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DESIGN ANALYSIS 

Calc No. W-320-27-014 
Revision No. y3 
Page NO. / of 13 

client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319 Filename ENC-TEXT.WPW 
Subject ENCASEMENT PIPE STRESS ANALYSIS Date 9 1 3  1 9 6  By D.L. STONE 3L.5 

Location C TANK FARM - 200 W. AREA 
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 C h e c k e d 7  tZSflb By C;c> 4-D 

Revised ,, / 21 197 
3.11 c)i: 

The objective of this Calculation is three fold as described below. 

1. 

2. 

3. 

Perform stress analysis of the buried encasement piping from Tank 241-AY-102 to  Tank 241-C-106 t o  
static and dynamic loadings when exposed to soil frictional forces, in order to  qualify for Code 631.3-93 
requirements. 

1 

Compute seismic & thermal displacements at pipe elbows to  be used as input in "AutoPipe" analysis of 
primary pipe. 

Calculate the pipe loads at  building penetrations where the pipe is anchored in order to transmit these loads 
to CiviVStructural group. 

DESIGN CRITERIA: 

1 .  

2. 

Project W320, Tank 241-C-106 Sluicing, Functional Design Criteria, 
(WHC document No. WHC-SD-W320-FDC-001, R e v . 8  4 

ASME 631.3-1993, Chemical Plant and Petroleum Refinery Piping 

3. A/E Standards GC-LOAD-01, Rev. 0, Design Loads for Facilities 
( N o d  f%PJLJ P h k c e  1 3 4 , 2 \ 5 , I ~ l 7  , &q, lo& f,, Gcil;&es) 

1. Design Pressure: 325 Psi. (Ref.13) 
2. Design Temperature: 180°F (Ref.11) 
3. Design Drawings: See Appendix No : AAM 
4. Pipe material: ASTM A53, TYPE-E (Ref.12) 
5. Pipe mechanical properties: See second page of "STAB (Ref.3) 
6. Soil characteristics: See third page of "STAB" (Ref.8) 
7. Safety Class category: SC-3 (Ref.10) 

DESIGN METHODOLOGY: 

The encasement pipe is analyzed for sustained, seismic and thermal loads under the impact of soil friction in 
order to  meet the Safety Class-2 requirements IRef.Z), since the Primary process pipe inside this Encasement 
pipe is categorized as Safety Class-2 (Ref.10) pipe. 

HNF-2473, Rev. 0 
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ICF KAISER Calc No. W-320-27-014 

DESIGN ANALYSIS Page No. 2 of 13 
INFORD COMPANY Revision No. 2 

Client WESTINGHOUSE HANFORD COMPANY WONob No. ER4319 Filename ENC-TEXT.WPW 
Subject ENCASEMENT PIPE STRESS ANALYSIS Date ' 9 1 3  196 By D.L. STONE al-5' 
PROJECT W-320 WASTE RETRIEVAL for TANK 241-GI06 Checked Cp.rZS/qb BY €*is-- 

Location C TANK FARM - 200 W. AREA Revised / / By 

SUSTAINED LOADS: 

The weight of the inner primary pipe and weight of the soil cover over the encasement pipe are considered as the 
dead loads. The weight of the encasement pipe is not a significant factor since it is supported continuously by the 
soil surrounding it. 

The AASHTO H20 live loads (Ref.7) are considered to include the impact of the surface vehicles moving over the 
buried pipe. 

The pipe longitudinal stress resulting from the sum of the dead loads and live loads is calculated and added to  the 
summation of pressure stress and seismic stress obtained from the computer program "STAB" (Ref.4). 

The pressure stress is calculated for 320 psig (similar to that of the primary pipe) in order to ensure operability if 
the primary pipe fails. 

SEISMIC STRESSES: 

The buried encasement pipe elbow stresses resulting from propagation of ground seismic waves are computed 
using the computer program "STAB" (Ref.4) which has been programmed based on the principles promulgated in 
ASME Papers (Refs. 5 & 6). 

The peak free field acceleration factor (ag) of "0.12g" and peak free field ground velocity of "48Xag" are 
considered as stipulated in AIE Standards GC-LOAD-01, Rev. 0, Design Loads for Facilities (Ref.2) for Safety Class 
2 & 3 piping. 

The pipe mechanical properties are obtained from "Crane Technical Paper" (Ref.3). 

The soil data for dynamic analysis is based on the report furnished by the Shannon & Wilson Inc's "Geotechnical 
Engineering Studies" (Ref.8). 

Since the depth of the soil cover varies at different locations and since shallower depths produces higher stresses 
in pipe bends, the minimum required depth for shielding (Ref.9) three feet is used as the basis in this analysis. 

Since the seismic stresses do not occur concurrently in both pipe legs around the elbow, the elbow will be 
subjected to seismic stress from each leg at a time. 
pipe run adjacent to each pipe bend. 

As such seismic analysis is performed for longest straight 

The sustained and seismic stresses are added together to meet Code B31.3 allowable requirements for 
Sustained +Occasional stresses. These stresses are summarized on Pages 9 and 10. The seismic displacements at 
pipe bends are listed on Pages 1 1 and 12. 

HNF-2473, Rev. 0 
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Calc No. W-320-27-014 
Revision No. 2 
Page NO. 3 of I3 

Client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319 Filename ENC-TEXT.WPW 

PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked /ZLTb By "g&,.ob- 
- Subject ENCASEMENT PIPE STRESS ANALYSIS Date 9 I 3  196 By D.L. TONE B L S  

Location C TANK FARM - 200 W.  AREA Revised 1 1 By 

THERMAL STRESSES: 

The thermal analysis is performed for 180' F, same as Primary Pipe, in order to  ensure operability in case primary 
pipe fails. 

The soil static properties are from rhe "Geotechnical Engineering Studies" report furnished by the Shannon & 
Wilson Inc (Ref.8). 

The computer program "STAB" is used to perform the thermal analysis and compute the stresses in each pipe leg 
around each pipe bend. Since thermal stresses in each leg occur concurrently, "STAB" add these stresses together 
to  compute total thermal stress at pipe bend and qualify it for Code 831.3 Allowable thermal stress. The stress 
results are summarized on Pages 9 and I O .  
12. 

The thermal displacements at  pipe bend are listed on Pages 11 and 

SOIL CHARACTERISTICS: 

The "Geotechnical Engineering Studies" report by Shannon & Wilson Inc, (Ref.8, Tables 2 & 3) furnishes 
characteristics for both Natural sand and Backfill sand. Since the "STAB" test run made using the properties of the 
Natural sand produces higher stresses in pipe bend than that of the test run using the properties of the backfill 
sand, natural sand properties are used conservatively for entire seismic and thermal analysis. 

This reports also recommends a factor of safety of 1.5 be applied to  the Coefficient of Soil friction of 0.75 (Ref.8, 
Table-2 foot note). The "STAB" analysis performed for seismic & thermal stresses does not consider the factor of 
safety. However the "STAB" analysis using friction coefficient 0.5 (considering the factor of safety of 1.5) is 
performed for most critical pipe bends (which has resulted in highest stresses with friction of 0.75) and 
documented in Appendices AAK & AAL to this calculations. The pipe stresses (with factor of safety of 1.5 applied) 
are found to  be lower than the Code 831.3 Allowable. 

W - 2 4 7 3 ,  Rev. 0 
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Calc NO. W-320-27-014 
Revision No, 2 
Page No. 4 of 13 

Client WESTINGHOUSE HANFORD COMPANY WONob No. ER4319 Filename ENC-TEXT.WPW 
Subject ENCASEMENT PIPE STRESS ANALYSIS Date 9 1 3  / 96 By D.L. S ONE 3 L J  
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 'p L?LTTb By c p d w  

Location C TANK FARM - 200 W.  AREA Revised 1 1 Ey 

1. Since "Geotechnical Engineering Studies" by Shannon & Wilson Inc (Ref.8, Sect 12 : l )  indicates that the 
geological hazards such as ground faulting, soil liquefaction, ground differential settlements, land slides, 
ground collapse potential and flooding either not pertinent or insignificant to the native soil encompassing 
W-320 project, these hazards are not considered in the analysis. 

2. Since transfer pipe lines are cathodically protected, pipe metal corrosion is not consideced in the analysis. 

For sustained load stress analysis, see Pages 7 and 8.  
Appendices "A" thru "AAL". 

For seismic & thermal analysis by "STAB" program, see 
For Anchor loads, see Page 13. 

HNF-2473, Rev. 0 
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DESIGN ANALYSIS 

C ~ I C  NO. W-320-27-014 
Revision No. 2.3 
P a g e ~ o .  5 of 13 

Client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319 Filename ENC-TEXT.WPW 
Subject ENCASEMENT PIPE STRESS ANALYSIS Date 9 / 3 196 By D.L. STONE BLs 
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 4 @r/g BY eJJ&9;1.~p, 

Location C TANK FARM - 200 W. AREA Revised 1 1  12, I q7  BY r/H+se 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

ASME CODE B31.3-93 & ADDENDA B31.3a-93 "Chemical and Petroleum Refinery" 

AIE Standards G$-LOAD-Ol, Rev. 0, Design Loads for Facilities 
(UO,J Fo& f~~Jcc~13+,Z15.1Z~7 , o e s , p .  L o J ~  re, Lc: / ; i ,ex  ) 
Crane Technical Paper No: 410, 22nd Printing-1 986. 

Computer Program "STAB" (Seismic and Thermal analysis of Buried Piping), Version-0 

ASME PAPER on "Hand Calculation of Seismic & Thermal Stresses in Buried Pipe" by G.C.K. Yeh. PVP 
Volume-77, June' 1983. 

ASME PAPER on "Flexibility analysis of Buried Pipe" By E. C. Goodling. PVP Volume-82, June, 1978. 

AIS1 "Modern Sewer Design" First Edition, 1980. 

Shannon & Wilson Inc. Geotechnical and Environmental Consultants, "Final Report of Geotechnical 
Engineering Studies, W-320 Waste Retrieval and Sluicing Systems", Dated April 12, 1994. 

Calculations #W320-33-004, "Earth Cover Shielding Thickness for C-farm Piping", Dated: April 12, 1994 
(DSI from G.J.Peter dated April 12,1994) 

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

WHC-SD-W320-FDC-O0lI Rev#. "Functional Design Criteria for Tank 241-C-106 Waste Retrieval, Project 
W-320". 4 
Project W-320 Construction specifications W320-C1 Rev-0 for M-26a piping material. 

DSI from C.D.Jones dated March 28, 1994 "Design Pressure for Slurry and Sluice Pumps". 
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DESIGN ANALYSIS 

Calc No. W-320-27-014 
Revision No. ,7! 3 
Page No. 6 of I 3  

Client WESTINGHOUSE HANFORD COMPANY WONob No. ER4319 Filename ENC-TEXT.WPW 
Subject ENCASEMENT PIPE STRESS ANALYSIS Date 9 / 3 / 9 6  By D.L. STONE PQ' 
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9 i%-@ 8 y  C - B b  

Location C TANK FARM - 200 W.  AREA Rev'*ed It /XI '77 By g,tjG+,,c ctl'm;%&@ 
3 I1 q5 

CONCLUSION: 

1. As evident from succeeding analysis, Sustained, Seismic and Thermal stresses in the Encasement Pipe 
have met the Code 831.3-1993 requirements. 

2. Seismic & thermal pipe bend displacements are computed and listed on Pages 11 & 12 

3. Building penetration Anchor loads are calculated and listed on Page 13. 

HNF-2473, Rev. 0 
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ICF KAISER 
HANFORD COMPANY 

DESIGN ANALYSIS 

Calc. No.: 
Revision No.: 2 
P a g e ~ o . :  7 of /3 

W- 320- 27- 014 

Client: WESTINGHOUSE HANFORD COMPANY WO/Job No.: ER4319 
Subject: PROJECT W320 WASTE RETRIEVAL Date: 9 / 3 / 96 By: D.L. STONE DLs' 
Location: C TANK FARM - 200 EAST AREA HANFORO Revised: 

ENCASEMENT PIPE STRESS ANALYSIS Checked: 7 &,5@ By: C &- 
BY. 

TOTAL SUSTAINED LOADING ANALYSIS 

The purpose of this calculation is to determine the total sustained stress (weight of the process 
pipe and its contents, overlying soil column weight and impact of surface vehicular weight) on the 
transfer line encasement pipe. This value will be added to the stresses computed by STAB to determine 
the maximum stress on the encasement. 

Unit Initialization: 

lbf PSF = - 
n* 

PROCESS PIPE AND CONTENTS 

SpG = 1.2 

w ~ 2 0  5.5 PSF 

w pipe 3 10 79.PSF 

W 1 = w pipe + W contents 

W 1 =17.39.PSF 

OVERLYING SOIL 

lbf 
p = 0.066.- 

in3 

W 2  = H . p  

W 2  =342 144.PSF 

Unit representing weight per square foot 

Specific Gravity of Process Fluid. 

Weight of water per linear foot of 4" Schedule 40 pipe. 

Weight of pipe per linear foot of 4" Schedule 40 pipe. 

Weight of Process Fluid per Linear foot of 4" Schedule 40 pipe. 

Weight of Process Pipe and Contents 
per linear foot of 4" Schedule 40 pipe. 

Soil depth. 

Static Specific Weight of Soil 

(Minimum required for shielding.) 

Weight of soil overlying Encasement 
per linear foot of 4" Schedule 40 pipe 

(Ref. 11) 

(Ref. 3) 

(Ref. 3) 

(Ref. 9) 

(Ref. 8) 

HNF-2473, Rev. 0 
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ICF KAISER 
HANFORD COMPANY 

Calc. No,: 
Revision No.: 2 

w- 320- 27- 014 

Page~o.:  a of JJ- DESIGN ANALYSIS 
Client: WESTINGHOUSE HANFORD COMPANY WONob No.: ER4319 
Subject: PROJECT W320 WASTE RETRIEVAL Date: 9 / 3 196 By: D.L.STONE 7J L S 

Location: C TANK FARM ~ 200 EAST AREA HANFORD Revised: 
ENCASEMENT PIPE STRESS ANALYSIS Che,cked:g Ie jb  By: 

By: 

DL = W , + W 2  

DL 3359.534 .PSF 

LL '= 600.PSF 

P = D L + L L  

P = 959.534 .PSI; 

P = 6.663 .psi 

D = 8.62S.in 

t 8 = 0.322.h 

S = 89.242 .psi 

DEAD LOAD (Weight of the process pipe and its contents 
and overlying soil per linear foot of pipe). 

LIVE LOAD AASHTO, H-20 Hwy Load per linear foot of pipe . 
(Ref. 7, Table 6-1) 

TOTAL SUSTAINED LOAD per square foot, per linear foot of pipe 

TOTAL SUSTAINED LOAD per square inch,per linear foot of pipe. 

Diameter for 8" Bends. 

Wall thickness of 8" Schedule 40 pipe, Bends 

Rincl Compression (Hoop stress). 

(Ref. 3) 

(Ref. 3) 

HNF-2473, Rev. 0 
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ICF KAISER Calc. No. W-320-27414 

HANFORD COMPANY Revision No. 2 
DESIGN ANALYSIS PageNo 9 of 1 3  

Subject' PROJECT WJZO WASTE RETRIEVAL Date 91319 By D.L.  TONE Dis 
Client WESTINGHOUSE HANFORD CO. WONob N O  ER4319 Filenam STRSSUM.XLS 

ENCASEMENT PIPE STRESS ANALYSIS Checked =+X+b By 
Location C TANK FARM 200 EAST AREA Revised BY 
................................................................................................................................................................................................................................................ 

SUMMARY OF PIPE BEND STRESSES 

SEISMIC 
PR + SEIS DEAD WT. TOTAL ALLOWABLE 

(STAB) (Pages 7 & 81 
48071 89.2421 4896.21 226101 

.................. 
SLUF ___ ! THERMAL 

i ACTUAL 1 ALLOWABLE 
I __ 

102001 48080 

NODE 
POINT - 
A03 
A08 
A I  1 
A23 
A26 
A32 

A35 
A43 
A55 
A57 
A75 
A77 

A95 
AI00 
A I  14 
A117 
A133 
A135 
A151 

A I  57 
A I  60 
A I  66 
A169 

4367; 89.242 
89.242 
89.242 

4456.2 
5472.2 
5472.2 

22610! 
226101 
226101 
226103 

54091 
54091 

5409 

5409 1 
5409' 

4508 
4678 
46781 
35501 

5409; 

54091 

............................ i ......... 

48080 
48080 
48080 
48080 
48080 

48080 
48080 
48080 
48080 

48080 
48080 
48080 
48080 
48080 
48080 
48080 

48080 
48080 
48080 
48080 

...................... 

4608 89.242 

5045 89.242 
5006 89.242 
5409 89.242 
5409 89.242 

Similar to  Node A57 
Similar to Node A57 

I 

4697.2 

51 34.2 
5095.2 
5498.2 
5498.2 

7250, 
142701 
143701 
8276; 
8485 1 

118001 
184901 
174501 
193601 

230701 
209301 
179901 
195901 
191501 
191501 
23060; 

77151 
97241 
9231 1 
55531 

...................... 

22610 
22610 
22610 
22610 

22610 
22610 
22610 
22610 
22610 
22610 
22610 

22610 
22610 
226101 
226101 

89.242 
89.242 
89.242 
89.242 
89.242 
89.242 
89.242 

89.242 
89.242 
89.242 
89.242 

N - 2 4 7 3 ,  Rev. 0 
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5498.2 
5498.2 
5498.2 
5498.2 
5498.2 
5498.2 
5498.2 

4597.2 
4767.2 
4767.2 
3639.2 
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ICF KAISER Calc No W-320-27-014 

HANFORD COMPANY Revision No 2 
DESlGN ANALYSIS PageNo 10 of 13 

Client WESTINGHOUSE HANFORD CO. WONob No ER4319 Filenam STRSSUM.XLS 

Subject PROJECT W320 WASTE RETRIEVAL Date By g T N E  3L< 
ENCASEMENT PIPE STRESS ANALYSIS Checked JgG By 5 4 -  

Location C TANK FARM 200 EAST AREA Revised BY 

SEISMIC 
TOTAL ALLOWABLE. 

i ....................................................... _._._.._.._..__..____.__.__._.__._.____.. ..___.____.....__.__.__.. ..__._._.___..____......... 
NODE i PR + SEIS DEAD WT. 
POINT i (STAB) [(Pages 7 & 8 1 1  
A95 1 59041 89.2421 5993.21 226101 

- 
SUPE - 
__ 
NODE 
POINT - 
A03 
A I  0 
A23 

A26 
A32 

A35 
A43 
A55 
A57 
A75 
A77 

A95 
AI00 
A I  14 
A117 
A I  33 
A I  35 
A I  51 

A1 57 
A I  60 

I THERMAL 1 ......................................... ~ ................ 

23800: 48080 

ACTUAL ~ ALLOWABLE 

DEAD WT. 

(STAB) (Pages 7 & 8 ) 

89.242 49871 
5407 1 89.242 

89.242 

45491 5407' 89.242 
45491 89.242 

5045 89.242 

+ I 

Similar to  Slurry Line 
Similar to  Slurry Line 
Similar to  Slurry Line 
Similar to Slurry Line 
Similar to  Slurry Line 

Similar to  Slurry Line 
Similar to  Slurry Line 
Similar to  Slurry Line 
Similar to  Slurry Line 
Similar to  Slurry Line 
Similar to  Slurry Line 

I 

5409 1 89.242 

89.242 
89.242 
89.242 

~ THERMAL 
TOTAL 

5076.2 
5496.2 
5496.2 

4638.2 
4638.2 

5134.2 

5498.2 

4577.2 
4541.2 
5329.2 

HNF-2473, Rev. 0 
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ICF KAISER Calc. No. W-320-27-014 

HANFORD COMPANY Revision No 2 
DESIGN ANALYSIS PageNo. 11 of 13 

Client WESTINGHOUSE HANFORD CO. WO/Job N ER4319 Filename DISP-SUM.XLS 
Subject PROJECT W320 WASTE RETRIEVAL Date 

ENCASEMENT PIPE STRESS ANALYSIS Checked 
Location C TANK FARM 200 EAST AREA Revised 

..................................................................................................................................................................................................................................... 
SUMMARY OF LINE DISPLACEMENT RESULTING FROM THERMAL GROWTH 

iLURRY LI 
Vo!.e!?.?!!?t 

A03 
A08 
A I  1 
A23 
A26 
A32 
A35 
A43 
A55 
A57 
A75 
A77 
A95 
AI00 
A I  14 
A I  17 
A I  33 
A135 
A I  51 
A I  57 
A I  60 
A I  66 
A I  69 

SEISMIC 
6 

........................................ 

5lk 
W.DGY 
0.037 
0.052 
0.052 
0.04 
0.04 

0.047 
0.053 
0.052 
0.052 

Similar t o  A57 
Similar to A57 

0.052 
0.052 
0.052 
0.052 
0.052 
0.052 
0.052 
0.039 
0.041 
0.041 
0.024 

THEF ........................................... 
6 t  

- Lp leg 
0.183 
0.182 
0.359 
0.359 
0.21 

0.208 
0.272 
0.345 
0.41 8 
0.472 

0.472 
0.41 1 
0.41 1 
0.456 
0.456 
0.456 
0.456 
0.1 92 
0.225 
0.21 1 
0.107 

AL ...................................... 
6 1  

Lt leg 
0.1 58 
0.022 
0.043 
0.045 
0.023 
0.031 
0.06 
0.273 
0.073 
0.073 

0.178 
0.178 
0.095 
0.095 
0.082 
0.082 
0.192 
0.025 
0.048 
0.049 
0.049 

Maximum Displacements  at  Adjusted Soil Conditions 

HNF-2473, Rev. 0 
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ICF KAISER Calc. No. W-320-27414 
HANFORD COMPANY Revision No 2 

Client WESTINGHOUSE HANFORD CO. WO/Job N ER4319 Filename DISPSUM.XLS 
Subject PROJECT W320 WASTE RETRIEVAL Date 9/3/96 By 

Location C TANK FARM 200 EAST AREA Revised 

DESIGN ANALYSIS PageNo. 12 of 13 

ENCASEMENT PIPE STRESS ANALYSIS Checked 

j Nodepoint! SEISMIC )_.._.._. ....................... f. ............................................ 
& 

THERMAL 
& t  & I  

................................................ i.. ........................................ 

Lp leg I Lt leg 
i A03 i 0.052 I 0.233 I 0.149 

0.052 
0.052 

0.039 
0.039 
0.047 

A10 
A23 

A26 
A32 
A35 
A43 
A55 
A57 
A75 
A77 
A95 
AI00 
A I  14 
A117 
A133 
A I  35 
A151 
A I  57 
A160 

0.397 
0.363 

0.202 
0.202 
0.272 

! A165 0.05 

0.232 
0.045 

0.023 
0.028 
0.054 

0.16 0.095 

0.195 
0.027 
0.053 

HNF-2473, Rev. 0 
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ICF KAISER Calc. No. W-320-27-014 

HANFORD COMPANY Revision No. 2 

Client WESTINGHOUSE HANFORD CO. WONob No. ER4319 Filenam ANCH-LDS.XLS 
Subject PROJECT W-320 WASTE RETRIEVA Date 9/3/96 By D. L. STONE 

Location C TANK FARM 200 EAST AREA Revised BY 

DESIGN ANALYSIS PageNo 13 of 13 

ENCASEMENT PIPE STRESS ANALYSIS Checked T$$$? By cd 4 
........................................................................................................................................................................................................................................ 

Flicfion Face 
F2 

[Ref. 41 
(Ibfinl 

23.18 

.................................................................. 

23.18 

23.18 

23.18 

ENCASEMENT PIPE ANCHOR LOADS A T  PIT WALLS 

Total Axial 
LOAD=F2xL 

(Ib) 

5024 

4670 

3199 

2782 

SEISMIC 

LOAID=Fl X L  ............................... .......................... 

Nozzle 17 

Sluice Pit 241 -GO6 
Nozzle 6 

Pump Pit 241-AY-02A 
Nozzle U 1 1  

Sluice Pit 241-AY-02E 
Nozzle 2 

1 24.48 I 5305 

[Rei.  DWG t ES-32o.M31/ 
201.48 1 24.48 4932 

[Ref. DWG t ES-320-M61; 
138 I 24.48 3378 

[Ref. DWG # ES-320-MSl; 
120 I 24.48 I 2938 

I 216.72 

m - 2 4 7 3 ,  Rev. 0 
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NODEPOINT A03-sl-S 

HNF-2473, Rev. 0 
Page 24 



SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEEIUXG SPECIALIST, BECHTEL 

BY 

POWER CORP. PVP VOLUME-77, JUNE'S3 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VEFUFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 / ER 4319 

FILE NAME: Nodepoint A03 - Slurry Line - SEISMIC 

w 
INPUTBY D.L.STONE DATE: 9 / 3 / 9 6  

m - 2 4 7 3 ,  Rev. 0 
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STAB. VERSION-0 
PAGE2 

Filename: A03-SI-S 
PROGRAMMED B Y  M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS JN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA (REFCRANE TECH PAPER NO:410,22nd PRINT-1985) 

PIPE MATERIAL ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40 

D i 6.625.in 

t = 0.280.in 

R = 40.00.in 

Ib Pz325.- 
in2 

T s  180-K 

Ib 
sc~20000~- 

in2 
lb Sh. 20000.- 

Ej ~ 0 . 8 5  

hz- h = l  113 

in2 

t.R.4 

(D - t)2 

1.65 
h 

kz- kE1.483 

. 0.9 
1'- i=O.X39 h0.66 

BEND SIZE 8" SCH 40 , RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, EY2 

PIPE MOMENT OF INERTIA, EY4 

PIPE SECTION MODULUS, lW3 

BEND METAL AREA, ET2 

BEND SECTION MODULUS, EY3 

PIPE BEND RADIUS, IN (40" radius, 45 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, JN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 i= 1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE3 

Filename: A03-SI-S 
PROGRAMMED B Y  M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & W O N ,  INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c. 12000.-'- 
sec 

POI=O.3 

Kd: 0.32 

p=0.75 

lb Ed: 62000.- 
ii? 
Ib 

Td s 0.06G.- 
in3 

SOIL SHEAR WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/IN^3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  

lb Es =ZlOOO.- 
in2 

lb Ts 0.OGG.- 
in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/IN^3 

DEPTH OF BURIED PIPE, I N  

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag.0 12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

in 
Vmz 48. a g  - 

sec 
MAX GROUND VELOCITY, IN/SEC 

in Vm =5.76.- 
sec 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les = 830.748 .in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-4 

Filename: A03sI-S 
PROGRAMMED BY: M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A08 STAB Subroutine T-3 for TvDe 3 Bend Analvsis 

For Calculation of Seismic Effective Length: 

from Table 3, Classvicarion of Legs: 

Lps(1.5 + 13.22 + 14.26 + 10.59 + 3.83).R 

Lt=(7.07 + 9.49 + 1.5).R 

L =520.8*in 

L t  =216.72% 

P 

Les =830.748.in 

Since L ( < ) Les , this is a case of SP Leg, therefore: 

P SP L . = L  

L = 520.8 .in 

L.520.8.in 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Sallz 1.33.Ej.Sh 

Socc =4.807-103 .& < ALLOWABLE Sal1 =2.261.104 
in2 in2 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDENT VARUBLES. 

1. SEISMIC SOIL STRAIN.( Em) : 
Vm 
2 . c  

Em=2.4.10-4 

2. SUBGRADE REACTION MODULUS. ( K = LBSIW3) : 

Em-- 
REF 2 ON COVER SHEET 

3. SPRING CONSTANT. ( S = LBSIIN-2 ) : 

S=K.D 

S =3.778.104 
in2 

4. SYSTEM CHARACTERISTIC ( h = IN^-I) : 

0.25 

h= (&) 
h =0.059.ii' 

5. SOIL FRICTION. 

Ib €=24.479., 

6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN ) : 
111 

E Lm = &mA.- 
f 

Lm =1.566.103 *in 

I. MAXIMUM AXIAL FORCE ( F = LBS ) : 

F=f.Lm 

F =3.833.104 .Ib 

N - 2 4 7 3 ,  Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMMED B Y  
M.M.AHMED 

8. MINlMLTM TRANSVERSE LEG LENGTH REQUlRED ( 1 = IN ) : 

1 2  h REF 2 ON COVER SHEET 

1 =53.686*in 

NOTE SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0 . THEREFORE THE FOLLWING 
FORMIJLAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. INDEPENDENT VARIABLE ( a21 ) : 

- \ - 1  

a21 =3.005.105 -1b 

10. INDEPENDENT VARIABLE ( a31 ) : 
S 

a315- 
2.h 

a31 =3.228.105 
in 

11. INDEPENDENT VARIABLE (a32 ) : 

a32 s h 

a32 =0.059.in-' 

12. INDEPENDENI VARIABLE ( a ) : 

asa31 +a21.a32 

a =3.404-105 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

Les = 830.748 .in 

m - 2 4 7 3 ,  Rev. 0 
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STAB. VERSION-0 
PAGE I 

PROGRAMMED BY: 
M.M.AHMED 

STEP 3B: SEISMlC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPENDENT VARIABLE (all)  : 

a l l  =0.104.in 

2. DEPENDENT VARIABLE (a12) : 

-L  
a1’2- 

A. E 

a12 =-3.261.10-6 
Ib 

3. DISPLACEMENT AT BEND (S = inches) : 

a l l  6.- 
1 - a12.a 

6 =0.049%1 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qtza.6 

Qt = 1.681.104 .Ib 

5. MOMENT IN BEND ( M  = IN-LBS ): 

M=a21.S 

M = 1.484.104 einlb 

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp=?”.M 

Qp =868.634.1b 

HNF-2473, Rev, 0 
Page 3 1 



STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < Sall 

P-D . M Qt 
soccz- + 1'- + - 

4.t Z b A b  
Sail= 1.33.Ej.Sh 

4 lb Socc=4.807~1O3 .E < Sall =2.261.10 .- 
inz in2 

CONCLUSION PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rev. 0 
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S T A B  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' BY 

G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION. 0 

PROGRAM AUTHOR M.M.AHMED. 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A03 - THERMAL 

3 L.5 
INPUT B Y  D.L. STONE DATE: 9 1 3  196 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 2 

Filename: A03-SI-T 

PROGRAMMED BY M.M. AHMED 

STEP 1: 'I DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410,22nd 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. 

PIPE SIZE 6" SCH 40. 

PRINT-1985 

SCH 40 

BEND SIZE: 8" SCH 40, RADIUS= 40" 

D-6.625.h 

t .0.28O.in 

A=5.581.inz 

Is28.14.in4 

Z=8.496.in3 

Ab.8.40 in2 

Zb-16.81.in3 

R E  40.00.in 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, W 2  

MOMENT OF INERTIA, IiV4 

SECTION MODULUS, W 3  

BEND METAL AREA, W2 

BEND SECTION MODULUS, W 3  

PIPE BEND RADIUS, IN (40" Radius, 45 degree Bend) 

E.28.62. lo6.* MODULUS OF ELASTICITY, PSI 
in2 

(in.K) 
az6.33. THERMAL EXPANSION OF ELASTICITY, INIINIF. 

$=2.356.rad 

lb Pi 325.- 

T= 180-K 
in* 

Ib 
sc=20000~- 

in2 
lb Sh. 20000.- 
in2 

EJ.0.85 

Fs1.00 

t.R.4 

(D - t)* 

1.65 
ks- k = 1.483 

h 
. 0.9 
IS- i=O.839 

h=- h=1.113 

h0.66 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REF:ASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oi= 1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE3 

Filename: A03-SI-T 
PROGRAMMED BY M.M.AHMED 

B SOIL CHARACTERISTICS 
(REF: SHANNON & WILSON, N C  GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c. 12000.: 
sec 

POI=O.3 

Kdz0.32 

11 s 0.75 

Ib Ed=62000.- 
ii? 
Ib 

in3 
r d  = 0.066.- 

SOIL SURFACE WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/W3 

B2: SOIL DATA FOR STATIC ANkYSIS 

Ks-0.25 COEF OF LATERAL STRESS 

lb Es Ql000.- STATIC ELASTICITY MODULUS, PSI 
in2 

r s  = 0,066.- 
in3 

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PIPE, IN. 

Ib 

H.36.h 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag=0.12 

v m  5 48. a g  

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, IN/SEC 
sec 
in 

Vm =5.76.- 
sec 

COMPUTED THERMAL EFFECTIVE LENGTH 

Let =2.739.103 .in 

m - 2 4 7 3 ,  Rev. 0 
Page 36 



STAB. VERSION-0 
PAGE-4 

Filename: AO3-SI-T 
PROGRAMMED B Y  M.M.AHMED 

For Calculation of Thermal Effective Length: 

from Table 3, Classifcafion of Legs: 

Let =2.739.103 .in 

1.5 + 13.22 + 14.26 + 10 59 + 3.83 L E  . R  
P 2 

L =260.4.in P 

4 =2.356 STAB Subroutine T-3 for TvDe 3 Bend Analvsis A08 

A00 

Lt=(7.07 t 9.49+ 1.5).A 

L t  =216.72.in 

Since L p  (<) Let 

this is a case of SP Leg, therefore: ' 

SP: L1 = L p  

L1 = 260.4 -in 

Since L t  (<) Let 

this is a case of SP Leg, therefore: 

SP: L2.= L t  

L2 =216.72.in 

ANALYSIS RESULTS: 

Set =1.02.104 .E < ALLOWABLE Sa =4.808.104 
in2 inz 

CONCLUSION 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE N O  5 

PROGRAMMED BY: M.M. AHiMED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
INDEPENDENT VARIABLES. 

1.THERMAL STRAIN ( E t  = IN/&') 

&tGa(T- 40.K) 

&t =8.862.10-4 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBS/IN^3 ) : 

Kt = 1.765.103 .'b 
in3 

3. SPRING CONSTANT ( St = LBS/IN^Z ) : 

3zKt .D 

St = 1.169*104 .& 
in* 

4. SYSTEM CHARACTERISTIC ( ht = IN^-1 ) : 

0.2s (&) 
ht = 0.044 .in' ' 
5. SOIL STATIC FRICTION ( ft = LBSlIN) : 

1 +Ks 
2 

fisa-D.-.Ts.H.p 

Ib A =23.181*- 
in 

6. MAXIMUM SLIPPAGE LENGTH ( Lt = IN ) : 

Lt =6.106*103 .in 

7. MAXIMUM AXIALFORCE (Ft  = LBS) : 

Ft i A,Lt 

Ft =1.416.10s -1b 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY iV1.M. AHMED 

8. iWNIMUM LENGTH OF TRANSVERSE LEG ( It = IN ) 

It.? REF 2 ON COVER SHEET 
At 

It =71.977.in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE hlORE THAN “It” . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. INDEPENDENT VARIABLE ( A21 ) : 

A21 =2.161.105 .lb 

10. INDEPENDENT VARIABLE ( A31 ) : 

Kt D 
A31 5- 

2.ht 

A31 = 1.339.105 
in 

11. INDEPENDENT VARJABLE ( A32 ) : 

A32.7.t 

A32 = 0.044 .in- 

12. INDEPENDENT VARZABLE (At ) : 

AtzA31 + A21.b.32 

5 lb At = 1.434.10 -7 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let =2.739.103 .in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED BY: M.M. A W E D  

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THEXMAL STRAIN IN LONG 
PIPE LEG. 

LDEPENDENT VARAIBLE ( A l l )  : 

A1 1 = 0.226 .in 

2. DEPENDENT VARIABLE (A12) : 

-L1 A12 g- 
A.E 

A12 =-1.63.106 -2 
lb 

3. DISPLACEMENT AT BEND (6t=in) : 

A1 1 6tG- 
1 - A12-At 

6t =0.183.in 

4. SHEAR IN TRANSVERSE LEG Wt=lbs) : 

VtsAt.6t 

Vt =2.625.104 .lb 

5. MOMENT IN BEND (Mt=in.lbs) 

MtsA21.6t 

Mt =3.956.104 4nlb 

6. SHEAR IN LONGITUDINAL LEG Wp=in.lbs) 

Vp = ht.Mt 

Vp = 1.727-103 *lb 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. 

m - ' 2 4 7 3 ,  Rev. o 
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STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED BY: M.M.AHiVlED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG 

1. DEPENDENT VARIABLE 0311) : 

B11 =0.189% 

2. DEPENDENT VARIABLE 0312) : 

- L2 Bl2z- 
A.E 

B12 =-1.357-106 
lb 

3. DISPLACEMENT AT BEND (61=inches) 

B11 61 s- 
1 - B12.At 

61 =O.ljS.in 

4. SHEAR FORCE IN TRANSVERSE LEG (V1 =Lbs) : 

VlzAt.61 

V1 =2.264.104 *lb 

5. MOMENT IN BEND (Ml=in.lbs) : 

MI=A21.61 

M1 =3.413.104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG (VZ=Ibs) : 

V2.ht.Ml 

V2 = 1.49.103 -1b 

7. DISPLACEMENT STRESS AT BEND (Sel = Psi) : 



STAB. VERSION-0 
PAGE NO 9 

PROGRAMMED B Y  &I.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

SL = 1.922.103 .& 
in2 

Sa.F.(1.2j.(Sc +Sh) - SL) 

Set = 1.02.10~ < Sa =4.808.104 .&. 
in2 in2 

CONCLUSION PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

HNF-2473, Rev. 0 
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NODEPOINT A08-sl-S 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBJJJTY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SWERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM W R I T E R  TJSCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A08 - Slurry Line - SEISMIC 

p LS 
INPUTBY D.L.STONE DATE 9 / 3 / 9 6  

HNF-2473, Rev. 0 
Page 44 



STAB. VERSION-0 
PAGES 

Filename: AOS-SI-S 
PROGRAMMED BY. M.bl.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNBS, IKCHES, RADIANS AND DEGREE F. 

A. PIPE DATA: (REFCRANE TECH PAPER NO:410,22nd PRINT-1985) 

PIPE M A T E W .  ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D 56.625-in 

t 50.280.in 

A = S . S S ~  in' 

Is 28. 14.in4 

Z-8.496.in3 PIPE SECTION MODULUS, W3 

A b=8.40-in2 

Z bz 1 6 . ~ 1 . h ~  

R s 40.0O.in 

BEND SIZE 8" SCH 40,  RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, W2 

PLF'E MOMENT OF INERTIA, EY4 

BEND METAL AREA, IN2 

BEND SECTION MODULUS, EY3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

Ib 

in2 
P e 325.- 

T: 180.K 

lb 
sc~20000.- 

in2 
lb 

ShsZ0000.- 
in2 

Ej.0.85 

hs- h=1.113 t R.4 

(D - D2 

k . ' 6 5  k = 1.483 
h 

. 0.9 15- i=0.839 
,,0.66 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE W RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBJLITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE I=l.O i= 1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: A08-sl-S 
PROGRAMMED BY M. Iv f .AWD 

B SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c 12000 - 
sec 

Po110 3 POISSON RATIO 

Kd.032 COEF OF LATERAL STRESS 

p - 0 7 5  COEF OF SOIL FRICTION 

lb Ed - 62000 - 
In 
lb 

in 

SOIL SHEAR WAVE VELOCITY, IN/SEC 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/IN^3 rd.0 066 - 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks 0.25 COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI lb ES ~21000.- 
in2 

lb Ts = 0.066.--, 
In.' 

H-36.in 

STATIC SOIL SPECIFIC WT, LBS/W3 

DEPTH OF BURIED PIPE. IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag-0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

Vm-48 .ag . z  MAX GROUND VELOCITY, IN/SEC 
sec 

Vm=5.76*% 
sec 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014%1 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-4 

Filename: A08-SI-S 
PROGRAMMED BY M.M. AJTMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A1 1 

STAB Subroutine T-2 for TvDe 2 Bend Analvsis 

For Calculation of Seismic Effective Length 

from Table 3, Classificafior of Legs: A08 

A00 Lt.(3.83 + 4.59)-fi Lt=101041n 

L z (  1.5 + 13.22 + 14.26 t 10.59 + 3.83)-!? L =520.8% 
Q = 1.57 

P P 

2-Les = 1.65.1O3 -in 

Since L P  (<) Z.Les, this is a case of SP Leg, therefore: 

L 

2 
L = 260.4 -in 

SP .L = 3 

................................................. 

Lz260.4.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Socc =4.367.103 < ALLOWABLE 
. 2  in 

CONCLUSION. 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em) : 

Vm mi:- 
2c 

~ m = 2 4 . 1 0 - ~  

2. SUBGRADE REACTION MODULUS. ( K = LBSIW3) : 

K s -  (0;) (; -- q l j o o s 3 3  ~ Ed 

K=5702.103 

REF 2 ON COVER SHEET 

I - POI2 

In 

3. SPRING CONSTANT. ( S = LBS/NZ ) : 

S = K D  

S = 3  778.104 .: 
4. SYSTEM CEARACTERISTIC ( h = W-1 ) : 

in 

h = 0.059 %i ' 
5. SOIL FRICTION. 

1 +Kd fs?i.D __ Td-H.\i 
2 

Ib f = 24.479 *- 
in 

6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN) : 

E LmzEmA.- 
f 

Lm = 1.566.103 .in 

7. MAXIMUM AXIAL FORCE ( F = LBS ) : 

FsFLm 

F =3.833-104 .Ib 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY: 
M.M.AH&IED 

8. MINIMUM TRANSVERSE LEG LENGTH REQUIRED ( I = Ui ) : 

REF 2 ON COVER SHEET 1-2 
?. 

I =53.686.in 

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0.  THEREFORE THE FOLLWING 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. INDEPENDENT VARIABLE ( a21 ) : 

a21 =4.276.105 .Ib 

10. INDEPENDENT VARIABLE ( a31 ) : 

a31 =3.228.105 .'b 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32-X 

a32 = 0.059 .in- ' 
12. INDEPENDENT VARIABLE ( a ) : 

aza31 + a21-a32 

a =3.478.105 
in 

13. SEISMIC E F F E C T M  LENGTH ( Les = IN ) : 

+ 2 . 4  - I ]  

Les =825.014*in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 7 

PROGRAMMED B Y  
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPENDENT VARIABLE (al l )  : 

\ 2.A.E 

a l l  =0.057.in 

2. DEPENDENT VARIABLE (alZ) : 

-L 
A.E 

a12s- 

a12 =-1.63.106 
Ib 

3. DISPLACEMENT AT BE37  (6 = :::-:e-’ : 

a1 1 6.- 
1 - a12.a 

6 =0.037 .in 

4. SHEAR IN TRAYSVERSE LEG (Qt = LBS) : 

Qt=a 6 

Qt = 1.272.104 .lb 

5. MOMENT IN BEND ( M = IN-LBS ): 

Msa21.6 

M = 1.564.104 4mlb 

6. SHEAR IN LONGITUDINAL LEG ( QP = LBS ) : 

QpzLM 

Qp =915.078*1b 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMMED B Y  
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < Sal1 

P.D . M Qt 
soccs- + 1 - + - 

4.t Z b A b  
SallG 1.33.Ej.Sh 

CONCLUSION: PrPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rev. 0 
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NODEPOIN'l A08-SI-T 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISiMIC 
AND THERMAL STRESSES IN BURIED PIPE' BY 

G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JKXT'83 

2.' ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR M.M.AHMED. 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A08 - THERMAL 

3 LS 
INPUTBY: D.L. STONE 

CHECI<ED BY: C-b 
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Filename: A08-SI-T 

PROGRAMMED B Y  M.M. AHMED 
STAB. VERSION-0 
PAGE N O  2 

STEP 1: 'I DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410,22nd 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 
PRINT-1985 

PIPE SIZE 6" SCH 40. 

D.6.625-in 

t 0.280-in 

As5.581.in2 

Iz28.14.in4 

Zz8.496.in3 

Ab=8.40-in2 

Zb-16.81.in3 

R 40.00-in 

E228.62. lo6.& 
inz 

(iIl.K) 
in 

a= 6.33. 

$= 1.57.rad 

Ib p. 32 j.-- 
in2 

T s  180.K 

lb 
sc=20000~- 

inz 
lb 

Sh 5 20000.- 
in2 

EJ.0.85 

F.1.00 

11%- h = l  113 t-R.4 

(D - t)' 

1.65 
h 

kz- k=1.483 

. 0.9 
I=- i=0.839 h0.66 

BEND SIZE: 8" SCH 40, RADlUS= 40" 

PIPE OUTSIDE DIAMETER, I N  

PIPE WALL THICKNESS, N 

PIPE METAL AREA, N 2  

hlOMJ3NT OF INERTIA, IN-4 

SECTION MODULUS, W3 

BEND METAL AREA, W2 

BEND SECTION MODULUS, W3 

P P T  BEXD RADFJS, z1' ($0'' radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, ININIF. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEh!PZRATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oi= 1.00 N - 2 4 7 3 ,  Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: A08-SI-T 
PROGRAMMED B Y  M.M.AHMJ3D 

B: SOU CHARACTERISTICS 
(REF SHANNON & WILSON, INC 

B1: SOU DATA FOR SEISMIC ANALYSIS 

GEOTECH INVESTIGATION REPORT.) 

c.  IZOOO." 
sec 

POI=O.3 POISSON RATIO 

Kd.0.32 COEF OF LATERAL STRESS 

p = 0.75 

Ed G2000.- 

SOIL SURFACE WAVE VELOCITY, INISEC 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 
lb 

in2 
lb 

r ~ ~ o . 0 6 6 . -  
in3 

DYNAMIC SOIL SPECIFIC WT,LBS/IN^3 

B2: SOU DATA FOR STATIC ANALYSIS 

Ks 20.25 

lb 
Es =21000~- 

in2 
IO 

TS e 0.0GG.- 
in3 

H ~ 3 6 . i n  

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, L B S I N 3  

DEPTH OF BURIED PIPE, IN. 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

agsO 12 

in 
Vm s 48.ag- 

sec 

in 
Vm = 5.76 .- 

see 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, INISEC 

COMPUTED THERMAL EFFECTIVE LENGTH 

Let =2.714.103 -in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-4 

Filename: AOSsl-T 
PROGRAMiMFD BY: M.M.AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A1 1 

STAB Subroutine T-2 for Tvoe 2 Bend Analvsis 

For Calculation of Thermal Effective Length 

from Table 3, Ciassificofiorr of Legs: A08 
1- Lp - Lt 

i 
A00 6 = 1.57 

A L x (  1.5 + 13.22 t 14.26 + 10.59 t 3.83).I? 

L =520.8.in 

%Let =5.428.103 -in 

3.83 + 4.59 
L t ' 2 '  

P 

P L t  =50.52-in 

Since L p  (<) 2.Let Since L t  (<) 2.Let 

this is a case of SP Leg, therefore: this is a case of SP Leg, therefore: 
L 

2 2 
SP: L2 => L 

SP: L1 = p  

L1 = 260.4 *in L2 =25.26.in 

*********x****x**x************************************************************* 

L1 g260.4.h L2.25.26.in 

ANALYSIS RESULTS: 

Set =7.25.103 .& < ALLOWABLE Sa =4.808-104 
in2 . 2  in 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY: M.M. AHiMED 

STEP 2 B  THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
INDEPENDENT VARIABLES. 

LTHERMAL STRAIN ( E t  = IN/IN) 

s t z a ( T -  40.K) 

Et =S.SG2.10-4 
in 

2.  SUBGRADE REACTION MODULUS ( Kt = ~ ~ s m - 3  ) : 

0 0833 
Es 

Kt =1.765.103 .: 
3. SPRING CONSTANT ( St = LBS/WZ ) : 

in 

3 .Kt .D  

si = *,l:,+i( .L 
in2 

4. SYSTEM CHARACTERISTIC ( ht = N - 1 )  : 

ht = 0.044 .in ' 
5. SOIL STATIC FRICTION ( ft = LBSlIN ) : 

1 + Ks ftzlr.D.-.Ts.H.p 
2 

lb 
ft=23.1S1*7 

in 
6. MAXMUM SLPPAGE LENGTH ( Lt = IN : 

E 
Lt =&t.A.- 

ft 

Lt =6.1OG.1O3 .in 

7. MAXIMUM AXIAL FORCE (Ft = LBS) : 

Ft E A.Lt 

Ft = 1.416.10' *lb 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY M.M. AHMED 

8. MJNIMUM LENGTH OF TRANSVERSE LEG ( It = IN ) 

I t 2  REREF: 2 ON COVER SHEET 
ht 

It =71.977.in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MOR3 THAK "It" . AS SUCE ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. INDEPENDENT VARIABLE ( A21 ) : 

A21 =3.03.105 *lb 

10. INDEPENDENT VARIABLE ( A31 ) : 

Yt D A 3 1 . L  
2.ht 

A31 =1.339*10' *E 
in 

11. INDEPENDENT VARIABLE ( A32 ) : 

A32 s ht 

A32 = 0.044 .in- ' 

12. INDEPENDENT VARIABLE ( At ) : 

AtzA31 +A21.A32 

At = 1.472.10' 
in 

13. THERMAL EFFECTIVE LENGTH ( Let) : 

Let =2.714.103 .in 

m - 2 4 7 3 ,  Rev. 0 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED BY: M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

1.DEPENDENT VARAIBLE (All) : 

A1 1 = 0.226 .in 

2. DEPENDENT VARIAELE (AlZ) : 

-L1 A12 <- 
A E  

A12 =-1.63.10-6 .’” 
Ib 

3. DISPLACEMENT AT BEND (6t=in) : 

A1 1 6t=-- 
1 - A12,At 

6t =0.182*in 

4. SHEAR IN TRANSVERSE LEG Wt=lbs) : 

Vt .At.& 

Vt =2.68.104 .lb 

5. MOMENT IN BEND (Mt=in.lbs) 

Mt 5 A2 1 .6t 

Mt =5.518.104 ainlb 

6. SHEAR IN LONGITUDINAL LEG Wp=in.lbs) 

Vp=ht.Mt 

Vp =2.4O9.lO3 .Ib 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

Se =6.474.103 3 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. m - 2 4 7 3 ,  Rev. 0 
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STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED BY: M.iVl.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG 

1. DEPENDENT VARIABLE (J311) : 

B11 =0.022% 

2. DEPENDENT VARIABLE (Bl2) : 

- L2 B12=- 
A.E 

B12 =-l.581.10-7 
Ib 

3. DISPLACEMENT AT BEND (61=inehes) 

B11 61 z- 
1 - B12.At 

61 =0.022-in 

4. SHEAR FORCE IN TKAXSIXRERSE LEG (Vl=Lbs) : 

VlsAt.61 

V1 =3.213.103 -1b 

5. MOMENT IN BEND (Ml=in.lbs) : 

Ml=A21-61 

M1 =6.614*103 .in.Ib 

6. SHEAR IN LONGITUDINAL LEG (VZ=lbs) : 

V2.ht.Ml 

V2 = 288.682.1b 

7. DISPLACEMENT STRESS AT BEND (Sel = Psi) : 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED BY: M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Sets% + Sel P- D SL.- 
4.1 

3 Ib SL=1.922.10 .- 
inz 

SaeF.( 1.25(Sc + Sh) - SL) 

Set =7.25.103 < Sa =4.808.104 
inz inz 

CONCLUSION. PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAM) CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOL-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, -78 

PROGRAM VERSION 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGR.431 VZRIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A l l  - Slurry Line - SEISMIC 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: All-SI-S 
PAGE-2 PROGRAbIMED B Y  M.hl.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN  POuhQS, IXCHES, RADJAXS AND DEGREE F. 

A. PIPE DATA: WF:CR4hT TECH PAPER K0:410,22nd PRpRINT-19S5) 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D.6.625in 

t.O.2SO.in 

A =  j.jSl.inz 

I i 2S.14-in4 

Z= S.496:in3 

AbzS.40.in2 

Zb=16.S1.in3 

R 5 40.00.in 

Ts 1SO.K 

Ib 
s c  = 20000.- 

lb 
inz 

d 
Shz 20000.- 

Ej ~ 0 . 8 5  

h=- t'R'4 h=1.113 
(D - t)2 

k . S  k = 1.483 
h 

. 0.9 I?- i=0.839 
h0.66 

BEND SIZE 8" SCH 40 , RADNS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKSTSS, N 

PIPE METAL ARE.4, W^2 

PIPE hlOJ5AT OF INXRTIA, IN-4 

PIPE SECTION MODULUS, LV3 

BEND METAL AREA, W 2  

BEXD SECTION MODULUS, W3 

PIPE BEh?) RADIUS, IN (40" radius, 90 degree Bend) 

hlODULUS OF ELASTICTTY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEAD ANGLE IN RADIANS 

DESIGN P R E S S W ,  PSI 

DCSIGN TEhIpERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD J O W  QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(?tEFAShlE CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 i= 1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: All-sl-S 
PROGRAhfMED BY M.I\I.AHMED 

B: SOIL CHARACTERISTICS 
REF: SHANWON & WESON, mc GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

In c = 12000 - 
sec 

POI-0 3 POISSON RATIO 

KdzO 32 

p -075  COEF OF SOIL FRICTION 
Ib Ed I 62000 - 
in 
Ib Td.0066 - 

- 3  

SOIL SHEAR WAVE VELOCITY, IN/SEC 

COEF OF LATERAL STRESS 

DYNAhUC ELASTICITY hlODULUS, PSI 

DYhXhCIC SOIL SPECIFIC WT,LBS/W3 
m 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  

Ib Es E 21000.- 
in2 

COEF OF LATERAL STRESS 

STATIC ELASTLII Y hlODL?LTJS, PSI 

STATIC SOIL SPECIFIC WT, LBSIW3 lb rs 0.066.- 
in3 

H.36.in DEPTH OF BURIED PEE,  IN 

C: SEIShCIC RESPOKSE FOR G R O W  MOTION 
(REF SDC-4.1 REV-11) 

agr0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF ‘G‘ 

MAX GROUND VELOCITY, IN/SEC in Vm E 48. ag- 
sec 

V m = 5 . 7 6 - 2  
sec 

COMPUTED EFFECTIVE LENGHTS: 

I. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014.in 

HNF-2473, Rev. 0 
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Filename: All-sES 
PROGRAMWED BY: M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A08 

STAB Subroutine T-2 for Tvoe 2 Bend Analvsis 

For Calculation of Seismic Effective Length: 

from Table 3, C[assifirclliort o f l e g s :  

Lt=(4.59 + 5 Sj).fl 

LPz2.(3.83 + 7.5 + 4.12.00).A 

L = 101.04 .in 

L P =1.424.103 .in 

2.Les = 1.65.10’ .in 

Since L p  (<) 2.Les , this is a case of SP Leg, therefore: 

L 

2 

L =711.96.in 

S P  .L.= 2 

******e* ***a:>** 

Ls711.96.h 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL) STRESS ( Socc ) : 

Sallz 1.33.Ej.Sh 

Socc =5.383.103 < ALLOWABLE 
inz 

4 Ib 
Sal1 =2.261.10 .- . 2  in 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

m - 2 4 7 3 ,  Rev. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.ILI.AHI\ED 

STEP 2A: SEISMIC ANALYSIS OF BURIED PIPE An?) COMPUTATION 
OF IhKJEPEhBEhT VARIABLES. 

1. SEISMIC SOIL STRAN.(  Em ) : 

Vm 
2-c 

ems- 
REF: 2 ON COVER SHEET 

ern=2.4.10-~ 

2. SUBGRADE REACTION MODULUS. ( K = LBSIIW3) : 

KE (0;j) - . (E; ~ ) u ~ 0 8 i 3  .___ Ed 

K =5.702.103 

1 - PO? 

in3 

3. SPRLYG CONSTAhT. ( S  = LBSIN2  ) : 

S=K.D 

4. SYSTEM CHARACTERISTIC ( h = W-I ) : 

0.25 

As(&) 

h =0.059.h-’ 

5. SOIL FRICTION. 

lb f=24.479*7 

6. MAXIMUM SLIPPAGE LEKGTH ( Lm = IN) : 

E Lrn=&mA- 
f 

Lm = 1.566.103 .in 

7. M.AXlXU&lAXIALFORCE ( F  = LBS) : 

In 

FzfiLm 

F =3.833.1O4 .lb 
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STAB. VERSION-0 
PAGE 6 

PROGRAMnlED BY: 
M.Al.AH&IED 

8. MIMhlUM TRANSVERSE LEG LENGTH REQUIRED ( I = Is) : 

1 2  
h 

R E F  2 ON COVER SHEET 

1 =53.686+ 

NOTE StNCE ALL PIPE RUNS WILL GEhTRALLY BE LONGER THAN, 
"I", lT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN S.4TISFIED Ah?) ALL CONSTAhTS C1 THRU C6 W SUCCEEDI?r'G 
FORiiIUJAE ARE EQUAL TO 1.0 . THEREFORE THE FOLLWING 
F O R h m A S  ARE AlODIFlED USING THE VALUES OF COKSTANTS AS 1.0 

9. BmEPEhQENT VARI.ABLE ( a21 ) : 

a21 =4.276-1OS .lb 

10. Ifr?)EPENDEhT VARIABLE ( a31 ) : 
S a31z- 

2.x 

a31 =3.228*105 .'b 
in 

11. tNQEPENDENT VARIABLE ( a32 ) : 

a32xh 

a32 =0.059.<' 

12. INDEPENDENT VARIABLE ( a ) : 

aza31 + a21.a32 

s lb a =3.478.10 -7 
In 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

Les =825.014-in 
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STAB. VERSION-0 
PAGE 7 

PROGRAMMED B Y  
M.hf.AHMED 

STEP 3B: SEIShlIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMZNTS AEiD STRESSES N PIPE BEAD. 

1. DEPEXIENT VARIABLE (all) : 

a l l  =0.132+ 

2. DEPEhBENT VARIABLE (a12) : 

-L  
a125- 

A. E 

a12 =-4.457.10-6 
lb 

3. DISPLACEhffiNT AT BEAD (6 = inches) : 

a1 1 6.- 
1 - a12.a 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qt-a6 

Qt = 1.801*104 .lb 

5. MOMENT IN BEND ( M  = WLBS): 

M-a214 

6. SHEAR N LONGITLJDNAL LEG ( Qp = LBS ) : 

0Jl.h.M 

Qp = 1.296.103 .lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
M.M.AHIMED 

I. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc c Sall 

Sallz 1.33.Ej.Sh P.D . M Qt socc=- + 1 - + - 
4.t Z b A b  

~ o c c = j . 3 ~ 3 . 1 0 ~  .-E < Sall =2.261.104 *'b 
in2 in2 

CONCLUSIOW PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PLPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: 

INPUT BY D.L. STONEP'iAm 

Nodepoint A l l  - Slurry Line - THERMAL 

9 I 3  I 96 
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STAB. VERSION-0 
PAGE NO: 2 

Filename: All-sl-T 

PROGRAMMED B Y  M.M. AWfED 

STEP 1: I' DESIGNDATA." 
ALL uh?TS IN POUXBS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REEF: C U T  TECH PAPER NO. 410,22nd 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. 

PRINT-1985 

SCH 40 

PIPE SIZE 6" SCH 40. 

D =6.625.in 

t; 0.280.h 

A ~ 5 . 5 S l . h ~  

1 ~ 2 8 . 1 4 . h ~  

Zs8.496.in3 

A b ~ 8 . 4 O . h ~  

Z b=  16.81.in3 

R = 40.00.in 

E-28.62.106.1b 
in2 

(in.K) 
a = 6 . 3 3 . 1 0 - 6 . L  

lb P=325-- 
in2 

T s  180.K 

lb sc~20000~-  

lb 
in2 

in2 
Shz 20000.- 

EJ.0.85 

Fs1.00 

h=- t'R'4 h=1.113 
(D - t)* 

1.65 
h 

k=- k=1.483 

. 0.9 I+--- i=0.839 
h0.66 

BENJ SIZE 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DJAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, N 2  

MOMENT OF INBRTIA, N 4  

SECTION MODULUS, N 3  

BEND METAL AREA, IN-2 

BEAB SECTION MODULUS, N 3  

PIPE BEAB RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

T H E W  EXPANSION OF ELASTICITY, WIN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMX'ERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

"ELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFAShCE CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oi: 1.00 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: Allsl-T 
PROGRAMMED B Y  M.M.A€iMED 

B: SOIL CHARACTERISTICS 
(REF SIXANWON WILSON, m'c GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

ln c: 12000 - 
sec 

POI:O3 POISSON RATIO 

Kd.0 32 

p.075 COEF OF SOIL FRICTION 

lb Ed.62000 - 

SOIL SURFACE WAVE ELOCITY, BWEC 

COEF OF LATERAL STRESS 

DYNAMIC ELASTICITY MODULUS, PSI 
111 

DYNAMIC SOIL SPECIFIC WT,LBS/W3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks-0.25 

Es~21000.- lb 

in2 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECJFIC WT, LBSIW3 

DEPTH OF BURIED PIPE, M . 

