.3 
forA312TP306 Pipe 

(Ref. 1) 

(Ref. 1) 

w 2- fw w =0.084.in 
0.707,s 

SF fw = 2.224 Design SFfw=- 
W 

Minimum Fillet Weld Required 

Design Fillet Weld Size 

HNF-2474, Rev. 0, Page A-16 
Design exceeds requirement by a factor of 2.224 - 



Calc. No.: w- 320-  27- 015 
Revision No.: 2 
PageNo.: 14 of 29 

ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 
Client: WESTINGHOUSE HANFORD COMPANY WONob No.: ER4319 Filename: SAd7.mcd 
Subject: PROJECT W320 WASTE RETRIEVAL Date: 9 13 / 9 6  By: D.L. STONE 

Location:C TANK FARM - 200 EAST AREA HANFORD 
PIPE SUPPORT STRUCTURAL ANALYSIS Checked 10/03 I 9 b  By: d .l. Jrlpb 

Revised: By: 

BASE PLATE ANALYSIS: 

E 
i 

DIMENSIONS: Y 

b = 7.75 in B = 9.in 

d = 11.75..in D = 13.in 

c = 7.in t = 1-in Plate Thickness 

x = 4.5-in z = 45 in  Attachment Diam. 

bl = b + 5 + 2.t 

Z 
(circular) 

bl = 12.h 2 

dl : c + 5 + 2.t dl = 11.25-in 
L b  2 
- B  

d2 .= d + dl d2 =23 .in 

LOADS @ATTACHMENT ”AI” : 

Fsl = P c  

Fxl = E 9  .lbf 

Mxl = M T C  

Mxl =3 276.103 .in lbf 

LOADS @ ATTACHMENT “ A T  : 

Fx2 = P c  

Fx2 = 259 .lbf 

Mx2 = MTC 

My2 =3 276.103 .in lbf 

(See Page 11) 

Fyl = VCC 

Fyl = 845 7 .Ibf 

My1 = MLC 
My1 =4 134.104 .in lbf 

Fy2 = V cc 
Fy2 = 845 7 .lbf 

My2 = MLC 

My2 =4  134.104 .in lbf 

LOADS @ CENTROID OF BOLT PATTEREN: 

Fzl = VLC 

Fzl =4.69.103 -1bf 

& I . =  Mcc 

Mzl = 1.058.104 +lbf 

Fz2 = V LC 

Fz2 =4 69*103 .lbf 

Mz2 =MCC 

Mz2 = 1.058.104 -in.lbf 

Fx = Fxl + Fx2 
Fx =518 .lbf 

Fy = Fyl + Fy2 Fy = 1.G91.103 .lbf 
Fz = Fzl + Fz2 Fz =9.379.103 *lbf 

Mx .= Mxl + Mx2 + C(Fz1 + Fz2) Mx=7.221*104 *hlbf 

My = My1 +My2 My =8.267*104 -in.lbf 
M z  = Mz1 + Mz2 + c.(Fxl + FX@TF-2474, Rev. 0,W@H%q04 .inlbf HNF-2474, Rev. 0 
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Calc. No.: W- 320- 27- 015 
Revision No.: 2 
PageNo.: 15 of 29 

ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 
Client: WESTINGHOUSE HANFORD COMPANY WOlJob No.: ER4319 Filename: SAd7.mcd 
Subject: PROJECT W320 WASTE RETRIEVAL Date: 9 / 1 3  / 96 By: D.L.STONE 

L0cation:C TANK FARM - 200 EAST AREA HANFORD Revised: By: 
PIPE SUPPORT STRUCTURAL ANALYSIS Checked 1 0  I 0 3 / 4 d  By: J.J. JJPLO 

BOLT TENSION &SHEAR: 

T , F "  MY M z  +-+- 
6 3-bl 2.dl +2.d2 T =2.745.103 -Ibf 

S =3.247.103 .Ibf 

BOLT INTERACTION ( I - BOLT SIZE & EMBEDMENT: 

A s  .= 0.462 Tensile Stress Area for 7/8 Diam. Bolt 

Sh = 13700 

Ta = 1.33.A;Sh Ta=8.418.103 

Sa = 1.33.AS.O.8.Sh Sa =6.734.103 

Allowable Tensile stress for A307 Bolts Ref. AlSC 
at 2000 F. 

TENSION Allowable 

SHEAR Allowable 

I .r+s 
Ta Sa 

I =0.808.Ibf < 1.0 BOLTS ARE ACCEPTABLE 

S h  = 178OO.psi 

(Ref. 4) 

BASE PLATE STRESS: 

Maximum Bending Moment on Plate 
I 

Mb = 3 T \b - 

2 B? 
6 

Mb ob = - 
Z 

Mb =4  529.104 e r n  lbf 

z=3.,n3 =- 

Maximum Bending Stress ob=151.104 -psi 

oall =2.367.104 .psi 

For A36 Plate 

Code 831.3 Allowable (Ref. 1) 

Pg. 4-3 

(Ref. 5) 

ob = 1.51.104 -psi < oa1l =2.367-104 .psi MAXIMUM STRESS LEVEL ACCEPTABLE 

HNF-2474, Rev. 0, Page A-18 



FLUOR DANIEL Calc. No.: W320-27-015 

NORTHWEST INC. Revision: 3 

DESIGN ANALYSIS Page NO.: I 6  of 2 7 
Client: Numatec WOIJob No.: ER4319N-320 
Subject: Support Structural Analysis Date: I t /q /q7  By: y. &yq,c 

Location: C Tank Farm 200 East Area Revised: By: 

Project W-320 Waste Retrieval for Tank 241-C-106 Checked: 7-  , By: $L ,I&I+/~- 

TOTAL PIPE STRESSES 

encasement pipe due to the trunion. 

Processpipe: [ /~$TM 

Includes local pipe stresses due to welded trunion. Assumes the same stress state in the process and 

A7312 Ti'SorL L 1 S A  = 5, z 1670~3 p$! 

Max Sustained Stress (Autopipe Ref. 8) 

Local Stress (Sus. + Ther. + Occ.) 
(From :POP', Pg. 6, Appdx A) Total 15941 psi < 16700 psi allowable 

8128 psi 

7813 Dsi 
Cy4 y . ,4 pay 163 

Max Displacement Stress (Autopipe, Ref. 8) 

Local Stress 7813 psi 

16758 psi 

Total 24571 psi < 25050 psi allowable 

-. - - [ \ . z ~ ~ ~ - ~ o . z r ;  sC] 
Max Occasional Stress (Autopipe, Ref. 8) 

Local Stress 781 3 Dsi 

13427 psi 

21240 psi < 2221 1 psi allowable z ( 1.3 3 SI, 1 
App4x-A ~7 

Total 

Note: The allowable stress exceeds two-thirds of yield strength at temperature (Ref. 631.3 Para 302.3.6(a) and should be reduced 
slightly. However, the actual stresses at the intermediate anchor points are significantly less than the max occasional stress used here, 
therefore this is acceptable. 

~ ~ ~ ~ ~ ~ ~ ~ ~ t p i ~ ~ :  A S T M  1353 T. \C?-?  s';?'% :: g h  I 2. 6006 p" 
\ ,  

Max Sustained Stress (STAB, Ref. 7) 1922 psi 

Local Stress 7813 Dsi 
Total 9735 psi < 20000 psi allowable (SA > 

Max Displacement Stress (STAB, Ref. 7) 

Local Stress 781 3 osi 

23800 psi 
( Pa8L-10 dJ 'XQ COIU) 

Total 31613 psi < 40265 psi allowable 

Note: allowable = 1.25(20000 psi + 20000 psi) - 9735 psi = 40265 psi (Ref. B31.3) 

Max Occasional Stress (STAB, Ref. 7) 5904 psi 

Local Stress 7813 Dsi 
Total 13717 psi < 26600 psi allowable . 3 3 C \ 

HNF-2474, Rev. 0, Page A-19 
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SOURCE 

WELDING RESEARCH COUNCIL BULLETIN NO, 107h'lARCH 1979 REVISION.LOCAL 
STRESSES IN SPHERICAL AND CYLIXIIIICAL SHELL DUE TO EXTERNAL 
LOADING" BY K.R. WICHMAN A.G. HOPPER AND J.L. MERSHON 

PROGRAM AUTHOR. MOHAMMED M. AHMED 

FILE NAME: W32OPOP. mcd 

WORK ORDER/ JOB NO. ER4319 

INPUT B Y  DiannaL. Stone 

CHECKED B Y  
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Design Specific=':- 

Janu; - MODEL 7400 (Supersedes h '3 

DESCRIPTION 
The Brooksm Wafer-Mag electromagnetic flowmeter is a 
solid state, obstructionless flow rate measuring device 
which iscapableofmeasuringa wide rangeofconductive 
liquids, clear or slurried. 

' The Wafer-Mag is comprised of two basic parts: a flow 
transmitter which becomes a part of the pipeline and a 
signal converler. A magnetic field is generated by com- 
pact high density field coils mounted lo a short section of 
straight pipe. As a conductive liquid passes through the 
pipe section and its magnetic field, avoltage is generated 
that is directly proportional to the velocity of the conduc- 
tive liquid. The voltage induced is sensed by electrodes 
mounted at right angles lo the magnetic field and in 
contact with the conductive liquid or slurry. The elec- 
trodes are insulated from the pipe by a non-conductive 
liner that encapsulates all wetled parls of the pipe. From 
the electrodes, t h e  voltage is transmitted to a signal 
conditioner where it is conditioned to the desired output 
signal(s). 

WAFE R-MAGTM ELECTROMAG N FTlC FLOWM ETE R 

'he Brooks Wafer-Mag employs a keyed bi-direclionaldc 
magnetic field and digital electronics to establish new 
criteria in wide rangeability, high accuracy and low power 
consumption. The Wafer-Mag generates an open collec- 
tor frequency (proportional to liquid velocity) of 10 kHz at 
maximum flow rate. Convenient terminal connections are 
provided lo permit local or remote verification of proper 
meter operation. Optional analog current or factoredl 
scaled pulse outputs are available for integral or remote 
mounting. 

DESIGN FEATURES 
* Accuracyof ~ 0 . 5 %  of rate 
' Laylengfh: wafer body design for installation between 

mating flangesof ANSI, DIN or BS bolt pattern, to 300 
fb. ANSI rating. Minimum length for maximum ease of 
Installation. 

' tight weightthewaferbodydesign minimizesweightto 
maximize ease of handling. 
hbs t ruc fed r low no restrictions are in the liquid path. 
Pressuredropisequal toan equivalent lengthof pipeof 
the Same inside diameter. 

0perafion:flow measurement is unaffected by 
changes in temperature, pressure, specific gravity, 

' 

I 

I I 

viscosity and/or conductivity above a minimum of 3 
micromhoskm over a wide range of ambient tempera- 
tures. 

DC magnetic field. bi-directionally driven magnetic 
field. - Aulomaticzero: no adjustments required. Signal volt- 
age is dynamically verified each time the coil current 
reverses up to 75 times per second. 
Low power consurnpiion: approximately 15 watts for 
sizes 0.15" to 8". 

Interchangeable electronics: all wafer-mag electronics 
are interchangeable. No test equipment required. 
Potted coil housing: coil housing internals are  
completely potted for maximum environmental 
and vibration resistance. 

* Separate sealed wiring comparlmenfs: provide easy 
customer access for hook-up with maximum protection 
for electronics. 
Digital analog span: analog output has digital span 
setting for re-ranging without test equipment and no 
electrical power required for setting. 

* OptionalSmarl electronics (3580): configurable through 
local or remote operator interface. 

\ Brooks Ins f ru rn en t 
RSHEil-ROSEMOUKI 

HNF-2474, Rev 0 
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Elettrical Approvals: .' Flowheadswilh integral eleclronics: FM approved Class 
I ,  Division 2, Groups A, B. C and D, Class 11, Division 1, 
Groups E. F and G and Class 111. - Flowheads for remote hook-up to 3560,3570 or 3580 
electronics: FMapprovedClass I, Division2,GroupsA, 
6, C and D, Class 11, Division 1, Groups E, F and G and 
Class 111. 
Optional: FM approved Class I ,  Division 1,  Groups C 
and D. Flowhead can be used with Brooks remote 
electronics Models 3560, 3570 and 3580. 

SPECIFICATIONS 
WARNING: Do not operate this instrument in excess  
of the specifications listed below. Failure to heed this 
warning could result in personal injury andlor dam- 
age  to the equipment. 

Capacities 
FullScaleMeterRange: 1 to 10meterdsecorl tol0feeff 

sec, jumper selectable with no special calibration 
required (refer toTable 1). 

' 

Accuracy 
System -0.5% of Ihe rate from one unit per second lo fen 

units per second. (one unit = one foot or meter) a a .  
0.005 unils per second below one unit per second. '.. ' 

Analog output 
Add +0.1% full scale to above accuracy'specifications. 
Repeatability 
0.25% of rate 
Pressure Limits 
740 psig Q 100°F (40°C) Tefzel and Teflon tubes 
285 psig Q 1OD"F (40°C) RyIonTM tubes (1' and smaller) 
150 psig 0 100°F (40°C) Ryton tubes 1-112" and 2" 
Temperature 
Ambient: 0 to 150°F (-18 to 65°C) 
Process: Refer to Table 2. 
Power Requirements 
Selectable by jumper plug -1 15 Vac or 230 Vac. *15% 

47-63 Hz, 10-30 Vdc 
Power Consumption 
15 Watts maximum 

Table 1 Capacity Table - Velocity-lo-Flow Conversion Factors 0.15" to 8" 

' All Values are approximate - actual values will depend on flow tube K-factor "' These meter sizes are only offered with Ryion flow tubes, maximum pressure 285 psig at 10O.F (40'C) "' Low flow cut-off is 2.3% of the selected analog setting adjustable from 23 Hz as listed in the above lable through 230 Hr at the 
MAXIMUM FULL SCALE ANALOG SETTING AT 10 FEET OR 10M PER SECOND. 

HNF-2474, Rev. 0 
Page B-92 

G-9 



PROGRAMMED BY: 
M. M. AHMED 

1. APPLIED LO.%DS: 

NOTE: THESE ARE TEE. LOADS ACTING AT PIPE WALL & 
ATTACHMENT JUNCTURE. 

VERSION 0 
PAGE N O  2 

P 259 

M 2 6626 

M1z19390 

M,=3276 

V,-846 

V 1~4690 

2. GEObETRY: 

RADIAL LOAD IN POUNDS 

CIRCUMFERENTIAL MOMENT IN INCH-POUNDS 

LONGITUDINAL MOMENT IN INCH-POUNDS 

TORSIONAL MOMENT IN INCH-POUNDS 

SHEAR LOAD ACROSS PIPE LENGTH IN POUNDS 

SHE.AR LOAD ALONG PIPE LENGTH IN POLNDS 

(Ref. File SA-Oll.mcd, 
"Pipe Loads at B") 

T= 1.267 

Rmz2.68 

r052.25 

wz0.3125 

r s 0 . 7 0 7 ~  

r =0.221 

SX3C.P!P' 0 73?+EYC. P I E  C.25+PAD 0.75=1.2G7 

@NC. OD 6.625 - T 1.26312 

ATTACHMENT PIPE (TRUNNION) RADIUS IN INCHES 

FILLET WELD SIZE IN INCHES 

FILLET WELD RADIUS IN INCHES 

3. GEOMETRIC PARAMETERS 

PIPENESSEL PARAMETER Rm 
T 

r _- 

r =2.115 

p : (0 .87j ) .Z  ATTACHMENT PARAMETER 
Rm 

I3 =0.735 

HNF-2474, Rev. 0, Page A-34 



PROGRAMMED BY: 
M.M.AHMED 

4. STRESS CONCENTRATION FACTORS: 

Kn =2.594 

TENSILE FACTOR 

BENDING FACTOR 

Kb =2.173 

BIJLAARD'S NONDMENSIONAL CURVES: 

VERSION 0 
PAGE NO: 3 

THESE CURVES ARE PLOTTED FOR 'D'VERSUS A NONDIMBNSIONAL 

LOADS.THIS PROGRAM ADOPTS A SIMPLE AND CONSERVATIVE 
APPROACH FOR A SPECIFIC, MOST OFTEN USED RANGE OF VALUES 

CONSTANTS FOR DIFFERENT VALUES OF 'r' AND APPLIED 

FOR 'pi & lri. SINCE MOST OF THE PIPE ATTACHMENTS 
DESIGNED HAVE THE PARAMETERS 'pi or' WITHIN THE RANGES 
LISTED BELOW, THE MOST CRITICAL NONDJMENSIONAL CONSTANTS 
ARE CHOSEN FROM THE APPLICABLE CURVES AND USED IN 
COMPUTING STRESSES CONSERVATIVELY. THUS ELIMINATING THE 
USE OF BIJLAARD CHARTS EACH TIME. 

IF VALUE OF "rii IS BETWEEN s AND is r =z.iis 

!? =0.735 AND "p" = OR > 0.5, 

USE THE CONSTANTS GNEN BELOW. 

(IF r & p DO NOT FALL WITHIN ABOVE RANGE, READ CONSTANTS 
FROM SPECIFIC CURVES AND USE THEM IN PLACE OF CONSTANTS 
LISTED BELOW.) 

SINCE "b 

SINCE VALUES ARE OUT OF ABOVE RANGE, APPROPRIATE BJILAARD 
CONSTANTS ARE USED. 

HNF-2474, Rev. 0, Page A-35 



PROGRAMMED B Y  
M.M. AHMED 

CONSTANTS FOR CIRCUMFERENTIAL STRESSES ______ 
A+ 0.70 

BOz0.04 

CQ i 0.20 

DQ 0.12 

EQ=O.SO 

FQ 0.04 

VERSION. 0 
PAGE N O  4 

FROM FIG 4C: VALUE OF 'N4IPIRm' FOR 'P' 

FROM FIG 2C-1: VALUE OF 'M+/P' FOR 'P' 

FROM FIG 3A: VALUE OF 'N$/Mc/Rm^t.P' FOR Me 

FROM FIG 1 A  VALUE OF 'MQ/Mc/Rm.P' FOR Mc 

FROM FIG 3B: VALUE OF 'N$/MLIRmA2.P' FOR ML 

FROM FIG 1B: VALUE OF 'MQ/MLiRm.P' FOR ML 

Axs0.60 

Bx~O.08 

Cx=0.30 

Dx=0.07 

Ex.0 15 

Fx.008 

FROM FIG 4C: VALUE OF 'NxlPIRm' FOR 'PI 

FROM FIG IC-I: VALUE OF 'Nx/P' FOR 'P' 

FROM FIG 4 A  VALUE OF 'NxlhlclRmA2.!3' FOR Mc 

FROM FIG 2 A  VALUE OF 'Mx/Mc/Rm.P' FOR Mc 

FROM FIG 4B: VALUE OF 'Nx/ML/Rm^2.!3' FOR klL 

FROM FIG 2B VALUE OF 'Mx/MLIRm.P' FOR ML 

HNF-2474, Rev. 0, Page A-36 



PROGRAMMED B Y  
M.M. AHMED 

CIRCUMFERENTIAL ( o+ ) STRESSES: 

o+a = 138.48 

a+b -84.125 

ow =3.28.103 

or& =3.761.103 

o+f = 3.199.1 O3 

CIRCUMFERENTIAL STRESS (a+) SUMMATION 

NOTE: USE THE MOST CRITICAL STRESS OF THE FOLLOWING 
SUMMATIONS. 

VERSION-0 
PAGE N O 5  

o+Au 5 o$a + o+b + o+e + o+f 

o+Cu =4.O1G.1O3 

u$Au =7.183.103 

HNF-2474, Rev. 0, Page A-37 



PROGRAMMED B Y  
M.M. AHiMED 

LONGITUDINAL ( a x  ) STRESSES: 

LONGITUDINAL (ax) STRESS SUMMATION: 

m a  = 118.697 

m b  = 168.25 

mc =771.209 

m d  = 1.913-103 

mf =6.398.103 

VERSION0 
PAGE N0:6 

NOTE: USE THE MOST CRITICAL OF THE FOLLOWING SUMMATIONS. 

mCu=2.971.103 mCusma + m b  + m c  + md 

d u = m a  + a b  + m e  + mf 

OR 

d u  =7.8I3.1O3 

HNF-2474, Rev. 0, Page A-38 



PROGRAMMED BY: 
M.M. AHMED 

SHEAR STRESS DUE TO TORSION 'MT' 

rx+Z =94.463 

SHEAR STRESS DUE TO SHEAR 'VC' 

SHEAR STRESS DUE TO SHEAR 'VL' 

SHEAR STRESS Vxg) SUMMATION 

THE TWO COMPONENTS OF SHEAR STRESSES ARE: 

Tx+Au = 175.75 

rx+Du =604.965 

VERSION0 
PAGE NO:7 

NOTE: 
PROGRAM, "POP", SHALL BE RUN TWICE, 
SUSTAINED + SEISMIC LOADS. 
( oxAu or axCu ) COMPUTED ON PAGE-6 OF THIS PROGRAM SHALL BE ADDED TO THE 
"AUTOPIPE" PIPE STRESSES FOR RESPECTIVE LOAD CASE. 
STRESSES (AUTOPIE) AND LOCAL LONGITUDINAL STRESSES (POP) SHALL BE WITHIN THE 
CODE ALLOWABLES FOR CORROSPONDING LOAD CASES. 

WHILE QUALIFYING THE PIPE STRESSES FOR ASME CODES B31.1 AND B31.3, TMS 
ONCE FOR THERMAL LOADS AND ONCE FOR 

THE HIGHEST OF THE LONGITUDINAL STRESSES 

THE SUMMATION PIPE NORMAL 

HNF-2474, Rev. 0, Page A-39 
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DESIGN ANALYSIS 

Calc No. W320-27-016 
Revision No. -& 
Page No. 1 of 9 

Client WESTINGHOUSE HANFORD COMPANY WONob No. ER4319 Filensme:COGA.WP 

PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 
Location C TANK FARM - 200 W. AREA Revised 1 I By: 

Subject AY FARM - JUMPER STRESS ANALYSIS Date 9-1 1-95 BY: M.M. Ahmed 
Checked 9/1 1/95 By: M.K. Pal 

Rev. 'L 6~ 1 L tJ4 I J L  "/ZS/T 7 
L.slc' gy '!!,,bL 3 )7 9dRev-7: By: ,@d/ 6-28-96 

OBJECTIVE: Chk'd B V ; ~ ,  k.2- 7 -1 - 76 

The objectives of this calculation are: 

1. Perform static and dynamic piping stress analysis of the "C- Tank Farm" Jumper Assemblies in order to 
be in compliance with the Code ASME 831.3 requirements. 

2. Qualify the Integral Seal Block (ISB) Jumper connectors for loads exerted by 
piping in accordance with document WHC-SD-W236A-DA-002, Rev-0 

3. Prepare a report on piping loads exerted on pit wall at pipe penetration location. 

REV-1: 

To incorporate the changes resulting from using a different Booster pump. 
RCV Z ve/,'.fy As-boi'lt c u A G \ A < o d  
DESIGN CRITERIA: 

1. ASME CODE 831.3-93 with Addenda up to  1994. 

3. PROJECT W-320 FDC: WHC-SD-W320-FDC-00II REV. f 4 
4. WHC-SD-W236A-DA-002, Rev-0 

DESIGN INPUTS: 

GENERAL (Applicable to all Jumpers) 
Ambient Temperature 4OoF 
Design Temperature: 18OOF 
Design Pressure: 325 psig 
Hydrostatic Pressure 490 psig 
Pipe Materials: ASTM A312 TP304L 
Pipe Sizes: 3 in. and 4 in. I Rev-1 
Pipe Wall Schedule 40 

2. SDC 4.1, REV-12. ( U o d  F D b d  fa-oA,, * 134 Z-15.IZ17 ) 

I Rev-I 
\A 

(Ref. 3) 
(Ref: 3) 
(Ref: IO) 

(Ref: 19) 
(Ref: 19) 
(Ref: 5 ti 19) 

Safety Class category: sc-3 (Ref. 4)  
Corrosion Allowance 0.06 inches (Ref. 7) 
831.3 Code Allowable stress 16700 psi (Ref: 1) 

JUMPER U9-A, €3 
(Ref: 20) Process Fluid: 241-C-06A SLury 

Specific gravity: 1.20 (Ref: 8 ) 
Piping Dimensions: Dwg: H-2-818505 (Ref: 19) 
Flanges 300# ANSI rated (Ref. 21) 
Connector weights 4": 122 Ibs 3": 77 Ibs 2": 29 Ibs (Ref: 9) 
Nozzle weights 4": 11 Ibs 3": 6.5 Ibs 2": 2.5 Ibs (Ref: 9) 
Kickolate weiahts 4": 16.5 Ibs 3": 12  Ibs 2": 3.5 Ibs (Ref: 91 

MA-CO66.S 
PUMP PIT 241 -C-06A (Autopipe Filename: MA-CO6A & €0&+SFV A 

Pressure Element Weight 4": 27 Ibs NIA 2": 12  Ibs (Appx: C) (Ref. 18) 
Pump W,,,, = 1000 Ibs (Appx: C) (Ref: 17) I Rev-I 
Pump Motor W,,,..,,, = 2250 Ibs (Appx: C) (Ref 17) I Rev-1 
Blank 2" Connector with Counter Weight 86.98 Ibs (Appx: C) (Ref. 22) 

HNF-2474, Rev. 0 
n^_^D 1 



ICF KAISER Calc No. W320-27-016 
HANFORD COMPANY Revision No. 0 

DESIGN ANALYSIS Page No. 2 of 9 

Client WESTINGHOUSE HANFORD COMPANY WONob No. ER4319 Filenarne:COGA.WP 
Subject AY FARM - JUMPER STRESS ANALYSIS Date 9-1 1-95 E": M.M. Ahmed 

Location C TANK FARM - 2 0 0  W. AREA Revised / / E": 
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 911 1 / 9 5  By: M.K. Pal 

JUMPER U6-A PUMP PIT 241 -C-O6C (Autopipe Filename: MA-J6A) 

Process Fluid: 
Specific gravity: 
Piping Dimensions: 
Connector weight 
Nozzle weight 
Kickplate weight 
Jumper Flushing Blank Heao 

Tank 241-C-106 Supernate 
1.12 
Dwg: H-2-818515 
122 Ibs 
11 Ibs 
17 Ibs 
71.5 Ibs 

(Ref: 20) 
(Ref: 3) 
(Ref: 19) 
(Ref: 9) 
(Ref: 9) 
(Ref: 9) 
(Ref: 9) 

DESIGN METHODOLOGY: 

C Farm Jumper Piping Assemblies include Jumper U9-A that is located in Pump Pit 241-c-06A and Jumper 
U6-A that is located in Pump Pit 241-C-06C. 

The jumper assembly models include connectors and nozzles. The nozzles are considered to be rigidly 
anchored either to  pit walls or cover plate for tanks (H-2-818524 and H-2-818526, Ref:l9). 

The jumper connectors are specified as Integral Seal Block (ISB) connectors (Ref:9) The document 
WHC-SD-W236A-DA-002 (Ref:22) provides all the analytical data such as connector stiffness, 
acceptable piping loads & seating forces for the ISB connectors. These connectors have been modeled in 
Autopipe as short radius elbows and flexible couplings with specified translation and rotational 
stiffness. The connector and nozzle weights are imposed at Flexible coupling. 

The weights of structural steel assemblies and lifting bails used to connect jumper piping to nozzles during 
installation are calculated and imposed at appropriate points. 

Stress analysis of the jumpers has been performed in accordance with ASME 831.3 for sustained, thermal 
and seismic loading (Ref. 1) using the computer program "Autopipe" Version-4.6 by "Engineering Design 
Automation" (EDA) (Ref. 11). 

SUSTAINED LOADS: 

The "AutoPipe" program checks the sustained stress (the summation o f  gravity and pressure 
stresses) against the 831.3 Code Allowable stress "S" for the material specified for each jumper 
piping. 

THERMAL (DISPLACEMENT) STRESS: 

The maximum design temperature for the pipe of 180°F and the ambient temperature of 4OoF 
has been used in "AutoPipe" program t o  qualify the thermal expansion stress t o  the Code 831.3 
allowable for displacement stress, "Sa". 

HNF-2474, Rev. 0 
Page B-5 



ICF KAISER C a b  No. W320-27-016  
HANFORD COMPANY Revision No. 0 

DESIGN ANALYSIS Page No. 3 of 9 

2liant WESTINGHOUSE HANFORD COMPANY WONob No. ER4319 Fdename:COGA.WP 

PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 
Subject AY FARM -JUMPER STRESS ANALYSIS Date 9-1 1-95 BY: M.M. Ahmed 

Location C TANK FARM - 200 W. AREA Revised / / By: 
Checked 911 1 /95  By: M.K. Pal 

SEISMIC STRESSES: 

The jumper piping has been categorized as Safety Class 3. However the  pi t  structure is classified 
as Safety Class 1 category. In order t o  perform Safety Class 3/1 analysis for this investigation, 
dynamic response spectra analysis is performed using Safety class-I,  "Fig 3" seismic response 
spectra (5% Damping) of SDC 4.1, Rev-12 (Ref.2). This response spectra is created in 
"AutoPipe" as "SC1" and used in this dynamic analysis. Autopipe qualifies seismic stresses as 
occasional stress with the code allowable 1.33s. 

The Jumper Connectors are qualified in accordance w i th  WHC-SD-236A-DA-002, Rev-0 (Ref:22) 
Table 3.4 Acceptable piping loads. The acceptable axial force is  l imited t o  allowable seating 
forces for 5 0  ft- lb torque of Table 3.3 assuming all the actual axial loads tend t o  un-seat 
connector assembly. This results in conservative analysis. The acceptable loads are not increased 
by 113 as permitted on page-6 of Ref:22, which is conservative. The interaction of  loads for 
critical connector is calculated (See page-6 of this calculations) as specified on page-7 of Ref:22. 

HYDROSTATIC PRESSURE: 

A hydrostatic pressure analysis i s  performed for 4 9 0  psig (1.5 t imes of  Design pressure) 
and documented in Appendix-B. 

The fol lowing describes the modelling and analysis techniques unique t o  individual jumpers. 

JUMPER U9-A 

Jumper U9-A includes the piping extending from the Tank C-06 Submersible Pump Assembly 
nozzle (A)  t o  the Tank C-06 Booster Pump, and from the Booster Pump t o  the Transfer Line 
nozzle (U-9). The "Frame" feature of the "Autopipe" program has been used t o  assimilate the 
Booster Pump Assembly in order t o  consider the adequate stiffness of  t he  pump in the system. 
The weight of the pump and motor is imposed at locations corresponding the centers of gravity of 
the pump and motor. The seismic stabilizer is represented in the model by  t w o  3-inch 
schedule 40 pipes tha t  connect t o  the lifting frame sub-assembly. 

'A Gravity support (Y-stop) has been modeled directly below the pump assembly (Node po in t# l )  
which is seated on concrete pedestal for the Sustained (Static) analysis only (See Appendix-B). 
The Y-stop is  removed f rom the model for the dynamic analysis (See Appendix-A) in order t o  
retain the linearity of the dynamic analysis and most accurately assimilate the ef fects  of 
movement of  the pump assembly in a Seismic event. 

Weight of instrumentation has been applied at  the instrument center on the  pipe with flanges 
input as 4 0 0 #  ANSI rated in accordance with the 325  psig design pressure. 

PIPING LOADS AT BUILDING PENETRATION ANCHORS 
The spreadsheet program, "Excel" (Ref. 1 2) ,  has been used t o  summarize Pipe Loading at  Building 
Penetration Anchors and listed on pages 7 & 8. 

m - 2 4 7 4 ,  Rev. 0 
Page B-6 



ICF KAISER Calc No. W320-27-016 
HANFORD COMPANY Revision No. 2 

DESIGN ANALYSIS Page No. 4 of 9 

-1ient WESTINGHOUSE HANFORD COMPANY WONob No. ER4319 Filename:COGA.WP 

PROJECT W-320 WASTE RETRLEVAL for TANK 241-C-106 
Subject AY FARM - JUMPER STRESS ANALYSIS Date 9-1 1-95 BY: M.M. Ahmed 

Location C TANK FARM - 2 0 0  W. AREA 
Checked 9 /1 1/95 By: M.K. Pal 
Revised I'lzSh 7 By: ir p a " 5 s e  

ASSUMPTIONS: 

1. Since the "Autopipe" program cannot perform non-linear dynamic analysis, Y-stops (No gap 
below and an infinite gap above the pipe) i s  ignored for the dynamic analysis. This results in a 
conservative analysis. 

2. It is assumed that the l i f t ing bail and structural steel assemblies designed t o  support the jumper 
piping during installation wil l  be supported by  the jumper during operation. 

3. Assumed the ISB jumper connectors will be used and torqued t o  5 0  ft-lbs. 

4. Building structures and tank nozzles are structurally adequate t o  withstand pipe loads. 

REFERENCES: 

1. ASME Code 831.3 and B31.3a-1994 Addenda for "Chemical and Petroleum Refinery." 

2. SDC 4.1, Rev. 12, "Standard Architecture & Civil Design Criteria." 

3. WHC-SD-W320-FDC-OOlr Rev-?. "Functional Design Criteria for Tank 2 4 1  -C-106 Waste 
(Vobd FWJJ f'(*dbma 134.21S.1~17 , G*s3m &JL. S,, ts ) 

Retrieval, Project W-320". 4 
4. WHC-SD-WM-SEL-033, Rev-1 , "Safety Equipment List for 241  -C-106 Waste Retrieval Project 
W-230"  

5. Construction specifications W-320-C5, Rev-0 , Section 15493  for piping materials. 

6.Construction Specification No: B-131-C1, Section 1 5 4 1  5 for piping materials. 

7. Calculation No: W-030-011, Rev-1 for "Fouling factor and Corrosion rate." 

8. Data Compendium, Bruce A. Castaing 

9. Jumper Design Fabrication Drawings: H-2-821325,  H-2-821326 & H-2-821404.  

10. DSI f rom C.D.Jones dated March 28, 1994 "Design Pressure for Slurry and Sluice Pumps". 

1 1. Computer program "AutoPipe" Version 4.6 by "Engineering Design Automation." 

12. Computer Program "EXCEL" Version 4.0, by Microsoft. 

13. Crane Technical Paper No: 41 0, 22nd Print ing-I 986. 

14. Ryerson Stock List and Data Book, 1985-86  Edition, Joseph T. Ryerson & Son, Inc. 
HNF-2474, Rev. 0 
Page B-7 



ICF KAISER 
HANFORD COMPANY Revision No. 0 

Cslc No. W320-27-0  1 6 

DESIGN ANALYSIS Page No. 5 of 9 

Client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319 Filaname:CO6A.WP 
Subject AY FARM -JUMPER STRESS ANALYSIS Date 9-1 1-95 BY: M.M. Ahmed 

Location C TANK FARM - 2 0 0  W. AREA Revised / / By: 
PROJECT W-320 WASTE RETRIEVAL for TANK 241-GI06 Checked 9/1 1/95 By: M.K. Pal 

15.  

Rev-1 : By: .Qhn* .2s'9c 
Checked By: D L 7-/ -?( 

PBM Reference Book Sec. I I  (SP Series) and Sec. IV (MP Series), PBM, Inc. 

16. Fax Transmittal Memo from Micro Motion, Inc. Fax dated 6 /22 /94  

17. Fax Transmittal Memo from C.D.Jones of Reliance Dimension Sheet 61  1740-503  and Goulds 
Catalog # GPM5, Page 1 3 4  for Pump Model 3900  , dated 1 /23/95 

18. Fax Transmittal Memo from Red Valve Co. Inc., on Series 40 Pressure Sensors. 

19.  Piping Arrangement and Detail drawings: H-2-818524, H-2-818505, H-2-818508, 
H-2-818526,  and H-2-818515 

20. Process Flow Diagrams: H-2-818558 H-2-818559, and H-2-818560 

21. ASME/ANSI B16.5 

22. WHC-SD-W236A-DA-002, Rev-0 "Stress Analysis of Single Port (ISB) Jumper Connectors for 
2-, 3-, and 4-in Sizes". 

23. Seismic Design White Paper Project W-320 Tank 241-C-106 Sluicing . 

CALCULATIONS: 

The calculations are documented in this package as shown below. 

AutoPipe stress analysis results & Isometric models 

Jumper Connector load qualification 

Pit Wall Anchor Loads 

Jumper 3 D  lsometrric Model for AutoPipe 

CONCLUSION: 

Appendices A, B & C 

Page-6 

Pages 7 & 8 

Page-9 I Rev-1 

The review of the "AutoPipe" summary results attached as Appendices to  this calculation 
indicates that all pipe stresses are in  compliance w i t h  the requirements of ASME Code 831.3 
requirements. 

The Jumper qualification on page-6 indicates that ISB connectors are adequate for piping 
loads. 

The Piping loads on Pit walls at piping penetrations are summarized on pages 7 & 8. 
HNF-2474, Rev. 0 
Page B-8 



Calc. No.: W320-27-016 FLUOR DANIEL 
NORTHWEST INC. Revision: 2 

DESIGN ANALYSIS Page No.: 5cj of q 
Client: Numatec WONob No.: ER4319hV-320 
Subject: C Farm Jumper Stress Analysis Date l l / 25 /q7  

Project W-320 Waste Retrieval for Tank241-(2-106 Checked: 3, ,,, g By: 
Location: C Tank Farm 200 East Area Revised: BY: 

Rev.2 

CONCLUSION (CONTINUED) 

). The analysis Rev. 2 of this calculation verified the analysis against the as-built conditions 7 
includes the weights of a flow meter and pressure sensors. These weights are not critical to the results of the 
analysis. Therefore, any differences between the weights used in the analysis and the approved vendor data 
are negligible. 

4.9, . .  

AS-%U,LT C H A ~ G ~ S  ARE tNSIGNIFICANT AND ‘‘.IY 

A D v G n S E  \MDkCT 0h-J A ~ A L Y S 7 t G  

HNF-2474, Rev. 0 W 3 2 0 0  I B . W D  
Page B-9 
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ICF KAISER 
HANFORD COMPANY 

CONNECTOR 
LOCATION 

Connector-US 
Pump Pit 
C-06A 

Connector A 
Pump Pit 
C-06A 

Connector B 
Pump Pit 
C-06A 

DESIGN ANALYSIS 

AUTOPIPE SIZE CONNECTOR A C T U A L  LOADS I Rev-I 
FILE N A M E  /ALLOWABLE LOADS 
& NODE REF NO: 

Axial Shear Shear Torsion Bend Bend 
X Y  Z M x  M y  Mz 

(Ibs) (Ibs) (Ibs) (ft-lb) (ft-lb) (ft-lb) 

MA-CO6A 4" 520 276 381 180 197 236 APDX-A 
A03M 

6310 2220 2220 780 1170 1170 22 

MA-CO6A 4" 483 149 337 140 365  185 APDX-A 
A11M 

6310 2220 2220 780 1170 1170 22 

MA-CO6A 4" 269 258 333 30 100 84 APDX-A 
B04M 

6310 2220 2220 780 1170 1170 22 

Calc No. W320-27-016 
Revision No. 0 
Page No. 6 of 9 

Client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319 Fitenarne:COGA.WP 
Subject AY FARM - JUMPER STRESS ANALYSIS Date 9-1 1-95 BY: M.M. Ahmed 
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 911 1/95 By: M.K. Pal 
Location C TANK FARM - 200 W. AREA Revised / / By: 

ISB JUMPER CONNECTOR LOADS QUALIFICATION 

The axial allowable load considered in table above are limited to  seating forces for 4" Connectors 
for 50  ft-lb torque as specified in Table 3.3(Ref:22). Since the actual axial forces are less than 
the allowable seating forces, the connector will not be un-seated from the nozzle. 

INTERACTION OF SHEAR. TORSION AND BENDING: 

I = fyzlFyz + [mxllMx + myz/Myz < 1.0 Ref:22, page-7 

Review of actual loads and allowable loads in the table above indicates that the Connector-US 
in the pump pit is more critical for interaction. 

fyz = 470 Ibs (SRSS of fy=276 & fz=381). Increase Allowable by 1.33 for seismic I Rev-1 

myz = 307 ft-lbs (SRSS of my= 197 & mz=236) I Rev-1 

I = 470/1.33~2220 + 180/1.33~780 + 307l1.33~1170 I Rev-1 

I = 0.53 < 1 .OO As such Jumper Connectors are adequate. I Rev-1 

I Rev-1 

HNF-2474, Rev. 0 
Page B-10 
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DESIGN ANALYSIS 

Client WESTJNGHOUSE HANFORD CD. 

Subject AY FARM JUMPER STRESS ANALYSIS 

PROJECT W420 WASTE RETRlEVALIorTANK 2414-106 

Location C TANKFARM 200 EASTAREA 

WONob N ER4319 

Date 9/11/95 

Checked 9/11/95 

Revised 

Calc. No. w-320.27016 
Revision No: 0 
Page No. 7 0 f  9 

Filename U9.xls:Z 

BY M. M. AHMED 

M. K. PAL 

ANCHOR LOADS AT PIT WALLS 

NOTE THESE ARE mE JUMPER PIPING LOADS EXERTED ON PIT WALL FROM INSIDE THE PIT. DOES NOT INCLUDE THE TRANSFER 

PIPE LINE LOADS FROM OUT SIDE mE PIT. 

(Inside Pirl /JUMPER LOADS FX 

Ilbd 

Identification: 
(Seismic) 132 

Dwg:H-2-818505 
1-11 

IThermsll 23  

1-21 

4utoPipa File: MA-CO6A 

Uods # A 0 0  

orien1stion: 

1-31 ABSOLUTE SUM 

HNF-2474, Rev. 0 
Page B-1 1 

233 

528 - 

3192 

4740 - 2376 - 

4 6 8  
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DESIGN ANALYSIS 

Client WESTINGHOUSE HANFORD CO. 

Subject 

PROJECT W-320 WASTE RETRIEVAL for TANK 2414-106 

Location C TANK FARM 200 EAST AREA 

AY FARM JUMPER STRESS ANALYSIS 

Calc. No. W-320-27416 

Revision No: 0 
Page No. 8 of 9 

WONob N ER4319 Filename U9.xls:Z 

Gate 9/11/95 BY M. M. AHMED 

Checked 9/11/95 By M.K. PAL 

Revised BY 

NOTES: 

1.1): SEISMIC LOADS COULD BE POSITIVE OR NEGATIVE. 

1.21: THERMAL LOADS SPECIFIED ARE THE ALGEBRIC SUM OF GRAVITY AN0 THERMAL LOADS. 

1-31: ABSOLUTE SUM IS THE TOTAL OF THERMAL AND SEISMIC DISREGARDING THE SIGNS. 

HNF-2474, Rev. 0 
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DESIGN ANALYSIS Page No. 9 of 9 

Client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319 Filename:CO6A.WP 
Subject AY FARM -JUMPER STRESS ANALYSIS Date 9-1 1-95 BY: M.M.  Ahrned 
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 
Location C TANK FARM - 2 0 0  W .  AREA Revised / / By: 

Checked 911 1/95 By: M.K. Pal 

H-2-816505 Y 

H-2-81508 f 
A x  

JUMPER ASSEMBLY US-A-B / PUMP PIT C-06A 

AUTOCAD FILE: COBA-P 9 (AP FILE NO: MA-COGA) 

P R E P A R E D  BY: M. M. A h m e h  

HNF-2474, Rev. 0 
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2,013 
PLAN 

[HOSES & WIRES-SHOWN TOR CLARIID 

HNF-2474, Rev. 0 
Page B-15 

241-C-06A 
PUMP PIT 

KEY PLAN 
SCAM NOM 

ASSEMBLY 
@ - Y t E .  I 112". v.0 

NOTES: 
I FABRICATION AND TESTING Wlill  BE I N  ACCOROANCE 

W I T H  HANFORD SPECIFICATIOR HS-BS-0084. REV B 

2 HrnRosihnc TEST AT 480 PSK 
3. JUMPER WEIGHT IS 37% L8 APPROX 

4 ROUTE CABLES APPROXIURILLY AS SHOW3 AND SECURE 
LIrTiNC TO SUPPORT B A I L  STEEL AREAS. W O N  31. AVOID IMPACT WRENCH AND 

PillMER AND AUERCOAT 33, WHERE REWIRE0 81 JUMPER 
FABRICATION SPECIFICATION. 

6 SEE CONSTRUCllON SPEC W-320-CS. SECTION 13410 TOR 
FILLINC INSTRUCTION AFTER ASSEUBLI 
REUOVF HANDLE FROM BALL VALVE IPN 571 

7 TRIM CA8LES FURNISHED WITH PN 22 TO 25' LON0 
PRIOR TO INSTALLAIION 

8 T I E  NILON EACH CABLE LNO TIES Or TEFLON IPN 31). SPIRAL WRAPPING IPN 301 WlTn 

9 PRESSURE SENSOR IPN 211 SHALL BE SERIES 40, FOR CLASS YX, 
FLANGES. 316 SST. EPDM SLEfYES. WITH 114"  N P l  PRESSURE TAP. 
fURNISH WITH 1WMt OF SILICONE 011 IN A SFPERATE CONIAINER. 

s USE 1 7 )  COAT of AMERLOCK IW IN PLACF or AUERCOAI 187 

AFTER FILLING. 



A5 REO0 TO CENTER PN 33 
BFTWFFN MOTOR COOLING 

MOTOR COOLING SINS DO NOT 
EXCEED DIM SHOWN1 

PLAN 
. .. 

ELEVATION 

LIFTING FRAME SUB-ASSY 
SCALE. 3". 1 ' 4  2 

PLAN 

ELEVATION 

PUMP BASE SUB-ASSY 
SCALE 2 .  1'-0" 3 

PLAN 
ELEVATION 

DETAIL E 
SCALl: 3"il'.0" 

NOTE: 
I FOR NOTES. SEE SHEET 1 

ELEVATION 

DETAIL D 
SCALE: 2.1'-0" 

ELEVATION ELEVATION 
DETAIL C 

m - 2 4 7 4 ,  Rev. 0 
m n I C  



__________________________________________________~____________________________. 
MA-C06A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORO CO 
06/26/96 P I P E  STRESS ANALYSIS AutoPIPE+4.60 MOOEL PAGE 4 _______________________________________________._~_~~________________~~~~~~~~.~~ 

P O I N T  D A T A  L I S T I N G  P O I N T  D A T A  L I S T I N G  
OFFSETS ( f t  ) - - - - -  POINT - - - - -  

NAME TYPE X Y 2 PIPE IO _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _  ..____. ___.___ ----... OESCRIPTION 

Bend angle change = 90.00 deg 
Mid po in t  a t  50.00 percent 
S I F  - I n  1.95, Out = 1.63 
Flex = 5.272 

___________- - -___-_-______________ 
POINT - - - - -  OFFSETS ( f t  I - - - - -  
NAME TYPE X Y Z PIPE IO OESCRIPTION _ _ _ _ _  _ _ _ _  .._____ _._____ _ _ _ _ _ _ _  _______. _______-_________.._...----~------ 
*** SEGMENT A 
A00 Run 
A01 Flex 

0 
0 

0 4PIPE 
.0.11 Ut- 144 Lb A r -  3.2 sq.in 

Ax ia l -  23306000 Tors- 304.0 
Y-Shear= R I G I D  Bend= 2080.0 
2-shear= R I G I D  Bend= 2080.0 

0 
0.22 

A14 F Far 
A14A Run 0 
A15 Run 0 

0 
0 

.2.84 
0 

3PIPE 
-0.66 
-0.64 A02 Run 

A03 Bend 
0.04 
0.30 

0 -0.02 
0 -0.15 Short Elbou Radius = 4.00 inch 

Bend angle Ahange = 90.00 deg 
Mid po in t  a t  50.00 percent 
S I F  - In 2.56, Out = 2.13 
Flex = 7.908 

*** SEGMENT B 
BO2 Run 13.19 
BO3 Bend 0 

-1.78 3PIPE 
-1.30 Long Elbou Radius = 4.50 inch 

Bend angle khange = 90.00 deg 
Mid pa in t  a t  50.00 percent 
S I F  - I n  1.78, Out = 1.48 
Flex = 4.577 A04 Bend 0 -1.49 0 tong Elbou Radius = 6.00 inch 

Bend angle khange = 90.00 deg 
Mid po in t  a t  50.00 percent 
S I F  - I n  1.95, Out = 1.63 
Flex = 5.272 

Long Elbow Radius = 6.00 inch 
Bend angle Ahange = 90.00 deg 
Mid po in t  a t  50.00 percent 
SIF - I n  1.95, Out = 1.63 
Flex = 5.272 

Long E l h u  Radius = 6.00 inch 
Bend angle ihange = 90.00 deg 
Mid po in t  a t  50.00 percent 
S I F  - I n  1.95, Out = 1.63 
Flex = 5.272 

BO3 F Far 
BO4 Bend -1.30 0 

4PIPE 
0 Short Elbow Radius = 4.00 inch 

Bend angle hhange = 90.00 deg 
Mid po in t  a t  50.00 percent 
S I F  . I n  2.56, Out = 2.13 
Flex = 7.908 

A05 Bend 5.46 0 

BO5 Flex 0 -0.40 0 ut= 144 lb  
Axia l= 23306000 Tors= 304.0 
Y-Shear.: RIGID Bend= 2080.0 
2-shear= R I G I D  Bend= 2080.0 

A r =  3.2 sq.in 

A06 Bend 0 2.00 

-0.04 
-0.19 

3.50 
0 

3.50 
0 

0 
n BO6 Run 0 

BO7 Run 0 

A07 Run 
A08 Run 
A09 Run 
A10 Run 
A l l  Bend 

1.63 
0.92 
0.92 
2.66 
1.04 

*** SEGMENT C 
5 Run 13.19 
CO1 Run 0 

*** SEGMENT 0 
3 Run 13.19 
001 Run 0 

-1.78 3.5PIPE 
-0.25 

0.42 3.5PIPE 
0.25 

shor t  Elbou Radius = 4.00 inch 
Bend anqle khanse = 90.00 deg 
Mid p o i i t  a t  50100 percent 
S I F  - I n  2.56. Out = 2.13 
Flex = 7.908 

Total  ueight of  empty pipes : 254 I b  
-0.40 

-0.04 
-0.60 

ut- 144 l b  
Ax ia l= 23306000 Tors= 304.0 
Y-Shear- R I G I D  Bend= 2080.0 
Z-shear= R I G I D  Bend= 2080.0 

Long Elbou, Radius = 6.00 inch 

A r =  3.2 sq.in A12 Flex 

A13 Run 
A14 Bend 

Page 2 of 24 M-COM.OUT 6-26-96 1 l : l l a  
0 



MA-C06A JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORO CO 
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 MOOEL PAGE 5 . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . ~ ~ ~ ~ ~ ~ ~ ~ . . ~ ~ ~ . . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ . . . - - - . . - - . - - - - - - - - . - . -  

C O M P O N E N T  D A T A  L I S T I N G  

POINT ---CWROINATE(ft ) - - -  OATA 
NAME X Y 2 TYPE DESCRIPTION ____. _._.___ _.___._ ______. ___._. __-________.._..-_..--------..---------.-- 
*** SEGMENT A 
A00 0.00 

A01 
A02 
A03 N 
A03 
A03 M 
A03 F 
A04 N 
A04 
A04 M 
A04 F 
A05 N 
A05 
A05 M 
A05 F 
A06 N 
A06 
A06 M 
A06 F 
A07 
A08 

A09 
A10 

All N 
A1 1 
All M 
All F 
A12 
A13 
A14 N 
A14 
A14 M 
A14 F 
A14A 
A15 

0.22 
0.26 
0.26 
0.56 
0.47 
0.56 
0.56 
0.56 
0.71 
1.06 
5.52 
6.02 
5.87 
6.02 
6.02 
6.02 
6.17 
6.52 
7.65 
8.57 

9.49 
12.15 

12.86 
13.19 
13.09 
13.19 
13.19 
13.19 
13.19 
13.19 
13.19 
13.19 
13.19 
13.19 

*** SEGMENT B 
BO2 13.19 
BO3 N 13.19 

0.00 

0.00 
0.00 
0.00 
0.00 
.0.10 
.0.33 
.0.99 
.1.49 
-1.34 
.1.49 
-1.49 
.1.49 
-1.49 
.1.49 
-1.49 
-1.49 
-1.49 
-1.49 
-1.49 
-1.49 

-1.49 
-1.49 

-1.49 
-1.49 
-1.59 
-1.82 
-1.89 
-1.93 
-2.03 
-2.53 
-2.38 
-2.53 
-2.53 
-2.53 

-2.84 
-2.84 

0.00 ANCHOR Rigid 
Thermal movements : None 

-0.11 
-0.13 
-0.13 
-0.28 T I  
-0.24 
-0.28 
-0.28 
-0.28 TI 
-0.28 
-0.28 
-0.28 
-0.28 T I  
-0.13 
0.22 
1.22 
1.72 T I  
1 =,7 .._. 
1.72 
1.72 WEIGHT 23 lb , No offsets 
1.72 WEIGHT 35 lb NO offsets 

FLANGE Weld neck‘ SIF = 1.00 

FLANGE Weld neck SIF = 1.00 
Rating = 400, Weight = 35 Lb 

Rating = 400 Weight = 35 lb 
1.72 WEIGHT 17 lb , bo offsets 
1.72 WEIGHT 27 lb No offsets 

FLANGE Veld neck’ SIF = 1.00 

FLANGE Weld neck SIF = 1.00 
Rating = 400, Weight 35 lb 

Rating = 400, Weight = 35 lb 
1.72 
1.72 TI 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 TI 
1.57 
1.22 
1.06 
0.42 

-1.78 
-2.70 

___________________._---.--------~-~...--..-._________________-.~----~--------.. 
ICF KAISER HANFORO CO MA-C06A JUMPER ASSEMBLY C-06A-9-A 

06/26/96 PIPE STRESS ANALYSIS AutoP!PE+4.60 MODEL PAGE 6 ................................................................................ 

C O M P O N E N T  O A T A  L I S T I N G  

POINT ---COOROINATE( f t ) - - -  DATA 
NAME X Y 2 TYPE DESCRIPTION 

BO3 13.19 -2.84 -3.08 T I  
BO3 M 13.08 -2.84 -2.97 
BO3 F 12.81 -2.84 -3.08 
BO4 N 12.22 -2.84 -3.08 
BO4 11.89 -2.84 -3.08 TI 
BO4 M 11.99 -2.94 -3.08 
BO4 F 11.89 -3.17 -3.08 
BO5 11.89 -3.24 -3.08 
BO6 11.89 -3.28 -3.08 
BO7 11.89 -3.47 -3.08 ANCHOR Rigid 

_ _ _ _ _  .___.__ __...._ ______. _..__. ___..___________________________________~. 

Thermal movements : None 

*** SEGMENT C 
5 13.19 3.50 -1.78 ANCHOR Translational stiffness Lblin 

X- FREE != FREE 2- FREE 
Rotational stiffness ft-Lb/deg 
X =  RIG10 Y=  RIGID 2- RIGID 
Thermal movements : None 

Thermal movements : None 
CO1 13.19 3.50 -2.03 ANCHOR Rigid 

*** SEGMENT 0 
3 13.19 3.50 0.42 ANCHOR Translational stiffness lb/in 

X= FREE Y= FREE 2= FREE 
Rotational stiff ness f t -  lbldeg 
X= RIG10 Y=  RIGID 2- RIGID 
Thermal movements : None 

Thermal mvements : None 
001 13.19 3.50 0.67 ANCHOR Rigid 

Number of points in the system : 51 

Page 3 of 24 



_____________.___._.___..._...____~...-~---~~-.----~~-.~~~__.~~~~~~-~---.--.-.-. 
MA-CO6A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORD CO 
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 MODEL PACE 7 ................................................................................ 

P I P E  D A T A  L I S T I N G  

Pipe I D /  Nom/ 0.0. -----Thickness(inch)----- Spec Ueight ( Ib / f t  ) 
Mater ia l  Sch inch U.Th. Corr M i l l  Insu L ing Grav Pipe Other Total 

4PIPE 4 4.500 0.237 0.06 0.03 0 0 1.20 11.04 0 17.66 
AU STD 

3.5PIPE 3.500 4.000 0.226 0.06 0.03 0 0 0 9.32 0 9.32 
AU STO 

3PIPE 3.000 3.500 0.216 0.06 0.03 0 0 1.20 7.75 0 11.60 
AU STD 

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  __... _ _ _ _ _  _ _ _ _  ..__ _ _ _ _  ..__ _.__ __.__ ___.. .___. 

w 
9 
0 

M-CO6A.OUT 6-26-96 1 l : l l a  

Material 
Name ..._ ._.... 

AU 

AU 

AU 

M A T E R I A L  D A T A  L I S T I N G  

Density Pois. Temper. Modulus Expans. Allow. 
Pipe I D  lb/cu. f t  Rat io  deg F E6 ps i  in/lOOft p s i  

4PIPE 501.0 0.30 40.0 28.42 16700.0 
180.0 1.5442 16700.0 

3PIPE 501.0 0.30 40.0 28.42 16700 .O 
180.0 1.5442 16700.0 

3.5PIPE 501.0 0.30 40.0 28.42 16700.0 
180.0 1.5442 16700.0 

----...- - - - - - - - _  __.__ ....___ ____.___ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  

Page 4 of  24 



POINT 
NAME 

A15 
1 
BO2 
5 

..._. 

4 

6 
2 
7 

FRAME POINT DATA LISTING 

--COOROINATE(ft ) - - -  DATA 
X Y 2 TYPE DESCRIPTION 

-2.53 
-2.84 
-2.84 
3.50 

0.42 
-0.68 
-1.78 
-1.78 ANCHOR 

13.19 
13.19 
13.19 
13.19 
13.19 

3.50 
3.50 
-2.04 
-2.84 
2.08 

-0.68 
0.42 
-0.68 
0.42 
-0.68 

WEIGHT 

WEIGHT 

Translational stiffness ib/in 
X= FREE Y= FREE 2= FREE 
Rotational stiffness ft-Lb/deg 
X= RIGID Y= RIGID 2- RIGID 
Thermal mvements : None 

1000 Ib , No offsets 
2250 Ib Offsets in ft 
OX = 0.00, fiY = 0.00, 02 = 0.03 

wA-CO6A.oUT 6-26-96 1l:lla 

.---. .______________----.--------. .----------~-~-------~-.-. .-------~~~~~~~~~~~~ 
ICF KAISER HANFORD CO MA-C06A JUMPER ASSEMBLY C-06A-9-A 

06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 MODEL PAGE 10 

I D  

M2 

M9 

MI 

M6 

M3 

M4 

US 

M7 

M8 

H10 

BEAM DATA LISTING 

BEAM POINT LENGTH SECTION ID/ BETA 
NAME (ft ) MATERIAL ID ANGLE ..___ .__._. ____...__.__.___ 

From 2 1.10 U4X13 
TO 1 A36 

From 2 0.31 U4X13 
To A15 A36 

1.10 U4X13 From 1 
TO BO2 A36 

From 5 6.34 U4X13 
TO BO2 A36 

From A15 6.03 u4x13 
TO 3 A36 

From 3 1.10 U4X13 
TO 4 A36 

From 4 1.10 U4X13 
TO 5 A36 

From 1 0.80 XSlZ 
To 6 A36 

From 6 4.12 XSlZ 
To 7 A36 

From 4 1.42 XSlZ 
TO 7 A36 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

RIGID 
ENDCft) 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

____._ 
RELEASE 

AX Y-Y 2-2  

N N N  
N N N  

N N N  
N N N  

__. _ _ _  _._ 

N N N  
N N N  

N N N  
N N N  

N N N  
N N N  

I N N  
N N N  

N N N  
N N N  

N N N  
N N N  

I N N  
N N N  

I N N  
N N N  
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CROSS SECTION LISTING 

sect ion I D  Area(sq.in ) l n e r t i o  (in**4 ) 
I D  Axial  Y-Shear 2-shear Torsion Y - Y  Bend 2-2 Bend 

U4X13 3.83 1.16 1.86 0.2 3.9 11.3 
XSl2 19.20 9.60 9.60 724.0 362.0 362.0 

---_--_--_.__--- _-..--- --.--.- _.-.--- .----_-_ .....___ ____.___ 

0 

)v\-CoM\.WT 6-26-96 1 l : l l a  

BEAM MATERIAL  LISTING 

E l a s t i c  Y ie ld  111 timete . . . . .- . . 
modulus Poissons Stress Densi ty  Expansion s t ress 

MATERIAL  I D  E6 psi r a t i o  psl Lb/cu.ft E-6 I F  psi 

A36 29.000 0.250 36000 490.00 6.50000 58000 
_.______-_._..._ - - - - _ - _ -  __....-- .....__. - - - _ _ _ _ _ _ _  _____.____ .___.____ 
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MA-C06A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORD CO 
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 MODEL PAGE 13 ................................................................................ 

TEMPERATURE AND PRESSURE DATA 
- - - - - P  d c c ,------ ---..P 8 E 5 ?-..-.. . _ _ _ _ P  1 P c z...... * " . . L  _. 

POINT PRESS: ~ E M P ~ R  ~ X P A N .  PRESS: ? E ~ P ~ R  ~ X P A N .  PRESS. TEMPER EXPAN. 
NAME ps i  deg F in/lOOft ps i  deg F in / lOOft  ps i  deg F in/lOOft ................................................................. 
*** SEGMENT A 
A00 325 180 
A14 F 325 180 
A15 325 180 

*** SEGMENT 8 
802 325 180 
803 F 325 180 
807 325 180 

*** SEGMENT C 
5 490 180 
CO1 490 180 

*** SEGMENT D 
3 490 180 
DO1 490 180 

1.544 
1.544 
1.544 

1.544 
1.544 
1.544 

1.544 
1.544 

1.544 
1.544 

WA-CLMA.OUT 6-26-96 1 l : l l a  . 

MA-C06A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORD CO 
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 1 ................................................................................ 

A N A L Y S I S  S U M M A R Y  

Current model rev i s ion  number : 24 

S t a t i c  . Date and Time o f  analys is  ............. Jun 26, 1996 
Model Revision Number ................. 23 *** 
Number of load cases .................. 2 
Load cases analyzed ................... GR 11 
Gaps/Friction/Yielding considered ..... N O  
Hanger 
Cut shor t  included .................... No 
Weight of  contents included ........... Yes 
Pressure s t i f f e n i n g  case .............. 0 
Water e leva t i on  f o r  buoyancy Loads .... Not considered 

11:08 AM 

desjgn.run ..................... NO 

Modal . Date and Time of  analysis ............. Jun 26, 1996 11:09 AM 
Model Revision Number ................. 24 
Number of  modes ....................... 6 
Cutoff frequency (Hz) ................. 33.0 
Weight of  contents included ........... Yes 
Pressure s t i f f e n i n g  case .............. 0 

. Water e levat ion f o r  buoyancy Loads .... Not considered 

Response - Date and Time of  analysis 
Model Revision Number ................. 
Number of  load cases .................. 

............. 
Load cases analyzed ................... 
Date and time of  modal analysis ....... 
Number of  modes ....................... 
Cutoff freauencv ( H z )  ................. 
Model r e v i i i o n  o f  modal analysis ...... 
Weight of  contents included ........... 
Pressure s t i f f e n i n g  case .............. 
Water e leva t i on  f o r  buoyancy loads ._.. 

*** U A R N I N G 

Current model rev i s ion  does not match analysis 

Jun 26, 1996 
24 
3 
R1 R2 R3 
Jun 26, 1996 

33.0 
24 
Yes 

Not considered 

11:09 AM 

11:09 AM 
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MA-CO6A JUMPER ASSEMBLY C-06A-9-A 
06/26/96 PIPE STRESS ANALYSIS 

I C F  KAISER HANFORD CO 
AutoPIPE14.60 RESULT PAGE 2 

COOE COMPLIANCE COMBINATIONS 

Combination Category Method Load Factor Allowable Remarks 

GR + Max P Sustain Sum Grav i ty  1.00 Automatic Oefault 

Cold t o  11 Expansion Sum Thermal 1 1.00 Automatic Defaul t  

............................................................. 
Max Long 1.00 

Sus. + R1 Occasion Abs sun Response 1 1.00 Automatic Defaul t  
Max sus 1.00 

Sus. + R2 Occasion Abs sum Response 2 1.00 Automatic Defaul t  
Max sus 1.00 

Sus. + R3 Occasion Abs sum Response 3 1.00 Automatic Defaul 

Max P Hoop Max Hoop 1.00 Automatic Defaul 

SRSS Occasion SRSS Response 1 1.00 A u t m t i c  User 

Max sus 1.00 

Response 2 1.00 
Response 3 1.00 

OTHER USER COMBINATIONS 

Combination Method Load Factor Remarks 

GR sum Grav i ty  1.00 Oefault 
.......................................... 

11 Sum Thermal 1 1.00 Defaul t  

R1 Sum Response 1 1.00 Defaul t  

R2 Sum Response 2 1.00 Defaul t  

R3 Sum Response 3 1.00 Defaul t  

GR+Tl Sum Grav i t  1.00 User 

RESPONSE SRSS Response 1 1.00 User 

Therm7 1 1.00 

Response 2 1.00 
Response 3 1.00 

TOTAL Abs sum GRcTl 1.00 User 
RESPONSE 1 .OO 

COOE COMPLIANCE 

0 

wA-CO6A.oOT 6-26-96 1 l : l l a  

MA-C06A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORD CO.  
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 3 ................................................................................ 

Y . Factor ............................ 0.40 
Weld e f f i c i ency  factor  ................ 1.00 
Range reduction factor  ................ 1.00 
Design Pressure Factor ................ 1.00 
M i n i m  st ress r a t i o  used i n  repor ts  ... 0.00 
Include corrosion i n  s t ress calcs. .... Y 
Include tors ion i n  code st ress ........ N 
Include ax ia l  force in code st ress .... N 
Longitudinal pressure ca l cu la t i on  ..... PD/4t 
Include rigorous pressure ............. Not analyzed 
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RESPONSE SPECTRUM LOAD CASES : 

Nunber of Load cases analysed : 
Load case 1 . R1 

Missing mass : Yes 
ZPA : No 

Combination method : SRSS 

X- Spectrum : Scl 
M u l t i p l i e r  : 1.00 

sc1 

3 

Freq(H2) Crav( ) FreqCHr) Grav( ) 

0.100 0.01 0.160 0.03 
0.400 0.10 0.600 0.16 
1.640 0.42 8.000 0.42 

20.000 0.26 33.000 0.20 

---.---- -___.________ _ _ _ _ _ _ _ _  __.__________ Freq(H7.1 Grav( ) 

0.250 0.06 
1.100 0.28 

12.000 0.34 
100.000 0.20 

____.___ ______.______ 

HA-CO6A.OUT 6-26-96 1 l : l l a  

_______________________~_... . . . .________.~~~~.~.~~.~.___________________________ 
ICF KAISER HANFORO CO MA-CO6A JUMPER ASSEMBLY C-06A-9-A 

06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 5 

Load case 2 - R2 

Missing mass : Yes 
ZPA : No 

combination method : SRSS 

Y -  Spectrum : S C l  
M u t t i p l i e r  : 1.00 

SCl 

FreqcHz) Grav( ) Freq(H2) Grav( ) -..--.-- -..._._...... _.____.. .____________ 
0.100 0.01 0.160 0.03 
0.400 0.10 0.600 0.16 
1.640 0.42 8,000 0.42 

20.000 0.26 33.000 0.20 

Freq(Hz) Crav( ) 

0.250 0.06 
1.100 0.28 

12.000 0.34 
100.000 0.20 

_.__._._ .____..____._ 
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Load case 3 - R3 

Missing mass : Yes 
ZPA : No 

Combination method : SRSS 

2-  Spectrum : SCl 
M u l t i p l i e r  : 1.00 

SCl 

Freq(Hz) Grav( ) FreqCHz) Grav( ) 

0.100 0.01 0.160 0.03 
0.400 0.10 0.600 0.16 
1.640 0.42 8.000 0.42 

20.000 0.26 33.000 0.20 

-..-..-- --..------_-- .....__. .....___..___ Freq(Hz) Grav( ) 

0.250 0.06 
1.100 0.28 

12.000 0.34 
100.000 0.20 

._______ _.____.._..._ 

MA-CLl6A.WT 6-26-96 11:l la 

D I S P L A C E M E N T S  

Point  Load TRANSLATIONS ( i n  ) 
name combination X Y Z .-.... ........... -----. _____. ._____ 
*** Segment A begin *** 
A00 

A01 

A02 

A03 N 

A03 M 

A03 F 

A04 N 

GR 
T1 
GRIT1 
RES P 0 N S E 
TOTAL 

GR 
T1 
GR+T1 
RESPONSE 
TOTAL 

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
GR+T1 
RESPONSE 
TOTAL 

GR 
T I  
GR+T1 
RES P 0 N S E 
TOTAL 

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

ROTATIONS (deg ) 
X Y Z  

----_. _...._ _ _ _ _ _ _  

0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 0.000 -0.002 
0.003 0.000 -0.002 0.000 0.000 -0.001 
0.003 0.000 -0.002 0.000 0.000 -0.002 
0.000 0.000 0.000 0.001 0.002 0.001 
0.003 0.000 0.002 0.001 0.002 0.004 

0.000 0.000 0.000 
0.003 0.000 -0.002 
0.003 -0.001 -0.002 
0.000 0.000 0.000 
0.004 0.001 0.002 

0.153 -0.015 -0.124 
0.058 0.000 -0.076 
0.210 -0.015 -0.200 
0.161 0.078 0.097 
0.371 0.093 0.297 

0.000 0.000 0.000. 0.153 -0.015 -0,124 
0.003 0.000 -0.002 0.058 0.000 -0.076 
0.003 -0.001 -0.002 0.210 -0.015 -0.200 
0.000 0.000 0.000 0.161 0.078 0.097 
0.004 0.001 0.002 0.371 0.093 0.297 

-0.002 -0.003 -0.002 
0.005 -0.004 -0.004 
0.003 -0.007 -0.007 
0.003 0.004 0.006 
0.006 0.010 0.013 

-0.009 -0.004 -0.010 
0.002 -0.009 -0.008 

-0.006 -0.012 -0.017 
0.008 0.005 0.015 
0.014 0.018 0.032 

-0.027 -0.004 -0.031 
-0.010 -0.019 -0.015 
-0.036 -0.022 -0.046 
0.022 0.005 0.037 
0.058 0.028 0.083 

0.151 -0.015 -0.128 
0.055 -0.002 -0.082 
0.206 -0.017 -0.211 
0.164 0.088 0.102 
0.370 0.105 0.313 

0.154 -0.014 -0.132 
0.051 -0.003 -0.085 
0.205 -0.018 -0.217 
0.167 0.091 0.106 
0.373 0.108 0.323 

0.156 -0.015 -0.134 
0.050 -0.005 -0.083 
0.206 -0.020 -0.217 
0.168 0.095 0.105 
0.373 0.115 0.321 
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Point  
name 

A04 M 
____.. 

