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client WESTINGHOUSE HANFORD COMPANY WO/ob No. ER4319  Filename ENC-TEXT.WPW
Subject ENCASEMENT PIPE STRESS ANALYSIS Date 9/3/96 sy D.L. STONE @LS
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked? /7\5‘/7/é By <T7> :\\)8‘7"-—"3
Location C TANK FARM - 200 W. AREA Revised || /2 /517 B |, Hﬂrﬁ\)& LHK\D :l GLE‘B
3.0 98
OBJECTIVE:

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

1.

Perform stress analysis of the buried encasement piping from Tank 241-AY-102 to Tank 241-C-106 to
static and dynamic loadings when exposed to soil frictional forces, in order to qualify for Code B31.3-93 S~
requirements.

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 Civil/Structural group.

DESIGN CRITERIA:

1 H

Project W320, Tank 241-C-106 Sluicing, Functional Design Criteria,
{(WHC document No. WHC-SD-W320-FDC-001, Rev.IZ)/

z*- .

2. ASME B31.3-1993, Chemical Plant and Petroleum Refinery Piping &
3. A/E Standards GC-LOAD-01, Rev. O, Design Loads for Facilities
(Now FONW Prackice #138,215, V24T | fesian Loeds for Fuc|iies )
) .
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: o 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 (Ref.2}, 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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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 A/E 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. As such seismic analysis is performed for longest straight
pipe run adjacent to each pipe bend. ’

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 dlsplacements at
pipe bends are listed on Pages 11 and 12.

HNF-2473, Rev. 0
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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 the "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 B31.3 Allowable thermal stress. The stress
results are summarized on Pages 9 and 10. The thermal displacements at pipe bend are listed on Pages 11 and
12.

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 B31.3 Allowable.

HNF-2473, Rev. 0
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ICF KAISER

ANFORD COMPANY
DESIGN ANALYSIS

Calc No. W-320-27-014

Revision No. 2

Page No. H of I3

Client  WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319  Filename ENC-TEXT.WPW
Subject ENCASEMENT PIPE STRESS ANALYSIS Date 9/3/96 B D.L.STONE D¢ S
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106  Cheoked 7 BT & C0) e~
Location C TANK FARM - 200 W. AREA Revised / / By

ASSUMPTIONS:

1. Since "Geotechnical Engineering Studies” by Shannon & Wilson inc (Ref.8, Sect 12:1) 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 considered in the analysis.

CALCULATIONS:

For sustained load stress analysis, see Pages 7 and 8.  For seismic & thermal analysis by "STAB" program, see

Appendices "A" thru "AAL".. For Anchor ioads, see Page 13.

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

1INFORD COMPANY Revision No. 23
DESIGN ANALYSIS Page No. &  of . /3
client WESTINGHOUSE HANFORD COMPANY WOMob No. ER4319  Filename ENC-TEXT.WPW
subject ENCASEMENT PIPE STRESS ANALYSIS Date 9/3/96 By D.L. STONE pHLS
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106  Checked 7 QS-/% By & O Pem
Location C TANK FARM - 200 W. AREA Revised 1y /5, /g7 By KiHaysse
REFEBENCES:
1. ASME CODE B31.3-93 & ADDENDA B31.3a-93 “Chemical and Petroleum Refinery"”
2. A/E Standards Gg-LOAD-O‘I, Rev. 0, Design Loads for Facilities &
(Noy FONW  Predice #124,215.1217  Desrgun boedds £or Encifidies D
3. Crane Technical Paper No: 410, 22nd Printing-1986.
4. Computer Program "STAB" (Seismic and Thermal analysis of Buried Piping), Version-0
5. ASME PAPER on "Hand Calculation of Seis.mic & Thermal Stresses in Buried Pipe" by G.C.K. Yeh, PVP
Volume-77, June’ 1983.
6. ASME PAPER on "Flexibility analysis of Buried Pipe" By E. C. Goodling. PVP Volume-82, June, 1978.
7. AISI "Modern Sewer Design" First Edition, 1980.
8. Shannon & Wilson Inc. Geotechnical and Environmental Consultants, "Final Report of Geotechnical
Engineering Studies, W-320 Waste Retrieval and Sluicing Systems”, Dated April 12, 1994.
9. 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) '
10. WHC-SD-WM-SEL-033, Rev-1. "Safety Equipment List for 241-C-106 Waste Retrieval, Project W-320"
11. WHC-SD-W320-FDC-001, Rev;Z "Functional Design Criteria for Tank 241-C-106 Waste Retrieval; Project
W-320". @
12. Project W-320 Construction specifications W320-C1 Rev-0 for M-26a piping material.
13. DSI from C.D.Jones dated March 28, 1994 "Design Pressure for Slurry and Sluice Pumps™.

HNF-2473, Rev. 0
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ICF KAISER
1NFORD COMPANY

Client

DESIGN ANALYSIS

WESTINGHOUSE HANFORD COMPANY
Subject ENCASEMENT PIPE STRESS ANALYSIS

WO/Job No. ER4319
Date 9/ 3__/ 96

Calec No. W-320-27-014

Revision No. /2’ )
Page No. & of 13

Filename ENC-TEXT.WPW
By D.L. STONE PL¥

PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 ~ Checked 7 JAS /ﬁ By <y
Location  C TANK FARM - 200 W. AREA Redsed /2y 197 & Llhase cHkD: 4 Ciesd
21198
CONCLUSION:
1. As evident from succeeding analysis, Sustained, Seismic and Thermal stresses in the Encasement Pipe
have met the Code B31.3-1993 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.
Rev. D
o=

KQ\// 5 o'P ’H’h’s CG\IC()]O\-}-'O\/\ \/611”(‘(60‘ 'an Q\AA"J’S(IS ‘>13qf-/zs+ ’f/l’ﬁ& olS'\lJU\'H'
These ale  wniwoyr J)'vwcmsr'owc.( glﬂﬁe/ewzcs é
helween Yhe c'u/m.ln(sis and Fhe qs—Buu’H CWC}HIUAS. Howe\;er,

Cowo\i‘}\'ow\s R

becausc 'maesa Oku‘g‘(:eltvycts ofe V)ej\{gflﬂe) /f’lqe_ ﬂmo,)\ixs;'\g RS s’il,'\]

qecegiakle. Ahe.fore Fhe calcdehion i qccep’)é\ye.
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ICF KAISER

Cale. No.:  W-320-27- 014
HANFORD COMPANY N 2 13
DESIGN ANALYSIS g o Ad
Client:  WESTINGHOUSE HANFORD COMPANY WO/Job No.: ER4319
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9/ 3/ 96 By: D.L.STONE Di.¢
ENCASEMENT PIPE STRESS ANALYSIS Checked: 7’ B85 /g By: ¢ oy
Location: C TANK FARM -200 EAST AREA HANFORD Revised: 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:
1bf . ) . )
PSF = - Unit representing weight per square foot.
ft
PROCESS PIPE AND CONTENTS
SpG = 1.2 Specific Gravity of Process Fluid. (Ref. 11}
WipQo = 5.5-PSF Weight of water per linear foot of 4" Schedule 40 pipe. {Ref. 3)
W pipe 10.79-PSF Weight of pipe per linear foot of 4” Schedule 40 pipe. {Ref. 3)
W contents W H20 PG Weight of Process Fluid per Linear foot of 4" Schedule 40 pipe.
Wy=w pipe * W contents
_ : . Weight of Process Pipe and Contents
Wy n 173 25E5H per linear foot of 4" Schedule 40 pipe.
OVERLYING SOIL
H:=3ft Soil depth. (Minimum required for shielding.) (Ref. 9)
Ibf . . . .
pi= 0.066-in—3 Static Specific Weight of Soil (Ref. )
W= Hp

W, =342.144 -PSF

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

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

HANFORD COMPANY Redsonto: o 2, 3
DESIGN ANALYSIS CERes °
Client: ~ WESTINGHOUSE HANFORD COMPANY WO/Job No.: ER4319
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9/ 3 /96 By: DLSTONE D¢ §
ENCASEMENT PIPE STRESS ANALYSIS Checked: /zg’ljé By: (°F
Location: C TANK FARM -200 EAST AREA HANFORD Revised: By:
DL:=W | +W,y

DEAD LOAD  (Weight of the process pipe and its contents

DIf SRR IR and overlying soil per linear foot of pipe).

LL := 600-PSF LIVE LOAD AASHTO, H-20 Hwy Load per linear foot of pipe .
(Ref. 7, Table 6-1)

P:= DL +LL

P =959.534-PSF TOTAL SUSTAINED LOAD per square foot, per linear foot of pipe.

P =6.663 -psi TOTAL SUSTAINED LOAD  per square inch,per linear foot of pipe.

D g = 8.625-in Diameter for 8" Bends. (Ref. 3)

tg=0.322:in Wall thickness of 8” Schedule 40 pipe, Bends. (Ref. 3)
D

sg-pis
2tg

S g =89.242-psi Ring Compression {(Hoop siress).

HNF-2473, Rev. 0
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ICF KAISER Calc. No. W-320.27.014

HANFORD COMPANY Revision No. 2
DESIGN ANALYSIS Page No ] of 13
Client WESTINGHOUSE HANFORD CO. WO/Job No ER4319 Filenam STRS-SUM.XLS
Subject’ PROJECT W-320 WASTE RETRIEVAL Date 9/3/9 By D.L.STONE DL $
ENCASEMENT PIPE STRESS ANALYSIS ~ Checked %%’ ﬁ By I S
Location C TANK FARM 200 EAST AREA Revised By

SUMMARY OF PIPE BEND STRESSES

SLURRY LINE (All units in PSl)
SEISMIC THERMAL

NODE PR + SEIS DEAD WT. TOTAL | ALLOWABLE ACTUAL ALLOWABLE
POINT (STAB) {Pages 7 &8)

AO3 4807 89.242} 4896.:2 22610 10200 48080
AO8 4367 89.242; 44586.2 22610 7250 48080
A1 5383 89.242} 5472.2 22610 14270 48080
A23 5383 89.242] 5472.2 22610 14370 48080
A26 4608 89.242} 4697.2 22610 8276 48080
A32 4608 89.242; 4697.2 22610 8485 48080
A35 5045 89.2421 5134.2 228610 11800 48080
A43 5006 89.2427 5095.2 22610 18490 48080
AB5 5409 89.242} 5498.2 22610 17450 48080
AB7 5409] - 89.242} 54898.2 22610 19360 48080
A75 Similar to Node AB7

A77 Similar to.Node Ab7

AS5 5409 89.242} 5498.2 22610 23070 48080
A100 5409 89.242 5498.2 22610 20930 48080
A114 5409 89.242 5498.2 22610 17990 48080
A117 5409 89.2421 5498.2 22610 19590 48080
A133 5409 89.242 5498.2 22610 19150 48080
A135 5409 89.242 5498.2 22610 19150 48080
A151 5409 89.242{ 5498.2 228610 23060 48080
A157 4508 89.242; 4597.2 22610 7715 48080
A160 4678 89.242} 4767.2 22610 9724 48080
A166 4678 89.242} 4767.2 22610 9231 48080
A169 3550 89.242 3639.2 22610 5553 48080

HNF-2473, Rev. 0
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ICF KAISER Calc. No. W-320-27-014
HANFORD COMPANY Revision No. 2
DESIGN ANALYSIS Page No 10 of 13
Client WESTINGHOUSE HANFORD CO. WO/Job No ER4319 Filenam STRS-SUM.XLS
Subject PROJECT W-320 WASTE RETRIEVAL Date 9/319 By D.L.STONE D/ $
ENCASEMENT PIPE STRESS ANALYSIS  Checked 7{%/@ By EEhH O eonio
Location C TANK FARM 200 EAST AREA Revised By
SUPERNATE LINE (All units in PSI)
SEISMIC THERMAL
NODE PR + SEIS DEAD WT. TOTAL | ALLOWABLE ACTUAL ALLOWABLE
POINT (STAB) (Pages 7&8. )
A03 4987 89.242| 5076.2 22610 11420 48080
A10 5407 89.242| 5496.2 22610 22360 48080
A23 5407 -89.242} 5496.2 22610 14500 48080
A26 4549 89.242| 4638.2 22610 8024 48080
A32 4549 89.242| 4638.2 22610 8194 48080
A35 5045 89.242| 5134.2] * 22610 11610 48080
A43 Similar to Slurry Line
Ab5 Similar to Slurry Line
Ab7 Similar to Slurry Line
A75 Similar to Slurry Line
A77 Similar to Slurry Line
A95 Similar to Slurry Line
A100 Similar to Slurry Line
Al114 Similar to Slurry Line
A117 Similar to Slurry Line
A133 Similar to Slurry Line
A135 Similar to Slurry Line
A151 5409 89.242 5498.2 22610 23170 48080
A157 4488 89.242} 4577.2 22610 7917 48080
A160 4452 89.242] 4541.2 22610 9686 48080
‘A165 5240 89.242} 5329.2 22610 9069 48080
Maximum Stresses at Adjusted Soil Conditions (All units in PSI)
SEISMIC THERMAL
NODE PRYSES DEAD W TOTAL ] ALLGWABLE ACTUAL ALLGWABLE
POINT (STAB) (Pages 7 &8 )
A95 5304 89.242] 5993.2 22610 23800 48080

HNF-2473, Rev. 0
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ICF KAISER Cale.No.  W-320-27-014
HANFORD COMPANY RevisionNo 2
DESIGN ANALYSIS Page No. 11 of 13
Client WESTINGHOUSE HANFORD CO. WO/Job N ER4319 Filename DISP-SUM.XLS
Subject PROJECT W-320 WASTE RETRIEVAL Date 9/3/96 By D.L. §TONE DLS
ENCASEMENT PIPE STRESS ANALYSIS Checked =7 974& By Py So—
Location C TANK FARM 200 EAST AREA Revised By
SUMMARY OF LiNE DISPLACEMENT RESULTING FROM THERMAL GROWTH
SLURRY LINE
Nodepoint SEISMIC THERMAL
3 5t 81
DD Lpleg Lt leg
AO3 QA9 . 099 0.183 0.158
AO8 0.037 0.182 0.022
A11 0.052 0.359 0.043
A23 0.052 0.359 0.045
A26 0.04 0.21 0.023
A32 0.04 0.208 0.031
A35 0.047 0.272 0.06
A43 0.053 0.345 0.273
Ab5S 0.062 0.418 0.073
AB7 0.052 0.472 0.073
A75 Similar to A57
A77 Similar to A57
A95 0.052 0.472 0.178
A100 0.052 0.411 0.178
Al114 0.052 0.411 0.095
A117 0.052 0.456 0.095
A133 0.052 0.456 0.082
A135 0.052 0.456 0.082
A151 0.052 0.456 0.192
A157 0.039 0.192 0.025
A160 0.041 0.225 0.048
"A166 0.041 0.211 0.049
A169 0.024 0.107 0.049
Maximum Displacements at Adjusted Soil Conditions
A95 0.06 | 0.491 0.179 |

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

HANFORD COMPANY Revision No 2
DESIGN ANALYSIS Page No. 12 of 13
Client .  WESTINGHOUSE HANFORD CO. WO/Job N ER4318  Filename DISP-SUM.XLS
Subject  PROJECT W-320 WASTE RETRIEVAL Date 9/3/96 By D.L.STONE DL S
ENCASEMENT PIPE STRESS ANALYSIS Checked W/é By s =
Location C TANK FARM 200 EAST AREA Revised By

SUPERNATE LINE

Nodepoint SEISMIC THERMAL
& 5t 5 1
Lp leg Lt leg
AO3 0.052 0.233 0.149
A10 0.052 0.397 0.232
A23 0.052 0.363 0.045
A26 0.033 0.202 0.023
A32 0.039 i 0.202 0.028
A35 0.047 0.272 0.054
A43 Similar to Slurry Line
AB5 Similar to Slurry Line
AB7 Similar to Slurry Line
A7b Similar to Slurry Line
A77 Similar to Slurry Line
A95 Similar to Slurry Line
A100 Similar to Slurry Line
A114 Similar to Slurry Line
A117 Similar to Slurry Line
A133 Similar to Slurry Line
A135 Similar to Slurry Line
A151 0.052 0.456 0.195
A157 0.038 0.195 0.027
A160 0.038 0.22 0.053
A165 0.05 0.16 0.095
HNF-2473, Rev. 0 CALC-014XLS
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ICF KAISER

HANFORD COMPANY

DESIGN ANALYSIS
Client WESTINGHOUSE HANFORD CO. WO/Job No.  ER4319
Subject PROJECT W-320 WASTE RETRIEVA Date 9/3/96

ENCASEMENT PIPE STRESS ANALYSIS Checked
C TANK FARM 200 EAST AREA

Location

7k

Revised

Calc. No.
Revision No.