C SEISMIC RESPONSE FOR GROUA'D MOTION 
(REF: SDC-4.1 REV-11) 

ag 5 0.12 

Vms a 
sec 

FREE F'IELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY. IN/SEC 

COMPUTED THERMAL EFFECTIVE LENGTH 

Let =2.714.103 .in 
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STAB. VERSION-0 Filename: All-sl-T 
PAGE-4 PROGRAMMED BY: M.M.AHMED . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

STAB Subroutine T-3 for Tvoe 3 Bend Analvsis 

For Calculation of Thermal Effective Length 
from Table 3, Classification of Lens: 

A08 

:kB ;7 +=1.57 I )  
A l l  

Let=2714*103 *in k-- L P - 4  

Lp:(3.S3 +7.5+4.12.OO).A 

L =711.96.in P 

A -3.83 + 4.59 
t = 2  

L = 50.52 .in 

Since L p  (<) Let Since L t  (<) Let 

this is a case of SP Leg, therefore: 

SP: L1::L 

this is a case of SP Leg, therefore: 

SP: L2 ' L ,  P 

L1 =711.96.in L2 = 50.52 .in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L1.711.96.in L2-50.52.in 

ANALYSIS RESULTS: 

set = 1.427.10~ .& 
in2 

< ALLOWABLE Sa =4.808.104 .& 
in2 

CONCLUSION 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENE. 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED B Y  M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
INDEPENDENT VARIABLES. 

LTHERMAL STRAIN ( & t  = IN/IN) 

&t:a (T-  40.K) 

Et =8.862.10-4 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBSIIN-3 ) : 

Kt = ~ 7 6 5 . 1 0 ~  .& 

3. SPRING CONSTANT ( St = LBS/IN2 ) : 

St = Kt. D 

St =1.169.104 

in3 

in2 

4. SYSTEM CHARACTERISTIC ( ht = W-1) : 
0.25 

ht= (&) 
ht = 0.044 .in- ' 
5. SOIL STATIC FRICTION ( ft = LBWIN : 

1 + Ks ft-nD -----.TsH.p 
2 

Ib ft=23.181.- 
in 

6. MAxlMUbl SLIPPAGE LENGTH ( Lt = IN ) : 
E Lt =&t.A.- 
A 

Lt =6.106.103 .in 

7. MAXIMUM W FORCE (Ft = LBS) : 

Ft I A.Lt 

Ft = 1.416.105 -1b 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED B Y  M.M. AHMED 

8. MJNIMUM LENGTH OF TRANSVERSE LEG ( It = IN ) 

I t 2  REF 2 ON COVER SHEET 
ht 

It =I1 9II.in 

ASSUMED THE LENGTH OF ALL TRANSWRSE LEGS WILL 
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. INDEPENDENT VARIARLE ( A21 ) : 

A21 =3.O3-1Os -1b 

10. INDEPENDENT VARIABLE ( A31 ) : 

Kt-D 
A31=- 

2.ht 

A31 = 1.339*1O5 
in 

11. INDEPENDENT VARIABLE (A32 ) : 

A32 E ht 

A32 =0.044-in-' 

12. INDEPENDENT VARIABLE (At  ) : 

AtsA31 +A21.A32 

At = 1.472.1OS .'b 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let =2.714.103 .in 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED BY: M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

].DEPENDENT VARAIBLE (All) : 

A l l  =0.594.in 

2. DEPENDENT VARIABLE (AlZ) : 

-L1 A12 =- 
A.E 

A12 =-4.457.10-6 
Ib 

3. DISPLACEMENT AT BEND (&=in) : 

A1 1 6t.- 
1 - A12.At 

6t =0.359.in 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt -At.& 

Vt =5.28.104 *lb 

5. MOMENT IN BEND (Mt=in.lbs) 

Mt=A21.St 

Mt = 1.087.105 - h l b  

6. SHEAR IN LONGITUDINAL LEG (Vp=in.Ibs) 

Vpsht.Mt 

Vp =4.745.103 .lb 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

N O m  THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE S T R E S S S  DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. HNF-2473, Rev. 0 
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PROGRAMMED BY: M.M.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG 

1. DEPENDENT VARIABLE (Bll) : 

B11 = 0.045 .in 

2. DEPENDENT VARIABLE (B12) : 

- L2 
B12:- 

A.E 

R12 =-3 1G3.10-7 e’” 

lb 

3. DISPLACEMENT AT BEND (61 =inches) 

B11 61 5- 
1 - B12.At 

61 =0.043% 

4. SHEAR FORCE IN TRANSVERSE LEG (Vl=Lbs) : 

V1 zAt.81 

V1 =6.269.103 .Ib 

5. MOMENT IN BEND OM1 =in.lhs) : 

MI zA21.61 

MI = 1.291-104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG (VZ=lhs) : 

V2 hCM1 

V2 =563.356-1b 

7. DISPLACEMENT STRESS AT BEND @el= Psi) : 

Sel = 1 ~ 1 4 . 1 0 ~  
in2 

HNF-2473, Rev. 0 
Page 79 



STAB. VERSION-0 
PAGE N O  9 

PROGRAMMED B Y  M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

P. D SL.- 
4.t 

SL = 1.922.103 -4 
SazF.(1.25 (Sc + Sh) - SL) 

Set = Se + Sel 

in 

4 lb < Sa =4.808.10 .- 4 lb Set = 1.427.10 .- 
in* u? 

CONCLUSION PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

M - 2 4 7 3 ,  Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PLPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERTFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A23 - Slurry Line - SEISMIC 

INPUT BY D.L. STONE LiATE: 9 I 3  I96 

C H E C K E D B Y ~ & ~ p  DATE: 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-2 

Filename: A23-SI-S 
PROGRAMMED BY M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA (REFCRANE TECH PAPER NO:410,22nd PRINT-1985) 

PIPE MATE- ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D-6.625in 

t = 0.280.in 

A~5.SSl.in2 

I i 28.14.in4 

Zz 8.496in3 

A = S.40-in2 

2 bs 16.Sl.in3 

R i 40.00-in 

lb P = 325.- 
in2 

TI 180-K 

lb 
sc~20000~-  

in2 
lb 

She20000.- 
in2 

Ej ~ 0 . 8 5  

h=1.113 t.R.4 

(D - t)' 
hs- 

1.65 
h 

kz-  k=1.483 

i =0.839 0.9 
,E- 

h0.66 

BEND SIZE 8" SCH 40 , RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, IN2 

PIPE MOMENT OF INERTIA, IN-4 

PIPE SECTION MODULUS, IN-3 

BEND METAL AREA, W2 

BEND SECTION MODULUS, W3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'I' IS LESS THAN 1.0, USE i=l.O i= 1.00 

HNF-2473, Rev. 0 
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PAGE-3 

Filename: A23sl-S 
PROGRAMMED BY M.M.AHMED 

B SOU CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOU DATA FOR SEISMIC ANALYSIS 

SOU SHEAR WAVE VELOCITY, IN/SEC in c E 12000.- 
sec 

POIsO.3 

Kde0.32 

p = 0.75 

Ib Ed=62000.- 
iI? 
lb 

in3 
r d  0.066.- 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/IN^3 

B2: SOU DATA FOR STATIC ANALYSIS 

Ks 50.25 

lb rs = 0.066.- 
in3 

Hz36.h 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOU SPECIFIC WT, LBS/IN*3 

DEPTH OF B-D PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag- 0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF ‘G‘ 

~mz48 .ag . f i  
sec 
in 

Vm =5.76-- 
sec 

MAX GROUND VELOCITY, IN/SEC 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014%1 

HNF-2473, Rev. 0 
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Filename: A23-SI-S 
PROGRAMMED B Y  M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A08 

STAB Subroutine T-2 for TvDe 2 Bend Analvsis 

For Calculation of &&,@ Effective Length 

from Table 3, Classificm'on of Legs: 

Lts(3.83 + 5.17).ft 

Lpz(2.3.83 + 2.7.50 + 8.12.00).fl 

L, = 108.h 

L =1.424.103 .in 

2.Les = 1.65103 .in 

+=1.57 A26 

P 

Since L (<) 2.Les, this is a case of SP Leg, therefore: 

L P  SP: L = -  
2 

L =711.96*in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lz711.96.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( SOCC ) : 

Socc =5.383.103 .!!- < ALLOWABLE 
in2 

Sallz 1.33.Ej.Sh 

Sal1 =2.261*104 .'b 
in2 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDENT VARIABLES. 

1. SEISMIC SOIL STRAN.( cni ) : 

Vrn 
2 c  

~ r n = 2 4 . 1 0 - ~  

2. SULKRADE REACTION MODULUS. ( K = LBSIIN'3) : 

E r n  : -- 
REF: 2 ON COVER SHEET 

0 65 Ed D4 Ed 
K=jVJ. ,EI  I-po12 

K = j 7O2.]c3 .!!? 
in 

3. SPRING COXSTANT. ( S = LBS/WZ ) : 

S : K D  

S = 3  778.10' .: 
4. SYSTEhl CHARACTERISTIC ( h = IN"-1 ) : 

in 

0.25 (&) 
h =0.059.id' 

5. SOIL FRICTION. 

1 i K d  f-z.D.-.Td.H-p 
2 

lb 
f = 24.479 I- 

in 

6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN) : 

E Lm= &mA.- 
f 

Lm = 1.566.103 .in 

7. MAxrmuM AXIAL FORCE ( F = LBS ) : 

F=f.Lm 

F =3.833.104 -1b 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMMED B Y  
M.M.AHMED 

8. MLNrmLTM TRANSVERSE LEG LENGTH REQUIRED ( I = IN ) : 

1 2  
h 

REF 2 ON COVER SHEET 

1 = 53.686 .in 

NOTE SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0. THEREFORE THE FOLLWING 
FORMULAS ARE MODWED USING THE VALUES OF CONSTANTS AS 1.0 

9. INDEPENDENT VARIABLE ( a21 ) : 

a21 =4.276.105 .lb 

10. INDEPENDENT VARIABLE ( a31 ) : 

S 
a 3 1 ~ -  

2. h 

a31 =3.228*105 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32 s h 

a32 = 0.059 .in- 

12. INDEPENDEhT VARIABLE ( a ) : 

a=a31 +a21.a32 

a =3.478-105 -'b 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

Les =825.014-in 

N - 2 4 7 3 ,  Rev. 0 
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PROGRAMMED BY: 
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPENDENT VARIABLE (all) : 

a l l  =0.132% 

2. DEPENDENT VARIABLE (a12) : 

-L a12=- 
A.E 

a12 =-4.457.10-6 
lb 

3. DISPLACEMENT AT BEND (6 = inches) : 

a1 1 6.- 
1 - al2.a 

6 = 0.052 -in 

4. SHEAR IN TRANSVERSE LEG (Qt = L B S  : 

Qt.a.6 

Qt = 1.801.104 -1b 

5. MOMENT IN BEND ( M = IN-LBS ): 

Mza21.6 

M=2.214-104 .in.lb 

6. SKEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

0 p h . M  

Qp = ~ 2 9 6 . 1 0 ~  .lb 

HNF-2473, Rev. 0 
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PROGRAMMED B Y  
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7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAlNED STRESSES. 
Socc < Sal1 

Sall- 1 .33-E-Sh 

CONCLUSION PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUJREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' BY 

G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
. P O m R  CORP. PVP VOLUME-77, JUNE33 

2. ASME PAPER ON 'FLEXlBJLITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR. M.M.AHMED. 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint All- THERMAL 
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Filename: ,423-SI-T 

PROGRAMMED BY M.M. AHMED 
STAB. VERSION-0 
PAGE NO: 2 

STEP 1: 'I DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF: CRANE TECH PAPER NO. 410,22nd PRINT-1985 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40, 

D -6.625.in 

ts0.280-in 

I =  28.14.in4 

Z = 8.496.in3 

A ,z8.4O.in2 

Z h =  16.81.in3 

Rs40.00.h 

lh sc = 20000.- 

lb 
in2 

in2 
Sh. 20000.- 

EJzO.85 

F.1.00 

h=- h = 1.113 t.R.4 

(D - t)' 

1.65 
h 

kz- k=1.483 

. 0.9 
I=- i=O.839 

,,O.G6 

BEND SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, N 

PIPE METAL AREA, IN2 

MOMENT OF INERTIA, W 4  

SECTION MODULUS, W 3  

BEND METAL AREA, I N 2  

BEND SECTION MODULUS, W 3  

PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, N N / F .  

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS. PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALJTY FACTOR 

CYCLIC FACTOR FOR 7000 C/S 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oi= 1.00 
N-'2473,  Rev. 0 
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Filename: A23-SI-T 
PROGRAMMED BY M.M.AHMED 

B SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

CI  12000.111 
sec 

POI = 0.3 POISSON RATIO 

SOIL SURFACE WAVE VELOCITY, IN/SEC 

Kds0.32 

p-075 

lb 

in2 
Ed. 62000.- 

Jb rdz0.066- 
in3 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/W3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ksz0.25 

Es 21000.- 
lb 

in2 
lb 

rszo.066.- 
in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIIN-3 

DEPTH OF BURIED PIPE. IN.  

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag=0.12 

Vmz48.,g--?? MAX GROUND VELOCITY, IN/SEC 
sec 

Vm=5.7G.k  
sec 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

COMPUTED THERMAL EFFECTNJZ LENGTH 

Let =2.714*103 .in 

HNF-2473, Rev. 0 
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PAGE4 PROGRAMMED BY: M.M.AHiMED *************$**$************$**$********$****$***$*$**$*******$*****$************ 

STAB Subroutine T-3 for Tvae 3 Bend Analvsis 

For Calculation of Thermal Effective Length: 
from Table 3, Classification ofleas: 

Let =2.714.103 .in 

L ~(3 .83  + 7.5 +4.12.00).A P 

P L =711.96.in 

Since L p  (<) Let 

this is a case of SP Leg, therefore: 

SP: L1 = L p  

A 3.83 + 5.17 L t =  

Lt=54.in 

Since L t  (<) Let 

this is a case of SP Leg, therefore: 

SP: L2 = L t  

L1 =711.96.in L2 = 54 .in 

*******$*$*************************************$**$***********$*$*$******$*****$ 
L1.711.96.in L2 P 54.h 

ANALYSIS RESULTS: 

Set =1.437.104 < ALLOWABLE 
in2 

Sa =4.808-104 *'b 
inz 

CONCLUSION: 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED B Y  M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED P E E  AND COM?UTATION OF 
INDEPENDENT VARIABLES. 

l.THERMALS-(Et = IN/IN) 

c t z a ( T -  40.K) 

Et = 8.S62.10-4 -" 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBS/lW3 ) : 

Kt = 1.765.103 .E 
in3 

3. SPRING CONSTANT ( St = LBSIW2 ) : 

S1.Kt.D 

St = 1.169.104 .E 
inz 

4. SYSTEM CHARACTERISTIC ( St = N - 1 )  : 

0.25 

ht= (&) 
ht = 0.044 .in' 

5. SOIL STATIC FRICTION ( ft = LBSlIN ) : 

lb 
R = 2 3 . 1 8 1 . ~  

111 

6. MAXIMUM SLIPPAGE LENGTH ( U = IN ) : 

Lt =6.106.103 *in 

7. AXIAL FORCE ( Ft = LBS ) : 

FtsA.Lt 

Ft = ~ 4 1 6 . 1 0 ~  -1b 
HNF-2473, Rev. 0 
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PAGE NO: 6 

PROGRAMMED B Y  M.M. AHMED 

8. MINIMUM LENGTH OF TRANSVERSE LEG ( I t  = IN) 

l t 2  REF: 2 ON COVER SHEET 
Lt 

It =71.977.in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFLED ACCORDINGLY. 

9. INDEPENDENT VARIABLE ( A21 ) : 

10. INDEPENDENT VARIABLE (A31 ) : 

Kt.D 
A31 =- 

2.ht 

A31 =1.339.105 *p 
in 

11. INDEPENDENT VARIABLE (A32 ) : 

A32 -ht 

A32 =0.044%* 

12. INDEPENDENT VARIABLE ( At ) : 

A l ~ A 3 1  +A21,A32 

At = 1.472.10' -E 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

m - 2 4 7 3 ,  Rev. o 
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PAGE NO: 7 

PROGRAMMED BY: M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

1.DEPENDENT VARAJBLE (All) : 

A1 1 = 0.594 -in 

2. DEPENDENT VARIABLE (A121 : 

- L1 
A12=- 

A.E 

A12 =-4.457.106 e'" 

Ib 
3. DISPLACEMENT AT BEND (6t=in) : 

AI 1 stz- 
1 - A12.At 

St =0.359-in 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt z At.& 

Vt =5.28.104 *Ib 

5. MOMENT IN BEND (Mt=in.lbs) 

Mt =AZl.Ft 

Mt = 1.O87-1Os 4nlb 

6. SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vpsht Mt 

Vp =4.745.103 .lb 

7. DISPLACEMEhT STRESS AT BEND ( Se = Psi ) 

Sezi. - +- (E) AVb 
Se =1.275*104 .'b 

in= 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN I N  ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. Page 97 

W - 2 4 7 3 ,  Rev. 0 



STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED B Y  M.M.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG 

1. DEPENDENT VARIABLE Q11) : 

B11 =0.048-in 

2. DEPENDENT VARIABLE (BIZ) : 

B12 =-3.381.10-7 -'" 
Ib 

3. DISPLACEMENT AT BEND (61=inches) 

B11 61.- 
1 - B12.At 

61 =0.045-in 

4. SHEAR FORCE IN TRANSVERSE LEG (Vl=Lbs) : 

V1 EAt.61 

VI =6.679.103 -1b 

5. MOMENT IN BEND (MI=in.lhs) : 

MlsA21.61 

MI = ~375.10~ .in.lb 

6. SHEAR IN LONGITUDINAL LEG (VZ=lbs) : 

V2 zhtM1 

V2 =600.151.lb 

7. DISPLACEMENT STRESS AT BEND (Sei= Psi) : 
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PAGE NO: 9 

PROGRAMMED B Y  M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Set Se + Sel 

< 

SL = 1.922.103 -'b 
Sa=F.(1.25.(Sc + Sh) - SL) 

in2 

Sa =4.808.104 .'b 
in2 

CONCLUSION: PIPE DISPLACEMENT STRESSES SATISFY 
CODE B3X.3-90 REQUIREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON ‘HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE’ 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE’S3 

BY 

2. ASME PAPER ON ‘FLEXIBILITY ANALYSIS OF BURIED 
PIPE’ BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER: TJSCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 43319 

FILE NAME: Nodepoint A26 - Slurry Line - SEISMIC 

INPUT BY D.L. S T 0 N E ” i A m  9 I 3  I 9 6  

CHECKED B Y  &@ -DATE: 
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Filename: A26-sl-S 
PROGRAMMED BY M.M.AHNF,D 

STEP 1: "DESIGN DATA." 
ALL UNITS IN P O ~ D S ,  mcms, RADLWS AX- DEGREE F. 

A. PIPE DATA CREFCRAh- TECH PAPER N0:410,22nd PRINT-1985) 

PIPE MATERIAL ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D ~6.62j . in  

t 0.280.h 

A-5.5S1.in2 

1% 28. 14.in4 

2 z S.496.in3 

4 3 1.57.rad 

lb P=325.- 
inz 

Tz 18O.K 

lb sc x 20000.- 
d 
lb Sh=ZOOOO.- 
in2 

Ej 20.85 

t.R.4 . 
hz- h = 1.113 

(D - t)' 
1.65 

h 
ks- k = 1.483 

i = 0.839 . 0.9 
1s- 

h0.66 

BEhD SIZE: 8" SCH 40 , RADIUS=40". 

PIPE OUTSIDE DUMETER, L"' 

PIPE WALL THICKXESS, KN 

PIPE BETAL AREA, N 2  

PIPE BlOBEhT OF NERTL-I, N 4  

PIPE SECTION hIODULUS, M'3 

BEND METAL AREA, W 2  

BEhl) SECTION MODULUS, W 3  

PIPE BEhl) RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

TKERhIAL EXPANSION OF ELASTICITY, WINIF. 

BEND ANGLE IN RADIAhS 

DESIGN PRESSURE, PSI 

DESIGN TEhPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WFLD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) , 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAii 1.0, USE i=1.0 i= 1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: A26-sl-S 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, JKC GEOTECH hWESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISAUC ANALYSIS 

C ~ l 2 0 0 0 - f f l  
sec 

POI.03 POISSOX RATIO 

Kd-0 32 

p - 0 7 5  COEF OF SOIL FRICTION 

Ib Ed162000 - 
in 
lb 

SOIL SHEAR WAVE VELOCITY, IN/SEC 

COEF OF LATERAL STRESS 

D W A M C  ELASTICITY MODULUS, PSI 

DYNAhffC SOIL SPECIFIC WT,LBS/IN*3 rd=o.o66 - 
ln 

BZ: SO& DATA FOR S l A i I C  AVALYSIS 

Ksz0.25 

lb Es ~21000.- 
in* 

rszo.066.- 
in3 

lb 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/INA3 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOX GKOLXD 33-;f\! 
(REF SDC-4.1 REV-11) 

ag.0 12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'GI 

MAX GROUP3 VELOCITY, INISEC in Vrnz48,ag- 
sec 

in 
Vm =5.76'- 

sec 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.0144n 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-4 

Filename: A.26-SI-S 
PROGRAMMED B Y  M.M. AHiMED 

******************$***********$****$***********$****$**$**$********$*$**$*****~**** 
A23 

STAB Subroutine T-2 for Tvoe 2 Bend Analvsis 

For Calculation of- Effective Lensh: 

from Table 3, Classifcafion of Legs: 

Lt=(3  83 5.17).fi L = 105.in 

L =2.(3.555 + 9.451 + 12.712).fi 
$=l .57 

L =625.152% 

2.Les =1.65.103 .in 

P P 

Since L (<) 2.Les, this is a case of SP Leg, therefore: 

L 
2 

SP: -L  =J 

L =312.576 .in 

* * * * * " ~ . " '  . . . . . . . . . . , .  ~ * * * * * * * * * * * * * x * x * * * * * * * * * * * * * * * * * * * * * * * $ ~ * * * ~ ~ ~ * ~ * * * * * * * * * * * * * * * * ~ * * * * * * *  

L.312.576 in 

ANALYSIS RESULTS : 

SEISMlC ( OCCASIONAL) STRESS ( Socc ) : 

Sallr 1.33.Ej.Sh 

F . 2 2  -;,638.103 .'b C ALLOWABLE Sal1 =2.261.104 
in2 in2 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREIMENTS. 
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STAB. VERSION-0 
PAGE 5 

PROGRAhlMED BY 
M.M.AHh5D 

STEP 2A: SEISMIC ANALYSIS OF BURIED PIPE AND COME'UTATION 
OF h'DEPEh'DENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em) : 
Vm 

Em;- 
2.c 

i m  =2.4.10-~ 

2. SUBGRADE REACTION MODULUS. ( K = LBS/N3)  : 

R E F  2 ON COVER SHEET 

K =5.702.103 .: 

3. SPRING CONSTANT. ( S = LBSINZ ) : 

S = K D  

S =3.77&104 .'b 

in 

in2 

4. SYSTEM CHARACTERISTIC ( 1 = IN^-1 ) : 

h = 0.059 .in' 

5. SOIL FRICTION. 

Ib f=24.479.7  
111 

6. MAXJMUM SLIPPAGE LENGTH ( Lm = IN ) : 

Lm = 1.566-103 .in 

7. MAXJMUM AXIAL FORCE ( F  = LBS) : 

Fsf.Lm 

F =3.833.104 -1b 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAnI&lED BY: 
M.&l.AK\ED 

8. Mlh?MuM TRANSVERSE LEG LENGTH REQUIRED ( 1 = N )  : 

1,: 
h 

REF: 2 ON COVER SHEET 

I = 53 686 .in 

NOTE SINCE ALL PIPE R W S  WILL GESERkLLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRAhSVZRSE LEG LENGTH CRITERU HAS 
BEEN SATISF'IED AND ALL CONSTANTS C1 THRU C6 E'l SUCCEEDNG 
FORMULAE ARE. EQUAL TO 1 .0 .  TKEREFORE THE FOLLIJ'EG 
FOlZbTXJLAS ARE MODIFIED USMG THE VALUES OF CONSTAhTS AS 1.0 

9. KDEPEhmEXT VARL4BLE ( a21 ) : 

a21 =4.276-105 .Ib 

10. IWEPEhVENT VARIABLE ( a31 ) : 
S 

8 3 1 = - -  
2 .x  

a31 =3.228.105 
in 

11. WEPENDENT VARIABLE ( a32 ) : 

a32 = h 

a32 =O.O594K ' 
12. INDEPENDENT VARIABLE ( a ) : 

aza31 + a21.a32 

a =3.478.1O5 -! 
111 

13. SEISMIC EFFECTIVE LENGTH ( Les = N ) : 

Les =825.014% 
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STAB. VERSION-0 
PAGE 7 

PROGRAMnlED BY 
M.M.AHA5D 

STEP 3B: SEIShllC ANALYSIS Ah?) CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEh?). 

1. DEPE39ENT VARIABLE (all) : 

a1lzzm.L- f.-- i 2 . 3  

a l l  =0.068%1 

2. DEPENDEhT VARJABLE (a12) : 

-L  
A.E 

a12~-  

a12 =-1.957.106 .'" 
lb 

J.'DISPLACEMENT AT BEND (6 = inches) : 

a l l  
6z- 

1 - a12.a 

4. S H E A R  IN TRANSVERSE LEG (Qt = LBS) : 

Q t = a S  

Qt =1.398.104 .lb 

5. MOMENT IN BEND ( M IN-LBS ): 

Mza21.6 

M=1.718-104 * h l b  

6. S H E A R  IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp.h.M 

Qp =1.006-103 .lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMh5D BY: 
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAI?XD STRESSES. 
Socc < Sal1 

Socc =4.608.103 < Sal1 =2.?61.104 
in2 in2 

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMEhTS. 
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NODEPOINT A26-sl-T 
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SEISMIC AND THERMAL STRESS'ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERYISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A26 - Slurry Line - THERMAL 

INPUT BY: D.L. STONE9LkATE: 9 1 3  I96  

N - 2 4 7 3 ,  Rev. 0 
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Filename: ,426-SI-T 

PROGRAMMED B Y  h5.M. AHXED 
STAB. VERSION-0 
PAGE NO: 2 

STEP 1: 'I DESIGN DATA." 
ALL UNITS IN POUNDS, UKHES, RADIANS Ah?) DEGREE F. 

A. PIPE DATA. (REF CRANX TECH PAPER NO. 410,22nd PRINT-1985 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D i 6.625.h 

Ib Ps325.- 

T.180-K 
in2 

1b s c ~ 2 0 0 0 0 ~ -  
in2 
lb Shs 20000,- 
in2 

EJ.0.85 

Fs1.00 

h-- tR.4 h=1.113 
(D - t)* 

. 0.9 
in- i=O.839 

h0.66 

BEND SIZE: S" SCH 40, RADNS= 40" 

PIPE OUTSIDE D W T E R ,  IN 

PIPE WALL THICKKTSS, IN 

PIPE METAL AREA, IN*2 

AlOfifENT OF IXERTIA, IN-4 

SECTION MODULUS, W 3  

BEh'D hfETAL AREA, W 2  

BEh?) SECTION hiODULUS, W 3  

P E E  BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, INIWF. 

BEhV ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEhlPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASh5 CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.oi= 1.00 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: A26-SI-T 
PROGRAMMED B Y  hf.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON & WJLSON, INC GEOTECH EWESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c. 1 2 0 0 0 . 2  
sec 

POI=O.3 POISSON RATIO 

SOD. SLBFACE WAVE VELOCITY, IN/SEC 

Kds0.32 

p I 0.75 

Ib 

inz 
lb rdzO.066- 
in3 

Ed=62000.- 

COEF OF L.4TERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY hIODULlJS, PSI 

DYNAhlIC SOIL SPECLFIC WT,LBS/IN^J 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  

lb 
Esz 21000.- 

in2 
Ib rs=0.066- 
in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIW3 

D E l l I i  GF B b X L 2  PIPE, E .  

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag- 0.12 

in Vmz 48,ag- 
sec 

FREE FBLD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, IN/SEC 

in Vm =5.76.- 
sec 

COMPUTED THERMAL EFFECTNE LENGTH 
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STAB. VERSION-0 Filename: A26-sl-T 
PAGE-4 PROGRAMRED BY: M.M.AHMFD 

********************************************~******************%**%*************** 
A 2 3  

STAB Subroutine T-2 for Tvoe 2 Bend Analvsis 

For Calculation of  Thermal Effective Lengh  

from Table 3, Classificaliori of Legs: 

L =2.(3.855 i 9.481 i 12.712)fl P- 

L =625.152.h 

2.Let = 5.428.103 .in 

P 

Since L p  (<) 2.Let 

thb i s  acase of SP Leg, therefore: 
L 

2 
SP: L 1 . i  3 

L = 5: .h 

Since L t  (<) 2.Let 

this is a case of SP Leg, therefore: 

L t  SP: L2 = -  
2 

AhL4LYSIS RESULTS 

Set =S.276.103 .& < ALLOWABLE 
in2 

CONCLUSION: 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREhlENTS. 

HNF-2473, Rev, 0 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED B Y  M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AN3 COhlPUTATION OF 
INDEPEiWEhT VARIABLES. 

LTHERMAL STRAIN ( s t  = N/N) 

2. SUBGRADE REACTION MODULUS ( Kt = LBS/Ih'^3 ) : 

Kt+ rij] - . jE;y)0.0*33 - .- Es 

Kt = 1.765.103 .E 
1 - PO? 

in3 

3. SPRING C O N S T m  ( St = LBSIIN'Z ) : 

3-Kt.D 

St = 1.169.104 .* 
in2 

4. SYSTEM CHARACTERISTIC ( ht  = IN^-I ) : 

0.25 
?.t%(&) 

ht =0.044.S1 

5. SOIL STATIC FRICTION ( f t  = LBSlIN) : 

lb A = 2 3 . 1 8 1 * ~  

6.  MAXIMUM SLIPPAGE LENGTH ( Lt = IN) : 
ln 

Lt =6.106.103 .in 

7. hfAXlMUMAXIALFORCE (Ft = LBS) : 

Ft E A.Lt 

Ft = 1.416.105 .lb 

m - 2 4 7 3 ,  Rev. 0 
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STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY: M.M. AHMED 

8. hUNM7JM LENGTH OF TRANSVERSE LEG ( It = IN) 

l t 2  
1.t 

REF 2 ON COVER SHEET 

It =71.977.u1 

A S S W D  THE LEXGTH OF ALL TRANSVERSE LEGS WILL 
GEh'ERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWIKG EQUATIONS ARE CONSIDERED AS 1.0 AN9 FORMULAE 
ARE MODIFIED ACCORDEVGLY. 

9. INDEPEh9ENT VARIABLE (A21 ) : 

A21 =3.03.10' .lb 

10. INQEPEhDENT VARIABLE ( X i  ) : 

C D  A31 =A 
2.M 

A31 =1.339.105 -'b 
in 

11. EWEPENDEhT VARIABLE ( A32 ) : 

A32 Eht 

A32 =0.044.in-* 

12. INDEPENDENT VARIABLE ( A t  ) : 

AtsA31 +A21.A32 

At = 1.472.10' -E 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let=--. A.E 1 ( 1 +- 2,;At)"' 1 
At 

. Let=2.714.103 .in 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAhINED BY M.M. AJDED 

THERMAL ANALYSIS OF PIPE BEhD Apr?) COMPUTATION OF SHEAR FORCES. 
MOMENTS AhD STRESSES IN P P E  BEND. DUE TO THERKIAL STRAN IN LONG 
PIPE LEG. 

1.DEPENDENT VARAU3LE (All) : 

A l l  =0.27.L? 

2.  DEPEADEhT VARIABLE (A12) : 

-L1 A12*- 
A.E 

A12 =-1.957.10-6 .'" 
lb 

3. DISPLACEhlENT AT BEh'D (6t=in) : 

A1 1 
6ts- 

1 - A12.At 

4. SHEAR INTRk"SVERSE LEG (Tit=lbs) : 

VtEAt.Ft 

Vt =3.084.104 -1b 

5. MOh5NT IN BEND (Mt=in.lbs) 

Mt I A21.6t 

Mt =6.349-104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp E ht,Mt 

Vp =2.771*103 .Ib 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

Se =7.448.103 
in2 

NOOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAN IN Oh% PIPE LEG. 
COME'UTE S T R E S S  DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED BY: M.M.AHhfED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG 

1. DEPENDENT VARIABLE (Bll) : 

B11 =0.024.in 

2.  DEPEh'DEPUT VARIABLE (BE) : 

- L2 B12z- 
A.E 

Bi2 =-1.69.10'7 
Ib 

3. DISPLACEMENT AT BEh'D (61=inches) 

B11 61 z- 
1 - B12.At 

61 =0.023% 

4. S H E A R  FORCE IN TRANSVERSE LEG (V1 =Lbs) : 

V1 zAt.61 

V1 =3.428.103 .Ib 

5. MOMENT IN BEND (MI=in.lbs) : 

MI ~A21.61 

M1 =7.058.103 *in.lb 

6. S H E A R  IN LONGlTlJDINAL LEG (VZ=lbs) : 

V2 zht.MI 

V2 =308.041.lb 

7. DISPLACEMENT STRESS AT BEND (Sel = Psi) : 

Ib Sel =827.943.- 
in2 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED BY: M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMEhT STRESS. 

Set=Se + Sel P. D SL.- 
4-t 

SL = 1.922.103 

Sa -F(1 ,25 (Sc+Sh) -SL)  
in2 

CONCLUSION: PIPE DISPLACEhlEhT STRESSES SATISFY 
CODE B31.3-90 REQUIREMEWS. 

-- 
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APPENDIX K 

NODEPOINT A32-sl-S 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLWG, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Kodepoint A32 - Slurry Line - SEISMIC 

31> 
INPUTBY D.L.STONE DATE 9 / 3 / 9 6  
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STAB. VERSION-0 
PAGE3 

Filename: A32-SI-S 
PROGRAMMED BY: M.IM.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, mcms, RADIANS AND DEGREE F. 

A. PIPE DATA: (REFCRAhTZ TECH PAPER NO:410,22nd PRINT--1985) 

PIPE MATERLAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D.6.625.h 

lb sc = 20000.- 

lb 
in2 

in2 
Sh. 20000.- 

Ejs0.SS 

t.R.4 

(D - t)' 
h=- h=1.113 

1.65 
h 

ks- kz1.483 

. 0.9 
1'- i=0.839 h0.66 

BEhQ SIZE 8" SCH 40 , RADWS=40". 

PIPE OUTSIDE DIAh5TER, N 

PIPE WALL THICKXESS, IN 

PIPE h5TAL AREA, W 2  

PIPE MOiv5h'T OF INERTIA, W 4  

PIPE SECTION MODULUS, IN-3 

BEXD hETAL AREA, W 2  

BEh'D SECTION MODULUS, W 3  

PIPE BEhD R.VXUS, IS (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERhUL EXPANSION OF ELASTICITY, IN/WF. 

BEND Ah'GLE N RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEMBILlTY CHARACTER 
(REF:ASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SLF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.O i= 1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE3 

Filename: A32-SI-S 
PROGRAMMED BY M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & WLLSON, N C  GEOTECH NVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISRiIC ANALYSIS 

SOIL SHEAR WAVE VELOCITY, WSEC in c = 12000.- 
sec 

POIzO.3 POISSON RATIO 

Kd.0.32 COEF OF LATERAL STRESS 

~ ~ 0 . 7 5  COEF OF SOIL FRICTION 

lb 
Ed 562000 - 

in2 
DYN.LhUC ELASTICITY MODULUS, PSI 

DYN.LhZIC S O U  SPECIFIC WT,LBS/N^3 

B2: SOU DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  

lb rs 0.066.- 
in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/w^3 

DEPTH OF B L I D  PIPE, IS 

C: SEISMIC RESPONSE FOR GROUIU?) MOTION 
(REF SDC-4.1 REV-11) 

agz0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

in 
Vm=48.ag- 

sec 
in 

Vm = 5.76 .- 
see 

MAX GROUND VELOCITY. N/SEC 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014*in 

HNF-2473, Rev. 0 
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STAB. YERSION-0 
PAGE-4 

Filename: A32-SI-S 
PROGRAMMED B Y  M.M. AHMED 

**********************************%********~****************$*************%~****** 
A34 

STAB Subroutine T-2 for TvDe 2 Bend Analysis 

For Calculation of Seismic Effective Length: 

from Table 3, Clussificufion of Lezs: 

L,~(2.3.83 + 1.84 + 2.5S).ft 

L =2.(3.855 + 9.481 t 12.712).A P-  

L, =114.96.h 

L =625.152.in 

2.Les = ~ 6 5 . 1 0 ~  .in 

P 

$=1.57 . A23 

Since L p  (<) 2.Les, this is a case of SP Leg, therefore: 

L 

2 
S P  L . 2  

L = 3 12.576 .in 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ls312.576.h 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL) STRESS ( Socc) : 

Sal1 _i 1.33,Ej. Sh 

Socc =4.608*103 .'b < ALLOWABLE 
inz . -. 

CONCLUSION: 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 



STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF IPrDEPEhQENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em ) : 

Vrn 
2. c 

Em;--- 
REF 2 ON COVER SHEET 

-4 srn=2.4.10 

2. SUBGRA.DE REACTION MODULUS. ( K = LBSIW3) : 

K = 5.702.103 
in3 

3. SPRIKG CONSTANT. ( S = LBS/NZ ) : 

S=K.D 

S =3.778-104 
in2 

4. SYSTEM CHARACTERISTIC ( h = INA-l) : 

0.2s (&) 
h = 0 . 0 5 9 . ~ ’  

5. SOD; FRICTION. 

lb f =24.479.7 
111 

6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN) : 

E Lm= &mA.- 
f 

Lrn = 1.566.103 .in 

7. MAXIMUM AXIAL FORCE ( F  = LBS) : 

FzfiLrn 

F =3.833.104 -1b 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY 
M.M.AHMED 

8. MINIMuhl TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN) : 

1 2  
h 

REF: 2 ON COVER SHEET 

I = 53.686 .in 

NOTE: SNCE ALL PIPE RUNS WILL GEhXRALLY BE LONGER THAN, 
"I", IT IS ASSUMED TK4T TRANSVERSE LEG LENGTH CRITERIA K4S 
BEEN SATISFIED AND ALL CONSTANTS C1 THXU C6 N SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0. THEREFORE THE FOLLJWKG 
FORMULAS ARE hlODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. DiiEPEhDENT VARIABLE ( a21 ) : 

a21 =4.276.1OS .lb 

10. INDEPEADENT VARIABLE ( a31 ) : 

S a31=- 
2.h 

a31 =3.228*1OS 
in 

11. INDEPEhDENT VARIABLE ( a32 ) : 

a32 e h 

a32 =0.059.<' 

12. IIiDEPEADZAT VARIABLE ( a ) : 

a-a31 + a21.a32 

a=3.478.10s 
in 

13. SEISMlC EFFECTIVE LENGTH ( Les = IN ) : 

Les =825.014+1 



STAB. VERSION-0 
PAGE 7 

PROGRAMMED BY 
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEh'D. 

1. DEPEhXIENTVARIABLE (all) : 

a l l  =0.068.in 

2. DEPENDENT VARZABLE (a12) : 

- L  
a lZz -  

A.E 

a12 =-1.957.10+ 
lb 

3. DISPLACEMENT AT ZEXD (6 = inches) : 

a l l  6.- 
1 - a12.a 

6 = 0.04 *in 

4, SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qt=a6 

Qt = 1.398*104 *lb 

5. MOMENT IN BEhD ( M = WLBS ): 

Mza21.6 

M=1.718-104 -in.lb 

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

QpZLM 

Qp =1.006.103 -1b 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
M.M.AHhfED 

7. CODE B31.3 COhlPLIANCE FOR SEISMIC + SUSTAIhXD STRESSES. 
Socc < Sall 

P.D . A4 Qt 
socc=- + 1'- I - 

4.t Z b A b  
Sall- l.53.Ej.Sh 

Socc =4.608.103 < Sall =2.261.104 .; 
in . 2  in 

CONCLUSIOW PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREhffihTS. 



APPENDIX L 

NODEPOINT A32-SI-T 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGmERIXG SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.A€IMED 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 / ER 4319 

FILE NAME: Nodepoint A32 - Slurry Line - THERMAL 

7.5 
INPUTBY: D.L.STONE DATE: 9 / 3 / 9 6  

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 2 

STEP 1: " DESIGN DATA." 
ALL uhvs IN POUNDS, mcms, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF: CRAW TECH PAPER NO. 410,22nd PRINT-I985 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE: 6" SCH 40. 

D :6.625.h 

t-0.280 in 

A=5.5Sl.inz 

I=28.14.in4 

Z=8.496.in3 

T: 18O.K 

lb 
sc =20000.- 

in2 
lb 

Shz 20000,- 
in2 

EJ.O.85 

F=1.00 

hz- h=1.113 t.R.4 

(D - t)' 

1.65 
h 

k=- k=1.483 

i =0.839 . 0.9 
15- 

h0.66 

Filename: A32sl-T 

PROGRAMMED BY M.M. AHMED 

BEE\?) SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, LV 

PIPE METAL AREA, IN*2 

MOMEhT OF mTRTIA, W 4  

SECTION MODULUS, IN-3 

BE><D 31ET.A.L AREA, l Y 2  

B E A J  SECTION MODULUS, JN-3 

PIPE BEE\?) RADIUS, IN (40" Radius, 90 degree Bend) 

hlODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, INIWF. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oizl.OO 
HNF-2473, R ~ v .  0 
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STAB. VERSION-0 
PAGE3 

Filename: A32-SI-T 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANYON & WILSON, IhC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEIShflC ANALYSIS 

SOIL SURFACE WAVE VELOCITY, INlSEC in 
C=I2000.- 

sec 

POIzO.3 

Kd.0.32 

~ ~ 0 . 7 5  

lb Ed z 62000.- 
inz 
lb rd  = 0.066.- 
in3 

POISSON RATIO 

COEF OF LATER.AL STRESS 

COEF OF SOJL FRICTION 

DYNAh5C ELASTICITY hfODULUS, PSI 

DWAhfIC SOIL SPECIFIC WT,LBS/W3 

B 2  SOIL DATA FOR STATIC AYALYSIS 

Ks zo .25  

lb Es ~7.1000~- 
in2 

rs=o.066.- 
in3 

lb 

COEF OF LATERAL STRESS 

LTA'IIC ELASTICITY hfODULSJS, PSI 

STATIC SOIL SPECIFIC WT, LBS/W3 

DEPTH OF BURIED PIPE, IN. 

C: SEIShUC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag=0.12 

Vms48 .ag . z  hlAx GROUN?, VELOCITY, IN/SEC 
sec 
ill 

Vm=5.76.- 
sec 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

COMPUTED THERMAL EFFECTIVE LENGTH 

HNF-2473, Rev. 0 
Page 13 1 



STAB. VERSION-0 
PAGE-4 

Filename: A32-sl-T 
PROGRAMMED B Y  M.BI.AH;MED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A34 

STAB Subroutine T-2 for TvDe 2 Bend Analvsis 

For Calculation of Thermal Effective Length: 

from Table 3, C[assifcarioa of lezs :  

L =2.(3.55 + 9 481 + 12.716) A 

L =617.928% 

2 Let =5.428.103 .in 

P- 

P 

Since L p  (<) ?.Let 

t h s  is H case of SP Leg, therefore: 
L 

2 
SP: Ll  .=-E 

Lt,2.3.83 + 1.84 + 2.58 .A 
2 

L,  =12.48.in 

Since L t  (<) 2 Let 

this is a case of SP Leg, therefore: 
L 

2 
SP: L2 =A 

L1 =308.964.h L2 =36.24 .in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L1.308.964.h L2~36.24 .h  

ANALYSIS RESULTS: 

Set =8.485103 .'b < ALLOWABLE 
in2 

Sa =4.808*104 .'b 
in2 

CONCLUSION 

PIPE DISPLACEB5W STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE KO: 5 

PROGRAMMED BY M.M. AHMED 

STEP 2B: THERhfAL ANALYSIS OF BURIED PIPE AND COhPUTATION OF 
INDEPENDENT VARIABLES. 

LTHERBfAL STRAIN [ st = W / M )  

Et=a(T  - 40.K) 

Et =8.862.1c4 ." 
in 

2.  SUBGRADE REACTION hIODULUS ( Kt = LBS/IN^3 ) : 

Kt =1.765.103 .E 
in3 

3. SPRING CONSTANT ( St = LBSIW2 ) : 

St-Kt.D 

St =1.169.104 .'" 
in2 

4. SYSTEM CHARACTERISTIC ( xt = rnr-1) : 

5. SOIL STATIC FRICTION ( ft = LBSlIN) : 

lb A=23.181*- 
in 

6. MAXIMUM SLIPPAGE LENGTH ( Lt = IN ) : 
E Lt 5st.A.- 
A 

Lt =6.106.103 *in 

7. MAXlMUM AXIAL FORCE ( F t  = LBS) : 

FtzfbLt 

Ft = 1.416*IOS *Ib 



STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED B Y  hLM. AHMED 

8. hfNIMUM LENGTH OF TRANSVERSE LEG ( It = IN) 

I t 2  R E F  2 ON COVER SHEET 
i t  

It =71 977Gn 

ASSUMED THE LEiiGTH OF ALL TRAh'SVERSE LEGS UTLL 
GEhTRALLY 
BE hfORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWKG EQUATIONS ARE CONSIDERED AS 1.0 Ah9 FORMSJLAE 
ARE MODIFIED ACCORDINGLY. 

9. Ih'DEPEh9EhT VARIABLE ( A21 ) : 

- Ik.R.4 4.?d - ' 
A21 .i.t + -) 

Kt.D 

A21 =3.03-105 -1b 

10. INDEPENDENT VARIABLE ( A31 ) : 

Kt.D 
A 3 1 ~ -  

2.?.t 
5 lb A31 = 1.339.10 

111 

11. Ih?)EPEh?)ENT VARIABLE ( A32 ) : 

A32 =?.t 

A32 =0.044%-' 

12. NDEPENDENT VARIABLE (At  ) : 

A t ~ A 3 1  +A21.A32 

At = 1.472*105 
in 

13. THERMAL EFFECTIVE LENGTH ( Let) : 

Let---. A.E [ 1 +- 2 . ; ~ ~ ) ~ . ~  - 1 ]  
At 

Let =2.714*103 .in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMXD BY: M.M. AHhffiD 

TKERhZAZ, ANALYSIS OF PIPE BEhB AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAlN IN LONG 
PIPE LEG. 

1.DEPEhBENT VARAJBLE (All) : 

AI 1 =0.267 .in 

2.  DEPENDEhT VARIABLE (A12) : 

- L1 A12=--- 
A.E 

A12 =-1.934.106 .'" 
lb 

3. DISPLACEMENT AT BEND (&=in) : 

AI 1 6t-- 
1 - AI2.At 

6t =0.208.in 

4. SKEAR IN TRANSVERSE LEG (Vt=lbs) : 

VtzAt.Ft 

Vt =3.057.104 .lb 

5. MOMENT IN BEND (Mt=in.lbs) 

Mt zA7.1.6t 

Mt =6.294*104 .in,lb 

6.  SHEAR IN LONGITUDINAL LEG Wp=in.lbs) 

Vp=ht.Mt 

'Vp =2.747*103 .Ib 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

NOTE. TKIS DISPLACEMEW 
SeEi. - +- STRESS AT BEND IS DUE TO 

STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 

(z":) A"b 
Se =7.384.103 -2 

in2 TOGETHER. HNF-2473, Rev. 0 
Page 135 



STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED BY hI.M.AHMED 

B. DUE TO THERMAL STRAIN I N  SHORT PIPE LEG 

1. DEPEAmEhT VARIABLE (Bll) : 

B11z~ tL2  - A,- ( 2:2J 

B11 =0.032-in 

2. DEPEADEAT VARIABLE (BIZ) : 

B12 =-2.269.10-' 
Ib 

3. DISPLACEhBNT AT BEND (61=inches) 

B11 61 E- 
l - Bl2,At 

61 =0.031.in 

4. SHEAR FORCE IN TRANSVERSE LEG (VI =Lbs) : 

V1 -At61 

V1 =4.56.103 .lb 

5. MOMENT IN BEND (MI=in.lbs) : 

MlzA21.61 

M1 =9.388*103 -in.lb 

6. SHEAR IN LONGITUDINAL LEG W2=lbs) : 

V2 =ht.Ml 

V2 =409.743.1b 

7. DISPLACEMENT STRESS AT BEND @el= Psi) : 

HNF-2473, Rw. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED BY: M.M.AHMED 

8. CODE B31.3 COMX’LIANCE FOR DISPLACEMBNT STRESS. 

Set Se + Sel 

SL = 1.922.103 -& 
SasF.(1.25(Sc+ Sh) - SL) 

in2 

CONCLUSION: PIPE DISPLACEhlEhT STRESSES SATISFY 
CODE B31.j-90 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77. JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGMER,  
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A35 - Slurry Line - SEISMIC 

HNF-2473, Rw. 0 
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STAB. VERSION-0 
PAGE-2 

Filename: A35-S 
PROGRAMMED BY: M.I\f.AIA.DED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUXDS, INCHES, RADI.LWS Ah'D DEGREE F. 

A. PLF'E DATA: (REFCRANE TECH PAPER N0:410,22nd PRINT-1985) 

PIPE MATERIAL: ASThf A53, TYPE E, GR B. SCH 40 

PIPE SIZE: 6" SCH 40. 

D.6.625.in 

t.0.280.in 

A I j.j81.in2 

I = 28.14.in4 

Z= 8.496.in3 

Abz8.40.in2 

Z b=  16.81.in3 

R.40.00.in 

lb 
s c  5 20000.- 

lb 
in2 

in2 
Sh. 20000.- 

Ej = 0.85 

hz- h=1.113 t.R.4 

(D - t)' 

1.65 
h 

kz- k = 1.483 

. 0.9 
,r- ho,66 i =0.839 

BEND SIZE 8" SCH 40 , RM:WS=40". 

PIPE OUTSIDE DMCETER, Ih' 

P P E  WALL THICKNZSS, IN 

PIPE hlETAL AREA, N 2  

PIPE MOhlENT OF INJRTIA, N 4  

PIPE SECTION MODULUS, IN-3 

BEAD hCETAL AREA, ET2 

BEhB SECTION MODULUS, E T 3  

P P E  BEND RADIUS, IN  (40" radius, 90 degree Bend) 

hfODULUS 07 ELASTICITY, PSI 

TNERhfAL EXPANSION OF ELASTICITY, IhIIN'lF. 

BEhD ANGLE IN RADIANS 

DESIGN PRESSLE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CAJXULATED 'i' IS LESS THAN 1.0, USE i = L O  is 1.00 



STAB. VERSION-0 
PAGE-3 

Filename: A354 
PROGRAMMED BY M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SJUNNON & WILSON, MC GEOTECH EWESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c. 12000~- 
sec 

POI = 0.3 

Kds0.32 

p 0.75 

Ib 
Ed =62000.- 

in2 

SOIL SWEAR WAVE VELOCITY, lA'/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

Ib Td =0.066.- DYNAMIC SOIL SPECIFIC WT,LBS/NJ - h3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks=0.25 

Ib 
Es=21000.- 

inz 

Ib rs E 0.066.- 
in3 

B. 3 6 . h  

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIIN^J 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUNQ MOTION 
(REF: SDC-4.1 REV-11) 

ag ? 0.12 FREE FlELD HORIZONTAL ACCEL, FRACTION OF 'G' 

V m z 4 8 . a g ~  
sec 

MAX GROUND VELOCITY, IN/SEC 

in Vm = 5.16 1- 
see 

COhlPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014%1 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: ,435~1-S 
PAGE-.? PROGRAMMED BY: h1.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A47 

STAB Subroutine T-2 for Type 2 Bend Analvsis 

For Calculation of Seismic Effective Length: 

from Table 3, ClassificOrion of Lezs: 

Ltc(2.(3.83) + 1.84 + 2.5S).fi 

A43 

Lt=144.96.in 
+=1.57 A32 

LP=(3.83 + 9.81 +4-(12.0) + 11.89+ I.S).A L =900.56.in P 

2.Les = 1.65.103 .in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Socc =5.045.103 < ALLOWABLE 
in* 

Sall= 1.33.Ej.Sh 

Sal1 =2.261-104 .& 
in2 

CONCLUSION 

PIPE OCCASIONAL STE33SSES SATISFY THE CODE B31.3-1990 REQUJXEMENTS. 

HNE-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED B Y  
I\I.M.AHI\ED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE ANXI COhlpUTATION 
OF &DEPENDENT VARIABLES. 

1. SEIShfIC SOIL STRAlh'.( Em) : 

Vm 
2.c 

Ems- 
REF: 2 ON COVER SHEET 

2.  SUBGRADE REACTION MODULUS. ( K = LBS/W3) : 

Ed 

K =5.702.1O3 .& 
in3 

3. SPRING CONSTANT. ( S = LBSIN2  ) : 

S =3.778.104 
3 

4. SYSTEM CHARACTERISTIC ( h = IN^-1 ) : 

0.25 

x =0.059.Li' 

5. SOIL FRICTION. 

lb €=24.479.- 
in 

6. MAxIMUhz SLIPPAGE LENGTH ( Lm = N) : 

E Lm=&mA.- 
f 

Lm = 1.566*103 .in 

7. MAXlMUMAII[AL FORCE ( F  = LBS) : 

Fsf.Lm 

F =3.833-104 .lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY: 
M.hf.AHMED 

8. MWIMUM TRANSVERSE LEG LENGTH REQUIRED ( 1 = IX) : 

REF: 2 ON COVER SHEET 

NOTE SINCE ALL PIPE RUh'S WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEE;"; SATISFIED AhD ALL CONSTAh-TS C1 THRU C6 I N  SUCCEEDJNG 
FORhnnAE ARE EQUAL TO 1.0. THEREFORE THE FOLLUliiG 
FORMULAS ARE MODIFDED USh'G THE VALUES OF COXSTAWS AS 1.0 

9. JXDEPEhVENT VARWBLE ( a21 ) : 

a21 =4.27G.105 .lb 

10. INDEPENDENT VARIABLE ( a31 ) : 

S a31=- 
2.2 

a31 =3.228.105 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32 I h 

a32 =0.059.in" 

12. INDEPENDENT VARIABLE ( a ) : 

aza31 +a21.a32 

a =3.478.105 
111 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN) : 

Les =825.014+n 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE I 

PROGRAMMED BY: 
hl.hI.AHMED 

STEP 3B: SEIShlIC Ah'ALYSIS AND CALCULATION OF SHEAR FORCES, 
hlOMENTS AN?) STRESSES IN PIPE BEh?). 

1. DEPENDENT VARIABLE (all) : 

a l l  =0.093+1 

2. DEPENDENT VARIABLE (al2) : 

alZ=- - L  
A. E 

a12 =-2.818.106 
lb 

3. DISPLACEMEhT AT BEh?) (6 = inches) : 

&all 
1 - a12.a ' 

6 =0.047 *in 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Q t s a S  

Qt = 1.625.104 *Ib 

5. MOMENT IN BEND ( M  = IN-LBS): 

M= a214 

M =  1.998*104 -in.lb 

6.  SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp.1.M 

Qp = 1.169*103 -1b 



STAB. VERSION-0 
PAGE 8 

P R O G R A i i D  BY: 
I\I.M.AHMED 

7. CODE B31.3 COhfPLWWCE FOR SEISMIC + SUSTATPXD STRESSES. 
Socc < Sal1 

P.D . M Qt 
soccz- + I'- + - 

4.t Z b A b  
Salls 1.33.Ej.Sh 

Sal1 =2.261.104 .'b 
ill2 

CONCLUSION PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-71. JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLlNG, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLlJMl?-SZ, .TUX?-78 

PROGRAM VERSION. 0 

PROGRAM AUTHOR M.M.AHMED 

I'XOGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME Nodepoint A35 - Slurry Line - THERMAL 

INpuT BY: D.L. s T o m  $%ATE: 9 13 196 

CHECKED B Y C D  d+,& DATE: 



STAB. VERSION-0 
PAGE NO: 2 

Filename: A35-SI-T 

PROGRAMMED BY M.M. AHMED 

STEP 1: " DESIGN DATA." 
ALL uh?TS IN POUNDS, INCHES, RADIAVS AND DEGREE F. 

A. PIPE DATA. (REF: CRAM? TECH PAPER NO. 410,22nd 

P E E  MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 
PFUNT-1985 

PIPE SIZE 6" SCH 40. 

in 
(hK) 

a56.33. 

lb 
sc~20000.- 

in2 
lb 

inz 
Shs20000.- 

EJ 0.85 

F E  1.00 

h=- h=1.113 
t.R.4 

(D - t)2 

1.65 k=- k=1.483 
h 

, 0.9 
in- i=O.839 
h0.66 

BEh'D SIZE 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAhlETER, IN 

PIPE WALL THICKhZSS, JX 

PIPE METAL AREA, W2 

MOMEhT OF INERTIA, IN^? 

SECTION MODULUS, W 3  

BEND METAL AREA, W2 

BEh'D SECTION MODULUS, W3 

PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERhL4L EXPANSION OF ELASTICITY, INIINIF. 

BEhD ANGLE IN RADJANS 

DESIGN PRESSURE, PSI 

DESIGN T E M P E R A m ,  DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Ois 1.00 
HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: A35-SI-T 
PAGE-3 PROGRAMMED B Y  M.M.AHMED 

B: SOIL CHARACT!ZRISTICS 
(REF SHANNON Kr WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c s 12000.E 
sec 

POI E 0.3 POISSON RATIO 

Kds0.32 COEF OF LATERAL STRESS 

p : 0.75 

Edz62000.- DYNAMIC ELASTICITY MODULUS, PSI 

SOIL SURFACE WAVE VELOCITY, WSEC 

COEF OF SOIL FRICTION 
lb 

in2 
lb 

Td I 0.066- 
in3 

DYNAMIC SOIL SPECIFIC WT,LBSIW3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks~0 .25  COEF OF LATERAL STRESS 

STATIC XLASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PIPE, IN. 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag = 0.12 

in 
Vm=4%ag-- MAX GROUN? VELOCITY, IN/SEC 

sec 

in Vm = 5.76 1- 
see 

FREE EIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

COMPUTED THERMAL EFFECTNE LENGTH 

Let =2.714*103 .in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: A35-SI-T 
PAGE-4 PROGRAMMED BY: M.M.AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB Subroutine T-3 for TvDe 3 Bend Analvsis 

A3 3 

For Calculation of Thermal Effective Length 

from Table 3, Classificm'ou of Lezs: 

Let =2.714.103 *in 

Lpz(3.83 T 9.81 +2.(12.0)).A 

L =451.6S.in P 

2.(3.83) + 1.84 + 2.58 
2 

Lt5 .A 

L , =72.48 .in 

Since L p  (<) Let Since L t  (<) Let 

this is-a case of SP Leg, therefore: this is a case of SP Leg, therefore: 

SP: L1 : = L  P SP: L2 ' L ,  

L1 =451.68.in L2 =72.48-in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L1= 45 1.6S.in 

ANALYSIS RESULTS: 

set = 1.18.10~ .E < ALLOWABLE 
3 

Sa =4.808.104 
i? 

CONCLUSION: 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY M.M. AHMED 

STEP 2 B  THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
IAVEPEhVENT VARUBLES. 

2. SUBGRADE REACTION MODULUS ( Kt = LBSIET3 ) : 

Kt =1.765.103 .% 
in3 

3. SPRING CONSTANT ( St = LBSIIN^P ) : 

St-Kt.D 

St = 1.169.104 .-!k 
in* 

4. SYSTEM CHARACTERISTIC ( ht = IN^-1 ) : 

0.25 (&) 
ht =0.044 *in' ' 
5. SOIL STATIC FRICTION ( ft = LBSlIN) : 

1 + K s  A=pD.-.Ts.H.p 
2 

Ib f t = 2 3 . 1 8 1 . ~  

6.  MAXIMUM SLIPPAGE LENGTH ( Lt = IN ) : 
E Lts8t.A.- 
A 

In 

Lt =6.106.103 .in 

7. MAXIMUM AXIAL FORCE ( F t  = LBS) : 

Ft A.Lt 

Ft = 1.416*1O5 .lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 6 

PROGR4MMED BY: M.M. AHMED 

8. hfJNJfUM LENGTH OF TRANSVERSE LEG ( It = IN) 

l t 2  REF 2 ON COVER SHEET 
?. t 

11 =71 977.in 

ASSIDLED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GEhTRALLY 
BE MORE THAN "It" . AS SUCH ALL COXSTA\TS C1 THRU C6 IX 
FOLLORTNG EQUATIONS ARE CONSIDERED AS 1.0 Ah?) FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. Ih7)EPEhT)EhT VARIABLE (A21 ) : 

A21 =3.03.105 .lb 

10. GVDEPEhTJENT VARIABLE (A31 ) : 

K t D  A31 I- 
2.i.t 

A31 =1.339.105 
in 

11. INDEPENDENT VARZABLE ( A32 ) : 

A32.h 

A32 =0.044+1-' 

12. INDEPENDENT VAFUBLE ( At ) : 

At=A31 +A21.A32 

At = ~ 4 7 2 . 1 0 ~  
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let =2.714.103 .in 



.- 

STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED BY: M.M. AHMBD 

THERMAL ANALYSIS OF PIPE BEND Ah3 COhlPUTATION OF SHEAR FORCES, 
MOMENTS An?) STRESSES PIPE BEh’D. DUE TO THERMAL STRAN N LONG 
P E E  LEG. 