A04 F 

A05 N 

A05 M 

A05 F 

A06 N 

A06 M 

Load 
combinat ion  

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

GR 
11 
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
G R + T l  
RESPONSE 
TOTAL 

GR 
11 
GR+Tl 
RESPONSE 
TOTAL 

GR 
11 
GR+T1 
RESPONSE 
TOTAL 

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

D I S P L A C E M E N T S  

TRANSLATIONS ( i n  
X Y 2  . . -. . . -. . . . . -. - - - 

-0.037 -0.008 -0.042 
-0,013 -0.026 -0.018 
-0.050 -0.034 -0.060 
0.029 0.008 0.051 
0.079 0.042 0.111 

-0.041 -0.019 -0.046 
-0.009 -0.032 -0.019 
-0.050 -0.051 -0.064 
0.032 0.014 0.060 
0.083 0.065 0.124 

-0.041 -0.139 -0.032 
0.060 -0.046 0.005 
0.018 -0.185 -0.027 
0.032 0.087 0.131 
0.051 0.272 0.158 

-0.042 -0.150 -0.032 
0.063 -0.046 0.011 
0.022 -0.196 -0.021 
0.033 0.092 0.135 
0.055 0.288 0.155 

-0.042 -0.163 -0.031 
0.061 -0.046 0.018 
0.018 -0.209 -0.013 
0.036 0.099 0.136 
0.055 0.308 0.149 

-0.045 -0.196 -0.031 
0.046 -0.049 0.034 
0.001 -0.244 0.003 
0.048 0.118 0.136 
0.049 0.363 0.138 

-0.046 -0.206 -0.031 
0.044 -0.049 0.041 

-0.002 -0.255 0.010 
0.052 0.125 0.135 
0.053 0.380 0.145 

ROTATIONS (deg ) 
X Y 2  ...__. - - - _ _ _  __.___ 

0.159 -0.014 -0.142 
0.045 -0.008 -0.063 
0.204 -0.023 -0.205 
0.166 0.097 0.097 
0.370 0.119 0.302 

0.161 -0.014 -0.147 
0.041 -0.014 -0.037 
0.202 -0.029 -0.184 
0.165 0.101 0.091 
0.367 0.130 0.275 

0.175 -0.013 -0.093 
0.025 -0.041 0.004 
0.200 -0.054 -0.089 
0.158 0.083 0.060 
0.358 0.137 0.150 

0.165 -0.011 -0.052 
0.020 -0.058 0.015 
0.185 -0.069 -0.036 
0.153 0.069 0.038 
0.338 0.138 0.075 

0.155 -0.010 -0.033 
0.013 -0.070 0.021 
0.169 -0.080 -0.012 
0.147 0.067 0.030 
0.316 0.147 0.043 

0.154 -0.011 -0.001 
0.012 -0.068 0.027 
0.166 -0.079 0.027 
0.145 0.065 0.021 
0.311 0.144 0.048 

0.137 -0.016 0.020 
0.009 -0.047 0.032 
0.146 -0.063 0.052 
0.135 0.057 0.024 
0.281 0.120 0.077 

0 

MA-CO6A.OUT 6-26-96 1 l : l l a  

MA-C06A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORO CO 
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 9 _.___-.-._______________________________________________________________________ 

D I S P L A C E M E N T S  

Point  
name 

Load 
combination 

A06 

A07 

A08 

A09 

A10 

A l l  N 

A l l  M 

GR 
T1 
G R I T ?  
RESPONSE 
TOTAL 

GR 
11 
GR+T1 
RESPONSE 
TOTAL 

89 
GRIT1 
RESPONSE 
TOTAL 

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

GR 
ii 
GR+Tl 
RESPONSE 
TOTAL 

GR 
T 1  
GR+T1 
RESPONSE 
TOTAL 

GR 
11 
GR+Tl 
RESPONSE 
TOTAL 

TRANSLATIONS ( i n  ) 
X Y 2  

-0.046 -0.207 
0.048 -0.046 
0.002 -0.253 
0.053 0.126 
0.055 0.380 

-0.046 -0.187 
0.066 -0.036 
0.019 -0.224 
0.053 0.114 
0.072 0.338 

-0.046 -0.166 
0.080 -0.028 
0.034 -0.194 
0.053 0.101 
0.086 0.295 

-0.046 -0.140 
0.094 -0.019 
0.048 -0.158 
0.053 0.086 
0.101 0.244 

-0.046 -0.044 
0.135 0.007 
0.089 -0.038 
0.053 0.030 
0.142 0.068 

-0.046 -0.017 
0.146 0.013 
0.100 -0.004 
0.053 0.015 
0.153 0.019 

.0.029 
0.046 
0.016 
0.132 
0.149 

-0.024 
0.049 
0.025 
0.118 
0.143 

-0.018 
0.049 
0.031 
0.104 
0.135 

-0.013 
0.047 
0.035 
0.088 
0.122 

0.005 
0.034 
0.039 
0.033 
0.072 

0.010 
0.029 
0.039 
0.022 
0.061 

0.010 
0.026 
0.037 
0,019 
0.056 

ROTATIONS (deg ) 
X Y ?  

0.122 -0.023 
0.007 -0.020 
0.129 -0.043 
0.128 0.062 
0.257 0.105 

0.117 -0.026 
0.007 -0.006 
0.124 -0.032 
0.123 0,073 
0.247 0.105 

0.113 -0.028 
0.007 0.004 
0.120 -0.024 
0.119 0.084 
0.239 0.108 

0.109 -0.030 
0.007 0.013 
0.116 -0.017 
0.115 0.095 
0.231 0.112 

0.097 -0.034 
0.008 0.033 
0.105 -0.001 
0.103 0.115 
0.208 0.116 

0.091 -0.038 
0.011 0.046 
0.102 0.007 
0.098 0.117 
0.200 0.124 

--__.- 
0.068 
0.040 
0.108 
0.045 
0.153 

0.098 
0.044 
0.142 
0.061 
0.203 

0,124 
0.046 
0.170 
0.075 
0.245 

0.147 
0.047 
0.194 
0.088 
0.282 

0.186 
0.042 
0.228 
0.108 
0.335 

0.186 
0.039 
0.225 
0.107 
0.332 

0.176 
0.029 
0.205 
0.102 
0.307 
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D I S P L A C E M E N T S  

Point 
name 

All F 
_.____ 

A12 

A13 

A14 N 

A14 M 

A14 F 

A14A 

Load 
combination 

GR 
11 
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
GRIT1 
RESPONSE 
TOTAL 

GR 
T1 
GR+T1 
RESPONSE 
TOTAL 

GR 
11 
GR+T1 
RESPONSE 
TOTAL 

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
GR*Tl 
RESPONSE 
TOTAL 

GR 
11 
GR+Tl 
RESPONSE 
TOTAL 

TRANSLATIONS (in ) 
2 

-0.034 -0.004 
0.153 0,010 
0.119 0.005 
0.050 0.008 
0.169 0.014 

-0.032 -0.004 
0.153 0.009 
0.121 0.004 
0.049 0.008 
0.171 0.013 

-0.031 -0.004 
0.153 0.009 
0.122 0.004 
0.049 0.008 
0.172 0.013 

-0.030 -0.004 
0.153 0.007 
0.124 0.003 
0.049 0.008 
0.173 0.011 

-0.023 -0.003 
0.142 0.002 
0.119 -0.001 
0.046 0.007 
0.164 0.008 

-0.015 -0.001 
0.111 0.000 
0.096 -0.001 
0.038 0.004 
0.134 0.005 

-0.013 0.000 
0.097 0.000 
0.085 0.000 
0.034 0.003 
0.119 0.003 

_._.._ 
0.007 
0.025 
0.032 
0.016 
0.048 

0.006 
0.025 
0.030 
0.015 
0.046 

0.005 
0.025 
0.030 
0.015 
0.045 

0.004 
0.024 
0.028 
0.014 
0.043 

0.001 
0.022 
0.023 
0.013 
0.036 

0.000 
0.016 
0.016 
0.013 
0.029 

0.000 
0.013 
0.013 
0.013 
0.027 

ROTATIONS (des ) 
X Y 2  

0.085 -0.040 
0.013 0.049 
0.098 0.008 
0.093 0.118 
0.191 0.126 

0.085 -0.040 
0.013 0.049 
0.098 0.008 
0.092 0.118 
0.190 0.126 

0.046 -0.096 
0.009 0.418 
0.054 0.323 
0.053 0.134 
0.107 0.457 

0.045 -0.096 
0.008 0.419 
0.054 0.323 
0.053 0.135 
0.106 0.458 

0.037 -0.092 
0.007 0.420 
0.044 0.329 
0.044 0.134 
0.087 0.462 

0.018 -0.087 
0.003 0.419 
0.022 0.332 
0.030 0.132 
0.052 0.464 

0.013 -0.086 
0.003 0.418 
0.016 0.331 
0.027 0.132 
0.043 0.463 

_..___ 
0.160 
0.023 
0.183 
0.094 
0.277 

0.160 
0.023 
0.182 
0.094 
0.276 

0.058 
0.016 
0.074 
0.043 
0.117 

0.057 
0.016 
0.073 
0.043 
0.116 

0.041 
0.020 
0.061 
0.036 
0.097 

0.033 
0.024 
0.057 
0.034 
0.091 

0.028 
0.027 
0.055 
0.032 
0.087 

Iv\-CoM.OuT 6-26-96 1l:lla 0 
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D I S P L A C E M E N T S  

Point Load TRANSLATIONS (in 1 
name combination X Y 2 - - - - - -  .-.___...__ ._.... _..___ _ _ _ _ _ _  
A15 GR -0.001 0.000 0.000 

T1 0.042 0.000 0.004 
GR+Tl 0.041 0.000 0.004 
RESPONSE 0.025 0.001 0.013 
TOTAL 0.065 0.001 0.017 

*** Segment A end *** 
*** Segment B begin *** 
BO2 

BO3 N 

BO3 M 

BO3 F 

BO4 N 

BO4 M 

GR 
TI 
GR+Tl 
RESPONSE 
TOTAL 

GR 
11 
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

GR 
11 
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
GR+T1 
RESPONSE 
TOTAL 

GR 
11 
GRIT1 
RESPONSE 
TOTAL 

0.000 0.000 0.000 
0.033 0.000 0.004 
0.033 0.000 0.004 
0.016 0.001 0,013 
0.049 0.001 0.017 

0.000 0.000 0.000 
0.026 0.002 -0.011 
0.026 0.002 -0.011 
0.005 0.001 0.013 
0.031 0.003 0.024 

0.000 0.000 0.000 
0.022 0.003 -0.014 
0.022 0.002 -0.014 
0.002 0.001 0.012 
0.024 0.003 0.026 

0.000 0.000 0.000 
0.016 0.004 -0.012 
0.017 0.004 -0.012 
0.001 0.001 0.010 
0.018 0.004 0.021 

0.000 0.000 0.000 
0.007 0.007 -0.004 
0.007 0.007 -0.004 
0.001 0.000 0.004 
0.008 0.008 0.007 

0.000 0.000 0.000 
0.003 0.007 -0.001 
0.003 0.007 -0.001 
0.001 0.000 0.001 
0.004 0.007 0.002 

ROTATIONS (deg ) 
X Y Z  - _ _ _ _ _  
0.000 
-0.001 
-0.001 
0.011 
0.012 

-0.001 
0.003 
0.002 
0.003 
0.005 

-0.001 
0.011 
0.010 
0.001 
0.012 

-0.001 
0.015 
0.015 
0.004 
0.018 

-0.001 
0.017 
0.017 
0.007 
0.024 

-0.001 
0.015 
0.015 
0.008 
0.023 

-0.001 
0.014 
0.013 
0.010 
0.023 

-0.084 0.008 
0.407 0.040 
0.323 0.049 
0.129 0.029 
0.452 0.078 

0.000 0.000 
0.029 0.028 
0.029 0.028 
0.048 0.016 
0.077 0.044 

0.000 0.000 
0.040 0.003 
0.040 0.003 
0.058 0.012 
0.098 0.015 

0.000 -0.001 
0.054 -0.007 
0.054 -0.008 
0.053 0.009 
0.107 0.017 

0.000 -0.001 
0.066 -0.024 
0.065 -0.025 
0.049 0.004 
0.115 0.029 

0.000 -0.001 
0.067 -0.026 
0.067 -0.027 
0.049 0.003 
0.116 0.030 

0.000 -0.002 
0.068 -0.026 
0.068 -0.027 
0.049 0.008 
0.117 0.035 
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Point 
name 

BO4 F 

BO5 

BO6 

BO7 

D I S P L A C E M E N T S  

Load TRANSLATIONS (in ) 
combination X Y 2 

GR 0.000 
T1 0.000 
GRIT1 0.000 
RESPONSE 0.000 
TOTAL 0.001 

GR 0.000 
T1 0.000 
GR+Tl 0.000 
RESPONSE 0.000 
TOTAL 0.000 

GR 0.000 
Tl 0.000 
GR+Tl 0.000 
RESPONSE 0.000 
TOTAL 0.000 

GR 0.000 
T1 0.000 
GR+T1 0.000 
RESPONSE 0.000 
TOTAL 0.000 

*** Segment B end *** 
*** Segment C begin *** 
5 GR 0.000 

T1 0.000 
GR+T1 0.000 
RESPONSE 0.000 
TOTAL 0.000 

CO1 GR 0.000 
T1 0.000 
GR+T1 0.000 
RESPONSE 0.000 
TOTAL 0.000 

0.000 
0.004 
0.004 
0.000 
0.004 

0.000 
0.003 
0.003 
0.000 
0.003 

0.000 
0.003 
0.003 
0.000 
0.003 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

...... 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.003 
0.003 
0.000 
0.003 

0.000 
0.000 
0.000 
0.000 
0.000 

ROTATIONS (deg ) 
X Y 7  .---.- _ _  _ _ _ _  
0.000 0.000 
0.011 0.069 
0.011 0.069 
0.011 0.048 
0.021 0.117 

0.000 0.000 
0.011 0.069 
0.011 0.068 
0.011 0.048 
0.021 0.117 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0,000 0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

...__. 

.0.001 

.0.023 
-0.024 
0.011 
0.035 

.0.001 

.0.022 

.0.024 
0.011 
0.035 

0.000 
0.000 
0.000 
0.000 
0.001 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

*** Segment C end *** 
** Segment 0 begin *** 

M-CW.OUT 6-26-96 1l:lla 
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D I S P L A C E M E N T S  

Point Load TRANSLATIONS (in > 
name cmbination X _._.__ ..__.______ 
3 GR 

T1 
GRIT1 
RESPONSE 
TOTAL 

DO1 GR 
T1 
GR+T1 
RESPONSE 
TOTAL 

*** Segment D end 

A15 

1 

BO2 

5 

4 

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
GR+T1 
RESPONSE 
TOTAL 

GR 
T1 
GR+T1 
RESPONSE 
TOTAL 

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

Y 2-  

0.000 
0.000 
0. 000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

*** 
-0.001 
0.042 
0.041 
0.025 
0.065 

0.000 
0.038 
0.038 
0.024 
0.062 

0.000 
0.033 
0.033 
0.016 
0.049 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.001 
0.001 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.001 
0.001 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.001 

0.000 
-0.003 
-0.003 
0.000 
0.003 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.004 
0.004 
0.013 
0.017 

0.000 
0.004 
0.004 
0.013 
0.017 

0.000 
0.004 
0.004 
0.013 
0.017 

0.000 
0.003 
0.003 
0.000 
0.003 

0.000 
0.000 
0.000 
0.000 
0.000 

ROTATIONS (deg ) 
X Y Z  

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 -0.084 
-0.001 0.407 
-0.001 0.323 
0.011 0.129 
0.012 0.452 

0.000 -0.001 
-0.002 0.013 
-0.003 0.012 
0.009 0.012 
0.011 0.025 

.._.__ 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 

0.008 
0.040 
0.049 
0.029 
0.078 

0.000 
0.029 
0.029 
0.017 
0.046 

0.000 
0.028 
0.028 
0.016 
0.044 

0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.029 
0.029 
0.018 
0.047 
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Point  Load 
name combination 

3 GR T I  

__.___ ____--_.___ 

GRIT1 
RESPONSE 
TOTAL 

6 GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

2 GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

7 GR 
T1 
GR+T1 
RESPONSE 
TOTAL 

D I S P L A C E M E N T S  

TRANSLATIONS ( i n  ) 
X Y Z  ___._. ._..__ __._._ 

ROTATIONS (deg ) 
X Y Z  ___.._ __._.. _ _ _ _ _ _  

0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 -0.003 0.000 0.000 0.000 
0.000 0.000 -0.003 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.003 0.000 0.000 0.000 

0.000 0.000 0.000 0.000 -0.001 0.000 
0.033 0.000 0.003 -0.003 0.013 0.029 
0.033 0.000 0.003 -0.003 0.012 0.029 
0.021 0.001 0.012 0.009 0.012 0.017 
0.054 0.001 0.015 0.012 0.024 0.046 

-0.001 0.000 0.000 
0.044 0.000 0.004 
0.044 0.000 0.004 
0.026 0.001 0.013 
0.070 0.001 0.017 

-0.001 -0.005 0.008 
-0.001 0.039 0.040 
-0.001 0.034 0.049 
0.005 0.016 0.029 
0.007 0.051 0.077 

0.000 0.000 0.000 0.000 -0.001 0.000 
0.009 0.000 0.001 -0.003 0.010 0.029 
0.009 0.000 0.001 -0.003 0.009 0.029 
0.006 0.001 0.003 0.010 0.009 0.018 
0.014 0.001 0.004 0.013 0.019 0.047 

0 
MA-CLl6A.WT 6-26-96 1 l : l l a  

____.______________________.__~_______--.~._____-------___~~..-..--~-.~------~~. 
MA-C06A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORD CO 
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 15 

S U P P O R T  F O R C E S  

Point /  Connect/ Load L O C A L  G L O B A L  
Supp. I D  Type Combination D i r n  Force Deform D i r n  Force Deform __.__... ___.____ ._.____..._ __._ _.___.._ ._.-.-__ _ - - -  -----_-. ------.- 
*** End o f  system , no supports encountered. *** 
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MA-C06A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORD CO 
06/26/96 PIPE STRESS ANALYSIS AutoPIPE14.60 RESULT PAGE 16 ................................................................................ 

R E S T R A I N T  R E A C T I O N S  

Point  
name ..-__ 
A00 

BO7 

5 

co1 

3 

DO1 

Load FORCES (Lb ) 
combination x Y z Resuit _ _  
Anchor 
GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

Anchor 
GR 
T1 
GR+T1 
RESPONSE 
TOTAL 

Anchor 
GR 
T l  
GR+Tl 
RESPONSE 
TOTAL 

Anchor 
GR 
T l  
GRIT1 
RESPONSE 
TOTAL 

Anchor 
GR 
11 
CR+T1 
RESPONSE 
TOTAL 

Anchor 
GR 
1 1  
GR+Tl 
RESPONSE 
TOTAL 

57 
-290 
-233 
295 
528 

5 

13 
326 
339 

0 
0 
0 

0 

22 
-279 
-257 

a 

281 
538 

0 
0 
0 

0 

-a4 
561 
477 
560 

1037 

-358 9 362 

128 132 347 

37 -32 294 
-321 -23 397 

449 155 710 

-167 2 167 
-197 -103 222 

86 169 377 
450 270 625 

-363 -102 378 

0 0  
0 0  
0 0  
0 0  
0 0  

0 
0 

-231 -6 232 
-14 -24319 24321 

1062 314 1142 
-245 -24325 2432a 

1307 24639 24680 

0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  

154 -5 175 
262 24455 24463 
416 24450 24458 

i i a o  316 1344 
1596 24766 z a 3 9  

-28 

l i s  

-11 
-39 
79 

-1 
1 
1 

56 
56 

50 
- 4  
46 
94 

140 

29 
2 

31 
133 
163 

-a0 
-41 

-121 
200 
321 

19 
33 
52 

200 
148 

.... 

-39 
41 

2 
196 
198 

0 
21 
21 
15 
35 

4 - 72 
-69 
60 

129 

3 
-35 
-32 
35 
67 

13 
-167 
-155 
240 
395 

10 - 70 
-60 
70 

130 

.__... 

-186 
-a0 

-266 
129 
395 

-4 

-52 
90 

142 

2 

123 
409 

0 
0 
0 
0 

-48 

284 
286 

-134 

614 
397 

1011 

0 
0 

0 
0 

748 

MOMENTS ( f t - l b  ) 
X Y 7 Resul t  . . -. -. . 

193 
91 

269 
248 
458 

4 
52 
56 

107 
156 

50 
293 

166 
451 

298 

29 
35 
44 

137 
177 

156 
767 . 
645 
506 

1132 

22 
77 
79 

163 
238 

W\-CW.WT 6-26-96 1 l : l l a  

Point  Load FORCES (Lb ) MOMENTS ( f t - l b  ) 
name combination X Y 2 Result X Y 2 Result --..-- ..--.----.. .-.-.. .....- .._... ...._. ...._-_ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  
5 Anchor 

GR 0 0 0 0 5 0 4 2 5 0  
T1 o o o o -4 -72 284 293 
GR+T1 o o o o 46 -69 286 298 
RESPONSE 0 0 0 0 94 60 123 166 
TOTAL 0 0 0 0 140 129 409 451 
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-______. .~. . . - . .________________________--~~~~~.~.~~~. .~~~~~~.~~~~~~~~.~. .~~~~. .  
MA-CO6A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORO CO 
06/26/96 PIPE STRESS ANALYSIS AUtaPIPE+4.60 RESULT PAGE 18 

G L O B A L  F O R C E S  & M O M E N T S  

Point  Load FORCES ( I b  MOMENTS ( f t - I b  ) 
name combination X Y 2 Result X Y 2 Result ._ _ _  _. 

A00 GR 
11 
G R I T 1  
RESPONSE 
TOTAL 

A01 GR 
11 
GR+Tl 
RESPONSE 
TOTAL 

A02 GR 
T I  
GR+Tl 
RESPONSE 
TOTAL 

A03 N CR 
11 
GR+Tl 
RES P 0 N S E 
TOTAL 

A03 H GR 
T I  
GR+Tl 

\ 7:;;yE 

A03 F GR 
T 1  
GR+Tl 
RESPONSE 
TOTAL 

A04 N GR 
T 1  
G R I T 1  
RESPONSE 
TOTAL 

-57 
290 
233 
295 
528 

-57 
290 
233 
290 
523 

-57 
290 
233 
287 
520 

-57 
290 
233 
287 
520 

-57 
290 
233 
287 
520 

-57 
290 
233 
287 
520 

-57 
290 
233 
285 
518 

358 
-37 
321 
128 
448 

209 
-37 
172 
115 
288 

209 
-37 
172 
109 
281 

209 
-37 
172 
109 
281 

205 
-37 
168 
108 
276 

200 
-37 
163 
108 
271 

188 
-37 
151 
108 
259 

-9  
32 
23 

131 
155 

-9  
32 
23 

121 
145 

-9 
32 
23 

117 
140 

-9  
32 
23 

117 
140 

-9  
32 
23 

117 
140 

-9  
32 
23 

116 
139 

-9  
32 
23 

114 
137 

362 
294 
397 
347 
71 0 

217 
294 
291 
335 
614 

217 
294 
291 
329 
608 

217 
294 
291 
329 
608 

212 
294 
288 
328 
605 

208 
294 
286 
327 
602 

197 
294 
279 
325 
595 

28 
11 
39 
79 

118 

-11 
15 
4 

75 
80 

-16 
16 
-1 
75 
76 

-17 
16 
-1 
75 
76 

-39 
23 

-17 
68 
85 

-50 
32 

-18 
62 
80 

-56 
53 
-3 
96 
99 

P 
M-CW.UJT 6-26-96 1 l : l l a  

5 
0 

_ _ _ _ _  

39 
-41 

-2 
196 
198 

31 
-2 
29 

161 
190 

29 
5 

34 
155 
190 

29 
5 

35 
155 
190 

21 
43 
64 

133 
197 

18 
58 
76 

128 
204 

18 
58 
76 

128 
204 

186 
80 

266 
129 
395 

108 
88 

196 
118 
314 

97 
90 

186 
117 
303 

97 
90 

186 
117 
303 

58 
69 

128 
96 

223 

54 
4 

58 
76 

134 

91 
-186 
-95 
213 
308 

193 
91 

269 
248 
458 

113 
89 

198 
213 
376 

103 
91 

190 
208 
366 

102 
91 

189 
208 
365 

74 
84 

144 
177 
309 

76 
67 
98 

161 
257 

109 
202 
122 
266 
383 

MA-C06A JUMPER ASSEMBLY C-OM-9-A I C F  KAISER HANFORO CO 
06/26/96 PIPE STRESS ANALYSIS AutoPIPM4.M) RESULT PACE 19 -...________________________.___________._---..---.______.______________________ 

G L O B A L  F O R C E S  & M O M E N T S  

Paint  Load FORCES ( I b  ) 
name combination X Y 2 Result -.---- -__..----.- -..... _..-.- -...__ _____. 
A04 M 

A04 F 

A05 N 

A05 M 

A05 F 

A06 N 

A06 M 

GR 
11 
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
G R I T 1  
RESPONSE 
TOTAL 

GR 
T1 
GRIT1 
RESPONSE 
TOTAL 

CR 
T1 
GR+T1 
RESPONSE 
TOTAL 

GR 
T 1  
GRIT1 
RESPONSE 
TOTAL 

GR 
11 
G R t T l  
RESPONSE 
TOTAL 

GR 
11 
GR+Tl 
RES P 0 N S E 
TOTAL 

-57 
290 
233 
284 
517 

-57 
290 
233 
2 76 
509 

-57 
290 
233 
268 
502 

-57 
290 
233 
267 
500 

-57 
290 
233 
264 
498 

-57 
290 
233 
260 
493 

-57 
290 
233 
257 
490 

181 
-37 
145 
107 
252 

1 74 
-37 
138 
104 
242 

96 
-37 
59 
83 

141 

89 
-37 
52 
80 

132 

82 - 37 
45 
77 

122 

64 
-37 
27 
70 
98 

57 
-37 
20 
66 
86 

-9  
32 
23 
I l l  
135 

-9 
32 
23 

100 
123 

-9  
32 
23 
73 
96 

-9  
32 
23 
68 
92 

-9 
32 
23 
61 
84 

-9 
32 
23 
54 
78 

-9  
32 
23 
51 
74 

190 
294 
275 
323 
591 

184 
294 
272 
312 
577 

112 
294 
242 
290 
530 

106 
294 
240 
287 
526 

100 
294 
239 
282 
519 

86 
294 
236 
274 
508 

81 
294 
235 
270 
503 

MOMENTS ( f t - L b  ) 
X Y 2 Result - _  

-60 
65 

5 
129 
135 

-61 
70 
9 

144 
153 

-61 
70 
9 

144 
153 

-48 
64 
17 

135 
152 

-17 
51 
34 

117 
151 

56 
14 
70 
98 

168 

77 
1 

78 
104 
182 

17 
63 
80 

118 
197 

14 
74 
88 

101 
189 

-27 
219 
192 
417 
609 

-22 
188 
166 
417 
583 

-3 
90 
87 

377 
464 

54 
-200 
-146 
354 
500 

72 
-297 
-225 
392 
61 7 

84 
-283 
-199 
298 
498 

30 
-313 
-283 
314 
598 

-573 
-148 
-721 
354 

1075 

-605 
-135 
-741 
371 

1112 

-618 
-130 
-748 
378 

1126 

-618 
-130 
-748 
378 

1126 

-627 
-124 
-751 
383 

1134 

105 
297 
215 
346 
552 

69 
329 
297 
360 
645 

577 
273 
746 
565 

1245 

608 
240 
759 
5 74 

1265 

618 
166 
754 
547 

1227 

623 
239 
765 
527 

1244 

636 
322 
788 
558 

1304 
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MA-C06A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORD CO 
06/26/96 PIPE STRESS ANALYSIS  AutoPIPE+4.60 RESULT PAGE 20 

G L O B A L  F O R C E S  & M O M E N T S  

Point  Load 
name combination 

A06 F GR T ?  

_____. _ _ _ _ _ _ _ _ _ _ _  
GRIT1 
RESPONSE 
TOTAL 

A07 - GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

A07 + GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

A08 - GR 
T 1  
GR+Tl 
RESPONSE 
TOTAL 

A08 + GR 
11 
GR+Tl 
RESPONSE 
TOTAL 

A09 - GR 
11 
GR+Tl 
RESPONSE 
TOTAL 

A09 + GR 
11 
GR+T1 
RESPONSE 
TOTAL 

FORCES ( l b  ) 
2 Result -. _ _  

-57 
290 
233 
250 
484 

-57 
290 
233 
250 
484 

-57 
290 
233 
232 
465 

-57 
290 
233 
232 
465 

-57 
290 
233 
1 79 
412 

-57 
290 
233 
1 79 
412 

-57 
290 
233 
158 
392 

50 
-37 
13 
58 
71 

30 
-37 
-7  
58 
65 

7 
-37 
-30 
42 
71 

-9  
-37 
-46 
42 
88 

-114 
-37 

-151 
83 

234 

-130 
-37 

-167 
83 

250 

-147 
-37 

-184 
109 
294 

___. 
-9 
32 
23 
45 
68 

-9  
32 
23 
45 
68 

-9 
32 
23 
38 
61 

-9 
32 
23 
38 
61 

-9  
32 
23 
76 

100 

-9  
32 
23 
76 

100 

-9 
32 
23 
97 

120 

__._ 
76 

294 
235 
261 
494 

65 
294 
235 
261 
493 

58 
294 
236 
239 
475 

58 
294 
239 
239 
477 

128 
294 
279 
212 
484 

142 
294 
288 
212 
492 

158 
294 
298 
216 
504 

K _.._ 
85 
-4 
81 

107 
188 

85 
-4 
81 

107 
188 

85 
-4 
81 

107 
188 

85 
-4 
81 

107 
188 

85 
-4 
81 

107 
188 

85 
-4 
81 

107 
188 

85 
-4 
81 

107 
188 

MOMENTS ( f t - I b  ) 
Y 2 Result .. 

77 
-328 
-251 
414 
665 

67 
-292 
-225 
419 
644 

67 
-292 
-225 
419 
644 

59 
-262 
-203 
407 
610 

59 
-262 
-203 
407 
610 

50 
-232 
-182 
339 
520 

50 
-232 
-182 
339 
520 

-646 
-111 
-757 
393 

1150 

-691 - 70 
-761 
420 

1181 

-691 
~ 70 

-761 
420 

1181 

-691 
-36 

-726 
420 

1146 

-691 
-36 

-726 
420 

1146 

-578 
-2 

-580 
347 
927 

-578 
-2 

-580 
347 
927 

656 
347 
802 
581 

1342 

700 
300 
798 
603 

1358 

700 
300 
798 
603 

1358 

698 
264 
758 
595 

1312 

698 
264 
758 
595 

1312 

587 
232 
613 
497 

1080 

587 
232 
613 
497 

1080 

MA-CO6A.blT 6-36-96 1 l : l l a  

G L O B A L  F O R C E S  & M O M E N T S  

Point  Load FORCES ( lb -  ) 
name combination Y Y Result - . . . . . - - . . - -. . - - - . . . 
A10 - GR 

11 
GR+Tl 
RESPONSE 
TOTAL 

A10 + GR 

A l l  N 

A l l  M 

A1 1 

A12 

A13 

T1 
GRIT1 
RESPONSE 
TOTAL 

GR 
T1 
GR+T1 
RESPONSE 
TOTAL 

GR 
T I  
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
GR+TI 
RESPONSE 
TOTAL 

GR 
T1 
GR+Tl 
RESPONSE 
TOTAL 

GR 
11 
GR+Tl 
RESPONSE 
TOTAL 

_ _ _ _ _  
-57 
290 
233 
158 
392 

-57 
290 
233 
108 
342 

-57 
290 
233 
105 
339 

-57 
290 
233 
104 
337 

-57 
290 
233 
103 
336 

-57 
290 
233 
63 

296 

-57 
290 
233 
92 

325 

( q,'' 

._.. 
-194 
-37 

-231 
109 
340 

-291 
-37 

-328 
136 
464 

-304 
-37 

-341 
137 
478 

-308 
-37 

-345 
138 
483 

-313 
-37 

-350 
138 
488 

-458 
-37 

-495 
154 
649 

-458 
-37 

-495 
1 76 
671 

I 7  

' _._. 
-9  
32 
23 
97 

120 

-9  
32 
23 

124 
147 

-9 
32 
23 

125 
148 

-9  
32 
23 

126 
149 

\ -'9 
32 
23 

126 
149 

-9 
32 
23 

148 
172 

-9 
32 
23 

1 78 
201 

-.___ 
202 
294 
329 
216 
533 

297 
294 
403 
213 
595 

309 
294 
413 
214 
604 

314 
294 
417 
213 
607 

318 
294 
421 
213 
61 1 

462 
294 
548 
223 
733 

462 
294 
548 
267 
772 

- 
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MOMENTS ( f t - l b  ) 
X Y 2 Result 

85 
- 4  
81 

107 
188 

85 
-4 
81 

107 
188 

85 
-4 
81 

107 
188 

84 
1 

83 
101 
185 

82 
7 

89 
93 

181 

82 
9 

90 
92 

182 

81 l a  
91 
92 

183 

26 
-146 
-120 

92 
21 1 

26 
-146 
-120 

92 
211 

20 
-123 
-103 

30 
133 

18 
-115 
-98 
42 

140 

17 
-112 - 96 

51 
147 

17 
-112 
-96 
51 

147 

17 
-112 - 96 

51 
147 

-124 
96 

.28 
88 

116 

-124 
96 - 28 
88 

116 

86 
123 
208 
78 

287 

163 
103 
266 
99 

365 

207 
38 

245 
115 
360 

211 
19 

230 
117 
347 

213 

220 
119 
339 

.___ 
153 
175 
147 
166 
306 

153 
175 
147 
166 
306 

122 
1 74 
246 
136 
368 

185 
155 
296 
148 
432 

223 
119 
278 
156 
429 

227 
114 
265 
157 
418 

229 
113 
257 
159 
412 



-.._______._________.-...--...__________.._---._________________________________ 
MA-C06A JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO 
06/26/96 PIPE STRESS ANALYSIS AUtoPIPE+4.60 RESULT PAGE 23 . - - - -. -. 

G L O B A L  F O R C E S  & M O M E N T S  

Point  Load FORCES ( l b  ) 
name combination X Y 2 Result 

MOMENTS ( f t - l b  ) 
x Y 2 Result ...._ _____._ _._.___ _ _ _ _ _ _ _  FORCES ( I b  ) Load 

combination X Y 2 Result ---.-__._._ __..._ ....__ _____. .__.__ 
Point 
name 

BO3 M 
._._. ___... ...._...___ _ _ _ _ _ _  

A14 N GR -57 
T I  290 
GR+TI 233 
RESPONSE 94 
TOTAL 327 

A14 M CR -57 
T I  290 
GR+Tl 233 
RESPONSE 96 
TOTAL 329 

-460 
-37 

-497 
176 
673 

-467 
-37 

-504 
177 
681 

-474 
-37 

-511 
1 78 
688 

549 
-2 

546 
178 
725 

541 
-2 

539 
178 
71 7 

-9  
32 
23 

179 
202 

-9  
32 
23 

180 
204 

-9 
32 
23 

181 
204 

-9  
32 
23 

182 
205 

-9 
32 
23 

182 
205 

463 
294 
549 
268 
775 

470 
294 
556 
270 
783 

477 
294 
562 
272 
790 

552 
292 
594 
273 
823 

544 
292 
588 
273 
816 

80 
13 
93 
95 

189 

145 
30 

175 
143 
318 

310 
48 

358 
204 
562 

386 
54 

440 
226 
666 

37 
55 
93 

326 
419 

17 
-112 - 96 

51 
147 

9 - 70 
-61 
40 

101 

-12 
33 
21 
23 
44 

-21 
79 
58 
29 
87 

-57 
265 
208 
83 

291 

219 
-22 
197 
124 
321 

239 
-124 
115 
144 
258 

247 
-167 

80 
154 
234 

247 
-167 

80 
154 
234 

247 
-167 

80 
154 
234 

234 
115 
238 
164 
400 

279 
146 
218 
207 
422 

397 
1 76 
367 
256 
610 

459 
192 
451 
275 
71 1 

256 
317 
241 
370 
561 

GR 
T1 
GR+TI 
RESPONSE 
TOTAL 

GR 
T I  
CR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
GRIT1 
RESPONSE 
TOTAL 

GR 
T I  
C R t T l  
RESPONSE 
TOTAL 

GR 
T1 
GR+TI 
RESPONSE 
TOTAL 

GR 
T I  
GR+Tl 
RESPONSE 
TOTAL 

GR 
T1 
GRIT1 
RESPONSE 
TOTAL 

5 5  
8 -197 

13 -192 
319 59 
332 251 

5 2  
8 -197 

13 -195 
319 59 
332 254 

5 -9 
8 -197 

13 -206 
319 59 
333 264 

2 
-103 
-102 
155 
257 

2 
-103 
-102 
156 
257 

2 
-103 
-102 
156 
258 

2 
-103 
-102 
156 

258, t :  

-103 
-102 
156 
258 

2 
-103 
-102 
160 
262 

2 
-103 
-102 
168 
270 

7 
222 
217 
360 
489 

5 
222 
220 
360 
491 

10 
222 
230 
360 
497 

14 
222 
234 
360 
500 

19 
222 
238 
360 
502 

163 
222 
374 
365 
602 

163 
222 
3 74 
377 
622 

- 1  
45 
43 
39 
83 

-2 
66 
65 
45 

109 

-2 
66 
65 
45 

109 

-1 
56 
55 
29 
84 

-1 
32 
31 
8 

39 

-1 
25 
24 
18 
42 

-1 
21 
20 
25 
44 

1 
-103 
-102 

154 
256 

1 - 75 
-73 
142 
216 

0 
-14 
-13 
52 
65 

0 
11 
11 
19 
30 

0 
21 
21 

. 15 
35 

0 
21 
21 
15 
35 

0 
21 
21 
15 
35 

5 
192 
196 
44 

24 1 

5 
139 
145 
59 

204 

3 
23 
26 
93 

119 

0 
-24 
-24 
76 

100 

-2 
-45 
-48 

7 
55 

-3 
-46 
-49 
16 
65 

-3 
-46 
-49 
29 
78 

5 
222 
225 
165 
361 

6 
172 
175 
161 
316 

4 
71 
71 

115 
174 

1 
62 
61 
83 

134 

3 
59 
60 
18 
76 

3 
56 
58 
28 
85 

3 
55 
57 
40 
96 

803 F 

BO4 N A14 F GR -57 
T 1  290 
GR+Tl 233 
RESPONSE 97 
TOTAL 330 

A14A GR -57 
T I  290 
GRIT1 233 
RESPONSE 98 
TOTAL 33 1 

804 M 5 -13 
8 -197 

13 -210 
319 59 

5 -18 
8 -197 

13 -215 
319 59 
333 274 

(3;.3 I ?  
A15 GR -57 

T l  290 
GR+Tl 233 
RESPONSE 98 
TOTAL 331 

804 F 

*** Segment A end *** 
*** Segment B begin *** 

BO5 5 -163 
8 -197 

13 -360 
321 67 
334 427 BO2 GR 5 

T I  8 
GRIT1 13 
RESPONSE 319 
TOTAL 332 

19 
-197 
-178 

59 
237 

8 
-197 
-188 

59 
247 

2 
-103 
-102 
154 
255 

2 
-103 
-102 
154 
256 

20 
222 
205 
359 
481 

10 
222 
214 
359 
487 

13 
-189 
-176 

45 
221 

-5 
-124 
-129 
259 
388 

0 
-117 
-117 
113 
229 

15 
31 1 
308 
266 
515 

806 5 -163 
8 -197 

13 -360 
326 86 
339 446 803 N 5 

8 
13 

319 
332 

1 
-7  
-7  
28 
35 

4 
243 
246 
122 
345 

wA-CO6A.WT 6-26-96 1 l : l l a  
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MA-C06A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORD CO 
06/26/96 PIPE STRESS ANALYSIS AUtoPIPEI4.60 RESULT PAGE 24 ................................................................................ 

G L O B A L  F O R C E S  & M O M E N T S  

Point  Load FORCES (Lb ) MOMENTS ( f t - l b  ) 
name combination X Y 2 Result X Y 2 Result _ _ _ _ _ _  ______.____ ..____ _.--.- ...___ ..-_._ ....... ..---__ -----.. ____--. 
BO7 GR 5 

T1 8 
GR+Tl 13 
RESPONSE 326 
TOTAL 339 

*** Segment B end *** 
*** Segment C begin *** 
5 GR 22 

T 1  - 279 
GR+Tl -257 
RESPONSE 281 
TOTAL 538 

CO1 GR 22 
T I  -279 
GR+Tl -257 
RESPONSE 281 
TOTAL 538 

*** Segment C end *** 
*** Segment D begin *** 
3 GR -84 

11 561 
GR+T1 477 
RESPONSE 560 
TOTAL 1037 

DO1 GR -84 
T1 561 
GR+Tl 477 
RESPONSE 560 
TOTAL 1037 

*** Segment D end *** 

-167 2 167 
-197 -103 222 
-363 -102 378 

86 168 377 
449 270 624 

-229 -6 230 
-14 -24319 24321 

-243 -24325 24328 
1062 314 1142 
1304 24639 24679 

-231 -6  232 
-14 -24319 24321 

-245 -24325 24328 
1062 314 1142 
1307 24639 24679 

156 -5 177 
262 24455 24463 
418 24450 24458 

1180 316 1344 
1598 24766 24839 

154 -5 175 
262 24455 24463 
416 24450 24458 

1180 316 1344 
1596 24766 24839 

- 1  
1 
1 

56 
56 

-29 
- 2  

-30 
133 
163 

29 

31 
133 
163 

-19 
-33 
-52 
148 
200 

19 
33 
52 

148 
200 

0 
21 
21 
15 
35 

-3 
35 
32 
35 
67 

3 
-35 
-32 
35 
67 

-10 
70 
60 
70 

130 

10 - 70 
-60 
70 

130 

-4 
-48 
-52 
90 

142 

0 
0 
0 
0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

4 
52 
56 

107 
'156 

29 
35 
44 

137 
176 

29 
35 
44 

137 
177 

22 
77 
79 

163 
238 

22 
77 
79 

163 
238 

0 

)IA-C(MA.OUT 6-26-96 1 l : l l a  

MA-CO6A JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO 
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ASME 831.3~ (1992) CODE COMPLIANCE 
(Moments i n  f t - l b  ) (Stress i n  ps i  ) 

Point Load In -P I .  Out-PI. Torsion S.1.F Eq. Load Code Code 
name combination Moment Moment Moment I n  Out no. type Stress Allou. .__-_. ______._--. _...__. ------. ._._..- .___ __._ _ _ _ _  .__. ._____ _ _ _ _ _ _  
*** Segment A begin *** 
A00 Max P 

GP + Max P 
Cold t o  T1 
SRSS 

A01 Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A02 Max P 
GR + Max P 
Cold t o  T1 
SRSS 

GR + Max P 
Cold t o  T1 
SRSS 

A03 I- Max P 

A03 N+ Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A03 M Max P 
GR + Max P 
Cold t o  T I  
SRSS 

A03 F -  Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A03 F+ Max P 
GR + Max P 
Cold t o  T1 
SRSS 

179 
76 

141 

92 
85 

130 

79 
87 

128 

79 
87 

128 

79 
87 

128 

35 
72 

108 

26 
18 
79 

50 
32 
62 

39 
41 

196 

31 
2 

161 

29 
5 

155 

29 
5 

155 

29 
5 

155 

28 
23 
99 

69 
27 
57 

54 
4 

76 

(3a) HOOP 
1.00 1.00 (18) SUST 

26 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

26 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

26 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

26 1.00 1.00 (17) D l S P  
1.00 1.00 (18) OCC 

(3a) HOOP 
2.56 2.13 (18) SUST 

26 2.56 2.13 (17) OlSP 
2.56 2.13 (18) OCC 

(3a) HOOP 
2.56 2.13 (18) SUST 

38 2.56 2.13 (17) DlSP 
2.56 2.13 (18) OCC 

(3a) HOOP 
2.56 2.13 (18) SUST 

58 2.56 2.13 (17) DlSP 
2.56 2.13 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

58 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 

4844 2947 16700 16700 
338 25050 

1162 22211 

4844 16700 
2531 16700 
334 25050 
992 22211 

4844 16700 
2472 16700 
340 25050 
967 22211 

4844 2470 16700 16700 

340 25050 
966 22211 

4844 16700 
3080 16700 

2235 839 22211 25050 

4844 16700 
2580 16700 
725 25050 

1674 22211 

4844 16700 
2842 16700 
349 25050 

1136 22211 

4844 16700 
2420 16700 
248 25050 
469 22211 
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ASME 831 .3~  (1992) CODE COMPLIANCE 
(Moments i n  f t - l b  ) (s t ress i n  ps i  ) 

Point  Load In-PI. Out-Pl. Torsion S.1.F Eq. Load Code Code 
name cmb ina t i on  Moment Moment Moment I n  Out no. type Stress Allow. _ _ _ _ _ _  ..______.-. ..--__. .___... .------ .... _ _ _ _  _... .___ 
A04 N- Max P 

GR + Max P 
Cold t o  T1 
SRSS 

A04 N+ Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A04 M Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A04 F -  Max P 
GR + Max P 
Cold t o  T 1  
SRSS 

GR + Max P 
Cold t o  T 1  

A04 F+ Max P 

SRSS 

A05 N- Max P 
GR + Max P 
Cold t o  T 1  
SRSS 

GR + Max P 
Cold t o  T1 
SRSS 

A05 N+ Max P 

A05 M Max P 
GR + Max P 
Cold t o  T 1  
SRSS 

A05 F-  Max P 
GR + Max P 
Cold t o  T 1  
SRSS 

56 
53 
96 

91 
186 
213 

84 
283 
298 

30 
313 
314 

30 
313 
314 

573 
148 
354 

27 
219 
417 

22 
188 
417 

3 
90 

377 

91 
186 
213 

56 
53 
96 

30 
90 
93 

14 
74 

101 

14 
74 

101 

27 
219 
417 

573 
148 
354 

395 
141 
254 

17 
51 

117 

(3a) HOOP 
1.00 1.00 (18) SUST 

58 1.00 1.00 (17) OlSP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.95 1.63 (18) SUST 

58 1.95 1.63 (17) D l S P  
1.95 1.63 (18) OCC 

(3a) HOOP 
1.95 1.63 (18) SUST 

1 1.95 1.63 (17) D l S P  
1.95 1.63 (18) OCC 

(3a) HOOP 
1.95 1.63 (18) SUST 

70 1.95 1.63 (17) D l S P  
1.95 1.63 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

70 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

70 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.95 1.63 (18) SUST 

70 1.95 1.63 (17) DlSP 
1.95 1.63 (18) OCC 

(3a) HOOP 
1.95 1.63 (18) SUST 

50 1.95 1.63 (17) DISP 
1.95 1.63 (18) OCC 

(3a) HOOP 
1.95 1.63 (18) SUST 

130 1.95 1.63 (17) DISP 
1.95 1.63 (18) OCC 

4844 16700 
2580 16700 
755 25050 

1121 22211 

4844 16700 
3027 16700 
1413 25050 
2132 22211 

4844 16700 
2890 16700 
2137 25050 
2889 22211 

4844 16700 
2364 16700 
2339 25050 
3050 22211 

4844 16700 
2223 16700 
1228 25050 
1585 22211 

4844 16700 
4818 16700 
1020 25050 
2624 22211 

4844 16700 
6546 16700 
1850 25050 
4783 22211 

4844 16700 
5153 16700 
1626 25050 
4381 22211 

4844 16700 
2205 16700 
873 25050 

3650 22211 

M-CO6A.OUT 6-26-96 1 l : l l a  
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A05 F+ Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A06 N- Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A06 N+ Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A06 M Max P 
GR + Max P 
Cold t o  T1 
SRSS 

GR + Max P 
Cold t o  T1 
SRSS 

A06 F-  Max P 

A06 F+ Max P 
GR + Max P 
Cold t o  T 1  
SRSS 

A07 Max P 
GR + Max P 
Cold t o  T 1  
SRSS 

A08 Max P 
GR + Max P 
Cold t o  T1 
SRSS 

ASME 831 .3~  (1992) CODE COMPLIANCE 
(Moments i n  f t - l b  ) ( s t ress  i n  p s i  ) 

Point  Load In-PI. Out-PI. Torsion S.1 .F  Eq. Load Code Code 
name combination Moment Moment Mment I n  Out no. t w e  Stress Allow. 

4844 16700 
2151 16700 
620 25050 

1895 22211 

4844 2436 16700 16700 
891 25050 

1763 22211 

4844 16700 
2729 16700 
1537 25050 
3405 22211 

4844 16700 
6011 16700 
2258 25050 
4355 22211 

4844 16700 
7161 16700 
2488 25050 
4946 22211 

4844 16700 
5187 16700 
1295 25050 
2740 22211 

4844 16700 
5400 16700 
1120 25050 
2850 22211 

__.... _ _ _ _ _ _  

A09 Max P 
GR + Max P 
Cold t o  T1 
SRSS 

17 
51 

117 

56 
14 
98 

54 
200 
354 

72 
297 
392 

77 
328 
414 

646 
111 
393 

691 
70 

420 

691 
36 

420 

5 78 
2 

347 

3 
90 

377 

54 
200 
354 

56 
14 
98 

498 
89 

300 

646 
111 
393 

77 
328 
414 

67 
292 
419 

59 
262 
407 

50 
232 
339 

(3a) HOOP 
1.00 1.00 (18) SUST 

130 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

130 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.95 1.63 (18) SUST 

130 1.95 1.63 (17) DISP 
1.95 1.63 (18) OCC 

(32.) HOOP 
1.95 1.63 (18) SUST 

87 1.95 1.63 (17) D l S P  
1.95 1.63 (18) OCC 

(3a) HOOP 
1.95 1.63 (18) SUST 

4 1.95 1.63 (17) DlSP 
1.95 1.63 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

4 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

4 1.00 1.00 (17) OlSP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

4 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 

(3a) HWP 
1.00 1.00 (18) SUST 

4 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 

LRLL 1h700 

4844 16700 
4852 16700 
867 25050 

2327 22211 
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MA-C06A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORD CO 
06/26/96 PIPE STRESS ANALYSIS AutoPIPE1.4.60 RESULT PAGE 28 ................................................................................ 

ASME 831.3~ (1992) CODE COMPLIANCE 
(Moments i n  f t - l b  ) (Stress i n  ps i  ) 

Point  Load In-PL. Out-PI. Torsion S.1.F Eq. Load Code Code 
name combination Moment Moment Moment I n  Out no. type Stress Al lou.  ._..._ _------..-- - - - - - - -  .-__-.- --.-... _..- ..-. ..__ ..__ 
A10 Max P 

GR + Max P 
Cold t o  T1 
SRSS 

A l l  N- Max P 
GR + Max P 
Cold t o  11 
SRSS 

A l l  N+ Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A l l  M Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A l l  F- Max P 
GR + Max P 
Cold t o  11 
SRSS 

A l l  F+ Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A12 Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A13 Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A14 N- Max P 
GR + Max P 
Cold t o  T1 
SRSS 

124 
96 
88 

86 
123 
78 

86 
123 
78 

163 
103 
99 

207 
38 

115 

82 
7 

93 

82 
9 

92 

81 
10 
92 

80 
13 
95 

26 
146 
92 

20 
123 
30 

20 
123 
30 

72 
82 
69 

82 
7 

93 

207 
38 

115 

211 
19 

117 

213 
7 

119 

219 
22 

124 

112 

112 

(3a) HOOP 
1.00 1.00 (18) SUST 

4 1.00 1.00 (17) OISP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

4 1.00 1.00 (17) DISP 
1.00 1.00 (18) OCC 

(3a) HOOP 
2.56 2.13 (18) SUST 

4 2.56 2.13 (17) DlSP 
2.56 2.13 (18) OCC 

(3a) HOOP 
2.56 2.13 (18) SUST 

81 2.56 2.13 (17) DISP 
2.56 2.13 (18) OCC 

(3.3) HOOP 
2.56 2.13 (18) SUST 

112 2.56 2.13 (17) OISP 
2.56 2.13 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

112 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

112 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 

(3a) HOOP 
.OO 1.00 (18) SUST 
.OO 1.00 (17) DlSP 
.oo 1.00 (18) occ 

(3a) HOOP 
.OO 1.00 (18) SUST 
.OO 1.00 (17) DISP 
.oo 1.00 (18) occ 

...... .._.._ 
4844 16700 
2676 16700 
654 25050 
609 22211 

4844 16700 
2488 16700 
649 25050 
403 22211 

4844 16700 
3138 16700 
1527 25050 
1010 22211 

4844 16700 
4203 16700 
1220 25050 
1402 22211 

4844 16700 
4742 16700 

558 25050 
1699 22211 

4844 16700 
3134 16700 
444 25050 
708 22211 

4844 16700 
3150 16700 
426 25050 
714 22211 

4844 16700 
3160 16700 
422 25050 
721 22211 

4844 16700 
3184 16700 

748 22211 
430 25050 

w 
0 M-COM\.WT 6-26-96 1 l : l l a  
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I C F  KAISER HANFORD CO 
AutoPIPE+4.60 RESULT PAGE 29 -----~------___-..____________ 

ASME 831.3~ (1992) CODE COMPLIANCE 
(Stress i n  ps i  ) 

Point  Load In-PL. Out-Pl. Torsion S.1.F Eq. Load Code Code 
name combination Moment Moment Moment I n  Out no. type Stress ALLou. 

(Moments i n  f t - l b  ) 

___.___ _._. _-.. -... _.._ -..--. __._____.__ 
A14 N+ Max P 

GR + Max P 
Cold t o  T1 
SRSS 

A14 M Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A14 F-  Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A14 F+ Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A14A Max P 
GR + Max P 
Cold t o  T1 
SRSS 

A15 Max P 
GR + Max P 
Cold t o  T1 
SRSS 

*** Segment A end 

.. 

80 
13 
95 

145 
30 

143 

310 

204 
48 

310 
48 

204 

386 
54 

226 

37 
55 

326 
*** 

_.. 

*** Segment B begin *** 
BO2 Max P 

GR + Max P 13 
Cold t o  T1 189 
SRSS 45 

BO3 N- Max P 
GR + Max P 1 
Cold t o  11 7 
SRSS 28 

..__ 

219 
22 

124 

163 
38 
93 

12 
33 
23 

12 
33 
23 

21 
79 
29 

57 
265 
83 

5 
124 
259 

0 
117 
113 

(3a) HWP 
1.95 1.63 (18) SUST 

112 1.95 1.63 (17) DISP 
1.95 1.63 (18) Occ 

(3a) HOOP 
1.95 1.63 (18) SUST 

137 1.95 1.63 (17) DISP 

(3a) HOOP 
1.95 1.63 (18) SUST 

167 1.95 1.63 (17) OlsP 
1.95 1.63 (18) OCC 

(3.3) HOOP 
1.00 1.00 (18) SUST 

167 1.00 1.00 (17) D l S P  

1.95 1.63 (18) occ 

1.00 1.00 (18) occ 
(3a) HOOP 

1.00 1.00 (18) SUST 
167 1.00 1.00 (17) DlSP 

1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

167 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

213 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 

(3a) HWP 
1.00 1.00 (18) SUST 

213 1.00 1.00 (17) D l S P  
1.00 1.00 (18) occ 

- - _ _ _ _  ..____ 
4844 16700 
3932 16700 
450 25050 

1314 22211 

4844 16700 
3927 16700 
604 25050 

1521 22211 

4844 16700 
4972 16700 
740 25050 

1919 22211 

4279 4661 16700 16700 

1228 25050 
1876 22211 

4279 5358 16700 16700 

2087 1337 25050 22211 

4279 16700 

2444 2210 25050 16700 
3078 22211 

4279 16700 
1952 16700 
2166 25050 
2407 22211 

4279 16700 

1692 25050 
1063 22211 

1x28 16700 
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ASME 831.3~ (1992) CODE COMPLIANCE 
(Moments in ft-lb ) (stress in psi ) 

Point Load In-Pl. Out-Pl. Torsion S.1.F Eq. Load Code Code 
name combination Moment Moment Moment In Out no. type Stress Allow. _-__._ _---.--__-- ..--___ ___..__ __...._ _ _ _ _  _ _ _ _  __.. _ _ _ _  
803 N+ Max P 

GR + Max P 
Cold to 11 
SRSS 

803 M Max P 
GR + Max P 
Cold to T1 
SRSS 

803 F- Max P 
GR + Max P 
Cold to 11 
SRSS 

803 F+ Max P 
GR + Max P 
Cold to T1 
SRSS 

GR + Max P 
Cold t o  T1 
SRSS 

804 8- Max P 

804 N+ Max P 
GR + Max P 
Cold to 11 
SRSS 

804 M Max P 
GR + Max P 
Cold to 11 
SRSS 

804 F- Max P 
GR + Max P 
Cold to 11 
SRSS 

804 F+ Max P 
GR + Max P 
Cold t o  11 
SRSS 

0 
117 
113 

1 
103 
154 

1 
75 
142 

5 
139 
59 

3 
23 
93 

3 
23 
93 

0 
24 
76 

2 
45 
7 

1 
32 
8 

1 
7 
28 

4 
104 
51 

5 
139 
59 

1 
75 
142 

0 
14 
52 

0 
14 
52 

1 
32 
31 

1 
32 
8 

2 
45 

(3a) HOOP 
1.78 1.48 (18) SUST 

213 1.78 1.48 (17) DlSP 
1.78 1.48 (18) OCC 

(3a) HOOP 
1.78 1.48 (18) SUST 

167 1.78 1.48 (17) OlSP 
1.78 1.48 (18) OCC 

(3a) HOOP 
1.78 1.48 (18) SUST 

66 1.78 1.48 (17) OlSP 
1.78 1.48 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

66 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

66 1.00 1.00 (17) OlsP 
1.00 1.00 (18) occ 

(3a) HOOP 
2.56 2.13 (18) SUST 

66 2.56 2.13 (17) OlSP 
2.56 2.13 (18) OCC 

(3a) HOOP 
2.56 2.13 (18) SUST 

47 2.56 2.13 (17) DISP 
2.56 2.13 (18) OCC 

(3a) HOOP 
2.56 2.13 (18) SUST 

21 2.56 2.13 (17) OlSP 
2.56 2.13 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

21 1.00 1.00 (17) OlSP 
1.00 1.00 (18) occ 

._-.-- _ _ _ _ _ _  
4279 16700 
1831 16700 
2071 25050 
1871 22211 

4279 16700 
1881 16700 
2031 25050 
2594 22211 

4279 16700 
1899 16700 
1770 25050 
2450 22211 

4844 16700 
2092 16700 
640 25050 
740 22211 

4844 16700 
2081 16700 
267 25050 
511 22211 

4844 16700 
2106 16700 
349 25050 
1259 22211 

4844 16700 
2077 16700 
387 25050 
980 22211 

4844 16700 
2098 16700 
507 25050 
123 22211 

4844 16700 
2079 16700 
221 25050 
53 22211 

w 
W\-CO6A.OVT 6-Y-96 1l:lla 

0 

-.---..~----------.........---------...-~---...______-_________________________. 
ICF KAISER HANFORD CO MA-COW JUMPER ASSEMBLY C-06A-9-A 

06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 31 --_..___.._...-._______..-....____..-~________----_______-_.____________________ 

ASME 831.3~ (1992) CODE COMPLIANCE 
(Stress in psi ) 

Point Load In-Pl. Out-Pl. Torsion S.1.F Eq. Load Code Code 
name combination Moment Moment Moment In Out no. type Stress Allow. ----._ -...-...--. ...-.-- .------ ._----- _ - - -  - _ _ _  _ _ - _  _ _ _ _  _ _ _ _ _ _  __.___ 

(Moments in ft-lb ) 

805 Max P 
GR + Max P 1 
Cold to 11 25 
SRSS 18 

806 Max P 
GR + Max P 1 
Cold to 11 21 
SRSS 25 

807 Max P 
GR + Max P 1 
Cold to 11 1 
SRSS 56 

*** Segment 8 end *** 
*** Segment C begin *** 
5 Max P 

GR + Max P 29 
Cold to T1 2 
SRSS 133 

CO1 Max P 
GR + Max P 29 
Cold to T1 2 
SRSS 133 

*** Segment C end *** 
*** Segment D begin *** 
3 Max P 

GR + Max P 19 
Cold to 11 33 
SRSS 148 

001 Max P 
GR + Max P 19 
Cold to T1 33 
SRSS 148 

*** Scomcnt D cnd *** 

3 
46 
16 

3 
46 
29 

4 
48 
90 

3 
35 
35 

3 
35 
35 

10 
70 
70 

10 
70 
70 

(3a) HOOP 
1.00 1.00 (18) SUST 

21 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

1.00 1.00 (18) occ 
21 1.00 1.00 (17) DISP 

(3a) HOOP 
1.00 1.00 (18) SUST 

21 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

0 1.00 1.00 (17) DISP 
1.00 1.00 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

0 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

0 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

0 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 

4844 16700 
2080 16700 
210 25050 
117 22211 

4844 16700 

2081 204 25050 16700 
181 22211 

4844 16700 
2085 16700 
194 25050 
508 22211 

6905 16700 
3140 16700 
175 25050 
895 22211 

6905 16700 
3140 16700 

895 175 25050 22211 

6905 16700 
3096 16700 
388 25050 
1065 22211 

6905 16700 
3095 16700 
388 25050 
1065 22211 

5 
5 
9 
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___~~...--..__~----~_..__~-~-~...____---.-___.__-~~____.____.____________.______ 
MA-C06A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORO CO 
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 32 

S Y S T E M  S U M M A R Y  

Maximum displacements (in) 

Maximum X : 0.173 
Maximum Y : 0.380 
Maximum 2 : 0.158 
Max. t o t a l :  0.411 

Maximum X : 0.373 
Maximum Y : 0.464 
Maximum 2 : 0.335 
Max. to ta l :  0.506 

Maximum r e s t r a i n t  forces( l b )  ___...._____._______._____ 
Maximum X : 1037 
Maximum Y : 1596 
Maximum 2 : 24766 
Max. to ta l :  24839 

M a x i m  r e s t r a i n t  moments(ft-Lb) 

Point  : A14 N 
Po in t  : A06 M 
Poin t  : A05 N 
Po in t  : A06 F 

Po in t  : A04 N 
Po in t  : A14 F 
Po in t  : ~ 1 0  
Po in t  : A04 N 

Po in t  : DO1 
Po in t  : DO1 
Po in t  001 
Point  001 

Maximum X : 321 
Maximum Y : 395 
Maximum 2 : 1011 
Max. to ta l :  1132 

Po in t  
Po in t  
Po in t  
Po in t  

3 
3 
3 

Load Comb.: TOTAL 
Load Comb.: TOTAL 
Load Comb.: TOTAL 
Load Comb.: TOTAL 

Load Comb.: TOTAL 
Load Comb.: TOTAL 
Load Comb.: TOTAL 
Load Comb.: TOTAL 

Load Comb.: TOTAL 
Load Comb.: TOTAL 
Load Comb.: TOTAL 
Load Comb. : TOTAL 

Load Comb.: TOTAL 
Load Comb.: TOTAL 
Load Comb.: TOTAL 
Load Comb.: TOTAL 

0 

HA-CO6A.LUT 6-26-96 1 l : l l a  

................................................................................ 
MA-CO6A JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORO CO 
06/26/96 PIPE STRESS ANALYSIS AutOPIPE+4.60 RESULT PAGE 33 

Maximum pipe forces ( l b )  

Maximum X : 1037 
Maximum Y : 1598 
Maximum 2 : 24766 
Max. t o t a l :  24839 

Maximum pipe moments ( f t - lb )  ____.__~_..._._....-_____.___ 
Maximum X : 666 
Maximum Y : 665 
Maximum 2 : 1181 
Max. t o t a l :  1358 

Point  : 3 
Point  : 3 
Point  : 3 
Point  : 3 

Point  : A14A 
Point  : A06 F 
Point  : A07 
Point  : A07 

Load Comb.: TOTAL 
Load Comb.: TOTAL 
Load Comb.: TOTAL 
Load Comb.: TOTAL 

Load Comb.: TOTAL 
Load Comb.: TOTAL 
Load Comb.: TOTAL 
Load Comb.: TOTAL 
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Maximum sustained stress 

Point : A06 F 
Stress . : 7161 
Allouable : 16700 
Ratio : 0.43 
Load ccmbination : GR + Max P 

M a x i m  displacement stress 

Point : A06 F 
stress . : 2488 
Allouable Fat : 25050 
Ratio : 0.10 
Load combination : Cold to ~1 

Maxirmm occasional stress 

Point : A06 F 
Stress . : 4946 
Allouable Fzt : 22211 
Ratio : 0.22 
toad combination : SUSS 

Maximum hoop stress 

Point : 5  
Stress . : 6905 
Allouable Fzi : 16700 
Ratio : 0.41 
toad combination : Max P 

M a x i m  sustained stress ratio 

Point : A06 F 
Stress psi : 7161 
Allouable psi : 16700 
Ratio : 0.43 
toad CMnbination : GR + Max P 

M a x i m  displacement stress ratio 

Point : A06 F 
Stress psi : 2488 
Allouable psi : 25050 
Ratio : 0.10 
Load combination : Cold to T1 

HA-CO6A.oOT 6-26-96 1l:lla 

Maximum occasional stress ratio 

Point : A06 F 
Stress psi : 4946 
Allouable psi : 22211 
Ratio : 0.22 
Load combination : SUSS 