PageNo 13

W-320-27-014

2
13

Filenam ANCH-LDS.XLS
By D.L.STONE DiS
g

By <D

By

ENCASEMENT PIPE ANCHOR LOADS AT PIT WALLS

Anchor Locations Pipe Length SEISMIC THERMAL
T i _ Friction Force Total Axial Friction Force Total Axial
F1 LOAD=F1 xL F2 LOAD=F2 x L.
{Ref. 4) {Ref. 4}
{inches) (Ib/in} (b)) (bfin) {Ib}
Pump Pit  241-C-OBA |(Ref. DWG # ES-320-M3)
Nozzle 17 216.72 24.48 5305 23.18 5024
Sluice Pit 241-C-08 |(Ret. DWG # ES-320-M3)
Nozzle 6 201.48 24.48 4932 23.18 4670
[Rof. DWG # ES-320-M8) o
Pump Pit 241-AY-02A 138 24.48 3378 123.18 3199
Nozzle U 11
{Ref. DWG # ES-320-M6)
Sluice Pit 241-AY-02E 120 24.48 2938 23.18 2782
Nozzle 2
HNF-2473, Rev. 0
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APPENDIX A

NODEPOINT A03-s1-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' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'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 / ER 4319
FILE NAME: Nodepoint A03 - Slurry Line - SEISMIC

DLS
INPUT BY: D.L. STONE DATE: 9/3/96

CHECKED BY: (21 Jg, g DATE: 7/2 57?/4

HNF-2473, Rev. 0
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STAB. VERSION-0 Filename: A03-sI-S
PAGE-2 PROGRAMMED BY: M.M.AHMED

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

A. PIPE DATA: (REF:CRANE TECH PAPER NO:410, 22nd PRINT-1985)
PIPE MATERIAL: ASTM AS53, TYPEE, GR B. SCH 40

PIPE SIZE: 6" SCH 40. BEND SIZE: 8" SCH40, RADIUS=40".
D=6.625in PIPE OUTSIDE DIAMETER, IN
120.280-in PIPE WALL THICKNESS, IN
A=5.581-in> PIPE METAL AREA, IN*2
1:28.14-in* PIPE MOMENT OF INERTIA, IN*4
7=8.496-in° PIPE SECTION MODULUS, IN"3
A =8.40-in BEND METAL AREA, IN*2
Z,=1681in* BEND SECTION MODULUS, IN"3
R=40.00-in PIPE BEND RADIUS, IN (40" radius, 45 degree Bend)
E=28.62 105-1—1’2 MODULUS OF ELASTICITY, PSI

in
*=633-10" %= THERMAL EXPANSION OF ELASTICITY, IN/IN/F.

mn

&)
$=2.356rad . BEND ANGLE IN RADIANS
P- 325-1—1’z DESIGN PRESSURE, PSI

in’ A
T=180K DESIGN TEMPERATURE, DEG F
sCezoooo-l—b2 COLD ALLOWABLE STRESS, PSI
i
Sh= 20000»1—b2 HOT ALLOWABLE STRESS, PSI
i
Ej=0.85 WELD JOINT QUALITY FACTOR
he—R% 4 _1113  FLEXIBILITY CHARACTER :
@ - 1> (REF:ASME CODE B31.3-1990 APPDX-D)

kIT65 k=1483  FLEXIBILITY FACTOR

i=0.839 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 Filename: A03-s-S
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

C= 120004—:{; SOIL SHEAR WAVE VELOCITY, IN/SEC

POI=0.3 POISSON RATIO

Kd=0.32 . COEF OF LATERAL STRESS

n=0.73 COEF OF SOIL FRICTION

Ed= 620004—_132 DYNAMIC ELASTICITY MODULUS, PSI
n

Fd50.066-—1—b§ DYNAMIC SOIL SPECIFIC WT,LBS/IN*3

in
B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

Es=21000- B STATIC ELASTICITY MODULUS, PSI
in®
b
T's=0.066- —1——3- STATIC SOIL SPECIFIC WT, LBS/IN"3
in’
H=36-in 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— MAX GROUND VELOCITY, IN/SEC

sec
Vm =576 =

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-sl-S
PAGE-4 PROGRAMMED BY: M.M. AHMED

STAB Subroutine T-3 for Type 3 Bend Analysis 208

$=2356

T
For Calculation of Seismic Effective Length: EI Lp ~g
N\

from Table 3, Classification of Legs: A3

—

LPE(I.S +13.22 + 14.26 + 10.59 + 3.83)-f » Lp =520.8+in

L(7.07 + 9.49 + 1.5)-f ' - Ly=216.72+in

Les =830.748 in

Since LP (<) Les ,thisisacaseof SP Leg, therefore:
Sp: L= LP
L =520.8+in
L=520.8-in

ANALYSIS RESULTS :

SEISMIC ( OCCASIONAL ) STRESS (Socc) :

Sall=1.33-Ej-Sh

Soce =4.807-10° -1—b2 < ALLOWABLE Sall =2.261-10" -—lb—z
in in’

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 2A: SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION
OF INDEPENDENT VARIABLES.
1. SEISMIC SOIL STRAIN.(em) :

Vm
ems— .
2-c REF: 2 ON COVER SHEET

em=2.4-10"

2. SUBGRADE REACTION MODULUS. (K = LBS/IN"3) :

D
Ib

K =5.702-10° —
in

0.0833
Ed D*

E I

1- por?

3. SPRING CONSTANT. (S = LBS/IN"2) :
S=K-D

5 =3.778-10" -1—b2

in

4. SYSTEM CHARACTERISTIC (A = IN*-1) :

0.25
Aa (i)
4E1

A =0.059-in" "

5. SOIL FRICTION.

fzmD-

1+ Kd-I‘d-H-p
2
f=24479.2
in

6. MAXIMUM SLIPPAGE LENGTH (Lm = IN) :
E
Lm=emA- T

Lm =1.566-10° -in
7. MAXIMUM AXIAL FORCE (F = LBS) :
F=flm

F =3.833-10* -l

HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 6 M.M.AHMED

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

1= 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 €6 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):

3 -1
a2ls) k»R»i +4-}”—
El KD

21 =3.005-10° -1b

10. INDEPENDENT VARIABLE (a31) :

S
a3l=—o
2-%

231 =3228-10° -2
mn

11. INDEPENDENT VARIABLE (232 ) :
a32=1

232 =0.059+in"*

12. INDEPENDENT VARIABLE (a) :

a=a3l +a2}-a32

b
a=3.404-10° 2
m

13-. SEISMIC EFFECTIVE LENGTH (Les = IN) :

E a\*?
Les=|A-—||(1+2em=~) -1
Sl

Les =830.748 +in
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 7 M.M.AHMED

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

1. DEPENDENT VARIABLE (all) :

2
allsemL - [f
2-A'E

all =0.104-in

2. DEPENDENT VARIABLE (al2) :

21125i
AE

a12 =-3261-10° -2
I

3. DISPLACEMENT AT BEND (3 = inches) :

_ all
“1-al2a

8 =0.049-in

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

Qt=a3

Qt=1681-10" -Ib
5. MOMENT IN BEND (M = IN-LBS):
M=a21-5

M =1.484-10" -in-lb
6. SHEAR IN LONGITUDINAL LEG (Qp = LBS) :

Qp=A-M

Qp =868.634:1b
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 8 M.M.AHMED

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES.

Soce < Sall
5 t
Sooch + i'M + Q& Sall=1.33-Ej-Sh
4tz Ay
Soce =4.807-10° -l—bz < Sall =2.261-10* -1—"2
in’ in

" 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' 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 / ER 4319

FILE NAME: Nodepoint A03 - THERMAL

Pis

INPUT BY: D.L. STONE DATE: 9/3/96

CHECKED BY: C1D W{;\DATE: 7 /é%é
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STAB. VERSION-0 Filename: A03-s-T
PAGE NO: 2 PROGRAMMED BY: M.M. AHMED

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 AS3, TYPEE, GR B. SCH 40

PIPE SIZE: 6" SCH 40. BEND SIZE: 8" SCH 40, RADIUS= 40"
D=6.625in PIPE OUTSIDE DIAMETER, IN
120.280-in PIPE WALL THICKNESS, IN
A=5.581-in PIPE METAL AREA, IN“2
I=28.14-in’* MOMENT OF INERTIA, IN*4
728.496-in° SECTION MODULUS, IN"3
A1,=8.40-in” BEND METAL AREA, IN*2
Z1,=168Lin° BEND SECTION MODULUS, IN*3
R =40.00-in PIPE BEND RADIUS, IN (40" Radius, 45 degree Bend)
E=28.62- 106-1—1’2 MODULUS OF ELASTICITY, PSI
in
®=6.3310° 5~ﬁ THERMAL EXPANSION OF ELASTICITY, IN/IN/F.
in .
$=2.356-ad BEND ANGLE IN RADIANS
p= 325-1—b2 DESIGN PRESSURE, PSI
inf
T=180-K DESIGN TEMPERATURE, DEG F
Se =2oooo-—132 COLD ALLOWABLE STRESS, PSI
in
Sh= 20000-1—1’2 HOT ALLOWABLE STRESS, PSI
in’
EJ=0.85 WELD JOINT QUALITY FACTOR
F=1.00 CYCLIC FACTOR FOR 7000 C/S
PR 5 h=1113 FLEXIBILITY CHARACTER
(D-1 (REF:ASME CODE B31.3-1990 APPDX-D)
1.65
ke== k=1483 FLEXIBILITY FACTOR
.09 .
= i=0.839 SIF FACTOR
066

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

HNF-2473, Rev. 0
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STAB. VERSION-0 . Filename: A03-sl-T
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

C= 12000»% . SOIL SURFACE WAVE VELOCITY, IN/SEC
POI=0.3 POISSON RATIO
Kd=0.32 COEF OF LATERAL STRESS
u=0.75 COEF OF SOIL FRICTION
Ed= 62000-% DYNAMIC ELASTICITY I:VIODULUS, PSI
m
FdsOA066~T1-b§ DYNAMIC SOIL SPECIFIC WT,LBS/IN"3

m

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

Es E21000-1—b2 . STATIC ELASTICITY MODULUS, PSI
in’

I"SEOA066-—1% STATIC SOIL SPECIFIC WT, LBS/IN"3
i

H=36-in 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 > MAX GROUND VELOCITY, IN/SEC

sec
V=576

s€c¢

COMPUTED THERMAL EFFECTIVE LENGTH

Let =2.739-10° -in

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

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

STAB Subroutine T-3 _for Type 3 Bend Analysis

For Calculation of Thermal Effective Length:

from Table 3, Classification of Legs:

Let=2.739-10° -in

_L5+13.22+14.26 + 10.59 + 3.83

Ly 5

ft

IL p- 260.4 -in

Since ]:‘p

this is a case of SP Leg, therefore:

(<) Let

A08

$=2.356
T
EI tpl.,
ANa AQO
A03 n

L=(7.07 + 949 + 1.5)-ft

L, =216.72-in

Since L, (<) Let

this is a case of SP Leg, therefore:

SP: Ll:= Lp SP: L2:=Ly
L1 =260.4+in L2=21672in
L1=260.4-in L2=216.72-in
ANALYSIS RESULTS:

Set =1.02-10" - “’2

n

CONCLUSION:

< ALLOWABLE

Sa =4.808-10" - “’2

in’

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90

REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 5§

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

1.THERMAL STRAIN (et = IN/IN)

stzo(T - 40-K)

et=8.862:10 .2
m

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

4
a2 (2D

El

Es

1- por?

D

)0.0833

Kt =1.765-10° I—b3

in

3. SPRING CONSTANT ( St = LBS/IN"2) :
St=Kt-D

St=1.169-10" ib;
in

4. SYSTEM CHARACTERISTIC (At = IN*-1) ;

025
At= S
4.B1

A =0.044 +in" !

5. SOIL STATIC FRICTION ( ft = LBS/IN) :

ﬁzn-D-l +Ks

TsHp

ft =23.181 E
in

6. MAXIMUM SLIPPAGE LENGTH (Lt = IN) :

L’tsat-A-E
ft

3 .