LDEPENDEMT VARAIBLE (All) : 

A l l  =0.385.in 

2.  DEPEA’DEhT VARIABLE (A12) : 

-L1 
A12=- 

A.E 

A12 =-2.528.10” 
lb 

3. DISPLACEMENT AT BEND (&=in) : 

A1 1 Ftz- 
1 - A12,At 

6t =0.272% 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt =At. St 

Vt =4.006.104 .Ib 

5. MOMENT IN BEND (Mt=in.lbs) 

Mt = A21.6t 

Mt =8.247-104 *inlb 

6. SHEAR N LONGITUDINAL LEG (Vp=in.lbs) 

Vp.ht.Mt 

Vp =3.599.103 .Ib 

7. DISPLACEMENT STRESS AT BEhP ( Se = Psi ) 

Se =9.67j-103 
in2 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 8 

PROGRAlLrmED B Y  M.hf.AH&IED 

B. DUE TO THERhfAL STRAN IYSHORT P P E  LEG: 

1. DEPENDENT VARIABLE (Bll) : 

B l l z ~ t . L 2 -  A,- ( 2:zJ 

B11 =0.064.in 

2.  DEPENDEhT VARIABLE (B12) : 

- L2 
Bl2s- 

A E  

E12 =-4.538.10n 
Ib 

3. DISPLACEMENT AT BEhD (81=inches) 

B11 81.- 
1 - B12.At 

4. SHEAR FORCE IN TRANSVERSE LEG (VI=Lbs) : 

V1 zAt.61 

VI =8.808*103 .Ib 

5. MOMENT IN BEND (Ml=in.lbs) : 

Ml=A21.61 

M1 =1.813.104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG (VZ=lhs) : 

V2 =At. MI 

V2 3791.474-1b 

7. DISPLACEMENT STRESS AT BKhD (Sel= Psi) : 

Sel =2.127-103 
in2 



STAB. VERSION-0 
PAGE NO: 9 

PROGRAhlMED BY. M.hf.AHMED 

8. CODE B31.3 COhPLIANCE FOR DISPLACEMENT STRESS. 

P. D SetzSe c Sel SL.- 
4. t 

SL = 1.922.103 .'b 
in2 

Sa=F.(1.25-(Sc + Sh) - SL) 

CONCLUSIOM PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQuIREhLENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77. JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A43 - SEISMIC 

3L5 
INPUTBY D.L.STONE DATE: 9 / 3 / 9 6  



STAB. VERSION-0 
PAGE2 

Filename: A43-S 
PROGRAMMED B Y  M.M.AWIED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POlJNXlS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA (REFCRANE TECH PAPER NO:410,22nd PRINT-1985) 

PIPE M A T E m  ASTM AS3, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D ~6 .625 .h  

t.0.280.in 

Az5.5Sl.in' 

I=2S.14.in4 

ZzS.496.in3 

A b = 8.40.h' 

Zbz16.81.in3 

R i 40.00.in 

+=2.356.rad 
Ib 

P I  325.- 
in2 

T=  180.K 
Ib 

sc  = 20000~- 

Ib 
in2 

3 
Sh=ZOOOO.- 

'. Ej-0.85 

h=1.113 t.R.4 
he- 

. (D - t)' 

k . E  k = 1.483 
h 

. 0.9 
1'- i=0.839 h0.66 

BEA?) SIZE 8" SCH 40 , RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, N 2  

PIPE MOMEAT OF Ih'ERTJA, IN-4 

PIPE SECTION MODULUS, INA3 

BE&?) METAL AREA, N 2  

BEND SECTION MODULUS, ET3 

P P E  BEND RADIUS, IN (40" radius, 45 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE. PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(RERASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CAJ.,CULATED 'i' IS LESS THAN 1.0, USE i=1.0 i.1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: A43-S 
PROGRAMMED BY: M.M.AJ3MED 

B: SOIL CHARACTERISTICS 
W F  SHANNON & WILSON, mx GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c. 12000.'- 
sec 

POIzO.3 POISSON RATIO 

Kd~0.32 COEF OF LATERAL STRESS 

pz0.75 COEF OF SOLL FRICTION 

Ed =62000.- 

SOIL. SHEAR WAVE VELOCITY, IN/SEC 

DYNAMIC ELASTICITY MODULUS, PSI lb 

m 

DYNAMIC SOIL SPECIFIC WT,LBS/IN^3 
lb 

r d  E 0.066.- 
in3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ksz0.25 

lb Es E 21000.- 
in2 

lb rs 0.066.- 
in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/IN^3 

DEPTH OF BURIED PIPE, IN 

C SEISMIC RESPONSE FOR GROuh?) MOTION 
(REF SDC-4.1 REV-11) 

ag= 0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

~ m . 4 8 . a g . E  
sec 
in 

Vm=5.1b.-- 
sec 

MAX GROUND VELOCITY, m'/SEC 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les = 830.748 .in 



STAB. VERSION-0 
PAGE4 

Filename: A43-S 
PROGRAMMED B Y  M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A3 4 

STAB Subroutine T-2 for TvDe 2 Bend Analvsis 

For Calculation of -Effective Length: 

from Table 3, Chssifccuion o f l e g s :  A43 
}- Lp - Lt 

I 
Q = 2.356 A57 

Lts(3.83 + 9.81 + 4.(12.0) + 11.89 t 1.5) .A 

Lp=(1.5 + 13.01 +2,(13.5) +7.(12.75) + 13.25 +3.83).A 

Lt  =900.36.in 

L =1.774.103 .in 

2,Les =1.661.103 .in 

P 

Since Lp (<) 2.Les, this is a case of SP Leg, therefore: 

L 

2 
S P  L'=  2 L=887.04.in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L=887.04.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL) STRESS ( Socc ) : 

Salls 1.33.Ej.Sh 

Socc =5.006.103 < ALLOWABLE Sal1 =2.261-104 
in2 in* 

CONCLUSION: 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUJREMENTS. 

HNF-2473, Rw. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE Ah?) CObPUTATION 
OF INDEPEA?)ENT VARIABLES. 

1. SEIShlIC SOIL STRAIN.( Em) : 

Vm &mi- 
2. c REF: 2 ON COVER SHEET 

2. SUBGRADE REACTION MODULUS. ( K = LBSIM-3) : 

K=5.702.103 ."I 
in3 

3. SPRING CONSTANT. ( S = LBSIEVZ ) : 

S s K.D 

S =3.778.104 
in* 

4. SYSTEM CHARACTERISTIC ( 5 = IW-I ) : 

5. S O L  FRICTION. 

lb 
f =24.419*- 

in 
6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN ) : 

E 
Lm= &mA- 

f 

Lm = 1.S66*103 *in 

7. MAXIMUM AXIAL FORCE ( F  = LBS) : 

F =3.833.104 .lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY 
M.M.AHh5D 

8. hDNMUM TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN) : 

R E F  2 ON COVER SHEET 

NOTE: Sm'CE ALL P E E  RUNS WILL GENERALLY BE LONGER THAN, 
"I", lT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTAh'TS C1 THRU C6 M SUCCEEDING 
FORMLnAE ARE EQUAL TO 1.0 . THEREFORE THE FOLLWMG 
FORhIULAS ARE MODIFIED USA'G THE VALUES OF CONSTANTS AS 1.0 

9. EWEPENDENT VARIABLE ( a21 ) : 

a21 =3.005-105 -1b 

10. INDEPENDENT VARIABLE (a31 ) : 

S a31=- 
2.x 

a31 =3.228.105 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32 = h 

a32 =O.O59*in-' 

12. JKBEPENDENT VARIABLE ( a ) : 

a=a31 + aZl.a32 

5 lb a =3.404-10 .T 
111 

13. SEISMIC EFFECTIVE LENGTH ( Les = I N  ) : 

Les- i f ) [ (  A- . 1 + 2.s1n- tT-11 

Les =830.748.h 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 7 

PROGRAMMED B Y  
hl.M.AHiKED 

STEP 3B: SEISMIC ANALYSIS An?) CALCULATION OF SHEAR FORCES, 
MOMENTS AN?) STRESSES IN PIPE BEh?). 

1. DEPENDENT VARIABLE (all) : 

a l l  -0.183.h 

2. DEPENDEW VARIABLE (a12) : 

-L a12s- 
A.E 

a12 =-5.583.106 .!!! 
lb 

3. DISPLACEMENT AT BEND (6 = inches) : 

a1 1 6.- 
1 - a12.a 

6 =0.083 .in 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qt=a6  

Qt = 1.797.104 *lb 

5. MOMENT IN BEND ( M  = IN-LBS 1: 

Mza21.6 

M =  1.587.104 +lb 

6.  SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp&M 

Qp =928.517.lb 

HNF-2473, Rev. 0 
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STAB. WRSION-0 
PAGE 8 

PROGRAMMED B Y  
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < Sall 

Sal15 1.33.Ej.Sh P.D , M Qt 
soccz- + 1'- + - 

4.t Z b A b  

Socc=5.006~103 < Sall =2.261*104 
inz il? 

CONCLUSION PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXJBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLMG, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER N O  W 320 I ER 4319 

FILE NAME: Nodepoint A43 - Slurry Line - THERMAL 

jld 
WPUTBY: D.L.STONE DATE: 9 / 3 / 9 6  

CHECKED BY &-@ATE: +d$ 
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STAB. VERSION-0 
PAGE NO: 2 

Filename: A43-T 

PROGRAMMED BY: M.M. AHMED 

STEP 1: I' DESIGN DATA." 
ALL UNITS IN POUNDS, m m m ,  RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRAh'E TECH PAPER NO. 410,22nd 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. 

PXUXT-1985 

SCH 40 

PIPE SIZE 6" SCH 40. 

in a~6.33.10~6---- 
(in. K) 

4 2.356.rad 

lb 

inz 
P s 32%- 

Tz 180.K 

Ib 
sc = 20000.- 

in2 
Ib Shz20000,- 

EJ-0.85 

Fs1.00 

h=- h=1.113 

in2 

t.R.4 

(D - t)' 

1.65 
h 

kz- k = 1.483 

, 0.9 
1s- i =0.839 

h0.66 

BEhD SIZE 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE D L M T E R ,  IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, IN-2 

MOMENT OF INXRTIA, lW4 

SECTION MODULUS, lW3 

BEND hfETAL AREA, lW2 

BEND SECTION MODULUS, IN.3 

PLPE BEh?) RADIUS, I N  (40" Radius, 45 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, INIINIF. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEWERATORE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXTBJLITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oiz 1.00 



STAB. VERSION-0 
PAGE3 

Filename: A43-T 
PROGRAMMED B Y  M.M.AHI\ffiD 

B SOU CHARACTERISTICS 
(REF SHANNON & W O N ,  INC GEOTECH INVESTIGATION REPORT.) 

B1: SOU DATA FOR SEISMIC ANALYSIS 

C ~ 1 2 0 0 0 . ~  
sec 

POI=O.3 

Kd.0.32 

p.0.75 

Ib Ed. 62000.- 
in2 

in3 

lb 
rdsO.066.- 

SOIL SURFACE WAVE VELOCITY, WSEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOU SPECIFIC 'wT,LBS/IN'3 

B2: SOU DATA FOR STATIC ANALYSIS 

Ks E 0.25 

Es=ZlOOO.- STATIC ELASTICITY MODULUS, PSI 

lb rS-o.o6ci-- 
H.36.h 

COEF OF LATERAL STRESS 
Ib 

iJ? 

in3 
STATIC SOIL SPECIFIC WT, L B S W 3  

DEPTH OF BURIED PIPE, IN. 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag= 0.12 

in Vmz48,ag- 
sec 
in 

Vm =5.76-- 
sec 

FREE FIELD HORIZONTAL ACCEL, FRACTION O F  'G' 

MAX GROUND VELOCITY, IN/SEC 

COMPUTED THERhUL EFFECTrVE LENGTH 

Let =2.739.103 -in 
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Filename: A43-T 
PROGRAMMED BY: M.M.AHMED 

**%*****************%***********************************%*%***********%*%********* 

STAB Subroutine T-3 for TvDe 3 Bend Analvsis 

For Calculation of Thermal Effective Length: 

from Table 3, Classifcarioiz ofLegs: 

~et=2.739.10~ .in 

Lp=(1.5 + 13.01 +2.(13.5) + 12.75).ft 

L =651.12.in P 

Since L p  (<) Let 

this is a case of SP Leg, therefore: . 
SP: L1 " L P  

L1 =651.12.in 

0 =2.356 A3 9 

A43 
I-- L P - 4  

Lts(2,(12.0) + 11.89 + 1.5).fl 

L = 448 68 .in 

Since L t  (<) Let 

this is a case of SP Leg, therefore: 

SP: L2'. L t  

L2 =448.68.in 

**%%********%%****%**%*%*********%%%%******%%%%%***%**%%**%%%*%**%%***%*%*%%**%* 

L1 E 651.12.in 

ANALYSIS RESULTS: 

set =1.849.104 JL < ALLOWABLE 
in* 

L2 I 448.68.h 

CONCLUSION 

PIPE DISPLACEMENT STRESSES SATISFY TEE CODE B31.3-90 
REQUIREMENTS. 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMhlED B Y  M.M. AHMED 
I 

I 
STEP 2B: THERMAL ANALYSIS OF BURIED PIPE A N I  COMPUTATION OF 

IhXlEPEhVENT VARIABLES. 

LTHERMAL STRAW (Et = IN/&) 

& t z a ( T -  40.K) 

&t =S.S62.1O4 $5 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBSIIN-3 ) : 

Kt = ~ 7 6 5 . 1 0 ~  *'b 
in3 

3. SPRJNG CONSTANT ( St = LBSIWZ) : 

St-Kt.D 

St = 1.169-104 
in 

4. SYSTEM CHARACTERISTIC ( Xt = IN*-1 ) : 
0.25 

lt= (&) 
?.t = 0.044 6- ' 
5. SOIL STATIC FRICTION ( ft = LBS/IN) : 

1 + Ks fi=pD.-.Ts.H.p 
2 
Ib 

fi=23.181.y 
Ul 

6. MAXIMUM SLIPPAGE LENGTH ( Lt = IN ) : 

E Ltz&t.A.- 
fl 

Lt =6.106,103 .in 

7. -AXIAL FORCE (Ft = LBS) : 

Ftlft,Lt 

Ft =1.416-105 -Ib 
HNF-2473, Rev. 0 
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PROGRAMMED BY: M.M. AHMED 

8. MJNMUM LENGTH OF TRANSVERSE LEG ( It = IN) 

l t 2  REF 2 ON COVER SHEET 
Xt 

It =71.977-in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GEhTRALLY 
BE MORE TRAN “11“ . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWEVG EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. m’DEPEA9EhT VARIABLE ( A21 ) : 

A21 =2.161.105 *lb 

10. INDEPENDENT VARIABLE (A31 ) : 

Kt.D A31 E- 
2.ht 

A31 =1.339*1O5..fi 
in 

11. Ih?lEPENDENT VARIABLE (A32) : 

A32.M 

A32 = 0 . 0 4 4 . S 1  

12. INDEPENDENT VARIABLE (At  ) : 

AtzA31 +A21.A32 

At = 1.434.10’ *‘b 
in 

13. THERMAL EFFECTIVE LENGTH ( Let) : 

Let =2.739.103 +in 



STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED BY: M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEA’D Ah?) COMPUTATION OF SHEAR FORCES, 
MOMENTS Ah?) STRESSES IN PIPE BEPI?). DUE TO THERMAL STRAIN IN LONG 
PIF’E LEG. 

1.DEPENDENT VARAIBLE (All) : 

A l l  =0.546.in 

2. DEPEhQENT VARIABLE (A12) : 

- L1 
A12=- 

A.E 

A12 =-4.O761Od -E 
lb 

3. DISPLACEMENT AT BEND (&=in) : 

A1 1 6t.- 
1 - A12.At 

6t =0.345 .in 

4. SHEAR IN TFWSVERSE LEG (Vt=lbs) : 

Vt :At. 6t 

Vt =4.943.104 .lb 

5. MOMENT IN BENJ Wt=in.lbs) 

Mt : M I &  

Mt =7.4S1-104 h l b  

6. SHEAR IN LONGITUDINAL LEG Wp=in.lbs) 

Vp sht.Mt 

Vp =3.252*103 -1b 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 

OTHER LEG AND ADD THESE 
TOGETHER. 

conIpm m s s  DUE TO 

HNF-2473, Rev. 0 
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PROGRAMMED BY: M.M.AHMED 

B. DUE TO THERMAL STRAIN rn' SHORT PIPE LEG: 

1. DEPENDENT VARIABLE (311) : 

B11 =0.383.in 

2. DEPENDENT VARIABLE (Bl2) : 

- LZ 
B12z- 

A.E 

BIZ =-2.809.10" .u' 
Ib 

3. DISPLACEMENT AT BEND (Sl=inches) 

SI =0.273-in 

4. SHEAR FORCE IN TRANSVERSE LEG Wl=Lbs) : 

VI zAt.61 

VI =3.915-104 *Ib 

5. MOMENT IN BEAD (MX=in.lbs) : 

Ml~A21.Sl  

MI =5.901.104 .in.lb 

6.  SHEAR IN LONGITUDINAL LEG (VZ.=lbs) : 

V2 =).t.MI 

V2 =2.S76.103 .Ib 

7. DISPLACEMENT STRESS AT BEAD (Sel= Psi) : 

Sel =8.171.103 
in* 

HNF-2473, Rev. 0 
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PROGRAMMED B Y  M.M.AHMED 

Set z Se + Sel 

8. CODE B31.3 COMPLIANCE FOR DISPLACEhfEiW STRESS. 

P. D SL.- 
4.t 

SL= 1.922.103 

Sa%F.(l.ZS.(Sc+ Sh) - SL) 
in2 

4 Ib Set = 1.849.10 .- 
in2 

< Sa =4.808.104 
in2 

CONCLUSION. PIPE DISPLACEhffihT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANfiYSIS OF BURJED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURJED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURJED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR M.M.AHhfED 

PROGRAM W R m R  TJSCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A55 - SEISMIC 
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STAB. VERSION-0 Filename: A554 
PAGE-2 PROGRAMMED B Y  M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIAN'S AND DEGREE F. 

A. PIPE DATA (FC3F:CRANE TECH PAPER N0:410,22nd PRINT-198% 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

Dz6.625.h 

t E 0.280.h 

A=5.5Sl.;12 

I E 28.14.h4 

Z-S.496.in3 

A bz8.40.in2 

zb'16.81'in3 

Rs40.00.in 

E=28.62.106.* 
in2 

T s  180.K 

lb 
sc=20000~- 

lb 
in2 

3 
Shz20000,- 

Ej -0.85 

h=- t'R'4 h=1.113 
(D - t )2  

k.1.65 k = 1.483 
h 

. 0.9 
I=- i=O.839 
,066 

BEA?) SIZE 8" SCH 40 , RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, JW2 

PIPE MOMENT OF NSRTJA, JW4 

PIPE SECTION MODULUS, JW3 

BEND METAL AREA, JW2 

BEA'D SECTION MODULUS, JW3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY. PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE I N  RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=LO i= 1.00 
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Filename: ASS-S 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
mF SHANNON WON, mTc GEOTECH EWESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c. 12000.2  
sec 

POI=O.3 

Kd 0.32 

p.0.75 

Ib Edz62000.- 
in2 
Ib Td I 0.066.- 
in3 

SOIL SHEAR WAVE VELOCITY, INISEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICRY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBSIW3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks.0.25 

lb 
E~~21000. -  

in2 

H.36.k 

COEF OF L A T E W  S m S S  

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSlW3 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
WF SDC-4.1 REV-11) 

ag i  0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

Vms48.ag .2  
sec 

MAX GROUND VELOCITY, INISEC 

in Vm =5.16.- 
sec 

COMPUTED EFFECTIVE LENGHTS 

1. SEISh5C EFFECTIVE LENGTH ( Les ) : 

Les =825.014% 

HNF-2473, Rev. 0 
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FElename: A554 
PROGRAMMED BY: M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A34 

LkD A+ 

$ = I S 7  

STAB Subroutine T-2 for TvDe 2 Bend Analvsk 

For Calculation of &?&I& Effective Length: 

from Table 3, Classifiatiort of Legs: 

I )  
A43 I-, Lp - Lt 

1 

Lts(2.(3.83) + 7.34)-ft L,  = 18O.h 

Lp=(1.5 + 13.01 +2.(13.5) +7.(12.75) + 13.25 + 3.83).A L p  =1.774.103 .in 

2.Les = 1 65.103 .in 

Since L (> or =) 2.Les, this is a case of LP Leg, therefore: P 

LP: L.=Les L =825.014% 

C**** * * * * * * * * * * * * * * * *%**** * * * * *~*~*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *%****  

Lz 825.014.h 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Sall 1.33.Ej. Sh 

Socc=S.409-103 < ALLOWABLE 
in2 

Sall =2.261.104 .'b 
inz 

CONCLUSION: 

PIPE OCCASIONAL STRESSES SATISN THE CODE B31.3-1990 REQUIREMENTS. 
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PROGRAMMED BY 
M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE Ah?) COMPUTATION 
OF m'DEPEh4ENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em) : 

Vm 
2.c 

~ m = 2 . 4 . 1 0 - ~  

2. SUBGRADE REACTION MODULUS. ( K = LBS/WS) : 

Em-- 

REF: 2 ON COVER SHEET 

K =5.702-103 .E 
in3 

3. SPRING CONSTANT. ( S = LBSIW2 ) : 

S:K.D 

S =3.77S.104 .E 
in2 

4. SYSTEM CHARACTERISTIC ( h = IN*-l) : 
0.2s (&) 

h =0.059 .ill- ' 
5. SOIL FRICTION. 

1 +Kd 
f=nD.-. Td.H.p 

2 
lb f =24.479-: 
111 

6. MAxlMuM SLIPPAGE LENGTH ( Lm = IN ) : 

Lm = 1 ~ 6 6 . 1 0 ~  .in 

7. MAX3MuMAXlAL FORCE (F = LBS) : 

FsfiLm 

F =3.833-104 .lb 
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PROGRAMMED BY: 
M.M.AHMED 

8. MlhTMUM TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN ) : 

REF: 2 ON COVER SHEET 

1 ~ 5 3 . 6 8 6 %  

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 TKRU C6 M SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0. THEREFORE THE FOLLWING 
FORMULAS ARE MODlFIED USIh'G THE VALUES OF CONSTANTS AS 1.0 

9. IN'DEPENDENT VARIABLE ( a21 ) : 

a21 =4.276.1OS .Ib 

10. IXDEPEhQENT VARIABLE ( a31 ) : 
S a31z- 

2.h 

a31 =3.228.1O5 
in 

11. INDEPENDENT VARIABLE (a32 ) : 

a32.h 

a32 =0.059 .in-' 

12. INDEPENDEW VARIABLE ( a ) : 

a=a31 +a21.a32 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

Les =825.014+1 
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PROGRAMMED BY: 
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AM) CALCULATION OF SHEAR FORCES, 
MOMJZh'TS Ah?) STRESSES IN PIPE BEND. 

1. DEPENDEhT VARIABLE (all) : 

a l l  =0.146Gn 

2. DEPEhQENT VARIABLE (al2) : 

- L  
A.E 

a122- 

a12 =-S.16S.106 -f 
Ib 

3. DISPLACEMENT AT BEND (F = inches) : 

a l l  6.- 
1 - a12.a 

F =O.OS2.h 

4. S H E A R  IN TRANSVERSE LEG (Qt = LBS) : 

Qt.a.6 

Qt = 1.814*104 *ib 

5. MOMENT IN BEND ( M  = IN-LBS ): 

M=a214 

M=2.23.104 4nlb 

6. S H E A R  IN LONGITUDINAL LEG ( Qp = LBS ) : 

Q p A M  

Qp =1.305*103 -1b 
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PROGRAMMED BY. 
M.M.AHMED 

I. CODE B31.3 COMI'LIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < Sal1 

P.D . M Qt 
Soccs- + 1'- + - 

4.1 Z b A b  
Sails 1.33.Ej.Sh 

CONCLUSION PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AMD THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLJNG, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVF' VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILENAME: NodepointAS5 - THEkMAL. 
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Filename: A55-T 

PROGRAMMED BY: M.M. AHMED 

STEP 1: 'I DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410,22nd 

PIPE MATERJAL ASTM A53, TYPE E, GR B. SCH 40 

PRIhT-I985 

PIPE S E E  6" SCH 40. 

D 26.625.h 

1~0.280.h 

A.5.581 in2 

I:28.14.in4 

Z z 8.496.in3 

A b=S.40.h2 

z b' 16.81.in3 

R=40.00-in 

+ z  1.57.rad 

lb Pz325,- 

T.180.K 
in2 

lb s c ~ 2 0 0 0 0 ~ -  

Ib 
in2 

in2 
S h z  20000.- 

EJ20.85 

Fs1.00 

i.R.4 

(D - i)* 
hz- h = 1.113 

1.65 
ks- k = 1.483 

h 
. 0.9 
I=- i=O.839 

h0.66 

BEAD SIZE 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNTSS, IN 

PIPE METAL AREA, W2 

MOhCENT OF INTRTIA, W 4  

SECTION MODULUS, W3 

BEhW METAL AREA, W2 

BEAD SECTION MODULUS, W3 

PIPE BEAD RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS. PSI 

HOT ALLOWABLE STRESS, PSI 

WELD J O N  QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 C/S 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' Is LESS THAN 1.0, USE i=l.Oi= 1.00 HNF-2473, Rev. 0 
Page 187 
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Filename: A55-T 
PROGRAMMED BY: IM.M.AHI\ffiD 

B SOIL CHARACTERISTICS 
(REF: SHANNON WILSON, mc GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c = 12000 2 
sec 

POIzO3 POISSON RATIO 

Kd.032 COEF OF LATERAL STRESS 

p-075 COEF OF SOIL FRICTION 
Ib 

Ed 2 62000 - 

SOIL SURFACE WAVE VELOCITY, IN/SEC 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIHC WT,LBS/WJ 

111 

lb 
Td= 0 066 - 

1I1 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  
Ib 

Es *21000,- 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/WJ 

DEPTH OF BURIED PIPE, ET. 

in2 

in3 

lb 
rs:o.066.- 

Hz36.h 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF: SDC-4.1 REV-11) 

a g ~ 0 . 1 2  FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'GI 

Vm= 4 8 . a g . z  MAX GROUND VELOCITY, mmc sec 
in 

Vm = 5.76 e- 
see 

COMX'UTED THERMAL EFFECTIVE LENGTH 

Let=2.714.103 -in 
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Filename: A55-T 
PROGRAMMED BY: M.M.AHMED 

STAB Subroutine T-3 for TvDe 3 Bend Analvs6 

For Calculation of Thermal Effective Length: 

from Table 3, CIassificarioir of Legs: 

Let =2.714.103 .in 

LP=(5(12.75) + 13.25 + 3.8:).A 

L ~ 9 6 9 . 9 6 . h  P 

Since Lp (<) Let 

this is a case of SP Leg, therefore: 

SP: L1:= L P 

L1=969.96.k 

AS7 
6 = 1.57 

A47 
A55 k LP 

LtS 2.(3.83) + 7.341 .A 

L, =90% 

Since Lt  (i) Let 

this is a case of SP Leg, therefore: 

SP: L2 = L t  

L2 = 90 .in 

*****************************************%****%********~********************%*** 
L1.969.96.h L2 3 90 .h  

ANALYSIS RESULTS: 

Set =1.745104 < ALLOWABLE 
in2 

Sa =4.808.104 .‘b 
in2 

CONCLUSION: 

P P E  DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 

HNF-2473, Rev. 0 
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PROGRAMMED BY M.M. AHMED 

STEP 2 B  THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
INDEPEhDENT VARIABLES. 

2. SUBGRADE REACTION hlODULIJS ( Kt = LBS/W3 ) : 

Kt =1.765.103 .& 
in3 

3. SPRING CONSTANT ( St = LBSIWZ ) : 

St=Kt.D 

St = 1.169.104 
in2 

4. SYSTEM CHARACTERISTIC ( ht = IN -̂1 ) : 

0.25 
7.t [&) 
7.t = 0.044 .in' 

5. SOIL STATIC FRICTION ( ft = LBSIIN) : 

lb fl=23.181.- 
in 

6. MAXIMUM SLIPPAGE LENGTH ( Lt = IN) : 
E Lt2zt.A- 
fl 

Lt =6.106.103 -in 

7. MAxrmoMAXUL FORCE (Ft = LBS) : 

Ft-fl.Lt 

Ft=1.416.1O5 *lb HNF-2473, Rev. 0 
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PROGRAMMED B Y  M.M. AHMED 

8. MINlMuhI LENGTH OF TRANSVERSE LEG ( It = lN) 

It." R E F  2 ON COVER SHEET 
7.t 

It =71.971.in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWII\'G EQUATIONS ARE CONSIDERED AS 1.0 AN? FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. EWEPEhDEhT VARIABLE ( A21 ) : 

A21 =3.03.10' -1b 

10. INDEPEhBENT VARIABLE (A31 ) : 

A31 = 1.339.10' 
in 

11. INDEPEA?lENT VARTABLE (A32 ) : 

A32cht 

A32 =0.044.&' 

12. INDEPEADENT VARIABLE (At  ) : 

AtsA31 +A21.A32 

At =1.472.105 
in 

13. THERMAL EFFECTIVE LENGTH ( Let) : 

Let =2.714.103 .in 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAnlMED BY: hf.M. AwlIsD 

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAlN IN LONG 
PIPE LEG. 

LDEPEMDENT V M L E  (All) : 

Al l  =0.791.h 

2. DEPEAQENT VARIABLE (AlZ) : 

-L1 
AlZs- 

A.E 

A12 =6.073-10” -E 
Ib 

3. DISPLACEMENT AT BEh?) (&=in) : 

sts- 
1 - AI2,At 

A1 1 

4. S H E A R  INTRANSVERSE LEG Wt=lbs) : 

Vt=At.St 

Vt =6.149.104 *Ib 

5. MOMENT IN BEh?) @ft=in.lbs) 

Mt sA21.St 

Mt = 1.266.105 *in.lb 

6. S H E A R  IN LONGITUDINAL LEG (T‘p=in.lbs) 

Vp :ht,Mt 

Vp =5.526.103 .lb 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

Se =1.485*104 ** 
in2 

NOT%: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIh’ IN ONE PIPE LEG. 
COMPUTl3 STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. 
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STAB. VERSION-0 
PAGE NO: 8 

PROGRAbDIED B Y  M.hl.AHME.D 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG 

1. DEPENDENT VARIABLE @ll) : 

B11 =0.079.in 

2.  DEPENDEhT VARIABLE (BIZ) : 

- L2 
B12z- 

A.E 

B12 =-5.635.10-7 .?! 
lb 

3. DISPLACEMENT AT BEND (61=inches) 

B11 61E- 
1 - B12.At 

61 =0.073 *in 

4. SHEAR FORCE IN TRANSVERSE LEG (VI=Lbs) : 

VI zAt.61 

VI =1.076.104 .Ib 

5. MOMENT IN BEND (MI=in.lbs) : 

Ml~A21.61  

M1 =2.215.104 +lb 

6.  SHEAR IN LONGITUDINAL LEG (VZ=lbs) : 

V2 =Xt.Ml 

V2 = 966.745.1b 

7. DISPLACEMENT STRESS AT BEND @el= Psi) : 

Selri. - +--- (pi) Av: 
Sel =2.598.103 

in2 
HNF-2473, Rev. 0 
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STAB. VERSION-0 PROGRAhCMXD BY: M.hf.AHMED 
PAGE NO: 9 

8. CODE B31.3 COMPLIANCE FOR DISPLACEhffiW STRESS. 

SetiSe + Sel 

SL = 1.922.103 .-!? 
Sa-F.( 1.25 (Sc + Sh) - SL) 

in2 

CONCLUSION PIPE DISPLACEMEW STRESSES SATISFY 
CODE B31.3-90 REQUJREh5NTS. 

HNF-2473, Rev, 0 
Page 194 



APPENDIX S 

NODEPOINT A57-sl-S 

HNF-2473, Rev. 0 
Page 195 



SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THEILMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGMERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME.-77, JUNE'83 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GJLBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR I\l.I\l.AHMED 

PR0,GRWl VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

F7.S Yk',E: Nodepoint A57 - SEISXIC 

p L i  
INPUTBY: D.L. STONE DATE: 9 / 3 / 9 6  

CHECKEDBY: e&-&+ DATE: 

HNF-2473, Rev. 0 
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STAB. VERSIOWO Filename: A57-S 
PAGE-2 PROGRAMMED BY M.I\I.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, m m m ,  RADLGVS ANXI DEGREE F. 

A. PIPE DATA: (REFCRANE TECH PAPER NO:410,22nd PRIST-1989 

PIPE MATERIAL ASTM A53, TYPE E, GR B. SCH 40 

4.1.57.rad 

T= 180.K 

lb 
sc~20000~- 

lb 
in2 

in2 
Shz 20000.- 

Ej EO.85 

h=- h =  1.113 
t.R.4 

(D - 

ks'.65 k = 1.483 
h 

. 0.9 
IS- i=O.839 h0.66 

BEA' SIZE 8" SCH 40 , RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, N 2  

PIPE hlOMEhT OF IATRTU, EV4 

PIPE SECTION MODULUS, W 3  

BEND METAL AREA, I N 2  

BEND SECTION MODULUS, W3 

PIPE BEA' RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, INIWF. 

BEAI) ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 iz1.00 



STAB. VERSION-0 
PAGE3 

Filename: A57-S 
PROGRAMMED BY: M.M.A€DBD 

B SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c. 12000.- 
sec 

POI=O.3 

Kds0.32 

p s 0.75 

lb Ed 3 62000.- 
in= 
lb 

r d  I 0.~66.- 
in3 

SOIL SHEAR WAVE VELOCITY, WSEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYh'.@ffC ELASTICITY MODULUS, PSI 

DYh'AhffC SOIL SPECIRC WT,LBS/W^3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks=0.25 COEF OF LATERtI, STRESS 
lb ES ~21000~- STATIC ELASTICITY MODULUS, PSI 
in2 

in3 

lb rs = 0,066.- STATIC SOIL SPECIFIC WT, LBS/W3 

K.jG.in DEPTH OF BUREZ PIPE, IS 

C: SEISMIC RESPONSE FOR GROUPXI MOTION 
(REF SDC-4.1 REV-11) 

ag i 0.12 FREE FIELD HORIZOhTAL ACCEL, FRACTION OF 'G' 

Vmz48 .ag .2  MAX GROUND VELOCITY, IN/SEC 
sec 

in 
Vm=S.16-- 

sec 

COMPUTED EFFECTWE LENGHTS 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014-in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: A57-S 
PAGE-4 PROGRAhGWED B Y  M.M. AHMED 

**********************%~~**************************************~**%*************** 
A55 

STAB Subroutine T-2 for T w e  2 Bend Analvsis 

For Calculation of Seismic Effective Length 

from Table 3, Cfussificarion o f l e c s :  

Ltz(2.(3.83) +7.34).A 

Lps2.(3.83 + 13.44 +7.(13.33)).!? 

L, = I80411 

L =2.654-103 .in 

2.Les = i.65.103 .in 

P 

Since L ( z  or =) 2.Les, this is a case of LP Leg, therefore: P 

LP L = Les L =825.014.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Socc =5.409.103 .'b 4 ALLOWABLE 
in* 

Sail- 1.33.Ej.Sh 

Sali =2.261.104 -'b 
inz 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUlREhENS. 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB. VERSION-0 PROGRAMMED B Y  
PAGE 5 M.M.AHiMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em ) : 

Vm a n -  
2.c REF 2 ON COVER SHEET 

2. SUBGRADE REACTION MODULUS. ( K = LBSIW3) : 

0.0833 
Ed 

K=5.702.103 .& 
in3 

3. SPRING CONSTANT. ( S = LBSIW2) : 

S =3.778.104 .&. 
in2 

4. SYSlEM CHARACTERISTIC ( 2. = W-1) : 

h =0.059.in.' 

5. SOIL FRICTION. 

lb f =24.479.- 
m 

6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN ) : 

E 
Lm-&mA.- 

f 

Lm = 1 ~ 6 6 . 1 0 ~  .in 

I. MAXIMUM AXIAL FORCE ( F = LBS ) : 

F =3.833.104 *lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY 
M.M.AHMED 

8. MLNrmLTM TRANSVERSE LEG LENGTH REQUIRED ( I = IN) : 

1.2 
x 

1 = 53.686-in 

REF 2 ON COVER SHEET 

NOTE SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0. THEREFORE THE FOLLWING 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. INDEPENDENT VARIABLE ( a21 ) : 

a21 =4.276.105 .Ib 

10. INDEPENDENT VARIABLE ( a31 ) : 
S 

a 3 1 ~ -  
2.h 

a31 =3.228-105 *'b 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32.h 

a32 =0.059-in.' 

12. INDEPENDENT VARIABLE ( a ) : 

aza31 + a21.a32 

a =3.478.105 .'b 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

Les =825.014-h 



STAB. VERSION-0 
PAGE 7 

PROGRAMMED BY: 
M.M.AHMED 

STEP 3 B  SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPENDENT VARIABLE (all) : 

a l l  =0.146%1 

2. DEPENDENT VARIABLE (a121 : 

-L alZ=- 
A-E 

a12 =-5.165.10-6 
lb 

3. DISPLACEMENT AT 3ZhD (6 = inches) : 

a1 1 6.- 
1 - a12.a 

6 =0.052.in 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qt-a3 

Qt = 1.814.104 -1b 

5. MOMENT IN BEND ( M IN-LBS ): 

Msa21.6 

M=2.23.104 4nlb 

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp = h.M 

Qp = 1.305*103 *lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMMED B Y  
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC -k SUSTAINED STRESSES. 
Socc < Sall 

P.D . M Qt 
Soccz- t 1.- t - 

4 t  Z b  A b  

socc=5409.103 .'b < Sall =2.261.104 
in2 in2 

CONCLUSION PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAM) CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERNG SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAJ! ALTHOR: M.M.AHMFT? 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER N O  W 320 / ER 4319 

FILE NAME: Nodepoint A57 - THERMAL 

J? LS 
INPUTBY D.L.STONE DATE: 9 / 3 / 9 6  

CHECKED BY & D L q q ~ k - D A r n  



STAB. VERSION-0 
PAGE NO: 2 

Filename: A57-T 

PROGRAMMED B Y  M.M. AHMED 

STEP 1: " DESIGN DATA." 
ALL UNITS Jh' POUNDS, ECKES, RADUYS AhD DEGREE F. 

A. PIPE DATA. (REF CRAN' TECH PAPER NO. 410,22nd PRW-1985 

PIPE MATERIAL: ASThf A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

Ds6.625.in 

tz0.280.in 

A =  5.58 1 . i '  

I 2S.14.in4 

Zz8.496-in3 

A b=8.4O.in2 

Zbz16.81.in3 

R.40.00.in 

E ~28.62. IO6.& 
in2 

in 
(in.K) 

~ 6 . 3 3 ,  

4=1.57.rzd 

lb P s 32s.- 
in2 

Te 180.K 

lb 
sc~20000~-  

in2 
Ib Sh. 20000.- 
in2 

EJz0.85 

F.1.00 

hz- 

(D - 
h = 1.113 tR.4 

k=- 1'65 k=1.483 
h 

. 0.9 
I=- i=O.839 
h0.66 

BEND SIZE 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DMIETER, IN 

PIPE WALL THICKATSS, N 

PIPE METAL AREA, N 2  

MOMENT OF IXTRTIA, N 4  

SECTION MODULUS, M'3 

BEh' METAL AREA, N 2  

BEND SECTION MODULUS, IN-3 

PTPE BEND RADIUS, N (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICTY, PSI 

TKERVAL EXPAKSION 0; LLASTICITY, Jh'INlF. 

BEND AKGLE N RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCIjLATED 'i' IS LESS THAN 1.0, USE i=l.Oi= 1.00 



STAB. VERSION-0 
PAGE-3 

Filename: A57-T 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON & WILSON, mc GEOTECH I~TESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c I12000~- 
sec 

POI i 0.3 

Kds0.32 

p ~ 0 . 7 5  

Ib Ed =G20013- 
in= 

in3 

Ib Td I O.OG6- 

SOIL SURFACE WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF son FRICTION 

DI'NAMIC ELASTICITY MODULUS, PSI 

DYNAhIIC SOIL SPECIFIC WT,LBS/INA3 

B2: SOIL DATA FOR STATIC kV.+iLYSIS 

Ks -0.25 

Ib Es =ZlOOO.- 
in2 
Ib Ts E 0.06-  
in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PIPE, IN. 

C: SEISMIC RESPONSE FOR GROUhD MOTION 
(REF: SDC-4.1 REV-11) 

ag10.12 

~ r n - 4 ~ . a g . Z  MAX GROUND VELOCITY, IN/SEC 
sec 

in Vm =5.16 .- 
see 

FREE FIELD HORJZOmAL ACCEL, FRACTION OF 'G' 

COMPUTED THERMAL EFFECTIVE LENGTH 



STAB. VERSION-0 Filename: A57-T 
PAGE-4 PROGRAMMED B Y  hf.I\I.AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB Subroutine T-3 for Tvpe 3 Bend Analvsis 

For Calculation of Thermal Effective Length 

A55 

'kO $A66 $=l.57 from Table 3, Classificarioit of Lees: I )  
A57 t- LP 4 

Let =2.714.103 .in 

L =(3.83 + 13.44+7.(13.33)).fr L t =  .ft 
2.(3.83) + 7.33 

P- 2 
L =1.327.103 .in L =90.in P 

Since L p  (<) Let Since L t  (<) Let 

this is.a case of SP Leg, therefore: this is a case of SP Leg, therefore: 

SP: Ll  = L p  SP: L2'. L t  

L1 = 1.327.10' .in L2=90.in 

****&*****i***.>? 3 ; : , ... / re******* .< >. . I  I&; i '* > ~*.)**t***************~*****~******** 

L1 i 1327.h L2 s 90-in 

ANALYSIS RESULTS 

Set =1.936*104 .&. < ALLOWABLE Sa =4.808*104 .&. 
in= in2 

CONCLUSION 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREhENTS. 

http://13.44+7.(13.33)).fr


STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY hl.hl. AHI\fED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
lNX)EPEh?)Em VARIABLES. 

1.THERRfAL STRAIN ( st = EWN) 

Ets@(T- 40.K) 

Et =8.862.10-4 -!!? 
in 

2. SUBGRADE REACTION hlODULUS ( Kt = LBS/IN"3 ) : 

Kt = 1.765*103 *; 

3. SPRING CONSTAYT ( St = LBS/JNA2 ) : 

in 

St rKt.D 

St =1.169.104 .", 
in2 

4. SYSTEM CHARACTERISTIC ( ht = IN--I) : 

0.25 

htz (&) 
Xt = 0.044 .K ' 
5. SOIL STATIC FRICTION ( ft = LBS/JN) : 

fi.n.D.l+KS.rsH.p 
2 

lb ft=23,ISl.- 
in 

6.  MAXIMUM I SLIPPAGE LENGTH ( Lt = I N )  : 

Lt =6.106.103 .in 

7. MAXliWJM AXIAL FORCE ( Ft = LBS ) : 

Ft z A. Lt 

Ft = l.416.105 *lb 



STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED B Y  M.M. AHMBD 

8. MIhazuhl LENGTH OF TRANSVERSE LEG ( It = IN ) 

It.- R E F  2 ON COVER SHEET 
ht 
?i 

It =71.977.in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTAMS C1 THRU C6 IN 
FOLLOWTNG EQUATIOXS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. INVEPENDENT VARIABLE ( A21 ) : 

A21 =3.03.105 .lb 

10. INDEPENDENT VARIABLE (A31 ) : 

Kt.D A315- 
2 . l ?  

A31 = 1.339.105 
in 

11. INVEPENDENT VARIABLE (A32) : 

A32sht 

A32 =0.044%1-' 

12. INDEPEiWENT VARIABLE ( A t  ) : 

AtzA31 + A21,A32 

5 lb At 1.472.10 *: 
111 

13. THERMAL EFFECTIVE LENGTH ( Let) : 

Let%--. A.E [ ( 1 +- ~.~t3~.~ 1] 
At 

Let =2.714*103 *in 



STAB. VERSION-0 
PAGE NO: I 

PROGRAMMED B Y  MA$. AHMED 

THERMAL ANALYSIS OF PIPE BEh’D Ah?) COhPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEN). DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

LDEPEh’DENT VARABLE ( A l l )  : 

A l l  =1.048.in 

2. DEPEh’DENT VARIABLE (A12) : 

-L1 
A12s- 

A. E 

A12 =-8.308.10d .“ 
Ib 

3. DISPLACEMENT AT BEh’D (&=in) : 

A l l  F t - - - - - -  
1 - A12.At 

6t =0.472.in 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt =At. 6t 

Vt =6.94*104 -1b 

5. MOMENT IN BEND (Mt=in.lbs) 

MtzA21.6t 

Mt = 1.429.10’ .in.lb 

6.  SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp I ht.Mt 

Vp =6.236-103 .lb 

7. DISPLACEMENT STRESS AT BEAD ( Se = Psi ) 

Sezi. - +- (E) .”, 
Se = 1.676*104 

inz 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN I N  ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. 



STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED B Y  hl.M.AHMED 

B. DUE TO THERMAL STRAJN IN SHORT PIPE L E G  

1. DEPENDENT VARIABLE 0311) : 

B11 =0.079.in 

2. DEPEhQEhT V m 4 B L E  0312) : 

- L2 B122- 
A.E 

E12 =-5.635.10-’ 
lb 

3. DISPLACEh5NT AT BEND (61=inches) 

61.- 
1 - B12.At 

B11 

61 =0.073 *in 

4. S H E A R  FORCE IN TRANSVERSE LEG (VI =Lbs) : 

V1 sAt.61 

V1 = 1.076.104 .lb 

5. MOMENT IN BEND (Ml=in.lbs) : 

MI~A21.61  

M1 =2.215.104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG (VZ=lbs) : 

V2sXtMl 

V2 = 966.745.1b 

7. DISPLACEMENT STRESS AT BEND (Sel= Psi) : 

Sel =2.598.103 
3 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED B Y  M.M.AH;MED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Set-Se + Sel 

SL = 1.922.103 
in2 

Sa=F.( 1.25-(Sc + Sh) - SL) 

< 4 Ib Sa -4.808.10 .- Set = 1.9:6-104 .E 
inz in2 

CONCLUSION: PIPE DISPLACEMENT STRESSES SATISN 
CODE B31.3-90 REQuIREhlENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASMB PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERIVIAL STRESSES IN BURJED PIPE' BY 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFJER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A95 - SEISMIC 
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STAB. VERSION-0 
PAGE3 

Filename: A954 
PR0G-D BY: I\I.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AhD DEGREE F. 

A. PIPE DATA (REFCRAW TECH PAPER NO:410,22nd PRNT-1985) 

PIPE MATFXMA ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

Ds6.625.h 

tz0.280.h 

A=5.581.in2 

I I 28.14.h4 

258.496 in3 

A b ~ 8 . 4 0 . h ~  

2b=16.81,in3 

Rs40.00.in 

4~1.57.rad 

Ib p i  325.- 
in2 

T= 180.K 

Ib sc=20000~- 

Ib 
in2 

in2 
Sh. 20000,- 

Ej ~0 .85  

hz- h = 1.113 t.R.4 

(D - t)' 
1.65 

ks- k=1.483 
h 

, 0.9 i =OX39 I=- 
h0.66 

BEND SIZE 8" SCH 40 ,  RADIUS=40". 

PIPE OUTSIDE DIAhffiTER, c\' 

PIPE WALL THICKNESS, IN 

PIPE hffiTAL AREA, IN2 

PIPE MOMENT OF INERTIA, W4 

PIPE SECTION MODULUS, W 3  

BEAD METAL AREA, I N 2  

BEND SECTION MODULUS, W3 

PIPE BEh?) RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, m'/N/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALJTY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 i =  1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: ,4954 
PROGRAMMED BY: I\I.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON & WESON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOU DATA FOR SEISMIC ANALYSIS 

SOIL SHEAR WAVE VELOCITY, IN/SEC in c 5 12000-- 
sec 

POI =0.3 POISSON RATIO 

Kds0.32 COEF OF LATERAL STRESS 

p 0.75 COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI lb Eds62000.- 
u? 

rd.0.066 - 
in3 

DYNAMIC SOIL SPECIFIC WT,LBS/N3 Ib 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks 2 0.25 

lb Es =21000.-- 
in* 

in3 

lb I-<=?.L6<.- 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSILV3 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPOXSE FOR GROUhTJ MOTION 
(REF: SDC-4.1 REV-11) 

ags0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

Vms48.ag .z  
sec 

in 
Vm=S.76*- 

sec 

MAX GROUND VELOCITY, IN/SEC 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.0144n 
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STAB. VERSION-0 
PAGE-4 

Filename: A956 
PROGRAMMED BY M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A75 

STAB Subroutine T-2 for Tvne 2 Bend Analvsis 

For Calculation of Seismic Effective Length 

from Table 3, Classificario~ ofLecs: A17 1- Lp - Lt 
Lt-(2.(3.83) +2.(11.25) + 11.84).A 

Lp=2.(3.83 + 13.44 + 7.(13.33))-ft 

L =504%1 

L P ~2 .654 .10~  *in 

2 Les = 1.65.103 .in 

+=1.57 *loo 

Since L (> or =) 2.Les, this is a case of LP Leg, therefore: P 

L P  L .= Les L = 825.014 .in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LS 82j.014.in 

SEISMIC ( OCCASIONAL) STRESS ( Socc ) : 

Sallz 1.33.Ej.Sh 

SOCC =5.409.103 < ALLOWABLE Sal1 =2.261.104 .'b 
d in2 

CONCLUSION. 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AND COhPUTATION 
OF hBEPEhl)ENT VARIABLES. 

1. SEISMIC SODL STRAW.( Em) : 

Vm 
2 . c  

~m=2 .4 .10 -~  

2 .  SUBGRADE REACTION MODULUS. ( K = LBSIIW3) : 

K. y 5 )  _ .  (; I 3 . 0 8 3 3  .~ Ed 

K =5.702.103 .'b 

Em=- 
REF: 2 ON COVER SHEET 

1 - POI* 

in3 

3. SPRING CONSTAPIT. ( S = LBS/M^Z ) : 

SzK.D 

S =3.778*104 
in2 

4. SYSTEhI CI-I.AL9ACTERISTIC ( 2. = W-1) : 

0.25 (&) 
h =o.ojg .ii' 

5. SODL FRICTION. 

l + K d  fsnD.-.Td.H.p 
2 

Ib €=24.479.: 

6. 

111 

SLIPPAGE LENGTH ( Lm = IN) : 

E Lm=Em.A.- 
f 

Lrn = 1 ~ 6 6 . 1 0 ~  .in 

7. MAXIMUM AXIAL FORCE ( F  = LBS) : 

FzfiLm 

F =3.833*104 *Ib 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMBED BY: 
M.M.AHMED 

8. MWLMUM TRANSVERSE LEG LENGTH REQUIRED ( I  = N) : 

R E F  2 ON COVER SHEET 

NOTE SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUhCED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED Ah?) ALL CONSTAPTS C1 THRU C6 IN SUCCEEDWG 
FORMJL.4E ARE EQUAL TO 1 . 0 .  THEREFORE THE FOLLWING 
FORMULAS ARE hlODIFIED USWG THE VALUES OF CONSSTAhTS AS 1.0 

9. EYQEPEhQENT VARIABLE ( a21 ) : 

a21 =3.276-105 .Ib 

10. INDEPENDENT VARIABLE ( a31 ) : 
S a31z- 

2.h 

a31 =3.228-105 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32.h 

a32 =0.059.in-' 

12. INDEPENDEhT VARIABLE ( a : 

a-a31 + a21.a32 

5 Ib a =3.478.10 .: 
In 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

Les =825.014-in 
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STAB. VERSION-0 
PAGE 7 

PROGRAlLlMED BY 
h.I.M.AHM13.D 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPENDENTVARIABLE (all) : 

a l l r a m l -  6- i 2 . 3  

a l l  =0.146.in 

2. DEPENDENT VARIABLE (a12) : 

-L  a12=- 
A. E 

a12 =-5.16S-106 
lb 

3. DISPLACEMENT AT BEiW (8 = inches) : 

&all 
1 - al2.a 

6 = 0.052 .in 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qt.a.6 

Qt =1.814.104 .lb 

5. MOMENT IN BEND ( M = IN-LBS ): 

M=a21.6 

M=2.23.104 -in.lb 

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp5h.M 

Qp = 1.3OS*1O3 .lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMhlED BY: 
M.M.AHMED 

7. CODE B31.3 COMPLIAKCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < Sall 

P.D . M Qt 
4-t Z b A b  

s o c c ~ - + c - + -  Sa11.1.33 Ej.Sh 

CONCLUSION: PIPE OCCASIONAL STRESSES SrlTISN CODE 
BS1.3 REQ’LilREhlEhTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 

BY 

POWER CORP. PVP VOLURE-~~, m ' a 3  

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. P W  VOLUME-82, JUNE-78 

PROGRAM VERSION 

PROGRAM AUTHOR: 

PROGRAM VERIFIER: 

0 

M.M.AHMED 

T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A95 - THERMAL 
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Filename: A!%-T 

PROGRAMMED BY: M.M. AHMED 
STAB. VERSION-0 
PAGE NO: 2 

STEP 1: 'I DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AKD DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410,22nd PRINT-1985 

PIPE MATERIAL: ASThl A53, TYPE E, GR B. SCH 40 

PIPE SUE. 6" SCH 40. 

D.6.625.h 

t.O.280-in 

$=l.S7.rad 

Ib 
Ps325- 

in2 
T= 180.K 

lb 
sc~20000~- 

in2 
lb 

Sh z 20000.- s 
EJz0.85 

F =  1.00 
t.R.4 h=- 
(D - t)' 

h=1.113 

k=- k=1.483 
h 

i=0.839 . 0.9 
1z- 

h0.66 

BEh?) SIZE 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE D L W T E R ,  IN 

PIPE WALL THICKNZSS, m 
PIPE AIETAL AREA, N 2  

MOhEhT OF Ih'ERTIA, W 4  

SECTION MODULUS, N 3  

BEhD METAL AREA, M^2 

BEND SECTION AlODULUS, N 3  

P E E  BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPAiiSION OF ELASTICRY, INlIN/F. 

BEhB ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REF:ASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oiz 1.00 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: A95-T 
PROGRAMMED'BY: M.M.AHMED 

B SOL CHARACTERISTICS 
GWF SHANNON ~r WILSON, mc GEOTECH INVESTIGATION REPORT.) 

B1: SOU DATA FOR SEIShlIC M..iLYSIS 

c. 12ooo.v' 
sec 

POI 5 0.3 

Kds0.32 

p-0.75 

Ib Edz62000.- 
in2 
lb r d  0.066.- 
in3 

S O L  SURFACE WAVE VELOCITY, WISEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOL FRICTION 

DYXMIIC ELASTICITY MODULUS, PSI 

DYNAMIC SOL SPECIFIC WT,LBSIW3 

B2: SOU DATA FOR STATIC ANALYSIS 

Ks-0.25 

ES ~21000.- 
lb 

in2 

in3 

lb TS 0.066.- 

H.36.h 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATiC SOIL SPECIFIC MT, LBSIW3 

DEPTH OF BURIED PIPE, I N .  

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag= 0.12 

Vm=48.agm 
sec 

FREE FIELD HORJZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, IN/SEC 

in Vm =5.76.- 
sec 

COMPUTED THERMAL EFFECTIVE LENGTH 

Let =2.714-103 .in 
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STAB. VERSION-0 Filename: A95-T 
PAGE4 P R O G W D  BY: M.hl.AW5D 

***********************%**************************************%**********%******%* 
STAB Subroutine T-3 for Tvue 3 Bend Analvsis A100 

For Calculation of T M  Effective Len& 

from Table 3, Classificnrioa of L e m  

Let =2.714.103 .in 

L =(3.83 + 13.44+7.(13.33)) ft 

L =1.327.103 .in 

P 

P 

Since L p  (<) Let 

this L-a case of SP Leg, therefore: 

S P  L1 = L p  

L1 =1.327.103 .in 

2.(3.83) + 2-(11.25) + 11.84 
2 

L t i  .ft 

L = 252.in 

Since L t  (<) Let 

this is a case of SP Leg, therefore: 

SP: L 2 : = L t  

L2 =252.in 

%*****%%*******%*******%*%%*%*%%%*%***********%**%**~*********%******%%****~**%* 

L1 I 1327.h L2 z 252.h 

ANALYSIS RESULTS: 

Set =2.307.104 < ALLOWABLE 
u? 

Sa =4:808.1O4 
in2 

P P E  DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY: M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
JNDEPENDEh'T VARIABLES. 

1.THERMAL STRAIN ( E t  = WIN) 

&t=*(T- 40-K) 

Et =8.862.10-' 
in 

2.  SUBGRADE REACTION MODULUS ( Kt = LBS/W3 ) : 

Kt = 1.76S.103 .; 

3. SPRING CONSTANT ( St = LBSIW2 ) : 

St=Kt.D 

St =1.169.104 .* 

ill 

in2 

4. SYSTEM CHARACTERISTIC ( 5t = IW-1) : 
0.25 (&) 

ht =0.044.M' 

5. SOIL STATIC FRICTION ( ft = LBSIIN) : 

1 + Ks ftzn.D.-.Ts.H.p 
2 

lb 
f ~ = 2 3 . 1 8 1 . ~  

6.  MAXIMUM SLIPPAGE LENGTH ( Lt = IN ) : 
In 

Lt =6.106.103 .in 

7. MAXlMLml AXJALFORCE (Ft = LBS) : 

Ft i A.Lt 

Ft =1.416~1OS .lb 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY: M.M. AHMED 

8. h f l N 4 f  LENGTH OF TRANSVXRSE LEG ( It = M ) 

It-- R E F  2 ON COVER SHEET 
At 
li 

It =71.971 -in 

ASSUMED 'THE LENGTH OF ALL TRANSVERSE LEGS 7WLL 
GEhTRALLY 
BE MORE THAN "it" . AS SUCH ALL CONSTANTS C1 THRU C6 Lv 
FOLLOWING EQUATIONS ARE COXSJDERED AS 1.0 AND FORMSJLAE 
ARE MODIFIED ACCORDIN'GLY. 

9. W E P E h m E h T  VARIABLE ( A21 ) : 

A21 =3.03-105 -1b 

10. INDEPEhDENT VARIABLE ( A31 ) : 

11. EWEPEhDENT VARIABLE ( A32 ) : 

A32sht 

A32 = 0.044 .in- 

12. INDEPENDENT VARIABLE ( At ) : 

AtzA31 +A21.A32 

At = ~ 4 7 2 . 1 0 ~  
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let =2.714.103 *in 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED BY: M.M. AHMED 

THERMAL AA'ALYSIS OF PIPE BEND A h 9  COMPUTATION OF SHEAR FORCES, 
MOhlENTS AA'D STRESSES IN PIPE BEh'D. DUE TO THERMAL STRAN IN LOKG 
PIPE LEG. 

1.DEPENDENT VARAIBLE (All) : 

A l l  =1.048.in 

2. DEPENDENT VARUBLE (A12) : 

-L1 AlZ=- 
A.E 

A12 =-8.308.106 ."' 
lb 

3. DISPLACEMEhT AT BEh'D (&=in) : 

A1 1 Stz- 
1 - Al2.At 

St = 0.472 .in 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt-At.Gt 

Vt =6.94-104 .Ib 

5. MOMENT IN BEND (Mt=in.lbs) 

Mt = A21.6t 

Mt = 1.429.10' .in.lb 

6.  SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp I h6Mt 

Vp =6.236-103 -1b 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

NOTE: THIS DISPLACEMENT 
SeEi. - +- STRESS AT BEND IS DUE TO 

S T R A N  IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 

(z":) ."b 
Se = 1.676*104 .'b 

in* TOGETHER. HNF-2473, Rev. 0 
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PAGE NO: 8 

PROGRAMMED BY: M.M.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE L E G  

1. DEPENDENT VARIABLE @11) : 

B11 =0.219.in 

2. DEPEh?ENTVARIABLE (BIZ) : 

- L2 B12~- 
A.E 

B12 =-1.578.104 *'" 
lb 

3. DISPLACEMENT AT BEND (61=inches) 

B l l  61 z- 
1 - B12,At 

61 =0.178.in 

4. SHEAR FORCE IN TRANSVERSE LEG WI=Lhs) : 

Vl=At.61 

VI =2.612*104 -1b 

5. MOMENT IN BEND (Ml=in.lhs) : 

Ml=A21.61 

MI =5.378.104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG WZ=lhs) : 

V2 z?&M1 

V2 =2.347-103 .lb 

7. DISPLACEh5NT STRESS AT BEND (Sel= Psi) : 

Sel =6.309.103 *'b 
in2 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED BY: ILI.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

P.D Sets Se + Sel SLz- 
4.t 

SL = 1.922.103 .& 
Sa=F.(1.25(Sc+Sh) - SL) 

in* 

Set =2.307.104 .E < Sa =4.808.104 .E 
in2 in2 

CONCLUSION: PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 RE@LTKZlfENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED P P E  

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLLJME-77, .KINE'S3 

BY 

2. ASkJE PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUMESZ. JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER TJSCHALL. 
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Filename: A100-S 
PROGRAMMED BY: M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS Ah3 DEGREE F. 