Maximum hoop stress ratio 

Point : 5  
Stress psi : 6905 
Allouable psi : 16700 
Ratio : 0.41 
toad combination : Max P 

* * * The system satisfies ASME 831.3 code requirements * + * 
* * * for the selected ODtiOnS * * *  
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P O I N T  D A T A  L I S T I N G  P O I N T  D A T A  L I S T I N G  

POINT - - - _ _  OFFSETS ( f t  ) - - - - -  
NAME TYPE X 

POINT - - - - -  OFFSETS ( f t  ) - - - - -  
NAME TYPE X Y 2 PIPE I D  DESCRIPTION ___._ _ - - _  ....--- ---..-. -.-_..- --.----- ----____---__________.____________ 

Bend angle change = 90.00 deg 
Mid point  a t  50.00 percent 
SIF - I n  1.95, Out = 1.63 
FLex = 5.272 

0 4PIPE 
-0.11 Ut= 144 I b  Ar= 3.2 sq.in 

Ax ia l= 23306000 Tors= 304.0 
Y-Shear= R I G I D  Bend= 2080.0 
2-Shear- RIGID Bend= 2080.0 

A00 
A01 

A02 
A03 

0 
0.22 

0.04 
0.30 

Flex 

Run 
Bend 

A14 F Far 
A14A Run 0 
A15 Run 

3PlPE 
0 -0.66 
0 -0.64 -0.02 

-0.15 Short ELbou Radius = 4.00 inch 
Bend angle ;hang= = 90.00 deg 
Mid po in t  a t  50.00 percent 
S I F  - I n  2.56, Out = 2.13 
Flex = 7.908 

A04 Bend 0 -1.49 0 Long ELbou Radius = 6.00 inch 
Bend angle ihange = 90.00 deg 
Mid po in t  a t  50.00 percent 
SIF - I n  1.95, Out = 1.63 
Flex = 5.272 

Long ELbou Radius = 6.00 inch 
Bend anqle ihanqe = 90.00 deo 

BO3 F Far 
BO4 Bend . -1.30 0 

4PlPE 
0 Short Elbow Radius = 4 00 inch 

Bend angle Lhenge = 90.60 deg 
Mid po in t  a t  50.00 percent 
S I F  - I n  2.56, Out = 2.13 
Flex = 7.908 

A05 Bend 5.46 0 0  

Mid po in t  a t  SOY00 percent 
S I F  - I n  1.95, Out = 1.63 
FLex = 5.272 

. 
BO5 Flex 0 -0.40 0 Ut= 144 l b  

Ax ia l= 23306000 ~ o F s =  304.0 
Y-Shear= R I G I D  Bend= 2080.0 
2-Shear- R I G I D  Bend= 2080.0 

A r -  3 2 sq.in 
A06 Bend 0 0 2.00 Long ELbou, Radius = 6.00 inch 

Bend angle change = 90.00 deg 
Mid po in t  a t  50.00 percent 
S I F  - I n  1.95, Out = 1.63 
FLex = 5.272 

BO6 Run 0 -0.04 0 
BO7 Run 0 -0.19 0 

*** SEGMENT C 
5 Run 13.19 3.50 -1.78 3.5PIPE 
CO1 Run 0 0 -0.25 

*** SEGMENT D 
3 Run 13.19 3.50 0.42 3.5PIPE 
DO1 Run 0 0 0.25 

Total  ueight of  empty p ipes : 254 Lb 

A07 
A08 
A09 
A10 
A1 1 

Run 
Run 
Run 
Run 
Bend 

1.63 
0.92 
0.92 
2.66 
1.04 

0 
0 
0 

0 
D 
0 

Short Elbou, Radius = 4.00 inch 
Bend angle change = 90.00 deg 
Mid po in t  a t  50.00 percent 
S I F  - I n  2.56, Out = 2.13 
Flex = 7.908 

Ut= 144 I b  
Ax ia l= 23306000  TO^ 304.0 
Y-Shear- R I G I D  Bend= 2080.0 
2-Shear= RIGID Bend= 2080.0 

Long Elbou, Radius = 6.00 inch 

Ar= 3 2 sq.in 

0 0 

A12 

A13 
A14 

FLex 

Run 
Bend 

-0.40 0 

-0.04 
-0.60 

0 
0 
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C O M P O N E N T  D A T A  L I S T I N G  

POINT ---COORDINATE(ft ) - - -  DATA 
NAME X Y 2 TYPE DESCRIPTION .. 
*** SEGMENT A 
A00 0.00 

A01 
A02 
A03 N 
A03 
A03 H 
A03 F 
A04 N 
A04 
A04 H 
A04 F 
A05 N 
A05 
A05 M 
A05 F 
A06 N 
A06 
A06 H 
A06 F 
A07 
A08 

A09 
A10 

All N 
A1 1 
All M 
All F 
A12 
A13 
A14 N 
A14 
A14 H 
A14 F 
A14A 

A15 

0.22 
0.26 
0.26 
0.56 
0.47 
0.56 
0.56 
0.56 
0.71 
1.06 
5.52 
6.02 
5.87 
6.02 
6.02 
6.02 
6.17 
6.52 
7.65 
8.57 

9.49 
12.15 

12.86 
13.19 
13.09 
13.19 
13.19 
13.19 
13.19 
13.19 
13.19 
13.19 
13.19 

13.19 

0.00 

0.00 
0.00 
0.00 
0.00 
-0.10 
-0.33 
-0.99 
-1.49 
-1.34 
-1.49 
-1.49 
-1.49 
-1.49 
-1.49 
-1.49 
-1.49 
-1.49 
-1.49 
-1.49 
-1.49 

-1.49 
-1.49 

-1.49 
-1.49 
-1.59 
-1.82 
-1.89 
-1.93 
-2.03 
-2.53 
-2.38 
-2.53 
-2.53 

-2.53 

0.00 ANCHOR Rigid 
Thermal movements : None 

-0.11 
-0.13 
-0.13 
-0.28 T I  
-0.24 
-0.28 
-0.28 
-0.28 TI 
-0.28 
-0.28 
-0.28 
-0.28 TI 
-0.13 
0.22 
1.22 
1.72 TI 
1 57 
1.72 
1.72 UElGHT 
1.72 WEIGHT 

FLANGE 

FLANGE 

1.72 WEIGHT 
1.72 WEIGHT 

FLANGE 

FLANGE 
~ -- 

23 Ib . No offsets 
35 Ib  ' No offsets 
Weld neck' SIF 
Rating = 400, Weight = 
Weld neck S I F  
Rating = 400, Weight = 
17 Lb , No offsets 
27 lb No offsets 
Ueld neck' SIF 
Rating = 400, Weight = 
Weld neck SIF 
Rating = 400, Ueight = 

= 1.00 
35 Lb 
= 1.00 
35 lb 

= 1.00 
35 Lb 
= 1.00 
35 Lb 

1 . f C  
1.72 TI 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 TI 
1.57 
1.22 
1.06 Y-STOP ID : A14A 1, Connected to Ground 

Gap-Belou = 0.00, Above = 1.00 inch 
Friction = 0.00 
Gaps set Weightless 

0.42 

KA-Co6AS.oUT 6-28-96 11:05a 

-------..____--..--_-______---._________________________..._____________________ 
ICF KAISER HANFORO CO MA-C06AS JUMPER ASSEMBLY C-06A-9-A 

06/28/96 HYDRO-TEST ANALYSIS AUtoPIPE+4.60 HWEL PAGE 6 ~~~~~~~.~.___.. .~~~_~______~~~____.______________________.______________________ 

C O M P O N E N T  D A T A  L I S T I N G  

POINT ---COOROINATE(ft ) - - -  DATA 
NAME X Y 2 TYPE DESCRIPTION 

*** SEGMENT B 
BO2 13.19 -2.84 -1.78 
BO3 N 13.19 -2.84 -2.70 
BO3 13.19 -2.84 -3.08 TI 
BO3 M 13.08 -2.84 -2.97 
BO3 F 12.81 -2.84 -3.08 
BO4 N 12.22 -2.84 -3.08 
BO4 11.89 -2.84 -3.08 T I  
BO4 H 11.99 -2.94 -3.08 
804 F 11.89 -3.17 -3.08 
BO5 11.89 -3.24 -3.08 
806 11.89 -3.28 -3.08 
BO7 11.89 -3.47 -3.08 ANCHOR Rigid 

*** SEGMENT C 
5 13.19 3.50 -1.78 ANCHOR Translational stiffness Ib/in 

- - - - -  - - - - - - -  _ _ _ _ - - -  ----_.- -.---- _ . _ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Thermal movements : None 

X- FREE Y= FREE Z= FREE 
Rotational stiffness ft-Lbldeg 
X= RlGIO Y- RIGID 2- RIGID 
Thermal movements : None 

Thermal movements : None 
CO1 13.19 3.50 -2.03 ANCHOR Rigid 

*** CECUEUT " -_" ..-... " 
3 13.19 3.50 0.42 ANCHOR Translational stiffness lb/in 

X= FREE Y= FREE 2- FREE 
Rotational stiffness f t ~ L b/deg 
X= RIG10 Y= RIGID 2= RIGID 
Thermal movements : None 

Thermal movements : None 
001 13.19 3.50 0.67 ANCHOR Rigid 

Number of points in the system : 51 
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P I P E  D A T A  L I S T I N G  

Pipe I D /  Nom/ 0.0. -----Thickness(inch)----- Spec Weight ( lb / f t  ) 
Mater ia l  Sch inch U.Th. Corr Mill lnsu Ling Grav Pipe Other Total 

4PIPE 4 4.500 0.237 0.06 0.03 0 0 1.20 11.04 0 17.66 
AU STD 

3.5PIPE 3.500 4.000 0.226 0.06 0.03 0 0 0 9.32 0 9.32 
AU STD 

3PIPE 3.000 3.500 0.216 0.06 0.03 0 0 1.20 7.75 0 11.60 
AU STD 

_____....___ .-_- - - _ - -  - - - - _  - _ _ _  - - - -  - - - -  _-._ - _ _ -  - - - - -  - - - _ _  ___-. 

M-CWS.OU1 6-28-W 11:05a 

AU 

AU 

AU 

Mater ia l  Density Pais. Temper. Modulus Expans. Allow. 
Name Pipe I D  lb/cu. f t  Ratio deg F €6 ps i  i n l lOOf t  p s i  -.---_______ - - - - _ _ _ _  __---.-- -..-. ______. ...-.... - - - - - _ _ _  _ _ _ _ _ _ _ _  

4PIPE 501.0 0.30 40.0 28.42 16700.0 
0.3088 16700.0 70.0 

3PIPE 501.0 0.30 40.0 28.42 16700.0 
0.3088 16700.0 70.0 

3.5PIPE 501.0 0.30 40.0 28.42 16700.0 
0.3088 16700.0 70.0 
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I BEAM DATA LISTING 
FRAME POINT DATA LISTING 

POINT ---CWRDINATE(ft ) - - -  DATA 
NAME . X Y 2 TYPE DESCRIPTION 

A15 13.19 -2.53 0.42 
1 13.19' -2.84 -0.68 Y-STOP ID : 1 1, Connected t o  Ground 

- _ - - -  - - - - - - -  -_.___- -...--. _ _ _ _ _ _  _________....___________________________~~ 

Gap-Below = 0.00, Above = 1.00 inch 
F r i c t i o n  = 0.00 
Gaps se t  Weightless 

X- FREE Y= FREE 2= FREE 
Rotat ional  s t i f f ness  f t - l b /deg  
X- R I G I D  Y= R I G I D  2s R I G I D  
Thermal movements : None 

4 13.19 3.50 -0.68 
3 13.19 3.50 0.42 
6 13.19 -2.04 -0.68 WEIGHT 1000 l b  , No o f f se ts  
2 13.19 -2.84 0.42 
7 13.19 2.08 -0.68 W E I G H T  2250 Lb , Offsets  i n  f t  

BO2 13.19 -2.84 -1.78 
5 13.19 3.50 -1.78 ANCHOR Trans lat ional  s t i f f n e s s  l b / i n  

OX = 0.00, DY = 0.00. D2 = 0.03 

0 

)(A-CWS.QIT 6-28-96 11:05a 

BEAM POINT LENGTH SECTION ID/ 
NAME ( f t  ) MATERIAL ID 

M2 From 2 1.10 W4X13 

M9 From 2 0.31 U4X13 

.---_ .._... __..____________ ID ___. 

T O  1 A36 

To A15 A36 

M1 Frm 1 1.10 W4X13 
To BO2 A36 

M6 Frm 5 6.34 U4Xl3 
TO BO2 A36 

M3 Frm A15 6.03 u4xl3 
T O  3 A36 

M4 From 3 1.10 W4X13 
T O  4 A36 

BETA 
ANGLE -__.__ 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

R I G I D  RELEASE 

END(ft) - _ _ _ _ _  AX _ _ _  Y -Y  _ _ _  2-2 _ _ _  
0.00 N N N 
0.00 N N N 

0.00 N N N 
0.00 N N N 

0.00 N N N 
0.00 N N N 

0.00 N N N 
0.00 N N N 

0.00 N N N 
0.00 N N N 

0.00 N N N 
0.00 N N N 

1.10 W4X13 0.00 0.00 N N N 
0.00 N N N 

0.00 0.00 N N N 
To 6 A36 0.00 N N N 

4.12 XSl2 0.00 0.00 N N N 
0.00 N N N TO 7 A36 

0.00 0.00 N N N 
0.00 N N N TO 7 A36 

M5 Frm 4 

M7 Frm 1 0.80 XS12 

M8 From 6 

M10 From 4 1.42 XSl2 

T O  5 A36 
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CROSS SECTION L I S T I N G  

Section IO Area(sq.in ) I n e r t i a  (in**4 ) 
IO Axial  Y-shear 2-Shear Torsion Y - Y  Bend 2-2 Bend 

U4X13 3.83 1.16 1.86 0.2 3.9 11.3 
X S l Z  19.20 9.60 9.60 724.0 362.0 362.0 

---._---._---.-. .-.---- .---..- .___--- _ _ _ _ _ _ _ _  __._____ _ _ _ _ _ _ _ _  

0 

)(A-COMS.WT 6-28-96 11:05a 

UA-CO6AS JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO 
06/28/96 HYDRO-TEST ANALYSIS AutoPIPE14.60 MODEL PAGE 12 ___..--._______---.________________________________I____________________________ 

BEAM MATERIAL LISTING 

E l a s t i c  Y ie ld  U l t ima te  
modulus Poissons Stress Densi ty  Expansion s t ress  

MATERIAL I D  E6 p s i  r a t i o  ps i  lb/cu.ft E-6 I F  PSI 

A36 29.000 0.250 36000 490.00 6.50000 58000 
__----.-...___-. __----._ - - _ _ _ _ _ _  ._---.-_ ____---_._ _______.__ _____.___ 
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................................................................................ 
MA-C06AS JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORD CO 
06/28/96 HYDRO-TEST ANALYSIS AutoPIPE+4.60 MmEL PAGE 13 

TEMPERATURE AND PRESSURE DATA _ _ _ _ _  c A s E I.-..-. - - - - - c  A s E 2.----- . - - - -c A s E 3 - - - - - -  
POINT PRESS. TEMPER EXPAN. PRESS. TEMPER EXPAN. PRESS. TEMPER EXPAN. 
NAME psi deg F in l lOOft  ps i  deg F in/ lOOft ps i  deg F i n l l O O f t  ................................................................. 
*** SEGMENT A 
A00 490 70.00 0.309 
A14 F 490 70.00 0.309 
A15 490 70.00 0.309 

*** SEGMENT E 
BO2 490 70.00 0.309 
BO3 F 490 70.00 0.309 
807 490 70.00 0.309 

*** SEGMENT C 
5 490 70.00 0.309 
CO1 490 70.00 0.309 

*** SEGMENT D 
3 490 70.00 0.309 
DO1 490 70.00 0.309 

0 

M-COMS.WT 6-26-96 11:OSa 

................................................................................ 
MA-C06AS JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORD CO 
06/28/96 HYDRO-TEST ANALYSIS AutOPlPE+4.60 RESULT PAGE 1 

A N A L Y S I S  S U M M A R Y  

cur ren t  model rev is ion number : 3 

S t a t i c  - Date and Time o f  analysis ............. 
Model Revision Number ................. 
Number of load cases .................. 
Load cases analyzed ................... 
GapsIFrict ionlYielding considered ..... 
Hanger design run ..................... 
Cut short included .................... 
Ueight of contents included ........... 
Pressure s t i f f e n i n g  case .............. 
Water e leva t ion  f o r  buoyancy loads ..... 

Jun 28, 1996 
3 
3 
GR 11 P1 
No 
NO 
No 
Yes 
0 
Not considered 

1 1:05 AM 
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CODE COMPLIANCE COMBINATIONS 

Combination Category Method Load Factor Allowable Remarks 

GR + Max P Sustain Sum Grav i ty  1.00 Automatic Defaul t  

Cold t o  T1 Expansion Sun Thermal 1 1.00 Automatic Defaul t  

Max P Hoop Max Hoop 1.00 Automatic Defaul t  

-______.--- __-.-----_ ____-.-_ ..______.. ._____ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
Max Long 1.00 

OTHER USER COMBINATIONS 

Combination Method Load Factor Remarks 

GR Sun Grav i ty  1.00 Defaul t  

11 Sun Thermal 1 1.00 Defaul t  

P1 Sun Press 1 1.00 Defaul t  

- - _ _ _ _ _ _ - - -  _.__-... ___.._____ __.___ _ _ _ _ _ _ _  

CODE COMPLIANCE 

Y - Factor ............................ 0.40 
Weld e f f i c i e n c y  factor ................ 1.00 
Range reduct ion factor ................ 1.00 
Design Pressure Factor .. . . . . . . . . . . . . . . 1 .OO 
M i n i m  s t ress  r a t i o  used i n  reports... 0.00 
Include corrosion i n  s t ress  calcs .... Y 
Include t o r s i o n  in code stress ..I ..... II . . . . . . . . . . . 
Include a x i a l  force i n  code s t ress  ..._ N 
Longi tudinal  pressure ca lcu la t ion  ..... PD/4t 
Include r igorous pressure ............. Y 

Iu-Co6AS.ooT 6-23-96 11:05a 

D I S P L A C E M E N T S  

Point  Load TRANSLATIONS ( i n  ) 
name combination X Y 2 -_.___ .._____..-_ __._.. ..____ _ _ _ _ _ _  
*** Segment A begin *** 
A00 

A01 

A02 

A03 N 

A03 M 

A03 F 

A04 N 

A04 M 

A04 F 

A05 N 

A05 M 

GR 0.000 0.000 0.000 
T1 0.000 0.000 0.000 
P1 0.000 0.000 0.000 

GR 0.000 0.000 0.000 
T1 0.001 0.000 0.000 
P1 0.000 0.000 0.000 

GR 0.000 0.000 0.000 
0.001 0.000. 0.000 

P1 0.000 0.000 0.000 

0.000 0.000 0.000 GR 
0.001 0.000 0.000 T1 

P1 0.000 0.000 0.000 

-0.002 -0.003 -0.002 GR 
11 0.001 -0.001 -0.001 
P1 0.000 0.000 0.000 

-0.009 -0.004 -0.010 GR 
T1 0.000 -0.002 -0.002 
P1 0.000 0.000 0.000 

GR -0.027 -0.004 -0.031 
T1 -0.002 -0.004 -0.003 
P1 0.000 0.000 0.000 

GR -0.037 -0.008 -0.042 
11 -0.003 -0.005 -0.004 
P1 0.000 -0.001 0.000 

GR -0.041 -0.019 -0.046 
T1 -0.002 -0.006 -0.004 
P1 0.000 -0.001 0.000 

GR -0.041 -0.139 -0.032 
11 0.012 -0.009 0.001 
P1 0.001 -0.001 0.000 

GR -0.042 -0.150 -0.032 
T1 0.013 -0.009 0.002 

T1 

P1 0.001 -0.001 0.000 

0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 

0.000 0.000 -0.002 
0.000 0.000 0.000 
0.000 0.000 0.000 

0.153 -0.015 -0.124 
0.012 0.000 -0.015 
0.001 0.000 -0.002 

0.153 -0.015 -0.124 
0.012 0.000 -0.015 
0.001 0.000 -0.002 

0.151 -0.015 -0.128 
0.011 0.000 -0.016 
0.001 0.000 -0.002 

0.154 -0.014 -0.132 
0.010 -0.001 -0.017 
0.001 0.000 -0.002 

0.156 -0.015 -0.134 
0.010 -0.001 -0.017 
0.001 0.000 -0.002 

0.159 -0.014 -0.142 
0.009 -0.002 -0.013 
0.001 0.000 -0.001 

0.161 -0.014 -0.147 
0.008 -0.003 -0.007 
0.001 0.000 -0.001 

0.175 -0.013 -0.093 
0.005 -0.008 0.001 
0.000 -0.001 0.000 

0.165 -0.011 -0.052 
0.004 -0.012 0.003 
0.000 -0.001 0.000 
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2 
9 
m t 

_____________----.----._-__---------------____.______---__._____________________ 
MA-C06AS JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORO CO 
06/28/96 HYORO-TEST ANALYSIS AutoPIPE+4.60 RESULT PAGE 4 

D I S P L A C E M E N T S  

Point 
name 

A05 F 
_ _ _ _ _ _  

A06 N 

A06 M 

A06 F 

A07 

A08 

A09 

A10 

All N 

All M 

All F 

A12 

Load 
combination 

GR 
TI 
P1 

_______.___ 

GR 
TI 
P1 

GR 
TI 
PI 

GR 
11 
P1 

GR 
11 
P1 

GR 
11 
P1 

GR 
T1 
P1 

GR 
11 
PI 

GR 
11 
P1 

GR 
T1 
P1 

GR 
11 
P1 

GR 
T1 
P1 

TRANSLATIONS (in ) 
X Y Z  

-0.042 -0.163 -0.031 
0.012 -0.009 0.004 
0.001 -0.001 0.000 

-0.045 -0.196 -0.031 
0.009 -0.010 0.007 
0.001 -0.001 0.001 

-0.046 -0.206 -0.031 
0.009 -0.010 0.008 
0.001 -0.001 0.001 

-0.046 -0.207 -0.029 
0.010 -0.009 0.009 
0.001 -0.001 0.001 

-0.046 -0.187 -0.024 
0.013 -0.007 0.010 
0.001 -0.001 0.001 

-0.046 -0.166 -0.018 
0.016 -0.006 0.010 
0.002 -0.001 0.001 

-0.046 -0.140 -0.013 
0.019 -0.004 0,009 
0.002 0.000 0.001 

-0.046 -0.044 0.005 
0.027 0.001 0.007 
0.003 0.000 0.001 

-0.046 -0.017 0.010 
0.029 0.003 0.006 
0.003 0.000 0.001 

-0.042 -0.008 0.010 
0.030 0.003 0.005 
0.003 0.000 0.001 

-0.034 -0.004 0.007 
0.031 0.002 0.005 
0.003 0.000 0.000 

-0.032 -0.004 0.006 
0.031 0.002 0.005 
0.003 0.000 0.000 

_____. __._.. ._____ 
ROTATIONS (deg ) 
X Y Z  - - _ _ _ _  _ _ _ _ _ _  _.____ 
0.155 -0.010 -0.033 
0.003 -0.014 0.004 
0.000 -0.001 0.000 

0.154 -0.011 -0.001 
0.002 -0.014 0.005 
0.000 -0.001 0.001 

0.137 -0.016 0.020 
0.002 -0.009 0.006 
0.000 -0.001 0.001 

0.122 -0.023 0.068 
0.001 -0.004 0.008 
0.000 0.000 0.001 

0.117 -0.026 0.098 
0.001 -0.001 0.009 
0.000 0.000 0.001 

0.113 -0.028 0.124 
0.001 0.001 0.009 
0.000 0.000 0.001 

0.109 -0.030 0.147 
0.001 0.003 0.009 
0.000 0.000 0.001 

0.097 -0.034 0.186 
0.002 0.007 0.008 
0.000 0.001 0.001 

0.094 -0.035 0.186 
0.002 0.007 0.008 
0.000 0.001 0.001 

0.091 -0.038 0.176 
0.002 0.009 0.006 
0.000 0.001 0.001 

0.085 -0.040 0.160 
0.003 0.010 0.005 
0.000 0.001 0.001 

0.085 -0.040 0.160 
0.003 0.010 0.005 
0.000 0.001 0.001 

0 

HA-Co6AS.Wl 6-28-96 11:05a 

- - - - - - . . . - . . - -~ - - - - - - - - - - - - - .~ . . - - - - - - - .~ . - - . - - - - - -~~ .~ .~~~~.~~~~~~~~.~~~~~~~~~.  
ICF KAISER HANFORO CO MA-C06AS JUMPER ASSEMBLY C-06A-9-A 

06/28/96 HYDRO-TEST ANALYSIS I AutoPIPE14.60 RESULT PAGE 5 

Point Load 
name Combination 

A13 GR 
11 
P1 

A14 N GR 
11 
P1 

A14 M GR 
TI 
PI 

A14 F GR 
11 
P1 

A14A GR 
T1 
P1 

A15 GR 
TI 
P1 

__.___ ____.______ 

D I S P L A C E M E N T S  

TRANSLATIONS (in ) 
X Y Z  

-0.031 -0.004 0.005 
0.031 0.002 0.005 
0.003 0.000 0.000 

-0.030 -0.004 0.004 
0.031 0.001 0.005 
0.003 0.000 0.000 

-0.023 -0.003 0.001 
0.028 0.000 0.004 
0.003 0.000 0.000 

-0.015 -0.001 0.000 
0.022 0.000 0.003 
0.002 0.000 0.000 

-0.013 0.000 0.000 
0.019 0.000 0.003 
0.002 0.000 0.000 

-0.001 0.000 0.000 
0.008 0.000 0.001 
0.001 0.000 0.000 

__..-- - - _ _ _ _  _ _ _ _ _ _  

*** Segment A end *** 
*** Segment B begin *** 

0.000 0.000 0.000 802 GR 
0.007 0.000 0.001 11 
0.001 0.000 0.000 P1 

0.000 0.000 0.000 803 N GR 
0.005 0.000 -0.002 11 
0.001 0.000 0.000 P1 

0.000 0.000 0.000 803 M GR 
0.004 0.001 -0.003 11 
0.000 0.000 0.000 P1 

0.000 0.000 0.000 803 F GR 
T1 0.003 0.001 -0.002 
P1 0.000 0.000 0.000 

0.000 0.000 0.000 804 N GR 
0.001 0.001 -0.001 11 

PI 0.000 0.000 0.000 

ROTATIONS (deg ) 
X Y Z  _- - - - -  -.____ __..__ 
0.046 -0.096 0.058 
0.002 0.084 0.003 
0.000 0.009 0.000 

0.045 -0.096 0.057 
0.002 0.084 0.003 
0.000 0.009 0.000 

0.037 -0.092 0.041 
0.001 0.084 0.004 
0.000 0.009 0.000 

0.018 -0.087 0.033 
0.001 0.084 0.005 
0.000 0.009 0.000 

0.013 -0.086 0.028 
0.001 0.084 0.005 
0.000 0.009 0.001 

0.000 -0.084 0.008 
0.000 0.081 0.008 
0.000 0.008 0.001 

-0.001 0.000 0.000 
0.001 0.006 0.006 
0.000 0.001 0.001 

-0.001 0.000 0.000 
0.002 0.008 0.001 
0.000 0.001 0,000 

-0.001 0.000 -0.001 
0.003 0.011 -0.001 
0.000 0.001 0.000 

-0.001 0.000 -0.001 
0.003 0.013 -0.005 
0.000 0.001 -0.001 

-0.001 0.000 -0.001 
0.003 0.013 -0.005 
0.000 0.001 -0.001 
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D I S P L A C E M E N T S  

Point  Load TRANSLATIONS ( in  ) 
name combination X Y 7 

804 M GR 
T I  
P1 

____._ ..----_____ __.._. - 
0.000 
n nor 
0.000 

_ _ _ _ _  _ _ _ _ _ _  
0.000 0.000 
0.001 0,000 
0.000 0.000 

804 F GR 0.000 
11 0.000 
P1 0.000 

805 GR 0.000 
T I  0.000 
P1 0.000 

806 GR 0.000 
T 1  0.000 
P1 0.000 

807 GR 0.000 
11 0.000 
P1 0.000 

*** Segment 8 end *** 
*** Segment C begin *** 
5 GR 0.000 

T I  0.000 
P1 0.000 

CO1 GR 0.000 
11 0.000 
P1 0.000 

*** Segment C end *** 
*** Segment 0 begin *** 
3 GR 0.000 

T 1  0.000 
P1 0.000 

001 GR 0.000 
T1 0.000 
P1 0.000 

*** Segment D end *** 
A15 GR -0.001 

T 1  0.008 
P1 0.001 

0.000 0.000 
0.001 0.000 
0.000 0.000 

0.000 0.000 
0.001 0.000 
0.000 0.000 

0.000 0.000 
0.001 0.000 
0.000 0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 
0.000 0.001 
0.000 0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 
0.000 -0.001 
0.000 0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 0.000 
0.000 0.001 
0.000 0.000 

ROTATIONS (deg 2 
X Y  _ _ _ _ _ _  

-0.001 
0.003 
0.000 

0.000 
0.002 
0.000 

0.000 
0.002 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

_ _ _ _ _ _  
0.000 
0.014 
0.001 

0.000 
0.014 
0.001 

0.000 
0.014 
0.001 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

-0.084 
0.081 
0.008 

L .__.__ 
-0.002 
-0.005 
-0.001 

-0.001 
-0.005 
-0.001 

-0.001 
-0.004 
-0.001 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.000 
0.000 
0.000 

0.008 
0.008 
0.001 

0 
M-CO&S.UJT 6-28-96 1l:OSa 

O I S P L A C E M E N T S  

Point  
name 

1 

802 

5 

4 

Load TRANSLATIONS ( in  ) 
combination X Y 2 

GR 0.000 0.000 0.000 
11 0.008 0.000 0.001 
P1 0.001 0.000 0.000 

GR 0.000 0.000 0.000 
0.007 0.000 0.001 11 

P I  0.001 0.000 0.000 

0.000 0.000 0.000 GR 
11 0.000 0.000 0.001 
P1 0.000 0.000 0.000 

GR 0.000 0.000 0.000 
T1 0.000 0.000 0.000 
P1 0.000 0.000 0.000 

GR 0.000 0.000 0.000 
0.000 0.000 -0.001 11 

P1 0.000 0.000 0.000 

GR 0.000 0.000 0.000 
T1 0.007 0.000 0.001 

0.001 0.000 0.000 P I  

-0.001 0.000 0.000 GR 
11 0.009 0.000 0.001 
P1 0.001 0.000 0.000 

GR 0.000 0.000 0.000 
0.002 0.000 0.000 T1 
0.000 0.000 0.000 P1 

_---____.__ __..._ _ _ _ _ _ _  _ _ _ _ _ _  
ROTATIONS (deg ) 
X Y Z  _ _ _ _ _ -  ...__. 

0.000 -0.001 
0.000 0.003 
0.000 0.000 

-0.001 0.000 
0.001 0.006 
0.000 0.001 

0.000 0,000 
0.000 0.000 
0.000 0.000 

0.000 -0.001 
0.000 0.002 
0.000 0.000 

0.000 0.000 
0.000 0.000 
0.000 0.000 

0.000 -0.001 
-0.001 0.003 
0.000 0.000 

-0.001 -0.005 
0.000 0.008 
0.000 0.001 

0.000 -0.001 
-0.001 0.002 
0.000 0.000 

____.- 
0.000 
0.006 
0.001 

0.000 
0.006 
0.001 

0.000 
0.000 
0.000 

0.000 
0.006 
0.001 

0.000 
0.000 
0.000 

0.000 
0.006 
0.001 

0.008 
0.008 
0.001 

0.000 
0.006 
0.001 
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HA-C06AS JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORO CO 
06/28/96 HYDRO-TEST ANALYSIS AutoPIPE+4.60 RESULT PAGE 8 ____-.....______._______________________-~~~...~~..--------~~~--~--..---~.~--..- 

S U P P O R T  F O R C E S  

Point/ Connect/ Load L O C A L  
Supp. I O  Type Combination Oi rn  Force Oeform ___.____ - _ _ _ _ _ - _  ..____.____ __.. ___.____ ___----. 
A14A GR down 1024 0.000 
A14A 1 Y - Stop 
S t i f f  :RIGID 

T1 

P1 

1 GR 

S t i f f  :R IG ID  
1 1 Y - stop 

11 

P1 

doun 7 0.000 

doun 1 0.000 

down 3293 0.000 

doun 11 0.000 

down 1 0.000 

G L O B A L  
Oi rn  Force Oeform 

X -0.013 
Y -1024 0.000 
2 0.000 

X 0.019 
Y - 7  0.000 
2 0.003 

X 0.002 
Y -1 0.000 
2 0.000 

X 0.000 
Y -3293 0.000 
2 0.000 

X 0.008 
Y -11 0.000 
2 0.001 

X 0.001 
Y -1 0.000 
2 0.000 

._.. _ _ _ _ _ _ _ _  _ _ - _ _ _ _ _  

M-CWS.OUT 6-28-96 l l :05a 

Point Load 
name combination ___.__ ____._____. 
A00 

A14A 

807 

5 

co1 

3 

001 

1 

5 

Anchor 
GR 
11 
P1 

Y - stop 
GR 
T1 
P1 

Anchor 
GR 
11 
P1 

Anchor 
GR 
11 
P1 

Anchor 
GR 
T1 
P1 

Anchor 
GR 
11 
P1 

Anchor 
GR 
T1 
P 1  

Y - stop 
GR 
T1 . 
P1 

Anchor 
GR 
11 
P1 

57 
-58 
- 6  

0 
0 
0 

5 

0 

0 
0 
0 

22 
-56 
-5 

0 
0 
0 

. a4 
112 
11 

0 
0 
0 

0 
0 
0 

-358 

1 

- 1024 
- 7  
-1 

-167 
-39 
-5 

0 
0 
0 

-231 
-3 
2 

0 
0 

154 
52 

-3293 
-11 
-1  

0 

0 

9 
- 6  
-1  

0 
0 
0 

2 
-21 
- 2  

0 
0 
0 

- 6  
-4864 
-435 

0 
0 

-5 
4891 
437 

0 
0 
0 

0 
0 
0 

362 
59 
6 

1024 
7 
1 

167 
44 
5 

0 
0 

232 
4864 
435 

0 
0 
0 

175 

438 

3293 
11 
1 

0 
0 
0 

4892 

.2a 
-2 
0 

0 
0 
0 

-1 
0 
0 

50 
-1 
0 

29 

0 

-80 
-8 
-1 

19 

1 

0 
0 
0 

50 
-1 
0 

-39 
8 
1 

0 
0 
0 

0 
4 
0 

4 
-14 
-1 

3 
-7 
-1 

13 
-33 
-3 

10 
-14 
-1 

0 
0 
0 

4 
-14 
-1 

-186 
-16 
-2 

0 
0 
0 

-4 
-10 
-1 

2 
57 
6 

0 
0 
0 

-134 
150 
15 

0 

0 

0 
0 
0 

2 
57 
6 

193 
18 
2 

0 
0 
0 

4 
10 
1 

50 
59 

29 
7 
1 

156 
153 
16 

22 
15 
2 

0 
0 
0 

2 
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06/28/96 HYDRO-TEST ANALYSIS AutoPIPE+4.60 RESULT PAGE 10 ______________._________________________----.-.-----.--------.-------...---...-- 

G L O B A L  F O R C E S  & M O M E N T S  

*** Segment A begin *** 
A00 

A01 

A02 

A03 N 

A03 M 

A03 F 

A04 N 

A04 H 

A04 F 

A05 N 

A05 M 

GR -57 
T1 58 
P1 6 

-57 GR 
T1 58 
P1 6 

GR -57 
T1 58 
P1 

GR -57 
T 1  58 
P1 6 

-57 GR 
T1 58 
P1 

-57 GR 
T1 58 
P1 6 

GR -57 
11 58 
P1 6 

-57 GR 
T1 58 
P1 

GR -57 
T1 58 
P1 

GR -57 
71 58 
P1 6 

-57 GR 
T1 58 
P1 6 

358 
-7  
-1 

209 
- 7  
- 1  

209 
-7  
-1 

209 
-7  
-1 

205 
- 7  
- 1  

200 
-7  
-1 

188 
-7  
- 1  

181 
-7  
-1 

174 
-7  
-1 

96 
- 7  
-1 

89 
-7  
-1 

-9  
6 

-9  
6 

-9 
6 

-9  
6 

-9  
6 

-9 
6 

-9  
6 

-9  
6 

-9  
6 

-9  
6 
1 

-9 
6 

362 
59 

217 
59 

217 
59 
6 

217 
59 

212 
59 
6 

208 
59 
6 

197 
59 

190 
59 
6 

184 
59 

112 
59 

106 
59 
6 

28 
2 
0 

-11 
3 

-16 
3 

-17 
3 

-39 

0 

-50 
6 
1 

-56 11 

-60 
13 
1 

-61 
14 

-61 1 

14 
1 

13 
1 

-48 

39 
-8  
-1 

31 
0 

29 
1 
0 

29 
1 
0 

21 
9 

18 
12 
1 

18 
12 

1 

17 
13 
1 

14 
15 
2 

-27 
44 
5 

-22 
38 
4 

186 
16 
2 

108 
18 

97 
18 
2 

97 
18 
2 

58 
14 
1 

54 
1 
0 

91 
-37 
-4 

84 
-57 
-6 

30 - 63 
- 7  

-573 
-30 
-3 

-605 
-27 
-3 

193 
18 
2 

113 
18 
2 

103 
18 
2 

102 
18 
2 

74 
17 
2 

76 
13 
1 

109 
40 
4 

105 
59 

69 
66 
7 

577 
55 

608 
48 

5 

)(A-c(MAs.ouT 6-28-96 1l:OSa 0 

MA-C06AS JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORO CO 
06/28/96 HYDRO-TEST ANALYSIS AutoPIPE+4.60 RESULT PAGE 11 ................................................................................ 

G L O B A L  F O R C E S  & M O M E N T S  

Point  Load FORCES ( l b  MOMENTS ( f t - L b  ) 
name combination X Y 2 Result X Y 2 Result 

A05 F GR 
T 1  

_.__._ ........_._ _____. __.___ _ _ _ _ _ _  -.-... __...__ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  
-57 82 .,7 -618 618 
5R 33 

3 
_ _  

P1 6 

A06 N GR -57 
T1 58 
P1 6 

A06 M GR -57 
T 1  58 
P1 6 

A06 F GR -57 
11 58 
P1 6 

A07 - GR -57 
T1 58 
P1 6 

A07 + GR -57 
11 58 
P1 6 

A08 - GR -57 
T1 58 
P1 6 

A08 + GR -57 
11 58 
P1 6 

A09 - GR -57 
T 1  58 
P1 6 

A09 + GR -57 
T1 58 
P1 6 

A10 - GR -57 
T1 58 
P1 6 

A10 + GR -57 
11 58 
P1 6 

-7  
1 

64 
-7 
-1 

57 
-7  
-1 

50 
-7  
-1 

30 
- 7  
- 1  

7 
-7  
-1 

-9 
-7  
-1 

-114 
- 7  
-1 

-130 
-7  
-1 

-147 
-7  
-1 

-194 
-7  
-1 

-291 
- 7  
-1 

-9 
6 
1 

-9  
6 
1 

-9 

1 

-9 
6 
1 

-9  

1 

-9 

1 

-9 

1 

-9  
6 

-9 
6 

-9 
6 

-9  
6 
1 

-9 

1 

~~ 

100 
59 
6 

86 
59 
6 

81 
59 
6 

76 
59 
6 

65 
59 
6 

58 
59 
6 

58 
59 
6 

128 
59 
6 

142 
59 
6 

158 
59 
6 

202 
59 
6 

297 
59 
6 

10 
1 

56 
3 
0 

77 
0 
0 

85 
-1 
0 

85 
-1 
0 

85 
-1 
0 

85 
-1 
0 

85 
-1 
0 

85 
-1 
0 

85 
-1 
0 

85 
-1 
0 

85 
-1 
0 

-3 
18 
2 

54 
-40 
-4 

72 
-59 
-6 

77 
-66 
- 7  

67 
-58 
-6 

67 
-58 
-6 

59 
-52 
-5 

59 
-52 
-5 

50 
-46 
-5 

50 
-46 
-5 

26 - 29 
-3 

26 
-29 
-3 

-26 
-3 

-618 - 26 
-3 

-627 
-25 
-3 

-646 
-22 

-2 

-691 
-14 
-1 

-691 
-14 
-1 

-691 
-7 
1 

-691 
-7 
-1 

-578 
D 
0 

-578 

0 

-124 
19 
2 

-124 
19 
2 

623 
48 
5 

636 
64 

7 

656 
69 
7 

700 
60 
6 

700 
60 
6 

698 
53 
5 

698 
53 
5 

587 
46 
5 

587 
46 
5 

153 
35 
4 

153 
35 

L 

Page 12 of 19 



G L O B A L  F O R C E S  & M O M E N T S  

Point  Load FORCES ( l b  ) MOMENTS ( f t - l b  ) 
name co&inat ion X Y 2 Result X Y z ReSuLt -.---. --..------- --.... --.--- _ _ _ _ _ _  - - - - -_  ____.__ _ _ _ _ _ _ _  ._____. ____.._ 
A l l  N GR -57 -304 

T1 58 -7  
P1 6 -1 

A l l  F GR -57 -313 
11 58 -7  
P1 6 -1 

A12 GR -57 -458 
T1 58 - 7  
P1 6 -1 

A13 GR 
11 
P1 

A14 N GR 
11 
P1 

A14 M GR 
11 
P1 

A14 F GR 
T 1  
P1 

A14A . GR 
T 1  
P1 

-57 -458 
58 -7  
6 -1 

-57 -460 
58 -7  
6 - 1  

-57 -467 

6 -1 

-57 -474 
58 -7  
6 -1 

-57 -476 
58 -7  
6 -1 

58 -7  

A14A + GR -57 549 
T 1  58 0 
P1 6 0  

A15 GR -57 541 
T 1  58 0 
P1 6 0  

*** Segment A end *** 
*** Segment B begin *** 

-9 
6 
1 

-9  
6 
1 

-9  

1 

-9  
6 
1 

-9 
6 
1 

-9  
6 
1 

-9  
6 
1 

-9 
6 
1 

-9 

1 

-9 
6 
1 

-9 

1 

309 
59 
6 

314 
59 
6 

318 
59 
6 

462 
59 
6 

462 
59 
6 

463 
59 
6 

470 
59 
6 

477 
59 
6 

479 
59 
6 

552 

6 

544 

6 

58 

58 

85 
- 1  
0 

84 
0 
0 

82 
1 
0 

82 
2 
0 

81 
2 
0 

80 
3 
0 

145 
6 
1 

310 
10 
1 

386 
11 
1 

386 
11 
1 

37 
11 
1 

20 
-25 
-3 

18 - 23 
-2 

17 
-22 
-2 

17 
-22 
-2 

17 
-22 
-2 17 

-12 -1 

-22 
-2 

9 
-14 

1 

-21 
16 
2 

-21 
16 
2 

-57 
53 
6 

&,z 
N P 

#A-CO6AS.WT 6-26-96 11:D5a F 
0 

86 
25 
3 

163 
21 
2 

207 
8 
1 

211 

0 

213 
1 
0 

219 
-4 
0 

239 
-25 
-3 

247 
-33 
-3 

247 
-33 
-3 

247 
-33 
-3 

247 
-33 
-3 

122 
35 
4 

185 
31 
3 

223 
24 
2 

227 
23 
2 

229 
23 
2 

234 
23 
2 

279 
29 
3 

397 
35 
4 

459 
38 
4 

459 
38 
4 

256 
63 
7 

G L O B A L  F O R C E S  & M O M E N T S  

Point  Load FORCES ( l b  MOMENTS ( f t - L b  ) 
name combination X Y Z Result X Y Z Result - - - - - - _  _ _ _ _ _ _ _  
BO2 

BO3 N 

E03 M 

803 F 

804 N 

804 M 

804 F 

BO5 

BO6 

BO7 

GR 5 
T1 2 
P1 0 

GR 5 
T1 2 
P1 0 

GR 5 
T1 
P1 0 

GR 5 
11 2 
P1 0 

GR 5 
T1 2 
P1 0 

GR 5 
T1 2 
P1 0 

GR 5 
T1 2 
P1 0 

GR 5 
T1 2 
P l  0 

GR 5 
T 1  2 
P1 0 

GR 5 
T1 2 
P1 0 

*** Segment 8 end *** 
*** Segment C begin *** 
5 GR 22 

T1 -56 
P1 -5 

19 
-39 
-5 

8 
-39 
-5 

5 
-39 
-5 

2 
-39 
-5 

-9 
-39 
-5 

-13 
-39 
-5 

-18 
-39 
-5 

-163 
-39 
-5 

-163 
-39 
-5 

-167 
-39 
-5 

2 
-21 
-2 

2 
-21 
-2 

2 
-21 
-2 

2 
-21 
-2 

2 
-21 
-2 

2 
-21 
-2 

2 
-21 
-2 

2 
-21 
-2 

2 
-21 
-2 

2 
-21 
-2 

20 
44 
5 

10 
44 

5 

7 
44 

5 

5 
44 

5 

10 
44 

5 

14 
44 

5 

19 
44 

5 

163 
44 

5 

163 
44 

5 

167 
44 

5 

230 
4864 
435 

13 
-38 
-5 

1 
1 
D 

-1 
9 
1 

- 2  
13 
1 

- 2  
13 

1 

-1 
11 
1 

-1 
6 
1 

-1 
5 
1 

-1 
4 
1 

-1 
D 
D 

-29 

0 

-5 
-25 
-2 

0 - 23 
-2 

1 
-21 
-2 

1 
-15 
-1 

0 
-3 
0 

0 
2 
0 

0 
4 
0 

0 
4 
0 

0 
4 
0 

0 
4 
0 

-3 
7 
1 

4 
43 

5 

4 
43 

5 

5 
38 

5 

5 
28 
3 

3 
5 
0 

0 
-5 
-1 

-2 
-9 
-1 

-3 
-9 
-1 

-3 
-9 
-1 

-4 
-10 
-1 

0 
0 
0 

15 
62 
7 

4 
49 

5 
44 
5 

6 
34 
4 

4 
14 
2 

1 
12 
2 

3 
12 
2 

3 
11 
2 

3 
11 
2 

4 
10 
1 

29 

1 
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G L O B A L  F O R C E S  & M O M E N T S  

Point  Load FORCES (Lb ) 
name combination X Y 2 Result 

CO1 GR 22 -231 -6 232 
11  -56 -3 -4864 4864 

---.-. .------.--_ _- - -__  _ _ _ _ _ _  ._.___ _ _ _ _ _ _  
P1 -5 2 -435 435 

*** Segment C end *** 
*** Segment D begin *** 
3 GR 

11 
P1 

-84 156 -5 177 
112 52 4891 4892 
11 5 437 438 

DO1 GR -84 154 -5 175 
11 112 52 4891 4892 
P I  11 5 437 438 

*** Segment D end *** 

X ._.__ 
29 

0 

.___. 
3 

-7  
-1 

-10 
14 
1 

10 
-14 
- 1  

MOMENTS ( f t - l b  ) 
Y 2 Result - -  .__ .... 

0 
0 
0 

-19 
-7  
-1 

19 
7 
1 

0 
0 
0 

0 

0 

.-_ 
29 

1 

22 
15 
2 

22 
15 
2 

0 

MA-CoM\S.WT 6-28-96 11:05a 

ASME B31.3~ (1992) CODE COMPLIANCE 
(Stress in p s i  ) 

Point  Load In-PL. Out-PI. Torsion S . 1 . F  Eq. Load Code Code 
name combination Moment Moment Moment I n  Out no. type Stress Allow. - - - _ _ -  --..--...-. ---_... -.-____ -..-.._ -.-- __.. .___ __._ _ _ _ _ _ _  _ _ _ _ _ _  

(Moments i n  f t - l b  ) 

*** Segment A begin *** 
ADO Max P 

GR + Max P 
Cold t o  11 

A01 Max P 
GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  11 

GR + Max P 
Cold t o  11 

A02 Max P 

A03 N- Max P 

A03 N+ Max P 
GR + Max P 
Cold t o  11 

GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  11 

GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  11 

GR + Max P 
Cold t o  11 

GR + Max P 
Cold t o  T1 

A03 M Max P 

A03 F- Max P 

A03 F+ Max P 

A04 I- Max P 

A04 N+ Max P 

A04 M Max P . 

I81 
15 

94 
17 

81 
17 

81 
17 

81 
17 

36 
14 

26 
4 

50 

55 
11 

87 
37 

78 
57 

38 
31 8 

29 
1 

29 
1 

29 
1 

28 
5 

69 
5 

54 

87 
37 

55 
11 

28 
18 

(3a) HWP 
1.00 1.00 (18) SUST 

5 1.00 1.00 (17) DlSP 

(3a) HOOP 
1.00 1.00 (18) SUST 

5 1.00 1.00 (17) DISP 

(3a) HOOP 
7.00 1.00 (18) SUST 

5 1.00 1.00 (17) DISP 

(3a) HOOP 

5 1.00 1.00 (17) DlSP 

(3a) HOOP 
2.56 2.13 (18) SUST 

5 2.56 2.13 (17) DlSP 

(3a) HWP 
2.56 2.13 (18) SUST 

8 2.56 2.13 (17) OISP 

(3a) HWP 
2.56 2.13 (18) SUST 

12 2.56 2.13 (17) DISP 

(3a) HOOP 
1.00 1.00 (18) SUST 

1.00 1.00 (18) SUST 

12 1.00 1.00 (17) DlSP 

(3a) HOOP 
1.00 1.00 (18) SUST 

12 1.00 1.00 (17) DlSP 

(3s) HWP 
1.95 1.63 (18) SUST 

12 1.95 1.63 (17) DISP 

(3a) HWP 
1.95 1.63 (18) SUST 

0 1.95 1.63 (17) DISP 

7304 16700 
4000 16700 

68 25050 

7304 16700 
3586 16700 

67 25050 

7304 16700 
3527 16700 

68 25050 

7304 16700 
3525 16700 

68 25050 

7304 16700 
4148 16700 

168 25050 

7304 16700 
3639 16700 

145 25050 

7304 16700 
3887 16700 

70 25050 

7304 16700 
3467 16700 

50 25050 

7304 16700 
3610 16700 

151 25050 

7304' 16700 
4039 16700 

283 25050 

7304 16700 
3880 16700 
427 25050 
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(Moments i n  f t - L b  ) (Stress i n  p s i  ) 
Point  Load In-Pl .  Out-PL. Torsion S.1.F Eq. Load Code Code 
name c d i n a t i o n  Moment Moment Moment In Out no. type Stress Allow. _ _ - - - -  -_.-------- _---.-- _.---.. ..._-.- .--- --_. - - _ _  _ _ _ _  . 
A04 F- Max P 

GR + Max P 
Cold t o  T1 

A04 F+ Max P 
GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  11 

GR + Max P 
Cold t o  T 1  

GR t Max P 
Cold t o  T1 

GR + Max P 
Cold t o  T I  

GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  T I  

GR + Max P 
Cold t o  T I  

GR + Max P 
Cold t o  T 1  

GR + Max P 
Cold t o  T I  

GR + Max P 
Cold t o  T 1  

A05 N- Max P 

A05 N+ Max P 

A05 M Max P 

A05 F- Max P 

A05 F+ Max P 

A06 li- Max P 

A06 N+ Max P 

A06 M Max P 

A06 F- Max P 

A06 F+ Max P 

23 
63 

23 
63 

5 76 
30 

22 
44 

18 
38 

1 
18 

16 
10 

56 
3 

49 
40 

66 
59 

70 
66 

648 
22 

15 
15 

15 
15 

22 
44 

5 76 
30 

397 
28 

16 
10 

1 
18 

49 
40 

56 
3 

500 
18 

648 
22 

70 
66 

(3a) HOOP 
1.95 1.63 (18) SUST 

14 1.95 1.63 (17) DISP 

(3a) HOOP 
1.00 1.00 (18) SUST 

14 1.00 1.00 (17) DISP 

(3a) HOOP 
1.00 1.00 (18) SUST 

14 1.00 1.00 (17) DISP 

(3a) HOOP 
1.95 1.63 (18) SUST 

14 1.95 1.63 (17) DISP 

(3a) HOOP 
1.95 1.63 (18) SUST 

10 1.95 1.63 (17) DlSP 

(3a) HOOP 
1.95 1.63 (18) SUST 

26 1.95 1.63 (17) DISP 

(3a) HWP 
1.00 1.00 (18) SUST 

26 1.00 1.00 (17) D l S P  

(3a) HOOP 
1.00 1.00 (18) SUST 

26 1.00 1.00 (17) DISP 

(3a) HWP 
1.95 1.63 (18) SUST 

26 1.95 1.63 (17) DlSP 

(Sa) HOOP 
1.95 1.63 (18) SUST 

17 1.95 1.63 (17) DlSP 

(3a) HOOP 
1.95 1.63 (18) SUST 

1 1.95 1.63 (17) DlSP 

(3a) HWP 
1.00 1.00 (18) SUST 

1 1.00 1.00 (17) OlSP 

- - - - _  _ _ _ _ _ _  
7304 16700 
3360 16700 
468 25050 

7304 16700 
3245 16700 

246 25050 

7304 16700 
5878 16700 
204 25050 

7304 16700 
7614 16700 
370 25050 

7304 16700 
6221 16700 
325 25050 

7304 16700 
3242 16700 

175 25050 

7304 16700 
3193 16700 

124 25050 

7304 16700 
3472 16700 

178 25050 

7304 16700 
3750 16700 
307 25050 

7304 16700 
7063 16700 
451 25050 

7304 16700 
8216 16700 
497 25050 

7304 16700 
6241 16700 
259 25050 

M-COMS.OUT 6-28-96 1l:OSa 

ASME 831.3~ (1992) CODE COMPLIANCE 

Point  Load Eq. (Stress Load i n  Code ps i  Code ) 
name combination Moment Moment Moment I n  Out no. type s t ress ~ l l o u .  

In-PI.  (Mcments Out-PI. i n  Torsion f t - l b  ) S.1.F 

..._._- -...--- ____._- _ _ _ _  _ _ _ _  _ _ _ _  .___ - - - - - -  --..._____. 
A07 Max P 

GR + Max P 
Cold t o  T1 

A08 Max P 
GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  11 

GR + Max P 
Cold t o  11 

GR + Max P 
Cold, to  T1 

GR + Max P 
Cold t o  11 

GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  11 

A09 Max P 

A10 Max P 

A l l  N -  Max P 

A l l  N+ Max P 

A l l  M Max P 

A l l  F- Max P 

A l l  F+ Max P 
GR + Max P 
Cold t o  T1 

A12 Max P 
GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  T1 

A13 Max P 

A14 N- Max P 
GR + Max P 
Cold t o  T1 

693 
14 

691 
7 

5 78 
0 

122 
19 

88 
25 

88 
25 

166 
21 

208 
8 

82 
1 

82 
2 

81 
2 

80 
3 

61 
58 

53 
52 

46 
46 

23 
29 

17 
25 

17 
25 

70 
16 

82 
1 

208 
8 

21 1 
4 

213 
1 

218 
I 

(3a) HOOP 
1.00 1.00 (18) SUST 

1 1.00 1.00 (17) DlSP 

(3a) HOOP 
1.00 1.00 (18) SUST 

1 1.00 1.00 (17) DlSP 

(3a) HOOP 
1.00 1.00 (18) SUST 

1 1.00 1.00 (17) DISP 

(3a) HOOP 
1.00 1.00 (18) SUST 

1 1.00 1.00 (17) DISP 

(3a) HOOP 
1 .OO 1 .OO (18) SUST 

1 1.00 1.00 (17) DISP 

(3a) HOOP 
2.56 2.13 (18) SUST 

1 2.56 2.13 (17) DISP 

(3a) HOOP 
2.56 2.13 (18) SUST 

16 2.56 2.13 (17) DISP 

(3a) HOOP 
2.56 2.13 (18) SUST 

22 2.56 2.13 (17) DISP 

(3a) HOOP 
1.00 1.00 (18) SUST 

22 1.00 1.00 (17) DISP 

(3a) HOOP 
1.00 1.00 (18) SUST 

22 1.00 1.00 (17) DlSP 

(3a) HOOP 
1.00 1.00 (18) SUST 

22 1.00 1.00 (17) DISP 

(3a) HWP 
1.00 1.00 (18) SUST 

22 1.00 1.00 (17) DlSP 

-_---. .__... 
7304 16700 
6450 16700 

224 25050 

7304 16700 
6440 16700 

197 25050 

7304 16700 
5896 16700 

173 25050 

7304 16700 
3710 16700 

131 25050 

7304 16700 
3544 16700 

130 25050 

7304 16700 
4211 16700 
305 25050 

7304 16700 
5269 16700 
244 25050 

7304 16700 

5801 112 25050 16700 

7304 16700 
4187 89 

25050 16700 

7304 16700 
4201 16700 

85 25050 

7304 16700 
4209 84 

25050 16700 

7304 16700 
4231 16700 

86 25050 
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ASME 831 .3~  (1992) CWE COMPLIANCE 
(Moments i n  f t - l b  1 (Stress i n  ps i  ) 

Point  Load In-PI.  Out-PI. Torsion S.1.F Eq. Load Code Code 
name combination Mcment Moment Moment I n  Out no. type Stress Allow. _ _ _ _ _ _  _____...._. ___.._. _...... ..__.__ _ _ _ _  _ _ _ _  ___. .___ 
A14 N+ Max P 

GR + Max P 80 
Cold t o  T1 3 

A14 M Max P 
GR + Max P 146 
Cold t o  T l  6 

GR + Max P 311 
Cold t o  T1 10 

GR + Max P 311 
Cold t o  T1 10 

GR + Max P 387 
Cold t o  11 11 

GR + Max P 38 
Cold t o  T 1  11 

A14 F- Max P 

A14 F+ Max P 

A14A Max P 

A15 Max P 

*** Segment A end *** 
*** Segment B begin *** 
BO2 Max P 

GR + Max P 8 
Cold t o  T1 38 

GR + Max P 0 
Cold t o  T 1  1 

GR + Max P 2 
Cold t o  T1 23 

GR + Max P 1 
Cold t o  T1 21 

GR + Max P. 0 
Cold t o  T 1  15 

803 N- Max P 

BO3 N+ Max P 

803 H Max P 

803 F-  Max P 

218 
4 

162 
8 

11 
7 

11 
7 

19 
16 

51 
53 

7 
25 

2 
23 

0 
1 

7 
21 

9 
28 

(3a) HOOP 
1.95 1.63 (18) SUST 

22 1.95 1.63 (17) O l S P  

(3a) HOOP 
1.95 1.63 (18) SUST 

27 1.95 1.63 (17) DISP 

(3a) HOOP 
1.95 1.63 (18) SUST 

33 1.95 1.63 (17) OlSP 

(3a) HOOP 
1.00 1.00 (18) SUST 

33 1.00 1.00 (17) DlSP 

(3a) HOOP 
1.00 1.00 (18) SUST 

33 1.00 1.00 (17) OISP 

(3a) HOOP 
1.00 1.00 (18) SUST 

33 1.00 1.00 (17) OlSP 

(3a) HOOP 
1.00 1.00 (18) SUST 

43 1.00 1.00 (17) OISP 

(3a) HOOP 
1.00 1.00 (18) SUST 

43 1.00 1.00 (17) DISP 

(3a) HOOP 
1.78 1.48 (18) SUST 

43 1.78 1.48 (17) DlSP 

(3a) HOOP 
1.78 1.48 (18) SUST 

33 1.78 1.48 (17) DlSP 

(3a) HOOP 
1.78 1.48 (18) SUST 

13 1.78 1.48 (17) DISP 

7304 16700 
4975 16700 

121 25050 

7304 16700 
6030 16700 

148 25050 

6451 16700 
5595 16700 
216 25050 

6451 16700 
6294 16700 

267 25050 

6451 16700 
3334 16700 
442 25050 

6451 16700 
2844 16700 
433 25050 

6451 16700 
2765 16700 
338 25050 

6451 16700 
2779 16700 
414 25050 

6451 16700 
2839 16700 
406 25050 

6451 16700 
2866 16700 
354 25050 

M-CoMS.OUT 6-28-96 11:05a 

~ 

ASME 831.3~ (1992) CODE COMPLIANCE 
(Moments i n  f t - l b  ) (Stress i n  p s i  ) 

Point  Load In-PI.  Out-Pl. Torsion S. l .F  Eq. Load Code Code 
name combination MOment Moment Moment I n  Out no. type Stress Allou. _ _  ...-.~ _.---._____ - 
803 F+ Max P 

GR + Max P 
Cold t o  T1 

804 N-  Max P 
GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  T1 

GR + Max P 
Cold t o  T 1  

GR + Max P 
Cold t o  T1 

804 N+ Max P 

BO4 M Max P 

804 F-  Max P 

BO4 F+ Max P 

805 Max P 

806 Max P 

807 Max P 

*** Segment 8 end 

9 
28 

4 
5 

4 
5 

1 
5 

4 
9 

0 
6 

0 
5 

0 
4 

0 
0 

0 
15 

0 
3 

0 
3 

0 
6 

0 
6 

4 
9 

4 
9 

4 
9 

5 
10 

t** 

*** Segment C begin *** 
5 Max P 

GR + Max P 
Cold t o  T1 

CO1 Max P 
GR + Max P 
Cold t o  11 

*** Segment C end *** 

28 2 
0 7  

29 2 
0 7  

.._. .___ .__. _.__ _ _ _ _  
(3a) HWP 

1.00 1.00 (18) SUST 
13 1.00 1.00 (17) DlSP 

(3.3) HOOP 
1.00 1.00 (18) SUST 

13 1.00 1.00 (17) DISP 

(3a) HOOP 
2.56 2.13 (18) SUST 

13 2.56 2.13 (17) OISP 

(3a) HOOP 
2.56 2.13 (18) SUST 

9 2.56 2.13 (17) DlSP 

(3a) HOOP 
2.56 2.13 (18) SUST 

4 2.56 2.13 (17) DlSP 

(3a) HOOP 
1.00 1.00 (18) SUST 

4 1.00 1.00 (17) DlSP 

(3a) HWP 
1.00 1.00 (18) SUST 

4 1.00 1.00 (17) DISP 

(3a) HOOP 
1.00 1.00 (18) SUST 

4 1.00 1.00 (17) 01SP 

(3.9) HWP 
1.00 1.00 (18) SUST 

4 1.00 1.00 (17) DlSP 

(3a) HWP 
1.00 1.00 (18) SUST 

0 1.00 1.00 (17) DlSP 

(3a) HOOP 
1.00 1.00 (18) SUST 

0 1.00 1.00 (17) OISP 

__..._ _____. 
7304 16700 
3156 16700 

128 25050 

7304 16700 
3132 16700 

53 25050 

7304 16700 
3159 16700 

70 25050 

7304 16700 
3122 16700 

77 25050 

7304 16700 
3159 16700 

101 25050 

7304 16700 
3131 16700 

44 25050 

7304 16700 
3132 16700 

42 25050 

7304 16700 
3133 16700 

41 25050 

7304 16700 
3138 16700 

39 25050 

6905 16700 
2920 16700 

35 25050 

6905 16700 
2921 16700 

35 25050 
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ASME 831.3~ (1992) COOE COMPLIANCE 
( M m n t s  i n  f f - l b  ) (Stress i n  p s i  ) 

Point  toad In-PI. Out-Pl. Torsion S.1.F Eq. Load code Code 
name combination Moment Moment Mmnt In Out no. type Stress Allow. 

*** Segment D begin *** 
3 Max P 

._.___ - - - - - - - _ _ _ _  _ _ _ _ _ _ _  _ _ _ _  

GR + Max P 20 
Cold t o  T1 7 

DO1 Max P 
GR + Max P 
Cold t o  T I  

20 
7 

*** Segment D end *** 

9 
14 

9 
14 

(3a) HOOP 6905 16700 
1.00 1.00 (18) SUST 2876 16700 

0 1.00 1.00 (17) DISP 78 25050 

(3a) HOOP 6905 16700 
1.00 1.00 (18) SUST 2876 16700 

0 1.00 1.00 (17) DISP 78 25050 

M-C06AS.WT 6-28-96 11:05s 

S Y S T E M  S U M M A R Y  

Maximum displacements ( i n )  _____________-..._________ 

Maximum X : -0.046 
Maximum Y : -0,207 
Maximum Z : -0.046 
Max. to ta l :  0.214 

Maximum X : 0.175 
Maximum Y : -0.096 
Maximum 2 : 0.186 
Max. to ta l :  0.218 

Maximum r e s t r a i n t  forces( l b )  -.-----_.____.-___________ 
Maximum X : 112 
Maximum Y : -3293 
Maximum 2 : 4891 
Max. to ta l :  4892 

Maximum x : -80 
Maximum Y : -39 
Maximum 2 : -186 
Max. to ta l :  193 

Point  : A06 F 
Point  : A06 F 
Point  : A04 F 
Point  : A06 F 

Point  : A05 N 
Point  : A14 N 
Point  : A l l  N 
Point  : A04 F 

Point  : DO1 
Point  I 
Point  
Point  

Point  
Point  
Point  
Point  

DO1 
DO1 

3 
A00 
A00 
A00 

toad Comb.: GR 
Load Comb.: GR 
Load Comb.: GR 
Load Comb.: GR 

toad Comb.: GR 
Load Comb.: GR 
Load Comb.: GR 
Load Comb.: GR 

toad C&.: T1 
toad Comb.: GR 
toad Comb.: T1 
Load Comb.: T 1  

toad Comb.: GR 
Load Comb.: GR 
toad comb.: GR 
toad Comb.: GR 
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MA-C06AS JUMPER ASSEMBLY C-06A-9-A I C F  KAISER HANFORD CO 
06/28/96 HYDRO-TEST ANALYSIS AutoPIPE+4.60 RESULT PAGE 22 .-__________________.___________________---.-_--..--_._-________________________ 

M a x i m  X : 112 
M a x i m  Y : 549 
Maximum 2 : 4891 
Max. to ta l :  4892 

Maximm p i p e  w n t s  ( f t - l b )  - _ - _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
M a x i m  X : 386 
M a x i m  Y : 77 
M a x i m  2 : -691 
Max. t o t a l :  700 

Point  
Point  
Point  
Point  

Point  
Point  
Point  
Point  

A14A 
A06 F 
A07 
A07 

toad Comb.: T1 
Load Comb.: GR 
toad Comb.: T1 
Load Comb.: T1 

toad Comb.: GR 
Load Comb.: GR 
toad Comb.: GR 
Load Comb. : GR 

9 
0 

M-CL%AS.CUT 6-28-96 11:05a 

S Y S T E M  S U M M A R Y  

Maximum sustained s t ress 

Point  : A06 F 
Stress . : 8216 
Allowable Fzi : 16700 
Rat io  : 0.49 
Load cwnbination : GR + Max P 

Maxirmm displacement s t ress 

Point  : A06 F 
Stress ps i  : 497 
Allowable ps i  : 25050 
Rat io  : 0.02 
Load combination : Cold t o  T 1  

Maximum hoop st ress 

Point  : A00 
Stress . : 7304 
Al louable Fzi : 16700 
Rat io  : 0.44 
toad combination : Max P 

Maximum sustained s t ress r a t i o  

Point  : A06 F 
Stress . : 8216 
Al louable Fzi : 16700 
Rat io  : 0.49 
Load combination : GR + Max P 

Maximum displacement s t ress r a t i o  

Point  : A06 F 
Stress . : 497 
Al louable Ei : 25050 
Rat io  : 0.02 
Load combination : Cold t o  T1 

Maximum hoop st ress r a t i o  

Point  : A00 
Stress . : 7304 
Al louable : 16700 
Rat io  : 0.44 
toad combination : Max P 

- 
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MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS I C F  KAISER HANFORD COMPANY 
09/11/95 JUMPER C-06C-6-A AutoPlPEl.4.60 MODEL PAGE 4 ________________________________________.~~~~~. . . . .~ .~~~-~ . .~ -~~~~~~~~~.~~~~~~. -  

C O M P O N E N T  D A T A  L I S T I N G  P O I N T  D A T A  L I S T I N G  

POINT - - - - -  OFFSETS ( f t  ) - - - - -  
NAME TYPE X Y 2 PIPE I D  DESCRIPTION _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  ______..______..._________________ 

POINT ---COORDINATE( f t  ) -  - - 
NAME X Y Z 

*** SEGMENT A 
A00 0.00 0.00 0.00 

__.__ _____._ .______ _...._. 
DATA 
TYPE _ _ _ _ _ _  

ANCHOR 

TI 

T I  

TI 

W E I G H T  

TI 

T I  

ANCHOR 

DESCRIPTION .......................................... 
Rig id  
Thermal movements : None 

.____ 

0 
0 

0 
0 

*** SEGMENT A 
A00 Run 
A01 Flex 

0 4PIPE 
0.15 W t s  144 l b  , Ar= 3.2 sq.in 

Ax ia l= 23300000 Tors= 304.0 
Y-Shear= R I G I D  Bend= 2080.0 
2-Shear= R I G I D  Bend= 2080.0 

Short Elbow Radius = 4.00 inch 
Bend angle bhange = 90.00 deg 
Mid po in t  a t  50.00 percent 
S I F  - I n  2.56, Out = 2.13 
Flex = 7.908 

0 
-0.11 

-0.02 
-0.22 

A02 Run 
A03 Bend 

0.03 
0.33 

A04 Bend 0 -0.84 0 Long Elbow Radius = 6.00 inch 
Bend angle bhange = 90.00 deg 
Mid po in t  a t  50.00 percent 
S I F  - I n  1.95, Out = 1.63 
Flex = 5.272 

8 l b  , No o f f se ts  

A05 Bend 0 0 2.67 Long Elbow Radius = 6.00 inch 
Bend angle ihange = 90.00 deg 
Mid po in t  a t  50.00 percent 
SIF - I n  1.95, Out = 1.63 
Flex = 5.272 

A06 Run 
A07 Bend 

0.67 
0.67 

0 0  
0 0  Long Elbow Radius = 6.00 inch 

Bend angle bhange = 90.00 des 
Mid po in t  a t  50.00 percent 
SIF - In 1.95, Out = 1.63 
Flex = 5.272 

R ig id  
Thermal movements : None 

A08 Bend 0 0 2.67 
Number of points  i n  the system : 27 

Short Elbow Radius = 4.00 inch 
Bend angle bhange = 90.00 deg 
Mid po in t  a t  50.00 percent 
S I F  - I n  2.56. Out = 2.13 
Flex = 7.908 

A09 Flex 0 -0.40 0 Ut= 144 l b  , Ar= 3.2 sq.in 
Ax ia l= 23300000 Tors= 304.0 
Y-Shear- R I G I D  Bend= 2080.0 
2-Shear= R I G I D  Bend= 2080.0 

0 
0 

-0.04 
-0.19 

0 A10 Run 
A l l  Run 

Total  weight of. empty pipes : 104 l b  

M-JM.WT 9-11-95 12:57P Page 2 of  18 



P I P E  D A T A  L I S T I N G  

Pipe ID/ 
Mater ia l  

4PIPE 
AU 

____._.._. 
Nom/ O.D. -----Thickness(inch)----- Spec Weight ( lb / f t  ) 
Sch inch W.Th. Corr M i l l  lnsu Ling Grav Pipe Other Total  

4 4.500 0.237 0.06 0.03 0 0 1.12 11.04 0 17.22 
.___ _ _ _ _ _  _ _ _ _ _  __._ _ _ _ _  _ _ _ _  .___ _-.- _-.._ -_.-_ -- - - -  
STD 

0 

M-JM.OUT 9-11-95 12:57~ 

M A T E R I A L  D A T A  L I S T I N G  

Mater ia l  Density Pois. Temper. Modulus Expans. Allow. 
Name Pipe ID l b / cu . f t  Rat io  deg F E6 psi  in / lOOft  p s i  

AU 4PIPE 501.0 0.30 40.0 28.42 16700.0 
180.0 1.5442 16700.0 

________..__ _._____. _____.__ ...__ _ _ _ _ _ _ _  _____.__ _ _ _ _ _ _ _ _  _______. 
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MA-JM U320- C-FARM JUMPER STRESS ANALYSIS I C F  KAISER HANFORD COMPANY 
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 MODEL PAGE 7 ................................................................................ 