Lt =6.106:10". -in

7. MAXIMUM AXJAL FORCE (Ft = LBS ) :
Ft=fLt

Ft=1416-10" -Ib

HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED

PAGE NO: 6

8. MINIMUM LENGTH OF TRANSVERSE LEG (it = IN)

=2 REF: 2 ON COVER SHEET

1t =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) :

o N 3\ 1
A2l | KRG AM
E1 KtD

A2l =2.161-10° Ib

10. INDEPENDENT VARIABLE ( A31) :

A3 D
2-At

A31=1339-10° -2
1n

11. INDEPENDENT VARIABLE (A32) :
A32=3

A32 =0.044 i}

12. INDEPENDENT VARIABLE ( At) :
At=A3] + A21-A32
b

At=1434-10" -2
m

13. THERMAL EFFECTIVE LENGTH ( Let) :

2-gt-At 03
1+ -1
ft

Let=2.739-10" -in

Let=——-
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.DEPENDENT VARAIBLE (All) :

2
All=etLl - ﬁ-—IiL
2:A'E

All =0.226+in

2. DEPENDENT VARIABLE (A12) :

A12='ﬂ

AE

Al12 =-163-10° -2
o

3. DISPLACEMENT AT BEND (St=in) :

All
Ste————
1-Al2-At

8t =0.183 +in

4. SHEAR IN TRANSVERSE LEG (Vt=1bs) :

Vt=At-8t

Vi =2.625-10" -Ib

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

Mt=A21-8t

Mt =3.956-10* ~inlb

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

VpeAtMt

Vp =1.727-10° -Ib

7. DISPLACEMENT STRESS AT BEND ( Se = Psi)

(Mt Vit
Se=i{—1+—
(Zb) Ab

b
Se =5.478-10° =

m

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

HNF-2473, Rey ¢
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED

PAGE NO: 8

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG:

1. DEPENDENT VARIABLE (B11) :

2
Bll=etL2 - ﬁ-i
2-A'E

B11=0.189+in

2. DEPENDENT VARIABLE (B12) :

B2
AE

B12=-1357-10° -2
o

3. DISPLACEMENT AT BEND (81=inches)

Sle—bll
1-BI2 At

81 =0.158+in
4. SHEAR FORCE IN TRANSVERSE LEG (V1=Lbs) :
V1=At-81

V1 =2.264:10% -Ib

5. MOMENT IN BEND (M1=in.1bs) :
Mi1=A21-31

M1 =3.413:10" “in-Ib

6. SHEAR IN LONGITUDINAL LEG (V2=1bs) :
V2=atMl

V2 =1.49-10° -Ib

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

Ml V1
Sel=i —) P
Zpl Av

Sel =4.726:10° - 1172

n

HNF-2473, Rev. o
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STAB. VERSION-0 _PROGRAMMED BY: M.M.AHMED
PAGE NO: 9

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS.
Set=Se + Sel SL=——

SL=1.922-10> .22
in2
Sa=zF-(1.25-(Sc + Sh) - SL)

Set = 1402-104 }—b; < Sa =4.808-10% 1132_
in in'

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 BURIED PIPE' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'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:
PROGRAM AUTHOR: M.M.AHMED

PROGRAM VERIFIER: T.J.SCHALL.

JOB OR WORK ORDER NO: W 320 / ER 4319

FILE NAME: Nodepoint A08 - Sturry Line - SEISMIC
pLs

INPUT BY: D.L.STONE  DATE: 9/3/96

CHECKED BY:(" Xy g, DATE: f/ﬂrj A
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STAB. VERSION-0
PAGE-2

STEP 1:

Filename: A08-sl-S
PROGRAMMED BY: M.M.AHMED

"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 AS3, TYPE E, GR B. SCH 40

PIPE SIZE: 6" SCH 40.

D=6.625-in
t=0.280-in
A=5.581in*
1-28.14-in*

7=8.496-in°

A,=8.40-in”
Zy,=168Lin°
R=40.00-in

b
E=28.62: 1064%

m
0=63310% 2
in
)
$=1.57-rad
Ib
P=325—
m
T-180-K
b

Sc= 20000-—2
in

Sh= 20000-1—b2

m

Ej=0.85

e ““2 h=1113
-9

O K =1483

b

0.9

=22 i—0839
h0A66

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

BEND SIZE: 8" SCH 40, RADIUS=40".
PIPE OUTSIDE DlAMETER, N
PIPE WALL THICKNESS, IN
PIPE METAL AREA, IN"2
PIPE MOMENT OF INERTIA, IN“4
PIPE SECTION MODULUS, IN"3
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 JOINT QUALITY FACTOR

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

FLEXIBILITY FACTOR
SIF FACTOR
i=1.00

HNF-2473, Rev. 0
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STAB. VERSION-0 Filename: A08-sl-S
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

Ca 12000-% SOIL SHEAR WAVE VELOCITY, IN/SEC

POI=03 POISSON RATIO

Kd=032 COEF OF LATERAL STRESS

1075 COEF OF SOIL FRICTION

Ed Eszooo-% DYNAMIC ELASTICITY MODULUS, PSI
mn B

rdso.oss-% DYNAMIC SOIL SPECIFIC WT,LBS/IN3

m

B2: SOIL DATA FOR STATIC ANALYSIS

Ksm0.25 COEF OF LATERAL STRESS

Es=21000 I—bz STATIC ELASTICITY MODULUS, PSI
in’

I's=0A066-B?; STATIC SOIL SPECIFIC WT, LBS/IN*3
in’ .

H=36-in 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'
V=48 ag o MAX GROUND VELOCITY, IN/SEC

sec
Vi =5.76-2

sec
COMPUTED EFFECTIVE LENGHTS:

1. SEISMIC EFFECTIVE LENGTH (Les ) :

Les =825.014 +in

HNF-2473, Rev. 0
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STAB. VERSION-0 Filename: A08-s1-S
PAGE-4 PROGRAMMED BY: M.M. AHMED

STAB Subroutine T-2 for Type 2 Bend Analysis

For Calculation of Seismic Effective Length:

from Table 3, Classification of Legs:

L(=(3.83 + 4.59) ft L, =10104+in I

LpE(l.S +13.22 + 14.26 + 10.59 + 3.83)-ft Lp =520.8-in

2Les =1.65-10° -in

Since Lp (<) 2Les, thisisacase of SP Leg, therefore:

ANALYSIS RESULTS :

SEISMIC ( OCCASIONAL ) STRESS ( Socc ) :

Sall=1.33-Ej-Sh

Soce =4367-10° -1192- < ALLOWABLE Sall =2.261-10* -E’E
in’ in’

CONCLUSION:

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 5 M.M.AHMED

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

1. SEISMIC SOIL STRAIN.(em ) :

Vm
ems —
2C REF: 2 ON COVER SHEET

em=2.4-10""

2. SUBGRADE REACTION MODULUS. ( K = LBS/IN*3) :

“\D
b

K =5.702-10° i’
. - in

3. SPRING CONSTANT. (S = LBS/IN"2) :

0.0833
Ed D*

E I

1- poL

S:K-D
s=3778-10" -2
in2

4. SYSTEM CHARACTERISTIC (A = IN"-1) :

0.25
4B 1

A =0.059-in"}
5. SOIL FRICTION.

1+Xd

f=nD-

-Fd-Hp
f=24.479 E
in
6. MAXIMUM SLIPPAGE LENGTH (Lm = IN) :
Lm= smA-E
f

Lm =1.566-10° +in
7. MAXIMUM AXIAL FORCE (F = LBS) :
F=fLm

F =3.833-10° -Ib

HNF-2473, Rev. 0
Page 48



STAB. VERSION-0 PROGRAMMED BY:
PAGE 6 M.M.AHMED

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

1= REF: 2 ON COVER SHEET

k.
e
1=53.686in

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN,
"P", 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 (a2l) :

3 <1
¢ A
a2l=h (k-R-— 4l
. EI KD

421 =4.276-10° -Ib

10. INDEPENDENT VARIABLE (a31) :
S

a3l=—o

20
Ib

431 =3228:10° —
m

11. INDEPENDENT VARIABLE (a32) :
a32:=>%

232 =0.059+in’ !

12. INDEPENDENT VARIABLE (a) :

a=a3l +a2l-a32

Ib

a=3.478-10" -2
m

13. SEISMIC EFFECTIVE LENGTH (Les = IN) :

E a 0.5
Les§<A<—>< (1 + 2-em~—> -1
a f,

Les =825.014 +in
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 7 M.M.ABMED

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

1. DEPENDENT VARIABLE (all) :

LZ

2AE

all=emL-- (f-
\
all =0.057 ‘in

2. DEPENDENT VARIABLE (al2) :

a125-i
AE

al2 =-1.63-10° -2
Ib

3. DISPLACEMENT AT BEND (8 =

all

Sz ————
1-al2a

']

8 =0.037+in

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

Qt=1272:10" ‘b

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

M=a21-3

4 .

M=1564-10" -in'lb

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

Qp=AM

Qp =915.078:1b
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 8 M.M.AHMED

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES.

Socc < Sall
Socczﬂ+i-M+& Sall=1.33-Ej-Sh
4.t VA A
b b
Soce =4.367-10° -2 < Sall =2.261+10° 1_"2
in in

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE
B31.3 REQUIREMENTS.
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APPENDIX D

NODEPOINT A08-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' 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. PYP 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 A0S - THERMAL

LS
INPUT BY: D.L.STONE  DATE: 9/3/9

CHECKED BY: 67}\\3@ o DATE: 7/&5%&
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STAB. VERSION-0 Filename: A08-sI-T

PAGE NO: 2 PROGRAMMED BY: M.M. AHMED

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. BEND SIZE: 8" SCH 40, RADIUS= 40"
D=6.625-in PIPE OUTSIDE DIAMETER, IN
t80.280-in - PIPE WALL THICKNESS, IN
A=5.581-in? PIPE METAL AREA, IN"2
1=28.14-in* MOMENT OF INERTIA, IN*4
728.496-in> SECTION MODULUS, IN*3
Ay =8.40-in” BEND METAL AREA, IN"2
Z,=1681in° BEND SECTION MODULUS, IN“3 .
RE40.00-in PIPS BEND RADIUS, IN (40" radius, 90 degree Bend)
E=28.62 105-'1—[’2 MODULUS OF ELASTICITY, PSI
m
0=6.33-10'% (hi’;() THERMAL EXPANSION OF ELASTICITY, IN/IN/F.
6=1.57 rad BEND ANGLE IN RADIANS
p- 32547132 DESIGN PRESSURE, PSI
T= 180-!12 DESIGN TEMPERATURE, DEG F
Sc= 20000-% COLD ALLOWABLE STRESS, PSI
mn
Sh= 20000-% HOT ALLOWABLE STRESS, PSI
EJ=0.85 : WELD JOINT QUALITY FACTOR
F=1.00 CYCLIC FACTOR FOR 7000 C/S
ne—R4% o113 FLEXIBILITY CHARACTER
® - 92 (REF:ASME CODE B31.3-1990 APPDX-D)
kl—:5 Kk =1.483 FLEXIBILITY FACTOR
1% i=0.839 SIF FACTOR

h

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0i=1.00 HNF-2473, Rev. 0
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STAB. VERSION-0 Filename: A08-sl-T
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

C= 12000-% SOIL SURFACE WAVE VELOCITY, IN/SEC
POI=0.3 POISSON RATIO
Kd=0.32 COEF OF LATERAL STRESS
n=0.75 COEF OF SOIL FRICTION
Eda62000‘% DYNAMIC ELASTICITY MODULUS, PSI
in’
1"&20,066-% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3
in

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=025 COEF OF LATERAL STRESS

Es 521000-—1% STATIC ELASTICITY MODULUS, PSI
in’
I

F520A066'—03 STATIC SOIL SPECIFIC WT, LBS/IN"3
in

Hz=36-in 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=48ag— MAX GROUND VELOCITY, IN/SEC

sec .
Vin =576 —

sec
COMPUTED THERMAL EFFECTIVE LENGTH

Let=2.714-10° “in

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

Filename: A08-sI-T
PROGRAMMED BY: M.M.AHMED

STAB Subroutine T-2 for Type 2 Bend Analysis

For Calculation of Thermal Effective Length:

from Table 3, Classification of Legs:

All

L,=(1.5+13.22 + 14.26 + 10.59 + 3.83)-ft 3.83 +4.59
P Lz h
L p= 520.8-in
R L =50.52in
2:-Let =5.428-10" *in
Since Lp (<) 2-Let Since L; (<) 2:Let
this is a case of SP Leg, therefore: this is a case of SP Leg, therefore:
L i,
sp: L1=-L sp: L2t
2 2
L1=260.4-n L2 =2526+n
L1=260.4-in 12=2526'in
ANALYSIS RESULTS:

Set =7.25-10° -1—1’2 < ALLOWABLE

in

CONCLUSION:

Sa =4.808-10" 'E)E

mn

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90

REQUIREMENTS.

HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 5

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

1.THERMAL STRAIN (et = IN/IN)
st=c(T - 40-K)

et =8.862-107 -2
m

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

-\ D
1

Kt =1.765-10° -1’3—
in

410.0833

Es:D
E1

S

1 - por®

3. SPRING CONSTANT (St = LBS/IN*2) :

St=Kt-D

4. SYSTEM CHARACTERISTIC (Mt = IN*-1) :

023
At= i
4E1

At =0.044 +in’ |
5. SOIL STATIC FRICTION ( ft = LBS/IN) :

ft=n-D

.1+TKSTS.M

ft =23.181 E
in
6. MAXIMUM SLIPPAGE LENGTH (Lt = IN) :

Ltzet-A-E
ft

g g

Lt =6.106-10" “in

7. MAXIMUM AXIAL FORCE (Ft = LBS ) :
Ft=R Lt
Ft=1416-10° “Ib

HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED

PAGE NO: 6

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

It % REF: 2 ON COVER SHEET
t

1t=71.977+in

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL
GENERALLY

BE MORE THAN "Rt". AS SUCH ALL CONSTANTS C1 THRU C6 IN
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE
ARE MODIFIED ACCORDINGLY.

9. INDEPENDENT VARIABLE ( A21) :
-1
A2l =At

kR aad
E1 KD

A21 =3.03-10° “Ib

10. INDEPENDENT VARIABLE ( A31) :

XtD
20

A3l=

Ib

in

A31=1339:10° -

11. INDEPENDENT VARIABLE ( A32) :
A32=)t

A32 =0.044+in”"

12. INDEPENDENT VARIABLE ( At) :

At=A31 + A21-A32

At=147210° -2
mn

13. THERMAL EFFECTIVE LENGTH ( Let) :

0
. (1+2-st-At> . 1]
t ft

Let =2.714-10° “in

HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 7

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) :

2
All=stLl - |ft: L1
2-A'E

All =0.226+in

2. DEPENDENT VARIABLE (A12) :

Al2 z'ﬂ
AE

Al2=-163-10° -2
b
3. DISPLACEMENT AT BEND (3t=in) :

All

St= =—
1-Al2-At

8t =0.182+in
4. SHEAR IN TRANSVERSE LEG (V=Ibs) :
Vit=At-8t

Vt=268-10 -Ib

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

Mt=A21-5t

Mt =5.518-10* -inlb

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

Vp =2.409-10° +Ib

7. DISPLACEMENT STRESS AT BEND ( Se = Psi)

NOTE: THIS DISPLACEMENT

Se=i: (-I‘ﬁ AL STRESS AT BEND IS DUE TO
Zyp Ap STRAIN IN ONE PIPE LEG.
3 I COMPUTE STRESSS DUE TO
Se =6.474-10° - OTHER LEG AND ADD THESE
in? TOGETHER. HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED
PAGE NO: 8

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG:

1. DEPENDENT VARIABLE (B11) :

12?