A. PIPE DATA (REFCRANE TECH PAPER NO:410,22nd PRINT-1985) 

PIPE MATERIAL ASThf A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

Dz6.625.in 

R i 40.00.h 

9 s  1 .57~ad  

lb Ps32j.- 
h 2  

Tz 180.K 

Ib 
sc=20000~- 

lb Sh. 20000,- 

Ej.0.8.5 

hz- h=1.113 

k.'.65 k = 1.483 
h 

. 0.9 
11- i=0.839 

h 2  

in2 

t R.4 

(D - t)' 

h0.66 

BEND SIZE S" SCH 40, RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNTSS, IN 

PIPE METAL AREA, IN-2 

PIPE MOMENT OF bTRTL4, IN-4 

PIPE SECTION MODULUS, W 3  

BEXB METAL AREA, IN2 

BEND SECTION MODULUS, W3 

PIPE BEND RADIUS, I N  (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, INIINIF. 

BEND Ah'GLE IN RADJANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

MELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SJF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0. USE i=1.0 i z  1.00 



STAB. VERSION-0 
PAGE-3 

Filename: A100-S 
PROGRAMMED BY BI.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON 23 U'ILSON, N C  GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c z  12000-- 
sec 

POI s 0.3 

Kds0.32 

pz0.75 

lb Ed I 62000.- 
in2 

rd .  0.066.- - in3 
Ib 

SOIL SHEAR WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMC ELASTICITY BIODULUS, PSI 

DYNAhliC SOIL SPECIFIC 'IVT,LBS/EV3 

BZ: SOIL DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  

lb 

inz 

lb rs = 0,066.- 
in3 

ES ~21000.- 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC MT, LBS/EV3 

DEPTH OF BURIED PIPE, m 

C: SEISMIC RESPONSE FOR GROIJN3 MOTION 
(REF SDC-4.1 REV-11) 

agz0.12 J?REE FIELD HORIZONTAL ACCEL, FRACTION OF 'GI 

Vm.48.ag.E 
sec 

Vm = 5.76 
sec 

MAX GROUND VELOCITY, IN/SEC 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014+1 



STAB. VERSION-0 Filename: A100-S 
PAGE-4 PROGRAMMED BY M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

STAB Subroutine T-2 for Tvue 2 Bend Analvsis 

For Calculation of Seismic Effective Length: 

from Table 3, Ciassification o f l egs :  

+ = I S 7  

Lts(2.(3.83) + 2-(11.25) + 11 84).fi 

Lps(2.(3.83)+13+8.(12.25) +288+1.62+3.( l l ) ) . f t  L =1.874.103 .in 

L t  = j04+ 

P 

2.Les = 1.6j-103 .in 

Since L (> or =) 2.LesI this is a case of LP Leg, therefore: P 

LP: L . =  Les L =825.014.in 

*********************************%************************************%*****$***** 

ANALYSIS RESULTS : 

SEISMlC ( OCCASIONAL STWSS ( Socc ) : 

Socc =5.409.103 .'b < ALLOWABLE 
in2 

SalIG 1.33.EJSh 

Sal1 =2.261.104 
in2 

c o N c L u s I o N  

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2A: SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em) : 

Vm 
2 - c  

Erns-  
R E F  2 ON COVER SHEET 

~rn=2.4.10-~ 

2. SUBGRADE REACTIONMODULUS. ( K = LBS/INA3) : 

K =5.702.103 
in3 

3. SPRING CONSTANT. ( S = LBS/w^2 ) : 

S = K.D 

S =3.778.104 .'b 
in* 

4. SYSTEM CHARACTERISTIC ( h = W-1) : 

h =0.059.in-l 

5. SOIL FRICTION. 

Ib 
€ = 2 4 . 4 7 9 . ~  

In 

6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN ) : 

E 
Lrn-&m.A.- 

f 

Lm = 1 ~ 6 6 . 1 0 ~  .in 

7. MAXIMUM AXIAL FORCE ( F  = LBS) : 

FifiLm 

F =3.833.104 -1b 



STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY: 
M.M.AHI\IED 

8. hlzh?l \m TRANSVERSE LEG LENGTH REQUIRED ( I  = IN) : 

1 2  
X 

1 =53.686.h 

REF: 2 ON COVER SHEET 

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSLNED THAT TRASSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTAhTS C1 THRU C6 IN SUCCEEDWG 
FORMULAE ARE EQUAL TO 1.0. THEREFORE THE FOLLWEVG 
~omrn.4~  ARE MODIFED u s m  THE VALUES OF CONSTANTS AS 1.0 

9. INWEPENDENT VARIABLE ( a21 ) : 

a21 =4.276.105 *lb 

10. IN'EPENDENT VARIABLE ( a31 ) : 
S a31z- 

2. ?. 

a31 =3.228.1OS 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32 I X 

a31 =0.059%' 

12. INDEPENDENT VARJABLE ( a  ) : 

a-a31 + a21.a32 

a =3.478.1OS -5 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

Les =825.014*in 

HNF-2473, Rev. 0 
Page 23 9 



STAB. VERSION-0 
PAGE 7 

PROGRAMMED BY: 
M.hf.AHhfED 

STEP 3B: SEISMIC ANALYSIS A X J  CALCULATION OF SHEAR FORCES, 
h I O h f E i S  Ah?) STRESSES IN PIPE BEND. 

1. DEPENDENT VARIABLE (al l )  : 

a l l  =O.i?G.in 

2. DEPEhQENT VARJABLE (a12) : 

- L  312s- 
A. E 

a12 =-5.1G5.10d 
Ib 

3. DISPLACEMENT AT BEhD (S = inches) : 

&all 
1 - a12.a 

6 =0.052 .in 

4. SHEAR IN TFUNSYERSE LEG (Qt = LBS) : 

Q t i a S  

Qt = ~ 8 1 4 . 1 0 ~  .Ib 

5. MOMENT IN BEND ( M  = IN-LBS ): 

Mia21.S 

M=2.23.104 -in.lb 

6.  SHEAR IN LONGITCIDINAL'LEG ( Qp = LBS ) : 

0J.h.M 

Qp = 1.305*103 *lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAhMED BY 
M.M.AHMED 

7. CODE B31.3 COhlPLL4NCE FOR SEISMIC + SUSTAlhXD STRESSES. 
Socc < Sal1 

P-D . M Qt 
socc=- + 1.- + - 

4.t Z b A b  
Salls 1 33.Ej.Sh 

Socc =5.409.103 < Ssll =2.261.104 
iilz in2 

CONCLUSION: P P E  OCCASIOX4L STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

.. . 
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NODEPOINT A100-sl-T 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PZOGRAM ALTHOR: M.M.AHMED 

?ROGRABl VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FTLE NAME: Nodepoint A100 - THERMAL 

9 L5 
IN'PUTBY: D.L.STONE DATE 9 / 3 / 9 6  

CHECKED BY: cD&q-@~ DATE: 

KNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 2 

Filename: A100-T 

PROGRAMMED BY: M.M. AHMED 

STEP 1: It DESIGN DATA." 
ALL UNVS IN POUNDS, KCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410,ZZnd 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 
PRINT-19% 

PIPE SIZE 6" SCH 40. 

in a=6.33.10-6.- 
(inK) 

+=  1.57.rad 

lb P s 32 5- 
in2 

Te 180.K 

Ib sc~20000.- 

Ib Sh=20000.- 

EJ.0.85 

F =  1.00 

hz- h = 1.113 

in2 

in2 

t.R.4 

(D - t)2 

1.65 
h 

ks- k = 1.483 

, 0.9 
la- i=0.839 
h0.66 

BEhB SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DXMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE hlETAL AREA, IN-2 

MOMENT OF IP\'ERTIA, W4 

SECTION MODULUS, J X 3  

BEhD METAL AREA, M̂ Z 

BEND SECTION MODULUS, W3 

P E E  BEhD RADIUS, IN (40" Radius, 90 dezree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEA' ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

15ZLD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFAShLE CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oi= 1.00 



STAB. VERSION-0 
PAGE-3 

Filename: A100-T 
PROGRAMMED B Y  M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INWSTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c s 12000.- 
sec 

SOIL SURFACE WAVE VELOCITY, tNlSEC 

POI s 0.3 

Kdz0.32 

p-0.75 

Ib Edz62000.- 
in2 

I - ~ = O . O ~ G . - -  
in3 

lb 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBSIIN^3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  

Ib Es ~21000~- 
in* 
lb 

i-s 0.066.- 
in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY hlCIlULUS, PSI 

STATIC SOIL SPECDFIC WT, LBSIW3 

DEPTH OF BURIED PIPE, IN. 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF ‘GI 

MAX GROUI\?) VELOCITY, INISEC 

ags0.12 

Vm.48.agE 
sec 
in Vm = 5.76 .- 

see 

COMPUTED THERMAL EFFECTIVE LENGTH 

HNF-2473, Rev. 0 
Page 245 



STAB. VERSION-0 Filename: A100-T 
PAGE-4 PROGFL4h-D BY: M.M.AH&ED 

**$*****$$*$******$*$**$**$**$*$$$*****$**********$$$**$*$****$**********$$**$**** 
STAB Subroutine T-3 for TvDe 3 Bend Analvsis 

For Calculation of Thermal Effective Len,* 

from Table 3, Clussification of Legs: 

A95 

A107 $ = I S 7  
2kB A ~ 

I )  
AI00 

!-- LP+ 
Let =2.714.103 .in 

LPs(3.83 i 13 +5.(12.25)).ft Lt '  ft 
2.(3.83) - 2.(31.25) + 11.81 . 

2 
L =936.96.h L = 252 .in P 

Since L P  (<) Let Since L t  (<) Let 

this is a case of SP Leg, therefore: 

SP: L1 .= L 

this is a case of SP Leg, therefore: 

SP: L 2 . = L t  P 

L1 =936.96%1 L2 = 252 .in 

*******;)*******************%**~*$**;)****;)~~*~.~*~**~**.~******$******************* 
L1 I 936.96.h L2-252.h 

ANALYSIS RESULTS: 

Set =2.093*104 < ALLOWABLE 
in2 

Sa =4.808.104 
in2 

PIPE DISPLACEMEhT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 

HNF-2473, Rev. 0 
Page 246 



STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY: M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURLED PIPE AND COMPUTATION OF 
INDEPEAllEh'T VARIABLES. 

1.THERMA.L STRAIN ( s t  = IN/IN) 

Etza (T-  40.K) 

st =8.862.10-4 
in 

2. SUBGRADE REACTION hlODULUS ( Kt = LBS/WJ ) : 

Kt = 1.765.103 
in3 

3. SPRING CONSTANT ( St = LBSIWZ ) : 

St5Kt.D 

St = ~ 1 6 9 . 1 0 ~  .'b 
in2 

4. SYSTEM CHARACTERISTIC ( h t  = EVA-I ) : 

0.25 ..(&) 
?.t = 0.044 .in' 

5. S O L  STATIC FRICTION ( ft = LBSlIN) : 

1 + K s  AznD.--.Ts.H.p 
2 

Ib A=23.181.: 

6.  MAXMUM SLIPPAGE LEKGTH ( Lt = IN) : 
111 

Lt =6.106.103 .in 

7. MAXIMUM AXIAL FORCE ( Ft = LBS ) : 

Ft I A. Lt 

Ft =1.416-1OS .Ib 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY M.M. AHMED 

8. MINIMUM LENGTH OF TRANSVERSE LEG ( It = IN ) 

I t 2  
?.t 

REF 2 ON COVER SHEET 

It =71.977.in 

ASSUMED THE LEKGTH OF ALL TRANSVERSE LEGS \5'lLL 
GEAZRALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE COSSIDERED AS 1.0 AND FORhIULAE 
ARE MODIFIED ACCORDINGLY. 

9. INDEPEhTlErVT VARIABLE ( A21 ) : 

A21 =3.03*105 .lb 

10. INDEPENDENT VARIABLE ( A31 ) : 

Kt.D A315- 
2.ht 

A31 =l.339.105 
in 

11. NDEPEXDENT VAFX4BLE ( ,432) : 

A32 z7.t 

A32 =0.044.in-l 

12. INDEPENDENT VARIABLE ( At ) : 

A t ~ A 3 1  +A21.A32 

At =1.472*105 .E 
in 

13. THERMAL EFFECTIVE LENGTH (Le t )  : 

Let+--. A.E [ ( 1 +- 2 . ; ~ ~ ) ~ . ~  1]  
At 

Let =2.714.103 .in 



STAB. VERSION-0 
PAGE NO: 7 

PROGRAhMED BY: M.M. AHRED 

THERMAL ANALYSIS OF PIPE BEAD Ah?) COMPUTATION OF SJBAR FORCES, 
MOhENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

1.DEPEh;DENT V W L E  (All) : 

AI 1 = 0.767 .in 

2. DEPENDENT VARIABLE (A12) : 

-L1 A12s- 
A.E 

A12 =-5.866.10d .!!! 
lb 

3. DISPLACEMENT AT BEAD @=in) : 

&- 
I - A12.At 

A1 1 

4. SHEAR IN TRANSVERSE LEG (Vt =Ibs) : 

Vt =At.St 

Vt =6.055-104 .lb 

5. MOMENT IN BEA’D Wt=in.lbs) 

Mt=AZI.St 

Mt = 1.247.105 Gnlb 

6. SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vpzht.Mt 

Vp =S.441.103 -1b 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMHJTE STRESS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. 



STAB. VERSION-0 
PAGE NO: 8 

PROGRAhfMED BY M.M.AHhlED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE L E G  

1. DEPEA’DENT VARIABLE (B11) : 

B11 =0.219.in 

2.  DEPEA’DEhT VARIABLE @12) : 

- L2 B12~-  
A.E 

B11 61.- 
1 - B12.At 

81 =0.17S.in 

4. SHE.4R FORCE IN TRANSVERSE LEG (VI=Lbs) : 

VI =At.Fl 

VI =2.612-104 .lb 

5. MOMENT IN BEh’D (Ml=in.lbs) : 

MlsA2l.Sl 

M1 =5.378.1O4 *in.lb 

6. SHEAR IN LONGITUDINAL LEG (V2=lbs) : 

V2 =ht.Ml 

V2 =2.347*103 *lb 

7. DISPLACE&ffiNT STRESS AT BEND (Sel= Psi) : 

Sel =6.309*103 ** 
in* 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED BY: ILI.M.A€EmD 

8. CODE B31.3 COMPLIANCE FOR DISPLACEIMENT STRESS. 

Set Se + Sel 

< 

P. D SLz- 
4.t 

SL = 1.922.103 .E 
Sa:F.(l.ZS.(Sc+ Sh) - SL) 

in2 

Sa =4.808.104 
in2 

CONCLUSION: PIPE DISPLACEhENT STRESSES SATISFY 
CODE B31.3-90 REQUIREhENTS. 

HNF-2473, Rev, 0 
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APPENDIX Y 

NODEPOINT A1 14-sl-S 



SEISMIC AND THERMAL STRESS ANALYSIS OF BURZED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77.3UNE'83 

BY 

2. ASME PAPER ON 'FLEXLBILITY LYALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR. M.M.AHMED 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER N O  W 320 I ER 4319 

FILE NAME: Nodepoint A114 - SEISMIC 

INPUT BY D.L. STONE3'"DA'IE 9 I 3  I 96 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-2 

Filename: A114-S 
PROGRAMMED BY: M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA (REFCRANE TECH PAPER NO:410,22nd PRINT-1985) 

PIPE MATERJAL ASTM A53, TYPE E, GR B. SCH 40 

PIE'E SIZE: 6" SCH 40. 

Az5.581.in2 

1 ~ 2 8 . 1 4 . h ~  

2.8.496 in3 

A b ~ 8 . 4 0 . h ~  

Zb=16.81.in3 

Rs40.00.h 

lb Pz325.- 
d 

Tz 18O.K 
lb sc~20000~- 

lb 
in2 

in2 
Shz20000.- 

Ej-0.85 

h=- h=1.113 t.R.4 

(D - t)' 
1.65 
h 

k=- k=1.483 

, 0.9 
IS- i=O.839 
h0.66 

BEh'D SIZE: 8" SCH 40 , RADNS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNXSS, I N  

PIPE METAL AREA, IN-2 

PIPE MOMENT OF INXRTIA, W 4  

P E E  SECTION MODULUS, lNA3 

BEh?) METAL AREA, ET2 

BEND SECTION MODULUS, IN-3 

PIPE BEND RADIUS, I N  (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXJBILITY CHARACTER 
(REFAShlE CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS TIIAN 1.0, USE i=1.0 i= 1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: A114-S 
PROGRAMMED BY M.M.AHMED 

B SOIL CHARACTERISTICS 
(REF: SHAh'NON & WESON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c 5 12000.- 
sec 

POI 0.3 

Kds0.32 

~ ~ 0 . 7 5  

Ib 
Ed 62000.- 

in2 

SOIL SHEAR WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAhflC ELASTICITY MODULUS, PSI 

DYN:AhflC SOIL SPECIFIC WT,LBS/IN^3 ib r d  = o.0~6.- 
in3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks-0.25 

lb Es = 21000.- 
in2 

Ib rs 0.066.- 
in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSDW3 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUNT MOTION 
(REF SDC-4.1 REV-11) 

agf 0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, IN/SEC 

in Vm=S.l6*- 
sec 

COMI'UTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014%1 



STAB. VERSION-0 
PAGE-4 

Filename: A114-S 
PROGRAMhlED BY: M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A95 

STAB Subroutine T-2 for Tvoe 2 Bend Analvsis 

For Calculation of Effective Length 

from Table 3, Cfassiji’calioii of Legs: 

Lts(2.(3.83) + 12.34).A 

L =(2.(3.83) + 13 + 8.(12.25) + 2.88 + 1.62 + 3.(ll)).ft P- 

Lt =240.h 

L =1.874.103 .in 

2.Les = 1.65.103 .in 

P 

Since L (> or =) 2.Les, this is a case of LP Leg, therefore: P 
L P  L’=  Les L =825.014.in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lz825.014.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

s 0 ~ ~ = 5 . 4 0 9 ~ 1 0 ~  -2 < ALLOWABLE 
in2 

Sall- 1.33.EjSh 

Sall =2.261.104 
in2 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER COW. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER N O  W 320 I ER 4319 

FILE NAME: Nodepoint A151 - Supernate Line - SEISMIC 

INPUTBY: D.L.STONEJL5DATE 9 / 3 / 9 6  

CHECKED BY: 
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STAB. VERSION-0 
PAGE-2 

Filename: A1Sl-sp-S 
PROGRAMMED BY: hf.I\I.AHMED 

STEP 1: "DESIGN DATA." 
ALL mars N POUNDS, mcms, RADIANS mn DEGREE F. 

A. P E E  DATA REFCRANE TECH PAPER NO:410,22nd PRINT-1985) 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE: 6" SCB 40. 

D z6.625.in 

t= 0.280.h 

Az5.581.in2 

I=28.14.in4 

Z 8.496.h3 

Abs8.40.in2 

Z ,,= 16.81.in3 

R.40.00.h 

Ez28.62.1O6.& 
in2 

Tz 180.K 

lb sc  =20000.- 

lb Shs 20000.- 

Ej~O.85 

hz- hs1.113 

in2 

in2 

t.R.4 

(D - t)' 
1.65 

kE- kz1.483 
h 

. 0.9 
1- i =0.839 

h0.66 

BEhT SIZE 8" SCH 40 , RADRJS=40". 

PIPE OUTSlDE DIAMETER, IN  

PIPE WALL THICKNTSS, IN 

PIPE METAL AREA, W2 

PIPE MOMENT OF mTRTJ.4, W4 

PJPE SECTION MODULUS, N3 

BEND =TAL AREA, W2 

BEND SECTION hfODULUS, I&-3 

PIPE BEhT RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THER~~AL EXPANSION OF ELASTICITY, wmm. 

BEND ANGLE N RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 is1.00 



STAB. VERSION-0 
PAGE-3 

Filename: A151-sp-S 
PROGRAMMED BY: M.M.AHMED 

B SOIL CHARACTERISTICS 
(REF SHANNON & W O N ,  INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c I12000.- 
sec 

POI=O.3 

Kdc0.32 

p.0.75 

lb Ed ~62000.- 
in2 

SOIL SHEAR WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBSIW3 
lb 

rdz 0.066.- 
in3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks.0.25 

lb ESZ 21000.- 
in2 

r s  0.066.- 
in3 

lb 

H.36.h 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIINA3 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOX GROUND MOTION 
(REF: SDC-4.1 REV-11) 

ag~0 .12  FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

in 
Vms48,ag- 

sec 
in Vm = 5.76 .- 
see 

MAX GROUND VELOCITY, INISEC 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014.in 

HNF-2473, Rev. 0 
Page 259 



STAB. VERSION-0 
PAGE4 

Filename: A151-sp-S 
PROGRAMMED BY: M.M. AHMED 

**************************%***********************%**%******%********$************ 
A133 

STAB Subroutine T-2 for TvDe 2 Bend Analvsk 

For Calculation of Effective Length 
from Table 3, Classifiemion oflegs: A135 b- I I-- LP -]it I 

Lt"(2.(3.83) + 13 + 5.88 +7.12 + 13.88).ft 

L ~2 . (3 .83  + 13.75 + 6.(13.83)).A 

Lt=570.48.in 

L P  ~ 2 . 4 1 3 . 1 0 ~  .in 

2.Les =1.65.103 .in 

, $ = I s 7  

P 

Since L P  (> or =) 2.Les, this is a case of LP Leg, therefore: 

LP L , =  Les L =825.014%1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L.825.014.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL. ) STRESS ( Socc ) : 

Sail= 1.33.Ej.Sh 

Socc =5.409.103 < ALLOWABLE Sal1 =2.261.104 .'b 
in2 in2 

CONCLUSION: 

PIPE OCCASIONAL STRESSES SATISFY THF, CODE B31.3-1990 REQUKEMENTS. 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB. VERSION-0 PROGRAMMED BY. 
PAGE 5 M.M.AHMED 

STEP 2A: SEISMIC ANALYSIS OF BURLED PIPE AN9 COMPUTATION 
OF JA’DEPEA9ENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em ) : 

Vm 
2. c 

~rn=2 .4 .10 -~  

Ems- 

REF 2 ON COVER SHEET 

2. SUBGRADE REACTION MODULUS. ( K = LBS/INA3) : 

I - POI2 

K =5.702.103 .: 
3. SPRMG CONSTABT. ( S = LBS/W2 ) : 

SsK.D 

in 

S =3.778.104 .& 
in2 

4. SYSTEM CHARACTERISTIC ( X = IN’-1 ) : 

0.25 (&) 
X = 0.059 -id 

5. SOIL FRICTION. 

Ib €=24.479.- 
in 

6, MiiXMuM SLIPPAGE LENGTH ( Lm = IN ) : 

E LmzanA.- 
f 

Lm = 1.566.1O3 .in 

7. MAXIMUM AXIAL FORCE ( F  = LBS) : 

FsfiLm 

F =3.833*104 -1b 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAh-D BY 
M.M.AHMED 

8. MIPI- TRANSVERSE LEG LENGTH REQUIRED ( I = IN ) : 

1 2  x 
R E F  2 ON COVER SHEET 

NO\'oTE: SINCE ALL PIPE RUAS WILL GEAZRALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED Ah?) ALL CONSTAhTS C1 THRU C6 IN SUCCEEDJKG 
FORMULAE ARE EQUAL TO 1.0 . THEREFORE THE FOLLWJA'G 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. INDEPEAQENT VARIABLE ( a21 ) : 

a21 =4.276.105 .lb 

10. EWEPENDENT VARTABLE ( a31 ) : 

S 
a31=- 

2.h 

a31 =3.228*105 
in 

11. INDEPENDEhT VARIABLE ( a32 ) : 

a321h 

a32 =0.059.h-' 

12. INDEPENDENT VARIABLE ( a ) : 

asa31 +a21.a32 

a =3.478+105 
in 

13. SEISMlC EFFECTNE LENGTH ( Les = IN ) : 

Les =825.014.in 



STAB. VERSION-0 
PAGE 7 

PROGRAMMED BY: 
M.M.AHMXD 

STEP 3B: SEISMIC ANALYSIS Ah?) CALCULATION OF SHEAR FORCES, 
MOMEhTS AND STRESSES IN PlpE BEND. 

1. DEPENDENT VARIABLE (all) : 

a l l  =0.146.in 

2. DEPENDENT VARIABLE (alZ) : 

-L a12z- 
A. E 

a12 =-5.165.10* 
lb 

3. DISPLACEMENT AT BEND (8 = inches) : 

a l l  8E- 
1 - a12.a 

4. S H E A R  IN TRANSVERSE LEG (Qt = LBS) : 

Qtza8  

Qt =1.814.104 .lb 

5. MOMENT IN BEND ( M = IN-LBS ): 

Mza21-S 

M=2.23.104 .in.lb 

6. S H E A R  IN LONGITUDINAL LEG ( Qp = LBS ) : 

@ A M  

@ = 1.305*103 .lb 



STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < Sail 

P.D . M Qt socc=- + 1- + - 
4.t Z b A b  

SOCC =j,409.1O3 .% 
inz 

Sail. 1.33.Ej.Sh 

< Sal1 =2.261.104 
ii? 

CONCLUSION P E E  OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECI1TEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFIER T.3.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A151 - Supernate Line - THERMAL 
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STAB. VERSION-0 
PAGE NO: 2 

Filename: A15l-sp-T 

PROGRAMMED BY: M.M. AHMED 

STEP 1: ' I  DESIGN DATA." 
ALL UNTS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410,22nd PRIhT-1985 

PIPE M A T E m  ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. BEhD SIZE 8" SCH 40, RADIUS= 40" 

E E 28.62. IO6.* 
in= 

in 
(in.K) 

as6.33. 

$ z  1.57.rad 

Ib P=325- 
in2 

Ts 18O.K 

lb 
sc=20000~-- 

in2 
Ib 

Shz 20000.- 
in2 

t.R.4 hs- h=1.113 
(D - t)2 

1.65 
h 

ke- k = 1.483 

. 0.9 
I=- i=0.839 

h0.66 

PIPE OUTSIDE DIAhlETER, I N  

PIPE WALL THICKNESS, IN 

PIPE hlETAL AREA, EC2 

MOMENT OF INERTIA, W 4  

SECTION MODULUS, EC3 

BEND METAL AREA, W 2  

BEh?) SECTION MODULUS, EY3 

PIPE BEh?) RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMFERATLJRE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOIST QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXJBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Ois 1.00 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE3 

filename: AlS1-sp-T 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & 'WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c s 12000~- 
sec 

POI=O.3 

Kds0.32 

q-0.75 

lb 
Eds6'2000.- 

i,? 

rd=o.o66.- 
in3 

lb 

SO% SURFACE WAVE VELOCITY, IIV/SEC 

POISSON RATIO 

COEF OF LATER.& STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAhtIC SOIL SPECIFIC WT,LBS/W3 

B2: SOIL DATA FOR STATIC ANA2YSIS 

Ks=0.25 

lb Es = 21000.- 
in2 
lb rsso.066.- 
in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/lNA3 

DEPTH OF BURIED PIPE, IN. 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

FREE FJELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, IN/SEC 

ag= 0.12 

in Vms48.ag- 
sec 

in Vm =5.76.- 
sec 

COMPUTED THERMAL EFFECTIVE LENGTH 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: A151-sp-T 
PAGE-4 PROGRAMMED BY: M.M.AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB Subroutine T-3 for Twe  3 Bend Analvsis A157 

For Calculation of Thermal Ef€ective Length: 

from Table 3, Classifcm'oit of Legs: 

Let =2.714.103 .in 

Lp=(3.83 + 13.75 + 6,(13,83)).fi 

L =1.207.103 .in P 

Since L p  (4 Let 

this is a case of SP Leg, therefore: 

2.(3.83) + 13 + 5.88 + 7.12 + 13.88 
2 

LtS .A 

Since L t  (<) Let 

this is a ease of SP Leg, therefore: 

SP: L2 .= L t  P SP: L1:= L 

L1 =1.207.103 .in L2 =285.24.in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L1s 1207.h L2=285.24+1 

ANALYSIS RESULTS: 

Sa =4.808.104 .& 

CONCLUSION 

PIPE DISPLACEh9BW STRESSES SATISFY THE CODE B31.3-90 
REQIJIREMEh'TS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY: M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
INDEPEhTIEW VARIABLES. 

2. SUBGRADE REACTION MODULUS ( Kt = LBSlW3 ) : 

Kt = 1.765103 .& 
in3 

3. SPRING CONSTANT ( s t  = LBSIE+Z ) : 

St = Kt.D 

St =1.169.104 .!!!. 
in2 

4. SYSTEM CHARACTERISTIC ( Xt = INLN^-I ) : 

0.25 

?.tZ (&) 
?.t = 0.044 .in' * 
5. SOIL STATIC FRICTION ( ft = LBSlIN ) : 

1 + K s  ftsa.D.-.Ts.H.p 
2 

lb 
ft =23.181-- 

in 
6. MAMhnml SLIPPAGE LENGTH ( Lt = IN) : 

Lt =6.106-103 .in 

7. MAXIMUM AXIAL FORCE (Ft = LBS) : 

Ft=fl.Lt 

Ft = 1.416.105 .Ib 



STAB. VERSION-0 
PAGE NO: 6 

~~ 

PROGRAMMED BY: M.M. AHMED 

8. MINIMUM LENGTH OF TRANSVERSE LEG ( It = IN) 

l t 2  REF 2 ON COVER SHEET 
ht 

It =71 9 7 7 m  

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTAh'TS C1 THRU C6 IN 
FOLL07WXG EQUATIONS ARE CONSIDERED AS 1.0 AND FORhfULAE 
ARE MODIFIED ACCORDINGLY. 

9. EWEPENDENT VARIABLE ( A21 ) : 

A21 =3.O3.1Os .Ib 

10. INDEPENDENT VARIABLE ( A31 ) : 

Kt.D 
A31 -- 

2-ht 

A31 =1.339.1OS .E 
in 

11. INDEPENDENT VARIABLE ( A32 ) : 

A32zht 

A32 =0.044.&' 

12. INDEPENDENT VARIABLE ( At ) : 

At=A31 +A21.A32 

At = 1.472.10' 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let---. A.E [ ( I + -  2.z;At)'" 1 ]  
At 

Let =2.714*103 *in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: I 

PROGRAhMED BY: M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL S W  IN LONG 
PIPE LEG. 

LDEPENDENT VARAIBLE (All) : 

A l l  =0.964.in 

2. DEPEAmENT VARIABLE (A12) : 

-L1 A12z- 
A.E 

A12 =-7.557-10" .'" 
lb 

3. DISPLACEh5NT AT BEND (&=in) : 

A1 1 6t.- 
1 - A12.At 

Ft =0.456*in 

4. SHEAR IN TRANSVERSE LEG Wt=lbs) : 

Vt=At.Ft 

Vt =6.716.104 .lb 

5. MOMENT IN BEND @lt=in.lbs) 

Mt zA21.6t 

Mt =1.383.1OS G l b  

6.  SHEAR IN LONGITUDINAL LEG Wp=in.lbs) 

Vp s?.t.Mt 

Vp =6.035*103 .Ib 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND Is DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED BY: M.M.AHMED 

B. DUE TO T H E W  STRAIN IN SHORT PIPE LEG: 

1. DEPEhVENT VARIABLE e l l )  : 

Bllrst.L2- I?- ( 2 3  

B11 =0.247+1 

2. DEPEh’ENT VARIABLE (B12) : 

- L2 
B12=- 

A.E 

B12 =-1.786.104 -5 
lb 

3. DISPLACEMENT AT BEND (61=inches) 

B11 61%- 
1 - B12.At 

61 =0.195.k 

4. SHEAR FORCE IN TRANSVERSE LEG (Vl = Lbs) : 

VI=At.61 

V1 =2.877.104 .lb 

5. MOMENT IN BEND (hfl=in.lbs) : 

MlzA21.61 

M1 =5.923.104 . h l b  

6.  SHEAR IN LONGITUDINAL LEG (VZ=lbs) : 

V2.ht.Ml 

V2 =2.585.103 .lb 

7. DISPLACEMENT STRESS AT BEh’D (Sel= Psi) : 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED B Y  M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Set-Se + Sel 

Set =2.317.104 .E 
in2 

< 

P.D SI,- 
4.t 

SL = 1.922.103 .& 
Sa-F.(I.Zj.(Sc + Sh) - SL) 

in2 

4 Ib Sa =4.808.10 .- 
in’ 

CONCLUSION PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER COW. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 

GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 

PROGRAM VERSION: 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER TJSCHALL. 

JOB OR WORK ORDER NO: W 320 / ER 4319 

FILE NAME: Nodepoint A157 - Supernate Line - SEISMIC 
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STAB. VERSION-0 
PAGE2 

Filename: A157-sp-S 
PROGRAMMED B Y  M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, Ih'CKES, RADIANS AND DEGREE F. 

A. PIPE DATA: (REFCRANT TECH PAPER NO:410,22nd PRINT-1985) 

PIPE M A T E W  ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. BEAD SIZE: 8" SCH 40 , RADIUS=40". 

Is2S.14.in4 

Z = 8.496.in3 

R ~ 4 0 . 0 0 . h  

$z1 .57~ad  

lb P=325,- 
in2 

Tz 180.K 

lb 
sc~20000~-  

lb 
in2 

3 
Sh=20000,- 

EjeO.85 

hz- h=1.113 t.R.4 

(D - t)' 
1.65 

kz- k = 1.483 
h 

. 0.9 
1'- ho,a6 i =OX39 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNTSS, IN 

PIPE METAL AREA, W2 

PIPE MOMENT OF EWRTJA, IN-4 

PIPE SECTION MODULUS, W 3  

BEND METAL AREA, IN^2 

BEND SECTION MODULUS, LN'3 

PIPE BEN3 RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, INIINIF. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 is1.00 
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STAB. VERSION-0 
PAGE3 

Filename: A157-sp-S 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
WF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMlC ANALYSIS 

in c z 12000.- 
sec 

POI=O.3 POISSON RATIO 

SOIL S m A R  WAVE VELOClTY, lN/SEC 

Kd I 0.32 

pz0.75 COEF OF SOIL FRICTION 
lb 

Ed 5 62000.- 

COEF OF LATERAL STRESS 

DYNAMIC ELASTICITY MODULUS, PSI 
in2 
lb rd.0.066 - 

in3 
DYNAMIC SOIL SPECIFIC WT,LBS/JW3 

~ 2 :  son DATA FOR STATIC ANALYSIS 

Ks ~0.25 

Es ~21000,- 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 
Ib 

in* 

rs 0.066.- 
3 

STATIC SOIL SPECIFIC WT, LBSIWJ 
lb 

Hs36.h DEFTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag= 0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

Vrnz48.ag.z  MAX GROUND VELOCITY, INISEC 
sec 

in Vm=5,76,- 
sec 

COMPUTED EFFECTIVE LENGIITS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les = 825.014 .in 



STAB. VERSION-0 Filename: A157sp-S 
PAGE4 PROGRAMMED B Y  M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A143 

STAB Subroutine T-2 for TvRe 2 Bend Analysis 

For Calculation of Seismic Effective Length: 

from Table 3, Classification of Legs: A151 1- Lp - Lt 
L 

Lt=126.96.in + = I S 7  

L =570.48%1 

2.Les = 1 . ~ 5 1 0 ~  .in 

Lts(3.83 + 6.75).!? 

L P -(2.(3.83) + 13 + 5.88 + 7.12 + 13.88).!? 
P 

Since L p  (<) 2.Les , this b a case of SP Leg, therefore: 

L P  SP: L = -  
2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ls285.24.h 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL) STRESS ( Socc) : 

Sow =4.488-103 -'b < ALLOWABLE 
in* 

Sail. 1.33.Ej.Sh 

Sal1 =2.261-104 ** 
in2 

CONCLUSION: 

PIPE OCCASIONAL STRESSES SATISFY THF. CODE B31.3-1990 mQUJREMENTS. 
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STAB. VERSION-0 PROGRAMMED B Y  
PAGE 5 M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPEhQENT VARIABLES. 

1. SEISMIC SOJL STRAIN.( an ) : 

Vm em;- 
2 . c  

em =2.4.10-4 

REF 2 ON COVER SHEET 

2. SUBGRADE REACTION MODULUS. ( K = LBS/IN^3) : 

3. SPRING CONSTANT. ( S = LBSIIN-2 ) : 

S =3.778.104 -2 
in2 

4. SYSTEM CHARACTERISTIC ( A  = N - 1  ) : 

5. SOIL FRICTION. 

Ib f = 24.419 .- 
in 

6. MAXIMUM SLIPPAGE LENGTH ( Lrn = I N )  : 

E Lrn-&mA.- 
f 

Lm = 1.566.103 *in 

7. MAXIMUM AXJAL FORCE ( F = LBS ) : 

F =3.833.104 .lb 
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PAGE 6 

PROGRAMMED BY 
M.M.AHMED 

8. MINlMuM TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN) : 

REF: 2 ON COVER SHEET ,2 
h 

1 =53.686.in 

NOTE: Sh'CE ALL P P E  RUXS WILL GEA'ERALLY BE LONGER THAN, 
' I " ,  IT IS ASSLmlED THAT TRAh'SVERSE LEG LENGTH CRITERU HAS 
BEEN S.4TISFIED AND ALL CONST.4hTS C1 THRU C6 IN SUCCEEDKG 
FORMULAE ARE EQUAL TO 1.0 . 'THEREFORE THE FOLLIWNG 
FOFMJLAS ARE MODIFIED usmc THE VALUES OF CONST~UITS .4s 1.0 

9. h'DEPEABEAT VARIABLE ( a21 ) : 

a21 =4.276.105 .Ib 

10. m+EPEh+W VARIABLE ( a31 ) : 
S a31=- 

2.h 

a31 =3.228-1OS .'b 
in 

11. INDEPEhDEm VARIABLE (a32) : 

a32.h 

a32 =0.059.K* 

12. INDEPEhDENT VARIABLE ( a ) : 

asa31 + a21,a32 

a =3.478.105 
in 

13. SEIShlIC EFFECTIVE LENGTH ( Les = IN ) : 

Les =825.014+1 

HNF-2473, Rev. 0 
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PAGE I 

PROGRAMMED BY: 
M.M.AHMJ3D 

STEP 3B: SEISMIC ANALYSIS ANI CALCULATION OF SHEAR FORCES, 
hlOhEWS AND STRESSES IN PIPE BEh’D. 

1. DEPENDENT VARJABtE (all) : 

a1 1 = 0.062 .in 

2. DEPENDEhT VAFUBLE (a121 : 

-L 
A. E 

a12=- 

a12 =-1.786.106 
Ib 

3. DISPLACEhlENT AT BEND (6 = inches) : 

a l l  6.- 
1 - a12.a 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qtza.6 

Qt = ~ 3 3 5 . 1 0 ~  .lb 

5. MOMENT IN BEND ( M  = IN-LBS 1: 

Mza21.6 

M =  1.641-104 4n lb  

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp5h.M 

Qp =960.544.1b 

HNF-2473, Rev. 0 
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PROGRAMMED B Y  
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < Sall 

P.D . M Qt 
socc=- + I'- + - 

4.t Z b A b  
Sallz 1.33.Ej.Sh 

SOCC =4.488.103 ." < Sall =2.261.104 .'b 
in* in2 

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER COW. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXDBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, , 

GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 

PROGRAM AUTHOR: 

PROGRAM VERIFER 

0 

M.M.AHMED 

T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A157 - Supernate Line - THERMAL 
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STAB. VERSION-0 
PAGE NO: 2 

STEP 1: I' DESIGNDATA." 
ALL UNITS IN POUNDS, mcms, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF: CRANE TECH PAPER NO. 410,ZZnd 

PIPE M A T E W  ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE: 6" SCH 40. 

PRINT-1985 

BEND SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL TMCI(NESS, IN 

PIPE METAL AREA, W2 

hfOhfEAT OF N?RTIA, INA4 

SECTION MODULUS, W 3  

BEND hlETAL AREA, W2 

BEND SECTION MODULUS, W 3  

PIPE BEND RADIUS, IN (40" Radins, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

in a-6.33. THERMAL EXPANSION OF ELASTICITY, INIINIF. (iItK) 

$=1.57.rad 

Ib P s 325- 
in2 

Tz 180.K 

lb sc~20000~-  

Ib 
Sh. 20000.- 

EJ E 0.85 

Fz1.00 

h=- h=1.113 

3 

in2 

t.R.4 

(D - t)* 

k.1.65 k = 1.483 
h 

. 0.9 
15- i=O.839 h0.66 

BEA?) ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD J O m  QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SDF FACTOR 

Filename: A157-sp-T 

PROGRAIIMI\ED BY: M.M. AHMED 
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STAB. VERSION-0 
PAGE3 

Filename: A157-sp-T 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANPI'ON & W O N ,  LYC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEIShfIC ANALYSIS 

c. 1 2 0 0 0 . 9  
sec 

POI s 0.3 

Kds0.32 

p-0.75 

Ib 

in2 
Ib rd=o.o66.- 
in3 

Ed ~62000.- 

SOIL SURFACE WAVE VELOCITY, EWEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMlC ELASTICITY MODULUS, PSI 

DYNAMIC S O L  SPECIFIC WT,LBS/MA3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks.0.25 

Es I 21000.- 
Ib 

in2 

r s  E 0.066.- 
in3 

lb 

Ks36.h 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, L W W 3  

DEPTH OF BURIED PIPE, IN. 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag.0.12 

in Vm=4%ag- 
sec 

in Vm=5.76*- 
sec 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, INSEC 

COMPUTED THERMAL EFFECTIVE LENGTH 
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Filename: A157-sp-T 
PROGRAMMED B Y  MMAHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

STAB Subroutine T-2 for Tvoe 2 Bend Analvsis 

For Calculation of Thermal Effective Length 

from Table 3, Classificarioii of Legs: 

A143 

A160 $ = 1.57 

fl 3.83 + 6.75 
L t ' 2 .  

Lp'(2.(3.83) t 1 3  + 5.88+7.12 t 13.88).fl 

L =570.48.in Lt  =63.48.in 

2-Let =5.428.103 .in 

P 

Since L p  (<) 2Let 

this is a case of SP Leg, therefore: 
L 

2 
SP: L1 =-e 

Since Lt  (<) 2.Let 

this is a case of SP Leg, therefore: 

Lt  S P  L2.=-  
2 

L1 =285.24.in L2=31.74.h 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L1~285.24.h L2.31.74.h 

ANALYSIS RESULTS: 

CONCLUSION 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 
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PROGRAMMED BY: M.M. AHhlED 

STEP 2B: THERMAL ANALYSIS OF BURIED P E E  AND COMPUTATION OF 
IhKIEPEAKJEhT VARIABLES. 

LTHERMAL STRAIN ( Et  = m7m ) 

Etsa(T-  40.K) 

Et =8,862.10-4 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBSIW3 ) : 

Kt =1.765.1O3 -2 
in3 

3. SPRIKG CONSTANT ( St = LBS/IN^2 ) : 

St=Kt,D 

St = ~ 1 6 9 . 1 0 ~  
in2 

4. SYSTEM CHARACTERISTIC ( ht = IN^-1 ) : 

0.25 
?St. (&) 
ht =0.044-h-' 

5. SOIL STATIC FRICTION ( ft = LBS/IN ) : 

1 +Ks 
2 

A n.D.-.Ts.H.p 

lb 
i?=23.181*- 

in 
6. MAXIMUM SLIPPAGE LENGTH ( Lt = W ) : 

E Lt =&A,- 
A 

Lt =6.106.103 -in 

7. MAXIMUM AXIALFORCE (Ft = LBS) : 

Ft A.Lt 

Ft = 1.416.105 -1b 
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STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY: M.M. AHMJ3D 

8. MINrrmrm LENGTH OF TRANSVERSE LEG ( It = IN) 

I t 2  REF: 2 ON COVER SHEET 
?.t 

It =71.917.in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MORE THAN "it" . AS SUCH ALL CONSTANTS C1 TMlU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 ANW FORMULAE 
ARE MODIFIED ACCORDEVGLY. 

9. INDEPENDENT VARIABLE ( A21 ) : 

A21 =3.O3.1Os .lb 

10. INWEPENDENT VARIABLE (A31 ) : 

K1.D A31 E- 
2. ?.t 

A31 =1.339.1OS 
in 

11. INDEPENDENT VARIABLE (A32) : 

A32.ht 

A32 =0.044.in-l 

12. INDEPENDENT VARIABLE (At  ) : 

AtsA31 + A21.A32 

At =1.472-1OS 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 
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PAGE NO: 7 

PROGRAMMED BY: hl.hl. AHlrfED 

THERMAL ANALYSIS OF PIPE BEh?) AND COMPUTATION OF SHEAR FORCES, 
MOMENTS Ah?) STRESSES IN PIPE BEh?). DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

1.DEPENDENT VARAIBLE (All) : 

A l l  =0.247.in 

2. DEPENDEhT VARIABLE (A12) : 

-L1 
A12=- 

A.E 

A12 =-1.786.106 .'" 
lb 

3. DISPLACEMENT AT BEND (&=in) : 

AI 1 6t.- 
1 - A12.At 

6t =0.195.iII 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt-At.6t 

Vt =2.877.104 .Ib 

5. MOMENT IN BEND (Mt=in.lbs) 

Mt A21 .6t 

Mt =5.923-104 . h l b  

6.  SHEAR IN LONGITUDINAL. LEG (Vp=in.lbs) 

Vp i ht.Mt 

Vp =2.585.103 .lb 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN I N  ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. HNF-2473, Rev. 0 
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PROGRAMMED B Y  M.M.AHMED 

B. DUE TO THERMAL S W  IN SHORT PIPE L E G  

1. DEPENDENT VARIABLE (311) : 

B11=0.028.in 

2. DEPEhmENT VARIABLE (312) : 

- L2 B12=- 
A.E 

B12 =-1.987.10-7 ." 
lb 

3. DISPLACEMENT AT BEh?) (61=inches) 

B11 61.- 
1 - B12.At 

61 = 0.027 .in 

4. SHEAR FORCE EVTRANSVERSE LEG (Vl=Lbs) : 

V1 =At41 

V1 =4.011-103 -1b 

5. MOMENT IN BEND (Ml=in.lbs) : 

Ml~A21.61  

M1 =8258*103 .in.lb 

6. SHEAR IN LOIVGITWXNAL LEG (VZ=lbs) : 

VZ=Xt.Ml 

V2 =360.443.1b 

7. DISPLACEMENT STRESS AT BEND @el= Psi) : 

lb 
Sel = 968.787 .- 

in* 
HNF-2473, Rev. 0 
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8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Set z Se + Sel 

Set =7.917.103 
in2 

< 

P.D SLz- 
4.t  

SL = 1.922.103 .'b 
in2 

SaeF(1.25 (Sc + Sh) - SL) 

Sa =4.808.104 
in2 

CONCLUSION PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURLED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER COW. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURLED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A160 - Supernate Line - SEISMIC 
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STAB. VERSION-0 
PAGE2 

Filename: A160-sp-S 
PROGRAMMED BY: M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL LINTS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA (REFCRANE TECH PAPER NO:410,22nd P m - 1 9 8 5 )  

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D ~ 6 . 6 2 j . i n  

t = 0.280.in 

A-S.SSl.in2 

I 528.14.in4 

2?8.496.u? 

Ab=8.40.in2 

zbc16.81.in3 

Rs40.00-in 

lb P ~ 3 2 5 -  
3 

Tz 180.K 

lb sc~20000.- 

lb Shz20000.- 

Ej10.85 

hs- h=1.113 

k_E k = 1.483 

in2 

3 

t.R.4 

(D - t)' 

h 
. 0.9 
la- i=O.839 

h0.66 

BEND SIZE 8" SCH 40 , RADIUS=40". 

PIPE OUTSDDE DIAMETER, m 

PIPE WALL THICKWSS, IN 

PIPE METAL AREA, IN*2 

PIPE MOMENT OF INERTIA, W 4  

PIPE SECTION MODULUS, ET3 

BEA?) METAL AREA, ET2 

BEA?) SECTION MODULUS, W3 

PIPE BEA?) RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERhlAL EXPANSION OF ELASTICITY, Ih'/IN/F. 

BEh'D ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD J O W I  QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=LO i =  1.00 
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Filename: A160sp-S 
PROGRAMMED BY M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON & MILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c = 12000.- 
sec 

POIr0.3 

Kdc0.32 

~ ~ 0 . 7 5  

Ede62000.- 
Ib 

in2 

SOIL SHEAR WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAhfJC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC \PT,LBS/EV3 Ib 
r d  E 0.066.- 

in3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks10.25 
Ib 

in2 
Es ~21000.- 

Ib 
r~~0.066--- 

in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PIPE, W 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF: SDC-4.1 REV-11) 

agz 0.12 FREE FIELD HORJZONTAL ACCEL, FRACTION OF 'G' 

in 
Vmz 48,ag- 

sec 
MAX GROUND VELOCITY, N S E C  

in 
Vm = 5.16 .- 

see 

COhPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014.in 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A157 

STAB Subroutine T-2 for Tvoe 2 Bend Analvsis 

For Calculation of Seismic Effective Length 

from Table 3, ClassifiCntioiz of Legs: A160 1- Lp - Lt 

Lt-(3.83 + 6.75).fl 

Lps(3.83 + 9.92+2.(14.0) +4.5) .A L =555.in 

2.Les = 1.65.103 .in 

P 

Since Lp (<) 2.Les , this k a case of SP Leg, therefore: 

L ='277.5 .in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Le217.5.h 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL) STRESS ( Socc) : 

Socc =4.452-103 < ALLOWABLE 
in2 

Sallz 1.33.Ej.Sh 

Sal1 =2.261-104 -2 
in1 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 
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PROGRAMMED BY: 
M.M.AHMED 

STEP 2A: SEISMIC ANALYSIS OF BURIED PIPE AND COhPUTATION 
OF Jh'BEPEhDENT V W L E S .  

1. SEIShLIC SOIL STRAlh'.( Ern) : 

REF: 2 ON COVER SHEET 

Vm 
2 . c  

Ems- 

zm=2.4.104 

2. SUBGRADE REACTION MODULUS. ( K = LBWEYJ) : 

K = 5.702.103 .'b 
in3 

3. SPRIT'G CONSTANT. ( S = LBS/WZ ) : 

S=K.D 

S =3.778.104 

4. SYSTEM CHARACTERISTIC ( X = INA-1 ) : 

in2 

X =0.059.h-' 

5. SOIL FRICTION. 

1 +Kd fsx.D.--.Td.H.p 
2 

lb € = 2 4 . 4 7 ¶ . ~  

6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN) : 
111 

E Lm=&mA.- 
f 

Lm = 1 ~ 6 6 . 1 0 ~  .in 

7. MAXIMUMAXlALFORCE ( F  = LBS) : 

F I fiLm 

F =3.833.104 .lb 



STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY: 
M.M.AHMED 

8. MmlMUhf TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN ) : 

REF: 2 ON COVER SHEET 
1 2  

h 

1 =53.686.h 

NOTE: SWCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDWG 
FORMULAE ARE EQUAL TO 1.0 .  THEREFORE THE FOLLWh'G 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. LNDEPEh9ENT VARIABLE ( a21 ) : 

a21 =4.276.105 .lb 

10. INDEPENDENT VARIABLE ( a31 ) : 
S 

a315- 
2.h 

a31 =3.22X.1Os 
in 

11. LNDEPENDENT VARIABLE ( a32) : 

a32.h 

a32 =0.059-in' 

12. LNDEPEh9ENT VARIABLE ( a  ) : 

a=a31 + a21,a32 

s Ib a =3.478.10 *T 
111 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

Les =825.0144n 



i 

STAB. VERSION-0 
PAGE I 

PROGRAMhfED BY 
MMAHMED 

STEP 3B SEISMIC ANALYSIS Ah?) CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPEhVENT VARIABLE (all) : 

a l l  =0.061% 

2. DEPEhVEhT VARIABLE (a12) : 

-L al2s-  
A.E 

a12 =-l.737.104 
Ib 

3. DISPLACEMENT AT BEND (6 = inches) : 

a l l  6.- 
I - a12.a 

6 =0.038%1 

4. SHEAR Dl TRANSVERSE LEG (Qt = LBS) : 

Qt.a.6 

Qt =1.316-104 .Ib 

5. MOMENT IN BEND ( M  = IN-LBS ): 

M~a21.6 

M=1.618.104 -in.lb 

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp=h.M 

Qp = 946.864-1b 
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PROGRAMMED B Y  
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7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINJD STRESSES. 
Socc < Sall 

P.D . M Qt 
socc=- + 1'- + - 

4.t Z b A b  
Sall = 1.33.Ej.Sh 

Socc =4.452.103 .'b < Sal1 =2.261.104 .'b 
in2 . in2 

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

_I- 
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SEISMIC AND THERMAI, STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERNG SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'83 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GEBERT ASSOCIATES. PVP VOLUME-82, JUNE78 

PROGRAM VERSION 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A160 - Supernate Line - THERMAL 
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STAB. VERSION-0 
PAGE NO: 2 

Filename: A160-sp-T 

PROGRAMMED BY: M.M. AHMED 

STEP 1: 'I DESIGN DATA.'' 
ALL UhTTS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANTE TECH PAPER NO. 410,22nd PRINT-1985 

PIPE M A T E W  ASTM A53, TYPE E, GR B. SCH 40 

PIPE SUE 6" SCH 40. BEA?) SIZE 8" SCH 40, RADIUS= 40" 

D ~ 6 . 6 2 j . h  

t E 0.2so.in 

A=5.5Sl~in2 

I=28.14.in4 

Z=8.496.in3 

A b=S.40.hz 

Z b=  16.81.h3 

R =  40.00.h 

6 lb E.28.62.10 .- 
in2 

a.6.33. 
(inK) 

$=1.57.rad 

lb PI 325,- 
in2 

T= 180.K 

lb sc 2 20000.- 

Ib 
in2 

in2 
Shz 20000.- 

EJ = 0.85 

Fz1.00 

h = 1.113 t.R.4 h=- 
(D - t)' 

k=- 1'65 k=1.483 
h 

. 0.9 I*- i=0.839 
h0.66 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL TKICKNESS, IN 

PIPE METAL AREA, IN-2 

MOhENT OF m'RTIA, W 4  

SECTION MODULUS, W3 

BEND METAL AREA, IW2 

BEh?) SECTION MODULUS, IN-3 

PIPE BEND RADIUS, IN (40" Radiw, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE!, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ACLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oi= 1.00 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: A160-sp-T 
PROGRAMn5D BY M.M.AHMED 

B: SOIL CHARACTERISTICS 
WF: SHANNON & W O N ,  INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c . 1 2 0 0 0 . ~  
sec 

POI E 0.3 

KdzO.32 

p-0.75 

lb Eds62000.- 
in2 
lb 

r d  so.066.- 
in3 

SOIL SURFACE WAVE VELOCITY, WSEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

D Y N M C  ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/IN'S 

Bt: SOIL DATA FOR STATIC ANALYSIS 

Ks-0.25 COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI lb Es = 21000.- 
in2 

STATIC SOIL SPECIFIC WT, LBSIIN^3 

DEPTH OF BURIED PIPE, N . 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

agz0.12 

Vrnz 4 8 , a g E  
sec 
in Vrn = 5.76 .- 
see 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUP\?) VELOCITY, IN/SEC 

COMPUTED THERMAL EFFECTIVE LENGTH 



STAB. VERSION-0 Filename: A160sp-T 
PAGE-4 PROGRAMMED BY: M . M . m l E D  

***************%************************************************%***************** 
STAB Subroutine T-3 for Tvoe 3 Bend Analvsis 

For Calculation of Thermal Effective Length: 

from Table 3, Classifcarion of Legs: 

Let =2.714-103 +I 

L ~(3 .83  + 9.92 + 14).R P 

P L =333.in 

A157 

A 3.83 + 6.75 L ..-. t =  

L =63.48.in 

4 = 1.57 

Since L p  (<) Let Since L t  (<) Let 

this is a case of SP Leg, therefore: this is a case of SP Leg, therefore: 

SP: L1 = L p  SP: L2 = L t  

L1 =333-in L2 =63.48.h 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L1 E 333.h 

ANALYSIS RESULTS: 

Set =9.686.103 -'b < ALLOWABLE 
inz 

Sa =4.808.104 
in2 

CONCLUSION 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY: M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE Ah?) COMPUTATION OF 
JADEPENDENT VARIABLES. 

I.THERMALSTRAIN(st = lh'/lh') 

s t z a ( T -  40-K) 

st =8.862.10-4 .'" 
in 

2.  SUBGRADE REACTION MODULUS ( Kt = LBSlW3 ) : 

Kt = 1.765103 .: 
in 

3. SPRING CONSTANT ( st = LBSIW'Z) : 

St5Kt.D 

St = 1.169.104 .: 
in 

4. SYSTEM CHARACTERISTIC ( ht = IN--1) : 

0.25 
?.t.(%) 

).t = 0 . 0 4 4 6 '  

5. SOIL STATIC FRICTION ( ft = LBSlIN ) : 

1 + Ks AznD.--.Ts.H.p 
2 
lb 

A=23.181*~ 
In 

6.  MAXtMUM SLIPPAGE LENGTH ( Lt = lh' ) : 

Lt =6.106.103 *in 

7. MAX?MUhlAXIALFORCE (Ft = LBS) : 

Ft 5 A.Lt 

Ft = 1.416*105 .lb 



STAB. VERSION-0 
PAGE NO: 6 

PROGRAhlMED BY: M.M. AHI\ED 

8. MINrrmmf LENGTH OF TRANSVERSE LEG ( It = IN) 

It." R E F  2 ON COVER SHEET 
5t 

It =71.977.in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WlLL 
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWNG EQUATIONS ARE CONSIDERED AS 1.0 A h 9  FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. m9EPEA9ENT VARIABLE (A21 ) : 

k.R.+ 4.7.: - I  
A21zit. -+- ( E.1 Kt.D) 

A21 =3.03.105 .Ib 

10. INDEPEh9ENT VARIABLE (A31 ) : 

Kt.D A31~-  
2. i t  

5 Ib A31 =1.339.10 .T 
111 

11. INDEPENDENT VARIABLE ( A32 ) : 

A32 s i t  

A32 =0.044.h-' 

12. INDEPEWENT VARIABLE ( At ) : 

AtsA31 +A21.A32 

At = 1.472.10 .F 5 Ib 
m 

13. THERMAL EFFECTIVE LENGTH ( Let) : 

Let=--. A.E [ ( 1 +- z. ;A~)~.~ - 
At 

Let =2.714.103 .in 



STAB. VERSION-0 
PAGE NO: I 

PROGRAMMED BY: M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEhD AND COMPUTATION OF SHEAR FORCES, 
BfOhlENTS Ah?) STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG.' 

].DEPENDENT VARAIBLE (All) : 

A l l  =0.287.in 

2. DEPENDENT VARL4BLE (A12) : 

- L1 A12.- 
A.E 

A12 =-2.085.104 
Ib 

3. DISPLACEMENT AT BEND (Zt=in) : 

AI 1 Ftz- 
1 - A12.At 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt.At,Zt 

Vt =3.233*104 -1b 

5. MOMENT INBEND (Mt=in.lbs) 

Mt zA21.St 

Mt =6.655.104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp -Xt.Mt 

Vp =2.905.103 .lb 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi 

Se =7.807-103 
in2 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED BY: M.M.AHI\lED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE L E G  

1. DEPENDENT VARIABLE (Bll) : 

2. DEPEhmENT VARIABLE (B12) : 

- L2 
B12~- 

A. E 

B12 =-3.974.10-7 ?!! 
lb 

3. DISPLACEMENT AT BEND (61 =inches) 

B11 61 e- 
l - B12.At 

61 =0.0534n 

4. SHEAR FORCE IN TRANSVERSE LEG (Vl=Lbs) : 

V l ~ A t . 8 1  

VI =7.78.103 .lb 

5. MOMENT IN BEND n\ll=in.lbs) : 

MI=A21.61 

MI = 1.602*104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG (VZ=lbs) : 

V2.ht.Ml 

V2 =699.143.1b 

7. DISPLACEMENT STRESS AT BEND (Sel= Psi) : 

Sel = 1.879-103 
ill* 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE N O  9 

PROGRAMMED B Y  M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Set 5 Se + Sel 

SL = 1.922.103 *'b 
Sa-F.(l.?j.(Sc + Sh) - SL) 

in2 

< 4 lb Sa =3.808~10 .- 
in2 inz 

3 lb Set =9.686.10 .- 

CONCLUSION: PIPE DISPLACEhlEhT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGWEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A165 - Supernate Line - SEISMIC 
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STAB. VERSION-0 
PAGE3 

Filename: A165-sp-S 
PROGRAMMED B Y  M.I\I.AHMED 

STEP 1: "DESIGN DATA." 
ALL UA'ITS IN POUAXlS, ISCHES, RADIANS Ah?) DEGREE F. 