TEMPERATURE AND PRESSURE DATA 

POINT PRESS. TEMPER EXPAN. PRESS. TEMPER EXPAN. PRESS. TEMPER EXPAN. 
NAME psi  deg F in/lOOft psi  deg F in /100f t  ps i  deg F in / lOOft  

.__.. C A s E I--...- . - - - - C  A s E 2.----- ..... C A s E 3 - - - - - -  

................................................................. 
*** SEGMENT A 
A00 325 180 
A l l  325 180 

1.544 
1.544 

? MA-J6A.oUT 9-11-95 1 2 5 7 ~  
0 

................................................................................ 
MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS I C F  KAISER HANFORD COMPANY 
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 1 

A N A L Y S I S  S U M M A R Y  

Current model rev i s ion  number : 1 

Load cases analyze 
Gaps/Friction/Yiel 
Hanger design run 

Pressure s t i f f e n i n g  case .. 
Water e levat ion fo r  buoyanc Not considered 

Number of  modes ...... 
Cutof f  frequency ( H z )  
Weight of  contents inc 

Response . Date and Time of  analys is  ............. Sep 11, 1995 12:55 PM 
Model Revision Number ................. 1 
Number of load cases .................. 3 
Load cases analyzed ................... R 1  R2 R3 
Date and time o f  modal analys is  ....... Sep 11, 1995 12:54 PM 
Number of  modes ....................... 1 
Cutof f  frequency (Hz) ................. 33.0 
Model rev i s ion  o f  modal analys is  ...... 1 
Weight of  contents included ........... Yes 
Pressure s t i f f e n i n g  case .............. 0 
Water e levat ion for buoyancy loads .... Not considered 
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MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY 
09/11/95 JUMPER C-06C-6-A AutoPIPEl.4.60 RESULT PAGE 2 ................................................................................ 

CODE COMPLIANCE COMBINATIONS 

Combination Category Method Load Factor Allowable Remarks 

GR + Max P Sustain Sum Gravity 1.00 Automatic Default 

Cold to T1 Expansion Sum Thermal 1 1.00 Automatic Default 

_ _ _ _ _ _ _ _ _ _ _  .._..___.. ...___-- __._______ _._.._ __....___ _ _ _ _ _ _ _  
Max Long 1.00 

Sus. + R1 Occasion Abs sum Response 1 1.00 Automatic Default 
Max Sus 1.00 

Sus. + R2 Occasion Abs sum Response 2 1.00 Automatic Default 

Sus. + R3 Occasion Abs sum Response 3 1.00 Automatic Default 

Max P Hoop Max Hoop 1.00 Automatic Default 

Max Sus 1.00 

Max Sus 1.00 

OTHER USER COMBINATIONS 

Combination Method Load Factor Remarks 

GR Sum Gravity 1.00 Default 

T1 Sum Thermal 1 1.00 Default 

R1 Sum Response 1 1.00 Default 

R2 Sum Response 2 1.00 Default 

R3 Sum Response 3 1.00 Default 

_._._______ ______._ ___....___ ___.__ ____.__ 

GR+T1 Sum Gravity 1.00 User 

SEIS Abs sum Response 1 1.00 User 

Thermal 1 1.00 

Response 2 1.00 
Response 3 1.00 

SEIS 1.00 
TOTAL Abs sum GR+T1 1.00 User 

COD'E COMPLIANCE 

Y - Factor ............................ 0.40 
Weld efficiency factor ................ 1.00 
Range reduction factor ................ 1.00 

M - J M S U T  9-11-95 1 2 5 7 ~  

Design Pressure Factor .............._. 1.00 
Minimum stress ratio used in reports ... 0.00 
Include corrosion in stress calcs. .... Y 
Include torsion in code stress ........ N 
Include axial force in code stress .... N 
Longitudinal pressure calculation ..... PD/4t 
Include rigorous pressure ............. Not analyzed 
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~~~~~~~~~~ 

MA-JM W320- C-FARM JUMPER STRESS ANALYSIS I C F  KAISER HANFORO COMPANY 
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 4 ______________________________________________.____________________________...__ 

RESPONSE SPECTRUM LOA0 CASES : 

Number of Load cases analysed : 3 

Load case 1 - R 1  

Missing mass : No 
ZPA : No 

Combination method : SRSS 

X- Spectrum : SCI 
M u l t i p l i e r  : 1.00 

sc1 

________..____.__..--------.-- 

Freq(Hz) Grav( ) FreqCHz) Grav( ) _.___.__ ____._______. - - - - - - - -  --..------... 
0.100 0.01 0.160 0.03 0.250 0.06 
0.400 0.10 0.600 0.16 1.100 0.28 
1.640 0.42 8.000 0.42 12.000 0.34 

20.000 0.26 33.000 0.20 100.000 0.20 

w 
wA-J6A.oUT 9-11-55 12:57p 

2 
0 

MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS I C F  KAISER HANFORO COMPANY 
09/11/95 JUMPER C-06C-6-A AutoPlPE+4.60 RESULT PAGE 5 _______.________________________________---.-..-..-..--------------------------- 

Load case 2 ~ RZ 

Missing mass : No 
ZPA : No 

Combination method : SRSS 

Y -  Spectrum : SC1 
M u l t i p l i e r  : 1.00 

sc1 

_._._... ___._.__.._.. 
0.100 0.01 0.160 0.03 0.250 0.06 
0.400 0.10 0.600 0.16 1.100 0.28 
1.640 0.42 8.000 0.42 12.000 0.34 

20.000 0.26 33.000 0.20 100.000 0.20 
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. . . . . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY 
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 6 
___________________.____________________________________..._____________________ 

Load case 3 - R3 

Missing mass : No 
ZPA : No 

Combination method : SRSS 

2- Spectrum : SC1 
Multiplier : 1.00 

sc1 
Freq(Hz) Grav( ) FreqCHz) Grav( _ _ _ _ _ _ _ _  _____.______. - - - - - - - -  --.-------- 
0.100 0.01 0.160 0.03 
0.400 0.10 0.600 0.16 

0.42 8.000 0.42 
0.20 

1.640 
20.000 0.26 33.000 

Freq(H2) Grav( ) 

0.250 0.06 
1 .IO0 0.28 
12.000 0.34 
100 .ooo 0.20 

_ _ _ _ _ _ _ _  _..._._______ 

M-J6A.OUT 9-11-5'5 l2:570 
0 

MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY 
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 7 ................................................................................ 

F R E Q U E N C I E S  

Mode Frequency Frequency Period Participation factors 
Number (Rads/sec) (Hertz) (Sec) X Y 2 _.____ ____.___.._ _._.__.___ _____. ....__._ -______. _ _ _ _ _ _ _ _  

1 207.2037 32.9775 0.030 0.497 -0.054 0.000 
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ . ~ ~ ~ ~ ~ ~ . . ~ ~ . . ~ . ~ ~ ~ ~ ~ . ~ . . . ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ . . . ~ ~ ~ ~ ~  
MA-J6A U320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORO COMPANY 
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 8 

M O O E  S H A P E S  

Point TRANSLATIONS ROTATIONS (deg ) 
Y 2 X Y 2 name Mode Frequency X 

*** Segment A begin *** 
_ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _____._ ___..__ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  

________________.__________._...._________......_..____________________.________ 
M A - J M  W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY 
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 9 

D I S P L A C E M E N T S  

Point Load TRANSLATIONS (in ) ROTATIONS (deg ) 
name combination X Y 2 X Y 2  

*** Segment A begin *** 
_ _ _ _ _ _  .___.._____ __._.. _._._. .____. _.____ _ _ _ _ _ _  _ _ _ _ _ _  

A00 1 

A01 1 

A02 1 

A03 N 1 

A03 M 1 

A03 F 1 

A04 N 1 

A04 M 1 

A04 F 1 

A05 N 1 

A05 M 1 

A05 F 1 

A06 1 

A07 N 1 

A07 M 1 

A07 F 1 

A08 N 1 

A08 M 1 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

32.9775 

0.000 

0.001 

0.009 

0.036 

0.224 

0.482 

0.488 

0.895 

1.234 

0.000 

-0.001 

-0.011 

-0.046 

-0.186 

-0.250 

-0.250 

-0.281 

-0.344 

2.147 -0.555 

2.280 -0.475 

2.303 -0.233 

2.303 -0.117 

2.302 -0.003 

2.253 0.202 

2.015 0.245 

0.227 0.044 

0.013 0.014 

A08 F 1 32.9775 -0.022 0.000 0.014 0.689 -5.226 1.328 

A09 1 32.9775 -0.004 0.000 0.004 0.686 -5.220 1.319 

A10 1 32.9775 0.001 0.000 0.001 0.018 -0.016 0.011 

0.000 

0.001 

0.005 

0.023 

0.076 

0.059 

0.057 

-0.019 

-0.047 

-0.049 

-0.098 

-0.135 

-0.127 

-0.115 

-0.023 

0.065 

0.063 

0.050 

0.000 0.000 

0.030 0.040 

0.601 2.387 

0.610 2.399 

0.882 2.703 

1.009 2.796 

1.009 2.797 

0.955 2.835 

0.711 2.763 

0.503 2.289 

0.416 1.164 

0.451 -0.177 

0.433 -0.303 

0.415 -0.437 

0.489 -2.227 

0.533 -4.064 

0.550 -4.927 

0.668 -5.135 

0.000 

0.030 

3.813 

3.823 

4.130 

4.305 

4.305 

4.238 

4.118 

3.703 

3.597 

3.259 

3.220 

3.178 

2.738 

2.539 

1.838 

1.651 

A00 GR 
T1 
R1 
R2 
R3 
GR+T1 
SEIS 
TOTAL 

A01 GR 
T1 
R1 
R2 
R3 
GR+Tl 
SEIS 
TOTAL 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
-0.002 
0.000 
0.000 
0.000 
-0.002 
0.000 
0.002 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
-0.003 
0.000 
0.000 
0.000 
-0.003 
0.000 
0.003 

A02 GR 0.000 0.000 0.000 0.011 0.001 0.004 
T1 -0.002 0.000 0.002 0.209 -0.128 -0.211 
R1 0.000 0.000 0.000 0.001 0,002 0.003 
R2 0.000 0.000 0.000 0.000 0.000 0.000 
R3 0.000 0.000 0.000 0.000 0.000 0.000 
GR+T1 -0.002 0.000 0.002 0.220 -0.127 -0.206 
SEIS 0.000 0.000 0.000 0.001 0.002 0.004 
TOTAL 0.002 0.000 0.002 0.221 0.129 0.210 

A03 N GR 0.000 0.000 0.000 0.011 0.001 0.004 
T1 -0.004 -0.001 0.002 0.210 -0.129 -0.211 
R1 0.000 0.000 0.000 0.001 0.002 0.003 
R2 0.000 0.000 0.000 0.000 0.000 0.000 
R3 0.000 0.000 0.000 0.000 0.000 0.000 
GR+T1 -0.004 -0.001 0.002 0.220 -0.127 -0.206 
SEIS 0.000 0.000 0.000 0.001 0.002 0.004 
TOTAL 0.004 0.001 0.002 0.221 0.130 0.210 

A03 M GR 
T1 
R 1  
R2 
R3 
GR+T1 
SEIS 
TOTAL 

0.011 0.001 0.005 
0.220 -0.126 -0.202 
0.001 0.002 0.004 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.231 -0.125 -0.198 
0.001 0.003 0.004 
0.232 0.128 0.202 



D I S P L A C E M E N T S  

Point 
name 

A03 F 
___.__ 

A04 N 

A04 M 

A04 F 

A05 N 

Load 
combination 

GR 
TI 
R1 
R2 
R3 
CR+TI 
SEIS 
TOTAL 

GR 
TI 
R 1  
R2 
R3 
GR+T1 
SEIS 
TOTAL 

GR 
T1 
R 1  
R2 
R3 
GR+Tl 
SEIS 
TOTAL 

GR 
TI 
R 1  
R2 
R3 
GRIT1 
SEIS 
TOTAL 

____---..-_ 
TRANSLATIONS (in ) 
X Y Z  

0.000 -0.001 -0.001 
-0.029 -0.011 -0.015 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.028 -0.012 -0.015 
0.000 0.000 0.000 
0.029 0.012 0.015 

_--.__ __._.. _ _ _ _ _ _  

0.000 -0.001 -0.001 
-0.029 -0.011 -0.015 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.028 -0.012 -0.016 
0.000 0.000 0.000 
0.029 0.012 0.016 

0.001 -0.001 -0.002 
-0.045 -0.022 -0.026 
0.001 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.044 -0.023 -0.028 
0.001 0.000 0.000 
0.045 0.023 0.028 

0.001 -0.002 -0.002 
-0.055 -0.030 -0.024 
0.001 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.054 -0.033 -0.026 
0.001 0.000 0.000 
0.055 0.033 0.026 

GR 
11 
R 1  
R2 
R3 
GRIT1 
SEIS 
TOTAL 

0.001 -0.006 -0.002 
-0.063 -0.033 0.001 
0.002 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.062 -0.039 -0.001 
0.002 0.001 0.000 
0.064 0.039 0.001 

ROTATIONS (deg ) 
X Y 2  _____. _..__. ___.__ 
0.011 0.001 0.004 
0.205 -0.115 -0.183 
0.001 0.003 0.004 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.216 -0.114 -0.179 
0.001 0.003 0.004 
0.217 0.116 0.184 

0.011 0.001 0.004 
0.205 -0.114 -0.183 
0.001 0.003 0.004 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.216 -0.113 -0.179 
0.001 0.003 0.004 
0.217 0.116 0.184 

0.012 0.001 0.003 
0.141 -0.095 -0.153 
0.001 0.003 0.004 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.152 -0.094 -0.149 
0.001 '0.003 0.004 
0.153 0.097 0.153 

0.012 0.000 0.003 
0.041 -0.049 -0.129 
0.001 0.002 0.004 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.053 -0.049 -0.126 
0.001 0.003 0.004 
0.053 0.052 0.130 

0.009 -0.001 0.002 
-0.017 0.015 -0.088 
0.000 0.002 0.003 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.009 0.014 -0.086 
0.000 0.002 0.004 
0.009 0.017 0.090 
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Point 
name 

A05 M 

A05 F 

A06 

A07 N 

A07 M 

D I S P L A C E M E N T S  

Load TRANSLATIONS (in ) 
combination X Y 2 _____._____ ____._ _ _ _ _ _ _  _ _ _ _ _ _  
GR 
11 
R1 
R2 
R3 
GR+T1 
SEIS 
TOTAL 

GR 
11 
R1 
R2 
R3 
GR+T1 
SEIS 
TOTAL 

GR 
T1 
R1 
R2 
R3 
GR+Tl 
SEIS 
TOTAL 

GR 
T1 
R1 
R2 
R3 
GR+Tl 
SEIS 
TOTAL 

GR 
11 
R1 
R2 
R3 
GR+T1 
SEIS 
TOTAL 

0.001 -0.006 -0.002 
-0.055 -0.032 0.004 
0.002 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.055 -0.039 0.002 
0.002 0.000 0.000 
0.057 0.039 0.002 

0.000 -0.006 -0.002 
-0.045 -0.034 -0.007 
0.002 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.044 -0.040 -0.009 
0.002 0.000 0.000 
0.047 0.040 0.009 

0.000 -0.006 -0.001 
-0.042 -0.035 -0.015 
0.002 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.042 -0.041 -0.016 
0.002 0.000 0.000 
0.044 0.041 0,016 

0.000 -0.006 -0,001 
-0.040 -0.036 -0.022 
0.002 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.039 -0.042 -0.023 
0.002 0.000 0.000 
0.041 0.042 0.023 

0.000 -0.005 -0.001 
-0.029 -0.036 -0.034 
0.002 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.028 -0.041 -0.035 
0.002 0.000 0.000 
0.030 0.041 0.035 

0.003 -0.003 0.003 
-0.057 0.125 -0.066 
0.000 0.001 0.003 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.054 0.122 -0.063 
0.000 0.001 0.004 
0.054 0.124 0.067 

0.001 -0.004 0.004 
-0.075 0.199 -0.036 
0.000 0.000 0.003 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.074 0.196 -0.032 
0.000 0.000 0.003 
0.074 0.196 0.035 

0.000 -0.004 0.004 
-0.077 0.202 -0.035 
0.000 0.000 0.003 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.077 0.198 -0.030 
0.000 0.000 0.003 
0.077 0.198 0.034 

0.000 -0.004 0.004 
-0.080 0.202 -0.034 
0.000 0.000 0.003 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.080 0.198 -0.029 
0.000 0.000 0.003 
0.081 0.198 0.033 

-0.003 -0.003 0.006 
-0.089 0.158 -0.026 
0.000 0.002 0.002 
0.000 0.000 0.000 
0.000 0.000 0.000 
-0.092 0.154 -0.020 
0.000 0.002 0.003 
0.092 0.157 0.023 

Page 9 o f  18 



D I S P L A C E M E N T S  

Point 
name 

A07 F 
_....- 

A08 N 

A08 M 

A08 

A09 

Load 
combination 

TRANSLATIONS (in ) 
X Y Z  

ROTATIONS (deg ) 
Y Y 7  

GR 
T1 
R 1  
R2 
R3 
GRcTl 
SEIS 
TOTAL 

GR 
TI 
R 1  
R2 
R3 
GR+Tl 
SEIS 
TOTAL 

GR 
T1 
R 1  
R2 
R3 
GRIT1 
SEIS 
TOTAL 

GR 
T1 
R1  
R2 
R3 
GR+TI 
SEIS 
TOTAL 

GR 
TI 
R1 
R2 
R3 
GR+T1 
SEIS 
TOTAL 

-0.012 -0.001 0.006 
-0.019 0.027 -0.039 
0.001 0.005 0.001 
0.000 0.001 0.000 
0.000 0.000 0.000 
-0.031 0.025 -0.033 
0.001 0.005 0.002 
0.031 0.030 0.035 

-0.010 -0.002 0.005 
0.014 0.025 -0.040 
0.001 0,005 0.001 
0.000 0.001 0.000 
0.000 0.000 0.000 
0.003 0.024 -0.035 
0.001 0.005 0.001 
0.004 0.029 0.036 

-0.010 -0.002 0.005 
0.014 0.025 -0.040 
0.001 0.005 0.001 
0.000 0.001 0.000 
0.000 0.000 0.000 
0.004 0.024 -0.035 
0.001 0.005 0.001 
0.004 0.029 0.036 

F 
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D I S P L A C E M E N T S  

Point 
name 

A10 
___... 

TRANSLATIONS (in ) 
Y Y Z  

Load 
combination 

GR 0.000 
TI 0.000 
R1 0.000 
R2 0.000 

_____..____ ___.._ 

R3 0.000 
GR+Tl 0.000 
SEIS 0.000 
TOTAL 0.000 

All GR 0.000 
TI 0.000 
R1 0.000 
R2 0.000 
R3 0.000 
GRtTl 0.000 
SEIS 0.000 
TOTAL 0.000 

*** Segment A end *** 

_ _ _ _ _ _  
0.000 
0.003 
0.000 
0.000 
0.000 
0,003 
0.000 
0.003 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

_ _ _ _ _ _  
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

ROTATIONS (deg ) 
X Y 2  

0.000 
0.002 
0.000 
0.000 
0.000 
0.002 
0.000 
0.002 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

.--_.. _ _ _ _ _ _  
0.000 0.000 
0.000 -0.001 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 -0.001 
0.000 0.000 
0.000 0.001 

0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
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S U P P O R T  F O R C E S  

Point/ Connect/ Load L O C A L  G L O B A L  
Supp. IO Type Combination Dirn Force Deform Dirn Force Deform ___.__._ _.__..__ _____._____ _.__ ___-_--. .___._.. _ _ _ _  __..____ _ _ _ _ _ _ _ _  
*** End of  system , no supports encountered. *** 

0 wA-J6AA.CUT 9-11-55 12:57p 
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R E S T R A I N T  R E A C T I O N S  

Point 
name 

A00 

A1 1 

Load FORCES (lb ) 
combination X Y 2 Result _ _  _ .  
Anchor 
GR 
TI 
R1 
R2 
R3 
GR+Tl 
SEIS 
TOTAL 

Anchor 
GR 
TI 
R1 
R2 
R3 
GR+T1 
SEIS 
TOTAL 

6 -222 29 224 55 7 38 67 
-447 427 -2062 2153 76 -5aa -60 596 

9 1 7 1 2 4 5 3 7  
1 0 1 1 0 1 0 1  
0 0 0 0 0 0 0 0  

-441 205 -2034 2091 131 -581 -22 596 
io 1 a i 3  4 6 4 a 

451 206 2042 2101 135 586 26 602 

-6 -208 -29 210 
447 -427 2062 2153 
10 1 7 12 
1 0 1 1  
0 0 0 0  

441 -635 2034 2175 
1 1  I a 14 

452 636 2042 2186 

-27 0 12 30 

3 1 0 3  
0 0 0 0  
0 0 0 0  

431 7 -163 461 
3 2 0 3  

434 9 164 464 

458 a -175 491 
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G L O B A L  F O R C E S  & M O M E N T S  

Po in t  Load FORCES (Lb ) MOMENTS ( f t - l b  ) 
name combination X Y 2 Result  X Y 2 Result  _ _  
*** Segment A begin *** 
A00 

A01 

A02 

A03 N 

A03 M 

GR 
T I  
R 1  
R2 
R3 
GR+TI 
SEIS 
TOTAL 

GR 
T I  
R 1  
R2 
R3 
GR+TI 
SEIS 
TOTAL 

GR 
T I  
R 1  
R2 
R3 
GR+T1 
SEIS 
TOTAL 

GR 
T I  
R 1  
R2 
R3 
GR+TI 
SEIS 
TOTAL 

GR 
T 1  
R 1  
R2 
R3 
GR+T1 
SEIS 
TOTAL 

-6 
447 

9 

0 
441 

10 
451 

- 6  
447 

9 

0 
441 

10 
451 

-6 
447 

9 
1 
0 

441 
10 

451 

- 6  
447 

9 

0 
441 

10 
451 

-6 
447 

9 

0 
441 

10 
451 

222 
-427 

1 
0 
0 

-205 
1 

206 

75 
-427 

1 
0 
0 

-352 
1 

353 

75 
-427 

1 
0 
0 

-352 
1 

353 

73 
-427 

1 
0 
0 

-353 
1 

354 

69 
-427 

1 
0 

-358 
1 

359 

-29 
2062 

7 

0 
2034 

8 
2042 

- 29 
2062 

7 

0 
2034 

8 
2042 

-29 
2062 

7 
1 
0 

2034 
8 

2042 

-29 
2062 

7 

0 
2034 

8 
2042 

- 29 
2062 

1 
0 

2034 
8 

2042 

224 
2153 

12 
1 
0 

2091 
13 

2101 

80 
2153 

12 
1 
0 

2110 
13 

2120 

80 
2153 

12 
1 
0 

2110 
13 

2120 

79 
2153 

12 

0 
2111 

13 
2121 

75 
2153 

12 
1 
0 

2111 
13 

2121 

-55 - 76 
4 

0 
-131 

135 

-21 
-141 

4 

0 
-162 

4 
166 

-17 
-154 

0 
0 

-171 

175 

-13 
-176 

4 

0 
-189 

4 
1 93 

-2 
-59 

3 
0 
0 - 60 
3 

63 

-7 
588 

5 

0 
581 

586 

-3 
287 
4 

0 
284 

5 
289 

-2 
232 

0 
0 

230 

235 

-1 
136 
4 
0 
0 

135 
5 

140 

4 
-221 

3 
0 
0 

-217 
4 

221 

-38 
60 
3 

0 
22 
4 

26 

-13 
I 2  
3 

0 
-1 
4 
5 

-10 
4 
3 
0 
0 

- 7  

10 

- 8  
-11 

3 

0 
-19 
4 

23 

2 
-111 

2 
0 

-109 
3 

111 

67 
596 

1 
0 

596 
8 

602 

25 
320 

7 

0 
327 

7 
333 

20 
279 

6 
1 
0 

286 
7 

293 

15 
223 
6 

0 
233 

7 
239 

5 
254 

5 
1 
0 

250 

255 
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G L O B A L  F O R C E S  & M O M E N T S  

Point  Load FORCES ( l b  ) 
name combination X Y 2 Result ...--- ----....._. _.__.. ._____ _ _ _ _ _ _  .-.... 
A03 F 

A04 N 

A04 M 

A04 

A05 N 

GR 
T I  
R1 
R2 
R3 
GR+T1 
S E I S  
TOTAL 

GR 
T I  
R1 
R2 
R3 
GRIT1 
SEIS 
TOTAL 

GR 
T I  
R1 
R2 
R3 
GRIT1 
SEIS 
TOTAL 

GR 
T I  
R1 
R2 
R3 
GR+TI 
S E I S  
TOTAL 

GR 
T I  
R 1  
R2 
R3 
GRtT1 
S E I S  
TOTAL 

- 6  64 
447 -427 

9 1  
1 0  
0 0  

441 -362 
10 1 

451 363 

-6 64 
447 -427 

9 0  
1 0  
0 0  

441 -362 
10 1 

451 363 

-6 58 
447 -427 

8 0  
1 0  
0 0  

441 -369 
9 0  

450 370 

-6 51 
447 -427 

6 0  
1 0  
0 0  

441 -376 
7 0  

448 376 

-6 22 
447 -427 

2 1  
0 0  
0 0  

441 -405 
2 1  

443 406 

-29 71 
2062 2153 

7 12 
1 1  
0 0  

2034 2112 
8 13 

2042 2122 

-29 71 
2062 2153 

7 12 
1 1  
0 0  

2034 2112 
8 13 

2042 2122 

-29 65 
2062 2153 

7 11 
1 1  
0 0  

2034 2113 
8 12 

2042 2123 

-29 59 
2062 2153 

7 9  
1 1  
0 0  

2034 2114 
8 11 

2042 2124 

-29 37 
2062 2153 

7 8  
1 1  
0 0  

2034 2120 
8 9  

2042 2128 

MOMENTS ( f t - I b  ) 
X Y 7 Result ._____ 

-3 
393 

1 
0 
0 

390 
1 

391 

-3 
407 

1 
0 
0 

403 
1 

404 

-5 
1073 

2 

0 
1068 

2 
1071 

10 
1224 

0 
0 

1234 

1238 

71 
512 

3 

0 
583 

3 
585 

_ _ _ _ _ _  
6 

-369 
3 

0 
-363 

3 
366 

6 
-369 

3 
0 
0 

-363 
3 

366 

7 
-434 

2 
0 
0 

-428 
2 

429 

9 
-592 

1 
0 

-583 
1 

19 
-1339 

11 
1 
0 

-1320 
13 

1332 

585 

_ _ _ _ _ _  
7 

-239 
0 
0 
0 

-232 
0 

232 

7 
-242 

0 
0 
0 

-235 
0 

235 

9 
-400 

3 

0 
-391 

3 
394 

10 
-466 

4 
0 
0 

-455 
5 

460 

10 
-466 

4 

0 
-455 

5 
460 

__.___ 
10 

590 
3 

0 
581 

3 
584 

10 
600 

3 
0 
0 

591 
3 

594 

12 
1225 

4 

0 
1215 

4 
1219 

17 
1438 

1 
0 

1439 

1444 

74 
1507 

12 
1 
0 

1513 
14 

1526 
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MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS I C F  KAISER HANFORD COMPANY 
09/11/95 JUMPER C-06C-6-A AutaPIPE14.60 RESULT PAGE 18 ____________.___..____.____._.________..___.____._________..___._________.______ 

G L O B A L  F O R C E S  & M O M E N T S  

Point Load FORCES (lb ) MOMENTS (ft-lb ) 
name combination X Y 2 Result X Y 2 Result _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _.____ - _____. _ _ _ _ _ _  ...__._ - .___.__ _.___.. 
A05 M GR T ?  

R 1  
R2 
R3 
GR+Tl 
SEIS 
TOTAL 

A05 F GR 
T1 
R 1  
R2 
R3 
GRIT1 
SEIS 
TOTAL 

A06 - GR 
T1 
R1 
R2 
R3 
GR+T1 
SEIS 
TOTAL 

A06 + GR 
T1 

A07 N GR 
11 
R1 
R2 
R3 
GR+T1 
SEIS 
TOTAL 

-6 
447 

1 
0 
0 

441 
1 

442 

-6 
447 
0 
0 

441 
0 

441 

-6 
447 
0 
0 
0 

441 
0 

441 

-6 
447 

0 
0 

441 
3 

444 

-6 
447 
4 

0 
441 
4 

445 

.__._ 
15 

-427 
2 

0 
-412 

2 
413 

8 
-427 

2 
0 
0 

-418 
2 

420 

6 
-427 

2 
0 
0 

-421 
2 

423 

-2 
-427 

2 
0 
0 

-429 
2 

431 

-5 
-427 

2 

0 
-432 

2 
434 

-29 33 78 
2062 2153 361 

7 7  7 
1 
0 

2034 

2041 

-29 
2062 

1 
0 

2034 
8 

2041 

-29 
2062 

7 

0 
2034 

8 
2041 

- 29 
2062 

1 
0 

2034 
8 

2041 

-29 
2062 

7 

0 
2034 

8 
2041 

a 

I 

2121 
8 

2129 

31 
2153 

1 
0 

2122 
8 

2130 

30 
2153 

7 

0 
2123 

2131 

30 
2153 

8 

0 
2125 

9 
2133 

30 
2153 

8 

0 
2125 

9 
2134 

a 

0 
0 

438 
2 

441 

80 
298 
2 
0 
0 

378 
2 

380 

80 
298 
2 

0 

2 
380 

80 
298 

0 
0 

378 
2 

380 

80 
298 
2 
0 
0 

378 
2 

380 

378 

__..__ 
17 

-1195 
13 
1 
0 

-1178 
15 

1193 

8 
-531 
16 
2 
0 

-524 
18 
541 

3 
-181 
17 
2 
0 

-178 
19 
197 

3 
-181 
17 
2 
0 

-178 
19 
197 

-2 
170 
18 
2 
0 

168 
20 
188 

8 
-403 

4 
0 
0 

-396 
5 

400 

4 
-252 

5 

0 
-249 

6 
254 

2 
-180 

5 

0 
-177 

6 
183 

2 
-180 

1 

-177 
6 

183 

3 
-107 

6 

0 
-104 

6 
110 

80 
1312 
14 
2 
0 

1318 
16 

1333 

a0 
659 
17 
2 
0 

692 
19 
708 

80 
392 
18 
2 
0 

454 
20 
465 

80 
392 
18 
2 

454 
20 
465 

80 
360 
19 
2 
0 

426 
21 
438 

0 M-J6A.OUT 9-11-95 1 2 5 7 ~  

G L O B A L  F O R C E S  a M O M E N T S  

MOMENTS (ft-lb ) Point Load FORCES (lb ) 
name combination x Y z Result x Y z Result _.-.-- _._________ __._.. _____. - 
A07 M 

A07 F 

A08 N 

A08 M 

A08 F 

GR 
T1 
R1 
R2 
R3 
GR+T1 
SEIS 
TOTAL 

GR 
11 
R1 
R2 
R3 
GR+T1 
SEIS 
TOTAL 

GR 
TI 
R1 
R2 
R3 
GRIT1 
SEIS 
TOTAL 

CR 
T1 
R1 
R2 
R3 
GRIT1 
SEIS 
TOTAL 

GR 
T1 
R1 
R2 
R3 
GR+Tl 
SEIS 
TOTAL 

-6 
447 
6 

0 
441 
6 

447 

-6 
447 
9 
1 
0 

441 
10 

451 

-6 
447 
10 
1 
0 

441 
1 1  

452 

-6 
447 
10 
1 
0 

441 
1 1  

452 

-6 
447 
10 
1 
0 

441 
1 1  

452 

-12 
-427 

2 
0 
0 

-439 
2 

441 

-19 
-427 

1 
0 
0 

-446 
1 

447 

-51 
-427 

1 
0 
0 

-477 
1 

479 

-55 
-427 

1 
0 
0 

-482 
1 

483 

-60 
-427 

1 
0 
0 

-486 
1 

488 

-29 
2062 

7 

0 
2034 

8 
2041 

-29 
2062 

7 

0 
2034 

2041 

-29 
2062 

7 

0 
2034 

8 
2041 

- 29 
2062 

7 

0 
2034 

8 
2041 

-29 
2062 

7 
1 
0 

2034 

2041 

a 

a 

32 
2153 

9 

0 
2127 
10 

2136 

35 
2153 
12 
1 
0 

2128 
13 

2138 

58 
2153 
12 
1 
0 

2135 
14 

2145 

62 
2153 
12 
1 

2136 
14 

2146 

66 
2153 
12 
1 
0 

2137 
14 

2147 

7a 
236 
2 
0 
0 

314 
2 

316 

73 

1 
0 
0 

157 
1 

158 

9 
-699 

1 
0 
0 

-690 
2 

692 

-6 
-598 

0 

-605 
1 

606 

-19 
-154 

1 
0 
0 

-173 
1 

173 

as 

-12 
834 
20 
2 
0 

822 
22 
844 

-14 
978 
19 
2 
0 

964 
21 
985 

-2 
157 
2 

0 
154 
2 

156 

-1 
51 
0 
0 
0 
50 
1 

51 

0 
8 
1 
0 
0 

2 
9 

6 
44 
6 

0 
50 
7 
57 

8 
106 
7 

0 
114 
7 

122 

106 
7 

0 
114 
7 

122 

9 
63 
6 

0 
71 
6 
77 

10 
-43 
3 

0 
-33 
4 
36 

a 

79 

21 
2 
0 

881 
23 
903 

74 

20 
2 
0 

983 
22 

1005 

12 
724 

1 
0 

716 
8 

719 

1 1  
604 

1 
0 

611 

613 

21 
160 
4 

0 
176 
4 

177 

a67 

987 
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G L O B A L  F O R C E S  & M O M E N T S  

Point Load 
name combination 

A09 
_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  

A10 

AI 1 

GR 
T I  
R 1  
R2 
R3 
GR+TI 
SEIS 
TOTAL 

GR 
T1 
R 1  
R2 
R3 
GR+Tl 
SEIS 
TOTAL 

GR 
T I  
R1 
R2 
R3 
GR+Tl 
SEIS 
TOTAL 

*** Segment A end 

_.__ 
-6 

447 
10 

1 
0 

441 
11 

452 

-6 
447 

10 
1 
0 

441 
11 

452 

-6 
447 

10 
1 
0 

441 
11 

452 
*** 

FORCES ( l b  ) 
Y Y 2 Result _._._ _..___ _____. 

-205 -29 207 
-427 2062 2153 

1 7 12 
1 o i  

0 0  
-631 2034 

1 8  
633 2042 

-205 -29 
-427 2062 

1 7  
0 1  
0 0  

-631 2034 
1 8  

633 2042 

-208 -29 
-427 2062 

1 7  
0 1  
0 0  

-635 2034 
1 8  

636 2042 

0 
2174 

14 
2185 

207 
2153 

12 
1 
0 

2174 
14 

2185 

210 
2153 

12 
1 
0 

2175 
14 

2186 

IIA-JM.OU1 9-11-95 1 2 5 7 ~  

___. 
-21 
-16 

1 
0 
0 

-37 
1 

38 

- 22 
66 

1 
0 
0 
44 
2 

46 

-27 
458 

3 

0 
43 1 

3 
434 

-.__ 
0 
8 
1 
0 
0 
7 
2 
9 

0 
8 

0 
0 
7 
2 
9 

0 
8 
1 
0 
0 
7 
2 
9 

MOMENTS ( f t - l b  ) 
X Y 2 Result - - _  _. ... .____ 

11 
-73 

3 

0 
-62 

3 
65 

11 
-91 

2 
0 
0 

-80 
2 

82 

12 
-175 

0 
0 
0 

-163 
0 

164 

.___. 
23 
75 
3 

0 
73 
4 

76 

24 
112 

3 
0 
0 

91 

95 

30 
491 

3 

0 
461 

3 
464 

ASME 031 .3~  (1992) CODE COMPLIANCE 
(Moments i n  f t - l b  ) (Stress in p s i  ) 

Point  Load In-PI. Out-Pl. Torsion S.1 .F  Eq. Load Code Code 
name combination Moment Moment Moment In  Out no. tvoe Stress ALLOW. ...--. ___.__ --.--_ ___..._..__ _..___. 
*** Segment A begin *** 
A00 Max P 

GR + Max P 
Cold t o  T I  
Sus. + R1 
Sus. + R2 
Sus. + R3 

A01 Max P 
GR + Max P 
Cold t o  T I  
SUS. + R1 
Sus. + R2 
Sus. + R3 

A02 Max P 
GR + .Max P 
Cold t o  T 1  
SUS. + R1 
Sus. + R2 
Sus. + R3 

GR + Max P 
Cold t o  T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

A03 N- Max P 

A03 N+ Max P 
GR + Max P 
Cold t o  T I  
Sus. + R1 
SUB. + R2 
Sus. + R3 

A03 M Max P 
GR + Max P 
Cold t o  T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

67 
25 
72 
67 
67 

25 
106 
30 
25 
25 

20 
126 
25 
20 
20 

15 
153 
20 
16 
15 

15 
153 
20 
16 
15 

0 
110 

4 
1 
0 

7 
588 

12 
8 
7 

3 
287 

4 
3 

2 
232 

7 
3 
2 

1 
136 

5 
2 

1 
136 

5 
2 
1 

5 
198 

7 
5 
5 

(3a) HOOP 
1.00 1.00 (18) SUST 

94 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

94 1.00 1.00 (17) D l S P  
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

88 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

88 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

(3a) HOOP 
2.56 2.13 (18) SUST 

88 2.56 2.13 (17) DlSP 
2.56 2.13 (18) OCC 
2.56 2.13 (18) OCC 
2.56 2.13 (18) OCC 

(3a) HOOP 
2.56 2.13 (18) SUST 

114 2.56 2.13 (17) DlSP 
2.56 2.13 (18) OCC 
2.56 2.13 (18) Occ 
2.56 2.13 (18) OCC 

4844 16700 

2388 2225 25050 16700 
2422 22211 
2391 22211 
2388 22211 

4844 16700 

2187 1195 25050 16700 
2218 22211 
2190 22211 
2187 22211 

4844 2161 16700 16700 

1040 25050 
2192 22211 
2165 22211 
2161 22211 

4844 2138 16700 16700 

833 25050 
2168 22211 

2141 2138 22211 22211 

4844 2251 16700 16700 

1850 25050 
2323 22211 
2259 22211 
2251 22211 

4844 16700 
2113 16700 
1945 25050 
2163 22211 

2119 2113 22211 22211 
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ASME 831.3~ (1992) CODE COMPLIANCE 
(Moments i n  f t - l b  ) (Stress i n  ps i  ) 

Point  Load In -P l .  Out-PL. Torsion S.1.F Eq. Load Code Code 
name combination Moment Moment Moment I n  Out no. tyPe Stress Allow. 

A03 F-  Max P 
GR + Max P 
Cold t o  T I  
Sus. + R1 
Sus. + R2 
Sus. + R3 

A03 F+ Max P 
GR + Max P 
Cold t o  T I  
Sus. + R1 
Sus. + R2 
Sus. + R3 

GR + Max P 
Cold t o  11 
Sus. + R1 
Sus. + R2 
Sus. + R3 

A04 N- Max P 

A04 N+ Max P 
GR + Max P 
Cold t o  T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

GR + Max P 
Cold t o  T1 
Sus. + R 1  
Sus. + R2 
Sus. + R3 

A04 M Max P 

A04 F- Max P 
GR + Max P 
Cold t o  T I  
Sus. + R1 
Sus. + R2 
Sus. + R3 

A04 F+ Max P 
GR + Max P 
Cold t o  T I  
SUS. + R1 
Sus. + R2 
Sus. + R3 

1 
194 

2 
2 

3 
393 

4 
3 
3 

3 
407 

4 
3 
3 

3 
407 

4 
3 
3 

5 
1073 

7 
5 

10 
1224 

13 
10 
10 

10 
1224 

13 
10 
10 

8 
417 

8 
8 
8 

7 
239 

7 
7 
7 

7 
242 

7 
7 

7 
242 

7 

7 

11 
590 

12 
12 
11 

9 
592 

10 
9 
9 

9 
592 

10 
9 
9 

(3a) HOOP 
2.56 2.13 (18) SUST 

369 2.56 2.13 (17) DlSP 
2.56 2.13 (18) OCC 
2.56 2.13 (18) OCC 
2.56 2.13 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

369 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

369 1.00 1.00 (17) D l S P  
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

(3a) HOOP 
1.95 1.63 (18) SUST 

369 1.95 1.63 (17) DlSP 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 

(3a) Hoop 
1.95 1.63 (18) SUST 

24 1.95 1.63 (17) D l S P  
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 

(3a) HOOP 
1.95 1.63 (18) SUST 

466 1.95 1.63 (17) DlSP 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

466 1.00 1.00 (17) DISP 
1.00 1.00 (18) OCC 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

._____ ._.__. 
4844 16700 
2146 16700 
4043 25050 
2157 22211 
2148 22211 
2146 22211 

4844 16700 
2103 16700 
2201 25050 
2107 22211 
2104 22211 
2103 22211 

4844 16700 
2104 16700 
2240 25050 
2108 22211 
2104 22211 
2104 22211 

4844 16700 
2130 16700 
3583 25050 
2138 22211 
2131 22211 
2130 22211 

4844 16700 
2165 16700 
8604 25050 
2184 22211 
2167 22211 
2165 22211 

4844 16700 
2183 16700 
9777 25050 
2214 22211 
2187 22211 
2183 22211 

4844 16700 
2130 16700 
5367 25050 
2146 22211 
2132 22211 
2130 22211 

M-JM.UJT 9-11-95 12:57p 

MA-J6A U320- C-FARM JUMPER STRESS ANALYSIS I C F  KAISER HANFORD COMPANY 
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ASME 531 .3~  (1992) CODE COMPLIANCE 
(Moments i n  f t - l b  ) (s t ress i n  p s i  ) 

Point  Load In-PI.  Out-Pl. Torsion S.1.F Eq. Load Code Code 
name combination Moment Moment Moment I n  Out no. type Stress Allow. . --..... _ _ - - - - -  .____-- - - - -  .... .... _.__ 
A05 N- Max P 

GR + Max P 
Cold t o  11 
Sus. + R1 
Sus. + R2 
SUS. + R3 

A05 M Max P 
GR + Max P 
Cold t o  T I  
Sus. + R1 
Sus. + R2 
Sus. + R3 

A05 F -  Max P 
GR + Max P 
Cold t o  T1 
SUS. + R1 
Sus. + R2 
Sus. + R3 

GR + Max P 
A05 F+ Max P 

Cold t o  T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

A06 Max P 
GR + Max P 
Cold t o  T 1  
Sus. + R1 
SUS. + R2 
Sus. + R3 

A07 N- Max P 
GR + Max P 
Cold t o  T1 
Sus. + R1 
SUS. + R2 
Sus. + R3 

71 
512 
73 
71 
71 

19 
1339 

30 
20 
19 

17 
1195 

30 
18 
17 

8 
531 
23 
9 
8 

4 
252 

9 
4 
4 

2 
180 

8 
3 
2 

3 
107 

9 
4 
3 

19 
1339 

30 
20 
19 

71 
512 
73 
71 
71 

49 
540 
51 
50 
49 

4 
252 

9 
4 
4 

8 
531 

23 
9 

3 
181 
20 

3 

2 
170 
20 
4 

(3a) HOOP 
1.00 1.00 (18) SUST 

466 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) OCC 

(3a) HOOP 
1.95 1.63 (18) SUST 

466 1.95 1.63 (17) O l S P  
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 

(3a) HOOP 
1.95 1.63 (18) SUST 

30 1.95 1.63 (17) D I S P  
1.95 1.63 (18) occ 
1.95 1.63 (18) occ 
1.95 1.63 (18) OCC 

(3a) HOOP 
1.95 1.63 (18) SUST 

298 1.95 1.63 (17) D I S P  
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

298 1.00 1.00 (17) D l S P  
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

298 1.00 1.00 (17) D l S P  
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

298 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
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4844 2648 16700 16700 

10387 25050 
2756 22211 
2659 22211 
2648 22211 

4844 16700 
2483 16700 
9307 25050 
2607 22211 

2497 2483 22211 22211 

4844 16700 
2142 16700 
4310 25050 
2296 22211 
2159 22211 
2142 22211 

4844 2106 16700 16700 

2462 25050 
2186 22211 
2115 22211 
2106 22211 

4844 16700 

2083 1464 25050 16700 
2169 22211 
2092 22211 
2083 22211 

4844 16700 
2084 16700 
1343 25050 
2175 22211 
2094 22211 
2084 22211 
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ASME 631.3~ (1992) CODE COMPLIANCE 
(Moments in ft-Lb ) (Stress in psi ) 

Point Load In-Pl. Out-Pl. Torsion S.1.F Eq. Load Code Code 
name combination Moment Moment Moment In Out no. tvne Stress Allow. ._.... ___... 
A07 N+ Max P 

GR + Max P 
Cold to T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

GR + Max P 
Cold to T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

GR + Max P 
Cold to T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

GR + Max P 
Cold to T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

GR + Max P 
Cold to T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

GR + Max P 
Cold to T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

GR + Max P 
Cold to T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

A07 M Max P 

A07 F- Max P 

A07 F+ Max P 

A08 N- Max P 

A08 N+ Max P 

A08 M Max P 

2 
170 
20 

4 
2 

12 
834 
32 
14 
12 

14 
978 
33 
16 
14 

73 
85 
73 
73 
73 

9 
699 
10 
9 
9 

9 
699 
10 
9 
9 

6 
598 
7 
7 
6 

3 
107 
9 
4 
3 

51 
136 
54 
51 
51 

73 
85 
73 
73 
73 

14 
978 
33 
16 
14 

2 
157 

3 

2 
157 

4 
3 

5 
80 
9 
6 
5 

(3a) HOOP 
1.95 1.63 (18) SUST 

298 1.95 1.63 (17) OISP 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 

(3a) HOOP 
1.95 1.63 (18) SUST 

198 1.95 1.63 (17) DISP 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 

(3a) HOOP 
1.95 1.63 (18) SUST 

106 1.95 1.63 (17) DlSP 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 
1.95 1.63 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

106 1.00 1.00 (17) OISP 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

106 1.00 1.00 (17) OISP 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

(3a) HWP 
2.56 2.13 (18) SUST 

106 2.56 2.13 (17) DlSP 
2.56 2.13 (18) OCC 
2.56 2.13 (18) OCC 
2.56 2.13 (18) OCC 

(3a) HOOP 
2.56 2.13 (18) SUST 

8 2.56 2.13 (17) DlSP 
2.56 2.13 (18) OCC 
2.56 2.13 (18) OCC 
2.56 2.13 (18) OCC 

4844 16700 
2097 16700 
1789 25050 
2274 22211 
2116 22211 
2097 22211 

4844 16700 
2478 16700 
6176 25050 
2668 22211 
2498 22211 
2478 22211 

4844 16700 
2646 16700 
7155 25050 
2825 22211 
2666 22211 
2646 22211 

4844 16700 
2420 16700 
3685 25050 
2512 22211 
2430 22211 
2420 22211 

4844 16700 
2109 16700 
2703 25050 
2121 22211 
2111 22211 
2109 22211 

4844 16700 
2176 16700 
6803 25050 
2202 22211 
2179 22211 
2176 22211 

4844 16700 
2162 16700 
5749 25050 
2201 22211 
2167 22211 
2162 22211 

tab L S  

F -4 ”?- )(A-J6A.oUT 9-11-95 12571, 

5 
0 

Point Load 
name combination 

A08 F- Max P 
- - - - - _  ____..__... 

GR + Max P 
Cold to T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

A08 F+ Max P 
GR + Max P 
Cold to T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

A09 Max P 
GR + Max P 
Cold to T1 
Sus. + R1 
Sus. + R2 
Sus. ’+ R3 

A10 Max P 
GR + Max P 
Cold to T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

All Max P 
GR + Max P 
Cold to T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 

*** Segment A end 

ASME 831.3~ (1992) CODE COMPLIANCE 
(Moments in ft-lb ) (Stress in psi ) 

In-PI. Out-PL. Torsion S.1.F Eq. Load Code Code 
Moment Moment Moment In Out no. tYDe Stress Allow. _ _ _  _ _  --.._. 

19 
154 
19 
19 
19 

19 
154 
19 
19 
19 

21 
16 
22 
21 
21 

22 
66 
23 
22 
22 

27 
458 
30 
28 
27 

*** 

_ _ _ _  
10 
43 
13 
1 1  
10 

10 
43 
13 
1 1  
10 

11 
73 
13 
1 1  
1 1  

1 1  
91 
13 
1 1  
1 1  

12 
175 
12 
12 
12 

(3a) HOOP 
2.56 2.13 (18) SUST 

8 2.56 2.13 (17) DlSP 
2.56 2.13 (18) OCC 
2.56 2.13 (18) Occ 
2.56 2.13 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

8 1.00 1.00 (17) OISP 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

8 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

8 1.00 1.00 (17) DISP 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 

(3a) HOOP 
1.00 1.00 (18) SUST 

8 1.00 1.00 (17) DlSP 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
1.00 1.00 (18) occ 
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4844 16700 
2319 16700 
1508 25050 
2353 22211 
2322 22211 
2319 22211 

4844 16700 

2168 597 25050 16700 
2184 22211 
2170 22211 
2168 22211 

4844 2177 16700 16700 

279 25050 
2191 22211 

2179 2177 22211 22211 

4844 16700 
2183 16700 
420 25050 
2195 22211 
2184 22211 
2183 22211 

4844 16700 

2209 1831 25050 16700 
2222 22211 
2210 2209 22211 22211 



Maximum displacements (in) ___________..._._.________ 

Maximum X : 0.064 
Maximm Y : 0.042 
Maximum 2 : 0.035 
Max. to ta l :  0.075 

Maximum ro ta t ions  (deg) ___________..._._.__... 
Maximum X : 0.232 
Maximum Y : 0.202 
Maximum 2 : -0.211 
Max. t o t a l :  0.333 

Maximum X : 452 
Maximum Y : 636 
Maximum 2 : -2062 
Max. to ta l :  2186 

Maximum X : 458 
Maximum Y : -588 
Maximum 2 : -175 
Max. to ta l :  602 

Point  : A05 N Load Comb.: TOTAL 
Point  : A07 N Load Comb.: TOTAL 
Point  : A07 M Load Comb.: TOTAL 
Point  : A05 N Load Comb.: TOTAL 

A03 M Load Comb.: TOTAL 
A07 N Load Comb.: T I  
A03 N Load Comb.: T I  
A03 M Load Comb.: TOTAL 

Point  
Point  
Point  
Point  

Point  : A l l  Load Comb.: TOTAL 
Point  : A l l  Load Comb.: TOTAL 
Point  : A00 Load Comb.: T I  
Point  : A l l  Load Comb.: TOTAL 

Point  : A l l  Load Comb.: T I  
Point  : A00 Load Comb.: T I  
Point  : A l l  Load Comb.: T I  
Point  : A00 Load Comb.: TOTAL 

M-J6AI.0UT 9-11-95 l t : 5 7 p  

________________________________________-...-.-..------...---~~~~..~.~..~~~~.~~~ 
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S Y S T E M  S U M M A R Y  __________________...------- 

Maximum p i p e  forces ( l b )  ......_______.__._____.__ 

Maximm X : 452 
Maximum Y : 636 
Maximum 2 : 2062 
Max. t o t a l :  2186 

Maximum p ipe  moments ( f t - I b )  

Po in t  : A08 M Load Comb.: TOTAL 
Po in t  : A l l  Load Comb.: TOTAL 
Po in t  : A00 Load Comb.: 11 

Load Comb.: TOTAL Po in t  : A l l  

Maximum X : 1238 
Maximum Y : -1339 
Maximum 2 : -466 
Max. t o t a l :  1526 

Po in t  : A04 F Load Comb.: TOTAL 
Po in t  : A05 N Load Comb.: T1 
Po in t  : A04 F Load Comb.: T1 
Po in t  : A05 N Load Comb.: TOTAL 
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MA-J6A '4320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY 
09/11/95 JUMPER C-06C-6-A AUtOPIPE+4.60 RESULT PAGE 28 _-._________________-----------------..-~.....----.----...________________~_____ 

S Y S T E M  S U M M A R Y  

Maximum sustained stress 

Point : A05 N 
stress . : 2648 
Allowable Fz; : 16700 
Ratio : 0.16 
Load combination : GR + Max P 

Maximum displacement stress 

Point : A05 N 
stress . : 10387 
Allowable F:: : 25050 
Ratio : 0.41 
Load combination : Cold to TI 

Maximum occasional stress 

Point : A07 F 
Stress . : 2825 
Allowable F:; : 22211 
Ratio : 0.13 
Load combination : Sus. + R1 

Maximum hoop stress 

Point : A00 
Stress . : 4844 
Allowable F:; : 16700 
Ratio : 0.29 
Load combination : Max P 

Maximum sustained stress ratio 

Point : A05 N 
stress . : 2648 
Allowable Fz; : 16700 
Ratio : 0.16 
Load combination : GR + Max P 

Maximum displacement stress ratio 

Point : A05 N 
stress . : 10387 
Allowable F:; : 25050 
Ratio : 0.41 
Load combination : Cold to TI 

IIA-JM.OUT 9-11-95 1 2 5 7 ~  

S Y S T E M  S U M M A R Y  _...__________....________._ 

Maximum occasional stress ratio 

Point : A07 F 
Stress psi : 2825 
Allowable psi : 22211 
Ratio : 0.13 
Load combination : Sus. + R1 

Maximum hoop stress ratio 

Point : A00 
Stress . : 4844 
Allowable F:; : 16700 
Ratio : 0.29 
Load combination : Max P 

* * * The system satisfies.ASME 831.3 code requirements * * * 
* * * for the selected options * * *  

Page 18 of 18 



Nkw pdm/' I N  sSl;nsr)) c- 6 Series 1400 c,,, '/"/c 5- 

In-bine Bearing Frame True bine Pumps 
1 Partial emissions 

hydraulics for optimum 
efficiency 

- Heads to 700 FT (213m) a t  

700 lb. casing 

. .  

3550 WM nith a single stape 

9 Back Pullout feature 
8 Mag Drive option 

High speed designs 
airailable 

a Variable speed options 
available 

Optimized Low Flow, High Head Per formance  
True Line pumps from Lawrence 
Pumps Inc. are designed to deliver 
long term mechanical and hydraulic 
rdinbility for your Iov flow, high 
head applications. . Designed to API-610 Standsrds 

hlechanical seal life is extended 
because the robust shaft design. 
combined with loiv radid loads 
minimizes shift deflection 

1 Alignment bemeen the pump 
nnd motor is guaranteed by a 
precision machined fit 

= Liberd internal clearances and 
reduced radid thrust virtually 
eliminate the potential for any 
internal metnl to metal conrm 

8 Extreme temperature designs 
available (-5O'F/-WC to 
7O0'F/3iOoC) 

Improved Process Pu 
Performance. Reduce 
Total Gosl of Ownersh 

= Stable operxions a: a3 dssi 

._ . . 

HNF-2474, Rev. 0 
Page B-80 



._c 

8 5010P Frames 
II 460,2300,4000 Volts = 3.Phase, M) Hz 
a 1.0 S.F., Continuous Duty 
E 40°C. Ambient . 

Class B Insulation 
B Ball Bearing 
E Solid Shaft 

9 
Page B-81 



SUCT 1 ON 

COhNECT I ON5 : 

1/2-14 L?T - SEAL VENT 

1/2-14 F T  - S E N  O W I N  

1/4-18 EPT - O ! L  MIST IELET TO B E M l N G  HDJSlh 

U3TCR C-TION FCR P O E X  L E G  

3 / 4 - 3 D O  l 3 .  3.F. S.W. F L A N X  - ChSlhG O W l N  

a 
0 

ICO- W I T H  8LIm F W E I  

WE I GHTS : 

E I %HhPGE 
2.s~-s00 L4 
fi.F. FLW,YOH 

i m - 2 4 7 4 ,  Rev. 0 
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R E D  VALVE C O  I N C  b l E  U 7b33462  0001276 T 5 2  Dl 

F-03- 33 

1. 

.Pro;ecrs m d  isolaes insumentation 

.Full j6o"p;cssurc rczding 
,~elfc~eanin_c, flexing 2crio2 

.Won't clog like traditiond dizphrzgn s d s  

,Excellent pump p;orcction 
.Accuracy, i 2 5  of instilied ir,s:mment 

Mater ia ls  of Construction 
:'J  lee^, S r a ~ e s s  Steel. or Pvc M y  

- ..: ' .A> _. . 
.Sleeves zvailible in Pure Gum Rubber. 

Neoprene, Hypalon. Chlo;obutyl, 
Pol~urethmc. Bunz-N, Vi:on a d  EPDM 

Cliss 150.300,60V 

Red Valve's complete line of Pressure Sensors 
isolate and protect insrmmentation from the 
process line, providing accurate, repeatable 
insnument measuremenL 

Reliable, accurate instrument readings m often 
difficult or even impossible to obtain on 
pipclines carrying slurries, solids. or chemical 
process slurries. 
With Series 40 and 42 Pressure Sensors, line 
pressure is sensed 360" h u g h  the flexible 
rubber sleeve. The captive fluid is displaced 
through the pressure sensor body to the 
instrument's bourdon lube. Insfrumenfs zre 
isolated and prot-ecfed from fhe process assuring 

;, 

positive and acculzte readings.. 
The Lhru-bolted Series 40 can be 
mounted in any flow direction, 
submerged in a tank, or mounted with a 
blind flange as a dead end Lo monilor 
tank levels. 
The threaded end model Series 42 is 
availablc in sizcs 1W-2". 
Two Pressure Scnsors wilh a 
differenrial pressure switch can be 
used to monitor pressure drop across a 
filter or pump. They can also be used 
10 send a signal to shut a pump or 
open a by-pzss vdve. 

Series 40 
WORKL'IG PRESSURE VALVEHTICHT 

m 
.: ,200 , . ,  12 

. m. 16 . . . .  
200 18 
m 

79.  
125 

, 2 0 3  . 157 
m 15Q 
203 2JO 
203 IF5 
203 220 

. .  

HNF-2474, Rev. 0 
RED URLUE CO IflC Page B-83 



SD-RE-DGS-002 
Rev. 3 

1' Purex 
2' Purex 
3-Way Purex 
3' Purex 
4:. Purex 

8.3 PUREX and Hanford Nozzle 

I 

1-7/8 1 1.5 H-2-901842 

5 H-2-32447-1 
2-1/4 1 3-79/32 2.5 H-2-93185-2 
2-9/32 1 
3 J I 4-13/16 - 6.5 H-2-90186-2 
3-3/8 1 H/Z 11 I H-2-90187-2 

Page 66 o f  122 

RlTlCAL DIMENSION 

I 

HANFORD NOZZLE PUREX NOZZLE 

ing No. 

I 5 H-2-32705-9 2' 1 Hanford 3-5/8 1 
3' I Hanford 5 5 / 8  1 I 3.5 H-2.327054 
CWav 1 Hanford 3-5/8 1 1 6 H-2-32705' 

I 1 I 

/ I  

W - 2 4 7 4 ,  Rev. 0 
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-. I 

8.4 .Kick-Off Plate 

112' R TYS 

SD-RE-DGS-002 
Rev. 3 

I.: . .  

HNF-2474, Rev. 0 
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KAISER ENGINEERS 
HANFORD 

DESIGN ANALYSIS 

Calc. No. 
Revision 0 
P a w  No. of 1 



KAISER ENGINEERS 
HANFCIRD 

JUMPER CALCULATION 

G I  I 6-747 

p,i 
M I  '- I 

R 

S I  

I I 
7 2 0  Y 3( 

X - X A X I S  7 - 7 A X I S  
MOM. A R M  M O M E N T  MOM. A R M  M O M E N T  

IN. , MASS. IN. IN. LBS. 

22 /7,6Z I l-&%,55-171 

I It I I 

HNF-2474, Rev. 0 
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-~ 
UA/SER €NG/N€€RS 
UANFORD 

JUMPER CALCULATION -- 
D W C .  NO. D A T E  P*CL 6- 9 -  9 5  I 14 

Y-+- 
J O B  NO. 

aims.  YO.  .i /-f* 2-FJS503 C H K D .  I 
ER 43) 9 
241-AL‘ 

A Y= 1 A Z =  

KEH-63 15-82] HNE-2474,Rev 0 
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KAISER ENGINEERS 
UANFORD 

JUMPER CALCULATION --- 
OWC. NO. D A T E  P A C E  

Y 

Ef243 19 6-  cr-44 2/+ 
B L O C .  NO. I4-2-tilg503 CCIKD. 

J 0 0  N O .  

KEH.63  ( 3  
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I .  SERIES3560 

PNEUMATIC 
PURGE 

SIGNAL 

> c COIL DRIVE 

Wzler.Mip 
ELECTROMAGNETIC 

F L O W M E T E R  

Figure 4 Typical Installation - Series 3560 Remote 
Electronics With Waler-Mag Magnetic Flowmeter 

3. For accurate operation, it is mandatory that the flow- 
meter be installed so that the flow tube will be com- 
p!etely full of process liquid under all operating condi- 
tions. When the  meter is only partially filled, even 
though the electrodes are covered, an inaccurate 
measurement will result. Refer to Figure 5. 

It is desirable that the meter be installed in a vertical 
pipe run with flow upward, refer to Figure 6. In slurry 
applications. the vertical position insures a more even 
distribution of solids under all flow conditions and 
minimizes the chances of suspended solids adhering 
to the flow tube. 

2 PIPE 
"IPE DIAMETERS 

s ~ ~ ~ ~ ~ ~ ~ ~ N  STRAIGHT RUN 
l U p ~ ~ R m M I  IDOWNSTREAM1 

Figure 5 Horizontal Installation Piping (Meter shown in 
Optional Llne Drop) 

4. The positionofthe llowtube in relationtoolherdevices 
in the system is also important in assuring syslep 
accuracy. Any upslream tee, elbows, valves, et& 
should be placed at least five pipe diameters from t h e :  
flowhead to minimize any obstructions or flow distur- : 
bances. 

Liquid Flow Characteristics 
The characteristics of the liquid to be metered, the liquid 
flow parameters and the environment of the meter are 
determining factors in the accuracy of a particular meter. 

1. Conductivity- electricalconductivity is simply a way of 
expressing the ability of a liquid to conduct electricity. 
Just as copper wire is a better conductor that steel 
wire, some liquids are better conductors than others. 
Of even greater importance. however, is the fact that 
some liquids have little or no conductivity. 

The conductivity of a metered liquid must be at leas! 3 
micromhos/cm for use with the flowmeter. The con- 
ductivity of the liquid can change throughout the pro- 
cess  operation a s  long a s  it is homogenous and 
remains above the 3 micromhoslcm threshold. 

2. AcidslCaustics - the chemical composition of the 
product to be measured must be compatible with the 
meter liner and electrodes to assure maximum ser- 
vice life from the meter. 

Refer to a publication such a s  the Corrosion Survey, 
National Association of Corrosion Engineers, etc., lo 
determine the compatibility of the liner with the pro- 
cess  liquid. Many process slurries or liquids are des- 
ignated by a generic name but may contain other 

Figure 6 Vertical Installation 

HNF-2474, Rev. 0 
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ORDERING INFORMATION 
1. Metersize 

* 2. Liner Material 
3. Electrode Material 
1. Pressure and Temperature Requirements 

(Ambient and Process) 
5. Flow Rate (Normal, Maximum, Minimum) 
6. Electrical Requirements 
7. Output(s) Required 
8. Liquid to be metered (name, conductivity) 
9. Meter Orientation (horizontal or vertical), 
IO. Accessories Required 

' See Wafer Mag Model Code Table 6. 