2-AE

Bll=gtL2 - (&

B11 =0.022+in

2. DEPENDENT VARIABLE (B12) :

BlZzﬁ
AE

BI2=-1581-10" -2
o
3. DISPLACEMENT AT BEND (51 =inches)

1
T1-BI2At

81 =0.022 +in
4. SHEAR FORCE IN TRANSVERSE LEG (V1=Lbs) :
V1=At81

V1=3213-10° -Ib

5. MOMENT IN BEND (M1=in.lbs) :
Ml=A21-81

M1 =6614-10° -in'lb

6. SHEAR IN LONGITUDINAL LEG (V2=1Ibs) :

V2=At-Ml

V2 =288.6821b

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

b
Sel =775.911 = HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMMED
PAGE NO: 9 '

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS.

Set=Se + Sel SLzr

SL=1922-10° -l—bz

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

Set =7.25-10° ‘1—1’2 < Sa=4.808+10" -2
in’ in?

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

HNF-2473 Rev. ¢
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APPENDIX E

NODEPOINT Al1-sl-S

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
POWER CORP. PVP VOLUME-77, JUNE'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/ ER 4319

FILE NAME: Nodepoint A1l - Slurry Line - SEISMIC

L5
INPUT BY: D.L. STONE) DATE: 913796

CHECKED BY: C’])(}@W DATE: & Qéﬁ/b

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

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

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 AS3, TYPE E, GRB. SCH 40

PIPE SIZE: 6" SCH 40.

D=6.625in
t20.280-in
A=5.581-in” -
[=28.14-in*
2:8.496in’
A p=8.40-ir”
21,1681 i’
R=40.00-in

E=28.62- 106-%
in
_in_

&

22633105
$¢=1.57-rad
1

PE325-—b—
.2
in’

T=180-K

SczZOOO()-l—b2

in

Sh= 20000»1—1)2

mn
Ej=0.85
__tR4

- 5 h=1113
O-H

kz=—o k=1.483

1=0.839

BEND SIZE: 8" SCH 40, RADIUS=40".
PIPE OUTSIDE DIAMETER; N
PIPE WALL THICKNESS, N
PIPE METAL AREA, IN"2
PIPE MOMENT OF INERTIA, IN*4
PIPE SECTION MODULUS, IN"3
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 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=1.0 i=1.00

HINF-2473, Rev. 0
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STAB. VERSION-0 Filename: All-s)-S
PAGE-3 : PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

8o 12000--:% SOIL SHEAR WAVE VELOCITY, IN/SEC

POI=03 ' POISSON RATIO

Kd=032 COEF OF LATERAL STRESS

p=0.75 COEF OF SOIL FRICTION

Ed= szooo% DYNAMIC ELASTICITY MODULUS, PSI
m

Td= o._ose-% ' DYNAMIC SOIL SPECIFIC WT,LBS/IN"3
in

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

E5521000~1—t;- STATIC ELASTICITY MODULUS, PSI
in’

Fss0.066-—% STATIC SOIL SPECIFIC WT, LBS/IN"3
i '

Hs=36:in DEPTH OF BURIED PIPE, IN

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

2g=0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G'
V=48 ag— MAX GROUND VELOCITY, IN/SEC

sec
Vin =576

sec
COMPUTED EFFECTIVE LENGHYS:

1. SEISMIC EFFECTIVE LENGTH (Les) :

Les =825.014 in

HNF-2473, Rev. 0
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STAB. VERSION-0 Filename: All-sl-S
PAGE-4 PROGRAMMED BY: M.M. AHMED

STAB Subroutine T-2 for Type 2 Bend Analysis

For Calculation of Seismic Effective Length:

from Table 3, Classification of Legs:

L, =101.04+in
£(4.59 + 3.83)- t
L =(4.59 + 383) 3 g
Lp=2:(3.83 +7.5 + 412.00)A lop S LB i
2Les =1.65-10° -in
Since L p (<) 2-Les , this is a case of SP Leg, therefore:
L
SP: L=
2
L =711.96-in
L=711.96in
ANALYSTS RESULTS :
SEISMIC ( OCCASIONAL ) STRESS ( Socc ) :
Sall=1.33-Ej-Sh
Soce =5.383-10° -1—12 < ALLOWABLE Sall =2.261-10* -l—bz
in’ in’

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 2A: SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION
OF INDEPENDENT VARIABLES,
1. SEISMIC SOIL STRAIN.(em) :
Vm
em=—ro

2C REF: 2 ON COVER SHEET

em=2.410""

2. SUBGRADE REACTION MODULUS. (K = LBS/IN"3) :

/ 4100833
)™

D/AE 1 1-por?
K =5.702:10° .1_133
it

3. SPRING CONSTANT. (S = LBS/IN"2} :

S=K:D
1o

2
in

5 =3778-10* -

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

0.25
e (_s_)
4B1

A =0.059+in!

5. SOIL FRICTION.

f=zD T'd-Hp

1+Xd
2
£=24.479 -3-’
m

6, MAXIMUM SLIPPAGE LENGTH (Lm = IN) :
LmsemA«—? ) .

Lm =1.566-10° +in
7. MAXIMUM AXIAL FORCE (F = LES) :
F=fLm

F=3.833-10" -1

HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 6 M.M.AEMED

8, MINIMUM TRANSVERSE LEG LENGTH REQUIRED (1 = IN) :

1= REF: 2 ON COVER SHEET

1=53.686in

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):

-1
3
X
all=x kR~—¢—- +4-
EI KD

21 =4.276-10° -Ib

10. INDEPENDENT VARIABLE (231):

S
2

a3l=
231 =3.22810° -2

n
11. INDEPENDENT VARIABLE (232 ) :
a32=A
232 =0.059 +in" "
12. INDEPENDENT VARIABLE (a) :

a=a3l +a2l-a32

2a=3.478-10° -2
m

13. SEISMIC EFFECTIVE LENGTH (Les = IN) :

e

Les =825.014+in

HNF-2473, Rev. 0
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STAB. VERSION-0 o PROGRAMMED BY:
PAGE 7 M.M.AHMED

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

1. DEPENDENT VARIABLE (all) :

2
all=emL - {f L
2-AE

all =0.132-in

2. DEPENDENT VARIABLE (al2) :°

-L
al2s—
AE

al2 =-4457-107 .2
I

3. DISPLACEMENT AT BEND (5 = inches) :

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

Qt=a-3
4
Qt=1.801-10" -Ib
5. MOMENT IN BEND (M = IN-LBS ):
M=a2l'8
M=2214-10" “inlb
6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS) :
st)»'M

Qp =1.296-10° -Ib

HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 8 M.M.AHMED

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

t
Socest Dy M, Q Sall=1.33-Ej-Sh
4t 'z Ay
Soce =5.383-10° lbz < Sall =2.261-10° 22
in in

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

HNF-2473, Rev. 0
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APPENDIX F

NODEPOINT A11-s1-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' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'83

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER,
GILBERT ASSOCIATES. PVP VOLUME-82, YUNE-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 A1l - Slurry Line - THERMAL

PLS

INPUT BY: D.L. STONE DATE: 9/3/96

CHECKED BY: &B@ € 9o~ DATE: 7/;25%/6

HNF-2473, Rev. 0
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Filename: All-sl-T
PROGRAMMED BY: M.M. AHMED

STAB. VERSION-0
PAGE NO: 2

STEP 1: " DESIGNDATA."

ALL UNITS 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. BEND SYZE: 8" SCH 40, RADIUS= 40"

D=6.625-in PIPE OUTSIDE DIAMETER, IN

t20.280-in PIPE WALL THICKNESS, IN

A=5.581in” PIPE METAL AREA, IN*2

1=28.14-in* MOMENT OF INERTIA, IN*4

7-8.496in° SECTION MODULUS, IN*3

A =840 BEND METAL MA, N2

Z1,=1681in° BEND SECTION MODULUS, IN*3

R =40.00-in _ PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend)

E=28.62 10“-1—b2
in

@=63310 52—

MODULUS OF ELASTICITY, PSI

THERMAL EXPANSION OF ELASTICITY, IN/IN/F.

(inK)
$=1.57-1ad BEND ANGLE IN RADIANS
P= 325'.% DESIGN PRESSURE, PSI
T= 130»2 DESIGN TEMPERATURE, DEG F

Sc= 20000-1—1)z

COLD ALLOWABLE STRESS, PSI

in

Sh= 20000-1—1’2 HOT ALLOWABLE STRESS, PSI
in'

EJ=0.85 WELD JOINT QUALITY FACTOR

F=1.00 CYCLIC FACTOR FOR 7000 C/S

hetR4 - h-l113  FLEXIBILITY CHARACTER

D-1 (REF:ASME CODE B31.3-1990 APPDX-D)
1.65 :

ks—h— k=1483 FLEXIBILITY FACTOR

.09 .

is 1=0.839 SIF FACTOR

h0.66

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

HNF-2473, Rev. 0
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STAB. VERSION-0 Filename: All-sl-T
PAGE-3 PROGRAMMED BY: M.M.AEMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

C= 1200651:5 i SOIL SURFACE WAVE VELOCITY, IN/SEC
POI=0.3 POISSON RATIO A
Kd=0.32 COEF OF LATERAL STRESS
pn=0.75 COEF OF SOIL FRICTION
Ed= 62000-_—1% ' DYNAMIC ELASTICITY MODULUS, PSI

in
T d50,066-% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3

i

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

Es= 21000~1—b2 STATIC ELASTICITY MODULUS, PSI
in’

FSEO.Oés‘% ’ STATIC SOIL SPECIFIC WT, LBS/IN"3
i .

H=36-in 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 = MAX GROUND VELOCITY, IN/SEC

s€cC
Vm =576

Sec

COMPUTED THERMAL EFFECTIVE LENGTH

Let=2.714-10° -in

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

Filename: Al1l-sl-T
PROGRAMMED BY: M.M.ABMED

STAB Subroutine T-3 _for Tvpe 3 Bend Analysis

For Calculation of Thermal Effective Length:

from Table 3, Classification of Legs:

Let=2.714-10° -
Lp=(3.83 + 75+ 41200

Lp =711.96-n

Since Lp (<) Let

this is a case of SP Leg, therefore:

A08
:tr £y A7

~o =157
NG b=

Al

F—t» —

WELETE N
2

L, =50.52in

Since Ly (<) Let

this is a case of SP Leg, therefore:

Sp: L1 ::Lp ‘ SP:  L2:=L,
L1 =711.96in L2 =50.52+in
L1:711.96-in 12:50.52+in
ANALYSIS RESULTS:
Set =1.427-10* ~1—b2' < ALLOWABLE Sa =4.808-10" -1—b2
in’ in’
CONCLUSION:

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90

REQUIREMENTS.

HNF-2473, Rev. 0
Page 75




STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 5

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

1.THERMAL STRAIN (et = IN/IN)

et=0(T - 40-K)

et=8.862-107 -2
n
2. SUBGRADE REACTION MODULUS (Kt = LBS/IN"3 ) : _

D
3 Db

Kt =1.765:10 ==
in

3. SPRING CONSTANT (St = LBS/IN"2) :

Es:D
El

Es
1-por

4>0.0833

St=Kt-D

St=1.169-10" -l—bz

in
4. SYSTEM CHARACTERISTIC (At = IN*-1) :

0.25
Atz i
4E1

At =0.044 +in”!
5. SOIL STATIC FRICTION (ft = LBS/IN) :

1+XKs

ft=D- -I'sH-p

ft =23.181 E
in

6. MAXIMUM SLIPPAGE LENGTH (Lt = IN) :

Ltss:’t-A-E

ft

y 3 .
Lt =6.106-10" -in

47, MAXIMUM AXIAL FORCE ( Ft = LBS)
Ft=f Lt
Ft=1.41610" -Ib

HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 6

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

nz-;i REF: 2 ON COVER SHEET
L

1t =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 ) :

-1
KR ard

El KtD

A2l= M(

A21=3.03-10° -Ib
10. INDEPENDENT VARIABLE ( A31) :
A31=

2

A31=1330:10° -2

11, INDEPENDENT VARIABLE (A32):
A32=t

A32 =0.044 i’

12. INDEPENDENT VARIABLE ( At) :

At=A31 + A21-A32

At=1472:10° 2
mn

13. THERMAL EFFECTIVE LENGTH ( Let ) :

0.5
AE (1 . 2~z—:t-At) i ll
ft

Let =2.714-10°
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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 (A11) :
2
e ( .L_l)
2.

All =0.5% +in

2. DEPENDENT VARIABLE (A12) :

Al2 sﬂ
AE

Al2 =-4457-10° -2
Ib
3. DISPLACEMENT AT BEND (St=in) :

All

Sta—
1- Al2-At

8t =0.359-in

4. SHEAR IN TRANSVERSE LEG (Vt=1Ibs) :
Vt=At-8t

Vt=528-10" -1

5. MOMENT IN BEND (Mt=in.lbs)
Mt=A21-6t
Mt =1.087-10° -inlb

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

Vp=At-Mt

Vp=4.745-10° *Ib

7. DISPLACEMENT STRESS AT BEND ( Se = Psi)

NOTE: THIS DISPLACEMENT

Se=i- (—;{—t) s STRESS AT BEND IS DUE TO
b
Se =1.275-10° ‘1_132
in’ TOGETHER.

Ay STRAIN IN ONE PIPE LEG.
COMPUTE STRESSS DUE TO
OTHER LEG AND ADD THESE
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED

PAGE NO: 8

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG:

1. DEPENDENT VARIABLE (B11) :

2\,
Bll=etL2 - ﬁ-i
2-AE

B11 =0.045 +in
2. DEPENDENT VARIABLE (B12) :

-L2
AE

Bl12:
B12=-3.163-10 -2
I

3. DISPLACEMENT AT BEND (81 =inches)

___BU
"1- BI2-At

81 =0.043 *in
4. SHEAR FORCE IN TRANSVERSE LEG (V1=Lbs) :
V1=At-81

V1=6269-10° -Ib

5. MOMENT IN BEND (M1=in.lbs) :
M1=A21-81

M1=1291-10° -in-Ib

6. SHEAR IN LONGITUDINAL LEG (V2=1bs) :
V2=0t-Ml

V2 =563.356-1b

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

Sel =1.514-10° ~]—b2
in
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED
PAGE NO: 9 ’

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS.