A. PIPE DATA: (REF:CRANTE TECH PAPER N0:410, Und  PRINT-1985) 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D ~6 .62S .h  

t 5 0.280.h 

A=5.581.in2 

I s 2 8  14.in4 

Z-S.496.in3 

A b =  S.40.inz 

zbS16.81-h3 

Rs40.00.h 

E=28.62.106.'b 
in2 

+= 1.57.rad 

lb P 5 32%- 
d 

Tz 180.K 

lb sc  2 20000.- 

lb 
Sh=ZOOOO.- 

Ej=O.SS 

in2 

in2 

t.R.4 
hs- h=1.113 

(D - t)' 

BEND SIZE: 8" SCH 40 , RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, N 2  

PIPE hfOMENT OF INERTIA, N 4  

PIPE SECTION MODULUS, N 3  

BEND METAL AREA, IN'?. 

BEND SECTION MODULUS, IN-3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS O F  ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, INIINIF. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMX'ERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

kz'.65 k = 1.483 
h 

. 0.9 
11- i=0.839 
,065 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.O i- 1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: A165-sp-S 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH mWSTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

SOIL SHEAR WAVE VELOCITY, IN/SEC in 
CI 12000.- 

sec 

POI=O.3 POISSON RATIO 

Kdz0.32 COEF OF LATERAL STRESS 

p E 0.75 COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 
Ib 

Ed ~62000.- 
in* 

r d  I 0.066.- 
in3 

DYNAMIC SOIL SPECIFIC WT,LBS/W3 lb 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks-0.25 COEF OF LATERAL STRESS 
lb Es =21000.- 
in2 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/W3 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag-0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

Vm=48.ag.X MAX GROUND VELOCITY, IN/SEC 
sec 

in 
Vrn =S.16-- 

sec 

COhlPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014.in 



STAB. VERSION-0 Filename: A165-sp-S 
PAGE-4 PROGRAMMED B Y  h1.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A161 STAB Subroutine T-3 for Tvpe 3 Bend Analvsis 

For Calculation of Seismic Effective Length: 

from Table 3, Classific&'oiz of Legs: 

Les =825.0144n 

Lts(3.83 + 6.17).R 

Lpe(3.83 +9.92+2.(14)  +4.S).R 

TI + = 1.57 

L ,  = 120.in 

L =S55411 P 

Since L p  (i) Les , this is a case of SP Leg, therefore: 

SP: L . = L p  

L=555%l 
*%**************************%*********************************************~***%*** 

LsSSS.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Sall- 1.33.Ej.Sh 

Socc =S.24.103 < ALLOWABLE 
in2 

Sall =2.261.104 
in2 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 
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STAB, VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2A: SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDEh'T VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em ) : 

Vm 
2 .c  

Erns- 

R E F  2 ON COVER SHEET 

2. SUBGRA.DE REACTION MODULUS. ( K = LBSIIN-3) : 

1 - PO? 

K =5.702.103 
i d  

3. SPRING CONSTANT. ( S = LBS/INA2 ) : 

S z K.D 

S =3.778.104 
in2 

4. SYSTEM CHARACTERISTIC ( h. = IN^-1 ) : 

0.25 
1. s 

(4.E.J 

X = 0.059 .in- 

5. SOIL FRICTION. 

lb f =24,479.- 
in 

6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN) : 

E Lrns&mA.- 
f 

Lm =1.566.103 .in 

7. MAXIMUM AXJALFORCE ( F  = LBS) : 

F=f.Lm 

F =3.833.104 +lb 

HNF-2473, Rev. 0 
Page 3 18 

http://SUBGRA.DE


STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY 
M .M. AHMED 

8. hClXXMlJM TRANSVERSE LEG LENGTH REQUIRED ( I = IN ) : 

x 1.- 
h 

1 = 53.686 .in 

REF: 2 ON COVER SHEET 

NOTE: SMCE ALL PIPE RUNS WILL GEA4RALLY BE LONGER THAN, 
"I", IT IS ASSUhlED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AN9 ALL CONSTANTS C1 THRU C6 IN SUCCEEDJXG 
FORMULAE ARE EQUAL TO 1.0 . THEREFORE THE FOLLWING 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. LNDEPEAPENT VARIABLE ( a21 ) : 

a21 =4.276.105 *lb 

10. mPEPEA?)ENT VARIABLE ( a31 ) : 

S a31:- 
2.h 

a31 =3.228.105 
in 

11. INPEPENDENT VARIABLE ( a32 ) : 

a32 s h 

a32 =0.0594n-' 

12. INDEPENDENT VARJABLE ( a ) : 

ala31 + a21,a32 

a =3.478-105 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = Lh' ) : 

Les =825.@14+1 



STAB. VERSION-0 
PAGE 7 

PROGRAMMED B Y  
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION.OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPENDENT VARIABLE (al l )  : 

a l l  =O.ll.in 

2. DEPENDENT VARJABLE (a12) : 

a12 =-3.475.106 ?! 
Ib 

3. DISPLACEMENT AT BEND (6 = inches) : 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Q t - a 6  

Qt = 1.726-104 *lb 

5. MOMENT IN BEND ( M  = IN-LBS ): 

M.aZ1.6 

M=2.122-104 -in.lb 

6. SHEAR IN LONGITUDINAL LEG ( QP = LBS ) : 

@ A M  

@ = 1.242.103 -Ib 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMMED B Y  
M.M.AHMED 

7. CODE B31.3 COMPLJAVCE FOR SEISMIC f SUSTAINED STRESSES. 
Socc < Sall 

P.D . M Qt 
soccz- + 1.- + - 

4.t Z b A b  

Socc = 5.24.103 .E 
in2 

Sall- 133.Ej.Sh 

< Sall =2.261.104 .E 
i 2  

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLWG, SUPERVISWG ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILENAME: NodepointA165 - SupernateLine - THERMAL 

INPUT BY D.L. STONE Sk5DAm 9 I 3  I96 

CHECKEDBY N.J. JOPLUDATE: LO/oYqO 
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STAB. VERSION-0 Filename: A165-sp-T 

PAGE NO: 2 PROGRAMMED BY: M.M. AHMED 

STEP 1: 'I DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410,22nd PRINT-1985 

PIPE M A T E W  ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE: 6" SCB 40. 

+= 1.57.rad 

lb P=325- 

T= 180-K 
3 

lb sc  = 20000.- 
in2 
lb Sh= 20000,- 

EJzO.85 

F= 1.00 

in2 

h=1.113 t.R.4 hs- 
(D - t)' 

1.65 
h 

k=- kz1.483 

, 0.9 
iz- i=0.839 h0.66 

BEND SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DJAMETER, IN 

PIPE WALL THICKWSS, IN 

PIPE METAL AREA, N 2  

MOMENT OF II*FERTJA, W 4  

SECTION MODULUS, W 3  

BEh'D METAL AREA, W 2  

BEND SECTION MODULUS, N 3  

PIPE BEh'D RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/lN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS. PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

mEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' Is LESS THAN 1.0, USE i=l.Oi=I.OO 



STAB. VERSION-0 
PAGE-3 

Filename: A165-sp-T 
PROGRAMMED BY M.M.AHhlED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c z 12000.- 
sec 

POI : 0.3 

Kd z 0.32 

p 5 0.75 

Ib Ed=62000.- 
in2 

SOIL SURFACE WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/W3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks=0.25 

lb Es =21000.- 
ill= 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/INA3 

DEPTH OF BURDED PEE, IN. 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ags0.12 

ill Vrns48,ag- 
sec 

Vm = 5.76 *!! 
sec 

FREE FIELD HORIZONTAL. ACCEL, FRACTION O F  'G' 

MAX GROUNJ VELOCITY, INISEC 

COMPUTED THERMAL EFFECTIVE LENGTH 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB Subroutine T-3 for TYDe 3 Bend Analysis 

For Calculation of Thermal Effective Length: 

from Table 3, CIassifcation of Legs: 

A168 4 = 1.57 

A163 
:kB * 
I )  

A165 
t--. L P - i  

~ e t = 2 . 7 1 4 . 1 0 ~  .in 

Lpz(14.0 + 4 3 . e  

L =222% P 

Since Lp (<) Let 

this is a case of SP Leg, therefore: 

SP: L 1 . i  L p  

L1 = 222 .in 

Lt:(3.83 +6.17).A 

L t  = 120 .h  

Since L t  (<) Let 

this is a case of SP Leg, therefore: 

SP: L2 = L t  

L2 = 120 .in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L1 s 222.h L2= 120.in 

ANALYSIS RESULTS: 

Sd=9.069.1O3 .E < ALLOWABLE 
in2 

Sa =4.808.104 -'b 
in2 

CONCLUSION 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 
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PAGE NO: 5 

PROGRAMMED BY M.M. m T E D  

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE Ah?) COMPUTATION OF 
INDEPEh’DENT VARIABLES. 

LTHERMAL STRAIN ( s t  = IN/lN) 

Etsa(T-  40.K) 

Et =8.862.10-4 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBSIET3 ) : 

0.0833 
ES 

Kt = 1.765.103 
in3 

3. SPRING CONSTAhT ( St = LBSIETZ) : 

StcKt.D 

St =1.169.104 
in2 

4. SYSTEM CItARACTERISTIC ( ht = IN^-1 ) : 

ht = 0.044 .in- 

5. SOIL STATIC FRICTION ( ft = LBS/IN ) : 

lb f t=23.181.7 

6. MAXIMUM SLIPPAGE LENGTH ( Lt = IN) : 
In 

Lt =6.106.103 *in 

7. MAXrmUMAXIALFORCE (Ft = LBS) : 

Ft s I%Lt 

Ft = 1.416-105 *Ib 
HNF-2473, Rev. 0 
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PROGRAMMED BY: M.M. AHMED 

8. M I h !  LENGTH OF TRANSVERSE LEG (It  = IN ) 

l t 2  
ht 

REF 2 ON COVER SHEET 

It =71.9774n 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. INDEPENDENT VARIABLE (A21 ) : 

A21 =3.03.105 .Ib 

10. INDEPEiWENT VARIABLE (A31 ) : 

A31 =1.339-105 *'b 
in 

11. INDEPEhqENT VARIABLE ( A32 ) : 

A32=ht 

A32 = 0.044 .in- I 

12. INDEPENDENT VARIABLE ( At ) : 

A t ~ A 3 1  +A21,A32 

At = 1.472.10' *E 
In 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Lets-. A,E [ ( 1 +- 2 . 2 A t T  I ]  
At 

Let =2.714.103 -in 

HNF-2473, Rev. 0 
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PROGRAMMED BY: M.hl. AHMED 

THERMAL ANALYSIS OF PIPE BEh?, AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

1.DEPENDENT VARAIBLE ( A l l )  : 

A l l  =0.193% 

2. DEPEhTEhT VARIABLE (Al2) : 

-L1 A12z- 
A.E 

A12 = - 1 . 3 9 . d  -2 
lb 

3. DISPLACEMENT AT BEh?, (&=in) : 

A1 1 6t.- 
1 - A12.At 

4. S H E A R  IN TRANSVERSE LEG (Vt=lbs) : 

Vt=At.Gt 

Vt =2.36-104 -1b 

5. MOMENT IN BEND @4t=in.lbs) 

Mt 3 A21.6t 

Mt =4.858-104 G l b  

6. S H E A R  IN LONGITUDINAL LEG (Vp=in.lbs) 

VpaXt.Mt 

Vp =2.121-103 -1b 

7. DISPLACEhlENT STRESS AT BEND ( Se = Psi ) 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRhIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. 



STAB. VERSION-0 
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PROGRAMMED BY M.M.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE L E G  

1. DEPENDENT VARJABLE (B11) : 

B11 =O.lOS.in 

2. DEPENDENT VARIABLE (812) : 

- L2 B12e- 
A,E 

B12 =-7~13.10-~  ." 
lb 

3. DISPLACEMENT AT BEh?) (61=inches) 

- B11 bl z- 
1 - B12.At 

61 =0.095.in 

4. SHEAR FORCE M TRANSVERSE LEG (Vl=Lbs) : 

V1sAt.Sl 

V1 = ~ 3 9 5 1 0 ~  .lb 

5. MOMENT IN BEND (Ml=in.lbs) : 

MlzA21.61 

M1 =2.873-104 *in.lb 

6. SHEAR IN LONGITUDINAL LEG (VZ=lbs) : 

V2 sht.M1 

V2 = 1.254.103 .lb 

7. DISPLACEMENT STRESS AT BEND (Sel= Psi) : 



STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED B Y  M.hl.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

P.D SI,- 
4.t 

Set = Se + Sel 

SL = 1.922.103 

Sa-F.(1.25.(Sc + Sh) - SL) 
in2 

< Sa =4.808.104 *'b 3 lb Set =9.069.10 .- 
in2 in2 

CONCLUSION PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CAXULATION OF SEISMIC 
AND THERMAL STRESSES Ih' BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER COW. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURZED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUMJ3-82, JUNE-78 
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STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA (REFCRANE TECH PAPER NO:410,22nd P W - 1 9 8 5 )  

PJPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D .6.625.in 

t ~0.280.in 

A 5.581.inz 

1.28.14 in4 

Ze8.496.in3 

A b z  8.40.h' 

Z,=16.81.in3 

Rz40.00-in 

Ec28.62.1O6.& 
in2 

Ib P 325.- 
in2 

T i  18O.K 

lb 
so = 20000.- 

in2 
Ib 

Shs20000.- 
inz 

Ej~O.85 

he- 
(D - 

1.65 
h 

h = 1.113 t.R.4 

kz- k=1.483 

i =OX39 . 0.9 
,E- h0.66 

BEND SIZE: 8" SCH 40 , RADrUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, W2 

PIPE MOMENT OF INERTIA, W 4  

P E E  SECTION MODULUS, W3 

BEND METAL AREA, W2 

BEND SECTION MODULUS, W3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICRY, PSI 

THERMAL EXPANSION OF ELASTICITY, INIINIF. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLExrSILITY CHARACTER 
(REF:ASME CODE B31.3-1990 APPDX-D) 

F%EXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.O i z  1.00 

HNF-2473, Rev. 0 
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B: SOIL CHARACTERISTICS 
(REF: SHANNON & W O N ,  INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c. 12000-- 
sec 

POIs0.3 

Kds0.32 

p I 0.5 

lb 
Ed.62000 - 

inz 
lb 
. 3  in 

rd.o.066 - 

SOIL SHEAR WAVE VELOCITY, N S E C  

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTlCITY MODULUS. PSI 

DYNAMIC SOIL SPECWC WT,LBS/IN^% 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  

lb Es =21000.- 
in2 

lb 

in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECWC WT, LBS/IN^3 rszo.066.- 

H.36.h DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag.O.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

Vm.48.ag.Z MAX GROUND VELOCITY, IN/SEC 
sec 

in 
Vm =5.76.- 

sec 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les = I.OS.IO~ .in 



STAB. VERSION-0 Filename: A95-x-S 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A75 

STAB Subroutine T-2 for TvDe 2 Bend Analvsis 

For Calculation of &.& Effective Length 

from Table 3, Classificarion of Lees: A77 

Lts(Z.(3.83) +2.(11.25) + 11.84).A 

L =2.(3.83 + 13.44 + 7.(13.33)).ft 

L t  =504 .in 

L P =2.654.103 .in 

2.Les =2.16.103 .in 

4=1.57 

P -  

Since L (> or =) 2.Les, this is a case of LP Leg, therefore: P 

L P  L'= Les L = 1.08-103 .in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LE 108O.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Socc = 5.904-103 < ALLOWABLE 
in2 

Salt: 1.33.Ej.Sh 

Sal1 =2.261*104 .* 
in2 

CONCLUSION: 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

HNF-2473, Rev. 0 
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STEP 2A: SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em ) : 

Vm 
2. c 

erns- 
REF 2 ON COVER SHEET 

ern =2.4.104 

2. SUBGRADE REACTION MODULUS. ( K = LBS/IN^3) : 

K =5.702.103 -E 
in3 

3. SPRING CONSTANT. ( S = LBSIJiV2 ) : 

SzK.D 

S =3.778.104 
in* 

4. SYSTEM CHARACTERISTIC ( h = IN^-1 ) : 

h =O.O59*in-' 

5. SOIL FRICTION. 

lb f = 16.319.- 
in 

6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN ) : 

E Lm5em.A - 
f 

Lm =2.349.103 *in 

7. MAXIMUM AXIAL FORCE ( F  = LBS) : 

FsfLm 

F =3.833.104 *lb 



STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY 
M.M.AHMED 

8. MINIMUM TRANSVERSE LEG LENGTH REQUIRED ( I = IN 1 : 

1 2  
2. 

1 =53.686-in 

R E F  2 ON COVER SHEET 

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0. THEREFORE THE FOLLWING 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. INDEPENDENT VARIABLE ( a21 ) : 

a21 =4.276.1OS .lb 

10. INDEPENDENT VARIABLE ( a31 ) : 

S a31s- 
2.?* 

a31 =3.22Sa1OS -'b 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32-?, 

a32 =0.059-i1il 

12. INDEPENDENT VARIABLE ( a ) : 

aza31 + a21.a32 

5 lb a = 3.478.10 -: 
lrl 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

~ e s  =1.os.io3 *in 

HNF-2473, Rev. 0 
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PROGRAMMED B Y  
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STEP 3 B  SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES lN PIPE BEND. 

1. DEPENDENT VARIABLE (all) : 

all5Em.L- f.- i 2.:J 
a l l  = O . Z - i n  

2. DEPENDENT VARIABLE (alZ) : 

- L  al2s- 
A.E 

a12 =-6.761.10" .'" 
lb 

3. DISPLACEMENT AT BEND (8 = inches) : 

a l l  
6z- 

1 - a12.a 

F = 0.06 .in 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qt-ab 

Qt =2.071*104 -Ib 

5. MOMENT IN BEND ( M = lN-LBS ): 

M ~ a 2 1 . b  

M=2.547.lO4 .in.lb 

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp5h.M 

Qp =1.49-103 -Ib 

HNF-2473, Rev. 0 
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PROGRAMMED B Y  
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7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < Sall 

Sail. 1.33.Ej.Sh 

Socc =5.904.103 -2 < Sall =2.261.104 .& 
u? in2 

CONCLUSION PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rev. 0 
Page 340 



APPENDIX AAL 

NODEPOINT A95-X-T 

HNF-2473, Rev. 0 
Page 34 1 



SEISMIC AND THERMAL STRESS ANALYSIS OF BURLED PIPE 
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Filename: A95-x-T 

PROGRAMMED BY: M.M. AHMED 
STAB. VERSION-0 
PAGE N O  2 

STEP 1: I' DESIGN DATA." 
ALL UNlTS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410,22nd PRtNT-1985 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

4 %  1.57.rad 

lb 
Pc325.- 

TE 180-K 
in2 

lb 
s c e  20000.- 

in2 
lb 

in2 
Sh. 20000-- 

EJ.0 85 

Fs 1.00 

h=- t'R'4 h=1.113 
(D - t)' 

1.65 
kz- k = 1.483 

h 
. 0.9 
1%- i =O.S39 
h0.66 

BEND SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THLCKNESS, IN 

PIPE METAL AREA, EV2 

MOMENT OF INERTIA, EV4 

SECTION MODULUS, EV3 

BEND METAL AREA, EV2 

BEND SECTION MODULUS, IN-3 

PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICRY, INIXNIF. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Ois 1.00 



STAB. VERSION-0 
PAGE-3 

Filename: A95-x-T 
PROGRAMMED BY M.M.AHMED 

B son CHARACTERISTICS 

BI: son DATA FOR SEISMIC ANALYSIS 

(REF SHANNON & WILSON, INC GEOTECH IMrESTIGATION REPORT.) 

c. l Z 0 0 0 . ~  
sec 

POIsO.3 

Kd.0.32 

p-0.5 

lb Edz62000.- 
in2 
Ib r d  0.066. - 
in3 

SOU SURFACE WAVE VELOCITY, INISEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF son FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC son SPECIFLC WT,LBS/IN-~ 

~ 2 :  son DATA FOR STATIC ANALYSIS 

Ks=0.25 

Ib Es =21000.- 
in* 

rszo.066.- 
in3 

Ib 

H-36-in 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSINJ  

DEPTH OF BURIED PIPE, IN. 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

agz0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, INISEC 

in Vm = 5.76 .- 
see 

COMPUTED THERMAL EFFECTIVE LENGTH 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB.Subrontine T-3 for TyDe 3 Bend Analysis 

For Calculation of Thermal Effective Length: 

from Table 3, Classification of Lees: 

Let =3.504.103 .in 

L 

L =1.327-103 -in 

=(3.83 + 13 44 + 7.( 13.33))A P- 

P 

Since L p  (<) Let 

this is a case of SP Leg, therefore: 

SP: L1 = L p  

L1 = 1.327.103 .in 

A100 

2.(3.83) + 2.(11.25) + 11.84,fi Lt" 
2 

I. =252 .in 

Since Lt  (<) Let 

this is a case of SP Leg, therefore: 

S P  L2 = L t  

L2=252.in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L1s 1321.h L2-252.in 

ANALYSIS RESULTS 

Set =2.38-104 .'b < ALLOWABLE Sa =4.808-104 
in* d 

CONCLUSION 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 

HNF-2473, Rev. 0 
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PROGRAMMED B Y  M.M. AHMED 

STEP 2B THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
INDEPENDENT VARIABLES. 

l.THERMALSTRAm(&t = IN l IN)  

~ t ? a ( T -  40.K) 

EI =8.S62.1O4 .! 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBSlW3 ) : 

Kt = 1.765.103 
in3 

3. SPRING CONSTANT ( St = LBSIWZ) : 

St = Kt.D 

St = 1.169.104 .'b 
. 2  in 

4. SYSTEM CHARACTERISTIC ( At  = IN -̂1 ) : 
0.25 

?.ts (&) 
ht = 0.044 -K ' 
5. SOIL STATIC FRICTION ( ft = LBSlIN) : 

1 + Ks A. x.D. ~. Ts.H-p 
2 

lb A=15.454.- 

6. MAXIMUM SLIPPAGE LENGTH ( Lt = IN) : 
E Lt =El.A.- 
A 

LI =9.16.103 -in 

111 

7. MAXIMUM AXIAL FORCE ( Ft = LBS ) : 

Ft 5 A.Lt 

Ft = 1.416.105 .lb 



STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY M.M. AHMED 

8. MINIMUM LENGTH OF TRANSVERSE LEG ( It = IN) 

I t 2  REF 2 ON COVER SHEET 
ht 

It =71.977-in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 M 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. WDEPENDENT VARIABLE ( A21 ) : 

A21 =3.03.105 .Ib 

10. INDEPENDENT VARIABLE ( A31 ) : 

Kt.D 
A31~- 

2.ht 

A31 =1.339*105 
in 

11. INDEPENDENT VARIABLE (A32 ) : 

A32zht 

A32 =0.044.in'' 

12. INDEPENDENT VARIABLE ( At ) : 

At=A31 +A21.A32 

At = 1.472.105 .'b 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let =3.504.103 *in 



STAB. VERSION-0 
PAGE N O  7 

PROGRAMMED BY M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

1.DEPENDENT VARAIBLE ( A l l )  : 

A l l  =1.091.in 

2. DEPENDENT VARIABLE (A12) : 

- L1 A12=- 
A.E 

A12 =-8.308.10-6 .'" 
Ib 

3. DISPLACEMENT AT BEND (6t=in) : 

AI 1 St.- 
1 - A12.At 

4. SHEAR IN TRANSVERSE LEG Wt=lbs) : 

Vt=At.Gt 

Vt =7.222.104 -1b 

5. MOMENT IN BEND (Mt=in.lbs) 

Mt z A2 1.6t 

Mt = 1.487-105 -in.lb 

6. SHEAR IN LONGITUDINAL LEG (Vp=in.ibs) 

Vp = ht-Mt 

Vp =6.49.103 .lb 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. HNF-2473, Rev. 0 
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PAGE NO: 8 

PROGRAMMED BY: M.M.AHMED 

B. DUE TO THERMAL STRAIN IN'SHORT PIPE LEG 

1. DEPENDENT VARIABLE (B11) : 

B11 =0.22.in 

2. DEPENDENT VARIABLE (B12) : 

- L2 B12=- 
A.E 

B12 =-1.578.106 .!!! 
lb 

3. DISPLACEMENT AT BEND (61=inches) 

B11 61z- 
1 - B12.At 

61 =0.179.in 

4. SHEAR FORCE IN TRANSVERSE LEG (Vl = Lbs) : 

VI zAt.61 

VI =2.63*104 *Ib 

5. MOMENT IN BEND (Ml=in.tbs) : 

MlzA21.61 

MI =5.415.104 *in.lb 

6. SHEAR IN LONGITUDINAL LEG M=Ibs )  : 

V2 -ht.M1 

V2 =2.364.103 -1b 

7. DISPLACEMENT STRESS AT BEND (Sel= Psi) : 

Sel =6.353*103 -'b 
in2 



STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED BY: M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Set-Se + Sel 

Set =2.38.104 
in2 

< 

SL = 1.922.103 .'b 
in2 

Sa-F.(l.Zj.(Sc + Sh) - SL) 

Sa =4.808.104 
in2 

CONCLUSION PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

HNF-2473, Rev. 0 
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[ I l l  Froin: C D (Dean) Jones a t  -UHC61 3/28/94 2:28PM (864 bytes: 9 I n )  
To: Mohainzed M Ahesd ?t -KEE8, Dienna L Stone a t  -KEH13, Donald J J r  Macisaac, 
,Danny L Evans EL -f.?l@, C D (Dean) Jones 

~ j e c t :  DESIGN PRESSURE FOR S L U R R Y  AND SLUICE PUI'tPS - . . . . . . . . . . . . . . . . . . . . . . . . . . .  Message Contents _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
N E  WILL USE 750' SHUTOFF HEAD AS THE INTERNAL DESIGN 
PRESSURE FOR PURPOSES OF STRESS ANALYSIS. VHILE IT IS TRUE 
THAT THE PRIMARY PIPE WOULD EXPERIENCE A PRESSURE OF 1.5 
TIMES THIS DURING TESTING, THERE WOULD BE NO OTHER STRESSES 
ENCOUNTERED AT THAT TIME AND THE PRESSURE WOULD BE BOTH 
INTERNAL AND EXTERNAL. YOU MIGHT RUN A SINGLE CASE OR DO A 
HAND CALC FOR THE EXTERNAL TEST PRESSURE TO ASSURE DAN THAT 
THE PIPE WILL TAKE IT. AND LET K E  SAY, "IT'S BEEN GOOD 
TYPING TO YOU". 

HNF-2473, Rev. 0 
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PIPE CODE M-26a 

Service:  Max. Operat ing Pressure:  Max. Operat ing Temp: 

Pr icess  Line Encasment  60 ps ig  365 F 
Encasement Drains. 60 p s i g  365 F 

.I-- - 

Size  : All ' 

Pipe Grade : Carbon S t e e l ,  ASTM A 53, ppe .7 ,  Grade B,  o r  ASTM A 106, 
: Grade B.  F 

Wall : Schedule 40 
Thickness 

F i t t i n g s  : Wrought carbon s t e e l ,  ASTM A 234, Grade WPB, but twelding 
: i n  accordance w i t h  ANSI 816.9. Schedule t o  match pipe.  

F1 anges 

Bolt ing 

Gaskets : Compressed asbes tos  1/16". Use' f u l l  f a c e  gaske t  w i t h  

: Class  150 forged s t e e l ,  ASTM A 105 weld neck i n  accordance 
: w i t h  ANSI 816.5. 

: Carbon s t e e l ,  heavy hex head s e r i e s  b o l t s ,  ASTM A 307, 
: Grade B and heavy hex nuts, ASTM A 563, Grade A.  

: f l a t  face  f langes .  
: US Rubber 899. 

Bore t o  match pipe ID. 

Garlock No. 900, Johns Mansville 61, 

GS15499.SP.90 15499 - 26 
HNF-2473, Rev. 0 
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PIPE CODE M-9 

Service: 

1'2 c u 5 m 
Genineral ize Water 

Max. Operating Pressure: 

-29" Hg 
100 psig 

Max. Operating Temp: 

100 F 
150 F 

Sizes : 3/4" through 12" 

P i p e  

Hal I 
Thickness : Schedule 40s 

: Stainless steel, ASTM A 312, Grade TP 304L, seamless. 

Fittings : Stainless steel, buttwelding in accordance with ANSI B16.9 
: and ASTM A 403, Class WP 304L, wall thickness t o  match pipe. 

GS15499.SP.90 15499 - 24 



- DON'T SAY I T  - - -  Write I t !  DATE Apr i l  12. 1934 

TO C.D Jones FROM G.J .  Peter Y' 
cc: D.L. Evans 

SUBJECT EARTH COVER SHIELDING THICKNESS FOR C-FARM P I P I N G  

Based on F ina l  ,Calculation,~~320-33-004 - "Earth Cover Shielding Thickness 
f o r  C-Farm Piping". fo l low ing  i s  the  minimum earth cover required f o r  
rad ia t i on  shielding : 

. Between Farms - 36" (inches) 

. I n  Tank Farm - 24" (inches) 

The ear th  cover thickness would be higher due t o  other requirements. 

I + "TO MAKE LIFE LAST, PUT SAFETY FIRST" + 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED B Y  
M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE Ah3 COMPUTATION 
OF WDEPEhQENT VARIABLES. 

1. SEISMlC SOLLSTRAIN.(&m) : 
Vm 
2 - c  

&mz- 
REF: 2 ON COVER SHEET 

Em =2.4.10-4 

2.  SUBGRADE REACTION MODULUS. ( K = LBS/W3) : 

K=5.702.103 
in3 

3. SPRING CONSTANT. (S = LBS/WZ) : 

SI  K.D 

S =3.778.104 .: 
in 

4. SYSTEIM CHARACTERISTIC ( h = W-1 ) : 

Ib f = 2 4 . 4 1 9 . ~  

6. MAXlMUM SLIPPAGE LENGTH ( Lm = IN ) : 
111 

E Lm=&mA- 
f 

Lm = ~ 5 6 6 . 1 0 ~  .in 

7. MAXIMUM AXbU FORCE ( F = LBS ) : 

F=fiLm 

F =3.833-104 .Ib 



STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY: 
M.M.AHMED 

8. MrhliWUM TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN) : 

REF: 2 ON COVER SHEET 

NOTE: SINCE ALL PIPE RlJh'S WILL GEh'ERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFJED AND ALL CONSTAhTS C1 THRU C6 IN SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0. THEREFORE THE FOLLTVB'G 
FORMILAS ARE MODIFIED USJNG TRE VALUES OF CONSTANTS AS 1.0 

9. mDEPEh4ENT VARIABLE ( a21 ) : 

a21 =4.276-105 -1b 

10. IhQEPEh'DEW VARIABLE (a31 ) : 
S 

a31=-- 
2.). 

5 lb a31 =3.228*10 
In 

11. INDEPEhmENT VARIABLE (a32 ) : 

a32sA 

a32 =0.059 .in- ' 
12. JXDEPENDENT VARIABLE ( a  ) : 

aza31 +a21.a32 

13. SEISMlC EFFECTIVE LENGTH f Les = IN : 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE I 

PROGRAMMED BY: 
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMEhTS AND STRESSES IN PIPE BEND. 

1. DEPENDENT VARIABLE (all) : 

a l l  =0.146.in 

2. DEPENDENT VARIABLE (a121 : 

-L 
A.E 

a123- 

a12 =-5.165.104 
lb 

3. DISPLACEMEW AT BEND (S = inches) : 

a l l  SI-- 
1 - a12.a 

S =0.052.in 

4. SHEAR lX TRANSVERSE LEG (Qt = LBS) : 

Q t z a S  

Qt =1.814*104 .Ib 

5. MOMENT IN BEND ( M = EV-LBS ): 

Mza21.6 

M =2.23.104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

@,ELM 

Qp =1.3O5*lO3 .Ib 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAlh'ED STRESSES. 
Socc. i Sall 

Sallz 1.33.Ej.Sh 

S0~~=5.409.10~ .& < Sall =2.261.104 .? 
in2 u: 

CONCLUSION PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. P W  VOLUME-77, JLME'83 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 / ER 4319 

FILE NAME: Nodepoint A114 -THERMAL 

2 6  
INPUTBY: D.L. STONE DATE 9 / 3 / 9 6  

HNF-2473, Rev. 0 
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Filename: A114-T 

PROGRAMMED BY: M.M. AHMED 
STAB. VERSION-0 
PAGE NO: 2 

STEP 1: 'I DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANJ TECH PAPER NO. 410,22nd PRW-1985 

PIPE M A T E R W  ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40: 

in 
n E 6.33.10. ',- 

(AK)  

lb 
sc = 20000.- 

in2 
lb Sh i 20000.- 
in2 

EJs0.85 

F=1.00 

h=- t'R'4 h=1.113 
(D - t)2 

1.65 ks- k=1.483 
h 

. 0.9 
F- i=0.839 

BEND SIZE 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE D L W T E R ,  IN 

PIPE WALL THICKNXSS, N 

PIPE METAL AREA, W 2  

hfOMENT OF INXRTIA, IN-4 

SECTION hlODULUS, IN-3 

BEND METAL AREA, W 2  

BEND SECTION MODULUS, W3 

PIPE BEND RADIUS, N (40" Radius, 90 degree B 

MODULUS OF ELASTICITY, PSI 

end) 

THERMAL EXPANSION OF ELASTICITY, INIINIF. 

BEiW ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Gi= 1.00 HNF-2473, Rev. 0 
Page 367 
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PAGE-3 

Filename: A114-T 
PROGRAMMED B Y  M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON & 'I??LSON, rnx GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c E 12000.3  
sec 

POI = 0.3 

Kds0.32 

~ ~ 0 . 7 5  

lb Eds62000.- 
in2 
Ib 

in3 
r d  E o . 0 6 ~ -  

SOIL SURFACE WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/lW3 

~ 2 :  sou DATA FOR STATIC ANALYSIS 

K s ~ 0 . 2 5  

ES I 21000.- 
lb 

in2 

rs E 0.066.- 
in3 

Ib 

H.36.h 

COEF O F  LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOU SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PEE,  IN . 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF: SDC-4.1 REV-11) 

age 0.12 

Vms 4 X . a g . E  
sec 
in Vm = 5.76 *- 
see 

COMPUTED TEIERhfAL EFFECTIVE LENGTH 

Let =2.714.103 .in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: A114-T 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A117 STAB Subroutine T-3 for TvDe 3 Bend Analysis 

For Calculation of Thermal Effective Length 

from Table 3, Classificm'oa of Legs: 

Let =2.714.103 .in 

2.(3.83) + 12.34 
L =((3.83)+3.(12.25)+2.88+1.62+3~(11)).A L t s  .A P- 2 
L =936.96.in L t = 120 .in P 

Since L p  (<) Let Since L t  (<) Let 

this is a case of SP Leg, therefore: t h s  is a case of SP Leg, therefore: 

SP: L1 = L p  SP: L 2 . = L t  

L1 =936.96.in L2 = 120 in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L1 s 936.96.h L2 s 120.in 

ANALYSIS RESULTS: 

Set =1.799-104 < ALLOWABLE 
in2 

Sa =4.808.104 *'b 
in2 

CONCLUSION 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY: M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
ATIEPEIU?)ENT VARIABLES. 

LTHEFWAL STRAIN ( & t  = IN/IN) 

s t - a ( T -  40.K) 

st =8.862.10'4 .'" 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBS/WJ ) : 

Kt = ~ 7 6 j . 1 0 ~  .E 
in3 

3. SPRWG CONSTAhT (St = LBS/IN"Z ) : 

StzKtD 

St = ~ 1 6 9 . 1 0 ~  .E 
in* 

4. SYSTEM CHARACTERISTIC ( A t  = INA-I) : 
0.25 

? d e  (&) 
?.t =0.044.in-' 

5. SOIL STATIC FRICTION ( ft = LBSlIN) : 

lb f t = 2 3 . 1 8 1 . ~  

6.  MAXIMUM SLIPPAGE LENGTH ( Lt = IN ) : 
111 

Lt =6.106-103 .in 

7. MAXIMUM AXIAL FORCE ( Ft = LBS ) : 

Ft I A.Lt 

Ft =1.416.105 .lb 



STAB. VERSION-0 
PAGE NO: 6 I 

PROGRAMMED BY: M.M. AHMED 

8. MLNIMUM LENGTH OF TRANSVERSE LEG ( It = IN ) 

1 t . l  
7.t 

REF: 2 ON COVER SHEET 

It =71.977+1 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS T I L L  
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. Ih'DEPEhVENT VARIABLE ( A21 ) : 

A21 =3.03.105 .lb 

10. INDEPENDENT VARIABLE ( A31 ) : 

Kt.D A31=- 
2.7.t 

A31 =1.339.105 
in 

11. INDEPENDENT VARIABLE ( A32 ) : 

A321ht 

A32 =0.044-in-' 

12. INDEPENDENT VARIABLE ( At ) : 

At .A3 1 .+ A21.A32 

At = 1.472*105 *'b 
in 

13. THERMAL EFFECTIVE LENGTH ( Let) : 

Let=2.714.1O3 .in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED B Y  M.M. AHMED 

THERMAI, Ah'ALYSIS OF PIPE BEhD AND COMPUTATION OF S H E A R  FORCES, 
MOhfENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG 
PIP'E LEG. 

LDEPENDENT VARAELE (All) : 

A1 1 = 0.161 .hi 

2.  DEPEhDENT VARIABLE (A121 : 

- L1 Al2=- 
A.E 

A12 =-S.866.106 
Ib 

3. DISPLACEMENT AT BEND (&=in) : 

A1 1 6t.- 
1 - A1Z.At 

Ft =0.411 *in 

4. S H E A R  M TRANSVERSE LEG (Vt=lbs) : 

VtzAt.Ft 

Vt =6.OSS.1O4 .lb 

5. MOMENT IN BEND (Mt=in.lbs) 

MtsA21.Ft 

Mt = 1.247.10' -in.lb 

6. S H E A R  IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp :ht.Mt 

Vp =S.441.103 -1b 

7. DISPLACEMfiNT STRESS AT BEhD ( Se = Psi ) 

N O m  THIS DISPLACEMENT 
Sezi. - +- STRESS AT BEND IS DUE TO 

STRAIN IN ONE PIPE LEG. 
COMl?UTE STRESSS DUE TO 
OTHER LEG AN9 ADD THESE 

(E) .", 
Se = 1.462-104 -2 

in2 TOGETHER. 
HNF-2473, Rev. 0 
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PAGE NO: 8 

PROGRAMMED BY M.M.AHI\IED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG: 

1. DEPENDENT VARIABLE (Bll) : 

B11 =O.lOS4n 

2.  DEPEhVEW VARIABLE (B12) : 

- L2 
B12=- 

A-E 

BIZ =-7~13 .10-~  
lb 

3. DISPLACEMEW AT BEND (SI =inches) 

B11 61%- 
1 - B12.At 

61 =0.09S.in 

4. SHEAR FORCE IN TRANSVERSE LEG (VI=Lbs) : 

VI =At.Fl 

V1 =1.395.104 *lb 

5. MOMENT IN BEND (MI=in.lbs) : 

Ml~A21.61  

MI =2.873.104 .in.lb 

6.  SHEAR IN LONGITUDINAL LEG (V2=lbs) : 

V2zAt.Ml 

V2 = 1.2S4.103 .lb 

7. DISPLACEMEW STRESS AT BEh?) (Sei= Psi) : 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED B Y  M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Sets Se + Sel 

SL = 1.922.103 .& 
Sa=F.(l.Zj.(Sc+'Sh) - SL) 

in2 

< Sa =4.sos.1o4 4 Ib 
Set = 1.799.10 .- 

in2 inz 

CONCLUSIOK PIPE DISPLACEhffiNT STRESSES SATISFY 
CODE B31.3-90 VQUlREhlENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BUlUED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR. M.M.AHMED 

PROGRAM VERIFIFR T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A117 - SEISMIC 

9 L5 
INPUTBY D.L.STONE DATE: 9 / 3 / 9 6  

CHECICEDBY C=&&e2 DATE: 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-2 

Filename: A117-S 
PROGRAMMED BY: M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POLK'DS, INCHES, RADJANS AND DEGREE F. 

A. PIPE DATA: (REFCRANX TECH PAPER NO:410,22nd PRINT-1985) 

PIPE MATERIAC: ASThl A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D.6.625.h 

t =0.280-in 

As5.S81.in2 

I I 28.14k4 

Z=8.496.in3 

A b-8.40.in2 

Z,z16.Sl.in3 

R ~ 4 0 . 0 0 . h  

lb Pz325- 
in2 

T.180.K 

lb sc~20000~-  

lb 
in2 

in2 
Sh. 20000.- 

Ej=O.S5 

h=- h=1.113 t.R.4 

(D - t)2 

' 1.65 k=- k=1.483 
h 

. 0.9 
1'- i=O.839 h0.66 

BEND SIZE 8" SCH 40 , RADIUS=40". . 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

P E E  METAL AREA, W 2  

PIPE hlOhffihT OF JhXRTIA, W 4  

PIPE SECTION MODULUS, W 3  

BEh'D hffiTAL AREA, IN-2 

BEh'D SECTION MODULUS, IN-3 

PIPE BEh'D RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 i- 1.00 

HNF-2473, Rev. 0 
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PAGE3 

Filename: A117-S 
PROGRAMMED B Y  M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON & W O N ,  INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

SOIL SHEAR WAVE VELOCITY, N S E C  in c I 12000.- 
sec 

POI.0.3 POISSON RATIO 

Kds0.32 

p r 0.75 

lb Ed=62000.- 
in2 
lb Td i 0.066.- 
in3 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAhflC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/IN^3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks~O.25 

lb 
Es~21000~- 

in2 

rs 0.066.- 
in3 

lb 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUP\?) MOTION 
(REF: SDC-4.1 REV-11) 

age 0.12 

Vm= 48. a g  
sec 

Vm = 5.76.A 
sec 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF ‘G‘ 

hMX GROUPXI VELOCITY, WSEC 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

HNF-2473, Rev. 0 
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STAB Subroutine T-2 for TvDe 2 Bend Analysis 

For Calculation of Seismic Effective Lensh:  

from Table 3, Classifiafion of Legs: 

Lt~(2,(3.83)  + 12.34).fi . 

Lps2.(3.83 + 13.74 +6.(13.83)).fi 

Lt=240 . in  

L ~ 2 . 4 1 3 . 1 0 ~  .in 

2.Les = 1.65.103 .in 

P 

Since Lp (> or =) 2.Les, this b a case of LP Leg, therefore: 

LP: L '=  Les L =825.014.in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ls 825.014.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Socc =5.409.103 .2 < ALLOWABLE 
in2 

Sallz 1.33.Ej.Sh 

Sal1 =2.261.104 .'b 
in2 

CONCLUSION 

PIPE OCCASIONAL. STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2A: SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF m'DEPEh'DEhT VARIABLES. 

1. SEISMIC SOIL STRAW.( Em ) : 

Vm Em;- 2.c REF: 2 ON COVER SHEET 

2. SUBGRADE REACTION MODULUS. ( K = LBSIWS) : 

Ed 

K =5.702.103 .& 
in3 

3. SPRING CONSTANT. ( S = LBSIW2) : 

S.K.D 

S =3.778.104 
in 

4. SYSTEM CHARACTERISTIC ( h = IN^-I ) : 

0.25 

?*. (&) 
1. =0.059.in" 

5. SOIL FRICTION. 

Ib 
f =24.479-- 

in 
6.  MAXIMUM SLIPPAGE LENGTH ( Lm = I N )  : 

E Lm 5~m.A.- 
f 

Lm = 1 ~ 6 6 . 1 0 ~  *in 

7. MAXIMUM AXIAL FORCE ( F = LBS) : 

F=fiLm 

F =3.833.104 *Ib 

HNF-2473, Rev. 0 
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PAGE 6 

PROGRAMMED BY: 
M.M.AHMED 

8. MlhlMuhl TRANSVERSE LEG LENGTH REQUIRED ( I = IN) : 

R E F  2 ON COVER SHEET 1 2  
x 

1 =53.686%1 

NOTE: SINCE ALL PIPE RUNS WILL GEhXRALLY BE LONGER THAN5 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDING 
FORhITTLAE ARE EQUAL TO 1.0 . THEREFORE THE FOLLWING 
FORMULAS ARE MODIFIED USING TJ3E VALUES OF CONSTANTS AS 1.0 

9. INDEPEhBENT VARIABLE ( a21 ) : 

a21 =4.276.1OS .lb 

10. INDEPENDENT VARIABLE ( a31 ) : 
S 

a31e- 
2.A 

a31 =3.228.1O5 
in 

11. INDEPEh?)ENT VARIABLE (a32) : 

a32.L 

a32 = 0.059 .ii 

12. INDEPEh'DENT VARIABLE ( a ) : 

a = a 3 1 +  a21.a32 

a=3.478.105 
in 

13. SEISMIC EFFECTNE LENGTH ( Les = IN ) : 

Le+.;).[ (1 +2.Em;)o.s - 1]  

Les =825.014.h  

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 7 

PROGRAhMED B Y  
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS Ah?) CALCULATION OF SHEAR FORCES, 
MOMEhTS AND STRESSES IN PIPE BEND. 

1. DEPEhBEhT VARIABLE (all) : 

a l l  =0.146.h 

2. DEPENDENT VARIABLE (alZ) : 

-L  
A.E 

a125- 

a12 =-5.165.10d -2 
Ib 

3. DISPLACEMENT AT BEND (8 = inches) : 

a l l  S.- 
1 - al2.a 

6 =0.052.in 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qteab  

Qt = 1.814.104 *Ib 

5. MOMENT IN BEND ( M  = IN-LBS ): 

Mza21.S 

M=2.23.104 G l b  

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp2h.M 

Qp = 1.305.103 .lb 

HNF-2473, Rev. 0 
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PAGE 8 

PROGRAMMED BY 
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEIShlIC + SUSTAJNXD STRESSES. 
Socc < Sall 

P.D . M Qt 
4.t Z b A b  

Saccs- + 1'- + - Salls 1.33.Ej.Sh 

Socc=5.409.103 .&. < Sall =2.261.104 .&. 
in2 in2 

COWLUSION: PDPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rw. 0 
Page 383 



APPENDIX AI3 

NODEPOINT A1 17-sl-T 

HNF-2473, Rev. 0 
Page 384 



SEISMIC AND THERMAL STRESS ANALYSIS'OF BIJRlED PIPE 

SOURCES: 1. ASME PAF'ER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BUIUED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. FVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLlNG, SUPERWSWG ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A117 - THERMAL 



STAB. VERSION-0 
PAGE NO: 2 

Filename: A117-T 

PROGRAnlMED BY: M.M. AHMED 

STEP 1: " DESIGN DATA.'' 
ALL UNITS rtj POUNDS, mcms, RADMS ANXI DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER KO. 410,22nd PRINT-1985 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40 

D ~ 6 . 6 2 5 . h  

t.0.280-in 

A=5.581.in2 

I 28. 14.in4 

2 ~ 8 . 4 9 6 - h ~  

Ab=8.40-in2 

Zb=16.81.in3 

Rs40.00.h 

6 lb Es28.62.10 .- 
in2 

in a.6.33. 
(in.K) 

Ib Shs20000.- 
in2 

EJz0.85 

F e  1.00 
t.R.4 

(D - t)' 
hz- h = 1.113 

. 0.9 
I.- i=O.839 
h0.66 

BEND SIZE 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, N 2  

MOMENT OF INERTIA, IN^4 

SECTION MODULUS, N 3  

BEh?) METAL AREA, N 2  

BENI SECTION MODULUS, W3 

PIPE BEhXI RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, INIINIF. 

BEA9 ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEhPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILlTY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBEITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Di. 1.00 
HNF-2473, Rev. 0 
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Filename: A117-T 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INWSTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c. 12000.= 
sec 

POIz0.3 POISSON RATIO 

Kd z 0.3 2 

p ~ 0 . 7 5  COEF OF S O U  FRICTION 

Ib 
Ed ~62000,- . 2  I l l  

SOIL SURFACE WAVE VELOCITY, INISEC 

COEF OF LATERAL STRESS 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOU SPECPIC WT,LBS/IN^3 Ib 
rdsO.OG6.- . 3  in 

BZ: SOIL DATA FOR STATIC ANALYSIS 

K s z 0 . Z  

Ib Es dl000.- 
in2 

rSzo.o66.-- 
in3 

Ib 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS. PSI 

STATIC SOIL SPECIFIC WT, LBSIIN'3 

DEPTH OF BURIED PIPE, IN. 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag i 0.12 

Vrnd*& MAX GROUNV VELOCITY, INISEC 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

sec 
in Vm=5.76.- 
sec 

COMPUTED THERMAL EFFECTIVE LENGTH 

Jxt=2.714.1O3 *in 



STAB. VERSION-0 
PAGE4 

Filename: A117-T 
PROGRAMMED B Y  M.M.AHMED 

.................................................................................. 

AI14 STAB Subroutine T-3 for TvDe 3 Bend Analvsis 

For Calculation of Thermal Effective Length: 

A125 + = I S 7  
'2-+ 

from Table 3, Classificarion of Legs: I )  
A117 

t- L P - i  

Lpe(3.83 + 13.74+6-(13.83)).A Lt '  .ft 

L =1.207.103 .in 

Let =2.714.103 .in 
2.(3.83) + 12.34 

2 
L t  = 12o.in P 

Since L p  (<) Let Since L, (<) Let 

this is a case of SP Leg, therefore: this is a case of SP Leg, therefore: 

SP: LI . = L p  SP: L 2 ' = L t  

L1 =1.207.103 .in L2 = 120.in 

*************1**************i)*****I****%*~**********%j$****1******j****j****j*j*****j** 

L1 E 1207.h L2 5 120.h 

ANALYSIS RESULTS: 

Set = I.959.1O4 :& < ALLOWABLE Sa =4.808.104 .'b 
d in1 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUJREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY: M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED P E E  Ah?) COMPUTATION OF 
INDEPENDENT VARIABLES. 

2. SUBGRADE REACTION MODULUS ( Kt = LBSIEV3 ) : 

Kt =1.765.103 .-!! 
u? 

3. SPRING CONSTANT ( St = LBSIW2 ) : 

St=Kt.D 

St = 1.169-IO4 -E 
in2 

4. SYSTEM CKARACTENSTIC ( ht = w-x ) : 
0.25 

?.t I (&) 

5. SOIL STATIC FRICTION ( ft = LBSIIh' ) : 

1 +Ks 
2 

ft=x.D.-.Ts.H.p 

Ib A=23.181-7 

6. MAXLMUM SLIPPAGE LENGTH ( Lt = IN) : 
E Lt =ct.A.- 
A 

III 

Lt =6.106-103 -in 

7. MAxmlUhf AXIAL FORCE (F t  = LBS) : 

FtzA.Lt 

Ft = 1.416.105 *Ib 



STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY: M.M. A€JMED 

8. hCNMUh1 LENGTH OF TRANSVERSE LEG (I t  = IN)  

I t 2  
?.t 

REF 2 ON COVER SHEET 

It =71.977.in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL, 
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODlFIED ACCORDINGLY. 

9. EVVEPENDENT VARIABLE ( A21 ) : 

A21 =3.03.105 -1b 

10. INDEPENDENT VARIABLE ( A31 ) : 

Kt.D A31 I- 
2.xt 

A31 = 1.339.10' *E 
in 

11. EVVEPENDENT VARIABLE ( A32 ) : 

A32 = 0 . 0 4 4 . ~ '  

12. EVVEPENDENT VARIABLE ( At)  : 

AtzA31 +A21.A32 

At = 1.472.10' -fi 
in 

13. THERMAL EFFECTIVE LENGTH (Let ) : 

Let%--. A.E [ ( 1 +- 2.;At)0's - 1] 
At 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED BY M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

1.DEPEAVENT VARAlBLE (All) : 

A l l  =0.96-2% 

2. DEPENDENT VARIABLE (A12) : 

- L1 
AlZ=- 

A.E 

A12 =-7.557.10d .E 
lb 

3. DISPLACEMENT AT BEND (&=in) : 

AI 1 Sts- 
1 - A12.At 

St = 0.456 .in 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt =At.& 

Vt =6.716.104 -1b 

5. MOMENT IN BEND (Mt=in.lbs) 

MtzA21.St 

Mt = 1.383.1O5 G l b  

6. SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp =Xt.Mt 

Vp =6.035*103 *lb 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
SfRAIN IN ONE PIPE LEG. 
COMX'UTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. W - 2 4 7 3 ,  Rev. 0 
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PROGRAMMED BY. M.M.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG 

1. DEPENDENT VARIABLE (Bll) : 

B11 =0.105.in 

2.  DEPENDENT VARIABLE (BIZ) : 

- L2 B12z- 
A.E 

BIZ =-7.513.10-7 
lb 

3. DISPLACEMEhT AT BEND (61=inehes) 

4. SHEAR FORCE IN TRANSVERSE LEG (VI =Lbs) : 

VI=A1.61 

VI = ~ 3 9 5 . 1 0 ~  .lb 

5. MOMENT IN BEND (Ml=in.lbs) : 

MI zA2141 

MI =2.873-104 &lb 

6. SHEAR IN LONGITUDINAL LEG (VZ=lbs) : 

v 2  .ht.M1 

‘VZ =1.254.103 .lb 

7. DISPLACEMENT STRESS AT BEND (Sel= Psi) : 

Sel =3.37.103 -2 
in2 



STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED BY: M.M.AHI\ED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Set-Se i Sel 

Set = 1.959.104 .& 
in* 

< 

SL = 1.922.103 -& 
in2 

SazF,(1.25.(Sc + Sh) - SL) 

Sa =4.808.104 .!?. 
in* 

CONCLUSION PIPE DISPLACEh5NI’ STRESSES SATISFY 
CODE B31.3-90 REQUIREMEWS. 

HNF-2473, Rev, 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURlED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER COW. PVP VOLUME-77, JUNJl'83 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERLFER: T.J.SCHALL. 

JOB OR WORK ORDER N O  W 320 I ER 4319 

FILE NAME: Nodepoint A133 - SEISMIC 
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STAB. VERSION-0 
PAGE-2 

Filename: A133-S 
PROGRAMMED BY: M.M.AHMED 

STEP 1: "DESIGNDATA." 
ALL UNITS IN  POUNDS, n'CHES, RADIANS Ah?) DEGREE F. 

A. PIPE DATA: (REF:CRAh'E TECH PAPER N0:410,22nd PRINT-1985) 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE: 6" SCH 40. 

D.6.625.in 

t =0.280.in 

A-5.581.in2 

Is28.14.in4 

Zz8.496.in3 

Abs8.40.in2 

Zbs1681,in3 

Rz40.00.in 

E=28.62.106.E 
in2 

Ib Pz325- 
3 

T= 18O.K 

lb 
scs 20000~- 

lb 
Shz20000.- 

in2 

in2 
EjzO.85 

h=- h =1.113 t.R.4 

(D - t)' 

k.1.65 k = 1.483 
h 

. 0.9 
1'- i=O.839 

h0.66 

BEA" SIZE: 8" SCH 40 , RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKMESS, IN 

PIPE h 5 T A L  AREA, EV2 

PIPE MOMENT OF INERTIA, EV4 

PIPE SECTION MODULUS, M*3 

BEND hlETAL AREA, INLN^?, 

BEAB SECTION MODULUS, EV3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERhUL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 AF'PDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.O i- 1.00 

HNF-2473, Rev. 0 
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Filename: A133-S 
PROGRAMMED B Y  M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON & WILSON, mc GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

SOIL SHEAR WAVE VELOCITY, hWEC in c = 12000~- 
sec 

POIz0.3 

Kds0.32 

p z 0.75 

Ib 
Ed=62000.- 

in* 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBSIIN^3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  

Ib Es 521000.- 
in2 

rs I 0.066--- 
in3 

lb 

H.36.h 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag z 0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'GI 

hzAx GROUND VELOCITY, INISEC in 
Vmz48,ag- 

sec 

Vm=5.76-& 
sec 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.0144n 

HNF-2473, Rev. 0 
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STAB Subroutine T-2 for TvDe 2 Bend Analvsis 

For Calculation of Seismic Effective Length 

from Table 3, Classificatim~ of Legs: 

Lt~(2 . (3 .848)  + 9.384).A , 

Lpz2.(3.83 + 13.74 + 6.(13.83)).A 

L = 204.96 .in 

L =2.413.103 .in 

2.Les = 1.65.103 .in 

P 

Since L (> or =) 2.Les, this is a case of LP Leg, therefore: P 

LP: L ' =  Les L = 825.014 .in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L.825.014.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Socc =5.409.103 *'b < ALLOWABLE 
in2 

Sails 1.33.Ej.Sh 

Sail =2.261-104 -'b 
in2 

CONCLUSION: 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

HNF-2473, Rw. 0 
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PROGRAMMED BY: 
M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AN9 COBPUI?ATION 
OF Ih?)EPEh'DENT VARIABLES. 

1. SEISMIC SOJLSTRAE%(&m) : 

Vm 
a n a -  

2. c REF 2 ON COVER SHEET 

Em =2.4.10-4 

2. SUBGRADE REACTION MODULUS. ( K = LBS/IN^3) : 

Ed 

K = 5.702.103 .? 
in3 

3. SPRING CONSTAhT. ( S = LBSIWZ) : 

SzK.D 

S =3.778.104 
in2 

4. SYSTEM CHARACTERISTIC ( h = IN -̂1 ) : 

0.2s (&) 

5. SOIL FRICTION. 

1 +Kd f-pD.-. Td.H.p 
2 

lb f = 2 4 . 4 7 9 . ~  

6. MAXlMXM SLIPPAGE LENGTH ( Lm = JN ) : 
In 

E Lm r &mA. - 
f 

Lm = 1.566.103 .in 

7. MAXIMUM AXIAL FORCE ( F  = LBS) : 

FzfiLm 

F =3.833-104 -1b 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY. 
M.M.AHhCED 

8. MJNJMUM TRANSVERSE LEG LENGTH REQUIRED ( I  = IN ) : 

REF 2 ON COVER SHEET 1 2  
I. 

1 = 53.686 .in 

NOTE: SINCE ALL PIPE RUM WILL GENERALLY BE LONGER THAN, 
"l", IT IS ASSUn5D THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTAhTS C1 THRU C6 IN SUCCEEDIN'G 
FORMULAE ARE EQUAL TO 1.0. THEREFORE THE FOLLWJNG 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. NDEPEA'DENT VARIABLE ( a21 1 : 

a21 =4.276.1O5 .lb 

10. INDEPEADENT VARIABLE ( a31 ) : 

S a312- 
2.h 

a31 =3.228.105 
in 

11. WEPENDENT VARIABLE ( a32 ) : 

a32 s h 

a32 =0.059-in-* 

12. INDEPENDEm VARIABLE ( a ) : 

asa31+ a21.a32 

a =3.478.105 
in 

13. SEIShlIC EFFECTIVE LENGTH ( Les = JH ) : 

Les =825.014*in 

HNF-2473, Rev, 0 
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STAB. VERSION-0 
PAGE 7 

PROGRAMMED BY: 
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPENDENT VARIABLE (all) : 

a l l  =0.146+1 

2. DEPENDENT VARIABLE (a12) : 

a125- -L 
A.E 

a12 =-S.16S.1O6 -2 
lb 

3. DISPLACEMENT AT BEAD (6 = inches) : 

a l l  6.- 
1 - al2.a 

6 = 0.052 .in 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qtza.6 

Qt = 1.814.104 .lb 

5. MOMENT IN BEND (M = IN-LBS ): 

M~a21.6  

M=2.23-104 h l b  

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

0JZX.M 

Qp =1.3OS.1O3 -1b 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < SaU 

Sall- 1.33.Ej.Sh 

Sall =2.261.104 3 lb Socc=5.409~10 .- < 
in2 ii? 

CONCLUSIOW PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMEhTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERBlAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. P W  VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FJLE NAME: Nodepoint A133 -THERMAL 



Filename: A133-T 

PROGRAMMED BY: M.M. AHMED 
STAB. VERSION-0 
PAGE NO: 2 

STEP 1: I' DESIGN DATA." 
ALL UNITS IN POuI\?)S, JhTXES, RADIANS Ah- DEGREE F. 