Purchase Specification 
The magnetic flowmeter shall be of the wafer body 
construction utilizing the pulsed direct current field cog 
excitation to eliminate manual zero verification. 
The flowmeter transmitter shall produce an output signal '5 

of 0-10 kHz proportional to flow rate and provide a 
lacloredandor scaled pulse output. Factoring, to convert 
to engineering unit output (gpm,.liters per minute, m3/ 
hr. etc.), is accomplished by dividing the pulse output 
frequency by 1.00010 15,000 using direct reading detent 
switches (1.000 to F.000). Scaling is accomplished by 
setting a field selectable DIP switch for divide by 1, IO, 
100,1,000 or 10,000. 

- 

I 

Table 5 Dimensions (Meter Sizes 0.15" through 8") with Remote Electronics 

I .-+--- I 
I-C-I 

.15" - 1" 1112'- 8" 

Figure 8 Dimensions (Meter Sizes 0.15' through 8')  with Remote Electronics 

m - 2 4 7 4 ,  Rev. 0 
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Table 6 W a f e r - M a g  E l e c t r o n i c s  - O u t p u t s ,  P e r f o r m a n c e  O p t i o n s  

NOTES: 
(1) Series 111 Integral and 3560/3570 have jumper-selected power Inputs 10-30 Vdc 115 Vac and 230 Vsc. 
(2) Can use divide-by 10 scaler function to reduce 10 kHr to 1,000 H r  

(4) Integral mounting wi th  adaptor 
' (3) 0-10- kHz unfactored output when lactor option board i s  removed (two-board module). 

-- 
The Series I l l  Integral Electronics The newest member 01 the 
,rePreSentSthe moslversalile unit Brooks group is the Model 3580 
In the B r w k s  family of Mag elec- 'Sman' Electronics. This micro- 
"OniCS. Multitude of user-select- processor.based magnetic liow 
able OUIPUI signals. transminer offers keypad entry 

and display 01 selectable inlor- 
mation, aids in flow-tube and 
transminer testing and provides 
diagnostic helps in operation and 
mainlenance of the syslem and 
communications. 

The Model 3560 Complete Re- The Model 3570. possibly Brooks' 
mote Electronics 'CRE' eliml- best value in eleclronic inslru- 
nates the need for supplying line mentation, is used on all tlowheads 
voltage at the flowmeter ele- 0.15' - 8' and exclusively on the 
ments andallowsforconvenient. MagLile. Mounting may be integral 
accessible location. It can be or remote. 
mounted up l o  1,000 lee1 from 
thB liowmeler and offers many 
selectable fealures. (Models 
3561,3562.3563 and 3564.) - 

Figure 9 Wafer-Mag Electronics 

m - 2 4 7 4 ,  Rev. 0 
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RE 
Pressure Sensors 

I 



1 SERIES 40 
RED VALVE PRESSURE SENSORS provide a full 
360° circumferential reading of line fluids, while isolating 
them from the gauge. The flexible rubber sleeve pro- 
vides accurate pressure readings of slurries and other 
hard to gauge corrosive fluids. Plugging or chemical 
attack of the gauge is eliminated. 

A full circumferential reading eliminates pressure read- 
ing changes from trapped air or sediment deposits in the 
line. Readings taken at one point with a pipe tap are 
prone to bridge or clog from sediment. 

Accuracy is dependent on the gauge. Red Valve's stand- 
ard gauge has an accuracy of 2%. Gauges with greater 
accuracy are also available. 

Pressure sensors can be mounted in any flow direction. 
Flow pressure is transferred from the flexible rubber 
sleeve to the gauge through a captive fluid. The sensor 
cannot clog because there are no line obstructions 
inducing buildup. Build up is fully eliminated by the flex- 
ing action of the sleeve which can break off adhering 
xbstances. 

Series 40 FLANGED SENSORS conform IO 
ANSI #125 flange drilling specifications. Class #300, 
#600, #900, #1200 flanges are also available. The small 
liquid chamber eliminates inaccurate readings due to 
thermal expansion of the fluid. Large chamber volumes 
are available on request. 

The Series 40 is bolted directly in the line during installa- 
tion and removal, eliminating costly welding associated 
with diaphragm seals. 

The Series 40can bemounted inanyflowdirectionorit 
can be mounted with a blind flange as a dead end. End 
flange mounting can monitor tank levels. 

FEATURES The Standard Red Valve Series "40" Sen- 
sor is manufactured with a very small chamber for the 
sensing liquid (less than 1/4 of cubic inch). The volume of 
liquid in the Sensor Body is kept at a minimum because 
the pressure reading of the Sensor is effected by the 
thermal expansion or contraction of the sensing liquid. If 
a larger volume is required for bellows type instrumenta- 
tion, i t  can be furnished on request. 

In many applications the process is brought from atmos- 
pheric to over 100 degrees. A large volume of sensing 
liquid would expand and cause an increase of pressure 
because of the thermal expansion of the sensing liquid. 

Red Valve Series "40" Sensors have less than 1/4 of a 
cubic inch of liquid. 
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Instrumentation 
GAUGE, TRANSMITTER, PRESSURE SWITCH 

Epoxy Seal 

Fluid Chamber 

360' Sensing Sleeve 
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EXCEPTIONS: WHEN USING INSTRUMENTATION 
THAT REQUIRES A LARGE VOLUME OF SENSING 

SURE SWITCHES, DIFFERENTIAL PRESSURE 
METERS, ETC., USER SHOULD SPEClFlY THIS ON 
HIS PURCHASE ORDER. (We will then furnish a Sensor 
with a larger volume.) 

EPOXY SEAL-FILL COHNECTION Red Valve Pres- 
sure Sensors are now being furnished with the Cap Fill 
C o n n e c t i o n  covered with an epoxy plastic seal. Preci- . 
sion workmanship and caution is exercised in filling the 
Pressure Sensors at the faclory. All air pockets are 
removed with a vacuum pump after which the fill connec- 
tion is sealed with a fill plug. The epoxy plastic over the 
hole makes the fill plug tamper-proof. The epoxy plastic 
can be chipped out very easily with a nail setting tool or 
drilled out if necessary in the future. 

SOLID CONSTRUCTION Pressure Sensors are now 
being furnished with double the "holding screws" to hold 
the unit firmly together, This prevents' overcompressing 
in installation which could change the pressure reading. 

Full f l a n g e  to t h e  O.D. of t h e  p ipe  g u a r a n t e e s  
t h a t  t h e  S e r i e s  40 S e n s o r  is  c e n t e r e d  w h e n  
ins ta l l ed  a n d  m a k e s  instal lat ion easier,  partic- 
ularly for large  d i a m e t e r  s e n s o r s .  

THE CENTER FLANGE IS FURNISHED SOLID AT THE 
CIRCUMFERENCE TO PREVENT COMPRESSION. 

LIQUID AS NEEDED BY CERTAIN MAKES OF PRES- 

Filling InStt'LICtiOnS Red Valve Pressure 
Sensors should be refilled with a vacuum pump after the 
instrument is assembled to assure that all air is removed 
from the cavity of the sensor and instruments. If the 
sensor can not be removed from the line or a portable 
vacuum is not available, the alternate method is to 
gravity f i l l  the sensor. 

Following are s i m p l e  instructions:  
Gravity fill the sensor and lightly lap it to eliminate air 
bubbles. The gauge can also be gravity filled or filled 
separately under vacuum in the instrument shop. 

After the gauge is filled, a piece of Saran Wrap should be 
placed over the threads of the pressure gauge to keep 
the liquid in the gauge from spilling when the gauge is in- 
verted to thread into the sensor. The Saran Wrap should 
be left on when inverting the sensor because the Saran 
Wrap breaks very easily when the gauge is threaded into 
the sensor. This will prevent fill liquid from dripping out. 

Gravity fill is not as good as vacuum fill but i f  care is exer- 
cised, i t  can work. 

3 



Diaphragm 
Seals 

Pressure 
Sensors 

Clogged and 
Inoperable 

Accurate 
Measurement 

Red Walwe Pressure §ernsors wills not clog! 
Assuring accurate measurement and dependable systems control. 

GPS-501 3/85 

Red Valve 
Inc. 

P.O. Box 548 600 N. Bell Ave. 
CARNEGIE, PA 15106 
(412) 279-0044 Telex 86-6138 
FAX (412) 279-7878 
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' 1 SPECIFICATIONS 
SIZES Series 40 Pressure Sensors are 
available in sizes 1" lo 48". Pressure 
Sensors have an inside diameter equal 
to Schedule 40 Pipe. 

P R E S S U R E S  Standard operating pres- 
sures are equivalent to the pressure 
rating of the flange. Standard Series 40 
Sensors are manufactured to A.N.S.I. 
Class 125/150 pound flange and bolting 
dimensions. 

Sensors can be supplied with Class 300, 
600, 900 and 1200 pound flanges with 
comparable pressure ratings of 740, 
1480, 2220, and 2960 PSI. Higher pres- 
sure ratings up to 20,000 PSI with raised 
faces or ring-grooves are also available. 

MATERIALS Standard body and end 
flanges are Carbon Steel. Optional 
Materials include Stainless Steel. P.V.C. 
and Teflon. 
4 C C U R A C Y  The accuracy is equal lo 
.he gauge installed on the sensor. A 
k 2% of the gauge reading is common 
with off-the-shelf aauaes. Hiaher accu- - . ,  
racy and sensitivity is obtainable with more precise 
instrumentation. 

GAUGES All standard ranges are available. A 0-100 psi 
gauge is furnished as standard unless otherwise speci- 
fied. 0-60 psi and 0-200 psi gauges are also furnished at 
no extra charge. 

LIQUIDS Standard sensing liquid is a 50% mixture of 
ethylene glycol (anti-freeze) and water. Special fluids can 
be supplied on request. 
Mineral Oil 220'F Vegetable Oil 230°F 
Distilled 200°F Silicone Oil 450'F 

ELASTOMERS The standard Sensing Sleeve material 
is Buna-N. Other materials available include Pure Gum 
Rubber, Neoprene, 8ulyl, Hypalon. EPT, Food Grade 
Rubber and TEFLON. Other elastomers are available on 
request. 
S P E C I F I C A T I O N S  FOR FLANGED P R E S S U R E  
S E N S O R S  This specification covers: Pressure Sensors 
and Gauge Isolator devices designed for isolating pipe- 

;e flow media from a gauge or instrument. The Sensor 
shall be flanged and bolted directly into ANSI flanged 
pipelines. Face-to-face shall be no greater than a wafer 
style of a butterfly valve. The flanges shall have thru bolt 

(FDA Approved) 

I I' 
1 '/2" 

2" 
2'/2', 
3" 
41' 

5" 
6" 
8" 

I O "  
12" 
14" 
16" 
18" 
20" 
24" 
30" 
36" 
42" 
48" 

LENGTH fb.l; STEEL 
F TO F' (LBS). 

1%'' 4 1h " 6 
1%'( 5" 8 
1%l) 6" 12 
17h" 7 u 16 
l'/s" 7%" 18 .- 
2%'' 9" 27 
2 '/4 " 10" 32 
21/41' 11" 37 
2%" 13%" 58 
23/41> 16" 79 
3" 19" 125 
3" 21" 157 
3" 23%'' 190 
3" 25" 250 
3" 27%" 185 
3" 32" 220 

3" 38$14" 295 
4" 46" 380 
4" 53" 475 
4" 59%'' 610 

'F to F of Teflon' Sensorsis different. 

holes to enable positive alignment in the pipeline. Inside 
diameter of the sensor shall be the same as the mating 
pipe with a full thru uninterrupted flow. There shall be no 
dead ends or crevices and flow passage shall make the 
sensor self-cleaning. 

The Pressure Sensing Ring shall measure pressure for 
360° around the full inside circumference of the pipeline. 
The sensing ring shall also be clamped into the body for 
the full radial width of the sensor. Pressure shall be trans- 
mitted to the gauge by a locked in and sealed fluid such 
as ethylene glycol or silicone oil. The Sensor shall have 
an auxiliary tapped and plugged port to allow filling con- 
nection of other equipment. 

Red Valve Pressure Sensors are also available with 
capillary tubing for remote locations of instrumentation. 
Capillary tubing is available in various materials and 
sizes per your specifications. Red Valve can also fill and 
mount your instrumentation on our Pressure Sensors. 
All Sensors shall be as the Series 40, as manufac- 
tured by the Red Valve Co., of Carnegie, PA, 600 N. 
Bell Ave. 

e Teflon is Du Pont trademark for TFE llourocarbon resin- 
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SD-RE-DGS-002 
Rev. 3 

8.0 DESIGN DATA 

8.1 PUREX Connector 

P q e  64 of 

? 

CONN. BLOCK 

NOZZLE --c 

P R O C E S S  C O N N E C T O R  

2 2  

K c  I 

U P P E R  CONN. 

- LOWER CONN. 

CRITICAL DIMENSION 
POINT 

E L E C T R I C A L  C O N N E C T O R  
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H i  Mo, 

The t o p  s i d e  o f  t h e  p l a t e  t o  which t h e  s e i s m i c  r e s t r a i n t  is welded is 
l o c a t e d  6' - 0 9/32" above t h e  c e n t e r l i n e  of t h e  Pump Discha rge  
(shown as D e t a i l  2 ,  L i f t i n g  Frame Sub-Assy, on Dwg H-2-818508, S h t  2 ) .  

Hope t h a t  works f o r  you. 
Dianna 
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Incorporated in Finel Drawings? 

This calculation verified by independent 'check' calculations? 

Y e s  

0 Yes 

0 No 

a No 
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DESIGN VERIFICATION SCREENING CRITERIA 

When the design or design change affects hardware, formal design verification must be performed i f  one or more 
of the following questions must be answered affirmatively (YES). 

YES NO 

v' 1. Does the desiQn or desiQn change involved meet the established criteria to be 
considered Safety Class 1 7  

-- 

2. Does this design or design change cause or permit changes to Safety Class 1 
instrument or alarm setpoints outside of previously approved 
operational limits? 

-~ -J 

3. Does this design of design change significantly affect the nuclear Or 
environmental safety consequences of a malfunction or failure of the 
structure, system, or component? 

-- 

4. Does this design or design change involve or change design that has 
previously UnderQone formal design verification? 

-- J 

Respbnsible Discipline Manager ~~ 1 bate 

Original Design Package Distribution: 

Project Manager 

Design Verification Officer 

Engineering Document Control 

Design Change Distribution: 

Attach t o  Engineering Change Notice 

KEH-1981.00 109/92) 
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ICF Kaiser Hanford Calc. No. W320-27-17 
Revision 0 

DESIGN ANALYSIS PageNo. 1 of 2 
Company 

Client WHC WOlJob No. ER4319hV320 
Subject Distributor Stress Analysis Date 7-19-94 By Rodney Campbell 

Checkedg- 24-94 By 1L @A& 

Location: 241-AY-02 Revised BY 

OBJECTIVE: 
The objective of this calculation is to verify that the design of the distributor meets ASME 631.3 code stress requirements. 

CRITERIA: 
1. Functional Design Criteria WHC-SD-W320-FDC-001, Rev. 2 
2. ASME 631.3-1993, Chemical Plantand Petroleum Refinery Piping, With Addenda. 

GIVEN DATA: 
1. Specific Gravity of fluid: 1.25 
2. Ambient temperature: 40°F. 
3. Maximum tempeiature: 180°F. 

ASSUMPTIONS: 
1. The same volume of material flows throughs the four nozzles at the same velocity, causing static equilibrium. 
2 T k s  is no damping from the fluid in the tank, on the distributor during an earthquake. 

METHODS: 

1. Autopipe-) Version 4.50 
2. Hand calculations 

REFERENCES: 
1. Drawing H-2-818537, Rev. 0. 
2. ASME 631.3-1993, Chemical Plant and Petroleum Refinery Piping, With Addenda. 

CALCULATION: 

1. Calculate the Stress Intensification Factors of the tee required for the analysis. (Ref. 2, Appendix D, Unreinforced Fabricated 
Tee) 

T = .337.in Average wall thickness of pipe being welded to. 

r = 2.25 in Radius of pipe being welded to. 

h =x 
'2 

h = 0.15 

0.9 
2 

h3 

i o  :- 
- 

i o  = 3.19 

Out of plane Stress Intensification Factor 

. 3 .  1 ,. , _1-., + In plane Stress Intensification Factor 

i i = 2.64 

According to the Autopipe calculation (Appendix A), the piping meets ASME 631.3-1 993. The piping system is built 
from 4 ,  schedule 80 pipe and 2 ,  schedule 80 nozzles. HNF-2474, Rev. 0 
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ICF Kaiser Hanford Calc. No. W320-27-17 

Company 

Client WHC 
Subject Distributor Stress Analysis 

Location: 241-AY 

DESIGN ANALYSIS 
Revision 0 
PageNo. 2 of 2 

WOlJob No. ER4319NV320 
Date 7-19-94 By Rodney Campbell 
Checked 8-24-94 By .&-+d, 
Revised BY 

CONCLUSIONS: 

The distributor as designed meets ASME 831.3 



APPENDIX A 
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY 
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPEt4.50 MODEL PAGE 2 

*** SEGMENT A 
A00 Run 0 0 0 4SCHED80 
A01 Run 0 -2.54 0 
A02 Tee 0 -35.15 0 
A03 Run 0 -0.42 0 

*** SEGMENT B 
A02 Tee 0 -37.69 0 2SCHED80 
BO1 Run 0 .50 .  0 0 

*** SEGMENT C 
A02 Tee 0 -37.69 0 2SCHED80 
C O 1  Run -0.50 0 0 

*** SEGMENT D 
A02 Tee 0 -37.69 0 2SCHED80 
D O 1  Run 0 0 0.50 

* SEGMENT E 
~ 0 2  Tee 0 -37.69 0 2SCHED80 
E01 Run 0 0 -0.50 

T o t a l  we igh t  o f  empty p i p e s  : 595 l b  



U3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY 
108/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPEt4.50 MODEL PAGE 3 

POINT ---COORDINATE(ft 
iNAME X Y 

*** SEGMENT A 
A00 0.00 0.00 

_-_-_ _ _ _ _ _ _ _  _------ - 

C O M P O N E N T  D A T A  L I S T I N G  

-. 

A0 1 0.00 -2.54 
A02 0.00 -37.69 

A03 0.00 -38.10 

*** SEGMENT B 
A02 0.00 -37.69 

5 0 1  0.50 -37.69 

*** SEGMENT C 
A02 0.00 -37.69 

COl -0.50 -37.69 

SEGMENT D 
d d  2 0.00 -37.69 

mol 0.00 -37.69 

*** SEGMENT E 
A02 0.00 -37.69 

EO 1 0.09 -37.69 

0.00 
0.00 TEE 

0.00 

0.00 TEE 

0.00 

0.00 TEE 

0.00 

0.00 TEE 

0.50 

0.00 TEE 

-0.50 

Other 
SIF - I n  = 2.60, Out = 3.14 

Other 
S I F  - I n  = 2.60, Out = 3.14 

Other 
S I F  - I n  = 2.60, Out = 3.14 

Other 
S I F  - I n  = 2.60, Out = 3.14 

Other 
S I F  - I n  = 2.60, Out = 3.14 

Number o f  p o i n t s  i n  t h e  system : 12 



-W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY 
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPEt4.50 MODEL PAGE 4 

P I P E  D A T A  L I S T I N G  

P ipe  ID/ Nom/ 0.0. ----- Thickness(inch)----- Spec W e i g h t ( l b / f t  ) 
M a t e r i a l  Sch i n c h  W.Th. C o r r  M i l l  Insu L i n g  Grav P ipe  Other  T o t a l  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _  __-- _--_ _ _ _ _  _ _ _ _  - _ _ _ _  _ _ _ _ _  _ _ _ _ _  
4SCHED80 4 4.500 0.337 0.06 0.04 0 0 1.25 15.33 0 21.56 
A312-TP304L 80s 

2SCHED80 2.000 2.375 0.218 0.06 0.03 0 0 1.25 5.14 0 6.74 
A312-TP304L 80s 

HNF-2474, Rev. 0 
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY 
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 A~toPIPEt4.50 MODEL PAGE 5 

M A T E R I A L  D A T A  L I S T I N ' G  

Materi a1 Density Pois. Temper. Modulus Expans. Allow. 
Name Pipe ID lb/cu.ft Ratio deg F E6 p s i  in/100ft psi 

.___________ - _ _ _ _ _ _ _  __------ ----- ------- -------_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
A312-TP304L 4SCHED80 501.0 0.30 40.0 28.42 16700.0 

180.0 1.5442 16700.0 

A312-TP304L 2SCHED80 501.0 0.30 40.0 28.42 16700.0 
180.0 1.5442 16700.0 

HNF-2474, Rev. 0 
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*** SEGMENT A 
A00 320 180 
A03 320 180 

*** SEGMENT B 
A02 320 180 
BO1 320 180 

*** SEGMENT C 
A02 320 180 
co1 320 180 

*** SEGMENT D 
A02 320 180 
DO1 320 180 

*** SEGMENT E 
2 320 180 

Ed1 320 180 

1.544 
1.544 

1.544 
1.544 

1.544 
1.544 

1.544 
1.544 

1.544 
1.544 

HNF-2474, Rev. 0 
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A N A L Y S I S  S U M M A R Y  

Current model r e v i s i o n  number : 32 

S t a t i c  - Date and Time of  a n a l y s i s  ............. Aug 11,  1994 7:03 AM 
Model Revision Number ................. 32 
Number of  load cases  .................. 3 
Load c a s e s  analyzed ................... G R  T1 P1 
Gaps/Frict ion/Yielding considered ..... No 
Hanger design run ..................... No 
C u t  s h o r t  included .................... No 
Weight of  conten ts  included ........... Yes 
Pressure s t i f f e n i n g  case .............. 0 
Water e leva t ion  f o r  buoyancy loads .... Not considered 

Modal Date and Time of a n a l y s i s  ............. Aug 11,  1994 7:03 AM 
Model Revision Number . . . . . . . . . . . . . . . .  32 

Response 

Number of  modes ............. 
Cutoff  frequency (Hz) ....... 
Weight of  conten ts  included , 
Pressure  s t i f f e n i n ?  case .... 
Water e leva t ion  f o r  buoyancy 

Date and Time of ana lys i s  
Model Revision Number ....... ... 

......... 2 ......... 33.0 ......... Yes 

......... 0 
oads .... Not considered 

......... Aug 11,  1994 7:04 AM 

......... 32 
Number of  load cases  .................. 3 
Load c a s e s  analyzed ................... R 1  R2 R3 
Date and time of  modal ana lys i s  ....... Aug 11, 1994 7:03 AM 
Number of  modes ....................... 2 
Cutoff  frequency (Hz) ................. 33.0 
Model rev is ion  of modal ana lys i s  ...... 32 
Weight of  conten ts  included ........... Yes 
Pressure  s t i f f e n i n g  case .............. 0 
Water e leva t ion  f o r  buoyancy loads .... Not considered 

HNF-2474, Rev. 0 
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY 
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPEt4.50 RESULT PAGE 2 _________________________________________----------____-----_~~_____---------- 

CODE COMPLIANCE COMBINATIONS 

Combination Category Method Load Factor Allowable Remarks 

GR t Max P Sustain Sum Gravity 1.00 Automatic Default 

Cold to T1 Expansion Sum Thermal 1 1.00 Automatic Default 

Sus. t R1 Occasion Abs sum Response 1 1.00 Automatic Default 

Sus. t R2 Occasion Abs sum Response 2 1.00 Automatic Default 

Sus. t R3 Occasion Abs sum Response 3 1.00 Automatic Default 

Max P Hoop Max Hoop 1.00 Automatic Default 

RTOTAL Occasion SRSS Rsponse i 1.03 Automatic User 

_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ - _  -_------ _ - _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  
Max Long 1.00 

Max Sus 1.00 

Max Sus 1.00 

Max Sus 1.00 

Response 2 1.00 
Response 3 1.00 

OTHER USER COMBINATIONS 

Combination Method Load Factor Remarks 

GR Sum Gravity 1.00 Default 

TI Sum Thermal 1 1.00 Default 

P I  Sum Press 1 1.00 Default 

R1 Sum Response 1 1.00 Default 

R2 Sum Response 2 1.00 Default 

R3 Sum Response 3 1.00 Default 

GRtT1 Sum Gravity 1.00 User 

RT Abs sum Response 1 1.00 User 

_ _ _ _ _ _ _ _ _ - _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ - _ _  _ _ _ _ _ _ _  

Thermal 1 1.00 

Response 2 1.00 
Response 3 1.00 

GRtTltRT Abs sum GRtT1 1.00 User 
RT 1 .oo 



CODE COMPLIANCE 

Y - Factor ............................ 0.40 
Weld efficiency factor ................ 1.00 
Range reduction factor ................ 1.00 
Design Pressure Factor ................ 1.00 
Minimum stress ratio used in reports ... 0.00 
Include corrosion in stress calcs. .... Y 
Include torsion in code stress ........ N 
Include axial force in code stress .... N 
Longitudinal pressure calculation ..... PD/4t 
Include rigorous pressure ............. N 

HNF-2474, Rev. 0 
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RESPONSE SPECTRUM LOAD CASES : 

Number of load cases analysed : 3 

Load case 1 - R1 

Missing mass : No 
Z PA : No 

Combination method : SRSS 

X- Spectrum : SC2&3 
Multiplier : 1.00 

SC2&3 

Freq(Hz) Grav( ) Freq(Hz) Grav( ) Freq(Hz) Grav( 1 _ _ _ _ _ _ _ _  ___---------- -------- ------_______ --_____- _----_-______ 
0.100 0.01 0.160 0.02 0.250 0.04 
0.400 0.06 0.600 0.09 1.100 0.17 
l .64i 0.25 8.000 0.25 12.000 0.20 

20.000 0.16 33.000 0.12 100.000 0.12 



____________________- -_- - -_ -_-____- -__-_- - - - - - - - - - -__-__- - -~- - - -~~~~~~_-____- -~~ 
W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY 
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPEt4.50 RESULT PAGE 5 

Load case 2 - R2 

Missing mass : No 
Z PA : No 

Combination method : SRSS 

Y- Spectrum : SC2&3 
Multiplier : 1.00 

SC2&3 

Freq(Hz) Grav( ) Freq(Hz) Grav( ) Freq(Hz) Grav( 1 _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _------------ -__-__-- __-_-----_-__ 
0.100 0.. 01 0.160 0.02 0.250 0.04 
0.400 0.06 0.600 0.09 1.100 0.17 
1.640 0.25 8.000 0.25 12.000 0.20 
20.000 0.16 33.000 0.12 100.000 0.12 

HNF-2474, Rev. 0 
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY 
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPEt4.50 RESULT PAGE 6 
.............................................................................. 

Load case 3 - R3 

Missing mass : No 
Z PA : No 

Combination method : SRSS 

Z- Spectrum : SC2&3 
Multiplier : 1.00 

SC2&3 

Freq(Hz) Grav( ) Freq(Hz) Grav( ) Freq(Hz) Grav( 1 - _ - _ _ _ _ _  ---__-___---- -------- _------------ _-_---__ _--____--___- 
0.100 0-.01 0.160 0.02 0.250 0.04 
0.400 0.06 0.600 0.09 1.100 0.17 
1.640 0.25 8.000 0.25 12.000 0.20 
20.000 0.16 33.030 0.12 100.000 0.12 

HNF-2474, Rev. 0 
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D I S P L A C E M E N T S  

Point Load TRANSLATIONS (in ) 
Z 

*** Segment A begin *** 
A00 

A0 1 

A02 

A03 

GR 
TI 
P1 
R1 
R2 
R3 
GRtTl 
RT 
GR+T 1 +RT 

GR 
T1 
P1 
R1 
R2 
R3 
GR+Tl 
RT 
GR+T1 t RT 

GR 
T1 
P1 
R1 
R2 
R3 
GR+T1 
RT 
G R+T1 t RT 

GR 
TI 
PI 
Rl 
R2 
R3 
GR+Tl 
RT 
GR+TI+Rl 

*** Segment A end 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.022 
0.000 
0.000 
0.000 
0.022 
0.022 

0.000 
0.000 
0.000 
3,286 
0.000 
0.000 
0.000 
3.286 
3.286 

0.000 
0.000 
0.000 
3.341 
0.000 
0.000 
0.000 
3.341 
3.341 

*** 

.* Seament B beain *** 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
-0.039 
0.000 
0.000 
0.000 
0.000 
-0.039 

c .  LUG 
0.039 

-0.002 
-0.582 
-0.005 
0.000 
0.000 
0.000 
-0.584 
0.000 
0.584 

-0.002 
-0.588 
-0.005 
0.000 
0.000 
0.000 
-0.590 
0.000 
0.590 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
c . 2 : o  
0.022 
0.000 
0.C22 
0.022 

0.000 
0.000 
0.000 
0.000 
0.000 
3.286 
0.000 
3.286 
3.286 

0.000 
0.000 
0.000 
0.000 
0.000 
3.341 
0.000 
3.341 
3.341 

ROTATIONS (deg ) 
X Y 7 

1 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.055 
0.000 
0.000 
0.000 
0.081 
0.000 
0.081 
0.081 

0.003 
0.000 
0.000 
0.000 
0.000 
0.624 
0.000 
0.624 
0.624 

0.000 
0.000 
0.000 
0.000 
0.000 
0.624 
0.000 
0.624 
0.624 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.030 
0.000 
0.000 
0. coo 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.081 
0.000 
0.000 
0.000 
0. 08; 
0.081 

0.000 
0.000 
0.000 
0.624 
0.000 
0.000 
0.000 
0.624 
0.624 

0.000 
0.000 
0.000 
0.624 
0.000 
0.000 
0.000 
0.624 
0.624 
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P o i n t  Load 
name combinat ion 

A02 GR 
T I  
P1 
R1  
R2 
R3 
GR+T1 
RT 
GR+Tl +RT 

_ _ _ _ _ _  ___-------- - 

D I S P L A C E M E N T S  

TRANSLATIONS ( i n  ) 
X Y Z 

0.000 
0.000 
0.000 
3.286 
0.000 
0.000 
0.000 
3.286 
3.286 

_ _ _ _ - _  __-___ 
-0.002 0.000 
-0.582 0.000 
-0.005 0.000 

0.000 0.000 
0.000 0.000 
0.000 3.286 

-0.584 0.000 
0.000 3.286 
0.584 3.286 

ROTATIONS (deg ) 
X Y Z 

0.000 
0.000 
0.000 
0.000 
0.000 
0.624 
0.000 
0.624 
0.624 

_ _ _ - _ _  _ _ _ _ _ _  
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.624 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.624 
0.000 0.624 

BO1 GR 0.000 -0.002 0.000 0.000 0.000 0.000 
T1 0.008 -0.582 0.000 0.000 0.000 0.000 
P1 0.000 -0.005 0.000 0.000 0.000 0.000 
R1  3.286 0.065 0.000 0.000 0.000 0.624 
R2 0.000 0.000 0.000 0.000 0.000 0.000 
R3 0.000 0.000 3.286 0.624 0.000 0.000 
GR+T1 0.008 -0.584 0.000 0.000 0.000 0.000 
RT 3.286 0.065 3.286 0.624 0.000 0.624 
GR+Tl+RT 3.294 0.649 3.286 0.624 0.000 0.624 

*** Segment B end *** 
*** Segment C b e g i n  *** 
A02 GR 0.000 -0.002 0.000 0.000 

T I  0.000 -0.582 0.000 0.000 
P I  0.000 -0.005 0.000 0.000 
R1  3.286 0.000 0.000 0.000 
R2 0.000 0.000 0.000 0.000 
R3 0.000 0.000 3.286 0.624 
GR+T1 0.000 -0.584 0.000 0.000 
RT 3.286 0.000 3.286 0.624 
GR+TI+RT 3.286 0.584 3.286 0.624 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.624 
0.000 
0.000 
0.000 
0.624 
0.624 

CO1 GR 0.000 -0.002 0.000 0.000 0.000 0.000 
T I  -0.008 -0.582 0.000 0.000 0.000 0.000 
P 1  0.000 -0.005 0.000 0.000 0.000 0.000 
R 1  3.286 0.065 0.000 0.000 0.000 0.624 
R2 0.000 0.000 0.000 0.000 0.000 0.000 
R3 0.000 0.000 3.286 0.624 0.000 0.000 
GR+Tl -0.008 -0.584 0.000 0.000 0.000 0.000 
RT 3.286 0.065 3.286 0.624 0.000 0.624 
GR+TI+RT 3.294 0.649 3.286 0.624 0.000 0.624 

.'* Segment C end *** 
*** Segment D b e g i n  *** 



P o i n t  Load 
name combinat ion 

A02 GR 
T1 
P1 
R1  
R2 
R3 
GR+Tl 
RT 
GR+T1 t RT 

_ _ _ _ _ _  ----____-__ 

DO1 GR 
T1 
P1 
R1 
R2 
R3 
GRtTl 
RT 
GR+Tl t RT 

x** Segment D end 

D I S P L A C E M E N T S  

TRANSLATIONS ( i n  ) 
X Y Z 

ROTATIONS (deg ) 
X Y Z 

*** Segment E b e g i n  *** 
A02  GR 

T1 
P I  
R 1  
R2 
R3 
GRtTl 
RT 
GR+Tl+RT 

E01 GR 
T1 
P1 
R 1  
R2 
R3 
GRtTI 
RT 
GRtTl+RT 

"* Segment E end 

------ -_____ _ _ _ _ _ _  ------ _ _ _ _ _ _  - _ _ _ _ _  
0.000 -0.002 0.000 0.000 0.000 0.000 
0.000 -0.582 0.000 0.000 0.000 0.000 
0.000 -0.005 0.000 0.000 0.000 0.000 
3.286 0.000 0.000 0.000 0.000 0.624 
0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 3.286 0.624 0.000 0.000 
0.000 -0.584 0.000 0.000 0.000 0.000 
3.286 0.000 3.286 0.624 0.000 0.624 
3.286 0.584 3.286 0.624 0.000 0.624 

0.000 -0.002 0.000 0.000 0.000 0.000 
0.000 -0.582 0.008 0.000 0.000 0.000 
0.000 -0,005 0.000 0.000 0.000 0.000 
3.286 0.000 0.000 0.000 0.000 0.624 
0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.065 3.286 0.624 0.000 0.000 
0.000 -0.584 0.008 0.000 0.000 0.000 
3.286 0.065 3.286 0.624 0.000 0.624 
3.286 0.649 3.294 0.624 0.000 0.624 

*** 

0.000 
0.000 
0.000 
3.286 
0.000 
0.000 
0.000 
3.286 
3.286 

0.000 
0.000 
0.000 
3.286 
0.000 
0.000 
0.000 
3.286 
3.286 

*** 

-0.002 
-0.582 
-0.005 
0.000 
0.000 
0.000 

-0.584 
0.000 
0.584 

-0.002 
-0.582 
-0.005 

0.000 
0.000 
0.065 

-0.584 
0.065 
0.649 

0.000 
0.030 
0.000 
0.000 
0.000 
3.286 
0.000 
3.286 
3.286 

0.000 
-0.008 

0.000 
0.000 
0.000 
3.286 

-0.008 
3.286 
3.294 

0.000 
0.000 
0.000 
0.000 
0.000 
0.624 
0.000 
0.624 
0.624 

0.000 
0.000 
0.000 
0.000 
0.000 
0.624 
0.000 
0.624 
0.624 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 
0.000 
0.000 
0.624 
0.000 
0.000 
0.000 
0.624 
0.624 

0.000 
0.000 
0.000 
0.624 
0.000 
0.000 
0.000 
0.624 
0.624 
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S U P P O R T  F O R C E S  

Po in t /  Connect/ Load L O C A L  G L O B A L  
Supp. I D  Type Combination D i r n  Force Deform D i r n  Force Deform _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  __--------- ---- -__----- -----___ -___ _-----__ _ _ _ _ _ _ _ -  

*** End o f  system , no suppor ts  encountered. *** 

HNF-2474, Rev. 0 
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R E S T R A I N T  R E A C T I O N S  

P o i n t  Load FORCES ( l b  ) MOMENTS ( f t - l b  ) 
name comb ina t ion  X Y Z Resu l t  X Y Z R e s u l t  __--__ -_--------- ------ ------ -_-___ ------ _ _ _ _ _ _ _  - _ _ _ _ - _  _ _ _ _ _ _ _  _ _ - _ _ _ _  

A00 Anchor 
GR 
T I  
P1 
R 1  
R2 
R3 
G R+T 1 
RT 
G R+T 1 +RT 

0 -835 0 835 0 
0 0 0 0 0 
0 0 0 0 0 

29 0 0 29 0 
0 0 0 0 0 
0 0 29 29 1097 

0 0 0 
0 0 0 
0 0 0 
0 1097 1097 
0 0 0 
0 o i o g i  

0 -835 0 835 0 0 0 0 
29 0 29 41 1097 0 1097 1552 
29 835 29 836 1097 0 1097 1552 
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............................................................................. 

G L O B A L  F O R C E S  & M O M E N T S  

P o i n t  Load FORCES ( l b  ) MOMENTS ( f t - 1  b ) 
name comb ina t ion  X Y Z R e s u l t  X Y 2 R e s u l t  

*** Segment A b e g i n  *** 

_ _ _ _ _ _  ___-------- ------ ------ ------ ------ ------- -___--_ __--_-- --__--_ 

A00 GR 
T1 
P1 
R 1  
R2 
R3 
G R+T 1 
RT 
GR+Tl+RT 

A01 GR 
T I  
P I  
R 1  
R2 
R3 
GRtTl 
t r  I 

G RtT  1 t RT 

A02 - GR 
T1 
P1 
R 1  
R2 
R3 
GR+T1 
RT 
GR+TI tRT 

A02 + GR 
T1 
P1 
R 1  
R2 
R3 
GRtTl  
RT 
GRtTl+RT 

0 
0 
0 

29 
0 
0 
0 

29 
29 

835 
0 
0 
0 
0 
0 

83 5 
0 

835 

29 
0 

29 
29 

83 5 
0 
0 

29 
0 

29 
83 5 

41  
836 

0 
1097 

0 
1097 
1097 

0 780 0 780 0 
0 0 0 0 0 
0 0 0 0 0 

29 0 0 29 0 
0 0 0 0 0 
0 0 29 29 1023 
0 780 0 780 0 

29 0 29 41  1023 
29 780 29 781 1023 

0 22 0 22 0 
0 0 0 0 0 
0 0 0 0 0 

29 0 0 29 0 
0 0 0 0 0 
0 0 29 29 0 
0 22 0 22 0 

29 0 29 41 0 
29 22 29 47 0 

0 9 0 9 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 9 0 9 0 
0 0 0 0 0 
0 9 0 9 0 

0 
0 
0 
0 
0 

0 
0 
0 

1097 
0 
0 
0 

1097 
1097 

0 
0 
0 

1097 
0 

1097 
0 

1552 
1552 

0 0 0 
0 0 0 
0 0 0 
0 1023 1023 
0 0 0 
0 0 1023 
0 0 0 
0 1023 1447 
0 1023 1447 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 



G L O B A L  F O R C E S  & M O M E N T S  

P o i n t  Load 
name combinat ion 

A03 GR 
T1 
P1 
R1 
R2 
R3 

- -____  _ _ _ _ _ _ _ _ _ _ _  - 

GRtTl 
RT 
GR+T 1 tRT 

FORCES ( l b  
X Y 2 

----- -----_ 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

*** Segment A end *** 
*** Segment B begin *** 
A02 

801 

GR 0 
T1 0 
P1 0 
R1 0 
R2 0 
R3 0 
Gil+'il 0 
RT 0 
GRtTltRT 0 

GR 0 
T1 0 
P1 0 
R 1  0 
R2 0 
R3 0 
GRtTl 0 
RT 0 
GRtTl +RT 0 

3 
0 
0 
0 
0 
0 
3 
0 
3 

0 
0 
0 
0 
0 
0 
0 
0 
0 

*** Segment B end *** 
*** Segment C begin *** 
A02 GR 0 3 

T1 0 0 
P1 0 0 
R1 0 0 
R2 0 0 
R3 0 0 
GRtTl 0 3 
RT 0 0 
GR+TI+RT 0 3 

Resul t  

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

1 
- - - - - - - - 

0 3 
0 0 
0 0 
0 0 
0 0 
0 0 
0 3 
0 0 
0 3 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 3 
0 0 
0 0 
0 0 
0 0 
0 0 
0 3 
0 0 
0 3 

MOMENTS ( f t - 1  b ) 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

X Y Z Resul t  ----___ _---___ __--_-_ _ _ _ _ _ _ _  

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 
1 

0 
0 
0 
0 
0 
0 
0 
0 

0 -1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 -1 
0 0 
0 1 

1 
0 
0 
0 
0 
0 
1 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
1 
0 
1 
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G L O B A L  F O R C E S  & M O M E N T S  

P o i n t  Load 
name combinat ion 

C O 1  GR 
T1 
P1 
R1 
R2 
R3 
GR+Tl 
RT 
GR+Tl t RT 

_ _ _ _ _ _  ___-------- 
FORCES ( l b  

X Y Z Resul t  X 
1 

. - - - - - - - - _ _  - -. 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

MOMENTS ( f t - 1  b ) 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 -0 0 0 
0 0 0 0 
0 0 0 0 

Y Z Resul t  _ _  _ _ _ - _ _ _  - _ _ _ _ _ _  _ _ _ _ _ _ _  

0 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 

*** Segment C end *** 
*** Segment D beg in  *** 

3 
0 

0 3 -1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 3 -1 
0 0 0 
0 3 1 

0 1 
0 0 
0 0 
0 0 

A02 GR 
T I  
P1 

0 
0 
0 

R1 
R2 
R3 
GR+T1 
RT 
GRtT 1 t RT 

0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 

3 
0 
3 

0 
0 
0 
0 
0 
0 
0 
0 
0 

DO1 GR 
T1 
P1  
R 1  
R2 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 
0 
0 

0 
0 

0 
0 
0 R3 0 

GR+Tl 0 
RT 0 
GR+Tl +RT 0 

*** Segment D ,  end *** 
*** Segment E beg in  *** 

0 
0 
0 

A02 GR 
T1 
P1 

3 0 3 
0 0 
0 0 
0 0 
0 0 
0 0 
0 3 
0 
0 

0 
0 

R 1  
R2 
R3 
GRtTl 
RT 
GR+Tl t RT 

0 
3 

0 
3 
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G L O B A L  F O R C E S  & M O M E N T S  

P o i n t  Load 
name c o m b i n a t i o n  - _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  - 
E01 GR 

T 1  
P 1  
R 1  
R2 
R3 
GR+TI 
RT 
G R+T 1 + RT 

X 

*** Segment E end *** 

FORCES ( l b  ) 
Y Z R e s u l t  

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

.- _ _ _ _ _ _  _-_--- - _ _ _ _ _  _-_ 
MOMENTS ( f t - 1  b ) 

X Y Z R e s u l t  
___--__ _--____ -__--__ 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
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G E N E R A L  P I P E  S T R E S S  R E P O R T  
( S t r e s s  i n  p s i  ) 

P o i n t  Load Hoop L o n g i t u d i n a l  T o r s .  P r i n c i p a l  Max O c t  
name c o m b i n a t i o n  S t r e s s  Max M i n  Shear Max Min Shear LOC Shear 

*** Segment A b e g i n  *** 
A00 S I F I =  1.00 

GR 
T 1  
P1 
R 1  
R2 
R3 
GRtT1 
RT 
GRtTl tRT 

A01 S I F I =  1.00 
GR 
T I  
P I  
R 1  
R2 
R3 
GRtT l  
RT 
GRtT l  tRT 

A02 - S I F I =  2.60 
GR 
T 1  
P 1  
R 1  
R2 
R3 
GRtT l  
RT 
GRtT 1 +RT 

R 1  
R2 
R3 
GRtT1 
RT 
GRtT l  t R T  

SIFO= 1.00 
0 227 
0 0 

2936 1001 
0 3601 
0 0 
0 3601 
0 227 
0 5093 
0 4866 

SIFO= 1.00 
0 212 
0 0 

2936 1001 
0 3357 
0 0 
0 3357 
0 212 
0 4748 
0 4535 

SIFO= 3.14 
0 6 
0 0 

2936 1001 
0 1 
0 0 
0 1 
0 6 
0 2 
0 -4 

SIFO= 3.14 
0 2 
0 0 

2936 1001 
0 1 
0 0 
0 1 
0 2 
0 2 
0 -1 

227 
0 

1001 
-3601 

0 
-3601 

227 
-5093 
-5320 

212 
0 

1001 
-3357 

0 
-3357 

212 
-4748 
-4960 

6 
0 

1001 
-1 

0 
-1 

6 
-2 
-8 

2 
0 

1001 
-1 

0 
-1 

2 
-2  
-4 

0 227 0 114 NA 227 
0 0 0 0 NA 0 
0 2936 1001 1468 NA 2585 
0 3601 -3601 1801 MT 3601 
0 0 0 0 NA 0 
0 3601 -3601 1801 MT 3601 
0 227 0 114 NA 227 
0 5093 -5093 2547 MT 5093 
0 4866 -5320 2660 MC 5320 

0 212 0 106 NA 212 
0 0 0 0 MT 0 
0 2936 1001 1468 NA 2585 
0 3357 -3357 1678 MT 3357 
0 0 0 0 NA 0 
0 3357 -3357 1678 MT 3357 
0 212 0 106 NA 212 
0 4748 -4748 2374 MT 4748 
0 4535 -4960 2480 MC 4960 

0 6 0 3 NA 6 
0 0 0 0 MT 0 
0 2936 1001 1468 NA 2585 
0 1 -1 
0 0 0 
0 1 -1 
0 6 0 
0 2 -2 
0 0 -8 

1 MT 
0 NA 
1 MT 
3 NA 
1 MT 
4 MC 

1 
0 

0 2 '0 1 NA 2 
0 0 0 0 MC 0 
0 2936 1001 1468 NA 2585 
0 1 -1 1 MT 1 
0 0 0 0 NA 0 
0 1 -1 1 MT 1 
0 2 0 1 NA 
0 2 -2  1 MT 
0 0 -4  2 MC 

2 
2 
4 
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_______________--__-----------------------------------------------_---------- 

G E N E R A L  P I P E  S T R E S S  R E P O R T  
( S t r e s s  i n  p s i  ) 

P o i n t  Load Hoop L o n g i t u d i n a l  Tors .  P r i n c i p a l  Max O c t  
name c o m b i n a t i o n  S t r e s s  Max M i n  Shear Max M i n  Shear  Loc Shear _ _ _ _ _ _  ___-----_-- _----- ------ ------ ------ ------ __-__- ----_- _ _ _  _ _ _ - _ _  

A 0 3  S I F I =  1.00 SIFO= 1.00 
GR 0 0 0 0 0 0 0 NA 0 
T I  0 0 0 0 0 0 0 MC 0 
P I  2936 1001 1001 0 2936 1001 1468 NA 2585 
R1 0 0 0 0 0 0 0 NA 0 
R2 0 0 0 0 0 0 0 NA 0 
R3 0 0 0 0 0 0 0 NA 0 
GRtT l  0 0 0 0 0 0 0 MC 0 
RT 0 0 0 0 0 0 0 NA 0 
GR+Tl+RT - 0 0 0 0 0 0 0 MC 0 

*** Segment A end *** 
*** Segment B b e g i n  *** 

A 0 2  S I F I =  2.60 SIFO= 3 .14  
GR 0 46 

0 0 - 

GR+T1 0 46  
RT 0 4 
GRtT 1 +RT 0 46  

BO1 S I F I =  1.00 SIFO= 1.00 
GR 0 0 
T 1  0 0 

-46 0 46 -46 23 MT 46 
0 0 0 0 0 MT 0 

859 0 2773 859 1386 NA 2459 
0 0 0 0 0 IX 0 
0 0 0 0 0 NA 0 

-4 0 4 -4 2 MT 4 
-46 0 46 -46 23 MT 46 

-4 0 4 -4 2 MC 4 
-46 0 46 -46 23 MC 46 

0 0 0 0 0 MT 0 
0 0 0 0 0 MT 0 

P1 2773 859 859 0 2773 859 1386 NA 2459 
R 1  0 0 0 0 0 0 0 NA 0 
R2 0 0 0 0 0 0 0 NA 0 
R3 0 0 0 0 0 0 0 NA 0 
GR+TI 0 0 0 0 0 0 0 MT 0 
RT 0 0 0 0 0 0 0 NA 0 
GRtT l tRT 0 0 0 0 0 0 0 MC 0 

*** Segment B end *** 
*** Segment C b e g i n  *** 



G E N E R A L  P I P E  S T R E S S  R E P O R T  
(Stress i n  p s i  ) 

P o i n t  Load Hoop Long i tud ina l  Tors. P r i n c i p a l  Max Oct 
name combinat ion S t ress  Max Min Shear Max Min Shear LOC Shear 

SIFO= 3.14 
0 46 
0 0 

2773 859 

-46 
0 

859 
0 
0 

-4 
-46 

-4 
-46 

0 
0 

859 
0 
0 
li 
0 

b 

46 
0 

2773 
0 
0 
4 

46 
4 

46 

0 
0 

2772 
0 
0 
0 
0 
0 
0 

-46 
0 

859 
0 
0 

-4 
-46 

-4 
-46 

0 
0 

859 
G 
0 
0 
0 
0 
0 

A02 S IF I=  2.60 
GR 
T1 
P 1  
R1  
R2 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

23 MT 
0 MT 

1386 NA 
0 MC 
0 NA 
2 MT 

23 MT 
2 MC 

23 MC 

0 MT 
0 MT 

1386 EiA 
0 NA 
0 NA 
0 NA 
0 MT 
0 NA 
0 MC 

46 
0 

2459 
0 
0 
4 

46 
4 

46 

0 
0 

2459 
0 
0 
0 
0 
0 
0 

0 0 
0 0 
0 4 
0 46 
0 4 
0 46 

R3 
GRtTl 
RT 
GRtTl+RT 

co 1 S I F I =  1.00 
GR 
T1 
P I  
R 1  
R2 
R3 

SIFO= 1.00 
0 0 
0 0 

2773 859 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

GRtT1 
RT 
GRtTltR-i 

*** Segment C end *** 

*** Segment D begin *** 
A02 S IF I=  2.60 

GR 
T1 

SIFO= 3.14 
0 46 
0 0 

2773 859 
0 4 
0 0 
0 0 
0 46 
0 4 
0 46 

-46 
0 

859 
-4 

0 
0 

-46 
-4 

-46 

46 
0 

2773 
4 

-46 
0 

859 
-4 
0 
0 

-46 
-4 

-46 

23 MT 
0 MT 

1386 NA 
2 MT 
0 NA 
0 MC 

46 
0 

2459 
4 
0 
0 

46 
4 

46 

P1 
R 1  
R2 
R3 
GRtT1 
RT 

0 
0 

46 23 MT 
2 MC 

23 MC 
4 

46 GRtT 1 t R 7  

DO1 S IF I=  1.00 
GR 
T1 
P1 
R 1  

SIFO= 1.00 
0 0 
0 0 

2773 859 

0 
0 

859 

0 
0 

2773 

0 
0 

859 
0 
0 
0 
0 
0 
0 

0 MT 
0 MT 

1386 NA 
0 NA 
0 NA 
0 NA 
0 MT 
0 NA 
0 MC 

0 
0 

2459 
0 
0 
0 
0 
0 
0 
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0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

R2 
R3 
GRtTI 
RT 
GRtTItRT 

*** Segment D end *** 



*** Segment E b e g i n  *** 
A02 S I F I =  2.60 SIFO= 3.14 

GR 0 46 
T 1  0 0 
P1 2773 859 
R 1  0 4 
R2 0 0 
R3 - 0  0 
GRtT l  0 46 
RT 0 4 
GRtT l tRT 0 46 

E01 S I F I =  1.00 SIFO= 1.00 
GR 0 0 
T 1  0 0 
P1 
R 1  
R2 
R3 
GRtTI 
i?T 

2773 859 
0 0 
0 0 
0 0 
0 0 
0 0 

GRtT l tRT 0 0 

-46 0 46 
0 0 0 

859 0 2773 
-4  0 4 

0 0 0 
0 0 0 

-46 0 46 
-4 0 4 

-46 0 46 

0 0 0 
0 0 0 

859 0 2773 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 C 
0 0 0 

-46 
0 

859 
-4  

0 
0 

-46 
-4 

-46 

0 
0 

859 
0 
0 
0 
0 
0 
0 

23 MT 46 
0 MT 0 

1386 NA 2459 
2 MT 4 
0 NA 0 
0 MC 0 

23 MT 46 
2 MC 4 

23 MC 46 

0 MT 0 
0 MT 0 

1386 NA 2459 
0 NA 0 
0 NA 0 
0 NA 0 
0 MT 0 
0 NA 0 
0 MC 0 

*** Segment E end *** 
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ASME B 3 1 . 3 ~  (1992) CODE COMPLIANCE 
(Moments i n  f t - l b  ) (S t ress  i n  p s i  ) 

P o i n t  Load In-P1. Out-P1. To rs ion  S.1.F Eq. Load Code Code 
name comb ina t ion  Moment Moment Moment I n  Out no. t y p e  S t r e s s  A l l ow .  

*** Segment A b e g i n  *** 
A00 Max P 

GR + Max P 
Cold t o  T1  
Sus. + R 1  
Sus. + R2 
Sus. + R3 
RTOTAL 

A01 Max P 
GR + Max P 
Cold t o  T1 
Sus. + R1 
Sus. + R2 
Sus. + R3 
RTOTAL 

2 - Max P 
GR + Max P 
Cold t o  T1 
Sus. + R 1  
Sus .  + R2 
Sus. + R3 
RTOTAL 

A02 + Max P 
GR + Max P 
Cold t o  T1 
Sus. + R 1  
Sus. + R2 
Sus. + R3 
RTOTAL 

A03 Max P 
GR + Max P 
Cold t o  T1 
Sus. + R 1  
Sus. + R2 
Sus. + R3 
RTOTAL 

*** Segment A end 

0 
0 
0 
0 

1097 
1097 

0 
0 
0 
0 

1023 
1023 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

*** 

0 
0 

1097 
0 
0 

1097 

0 
0 

1023 
0 
0 

1023 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1.00 1.00 
0 1.00 1.00 

1.00 1.00 
1.00 1.00 
1.00 1.00 
1.00 1.00 

0 
.oo 1.00 
.oo 1.00 
.oo 1.00 
.oo 1.00 
.oo 1.00 
.oo 1.00 

2.60 3.14 
0 2.60 3.14 

2.60 3.14 
2.60 3.14 
2.60 3.14 
2.60 3.14 

3a) HOOP 
18) SUST 
17) O I S P  
18) OCC 
18) occ 
18) OCC 
18) occ 
3 a )  HOOP 
18) SUST 
17) DISP 
18) OCC 
18) OCC 
18) occ 
18) OCC 

i 8 j  occ 
18) occ 
18) occ 
18) occ 

(3a) HOOP 
2.60 3.14 (18) SUST 

0 2.60 3.14 (17) DISP 
2.60 3.14 ( i 8 j  occ 
2.60 3.14 (18) OCC 
2.60 3.14 (18) OCC 
2.60 3.14 (18) OCC 

(3a) HOOP 
1.00 1.00 (18) SUST 

o 1.00 1.00 ( i 7 j  DISP 
1.00 1.00 (18) OCC 
1.00 1.00 (18) OCC 
1.00 1.00 (18) DCC 
1.00 1.00 ( i 8 j  occ 

2936 16700 
1300 16700 

0 25050 
4901 22211 
1300 22211 
4901 22211 
5093 22211 

2936 16700 
1300 16700 

0 25050 
4657 22211 
1300 22211 
4657 22211 
4748 22211 

2936 16700 
1300 16700 

0 25050 
1301 22211 
1300 22211 
1301 22211 

2 22211 

2936 16700 
1300 16700 

0 25050 
1301 22211 
1300 22211 
1301 22211 

2 22211 

2936 16700 
1300 16700 

0 25050 
1300 22211 
1300 22211 
1300 22211 

0 22211 

** Segment B b e g i n  *** 



ASME B 3 1 . 3 ~  (1992) CODE COMPLIANCE 
(Moments i n  f t - l b  ) ( S t r e s s  i n  p s i  ) 

P o i n t  Load In-P1. Out-P1. To rs ion  S.1.F Eq. Load Code Code 
name comb ina t ion  Moment Moment Moment I n  Out no. t y p e  S t ress  A l l ow .  _ _ _ _ _ _  ______----- ------- ____--- ------- ___- ---- -___ _ _ _ -  _ _ _ _ _ _  _ - _ _ _ _  

.A02 Max P 
GR + Max P 1 
Co ld  t o  T1 0 
Sus. + R 1  1 
Sus. + R2 1 
Sus. + R3 1 
RTOTAL 0 

BO1 Max P 
GR + Max P - 0 
Cold t o  T1  0 
Sus. + R 1  0 
Sus. + R2 0 
Sus. + R3 0 
RTOTAL 0 

-*** Segment B end *** 
*** Segment C b e g i n  *** 
A02  Max P 

GR t Max P 
Cold t o  T1 
Sus. + R 1  
Sus. + R2 
Sus. + R3 
RTOTAL 

COl Max P 
GR + Max P 0 
Cold t o  T1 0 
Sus. + R1  0 
Sus. + R2 0 
Sus. + R3 0 
RTOTAL 0 

*** Segment C end *** 
*** Segment D b e g i n  *** 
A02  Max P 

GR + Max P 0 
Co ld  t o  T1 0 
Sus. + R 1  0 
Sus. + R2 
Sus. + R3 
RTOTAL 

0 
0 
0 

(3a) HOOP 2773 16700 
0 2.60 3.14 (18) SUST 1227 16700 
0 0 2.60 3.14 (17) DISP 0 25050 
0 2.60 3.14 (18) OCC 1227 22211 
0 2.60 3.14 (18) OCC 1227 22211 
0 
0 

2.60 3.14 i i 8 j  occ 1229 22211 
2.60 3.14 (18) OCC 2 22211 

(3a)  HOOP 2773 16700 
0 1.00 1.00 (18) SUST 1203 16700 
0 0 1.00 1.00 (17) DISP 0 25050 
0 1.00 1.00 i i s i  occ 1203 22211 
0 
0 
0 

1.00 1.00 ( i 8 j  occ 1203 mii 
1.00 1.00 (18) OCC 0 22211 
1.00 1.00 (18) OCC 1203 22211 

0 
0 
0 
0 
0 
0 

1 
0 
1 
1 
1 
0 

(3a) HOOP 2773 16700 
2.60 3.14 (18) SUST 1248 16700 

0 2.60 3.14 (17) DISP 0 25050 
2.60 3.14 (18) OCC 1249 22211 
2.60 3.14 (18) OCC 1248 22211 
2.60 3.14 (18) OCC 1252 22211 
2.60 3.14 (18) OCC 4 22211 

(3a) HOOP 2773 16700 
1.00 1.00 (18) SUST 1203 16700 

0 1.00 1.00 (17) DISP 0 25050 
1.00 1.00 (18) OCC 1203 22211 
1.00 1.00 (18) OCC 1203 22211 
1.00 1.00 (18) OCC 1203 22211 
1.00 1.00 (18) OCC 0 22211 

(3a) HOOP 2773 16700 
2.60 3.14 (18) SUST 1255 16700 

0 2.60 3.14 (17) DISP 0 25050 
2.60 3.14 (18) OCC 1258 22211 
2.60 3.14 (18) OCC 1255 22211 
2.60 3.14 (18) OCC 1255 22211 
2.60 3.14 (18) OCC 3 22211 
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P o i n t  Load 
name comb ina t ion  

DO1 Max P 
_ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  

GR + Max P 
Cold t o  T1 
Sus. t R 1  
Sus. + R2 
Sus. + R3 
RTOTAL 

ASME B 3 1 . 3 ~  (1992) CODE COMPLIANCE 
(Moments i n  f t - l b  ) ( S t r e s s  i n  p s i  ) 

In-P1. Out-P1. To rs ion  S.1.F Eq. Load Code Code 
Moment Moment Moment In Out no. t y p e  S t r e s s  A l l ow .  

(3a) HOOP 2773 16700 
_ _ _ _ _ _ _  _ _ _ _ _ _ -  ------- ---- ---- ---- -___ _ _ _ _ _ _  ____-_ 

0 0 1.00 1.00 (18) SUST 1203 16700 
0 
0 

0 

*** Segment D end *** 
*** Segment E b e g i n  *** 
A02 Max P 

GR t Max P 0 
Co ld  t o  T1 0 
Sus. t R 1  0 
Sus. + R2 0 
Sus. i R3 0 
RTOTAL 0 

E01 Max P 
GR t Max P 0 
Co ld  t o  T1 0 
Sus. + R1 0 
Sus. + R2 0 
Sus. + R3 0 
RTOTAL 0 

*** Segment E end *** 

0 o 1.00 1.00 ( i 7 j  DISP 0 25050 
0 1.00 1.00 (18) OCC 1203 22211 
0 1.00 1.00 (18) OCC 1203 22211 
0 1.00 1.00 (18) OCC 1203 22211 
0 1.00 1.00 ( i 8 j  occ 0 22211 

1 
0 

0 

0 
0 
0 
0 
0 
0 

(3a) HOOP 2773 16700 
2.60 3.14 (18) SUST 1258 16700 

0 2.60 3.14 (17) DISP 0 25050 
2.60 3.14 (18) OCC 1261 22211 
2.60 3.14 (18) OCC 1258 22211 
2.60 3.14 (18) OCC 1258 22211 
2.60 3.14 (18) OCC 3 22211 

(3a) HOOP 2773 16700 
1.00 1.00 (18) SUST 1203 16700 

0 1.00 1.00 (17) DISP 0 25050 
1.00 1.00 (18) OCC 1203 22211 
1.00 1.00 (18) OCC 1203 22211 
1.00 1.00 (18) OCC 1203 22211 
1.00 1.00 (18) OCC 0 22211 
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Maximum X : 3.341-  
Maximum Y : 0.649 
Maximum 2 : 3.341" 
Max. t o t a l :  4.761 

Maximum r o t a t i o n s  (deg) 

Maximum X - :  0.624 
Maximum Z : 0.624 
Max. t o t a l :  0.883 

Maximum r e s t r a i n t  forces(ib) 

Maximum X : 
Maximum Y : 
Maximum Z : 
Max. t o t a l  : 

29 

29 
836 

-835 

Maximum X : 
Maximum Z : 
Max. t o t a l  : 

1097 
1097 
1552 

Po in t  : A03 
P o i n t  : BO1 
P o i n t  : A03 
Po in t  : A03 

Po in t  : DO1 
P o i n t  : BO1 
P o i n t  : DO1 

P o i n t  : A00 
P o i n t  : AC: 
P o i n t  : A00 
P o i n t  : A00 

P o i n t  : A00 
P o i n t  : A90 
P o i n t  : A00 

Load Comb.: R1 
Load Comb.: GR+TltRT 
Load Comb.: R3 
Load Comb. : GRtTl+RT 

Load Comb.: GRtTl+RT 
Load Comb. : GRtTltRT 
Loao Comb.: GRTT1tRT 

Load Comb.: R 1  
Load Comb.: GR 
Load Comb.: R3 
Load Comb. : GRtTltRT 

Load Comb.: R3 
Load Comb.: R 1  
Load Comb.: RT 
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Maximum p ipe  fo rces  ( l b )  
---_____-___________----- 

Maximum X : 29 Po in t  : A00 Load Comb.: R 1  
Maximum Y : 83 5 Po in t  : A00 Load Comb.: GR 
Maximum 2 : 29 Po in t  : A00 Load Comb.: R3 
Max. t o t a l  : 836 P o i n t  : A00 Load Comb.: GRtTltRT 

Maximum p i p e  moments ( f t - l b )  

Maximum X -: 1097 Po in t  : A00 Load Comb.: R3 
Maximum Y : 0 Po in t  : A02 Load Comb.: R3 
Maximum Z : 1097 Po in t  : A00 Load Comb.: R 1  
Max. t o t a l  : is52 Po in t  : A00 Load Comb.: RT 



S Y S T E M  S U M M A R Y  

Maxihum susta ined s t r e s s  

P o i n t  : A00 
S t ress  p s i  : 1300 
Al lowable p s i  : 16700 
R a t i o  : 0.08 
Load combination : GR t Max P 

Maximum displacement s t r e s s  

P o i n t  : A02 
S t ress  o s i  : 0 
Al lowable p s i  : 25050 
R a t i o  : 0.00 
Load combination : Cold t o  T1 

Maximum occasional  s t r e s s  

P o i n t  : A00 
S t ress  p s i  : 5093 
Al lowable p s i  : 22211 
R a t i o  : 0.23 
Load combination : RTOTAL 

Maximum hoop s t r e s s  

P o i n t  : A00 
Stress p s i  : 2936 
Al lowable p s i  : 16700 
R a t i o  : 0.18 
Load combination : Max P 

Maximum susta ined s t r e s s  r a t i o  

P o i n t  : A00 
S t ress  p s i  : 1300 
Al lowable p s i  : 16700 
R a t i o  : 0.08 
Load combination : GR + Max P 

Maximum displacement s t r e s s  r a t i o  

P o i n t  : A02 
Stress p s j  : 0 
Al lowable p s i  : 25050 
R a t i o  : 0.00 
Load combination : Cold t o  T1 
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Maximum occasional s t r e s s  r a t i o  

P o i n t  : A00 
Stress p s i  : 5093 
Al lowable p s i  : 22211 
Ra t io  : 0.23 
Load combination : RTOTAL 

Maximum hoop s t r e s s  r a t i o  

P o i n t  : A00 
Stress p s i  : 2936 
Al lowable p s i  : 16700 
R a t i o  : 0.18 
Load combination : Max P 

* * * The system s a t i s f i e s  ASME B31.3 code requirements * * * 
* * * f o r  t h e  se lec ted  op t i ons  * * *  
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CALCULATION IDENTIFICATION AND INDEX ICF KAISER 

These calculations apply to: 
Dwg.No. 22-818442, -44?, -444, -494, -445, -496, Rev No. ,0' ; 

Other (Study, CDR) 
Dwg.No. -497, -498, -499 Rev No. pl 

___-- Rev. No. l-.l.llllll I 

The status of these calculations is' 
0 Preliminary Calculations 
E Final CalculatioDs 

0 Void Calculation (Reason Voided 

0 Check Calculations (On Calculation Dated _i_ ) 

1 

Page ii . Of 

9 / 8 /95 I 
Dale 

Incorporated in Final Drawings? 
This calculation verified by independent "check' calculation? 

E Yes 0 No 
I7 Yes &I No 

INDEX 
- - - ~  

Design Analysis Description 

Page No. 
i Calculation Identification and Index 

ii l_il Calculation Cross Index -. 
- 1 Objective, Design Criteria ,Design Inputs 

and Assumptions 
2-3 References 
4- 78 Calculations and Conclusion 

Appendix Supporting Documentation 
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CALCULATION CROSS INDEX (Typical) 

_-.-- Page -ii-of _ii_ 
-I 

Subject Calculation NO., W320-27-@ el? .~ 
! These interfacing ca'culation/documents Results and c ~ n ~ l u ~ i o n ~  of the subject i n ~ ~ : : " , " , p , " , : ~ ~ ~ , ,  Has the OUtPUt interface 
j provide input t o  the subject calCUlafion. calculation are ,,sed in these inte,facing calculation/ documents 
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OBJECTIVES: 
The objective of this calculation is to provide a detailed design for a winch, to raise and lower submersible 
pumps inside tanks 241-C-106 and 241-AY-102. The pumps will transfer the contents of Tank 241-C-106 to Tank 
241-AY-102, and provide supernate to the sluicing process. 

DESIGN CRITERIA: 

1. Project W320, Tank 241-C-106 Sluicing, Functional Design Criteria 

2. SDC 4.1, Rev. 11, Design Loads For Facilities. 

3. DOE-Ri-92-36, Hanford Site Hoisting and Rigging Manual, Section 9.2.3.2, January 15, 1993 

4. Project 93L-EWW-320, Tank 241-C-106, Letter of Instruction, Addendum 14 

(WSC document No. WHC-SD-W320-FDC-001, Rev. 0 ). 

DESIGN INPUTS: 

Desian Methodoloav : 

Seismic analysis was performed according to SDC 4.1, Rev. 11, Design Loads For Facilities. 

Standard engineering methods were used to determine Shear, Tensile, Bearing and Bending stresses. 

Weld analysis uses Blodgetts's method for analysis of a weld as a line 

Moment Distribution Method for lndeterminent Beams is used to determine reaction forces on Ax!? 12. 