Set=Se + Sel SLEQ
4t

SL =1.922-10° --1%
in’
Sa=F-(1.25-(Sc + Sh) - SL)

Set =1.427-10" -% < Sa =4.808-10" .l_bz
in in

CONCLUSION: PIPE DISPLACEMENT STRESSES SATISFY
CODE B31.3-90 REQUIREMENTS.
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NODEPOINT A23-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' BY
G.C.X.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'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 / ER 4319

FILE NAME: Nodepoint A23 - Slurry Line - SEISMIC

pLs

INPUT BY: D.L. STONE DATE: 9/3 196

CHECKED BY: Cbéé’?wo DATE: %%é
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STAB. VERSION-0 Filename: A23-s1-S
PAGE-2 PROGRAMMED BY: M.M.AHMED

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, GRB. SCH 40

PIPE SIZE: 6" SCH40.  BEND SIZE: 8" SCH40, RADIUS=40".
D=6.625-in PIPE OUTSIDE DIAMETER, IN
t20.280-in PIPE WALL THICKNESS, IN
A=5.581in PIPE METAL AREA, IN*2
1:28.14-in" PIPE MOMENT OF INERTIA, IN"4
228496 in” PIPE SECTION MODULUS, IN"3
Ap=8.40-in” BEND METAL AREA, IN2
Z #1681 BEND SECTION MODULUS, IN"3
R=40.00-in PIPE BEND RADIUS, IN (40" radius, 90 degree Bend)
E=28.62 106-_1—bz- MODULUS OF ELASTICITY, PSI
m
@=63310° 6% THERMAL EXPANSION OF ELASTICITY, IN/IN/F.
® |
$=1.57-1ad BEND ANGLE IN RADIANS
p= 325-312 DESIGN PRESSURE, PSI
m
T=180K DESIGN TEMPERATURE, DEG F
Sc szoooo-% COLD ALLOWABLE STRESS, PSI
mn
She 200004% HOT ALLOWABLE STRESS, PSI
Ej=0385 " WELD JOINT QUALITY FACTOR
neR%  3-1113  FLEXIBILITY CHARACTER
- (REF:ASME CODE B31.3-1990 APPDX-D)
1_:5 k=1483  FLEXIBILITY FACTOR
iz% i=0.839 SIF FACTOR

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 1=1.00
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STAB. VERSION-0 Filename: A23-s1-S
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

C= 12000»% i SOIL SHEAR WAVE VELOCITY, IN/SEC

POI=0.3 POISSON RATIO

Kd=0.32 COEF OF LATERAL STRESS

n=0.75 COEF OF SOIL FRICTION

Ed562000~'~122 DYNAMIC ELASTICITY MODULUS, PSI
in

Td=0.066'% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3

m

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

. B5521000~—1—b§ STATIC ELASTICITY MODULUS, PSI
in’
FSEO.066‘% STATIC SOIL SPECIFIC WT, LBS/IN"3
in
H=36-in DEPTH OF BURIED PIPE, IN

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

ag=0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G'
Vm=48 ag— MAX GROUND VELOCITY, IN/SEC

sec
Vi =576~

Sec

COMPUTED EFFECTIVE LENGHTS:
1. SEISMIC EFFECTIVE LENGTH (Les) :

Les =825.014+in
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STAB. VERSION-0 Filename: A23-s1-S

PAGE-4 PROGRAMMED BY: M.M. AHMED
A08
S -
STAB Subroutine T-2_for _Type 2 Bend Analysis T el
Lti~g A23
For Calculation of Seismic Effective Length: 13
Y
from Table 3, Classification of Legs: All | e -I[_;
Lp
f
L=(3.83 + S.17)-ft ' L =108-in U—
3 $=1.57 A26
Lpz(2-3.83 +2:7.50 + 8-12.00)-ft Lp =1.424-10" “in

21es =165-10° -in

Since Lp (<) 2-Les, thisisa caseof SP Leg, therefore:

L
SP: Li=—2
2

L =711.96 “in

L=711.96-in

ANALYSIS RESULTS :

SEISMIC ( OCCASIONAL ) STRESS ( Socc) :
Sall=1.33-Ej-Sh

Socc =5.383'103 —1% < ALLOWABLE Sall =2.261~104'-%
inf in

CONCLUSION:

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 5 M.M.AHMED

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

1. SEISMIC SOIL STRAIN.(em ) :
Vm
eme—

ZC REF: 2 ON COVER SHEET

em =2.4-10"
2. SUBGRADE REACTION MODULUS. (K = LBS/IN"3) :

- @).Egyf
\D/\E I

__Ed
1-por?

)0.0833

K =5.702-10° -l—b3
in
3. SPRING CONSTANT. (S = LBS/IN"2) ;
§:KD
s =377810" 1_1)2
in’

4. SYSTEM CHARACTERISTIC (A = IN*-1) :

0.25
P
4B 1

A =0.059 0"t

5. SOIL FRICTION.

fanD- TdHp

1+Kd
2

f=24.479 lﬁ
in

6. MAXIMUM SLIPPAGE LENGTH (Lm = IN) :
Lm= emA-%

L =1.566-10° -in
7. MAXIMUM AXIAL FORCE (F = LBS) :
F=fLm

F =3.833-10" -1b
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STAB. VERSION-0 . PROGRAMMED BY:
PAGE 6 M.M.AHMED

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

1= REF: 2 ON COVER SHEET

1=53.686 *in

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN,
"1", 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):

3\-1
k.RAJ.)_ +4.}“_
El KD

a2l=)\

a21 =4.276:10° -Ib

10. INDEPENDENT VARIABLE (231) :

2\31Ei
20

231 =322810° 2
mn
11. INDEPENDENT VARIABLE (232) :
3221
32 =0.059 +in’}
12. INDEPENDENT VARIABLE (a) :

a=a3l +a2l-a32
b
a=3.478-10° -2
m

13. SEISMIC EFFECTIVE LENGTH (Les = IN) :

E a 0.5
Les= (A-—)- (l + 2-€m-—> -1
a f,

Les =825.014 +in
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 7 M.M.AHMED

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

1. DEPENDENT VARIABLE (all) :

2
all=em'L - (f L
2-A'E

all =0.132-in

2. DEPENDENT VARIABLE (a12) :

-L
alZ=——
AE

-6 in
al2 =-4.457-10 ~ -—
b

3. DISPLACEMENT AT BEND (5 = inches) :

_all
“1-al2a

8 =0.052+in

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

Qt=a-3

Qt=1801:10" -1
5. MOMENT IN BEND (M = IN-LBS ):
M=a21-8

M=2214-10" “inlb

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

Qp=A-M

Qp=1296+10" 1o
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 8 M.M.AHMED

7. CODE B31.3 COMPLIANCE FOR. SEISMIC + SUSTAINED STRESSES.

Socc < Sall
- t
Socch + i-M + & Sall=1.33-Ej-Sh
4t Zyp Ay
Soce =5.38310° -l—bz < Sall =2.261-10" .,“12
in in’

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE
B31.3 REQUIREMENTS.
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APPENDIX H

NODEPOINT A23-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' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'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 / ER 4319

FILE NAME: Nodepoint All- THERMAL

LS
INPUTBY: DL STONED DATE: 973196

CHECKED BY: CDW\ DATE: 7/;&%
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STAB. VERSION-0 Filename: A23-s]-T
PAGE NO: 2 PROGRAMMED BY: M.M. AHMED

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 As53, TYPE E, GR B. SCH 40

PIPE SIZE: 6" SCH 40, BEND SIZE: 8" SCH 40, RADIUS= 40"
D=6.625-in PIPE OUTSIDE DIAMETER, IN
£20.280-in PIPE WALL THICKNESS, IN
A=5.581-in PIPE METAL AREA, IN*2
1228.14-in* MOMENT OF INERTIA, IN*4
7=8.496in” SECTION MODULUS, IN*3
A =840-in? BEND METAL AREA, IN“2
Zy=1681in° BEND SECTION MODULUS, IN"3
R=40.00+in PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend)
E=28.62 105-1—"2 MODULUS OF ELASTICITY, PSI

A
@=633-10° 6»% THERMAL EXPANSION OF ELASTICITY, IN/IN/E.
o
$=1.57-rad BEND ANGLE IN RADIANS
p= 325-1—b2 DESIGN PRESSURE, PSI
in .
T=180K DESIGN TEMPERATURE, DEG F
50520000—11—’2- COLD ALLOWABLE STRESS, PSI
R
She zoooo-l—b2 HOT ALLOWABLE STRESS, PSI
it

EJ=0.85 WELD JOINT QUALITY FACTOR
F=1.00 CYCLIC FACTOR FOR 7000 C/S
hetR* 1o1113  FLEXIBILITY CHARACTER

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

165
ke k=148 FLEXIBILITY FACTOR
09 .
i i=0839 SIF FACTOR

0

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0i=1.00
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STAB. VERSION-0 Filename: A23-sl-T
PAGE-3 PROGRAMMED BY: M.M.ABMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

C= 12000-% ' SOIL SURFACE WAVE VELOCITY, IN/SEC
POI=0.3 POISSON RATIO
Kd=0.32 COEF OF LATERAL STRESS
u=0.75 - COEF OF SOIL FRICTION
Ed= 62000-% DYNAMIC ELASTICITY MODULUS, PSI
i
I'd= 0.066-% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3
in

B2: SOIL DATA FOR STATIC ANAL&SIS

Ks=0.25 COEF OF LATERAL STRESS

Bs= 21000-1—,32 STATIC ELASTICITY MODULUS, PSI
in’
b

Ts= 0.066-—3 STATIC SOIL SPECIFIC WT, LBS/IN"3
in’ s

H=36in 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=48ag > MAX GROUND VELOCITY, IN/SEC

sec
Vm=5762

sec

COMPUTED THERMAL EFFECTIVE LENGTH

Let=2.714-10° +in
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STAB. VERSION-0
PAGE-4

Filename: A23-sl-T
PROGRAMMED BY: M.M.AHMED

STAB Subroutine T-3 for Type 3 Bend Analysis

For Calculation of Thermal Effective Length:

from Table 3, Classification of Legs:

Let=2.714-10" -in
Lp=(383 +7.5+ 412008

Lp =711.96 ‘in

Since Lp (<) Let

this is a case of SP Leg, therefore:

$=1.57

3.83 +5.17
2

L =54-in

L,

Since L; (<) Let

this is a case of SP Leg, therefore:

Sp: Ll :=LP SP:  L2:=L,
L1=711.96+in L2 =54+in
L1=711.96:in L2=54-in

ANALYSIS RESULTS:

Set =1.437-10° -3’5 < ALLOWABLE

i

CONCLUSION:

Sa =4.808-10° - “’2

m

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90

REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 5

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

1.THERMAL STRAIN (st = IN/IN)

etz (T - 40-K)

et =8.862-10 % -2
mn

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

410.0833
<0.65) Es:D ) Es
Kt=(~22). . .

D/\E] 1- POI
Kt =1.765-10° -1—1’3
in

3. SPRING CONSTANT (St = LBS/IN*2) :
St=Kt-D

st=1.169-10* -1—1’2

i

. 4, SYSTEM CHARACTERISTIC (At = IN"-1) :

025
At= St
4E1

A =0.044+in’ !
5. SOIL STATIC FRICTION ( ft = LBS/IN) :

1+Ks

ft=mD- -T'sHp

ft =23A181-lE
in
6. MAXIMUM SLIPPAGE LENGTH (Lt = IN) :

Ltzst-A'E
ft

3 .

Lt =6.106-10" +in

7. MAXIMUM AXJIAL FORCE (Ft = LBS) :
Ft=ft-Lt

Ft=1416-10" b
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 6

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

1ts71 REF: 2 ON COVER SHEET
Wt

1t =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) :

3 -1
A2raae (KRS AM
El  KtD

A21 =3.03-10° -Ib

10, INDEPENDENT VARIABLE ( A31) :

A31 =1339-10°

11. INDEPENDENT VARIABLE ( A32) :
A32=0

A32 =0.044 - !

12, INDEPENDENT VARIABLE ( At) :

At=A31 + A21.A32
Ib

At=1472-10" -
- mn

13. THERMAL EFFECTIVE LENGTH ( Let) :

0.5
<1 . 2~et-At> o1
ft

Let=2.714-10° -in

AE
Let=——-
At
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 7

THERMAL ANALYSIS OF PIPE BEND AND COMPUTATION OF SI-[EAR FORCES,
MOMENTS AND STRESSES IN PIPE BEND. DUE TO THERMAL STRAIN IN LONG
PIPE LEG.

1.DEPENDENT VARATBLE (A1D) :

2
All=stLl - ﬁ-»I—JL—
2.AE

All =0.594 -in

2. DEPENDENT VARIABLE (A12) :

AIZE;E-l—
AE

Al2 =-4.457-10° -2
I
3. DISPLACEMENT AT BEND (St=in) :

All
Bte—
1- Al2-At

3t =0.359-in
4. SHEAR IN TRANSVERSE LEG (Vt=lbs) :
Vt=At-5t

vt=528-10* -1

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

Mt=A21-5t

Mt =1.087-10 -inlb

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

Vp =4.74510° Ib

7. DISPLACEMENT STRESS AT BEND ( Se = Psi)

NOTE: THIS DISPLACEMENT

Sesi (ﬂ A STRESS AT BEND IS DUE TO
Zy] Ay STRAIN IN ONE PIPE LEG.
: . b COMPUTE STRESSS DUE TO
Se =1275:10" -— OTHER LEG AND ADD THESE

n TOGETHER.
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED
PAGE NO: 8

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG:

1. DEPENDENT VARIABLE (B11) :

2\
Bll=etL2 - (ﬁ' L2 )

2-AE
B11 =0.048+in
2. DEPENDENT VARIABLE (B12) :

-L2
AE

Bl2=

B12=-3381-10" =
b

3. DISPLACEMENT AT BEND (81=inches)

51e B11
1-Bl2-At

81 =0.045 «in
4. SHEAR FORCE IN TRANSVERSE LEG (V1=Lbs) :
V1=At-81

V1 =6.679-10° -Ib

5. MOMENT IN BEND (M1=in.lbs) :
M1=A21-51

M1 =1375-10° -in1b

6. SHEAR IN LONGITUDINAL LEG (V2=1bs) :
V2=AtM1

V2 =600.151Ib

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

Mt
Sel=i|— |+
Zyp

Vi
Ay

Sel =1.613-10° - 11’2
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED
PAGE NO: 9

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS.