A. PIPE DATA. REF: CRA3'' TECH PAPER NO. 410,22nd PRINT-1985 

PIPE MATERIAL ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

t.0.280-in 

Ez28.62, 106.1b 
in2 

$ 5  1.57,rad 

lb Ps32.5- 
d 

T* 180.K 

lb scs20000~- 

lb 
in2 

in2 
Shz20000.- 

EJs0.85 

F =  1.00 

h=- h=1.113 t.R.4 

(D - t)2 

k = 1.483 1.65 
h 

k=- 

. 0.9 
LE- i=0.839 

,,0.66 

BEAD SIZE: 8" SCH 40, RADIUS= 40" 

PLPE OUTSIDE DIAMETER, N 

PIPE WALL THICKNXSS, IN 

PIPE METAL AREA, N ^ 2  

hlOhlEhT OF IXTRTIA, W4 

SECTION MODULUS, W 3  

BEhB METAL AREA, W 2  

BEhB SECTION MODULUS, N*3 

PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend) 

hlODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, ININIF. 

BEND ANGLE N RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oi= 1.00 HNF-2473, Rev. 0 
Page 405 



STAB. VERSION-0 
PAGE-3 

Filename: A133-T 
PROGRAhIMED B Y  M.M.AHI\IED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON & WILSON, mc GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMlC ANALYSIS 

c : 12000 2E 
sec 

POI.0 3 POISSON R4TIO 

KdsO 32 

pz075 COEF OF SOIL FRICTION 
lb Ed z 62000 - 

SOIL SURFACE WAVE VELOCITY, WSEC 

COEF OF LATERAL STRESS 

DYNAMIC ELASTICITY MODULUS, PSI 
III 

lb rh.0 066 - DYNAMIC SOIL SPECIFIC WT,LBS/W3 
u1 

BZ: SOIL DATA FOR STATIC ANALYSIS 

Ks-0.25 

lb Es =ZlOOO.- 
in2 
lb rszo.066.- 
in3 

H.36.h 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS. PSI 

STATIC SOIL SPECFIC W!?, LBSIIWJ 

DEPTH OF BURIED PIPE, IN. 

C: SEISMlC RESPONSE FOR GROUhD MOTION 
(REF SDC-4.1 REV-11) 

ag 0.12 

Vrn= 4 8 . a g z  
sec 

in Vm = 5.76 .- 
see 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

&LAX GROUND VELOCITY, IN/SEC 

COhfPUTED THERMAL EFFECTIVE LENGTH 

Let =2.714*103 .in 



STAB. VERSION-0 Filename: A133-T 
PAGE-4 PROGRAMMED B Y  M.M.AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB Subroutine T-3 for Tvne 3 Bend Analvsis A135 

For Calculation of Thermal Effective Length: 

from Table 3, Classificolion o f l e g s :  

Let =2.71+103 .in 

LPz(3.83 + 13.74 i6.(13.83)).ft 

L =1.207.103 -in P 

Since L P  (<) Let 

this k a case of SP Leg, therefore: 

SP: L1 = L p  

L1 = 1.207.103 .in 

2.(3.848) + 9.384 
2 

LtS .ft 

L = 102.48 .in 

Since L t  (<) Let 

this is a case of SP Leg, therefore: 

SP: L2 = L t  

L2 = 102.48.in 

ANALYSIS RESULTS: 

Set = 1.91S.104 .'b < ALLOWABLE 
in2 

Sa =4.808.104 .'b 
in2 

CONCLUSION 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY: hf.hf. AWlED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
Ih’DEPEADENT VARIABLES. 

I.THERM.~L STRAIN ( s t  = w m )  

& t = a ( T -  40-K) 

-4 ii 
. st =8.862.10 .- 

in 

2.  SUBGRADE REACTION hfODULUS ( Kt = LBSlW3 ) : 

Kt = 1.765.103 .& 

3. SPRTNG CONSTAhT ( St = LBSIWZ ) : 

in3 

St 3 Kt.D 

St = 1.169-104 
in2 

4. SYSTEM CHARACTERISTIC ( h t  = IN*-1 ) : 
0.25 

It-. (&) 
ht =0.044.in’ 

5. SOD; STATIC FRICTION ( ft = LBSlM) : 

Ib 
A=23.181.- 

in 

6. MAXIMUM SLIPPAGE LENGTH ( U = M ) : 
E Lt-&t.A.- 
A 

Lt =6.106.103 .in 

7. MAXIMUM AXIAL FORCE ( F t  = LBS) : 

Ft E A,Lt 

Ft = ~416.10~ .Ib 



STAB. VERSION-0 
PAGE NO: 6 

PROGRAhDED BY: M.M. AHMED 

8. MJNrrmml LENGTH OF TRANSVERSE LEG ( It = IN) 

1 1 2  REF: 2 ON COVER SHEET 
At 

It =71.977.h 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS W L L  
GEhTERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. IN?)EPEA?)ENT VARIABLE ( A21 ) : 

A21 =3.03.105 -1b 

10. INBEPEhBEW VARIABLE ( A31 ) : 

Kt D A j i  < _ _  
2 . h  

A31 =1.339*105 .E 
in 

11. INBEPENDEW VARIABLE ( A32 ) : 

A3212 

A32 =0.044-h-l 

12. INDEPEhBENT VARIABLE ( At ) : 

AtsA31 +A21.A32 

At = 1.472.10' -2 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let=2.714.lO3 *in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED B Y  M.M. AHh5D 

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BE&?). DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

1.DEPENDENT VARAIBLE (All) : 

A1 1 = 0.964 .in 

2. DEPEhTENT VARIABLE (A12) : 

- -L1 A12=- 
A.E 

A12 =-7.557.10'6 ." 
Ib 

3. DISPLACEMENT AT BEh' (St=in) : 

A1 1 6t.- 
1 - A12.At 

6t ~ 0 . 4 5 6 %  

4. SHEAR IN TRANSVERSE LEG (vt=lbs) : 

VteAt.6t 

Vt =6.716-104 .Yo 

5. MOhfENT IN BEND (Mt=in.lbs) 

MtzA21.St 

Mt =1.383*105 .in.lb 

6.  SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp =?.t,Mt 

Vp =6.035.103 *lb 

7. DISPLACEMEh'T STRESS AT BEhB ( Se = Psi ) 

Se = ~ 6 2 2 . 1 0 ~  .& 
in2 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. 



STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED BY: MMAHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE L E G  

1. DEPENDENT VARL4BLE (B11) : 

B11 =0.09%1 

2. DEPENDENT VARIABLE (Bl2) : 

- L2 
B12z- 

A.E 

B12 =-6.416.10-7 .'" 
lb 

3. DISPLACEMENT AT BEND (61 =inches) 

B11 61 3- 
1 - B12.At 

61 =0.082.in 

4. SHEAR FORCE IN TRANSVERSE LEG (Vl=Lbs) : 

V1 =At,61 

V1 =l.211.104 .lb 

5. MOMENT W BEND (Ml=in.lbs) : 

MlzA21.61 

M1 =2.493*104 *in.lb 

6. SHEAR IN LONGITUDINAL LEG (VZ=lbs) : 

V2 zht.Ml 

V2 = l.088.103 .lb 

7. DISPLACEMENT STRESS AT BEND (.$el= Psi) : 

Sel =2.925-103 
in* 

HNE-2473, Rev. 0 
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STAB. VERSION-0 
PAGE N O  9 

PROGRAMMED B Y  M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

SetESe + Sel 

SL = 1.922.103 .'b 
Sa=F.(I.Zj.(Sc + Sh) - SL) 

u? 

Set = 1.915.104 .-!k < Sa =4.808.104 
in2 in2 

COKCLUSION PIPE DISPLACEh5NT STRESSES SATISFY 
' CODE B31.3-90 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AM, THElZMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING EXGNEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-7% 

PROGRAM VERSION 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER N O  W 320 I ER 4319 

FILE NAME: Nodepoint A135 - SEISMIC 

INPUT BY: D.L. STONEyL' DATE 9 I 3  I 9 6  

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-2 

Filename: A135-S 
PROGRAMMED B Y  M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADkYS Ah" DEGREE F. 

A. PIPE DATA: (REFCRANE TECH PMER NO:410,22nd PRJNT-1985) 

PIPE MATERL4L ASTM A53, TYPE E, GR B. SCH 40 

$z1.57~ad 

lb PI 325-- 
in2 

Ts 180.K 

lb 
sc~20000~-  

lb 
3 

in2 
Sh. 20000.- 

Ej 50.85 

h = 1.113 t.R.4 h=- 
(D - t)' 
1.65 k=- k=1.483 
h 

, 0.9 
1'- i=O.839 
h0.66 

BEAD SIZE: 8" SCH 4 0 ,  RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE h5TAL AREA, IN'2 

PIPE MOhEAT OF JKERTIA, W4 

P P E  SECTION MODULUS, IN-3 

BEA'D METAL AREA, ET2 

BEAD SECTION hIODULUS, W 3  

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

hIODLLG> 07 ELASTICITY, PSI 

THEFMAL EIOPMSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEhfPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

~ E X I B I L I T Y  FACTOR 

SJF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.O iz1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: A135-S 
PROGRAMMED BY: MALAHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON & WILSON, Ih% GEOTECH INWESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

ln c: l2000 - 
sec 

POI.0 3 POISSON RATIO 

Kd.032 COEF OF LATERAL STRESS 

~ ~ 0 7 5  COEF OF SOIL FRICTION 
lb Ed.62000 - 
in 

SOIL SHEAR WAVE VELOCITY, IN/SEC 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNkkUC S O L  SPECIFIC WT.LBS/INA3 
lb r d  o.0~6.- 
in3 

BZ: SO= DATA FOR STATIC ANALYSIS 

Ks~0 .25  

Ib 
Es =21000--- 

in* 

rsso.055.- 
in3 

lb 

H ~ 3 6 . h  

COEF OF LATERAL STRESS 

STATIC ELASTICITY RIODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIWJ 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF: SDC-4.1 REV-11) 

a g e  0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

in Vms48,ag- 
sec 

in Vm = 5.16 .- 
see 

R f A X  GROUND VELOCITY, IN/SEC 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014%1 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: A135-S 
PAGE-4 PROGRAMMED B Y  hl.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A133 
STAB Subroutine T-2 for TvDe 2 Bend Analvsk 

For Calculation of Seismic Effective Length 

from Table 3, Classifcarion of Legs: A135 

Lts(2.(3.848) + 9.384).!? 

LPs2.(3.83 + 13.75 + 6-(13.83)).!? 

L =204.96 .in 

L p  =2.413.103 .in 

2-Les =1.65.103 .in 

Since L (> or =) 2.Les, this is a case of LP Leg, therefore: P 

LP:. L ' =  Les L =825.014.in 

*******%***************************************%****%****************************** 
LE 825.014.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Socc ='S.4O9.1O3 .'b < ALLOWABLE 
in2 

Sall- 1.33.Ej.Sh 

Sall =2.261.104 .'b 
in2 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMEWS 



STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.hl.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AID COIMPUTATION 
OF INDEPENDENT VARJABLES. 

1. SEISMIC SOIL STRAIN.( Em) : 
Vm 

Ems- 
2.c REF 2 ON COVER SHEET 

2. SUBGRADE REACTION MODULUS. ( K = LBS/LT^J) : 

K =5.702.103 .'b 
in3 

3. SPRING CONSTAXT. ( S = LBS/IX'Z ) : 

SsK.D 

S =3.778.104 
d 

4. SYSTEM CHARACTERISTIC ( h = N - I  ) : 
0.25 ?-=(&) 

h =0.059 .in- 

5. SOIL FRICTION, 

f:nD.-. +Kd  rd.H.p 
2 

lb 
f =24.479.: 

in 

6. MAXIMUM SLIPPAGE LENGTH ( Lm = nY) : 

Lm = 1 ~ 6 6 . 1 0 ~  *in 

7. MAXlMUMAILIALFORCE ( F  = LBS) : 

Fsf.Lm 

F =3.833.104 -1b 



STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY 
M.M.AHMED 

8. MlAlMUM TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN ) : 

1 2  
?. 

R E F  2 ON COVER SHEET 

1 = 53.656 .in 

NOTE: SIN'CE ALL PIPE RUNS WILL GEhXRALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRAMVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED Ah9 ALL COKSTAhTS C1 THRU C6 IN SUCCEEDlXG 
FORMULAE ARE EQUAL TO 1.0. THEREFORE? THE FOLLWING 
FORhKbAS ARE MODIFIED USIXG THE VALbiS OF CONSTANTS AS 1.0 

9. INBEPEADENT VARIABLE ( a21 ) : 

a21 =4.276.1O5 .lb 

10. JNDEPEhXIEYT VARIABLE ( 61 ) : 
S a31=--  

2 .x  

a31 =3.228.105 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32 i ?. 

a32 =0.059.in.' 

12. INDEPENDENT VARIABLE ( a ) : 

asa31 + a21.a32 

a =3.478-105 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

Les =825.014.in 



/- 

STAB. VERSION-0 
PAGE 7 

PROGRAMMED BY: 
M.M.AHMED 

STEP 3B: SEISMIC WALYSIS Ah?) CALCULATION OF SHEAR FORCES, 
hfOhlEhTS Ah3 STRESSES IN PIPE BEhl). 

1. DEPEhDEhT VARIABLE (all) : 

a l l = & m L -  fi- ( 2 . 3  

a l l  =0.146.in 

2. DEPEhQENT VARLLBLE (al?) : 

-L  a122- 
A,E 

a12 =-5.165-106 
lb 

3. DISPLACEhlENT AT BEh?) (6 = inches) : 

a l l  6.- 
1 - a12.a 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qtza.6 

Qt = 1.814*104 .lb 

5. MOMENT IN BEND ( M = IN-LBS ): 

Msa21.S 

M=2.23*104 +lb 

6.  SHEAR IN LONGITUDINAL LEG ( QP = LBS ) : 

0J.h.M 

Qp =1.305-103 4b 



STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
hf.M.AHMED 

I. CODE B31.3 COMPLWCE FOR SEISMIC + SUSTAINTD STRESSES. 
Socc < Sal1 

3 Ib Socc=5.409.10 .- < 
in2 

Sal15 1.33.Ej.Sh 

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rev, 0 
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SEISMIC Ah9 THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
Ah9 THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM ALTEG?.: M.h:.AHMED 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A135 - THERMAL 

D L5 
INPUTBY D.L.STONE- DATE 9 / 3 / 9 6  
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Filename: A135-T 

PROGRAMMED BY: M.M. AHMED 
STAB. VERSION-0 
PAGE NO: 2 

STEP 1: " DESIGN DATA." 
ALL UNWS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANX TECH PAPER NO. 410,22nd PRINT-1985 

PIPE MATERIAL ASThl A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

4 s  1 . 5 7 ~ a d  

lb P=325- 
in2 

Tz 180.K 

lb sc~20000~-  
in2 
lb 

Sh? 20000.- 

EJ=O.85 

Fs1.00 

in2 

h=1.113 t.R.4 h=- 
(D - t)' 

1.65 
h 

k=- k=1.483 

i =0.839 , 0.9 
12- 

h0.66 

BEh'D SIZE 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICIKESS, IN 

PIPE METAL AREA, IN-2 

ivo;\m-r OF LVERTIA, w4 

SECTION MODULUS, N 3  

BEA?) METAL AREA, I N 2  

BEh?) SECTION MODULUS, N 3  

PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEhlPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ACLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SJF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oi= 1.00 



STAB. VERSION-0 
PAGE-3 

Filename: A135-T 
PROGRAMMED BY M.ILI.AHI\ED 

B: SODL CHARACTERISTICS 
(REF SHANh!ON & WESON, IXC GEOTECH LzNESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c l Z 0 0 0 . ~  
sec 

POI.O.3 POISSON RATIO 

Kd.0 32 

SOIL SURFACE WAVE VELOCITY, WSEC 

COEF OF L.4TERAL STRESS 

E 0.75 

Ib Ed i 62000.- 
in2 

in3 

Ib Td z 0.0GG.- 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/WJ 

B2: SOU DATA FOR STATIC AVALYSIS 

Ksz0.25 COEF OF LATERAL STRESS 

lb Es z 21000.- STATIC ELASTICITY MODULUS, PSI 
in2 

rs = 0.066.- 
in3 

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PIPE, IN. 

Ib 

Hs36.h 

C: SEISMIC RESPONSE FOR GROUNI MOTION 
(REF: SDC-4.1 REV-11) 

ag z 0.12 

Vme 48 .ag .E  
sec 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, J.N/SEC 

Vm = 5.76 
sec 

COhlPUTED THERMAL EFFECTIVE LENGTH 

Let =2.714*103 -in 
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STAB. VERSION-0 Filename: A135-T 
PAGE-4 PROGRAMMED B Y  M.ILI.AHI\IFD 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB Subroutine T-3 for Tvue 3 Bend Analvsis 

For Calculation of Thermal Effective Length 

A133 

'k' $A143 6=1.57 from Table 3, Class~icatioil OfLegS: I )  
,4135 +- Lp ---/ 

Let =2.714.103 .in 

L =(3.83 i 13.75 i 6.( 13.83)).fl 

L =1.207.103 -in L = 102.48 .in 

2.(3.818) T 9.381 
2 

L,. -fl 
P -  

P 

Since L p  (-4 Let Since L t  (<) Let 

this is a case of SP Leg, therefore: 

SP: L1 : = L  

this is a case of SP Leg, therefore: 

SP: L 2 ' = L t  
P 

L1 = 1.207*103 .in L2 = 102.48 .in 

*****************************~********~*********$****%******%********$*%********* 
L1 I 1207.h L2= 102.48.in 

ANTALYSIS RESULTS 

Set = 1.915-104 < ALLOWABLE Sa =4.808.104 *'b 
in= . l  In. 

CONCLUSION 

PIPE DISPLACEh5NT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 



STAB. W3RSION-0 
PAGE NO: 5 

PROGRAMMED BY: M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED P P E  AND COMPUTATION OF 
IN?)EPENDENT VARIABLES. 

2.  SUBGRADE REACTION MODULUS ( Kt = LBSIW3 ) : 

Kt = 1.765.103 
in3 

3. SPRING CONSTANT ( St  = LBSIIN-2 ) : 

StzKt.D 

St = 1.169.104 
3 

4. SYSTEM CHARACTERISTIC ( ht  = IN^-1 ) : 

0.2s 
?.ts (&) 
Xt =0.044*S' 

5. SOIL STATIC FRICTION ( ft = LBS/IN ) : 

f t . a D . E . r p H . p  
2 

Ib 
ft=23.181*7 

6. MAXIMUM SLIPPAGE LENGTH ( Lt = IN) : 
In 

E Lt =&tA.- 
ft 

Lt =6.106*103 *in 

7. MAXIMUM AXIAL FORCE (Ft = LBS) : 

Ft i &Lt 

Ft = 1.416-105 *Ib 



STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY: M.M. AHMED 

8. MINIMUhf LENGTH OF TRAKSVERSE LEG ( It = IN) 

I t 2  
?.t 

REF 2 ON COVER SHEET 

It =71.911.in 

ASSUhlED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GEATRALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AN3 FORMULAE 
ARE MODIFIED ACCORDm'GLY. 

9. m'DEPEA?)EhT VARIABLE ( A21 ) : 

3 - '  k.R.6 4 . i ~  ( E.1 Kt.D) 
A21 Z h t .  - + - 

A21 =3.03.105 -1b 

10. INDEPEh'DENT VARIABLE ( A31 ) : 

Kt.D 
2.ht 

A31 =1.339.105 
in 

11. INDEPENDENT VARIABLE (A32 ) : 

A32=ht 

A32 =0.041*in-1 

12. IPUDEPEhBENT VARIABLE ( A t )  : 

AtzA31 +A21.A32 

At = 1.472.105 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 7 

P R O G R ~ M E D  BY: n m .  A ~ E D  

THERMAL. ANACYSIS OF PIPE BEhD Ah?) COBE'UTATION OF SHEAR FORCES, 
MOMENTS A N I  STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN N LONG 
PIPE LEG. 

LDEPEhDENT VARAIBLE (All) : 

AI 1 = 0.964 .in 

2.  DEPEhDEhT VARIABLE (A12) : 

- L1 A12=- 
A,E 

A12 =-7.557.1O4 .* 
lb 

3. DISPLACEMENT AT BEND (6t=in) : 

A1 1 6te- 
1 - A12.At 

6t = 0.456 .in 

4. SHEAR INTRANSVERSE LEG Wt=lbs) : 

VteAt.6t 

Vt =6.716.104 .lb 

5. MOMENT N BEhD (Mt=in.lbs) 

Mt GA2I.St 

Mt =1.383.1O5 .in.lb 

6. SHEAR N LONGITUDNAJ- LEG Wp=in.lbs) 

Vp e Xt. Mt 

Vp =6.035*103 .lb 

7. DISPLACEMENT STRESS AT BEh?) ( Se = Psi ) 

NOTE: TMS DISPLACEMENT 
Sezi. - +- STRESS AT BEND IS DUE TO 

STRAIN IN ONE PIPE LEG. 
. COMpIlTE S T R E S S  DUE TO 

OTHER LEG AND ADD THESE 

(E) : 
Se = 1.622-104 

inz TOGETHER. 



STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED B Y  M.M.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG 

1. DEPENDENT VARL4BLE (Bll) : 

B11 =0.09.in 

2. DEPENDENT VARIABLE (B12) : 

- L2 B12~- 
A.E 

E12 =-5.416*10-7 .’” 
Ib 

3. DISPLACEMENT AT BEhD (61=inehes) 

B11 61=- 
1 - B12.At 

61 =0.082.in 

4. SHEAR FORCE IN TRANSVERSE LEG (Vl=Lbs) : 

V1 GAt.81 

V1 =l.211*104 .lb 

5. MOMENT IN BEA? (Ml=in.lbs) : 

M l ~ A 2 1 ~ 6 1  

M1 =2.493*104 %lb 

6. SHEAR IN LONGITUDINAL LEG (V2=lbs) : 

V2 =ht.Ml 

V2 =1.O8S.1O3 .lb 

7. DISPLACEMENT STRESS AT BEN) (Sel= Psi) : 

Sel =2.925lO3 
in2 



STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED BY: M.I\I.AHMED 

8. CODE B31.3 COBIPLIAKCE FOR DISPLACEMENT STRESS. 

P.D Set=% + Sel SLE- 
4.t 

SL = 1.922-103 -& 
Sa-F.(I.Zj,(Sc + Sh) - SL) 

in2 

Set=1.925.104 < Sa =4.808.104 .& 
in2 in2 

CONCLUSION: PIPE DISPLACEMEh'T STRESSES SATISFY 
CODE ~31.3-w REQUREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEMBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLNG, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A151 - Slurry Line - SEISMIC 

CHECKED BY 64~ &<ATE: $2.& 
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STAB. VERSION-0 Filename: A151-SI-S 
PAGE-2 PROGRAMMED B Y  hI.I\I.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA (REFCRAh'E TECH PAPER h'0:410,22nd PRIST-1985) 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D.6.625.in 

tz0.280.h 

A-5.5Sl.in2 

I s 2 8.14. ii? 

Z I S.496.in3 

1.57,rad 

Ib P I  325- 
in2 

Ts 1S0.K 
lb 

sc  =20000.- 

lb 
in' 

3 
Sh=20000,- 

Ej EO.85 

t.R.4 hz- 
(D - t)' 

h=1.113 

k.'.65 k = 1.483 
h 

, 0.9 is- i=0.839 
h0.66 

BEh'D SIZE 8" SCH 40, RADIUS=40". 

PIPE OUTSIDE DIAMETER, EV 

PIPE WALL THICKNXSS, IN 

PIPE METAL AREA, W2 

PIPE MOhENT OF INERTIA, W4 

PIPE SECTION MODULUS, W 3  

BEhD blETAL AREA, W2 

BEA" SECTION MODULUS, W3 

PIPE BE33 RADII'S, IN (40" radius, 90 d e s e e  Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EWANSION OF ELASTICITY, IK/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE. PSI 

DESIGN TEMF'ERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(XEFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 i= 1.00 



STAB. VERSION-0 
PAGE-3 

Filename: AISI-SI-S 
PROGRAhlMED B Y  M.M.AHMED 

B SOIL CHARACTERISTICS 
(REF SHANn'ON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMlC AULYSIS 

c -  12000 .2  
sec 

POI I 0.3 POISSON RATIO 

Kdz0.32 COEF OF LATERAL STRESS 

~ ~ 0 . 7 5  COEF OF SOIL FRICTION 

SOIL SHEAR W A W  VELOCITY, IN/SEC 

DYN.4MIC ELASTICITY MODULUS, PSI 

DTXAAUC SOIL SPECIFIC WT,LBS/IW3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks=0.25 

!b 

in3 
Ts 0.0G6- 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC IW, LBS/INA3 

DEPTH OF BURIED PIPE, rn' 

C: SEISMIC RESPONSE FOR GROLJXB MOTION 
(REF SDC-4.1 REV-11) 

ag10.12 

in Vmz4S.ag- 
sec 

in Vm =5.7G*- 
sec 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

hLAX GROUND VELOCITY, IN/SEC 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014%1 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: AIS]-SI-S 
PAGE-4 PROGRAMMED B Y  M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A133 

AI51 
STAB Subroutine T-2 for Tvpe 2 Bend Analvsis 

For Calculation of -Effective Length 

from Table 3, Classifcntioiz of Legs: A135 

L1*(2.(3.83) + 13 t 5.88 +7.12 t 12.88).ft 

Lps2.(3.83 + 33.75 + 6.(13.83)).ft 

L, =558.48.in 

L P =2.413.103 .in 

2.Les = 1 . ~ 5 . 1 0 ~  .in 

6 = 1 , j 7  A157 

Since L (> or =) 2.Les, this is a case of LP Leg, therefore: P 

L P  L =Les L=825.014+1 

* * * X * * * * * * * * * * * * * * * * * I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * % * * * * * * * * % * * * % * * * * * * * * * * * * *  

Ls 825.014.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Socc =j,4O9.1O3 < ALLOWABLE 
in* 

Sall- 1.33.Ej.Sh 

Sall =2.261-104 
in2 

CONCLUSION: 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2A: SEIShlIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF Ih’DEPENDENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em ) : 
Vm 
2.c Em%- 

REF: 2 ON COVER SHEET 

~rn=2.4.10-~ 

2. SUBGRADE REACTION MODULUS. ( K = LBSIW3) : 

0.0833 
Ed 

K=5.702.103 
in 

3. SPRING CONSTANT. ( S = LBSIW2 ) : 

S=K.D 

S =3.778.104 .: 
4. SYSTEM CHARACTERISTIC ( h = IN--I ) : 

in 

0.25 

hz (&) 
h = 0.059 %i ’ 
5. SOIL FRICTION. 

lb f = 2 4 . 4 1 9 - ~  
in 

6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN) : 

E Lm EIIIA.- 
f 

Lm = 1.566.103 *in 

7. hfAXIMUMAXL4L FORCE ( F  = LBS) : 

FsfiLm 

F =3.833*104 -1b 



STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY: 
M.M.AHIMED 

8. MNIbKJM TRANSVERSE LEG LENGTH REQUIRED ( I = IN ) : 

REF 2 ON COVER SHEET 1 2  
h 

1 =53.686-in 

NOTE: SATE ALL PIPE RUNS WILL GEhTRALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 LN SUCCEEDLNG 
FORMULAE ARE EQUAL TO 1 . 0 .  THEREFORE THE F O L L W G  
FORMULAS ARE MODIFlED USING THE VALUES OF COKSTANTS AS 1.0 

9. A?)EPEA?)ENT VARIABLE ( a21 ) : 

a21 =4.276.105 .Ib 

10. INDEPEiWENT VARIABLE ( a31 ) : 

S 
2.1. 

a31z- 

11. INDEPENDENT VARIABLE ( a32 1 : 

a32.X 

a32 =0.059.in-' 

12. INDEPENDENT VARIABLE ( a 1 : 

aza3l + a21.a32 

a =3.478-105 -5 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = N ) : 

Les =825.014.in 



STAB. VERSION-0 
PAGE I 

PROGRAMMED BY: 
M.M.AHMED 

STEP 3B: SEISMlC ANALYSIS AN9 CALCULATION OF SHEAR FORCES, 
MOMENTS Ah?) STRESSES IN PIPE BEND. 

1. DEPEI'IBENT VARIABLE (all)  : 

a l l  =0.146.in 

2. DEPEh?)ENT VARIABLE (al2) : 

-L  a12=- 
A. E 

a12 =-S.16S.1O6 
lb 

3. DISPL.4CEXEhT AT BEh?) (6 = inches) : 

a l l  
BE----- 

1 - a12.a 

6 =O.O524n 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qt.a.6 

Qt = 1.814*104 .lb 

5. MOMEh'T IN BEND ( M = IN-LBS ): 

Mza21.6 

M =2.23*104 * h l b  

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS 1 : 

0J'h.M 

Qp = 1.3OS.lO3 *lb 

HNF-2473, Rev. 0 
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AND THERMAL STRESSES IN BURIED PIPE' 
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Filename: A151-SI-T 

PROGRAMMED BY M.M. AHMED 
STAB. VERSION-0 
PAGE NO: 2 

STEP 1: 'I DESIGN DATA." 
ALL UNTS IN POUNDS, mcms, RADIANS AND DEGREE F. 

A. PIPE DATA. (REEF: CRANE TECH PAPER NO. 410,22nd 

PIPE MATERIAL: ASThl A53, TYPE E, GR B. SCH 40 

PRINT-1985 

PIPE SIZE 6" SCH 40. 

D s6.625.h 

tTO.2XO.in 

A=5.581.in2 

1=ZS.14.in4 

Zs8.496.in3 

Ab=S.40.inz 

Z,-16.81~in3 

Rz40.00.in 

+=1.57.rad 

lb P E 325- 

T. 180.K 
inz 

lb 
sc=20000~- 

lb 
in2 

in2 
Sh=ZOOOO,- 

EJs0.85 

F=1.00 

t.R.4 
h=- h = 1.113 

(D - t)' 

k=- lA5 kz1.483 
h 

. 0.9 
1.- i =0.839 

h0.66 

BEh?) SIZE 8" SCB 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIF'E WALL THICKNESS, IX 

PIPE METAL AREA, LN-2 

MOMENT OF LPTRTIA, W 4  

SECTION MODULUS, LN-3 

BEND METAL AREA, W 2  

BEND SECTION MODULUS, lW3 

PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERhAI, EXl'ANSION OF ELASTICITY, WINIF. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

S~ FACTOR 

1F CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oi= 1.00 



STAB. VERSION-0 
PAGE-3 

Filename: A15l-SI-T 
PROGRAMMED BY M.M.AHMED 

B: SOIL CHARACTERISTICS 
REF: SHANNON WILSON, mc GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c. 12000.: 
sec 

POIsO.3 

Kdz0.32 

~ ~ 0 . 7 5  

lb 
Ed=62000.-- 

u? 

in3 

lb rdzO.066.- 

SOIL SURFACE WAVE VELOCITY, WSEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/W3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks=0.25 

lb Es z 2 1000.- 
in2 

rs50.066- 
in3 

lb 

H.36-in 

COEF OF LATERAL. STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/W3 

DEPTH OF BURIED PIPE, IN.  

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF: SDC-4.1 REV-11) 

ag-0.12 

in Vm=48,ag- 
sec 

Vm=5.76.-@ 
sec 

COMPUTED THERMAL EFFECTIVE LENGTH 

Let =2.714*103 -in 

HNF-2473, Rev. 0 
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FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, JNSEC 



STAB. VERSION-0 Filename: A1.51-sl-T 
PAGE-4 PROGRAMMED BY: M.hI.AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB Subroutine T-3 for Twe  3 Bend Analvsis 

For Calculation of Thermal Effective Length 

from Table 3, Classifcation o f l egs :  

Let =2.714.103 .in 

L ~ (3 .83  + 13.75 +6.(13.83)).A 

L =1.207.103 .in 

P 

P 

A157 

A143 0=1.57 
A151 

F- LP+ 

.A 2.(3.83) + 13 + 5.88 +7.12 + 12.88 
2 

L,. 

L = 279.24 .in 

Since L p  (<) Let Since L t  (<) Let 

this is a case of SP Leg, therefore: this is a case of SP Leg, therefore: 

SP: L1 = L p  SP: L 2 : = L t  

L1 = 1.207.103 .in .L2 =219.24% 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L I E  1207.h 

ANALYSIS RESULTS: 

Set =2.306.104 < ALLOWABLE 
in2 

Sa =4.808.104 .'b 
in2 

CONCLUSION: 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 

HNF-2473, Rev. 0 
Page 444 



STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY M.M. AHMED 

STEP 2 B  THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
INDEPENDENT VARJABLES. 

2. SUBGRADE REACTION MODULUS ( Kt = LBS/IN^3 ) : 

Kt = 1.765.103 .? 
in3 

3. SPRING CONSTANT ( St  = LBS/IN^Z ) : 

3:Kt.D 

St = 1.169-lo4 
in2 

4. SYSTEM CHARACTERISTIC ( ht IN^-1 ) : 

0.25 
Xt E (&) 
?.t =0.044-in-' 

5. SOIL STATIC FRICTION ( ft = LBSlIN ) : 

Ib 
ft =23.1X1.7 

m .  

6.  MAXIMUM SLIPPAGE LENGTH ( Lt = IN) : 

E Lts&t.A.- 
ff 

Lt =6.106-103 .in 

7. MAXDMUnd AXIALFORCE (Ft = LBS) : 

Ft.ff,Lt 

Ft =1.416.105 .Ib 



STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY M.M. AHMED 

8. iWmm5JM LENGTH OF TRANSVERSE LEG ( It = IN ) 

It." REF: 2 ON COYER SHEET 
ht 

It =71.917.in 

ASSWhED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MORE THAN wi. AS sucn ALL CONSTANTS ci THXU c 6  IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFIED ACCORDNGLY. 

9. IhQEPEAQEhT VARIABLE ( A21 ) : 

A21 =3.03.105 .Ib 

10. INDEPEhDENT VARIABLE (A31 ) : 

Kt.D A31 s- 
2.?.t 

A31 =1.339.105 
in 

11. INDEPEhDENT VARIABLE (A32 ) : 

A32Eht 

A32 =0.044.in-' 

12. INDEPEh7)ENT VARIABLE ( At ) : 

At.A31 +A21.A32 

At = 1.472-105 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let =2.714-103 .in 



STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED BY: M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEhD AND COMPUTATION OF SHEAR FORCES, 
MOMENTS Ah?) STRESSES IN PIPE BEhD. DUE TO THERMAL STRATN IN LONG 
PIPE LEG. 

LDEPEATIENT VARAIBLE (All) : 

A l l  =0.964.in 

2. DEPEA'DEhT VARIABLE (A12) : 

-L1 Al2=- 
A.E 

A12 =-7.557.10" .!!! 
Ib 

3. DISPLACEMENT AT BEND (?%=in) : 

A l l  Str- 
1 - Al2.At 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt=At.St 

Vt =6.716*104 .lb 

5. MOMENT IN BEhD n\ft=in.lbs) 

MtzA21.6t 

Mt =1.383.105 * h l b  

6. SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp s ht. Mt 

Vp =6.O3S.1O3 *lb 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

Se = 1.622-104 
in2 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE S T R E S S S  DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. 

HNF-2473, Rev. 0 
Page 447 



STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED BY IM.M.AWfED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG. 

1. DEPENDENTVARUBLE (Bll) : 

2. DEPEAQENT VARIABLE (B12) : 
- L2 B12=- 
A.E 

B12 =-1.748.104 .'" 
lb 

3. DISPLACEMENT AT BEND (61 =inches) 

61 I- 
1 - B12,At 

B11 

61 =0.192%1 

4. S H E A R  FORCE IN TRANSVERSE LEG Wl=Lbs) : 

V1 EAt.61 

V1 =2.83*104 -1b 

5. MOMENT JNBEA?) (Ml=in.lbs) : 

Ml=A21.61 

M1 =S.827.104 %.lb 

6. S H E A R  IN LONGITUDINAL LEG W2=lbs) : 

V2 =Xt.Ml 

V2 =2.543*103 -1b 

7. DISPLACEMENT STRESS AT BEND (Sel= Psi) : 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED BY: M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Set z Se + Sel 

SL = 1.922.103 .'b 
SaaF.(l.2S.(Sc + Sh) - SL) 

inz 

Set =2.306.104 < Sa =4.808.104 .'b 
inz in2 

CONCLUSION PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

J 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, .JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A157 - Slurry Line - SEISMIC 

INF'UT BY: D.L. STONE' 'DATE: 

CHECKED BY 0 
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STAB. VERSION-0 
PAGE-2 

Filename: A157-SI-S 
PROGRAhfh53D BY: M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNPTS IN POUNDS, INCHES, RADIANS Ah?) DEGREE F. 

A. PIPE DATA (REFCRANE TECH PAPER NO:410,22nd P W - 1 9 8 5 )  

PIPE M A T E W  ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D s6.625.h 

t.0.280.h PIPE WALL THlCKNESS, IN 

A=5.581.in2 PIPE METAL AREA, W 2  

I=28.14 h4 

BEND SIZE 8" SCH 40 , RADIUS=40". 

PIPE OUTSIDE DIAI\IETER, IN 

PIPE MOMENT OF INERTIA, W 4  

$= 1.57.rad 

lb P 2 325- 
in2 

T= 18O.K 

lb sc=20000.- 

Ib Sh=20000.- 

Ej-0.85 

in2 

in2 

PIPE SECTION MODULUS, EY3 

BEA'D METAL AREA, W 2  

BEND SECTION MODULUS, mA3 

PIPE BEAV RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, mmm. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

h=1.113 FLEXIBILITY CHARACTER 
t.R.4 h=- 

(D - D2 (REFASME CODE B31.3-1990 AF'PDX-D) 

1.65 
h 

k=- k=1.483 

. 0.9 
I=- i=0.839 

h0.66 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.O is 1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE3 

Filename: A157-SI-S 
PROGRAMMED BY M.hl.AHMED 

B SOIL CHARACTERISTICS 
(REF: SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

SOIL SHEAR WAVE VELOCITY, WSEC in c I 12000.- 
sec 

POI=O.3 POISSON RATIO 

Kds0.32 COEF OF LATERAL STRESS 

~ ~ 0 . 7 5  COEF OF SOIL FRICTION 

lb Ed =62000.- 
ir? 
lb ~ d ~ 0 . 0 6 6  - 
in3 

D Y N I I C  ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBSIN3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Kss0.25 COEF OF LATERAL STRESS 

ES ~21000.- STATIC ELASTICITY MODULUS, PSI 
Ib 

ill* 

rs 0,066.- 
in3 

STATIC SOIL SPEClFIC W, LBS/IN*J Ib 

H.29.k DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUP44 MOTION 
(REF SDC-4.1 REV-11) 

ag: 0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, mmc in Vms48.ag- 
sec 

in Vm = 5.76 .- 
see 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =953.74.in 



STAB. VERSION-0 Filename: A157-SI-S 
PAGE-4 PROGRAMMED BY: M.M. A H 3 5 D  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A143 

STAB Subroutine T-2 for Tvne 2 Bend Analvsis 

For Calculation of Seismic Effective Length 

from Table 3, Classification of Legs: A151 

Lt=114.96*in . $ = I 5 7  

L =558.48.h 

Lts(3.83 t 5.75).A 

L P 
-(2.(3.83) + 13 + 5.88 + 7.12 + 12.88).A P 

2.Les = 1.907.103 .in 

Since L p  (<) 2.Les , this is a case of SP Leg, therefore: 

L 

2 

L = 279.24 .in 

SP: L =J  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ls279.24.h 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) S T R E S S  ( Socc ) : 

Sallz 1.33.Ej.Sh 

SOCC =4.5OS.lO3 -2 < ALLOWABLE Sal1 =2.261-104 
in2 in2 

CONCLUSION: 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 



**$**$**$$*$*$*$$$$*****$*****$***$~*~*~**$***$****$~$*$******$*%$$*****$$***$*$$* 
STAB. VERSION-0 PROGRAMMED B Y  
PAGE 5 M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPEhTDENT VARIABLES. 

.I. SEISMIC SOIL STRAIN.( E r n )  : 

Vm Em*- 
2.c REF 2 ON COVER SHEET 

~m =2.4.10-4 

2. SUBGRADE REACTION MODULUS. ( K = LBSIEV3) : 

0.0833 
Ed 

K = 5.702.103 .'b 
in3 

3. SPRIh'G CONSTANT. ( S = LBSIINA2 ) : 

S=K.D 

S =3.778.104 .+ 
in 

4. SYSTEM CRARACTERISTIC ( h = EV-I ) : 
0.25 

h s  (&) 
h = 0.059 .ii 

5. SOIC FRICTION. 

lb f =19.719.7 
111 

6.  MAXIMUM SLIPPAGE LENGTH ( Lm = IN ) : 

E 
LmssmA.- 

f 

Lm = ~ 9 4 4 . 1 0 ~  .in 

7. MAXIMUM AXIAL FORCE ( F  = LBS) : 

FzfiLm 

F =3.833.104 -1b 

HNE-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY: 
M.M.AHMED 

8. MII\?MuM TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN) : 

1 2  
A 

1 =53.686.in 

REF 2 ON COVER SHEET 

NOTE: SINCE ALL PIPE RUNS Wi?,L GEh'ERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0 . THEREFORE THE FOLLWING 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. IN?)EPEh?)ENT VARIABLE (a21 ) : 

a21 =4.276.105 .lb 

10. INBEPENDEW VARIABLE ( a31 ) : 
S 

a31z- 
2.h 

a31 =3.228.10 5 lb 
m 

11. INDEPENDEhT VARIABLE 

a32.A 

a32 =0.OS9.id1 

12. INDEPEhTlENT VARIABLE 

aza31 +a21.a32 

a32):  

a )  : 

a =3.478.105 .E 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

Les.(*.!).[ (1 + *.Em;)o.J - 11 

Les = 953.74 .in 



STAB. VERSION-0 
PAGE 7 

PROGRAMMED BY 
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEAT. 

1. DEPEADEhT VARIABLE (all) : 

a l l  =0.062.in 

2. DEPEADEhT VARIABLE (alZ) : 

-L 
A.E 

alZz- 

a12 =-1.748.10" *'" 
Ib 

3. DISPLACEMENT AT BEAT (6 = inches) : 

8 . 5  
1 - a12.a 

6 =0.039.in 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Q t i a S  

Qt =1.34S.104 .Ib 

5. MOMENT IN BEND ( M = IN-LBS ): 

Mza21.6 

M = 1.6S4.104 *in.lb 

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp.?..M 

Qp =968.057*lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
M.M.AWIED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAJhXD STRESSES. 
Socc < SaU 

P.D , M Qt 
socc=- + 1'- + - 

4.t Z b A b  
Sall- 1.33.Ej.Sh 

Socc=4.5O8.1O3 *'b < Sall =2.261.104 
in2 in2 

c o ~ c ~ u s ~ o N  PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

,- 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PEE '  
G.C.K.mIl, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP V O L W 7 7 ,  JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLIA'G, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERWIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A157 - Slurry Line - THERhUL 

9 5  
UWUTBY: D.L.STONE DATE: 9 / 3 / 9 6  
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Filename: A157-SI-T 

PROGRAMhBD BY M.M. AHMED 
STAB. VERSION-0 
PAGE NO: 2 

STEP 1: 'I DESIGN DATA." 
ALL UNTS IN POUNDS, INCHES, RADIANS AN4 DEGREE F. 

A. PIPE DATA. (REF CRAhlE TECH PAPER NO. 410,22nd 

PIPE MATERIAL ASTM A53, TYPE E, GR B. SCH 40 

PRINT-1985 

PIPE SIZE 6" SCH 40. 

4=1.57.rad 

Ib P c 325- 
k 2  

T s  I8O.K 

Ib sc~20000-- 

Ib 
in2 

in2 
Sh = 20000.- 

EJz0.85 

F s  1.00 

hz- 

(D - t)' 
h=1.113 t.R.4 

1.65 
h 

kz- k=1.483 

. 0.9 
IS- i=0.839 

,0.66 

BEA?) SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSJDE DM&XER,  IN 

PIPE WALL THICKNXSS, IN 

PIPE MSTAL AREA, N 2  

MOMENT OF INERTIA, m ' ~ 4  

SECTION MODULUS, N 3  

BEND h5TAL AREA, WZ 

BEND SECTION MODULUS, W 3  

PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY. PSI 

THERMAL EXPANSION OF ELASTICITY, INIINIF. 

BEND ANGLE IN RADIAh'S 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD J O N C  QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

1F CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oiz 1.00 



STAB. VERSION-0 Filename: AI.57-SI-T 
PAGE-3 PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON & WILSON, INC GEOTECH JNWSTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c I 12000.- 
sec 

POI E 0.3 

Kdz0.32 

p = 0.75 

Ib Ed i 62000.- 
1112 

rd=o.o66.- 
in3 

lb 

SOIL SURFACE WAVE VELOCITY, ZN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/ET3 

Bt: SOIL DATA FOR STATIC ANALYSIS 

Ks I 0.25 

lb ES ~21000.- 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIWJ 

DEPTH OF B U D  PIPE, IN. 

in2 

in3 

lb rs:o,066-- 

Hs36.h 

C SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag-0. I2 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'GI 

in Vrn=4&ag-- 
sec 

MAX GROUND VELOCITY, IN/SEC 

in Vrn=5.16'- 
sec 

COMPUTED THERMAL EFFECTIVE LENGTH 

Let =2.714.103 .in 



STAB. VERSION-0 
PAGE-4 

Filename: A157sl-T 
PROGRAMMED BY: M.M.AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A143 

STAB Subroutine T-2 for Tvpe 2 Bend Analvsis 

For Calculation of Thermal Effective Length 

from Table 3, Classifcation o f l e g s :  

Lps(2.(3.83) t 13 t 5.88 + 7.12 + 12.88).fl 

L =558.48Gn 

2.Let =5.42&103 .in 

P 

Since L p  (<) 2.Let 

this is a case of SP Leg, therefore: 
L 

2 
SP: L1 =A 

A160 4 = 1.57 

fl 3.83 + 5.75 
t ' 1 '  L 

L = 57.48 .hi 

Since L t  (<) 2.Let 

thrs is a case of SP Leg, therefore: 
L t  

SP: L2:=- 
2 

L1 =219.244n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L1 z279.24.h .L2=28.74.in 

L2 = 28.74 .in 

ANALYSIS RESULTS: 

Set=7.715*103 *'b < ALLOWABLE 
in2 

Sa =4.808.104 .'b 
in2 

PIPE DISPLACEMEh'T STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED B Y  M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AN3 COMPUTATION OF 
INDEPENDEhT VARIABLES. 

1.THERMAL STRAIh' ( E t  = IN/IN) 

E t z a ( T -  40.K) 

&t = 8 862. lo4 .E 
in 

2. SWGRADE REACTION MODULUS ( X t  = LBSIW3 ) : 

Kt = 1.765.103 
ill3 

3. SPRING CONSTANT ( S t  = LBS/W'Z) : 

St=Kt.D 

St =1.169.104 -2 
in* 

4. SYSTEM CHARACTERISTIC ( ht = IN -̂1 ) : 
0.25 (&) 

ht = 0.044 *in' ' 
5. SOIL STATIC FRICTION ( ft = LBS/JH ) : 

lb 
A=23.181*, 

6. MAXIMUM SLIPPAGE LENGTH ( Lt = IN ) : 
III 

Lt =6.106.103 .in 

7. MAXIMUM AXIALFORCE (Ft = LBS) : 

Ft I A.Lt 

Ft =1.416.1O5 -1b 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY: M.M. AHMED 

8. MIhlMuM LENGTH OF TRANSVERSE LEG ( It = IN) 

l t 2  R E F  2 ON COVER SHEET 
Xt 

It  =71.977% 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENEFALLY 
BE MORE THAN “lt“ . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWEVG EQUATIONS ARE CONSWERED AS 1.0 AND FOFWULAE 
ARE MODIFlED ACCORDWGLY. 

9. IPDEPEhDENT VARIABLE ( A21 ) : 

A21 =3.03-10’ .lb 

10. INDEPENDENT VARIABLE (A31 ) : 

Kt.D A31 E- 
2.ht 

5 lb A31 =1.339.10 ‘7 
m 

11. INDEPEhDENTVARIABLE (A32) : 

A32.xt 

A32 =0.044.ii1 

12. INDEPENDENT VARIABLE ( At : 

At=A31 +A2l.A32 

At = 1.472-10’ 
in 

13. THERMAL EFFECTNE LENGTH (Let ) : 

Letz-. A,E [ ( 1 +- 2.;Atr’ - 
At 

Let =2.714*103 -in 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED BY: M.hl. AHMED 

THERMAL ANALYSIS OF PIPE BEh?) AND COMPUTATION OF SHEAR FORCES, 
MOMEhTS ANI STRESSES IN PIPE BEh?). DUE TO THERMAL. STRAIN IN LONG 
PIPE LEG. 

LDEPENDENT VARAIBLE (.411) : 

A l l  s&t.L1 - I%- ( ,:2J 

A1 1 = 0.242 4n 

2.  DEPEhJENT VARIABLE (A121 : 

- L1 A122- 
A.E 

A12 =-1.748.104 .'" 
lb 

3. DISPLACEMENT AT BEND (&=in) : 

A1 1 
' 6t.- 

1 - A12.At 

4. SHEAR IN TRANSVERSE LEG Wt=lbs) : 

Vt=At,Gt 

Vt =2.83*104 .lb 

5. MOMENT IN BEND (Mt=in.lbs) 

MteA21.6t 

Mt =5.827.104 Gnlb 

6.  SHEAR M LONGITUDINAL LEG (Vp=in.lbs) 

Vp = ht. Mt 

Vp =2.543.103 .lb 

7. DISPLACEh5NT STRESS AT BEND ( Se = Psi ) 

Se =6.836-103 *E 

NOOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. HNF-2473, Rev. 0 

Page 466 



STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED BY: M.M.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG: 

1. DEPEhqENT VARIABLE (B11) : 

B11 =0.025.in 

2. DEPENDENT VARIABLE (B12) : 

- L2 B12z- 
A.E 

B12 =-1.799.10-7 ." 
Ib 

3. DISPLACEMENT AT BEh'D (61 =inches) 

B11 611- 
1 - B12.At 

4. SHEAR FORCE IN TRANSVERSE LEG (VI =Lbs) : 

V1 eAt.61 

VI =3.643*103 -Ib 

5. MOhlENT IN BEND (MI =in.lbsj : 

Ml=A21.61 

M1 =7.5.103 *in,lb 

6.  SHEAR IN LONGITUDINAL LEG (V2=lbs) : 

V2 sht.M1 

V2 =327.334-lb 

7. DISPLACEMENT STRESS AT BEh?) @el= Psi) : 

lb 
Sel = 819.798 e- 

in2 
HNF-2473, Rev. 0 

Page 467 
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PAGE NO: 9 

PROGRAMMED BY: M.M.AHI\IED 

8. CODE B31.3 COhIPLIAi'XE FOR DISPLACEMENT STRESS. 

Set-Se + Sel P.D SLz- 
4.t 

3 Ib SL = 1.922.10 .- 

Sa=F.(1.25.(Sc + Sh) - SL) 
in2 

4 Ib 

in2 in2 
Set =7.715103 .E- < Sa =4.808.10 .- 

CONCLUSION: PLPE DISPLACEh5hT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

HNF-2473, Rev. 0 
Page 468 
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SEISMIC AND T H E W  STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, B E C K E L  
POWER CORP. PVP VOLUME-77. JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 

GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 

PROGRAM VERSION: 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A160 - Slurry Line - SEISMIC 

9 L> 
INPUTBY: D.L.STONE DATE: 9 / 3 / 9 6  

CHECKED BY: C A D A T E :  $& 



STAB. VERSION-0 
PAGE3 

Filename: A160-SI-S 
PROGRAMMED B Y  M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS I N  POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA (REFCRANE TECH PAPER NO:410,22ad PR1EpT-1985) 

PIPE MATERIAL ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE: 6" SCH 40. 

D = 6.625-in 

t.0.280.in 

As5.5Xl.in2 

I = 28.14.in4 

Zz 8.496-in3 

Ab-X.40.in2 

Zb=16.81.in3 

Rs40.00.in 

E.28.62.106.2 
in2 

lb P~325.- 
in2 

TE 180.K 

lb 
sc~20000~-  

lb Sh= 20000.- 

EjzO.SS 

in2 

in2 

k.1.65 k = 1.483 
h 

i =0.839 . 0.9 
I=- 
h0.66 

BEND SIZE: 8" SCH 40 ,  RADIUS=40". 

PIPE OUTSJDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, W2 

PIPE MOMENT OF INERTIA, W 4  

PIPE SECTION MODULUS, INA3 

BEND METAL AREA, W2 

BEND SECTION MODULUS, W3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, INKN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD J O N  QUALITY FACTOR 

FLEXBILITY CHARACTER 
REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SJF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 i=I.OO 



STAB. VERSION-0 
PAGE-3 

Filename: A160-SI-S 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c 5 12000.E 
sec 

POIzO.3 

Kd-0.32 

p 0.75 

Ib 
Ed 2 62000.- 

inz 
Ib 

in3 
r d  = 0.066. - 

SOIL SHEAR WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/IN^3 

B 2  SOIL DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  

Ib Es ~21000.- 
in2 

Ib 

in3 
rs =0.066.- 

H-36.in 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC S O L  SPECIFIC WT, LBS/W3 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag = 0.12 

v m  148.ag.E 
sec 

in 
Vm=5.16.- 

sec 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF ‘GI 

MAX GROUND VELOCITY, IN/SEC 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014.in 



STAB. VERSION-0 Filename: A160-sl-S 
PAGE-4 PROGRAMMED BY: M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A157 

TI .E, STAB Subroutine T-2 for TvDe 2 Bend Analvsis yb . ' A166 
For Calculation of Sei.tmic Effective Length: 

from Table 3, Classificarion of Legs: 

$ = I S 7  
Ltz(3.83 + 5.79.A Lt=114.96.in 

Lps(2.3.83 + 8.42 + 2.14 + 10.92).ft L p  =660.in 

2.Les = I.6S.1O3 .in 

Since Lp (<) 2.Les , this is a case of SP Leg, therefore: 

L 

2 

L = 330 .in 

SP: L =4 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Lz330.h 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL. ) STRESS ( Socc ) : 

Sall- 1 33 EJ.Sh 

Socc = 4  678.103 -& < ALLOWABLE Sal1 =2261.104 .& 
in2 3 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 



STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2A: SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em) : 
Vm 
2 . c  

&mE- 
REF 2 ON COVER SHEET 

2. SUBGRADE REACTION MODULUS. ( K = LBSIJW3) : 

K =5.702.103 
in3 

3. SPRING CONSTANT. ( S = LBS/W2 ) : 

SzK.D 

S =3.778.104 
3 

4. SYSTEM CHARACTERISTIC ( h = IN*-I ) : 

0.25 q&) 
h =0.059.in-' 

5. SOIL FRICTION. 

Ib f = 24.479 .- 
in 

6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN ) : 

E 
Lm z &mA.- 

f 

Lm = 1.5G6.103 .in 

7. MAXIMUM AXL4LFORCE (F = LBS) : 

Fsf.Lm 

F =3.833.104 -1b 

HNF-2473, Rev. 0 
Page 474 



STAB. VERSION-0 
PAGE 6 

8. h4DnMUM TRANSVERSE 

1 2  
h 

EG 

PROGRAMMFD BY: 
M.M.AHMED 

ENGTH REQUIRED ( 1  = IN) : 

REF 2 ON COVER SHEET 

I = 53.686 %I 

NOTE: SINCE ALL PIPE RUNS WILL GENEXALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDING 
FORMOLAE ARE EQUAL TO 1.0. THEREFORE THE FOLLWING 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. INDEPENDENT VARIABLE ( a21 ) : 

a21 =4.276.105 .lb 

10. INDEPENDENT VARIABLE ( a31 ) : 

S a31=- 
2. h 

a31 =3.228.10' 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32 = h 

a32 =0.059.M' 

12. INDEPENDENT VARIABLE ( a ) : 

ara31 +a21.a32 

a =3.478.105 
in 

13. SEISMIC EFFECTIVE LENGTH ( L a  = IN ) : 

Les =825.014% 



STAB. VERSION-0 
PAGE 7 

PROGRAMMED B Y  
M.M.AHMED 

STEP 3 B  SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPENDENT VARIABLE (all) : 

a l l  =0.071 *in 

2. DEPENDENT VARIABLE (al2) : 

- L  a12s- 
A.E 

a12 =-2.O66-lOd .'" 
lb 

3. DISPLACEMENT AT BEND (6 = inches) : 

a l l  6.- 
1 - a12.a 

6 =0.041-h 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qtza.6 

Qt = 1.434*104 -1b 

5. MOMENT IN BEND ( M = IN-LBS ): 

Mza21.6 

M = 1.763. lo4 .in.lb 

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

QpZ?..M 

Qp = 1.032*103 -1b 



STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
M.M.AHMED 

1 .  CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < Sal1 

Socc =4.678.103 .'b < 
in2 

4 Ib Sal1 =2.261.10 .- 
in2 

CONCLUSION PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUJREMENTS. 

HNF-2473, Rev. 0 
Page 417 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PLPE' BY E.C.GOODLWG, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE78 

PROGRAM VERSION. 0 

PROGRAM AUTHOR: M.M.AHMED. 

PROGRAM VERIFIER TJSCHALL. 

JOB OR WORK ORDER NO: W 320 / ER 4319 

FILE NAME: Nodepoint A160 - Slurry Line - THERMAL 
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Filename: A160sl-T 

PROGRAMMED B Y  M.M. AHMED 
STAB. VERSION-0 
PAGE NO: 2 

STEP 1: 'I DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410,22nd 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PRINT-1985 

PIPE SIZE 6" SCH 40. 

$= 1.57.rad 

lb P=32S,- 
in2 

Tz 180.K 

Ib sc~20000.- 

Ib 
in2 

in2 
Sh 20000.- 

EJ.0.85 

Fs 1.00 

hz- h=1.113 t.R.4 

(D - t)2 

1.65 k=- k=1.483 
h 

. 0.9 i =0.839 ,I- 
,,0.66 

BEND SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, I N 2  

MOMENT OF INERTIA, W 4  

SECTION MODULUS, W 3  

BEND METAL AREA, W 2  

BEND SECTION MODULUS, EV3 

PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TJWPERA'I'URE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REF:ASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SJF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0. USE i=l.Oi= 1.00 



STAB. VERSION-0 filename: A160-SI-T 
PAGE-3 PROGRAMMED BY M.M.AHiMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

BI: son DATA FOR SEISMIC ANALYSIS 

c = 12000 : 
POIzO3 POISSON RATIO 

Kd:O 32 

~ ~ 0 7 5  COEF OF SOIL FRICTION 
Ib Edz62000 - 

SOIL SURFACE WAVE VELOCITY, IN/SEC sec 

COEF OF LATERAL STRESS 

DYNAMIC ELASTICITY MODULUS, PSI 
111 

Ib 

in 
rd.0066 - DYNAMIC son SPECIFIC WT,LBSIW~ 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks-0.25 COEF OF LATERAL STRESS 
Ib 

Es-21000 - STATIC ELASTICITY MODULUS, PSI 
in2 
Ib rs E 0.066.- 
in3 

H.36 .h  

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PIPE. IN. 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag-0.12 

Vm.48 ag? 
sec 
in Vm =5.76.- 
sec 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, IN/SEC 

COMPUTED THERMAL EFFECTIVE LENGTH 

Let =2.714.103 .in 



STAB. VERSION-0 
PAGE-4 

Filename: A160-SET 
PROGRAMMED BY: M.M.AHMED 

STAB Subroutine T-3 for Tvae 3 Bend Analvsis 

For Calculation of Effective Length 

from Table 3, Classifcation of Legs: 

Let=2.714.103 *in 

L =(14 + 10.92 +3.83).A P -  

P L =345.in 

Since L p  (<) Let 

this is a case of SP Leg, therefore: 

SP: L1 = L p  

L1 =345 .in 

4 = 1.57 

A157 

A 3.83 + 5.75 L =-. 
t -  2 

L = 57.48 .in 

Since L t  (<) Let 

this is a case of SP Leg, therefore: 

SP: L 2 : = L t  

L2 =57.48.in 

L1 s 345.in L2-57.48-in 

ANALYSIS RESULTS: 

Set = 9.724.103 *'b < ALLOWABLE Sa =4.808.104 -5 
in2 inz 

CONCLUSION 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 



STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED B Y  M.M. AHMED 

STEP 2 B  THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
JNDEPENDENT VARIABLES. 