Shaft design methods include torsion analysis for shafts of varying diameters, 

Bearing loads were determined using Equivalent Load equations provided in bearing vendor catalogs. 

Stress on Reel Hub is determined by standard beam analysis and correction for a curved beam. 

Gear Strength is determined using the AGMA Strength Formula and Lewis Beam Strength Formula. 

and minimum shaft diameter equation. 

Safety factor will be 3 to 1, (SFy = 3), against Yield Strength , 
or 5 to 1, (SF, = 5 )  against Ultimate Strength. 

Assumptions: 

1. Pit and winch are both rigid structures and are rigidly connected 

2. Hose/Pipe connection at plate is assumed as a hinged joint and that the pipe will be allowed to deflect 
with movement of the pump and assemblies. 

3. Pump and motor weight = 3000 Ibs. 

(Ref. 2) 

(Ref. 9) 

(Ref. 13) 
(Ref. 14) 

(Ref. 8) 

(Ref. 26 & 27) 

(Ref. 8) 

(Ref. 12) 

Ref. 3 

(Ref. 23 8 24) 
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CALCULATIONS: 
Page: 

5 - 8 Seismic Evaluation 

9 - 20 Analysis of Pump and Sheave Assembly Components 

21 - 25 Analysis of Retrieval Cable Assembly 

26 - 40 Axle 12 -Component Design 

41 - 46 Design of Reel Hub 

47 : 50 Gear Analysis 

51 - 54 Axle 11 - Component Design 

55 - 60 Axle 15 -Component Design 

6i  - 62 Analysis of Wnch Housing Stresses 

63 - 67 Upper Driveshaft Analysis 

68 - 70 Guide Idler Component Analysis 

71 - 75 Plate Stress and Bolt Analysis 

76 - 78 Analysis of Lifting Brackets 

CONCLUSIONS: 

The results of this analysis indicate that the components of of the Winch Assembly meet, exceed or 
fall within acceptable limits of the Safety Factor requirements set forth in DOE-RL-92-36, 
Hanford Site Hoisting and Rigging Manual, Section 9.2.3.2, January 15, 1993. 
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Seismic Analvsis of Winch and Pump Assembly to  Safetv Class 1 Criteria 

The winch I pump assembly is classified as Safety Class 3 per the Functional Design Criteria for the project. 
Based on the SDC 4.1, Rev. 11, the design for the winch I pump assembly is required to be analyzed to 
Safety Class 1 criteria, due to the potential structural failure and impact of the winch/ pump assembly on the 
Safety Class 1 structure (the tank structure). Safety Class 1 design requires a dynamic analysis to be performed 
using the response spectra per SDC 4.1, Rev.11 (Figure 3) as the seismic input for the design. Conservatively, 
an equivalent static load method is used in the evaluation since the winch may be represented by a single model 
configuration. A factor of 1.5 is applied to the peak acceleration of the appropriate response spectrum 
per SDC 4.1, Rev.11. 

The upper, winch structure is rigidly attached to the top of the base slab of the pump pit in both horizontal 
directions. The pump pit is considered a rigid structure, therefore, the ground acceleration is used as the 
seismic input. 

The lower winch structure consists of a cable and sheave assembly suspending the process pump and 
includes the associated hose and connections. The configuration of the lower structure, therefore can be 
represented as a single mass suspended by a flexible cable, subjected to seismic loading. 

The primary concern for the tank structure is the potential impact of the pump with the tank wall. The maximum 
displacement of the pump wiil be evaluated based on the seismic input and a comparison made as to the 
proximity of the pump relative to the tank wall. 

The remaining concern is the structural adequacy of the winch plate, which supports the winch1 pump assembly, 
spanning the penetration opening in the tank. The magnitude of the vertical, seismic response required to be used 
is defined in SDC 4.1, Rev. 11, as 2/3 of the peak, horizontal response. 

Seismic ComDonents: 

g = 386.4 

LF = 1.5 Load Factor 

(Assume 2 % damping, conservative) 

Acceleration of gravity 
sec 

ag  = 0.2.g 

A = 2.74 

Peak Horizontal Free-field 
Ground Acceleration 

Acceleration Amplifcation 
at 2% damping 

in 

sec 
amaA =ag-A.1.5 amah=317.621.- = 0.822.g 

(Ref. 4, Section 3.7.2, I I - 1 .b) 

(Ref. 2, Table 7) 

(Ref. 4, Section 3.7.2, I I - l.b.iii) 
(Ref. 2, Fig.3) 

(Ref. 2, Table 7, 2 % Damping) 

Horizontal seismic component 

(Ref. 2, 8.3.3 ) 

HNF-2474, Rev. 0 
Page D-7 



ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 

Calc. No. W-320-27-019 
Revision No.: 0 
PageNo. 6 of ' 

Client WESTINGHOUSE HANFORD COMPANY WOIJob No. ER4319 Filename WIN-03.mcd 
Subject WINCH ANALYSIS - SLURRYISLUICE PUMP Date 9 1 8  195  By D.L.STONE 

PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9/T/?? By M.R. CUS'ITR /4/"C 
Location C TANK FARM - HANFORD 200 EAST AREA Revised BY 

Potential Impact of the Pump with the Tank Wall 

The primary concern to be addressed in this evaluation is the potential interaction of the pump with the tank wall, due to 
pendulum action of the pump1 cable system. 

Determine the maximum, horizontal displacement of the pump re!ative to the tank wall: 

L ' =  26.R L = 3 12 .in (Maximum "L" USED, conservative) 

Natural Frequency 

T =5.646.sec T.;! Natural Period 

d .= 13 .h  Displacement Ref. 2, Fig.3 

D = 1.63 Ref. 2, Table 7 

dSDC4.1 = D'd SDC4.1 =21.19'in 

f 

Spectrum Amplification Factor at 2% damping 

Based on engineering judgement, displacement of 21" 
is considered to be negligible. 

Hose I Pipe Assembly 

SG .= 1.2 

lbf 
p w  .= 62.41.- 

ft3 

p = SG.p, 

lbf 
A 

Lhose = (9.8 + 10.8).A 

w f = 7.5.- 

R = 2.in 

whose = f hose 

v h = 7C'R :.Lhose 

Hose contents .= V h P 

lbf 
p =74.892.- 

A3 

Whose = 154.5 .lbf 

Specific Gravity of Process Fluid 

Density of water at 
Minimum Operating Temperature 

Density of Process Fluid at 
Minimum Operating Temperature 

Weight per foot of hose. 

Combined length of hoses 

Inner Radius of hose. 

Weight of 4 hose. 

V h  = 1.798.A3 

Hose contents = 134.633 .lbf 

Volume of hose. 

Weight of Process Fluid fluid in 
combined length of hose. 

Ref. 1 

Ref. 15, Pg. A6 

Ref. F, Pg. 69 

Ref. 18, Pg. 69 

Ref. 33.2, Sh.2 
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Hose I Pipe Assernblv (continued ....) 
Ibf W = 10.79.- 

P t? 

pipeL = 114.in 

w pipe = w p.PiPe L 

R .= 2.013.in 

W pipe = 102.505 .lbf 

P 

V =0.84.tt3 V P = n - R 2 p i p e L  P 

Pipe contents = V p'p 

Coupling '= 4.(27.lbf) 

Pipe contents = 62.898 .Ibf 

Swivel joint = 36.lbf + 2.(72.lbf) 

W pipe + Pipe contents 
Mass . = 

6 P F  

Mass . = 165.269-lb P'Pe 

Weight per foot of pipe. 

Pipe Length 

Weight of 93.8" of 4" pipe. 

Inner Radius of pipe. 

Volume of pipe. 

Weight of Process Fluid fluid in pipe. 

Est. Weight of 4 Hose Couplings 

Weight of 1, 3 and 2,4" swivel joints 

Center of Gravity of Pipe 

Mass of the Pipe 

Ref. 15 

Ref. 19, Pg. 399 

Ref. 17, Pg. 11 

Whose + Hose contents + Coupling + 
Masshose = 

g 

Mass hose = 576.668 .Ib Mass of the Hose 

F pipeH = Mass pipe a nlaxh F pipeH = 135.961 .Ibf Horizontal Seismic Force due to Pipe 

F hoseH .= Mass hose's F hoseH =474.403 4bf Horizontal Seismic Force due to Hose Assembly 

F = (Mass pipe + 2.Masshose). (g + a mam) 

M '= (F pipeH).(pipe cG) + (F hoseH).(pipeL) 

F =2.043-103 4bf Vertical Seismic Force 
due to PipelHose Assembly 

Moment due to PipelHose Assembly M=6.183.104 -1bf.in 

HNF-2474, Rev. 0 
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Stress at PiDe Connection to Winch Plate 

Shear Stress due to Horizontal Seismic Force 

A = 3.174.inz 

Ibf 
S = 30000.- 

in2 Y 

Ibf 
Sac, = 192.301 .- 

A in2 

p&eH + hoseH 
'act = 

S aii 

S act 
SF I- SF =62.402 

Tensile Stress due to Vertical Seismic Force 

4 lbf 
Tall=1.35.10 .- 

. 2  in Y T '=  (0.45)s 

Tact =643.619.psi 

Area of Shear plane (Metal Area of pipe) 

Yield strength of Schedule 40S, 
ASTM A-312 Gr Tp 304 Pipe 

Allowable Shear Stress 

Calculated stress on pipe. 

Safetyfactor > 3 

Allowable Stress in Tension 

Ref. 7, Part 5, Chap. D.3.1 

Calculated Tensile Stress on Pipe resulting 
from Bending Moment at Plate 

Safetyfactor > 3 OK 

Ref. 11, Page 12 

See Assumptions, #2 
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WEIGHT of PUMP ASSEMBLY (Supported by the Sheave Assembly) 
(Most conservative configuraiton considered as the pump in the fu//y elevated position.) 

Weioht of Pump 

Weight of pump. 
W pump 1 3000.lbf 

Weioht of Hose and Contents 

Whose = 81.lbf 

W contents = 70.584.lbf 

Weight of 10.8' of 4" hose. 

Weight of Process Fluid fluid in 8 feet of hose. 

Weiqht of pipe fittinas (on pump discharoe). 

\ V c  .= 2.(27.lbf) 

Flange3 .= 13.lbf 

E 90 .= 4.58.lbf 

S J j  = 37.lbf 

SJq = 1.5.(72.1bt) 

Weight of Hose Couplings 

3 '  , 300 I O ,  siip on %age 

3" elbow (90) 

3" swivel joint 

1-1/2 4 swivel joints 

3 x 4 Standard Reducer 

Attached 3 inch pipe 

Ref. 33.0, Sh. 1, Item 1 

Ref. 33.4, Sh. 1, Item 27 

Ref. 33.4, Sh. 1, Item 24 

Ref. 33.4, Sh. 1, Item 11 

Ref. 33.4, Sh. 1, Item 12 

Ref. 33.4, Sh. 1, Item 26 

Ref. 33.4, Sh. 1, Item 30 

Reducer .= 3.5.lbf 

Ibf 
Pipe = 7.58.- 

ft  

lbf Pipe4 = 10.79.- 
ft  

Lpipe = 2.25.h 

Attached 4 inch pipe 

Length of attached pipes (typ) 

Ref. 33.4, Sh. 1, Item 29 

RE 3x4 = L pipe' (Pipe + Pipe 4) + Reducer RE p 4  =6.944.1bf 

Ref. 33.4 
Ref. 33.6, Sh. 1&2 

Ref. 23 

Ref. 33.2 

Ref. 19 

Ref. 6 

Ref. 5 

Ref. 17, Pg. 11 

Ref. 17, Pg. 11 

Ref. 5 

Ref. 15, Pg. B-16 

Ref. 15, Pg. 8-17 

Wfi  = Flange3 + E  9o + S J 3  + SJ4  +REjx4 W f i  = 169.524 .lbf Combined Weight of fittings and joints 

Total Weioht of Pump Assembly : 

w = W pump + Whose + W contents + W rj + W W =3.375.103 -1bf Pump Assembly 

WPA = 1 .2 .wp  W =4.05.103 -1bf Impact Loading Considered 
Ref. 7, Pg. 5-29, Section A4.2 
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CHECK of PUMP I WINCH SUPPORT SYSTEM COMPONENTS 

3/4" Diam. Pumo Support BOLTS 

(Assume A307 structuml bolts, worst case) 

n b  = 8  

A = 0 442 in' 

Ibf 
F, = 10000,- 

in' 

('!PA pump) 

lbf 
S act =296.982.- 

A blt in' 
'act = 

SF =33.672 

Ref. 33.4, Pg. 1, Item 33 

Number of bolts used 

Cross sectional area of bolt 

Allowable shear strength of bolts Ref. 7, Pg 4-5, Table I-D 

Calculated shear stress 

Safetyfactor > 5 a 

Pump Support Brackets welded to the 3"x3" square tube polates. 

w ' = [ ( l - y ) i n ]  w=0.595%1 

th.= (:).in th =0.375 .in 

ARb = 4 . w t h  ARb=0.8924n2 

Ibf 
S '= 25000.- 

in' 
Y 

S all = (0.45)s S all = 1.125.104 .'bf 
in' 

SaCt=4.538~1O3 .: S act = - wpA 
ARb in 

S 
SF =Y 

S act 
SF = 5.509 

Ref. 33.6, Sh. 2, Detail A. 

Width of Shear plane. 

#.El THRU 

Figure 1 

Plate thickness 

Area of brackets loaded by the bolt 

i 
Yield strength of ASTM A240 Type 304L 

Allowable Stress 

Calculated stress on brackets. 

Safetyfactor > 3 a 

Ref.7, Pg 5, Chap. D.3.1 
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Shear stress 

x D2 A = -  
a 4  

PA 
bolt = (7) 

F bolt 
S act = ~ 

* a  

Ibf s = 100000 - 
1n Y 

Sal, = o 2 2 s y  

A B  =0.439.inz 

F bolt = 1.013.103 .lbf 

3 Ibf 
S act =2.307.10 .- 

in* 

! 
i Cross Sectional Area 1 

Calculated Shear Stress per Bolt. 

Yield strength for ASTM A 193, Class 2, B8T 

saI1 =2.2.104 .E 
inz 

SF = 9.535 

Allowable Shear Stress 

Safetyfactor > 3 

Ref. 33.6, Pg 2 

Ref. 7, Pg. 4.5 

HNF-2474, Rev. 0 
Page D-13 



Calc No W-320-27-019 
Revision No : 0 

ICF KAISER 
HANFORD COMPANY PageNo 12 of . e 

Client WESTINGHOUSE HANFORD COkPANY WOlJob No ER4319 Filename WIN-04.med 
Subject WINCH ANALYSIS - SLURRYISLUICE PUMP Date 9 1 8  195 By D.L.STONE 

DESIGN ANALYSIS 

PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked <, 19 /& By M.R. CUSTER ,MI& 

Location C TANK FARM - HANFORD 200 EAST AREA Revised BY 

Welds connectins rrurnr, surrport brackefs to the 3 " x  3" rrlate. Ref. 33.6, Sh. 2,  Detail A. 

PA 
Fx = ~ 

4 
Weld Tensile Load 
 d direction on subroutine sketch, below) 

Ma, = ( y  - 0.72).in Moment arm (Moment about Z )  
(distance from weld centeriine to load application point) 

WELD PROPERTIES: 

b = 0.375.in 

d = 2 5.in 

Weld Outline Dimension - short side 

Weld Outline Dimension - long side 

Ref. 9, Pg. 7.4 6 &7 

b 
c y  = -  

2 

c z  = -  d 2 

I -  
Cy = O. 188 .in 

Cz = 1.25 .in 

Location of center of gravity with respect to y axis. 

Location of center of gravity with respect to z axis. z-'J-z , -  
x' Y I  

JOINT LOADS: 

Tensile 

Moment 

WELD STRESS: 

Aw = 2.(b + d) 

b2 
S I I ~  = b-d + - 

3 
dz 

Aw =5.75.in 

Swy =0.984.inz 

Swz =3.021 .in2 

Jw =3.961 -in3 

Weld length (1 Bracket) 

Section modulus about y axis 

Swz = b.d T 

Jw = ~ (b + d)3 

Section modulus about z axis 

Polar Moment of Inertia 
6 

Fx=1.O13.1O3 .lbf Fy.= O.lbf Fz = O.lbf 

Mx = O.inlbf My .= 0 in Ibf M z  ' =  (FrM am) 

lbf 
+ ~y + ST + (2 + "'''1' + ( -+- FZ ~ ~ ~ ~ y r ~  fw=353.74*- in 

Aw Swy S w  Aw Jw Aw Jw 

FILLET WELD SIZE REQUIRED 
S ' =  158OO.psi Allowable Weld Stress per AWS & AlSC Ref. 9, Pg. 7.4-8 

w =0.032 -in Minimum Allowable Fillet Weld Required by Design 

Minimum Size Fillet Weld Required by Code 
for material thickness of 318". 

Weld size specified in design drawings. 

Ref. 7, Part 5, 
Section 5.2.2, Table J2.4 

Ref. 33.6, Pg. 2 

act SF fw = SF fw =7.895 Safety factor based on a 114" weld > 3 

HNF-2474, Rev. 0 
Page D-14 



ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 

Calc. No. W-320-27-019 
Revision No : 0 
PageNo. )3  of T?  

Client WESTNGHOUSE HANFORD COMPANY WOIJob No ER4319 Filename WN-04.mcd 
Subject WNCH ANALYSIS - SLURRYISLUICE PUMP Date 9 1 8  195 By D.L. STONE 

PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9 /%/~5/ By M.R. CUSTER /4&- 
Location C TANK FARM - HANFORD 200 EAST AREA Revised BY 

Weld on the two 3" x 3" x 3/8" Dlates attached to the 3" square tubes. 

PA Fx = ~ 

2 
Weld Tensile Load 
(ln 'k" direction on subroutine sketch, below) Ref. 33.6, Sh. 18.2, Item 17 

aTm (2+ 
Moment arm (Moment about 2 imposed by eccentric bracket loading. 

Ref. 9, Pg. 7.4 6 87 

WELD PROPERTIES: b = 3.in Weld Outline Dimension - short side 

Y '  d = 3 i n  Weld Outline Dimension - long side I 
cy i b 

2 
d cz '= - 
2 

Aw = 2-(b + d) 

bZ 
SLY b-d + - 

3 

Cy = 1.5 .in 

Cz = 1.5 .in 

AW = 12.in 

Sn; = 12 .inz Section modulus about y axis 

Location of center of gravity with respect to y axis. 

Location of center of gravity with respect to z axis. 

Weld length (1 Tube) 

dz Swz .= b.d + - 
3 

S\vr = 12 .inz Section modulus about z axis 

Jw ,= ~ (b + d)3 J w  =36 .in3 Polar Moment of Inertia 
6 

JOINT LOADS: 

Tensile Fx =2.025-103 -1bf Fy '= O.lbf FZ O.lbf 

Moment Mx '= O.inlbf My = O.inlbf MZ = (FPM.,,,,) 

WELD STRESS: 

Ibf fw =258.196.- 
rn 

FILLET WELD SIZE REQUIRED: 

Allowable Weld Stress per AWS 8. AlSC 

Minimum Allowable Fillet Weld Required by Design 

Minimum Size Fillet Weld Required by Code 
for material thickness of 3/8". 

Weld size specified in design drawings. 

Ref. 9, Pg. 7.4-8 

Ref. 7, Part 5, 
Section J.2.2, Table J2.4 

Ref. 33.6, Pg. 2 

Safety factor based on a 5/16 weld > 3 

HNF-2474, Rev. 0 
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WEIGHT of SHEAVE ASSEMBLY (SupDorted bv Axles) 

Ibf 
W steel = 490 8 - 

fi3 
(Ref.7, Page 6-8) 

Weiqht of 2 Sheaves 

[ [ n(7.25.in)' n.(1.508.in)2 + 2- (2.in). ~ - ~ 

4 4 

(Ref. 33.6, item 3) 

sheavs .= (" sheaviW steel) shews =64.498 'Ibf Weight 

Weiuht of 2 Suuare Tubinu Suppori Arms 
Ibf 

Wtube = 8.81.- 
ft 

Weight of 3 x 3 x 114 Square Carbon Steel Tubing : 

"#'tube = tube"" tube 

Total Length of 2 Support Arms 

W h b e  =26.246.Ibf Weight 

(Ref. 16) 

(Ref. 33.6, Item 2) 

Ibf 
wpsf = 15.32.- Weight of 3/8 in. Hot Roiled Carbon Steel plate per square foot: (Ref' 16) 

f? 

(Ref. 33.6, Item 2) 

Weiqht of 4 Support Brackets 

.in A plate =23.939 *iz Area of 4 Brackets (Ref. 33.6, Item A) 

brackets '= A psf 

Weiqht of 2. 3 x 3 x 318 End Plates 

Aplate '= 2.(3.3.in2) 

wends = A plate'w psf Wends =1.915.lbf Weight 

brackets = 2  547 *Ibf Weight 

A plate = 18 .in2 Area of 2 Plates 

Sheave housina walls (Ref. 33.6, Detail 2 

Aplate =446.884-in2 Area ofwal l  Plate 

w housing '= A ,,late'w psf whousing =47.544 .Ibf Weight 
HNF-2474, Rev. 0 
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~ _ _ _ _  

Sheave housinq cross brace 
(Ref. 33.6, Item 2) 

Aplate = 2.(((8.625).(11)) - (3 3) - (4.5-4.5)).inz Aplate = 131.25.in2 Area of Cross Brace Plate 

Wbrace = Aplate'W psf Wbrace = 13.964.Ibf Weight 

Sheave housinq Stabilizer Braces (Ref. 33H.6, Item 2) 

Aplale = 4.((1.S).(7)).in2 Aplate =42-in2 Area of Bracket Plates 

W braces = A ,,late'\V psf W braces =4.468 .Ibf Weight 

Sheave Assernblv S U D P O ~ ~  Bracket 

.in2 Aplate =10.7674n2 Area of Bracket Plates 
(Ref. 33.6, Item 2) 

W sab = A plate'w psf w sab = 1.146 .Ibf Weight 

(Ref. 331-1.6, Item 6) 
Retrieval Cable Bracket 

V,b .= [ 2.(0.47). [ [ ~ n ( l ~ i z )  + ( l .259)]  - ;.(0.7j2)] + (0.25.1.5.3) + 2.(2.3.0.54) 

V cb = 13.022 .in3 

Ibf w 240 = 0.284.- 
in3 

Metal Volume of Bracket 

Weight of ASTM A-240 Tp 304 SST 

w,b = v c b ' W 2 4 0  w,b  =3.698.Ibf Weight 

Retrieval Cable 

Ibf w rope = 24.3--- 
100.ft 

Lrope '= (638.33 - 608).ft Lrope =30.33.A 

Wrope = wrope~Lrope Wrope =7.37.lbf 

Weight per 100 ft of 318", 7 x 19 in Strand Core Wire Rope 

Total Length of Wire Rope 

Weight of 75 fi of Wire Rope 

Ref. 33.4, Item 20 

Ref. 22 

Sheave Assernblv Base Plate 

Aplate .= ((20.S).(3.S)).in2 Aplate =71.75~in2 Area of Plate 

w psf '= 2 0 . 4 2 . g  

W base = A plate'w psf 

Weight of 112 in. Hot Rolled Carbon Steel plate per square foot: 
A2 

W base = 10.175 .Ibf Weight 

(Ref. 33.6, Item 2) 

(Ref. 16) 

m - 2 4 7 4 ,  Rev. 0 
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Weight of Axles 

!v N ~ O  = (6.01.:) 

Laxle = 2.(j.O-in) 

W ' =  L axle'w N ~ O  W = 5  008 .Ibf Weight 

Weight per ft of 1-112 inch Diameter Nitronic 60 Round Stock 

Total Length of 2 Axles 

(Ref. 16) 

(Ref. 33.6, Item 2) 

Total Weiaht of Sheave Assembly 

SA '= sheavs + tube + brackets + wends + housing + brace ... 
WSA=188.578.1bf 

-+ braces + sab + cb + rope ' base + axle 

HNF-2474, Rev. 0 
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Weld Strenqth of the welds attachins the 3"sauare tube to the Sheave Assembly Baseplate. 

PA + tube + brackets + lV ends Weight of Sheave Assembly components 
Fx = Ref. 33.6, Sh. 2. below baseplate. 2 

Ma, = ( y  - 0.72).in Moment arm (Moment about Z imposed by eccentric bracket loading. 

WELD PROPERTIES: 

b = 3.in 

d = 3.m 

c y  = - 

Weld Outline Dimension - short side 

Weld Outline Dimension - long side 

Ref. 9, Pg. 7.4 6 a7 

Location of center of gravity with respect to y axis. Cy = 1.5 .in b 
2 

Z-@J-Z cz '= - d 2 

y I ' -  

- Location of center of gravity with respect to z axis. Cz = 1.5 .in 

x/ Y I  
Weld length (1 Tube) 

Section modulus about y axis 

Aw = 2 . ( b + d )  Aw=12.in 

b2 Swy '= b.d - -;- 
3 

Swy = 12-in2 

d2 
3 Section modulus about z axis Swz = b , d + -  Swz=12-inz 

Jw '= ~ Jw=36.in3 
6 Polar Moment of Inertia 

JOINT LOADS: 

Tensile Fx =2.04.103 .lbf Fy .= 0-lbf Fz = O.lbf 

Moment Mx = 0,inlbf My = O.in.lbf Mz = (FxM,,) 

WELD STRESS: 

fw=260,153.- Ibf 
in 

FILLET WELD SIZE REQUIRED: 

Allowable Weld Stress per AWS 

Minimum Allowable Fillet Weld Required by Design 

AlSC S = l58OO.psi 

fiV 

0.707,s 
w =- 

w =0.023 *in 

Minimum Size Fillet Weld Required by Code 
for material thickness of 1/2". 

Ref. 9, Pg. 7.4-8 

Ref. 7, Part 5, 
Section J.2.2, Table J2.4 

SFfw =- 'Ode SF fw=8.051 Safetyfactor based on a 3/16" weld > 3 
HNF-2474, Rev. 0 
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Stress on sheave axles 

Shear stress 

D = 1.5.h 

A a = 1.767 .in2 

Axle Diameter 

Cross Sectional Area 

Ref. 33.6, Pg 2,  Item 44 

(92 

Figure 3 

F '= 1'" SA + I: =529.2124bf Force of sheave assembly felt by each shear plane. 
8 

F axle 
S acts = ~ 

* a  

lbf 
S = 44400.- 

in2 Y 

Bendinq stress 

D;= 0.18.in 

S  all^ := 0.75. S 

Ibf 
S = 299.473 .- 

. 2  1TI 
Calculated Shear Stress at each shear plane. 

Yield Strength of ASTM A-276, ARMCO Nitronic 60 Stainless Steel 
(1 5" not listed. Stress used is conservative for 1 ") 

Ref. 25, Table 36 

S = 1.776.104 .'bf Ailowsbie Shear Stress 
in2 

SF =59.304 Safetyfactor > 3 O K  

Thrust Washer Thickness 
(Moment arm on axle between sheave and housing.) 

Moment applied to axle 

Ref. 11. Sec.l.8 

Ref. 33H.6, Pg. 2, Item 5 

Distance from centroidai axis to outside fiber. 

Axle Moment of Inertia 

Ibf 
S actB =287.494.- Ref. 8, Pg. 177 

4 (Table of Simple Stresses) 
Calculated Maximum Bending Stress per axle. 

S alB =3.33.104 .'bf 
in2 

Allowable Bending Stress 

SF = 115.828 Safetyfactor > 3 O K  

Ref. 7, Pg 5-48 
(F2-1) 

HNF-2474, Rev. 0 
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Shear Stress of Sheave Housinq at Axles 

Calculation considers two plates in double shear at each axle. 

D '= 5.in 

3 .  Th = -.in 
8 

A ,  =D.Th.4 A,=7.5.in2 

Depth of Housing Plate section 

Thickness of Sheave Housing Plate 

Area of metal supported by axles 

Ref. 33H.6, Pg. 2, Item 2 

SH = PA + tube + brackets + ends + housing + brace + braces + s ~ b  + cb + base 

F SF] =4.162.:03 .:bf Force on sheave Housing 

lbf s = 25000.- 
.inz Y Yield strength of ASTM A240 Type 304L 

s all .= (o .4s ) . sy  s all = 1.12j .10~ .E! inz Allowable Stress 

Ibf Sac.=554.911-- FSH s act '= - 
A a  in2 

S a11 SF = -  
S act 

SF =20.274 

Calculated Shear stress on Housing 

Safetyfactor > 3 OK 

Ref.7, Chap. D.3.1 
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Strenqth of Weld between housinq walls and 1/2" base plate. 

Fs E PA lube + brackets + wends + base 

Fs =4.091.103 .Ibf Weld Tensile Load (h Y'direction on subroutine sketch, below) 

WELD PROPERTIES: 

b = 3.5-in Weld Outline Dimension - short side 

d = 20.5-ln Weld Outline Dimension - long side 

Ref. 9, Pg. 7.4 5 &7 

Y 
I 

!+L 
Cy = 1.75% Location of center of gravity with respect t o y  axis. 

d 
Cz = - 

2 
Cz = 10.25% Location of center of gravity with respect to z axis. 

Weld length Aw = 2 d Aw = 41 .in 

x' I 

JOINT LOADS: 

Tensile 

Moment 

WELD STRESS: 

Suy = b.d Swy =71.75.in2 Section modulus about y axis 

dZ 
Sn-2 ' =  - Section modulus about z axis 

3 

J w  = ~ d'(3'b2 + dz) J w  = 1 ~ 6 1 . 1 0 ~  .in3 Polar Moment of Inertia 

Swz = 140.083 *inz 

6 

~ 

Fx=4.O91.1O3 .Ibf Fy = O.lbf Fz ' =  0 . M  

Mx = 0.inlbf My = Oinlbf M z  ' =  0,inlbf 

0.5 

lbf 
[(Aw Swy Sw)z  (a ??)z+(z+y)i] h=99.781.- in 

fw. "+My+!!? + - + -  Fz MXCz 

FILLET WELD SIZE REQUIRED 

Allowable Weld Stress per AWS & AlSC 

Minimum Allowable Fillet Weld Required by Design 

Ref. 9, Pg. 7.4-8 S .= 15SOO.psi 

f i V  
w = - 0 707,s IV =0.009+1 

Minimum Size Fillet Weld Required by Code 
for material thickness of 112". 

Ref. 7, Part 5, 
Section J.2.2. Table J2.4 

Code 
SF fw = - SF =20.991 Safety factor based on a 3/16" weld > 3 

W 
HNF-2474, Rev. 0 
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Check of Retrieval Cable and Brackets 

Check of Retrieval Cable 

W z 3375.lbf 

WSA = 18S.57S.lbf 

W p A + W ~ A = 3 . 5 6 4 . 1 0 3  -1bf 

S cable = 22800-lbf 

Total Weight of Pump Assembly , impact loading not considered. 

Total Weight of Sheave Assembly 

Breaking Strength of Type 304 Stainless Steel, 112, 6 x 19 IWRC Cable 

SF =6.398 Safetyfactor > 5 cable 
SF = 

(WPA + WSA) 

Cable S U O D O ~  Brackets weldedto the Winch Plate 

Shear 

Ref. 33.7, Sh. 2, Detail 3 , 
w = 1.25--  ,111 w=0875 . in  Width of Shear plane. i 03' 
th : (.4687).in th =0.469%1 Plate thickness 

A = 2.(w-th) A =0.824n2 Area of bracket loaded by the clevis pin. 

Yield strength of ASTM A240 Type 304 Ibf 
S = 30000.- 

inz Y 

Y all = 1'35'104 '$ Allowable Stress S all (0.45).S 

Sact = (" A S act =4.345.103 Calculated stress on brackets. 
inz 

Ref.7, Part 5, Chap. D.3.1 

SF =3.107 Safetyfactor > 3 O K  S all SF = -  
S act 

HNF-2474, Rev. 0 
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Cable S ~ p p o r t  Brackets (continued ...) 

Bearing Stress 

d = 0.75.in 

A = (2.th) 
lbf 

S = 30000.- 
in2 Y 

W P A + W S A  
‘act = A 

A =0.~52. in’  

Hole Diameter 

Bearing Surface Area. 

Yield strength of ASTM A240 Type 304 

S all =2.7.104 .‘bf 
in2 Allowable Stress 

S =6.454.103 .‘bf Calculated stress on brackets. 
in2 

SF =4.184 Safetyfactor 3 

Ref.11, Pg 12 

m - 2 4 7 4 ,  Rev. 0 
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Weld connectina Support Bracket to the Winch Plate. Ref. 33.7, Sh. 2, Detail 3 

VJELD PROPERTIES: 

y I  

b = 1.5 in 

d = 3.in 

JOINT LOADS: 

Tensile 

Moment 

WELD STRESS: 

Weld Outline Dimension - short side 

Weld Outline Dimension - long side 

Ref. 9, Pg. 7.4 6 &7 

Cy =0.75.in Location of center of gravity with respect toy  axis. 

Cz = 1.5 .in 

Aw = 9 .in 

Swy = 5.25 .inz 

Swz =7.5 .inz 

Location of center of gravity with respect to z axis. 

Weld length (1 Bracket) 

Section modulus about y axis 

Section modulus about z axis 

Jw = 15.187 .in3 Polar Moment of Inertia 

Fs .= W + W SA Fy = 0.lbf Fz '= 0-lbf 

M s  := 0.inlbf My '= 0.in.lbf Mz = 0-in.M' 

FILLET WELD SIZE REQUIRED: 

S '= 158OO.psi Allowable Weld Stress per AWS & AlSC Ref. 9, Pg. 7.4-8 

w = _ _ _  fw w =0.035.in Minimum Allowable Fillet Weld Required by Design 
0.707,s 

Minimum Size Fillet Weld Required by Code 
for material thickness of over 314". 

Ref. 7, Part 5, 
Section 5.2.2, Table 52.4 

SF fw = ~ 'Ode SF fw =8.816 Safety factor based on a 5/16 weld > 3 
W 
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Weld connecbnq Eve Tabs to Sheave Housing Ref 33 6, Sh 2, Detail 3 

WELD PROPERTIES: 

Y 
I 

b = 3.in Weld Outline Dimension - short side 

d = 2.in Weld Outline Dimension - long side 

Ref. 9, Pg. 7.4 6 &7 

Location of center of gravity with 

Location of center of gravity with 

cy i b Cy=1.5.in 
2 

d 
2 

cz = -  C z = l - i n  

Aw = 2.d Aw=4.in Weld length 

Swy = b-d Swy =6.in2 Section modulus about y sxis 

d2 
Swz = - Section modulus about z axis 

3 
Swz = 1.333 .in2 

Jw =- d'(3'b2 + d2) Jw = 10.333 .in3 Polar Moment of Inertia 
6 

respect to y 

respect to z 

JOINT LOADS: 

Fz = 0 lbf 
WPA + W SA 

Tensile Fx = 0.lbf Fy = 
2 

Moment 

WELD STRESS: 

Mx = 0 in Ibf My = 0 m lbf M z  = 0 m Ibf 

0.5 

lbf fw =445.447 *- 
in Aw 

FILLET WELD SIZE REQUIRED: 

Allowable Weld Stress per AWS & AlSC S = 158OO.psi 

fiV 
0.707. s Minimum Allowable Fillet Weld Required by Design \v = ~ w = 0.04 .in 

Code = (+'in) 

Wact = (+.in) 

Minimum Size Fillet Weld Required by Code 
for material thickness of 3/8". 

Weld size specified in design drawings. 

axis. 

axis. 

Ref. 9, Pg. 7.4-8 

Ref. 7, Part 5, 
Section J.2.2, Table J2.4 

Ref. H.6, Pg. 2 

"act SF fiv = SF fiv =6.269 Safety factor based on a 3/16 weld > 3 O K  

HNF-2474, Rev. 0 
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~~ 

Shear on Eve Bolt 

D = (z).m 4s . D =0.703.in 

7 t  D2 
A ,  = -  

4 

Axle Diameter 

A a =0.3884n" Cross Sectional Area 

Ref. 33.6, Pg 2 

- 

I: = 1.782.1O3 .lbf Force of sheave assembly felt by each shear plane. 

F axle 
S acts  = ~ 

* a  

Ibf s = 100000- 
in2 Y 

3 Ibf 

inz 
S =4.589.10 .- Calculated Shear Stress per axle. 

Yield Strength of ASTM 193, Class 2, B8T 

Allowable Shear Stiess n l'lf 
Sails '= @.4.SY ballS =4.10 .- 

ii? 

SF =8.717 Safetyfactor > 3 s allS 
SFS =- 

S acts  

Ref. 11, Sec.l.8 
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Weiqht of Reel Axle (12) Supported Components 

WpA = 4050 Ibf Weight of Pump Assembly (Impact Considered) 

W s A  l88.578.lbf Weight of Sheave Assembly 

(Ref. 33.5, Sh. 2&4) Weiaht of Reel 

Weiqht of 2 Flanaes 

Weight of 3/8 in. Hot Rolled Carbon Steel plate per square foot: Ibf w psf = 15 32 - 
~ R' 

A plati. = 2 (28' - 3.25') -in' 
L J  I 

flanges = A plate psf 

Weiqhf of ' <xi (Axle) Hub 

Aplate = l.21j.103 -in' Area of 2 Flanges 

W flanges = 129.253 .lbf Flange Weight 

Ibf w r 3  = 24.03 - 
A 

Weight per ft of 3 Inch Diameter 304L Round Stock 

~ r ~ ~ , ~ ~ ~  = lO.OZ.'bf 

Lhub .= (3.75.in) 

Weight perft of 1-15/16 Inch Diameter 304L Round Stock 

Total Length of Hub 

A 

w h u b ~  =Lhub . (Wr3-Wr l  938) WhubA=4.378.1bf InnerHubWeight 

Weiqht of Outer IReelI Hub 

Ibf 
W steel .: 490.8.- 

A3 
11.75 ,in 

'solid = (7) 

A solid = ".'solid2 

r solid = 5.875 .in 

r cutout 2 3.62-in 

(Ref. 16) 

Ref.16 

Ref. 16 

(Ref. 33.5, Sh. 6) , 
(Ref. 7,  Page 6-8) 

-2' 

Approximation of Semicircular Cutout Area. A = 36.694 .in' 

w .= 2.in Hub Length 

V hub = (w). (A solid - A cutout) V hub = 143.479 .in3 Metal Volume of Hub 

W hubB = 40.752 .Ibf Approximate weight hubB ' (" hub  steel) HNF-2474, Rev. 0 
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Weiaht of Gear 

W gear2j = IO5lbf 

Weiaht of Wire Rope 

- Ibf w rope = 0.69.- 
A 

Weight of 54 tooth 18 PD, 3 DP, 3" Spur Gear 
obtained by telecon from Boston Gear, 8 / 15 / 95. 

Ref. 20 

Weight per ft of 114 x 1-1/2 in Flat Wire Rope Ref. 8 ,  Pg. 332, Tbl7 

L rope ' =  75.A 

Wrope = w rope.Lrope 

Total Length of Wire Rope 

Weight of 75 ft  of Wire Rope Wrope =51.75.lbf 

Weiaht of Reel /Spur Gear Shaft (Axle) 

Weight per ft of 2 Inch Diameter 4140 Round Stock 

Weight per ft  of 1-15/16 Inch Diameter 4140 Round Stock 

Weight perft of 1-114 Inch Diameter4140 Round Stock 

Ibf w 2 '= 10.68-- 
A 

1. 
rv = 1 0 . 0 2 . 2  

A 
Ibf 

\V 1.25 = 4.17.- 
A 

Wshaft'= [(10.55.in).\v 1 ,g3s]  - [ (5 .44. in) .w2] +[(j .5 . in) .ur1 251 Wshafi=15.562'Ibl 

Weiaht of PumD. Sheave and Rope Assemblies on Reel Hub 

WHub'  W P A f W S A f W ~ ~ p e  

Weiaht of Loaded Reel on Axle (12) 

Reel = PA + SA + reel + rope 

Total Weiqht of Reel/Spur Gear Assemblv on Bearinqs 

wM = PA+ SA+ Wreel + Wgear2j + wrope + shaft 

Ref. 33.1 

Ref. 16 

Ref. 16 

Ref. 16 

Axle Weight 

WReel =4.465.103 .Ibf 

W RA =4.585. lo3 .lbf 

m - 2 4 7 4 ,  Rev. 0 
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Shear on Reel Axle (12) Bearinqs 

D2 .= (10.032,:) D3 : (10.69,:) Weight per foot of Shaft 

Ref. C. Page 1-108 

61 63 
8 5  i n75  I 

s .= 3.89.in 

s = 4.61.m 

s = 3.435.in 

s !, = 1.625.h 

s .= 5.19.in 

Span 1 =Axle Length between Bearing 1 and Reel. 

Span 2 =Axle Length between Reel and Center Bearing (Bearing 3). 

Span 3 =Axle Length between Bearing 3 and Diameter change. 

Span 4 = Axle LE:.,% between Diameter Change and Gear 25. 

Span 5 =Axle Length between Gear25 and Bearing 2. 

Ref. 33.5, Pages 1 & 5 

n.d 24 

64 
d 2  = 1.9375.h I 2  : -- 

L 3 = 2.in 
6.d 34 

I 3  =- 
64 

K 

Ref. 8, Page 191 

12 =@.6917.in4 Moment of Inertia for shaft diameter = 1.9375 in 

I =0.78544n4 Moment of Inertia for shaft diameter = 2 in 

=0.061 .i:? Stiffness Factor adjusted for simple supports. Ref. 13, Page 530 

K 2  = I . (!) K 2 =0.057.in3 Stiffness Factor adjusted for simple supports. 
( s 3 + S 4 + S 5 )  4 

DF K1 =OS15  Distribution Factor 

DF K2 = o,485 
Distribution Factor 

Ref. 13, Page 528 

HNF-2474, Rev. 0 
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Loadinq on Axle from Bearinas 81 to 83 

W reel = 4465 lbf Ref. 13, Page 528 

[ - ' l ~ * Z T  FcB1 =- Wreel(S 2 ,  F cB1 =2.422.103 BIbf Concentrated vertical Load at 81 
Wreel (s I T S 2 )  

I I 4- FcB3 z ____ Wrsel F,B~ =2043.103 .Ibf Concentrated vertical Load at 83 
(s 1 t s 2 )  

B1 {d D 2 ( s 1 + s 2 )  
F d  = F = 3  553 AIbf Distributed vertical Load from B1 to 83 

2 

F B I  -2425.159.Ibf 

F B~ = 2046 947 -1bf 

Combined vertical Loading at 81. 

Combined vertical Loading at 83. 

' F c B 1 + F d  

FB3 ' F c B 3 + F d  

Fixed End Moments (Span B1 - 83) Ref. 13, Page 528 
Ref. 33.5, Pages 1 & 5 P ' Wreel Concentrated Load 

1.- s + s 2  Total Spacing 

w = D2 

FEM,.B~ = ~ 

Distributed Load (Conservatively assumed as spanning full length of beam.) 
P.s p; 

FEMcB1 =5.109.103 .Ibf in Left Fixed End Moment resulting from Concentrated Load 
12 

P.s 1*.s2 
FEM c ~ 3  = ~ F E M c ~ 3  = 4  311*103 .Ibfiin Right Fixed End Moment resulting from Concentrated Load 

12 

M d = 5.033 .Ibf.in Fixed End Moment resulting from Uniformly Distrbuted Load 
w 12 

M d  '12 

FEML.= F E M c ~ l  + M d  FEM~=5114.024.1bf.in 

FEM ' =  FEM cB3 + M FEM R =43 16.09 .lbf.in 

-2474, Rev. 0 
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Ref. 13, Page 528 Loadinq on Axle from Bearinas 83 to 82 

Wgear = 105.lbf Tf s4+ s 5 1  

?=3 
gear.(S F cB3 =53.166 -1bf Concentrated vertical Load felt at 83 

FcB3 = ( s ; + s 4 + s  5 )  

F , B ~  = ~ 

' s4) F cB2 =51.834.1bf Concentrated vertical Load felt at 82 4 s 3 f s 4 f s  

(D2.s 3) + [ D3.k 4 + s 5 ) ]  

2 
F d  = F d =4.471 -Ibf Distributed Vertical Load from 61 and 82 

F ~2 .= F c ~ 2  + F d F B2 = 56.305 .Ibf 

FB3 ' F c B 3 f F d  F ~3 =57.637.Ibf 

Combined vertical Loading at 82. 

Combined vertical Loading at 83. 

Ref. 13, Page 528 Fixed End Moments (SDan 83 - 82) 

P = Wgear Concentrated Load 

1 = (s + s + s 5 )  

w = D 3  

Total Spacing 

Distributed Load (Consewatively assumed as spanning full length of beam.) 

F E M c ~ 3  = "" + 4)'(s5)2 F E M c ~ 3  = 136.216.1bf.in Left Fixed End Moment resulting from Concentrated Load 
12 

F E M c ~ 2  = '" + 4)2'(s ') FEM c ~ 2  = 132.8044bf.in Right Fixed End Moment resulting from Concentrated Load 
12 

w 12 
M d ' =  12 M d  =7.799.1bFin 

FEM R = FEM c ~ 2  + M d FEM R = 140.603 'lbf in 

FEM = FEM cB3 + M FEM L = 144.015 .Ibfiin 

Moment resulting from Distrbuted Load 

HNF-2474, Rev. 0 
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Fixed End Moments -51 14.02 4316.09‘ -144.02 140.60 
Reaction Due to Unbalanced Moment 51 14.02 2557.01 -70.30 -140.60 
Distributed Reactions 0.00 

Sum 

Simple Support Reactions of: 

-3429.27‘ -3229.51 0.00 

3443.83 -3443.83 

I 57.64 56.31 
-335.98 

Vertical Load, P/L + wL/2 (AISC) 2425.16 2046.95; 
Distributed Moments, M/L -405.15 405.151 335.98 

i 
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Reel Shaft Forces 

Determined by Moment Distribution Method for lndeterminant Beams 

BI = 2020.00-lbf B3 = 2845.72.lbf B2 = -279.68.lbf 

Bendinq Moments for  Reel Axle (12) 

D2 = IO 032.- Ibf D3 = IO 6 9 . E  Weight per foot of Shaft 
- f i  ft 

Wreel =4.465.103 .lbf W gear = 105 4bf 

a = B 1  a =2.02.103 -Ibf 

b .= i: - (s l).D2 

c = b -  W,,,1 

d '= c - (s 2).D2 

e = d + B 3  e =393.614.1bf 

f = e -  (s3).D2 f=390.742.lbf 

g = f -  (s4).D3 g=389.295.Ibf 

h = g - W gear h =284 295.lbf 

i ' = h -  (s5).D3 i=279.671-lbf 

j ,= i + B2 

Maximum Bendinq Moment on the Shaft 

b =2.017.103 .lbf 

c =-2.448.103 .lbf 

d =-2.452.103 -1bf 

j = 0 .Ibf 

M =7.851-1O3 .Ibf.in 

M 2  =-3.444.103 -1bfin 

e----------- Maximum Bending Moment 

M 3  =-2.097.103 -1bfiin 

M 4  =-1.463.103 -1bf.h 

M 5  = 0 . 5 5 4 . I b f . i ~  O.(lbfiin) HNF-2474, Rev. 0 
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Equivalent Radial load - Radial Ball Bearings 

Shaft End (E1 and 82) Bearinas 

Pillow Block, RSAO (1-114" Shaft Diameter) 
Bearing, GN104KRRB 

Ref. 27, Pg 174 
Ref. 27, Pg 144. 

C = 4500 lbf 

18 = 1 

R = B 1  

Thr = 0 lbf 

Published STATIC LOAD RATING (Maximum Permissible Radial Load) 

Number of adjacently mounted bearings. 

Maximum APPLIED RADIAL LOAD on Bearings 

APPLIED THRUST LOAD on Bearing 

Ref. 27, Pg. 174 

K ~b = O  Relative Thrust Load Factor for Ball Bearings 

Thrust Load Factor for Ball Bearings (from Table 2) 

Ref. 27, Pg. E-50, Table 1 .I 

Ref. 27, Pg. E-51, 
Table 2 

Thr 

I B C O  
K T ~ ' = ?  

Y1 = o  

Formula for Single Row WlDE INNER RlNG BALL BEARlNGS 

Equivalent Radial Load on Bearing is the Larger result of the two following Formulas 

P .= 0.56.R + Y l . ~  P = I.13l~1O3 *lbf 

P ' =  R 

Ref. 27, Pg. E-50, Table 1.2 

P =2.02.103 .lbf 

2.5-C Fall 
S F = -  = - SF =5.569 Given that actual bearing failure (ball fracture or disintegration) 

P act would require 2 to 3 times the Static Load Rating, a factor of 
2.5 times Co has been assumed to represent Ultimate Strength. Ref. 28 

Safety > 5 OK 

HNF-2474, Rev. 0 
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Center Bearinqs 1831 

Flanges, RCJO (1-15116" Shaft Diameter) 
Bearing, GN115KRRB 

Ref. 27, Pg 186 
Ref. 27, Pg 144 

C = 8000.Ibf 

i g  = 2  

Published STATIC LOAD RATING (Maximum Permissible Radial Load) 

Ref. 27, Pg. 174 Number of adjacently mounted bearings. 

hlaximum APPLIED RADIAL LOAD on Beaicgs 

APPLIED THRUST LOAD on Bearing 

R = B 3  

Ihr = O.-lbf 

K- = O  Relative Thrust Load Factor for Ball Bearings Ref' ''' pg' E-50' 
Table 1.1 

Thi 
K T ~  =. 

I B C O  

k'! Eeeii-?s (from Table 2) Ref. 27, Pg. E-51 
Table 2 

Y 1 = @  Th-u.* 1 q ? J  C.-t-.- !-r 

Formula for Single Row W/DE INNER RING BALL BEARINGS 

Equivalent Radial Load on Bearing is the Larger result of the two followins : c:m!!as 

P = 0.56.R + Y ].Thr P = 1 . ~ 9 4 1 0 ~  .Ibf 

P = R  P =2.846.103 .Ibf 

ig.2.5 C o  r;,i, 

F act 
SF=- = - SF -14056 Safetyfactor > 5 OK 

P 

Ref. 27, Pg. E-50 
Table 1.2 

Ref. 28 

HNF-2474, Rev. 0 
Page D-36 



ICF KAISER Calc. No. W-320-27-019 

DESIGN ANALYSIS P a g e ~ o .  3 6  of 7 %  
HANFORD COMPANY Revision No. 0 

Client WESTINGHOUSE HANFORD CO. WONob No. ER4319 Filename WIN-9.XLS 
Subject WINCH ANALYSIS Date 
PROJECT W-320 WASTE.RETRlEVAL for Tank 241-106-C Checked 

9/8/95 By D. L. STONE 
7/H 5’ By M .  C ,  Cd5 .&Z ,W,Z r 

_-l__l___ Location C TANK FARM- HANFORD 200 EAST AREA Revised BY-..-.------ 

Radial Distance from Reel Axis to Outermost Coil of Wire Rope on Reel 

Hub Diameter 
Wrap 1 
Wrap 2 
Wrap 3 
Wrap 4 

Wrap 6 
Wrap 7 
Wrap 8 
Wrap 9 
Wrap 10 
Wrap 11 
Wrap 12 

-Wrap 5 

Wrap Diameter Circumference 
d C 

11.75 36.91 
12.25 38.48 
12.75 40.06 
13.25 41.63 
13.75 43.20 
14.25 44.77 
14.75 46.34 
15.25 47.91 
15.75 49.48 
16.25 51.05 
16.75 52.62 
17.25 54.19 
17.75 55.76 

lll_l..lll ..-_. 
Radius 

5.875 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

10.375 

I_- 

Wrap 1 3  I 18.25 
Wrap 14 i 18.75 
Wrap 1 5  19.25 
Wrap 16 19.75 
Wrap 1 7  20.25 

Length of Wire Rope 933.05 inches 
(Length of Wire Rope 77.75 feet) 

57.33 
58.90 
60.48 
62.05 
63.62 

HNF-2474, Rev. 0 
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Ref 3 3 5  Axle 12 Cenfer Bearina Stresses 

B3 = 2845.72-Ibf 

M2 = 3444.lbfin 

Bearinq Stress on Wall at the Screws 

A=0.54+hz  

S act = ~ 3 1 8 . 1 0 ~  .'bf 
in2 

SF =24.591 

Vertical loading at Center Bearings 

Moment at Center Bearings 

Plate Thickness 

Hole Diameter 

Bearing Surface Area. 

Yield strength of ASTM A36 

Allowable Stress 

Calculated stress on 1/2" wall plate. 

Safetyfactor > 3 

Ref. 33.5, Sh. 3 

Ref. 33.5, Sh. 3 

Ref. 11, Page12 

m - 2 4 7 4 ,  Rev. 0 
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Check stress on 5/8 - I1 - UNC - 28 Hex Head Screws 

Shear 
n b ' = 4  

n B  = 1 

n = 11 

D =-.in 

A T  = 0 .7S4 . I lD-  ( z \ . i n 1 r  AT=0.22G~in2 TensileStress Area ofscrew Ref. 7, Pg. 4-147 

Number of Screws per Housing 

Number of Bearings 

Number of threads per inch 

Major Diameter of Screw 
5 .  
8 

j _  n I I 1  

B3 s = ~ 

n b *  T 
Sact =3.148.103 p i  

d = 5.125.in 

FT 

" b A T  Tact =- TaCt=2.973.1O3 .psi 

Tal l  '=  0.33.F 

Ultimate Tensile Strength of A I  93 Class2 
B8T Stainless Steel Fasteners 

Ref. 33.5, Sh. 3 

Allowable shear strength of screws Ref. 7, Pg. 4-5 

Calculated shear stress 

Safetyfactor > 5 OK 

Number of Screws stressed by Moment 

Center to center distance of housing bolts. 

Housing base edge to screw CL distance to 
determine maximum prying stress. 

Ref. 33.5, Sh. 3 

Ref. 27, Page 186 

Tension on Screws resulting from combined 
moment on housing 

Calculated Tensile stress at each screw 

Allowable Yield Strength in Tension Ref. 7, Pg. 4-3 

- 11.098 
T all 

T act 
-- Safetyfactor > 5 O K  
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Desiqn of Reel Axle 

W Flub = 4290.lbf 

R = 10 375.in 

Weight on the Reel Hub 

Outer radius of reel plus 18 layers of 
114"~ 1- 1/2" flat wire rope wraped on the reel 

Applied Torsional Moment on winch axle 

Maximum Bending Moment 

T =4.451.104 .in Ibf 

Determination of Torsion on a Shaft of Varvins Diameters 

LAB = (4.61 + 3.435).in 

dAB = 1.9375-in d BC .= 2.in Shaft Diameters 

Gs = Gb 

LBc = 1.625.in Shaft Section Lengths 

e =  

Equation 1 

= 'BC 

Ref. 14. Page 74. 

BC 
Modulus of Rigidity 

Twist Angle A B  C 
dAB 

(T BCX) + BC = applied 

Equation 2 

TAB + TBC = T =4.451.104 -1bf.in 

TBC =3.779.104 .lbf.in Torsion on Section B 

TAB =6.722.103 .lbf.in Torsion on Section A 
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Desiqn of Reel Axle , (continued. ....) 

Yield Strength of ASTM A291-92, Class B Steel 

Maximum Allowable Shearing Stress 
for Combined Torsion and Bending 

Ibf s = 120000~- 
in 

S  all^ = 0.30-S 

. 2  Y 

S  all^ =3.6.10 .'bf 
in2 

Ref. 8, Pg 270 
((b), Below Table 2) 

P = 0.75 S P , = 2  7.10 .'bf Maximum Allowable Stress for Solid Shafts Ref. 8, Pg 270 
in2 using Keyways 

B = l  

K ,  = 1 0  

K, = 1.5 

1 

B defines hollow shafts and is assumed 
as 1 for solid shafts. 

Ref, 8, Pg 270 
(Below Table 3) 

Combined Shock and Fatigue factors for 
Steady, gradually applied, loading 

Ref. 8, Pg 270, Table 1 

I - 

(K;Mb)' + (KCTBC)2]2 ~ D, = 1  955.in Minimum Required 
J Shaft Diameter for Combined 

Bending and Torsional Loading 

D act '= 1.9375.h 

OK D act'" c - 

Ref. 8 ,  Pg. 269,(3a) 

Design Shaft Diameter 

Acceptance Criteria for Minimum Shaft Diameter 
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Kev stress 

Key, Reel and Spur Gear (typical) = 1/2 " x 1/2 x 4.75 ". Ref. 33.5, Page 5 

Reel 
A hTr = (0.50 in)-(3.75.in) 

A hrr = 1.875 .in2 

SF , = 15.591 

F =6.939.103 .Ibf 

3 .'bf 
in2 

Skyr=3.701.10 

Yield Strength for 
(ASTM A 276-94b, Type 304, Condiiton 6) 

Allowable Shear Stress , 

Spur Gear 

A b g  = (0.50.in).(4.75.in) 

Akyg=2.375.in2 

dgC = 2.in 

BC 
'g =1 

Ref. 11, Page 370 

Area of key cross section 

Shaft Diameters 

Shaft Radius 

BC 

E 
Fhys =I FkyE =3.779.104 4bf Force'on key 

4 lbf Skyg = - Sky  = 1  591.10 .- 
In 

Stress on key bl? 
kyE 

. 2  E 

SF =3.627 
t? Safely factor 
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Loadina on Circular Hub 

Forces / Moments on Reel Hub 

W ~ , , b  = 4290 lbf 

T = 44510 Ibf in 

Weight on Reel Hub 

Torsional Moment 

Tcnsion = W H ~ ~  Tension =4.29.103 .lbf Tension on Rope 

d = 1 5 i n  

D = 11.7; in 

Rope Diameter (Width of Flat Wire Rope) 

Hub (Drum) Diameter 

Radial Pressure 

Hub Thickness (Radial) 

Ref. 33.1 

Ref. 33.5, Page 6 

Ref. 8, Pg. 334 lbf P =4S6 809.-- 
D.d in2 

2.Tension P .= ~ 

h = (2.255)-in 

D,.= (11.75.in- h) Dm=9.495.in Hub Mean Diameter 

circ = nD, 

F rad .= P.d 

circ = 29.829 .in Hub Circumference at mean Diameter 

Distributed Force due to Radial Pressure Ref. 33.5, Sh. 4 lbf F rad =730.213.-- 
in 

Forces and Moment on Reel Hub 

Stresses on curved beam are calculated using the standard straight beam formula, S = Mc / I , multiplied 
by a Stress Correction Factor, K . This calculation considers the initial straight beam length to be the 
distance between bolts, or 118 of the hub circumference. 

R =3.506-103 .lbf 
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C l I C  b = a -  F r a ~ ( i )  b=2.145.103 .lbf 
1 1  I 1  I 1 1 1  1 1 1  1 1 .  

R1 R2 
I :  

!circ\ 
(a - bj  - .  

M .= b , ( z )  + ' l 6  ' M =5.268.103 .lbf.in 
2 

Calculated Straiqht Beam Stress 

b '= 2.in 

h =2.255 .in 

b.h3 I ' =  - I = 1.911 .in4 Moment of Inertia 
12 

Hub "Length" (Axial) 

Hub Width (Radial) 

Parameters for determination of Stress Correction Factor, K 

lntervolation of correction factor for inside fiber 
A i - B i  

A i - C i  
A i = 4  a iz1 .2  x i  .= -.(. - c i) 

B i ~ 4 . 2 1 1  b i  

C i z 6  ci"1.12 b i  = a i - x i  bi=1.192 

I 

Ref 8, Page 242 

Ref 8, Page 243 

Ref 8, Page 242 
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Calculated Curved Beam Stress 

SaCt = b c S  

S .= 12OOOO.psi 

S act =3.703.103 .psi Maximum Stress for inner fiber of a Curved Beam 

Yield Stress for ASTM A-291-92, Class 6, (BHN = 321) Y 

Sal, = 0 4 5 S y  S all = 5  &IO4 .psi Allowable Tensile Stress 

Safety Factor > 3 OK 
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Analvsis of Reel Hub Connections 

w Hub = 4290,lbf 

lbf P .: 486.809.- 
in2 

Ibf 
F rad = 730.213.- 

in 
T : 44510.lbfin 

b = 2.in 

h .= (2.2553.h 

D, =(11.75. in-h)  

c i x  = r.D, 

Concentrated Vertical Load on Reel Hub 

Radial Pressure 

Distributed Force due to Radial Pressure 

Torsional Moment 

Hub Length (Axial) 

Hub Thickness (Radial) 2' 

D =9.495 .in Hub Mean Diameter 

circ =29 829.in Hub Circumference 
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c//g-/qs 

Check stress on 1/2 - 13 - UNC - 2A x 1-1/4 L Hex Head Screws 

Number of Screws n b  = 8  

n = 13 
1 .  D =-.in 
2 

F, = 125000 psi 

WHub+Wrad'b 

n b A T  
Sact = 

W b2 
Mrad =y 

b 

Mcon = X  
Hub 
8 

~. 

Mrad + con 
W T  = 

W T  
Tact 

T 

Tall = .33 F, 

s all =2.125.104 .psi 

3 .'bf Wrad=l  815.10 
in 

S act =6.977.103 .psi 

M con = 134.063 .lbfin 

W T =655.533 *lbf 

S act =6.977.103 .psi 

Tall =4.125104 .PSI 

Calc. No. W-320-27-019 
Revision No.: 0 
PageNo. $4$- of i 

- *, 

Filename WIN-13.mcd 
By D.L. STONE 
By M.R.CUSTER &&:, 
BY 

Ref. 33.4, Pg. 4, Item 63 

Number of threads per inch 

Major Diameter of Screw 

Tensile Stress Area of Screw 

Ultimate Tensile Strength of A I  93 Class2 
B8T Stainless Steel Fasteners 

Allowable shear strength of screws 

Ref. 7, Pg. 4-147 

Ref. 7, Pg. 4-147 

Uniform Load resulting from Radial Pressure, 
per screw. 

Calculated Shear Stress Ref. 7, Pg. 4-147 

Momer;; due to radi;l loading. 

Moment due to concentrated loading. 

Tensile Force on Screw 

Calculated Tensile stress 

Allowable Yield Strength in Tension 

SF = 11.975 Safetyfactor > 5 OK 
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Weld Stresses Resultinq f rom Radial and Vertical Loadinq 

Y 
I 

WELD PROPERTIES: Ref. 9, Pg. 7.4 6 &7 

d = 11.75.in Weld Diameter 

cy '= - Cy = 5.875 .in Location of center of gravity wrt b. 
d 
2 
d 

cz  = -  
2 

Aw = n d 

1 ~ .  d2 
4 

svy = -  

Cz =5.875 .in 

Aw =36.914 -in Weld length 

Swy =IO8 434.in2 Section modulus 

Location of center of gravity wrt d. 

Swz = 108.434.in2 Section modulus 

Jw = 1.274.103 .in3 Polar Moment of Inertia 

JOINT LOADS: 
F raal . in 

2 
Tensile Fx = ~ Fy = W ~ ~ ~ s i n ( 6 1  l.deg) Fz '= W FI~LCOS (61.1.deg) 

Moment Mx =: 
2 

My = Fz (i) Mi: = Fy(:) 

FILLET WELD SIZE REQUIRED: 

S = 158OO.psi Allowable Weld Stress per AWS & AlSC Ref. 9, Pg. 7,.4-8 

fw 

w Code .= ($.in) 

w '= ~ 

0.707,s w =0.024+1 Minimum Allowable Fillet Weld Required by Design 

Minimum Size Fillet Weld Required by Code 
for material thickness > 314". 

Ref. 7, Part 5, 
Section J.2, Table J2.4 

SF fw '= - WCode SF fw=13.098 Safetyfactor > 3 
W 
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Tooth Loadinq on  Gears 
Axldi5 

Ref: 33.5, Sh. 1 /----.. 
Ref. 20, Page A 83 

VHubRef. 20, Page A 83 

rreel = 10.375in 

r 25 = 9-in 

r24 = 2.in 

Maximum Radius of Coil on Reel 

Pitch Radius of Gear 25 

Pitch Radius of Gear 24 
Gear 25 

r 26 = 6 in 

rwom = 2.00.in 

W ~~b 4290.ibf Weight on Reel Hub 

T 12 = WHusrreel T 12 =4.451.104 .lbFin 

Pitch Radius of Gear 26 (Worm Gear) Ref. 20, Page A 83 

Pitch Radius of the WORM 

Torsional Moment on Axle 12 imposed by Winch Reel 

F tran = - l2 
‘25 

F tran =4.945.i03 .lbf Force transmitted to Gear 24 by Gear 25 

T11 .=Ftran.r24 T l l  =9.891-103 .lbfin TorsionalMomentonAxleIl Gear25 

F = 1.648.103 .Ibf Axial force on Worm by Gear 25 T 11 
F w o m  = -  

‘26 
..................................................................................................... 

AGMA Strenath Formula 

S = 120000 Yield Strength for ASTM A-291-92, Class 6, BHN = 321 

Interpolation of KL - 
A i - B i  

’ A i - C i  

b .  = a . - x .  b i =2.755 

A i5250 a ie2.4 

Cis45O c;=3.4 1 1 1  

x ’ = ~ . ( a  - c i) 

Biz321 b i  

K L  = b i  K ~ = 2 7 5 5  Life cycle Requirement 

Temp = 220 

K T  =- 

K ~ = 1 5  

460 + Temp 
620 

Operating Temparature 

Temperature Requirement 

Reliability Requirement 

Ref. 12, Page 407 

s =2.01.105 Calculated Allowable Strength for Gear Teeth Sy.KL 

K T K R  
s =- 
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Lewis Beam StrenQth Formula (Earth Revision) for Tooth Loading on Spur Gears 

Gear 25 - 54 tooth Spur Gear on Reel Axle 1121 

D 2 j  = 18 in Pitch Diameter 

F = 3  in Face Width 

P = 3  Diametral Pitch 

Y = 0.352 Tooth Form Factor 

rpm '= 1.08 Reel Speed 

Ref. 20. Pg. 15 

Ref. 20. Pg. 137 

ft 
V = 0.262.D 2j.rpm V =j.093 - 

nun 
c =600 

Pitch Line Velocity 

Material Constant for Metallic Gears 

w; [ "FY (c 
W =7.014.104 Ibf Maximum Safe (Allowable! Loading 

Fall = W Ibf 

Fact = - l 2  F =4.915.103 .:bf 
25 

F all 

F act 
SF = - SF = 14.183 Safetyfactor > 3 OK 

Lewis Beam Strength Formula (Barth Revision) for Tooth Loading on Spur Gears 

Gear 24 - 12 tooth Spur Gear on Axle (1 11 

D 2 4  = 4  in 

54 
12 

GR .= - 

F = 4  in 

P 3 3  

Y = 0.210 
A V = 0 262.D 2c(GR.rpm) V =5.093 - 

mm 

c = 600 

Fact =4.945.103 .Ibf 

SF = 11.282 

Pitch Diameter 

Gear Ratio 

Face Width 

Diametral Pitch 

Tooth Form Factor 

Pitch Line Velocity 

Material Constant 

Maximum Safe (Allowable) Loading 

Actual Loading on Gear 24 

Safetyfactor > 3 OK 

Ref. 20. Pg. 137 

Ref. 20. Pg. 137 

Ref. 20. Pg. 15 

Ref. 20. Pg. 137 

Ref. 20. Pg. 137 

Ref. 20. Pg. 137 
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Worm and Worm Gear Analvsis 

1 '= 4.767.deg 

f;= 14.5.deg 

Lead Angle 

Pressure Angle 

m = 0.06 Coefficient of friction 

Ref. 11 

Ref. 20, Page A 83 

Ref. 20, Page A 83 
Ref. 11, Fig. 13-42 

T 11 WGt = -  
'26 

W ' W G t  

Gt = 1,648.103 .Ibf Transmitted Load onto the GEAR 
Normal to the worm-tooth profile, 
nealectinq friction. 

Ref. 11, Edition 1, 
Page 453 

W, ' =  W.cos(f,,).sin(l) W, = 132.631 .lbf 

W =412.744.1bf Radial component of force onto the worm. 

Tangential component of force onto the worm.Ref. 11, Edition 5, 
Page 565 

= W.sin(f,,) Y 

W, .= W.cos(fn).cos(l) W, = 1.59.103 .lbf Axial component of force onto the worm 

Transmitied Load onto the GEAR 
Normal to the worm-tooth profile, 
friction considered. 