SetaSe + Sel SL=—ro

SL =1.922-10° - lbz
in
Sa=F-(1.25-(Se + Sh) - SL)

b
Set =1.437-10° --1112 < Sa =4.808-10" =
in’ in

. CONCLUSION: PIPE DISPLACEMENT STRESSES SATISFY
CODE B31.3-90 REQUIREMENTS.
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NODEPOINT A26-s1-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' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'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 / ER 4319

FILE NAME: Nodepoint A26 - Slurry Line - SEISMIC

153
INPUT BY: D.L. STONEQ DATE:  9/3/96

CHECKED BY: ém o DATE: %’\%ﬁ
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STAB. VERSION-0 Filename: A26-s1-S
PAGE-2 PROGRAMMED BY: M.M.AHMED

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 AS3, TYPEE, GRB. SCH 40

PIPE SIZE: 6" SCH 40. BEND SIZE: 8" SCH 40, RADIUS=40".
D=6.625n PIPE OUTSIDE DIAMETER, IN
t20.280-in PIPE WALL THICKNESS, IN
A=5581in° PIPE METAL AREA, IN*2
1=28.14-in’ PIPE MOMENT OF INERTIA, IN*4
7=8.49ir° PIPE SECTION MODULUS, IN"3
A =8.40in? BEND METAL AREA, IN"2
Z 16810 BEND SECTION MODULUS, IN*3
R=40.00-in PIPE BEND RADIUS, IN (40" radius, 90 degree Bend)
E=28.62- 106~1—b2 MODULUS OF ELASTICITY, PSI
in
026331052 THERMAL EXPANSION OF ELASTICITY, IN/IN/F.
m
)
$=1.57-rad BEND ANGLE IN RADIANS
p- 325-1—b2 DESIGN PRESSURE, PSI
in’

T=-180K DESIGN TEMPERATURE, DEG F

Ib
Se 220000 — COLD ALLOWABLE STRESS, PSI

i .
Sh= 20000332- HOT ALLOWABLE STRESS, PSI

in
Ej=0.85 WELD JOINT QUALITY FACTOR
h= "R'42 "h=1113  FLEXIBILITY CHARACTER

®-9 (REF:ASME CODE B31.3-1990 APPDX-D) .
1_:5 k=1483  FLEXIBILITY FACTOR
.09 .
i 10839 SIF FACTOR
o

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

HNF-2473, Rev. 0
Page 102




STAB. VERSION-0 Filename: A26-s1-S
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

C= 1200053{: SOIL SHEAR WAVE VELOCITY, DN/SEC

POI=0.3 POISSON RATIO

Kd=032 COI?F OF LATERAL STRESS

p=0.75 COEF OF SOIL FRICTION

Edz62000»% DYNAMIC ELASTICITY MODULUS, PSI
in

I'dzO_OSG-% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3
in

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

EsleOOO-—E’E STATIC ELASTICITY MODULUS, PSI
in’

1'520.066-—123 STATIC SOIL SPECIFIC WT, LBS/IN"3
i .

H=36'in DEPTH OF BURIED PIRE, IN

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

ag=0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G'
Vim=48-ag - MAX GROUND VELOCITY, IN/SEC

sec
Vi =576 ——

sec
COMPUTED EFFECTIVE LENGHTS:

1. SEISMIC EFFECTIVE LENGTH (Les) :

Les =825.014+in
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STAB. VERSION-0 Filename: A26-sl-S

PAGE-4 PROGRAMMED BY: M.M. AHMED
A23
STAB Subroutine T-2_for___Tvpe 2 Bend Analvsis T < £ 5
Lt
2
For Calculation of Seismic Effective Length: B RN A%
[}
from Table 3, Classification of Legs: Azq 2 —E
Lp
' I
L=(383 +5.17)ft L;=108+in =
p=157 A3
Lp52~(3.855+9.481 +12.712)-ft Lp=625.152~in

2Les =1.65-10° “in

Since L P (<) 2-Les, thisisacase of SPLeg, therefore:

L
Sp: _L:= _P
2

L =312.576+in

Fedoroksk " ok

L=312.576in

ANALYSIS RESULTS :

. SEISMIC ( OCCASIONAL ) STRESS ( Socc ) :

Sall=133-Ej-Sh

b
Sios =4.608:10° — < ALLOWABLE Sall =2.261-10" le
in in

CONCLUSION:

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS.
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STAB. VERSION-0 ' PROGRAMMED BY:
PAGE § M.M.AHMED

STEP 2A: SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION
OF INDEPENDENT VARIABLES.
1. SEISMIC SOIL STRAIN.(em) :
Vm
emz—
2C REF: 2 ON COVER SHEET

em=24-10""

2. SUBGRADE REACTION MODULUS. (K = LBS/IN"3) :

4 0.0833
K(L“)(EED_) _Ed
D/\E I 1-por?

K =5.702-10° -3’3-
2 in
3. SPRING CONSTANT. (S = LBS/IN'2) :

S:K:D

L2
.2
m

4. SYSTEM CHARACTERISTIC (A = IN"-1) :

025
e S
#E1

§. SOIL FRICTION.

s =3.778-10*

fs 7t~D~l—%K—d~I"d~H~p

f=24.479 -l—b

in
6. MAXIMUM SLIPPAGE LENGTH (Lm = IN) :
Lm= <,m~A-E

f

Lm =1566-10° «in
7. MAXIMUM AXIAL FORCE (F = LBS) :
F=fLm

F=3.833-10" I
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 6 M.M.AHMED

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

REF: 2 ON COVER SHEET

=
Wt
>la

1=53.686-in

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN,
"1, 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) :
L .3
a2l=x k-ji._(‘b— [ A
El K-D

a21 =4.276-10° -1b

10. INDEPENDENT VARIABLE (a31):

S
a3l=
2k

231=3.228-10° 2
m

11. INDEPENDENT VARIABLE (232) :
a32=}

32 =0.059 +iri |

12. INDEPENDENT VARIABLE (a) :

a=a3l +a2l-a32

a=3478-10° -2
m

13. SEXSMIC EFFECTIVE LENGTH (Les = IN) :

B

Les =825.014in
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 7 M.M.AHMED

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

1. DEPENDENT VARIABLE (all) :

2

all=emL - {f
2-AE

all =0.068 +in

2. DEPENDENT VARIABLE (a12) :

alZEi
AE

al2 =-1957-10" .2
Ib

3. DISPLACEMENT AT BEND (8 = inches) :

all

Sz
1-al2a

8=0.04-in

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

Qt=a-8
4
Qt=1.398-10" -Ib
5. MOMENT IN BEND (M = IN-LBS ):
M=a21-8
4 .
M=1718-10" -in-lb
6. SHEAR IN LONGITUDINAL LEG (Qp = LBS):
Qp=A-M

Qp=1.006-10" +1b
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 8 M.M.AHMED

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES.

Soce < Sall
- t
Socc=Q+i-—&+—g— Sall=1.33-Ej-Sh
4t Zy Ap
Ib
Soce =4.608-10° = < Sall =2.261-10" l—*’:

n mn

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE
d B31.3 REQUIREMENTS.
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APPENDIX J

NODEPOINT A26-s]-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' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'S3

2. ASN[E 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 A26 - Slprry Line - THERMAL

9
INPUT BY: D.L. STONEy DATE: 973796

CHECKED BY: Q?DQ@@% DATE: 17’/95//%
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STAR. VERSION-0 Filename: A26-s-T
PAGE NO: 2 PROGRAMMED BY: M.M. AHMED

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

A. PIPE DATA. (REF: CRANE TECH PAPER NO. 410, 22nd  PRINT-1983
PIPE MATERIAL: ASTM A53, TYPE E, GR B. SCH 40

PIPE SIZE: 6" SCHA40.  BEND SIZE; 8" SCH 40, RADIUS= 40"
D6.625in PIPE OUTSIDE DIAMETER, IN
120.280-in PIPE WALL THICKNESS, IN
A=5.581-in? PIPE METAL AREA, IN*2
122814 MOMENT OF INERTIA, IN*4
258496 i SECTION MODULUS, IN"3
Apr840-in® BEND METAL AREA, IN*2
Z,=1681in" BEND SECTION MODULUS, IN*3
R=40.00-in PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend)
E=2862 105-1—1’2 MODULUS OF ELASTICITY, PSI
.
®2633-10° 5-(,—“‘6 THERMAL EXPANSION OF ELASTICITY, IN/IN/E.
P,
$=1.57-rad BEND ANGLE IN RADIANS
P= 325-1—"2 DESIGN PRESSURE, PSI
in
T=180.K DESIGN TEMPERATURE, DEG F
Se Ezoooo~‘—b2 COLD ALLOWABLE STRESS, PSI
fi
She 2oooo~1—b2 HOT ALLOWABLE STRESS, PSI
i
E70.85 WELD JOINT QUALITY FACTOR
P=100 CYCLIC FACTOR FOR 7000 C/S
LR - h-113  FLEXIBILITY CHARACTER
-0 (REF:ASME CODE B31.3-1990 APPDX-D)
1.65
ket K=1483 FLEXIBILITY FACTOR
09 )
i i=08%9 SIF FACTOR
o

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0i=1.00
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STAB. VERSION-0 Filename: A26-s1-T
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

C= 12000-% SOIL SURFACE WAVE VELOCITY, IN/SEC
POI=0.3 POISSON RATIO ;
Kd=0.32 COEF OF LATERAL STRESS
p=0.75 COEF OF SOIL FRICTION
Ed 562000-% DYNAMIC ELASTICITY MODULUS, PSI

in
Fd50.066~_1—b3- DYNAMIC SOIL SPECIFIC WT,LBS/IN"3

in

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

Es= 21000-1—1)2 STATIC ELASTICITY MODULUS, PSI
in’

I‘ssO.O66-—lb—3 - STATIC SOIL SPECIFIC WT, LBS/IN"3
in

Hz=36in DEFTH OF BURIED PIFE, 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 > MAX GROUND VELOCITY, IN/SEC
sec
Vi =576—>

sec
COMPUTED THERMAL EFFECTIVE LENGTH

Let=2.714-10" “in
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STAB. VERSION-0 - Filename: A26-s1-T
PAGE-4 PROGRAMMED BY: M.M.AHMED

STAB Subroutine T-2 for Tvpe 2 Bend Analvsis

For Calculation of Therma!l Effective Length:

from Table 3, Classification of Legs:

LPEZ-(34855 +9.481 + 12.712)ft . L¢

LP=62'.152~in L¢=54n

2-Let =5.428-10° -in

Since Lp (<) 2-Let Since L; (<) 2-Let
this is a case of SP Leg, therefore: this is a case of SP Leg, therefore:
i iL
Sp: L11=-2 SP: L2
2 2
L1 =312.576+in 12 =27-in
11=312.576-in 12=27in
ANALYSIS RESULTS:
Set =8.276:10° -l—bz < ALLOWABLE Sa =4.808-10" -1—b2
in’ in

CONCLUSION:

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90
REQUIREMENTS.
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STAB. VERSION-0 . PROGRAMMED BY: M.M. AHMED
PAGE NO: §

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

1.THERMAL STRAIN (et = IN/IN)

st=a-(T - 40-K)

et=8.862-10"" -1
m

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

Kt(m)
_\D

EsD
El

S

1- POl

4>0.0833

b
Kt =1.765-10° 15
in

3. SPRING CONSTANT (St = LES/IN2) :
St=Kt-D
St=1.169-10" -l—bz
in
4. SYSTEM CHARACTERISTIC (At = IN“-1) :
0.25

At= ——Si-

4EI

At =0.044-ix !

5. SOIL STATIC FRICTION (ft = LBS/IN) :

1+Ks
2

ft =23.181 E
in

fi=mD-

TsHp

6. MAXTMUM SLIPPAGE LENGTH (Lt = IN) ;

Ltzst-A~E
ft

3 .

Lt =6.106+10" +in

7. MAXIMUM AXIAL FORCE (Ft = LBS) :
Ft=ftLt

Ft=1416-10" -Ib
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 6

8. MINIMUM LENGTH OF TRANSVERSE LEG (1t = IN)

Ita— REF: 2 ON COVER SHEET
1

1t =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):

+

El KeD

-1
. 3
19 EM.(L'R-Q) 40t )

A21=3.03-10° “Ib

10. INDEPENDENT VARIABLE ( A31):

A315E
2t

A31=1339-10° -2
m

11. INDEPENDENT VARIABLE ( A32) :
A32=2t

A32=0044in"}

12. INDEPENDENT VARIABLE (At) :

At=A31 + A21-A32

At=147210° B
m

13. THERMAL EFFECTIVE LENGTH ( Let) :

05
' <1 +2~et-At) . 1]
ft

Let=2.714-10" -in
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED

PAGE NO: 7

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 (A1l) :

2
All=etLl - ﬁ~—L}-——
2-AE

Al1=0.27-in

2. DEPENDENT VARIABLE (A12) :

Alz=EL
AE

Al12 =-1957-107° 2
o
3. DISPLACEMENT AT BEND (St=in) :

All

Stg———
1-Al2-At

8t=0.21+in
4. SHEAR IN TRAXNSVERSE LEG (Vt=1bs) :
Vt=At-3t

Vi =3.084-10" -Ib

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

Mt=A21-8t

Mt =6.345-10" -in1b

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

Vp =2.771-10° Ib

7. DISPLACEMENT STRESS AT BEND ( Se = Psi)

NOTE: THIS DISPLACEMENT

Sexi (-1‘45) LS STRESS AT BEND IS DUE TO
Zy) Ay STRAIN IN ONE PIPE LEG.
3 Ib COMPUTE STRESSS DUE TO
Se =7.448-10 -3 OTHER LEG AND ADD THESE
in’ TOGETHER.
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED
PAGE NO: 8

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG:

1. DEPENDENT VARIABLE (B11) :

2
Bll=etl2- |f- L2
2-AE

B11 =0.024in

2. DEPENDENT VARIABLE (B12) :

Bl2=22
AE

Bi2=-169-10" -=
I
3. DISPLACEMENT AT BEND (51 =inches)

51= B11
1-Bl12-At

81=0.023-in

4. SHEAR FORCE IN TRANSVERSE LEG (V1=Lbs) :
VizAt-81

V1=3.42810° -Ib

5. MOMENT IN BEND (M1=in.lbs) :
M1:=421-81

M1 =7.058-10° in-lb

6. SHEAR IN LONGITUDINAL LEG (V2=1bs) :
V2=it-Ml

V2 =308.041-1b

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

Sel =827.943 l—bz

m
HNF-2473, Rev. 0
Page 117



STAB. VERSION-0 - PROGRAMMED BY: M.M.AHMED
PAGE NO: 9

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS.