2. SUBGRADE REACTION MODULUS ( Kt = LBS/IN^3 ) : 

0.0833 
Es 

Kt = 1.76S.103 .: 
3. SPRING CONSTANT ( St = LBSIIN2 ) : 

in 

3sKt .D  

St = 1.169.104 .'b 
in2 

4. SYSTEM CHARACTERISTIC ( I t  = INA-1 ) : 

5. SOIL STATIC FRICTION ( ft = LBSIIN) : 

1 + K s  
Asn.D.----.TsH p 

2 
lb 

!? =23 181 a- 
in 

6. MAXIMOM SLIPPAGE LENGTH ( Lt = IN ) : 

Lt =6.106.103 .in 

7. MAXJMUM AXTAL FORCE ( Ft = LBS ) : 

Ft s A-Lt 

Ft = 1.4I6~1Os .Ib 



STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY: M.M. AHMED 

8. MINIMUM LENGTH OF TRANSVERSE LEG ( It = IN ) 

I t 2  REF: 2 ON COVER SHEET 
ht 

It =71.977.in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. INDEPENDENT VARIABLE ( A21 ) : 

A21 =3.03.105 -1b 

10. INDEPENDENT VARIABLE ( A31 ) : 

Kt.D A31=- 
2.ht 

A31 =1.339.105 .E 
in 

11. INDEPENDENT VARIABLE ( A32 ) : 

A32zht 

A32 =0.044.in-l 

12. INDEPENDENT VARIABLE ( At ) : 

At=A31 + A21.A32 

At = 1.472.105 .E 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let =2.714-103 *in 

HNF-2473, Rev. 0 
Page 484 



STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED BY: M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAJN IN LONG 
PIPE LEG. 

1.DEPENDENT VARAIBLE (All) : 

A1 1 =0.297 .in 

2. DEPENDENT VARIABLE (A12) : 

- L1 A12s- 
A E  

A12 =-2.16.106 .!!! 
lb 

3. DISPLACEMENT AT BEND (&=in) : 

Ft.- 
1 - A12.At 

A1 1 

St = 0.225 .in 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt zAt.61 

Vt =3.318.104 .lb 

5. MOMENT IN BEND (Mt=in.lbs) 

Mt zA21.St 

Mt =6.83.104 *in.lb 

6. SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp=ht.Mt 

Vp =2.981.103 .Ib 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

Se =S.Ol3-lO3 *& 
in2 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. 



STAB. VERSION-0 
PAGE N O  8 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG 

1. DEPENDENT VARIABLE @11) : 

2. DEPENDEhT VARIABLE (812) : 

- L2 B12s- 
h.E 

BIZ =-3.599.10-7 e!? 

lb 

3. DISPLACEMEhT AT BEND (61=inches) 

B11 61 5- 
1 - Bl2.At 

PROGRAMMED B Y  M.M.AHMED 

~ 

61 =0.048.h 

4. SHEAR FORCE IN TRANSVERSE LEG (V1= Lbs) : 

V1 =At61 

V1 =7.086.103 .lb 

5. MOMENT INBEND (Ml=in.Ibs) : 

Ml=A21.61 

M1 = 1.459-104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG (V2=lbs) : 

V2 -It.Ml 

V2 =636.7.1b 

7. DISPLACEMENT STRESS AT BEND @el= Psi) : 

Sel =1.711.103 
in2 

HNF-2473, Rev. 0 
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STAB. VERSION-0 PROGRAMMED B Y  M.M.AHMED 
PAGE NO: 9 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Set E Se + Sel P. D SL.- 
4.t 

SL = ~ 9 2 2 . 1 0 ~  .& 
Sa=F-(1.25(Sc+Sh) - SL) 

in2 

< 4 Ib Sa =4.808.10 .- 3 lb Set =9.724.10 .- 
ill2 in2 

CONCLUSION PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON ‘HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE’ 
G.C.K.YEH, ENGLNEERh’G SPECIALIST, BECHTEL 

BY 

POWER CORP. PVP VOLUME-77, JUNE’S3 

2. ASME PAPER ON ‘FLEXIBILITY ANALYSIS OF BURIED 
PIPE’ BY E.C.GOODLING, SUPERVISING ENGINEER, 
GLRERT ASSOCIATES. PVP VOLu1\IE-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIF’IER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A166 - Slurry Line - SEISMIC 
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STAB. VERSION-0 
PAGE-2 

Filename: A166d-S 
PROGRAMMED B Y  M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNfTS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA (REF:CRANE TECH PAPER NO:410,22nd PRINT-1985) 

PIPE MATERIAL: ASTM AS3, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D.6.625.in 

t-0.280.in 

A=5.581.in2 

I-28.14.in4 

2 s  S.49G.in3 

A b.8.40.ii? 

Z ,,= 1G.81.in3 

R.40.00.in 

T s  180.K 
lb sc = 20000.- 
in2 
lb 

Shs '20000.- 

Ej E 0.85 

hz- h=1.113 

in2 

t.R.4 

(D - t)' 

1.65 
h 

ks- kz1.483 

. 0.9 
I=- i=O.839 ,,0.66 

BEND SIZE: 8" SCH 40 ,  RADWS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, W2 

PIPE MOMENT OF INERTIA, W 4  

PIPE SECTION MODULUS, IN-3 

BEND METAL AREA, W2 

BEND SECTION MODULUS, IN-3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, INIINIF. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALlTY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SJF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.O i. 1.00 



STAB. VERSION-0 
PAGE-3 

Filename: A166-SI-S 
PROGRAMMED B Y  M.M.AHMED 

B: SOU CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOU DATA FOR SEISMIC ANALYSIS 

SOU SHEAR WAVE VELOCITY, WSEC in c s 12000.- 
sec 

POI.0.3 POISSON RATIO 

Kds0.32 COEF OF LATERAL STRESS 

p-075 COEF OF SOIL FRICTION 

lb Ed ~62000.- 
i n2 

DYNAMIC ELASTICITY MODULUS; PSI 

DYNAMlC SOU SPECIFIC WT,LBS/INA3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks.O.25 

lb Es I 21000.- 
in2 

lb 
rs=oo66.- 

in3 

H.36.h 

COEF OF' LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOU SPECIFIC WT, LBS/IN*3 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag= 0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

Vm r 4 8 . a g . z  
sec 

MAX GROUND VELOCITY, IN/SEC 

in Vm = 5.76 .- 
see 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014%1 



STAB. VERSION-0 Filename: A166-SI-S 
PAGE4 PROGRAMMED B Y  M.M. AHMED 

****C*****************************************************~************~********** 

A157 
STAB Subroutine T-2 for TvDe 2 Bend Analysis 

For Calculation of &&&Effective Length 

from Table 3, Classifiation of Legs: 

L = 117 .in $=1.57 

L =660.in 

2.Les = 1.65.1O3 .in 

Lts(3.83 + 5.92).ft 

Lpz(2.3.83 + 8.42 + 2.14 + 10.92)-A P 

Since I, (<) 2.Les , this is a case of SP Leg, therefore: 

sy: I, .= :!! 
2 

L =330.in 

................................................................................... 

L.330-in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Sall i 1.33.Ej. Sh 

Socc =4.678.103 ." < ALLOWABLE Sall =2.261.104 
in2 in2 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQLJJREMJ3h'TS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED B Y  
M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Ern ) : 
Vm 
2.c 

Ern.- 
R E F  2 ON COVER SHEET 

2. SUBGRADE REACTION MODULUS. ( K = LBWIN-3) : 

K =5.702.103 
in3 

3. SPRING CONSTANT. ( S = L B S I N 2  ) : 

SsK.D 

4 lb S =3.778.10 .- 
in2 

4. SYSTEM CHARACTERISTIC ( h = IW-1) : 

0.25 

1, =0.059 .in- 1 

5. SOIL FRICTION. 

lb 
f =24.479.7 

6. MAMMUM SLIPPAGE LENGTH ( Lm = IN ) : 
In 

Lm = 1.566.103 -in 

7. MAXIMUM AXIALFORCE ( F  = LBS) : 

FzfiLm 

F =3.833-104 .lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY: 
M.M.AHMED 

8. MINIMUM TRANSVERSE LEG LENGTH REQUlRED ( 1 = IN) : 

REF: 2 ON COVER SHEET 

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0 . THEREFORE TIIE FOLLWING 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. INDEPENDENT VARIABLE ( a21 ) : 

a21 =4.276.105 .lb 

10. INDEPENDENT VARIABLE (a31 ) : 

S a31=- 
2.h 

a31 =3.228*105 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32 s ?. 

a32 =0.059.6 '  

12. INDEPENDENT VARIABLE ( a ) : 

a-a31 + a21.a32 

5 Ib 
a =3.478-10 .T 

111 

13. SEISMIC EFFECTlTE LENGTH ( Les = IN ) : 

Les =825.014% 



STAB. VERSION-0 
PAGE 7 

PROGRAMMED B Y  
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF SHFAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPENDENT VARIABLE (all) : 

I .2  \ 

a l l  =0.071.h 

2. DEPENDENT VARIABLE (alZ) : 

- L  
A.E 

al2s- 

a12 =-2.066-1O4 .'" 
lb 

3. DISPLACEMENT AT BEND (6 = inches) : 

a1 1 6 s -  
1 - a12.a 

6 =0.041 .in 

4. S H E A R  IN TRANSVERSE LEG (Qt = LBS) : 

Qt.a.6 

Qt =1.434-104 .Ib 

5. MOMENT IN BEND ( M  = IN-LBS ): 

Mea214 

M =  ~ 7 6 3 . 1 0 ~  G l b  

HNF-2473, Rev. 0 
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PROGRAMMED BY: 
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < Sal1 

P.D . M Qt 
Soccc- + 1'- + - 

4.t Z b A b  Salls 1.33.Ej.Sh 

Socc =4.678-103 < SalI=2261.1O4 .% 
in2 in2 

CONCLUSION PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2.  ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED. 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE N m  Nodepoint A166 - Slurry Line - THERMAL 

INPUT B Y  D.L. S T O d  "DATE: 9 I 3  I96 

CHECKED BY: @&DATE: +@ 

HNF-2473, Rev. 0 
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Filename: A166-SI-T 

PROGRAMhED BY: M.M. AHMED 
STAB. VERSION-0 
PAGE NO: 2 

STEP 1: " DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410,22nd PRINT-1985 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

1 PIPESIZE 6"SCH40 

D-6.625.in 

i=0.280.in 

A~5.581.in2 

I s  28.14.in4 

ZzS.496.in3 

~ b = ~ . 4 0 . i n '  

2 b : 16.81 .in3 

Rz40.00.in 

Es28.62.1O6.? 
in2 

+=1.57.rad 

Ib Pz32.5.- 
in2 

TE 180.K 

lb sc L 20000.- 
inz 
Ib Sh E 20000.- 
in2 

EJs0.85 

Fz1.00 

h=- i'R'4 h=1.113 
(D - i)' 

k . E  k = 1.483 
h 

. 0.9 
1%- i = 0.839 h0.66 

BEND SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, W2 

MOMENT OF INERTIA, W 4  

SECTION MODULUS, W3 

BEND METAL AREA, W2 

BEND SECTION MODULUS, W3 

PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE M RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SLF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oi* 1.00 
HNF-2473, Rev. 0 
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Filename: A166-sl-T 
PROGRAMMED BY. M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c E 12000 '" 
sec 

POI.03 POISSON RATIO 

KdzO 32 

p-075 COEF OF SOIL FRICTION 

lb Ed = 62000 - 
in 
Ib 

in 

SOIL SURFACE WAVE VELOCITY, INISEC 

COEF OF LATERAL STRESS 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/N3 w o o 6 6  - 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks.0.25 COEF OF LATERAL STRESS 

lb Es 2 21000.- 
inz 
Ib 

in3 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PIPE, IN, 

rszo.066.- 

Hz36.h 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag- 0.12 

in 
Vm=48,ag- 

sec 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, INISEC 

in 
Vm=5.16.- 

sec 

COMPUTED THERMAL EFFBCTIVE LENGTH 



STAB. VERSION-0 Filename: A166-SI-T 
PAGE-4 PROGRAMMED BY: M.M.AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB Subroutine T-3 for TvDe 3 Bend Analysis 

For Calculation of Thermal Effective Length 

from Table 3, Classificarion of Legs: 

Let=2.714.103 .in 

Lpz(14+8.42+3.83)A 

L =315.in P 

Since L p  (i) Let 

this is a case of SP Leg, therefore: 

SP: L1 = L p  

L1 ~ 3 1 5 . h  

+ = 1.57 

A169 

B 3.83 + 5.92 
L t " 2  

L t  =58.5 .in 

Since L t  (4 Let 

this is a case of SP Leg, therefore: 

SP: L2 = L t  

L2 = 58.5 .in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L2~58.5.in L1.31S.in 

ANALYSIS RESULTS: 

Set =9.231.103 .& < ALLOWABLE Sa =4.808.104 .'b 
in2 in2 

CONCLUSION 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMJ3NTS. 



STAB. VERSION-0 
PAGE N O  5 

PROGRAMMED BY: M.M. B E D  

STEP 2B THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
INDEPENDENT VARIABLES. 

1.THERMAL STRAIN ( Et = N/N ) 

Etsa(T-  40.K) 

Et =8.S62.10-4 ?!! 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBSIW3 ) : 

Kt = 1.765.103 .; 
3. SPRING CONSTANT ( St = LBS/W2 ) : 

S1zKt.D 

in 

St=1.169~104 .E 
in2 

4. SYSTEM CHARACTERISTIC ( At  = INA-1 ) : 

5. SOIL STATIC FRICTION.( ft = LBSlIN) : 

1 +Ks flzx.D.--.Ts.H.p 
2 

lb 
f t = 2 3 . 1 8 1 . ~  

in 
6. MAxrmTm? SLIPPAGE LENGTH ( Lt = N) : 

E Lt=Et.A - 
fl 

Lt =6.106.103 .in 

I. MAxlMuM AXIAL FORCE ( Ft = LBS ) : 

Ftzfl.Lt 

Ft = 1.416.105 .lb 
HNF-2473, Rev. 0 
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PAGE N O  6 

PROGRAMMED BY. M.M. AHMED 

8. MIMMUM LENGTH OF TRANSVERSE LEG ( I t  = N) 

It 2 - R E F  2 ON COVER SHEET 
ht 
x 

It =71.977.in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 N 
FOLLOWDVG EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODJHED ACCORDINGLY. 

9. INDEPENDENT VARIABLE (A21 ) : 

A21 =3.03.105 .lb 

10. INDEPENDENT VARIABLE ( A31 ) : 

Kt.D A31 s- 
2.ht 

A31 =1.339-105 
in 

11. INDEPENDENT VARIABLE ( A32) : 

A32=ht 

A32 = 0.044 .in' ' 
12. INDEPENDENT VARIABLE ( At) : 

AtzA31 +A21.A32 

At = I.472.1Os .'b 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let =2.714.103 .in 



STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED B Y  M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

1.DEPENDENT VARAIBLE (All) : 

A l l  =0.272.in 

2. DEPENDENT VARIABLE (A12) : 

-L1 A12z- 
A.E 

A12 =-1.972.10-6 .!!! 
lb 

3. DISPLACEMENT AT BEND (&=in) : 

A1 1 St.- 
1 - A12.At 

4. SHEAR I N  TRANSVERSE LEG Wt=lbs) : 

Vt %At. St 

Vt =3.102.1O4 -1b 

5. MOMENT IN BEND (Mt=in.lbs) 

Mt s A21 .St 

Mt =6.386.104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG Wp=in.lbs) 

Vp ht.Mt 

Vp =2.787.103 -1b 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. HNF-2473, Rev. 0 
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PAGE NO: 8 

PROGRAMMED B Y  M.M.AHMED 

B. DUE TO THERMALSTRAIN IN SHORT PIPE LEG: 

1.  DEPENDENT VARIABLE (Bll) : 

B11 =0.052-in 

2. DEPENDENT VARIABLE (BIZ) : 

- L2 BlZs- 
A.E 

B12 =-3.662.10' -'" 
lb 

3. DISPLACEMENT AT BEND (61 =inches) 

61 5- 
1 - BIZ.At 

B11 

61 =0.049-in 

4. SHEAR FORCE IN TRANSVERSE LEG (Vl=Lbs) : 

V1 eAt.61 

V1 =7.204.103 .lb 

5. MOMENT IN BEND (Ml=in.lbs) : 

MlsA21.61 

M1 =1.483.104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG (VZ=lbs) : 

V2 = ht-M1 

V2 ~647.366.1b 

7. DISPLACEMENT STRESS AT BEND (Sei= Psi) : 

Sel = 1.74.103 -E 
in1 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED B Y  M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Set-Se + Sel 

Sct=9.231.103 .& 
in2 

< 

SL = 1.922.103 

Sa:F,(1.25.(Sc + Sh) - SL) 
in2 

4 lb Sa =4.808.10 .- 
in2 

CONCLUSION: PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. P W  VOLUME-77, JUNE'S3 

BY 

2. ASiME PAPER ON 'FLEXJBILITY ANALYSIS OF BURlED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFlER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A169 - Slurry Line - SEISMIC 
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Page 508 



STAB. VERSION-0 
PAGE3 

Filename: A169-sl-S 
PROGRAMMED B Y  M.M.AHMED 

STEP 1: "DESIGN DATA.'' 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA (REFCRANE TECH PAPER N0:410,22nd PRlNT-1985) 

PIPE MATERIAL ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

t j 0.280-in 

1% 28. 14.in4 

Z i S.496-h3 

Ab=8.40-inz 

Z b =  16.81.h3 

Re40.00-in 

6 Ib Ez28.62.10 .- 
in2 

lb 
Pz325.- 

in2 

Tsl80.K 

Ib sc z 20000.- 
in2 
Ib Sh= 20000.- 

Ej ~0.85 

hs- 
(D - t)' 

in2 

h=1.113 t.R.4 

k=- 1'65 k =1.483 
h 

i=O.839 . 0.9 
,s- 

,,a66 

BEND SIZE 8" SCH 40 , RADIUS=IO". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, WZ 

PIPE MOMENT OF INERTIA, W 4  

PIPE SECTION MODULUS, W3 

BEND METAL AREA, W2 

BEND SECTION MODULUS, W3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY. IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REF:ASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i = l . O  i=l.OO 

HNF-2473, Rw. 0 
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Filename: A169-SI-S 
PROGRAMMED B Y  M.M.AHMED 

B SOIL CHARACTERISTICS 
(REF: SHANNON & WILSON, lNC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c E 12000.'- 
sec 

POI=O.3 

Kds0.32 

p E 0.75 

lb 
Edz62000.- 

in2 
Ib 

in3 
r d  0.066.- 

SOIL SHEAR WAVE VELOCITY, lN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/W3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Kss0.25 

Ib Es 2 1000,- 
in2 

Ib 

in3 
rszo.066.- 

Hz36.k 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/lNA3 

DEPTH OF BURIED PPE,  lN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
@WF SDC-4.1 REV-11) 

ag- 0.12 FREE FDELD HORIZONTAL ACCEL, FRACTION OF 'G' 

in 
Vm r 48. ag- 

sec 
MAX GROUND VELOCITY, lN/SEC 

in 
Vm =5.?6*- 

sec 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014.in 

HNF-2473, Rev. 0 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB Subroutine T-3 for TvDe 3 Bend Analvsis A166 + = 1 5 7  

For Calculation of Seismic Effective Length 

from Table 3, Classflccation of Legs: A112 
q@ 
I )  

A169 
t- LP+ 

Lt=(3.83 + 5.92).ft 

L ~ (3 .83  + 7.67).!? P -  

L, = 117 .in 

L =138*in P 

Les =825.014.in 

Since L p  (<) Les , this is a case of SP Leg, therefore: 

P SP: L . =  L 
L = 138 .in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L s  138.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Sall 5 1.33.Ej. Sh 

Socc =3.55.103 < ALLOWABLE Sall =2.261.104 
in* in2 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 PROGRAMMED BY: 
PAGE 5 M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDEhT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Ern) : 

Vm &In- 2.c REF: 2 ON COVER SHEET 

2. SUBGRADE REACTION MODULUS. ( K = LBSIW3) : 

3. SPRING CONSTANT. ( S = LBSILN2 ) : 

S=K.D 

S =3  778.104 -& 
in* 

4. SYSTEhl CHARACTERISTIC ( h = IN^-1 ) : 

). = 0.059 .in- ' 
5. SOIL FRICTION. 

Ib f ~24.479.- 
in 

6.  MAXIMUM SLIPPAGE LENGTH ( Lm = IN) : 

E Lm 2 &mA. - 
f 

Lrn = 1.566.103 -in 
7. MAXIMUMAXLALFORCE ( F  = LBS) : 

FzfiLm 

F =3.833.104 .lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

8. MINIMUM TRANSVERSE 

1 2  
h 

I =53.686%1 

EG 

PROGRAMMED B Y  
M.M.AHMED 

ENGTH REQUIRED ( 1 = IN ) : 

R E F  2 ON COVER SHEET 

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0. THEREFORE THE FOLLWING 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. INDEPENDENT VARIABLE ( a21 ) : 

a21 =4.276.10' .lb 

10. INDEPENDENT VARIABLE ( a31 ) : 
S a31s- 

2-h 

a31 =3.228*105 
in 

11. INDEPENDENT VARIABLE ( 832) : 

a32 z h 

a32 =0.059%1.' 

12. INDEPENDENT VARIABLE ( a ) : 

asa31 + a21.a32 

a =3.478-105 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN) : 

Les =825.014.h 

W - 2 4 7 3 ,  Rev. 0 
Page 513 



STAB. VERSION-0 
PAGE 7 

PROGRAMMED BY: 
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIT'E BEND. 

1. DEPENDENT VARIABLE (all) : 

a l l  =0.032.in 

2. DEPENDENT VARIABLE (al2) : 

-L a U -  
A.E 

a12 =-8.64.10-7 -'" 
Ib 

3. DISPLACEMENT AT BEND (6 = inches) : 

a1 1 6E- 
1 - a12.a 

6 =O.O24*in 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qt.a.6 

Qt =8.467.103 *Ib 

5. MOMENT IN BEND ( M = IN-LBS ): 

M= a214  

M=1.041.104 .in.lb 

6. SmAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp.1.M 

Qp =609.239.1b 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < Sall 

Socc =3.55.1O3 -'b < Sall =2.261.104 .'b 
u? in2 

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' BY 

G.C.K.YEH, ENGINEEmG SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURTED 
PIPE' BY E.C.GOODLlNG, SUPERVISlNG ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED. 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO. W 320 I ER 4319 

F E E  NAME: Nodepoint A169 - Slurry Line - THERMAL 

9 5  
INPUTBY D.L.STONE DATE: 

CHECKED B Y Q  J m d g D A T E :  



STAB. VERSION-0 
PAGE NO: 2 

Filename: A169-SI-T 

PROGRAMMED BY: M.M. AEMED 

STEP 1: 'I DESIGN DATA." 
ALL UMTS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410,ZZnd PRINT-1985 

PIPE MATERIAL ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE: 6" SCH 40. 

D.6.625-in 

t.0.280.in 

A-5.581.in2 

I* 28. win4  

Z -8.496.in3 

A b ~ 8 . 4 O . h ~  

Zbz16.81.in3 

R i 40.00.in 

E=28.62.106.* 
in2 

+= 1 5 7 a d  

lb 
Ps325.- 

Tz 180.K 
in2 

Ib 
sc~20000~-  

in2 
Ib 

Shs 20000.- 
in2 

EJ = 0.85 

Fz1.00 
t.R.4 hz- 

(D - t)' 
h=1.113 

kz- k =1.483 
h 

. 0.9 
I=- i=0.839 h0.66 

BEND SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, W2 

MOMENT OF INERTIA, N 4  

SECTION MODULUS, W3 

BEND METAL AREA, IN? 

BEND SECTION MODULUS, W 3  

PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oizl.OO 
HNF-2473, Rev. 0 

Page 5 18 



STAB. VERSION-0 
PAGE-3 

Filename: A169-SI-T 
PROGRAMMED B Y  M.M.AHMED 

B SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c. 1 2 0 0 0 - ~  
sec 

POIzO.3 

Kd.0.32 

~ ~ 0 . 7 5  

lb Ed ~62000,- 
i n2 
lb Td 0.066- 
in3 

SOIL SURFACE WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/M^3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  

ES = 21000.- Ib 

in2 
lb Ts I 0.066- - 
in3 

H.36.h 

COEF OF LATERAL STRESS 

STATIC ELASTICRY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PIPE, IN .  

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag- 0.12 

Vm.4*.agA 
sec 

Vm = 5.76 
sec 

FREE F'IELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, INISEC 

COMPUTED THERMAL EFFECTIVE LENGTH 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: A169-SI-T 
PAGE-4 PROGRAMMED BY M.M.AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB Subroutine T-3 for TvDe 3 Bend Analvsk 

For Calculation of Thermal Effective Length: 

from Table 3, ClassifCalion of Legs: 

A166 0 = 1.57 

A171 
+L 

I' 
Let =2.714.10~ .in A169 t-- Lp + 
Lps(3.83 t 7.67).fl 

Lp = 13S-in 

Since L p  (<) Let 

this is a case of SP Leg, therefore: 

A 
3.83 + 5.92 

2 
L,.-. 

L , =58.5 .in 

Since L t  (i) Let 

this is a case of SP Leg, therefore: 

SP: L2 = L, P SP: L1.= L 

L1 =I38411 L2=58.54n 

**************$*$****$*************$*******************$$*$*****$***$*****$***** 

L1 i 138.in 

ANALYSIS RESULTS 

Set =5.553.103 *'b < ALLOWABLE 
in2 

CONCLUSION 

L2=58.5.in 

Sa =4.808.104 
in2 

PIPE DlSPLACEMEh'T STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 



STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY: M.M. AHMED 

STEP 2 B  THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
INDEPENDENT VARIABLES. 

1.THERMAL STRAIN ( s t  = IN/IN) 

& t s a ( T  - 40 K) 

st = 8.862.10-4 -'" 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBS/INA3 ) : 

Kt = 1.765103 .E 
in3 

3. SPRING CONSTANT ( St = LBS/INA2 ) : 

StsKi-D 

St =1.169.104 
in2 

4. SYSTEM CHARACTERISTIC ( ht = IN -̂1 ) : 
0.25 (&) 

5. SOIL STATIC FRICTION ( ft = LBSlIN ) : 

f t . n . D . Z . r s H . p  
2 
lb 

!?=23.181.- 
in 

6. MAXIMUM SLIPPAGE LENGTH ( Lt = IN) : 
E Lt 5st.A.- 
A 

Lt =6.I06.1O3 .in 

7. MAXIMUM AXIAL FORCE ( Ft = LBS ) : 

FtsA.Lt 

Ft = 1.416-105 -1b 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY M.M. AHMED 

8. MIMMUM LENGTH OF TRANSVERSE LEG ( It = IN ) 

l t 2  REF 2 ON COVER SHEET 
ht 

It =71 977% 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFIED ACCORDINGLY. 

9. INDEPENDENT VARIABLE ( A21 ) : 

A21 ~3.03-IO5 .Ib 

10. INDEPENDENT VARIABLE ( A31 ) : 

Kt.D A31 =- 
2.ht 

A31 = ~ 3 3 9 . 1 0 ~  
in 

11. INDEPENDENT VARIABLE ( A32 ) : 

A32sht 

A32 =0.044*in-' 

12. INDEPENDENT VARIABLE ( At ) : 

AtsA31 + A21.A32 

At =1.472.105 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let =2.714-103 4x1 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE N O  7 

PROGRAMMED BY M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

1.DEPENDENT VARAIBLE (All) : 

A11s~t .Ll  - A-- i 2:'J 

A l l  =0.121.in 

2. DEPENDENT VARIABLE (AlZ) : 

A12 =-8.64.10-7 .'" 
Ib 

3. DISPLACEMENT AT BEND (&=in) : 

6t =0.107.in 

4. SHEAR IN TRANSVERSE LEG Wt=lbs) : 
Vt =At.Gt 

Vt = 1.579.104 .Ib 

5. MOMENT IN BEND (Mt=in.lbs) 

MteA21.6t 

Mt =3.25104 G l b  

6. SHEAR IN LONGITUDINAL LEG Wp=in.ibs) 

Vp j ht.Mt 

Vp =1.419+103 -1b 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

Se =3.813.103 
in2 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. 



STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED B Y  M.M.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG 

1. DEPENDEW VARIABLE (B11) : 

B11 = 0.052 .in 

2. DEPENDENT VARIABLE (BlZ) : 
- L2 B12=- 
A E  

BIZ =-3.662.101 .!!! 
lb 

3. DISPLACEMENT AT BEND (61 =inches) 

B11 61 z- 
1 - B12.At 

61 =0.049.in 

4. SHEAR FORCE IN TRANSVERSE LEG (Vl = Lbs) : 

VI =At.61 

VI =7.204-103 .lb 

5. MOMENT IN BEND (Ml=in.lbs) : 

MlzA21.61 

M1 = 1.483-104 .inlb 

6. SHEAR IN LONGITUDINAL LEG (V2=Ibs) : 

VZ=ht.Ml 

VZ =647.366.1b 

7. DISPLACEMENT STRESS AT BEND @el= Psi) : 



STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED B Y  M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Set z Se + Sel P.D SL.- 
4.t 

SL = 1.922.103 .'b 
in2 

Sa.F.(I.ZS.(Sc + Sh) - SL) 

CONCLUSION PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQWMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEEFUNG SPECIALIST, BECHTEL 
POWER COW. PVF'VOLUME-77. JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPFRVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 
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STAB. VERSION-0 
PAGE3 

Filename: AO3-sp-S 
PROGRAMMED BY: M.M.AHMED 

STEP 1: "DESIGNDATA." 
ALL UNITS IN POUh?)S, INCHES, RADIAh'S AND DEGREE F. 

A. PIPE DATA (REFCRANE TECH PAPER N0:410,22nd PRIXT-1985) 

PIPE hlATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

DS 6.62j.h 

te0.280-in 

A-5.5Sl.inz 

I. 28. 14.in4 

2 s  S.496.in3 

A b=8.40.h2 

2 b I 16.8 1.in3 

R z  40.00.in 

4.2.356.rad 

lb Ps325.- 
in2 

Tz 180.K 

lb sc  _= 20000.- 

Ib 
Shz 20000.- 

Ej.O.85 

hs- h=1.113 

in2 

in2 

t.R.4 

(D - t)' 

k.1.65 k=1,483 
h 

. 0.9 
i=O.839 ,=- 

h0.66 

BEND SIZE 8" SCH 40 , RADIUS=40". 

PIPE OUTSIDE DJAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, lW2 

PIPE MOMENT OF INERTIA, W4 

PIPE SECTION MODULUS, lN-3 

BEA9 hffiTAL AREA, W 2  

BEA9 SECTION MODULUS, lW3 

PIPE BEND RADIUS, IN (40" radius, 45 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SLF FACTOR 

IF CALCULATED 'i' IS-LESS THAN 1.0, USE i=1.0 i z  1.00 



STAB. VERSION-0 
PAGE-3 

Filename: AO3sp-S 
PROGRAMMED B Y  M.M.AHMED 

B: SOU CHARACTERISTICS 
(REF SHANNON & WILSON, Ih'C GEOTECH INWSTIGATION REPORT.) 

B1: SOU DATA FOR SEISMIC ANALYSIS 

in c. 12000.- 
sec 

POI=O.3 

Kdg0.32 

pi 0.75 

Ib Ed. 62000.- 
inz 
lb rd=o.o66.- 
in3 

SOIL SHEAR WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY BIODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT.LBSIW3 

B2: SOIL, DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  

Ib 
Es E 21000.- 

in2 
Ib rs E 0.066.- 

in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC I T ,  LBSIW3 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag= 0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUNJ VELOCITY, IN/SEC 

in 
Vm=5.76-- 

sec 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les = 830.748 .in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: A03-sp-S 
PAGE4 PROGRAMMED B Y  M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB Subroutine T-3 for Tvae 3 Bend Analvsis AI0 

For Calculation of Seismic Effective Length: 
f$ qB 

A00 +=2.356 I )  from Table 3, Classification of Legs: 
A03 /--- Lt 

Lpz(1.50+4.(11.00) +5.98+4.33 +3.83).fi Lp  =715.68'.in 

L E (6.62 + 8.67 + 1.499).A L t  =201.468.h 

Les = 830.748 .in 

Since L p  ( < ) Les , this is a case of SP Leg, therefore: 

P 

L =715.68% 

SP: L : = L  

*******************x***************************************************x**********  

Ls715.68.in 

ANAz;YSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Salls 1.33.Ej.Sh 

Socc =4.987.103 .'b < ALLOWABLE Sal1 =2.261.104 
in2 inz 

coNcLus IoN 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 



STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2A: SEISMIC ANALYSIS OF BURIED P E E  AND COMPUTATION 
OF INDEPENDEhT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em) : 

Vm 
2 c  

em = 2  4.10-4 

2. SUBGRADE REACTION MODULUS. ( K = LBS/BSIIN̂ S) : 

K z -  ( O F )  (; -_  7 ) 0 0 * 3 3  ___ Ed 

K = 5  702.103 .: 

3. SPRJNG CONSTANT. ( S  = LBSIW2) : 

S z K D  

S = 3  778.104 

Em;- 
REF: 2 ON COVER SHEET 

1 - PO12 

m 

in2 

4. SYSTEM CHARACTERISTIC ( 1 = W-I ) : 

h =0.059+n-l 

5. SOIL FRICTION. 

Ib f =24.479*: 
m 

6. MAxIMUhf SLPPAGE LENGTH ( Lm = IN) : 

E Lm=emA,- 
f 

Lm = 1.566.103 .in 

7. MAlO[MUhlAXCALFORCE ( F  = LBS) : 

F=fiLm 

F =3.833*104 .Ib 



STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY: 
M.hf.AHMED 

8. MDI?MuM TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN ) : 

1 2  
A 

REF 2 ON COVER SHEET 

1 = 53.686 .in 

NOTE: Slh'CE ALL PIPE RUNS J?LL GEhTRALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0. THEREFORE THE FOLLTVJNG 
FORhIULAS ARE MODlFIED USJXG THE VALUES OF CONSTANTS AS 1.0 

9. JKDEPENDENT VARIABLE ( a21 ) : 

a21 =3.005.105 .lb 

10. IhDEPEhQENT VAR7ABLE ( a31 ) : 

S a31s- 
2. A 

a31 =3.228.105 .E 
in 

11. Ih'DEPEh'DENT VARZABLE ( a32 ) : 

a3221 

a32 =0.059Gn-' 

12. INDEPENDENT VARIABLE ( a ) : 

aza31 ta21.a32 

a =3.404-105 
in 

13. SEIShlIC EFFECTIVE LENGTH ( Les = IN) : 

Les =830.748k 



STAB. VERSION-0 
PAGE I 

PROGRAMMED BY: 
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS Ah?) CALCULATION OF SHEAR FORCES, 
MOMENTS AN9 STRESSES IN PIPE BEND. 

1. DEPEhQENT VAFUABLE (all) : 

a l l  =0.133411 

2. DEPEhQEhT VAIUABLE (a la  : 

-L  
A.E 

a12=- 

a12 =-4.481.106 -’” 
lb 

3. DISPLACEMENT AT BEND (S = inches) : 

4. SHEAR I N  TRANSVERSE LEG (Qt = LBS) : 

Qt.a.6 

Qt = ~ 7 8 6 . 1 0 ~  .lb , 

5. MOMENT IN BEND (&I= IN-LBS): 

Msa21.6 

M=1.577.104 &lb 

6.  SMEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp3h.M 

Qp = 922.928.1b 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
, Socc < Sal1 

P.D , M Qt 
socc=- + 1-- i - 

4.t Z b A b  
Sail. 1.33.Ej.Sh 

Socc =4.987.103 .'b < Sa11 =2.261.104 -E 
u? d 

CONCLUSION. PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rw. 0 
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Filename: AO3-sp-T 

PROGRAMMED B Y  M.M. AHMED 
STAB. VERSION-0 
PAGE NO: 2 

STEP 1: " DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF: CRAh'E TECH PAPER NO, 410,22nd 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 
PRINT-1985 

PIPE SIZE: 6" SCH 40. 

6 lb Es28.62.10 .- 
in2 

T: 18O.K 

lb 
s c ~ 2 0 0 0 0 ~ -  . 2  m- 

lb 
ShS20000.- 

in2 
EJ-0.85 

Fi1.00 

h=- t'R'4 
h = 1.1 13 

(D - t)' 

1.65 
h 

ks- k=1.483 

. 0.9 
li- i = 0.839 

,,0.66 

BEND SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DLAMETER, IN 

P P E  WALL TKICKNESS, IN 

PIPE hETAL AREA, IN^2 

MOMENT OF IA'TRTIA, W 4  

SECTIONMODULUS, W 3  

BEND METAL AREA, IN-2 

BEA'D SECTION MODULUS, UT3 

PIPE BEN) RADIUS, IN (40" Radius, 45 d e s e e  Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, WIINIF. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Ci= 1.00 



STAB. VERSION-0 
PAGE-3 

Filename: A03-sp-T 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON &WILSON, m'C GEOTECH INWESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c s 12000 25 
sec 

POISO 3 POISSON RATIO 

Kd.0 32 

1.15075 COEF OF SOIL FRICTION 
lb Ed 2 62000 - 

SOIL SURFACE WAVE VELOCITY, IN/SEC 

COEF OF LATERAL STRESS 

DYNAMIC ELASTICITY MODULUS, PSI 
I l l  

lb 

in 
rdroo66-  DYNAMIC SOIL SPECIFIC WT,LBSIIN^3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks I 0.25 

ES 221000--- 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/EV3 

DEPTH OF BURlED PIPE, IN. 

lb 

in* 

in3 

Ib 
rSz0,OGG.- 

Hs36.h 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF: SDC-4.1 REV-11) 

ags0.12 FREE FIELD noRIzomAz. ACCEL, FRACTION OF 'GI  

Vm.48.ag.z hlAx GROUA'D VELOCITY, IN/SEC 
sec 

Vm=5.76 .E  
sec 

COMPUTED THERMAL EFFECTIVE LENGTH 

Let =2.739.103 .in 



STAB. VERSION-0 Filename: A03sp-T 
PAGE-4 PROGRAMMED B Y  M.M.AHMED 
..................................... 

+ =2.356 STAB Subroutine T-3 for Type 3 Bend Analvsis A10 

For Calculation of Thermal Effective Length: 

from Table 3, C[assifcorion of Legs: 

1.5 + 4.(11.00) + 5.98 + 4.33 + 3.83 
2 

LP' .A 

L =357.84.in P 

Since L p  (<) Let 

this is a case of SP Leg, therefore: 

SP: L1 := L 

' 

P 
L1 =557.84.in 

Lt:(6.62+8.67+ IS).!? 

L t  =201.48.in 

Since L,  (<) Let 

this is a case of SP Leg, therefore: 

SP: L 2 : = L t  

L2 =201.48.in 

*********%******************************%*****************************~******~** 
L1 z357.84.in L2.201.48.in 

ANALYSIS RESULTS: 

Set = 1.142.104 .& 
in2 

CONCLUSION: 

< ALLOWABLE 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 



STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY: M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AND CObCF'UTATION OF 
Ih?)EPENDENI VARIABLES. 

l.T€lERMAL STRAlN (s t  = IN l IN)  

~ t r a ( T -  40.K) 

st =8,862.10-4 .L" 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBSlW3 ) : 

Kt = 1.765.103 .* 
ill3 

3. SPRING CONSTANT ( St  = LBSIWZ ) : 

St _= Kt.D 

St=1.169-104 
in= 

4. SYSTEM CHARACTERISTIC ( ht = IN^-1 ) : 
0.2s 

)d= (&) 
?.t =0.044+1-' 

5. SOIL STATIC FRICTION ( ft = LBSlIN ) : 

1 C K S  A.x.D.--Ts.H.p 
2 

lb 
A=23.181.- 

in 
6.  MAXIMUM SLIPPAGE LENGTH ( Lt = IN ) : 

E Lt=&t.A.- 
A 

Lt =6.106.103 .in 

7. MAXIMUM AXUL FORCE (Ft = LBS) : 

Ft-A.Lt 

Ft = 1.416-1OS *Ib 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED B Y  M.M. AHMED 

8. M I N W  LENGTH OF TRANSVERSE LEG ( It = IN) 

I t 2  R E F  2 ON COVER SHEET 
At 

It =71.977.in 

A S S U E D  THE LENGTH OF ALL TRNSVERSE LEGS WILL 
GEh'ERALLY 
BE MORE THAN "lt" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMXLAE 
ARE MODIFLED ACCORDINGLY. 

9. TPIDEPEADENT VARIABLE ( A21 ) : 

k.R.4 4.1.: A21 -At- - + - ( E.1 Kt.D) 

A21 =2.161.105 .lb 

10. INDEPEhTlEW VARIABLE (A31 ) : 

Kt.D A31 E- 
2.1.t 

A31 =1.339.105 
in 

11. INDEPENDENT VARIABLE ( A32 ) : 

A32zht 

A32 =0.044.i' 

12. INDEPENDENT VARIABLE ( At ) : 

AtEA31 +A21.A32 

At = ~ 4 3 4 . 1 0 ~  .fi 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

Let=2.739.103 *in 

HNE-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAMMED BY M.M. -5D 

T H E R A U  ANALYSIS OF PLPE BEND AND COMPUTATION OF SHEAR FORCES, 
MOhD?WS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAW IN LONG 
PIPE LEG. 

1.DEPENDEW VARAIBLE (All)  : 

A l l  =0.308.in 

2. DEPENDENT VARIABLE (A12) : 

-L1 A12=- 
A.E 

A12 =-2.24.106 
lb 

3. DISPLACEMEW AT BEND @=in) : 

A1 1 6t.- 
1 - Al2,At 

6t ~ 0 . 2 3 3  .in 

4. SHEAR IN TRANSVERSE LEG Wt=lbs) : 

Vt sAt.6t 

Vt =3.34-104 .Ib 

5. MOMENT IN BEND O\lt=in.lbs) 

Mt =A2 l.St 

Mt =S.O36-1O4 -in.lb 

6. SHEAR IN LONGITUDINAL LEG Wp=in.lbs) 

Vp I ht. Mt 

Vp =2.198-103 .lb 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

Se =6.972.103 
inz 

NOTE: THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED BY: M.M.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG: 

1. DEPENDENT VARIABLE (BX1) : 

B11 z0.176.h 

2. DEPENDENT VARIABLE (B12) : 

- L2 
B l 2 ~ -  

A.E 

B12 =-1.261-106 
Ib 

3. DISPLACEMENT AT BEND (61=inches) 

61 =0.149.in 

4. SHEAR FORCE IN TRANSVERSE LEG (Vl=Lbs) : 

VI sAt.61 

VI =2.132*104 .Ib 

5. MOMENT INBEND O%l=in.lbs) : 

MI=A21.61 

MI =3.214*104 .in.lb 

6. SHEAR IN LONGITUDINAZ, LEG W2=lbs) : 

V2 =M-Ml 

V2 = 1.403.103 -Ib 

7. DISPLACEMEhT STRESS AT BEND (Sei= Psi) : 

Sel =4.45.103 *& 
in2 HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAhlMED B Y  M.I\I.AHI\IED 

8. CODE B31.3 COMPLJANCE FOR DISPLACEMENT STRESS. 

Set = Se + Sel 

4 lb Set = 1.142.10 .- 
in2 

< 

P.D SLY- 
4.t 

SL = 1.922.103 .& 
in2 

Sa.F.(l.Zj.(Sc + Sh) - SL) 

Sa =4.808.10 4 .- Ib 

in2 

CONCLUSION PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. P W  VOLUME-77, JUNE93 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISIh'G ENGINEER, 
GLBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER TJSCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A10 - Supernate Line - SEISMIC 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE4 

Filename: AlOsp-S 
PROGRAMMED BY: M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL up\TTS IN POuhTDS, EiCHES, RADIANS Ah?, DEGREE F. 

A. PIPE DATA: WFCRAN'E TECH PAPER NO:410,22nd PRINT-1985) 

PIPE MATERIAL ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D 16.625.h 

te0.280.in 

A=5.581~inz 

1% 28.14.in4 

Z-8.496.in3 

Ab=8.40.inz 

Zb516.81.in3 

R=40.00.in 

T. 180.K 

lb sc =20000.- 

lb Sh s 20000.- 

EjsO.85 

hz- h = 1.113 

in2 

in2 

t.R.4 

(D - t)' 

k . 2 2  k = 1.483 
h 

0.9 
h0.66 

iz- i=O.839 

BEAD SIZE: 8" SCH40, RADTcTS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE h 5 T A L  AREA, EV2 

PIPE MOh5NT OF INERTIA, EV4 

PIPE SECTION MODULUS, IN-3 

BEAD h 5 T A L  AREA, EV2 

BEA?) SECTION MODULUS, IN'3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY. PSI 

THERMAL EXYANSION OF ELASTICITY, mvmw. 

BEh3 ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMI'ERATLJRE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 AX'PDX-D) 

FLEXIBJLITY FACTOR 

SlF FACTOR 

IFCALCULATED 'i'ISLESSTHAN1.0, USE i=1.0 i=1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: AlO-sp-S 
PROGRAMMED BY: M.M.AHMED 

B: SOU CHARACTERISTICS 
WF SHANNON PU WILSON, INC 

B1: S O U  DATA FOR SEIShffC ANALYSIS 

GEOTECH INVESTIGATION REPORT.) 

in c. 12000.- 
sec 

POIzO.3 

Kdz0.32 

~ ~ 0 . 7 5  

Ib 
Ed =62000.- 

3 
1b rd=0.066.- 
in3 

SOU SHEAR WAVE VELOCITY, rN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOU FRICTION 

DYNMUC ELASTICITY MODULUS, PSI 

DYNAMIC SOU SPECIFIC WT,LBS/lN\T^3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks-0.25 

lb Es s 2 1000,- 
in2 

lb rs 0.066.- 
in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ags0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF ‘GI 

Vmz48.ag* MAX GROTJNm VELOCITY, INISEC sec 
in Vm =S.76*- 
sec 

COMPUTED EFFECTM? LENGHTS: 

1. SEISMIC EFFECTNE LENGTH ( Les ) : 

Les =825.014+, 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-4 

Filename: AlO-sp-S 
PROGRAMMED BY: M.M. AHMED 

I%*t****%****$******%***********$%$*%$$*$**%$*$$$***$$$**$****%$********%**$*%*%*$ 

A23 
STAB Subroutine T-2 for T w e  2 Bend Analysis 

For Calculation of Seir;mic Effective Length 

from Table 3, Classifcarion of Lezr: A10 

Lt=(l .5  +4.(11.0) +5.98+4.33 +3.83).A Lt=715.68.in 
6=1.57 *O0 

L =1.596.103 .in 

2.Les = 1.6S.103 .in 

P Lps(2.(3.83) + 2.(8.67) + 9.(12.00)).A 

Since L p  (<) 2.Les, this is a case of SP Leg, therefore: 

L 

2 
L=798.in 

sp: L : = 2  

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) : 

Sal12 1.33.Ej.Sh 

Socc=5.407-103 < ALLOWABLE Sal1 =2.261.104 .'b 
in2 in? 

CONCLUSION: 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
I\I.M.AHiVED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDENT VARIABLES. 

1. SEISMIC SOIL s'PdN.( Em ) : 
Vm 
2.c 

Em;--- 
REF 2 ON COVER SKEET 

2. SUBGRADE REACTION MODULUS. ( K = LBSIIN-3) : 

K =5.702.103 .E 
in3 

3. SPRING CONSTANT. ( S = LBSIWZ ) : 

S z K D  

S =3.778.104 
in2 

4. SYSTEM CHARACTERISTIC ( h = IN^-l) : 

0.25 

?*= (&) 
h = 0.059 .g ' 
5. SOIL FRICTION. 

lb 
€=24.479- 

in 

6. MAxrmuM SLDPPAGE LENGTH ( Lm = IN) : 

E Lm-&n?A.- 
f 

Lm = 1.566.103 -in 

7. MAMhlzrm AXlAL. FORCE ( F  = LBS) : 

FsfiLm 

F =3.833.104 4 b  

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY 
M.M.AHMED 

8. MINMUM TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN) : 

R E F  2 ON COVER SHEET 1 2  
?* 

1=53.686.in 

NOTE: SWCE ALL PIPE RUNS WlLL GEh'RALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TR4h'SVERSE LEG LENGTH CRJTERLA HAS 
BEEN SATISFIED A h 3  ALL C 0 S S T . T S  C1 THRU C6 N SUCCEEDLKG 
FOR\lULAE ARE EQUAL TO 1.0. TEEREFORE THE FOLLIVSG 
FORhIULAS ARE MODIFIED USISG THE VALUES OF COXSTANTS AS 1.0 

9. Ih'DEPEhDEAT VARUBLE ( a21 ) : 

a21 =4.276.105 .Ib 

10. Ih'DEPEh'DENT V-LE ( a31 ) : 

S a31 z- 
2.). 

a31 =3.228.105 -5 
in 

11. INDEPENDEW VARIABLE ( a32 ) : 

a32.h 

a32 =0.059.5' 

12. INDEPEhDENT VARIABLE (a ) : 

a=a31+ a21,a32 

a =3.478*105 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

Les = 8 2 5 . 0 1 4 6  



STAB. VERSION-0 
PAGE 7 

PROGRAMMED BY 
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS Ah?) STRESSES IN PIPE BEND. 

1. DEPEiWENT VARIABLE (all) : 

a l l  =0.143.in 

2. DEPENDENT VARIABLE (a12) : 

-1, 
A.E 

a12=- 

a12 =-4.996.106 ?! 
lb 

3. DISPLACEMENT AT BEh7D (6 = inches) : 

a l l  8.- 
1 - a12.a 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qtsa.6 

Qt =1.813-104 -1b 

5. MOMENT IN BEND ( hl = IN-LBS ): 

M-a214 

M=2.23.104 %.lb 

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

Q&M 

Q = 1.305*103 .Ib 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMC + SUSTAINED STRESSES. 
Socc < Sa11 

P.D . M Qt 
Socce- + 1'- + - 

4.1 Z b A b  

Socc=5.407.103 < 
u: 

Sal1 3 1.33.Ej. Sh 

Sal1 =2.261.104 
u: 

CONCLUSION P E E  OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGJIWERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBLLITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERIFIER. T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A10 - Supernate Line - THERMAL 

INPUT BY D.L. STONJ3'LjDATE: 9 I 3  I96 
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STAB. VERSION-0 
PAGE NO: 2 

Filename: AlO-sp-T 

PROGRAMMXD BY M.M. AHMED 

STEP 1: 'I DESIGN DATA." 
ALL UNTS IN POUNDS, INCHES, RADIAhS AND DEGREE F. 

A. P E E  DATA. (REF CRANE TECH PAPER NO. 410,22nd 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

P P E  SIZE 6" SCH 40. 

PRJNT-1985 

BEh'D SIZE 8" SCH 40, RADIUS= 40" 

in a-6.33, 
(in.K) 

b z  1.57.rad 

lb P=325.- 
3 

Te 180.K 

lb 
sc~20000~- 

lb Sh=20000.- 

EJ.0.85 

in2 

in2 

F=1.00 

hz- h = 1.113 
t.R.4 

(D - t)* 

k.'.65 k = 1.483 
h 

, 0.9 
1:- i=O.839 

,,0.66 

PIPE OUTSIDE DIAh5TER, IN 

P P E  WALL THICJCNESS, IN 

PIPE hETAL AREA, W2 

MOhENT OF B'ERTIA, N 4  

SECTION MODULUS, IN.3 

BEND h5TAL AREA, I N 2  

BEND SECTION MODULUS, IN-3 

P P E  BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, INIINIF. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE S'JXESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 C/S 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=l.Oi= 1.00 HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: AlO-sp-T 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c. 12000.- 

POIzO.3 
sec 

Kd-0.32 

p 2 0.75 

Ib Ed=62000.- 
ii? 

Td 0.066.- 
in3 

lb 

SOU SURFACE WAVE VELOCITY, DXEC 

POJSSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/lW3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks -0.25 

lb Ess21000.- 
inz 
Ib rs = 0.066.- 
in3 

Hs36 .h  

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC NT, LBSIIN-3 

DEPTH OF BURlED PIPE, IN. 

C: SEISMIC RESPONSE FOR GROUI\?) MOTION 
(REF SDC-4.1 REV-11) 

ag I 0.1 2 

in Vms48,ag- 
sec 
in Vm = 5.76 .- 
see 

FREE FIELD HORIZONTAL ACCEL, FaACTION OF 'G' 

MAX GROUNT VELOCITY, WSEC 

COMPUTED THERMAL EFFECTIW LENGTH 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: AlO-sp-T 
PAGE-4 PROGRAMMED BY: M.M.AHMED 

*I***I********I*******$*$****t**************$*************$***$******$*$****$**$**$*$ 

STAB Subroutine T-3 for TrDe 3 Bend Analrsis 

For Calculation of Thermal Effective Length: 
from Table 3, Classiificahm of Legs: 

Let =2.714.103 .in 

Lp.(3.83 + 8.67 + 5.12.00).A 

L =870.in P 

Since Id*, (<) Let 

this is a case of SP Leg, therefore: 

SP: L1 = L p  

Q = 1.57 

1.5 + 4.( 11.0) + 5.98 + 4.33 + 3.83 
2 Lt '  .A 

L = 357.84 .in 

Since L t  (<) Let 

this is a case of SP Leg, therefore: 

SP: L2 = L t  

L1 = 870 .in L2 = 357.84 .in 

*****%*%**********************$***********$*********~****%%*****%*************** 
L15 870.h L2.357.84.h 

ANfiYSIS RESULTS 

Set =2.236.104 .* < ALLOWABLE 
in2 

CONCLUSION: 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAMnlED BY: M.M. A m B D  

STEP 2B: THERMAL ANALYSIS OF BURIED P E E  AN’ COMPUTATION OF 
INDEPENDENT VARIABLES. 

1.THBRMAL STRAN ( E t  = ININ) 

& t z a ( T -  40.K) 

&t =8.S62.10-4 
in 

2.  SUBGRADE REACTION MODULUS ( Kt = LBSIIN3 ) : 

Kt. (0;jj - . hf)0°.0*33 ~ .___ ES 
1 - POI2 

3 Ib Kt=1.765.10 .- 
in3 

3. SPRING CONSTANT ( St  = LBSIINZ ) : 

St-Kt.D 

St =1.169.104 
in 

4. SYSTEM CHARACTERISTIC ( ;It = W-I ) : 
0.25 (&) 

5. SOIL STATIC FRICTION ( ft = LBSIIN) : 

*.n.D.l+KS.rsH.p 
2 

Ib A =23.181.: 

6.  hUXMUIv1 SLIPPAGE LENGTH ( Lt = N )  : 
III 

E Lt =&t.A.- 
A 

Lt =6.106.103 .in 

7. MAXIMUM AXIALFORCE (Ft = LBS) : 

Ft I A,Lt 

Ft = 1.416.105 .Ib 



STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY: M.M. AHMED 

8. MINrmLml LENGTH OF TRANSVERSE LEG (It = m) 

I t 2  REF: 2 ON COVER SHEET 
Xt 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GEhXRALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWMG EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODlFlED ACCORDEVGLY. 

9. Ih?)EPENDENT VARIABLE (A21 ) : 

A21 =3.03*1O5 .lb 

10. M'DEPENDENT VARIABLE (A31 ) : 

Kt.D A31=- 
2.?.t 

A31 =1.339.105 -E 
in 

11. MmEPENDENT VARIABLE (A32 ) : 

A32zht 

A32 =O.O44*in-' 

12. INDEPENDENT VARIABLE (At ) : 

At-A31 + A21.A32 

At = 1.472.105 -E 
in 

13. THERMAL EFFECTrVE LENGTH (Le t )  : 

Lets-- A.E [ ( 1 +- z.;A~)~.~ 1] 
At 



STAB. VERSION-0 
PAGE NO: 7 

PROGRAMI\5D BY: M.M. B 5 D  

THERMAL ANALYSIS OF PIPE BEA?) AND COMPUTATION OF SHEAR FORCES, 
MOhfENTS AND STRESSES IN PIPE BEAQ. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

LDEPENDENT VARAIBLE (All) : 

A l l  =0.716.in 

2. DEPEAQENT VARIABLE (A12) : 

- L1 A12:- 
A.E 

A12 =-5.447.106 
lb 

3. DISPLACEMENT AT BEATD (&=in) : 

AI 1 6t.- 
1 - A12.At 

6t =0.397.in 

4. SHEAR IN TRANSVERSE LEG Wt=lbs) : 

VtxAt.Gt 

Vt =5.849.104 .Ib 

5. MOMENT IN BEh9 (Mt=in.lbs) 

MtzA21.6t 

Mt = 1.204.105 *in.lb 

6 .  SHEAR IN LONGITUDINAL LEG Wp=in.lbs) 

Vp I ht.Mt 

Vp =5.256-103 -1b 

7. DISPLACEMENT STRESS AT BEND ( S e  = Psi ) 

Se = 1.413.104 *'b 
in2 

NOTE: THIS DISPLACEMENT 
STRESS AT BEhQ XS DUE TO 
STFAIN IN ONE PIPE LEG. 
COMPUTJ? STRESS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. 



STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED BY M.M.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG 

1. DEPENDENT VARIABLE (Bll) : 

B11 =0.30S.in 

2.  DEPEhQENT VARIABLE (B12) : 

- L2 B12=- 
A.E 

B12 =-2.24.104 .” 
Ib 

3. DISPLACEMEM AT BEh’ (61=inches) 

B11 61 z- 
1 - B12.At 

61 =0.232.in 

4. SHEAR FORCE IN TRANSVERSE LEG WI=Lbs) : 

V1 =At61 

V1 =3.407.104 .Ib 

5. MOMEh” I N  BEND (Ml =in.lbs) : 

MleA21.61 

M1 =7.014-104 *in.lb 

6. SHEAR IN LONGITUDINAL LEG WZ=lbs) : 

V2 sAt.Ml 

V2 =3.061-103 -1b 

7. DISPLACEMENT STRESS AT BEND (Sel= Psi) : 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMhiED BY: M.M.AHMED 

8. CODE B31.3 COMPLJANCE FOR DISPLACEMEW STRESS. 

Set = Se + Sel 

Set =2.236.104 .'b 
in2 

< 

SL = 1.922.103 .& 
Sa=F.(1.2S.(Sc+Sh) - SL) 

in2 

4 lb Sa =4.808.10 .- 
in2 

CONCLUSION PIPE DISPLACEhIENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC &ND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER COW. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFIER: TLSCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE N m  Nodepoint A23-Slurry Line - SEISMIC 

INPUT BY: D.L. STONE'\-5DATE 9 I 3  I96  

CHECKED BY: c A  DATE: ?& 



STAB. VERSION-0 Filename: A23-sp-S 
PAGE3 PROGRAMMED BY M.M.AHhlED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF:CRANE TECH PAPER NO:410,22nd PRINT-1985) 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D i 6.625.h 

t=0.280-in 

As5.581.inz 

I = 28. win4 

Z = 8.496.in3 

A bs8.40.inz 

Z b =  16.81.in3 

R*40.00.h 

a.6.33. 