1 -">,I, - i r ,  s iq l )  JTgt = VI .  'cos I \'nY ' " 

Wgt  = 1.582.103 .lbf 

W,, = W,-mW.sin(1) W,,=1.582.103 .lbf AxialforceontheWORM. 

W w  = W,+mW.cos(l) Ww=231.197.1bf Tangential force actingontheWORM. 

w ga .= - w  wt Wga =-231,197 .lbf Axial force acting on the GEAR. 

Ref. 11, Edition 1, 
Page 454 

Ref. 11, Edition 5, 
Page 565 

W gr = W = - W wI W gr =412.744 .lbf Radial force acting on the GEAR. 

Wgt =-l.582.103 -1bf Tangential force acting on the GEAR. 

T," =462.394.1bf in Required Torsional input to the WORM. '* 
* Due to the greater contact area and inherent strength of the worm teeth over the gear teeth, 

a comparative analysis of the worm Gear will be considered as a conservative comparison for 
the worm for this calculation. 
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Gear 26 - 36 tooth Worm Gear on Gear Axle (1 11 

Lewis Beam Strenath Formula (Earth Revision) for Tooth Loading on Spur Gears 

D26 = 12 in 

F = 2  in 

P = 3  

Y = 0223 

A V = 0 262 D 26 (GR rpm) V = 15 28 - 
nun 

c =600 

Pitch Diameter 

Face Width 

Diametral Pitch 

Tooth Form Factor 

Pitch Line Velocity 

Material Constant 

Maximum Safe (Allowable) Loading 

Ref. 20, Page A 83 

Ref. 20, Page A 83 

Ref. 20, Page A 83 

Ref. 20. Pg. 137 

Ref. 20. Pg. 137 

Ref. 20. Pg. 137 

Fall = W.lbf 

1; . = -  T I 1  Fact =4.945.103 .lbf Actual Loading on Gear 26 

SF = 11.282 Safetyfactor > 3 OK 
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Shear on Gear Axle M 7 )  Bearinqs 

D2 = (6.01.;) D3 = (3.77.;) Weight per foot of Shaft Ref. 7, Page 1-108 

s = 3.815.h 

s 2  .= 1.135in 

s .= 1.46.h 

s 4  = 3.66.in 

w gear26 E 40.lbf w gear24 1 l.lbf 

Gear Shaf! Forces 

*t S F = 0 = B1 + B2 - D2-(4.95-in) - D3.(5.12.h) - WgearZ4 - Wgear26 

MB1= O= (B2.10.07.in) - ! D 2 . ( i F r ]  - (D3.(5.12.in) (7 . j l . h ) )  - Wgear2~(6.41.in) - (Wgear2~3.8154n) 

[ D Z . ( Y r ]  +D3.(5.12.in).((7.5l.in)) + Wgear2q(6.41.in) + Wgear26.(3.81j.in) 

10.07.in 
B2 .= 

B1 .= D2.(4.95.h) + D3.(5.12.in) + W gear24 + W gear26 - B2 

Shear 

a .= B1 

b . = a - ( s  l).D2 

d . = c - ( s  2).D2 

c . = b - W  gear26 

e .= d - (s ,).D3 

f . = e - W  gear24 

g = f -  (s4).D3 

h .= -(g + B2) 

a = 3 1.427 .Ibf 

b =29.517*lbf 

c =-10.483 -1bf 

d =-11.052 .Ibf 

e =-11.51 .lbf 

f =-22.51 .lbf 

g =-23.66 *lbf 

h = - 3 . S 3 4 . d 5  *lbf 0 

B2 =23.66-lbf 

B1 =31.427.Ibf 
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Maximum Bendinq Moment on the ShBR 

Equivalent Radial load -Radial Ball Bearings 

Pillow Block, RSAO (1-3116" Shaft Diameter) 

Bearing, GN103KRRB 

C o  = 3550.lbf Published 

M = 116.251.1bf.in Maximum Bending Moment 

M 2  = 104.03.Ibf.in 

M 3 = 87.56 .lbf.in 

M 4  =3.068.1bf.in 

Ref. 27, Pg. 174 

Ref. 27, Pg. 144 

i g  = 1 

R = B 1  

Ibf 
231.197 

2 
=-. 

TATlC LOP RATING (Maximum Permissible Radial Load) 
Ref. 27. Pg. 174 

Number of adjacently mounted bearings. 

Maximum APPLIED RADIAL LOAD on Bearings 
- _  221 - 110.5 

2 

APPLIED THRUST LOAD on Bearing 

K m  = K m  =0.033 Relative Thrust Load Factor for Ball Bearings 
' B C O  

Ref. 27, Pg. E-50, 
Table 1 

Y 1 = 2.00 Thrust Load Factor for Ball Bearings (from Table 2) Ref. 27, Pg. E-51, 
Table 2 

For Single Row WIDE INNER RING BALL BEARINGS 

Equivalent Radial Load on Bearing is the Larger result of the two following Formulas 

P = R  P =31.427.lbf 

P = 0.56.R + Y 1.m P =248.796.1bf 

Ref. 27, Pg. E-50 
Table 1 

SF = 14.269 Safety factor >3 , 
C o  'all 

F act 
S F = -  = - 

P 

Due to low reactions at shaft ends, bearing stress on the wall at the Flange and bolt prying stresses 
have been considered negligible relative to material tensile strengths. 
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Desiqn of Gear Axle (77) 

T 11 = 9891.lbfin T 11 = 9  891.103 -in lbf Applied Torsional Moment on Axle 11 

M b . = M 1  M = 116.251 .lbf.in Maximum Bending Moment on Winch Axle 

lbf s = 120000~- 
In Y 2 

Yield Strength for 
(ASTM A-291-92, Class 6, BHN = 321) 

SallC .= 030 .SY S allC =%.lo4 .E 
in2 

P = 2  7.104 .‘bf 

Maximum Allowable Shearing Stress 
for Combined Torsion and Bending 

Maximum Allowable Stress for Solid Shafts P ,= 0.75,s allC 
in 2 using Keyways 

B = l  B factor defines hollow shafts and is assumed 
as 1 for solid shafts. 

K t  = 1.0 K, = 1.5 Combined Shock and Fatigue factors foi 
1 Steady, gradually applied, loading 

r I l 3  

Ref. 8, Pg 270 
((b), Below Table 2) 

Ref. 8, Pg 270 

Ref, 8, Pg 270 
(Below Table 3) 

Ref. 8, Pg 270, 
Table 1 

Ref. 8, Pg. 269,(3a) 
M b ) 2 +  (KiT l l )2 f ]Dc=l ,232- in  RequiredShaft Diameterforcombined 

Bending and Torsional Loading 

Design Shaft Diameter 

Acceptance Criteria for Minimum Shaft Diameter 

D act ’= 1.313.in 

D act”’ c - OK 
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Key stress 

Key, Spur and Worm Gear (typical) = 318 " x  318" x 2.375 'I. 

lbf F = 100000.- 
in2 

Y 

S all = 0.I77.F 

Worm Gear (26) 

1.5 . 
I W ' =  T'ln 

T11 
FLV =F 

W 

F Lm 
SkW =- 

A k  

S all SF;=- 
kw 

SF =3.897 

A k  =0.891.in2 

Fkn. = 1.319.104 .lhf 

4 lbf Skw=1.481.10 .- 
2 in 

> 3 OK 

Area of key cross section 

Yield Strength for 
(ASTM A 276-94b, Condiiton B, Type 304) 

Ref. 33.5, Sh. 5, Item 11, 
Sh. 1, Item 78 

Allowable Shear Stress Ref. 11, Pg. 370 

Spur Gear (24) 

l .lS75 . 
in 

Is =2' Shaft Radius 

Force'on key 
T 1 1  

I: ks = F ks = 1 6G6.104 .lhf 
S 

Stress on key Sks = -  F ks SkS=1.87.1O4 .!? 
2 A k  in 

S all SI:, = -  
ks 

SF =3.085 

Safetv factor 

> 3 OK 
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Desiqn of Worm Axle (15) 

Wgt  = 1582 Ibf Transmitted Load onto the GEAR normal to the worm-tooth profile 

Weight of the worm W, .= 17-lbf 

W,, = 1582.lbf 

W ax.max = W wa + W 

Wx* : 231.197.lbf 

W ~ y T  = 412.744.lbf 

Load acting on bearings 

Axial force on the worm. 

Maximum Thrust loading on Bearing 

Tangential force acting on the worm 

Radial force acting on the worm. 

B1 4.44 4.44 B 2  
8 8 8  I 17 17 

By inspection: 

M b  = 0.S.W ;(4.44.in) M b  =916.292.Ibfin Maximum Bending Moment on the Shaft 

R, = 2.in Pitch Radius of the Worm 

T, = R \ " . W ~  T,,, =462 3944bf in Applied Torsional Moment on the Axle 

Determine Minimum Diameter of Axle Required 

Ibf s = 120000~- 
in2 

Y 
Safe Static Stress for.40 C. Alloy (Heat Treated) 
(ASTM A-291.92, Class 6, BHN = 321) 

S allC = 0.3,s Ref. 8, Pg 271 
((b), Below Table 2) 

P ,  =o75 .Sa l l c  Pt=2.7.104 Maximum Allowable Stress for Solid Shafts Ref. 8, Pg 270 

S allC =3.6.104 .'bf Maximum Allowable Shearing Stress 
for Combined Torsion and Bending 

in2 using Keyways 

B = l  

K t . =  1.0 

i 

K, : 1.0 

B factor defines hollow shafts and is assumed 
as 1 for solid shafts. 

Ref, 8, Pg 270 
(Below Table 3) 

Combined Shock and Fatigue factors for 
1 Steady, gradually applied, loading 

1 l 3  

Ref. 8, Pg 270, Table 1 

? I  
(Km.Mb)2 + (KfTW)'] I D =0.579.in Required Shaft Diameterfor Combined 

Bending and Torsional Loading Ref. 8, Pg. 269, (3a) 

D act = (l.SO).in 

D act"' c - OK 

Shaft Design Diameter at Worm Centerline 

Acceptance Criteria for Minimum Shaft Diameter 
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Allowable Loads for Radial Tapered Roller Bearinas 
Bearing: TimkenTDI ,Cone: 171160, Cup: 17244, Bore Diam. 1.1875", (Ref. 26, Pg 212) 

F t "  w, F = 23 I. 197 .lbf 

F r = W.wr Fr=4l2.744.lbf 

F a  =799.5.Ibf APPLIED THRUST LOAD per Bearing W axmax 
F a  =- 

2 
..................................................................................................................... 

(Ref. 26, Pg 49, 50) 

FrA' ;  1- ___ ~ 

F r~ =431.704.lbf Bearing Reactions (Typical) 

K ' =  1.53 Relative Thrust Load Factor for Bearings 

0.6.F 
F A  =- ' F a  

3 i .S  
i>n~gcE / v $ f i  

Equivalent Radial Load for Sa& Row 
RADIAL TAPERED ROLLER BEARINGS 

P = 0.5.F rA + 0.83.K.F A P = 1.446.lO3 .Ibf (Ref. 26, Pg 40) 

Pall = 1.374~(18100.lbf) Maximum Permissible Radial Load at 175 rpm 

Safetyfactor > 3 O K  P all SF .= - SF =17.197 
P 
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Kev stress 

Key = 318 I' x 318" x 2.00 'I. 

Ibf F = 100000~- 
Y 2 

111 

S all '= 0.577.F 

1.5 . 
*w = T'ln 

T w 
F k w ' =  I n. 

F h v  
SkW =-  

A k  

S all 
SF '= - 

s k1v 

F kw =616.525.Ibf 

lbf S =822.034.- 
in2 

> 3 OK 

Area of key cross section Ref. 33.5, Sh. 5, Item 15 
and Sh. 1 .  ltem 78 

Yield Strength for 
(ASTM A 276-94b, Condiiton E, Type 304) 

Allowable Shear Stress Ref. 11, Pg. 370 

Shaft Radius 

Force'on key 

Stress on key 

Safety factor 
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Stress on the worm axle Support Bracket 

W,, = 1.582.103 .Ibf Axial force transmitted to shaft at the worm 

Force divided by number of bearings. 

Width of Housing base. 

Height of Housing base. 

u’ wa 
housing = 2 

w = 1.625 in 

t = 1.00.in 

b = 6.in Distance between bolts 

C = 2.125.h Distance from Mounting Block to 
Bearing Center Line (Moment Arm) 

Ref. 33.5, Pg. 5, Item 20 

6.00 t 
k 4 . 0 0 -  

2X R .25 

2.125 

I- t 

Check Stress on Bearing Housings 

Torsion at Base 

M B  T r- 
2 

S BCt = L.(? + 1.8.;) S act =4.249.103 .psi 
w t2 

M B  = W,;C M B  =3.362.103 .lbfiin Moment on the worm axle pillow blocks. 

Torsion per section 

Formula to approximate 
torsional stress on a rectangular area. Ref. ” 9  55 

S = 145OOO.psi 

S sp = 0.35,s 

S 
SF =z SF=11.944 

S act 

Ultimate stress for ASTM A291 

Ref. P. Pg 423 

Safetyfactor > 5 OK 
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Shear and Bendino at Housina Rlnq 

cup = 2.46.h 

Ibf s = 120000~- 
y - in2 

housing 
S act = ~ 

*b  

MB+'b 
Tact =T 

4 Ibf 
S all =4.8.10 .- 

in2 

Ibf 
S act =3lG.O84.- 

in2 

Tact =G.312.103 .psi 

Tall =5.4.10' .psi 

Bearing cup Outer Diameter 

Bearing Housing Ring Outer Diameter 

Metal Thickness at thinnest section of the bracket 

Cross sectional Area at thinnest section of the bracket 

Yield stress for ASTM A291 

Allowable Shear Stress 

Calculated Shear Stress 

Section modulus of mi?in;um Cross sectional area 

Tensile stress due to bending. 

Safetyfactor > 3 OK 
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Check stress on 1/2 - 13 - UNC - 2A x 1-518 L Hex Head Screws 

Shear 
n h  - 2  

n B  = 2  

11 = 13 

5 .  
8 

D =-. in 

2 
A T  = 0.7854-[ [ D - (?),in]] A T  =0.238.i$ 

F, = 125OOO.psi 

S all = 0.17.F , sail =2.125.104 .psi 

S act = 1.664.103 .psi housing 
s act = __ 

n b A T  

- 12.768 ' all 
S act 
_ -  

Tensile 

w = 1.625 .in 

W 
Y =y 

F T  =- ( M B + M b )  F ~ = 2 6 3 3 . 1 0 ~  .lbf 
n B y  

F, 
- 1  

Tact = ~ Tact =5.539.103 p i  "b*T 

Tall = 0.33.F , Tal, =4.125.104 .psi 

Ref. 33.4, Pg. 1, Item 32 
Number of Screws per Housing 

Number of Bearing Housings 

Number of threads per inch 

Major Diameter of Screw 

Tensile Stress Area of Screw 

Ultimate Tensile Strength of AI  93 Class2 
B8T Stainless Steel Fasteners 

Allowable shear strength of screws 

Ref. 7, Pg. 4-147 

Ref. 7, Pg. 4-5 

Calculated shear stress Ref. 7, Pg. 4-147 

Safetyfactor > 3 OK 

Width of Housing base. 

Housing base edge to screw CL distance to 
determine maximum prying stress. 

Tension on Screws resulting from combined 
moment on housing 

Calculated Tensile stress at screw 

Allowable Yield Strength in Tension 

Safetyfactor > 5 OK 

Ref. 7, Pg. 4-3 
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Check Stresses in Gear Housinq at Axle # I 5  Bearinu Housinss 

W a  = 1582-lbF 

W t  = 231.197.lbf 

W, = 412.744.lbf 

Base = 1.625.in 

Base = 8.00-in 

M .= W ;(3.OO.in) 

Axial force on the WORM. 

Tangential force acting on the WORM. 

Radial force . 

Width of Bearing Housing Base 

Length of Bearing Housing Base 

Radial 

Ref. 33.5, Sh.5, Item 2 

Plate Thickness 

M=4.746.1O3 -1bfin 

Shear on Housing wall due to Radial Loading 

S .= 36OOO.psi 

S all = 0 .4 -Sy  S all = ~ 4 4 . 1 0 ~  .psi 

SF = (2) SF = 128.128 

Minimum Cross Sectional Area of Plate 

Calculated shear at plate resulting due to radial load on worm. 

Yield Strength of A36 plate at at 250° F. 

Allowable shear stress 

Safetyfactor > 3 OK 

Stress in Housing Wall due to Torsional Moment resulting from axial force. 

Base 

2 
y.=- 

Base ,,.Base L2 
12 

I =  

B = 1.348*103 .psi 

Block edge to CL distance to 
determine maximum prying stress. 

Moment of Inertia of Housing base 

Ref. 7, Pg. 4-147 

Calculated compressive shear at plate due to moment. 
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Stress in Housing Wall due to Bending Moment resulting from radial force. 

(>).1.62.in+ (>).762,in 

12 62 in 
R 2 ;  - R2=151.1.1bf 

R 1 = 261 644 .lbf 

a . = R 1  a =261.644.1bf 

b .= a - (:] b =55.272.1bf 

c'=b-(:) c =-151.1 .Ibf 

d ' = c + R 2  d = 0 .Ibf 

Maximum Bending Moment on the Wall 

M 1 .= (a1.62.h)  M =423.864.Ibf.in 

M 2  '= M + (b.6.00.h) M2=7jj,498.1bf.in e __.__....._ Maximum Bending Moment 

M 3  '= M 2  + (c5.00-in) M 3  =-1.2j8.10-13 -1bf.h 0 

th 
Y '1 

th3.( 10.01.in) 
12 

I =  

SF = (5) 

Ball  =2.16.104 -psi Allowable stress due to Bending 

CL of plate. 

Ref. 7, Pg. a-147 

Moment of Inertia of Plate cross section 

y =0.565 .in 

I = 1.204.in4 

B 2 =354.645 .psi 

SF = 12.686 

Calculated stress at plate due to bending 

Safetyfactor > 5 OK 
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Desiqn of Drive Assemblv Shaft 

T, = 462.394.lbfin 

M ,, .= O.in.lbf 

Applied Torsional Moment on the Axle 

Maximum Bending Moment on the Shaft 

Determine Minimum Diameter of Axle Required 

lbf s = 120000~- 
in2 

J' 
Safe Static Stress for.40 C. Alloy (Heat Treated) 
(ASTM A-291-92, Class 6, BHN = 321) 

Ref. 8, Pg 270 S allC = 0.3-S S allC =3.6.104 -'bf Maximum Allowable Shearing Stress 
- Y  in2 for Combined Torsion and Bending ((b), Below Table 2) 

Maximum Allowable Stress for Solid Shafts Ref. 8, Pg 271 4 .'bf P .= 0.75,s  all^ P =2.7.10 
in2 using Keyways 

B . =  1 
B factor defines hollow shafts and is assumed 
as 1 for solid shafts. 

Ref, 8, Pg 270 
(Below Table 3) 

K t  = 1.0 K, = 1.0 Combined Shock and Fatigue factors for 
Steady, gradually applied, loading 

Ref, 8, pg 270, Table 
- 

Ref. 8, Pg. 269,(3a) 

ri 

D act = 0.75.in 

OK - D act c 

Required Shaft Diamet-r for Combined 
Bending and Torsional Loading 

Shaft Shaft Design Diameter 

Acceptance Criteria for Minimum Shaft Diameter 

c =O 444'1n 

0.75" 

1.00" 
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Calculation of Force Required to Compress Nut Lock Sprinas 

Weiqht o f  Upper Shaft Assembly 

lbf 
w 1.5 = G.01.- 

A 
Weight per ft of 1.5" A36 Rod 

Lsecj = 14.44-in Length of Upper Shaft 

W 1  = " l . j . L s e c j  W =7.232.1bf Weight of Upper Shaft 

Ref. 16 

Ref. 33.3, Sh. 3, Item 5 

Weight of Drive Assembly 

Weight per ft of 1" A36 Rod 

LSec6 ' =  80.13 in Length of Drive Assembly Shaft 

w .= w 2.L sec6 W = 17.829.1bf Weight of Drive Assembly Shaft 

Ref. 16 

Ref. 33.3, Sh. 3, Item 7 

lbf 
w 2 = 2.G7.- 

A 

Estimated weight of Socket 

1.25 '= 4.17''bf 3 ' =  [ (0.783 + 0'358) 'nw 1.251 W 3  =0,396.1bf Upper Diameter of Socket A 

W = 2.099 -1bf Lower Diameter of Socket 

W socket =2.495.lbf 

Ref. 33.5, Sh.5, Item 19 

Weight of 3 / 8  Stainless Steel Plate 

Nut Lock Diameter 

Hex Cutout 

Total Plate Area of Nut Lock 

Ref. 16 

w 2  = 10 .68 .3  

Wsocket ' =  W 3  + W 4 

W 4  = [ (2.358.in).w2] 
A 

Weight of Nut Lock 

lbf 
~ ~ 1 , 3 7 5  '= lG.5.- 

ft2 

W NL = 0.992 .lbf NL = p1.375 A NL 
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Weiqht of Drive Guide Assembly Ref. 33.5, Sh. 6 ,  Item 21 

Rcone = 5 in 

rcOne = 1 5 i n  

11 = 7 5 i n  

Cone Large Radius 

Cone Small Radius 

Cone Height 

Cone Area 2 2 
A cone ' =  cone cone) + h cone .(R cone + cone) 

A = 169.008 .in2 

d cyl .= 4-i1i 

hcyl = 3.71-in 

Acyl ' P d c y l h c y l  Acyl  =46.621 .in2 Support Cylinder Area 

A SecKK .= p'(4' - 22).in2 

A D G  =*cone+*cyl+ASecKK A DG =253.329.in2 Total Area of Guide Assembly 

Support Cylinder Diameter 

Support Cylinder Height 

A SecKK =37.699.in2 Area of Section K-K 

DG = A DGW 569pl 

Ref. 8, Pg 64 

Weight per square ft of ASTM 569 Plate 

DG = 13,194.1bf Total Weight of Guidt. Assembly 

Ref.16 
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Ref. 33.5, Pgs 1 ,  Item 36 
Pgs 5, Item 19 

Spring Force 

L '= 2.25-in 

th bp '= 0.5 in 

thnl = 0.375.in 

SLre9'= L -  thbp- thnl SLreq=1.375.in 

k = 0.833.(S3.E) 

3 .  y = -.in 
8 

n s - = 3  Number of Springs 

F = n<k .y  

Length of 112 -13 UNC-2B x 2-114 L Hex Screws 

Thickness of baseplate. 

Thickness of nutlock. 

Minimum Spring length required. 

lbf Spring Rate, Cat # CO600-081-2000s I \b . I .L I , I  Yyc ,_I k =14.149.- in 

y =0.375 .in 

Multiply Spring Rate by 0.833 for Stainless Steel 

Length of compression (Plate thickness) 

F =49.668.1bf > W DA Force required to compress n Springs y inches Ref. 1 1 ,  Page 9 

Strength of Nutlock Bolts I 
I 

5" 
($3.00) 

I 

U A406 
1.56 HEX THRU 

T .= 0.5.T, T =231.197.1bEin Estimated Torsional Moment applied atthe drive shaft 
due to the transfer of load from Shaft 15 to the drive assembly. 

Force at bolt ring W = 154.131 .lbf T w.;- 
1.5.in 

THRU 

M = W-(1.375.in) M=211.931 .Ibf.in Applied Moment on Bolts 
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Check stress on 1/2 - 13 - UNC - 28 Fasteners 

Shear 

n b  = 3  

n = 13 

2 
A T  = 0.7854-[ [ D - (?).in]] 

F = 125000-psi 

S all = 0.17-F 

W 
S.ct = - 

" b A T  

-58.691 
S ail 

S act 
_ _  

A T  = O  142.in2 Tensile Stress Area of Fastener 

Ultimate Tensile Strength of Ai93 Class2 
B8T Stainless Steel Fasteners 

Allowable shear strength of Fasteners 

Ref. 7, Pg. 4.147 

Ref. 7, Pg. 4-5 sail -2.125.10~ .psi 

S act = 362.C69 .psi 

Tensile Stress due to bending moment 

D = (i) in 

D 
Y = -  2 

I =0.003 +in4 

~ 

Ref. 33.5, Pg. 5,  Item 14 

Number of Fasteners Sharing Load 

Number of threads per inch 

Major Diameter of Fastener 

Tall = 0.33.F, 

_ -  - 7.166 
T act 

Calculated shear stress 

Safetyfactor > 5 OK 

Major diameter of bolt 

Radius of Bolt 

Moment of Inertia of bolt 

Calculated Tensile stress at Fasteners 

Allowable Yield Strength in Tension Ref. 7, Pg. 4-3 

Safetyfactor > 5 OK 
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Ref. 33.5, Pg 1, View A-A Desian of Guide Idler 

W = 4290 Ibf Tension on Wire Rope 

Resolution of forces on idler axle due to loading from winch cable. 
Dimension obtained from Autocad. 

FHempty = WTcos(61.1 deg) 

FVempty = W ~ s i n ( 6 1 . 1  deg) 

FH full .= W ~cos(76.66.deg) 

FV full .= W ~sin(76.66.deg)  

M b  .= FH empty.3.88.in 

Stress on sheave axles 

Shear stress 

D = 1 5 i n  

A = 1.767 .in2 

FI-Iempty =2.073.103 *Ibf 

FVemptp =3.756.103 .lbf 

FH full =989.828*lbf 

F V h l l  =4.174.103 4bf 

M b =8.044.103 .Ibf in 

Maximum load condition at empty reel 

Maximum load condition at full reel 

Moment on Bracket 

Axle Diameter 

Cross Sectional Area 

Wade =2.145.103 .lbf Force of sheave assembly felt by each shear plane. 

S = 1.214.103 .!!! Calculated Shear Stress per axle. 
in2 

SF = 39.545 

Ref. 31 

Yield Strength for ASTM 291 

Allowable Shear Stress 

Safetyfactor > 3 OK 

Ref. 11, Sec.l.8 
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Bendina stress 

D;= 0.18-in 

1.5 . 
y =--.in 

2 

p.D4 1 'i - 
64 - 

Stress on Bracket 

Shear, Horizontal 

w = 0.672.h 

th = (:).in 

A = 2.(Wth) 

Thrust Washer Thickness 
(Moment arm on axle between sheave and housing.) 

Moment applied to axle 

Distance from centroidal axis to inside fiber. 

Axle Moment of Inertia 

Ref. 33.5, Pg. 4, Item 7 

Bact  = 1.165.103 .'bf Calculated Maximum Bending Stress per axle. Ref.BB, Pg. 177 
in2 (Table of Simple Stresses) 

Ihf 
S = 30000,- 

in2 
Y 

SF =77.235 

t h  = 0.375 .in 

A =0.504-in2 

Allowable Bending Stress 

Safetyfactor > 3 OK 

SF = 3.282 

Ref. 7, Pg 5-48 
(F2-1) 

f .  33.5, Pg. 4, Item 5 

Width of Shear plane. a 

Plate thickness 

Area of bracket loaded by the axle. 

Yield strength of ASTM A240 Type 304 

S all = 1.35.104 Allowable Stress 
in2 

3 Ibf 
S act =4.114.10 .- Calculated stress on brackets. 

in2 

Safetyfactor > 3 OK 

Ref.7, Part 5, Chap. D.3.1 
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d = 1.054 in 

Ibf 

in2 
s = 3onno.- Y 

s all 
SF = -  

S act 

A = 1.242.in2 

Ref. 33.5, Pg. 4, Item 5 
Hole Diameter 

Bearing Surface Area. 

Yield strength of ASTM A240 Type 304 

s all =2.7.104 .'bf 
in2 Allowable Stress 

S act =3.362.103 .'bf 
2 

Calculated stress on brackets 
in 

ST: =s 012 Safetyfactor > 3 OK 
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Weld Strenqth at Base I Wall Connection 

WELD PROPERTIES: Ref. 9, Pg. 7.4 6 &7 
b = 0 38.h 

d = 3 5 in  

Weld Outline Dimension - short side 

Weld Outline Dimension - long side 

Location of center of gravity with respect t o y  axis. 

Location of center of gravity with respect to z axis. 
d 

Cz = - 
2 

Cz = 1.75 .in 

Aw = b-d Aw = 1.33 .inz Weld length 

ly = - Iy=0.016.in4 Moment of Inertia about y axis 
b3,d 
12 

b. d3 Iz = - 
12 

Iz = 1 3S8.in4 Moment of Inertia about z axis 

JOINT LOADS: 

Fz = 0 Ibf 
FH empty Fy '= __ FV full Tensile Fx = ~ 

2 2 

M 

2 
Moment Mx = 0.inlbf My = O.imlbf m , l '  

WELD STRESS: 

o s  

S act = [ (zr + ($I2 + (7)2] S act =S.472.103 p i  

FILLET WELD SIZE REQUIRED. 

Allowable Weld Stress per AWS & AlSC S all = lS8OO.psi Ref. 9, Pg. 7.4-8 

SF =2.887 Safety factor based on full pennetration weld > 3 OK S a l l  
SF = -  

S act 
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Check stress on 314 - 10 - UNC - 28 Screws 

Shear 

n b  = 2  

n = 10 

D = in  

F,, = 125OOO.psi 

S = 0.17.F 

FH empty 
s act '=  ~ 

" b * T  
S act =3.099.103 .psi 

_ _  -6.856 
S act 

Tensile 

y = 1.75.in 

M b  =8.044.103 .Ibfin 

Ref. 33.5, Pg. 3, Sec.C-C 

Number of Screws per Bracket 

Number of threads per inch 

Major Diameter of Screw 

Tensile Stress Area of Screw 

Ultimate Tensile Strength of A I  93 Class2 
B8T Stainless Steel Fasteners 

Allowable shear strength of screws 

Ref. 7, Pg. 4-147 

Ref. 7, Pg. 4-5 

Calculated shear stress 

Safetyfactor > 5 OK 

Bracket base edge to screw CL distance to 
determine maximum prying stress. 

Moment on Bracket 

Ref. 33.5, Pg. 4, Item 5 

F T  =4.597.103 .Ibf Tension on Screws resulting from combined 
M b  

"=U moment on housing 

Tact ,=  __ 
b'* T 

Ta l l  = 0.33.F 

Tact =6,872.103 .psi Calculated Tensile stress at screw 
F T  

Allowable Yield Strength in Tension 

Ref. 7, Pg. 4-147 

Safetyfactor > 5 OK 

Ref. 7, Pg. 4-3 
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Forces and Moments on Winch Baseplate 

Weights of winch and winch housing components 

T = 4290 Ibf 

Axle = 610 lbf 

Axle 11 = 130 lbf 

Axle = 162 lbf 

Weight of Pump and Sheave Assembly 

Housing = 457.lbf 

Idler = 9.1bf 

F worm .= 1582-lbf 

RH .= T-cos(61.1.deg) 

RV = T.sin(61.1.deg) 

RH=2.073.i ‘ .. : 
RV =3.756.103 .Ibf 

Ref. 33.5. Pg 3 

27.875 

I 

>2073 

4Y90f I 

3 . a  \ I 

I 
c 93 JL 9375 L 5375 

*1 F = 0 = F = F worm + T + Axle 12 + Axle + Axle 15 + Housing + Idler 

F y  =7.24-103 .Ibf 

3~ M = 0 = McL = (T + Idler)-( 10.375-in) + ((RH).(27.375 - 3.88).in) + (Housing-5.945.in) ... 
+ Axle 11.8.37.in + Axle 15 + Fwom).16.04-in]] - [[Axle 12 + (RV)].1.95.in] [ (  1 [ (  

Analvsis for Stress due to central couple on a simplv supported plate. 
Roark -Table 24 Case 20 

(Moment produced by eccentricity of winch is considered centrally located for this 
portion of the analysis and will produce conservative results.) 

a .= 22.5.in 

b .= 9.375.in 

Radius to plate edge 

Radial distance to winch baseplate edge 

b 
- =0.417 
a 

Ratio for determination of proportionality constants 

Ref. 10, Page 369 
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Analysis for  Stress due to central couple ( continued ... 1 
b = 1.73 Proportionality constant 
a = 0.167 Proportionality constant 

M = M cL 
t = 1.5-in Plate thickness 

E = 29.lO6.psi 

Moment at winch baseplate centerline 

Modlus of Elasticity of Stainless Steel 

s , ~ ,  =3.984.103 .psi b. M 
s,v = -  

A Stress Resulting from moment imposed by Winch 
' I  L 

Analysis for Stress due to  uniform loadinq over a small 

Roark -Table 24 Case 18 

Ref. 10, Page 367 
eccentric circular area of radius. ro. for a simplv supported plate. 

a=225 . in  Radius to plate edge 

n = 0.3 Poisson's Ratio 

p = 14.111 

r 0  = 3.in 

Distance ffrom plate center to center of eccentric circle 

Radius of eccentric circle 

W = (453 + 635).lbf Weight at eccentric circle 
(Weight of hose assembly and Vertical Jumper Nozzle loading. 

C = 2.p a 

W 
M I  = -  

4.P 

Ref. 32 

Winch plate Circumference 

Maximum Moment at the load. 1bGin M = 201.913 f- 
in 

6 .Mr 
s n  =- s = 538.435 .psi Stress resulting from Bending moment imposed at nozzle 

t2 

S = 25OOO.(psi) Yield strength of ASTM A240 Type 304L 

Ball = 0.6,s B~~~ = 1.5.10~ .psi Allowable stress due to Bending Ref. 7, Pg. 5-49 

SF =3.317 Safetyfactor > 3 OK 
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Check Tensile Stress on 314 - 10 - UNC .2B Fasteners 

n b  = 2  

n = IO 

3 
D = - i n  

4 

F,, = 125M)O.psi 

J ' =  18.75in 

FT,;- (" CL) F T  =3.109.103 .lbf 
n b 'Y 

F T  

A T  
Tact = -  Tact = 9.295.103 .psi 

Tall =4.125.104 .psi Tall = 0.33.F" 

T all SF = -  
T act 

SF =4.438 

Ref. 33.4, Pg. 1,  Item 33 
Number of Fasteners 

Number of threads per inch 

Major Diameter of Fasteners 

Tensile Stress Area of Fasteners 

Ultimate Tensile Strength of A193 Class2 
B8T Stainless Steel Fasteners 

Distance between fasteners 
to determine maximum prying stress. 

Tension on each fastener resulting from 
combined moment on housing. 

Ref. 7, Pg. 4-147 

Ref. 33.5, Pg.3 

Calculated Tensile stress at each fastener 

Allowable Tensile Strength of threaded fastener 
Ref. 7, Pg. 4-3 

Safetyfactor a 5 OK 
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Winchdate Liftina Brackets 

W ~~b = 4290 Ibf Weight of Pump and Sheave Assembly 

Winch = 1365.lbf 

Hose .= 494.lbf 

Winchplate = 700.lbf 

Shieldplate = 453.lbf 

Weight of Winch Assembly 

Weight of hose and pipe assembly at Nozzle 

Weight of Winchplate 

Weight of Shielding plate 

W = W Hub + Winch + Hose + Winchplate + Shieldplate W =7.302.103 .Ibf 

Stress on Liftina Bracket Bars 

Shear stress in Liftina Pins 

D =21n 

A z d  A a = 3  142m2 
a 4  

Wshear = (:) WShear=l826'1O3 'Ibf 

Sacts =581.075.psi shear 
S acts = ~ 

* a  

Ibf s = 100000~- 
in2 

Y 

S = 0.4.Sy S  all^ =+lo4 .psi 

Ref. 33.5. Pg 3 

Ref. 33.7, Pg. 2, Item 13 

Bar Diameter 

Cross Sectional Area 

Force of sheave assembly felt by each shear plane. 

Calculated Shear Stress per axle. 

Yield Strength for ASTM 276 

Allowable Shear Stress 

Safetyfactor z 3 OK 

Ref. 11, Sec.l.8 

HNF-2474, Rev. 0 
Page D-78 



Calc No W-320-27-019 
Revision No : 0 

ICF KAISER 
HANFORD COMPANY Page No 7 7  of / < 
Client WESTINGHOUSE HANFORD COMPANY WOIJob No ER4319 Filename WIN-2l.mcd 
Subject W N C H  ANALYSIS - SLURRYISLUICE PUMP Date 9 1 8  195 By D.L. STONE 

DESIGN ANALYSIS 

PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked q/?/c/>- By M.R. CUSTER /.I/’Lc- 
Location C TANK FARM - HANFORD 200 EAST AREA Revised BY 

Bendinq stress in Liflinq Pin 

L ’= 3.0.in 

M = (Ti,(;) 
y = l . in  

p.D4 1 .= - 
64 

M.Y 
B a c t  = 

B a l l  ’= 0.75-S 

B all 

act 
SF B .= 

Stress on Bracket 

Shear 

w = 0.97.h 

th = (:).in 

A = 2.(Wth) 

Ibf 
S = 25000.- 

in2 
Y 

S all = (0.45).S 

W 
2.A 

s act .= - 

S all 

S act 
SF .= - 

I 

Span of Lifting Pin Bracket 

Maximum Moment potentially applied to axle 

Distance from centroidal axis to inside fiber. 

Axle Moment of Inertia 

3 ni‘! =6.973.103 .? 
in- 

4 Ibf 3,11=7.5.10 .- 
in2 

SI: B = 10.756 

Ref. 33.7, Pg. 2,  Item 2 

Calculated Maximum Bending Stiess pei axle. Ref. 8, Pg. 177 
(Table of Simple Stresses) 

Allowable Bending Stress Ref. 7, Pg 5-48, (F2-I) 

Safetyfactor > 3 OK 

Ref. I, Pg. 4, Item 5 

th=0.5. in 

A =0.97.in2 

Width of Shear plane. 

Plate thickness 

Area of bracket loaded by the axle. 

Yield strength of ASTM A240 Type 304L 

Allowable Stress S all =1.125.104 .psi 

3 Ibf 

in2 
S act =3.764.10 .- Calculated stress on brackets 

Safety factor zz 3 SF =2.989 

Ref. 7,  Part 5, Chap. D.3.1 

OK 
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Weld Strenqth at Liftinq Bracket Base 

WELD PROPERTIES: 

[ '  b = 0.5 in 

d = 8 m  

Weld Outline Dimension -short side 

Weld Outline Dimension - long side 

Aw = 2.2.(b + d) Aw=34.in Weld length (2 Plates) 

JOINT LOADS: 

Fy = 0 lbf Fz = 0 Ibk 
W 

Tensile Fs = - 
2 

Moment X!s .= 0.inlbf My = 0-inlbf 

WELD STRESS: 
lbf 

fiv = 107.382 .- 
in liv = (E) 

FILLET WELD SIZE REQURED 

S .= 15800-psi Allowable Weld Stress per AWS & AlSC 

Minimum Allowable Fillet Weld Required by Design w =0.01 -in fiV 

0.707,s 
1" .= ___ 

w act = (:.in) 

Ref. 9. Pg. 7.4 6 &7 

Ref. 9, Pg. 7.4-8 

Minimum Size Fillet Weld Required by Code 
for material thickness of 1/2". 

Ref. 7, Part 5, Section J.2.2, 
Table J2.4 

Weld size specified in design drawings. 

act 
SF fw = SF fw =26.007 Safety factor based on a 1/4" weld > 3 OK 

Ref. 33.6, Pg. 2 
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In-Line Bearing Frame True Line Pumps 
Partial emissions 
hydraulics for optimum 
efficiency 

- Heads to  700 FT (213ni) at 
.. ~ 

3550 WhI nith a single stage 

0 700 lb. casing 
B Back Pulloui feature 
8 Mag Drive option 
n High speed designs 

a Variable speed options 
available 

available 

---- Optimized Low Flow, High Head Performance 
True Line pumps from Lawrence 
Pumps Inc. are designed to deliver 
long term mech.mica1 and hydrau!ic 
reliabilky f c y o u i  low flow, high 
head applications. 

Designed to API-610 Srdndnrds 
* hlechanical seal life is extended 

because the robust shaft design. 
combined with low radial loads 
minimizes s h h  deflection 

1 Alignment beween the pump 
and motor is guaranteed by a 
precision machined fit 
Liberal intern31 clearances and 
reduced radid thrust virtually 
eliminate rh- potential for any 
internal metal to metal c o n r m  

= Extreme temperature designs 
available (-5O"F/-WC to 
iO0"F/j7OoC) 

- 62ik P d o u t  fcature do\r.s ease of 
n.ii~:cn.ixe uichout disturbing 
ck.e rio:~: 0: connecrlng pipkg 

a %.I! ci.i-.it.e: design accommo- 
&:s Sin~ le .  Double and Tzndcm 
t:Cihx!~C. i l  s2il!s 

,. i:' sei! 1ub:ia:ion is 

Improved Process P 
Performance. Reduc 
Total Cost 07 Owiershi 
rn High efiiciency 8: low flovs 
w Stable ope;d:ior.r a: a!l de 

a hlinimu- sbdt 2e;lec:ion 

rn Relinble pe:fori;??.ce thzo 

p o k s  

ofc-desi:? flows 

m Trxe Li.Li?e u2-. j u c ~ o n  zn 
discharge fln.nger on sdne pl 

HNF-2474, Rev. 0 
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NEMA FRAMES 182HP - 449HP - (See drawinqs below.) - Dimensions in inches/millimeters 

ABOVE NEMA 5010P - Dimensions in incheslmillimeters 

rn 5010P Frames 
e 460,2300,4000 Volts 
E 3-Phase, 60 Hz 
ta 1.0 S.F., Continuous Duty 
n 40°C. Ambient . 
m Class B Insulation 
E Ball Bearing 
E Solid Shaft 

HNF-2474, Rev. 0 
Page D-83 
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RiL. 
5.0. 

PHASE1 

I 250 1 P I 3/60 I 1785 1 $60 - 

FRAME 1 H? 1 TYPE 1 HERTZ I RPM I VOLTS 

--=OR E 0 6 8 5 4 -A -A00 1 
I S S U E  DATE 06t05J04 

WANCE T I  

AMPC I CODE 
ENCL. AhPS j DUTY 1 INSUL. 

273 I COXT 1 4O/F 1.15 8 1  G I -  

cx ?-I 3 'SF* 1 D::Y;N 1 LETTES 1 
- 

STATOR RES .&25'C TEST T E S T  
EIS ROTOR I S.O. DATE OHMS (BETWEEN L I N S S )  

533698 418143-31-GE --- --- I .0124 

PERFORMANCE 

x -_ 1 POWER FACTOR 1 EFFi:l ENCY I RPM 
AMP €RES I HP 

LOAD 

NO LOAD 0 75.6 1 aoo 3.92 1 0 

- : a, I E2.2 100 1796 61.6 94.6 

214  125 150 1793 I 80.8 1 96.4 

314 I 187 209 1789 86.9 96.6 

414 250 27 3 1784 89 .O 96.4 

> .  
_-I 

514 312 341 1780 I 89.4 95.9 

TORQUE 
RPM 1 X FULL LOAD 

LOCKED ROTOR I 0 I 158 

AMPERES 
TORQUE 

1160 1 1820 
i LB.-FT. 

PULL UP I 700 

BREAKDOWN 1728 

FULL LOAD 1784 

143 I 1052 1 1660 

247 1 1816 1 1037 

100 736 I 273 
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( ? E  P ' 0th COHi EHCLOSURI TEFC S T A T ~ R  m . 6  251: .0124 
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{ASEIHEXTZ 3/60 ' AMSOCIIHSUL 4O/F E / S  533598 OHMS (8ETVEiN LIhES) I 



G-33 -0'5 

. C X a C I B L E / S p E C I A L T Y  flETALS b3E ,340757 ooo2835 7 4 4  a 

PX.,  

. .  Armco Applications Potential 
Outstanding gallmg 
resistance at both ambrent 
and elevated temperatures 
makes patented Armco 
NlTRONlC 60 Stainless Steel 
a valueble material for valve 
sterns, seals and trim. 
fastening systems. inclildlng 
nuts and bolls: screening: 
chain-drive sysierns: pins, 
bushings and roller bearings: 
and pump components such 

0 Best galling 
resistance of all 
stainless steels. 
Corrosion 
resistance better 
tha? Type 304. 
Pitting resistance 
better than 
Type 35 6. 

I as wear rinas and lnhpc 

c=-_________ 
% M P  Product Data Bulletin No S-45 



,-. 

Test Temperature. F IC1 

21  00 I 1  149) 

2 2 0 0  112041 Before Oescaling 

Before Oercaling 
After Oescaling 

After Oescaling 

J 

Weight Loss, mglcm' 

R A 3 3 3  Type310 NlTRONlC60 Type304 

3.1 4 6  1 6 5  1220 
12 2 15  7 23  2 1284 

10 1 10  1 26 1 2260 
16 7 2 0  6 3 5  4 2265 

6-33-05 

cycle Alloy 

25mmutesheal. Type310 
5minutescool-  Type309 

duplicate tests NlTRONlC60 
T w e 3 1 6  

1600-1700 F1871-927Cl RA330 

1 9 0 0 F l 1 0 3 8  CI Type 446 

c 

Weight Change. mp/inJ. a1 number of cycIes indicated 

134 275 467 200 304 400 
cycles cycler cycles evcles cycles cycles 

+ 3 4  + 4 9  + 6 4  - - 
+ 4 0  + 6 7  . 22 7 - - - 
+ 3 0  . 4 1  6 . 1 0 0 4  - - - 
+ 1 5  . 692 . 1 6 7 6  - - - 
. 4 7 3 0  .9708 - 1 2 6 7 0  - - - 

Weight Loss. mg/cm' 
- 1.47 1 7 2  1 9 7  

0914 8-13 22 

'240 hours at lemperaldre. duplicate lesls 

3 0  minutes heat. Type 3 10 
3 0  minuter cool Type 309 

NlTRONlC 60 
Type 3 16 

Mechanical Properties 
Table 30 
Qplcal RoomTernpeatureTc 

Condition Slze 

Annealed --- 1'(25.4mm)4 
Annealed 1-34'(44.4 mm) 6 
Annealed 2.1/4.(57.2rnm)6 
Annealed Y (76.2 mm) 6 

10%cOld Orawn 44.?(11.2 mm) 6 
20% Cold Drawn SlanSiie 
30% Cold Orawn 
40% Cold Orawn 
5% Cold Drawn 
6% Cold Orawn 
70% W Drawn 

'Data based on d ~ p l i c ~ ~ e  tests 
( 1 ) ~ ~ a a r  

Annealed 4-1/8'(104.8mm)6 

ille Properlies' 
UTS 

ksl (MPa) 
lardnew 

95 HRB 103 (710) 
00 HRB 101 (696) 
00 HRB 101 (696) 
97 HRB 113 (779) 
95 HRB 106 (731) 
24 HRC 120 (827) 
31 HRC 140 (965) 
34 HRC 161(1110) 
37.5HRC 19511344) 
41 HRC 217(1496) 
43 HRC 240(1655) 
46 HRC 263(1813) 

- 2 7 0  1 5 9 5  1 7 2 2  
- 2 2 5 3  2 6 3 4  33'69 
- 42 99 6040 7 4 8 0  
- 9 3 0 4  1 3 5 3 4  1 7 8 2 7  

0.2XYS 
ksl(MFa) 

W (414) 
56 (386) 
60 (414) 
65 (448) 
56 (386) 
91 ( e n )  

112 (772) 
132 (910) 
153 (1055) 
174(lmO) 
195 (1344) 
217(1496) 

Elongatlon 
%In 4XD. 

Reduction 
of Area. X 

64 
62 
W 
55 
57 
51 
35 
26 
20 
15 
12 
10 

74 
73 
76 
67 
67 
6% 
65 
62 
57 
53 
48 
40 

m - 2 4 7 4 ,  Rev. 0 
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' cKuCIBLE/SPECIALTY EETALS b3E 2540757  0002858 2 4 1  I 

6-33-05 Table 31 
q p l c a l  Room Temperature Torslon and Shear Properties. 

Torslonal O.2XWrslonalYS Modulus of Double Shear 
Hardness Modulus, 0 ksl (MPa) Rupture Strength 

Condnlon Slze HRB ksl(MPa) y 6 kI(MPa) ksl(MPa) 

95 8.83 x lo' 48 9 (3371 50.7 ( 3 9 )  124 (8551 - 
(25.4rr.m (61 x le) - - - - 86 (593) 
(9.6 mm]' 

V a l a  based on dwliczle l e~ ls  

Table 32 
Double Shear Strength. 
(Cold Drawn - 0.442" [11.23 mm] start size) 

% Cold Drawn I Shear Srrenqth, ksi I M P a l  

10 
2 0  
30 
40 
50 
60 

' iw lca le  18~1s 

Table 33 
Fatigue Strength 
(R.R. Moors Machine) 

Condition Sire 

89 16141 
98 16761 

106 17311 
113 17791 
122 18411 
130 18951 

Fatlgue Llmlt, 
Hardness I ksl (MPa) 10'Cycles 

Annealed 1*(25.4 mm) 6 95 HRB 37.5 (258) 
Cold Worked 54.6% 0.70"(17.8mm) 6 44HRC I 72.5(500) 

Table 34 
Room Temp-refure Compression Strength 

Size 0.2% Compressive YS. kri IMPa)  Condition 

Annealed 0 5 0 0 " 6 1 1 2 7 m m l  
0 440" d 11 1 2 mml 

67 6 14661 
121 0 I8341 Cold Drawn 39% 

Table 35 
Properties Acceptable for Material Specification 
(Barand Wire) 

UTS 0.PAYS Elongation Reduction Hardness 
Condition Slze ksl WPa) ksl (MPa) % In 4XD 01 Area. % HRB 

Annealed 1iZ.O + under 105min 55min 35min 55 mi" 85min 

Anneded OverIn'd 95mm 50mm 35 min 55min 85 mm 
(12.7mm) (724) (3791 

(127mm) (6551 (3451 

HNF-2474, Rev. 0 
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CRUCIBLE/SPECIALTY nETALS b3E I 25L10757 0002859 188 

TBSI Tamperalure 
F IC) 

Table 36 
Typical Elevated Temperature Mechanical Properties. 
(Annealed 3/4'and 1. f19.05 and 25.4 mm] Diameter Bar Stock) 

Reduction 
UTS 0.2% Y S  Elongation 01 Area Hardness 

ksi (MPaI ksl (MPaI % i n  4XD % Brinell 

Number 
01 H e a r s  

Room Temperalure 
200 1931 
300 11491 
400 12041 
500 12601 
600 13161 
700 1371) 
800 1427) 
900 1482) 

1000 (5381 
1100 1593) 
1200 16491 
1300 17041 
1400 17601 
1500 18161 
1600 18711 

Sires3 Rupture Strength. k i i  IMPa I  

10,000 hr. lile 100 hr. life 1000 hr. life 

106 5 
98 2 
89 9 
84  4 
82 1 
80 5 
79 5 
78 3 
77 1 
7 5 4  
71 6 
66  6 
59 0 
49 8 '  

30  2' 
37 9' 

3 

(7341 
1677) 
1620) 
15801 
(566) 
1555) 
15481 
1540) 
15321 
15201 
14941 
1459) 
(4071 

'(3441 
'12551 
'12081 

72 14961 52 13591 35 1241) 
49 13381 31  12141 20 1138) 
29 12001 17 11171 10'  1691 
14 (971 8 1551 - 

6.7 (461 4 1281 

56.5 13891 
44 4 13061 
37 8 12601 
32 812271 
32.1 12221 
29 7 12051 
29.2 12011 
29.012001 
28 311951 
28 O(1931 
28.7 11981 
28.1 11941 
27511891 
2 5  3 117-2) 
23 8 I 1  641 
16 4 (1 131 

'T~~p l~~a ie ies is  01 2 heals and smgle lesis 01 1 heal 
" S q l e  lesls 01 1 heal 

Table 37 
Elevated Temperature Tensile Properties 
(Cold Swaged 54% to 0.700" p7.8 mm] d) 

Test Temp. F IC) 

R T  
7-7  1e-i 
300 11491 
400 12041 
500 12601 
600 13161 
700 13711 
800 14271 
900 14821 

1000 15381 
1100 1 5 9 3  
I200 16491 

UTS 
ksi  IMPa l  

230 115861 
2 1 5  I l 4 Q 7 !  
206 114201 
200 113791 
195 113441 
193 I13311 
191 113171 
190 113101 
187 (12891 
179 112341 
162 111171 
112 17721 

61  7 
63 3 
64 4 
64 0 
61 5 
59 6 
59 1 
56 5 
53 9 
5 2  2 
$8 7 
L8 2 
$ I  4 
47 1 
72 8 
72 8 

0.2% Y S  
ksi (MPal 

216 11489) 
205  I1  >. '8 ? 
199 113721 
194 I13381 
191 113171 
188 11296) 
176 112131 
184 112691 
177 (1220) 
166 (1145) 
144 19931 
72 14961 

TaSle 38 
Elevated Temperature Stress Rupture Strength 
(Annealed Bars 5/8" to 1" t16.0 to 25.4 mm] Diameter) 

1100 15931 3 
1200 (6491 4 
1350 17321 1 
150018161 1 

'Ei1:apoiaied 

71 9 
72 4 
73 7 
73 7 
73 0 
73 I 
72 6 
72 I 
71 6 
70 4 
70 0 
69 6 
50 0 
53 9 
75 0 

Elongation 
s) in 4XD 

12 
12 
1 1  
1 1  
11 
1 1  
10 
9 

1 1  
11 
13 
11 

200 
187 

168 

155 

148 

145 

_. 

- 
- 

- 
-. 

144 
- 

143 

110 

Reduction 
of Area. 9: 

5 5  
5 d 
52 
51 
48  
47 
4 7  
46  
4 4  
47 
5 2  
25 

6-33-05 

. -  

0917 c-o 2 
m - 2 4 7 4 ,  Rev. 0 25 
Page D-91 - 

CRUCIBLE MATERIALS CORP/CRUCIBLE SPECIALTY METALS D I U  



- Table 39 G-33-05 
Cryogenic Tensile Prouerties' 

Condit ion 

Annealed 

Cold Swaged 
54% 

'Duplicate iesls 

Table 40 
Low Temperature Mechanical Properties of 
NlTRONlC 60 Stalnleas Steel Longitudinal Tensile Speci:r.ans* 

. .. 

- . '  

Tell  
Tampersturl 

F IC1 
75 -124) 
0 1.181 

-100 1.731 
-200 1-129) 
-3201-196) 
-423 1-253) 

I Tem;e,mture.i UTS 0.2% YS Elon;ition R e d i i i o n  
ksi IMPa) ksi IMPa) % i n  4 x 0  of Area. % 

Size 

3/8" 19.5 mml d -100 I -731 155 110691 7 6  15241 
318" I9 5 mml d ,200 1.1291 170 I 1  1721 8 7  16001 

l " 1 2 5 4  mml d -320 (-1961 213 114691 109 17521 

700"117.8mm)d -320 1-1961 322 122201 272 11875; 
7 0 0 " 1 1 7 8 m m l d  -200 1-1291 287 11979) 250 117241 62 

Elongation 
0.2% % i n  1" Reduction 

UTS O H s ~ t  YS 126.4 mml 01Arm 
ksi1MPal k t i lMPe) 0r4XD % 

109.3 17541 58.1 1400) 66.4 7 9 0  
128.1 18831 67.31464) 71 3 79 7 
148.4 110231 77.9 15371 70.5 80 9 
167 5 (1 155> 97 /. ':*?! ?'I 70 I. 
217.9115021 101.416991 5 ~ 1  6 5 8  
203.8114051 125.31864) 23 5 26 6 

Fracture 
Strength 

ksi I M P 4  

336 112317) 
433 4 (29881 
447 1 130831 

C 13' 5 11 
594 Ol40951 
2776119141 

N/U" 
Modulus Tensile 
psi IMPal Ratio 

240r10'11650001 1 4 4  
23 7x10~1163.0001 1 3 7  
2 4 2 ~ 1 0 ~ 1 1 6 7 0 0 0 1  1 4 5  
%r ? Y ~ C ~ I ' S ~ . C O C !  1 C 6  
248x10~1171 0001 1.26 
248i10'1171.0001 1 3 3  

Charm 
V-Notch 
Impact 

fl-lbr IJI 
231 13101 
2161292) 
197 12671 
170 I2311 
138 11881 _ _  

'0.250' (6.35 rnm) dtameier. machined lrom a 1' 125.4 mm: dlarneier annealed and slraighlened bar. Four speclmenaverage 
"Aberzge Sires$ Concar!ra:ion Facio, K1= 7.0 

Data taken with permission from NASA TM X-73359. Jan. 1977 

Table 41 
Impact Properties" 

Ct?.?; \'.NotcS, 
Condit ion Sire Ses l  Ternperazure. F IC) Impact. 11-lbs IJ) 

Annealed l "d125.4 mml Room Temperature 240 '  13251 
-100 1.731 229 1310) 
.320 1-196) 144 11951 

Annealed 2.1/4"d 154.2 mml Room Temperature 240 '  13251 
-100 1.73) 240' 1325) 
- 3 2 0  1.196) 160 1217) 

Cold Swaged 18% 932" d 123 7 mm) - 3 2 0  '1.196) 67 1911 

Cold Swaged 40% , 7 9 5 '  d 120 2 mm) .320 1-196) 4 0  1541 

Cold Swaged 54% 7 0 0 . 6  I 1  7 8 mml - 3 2 0  1-196) 2 6  135) 

.. . - 
Hardness RC 2 9  

Hardness RC 3 7  

Hardness RC 4 2  

Hardness RC 2 9  

Hardness RC 3 7  

Hardness RC 4 2  

Cold Swaged 18% .932" d 123 7 rnml -200 1.1291 9 0  11221 

Cold S w a g e d 4 m  795"d120.2 mml .zoo 1-129) 44 1601 

Cold Swaged 54% , 7 0 0  d I 1  7 8mm) .ZOO 11291 30 141) 

*Did no1 fracture completely 
'*Data aased on duplicale tests 

m-2474, Rev. 0 
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SPUR GEARS A25 
4 AND 3 DlAMETRAL PlTCH 

-'i STEEL AND CAST IRON 

* f 3 ( O " E R A L L  LENGTH 

STANDARD TOLERANCES 
DIMENSION 1 TOLERANQ ' 

BORE 1 All 1 f .0005 
c 

REFERENCE PAGES 
Alterations-A92 
Horsepower Ratings- A9, A10 
Lubrication -A92 
Materials-A93 
Selection Procedure -A2 

14 fi PRESSURE ANGLE 
(Wj// not operate with 20" spurs) 

ALL DIMENSIONS IN INCHES 
ORDER BY CATALOG NUMBER OR ITEM CODE 

3.500 
3.750 

4.500 
5.000 

- 

1-118 

1-114 

2-17/64 N L l l B  
2-17/64 NL128 
2-49/64 NLl4B 

2-17/64 NL168 
3-49/64 NL18B 
4-17/64 NLPOB 
4-49/64 NL228 

NL368 

1-112 NL448 

NL568 
NL60 

- 

1.38 

09860 
09862 
09884 
09866 
09868 
09870 
09872 
09874 

10486 
10488 
10490 
10492 
lC494 
10496 
10498 

10504 
10506 
10508 

*Special Pitch Diameter. used for calculating Center Distance only, not Ratio 
tNOl lBandNOl2B have4"face. 

W - 2 4 7 4 , R e v  0 
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A10 SPUR GEARS 
APPROXIMATE HORSEPOWER AND TORQUE* RATINGS 
FOR CLASS I SERVICE (Service Factor = 7.0) 

14'h0 PRESSURE ANGLE 2" F. REFERWE PAGE A25 

REFERENCE PAGE A2E - 
1800 RFW 
PJTaqi 

-r - L- 
3 DIAM&RAMTW CAST IRON 14%. PRESSURE ANGLE 3" F A E  -. REFERENCE PAGE A X .  

Ratings are based on strength c a l c u l z t i o n . ~ s e ~  0th ra:ing. or lor hand operation of above gears is approximately 3 timesthe 100 
RPM rating. - 
NOTE Ratingsto right of heavy line are not recommended, as pitch line velocity exceeds 1000 feet per minute. 
They should be used lor interpolation purposes only. 

'Torque Rating (Lb. ins.). HNF-2474. Rev. 0 
Page D-94 
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'. 

LEAD 
LEAD ANGLE 

E--.--..-.. . 'pr 

1.0472" 
4946' 

WORMS AND WORM GEARS A77 
3 DIAMETRAL PITCH PRESSURE ANGLE- 14 r/, 
CAST IRON WORM GEARS 
STEEL WORMS UNHARDENED AND HARDENED 

' )  
'., 

STANDARD TOLERANCES 
DIMENSION I T O L E R A M  

Bore I All I f ,0005 

I- F A C E ~  ~ K E Y W A Y  

REFERENCE PAGES 
Alterations -A92 
Horsepower Ratings-A66, A67 
Lubrication -A92 
Materials-A93 
Selection Procedure-A65 

RATIO = Gear Teeth + Worm Threads 
All Worm and Worm Gears stocked RIGHT HAND ONLY 

ALL DIMENSIONS IN INCHES 
ORDER BY CATALOG NUMBER OR ITEM CODE 

.b 

2' . 

'All Worms furnished with 318" keyway. 
Hardened Worms have ground and polished threads. 

a 

W - 2 4 7 4 ,  Rev 0 - B O S T O w  INCOM INTERNATIONAL INC 

Pare n.w 



. ., 
. ..' 

% >  

- 
I - 

Input 
HP 
.27 
.66 
.40 
.61 
.98 
.84 
.34 
.57 
.96 

- 

!.34 
.53 
.67 

I .47 

.23 

.38 

.63 

.71 
1 .26 
1.16 
1.96 

!94 

3.94 
1.50 
3 7  

1.L- 

.33 

.55 

.92 
1.03 
1.84 

.15 

.25 
4 1  
.43 
.63 
.71 

1.18 
1.32 
1.99 
2.36 

93 
1.81 
2.32 
.52 
.85 

1.43 
1.59 
2.84 

.21 

.35 

.57 

.6C 
1.12 
.9E 

1.6: 
2 5: 
2.9: 
1.2s 
1.3: 

- , -~ 
I :> - 

- 

- 

- 

- 
- 
- 

678 
1150 
1402 
2364 
2373 
210 
336 
567 
693 

1156 
1156 
1974 
2395 
3025 
4034 
1613 
4020 
4235 
1048 
1730 
2962 
3591 
6055 
410 
693 

1197 
1450 
2426 
2395 
4126 
6002 
7092 
3366 
4130 

.55 

.07 

.13 

.22 

.22 

.47 
.L !  

.04 

.06 

.10 

.09 

.22 

. i 6 

.28 

.28 I 

.64 

.60 

.26 

.53 

.75 

. l l  
19 
.34 
.33 
.72 
.05 
.09 
.13 
.13 
.31 
.22 
.39 
.76 
.94 
.36 
.68 

- 
- 

- 

- 

18620 

OB1604 

G81080 
G l l l l t  
GI31101 

DE1260 
G81081 
081414 
08860 
G1112t 

*Torque in Lb. Ins 
tCasl Iron Gear Rating with Hardened Worm shown 
All Worm and W o n  Gear Ram are based on a Hardened Steel Worm used with a Bmrue W o n  Gear. 

1. FM a Hardened Steel Worm used with a Can Iron Gear, mulf@y the Gsted Rat% by .50. 
9 Kx an Unhardened Steel Worn, used with a Cast Iron Gear, multiply the Esled Rating by .25. -' 

HNF-2474,Rev 0 
Page D-96 

i 



HNF-2474, Rev. 0 
Page D-97 . >.. . 



WORMS AND WORM GEARS 
STEEL-HARDENED, GROUND AND POLlSHfD WORMS 
BRONZE WORM GEARS ' APPROXIMATE HORSEPOWER AND TORQUE * RATINGS 
FOR CLASS I SERVICE (Service Factor = 1.0) 

'Torque in Lb. Ins. 
tCasl Iron Gear Raling with Hardened Worm shown. 

D P  

10 

10 

All h and Worm Gear Ratings are based on a Hardened Steel Worm used with a Bronze Worm Gear. 
1. For a Hardened Steel h used witb a Cast h Gear, mutiply the Ssted Rabng by 50. 
2. For an Unhardened Steel Wwm used with a Cad Iron Gear, rnutiphl the Ested Ram by .25. 

- 
No.01 
Teeth 

- 20 
30 
20 
40 
20 
50 
30 
60 
40 
30 
20 
80 
50 
40 
60 

100 
30 
50 
20 
80 
60 
40 
20 
96 
72 
30 - 

- 
20 
30 
20 
40 
20 
50 
30 
60 
40 
30 
20 
80 
50 
40 
60 

100 
30 
50 
20 
80 
60 
40 
20 
96 
72 
30 - 

.- 
l o  
20 10 

20 15 

40 10 

50 15 

25 
15 
30 

25 
20 
30 

25 10 

40 
30 20 

10 
48 
36 
15 - 

Examole: G 

- 
5 
7.5 
5 

10 
5 

12.5 
7.5 

15 
10 
7.5 
5 
!O 
12.5 
IO 
15 
!5 
7.5 

12.5 
5 
0 
I5 
0 
5 
4 
8 7.5 

- 
uo.01 
reett e 
100 
50 
80 
20 
30 
40 
60 
96 

100 
50 
40 
30 
20 
80 
60 
24 
50 
40 

100 
30 
60 
48 
80 
50 
36 
20 - 

CENTER DISTANCES AND RATIOS AVAILABLE WITH STOCK WORM GEARING 
Worm T h a d  - 

r* IDOuble law< IoublelQua - Ratio ?.,in 
10 
Ir. 

- 
Y - 3 
- 
1 O( 
5( 
8( 
2( 
3( 
4c 
6C 
9E 

1 oc 
50 
40 
30 
20 
80 
60 
24 
50 
40 

100 
30 
60 
40 
80 
50 
36 
20 - 

._.." - 
50 
25 
6n 
16 
15 
20 
30 
48 
50 
25 
20 
15 
10 
40 
30 
12 
50 
20 
50 
15 
30 

40 
25 

- 

- - - 

- 
25 
12.: 
20 

5 
7.: 

10 
15 
24 
25 
12.: 
10 
7.5 
5 

20 
15 
6 

12.5 
10 
25 
7.5 

15 

20 
12.5 

- 

- - - 

I 
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N ~ , ~ ~  Worm Thread 
Teeth SinglelDouble/Oua< 
n Gear Ratio 

40- 40 . 20 IO 
60 60 30 15 
24 24 - - 
80 80 40 20 

100 100 - - 
4 8 4 a - -  
18 18 - - 
50 50 25 12.5 
32 32 - - 

100 100 50 25 
80 80 40 20 
60 60 30 15 
24 24 - - 

'40 40 - - 
96 96 - - 

100 100 50 25 
72 72 36 18 
30 30 - - 
4 8 4 8 - -  
80 80 40 20 
36 <3_S - - 
96 96 - - 

100 100 50 25 
€ 4 € 4 - -  
48 48 - - 
54 54 - - 

n acenierdinanceof2.625: Tableliss Worm and Worm Gear Ratios available: 
10 Pitch. 40 tooth. single =40 10 1 
10 Pllch. 40 tooth. double = 2010 1 
10 Pllch. 40 loolh, quad = 10 10 1 

8 pitch. 30 tooth. single = 30 10 1 
8 pitch, 3010oth, double = 1510 1 
8pitch.30loolh.quad = 7,5101 - 



ENGINEERING INFORMATION A83 
SPUR GEARS 
LEWIS FORMULA (Barth Revision) 
Gear failure can occur due to tooth breakage (tooth stress) or 
surface failure (surface durability) as a result of fatigue and wear. 

, Strength is determined in terms of tooth-beam stresses for static 
and dynamic conditions, following well established formula and 
procedures. Satisfactory results may be obtained by the use of 
Barlh's Revision to the Lewis Formula, which considers beam 
strength but not wear. The formula is satisfactory for commercial 
gears at PilchCirclevelocitiesofup to1500FPM. It is this formilla 
that is the basis for all Boston Spur Gear ratings. 
METALLIC SPUR GEARS 

W =;Tooth Load, Lbs. (along the Pitch Line) 
S ='Safe Material Stress (static) Lbs. per Sq. In. (TaSle I:) 
F = Face Width, In. 
Y = Tooth Form Factor (Table I) 
P = Diametral Pitch 
D = Pitch Diameter 
V = Pitch LineVelocily, Ft. pe! Min. = ,262 x PD x RPM 
For NON-METALLIC GEARS, the modified Lewis Form,& shown 
below may be used with (S) values of 6000 PSI for Phenolic 
Laminated material. 