Set=Se + Sel SLs——

Ib
2

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

SL=1922-10° -

Set =8,276'103 — < Sa =4.808'104 Lb;

1

g

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

NODEPOINT A32-s1-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' BY

G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP., PVP VOLUME-77, JUNE'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 / ER 4319
FILE NAME: Nodepoint A32 - Slurry Line - SEISMIC

DL
INPUT BY: D.L.STONE DATE: 9/3/9

CHECKED BY: CD%DATE: 77;357é/é
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STAB. VERSION-0 Filename: A32-sl-S
PAGE-2 PROGRAMMED BY: M.M.AHMED

STEP 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 AS3, TYPEE, GR B. SCH 40

PIPE SIZE: 6" SCH 490. BEND SIZE: $" SCH40, RADIUS=40",
D=6.625in PIPE OUTSIDE DIAMETER, IN
120.280-in PIPE WALL THICKNESS, IN
A=5.581-in? PIPE METAL AREA, IN"2
1=28.14-in” PIPE MOMENT OF INERTIA, IN"4
Z=8.496in’ PIPE SECTION MODULUS, IN"3
Ay =8.40-in BEND METAL AREA, IN"2
Z=16.81in° BEND SECTION MODULUS, IN"3
R=40.00-in PIPE BEND RADIUS, IN (40" radius, 90 degree Bend)
E=28.62- 105~1—b2 MODULUS OF ELASTICITY, PSI
in
0=633-10" 5.2 THERMAL EXPANSION OF ELASTICITY, IN/IN/F.
mn
&)
$=1.57-1ad BEND ANGLE IN RADIANS
P= 325'1—°2 DESIGN PRESSURE, PSI
i

T=180K DESIGN TEMPERATURE, DEG F
Ses 2oooo-l—b2 COLD ALLOWABLE STRESS, PSI

in
She 20000-1—1’2 HOT ALLOWABLE STRESS, PSI

in
Ej=0.85 WELD JOINT QUALITY FACTOR
ha—t&‘% h=1113  FLEXIBILITY CHARACTER

@ -1 (REF:ASME CODE B31.3-1990 APPDX-D)
1—;5 k=1483  FLEXIBILITY FACTOR
09
oo =083 SIF FACTOR
o

IF CALCULATED ‘'i' IS LESS THAN 1.0, USE i=1.0 i=1.00
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STAB. VERSION-0 Filename: A32-sl-S
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

C= 12000-% SOIL SHEAR WAVE VELOCITY, IN/SEC

PO1=0.3 POISSON RATIO

Kd=0.32 COEF OF LATERAL STRESS

u=0.75 COEF OF SOIL FRICTION

Ed 562000-% DYNAMIC ELASTICITY MODULUS, PSI
in’

I"ds0.0GG% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3

ur

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

155521000-—1% STATIC ELASTICITY MODULUS, PSI
in’

Fs50.066-1—b3 STATIC SOI. SPECIFIC WT, LBS/IN"3
in

H=36-in 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'
Vmed8 ag MAX GROUND VELOCITY, IN/SEC

sec
Vi =576 -

sec

COMPUTED EFFECTIVE LENGHTS:
1. SEISMIC EFFECTIVE LENGTH (Les) :

Les =825.014in
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STAB. VERSION-0 Filename: A32-s1-S

PAGE-4 PROGRAMMED BY: M.M. AHMED
A34
STAB Subroutine T-2 for _Tvpe 2 Bend Analysis T @l
Ly A26
For Calculation of Seismic Effective Length: 1xA
)
from Table 3, Classification of Legs: 232 | 2] ;I;
Lp
|
Lts(2-3.83 +1.84 + 2.38)ft Lt=144496-in I-J-
$=157 . A23
Lpez»(3‘855+9.481 +12.712)-ft Lp=625.152'in

21es =165-10° -in

Since Lp (<) 2-Les, thisis a case of SP Leg, therefore:
I8
sp: L=—F
2
L =312.576-in
L=312.576in
ANALYSIS RESULTS :

SEISMIC ( OCCASIONAL ) STRESS (Socc) :

Sall=1.33.Ej-Sh

Soce =4.608-10° —ulz < ALLOWABLE Sall =2.261-104 %
in’ in’

CONCLUSION:

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY:

PAGE 5 M.M.AHMED

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

1. SEISMIC SOIL STRAIN.(em ) :

Vm
EM = ——

2C REF: 2 ON COVER SHEET
em=2.410"
2. SUBGRADE REACTION MODULUS. (K = LBS/IN'3) :

43 0.0833
k- <0_6_>(§5_D_) _Ed
DJAE 1 1-por
I

K =5.702-10° —
- in

3. SPRING CONSTANT. (S = LBS/IN"2) :

S:=zK:D
s =3778-10" -l—bz
in’

4. SYSTEM CHARACTERISTIC (A = IN*-1) :

0.25
re|S
4E1

5. SOIL FRICTION.

fenD X

-T'd-Hp

f=24.47% Bf
in

6. MAXIMUM SLIPPAGE LENGTH (Lm = IN) :
Lmzsm-A-E
f

Lm =1.566:10° -in
7. MAXIMUM AXIAL FORCE (F = LBS) :
FafLm

F=3.833-10" -1b
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 6 M.M.AHMED

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

REF: 2 ON COVER SHEET

,_.
W
>la

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 MODIFIED USING THE VALUES OF CONSTANTS AS 1.0

9. INDEPENDENT VARIABLE ( a21) :

-1
3
kAR._¢_+

a2l=2A- 4
El KD

21 =4.276-10° -1b

10. INDEPENDENT VARIABLE (a31):

a31Ei
20

31 =3.228-10° -2
m

11. INDEPENDENT VARIABLE (232) :
a32zh

232 =0.059+in’*

12. INDEPENDENT VARIABLE (a) :

a=a3l + a21-a32

a=3478-10° -2
m

13. SEISMIC EFFECTIVE LENGTH (Les = IN) :

LesE(A._f_)[ (14 2.em_;)°‘5_ 1]

Les =825.014 «in
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STAB. VERSION-0 " PROGRAMMED BY:

PAGE 7 M.M.AHMED

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

1. DEPENDENT VARIABLE (all) :

2
allzemL - |f L
2-AE

all =0.068+in

2. DEPENDENT VARIABLE (al2) :

alZsi
A-E

al2 =-1.957-10° -2
o

3. DISPLACEMENT AT BEND (5 = inches) ¢

all

Szmm——
1-al2a

w

8 =0.04+in

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

Qt=a:d

Qt=1.398-10% -1b
5. MOMENT IN BEND (M = IN-LBS ):
M=a21-8

M=1718-10" “inlb
6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS) :

Qp=A2-M

Qp =1.006:10° -Ib
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STAB. VERSION-0 PROGRAMMED BY:

PAGE 8 M.M.AHMED

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES.

Soce < Sall
S<>cczl—a2 + i~—I\1 el Sall=1.33-Ej-Sh
4.1 Z b A b
Soce =4.608+10° l—bz < Sall =2.261+10° .l_bz
in in

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE
B31.3 REQUIREMENTS.
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NODEPOINT A32-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' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'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 / ER 4319

FILE NAME: Nodepoint A32 - Shurry Line - THERMAL

L
INPUT BY: D.L. STONE‘p DATE:  9/3/96

CHECKED BY: 43339719} DATE: %_%é
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Filename: A32-sl-T
PROGRAMMED 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 AS3, TYPEE, GR B. SCH 40

PIPE SIZE: 6" SCH 40.

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

D=6.625in PIPE OUTSIDE DIAMETER, IN
£20.280-in PIPE WALL THICKNESS, IN

A=3.581in" PIPE METAL AREA, IN"2

1:28.14-in* MOMENT OF INERTIA, IN*4

228496 in’ SECTION MODULUS, IN"3

Ap=8.40in" BEND METAL AREA, IN'2

Z y=16.81in° BEND SECTION MODULUS, IN*3

R=40.00'in PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend)
E=286210°-7 MODULUS OF ELASTICITY, PSI

m

2=633-10 52

THERMAL EXPANSION OF ELASTICITY, IN/IN/F.

(inK)
$¢=1.57-rad BEND ANGLE IN RADIANS
P= 325~-.1—% DESIGN PRESSURE, PSI
T= lSO-g DESIGN TEMPERATURE, DEG F

Sc= 2000041—.02

COLD ALLOWABLE STRESS, PSI

n
She 20000‘11’3 HOT ALLOWABLE STRESS, PSI
i
EJ=0.85 WELD JOINT QUALITY FACTOR
F=1.00 CYCLIC FACTOR FOR 7000 C/S
hetRA - h=1l13  FLEXIBILITY CHARACTER
-1 (REF:ASME CODE B31.3-1990 APPDX-D)
1.65
22 kelss  FLEXISILITY FACTOR
09 .
=22 i=0s39 SIF FACTOR
hO.GS

IF CALCULATED ‘i’ IS LESS THAN 1.0, USE i=1.0i=1.00
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STAB. VERSION-0 Filename: A32-s)-T
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

Cs 12000-% SOIL SURFACE WAVE VELOCITY, IN/SEC
POI=0.3 POISSON RATIO
Kd=0.32 COEF OF LATERAL STRESS
pn=0.75 COEF OF SOIL FRICTION
EdsGZOOO-% DYNAMIC ELASTICITY MODULUS, PSI
mn
Fd50.066»% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3
in

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

Es= 21000-—1% STATIC ELASTICITY MODULUS, PSI
in

Ts= 0.066»1—1)3 STATIC SOIL SPECIFIC WT, LBS/IN"3
in

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!'

V=48 ag— MAX GROUND VELOCITY, IN/SEC
sec

Vin=5.76 -
sec

COMPUTED THERMAL EFFECTIVE LENGTH

Let =2.714-10° -in
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STAB. VERSION-0
PAGE-4

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

A34
STAB Subroutine T-2 for _Type 2 Bend Analvsis T < £ 5
Lt ~ A26
For Calculation of Thermal Effective Length: RN
\
from Table 3, Classification of Legs: 252 | =2 T
e 1)
» ¢ =157 A%
=2.(3.55 2 . %, . .
Lp_2(3.5>+9.481+1,.716)ﬁ Lo 383*—1284+258.ﬁ
Lp =617.928in L, =72.48+in
2Let =5.428-10° +in
Since LP (<) 2-Let Since Ly (<) 2Let
this is a case of SP Leg, therefore: this is a case of SP Leg, therefore:
L i,
sp:  L1=-L SP: Lrs—t
2 2
L1 =308.964 -in 12=36.24in
L1=308.964-in L12:36.24-in
ANALYSIS RESULTS:
Set =8.485-103 o 1b2 < ALLOWABLE Sa =4.808'104 I—bz
in’ in’

CONCLUSION:

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90

REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED

PAGENO: §

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

1.THERMAL STRAIN (st = IN/IN)

et=c(T - 40°K)

et =8.862:10" -2
m

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

4 0.0833
Kt:(@) EsD _Es
ADJYEI 1-por’
Kt=1765-10° 3’3-
in

3. SPRING CONSTANT (St = LBS/IN"2) :
StzKt-D

st=1.169-10* —132
i

4. SYSTEM CHARACTERISTIC (At = IN"-1):

0.25
ae S
4ET

At =0.044 ix |

5. SOIL STATIC FRICTION ( ft = LBS/IN) :

1+Ks
2

ft =23.181 E
in

ft=m-D-

-I's-H-p

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

LtsetA-—

AR

R

Lt =6.106:10" +in
7. MAXIMUM AXTAL FORCE (Ft = LBS) :
Ft=ftLt

Ft=1416-10" -Ib
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 6

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

It=— REF: 2 ON COVER SHEET

1t=71.977in

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):

-1

o oo 3
ANE“/LR¢+4M
\'ET "¥tD

A21 =3.03-10° -Ib

10. INDEPENDENT VARIABLE ( A31) :

A31=1339-10° -2
mn

11. INDEPENDENT VARIABLE ( A32):
A32:=)t

A32 =0.044 i’}

12. INDEPENDENT VARIABLE (At) :

At=A31 + A21-A32

At=147210° 2
i

13. THERMAL EFFECTIVE LENGTH (Let) :

0.5
_ <1+2-£t-At) ) 1}
ft

Let=2714+10" «in
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 7

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 (A11) :

2
All=eeLl - |fr L
2-AE

All =0.267+in

2. DEPENDENT VARIABLE (A12) : -

Al2= -_—E-l—
AE
in
Ib
3. DISPLACEMENT AT BEND (St=in) :

Al2=-1.934-10" -

___ Al
T1- Al2-At

8t=0.208 -in
4. SHEAR IN TRANSVERSE LEG (Vt=1bs) :
Vt=At-8t

Vt=3.057-10" -1

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

Mt=A21-8t

Mt =6.294-10% -in-lb

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

Vp =2.747-10° -Ib

7. DISPLACEMENT STRESS AT BEND ( Se = Psi )

NOTE: THIS DISPLACEMENT

1
Se=i (ﬂ) ok STRESS AT BEND IS DUE TO
Zp| Ay STRAIN IN ONE PIPE LEG.
3 b COMPUTE STRESSS DUE TO
Se=7384-10" = OTHER LEG AND ADD THESE |
in TOGETHER. HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED
PAGENO: 8

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG:

1. DEPENDENT VARIABLE (BI1) :

2
Bllsst~L2—(ﬁ- L2 )

2-AE
B11=0.032+in

2. DEPENDENT VARIABLE (B12) :

B12a 22
AE

B12=-2269-10 -2
o
3. DISPLACEMENT AT BEND (81 =inches)

__ Bl
“1-Bl2-At

81=0.031-in
4. SHEAR FORCE IN TRANSVERSE LEG (Vi=Lbs) :
V1=At-81

V1=4.56-10° -Ib

5. MOMENT IN BEND (M1=in.Ibs) :
M1=A21-81

M1 =9.388-10° -inlb

6. SHEAR IN LONGITUDINAL LEG (V2=Ibs) :
V2=0Ml

V2 =409.743Ib

7. DISPLACEMENT STRESS AT BEND (Sel= Psi) :
Sel=j: Ml +£
Sel =1.101+10

1o
in'
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED
PAGE NO: 9

8. CODE B31.3 COBIPL[ANCE‘fOR DISPLACEMENT STRESS.

D
SetaSe + Sel SLEP—
4

SL =1.922-10° ~Lb2

in’

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

Set =8.485+10° —1% < Sa=4.808-10* —“-’Z-
in in
CONCLUSION: PIPE DISPLACEMENT STRESSES SATISFY
CODE B31.3-90 REQUIREMENTS.
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APPENDIX M

NODEPOINT A35-s1-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' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'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 / ER 4319

FILE NAME: Nodepoint A35 - Slurry Line - SEISMIC

Pis

INPUT BY: D.L. STONE DATE: 9/3/96

CHECKED BY: CM@—K%\ DATE: %%é
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STAB. VERSION-0 Filename: A35-S
PAGE-2 PROGRAMMED BY: M.M.AHMED