Ib Ps373- 
in2 

T= 180-K 

lb 
s c ~ 2 0 0 0 0 ~ -  

Ib 
in2 

in2 
Shz20000.- 

Ej =0.85 

hz- h=1.113 
i R.4 

(D - t)' 
1.65 
h 

k=- k=1.483 

. 0.9 
12- i=0.839 
h0.66 

BEND SIZE 8" SCH 40 , RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE METAL AREA, ET2 

PIPE MOMENT OF INERTIA, W 4  

PIPE SECTION MODULUS, ET3 

BEND METAL AREA, ET2 

BEND SECTION MODULUS, IN^3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, INIINIF. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCuLA1'ED 'i' IS LESS THAN 1.0, USE i = l . O  if  1.00 



STAB. VERSION-0 
PAGE-3 

Filename: A23-sp-S 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c. 12000 .2  
sec 

POI=O.3 POISSON RATIO 

Kd.0.32 COEF OF LATERAL STRESS 

pe0.75 COEF OF SOIL FRICTION 

SOIL SHEAR WAVE VELOCITY, WSEC 

D Y N M C  ELASTICITY MODULUS, PSI Ib 
EdE62000.- 

in2 
lb Td 3 0.066- 
in3 

DYNAMIC SOIL SPECIFIC WT,LBS/MA3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks-0.25 COEF OF LATERAL STRESS 

lb 
Es ~21000,- . 2  in 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/W3 lb 

in3 
rs. 0.066.- 

Hs36.h DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag.0 12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, IN/SEC in Vrn=4%ag- 
sec 

in Vm = 5.76.- 
sec 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =825.014.h 



STAB. VERSION-0 
PAGE-4 

Filename: A23-spS 
PROGRAMMED BY: M.M. AHMED 

A26 

STAB Subroutine T-2 for TvDe 2 Bend Analysis 

For Calculation of Seismic Effective Length: 

from Table 3, Classification of Legs: 

Lt=(3.83 + 5.17)-fl Lt=108.in 

L =(2-(3.83) +2.(8.67) +9.(12.00)).1? 
+ = 1  57 A03 

LP'i 596'103 'in 
P -  

2.Les = 1.65.103 e i n  

2.Les, this is a case of SP Leg, therefore: Since L p  (<) 

L 
2 

SP L . 2  

L =798-in 
******$*******************$*$**********$********************$$$*****$**$****$*$*** 

L-798.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL) STRESS ( Socc ) : 

Sall- 1.33.Ej.Sh 

Socc =5.407.103 -2 < ALLOWABLE Sall =2.261*104 
in* in2 

CONCLUSION 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 



STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2 A  SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em ) : 

Vm 
2-c 

sm =2.4.10F4 

Em;- 
REF 2 ON COVER SHEET 

2. SUBGRADE REACTION MODULUS. ( K = LBSIW3) : 

Ed 

K =5.702.103 .; 
3. SPRING CONSTANT. ( S = LBS/WA2 ) : 

in 

S=K.D 

S =3.778.104 
in2 

4. SYSTEM CHARACTERISTIC ( h = IN^-l) : 

0.25 q&) 
h = 0.059 .in- 

5. SOIL FRICTION. 

Ib 
f =24.479-- 

in 
6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN ) : 

E 
LmzsmA.- 

f 

Lm = 1 ~ 6 6 . 1 0 ~  .in 

7. MAXIMUM AXIAL FORCE ( F = LBS ) : 

FzfiLm 

F =3.S33.104 .lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAMMED BY: 
M.M.AHMED 

8. M[NTB.IuM TRANSVERSE LEG LENGTH REQUJRED ( 1 = IN) : 

1 2  
h 

1 =53.686.in 

REF 2 ON COVER SHEET 

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFlED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDMG 
FORMULAE ARE EQUAL TO 1.0 . THEREFORE THE FOLLWING 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9 .  INDEPENDENT VARIABLE ( a21 ) : 

a21 =4.276.105 -Ib 

10. INDEPENDENT VARIABLE ( a31 ) : 

S a31=- 
2 . 1  

a31 =3.228*105 *'b 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32 i h 

a32 =0.059%i1 

12. INDEPENDENT VARIABLE ( a ) : 

a ~ a 3 1  + a21.a32 

a =3.478-1OS -'b 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN ) : 

Les = 825.014-in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE I 

PROGRAMMED B Y  
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPENDENT VARIABLE (all) : 

a l l  =0.143.in 

2. DEPENDENT VARIABLE (a12) : 

-L  
A.E 

al2s- 

a12 =-4.996.10-6 
Ib 

3. DISPLACEMENT AT BEND (6 = inches) : 

a1 1 6f- 
1 - a12.a 

6 = 0.052 .in 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qt-a 6 

Qt = 1.813.104 -1b 

5. MOMENT IN BEND ( M = IN-LBS ): 

Mza21.6 

M =2.23.104 G l b  

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS ) : 

0J.h.M 

0~ = 1.305.103 *lb 



STAB. VERSION-0 
PAGE 8 

PROGRAMMED B Y  
M.M.AHMED 

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc < Sall 

P.D . M Qt 
Soccs- + 1'- t - 

4.t Z b A b  

3 lb 
Socc=5.407.10 .- < 

in2 

Sall- 1.33.Ej.Sh 

Sall =2.261.104 .& 
in2 

CONCLUSION PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND TKERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLlh'G, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR M.M.AHMED 

PROGRAM VERLFIER T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A23 - Supernate Line - THERMAL 



Filename: A23-sp-T 

PROGRAMMED BY: M.M. AHMED 
STAB. VERSION-0 
PAGE NO: 2 

STEP I: 'I DESIGN DATA." 
ALL UNITS IN POUh?)S, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410, 22nd 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

P M - 1 9 8 5  

PIPE SIZE: 6" SCH 40. 

lb P s 3 2 5 - -  

Ti IS0.K 
in2 

lb 
sc~20000~-  

lb 
in' 

in2 
Shs 20000.- 

EJs0.85 

F z  1.00 

t.R.4 
hx- h=1.113 

(D - t)' 

1.65 
h 

ks- k=1.483 

. 0.9 
1.- i=O.S39 

BEh?) SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKA'ESS, IN 

PIPE METAL AREA, W2 

MOMENT OF INERTIA, W 4  

SECTION MODULUS, W 3  

BEND METAL AREA, W2 

BEND SECTIONMODULUS, W 3  

PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, W N F .  

BEND ANGLE lh' RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0. USE i=l.Oi= 1.00 HNF-2473, Rev. 0 
Page 575 



STAB. VERSION-0 
PAGE-3 

Filename: A23-sp-T 
PROGRAMMED B Y  M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON & WILSON, m'c GEOTECH NVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC Ah'ALYSIS 

in c i 12000~- 
sec 

POI=O.3 

Kdz0.32 

p20.7.5 

Ib 
Ed s 62000.- . 2  111 

lb 
r d  = 0.066.- 

in3 

SOIL SURFACE WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/W3 

Bt: SOIL DATA FOR STATIC ANCYSIS 

Ks-0.25 

lb 
Es ~21000.- 

in2 

rSzo.o66.- 
3 

lb 

Hz36.h 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPEClFIC WT, LBS/INA3 

DEPTH OF BURIED PEE,  IN. 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag.0.12 

in 
Vm=4%ag- 

sec 

in 
Vm =5.76-- 

sec 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, INISEC 

COMPUTED THERMAL EFFECTIVE LENGTH 

Let =2.714.103 *in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: A23-sp-T 
PAGE-4 PROGRAMMED B Y  M.M.AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
STAB Subroutine T-3 for TvDe 3 Bend Analvsis 

For Calculation of Thermal Effective Length: 
from Table 3, Classification of L g s :  

A26 ;& ;7 
I )  

A23 
k-- LP+ 

A 3.83 + 5.17 L 

L t=544n  

t= 

Let=2.7l4.1O3 .in 

L 

L =726.in 

~ ( 3 . 8 3  + 8.67 + 4.12.00).A P 

P 

0 = 1.57 

Since L p  (<) Let Since L t  (<) Let 

this is a case of SP Leg, therefore: this is a case of SP Leg, therefore: 

SP: L1 . = L p  SP: L2 .=Lt  

L1 =726% L2 =%.in 

% * * * $ * $ * $ ~ * * % * * C * ~ * * * % * * % * * * % * * * * * * * * * * * * * * * * $ * * * * * % * * * * * * * * * * * * ~ * % * * * * * * * ~ ~ * * * *  

L1.726.h L2 = 54.h 

ANALYSIS RESULTS: 

Set = 1.45.1~1~ < ALLOWABLE 
in2 

Sa =4.808.104 -2 
2 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. \%RSION-O 
PAGE NO: 5 

PROGRAMMkD BY: M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
INDEPEADEhT VARIABLES. 

I.THERMAC STRAW (Et = IN/W) 

& t s a ( T -  40.K) 

Et =8.8G2.10-4 .'" 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBS/W3 ) : 

Kt= ( O F )  - . ( E ; ) ' l r  - 
.___ ES 
1 - POI* 

Kt = 1.765.1O3 -2 
in3 

3. SPRING CONSTANT ( St = LBS/IN^Z) : 

St 1 Kt. D 

St = 1.169+104 
in2 

4. SYSTEM CHARACTERISTIC ( A t  = JN*-l) : 
0.25 

hts (&) 
?.t =0.044.h-' 

5. SOIL STATIC FRICTION ( ft = LBSlW) : 

lb 
in 

fi =23.181 e- 

6. MAXIMUM SLPPAGE LENGTH ( Lt = IN ) : 

Lt =6.1OG.1O3 -in 

7. MAXIMUM AXIAL FORCE (Ft = LBS) : 

Ft I fi.Lt 

Ft =1.416-1OS -1b 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED B Y  M.M. AHhlED 

8. MINJMUM LENGTH OF TRANSVERSE LEG ( It = IN) 

I t 2  REF: 2 ON COVER SHEET 
I t  

It =71.977+n 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GEA'ERALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 JN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 Ahl) FORMULAE 
ARE MODlFIED ACCORDINGLY. 

9. INDEPENDEAT VARIABLE (A21 ) : 

A21 =3.O3.1Os .lb 

10. INDEPENDENT VARIABLE (A31 ) : 

Kt.D A31 E- 
2.ht 

A31 =1.339.1Os 
in 

11. INDEPENDENT VARIABLE (A32 ) : 

A32=ht 

A32 =0.044.in-' 

12. INDEPENDENT VARIABLE (At  ) : 

At=A31 +A21,A32 

At = 1.472.1OS 
in 

13. THERMAL EFFECTIVE LENGTH ( Let ) : 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 7 

PROGRAMhEED B Y  M.M. AHMXD 

THERMAL ANALYSIS OF PIPE BEA’D Ah?) COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEA’D. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

LDEPENDENT VARABLE (All) : 

A l l  =&t.Ll - A,- ( 2:;) 

A1 1 = 0.605 .in 

2. DEPENDENT VARIABLE (A12) : 

-L1 
A12=- 

A.E 

A12 =-4.S4S-106 
Ib 

3. DISPLACEMENT AT BEAD (6t=in) : 

A1 1 6t.- 
1 - A12.At 

6t =0.363 *in 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt =At. 6t 

Vt =S.336.104 .Ib 

5. MOMEhT IN BEND (Mt=in.lbs) 

Mt I A2 1 .St 

Mt = 1.099.10’ k l b  

6. SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp I At.Mt 

Vp =4.795.103 .lb 

7. DISPLACEMENT STRESS AT BEA’D ( Se = Psi ) 

Se = 1.289.104 -E 
in2 

N O m  THIS DISPLACEMENT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG Ah?) ADD THESE 
TOGETHER. 



STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED B Y  M.hf.AHMED 

B. DUE TO T H E W  STRAIN IN SHORT PIPE LEG 

1. DEPENDENT VARIABLE (Bll) : 

B11 =0.048.in 

2. DEPEhQENT VARIABLE (Bl2) : 

- L2 B12=- 
A.E 

B12 =-3.381.10-7 
Ib 

3. DISPLACEMENT AT BEND (61=inches) 

B11 61 I- 
1 - B12,At 

61 =O.O45Gn 

4. SHEAR FORCE IN TRANSVERSE LEG (Vl=Lbs) : 

V1 zAt.81 

V1 =6.679.103 .lb 

5. MOhmNT IN BEND O\Il=in.lbs) : 

Ml=A21.61 

M1 = 1.375104 .in.lb 

6. SHEAR IN LONGITUDINAL LEG WZ=lhs) : 

V2 2 At-M 1 

VZ =6OO.ljl.lb 

7. DISPLACEMENT STRESS AT BEND (Sel= Psi) : 

Sel = 1.613.103 .& 
in2 HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED B Y  M.M.AHhED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

Set I Se t Sel 

4 Ib Set =1.45.10 .- 
in2 

< 

SL = 1.922.103 

Sa=F.(l.Zj.(Sc + Sh) - SL) 
in2 

Sa =4.8OS.1O4 .& 
in2 

CONCLUSION PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAM) CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION. 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFER T.J.SCHALL. 

JOB OR WORK ORDER N O  W 320 I ER 4319 

FILE NAME: Nodepoint A26 - Supernate Line - SEISMIC 

INPUT B Y  D.L. STONEPL'DATE: 

CHECKED BY &&DATE: @& 
9 I 3  I96 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE4 

Filename: A26-sp-S 
PROGRAMMED BY: hLM.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS ANm DEGREE F. 

A. PIPE DATA: (REF:CRANE TECH PAPER NO:410,22nd PRINT-1989 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE: 6" SCH 40. 

D z6.62S.h 

t-0.280.in 

AsS.581.in2 

I-28.14.in4 

Z s 8.496.b: 

Ab=8.40.in2 

Z b=  16.81.in3 

R E  40.00.h 

E I 28.62. IO6.& 
in2 

Ib 

in2 
P~325.- 

T. 180.K 

Ib 
sc 20000.- 

in* 
Ib Sh = 20000-- 
in2 

Ej = 0.85 

h = 1.113 t.R.4 h=- 
(D - t)* 

1.65 
h 

k=- k=1.483 

. 0.9 
11- i=O.839 

,,0.66 

BEND SIZE 8" SCH 40 ,  RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE hffiTAL AREA, W2 

PIPE MOMENT OF INERTIA, W 4  

PIPE SECTION MODULUS, W 3  

BEAW METAL AREA, W2 

BEND SECTION MODULUS, W3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, mmm. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBEITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=LO i= 1.00 



STAB. VERSION-0 
PAGE-3 

Filename: A26-sp-S 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHAN%'ON & WILSON, INC GEOTECH JNWESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c = 12000-- 
sec 

POIs0.3 

Kdz0.32 

p-0.75 

lb Ed I 62000. - 
in2 

S O L  S H Z A R  WAVE VELOCITY, WSEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAhlIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBS/INA3 
Ib r d  0,066.- 
in3 

B2: SOL DATA FOR STATIC ANALYSIS 

Ks.0.25 

Ib Es z 21000.- 
in2 

rS2o.o66.-- 
in3 

Ib 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/IN'3 

Hz36.h DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF: SDC-4.1 REV-11) 

ag i 0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

vmd*.ag% MAX GROUT9 VELOCITY, WSEC 
sec 

Vm = 5.76 *A 
sec 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFF!XTTVE LENGTH ( Les ) : 

Les =825.014Gn 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-4 

Filename: A26-sp-S 
PROGRAMMED B Y  M.M. AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A23 

STAB Subroutine T-2 for 'hoe 2 Bend Analvsis 

For Calculation of &&I& Effective Length: 

from Table 3, Classification of Legs: A26 

L,=(3.83 + S.I7).fi Lt=108-in 

LPz2.(3.857 + 8.308 + 12.719).A 
$=1.57.  A3s 

L =597.216.in P 

2.Les = 1.6j.1O3 .in 

Since Lp (<I  2.Les, this is a case of SP Leg, therefore: 

1. 

2 
s p  L . ; P  

L =298.608%1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Lz298.608.h 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL) STRESS ( Socc ) : 

Salls 1.33.Ej.Sh 

Socc =4.549.103 *'b < ALLOWABLE Sal1 =2.261.104 -E 
in2 d 

CONCLUSION. 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

HNF-2473, Rw. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAhlhlED BY 
M.M.AHMED 

STEP 2A: SEISMlC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPEhDEhT VARJABLES. 

1. SEISMIC SOIL SlTMN.( Em) : 

Vm Em;- 
2c 

~ m = 2 4 . 1 0 - ~  

2. SUBGRADE REACTIOhT hIODULUS. ( K = LBSIIN^3) : 

REF 2 ON COVER SHEET 

K=5702.103 .* 
111 

3. SPRJA’G CONSTANT. ( S = LBS/W2 ) : 

S z K D  

S =3  778.104 .& 
111 

4. SYSTEM CHARACTERISTIC ( h = IN^-1 ) : 

x =0.059 .in- 

5. SOIL FRICTION. 

1 tKd 
2 

fs n.D.-.rd.H. p 

It, f ~24.479.: 

6.  MAXIMUM SLIPPAGE LENGTH ( Lm = IN) : 
In 

E Lmizm.A.- 
f 

Lm = 1.566*103 .in 

7. MAXIMUM AXIAL FORCE ( F = LBS ) : 

Fzf.Lm 

F ~ 3 . 8 3 3 . 1 0 ~  .Ib 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 6 

PROGRAhlMED BY: 
M.M.AHMED 

8. iWiVhNhf TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN ) : 

1 2  
A 

R E F  2 ON COVER SHEET 

1 =53.68G.in 

Nom SIh'CE ALL PIPE RUNS 'IIIILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRJTERJA HAS 
BEEN SATISFIED AN9 ALL CONSTANTS C1 THRU C6 IN SUCCEEDIh'G 
FORMULAE ARE EQUAL TO 1.0 . THEREFORE THE FOLLRWG 
FORMULAS ARE MODIFIED USWG THE VALUES OF CONSTANTS AS 1.0 

9. WEPEABENT VARIABLE ( a21 ) : 

a21 =4.276.1OS .Ib 

10. WEPENDENT VARIABLE ( a31 ) : 
S 

a31e- 
2.h 

a31 =3.228.105 
in 

11. WEPENDENT VARIABLE ( a32 ) : 

a32.7, 

a32 =0.0594n-' 

12. m9EPEhQEW VARIABLE ( a ) : 

asa31 + a21.a32 

s lb a =3.478.10 
In 

13. SEISMIC EFFECTNE LENGTH ( Les = IN : 

Les =825.014.in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 7 

PROGRAMMED BY 
M.M.AHMED 

STEP 3B: SEISh5C Ah'ALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPEh'DENT VARIABLE (all) : 

a l l  =0.065+1 

2. DEPEhQENT VARIABLE (al2) : 

-L  a12z- 
A,E 

a12 =-1.S69.1O4 
lb 

3. DISPLACEMENT AT BEND (6 = inches) : 

a1 1 6;- 
1 - a12.a 

6 =0.039% 

4. SHEAR IN TRANSVERSE LEG (Qt = LBS) : 

Qtza.6 

Qt = 1.366.104 -Ib 

5. MOMENT IN BEh'D ( M = IN-LBS ): 

Mza21.S 

M = 1.6S.1O4 -in.lb 

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS 1 : 

Qp.2.M 

Q =983.185.1b 



STAB. VERSION-0 
PAGE 8 

PROGRARlMED B Y  
M.M.AHMED 

7. CODE B31.3 COME'LIANCE FOR SEISMIC + SUSTALNBD STRESSES. 
Socc < Sall 

P.D . M Qt 
socc=- + I'- + - 

4.t Z b A b  
Sall- 1.33.Ej.Sh 

Socc=4.549~103 .* i Sall =2.261.104 .& 
inz Ul 

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMEIVTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLuME77, JUNE'83 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISJNG ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFIER T.J.SCHALL. 

JOB OR WORK ORDER NO. W 320 I ER 4319 

FILE NAMF: Nodepoint A26 - Supernate Line - THERMAL 

p L> 
INPUTBY: D.L.STONE DATE: 9 / 3 / 9 6  



STAB. VERSION-0 Filename: ,426-sp-T 
PAGE NO: 2 PROGRAMMED BY M.M. AHMED 

STEP 1: I' DESIGN DATA." 
ALL UNITS IN POUNDS, Ih%HES, RADIANS AA" DEGREE F. 

A. PIPE DATA. (REF CRANE TECH PAPER NO. 410,22nd 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PRINT-198; 

PIPE SIZE 6" SCH 40. 

4~1.57.rad 

lb P z 3 2 5 -  
in2 

T= 180.K 

lb 
S C E  20000.- 

lb Shs20000.- 

EJe0.85 

Fs1.00 

h=- t-R'4 h=1.113 

3 

in2 

(D - t)* 

k = 1.483 1.65 k.- 
h 

. 0.9 
I=- i =0.839 h0.66 

BEAD SIZE 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNSS, W 

PIPE METAL AREA, W2 

niomm OF INERTIA, ~4 

SECTION MODULUS, W3 

BEAD METAL AREA, WZ 

BEAD SECTION MODULUS, W3 

PIPE BEND RADIUS, IN (40" Radius, 90 degree !Bend) 

MODULUS OF ELASTICITY, PSI 

T H E W  EXPANSION OF ELASTICITY, IN/INlF. 

BEA?, ANGLE I N  RADJAA'S 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF C U U L A T E D  'i' IS LESS THAN 1.0, USE i=I.Oi*l.OO HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE-3 

Filename: A26-sp-T 
PROGRAI\C&fED BY M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON WILSON, mc GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC Ah'ALYSIS 

c. 12000.E 
sec 

POIz0.3 

Kd s 0.32 

p r 0.75 

lb Eds62000.- 
. 2  u1 

lb 

in3 
r d  0.066.- 

SOIL SURFACE WAVE VELOCITY, WSEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIFIC WT,LBSIIN^3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks.0.25 

lb ES ~21000.- 
in* 
lb rs 0,066.- 
in3 

H=36.in 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF BURIED PEE,  IN. 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF: SDC-4.1 REV-11) 

agz 0.12 

Vm=48,ag- MAX GROUNXJ VELOCITY, IN/SEC 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'GI 
in 

sec 

in Vm = 5.76 .- 
see 

COMPUTED THERMAL EFFECTIVE LENGTH 

Let =2.714.103 -in 



STAB. VERSION-0 
PAGE-4 

Filename: A26-sp-T 
PROGRAMMED BY: M.M.AHMED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A23 

STAB Subroutine T-2 for Type 2 Bend Analysis 

For Calculation of Thermal Effective Length: 

from Table 3, CZassifictllioii o f l e g s :  1- Lp - Lt 

A ,$=l.jf A35 L t ' 2  
3.83 + 5.17 L =2.(3.857 + 8.308 + 12.719)fl P -  

L =597.216.in 

2.Let =5.428.103 .in 

P 

Since L p  (<) 2.Let 

this is a case of SP Leg, therefore: 
L 

2 
SP: L1 .=z 

L t = 5 4 . h  

Since L t  (<) 2.Lei 

this is a case of SP Leg, therefore: 
L 

2 
SP: L2.= .-! 

L1 =298.608.h L2=27.h 

****$*********************$*********$*********$********$*****************$*****$ 

L1.298.608.h L2= 27.h 

ANALYSIS RESULTS 

Set =8.024.103 -& < ALLOWABLE 
in2 

Sa =4.808.104 .'b 
in2 

CONCLUSION: 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 5 

PROGRAhWD BY: M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AND COhlPUTATION OF 
INDEPENDENT VARIABLES. 

L T ~ R M A L  STW (Et = w m )  
&tsa-(T-40-K) 

&t =8.S62.10-4 .f 
in 

2.  SUBGRADE REACTION MODULUS ( Kt = LBSILN-3 ) : 

Kt =1.765.103 
2 

3. SPRING CONSTANT ( S t  = LBSIIN"2) : 

St s Kt.D 

St = 1.169.104 
in2 

4. SYSTEM CHARACTERISTIC ( ;It = ET-1 ) : 

It = 0.044 .in' 

5. SOIL STATIC FRICTION ( ft = LBS/IN) : 

f i = x . D . l . r s . H . p  
2 

Ib 
A=23.181-- 

in 

6. hL4Xl&lUM SLIPPAGE LENGTH ( Lt = IN) : 

E 
A 

Lt sEt.A- 

Lt =6.106.103 .in 

7. MAXrmClMAXULFORCE (Ft = LBS) : 

FtzfbLt 

Ft = 1.416.105 .Ib 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY: M.M. AHhlED 

8. MWIMUM LENGTH OF TRANSVERSE LEG ( It = IN) 

I t 2  REF: 2 ON COVER SHEET 
Xt 

It =71.977.in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GEh'ERALLY 
BE MORE THAN "lt" . AS SUCH ALL CONSTANTS C1 THRU C6 IN 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODIFlED ACCORDINGLY. 

9. INDEPEAVENT VARIABLE ( A21 ) : 

A21 =3.03.105 .Ib 

10. INDEPEhJENT VARIABLE (A31 ) : 

Kt.D 
2.ht 

A31 =1.339.105 
in 

11. INDEPENDENT VARIABLE (A32) : 

A32 E 1.t 

A32 =0.044.in-1 

12. hVEPENDENT VARIABLE ( At ) : 

At=A31 +A21.A32 

At = 1.472.105 
in 

13. THERMAL EFFECTIVE LENGTH ( Let) : 

A.E [ ( Let.-- 1 +- 
At 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: I 

PROGRAMMED BY M.M. iWnlED 

THERMAL ANALYSIS OF PIPE BEAD Ah?) COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEAD. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

LDEPEAqEhT V W L E  ( A l l )  : 

A l l  =0.258% 

2. DEPENDEhT VARIABLE (A12) : 

-L1 A12z- 
A.E 

A12 =-l.869.104 .!!? 
Ib 

3. DISPLACEMENT AT BEhD (Ft=in) : 

AI 1 6t.- 
1 - AI2.At 

6t =0.202.in 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt eAt.Ft 

Vt =2.979.104 .lb 

5. MOMEh'T IN BEND (Mt=in.lbs) 

MtEA21.6t 

Mt =6.134.104 %.lb 

6. SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp=>.t-Mt 

Vp =2.677.103 .lb 

7. DISPLACEMENT STRESS AT BEh?) ( Se = Psi ) 

N o m  THIS DISPLACEMENT 
Se.i. - +- STRESS AT BEND IS DUE TO 

STRAIN W ONE P P E  LEG. 
COhlpUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 

(E) : 
Se =7.196.103 .& 

in* TOGETHER. HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 8 

PROGRAMMED BY: M.M.AHMED 

B. DUE TO THERMAL S W  IN SHORT PIPE LEG: 

1. DEPENDENT VARIABLE (Bll) : 

B11 =0.021.in 

2. DEPENDENT VARIABLE (BlZ) : 

- L2 BlZz- 
A.E 

B12 =-1.69.10-~ 
Ib 

3. DISPLACEMENT AT BEND @l=inches) 

B11 61 .- 
I - B1Z.At 

61 =0.023+1 

4. WEAR FORCE IN TRANSVERSE LEG (VI=Lbs) : 

V1 =At,61 

V1 =3.428-103 *Ib 

5. MOMENT JNBEND (Ml=in.lbs) : 

Ml=A21.61 

M1 =7.058.103 - h l b  

6. SHEAR IN LONGITUDINAL LEG (VZ=lbs) : 

V2 sAt.MI 

V2 =308.041.1b 

7. DISPLACEMENT STRESS AT BEND @el= Psi) : 

Ib Sel =827.943 .- 
in2 

HNF-2473, Rev. 0 
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STAB. VERSIOKO 
PAGE NO: 9 

PROGRAMMED B Y  M.M.AHMED 

8. CODE B31.3 COlMPLIANCE FOR DISPLACEhlEhT STRESS. 

P.D 
4.1 

SetzSe + Sel SL.- 

SL = 1.922.103 

SaSF.(l.Zj(Sc+Sh) -SL) 
in2 

CONCLUSION: PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 ?..EQUIREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGIh'EERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'83 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION: 0 

PROGRAM AUTHOR: M.M.AHMED 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A32 - Supernate Line - SEISMIC 
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STAB. VERSION-0 
PAGE2 

Filename: A32-sp-S 
PROGRAMMED BY: M.M.AHMED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUNDS, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA: (REFCRANT TECH PAPER NO:410,22nd PRINT-1985) 

P P E  h L 4 T E W  ASThf A53, TYPE E, GR B. SCH 40 

' 

PIPE SIZE: 6" SCH 40. 

D ~6 .625 .h  

t= 0.2SO.in 

Ec28.62. 1 0 6 . k  
in2 

+= 1.57.rad 

Ib Pz325.- 
in2 

T= 180.K 

lb sc 5 20000.- 
in2 
lb 

Sh=20000.- 

Ej I 0.85 

hs- t-R'4 h=1.113 

in2 

(D - t)' 
1.65 

kz- k = 1.483 
h 

. 0.9 i =0.839 I=- 
,,0.66 

BEhD SIZE 8" SCH 40, RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN  

PIPE WALL THICKh'ESS, W 

PIPE METAL AREA, N Z  

PIPE MOMENT OF Ih'ERTIA, 
w 4  
PIPE SECTION MODULUS, ET3 

BEhD METAL AREA, 
W Z  
BEND SECTION MODULUS, IN-3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEh'D ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEWERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 i= 1.00 

HNE-2473, Rev. 0 
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STAB. VERSION-0 
PAGE3 

Filename: A32-sp-S 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF SHANNON & WILSON, INC GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c. 1 2 0 0 0 . ~  
sec 

POI=O.3 

Kds0.32 

p I 0.75 

Ed ~62000.- Ib 

inz 
Ib 
. 3  
111 

r d  = 0.066.- 

SOIL SHEAR WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY MODULUS, PSI 

DYNAMIC SOIL SPECIEIC WT,LBS/lW3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks ~ 0 . 2 5  

Ib Es I 21000.- 
in* 

Hs36.h 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIW3 

DEPTH OF B W E D  PIPE. IN 

C: SEISMIC RESPONSE FOR GROUN?) MOTION 
(REF SDC-4.1 REV-11) 

ags 0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUN?) VELOCITY, IN/SEC Vm-48.ag.E 
sec 
in Vm = 5.76 .- 

sea 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMlC EFFECTIVE LENGTH ( Les ) : 

Les =825.014.h 

HNF-2473, Rev. 0 
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STAB. VERSION-0 Filename: A32-sp-S 
PAGE-4 PROGRAMMED BY: M.M. AHMED 

***$***************Il*************$**$******$$$********$*****$******$*******$****$$ 

A34 A22, STAB Subroutine T-2 for Tvae 2 Bend Analvsis 

For Calculation of Seirmic Effective Length: 

from Table 3, Classifcatioii of Legs: A32 1- Lp - Lt 
L t =  (0.67 + 2.58 + 2.3.83).fi Lt=130.92.in 1 

+ = I 3 7  A23 
L =597.216.in 

2,Les = 1 65.103 .in 

P Lps2.(3.857 + 8.308 + 12.719)fi 

Since Lp  (<I 2.Les, this is a case of SP Leg, therefore: 

L 

2 
SP L . = P  

L =298.608%1 
****$****$*$$*$**********$********$****$**.*********$$*$***********************~*$* 

Lz298.608.in 

ANALYSIS RESULTS : 

SEISMIC ( OCCASIONAL) STRESS ( Socc ) : 

Salls 1.33.Ej.Sh 

Socc =4.549.103 .'b < ALLOWABLE 
in2 

Sal1 =2.261.104 .'b 
in2 

c o N c L u s I o N  

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 5 

PROGRAMMED BY: 
M.M.AHMED 

STEP 2A: SEISMIC ANALYSIS OF BURIED PIPE Ah9 COMHJTATION 
OF INDEPENDENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( E r n )  : 

Vm 
&in z - 

2. c 

Em =2.4.10-4 

REF 2 ON COVER SHEET 

2. SUBGRADE REACTION MODULUS. ( K = LBS/INN'3) : 

K =5.702.103 .* 
3. SPRING CONSTANT. ( S = LBS/WZ ) : 

in3 

SsK.D 

S =3.778.104 
in2 

4. SYSTEM CHARACTERISTIC ( X = IN^-1 ) : 

X = 0.059 -iri 

5. SOIL FRICTION. 

1 t K d  fZnD.-. Td. H. p 
2 

Ib 
€ = 2 4 . 4 1 9 - ~  

6.  hiAxIMuM SLIPPAGE LENGTH ( Lrn = IN ) : 
ln 

E Lm= EIIIA.- 
f 

Lm = 1.566.103 -in 

7. MAXIMUM AXIAL FORCE ( F = LBS) : 

F-fLm 

F =3.833.104 *Ib 

HNF-2473, Rev. 0 
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STAB. VERSION-0 PROGRAMMED BY: 
PAGE 6 M.I\I.AHMED 

8. MJNiWUM TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN) : 

1,T 
h 

REF 2 ON COVER SHEET 

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTAhTS C1 THRU C6 IN SUCCEEDING 
FORMULAE ARE EQUAL TO 1.0. THEREFORE THE FOLLWm'G 
FORIvfULAS ARE MODIFIED USWG THE VALUES OF CONSTANTS AS 1.0 

9. INI?)EPEiWENT VARIABLE ( a21 ) : 

a21 =4.276*1OS .Ib 

10. INDEPENDENT VARIABLE ( a31 ) : 

S a31=-- 
2.1 

a31 =3.228.105 
in 

11. INDEPENDENT VARIABLE ( a32 ) : 

a32.h 

a32 = 0.059 .in- 

12. INDEPEh'DENT VARIABLE ( a ) : 

a=a31 +a21.a32 

a =3.478-105 .'b 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = W )  : 

Les =825.014-in 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 7 

PROGRAMMED BY: 
M.M.AHMXD 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF SHEAR FORCES, 
MOMENTS AND STRESSES M PIPE BEND. 

1. DEPENDENT VARIABLE (al l )  : 

a l l  =O.065.in 

2. DEPENDENT VARIABLE (a121 : 

-L  
A. E 

a12=- 

a12 =-1.869.104 .'" 
Ib 

3. DISPLACEMENT AT BEND (6 = inches) : 

a l l  6.- 
1 - a12.a 

4. SHEAR M TRANSVERSE LEG (Qt = LBS) : 

Qt.a.6 

Qt = 1.36G*104 -1b 

5. MOMENT IN BEND ( M  = IN-LBS ): 

Msa21.6 

M = 1.G8.104 - h l b  

6. SHEAR M LONGITUDINAL LEG ( Qp = LBS ) : 

Q p A M  

Qp =983.185.lb 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE 8 

PROGRAMMED BY: 
M.M.AHMED 

7. CODE B31.3 COi”LL4NCE FOR SEISMIC + SUSTAINED STRESSES. 
Socc e Sal1 

P.D . M Qt sow=- t 1’- + - 
4.t Z b A b  

Socc=4.549.103 .&. < 
in2 

Sallz 1.33.Ej.Sh 

Sal1 =2.261.104 
in2 

CONCLUSION. PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUIREMEhTS. 

L. 

-.., 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 

SOURCES: 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.mIl, ENGlh'EERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77. JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 0 

PROGRAM AUTHOR. M.M.AHMED 

PROGRAM VERIFIER: T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILE NAME: Nodepoint A32 - Supernate Line - THERMAL 

http://G.C.K.mIl


STAB. VERSION-0 
PAGE NO: 2 

Filename: A32-sp-T 

PROGRAMMED BY: M.M. AHMED 

STEP 1: I' DESIGN DATA." 
ALL UhTTS IN POIJN?)S, NCHES, RADIANS AND DEGREE F. 

A. PIPE DATA. (REF: CRANE TECH PAPER NO. 410,22nd 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PRINT-1985 

PIPE SIZE 6" SCH 40. 

D.6.625.h 

t.0.280.in 

A=5.5Sl.in2 

I=28.14.in4 

Zs8.496.in3 

A hz 8.40.in2 

Zh=16.81.in3 

R 40.00.in 

$-1.57.rad 

lb Pz325.- 

T. 180.K 
in2 

lb 
sc~20000~- 

in2 
lh Shz20000-- 
in2 

EJs0.85 

F s  1.00 

t.R.4 h=- 
(D - t)2 

h=1.113 

k = 1.483 1.65 k=- 
h 

, 0.9 
1:- i=O.839 

h0.66 

BEh?) SIZE 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNXSS, IN 

PIPE hlETAL AREA, W2 

MOMENT OF INERTIA, IN-4 

SECTION MODULUS, W3 

BEhD METAL AREA, W2 

BEND SECTION MODULUS, INA3 

PIPE BEh?) RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERhfAL EXPANSION OF ELASTICITY, INIINIF. 

BEh?) ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

J E L D  JOINT QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REFASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=I.Oi= 1.00 



STAB. VERSION-0 
. PAGE-3 

Filename: A32-sp-T 
PROGRAMMED BY M.M.AHMED 

B: SOIL CHARACTERISTICS 
(REF: SHANNON WILSON, mc GEOTECH J~WESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c 2 12000.* 
sec 

POIz0.3 POISSON RATIO 

Kds0.32 COEF OF LATERAL STRESS 

SOIL SURFACE WAVE VELOCITY, IN/SEC 

pi 0.75 

Ib Edz62000,- 
in2 

r d  = 0.066.- 
in3 

lb 

COEF OF SOIL FRICTION 

DYNAMlC ELASTICITY MODULUS. PSI 

DYNAiWC SOIL SPECIFIC WT,LBS/W3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks 30.25 

lb ES ~21000.- 
in* 

rs 0,066.- 
in3 

lb 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIlW3 

DEPTH OF BURLED PIPE, I N .  

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ag = 0.12 

in 
Vms 48.ag- 

sec 

in Vm =5.76.- 
sec 

FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUND VELOCITY, IN/SEC 

COMI'UTED THERMAL EFFECTIVE LENGTH 

~e t=2 .714 .10~  .in 



STAB. VERSION-0 Filename: AX-sp-T 
PAGE-4 PROGRAhlMED BY: M.M.AH35D 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A34 

STAB Subroutine T-2 for Tvae 2 Bend Analvsis 

For Calculation of Thermal Effective Length: 

from Table 3, Classflcufkvt o f l e g s :  

L =2.(3.857 + 8.308 + 12.719).A 

L =597.216.in 

2.Let =5.428.103 .in 

P- 

P 

Since L p  (4 2.Let 

this is a case of SP Leg, therefore: 

SP: L1. i  5 
2 

L1=298.608+ 

0.67 + 2.58 + 2.3.83 
2 

Lt'  .R  

L t  =65.46+ 

Since L t  (<) 2.Let 

this is a case of SP Leg, therefore: 

L t  
SP: L2 = -  

2 

L2 = 32.73 .in 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L1=298.608,in L2 = 32.73% 

ANALYSIS RESULTS 

Set =8.194.103 .: < ALLOWABLE Sa =4.808.104 .'b 
'In in= 

CONCLUSION: 

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90 
REQUIREMENTS. 



STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED B Y  M.M. AHnlED 

STEP 2 B  THERMAL ANALYSIS OF BURJED PIPE AND COMPUTATION OF 
INDEPENDENT VARIABLES. 

LTHERBIAL STRAIN ( E t  = W I N )  

E t l a ( T -  40.K) 

E t  =8.862.104 *'" 
in 

2. SUBGRADE REACTION MODULUS ( Kt = LBSIW3 ) : 

1 - PO? 

Kt = 1.765.103 .& 
in3 

3. SPRING CONSTANT ( S t  = LBS/IN^Z ) : 

StzKt.D 

St = 1.169.104 
in2 

4. SYSTEM CHARACTERISTIC ( I t  = JW-I ) : 
0.25 

?.t 2 (&) 
?.t = 0.044 .in- ' 
5. SOIL STATIC FRICTION ( ft = LBS/IN) : 

AznD.I+Ks. r s H - p  
2 

lb A =23.181 .T 

6.  MAXIMUM SLIPPAGE LENGTH ( Lt = IN) : 
m 

E Lt.8t.A.- 
A 

Lt =6.106.103 *in 

7. MAXMUM AXIAL FORCE ( Ft = LBS ) : 

Ft E A.Lt 

Ft = 1.416.105 .lb 



STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY: M.M. AHMED 

8. MINIMUM LENGTH OF TRANSVERSE LEG ( I t  = IN) 

I t 2  R E F  2 ON COVER SHEET 
ht 

It =71.977.in 

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL 
GENERALLY 
BE MORE THAN iiitii . AS SUCH ALL CONSTANTS CI THRTJ c6 IN 

~ . 
FOLLOWING EQUATIONS ARE CONSWERED AS 1.0 Ah?) FORI\IUI.,AE 
ARE MODPLED ACCORDINGLY. 

9. INDEPEAQENT VARIABLE (A21 ) : 

A21 =3.03.105 .lb 

lO.NEPEh?)ENT VARIABLE (A31 ) : 

Kt.D A31=- 
2.Xt 

A31 =1.339.105 
in 

11. NEPENDENT VARIABLE (A32 ) : 

A32 =ht 

A32 =0.044.K' 

12. INDEPENDENT VARIABLE (At  ) : 

AtzA31 +A21.A32 

At =1.472.105 
in 

13. THERMAL EFFECTIVE LENGTH ( Let) : 

Let=2.714.103 .in 

HNF-2473, Rw. 0 
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STAB. VERSION-0 
PAGE NO: I 

PROGRAMMED B Y  M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEAD AND COMPUTATION OF SHEAR FORCES, 
MOMEATS Ah?) STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

1.DEPEATDENT VARAIBLE (All) : 

A l l  =0.258.in 

2. DEPEADENT VARIABLE (A12) : 

-L1 A12=- 
A.E 

A12 =-l.869.106 .!!! 
lb 

3. DISPLACEMENT AT BEND (6t=in) : 

A1 1 6t.- 
1 - A12,At 

6t =0.202.in 

4. SHEAR IN TRANSVERSE LEG (Vt=lbs) : 

Vt=At.Gt 

Vt =2.979.104 *lb 

5. MOMENT IN BEND (Mt=in.lbs) 

Mt I A2 1.6t 

Mt =6.134-104 - h l b  

6.  SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp z ?&Mt 

Vp =2.677-103 .Ib 

7. DISPLACEMENT STRESS AT BEAD ( Se = Psi) 

Se=i. - +- (E) .", 
Se =7.196-103 

3 

NOTE: THIS DISPLACEMENT 
STRESS AT BEAD IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPVIE STRESS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. HNF-2473, Rev. 0 
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PAGE NO: 8 

~ ~~~ ~ 

PROGRAMMED BY: M.M.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG 

1. DEPENDENT VARIABLE @ll) : 

2. DEPENDENT VARIABLE @12) : 

- L2 B12z- 
A.E 

B12 =-2.04Y.10-7 
lb 

3. DISPLACEMENI AT BEND (61=inches) 

B11 61.- 
1 - Bl2,At 

61 =0.028%1 

4. SHEAR FORCE IN TRANSVERSE LEG (VI=Lbs) : 

VI sAt.61 

V1 =4.132*103 4b 

5. MOMENT IN BEND n\ll=in.lbs) : 

Ml=A21.61 

M1 =8.507*103 &lb 

6. SHEAR IN LONGIT7JDINAL LEG (VZ=lbs) : 

V2 5ht.Ml 

V2 =371.326-1b 

7. DISPLACEMENT STRESS AT BEND 6 e l =  Psi) : 

lb 
Sel =998.039-- 

in* 
HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 9 

PROGRAMMED BY: M.M.AHMED 

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS. 

SetGSe + Sel 

SL = 1.922.103 

SaiF.(1.25(Sc + Sh) - SL) 
inz 

Set =8.194.103 .% < Sa =4.808.104 
in2 in2 

CONCLUSION PIPE DISPLACEMENT STRESSES SATISFY 
CODE B31.3-90 REQUIREMENTS. 

. 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURIED PIPE 
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BY 
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PROGRAM VERSION: 0 

PROGRAM AUTHOR: M.M.AHMED 
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STAB. VERSION-0 
PAGE-2 

Filename: ,435-S 
PROGRAMMED BY: M.M.AHhCED 

STEP 1: "DESIGN DATA." 
ALL UNITS IN POUN?)S, INCHES, RADIANS AND DEGREE F. 

A. PIPE DATA (REF:CRANF. TECH PAPER h'0:410,22nd PRINT-1985) 

PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40 

PIPE SIZE 6" SCH 40. 

D 56.625.h 

A=j.SXl.;? 

I-2X.14.in4 

22 8.496.in3 

Ab-X.40.h2 

Zbz16.X1.in3 

R 40.00.in 

$ %  1.51.1ad 

lb P ~ 3 2 5 -  
in2 

TE IX0.K 

lb sc=20000~- 

Ib 
in2 

in2 
Sh=20000,- 

Ej=O.SS 

hs- t.R'4 h=1.113 
(D - t)' 
1.65 kz- k=1.483 
h 

, 0.9 I=- i=O.839 
h0.66 

BEh?) SIZE 8" SCH 40 ,  RADIUS=40". 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL TJBCKKZSS, IN 

PIPE METAL AREA, W 2  

PIPE hfOMENT OF INERTIA, W4 

PIPE SECTION MODULUS, IN^3 

BEND METAL AREA, 
W 2  
BEND SECTION MODULUS, W3 

PIPE BEND RADIUS, IN (40" radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICRY, IN/IN/F. 

BEh?) ANGLE I N  RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD JOINT QUALITY FACTOR 

FLEXIBILITY CHARACTER 
(REFASh5 CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=LO i z  1.00 

HNF-2473, Rev. 0 
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STAB. VERSION-0 
PAGE3 

Filename: A35-S 
PROGRAMMED BY: M.M.AHMED 

B SOIL CHARACTERISTICS 
(REF: SHANNON WILSON, mTc GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

c.12000Ifl 
sec 

POI.0 3 POISSON RATIO 

KdsO 32 

p.075 COEF OF SOIL FRICTION 
Ib Ed 162000 - 

SOIL SHEAR WAVE VELOCITY, WSEC 

COEF OF LATERAL STRESS 

DYNAMIC ELASTICITY MODULUS, PSI 
111 

Ib rd.0066 - 
in 

DYNAhIIC SOIL SPECIFIC WT,LBS/IN*3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks-O.2S 

Es E 21000.- Ib 

in2 

Ib rs 0.066.- 
in3 

COEF OF LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBS/W3 

Hs36.h DEPTH OF BURIED PIPE, IN 

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF SDC-4.1 REV-11) 

ags0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF ‘G‘ 

Vm.4X.agih 
sec 
in Vm =5.76.- 
sec 

MAX GROUND VELOCITY, IN/SEC 

COMPUTED EFFECTIVE LENGHTS: 

1. SEISMIC EFFECTIVE LENGTH ( Les ) : 

Les =82S.O14*in 



STAB. VERSION-0 Filename: A-S 
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A41 

STAB Subroutine T-2 for Tvue 2 Bend Analvsis 

For Calculation of $&I& Effective Lengh: 

from Table 3, Classifcarioii of Legs: 

Lts(2.(3.83) + 0.67 + 2.58).fl 

A43 

Lt  = 130.92 .in 
+ = I 5 7  A32 

Lps(3.83 + 9.81 +4,(12.0) + 11.89 + 1.5).fl L ~ 9 0 0 . 3 6 . h  P 

2.Les =1.65.103 .in 

Since Lp (4  2.Les , this is a case of SP Leg, therefore: 

L 

2 

L =450.18 .in 

SP: L =A? 

**%*%***%*%**************************************%*************%****%*********%*%* 

Ls 450.18.h 

ANALYSIS RESULTS : 

SEISMlC ( OCCASIONAL ) STRESS ( Socc ) : 

Socc =5.045.103 < ALLOWABLE 
in2 

Sall- 1.33.Ej.Sh 

Sall =2.261-104 
in2 

CONCLUSION: 

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS. 

HNF-2473, Rev. 0 
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PROGRAMhED BY: 
M.M.AHMED 

STEP 2 A  SEISMC ANALYSIS OF BURIED PIPE AND COMPUTATION 
OF INDEPENDENT VARIABLES. 

1. SEISMIC SOIL STRAIN.( Em ) : 
Vrn 
2 . c  

Em%- 
REF 2 ON COVER SHEET 

-4 ~m=2.4.10 

2. SUBGRADE REACTION MODULUS. ( K = LBSIN3) : 

0.0833 
Ed 

K=5.702.103 .* 
in3 

3. SPRING CONSTANT. ( S = LBS/IN*Z ) : 

S =3.778.104 
in1 

4. SYSTEM CHARACTERISTIC ( h = IN^-I ) : 

0.25 

?-. (&) 
h =0.0594n-l 

5. SOIL FRICTION. 

Ib 
f = 2 4 . 4 7 9 . ~  

6. MAXIMUM SLIPPAGE LENGTH ( Lm = IN ) : 
111 

Lm = 1.566.103 *in 

7. MAxIMuBl AxlAL FORCE ( F = LBS ) : 

Fzf.Lm 

F =3.833.104 .lb 



STAB. VERSION-0 
PAGE 6 

PROGRAMMED B Y  
M.M.AHMED 

8. MlNlMUM TRANSVERSE LEG LENGTH REQUIRED ( 1 = IN) : 

1 2  
h 

R E F  2 ON COVER SHEET 

1 =53.686.i11 

NOTE: SNCE ALL PEE RUNS WLLL GEh'ERALLY BE LONGER THAN, 
"I", IT IS ASSUMED THAT TRANSVERSE LEG LENGTH CRITERIA HAS 
BEEN SATISFIED AND ALL CONSTANTS C1 THRU C6 IN SUCCEEDING 
FORMULAE ARE EQUAL. TO 1.0. THEREFORE THE FOLLWING 
FORMULAS ARE MODIFIED USING THE VALUES OF CONSTANTS AS 1.0 

9. INDEPENDENT VARIABLE ( a21 ) : 

- , . I  

a21 =4.276.105 .lb 

10. INDEPENDENT VARIABLE ( a31 ) : 

S a31=- 
2.h 

a31 =3.228*105 .E 
in. 

11. INDEPENDENTVARIABLE (a32)  : 

a32.h 

a32 = 0.059 .in- 

12. INDEPENDENT VARIABLE ( a ) : 

asa31 + a21.a32 

a =3.478.105 
in 

13. SEISMIC EFFECTIVE LENGTH ( Les = IN)  : 

Les =825.014.h 

HNF-2473, Rev.'O 
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PROGRAMMED BY: 
M.M.AHMED 

STEP 3B: SEISMIC ANALYSIS AND CALCULATION OF S H E A R  FORCES, 
MOMENTS AND STRESSES IN PIPE BEND. 

1. DEPENDEATVARIABLE (al l )  : 

a l l  =0.093%1 

2. DEPENDENT VARIABLE (a12) : 

-L 
A.E 

a D -  

a12 =-2.SlS.104 
Ib 

3. DISPLACEhlENT AT BEhB (6 = inches) : 

a l l  6z- 
1 - al2.a 

4. S H E A R  IN TRANSVERSE LEG (Qt = LBS) : 

Qt.a.6 

Qt = 1.625.104 -1b 

5. MOMENT IN BENE ( M  = IN-LBS ): 

Mza21.6 

M = 1.998.104 .in.lb 

6. S H E A R  IN LONGITUDINAL LEG ( Qp = LBS ) : 

Qp.?..M 

Qp = 1 . ~ 9 . 1 0 ~  .Ib 

HNF-2473, Rev. 0 
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PROGRAMMED BY: 
M.M.AHMED 

I. CODE B31.3 COMPLJANCE FOR SEISMIC + SUSTAIPXD STRESSES. 
Socc < Sal1 

P.D . M Qt 
socc=- + 1.- i - 

4.t Z b A b  

Socc =5.045.103 .& < 
. 2  Ul 

Sal15 1.33-EjSh 

Sal1 =2.261.104 .'b 
il: 

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE 
B31.3 REQUJREMENTS. 

HNF-2473, Rev. 0 
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SEISMIC AND THERMAL STRESS ANALYSIS OF BURTED PIPE 

SOURCES 1. ASME PAPER ON 'HAND CALCULATION OF SEISMIC 
AND THERMAL STRESSES IN BURIED PIPE' 
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL 
POWER CORP. PVP VOLUME-77, JUNE'S3 

BY 

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURLED 
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER, 
GILBERT ASSOCIATES. PVP VOLUME-82, JUNE-78 

PROGRAM VERSION 

PROGRAM AUTHOR 

PROGRAM VERIFIER: 

0 

M.M.AHMED 

T.J.SCHALL. 

JOB OR WORK ORDER NO: W 320 I ER 4319 

FILENAME: NodepointA35 - SupernateLine ~ T H E W  

INPUT BY D.L. STONEsL5 DATE: 9 I 3  I96 

CHECKED " Y e &  DATE: 

-2473, Rev. 0 
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STAB. VERSION-0 
PAGE NO: 2 

Filename: A35-sp-T 

PROGRAMMED BY: M.M. AHMED 

STEP 1: " DESIGN DATA." 
ALL UNTS IN POUNBS, INCHES, RADJANS AND DEGREE F. 

A. PIPE DATA. (REF: CRANE TECH PAPER NO. 410,ZZnd 

PIPE MATEFUAL ASTM A53, TYPE E, GR B. 

PRINT-1985 

SCH 40 

PIPE SIZE: 6" SCH 40 

D =6.625.in 

t=0.280.in 

A-5.58l.iz 

1=28.14.in4 

2.8.496.u? 

Abs8.40 in2 

Zbz16.81.i2 

R~40.00  in 

4 %  1.57.rad 
Ib PI 325- 
in2 

T. I8O.K 

Ib sc~20000.- 
in2 
Ib 

Sh= 20000.- 
in2 

EJ.0.85 

F=1.00 

h=- t'R'4 h=1.113 
(D - t)' 

1.65 
h 

ks- k = 1.483 

. 0.9 
1s- i=O.839 
h0.66 

BEND SIZE: 8" SCH 40, RADIUS= 40" 

PIPE OUTSIDE DIAMETER, IN 

PIPE WALL THICKNESS, IN 

PIPE MBTAL AREA, IN-2 

MOMENT OF INERTIA, IN-4 

SECTION MODULUS, EV3 

BEND METAL AREA, IN-2 

BEND SECTION MODULUS, IN-3 

PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend) 

MODULUS OF ELASTICITY, PSI 

THERMAL EXPANSION OF ELASTICITY, IN/IN/F. 

BEND ANGLE IN RADIANS 

DESIGN PRESSURE, PSI 

DESIGN TEMPERATURE, DEG F 

COLD ALLOWABLE STRESS, PSI 

HOT ALLOWABLE STRESS, PSI 

WELD J O N  QUALITY FACTOR 

CYCLIC FACTOR FOR 7000 CIS 

FLEXIBILITY CHARACTER 
(REF:ASME CODE B31.3-1990 APPDX-D) 

FLEXIBILITY FACTOR 

SIF FACTOR 

IF  CAlLCULATED 'i' IS LESS THAN 1.0, USE i=l.Oi= 1.00 HNF-2473, Rev. 0 
Page 632 



STAB. VERSION-0 
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Filename: A35-sp-T 
PROGRAMMED BY: M.M.AHMED 

B: SOIL CHARACTERISTICS 
mF SHANNON 6r WILSON, m'c GEOTECH INVESTIGATION REPORT.) 

B1: SOIL DATA FOR SEISMIC ANALYSIS 

in c 2 12000.- 
sec 

POI=O.3 

Kd.0.32 

1.0.75 

lb 
Ed =62000.- 

in2 

r d  = 0.066.- 
in3 

lb 

SOIL SURFACE WAVE VELOCITY, IN/SEC 

POISSON RATIO 

COEF OF LATERAL STRESS 

COEF OF SOIL FRICTION 

DYNAMIC ELASTICITY hlODULUS, PSI 

DYNAhCIC SOIL SPECIFIC \VT,LBS/JN^3 

B2: SOIL DATA FOR STATIC ANALYSIS 

Ks10.25 

ES s 21000.- lb 
in2 
Ib rs E 0.066.- 
in3 

COEF O F  LATERAL STRESS 

STATIC ELASTICITY MODULUS, PSI 

STATIC SOIL SPECIFIC WT, LBSIlIi-3 

DEPTH OF BURIED PIPE, I N .  

C: SEISMIC RESPONSE FOR GROUND MOTION 
(REF: SDC-4.1 REV-11) 

agz0.12 

Vm= 48. a g  

FREE FELD HORIZONTAL ACCEL, FRACTION OF 'G' 

MAX GROUh?) VELOCITY, INISEC 
sec 
in Vm = 5.76 .- 
see 

COIL1P'LITED T H E W  EFFECTIVE LENGTH 

Let =2.714.103 .in 



STAB. VERSION-0 Filename: A35-sp-T 
PAGE-4 PROGRMff iD  B Y  M.M.AHMED 

*************%********************%**%%********%******%*%**%****%***********%**%%*% 

STAB Subroutine T-3 for Tvue 3 Bend Analvsis 

For Calculation of Thermal Effective Length 

A3 3 

A39 +=1.57 
qB 

from Table 3, Classificolioii of Legs: 

Let =2.714.103 .in 

Lp'(3.83 + 9.81 + 2.(12.0)).fi 

I )  
A35 

I-- L P +  

Lt' .fi 
2.(3.83) + 0.67 + 2.58 

2 
. 

L =451.68.in L = 65.46 .in P 

Since L p  (<) Let Since L t  (<) Let 

this is a case of SP Leg, therefore: this is a case of SP Leg, therefore: 

SP: L 1 . = L p  SP: L2 .= L t  

L1 =451.68.h L2 = 65.46 .in 

***********************%%********% 

L1 z451.68.h L2 s 65.46.h 

ANALYSIS RESULTS 

Set = 1.161-104 .'b < ALLOWABLE Sa =4.808.104 .'b 
h a  in2 

CONCLUSION: 

PIPE DISPLACEMENT STRESSES SATISFY THB CODE B31.3-90 
REQUIREMEWS. 

... 



STAB. VERSION-0 
PAGE NO: 5 

PROGRAMMED BY M.M. AHMED 

STEP 2B: THERMAL ANALYSIS OF BURIED PIPE AND COMPUTATION OF 
INDEPENLIENT VARIABLES. 

LTHERMAL STRAIN ( st = m m  
d s a ( T -  40.K) 

et =8.862.10-4 e!!! 

in 

2. SUBGRADE REACTION MODULUS ( Kt = LBSIWJ ) : 

Kt = 1.76j-103 .: 
3. SPRING CONSTANT ( S t  = LBSIWZ ) : 

in 

St5Kt.D 

St = 1.169.104 -4 
in 

4. SYSTEM CHARACTERISTIC ( h t  = ET-I) : 
0.25 

?-t I (&) 
ht = 0.044 .in' 

5. SOIL STATIC FRICTION ( ft = LBSlIN) : 

Ib A =23.181 .T 
in 

6. MAXlMUM SLIPPAGE LEh'GTH ( Lt = IN  ) : 

E Lt 2et.A.- 
A 

Lt =6.106.103 -in 

7. MAXIMUM AXIAL FORCE (Ft = LBS) : 

Ft.ft.Lt 

Ft = 1.416~105 .lb 



STAB. VERSION-0 
PAGE NO: 6 

PROGRAMMED BY M.M. A W E D  

8. MINlMuhl LENGTH OF TRANSVERSE LEG ( It = IN ) 

I t 2  REF: 2 ON COVER SHFET 
l.t 

It =71.977% 

ASSUMED THE LENGTH OF ALL TRAh'SVERSE LEGS WlLL 
GEA3RALLY 
BE MORE THAN "It" . AS SUCH ALL CONSTANTS C1 THRU C6 Ih' 
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE 
ARE MODTRED ACCORDINGLY. 

9. mQEPEhBEAT VARIABLE ( A21 ) : 

A21 =3.03.10' .Ib 

10. INDEPEATIENT VARJABLE ( A31 ) : 

11. IhDEPEhTIENT VARIABLE (A32) : 

A32=ht 

A32 = 0.044 .h- ' 
12. INDEPEhTIENT VARIABLE ( At ) : 

AteA31 +A21.A32 

At = 1.472.10' 
in 

13. THERMAL E m C T I V E  LENGTH (Let ) : 

Let =2.714.103 -in 



STAB. VERSION-0 
PAGE NO: I 

PROGRAMMED BY: M.M. AHMED 

THERMAL ANALYSIS OF PIPE BEND Ah?) COMPUTATION OF SHEAR FORCES, 
MOMENTS AND STRESSES IN PIPE BEhD. DUE TO THERMAL STRAIN IN LONG 
PIPE LEG. 

1.DEPEADENT VARAIBLE (All) : 

A l l  =0.385.in 

2. DEPENDENT VARLABLE (A12) : 

-L1 
A U -  

A.E 

A12 =-2.828.106 
Ib 

3. DISPLACEMENT AT BEND (&=in) : 

A1 1 St.- 
1 - A12.At 

6t ~ 0 . 2 7 2 . h  

4. SHEAR INTRANSVERSE LEG (Vt=lbs) : 

VtsAt.6t 

Vt =4.006.104 .Ib 

5. MOMENT IN BEND (Mt=in.lbs) 

Mt i A21 .St 

Mt =8.247.104 einlb 

6. SHEAR IN LONGITUDINAL LEG (Vp=in.lbs) 

Vp I ht.Mt 

Vp =3.599-103 *Ib 

7. DISPLACEMENT STRESS AT BEND ( Se = Psi ) 

NOTE: THIS DISPLACEMEhT 
STRESS AT BEND IS DUE TO 
STRAIN IN ONE PIPE LEG. 
COMPUTE STRESSS DUE TO 
OTHER LEG AND ADD THESE 
TOGETHER. 



STAB. VERSION-0 
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PROGRAMMED BY M.M.AHMED 

B. DUE TO THERMAL STRAIN IN SHORT P E E  LEG: 

1. DEPENDENT VARIABLE (Bll) : 

B11 =O.OjS.in 

2. DEPENDEh'T VARIABLE (BIZ) : 

- L2 B12=- 
A.E 

B12 =-4.09S.10-' -2 
Ib 

3. DISPLACEMENT AT BEh'D (Sl=inches) 

B11 61 s- 
1 - B12.At 

61 =0.0.54%1 

4. SHEAR FORCE IN TRANSVERSE LEG (VI=Lbs) : 

VI sAt.61 

V1 =8.00S.103 .lb 

5. MOMENT IN BEND (MI=in.lbs) : 

MlFA21.61 

MI =1.649.104 k . l b  

6. SHEAR IN LONGITUDINAL LEG (VZ=lbs) : 

V2 =ht.M1 

V2 =719.593.1b 

7. DISPLACEMENT STRESS AT BEND (Sei= Psi) : 

HNF-2473, Rev. 0 
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PROGRAMMED BY: M.M.AHMED 

8. CODE B31.3 COMPLJANCE FOR DISPLACEMENT STRESS. 

Set=Se + Sel 

SL = 1.922.103 .E 
Sa~F.(1.25.(Sc+Sh) - SL) 

in2 

Set = 1.161.104 .& < Sa =4.808.104 
in2 in2 

CONCLUSION PIPE DISPLACEhlENT STRESSES SATISFY 
CODE B31.3-90 FQUIREMEIVTS. 
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