.- 

TABLE II-VALUES OF SAFE STATIC STRESS (s) 

MateMl 

.20 Carbon (Untreated). . . . . . . . . . . 
20 Carbon (Case-hardened) . . . . . . 
.40 Carbon (Heat4reated) . . . . . , . . . 

20000 
25000 

30000 

Max. allowabletorque(T)thatshould beimposed onagearwill be 

the safe tooth load (W) multiplied byD or T = 

Thesafe horsepower capacityofthegear(atagiven RPM)can be 

calculated from HP = - RPM or directly from (W) and (V); 

2 2 

63,025 

HP = E 
33,000 

For a known H e  T = !%%+! 
RPM 

TABLEI YFACrORS 

Ntnd%r of Teeth 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
45 
50 
55 
60 
65 
70 
75 
80 
90 
100 
150 
200 
300 
Rack 

14%' Ftd 

0.176 
0.192 
0.210 
0 223 
0.236 
0.245 
0.255 
0.264 
0.270 
0.277 
0.283 
0.292 
0 302 
0.308 
0.314 
0.318 
0.322 
0.325 
0.329 
0.332 
0.336 
0.340 
0.346 
0.352 
0.355 
0.358 
0.360 
0.361 
0.363 
0.366 
0.368 
0.375 
0.378 
0.382 
0.390 

oepth lnwlute 
20° Fun 

Depth Inwhite 
0.201 
0.226 
0.245 
0.264 
C.276 
0.289 
0 295 
0.302 

0.314 
0.320 
0.330 
0.337 

.0.344 
0.352 
0.358 - 
0.364 
0.370 
0.377 
0 383 
0.389 
0.399 
0.408 
0.415 
0.421 
0.425 
0.429 
0.433 
0.436 
0.442 
0.446 
0.458 
0.463 
0.471 
0.484 l 

o s;a 

2' : 

-. . 
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A82 ENGINEERING INFORMATION I 

SPUR GEARS 
. \ BACKLASH 

Stock spur gears are cut10 opera:e at standard center distances. 
The standa;d center distance being defined by: 

2 
Standard Center Distance = Pinon PD + Gear 

.When mounted at this center distance. stockspur gears will have 

DialMtral Diametral Baddash 

the following average backlash: 

Rlch I 72:: Pitch O&SI 

3 ,013 8-9 ,005 

5 ,008 14-32 ,003 
4 ,010 10-13 I 004 

An increase or decrease in center distance will cause an increase 
or decrease in backlash. 
Since, in practice, some deviation from the theoretical standard 
center distance is inevitable and will alter the backlash, such de- 
viation should be as small as possible. For mos! a?plica!iois, it 
would be accepiable to limit the deviation lo an increase over the 
nominal center distance of one half the average backlash. Vary- 
ing thecenter distance mayafforda practicalmeansof varying the 
backlash to a limited extent. 
The approximate relationship between center distance and back- 

> ,.,,, lash change of 14%O and 20° pressure angle gears is shown 
'below: 
For 14?:0-Change in Center Distance = 1.933 x Change in Backlash 
For200 -Change incenter Distance = 1.374 x Changein Backlash 
From this, i: is apparent that a given change /;I center distance, 
14%' gears will have asmallerchange in backlash than 200 gears. 
This fact should be considered in cases where backlash is critical. 

UNDERCUT 
Whenthe number of teeth in a gear issmall. thetipof the mating 
geartooth may interfere with thelower ponion ofthetooth profile. 
To prevent this, the generating process removes material at this 
point.Thisresultsin lossofaporlionoltheinvoluteadjacenttothe 
t0o:h base, reducing tooth contact and tooth strength. 
On 14WPA gemsundercutting occurs where number of teeth is 
less than 32 and for 2OoPA less than 18. Since this condition 
becomesmore severe as tooth numbers decrease, it is recom- 
mendedthattheminimumnumberofteeth be 16101 14'h'PAand 
13 for 2OOPA. 
In a similar manner INTERNAL Spur Gear teeth may interfere 
when the pinion gear is too near the size of its mating internal gear. 
The following may be used as a guide lo assure proper operation 
of the gear set. For 14WPA. the difference in tooth numbers 
between the gear and pinion should not be less than 15. For 20'P.A. 
the difference in tooth numbers should not be less than 12. 

~ 

SPUR GEAR FORMULAS 
FOR FULL DEPTH INVOLUTETEETH 

MDbtain I Having I Formula 
3.1416 

P = - Circular Pitch (p) 

, 
3.1416 I p = 7 Circular Pitch (p) 1 Diametral Pitch (P) 

I ._ 
NumberofTeeth(N)& = fi 
Diametral Pitch (P) 

Outstde Diameter (D) a = - 2 
Diametral Pitch (PI P 

Base D, = DCOM Pitch Diameter And 
Diameter (DJ Pressure Angle 

P 
Pitch Diameter (D) 

Number 0fTeeth (N) 

Tmlh Thickness (1) 1.5708 
 pitch (D) 1 = - 

Dlame'rai Pi'ch (') 
Pitch Diameter (D) N = P x D 

Diametral Pitch (PI 1 Dia;tral Pitch (P) 1 a = :2 Addendum (a) 

Outside Pitch Diameter (D) B D, = + 2a 
Diameter (DJ Addendum (a) 

~ ~ ~ ' ~ ~ ~ ~ ~ ( h 3 1  Diametral Pitch (P) h, = - + 002 

Workina Deoth (h.1 I Addendum I h. = 2(a1 

Clearance@) Depth(ht) c = h, - 2a Addendum (a) 

4 Outside Radii, Base 

and Pressure Angle 
Contact Ratio (M,) Radii, Center Distance . 

M, = J R , ~  - R,' + - Csinb 

P, cos+ 

Roo: Diameter (D,) I ~~~~~~~~~ 
D, = D - 2b 

Center (cl Pitch Diameter or = No. of Teeth and Pitch 2 

I I -  or N, + N, 

*R. = Outside Radius. Gear 

Pilch I /  \ ' 



'?+KRRB Heavy Series 
qelubricatable Type 
?e heavy series R-Seal wide inner ring bearings are similar l o  the stan- 
3rd series described on page 141 but are capable of withstanding con- 
TUOUS. heavy or shock loads. The GN-KRRB series utilizes a heavier 
~ t e r  ring than the standard series. as well as, a considerably thicker 
saling member in the contact-type diaphragm seal. This design assures 
=mplete retention of the lubricant and positive exclusion of all 
2ntaminants. These bearings are especially effective at slow-10- 
oderate speeds under the severest condltions of dirt and corrosion. 

romm<"drd Inan ,ele,mce% v>?3/,.-, nom,">' I O  -.OWh. -n,3 mnl: 
2%".l~Tli.  nominal I O  -.W,'. -.011 mm. 

.ORDER. SPECIFY BEARING NUMBER FOLLOWED BI 'AND COLLAR.. Example: GNIOIXRRB 2°C Colla. 

.c . I  i: 
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- 
2SAO Heavy Series 
Fafnir RSAO mi ls  are ideally suited for inslallalions where lhe load is 
heavy in proportion lo the shafl diameter or where considerable Shock 
loads exisl. Incorporating a high capacity GN-KRRE (R-Seal) wide inner 
ring bearing, these units have the same base-lo-center height and boll 
hole spacing as Fafnir heavy series SA0 pillow blocks. 

These pillow blocks are prelubricaled and ready for immediate use. 
For wet or extremely dirty conditions. a grease fining installed in place 
of the slandard H pipe plug will provide means of relubricalion through 

. a groove in the inside surlace of the housing. All Units are supplied wilh 
' sell-locking collars. , .  

Dlim 

h 

RSAO 1Vr 
RSAO 1 %  
RSAO lllr 

RSAO I% 
RSAO 1Y. ;> RSAO I V Y  

RSAO 1 U  
RSAO 1Vr 

RSAO 1% 
RSAO 1 Y x  
RSIO 1% 
RSAO 1 Y i  
RSAO 1% 

: RSAO it/, - 

RSAO 1% 

RSAO 2 
RSAO 21/31 
RSAO 2 %  
RSAO 2% 
RSAO 2% 
RSAO 251s 
RSAO 2318 
RSAO 2 h  
RSAO 2LIa 
RSAO 21% 
RSAO 2 %  

RSAO 2 %  
RSAO 27h 

RSAO 2 w ~  

RSAO 311% 

RSAO 3'11~ 

RSAO 3 %  
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3CJO Heavy Series F 

z 
I 

! f  

le S l l D  'RCJO type heavy series flange cartridges are similar in design to 
=e standard series. They are for applications where a minimum amount 
:machining is to be done and are supplied completely assembled, 
eing mounted in place by means of bolts through the flange. 

RCJO units are equipped with GN-KRRB (R-Seal) wide inner ring 
earmgs. _. 

A grease fitting provides lor relubrication if required. Units are sup- 
3ied with self-locking collars and are dimensionally interchangeable. 

I;ommmdrd shan to i tnncrr  i h . ' . i * , ~ , ~ : ~ ~ ~ i ~ ~ t  io ..WOS..-.O~ mm; 

Ear,"* D d a  

.. . 

r.i-ili.nomind IO - .cow.. .Dzs~~ 

nit Bearing Number Dlmrnrionr and Load Ralinp. 

CJO .. GN ... KRRB Pape 144 

o OROER,SPECIFI~H, 

Unll Shall 
Diam. 

a n w o  111.6 

RCJO , 1'12 

RCJO 2'190 

RCJO 2V11 

RCJO 2 W 4  

RCJO 3'1% 

RCJO 3 %  
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LM67000 
SERIES 

1.2500 
B d An%e in this series nay be used with ICY cup in this series. 

111.811 0.4E50 115.875 0.6250 

c .  

+ T 4  
I 

LM67010 

I '  0 
! 

LM67010 
(half 5i:e) 

LM67010 
(1:Z.S size) 

basic rating Q 5CQ rpm 

2130 1bf 
thrust 6680 N 



- TDI 

--- - -  
30.16 
1187 

36% 
1437 

3651: 
1437! 
.w 

Sdl ,  
1 c- 

z.7 
4286: 

-u' 

1 E?! 
42.862 
1 €a75 

44.434 
175W 

Som 
2m 
t54.988 
t 21M9 

t54388 
t21M9 

61312 

61.912 
24375 

63500 
2503 

63500 
2503 

53.500 
2.5033 

63500 
25ooo 

tu.988 
t255a8 

t25585 
teisa 

76.2V3 
3.m 

62KX 
2.4401 

68.261 
26875 

71.438 
28125 

7 2 m  
2.W6 
85.000 
3.3465 

'0.119 
,.%BO 
0.952 
.1875 

3.264 
.6718 

16.525 
,3750- 

10.030 
,5130 

l0.000 
,3307 

10.000 
,3307 

12712 
,4375 

2712 
,4375 

16.523 
3750 

b0.030 
5130 

,6525 
3750 

140.030 
5.5130 

115.888 
4.5625 

TWO-ROW ASSEMBLY D U U B L ~  ~ U N E ;  JINGLE CUPS 

OYW 
CUP. 

T- 

33.791 
1.33E 

36.81G 
1.4492 

36.810 
1.492 

39.03 
1.BS2 

50.267 
1.9790 

54.991 
2 1 6 9  

34.925 
1.3750 

50.013 
1.9690 

56.091 
2.6020 

66.091 
2.6020 

15.550 
2.1670 

15.550 
2.1870 

50.325 
23750 

j0.325 
3750  

36.W1 
2.6020 

j6.091 
!.6020 

$6.091 
!.6020 

i6.091 
?W20 
3.973 
?129  

- 

xidm 

3432 
1.378 

3.1M 
1.5W 

=lo( 
1 . W  

3i.lM 
1 W  

5U7! 
206x 

52575 
2.06x) 
31.734 
1 2 x 4  

53.188 
20940 

65.989 
2.5980 

65.989 
25980 

55.550 
21670 

55.534 
21870 

60.325 
2.3750 

60.325 
2.3750 

65.989 
25980 

65.989 
25980 

65.989 
25980 

65.989 
25980 

53375 
21234 

- 
0"- 

"6W 

H U 

1MW 
2330 

12xKI 
2740 

1W 
2740 

1 2 m  
2740 

196w 
4420 

19603 
4420 

I7203 
2740 

l l l W  
4750 

l l l W  
9230 

111w 
9230 

237w 
5540 

23700 
5540 

IO100 
9010 

10100 
9010 

I l l W  
9230 

I l l00 
9230 

11w 
9230 

11W 
9230 
99w 
1720 

- 
- 
mru. 

H U - 
6w 
1 s t  

92MI 
2080 

92MI 
2080 

92MI 
2583 

10301 
2320 
33w 
320 

1000 
'GO 

2200 
750 

BOO 
1703 

BW 
1700 

16303 
3870 

163W 
3670 

23300 
5230 

233W 
5230 

6W W 
13703 

6€QW 
137oi) 

SWW 
13703 

60300 
137W 

13903 
3130 

- 
hrn "61. 

e - 
181M 
4050 

2 1 m  
4763 

2 1 m  
4763 

2 1 m  
4763 

34.m 
7690 

urn 
7690 

'1%4 

,6800 
8260 

1SW 
6103 

15W 
61 03 

413W 
9290 

413W 
9290 

69800 
15703 

698W 
15703 

71500 
16103 

71500 
16103 

71500 
16103 

71500 
181cQ 

52100 
11703 

<no 

- 
I*C 

K 

I2 

12 

- 

1.3 

1 .? 

1.9 

.9 I 

.11 

.73 

.67 

.67 

.45 

.45 

.72 

.72 

67 

67 

67 

67 

15 

171160 

191450 

191450 

1SlCSD 

358D 

3580 

131760 

3750 

78?16Ll 

782160 

399D 

3990 

395850 

395850 

782510 

782510 

782550 

78255D 

LM1148480 

17244 

19268 

19281 

19283 

334A 

352 

13318 

374 

71537 

76551 

394A 

394AS 

39520 

39521 

76537 

76551 

78537 

78551 

M114811 
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0.8 
0.03 

0.8 
0.03 

0.8 
0.03 

0.8 
0.03 

1.5 
0.06 

1.3 
1.06 
PCL 

0.8 
LO3 

23  
).09 

23  
LO9 

0.8 
1.03 

0.8 
1.03 

0.8 
1.03 

3.8 
1.03 

2.3 
1.09 

2.3. 
'.09 

1.5 
0.06 

1.5 
0.05 

0.8 
0.03 

I 355 

1.40 

425 
1.67 

425 
1.67 

42.5 
1.67 

51.0 
2.01 

51.0 
2.01 

50.0 
1.S7 

57.0 
2.24 

79.0 
3.1 1 

79.0 
9.11 

70.0 
2.76 

70.0 
2.78 

720 
2.83 

720 
2.63 

79.0 
3.10 

79.0 
3.10 

79.0 
3.11 

79.0 
3.11 

63.0 
3.27 

1.5 

1.5 
0.06 

1.0 

' 1.5 

' 1.3 
0.05 

2 3  
0.09 

1.5 
0.06 

1.3 
0.05 

3.3 
0.13 

23  
0.09 

1.3 
0.05 

0.13 

3.3 
0.13 

0.8 
0.03 

3.3 
0.13 

23 
0.09 

3.3 
0.13 

2.3 
0.09 

, 0.04 

~ 0.06 

3.3 ~ 

1 

54.0 
213 

61.0 
240 

63.0 
248 

63.0 
2.a 
77.0 
3.03 

8.0 
.07 

2 0  
-63 

5.0 
.35 

13.0 
.53 

17.0 
.61 

11.0 
.98 

9.0 
.90 

11.0 
.38 

13.0 
.06 

15.0 
.53 

17.0 
.61 

5.0 
.53 

7.0 
.61 

15 I 107.0 
0.06 4.21 
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Date: * June 6, 1995  

Teleconference with engineer (J im G*fid) at Torrington Bearing Co., 206-455-4466 
regarding Safety factor incorporated into their published Static Load Ratings. 
Loading lesB than the Static Load Rating wil l result in less than 1/10 inch deformation of the 
ball, and wou ld  correspond t o  a yield strength. Actual bearing failure (ball fracture or 
disintegration) would require 2 to  3 times that force, wh ich  would correspond t o  ultimate 
strength. Since w e  are designing t o  safety factors o f  5 t o  ultimate and 3 t o  yield, a 
calculated SF o f  3 based on  the Static Load Rating should be sufficient. 
- OK but  sti l l  require heavy duty bearings, resulting in enlargement of winch box. 

N e w  pumps issued - Submersible pump now weighs 3000 Ibs. Three bearings wil l be 
required. 
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T - t l  n A N U F A C T U R I N G  C O  

;;T(T-M)) SWIVEL JOINTS ENGINEERING SPECIFICATIONS 

Manufactured in eight styles. Sizes from Vz” through 16” pipe size in steel, and %” to 4” in 
aluminum and stainless steel. T i c  casic components of T-M Union Assembly Joints are as 
follows: 

Swivel Nipple: Rotates on 2 rows of chrome alloy steel balls to ensure ease of rotation 
under severe thrust and radial loads. 

Holding Nut: Provides half of bearing race and utility of (1) Providing initial com- 
pression on packing (2) Take-up on worn packing (3) Quick disassembly for repack- @ ing. Ball races of 6000 PSI and 15,000 PSI series are through hardened to 42 to 58 
Rockwell ‘C” scale, for maximum strength and wear. 

@ Body: Parts 1 and 3 are changed in configuration to provide eight different styles. 

Back-up Ring: Furnished in similar metal to part 1 to back up packing and act as 
outboard bearing during severe radial loads. Optional materials: Aluminum, stainless 
steel, teflon. 

Male Adaptor: Acts as wedge to expand chevron packing and effect seal. Furnished 
in Buna N as standard, but may be furnished in aluminum, steel, stainless steel or @ aramid fiber. 

@ Remove assembly of parts 1 and 2 from body for repacking. 

Lock Bar: Locks assembly of parts 1 and 2 to part 3. Removal of lock bar allows 
holding nut to be rotated to (1) Take-up on packing in increments of .005” or (2) 

Grease Plug: Hole is tapped to receive Alemite fitting but since T-Mjoints usually do 
not require lubrication until repacked, a flush set screw is inserted at factory. 
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T-t l  H A N U F A C T U R I N G  CO 

Basic Components: 

5 3 E  D I 88229b9 O O L l O L l O  97b I 

E-21-15 

@ Balls: Hardened chrome alloy steel balls are furnished as standard. Optional matc- 
rial: stainless steel. 

‘0’ Rings; Act as grease seals to (1) Seal grease in assembly to insure proper 
lubrication of bearings (2) Seal against grit and dirt from outside sources (3) Seal @ bearings against line contaminants. Standard 6227 and 6230 sizes used. Optional 
materials: Silicone, teflon, viton. 

Chevron Packing: The most effective packing design known, used in standard JIC 
and AN-6225 sizes in Buna N. Optional materials: teflon, aramid fiber, viton. 

Ball Plugs: Retain balls in races. Assembly of parts 1 and 2 is made at factory and need 
not be disassembled to repack the joint. The T-M joints can be repacked without 
handling balls 

When ordering specify Size, Style, Material, cg.: steel, stainless steel, etc, working pressure, 
working temperature, material to be handled, and end connections. 

Standard end connections are threaded, (TE), bored for welding, (BR), or flanged (F); see 
price list for prices Other end connections on special order. 

Component parts can be ordered to suit individual requirements, e.g.: 2” style 100 1000 PSI 
MWP, steel with bronze male adaptor (9) teflon packing (D), bronze back-up ring (8), and 
stainless steel balls (B). 

T-M Swivel Joints Out-perform All Others: 

They can be repacked in the linc or in the field without the handling of balls. Result: & 
down time. 

Union Assembly allows for take up on worn packing. Result: Up to 400% longer packing life. 
Provides positive pressure on packing to insure against low pressure and low temperature 
leaks Result: No leaks, less maintenance. -_ . 

Bearing assembly is protected against outside and inside contaminants, and grease is sealed 
in. Result: Longer life, less maintenance. 

They will withstand heavier radial loads and thrust loads while maintainingseal due to high 
qualitybearingraces, outboard bearing, and modern engineering design. Result: Lower final 
cost. 

All packing, ’0’ rings, used in T-M Swivel Joints are standard to JIC and AN sizes. 
Commercially available. Relult: Less inventory. 

- 
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ESTIMATED WEIGHTS 
STYLE 100 200 300 400 500 600 700’ 800 

310” & ’12’’ Alum. 
Steel 

1 ” & 3/4” Alum. 
Steel 

1 l/4“ Alum. 
Steel 

1 l / ~ ”  Alum. 
Steel 

2” Alum. 
Steel 
15000 PSI Steel 

2l/2” Alum. 
Steel 

3” Alum. 
Steel 

4” Alum. 
Steel 

6” Steel 

8” Steel 

10” Steel 

12” Steel 

+ 

1 
2 

2 
4 

2 
5 

3 
9 

6 
13 
18 

8 
21 

10 
25 

19 
52 

95 

115 

140 

155 

1 
2 

2 
5 

3 
6 

4 
11 

8 
19 
21 

9 
25 

12 
29 

23 
60 

110 

146 

195 

233 

1 1  
2 3  

2 3  
. 6  9 

3 4  
7 10 

4 5  
12 16 

9 12 
23 31 
24 34 

12 15 
31 38 

15 21 
37 49 

27 31 
72 85 

125 205 

177 262 

250 335 

311 388 

2 
4 

4 
9 

5 
11 

6 
18 

13 
34 
39 

17 
43 

23 
57 

42 
98 

220 

292 

390 

466 

2 
4 

4 
10 

5 
12 

6 
19 

15 
38 
44 

19 
47 

26 
65 

47 
110 

235 

323 

445 

544 

2 
5 

6 
13 

7 
15 

8 
23 

18 
48 
52 

23 
59 

30 
82 

58 
136 

31 5 

407 

530 

621 

2 
6 

6 
13 

7 
16 

9 
24 

19 
51 
57 

25 
65 

33 
90 

62 
144 

330 

438 

585 

699 

Note: All weights given in pounds for threaded or welded ends. (Flanged weights not included.) 

0 
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T- l l  NANUFACTURING CO 5 3 E  D I 8 8 2 2 9 b 9  0000112 749 

T E R M S  A N D  C O N D I T I O N S  OF SALES: 
Prices and conditions of sale are subject to change without 
notice. Prices of all T-M Products are f. a b, Sunnyvale, 
California. All material for export is subject to a 4% charge 
for export boxing. Material will be accepted for credit when 
returned with permission, and material returned for credit is 
subject t o  a restocking charge Orders for products incor- 
poratingmriations from catalog listed items are special: are 
subject t o  cancellation a t  extra charge and cannot b e  
accepted for credit upon return. We insure to  the common 
carrier but not normally beyond the point of delivery to the 
common carrier unless otherwise instructed. We maintain 
responsibilityto the extent of the insurance carried.. . fo the 
common carrier..  . or  beyond when so i:::-:::ed. 

G U A R A N T E E :  
All T-M Products are  unconditionally guaranteed for ~ r :  
year against defective material or workmanship. Materials 
re turned,  f. 0. b. Sunnyvale, if found defective will be 
repaired. Material found damaged, but not defectivc,s:I;! & 
repaired at nominal service charge 

W H E N  QRDERiWQ S P E C 2 P 3 J :  
1. Pipesize. 

2. Style number of joints 

3. 

4. Product t o  be handled 

5.  Operating pressure. 

6. Operating temperature. 

7. 

Mnterial (aluminum, steel, stainless steel), 

End connections (threaded, flanged, bored or  beveled 
for weld). 

T-M MRflUFFICTURIflG CO 
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S3E D I d 8 2 2 9 b 9  0000443 bA5 I 

0 

THE FINAL COST OF AN ITEM IS DETERMINED 
BY ITS PERFORMANCE 

@ T-M SWIVEL JOINTS ARE OUTPERFORMING 
ALL OTHERS 

$) SPECIFY AND BUY T-M SWiVEL JOINTS FROM 

REPRESENTATIVE 

f T-M 
I SWIVEL JOINTS 

T-lvl MFG. CO.. 695 E. ARQUES AVE.. SUNNYVALE. CALIF. 94086 (408) 736-5202 FAX (408) 736-3733 I 
PRINTED IN U S  A 
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03/13 /99  1 4 : 2 7  'E RELI.LKE ELEC. @ 0 0 9  

. .  

IEzj 1 
; /+ 

, 
//' ' .Y ' 

. . . .  . . .. . ., . 

VGI and VCI 
Digital PWM Inverters 

RELIANGE 
ELECTRIC iP 5 

HNF-2474, Rev. 0 
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03/13/95 1 4 : 2 8  'E RELIASCE ELEC. E3006 

IN\/ ERTRON 
', A - C  D R I V E S  

Standard Speciflcatlons 

HNF-2474, Rev. 0 
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03/13/95 14:JO RELI.LYCE ELEC @007 

A multi-function alphanumeric keypad and display provides. 
operation, programming, and monitoring of running condition. 

The V G I p C I  keypad display is comprised of 
t w o  lines and 40 characters. This h a t .  ED. 

English message display is easUy vlslble when 
viealng - wen from a dis taxe .  

. 

I 
REFERENCE MODE - Oisplays Wh* speed 
&h2cc-. SJ;GES are 

_. . m n h g w d  a d  Hid 
one is a&e. 

OPERATOR KEYS: 

mmmm 

mmm 
Sfart Sop Reverse X g  

NON-STATE KEYS: 

Enter Up Darm 

RS232 PROGRAMMING PORT IS 

Using Reliance MMI S o h a r e  all parameters 
can be downloaded, uploadad, monitored. and 
saved as a file for transfering to future addition- 
al drives. 

ALSO AVAILABLE - A S  STANDARD. 

HNF-2474, Rev. 0 
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TY MASTER ALTERNATING CURRENT MOTORS 
s cUC?REL.CAt;' 1NDUC;ICH' 

EN CL OS URE : TOTALLY ENCL OSED S UBMER S IB LE 

.I 

* 6  
'X' E X T i Z N A L  

. FIFE THREAD- 

 FRAME^ c I . L. I P I T I u 1311 v I W  I AG I AH I A J  I AK i a l  AC 

* I  I I . I  . I  l I l . 1 I  I 1 
160TY 1 51.81 133.25) 20.3814.25 I2.4997/3.1912.IZ14f.Z5 ~6.5Sll8.75~17.500 1 15.25 

c 

XT 

FRnME I 6D (zl BE BF . XT LEAD CONNECTIONI 6.~. KEY 
x I Y 1 xo ISO. ILG7H.  

'3 i iOTY I .2S 20.25 11.12 a69 1 l - l n - r q 3  - 8 I 1.25 1 10.88 1-50 I 3.00 
1.1, I I I .  I I 1 I I  

F R m E  LZBOTY 

P -  

' 

L E F  OIA. 
I6 HOLES 

;.I -AI- Y I R  IES ..COO. ..ooz 
S J  LEAD YlRE LENGTH AS SPECIFIED OH SALES O R C E R .  
6J 1 14 - 0 PPE TWDEAD SUPPLIEO WIM 

CAULS SZES LMGR TXAX #lM . -  
FEE RUNCUT *no CCCPNTR~CITY -00s us. T.14. 
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P 1 3/60 I 1780 

F R A X  REL. 
S.O. 

75 

1 TEST I TEST 1 STATOR RES.8250C 1 E/S I R O T G i i  S.O. DATE OHnS (BETUEEN LINES) 

460 

I 592966 ! 418141-33-RE I - - -  I - - -  I .0806 

z 
AHPERES I RPn POUER FACTOR 

NO LOAO 0 27.5 I 1800 4. 41 

2/4 37.5 1 48.6 1791 76.0 

5/4 93.8 I 107 1776 . 87.0 

HP I LOAO 
I 

' 14 18.8 34.3 I 1796 I 55.3 --__ - 

3/4 56.2 66.1 1787 83.6 

414 74.9 I 85.5 1782 I 86.4 

z- 
EFFICIENCY 

0 

92.8 

. 95.1 
95.4 

95.0 

94.4 

LOCKED ROTOR 

PULL UP 

BREAKDOWN 

FULL LOAD 

'm 357 I 540 

1715 I 226 I 499 290 

1782 1 100 22 1 85.5 

- 700 I 140 1 309 50 1 

A-C HOTOR E3669A-A-002 02, BY P.8; GREENE 
CX. BY * * 

RPP. By* D A T A  ISSUE ORTE 09/13/84 
PERFORHANCE 

R EL /A  N CE 
,CLEVELAND. OHIO 44117 U.S.A. '*" 



CRUCIBLE/SPECIALTY PlETALS 63E I 25110757’0002857 305 E 

FIGURE7 
-.. 

700- 

600 

500 

300 

200 

1 oc 

09 15 

6-33-05 

CRUCIBLE MClTERIClLS CORP/CRUCIBLE SPECIClLTY METClLS D I U  





Wing Nul Thread Female NPT Male NPT Wing Nul Thread Male NPT Female NPT 

'805s' Clamp. Stem. Wing Nul Female Spud Pipe Outlel 'Eoss' Clamp. S e m .  Wing NvI Uale Spud Pips Outlet 
FEMALE SPUD COUPLING wiih CLAMP MALE S P U D  COUPLING with CLAMP 

,- 
'Boss' Clamp, Slem. Wtnp Nut Double Spud 

DOUBLE SPUD COUPLING with CLAMP 
Wtng Nul. Stem. 'Boss' Clamp 

. .  
. .... 

' k . a O S j '  non..-d:aII:c polymer seal is not sJtjecl :o cornsion and ollers r8sis:ance 10 chemicals and steam IoLnJ ;a rnan2lac:uring facilihes. I 
precisely machined r m a s  holds Ihe seal firmly in place, allo*'ng i l l3 absorb hersh pu3i:shnenl. Recommon3od IC! s e a m  sewire up IO 450'F. 
easy to seal: HorkS vkh  eisllng 'BOSS' Ground Join: S16rns; Made in the USA. Wtlings will be su@ied wnih Polymer sea!$ 2s sisi(  is ot.2lelcj 

PLATE3 STEEL &lor I,;;.LLEAELE IRON 

I I I I I I  I I 

Female Spud !?ale Spud 

part# Price 'kg party Price 

GSC 510.SO 100 GWB 310.50 
GCC 11.00 100 GtdC 10.50 
083  7.65 103 CY3 11.00 
G88 7.95 50 GM8 13.00 
GB13 I 8.25 50 GMl3 14.00 
GB76 :,*,17.80 25 GMl6 30.00 
G823 .' 17.40 25 GI823 28.30 
GB2B :" j7.80 10 GMZS 30.85 
G833 56.00 5 GM33 80.00 

GE48 110.00 5 
GBSB 250.00 2 
G868 400.00 2 

~ 8 3 8  61.00 5 ~ ~ 3 8  8s.00 

DouSle Spud 

L J  
lw, v8', 5' d 8'CDme with Copper SEal spuds. Copper seals are av8tla5le in ovler sires. consul1 the Facloy lor pridng and avaiia5iliiy 

m-2474, Rev. 0 
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G A T E S  RUBBER C O  

*-- " 39496-000 
March 30. IWZ 1. ProductsIList Prices Januarv2 1YW 

supersedes 39436.030 
Industrial Hose 

CONSTRUCTION: 

-. 

COWLINGS: 
PACKAGING: 5V coiled in a canon. 

388 Degrees F Mad: Tn U.S.A. Caution: 'Iigiiten Clamps Before Using." 

or m. K W g e s  150- 14 I. 

BR4NDING: ~ u b ~ p a ~ c h l a t d e v e ~ S - l 0 f t . E x m p l e ; ' ~ ~  2WMB Steam Pile Uriver'XlPSI (1.38MPa)WPx 

SPECIAL ORDER 
i~QUIREiV??KTS.: Special production luns ~equire n l in ium order quanuties of 500 feet per si&. 

KEMNAhT LJZXGTHS: Not Available. 

Due to continual product improvements. Gates reserves the right to alter specs and prices without prior notice 

m. The world's most msed name in belts and hose. - 
HNF-2474, Rev. 0 I 
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STEEL BAR STOCK MALLEABLE IRON 316 STAINLESS STEEL BRASS 

114'11W M S I U  Ls.04 
114' x 114' M S A  4.35 
114'xW MSB 4.50 
?iB'xi/4' MS814 4.15 
WXW MSC 3.50 
W x l R '  MSSXS 4.40 
ln'x114' M S X 4  440 
1 t Z x 3 g '  M S X 6  - 4 4 0  
lrrXlR' Ids1 ' , 3  25 
1n*xV4' M S X I I  8.85 
34.X4'xi.Q' MSlZy(r 7.75 
94.~94' US$ I ,  560 
?#XI' MSleYIG 13.50 
1 ' x W  MSlbX14 1350 
1' MSlI -8.70. 

NOn-pbIDus tubular steel for volatile materials Pla'ad 
M.& iPT 'End 

Sizo Pari# Prlce 
11/4 '  LP76 $35.00 
1 112' LP21 3S.00 

2 112' LP31 80.00 

LP46 80.00 
LP66 176.00 

EMS8 $13.50 
8MS11 25.00 
8MS16 3 t . N  
SMSZl 42.00 
EMS26 68.00 

B M W 6  145.00 

Unplated. 
Beveled End 

, 
* Washer I8 IUiinQer nylon. Nilnle bonded. K a b k  reinforced material. 

PLATED STEEL &/or MALLEABLE IRON 

I 
iszizi@ 

I e cr 

HNF-2474, Rev. 0 
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Hose  
I.D. 

6tlU29 
8829 

1R' 
Y4' 
3'6' 

90.00 
90.00 

+ 2-BOLT TYPE 

1' 
1' 
1114' 
1114" 
1114' 
1114' 
1 114. 
1 r n .  
1 ,P 

. -i 
'-:.I-BOLT TYPE 

1 2.GRiPPING FiNGERS 

4-BOLT WPE 
'4 ClRlPPlNQ FINQERS 

THREE-PIECE 
8-BOLTTYPE 

1 ln. 
1 rn. 
1 ln. 
11R' 

2 
r 
2 
2 
T 
2 
i* 
2 in. 
2 1R' 
2 r R '  
3 
3 
3 
3 
3 
3 

, -. 
I .  I 

5 

How 

Ho 
FKXX 
91 6' 
1 111 6' 
1316' 
lY16' 
11/16. 
1 5/32' 
1 Y16' 
15'16' 
1 ((2. 
2%'332' 
1 13'32' 
1 17/32' 
111116' 
1 iY16' 
1 In. 
111116' 
12x32' 
1 718' 
2 1E 
11Y16' 

P 
2 1/16' 
2 Y16' 
2 3.Y 

2 114' 
2 11/32' 
2 :"' 
2 lrr. 
2 314" 
2 3 4 .  
33132' 
3 1116' 
3 3/32' 
3 lR' 
3 1R' 
3 1R' 
3 314' 
3 1316- 
4- 
4 1/16' 

v 

l; r .. . 

4y16' 

5 114' 

6 718' 

Plated 
Malleable Iron O.D. 

To: 
21/32' 
71a' 
1Y16' 
1 1/16' 
13/16. 
1 9/32' 
1 x6 '  
1 if'?' 
1 11/16' 
11/32' 
1916' 
12m2' 
11Y16' 
2 118' 
12s032' 
1718' 
2 332. 
2 1/16. 
2 sa. 
2 
2 7/32' 
2 116- 
2 114' 
23%. 
2 9/16' 

2 1/2 
2 17/32' 
? 34' 
2 2j132' 
3 1116' 
3 1116' 
3 7/16' 
3 1i2' 
37116' 
3 15/16' 
3 S'4- 
3 15/16' 
c 
4 lli6' 
4 3/16' 
4 7116' 

- 

- 

2 y 

4112' 

O.D. 

4 13/16, 
5' 
5 1/C' 
5 19/32' 
5 15118' 
7 3'8' 
8' 

ro: 

Pad R 
8 D  
CD 
DD 
8 4  
85 
BU9S 
8U9 
89 

9G8 
156' 
BU14 
814 
815 
8 U 1 8  
187' 
8U19 
206' 
879 
BUZZ 
622 
212' 
225' 
8U24 
824 
825 
250' 
8U28 
275. 
BU29 
E29 
306' 
830 
350' 
BU34 
8 5 4  
375' 
BU35 
401' 
835 
478. 
839 
450' 

810 

- 

Price 
53.95 

3.95 
3.95 
3.95 
4.25 
5.30 
5.30 
5.30 
6.00 

- 

9.65 
11.00 
18.00 
12.50 
IS :7 
13 00 
14.00 
17.50 
18.00 
15.00 
16 
15 
15 
17 
1 7.5"05̂O' 
18.00 
21.50 
17.50. 
18 50, 
24.00 

25.00 
40 00 
40.03 
35.50 
63 00 
57.00 
45.0D 
7t.50 
70.00 
70.00 

35.5f 

Plated 
Malle 
P8rf # 
E539 
645 
as49 
BU49 
849  
750 
850 __ 

- 
% 
100 
1 co 
25 
25 
50 
50 
25 
25 
50 
20 
25 
25 
20 
10 
i o  
23 
10 
10 
10 
10 
10 
10 
10 
10 
13 
10 
:- 
10 
10 
10 
5 
5 
5 
5 
5 
5 
5 
5 
4 
5 
2 

- 

. ,. 

- 

)le Iron 

140.00 
190.00 
200.00 
200.00 
240.00 
240.00 

Brass 
sh@hnn 

BBU9 16.00 
669 18.00 

86UI  
8824 

Ship 
Part - 

RE4 

fiSUS 
RE9 

RBU1 
RE14 

RBI9 

RBUZ 
RE24 

R6U2 
RE29 

- 

a 
Price - 

$90.00 

99.00 
99.00 

126.00 
126.00 

iza.00 

'135.00 
135.00 

200.00 
200.00 

6 
6 
6 
12 
12 
21 
21 
21 
21 
6 
21 
21 
21 
21 
43 
21 
40 
21 
40 
40 
40 
21 
40 
40 
40 
40 
40 
60 
e2 
60 
60 
60 
60 
60 
60 
150 
60 
150 
150 
150 
200 
2m 
200 

- 

- 

"Recommended torque 
ratina in FT. LBS. I (for riiaiieabie Iron 8 

200 sldinless steel clamps only) 3 200 z- 

i 
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VEX555 (P  3Y-f 
G A T E S  RUBBER C O  S O E  b m 3 a 3 0 ~ 7 1  urJn7aos 773 -2 -49  

3W96-M)ll 
hlarcli 30. 1992 

Supeixdes 39496-000 
ProductsList Prices January 2. 1990 

-m= 
'Industrial Hose 

' How To Use The Coupling Section 
Couplings are designated by Blnck Nunibcr;, and are descrih-d as 10 coi:struclion and 
source Adapters and hRin,os are available for sp'cial applicatiom. 
Each coupling lms a pressure rating of Lmv, Medium 01 High lliesc Ienm have a general . .  

Coupling rating$ apply oidy whcre the rccomincnded cliliiqis oi b.ndr iuc us:d. Use tii ih 

infoinwiori is a guide since diriment tube sto;ks atkc1 coupling miension. 
Cororiioo sI;mk couplings or nippki with bwds or c l a m p  should be u-cd only on strai$l 
or plain sird waier or Inatcri3~ liaidling IIOSC< cp IO die fullon-iup rdied w r k i i i a  prsssures: 

-- --__-_ - ::-A& -..--.----.- -_--.*_.-____ . - -),? , - .T-<p-.>,.. . '. 

List& are a!l of the clamps, bands and femiles i x a l  LO szaixe iinc i.ai:plings IO the hose. The 
propcr clamp size should be seltcted careCullg. since riiaiiy cI;uiips will f i t  only one liose 
size or a narrow range of sizrs. 
Fo.- - " . ceilriin c r ~ u ~ a l  fluids, bprcific couplings m c  used. :LS l u l l o w  

Critical Applications 

I. Use o n l y  lbe coupling:s recommended i n  thib cnrnlog for con\'c?ing. 
Steam 
I.PGas 
Corrosive Chemicals 
Fctroleum Products 

.A If more !ha) on? coupling is rmomnicnded. make a lid selecuon for type nfcouplin: 
on bnds of coss sizes available. Ihrc-ad typc a\ililable and spplic:ilion. 

R .  Delemine how the coupling is to he fastewd tu 11x hc~e--ien.ulc, band or clamp. 

Due IO continual product improvements, Gates raerves [fie right IO alter specs and paices \vithoul piior notice. 

GRTES RUBBER CO HNF-2474, Rev. 0 
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G A T E S  RUBBER C O  SO€ D I 38 3 0 b 7 L  0 0 0 7 A O b  b 3 T  PI 0 
-2m, 

Industrial Hose 
.:~>;9h-lhXl 

Xlar4~ 30. I w 2  
Supeisedeh 39496.0(UI 

ProductslList Prices J.inu;q 2 .  I Y Y J  

M Z  

Coupling installation 
Before making .any how assembly, check oyer thcse gtneral iiistrucuons arid pramtion.;: 

1. Square E n k B e f o r e  anaching a couplitig to d e  hose, niakte sure the end is cut 
squxre. This will help prevmt le&age of the coupling. 

Roper Fit of Ferrules and Clamps-This is in ipor t in t  Make siuc you &re usins 
tlir conrct sizes for the hose k i n g  coapled. Never buff the cover, except when 
spsified for cenain hydraulic husr couplings. and you should 1101 en lar~e  the hose 
rube in m y  way to m&e [he couplin$ insen fir. Oscasioaally, P nippiepucho tool WIIJ 
be helpful in pusline the inscn into the how. 

1nst;illution Lubricanls-Use of IuhiiGm~s on  couplins in,e:x 2nd feriulcs will 
simplify uoupling insrallnrion and reduce possibility of daniage to rhc h o r  
lubric~i~stousc~ewat~r,so~psoltitionorlactol.Or. youcan useasolutionof 
and alcohol made up of one ( I )  pzn glycerin and I5  parts wood alcohol by i( 
Appearmice of the Hose Asscn~l~ly--A properly insudled coupling signilicandy 
improves custotnec acceptaice of he producr. If also provides added assumnce of 
wisfactory setvice and sofery of assembly. 

b a l  the Ends-Where die 110~1: is intended fur use i o  petroleurn nsnsfei applications 
and hose ends will be ehposed aher couplin%s arc er~chsd.  apply a sufficiznt ammint 
of quality Neoprene ceincnt or shcllsc IO seal i k  cnds. 

2. 

3. 

. .  . .  . 
4. 

5 .  

6.  Critical Applications. 

( X J  U x  only the couplings recimmeiided OM pages 131.140 for conveying: 
* S t e m  - Peuolcilm Pmductc 
* LPGas * Llible Products 
* Corrosive Cheniicals 

(b) FJ: z ~ y  KC> i'npxmtre applications, use ody interloching type cocplmgs- 
p 7 J o r m .  

(c) For conveying fla~iuiiable fl3ids, couplings made UT noi:sp?rking malcrialc: 
i.e., b i x s  ur aluminum. 

((1) For airci-af ground fueliig Ituse. use f~c io iy  cuui;led a s r m b k s  only 

Due IO continual producr improvcmenc?, Gates rrserves rhc rieht to alter sJecs and D I ~ C ~ S  wiLhout prior notice. 
~~ ~ m. The world's most trusted name in belts and hose. Page 13 1 
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i 

Long Shank 

~esn ip t i on :  Cast brass, serrated shank, 581 has hex male and hex 
swivel lemalacouplings. wilhaw2sherseal.Threads are GHTor NPSM. 
sources: Dixon Valve 8 Coupling Co 

John W. Moon. Inc 
H.8. Sherman Ufg. Co 
Seal-Fasl Bobo. Inc 

@ Lightweight Water Hose 

~ c ~ c r i p t i o n :  Spun or WTOuph: b r a s  sei:aed shank. round swivel 

souices: American Coupliw Co 
L.R. Neison Corp. 
H.B. Sherman '"9. Co. 

female and solid male. both GHT. na5h,81 Seal. 

Cast Brass Short Shank 

Description: Cast brass, serraled shank. hex swivel female wilh washer. 
solid male, GHl threads, %-I 1'0. 
Sources: J.C. Gadd Co. 

JOM W. Moon. Inc. 

Staypu. Clamp a CaUPling Co. 

H.B. Sherman M f g .  CO 
SFBI-FPSI BObO. InC. 

Machined Brass Shori Shank 

Descrlption: Machined b ras ,  serrated shank. Each sel has round 
snivel lemale and solid male, GHT. washw seal. OclagM nut male and 
female. 
Sources: American Coupling Co 

Anchar-Leu Div. 
Royal Brass. lw. 
H.B. Sherman Mlg Co. 

@ Brass PiRtug + --+f+-q 

oescriplion: Cast b r a s  shank anc swIyeI. s b n k  is serrated. NPSM 

on lemale only. 
Sources: John W. tuloon. Im. 

IhreadS in female and male. wi:h washer Yal. SlreS under 3" have ( U S  

D i x m  Vabe 8. Coupling Co. 

Malleable iron Pin Lug 

~escr ipt lon:  Malleable iron Shank and swwel wilh serralea Shank 
cadmium plated. NPSM IhreadS In male and female. washel seal. Pm 
lugs on temale wly. 
Sources: Dixon Valve 8 Coupl8ng Co. 

H.B. Sherman MIS. Co. 
Seal-Fast Bobo. Inc 

Victaulic Nipple 

Descrlplion: Swapd  s:e@ rvilh scored or serrated shank. KPT ihresds 
same nominal size as I 0 01 hose. Sjec:al plaslic materials available 
Sources: Bnd-l :  

Dim" Valve h Coupling Co. 
Manin Brass Works. Inc. 
Scmw Machine Produas C3. 
Seal-Fast 6050,lnc. 4b 
Slaypul Cl2Wp 8 Coupling CO. 

@ Tri-LoM 

Description: Machined Reel insen, male NPT threads Only. heM In 
place w h  sleel yore 3-c Bmd-It 3. clxnps. lnser: is reusab lewn  X 
rsinslalled wilh new yoke and c!amps. 
Source: Ban2-lt 

rEJ Single or Double Bolt Malleable Iron Clamp 

Description: Cast maileaale iron. cadmium plated 
Source: Dixon Valve 8 Couplnp Co- ... J.' 

" 
Description: tlalleable +on swivel Insens ana spud k y  be eiihar steel 
or malleable iron Nt pans arecaamium plaisd. Maleand female threads 
Wlh NPT wilh sa,:* nw ina l  sze as h3s.e 1.D. Ground pin1 between 

. 

spud and lemale ,"sen. Availeble wllh 2- and 4-bO!l Clamp5 
Sources: Dixon Valve a Coupliw Co. 

Seal-Fast Bobo, Inc. 

Interlocking, Washer Joint 

... ... 
~escr ipcon: M B I I ~ ~ > I E  iron SWIYOI. ~nser: and spud may be either 
malleabie iim or steel. Ali pans are caam8cm plaled. Female thread in d 
s p w ~  IS NPT wilh Same nominal Y L ~  as hose I D Washer joint beween 
i h e ?  and spud. Avala~lo wt'l 2- and 4-bok clamps 
source: v i m  VBIVC a C O ~ P I ~  co. 

Due IO conrinual product improreincnts. Clam reserxs thc righr IO al12r specs sild prices u~irhoul pnor notice 
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7' ' 1 11/16. 
1' 1 1%6. 
1 1 / r  11M' 
1 l/* 111il6' 
1 I/< 12522' 
1 1iL' 1 718" 
1 1/4* 2 r/a* 
lln. 113'1B' 
1 1,:. B" 
1 1,T 2' 

I 1  ;a' I 2 1/16' 

P-BOLT TYPE - > 2 GRIPPING FINGERS 

:,4 

2 11s- 
2 11:" 
2 38- 
2 w6' 
2 3 4 .  
2 l/2' 

4316' 
4-BOLT TYPE 

' 4  GRIPPING FINGERS 

Tc: 

- 
PSrl# 
BD 
CD 
DD 
B? 
65 
E N S  
BU9 
a9 

968 
156' 
8U14 
874 
E15 
BU18 
757' 
6U79 
206' 
B19 
6UZZ 
E22 
212' 
225' 
8U24 
624 
825 
250 * 
i"Z3 
575' 
EU29 

306' 
630 
350' 
8U34 
634 
273 ' 
BUS5 
401' 
635 
418. 
839 
450' 

__ 

LL" 

- 
$3 95 
3 95 
3 95 
3 $5 

-4.25 
5.30 
5 30 
5.30 
6 00 
6 00 
9 45 
9 65 
9 65 

1 1  09 
18.00 
12.50 
16.00 
13 00 
14 00 
17.50 
18.00 
15 00 
16 50 
1 s  00 
15 00 
17.50 
1750 

21 .so 
17.50 

- 

21.00- 
35.50 
25 00 
40 00 
LO @O 
35.50 
63.00 
57.00 
45.00 
76.50 
70 00 
70 00 

20 

10 
10 
10 I 

20 i 
10 ss19 59.w 
1 0  4 
10 
10 
10 
10 8 B U 2 4  90.00 
10 BB24 90.00 
10 _, 
10 : 

10 
10 BBU29 B C W  

J &%rS $0.00 
10 
5 
5 -  

. 

l "  

. _ I  

Pfated 
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, 

Material 
Music wire 

Stainless steel 
ASTM-A228 or AMS 5112 

Commercial Type 302, ASTM4313 or 
AMS 5688 spring temper. (chemical 8 physical only) 

No charge for certificate of compliance when requested; 
certificaft5of chemical analysis available. see price book. 
Music wire will be furnished unless stainless steel is 
specified. When inquiring or ordering, use letter " M  or 
letter "S" as suffix on catalog numbers to designate music 
wire or stainless steel wire, respectively. 
Music wire springs are not recommended for applications 
where the temperature exceeds 250 deg F (121 deg.C). 
Stainless steel springs are not recommended for appllca- 
tions where the temperature exceeds 500 deg F (260 deg 
C). 

Direction of Helix 

Ends 

Right hand. 

S uared and ground. Ends to be square within 3"with axis 
0%. sizes 0.057-0.088 in (1.45-2.24 mm) squared ends 
not ground. 
Free length L is  for reference use only. Load P is attained 
at length L,. For stainless steel multiply P by 0.833. 
Load values shown are for music wire. 

Stock sizes in 
musk wire and 
stainless steel 
Associated Spring offers a broad vane of helical corn- 
pression springs in the SPEC selection.?!hey are reliable 
inexpensive and efficient - the right combination fo; 
general-purpose use throughout industry. 

For normal seivice, springs should not be compressed 
below L,. 
To determine load P at any length other than LT, multiply 
the proposed deflection by the rate R. '[P + (L-Lx) x R] 
When stainless steel is used the value for rate R must 
be corrected by multiplying R by 0.833. 

-- i - % l  
I I 

Finishes 
Standard finish is that of the normal wire. Shot-peened and 
plated finishes furnished on request. Allow sufficient 
additional time for special finishes. 

To I era n ces 
0.0. (Metric) 
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18.0 
15.9 
14.2 
13.7 
12.5 
10.6 

80.0 
66.0 
50.0 
45.0 
36.0 
29.0 
23.0 
22.5 
19.8 
17.7 
16.7 
15.3 

114.5 
78.0 
68.0 
55.0 
45.0 
36.0 
30.0 
28.0 
25.9 
23.1 
20.9 
19.1 

112.6 
165.6 
L35.6 
116.2 
89.5 
72.8 
61.3 
53.0 
46.6 
41.7 
37.6 
34.3 
31.5 
29.2 
27.1 
25.4 

162.5 
203.6 
166.4 
142.3 
109.4 
88.8 
74.8 
64.5 
56.8 
50.7 
45.8 
41.7 
38.3 
35.5 
33.0 
30.8 

291.5 
237.0 
202.2 

- 

- 

- 

- 

- 

STOCK COMPRESSION SPRINGS 
Music Wire and Stainless Steel 

Outside 
Diameter 

Wim 
Dii 

P 

N t  
- 
- 
80.0 

- 

93.4 

- 

06.7 

- 

15.41 

- 

77.32 

- 
966.66 
- 

tho 
- 

mm 

26.9( 
30.0i 
33.2: 
36.4t 
39.5; 
45.9( 

9.14 
10.9: 
11.5t 
13.4t 
16.81 
19.8, 
21.m 
28.01 
31.31 
34.71 
38.M 
41.31 

10.21 
11.31 
13.2) 
14.31 
18.0: 
21.ot 
24.1: 
28.91 
33.0: 
36.5: 
40.6; 
44.2! 

11.84 
14.05 
16.23 
18.26 
22.48 
26.70 
30.91 
35.13 
39.34 
43.56 
47.78 
51.99 
56.21 
60.43 
64.64 
66.86 

12.12 
14.35 
16.61 
18.69 
23.01 
27.33 
31.67 
35.99 
40.34 
44.65 
48.97 
53.31 
57.63 
61.95 
66.29 
70.61 

15.01 
17.37 
19.56 

- 

- 

- 

- 

- 

- 

- 

Free 

in 

2.00 
2.25 
2.50 
2.75 
3.00 
3.50 

0.62 
0.75 
0.88 
1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 

0.62 
0.75 
0.88 
1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 

0.62 
0.75 
0.84 
1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 
3.25 
3.50 
3.75 
4.00 

0.62 
0.75 
0.88 
1.00 
1.25 
1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 
3.25 
3.50 
3.75 
4.00 

0.75 
0.88 
1.00 

L, 1 
- 

- 

- 

. 

- 

- 

- 

Lc 
a - 

Ibt 

Ir 
- 

in 

1.059 
1.184 
1.308 
1.433 
1.558 
1.807 

0.360 
0.430 
0.455 
0.530 
0.665 
0.780 

1.106 
1.236 
1.366 
1.496 
1.626 

0.405 
0.445 
0.52C 
0.565 

- 

__ 

0.830 

__ 

0.710 
o . 8 ~  
0.95C 
1.14C 
1.301 
1.43 
1.601 
1.742 

0.466 
0.553 
0.639 
0.719 
0.885 
1.051 
1.217 
1.383 
1.549 
1.715 
1.881 
2.047 
2.213 
2.379 
2.545 
2.711 

0.477 
0.565 
0.654 
0.736 
0.906 
1.076 
1.247 
1.417 
1.588 

1.928 
2.099 
2.269 
2.439 
2.610 
2.780 

0.591 
0.684 
0.770 

- 

- 

1.758 

- 

- 

Sprin 
- 
lbh:  

Solid Height. 
ter 
mm 
- 
- 

1.60 

- 

1.70 

- 

1.83 

- .. 

2.06 

- 

2.16 

- 
2.34 

- 

4 
in 

0.700 
0.768 
0.836 
0.863 
0.927 
1.055 

0.300 
0.336 
0.401 
0.430 
0.505 
0.594 
0.715 
0.771 
0.847 
0.923 
0.966 
1.MC 

0.381 
0.396 
0.433 
0.502 
0.581 
0.691 
0.801 
0.848 
0.946 
1.033 
1.119 
1.206 

1.412 
1.459 
1.501 
3.552 
3.644 
3.736 
3.828 
1.920 
1.012 
1.104 
1.196 
1.288 
1.380 
1.472 
1.564 
1.656 

1.433 
3.484 
3.536 
3.583 
3.682 
3.781 
3.880 
3.978 
1.077 
1.176 
1.275 
1.374 
1.473 
1.572 
1.670 
1.769 

0.524 
D.581 
0.633 

- 
- 

- 

- 

- 

- 

- 

- 

OX. - 
mm 

1 7.7: 
19.51 
21.2: 
21.9: 
23.56 
26.81 

7.61 
8.5: 

10.15 
10.9: 
12.E 
15.M 
18.lt 
19.5t 
21.51 
23.44 
24.54 
26.4: 

9.62 
1O.M 
1I.M 
12.7: 
14.7t 
17.51 
20.3: 
21.& 
24.0: 
26.24 
28.4: 

10.46 
11.66 
12.88 
14.02 
16.36 
18.69 
21.03 
23.37 
25.70 
28.04 
30.38 
32.72 
35.05 
37.39 
39.73 
42.06 

11.00 
12.29 
13.61 
14.81 
17.32 
19.84 
22.35 
24.84 
27.36 
29.87 
32.39 
34.90 
37.41 
39.93 
42.42 
44.93 

13.31 
14.76 
16.08 

- 

- 

- 

3% 

- 

- 

- 

- 
in - 

0.063 

- 

0.067 

- 

0.072 

- 

1.081 

- 

3.085 

- 
0.092 
- 

50.80 
57.15 
63.50 
69.85 
76.20 
88.90 

15.75 
19.05 
22.35 
25.40 
31.75 
38.10 
44.45 
50.80 
57.15 
63.50 
69.85 
76.20 

15.75 
19.05 
22.35 
25.40 
31.75 
38.10 
44.45 
50.80 
57.15 
63.50 
69.85 
76.20 

15.75 
19.05 
22.35 
25.40 
31.75 
38.10 
44.45 
50.80 
57.15 
63.50 
69.85 
76.20 
82.55 
88.90 
95.25 
01.60 

_. 

- 

- 

3.15 
2.78 
2.49 
2.40 
2.19 
1.856 

4.01 
1.56 
8.76 

6.30 
5.08 
4.03 
3.94 
3.47 
3.10 
2.92 
2.68 

'0.05 
3.66 
1.91 
9.63 
7.88 
6.30 
5.25 
4.90 
4.54 
4.05 
3.66 
3.34 

7.23 
3.00 
1.74 
).35 
1.67 
?. 75 
I. 73 
128 
3.16 
7.30 
5.58 
5. 01 
5.52 
E11 
1.75 
1.45 

- 

7.88 

- 

- 

C0600063~200( 
C0600 063.225C 
C06W.063.25M 
C0600.063-275( 
C0600 063.300( 
C0600.063 So( 

18.00 

COEM-': :7062 
C 06 0 0.06 7 4 7 5 ( 
C0600.067688( 
C0600067~100( 
C0600.067.125( 

21.00 

- 

24.00 

C0600-067.15o( 
C0600067.175( 
C0600.067~200( 
C0600 067.225( 
CO600.067.25Ol 
C0600067-275( 
C0600067-300f I 

co6oo.o8i.o62o 
CC600.0814750 
C06ood81-0880 
c0600.081-1000 
C0600.081.1250 
C0600481.1500 
C0600-081.1750 
C0600-081.2000 
C0600.081.2250 
c0600-asi-2500 

32.69 

C0600.081.2750 
C0600-0813000 
C0600481.3250 
C0600~0813500 
C0600.081-3750 
c0600.0814000 

15.75 
19.05 
22.35 
25.40 
31.75 
38.10 
44.45 
50.80 
57.15 
63.50 
69.85 
76.20 
82.55 
88.90 
95.25 
01.60 

19.05 
22.35 
25.40 

_. 

1.96 
5.65 
?.14 
1.92 
?.16 
j.55 
3.10 
1.29 
195 
9.88 
9.02 
7.30 
5.71 
522 
5.78 
E39 

f.04 

5.41 

- 
1.50 

CO600.085-0620 
C06W.085.0750 
C0600.085.0880 
C0600 085-1000 
C0600.085.1250 
C0600.C85-1500 
CO600.085-1750 

C06W 085.2250 
C0600 085-2500 

c o 6 00. a 8 5.2 000 
37.62 

- 
46.46 

C0600-085.2750 

C0600-085.3250 
C0600.085.3500 
C0600.085.3750 
C0600.085.4000 

C0600.0920750 
C0600-092.0880 
c0600.092.1000 

c ~ o a o 8 ~ . 3 0 0 0  

tFor Sialnlesf steel. mulllply valuer by 0.833. 
'When lnqulrlng orordetfng, u$e leffer " M '  or letter "S" as aufllx on Catalog numben to deslgnsis muslc wlra of 
sblnless-sfeel wire, respecflvely. 
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COMPLETE U N I O N  A S S E M B L Y  
Repack anywhere, anytime. without handling ball bearings, even when welded into rhe line. Re- 
duces service a d  maintenance to an abx1u:e minimum. 

P A C K I N G  T A K E  - U P  
Chevron packing compensates for normal wear, varying temperatures, exaemely volatile 
materials. Extends packing life a s  much a s  400 % 

N O  - L E A K  P E R F O R M A N C E  
Superior engineering design enable guaranteed. no-leak performance f rom gases to acids to 
drilling cement. 

SEALED BALL BEARING U N I T  
Factory assembled rotating unit sealed from outside contaminants and line fluids by .os rings. 
Lubricants a r e  sealed in and foreign matter sealed out. Reduces maintenance cost6 by elimi- 
nating daily lubrication. Quality design will cut ccsts. extend life of joints. 

Q U A  1 1  T Y  B E A R l N  G D E S I G N  
The finest alloy steels used in manufacture of T-M Joints. Through hardened ball races  In 
6000 azd 15,000 ste$! se r les  cn,.;’ 2 v?’i:!i k,zrc!?~.c? C>Z-^TQ o!!oy fire?! bli!ls a s s u ~ e  longer 
life, lower maintenance costs and fewer replacements. 

R U G G E D  O U T B O A R D  BEARING 
The packing backup ring acts a s  a solid bearing during severe or shock loads. Protects the ball 
races  from brinnelling. Eliminates misalignment leaks. Guarantees top performance under all - conditions. -. - 

S T A N D A R D  P A C K I N G  T H R O U G H O U T  
No special packing worrieswithT-M. Packingfor all services i s  available in standard sizes a d  
materials. 

T-M MANUFACTURING CO 
HNF-2474, Rev. 0 
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No. 100 
S T R A I W T S I N G L E  SWIVEL 

No 200 
ELL SINGLE SWIVEL 

Ne. 300 
2 €11 SINGLE SWIVEL 

No. 400 
1 fL1 D O U ~ W I V E L  

T- f l  n A N U F A C T U R I N G  CO 53E D EB 88229b9  OOOOLO2 B T T  

S P E C I A L O R D E R S  -. . 

We will be DleSed to submit prices on your special requirements. Manufactured on 

Ne. 500 
2 I L L  DOUBLE SWIVEL 

Q 

M A T E R I A L S  T E 6614 P E RAT U RES 
125 PSI Aluminum Alloy 
Color Code: Aluminum 

loo0 PSI Steel 
Color Code: Blue 

6000 PSI size1 
Color Code: Red 

15,000 PSI Steel 
Color Code: Yellow 

125 PSI %e 316 Stainless Steel 
Color Code: #316 

Special Alloys 
Color Code by Tj;: 

PSI = Maximum Working Pressure 

22.5' Hycar Packing 
45O'Aramid Fiber 
550" Aramid Fiber 
300" Teflon 
400" Viton 

S I Z E S  
%'-Thru 16" Pipe Size 
Larger on request 

END CONN ECPI0p.B S 
Threaded Ends (TE) (Female) 
Beveled for Weld (BV) (Beveled) 
Bored for Weld (BR) (Bored) 
Flanged 
Special ---On Order 

Order. 

N o .  600 
3 €11 DOUBLE SWIVEL 

NO. 700 NO. 800 
2 E l l  TRIPLE SWIVEL 3 €11 IPIVLE SWIVEL 

1 - M  MRHUFFICTURlflG CO HNF-2474, Rev. 0 
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. . .  E-21-15 
THREADED AND BORED FOR WELDING 

- v -  y M -  

s m  100 

STYLE 500 

. ,  
L., -1 

S M E  200 

S~YLE 600 

I 
r - G  - .  

S M E  300 

- a  - 
STYLE 700 

- 6 -  

SME 800 

All dimsnsionr given in inches =If8" 

For s i m i  larger than 4" refor to 
restion on fabricated ;.inti. 
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?-H HANUFACTURING CO 53E D 88229b9 O D O D L O q  672 i 

E-2I-LS 
FLANGED (SERIES 15) 

SWIVEL JOINTS 

- ..p. 

STYLE 100 

STYLE 5 0 0  

- v i  
STYLE 2 0 0  

STYLE 6 0 0  

STYLE 3 0 0  STYLE 400 

S T Y L E  7 0 0  STYLE 8 0 0  

4 
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STYLE 500 

1-. ..L 

STYLE 600 

STYLE 700 STYLE 800 

5 

HNF-2474, Rev. 0 
PaeeD-147 T - M  MRNUFFICTURIFIG CO 



PO., 1 PO,, 2 Port 3 
H O L D I N G  NUT STRAIGHT O N E  SWIVEL I BOO1 

S T P I l G W  SWIVEL NlPPLf 

rort 5 s o s t  6 s.m 7 
ELL TWO SWNCL aooy ELL O N E  SWlrEl BODY Et1 T W O  SWlVEL N l C P l f  

Perf 4 
E l l  $WIVE1 NIPPLE 

ACCESSORtfS: 

S E R V l  C l N G  
(1) T-M Swivel Joints  a r e  grezsz2 a t  the factoryczd r q > d r e  ocly occnsior.al gr-sing unless 

joint is i n  constant rotation or high temperature  service.  When greasing,  r emove  slotted 
plug on outs ide of body. and in se r t  a lemite  fitting. 

Provis ion hasbeenmadefor  take-uponthepacking. After packing wears ,  r emove  lock bar, 
- u r n  nut clockwise to next locking slot and reinstal l  lock bar. P r o c e s s  may be repeated un- 

t i l  packing h a s  worn tcm badly to effect seal. 

(2) 

Remove lock har .  
Remove nut and nipple assembly f rom body by turning nut counler clockwise. 
Remove back-up r ing from body. 
Remove 2 packing rings. 
Remove ma le  adaptor. 
Clean packing chamber  andreinstall(1)maleadaptor (2) new packing and (3) back-up ring. 
Grease  a l l  p a r t s  thoroughly. 
Inser t  nut and nipple assembly In body and reassemble.  Rotate nipple occasionally a s  the 
nipple p a s s e s  through the packing. 
Screw nut clockwise until. compression on packing causes  nipple to ro t a t e  with a mild 
amount of torque. 
You d o  not need to handle the balls or disassemble the nut and nipple to repack the T-M 
Swivel Joint. 

a 
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B 

A .  

STYLE 500 X 4  

STYLE 300 3 rl 

C 

- STYLE 6 0 0  x4 

D 

STYLE 3002 

T-M Swivel Jointsassembledintothe4 basic tankcar and tank truck designswill enable you to  transferyourproduct with 
economy and safety. 

Even when welded into the line T-M Swivel Joints can be taken up lo compensate for packing wear or separated for 
repacking. Overhung loads do  not cause leaks on T-M loading arms due to the rugged design. 

Furnished in aluminum, steel and stainless steel and packed to  fit your individual requirements. Other designs on 
request. 

C O U N T E R  B A L A N C E  D E S I G N  
Since counterbalance design necessarily varies with each installation. we have shown no standard design 

Please consult the factory for prices and furnish the following information (1) Clearance restrictions and 
(2) Overhung loading. 
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E - 2  1-15 
PACKING AND COMPONENT PARTS 

- STANDARD AND O P T I O N A L  M A T E R I A L S  - . 

C H E V R O N  P A C K I N G  
Standard Hycar: To 225’F working temperature 
Optional Teflon: To + 300°F Acid Services 
Optional Aramid Fiber: To 450°F working temp. 
Optional Aramid Fiber: To 550°F working temp. 
Optional Viton: To 400’F working temperature 

M A L E  ADAPTOR 
Standard Buna N To 225‘F working temperature 
Optional Aluminum: Acid and corrosive services 
Optional Teflon: Acid Scrvices 
Optional Stainless Steel: Alloy to suit application 
Optional Hi-Temp: To 550°F working temperature 

1 

FEMALE ADAPTOR 
Standard Steel: To 550’F working temperature 
Optional Aluminum: Acid and corrosive services 
Optional Stainless Steel: Alloy to su i t  application 

A L L  “0” R I N G S  
Standard Buna-N: To 225°F working temperature 
Optional Teflon: Acid Senices 
Optional Silicon: To 450°F working temperature 
Optional Vilon: To 450’F working temperature 
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From Page 1 of 1 
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Name MSlN With All 

Attach. 

Text Only Attach./ EDT/ECN 

Only 
Appendix Only 


	Piping Calculations Vol
	A03
	A02
	BO1
	A02
	co1
	A02
	DO1