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, TYPEE, GRB. SCH 40

PIPE SIZE: 6" SCH 40. BEND SIZE: 8" SCH 40, RADIUS=40".
D=6.625in PIPE OUTSIDE DIAMETER, IN
t20.280-in PIPE WALL THICKNESS, IN .
A=5.581-in PIPE METAL AREA, IN"2
1=28.14-in’ PIPE MOMENT OF INERTIA, IN*4
728.49in° PIPE SECTION MODULUS, IN*3
A p=8.40-in” BEND METAL AREA, IN"2
Z,=168Lin° BEND SECTION MODULUS, IN"3
R=40.00-in PIPE BEND RADIUS, IN (40" radius, 90 degree Bend)
E=28.62 109% MODULUS OF ELASTICITY, PSI
m
©26.33-10° 6% THERMAL EXPANSION OF ELASTICITY, IN/IN/F.
8
$=1.57-rad BEND ANGLE IN RADIANS
P= 325-% DESIGN PRESSURE, PSI
n
T=180K DESIGN TEMPERATURE, DEG F
Sc= 20000-7“12 . COLD ALLOWABLE STRESS, PSI
m
Sh= 20000% HOT ALLOWABLE STRESS, PSI
Ej=0.85 " WELD JOINT QUALITY FACTOR
n=—R* 1 _1113  FLEXIBILITY CHARACTER
©-9° (REF:ASME CODE B31.3-1990 APPDX-D)
sl%s k=1483  FLEXIBILITY FACTOR
is% i=0.839 SIF FACTOR

h
IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 i=1.00
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STAB. VERSION-0 Filename: A35-S
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

Cs 12000-5:; SOIL SHEAR WAVE VELOCITY, IN/SEC

POI=0.3 POISSON RATIO

Kd=0.32 COEF OF LATERAL STRESS

pa0.75 COEF OF SOIL FRICTION

Ed= 620004% DYNAMIC ELASTICITY MODULUS, PSI
in’

Id 50,966-% DYNAWC SOIL SPECIFIC WT,LBS/IN"3
in’

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

EsaZlOOO»I—b2 STATIC ELASTICITY MODULUS, PSI
in’

FSEO.066~£)3— STATIC SOIL SPECIFIC WT, LBS/IN*3
in

H=36-in 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!
Vms=48 ag MAX GROUND VELOCITY, IN/SEC

sec
Vm =5.76 22

sec
COMPUTED EFFECTIVE LENGHTS:

1. SEISMIC EFFECTIVE LENGTH ( Les) :

Les =825.014-in

HNF-2473, Rev. 0
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STAB. VERSION-0 Filename: A35sl-S

PAGE-4 PROGRAMMED BY: M.M. AHMED
A47
STAB Subroutine T-2_for Tvpe 2 Bend Analvsis T < £
Lt 5 A35
For Calculation of Seismic Effective Length: 1\
§
from Table 3, Classification of Legs: A43 | jo -Il.:
Lp
|
Ltz(l-(3.83) +1.84 + 2.58)-ft L =144.96-in I-L
6=157 A32

Lpe(3.83 +9.81+4-(12.0) + 11.89 + 1.5) ft L p, =900.36+in

2Les =1.65-10° in

Since LP (<) 2:Les ,thisis acase of SP Leg, therefore:
L
SP: L:= P
B 2
L =450.18in
L=450.18-in
ANALYSIS RESULTS :

SEISMIC ( OCCASIONAL ) STRESS (Socc) 8

Sall=1.33-Ej-Sh

Soce =5.045-10° 'll‘)i < ALLOWABLE Sall =2.261-10* -1—b2
i in

CONCLUSION:

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 5 M.M.AHMED

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

1. SEISMIC SOIL STRAIN.(em) :

€ms —— . .
2 REF: 2 ON COVER SHEET

em=2.4-10""

2. SUBGRADE REACTION MODULUS. (X = LBS/IN"3) :

4 0.0833
(2 &.z) _Ed
D/\E I 1-por
K =5.702-10° ~lb3
) i

3. SPRING CONSTANT. (S = LBS/IN"2) :
$=K:D

$ =3.778-10° 1_1;2

n

4. SYSTEM CHARACTERISTIC (A = IN“-1) :

0.25
re L)
4E1

A =0.059-in"
5. SOIL FRICTION.

1+Kd

f=rD -TdHp

£=24.479 E

n .
6. MAXIMUM SLIPPAGE LENGTH (Lm = IN) :
Lm= sm~A<}—§

Lm =1.56610° «in
7. MAXIMUM AXIAL FORCE (F = LBS) :
FefLm

F=3.833-10° -1
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 6 M.M.AHMED

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

= 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 €6 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 (a2l) :

-1

3
a2l= k-R-—?— * 4-);
EI K-D

421 =4276+10° -Ib

10. INDEPENDENT VARIABLE (a31) :

S
a3l=—
20

231 =3.228-10° -2
m

11. INDEPENDENT VARIABLE (232 ) :
a32:=2

232 =0.059 +in *

12. INDEPENDENT VARIABLE (a) :

a=231 +a2l-a32

; o
a=347810° .=
=~

13. SEISMIC EFFECTIVE LENGTH (Les = IN) :

o=

Les =825.014+in _
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 7 M.M.ABMED

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

1. DEPENDENT VARIABLE (all) :

2
all=emL - |f L
2-A'E

all =0.093 :in

2. DEPENDENT VARIABLE (al2) :

alZzi
AE

al2 =2.818-10° -2
b

3. DISPLACEMENT AT BEND (5 = inches) :

all

Sz —
1-4al2a

w

8 =0.047+in

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

Qt=a-8

Qt=1625-10* -1
5. MOMENT IN BEND (M = IN-LBS ):
M=a21-8

M=1.998-10* - 1o

6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS) :
QpE)\,'M

Qp=1.169-10° -Ib
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 8 M.M.AHMED

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES.

Soce < Sall
SocczFE + i~—& + Q& Sall=1.33-Ej-Sh
4t % b A b
Soce =5.045+10° --l% < Sall =2.261-10* - Ibz
in i

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE
B31.3 REQUIREMENTS.
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NODEPOINT A35-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' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'83

2. ASME PAPER ON 'FLEXIBILITY ANALYSIS OF BURIED
PIPE' BY E.C.GOODLING, SUPERVISING ENGINEER,
GILBERT ASSOCIATES. PVP VOLUME-§2, 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 A35 - Slurry Line - THERMAL

%
INPUT BY: D.L.STONEY DATE:  9/3/9

CHECKED BY:(Z/) \\,\Wo DATE: 7//727;4’
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STAB. VERSION-0 Filename: A35-sl-T
PAGE NO: 2 PROGRAMMED BY: M.M. AHMED

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, TYPEE, GR B. SCH 40

PIPE SIZE: 6" SCH 40. BEND SIZE: 8" SCH 40, RADIUS= 40"
D=6.625-in PIPE OUTSIDE DIAMETER, IN
£20.280-in PIPE WALL THICKNESS, IN
A=5581in> » PIPE METAL AREA, IN*2
1=28.14-in’ MOMENT OF INERTIA, IN*4
2.28.496in” v SECTION MODULUS, IN"3
A p=8.40-in? BEND METAL AREA, IN*2
Z=16.81in° BEND SECTION MODULUS, IN“3
R=40.00-in PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend)
B=28.62 10‘~% MODULUS OF ELASTICITY, PSI
n
©=6.33-10 G(Tn’% THERMAL EXPANSION OF ELASTICITY, IN/IN/E.
¢=1.57rad BEND ANGLE IN RADIANS
P= 325-% DESIGN PRESSURE, PST
Ts 180-? DESIGN TEMPERATURE, DEG F
sﬁzoooo..l—b2 COLD ALLOWABLE STRESS, PSI
m
Sh520000~-_% HOT ALLOWABLE STRESS, PSI
EJa08s WELD JOINT QUALITY FACTOR
F=1.00 CYCLIC FACTOR FOR 7000 C/S
he—R% 1o1113  FLEXIBILITY CHARACTER
T @ (REF:ASME CODE B31.3-1990 APPDX-D)
% k=1483  FLEXIBILITY FACTOR
=22 i=os39 SIF FACTOR
h0.66

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0i=1.00
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STAB. VERSION-0 Filename: A35-sl-T
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

Cs= 12000-;% SOIL SURFACE WAVE VELOCITY, IN/SEC
POI=03 POISSON RATIO
Kd=0.32 COEF OF LATERAL STRESS
=075 COEF OF SOIL FRICTION
Ed 5620004% DYNAMIC ELASTICITY MODULUS, PSI
in’
I'd50.066-% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3

m

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

Es=2 1000-% STATIC ZLASTICITY MODULUS, PSI
in’

Ts 50.066-% STATIC 501U SPECIFIC WT, LBS/IN"3
in

H=36in 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'
Vim=48-ag -2 MAX GROUND VELOCITY, IN/SEC

s€c
Vin =576 —

sec
COMPUTED THERMAL EFFECTIVE LENGTH

Let=2.714-10° -in
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STAB. VERSION-0
PAGE-4

Filename: A35-sl-T
PRIOGRAMMED BY: M.M.AHMED

STAB Subroutine T-3 for Tvpe 3 Bend Analvsis

For Calculation of Thermal Effective Length:

from Table 3, Classification of Legs:

Let=2.714-10" “in
Le(3.83 + 981+ 2:(120) R

Lp =451.68-in

Since Lp (<) Let

this is-a case of SP Leg, therefore:

A33

il &

Lt~y

A\ A39 $=157
A35

—tr —]
Ltgz-(sﬁs) +184+258
2

L,=7248-in

Since Ly (<) Let

this is a case of SP Leg, therefore:

$P: Ll=Lg SP: L2=L,
L1=451.68-in L2=7248-in
L1-451.68in 12=72.48in
ANALYSIS RESULTS:
Set=1.18-10" -% < ALLOWABLE Sa =4.808-10% ~Ib2
: in’ in’
CONCLUSION:

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90

REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 5 ’

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

1.THERMAL STRAIN (et = IN/IN)
et=o (T - 40-K)

et=8862-101 -2
n

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

. 4100833
(om) (Es-D ) Es
Kz —2 )22 . -
D/\ E1 1- PO
Kt =1.765-10° -1%
in

3. SPRING CONSTANT (St = LBS/IN"2) :
St=Kt-D

St=1.169-10" -—15’2-
in

4. SYSTEM CHARACTERISTIC (At = IN"-1) :

0.25
At= i
4E1

A =0.044 iy’ !
5. SOIL STATIC FRICTION ( ft = LBS/IN) :
ﬁs‘;:~D-1+TK$-Fs-H<p

f=23.181-2
in
6. MAXIMUM SLIPPAGE LENGTH (Lt = IN) :

LtE&t-A-E
ft

Lt =6.106-10° “in

7. MAXIMUM AXIAL FORCE (Ft = LBS) :
Ftaft-Lt

Ft=1416-10" Ib
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 6

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

== REF: 2 ON COVER SHEET

1t =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) :

-1

- 3
artenel KR, 4_7"_)
E1 KD

A21 =3.03-10° -Ib

10. INDEPENDENT VARIABLE (A31) :

Kt-D
2-M

A3l=

A31=1339-10° -2
m

11. INDEPENDENT VARIABLE (A32) :
A32=At

A32 =0.044 in’ !

12. INDEPENDENT VARIABLE (At) :

At=A31 + A21-A32

At=1472-10° .2
m

13. THERMAL EFFECTIVE LENGTH ( Let) :

05
_ (1 +2~st-A’c) _ 1}
ft

Let =2.714-10° «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.

1.DEPENDENT VARAIBLE (A1l) :

2
All=etLl - [ft- L
2-A'E
All1=0.385-in

2. DEPENDENT VARIABLE (A12) :

-L1
Al2s—
AE

Al2=-2828-10° -2
b
3. DISPLACEMENT AT BEND (t=in) :

Al
T1- Al2:At

5t=0.272-in

4. SHEAR IN TRANSVERSE LEG (Vt=1bs) :
Vt=At-8t

Vt=4.006-10% 16

5. MOMENT IN BEND (Mt=in.lbs)
Mt=A21-6t
Mt =8247-10% “inlb

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

Vp=AtMt

Vp =3.599-10° -Ib

7. DISPLACEMENT STRESS AT BEND ( Se = Psi)

NOTE: THIS DISPLACEMENT

Se=i (Mi o, STRESS AT BEND IS DUE TO
Zy) Ay STRAIN IN.ONE PIPE LEG.
. COMPUTE STRESSS DUE TO
Se=9.675:10° ~— OTHER LEG AND ADD THESE
in TOGETHER.
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED
PAGE NO: 8

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG:

1. DEPENDENT VARIABLE (B11) :

2
Bll=etl2- |f L2
2AE

B11 =0.064+in

2. DEPENDENT VARIABLE (B12) :

BIZE—_—EZ—
AE

RI12 =-4.538-107 -2
5
3. DISPLACEMENT AT BEND (61 =inches)

Bl11
8ls————
1-BIl2-At

31 =0.06-in
4. SHEAR FORCE IN TRANSVERSE LEG (V1=Lbs) :
Vi=At-81

V1 =8.80810° I

5. MOMENT IN BEND (M1 =in.lbs) :
M1=A21-61

M1 =1.813-10* -inlb

6. SHEAR IN LONGITUDINAL LEG (V2=1Ibs) :
V2=xtMl

V2 =791474:1b

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

b/ Ab
Sel =2.127-10° ‘l—bz
I
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED
PAGENO: 9

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS.

Set=Se + Sel SLEEB
4t

SL =1.922-10° -1—b2

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

D < Sa=43808-10% 22
.2 .2
m in

Set =1.18-10* -

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

NODEPOINT A43-s]-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' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP, PVP VOLUME-77, JUNE'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 / ER 4319
FILE NAME: Nodepoint A43 - SEISMIC

5253
INPUT BY: D.L. STONE DATE: 973796

CHECKED BY: ™. SUPLO DATE: 10/)02/49¢
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STAB. VERSION-0 Filename: A43-S
PAGE-2 PROGRAMMED BY: M.M.AHMED

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. BEND SIZE: 8" SCH40, RADIUS=40".
D=6.625in PIPE OUTSIDE DIAMETER, IN
120.280-in PIPE WALL THICKNESS, IN
A=5.581-in> PIPE METAL AREA, IN"2
1228.14-in” PIPE MOMENT OF INERTIA, IN“4
7=8.496-in° PIPE SECTION MODULUS, IN"3
A p=840-in” BEND METAL AREA, IN*2
Zp=1681ix° BEND SECTION MODULUS, IN"3
R=40.00-in PIPE BEND RADIUS, IN (40" radius, 45 degree Bend)
E=28.62 105-3’E MODULUS OF ELASTICITY, PSI
i
02633108 THERMAL EXPANSION OF ELASTICITY, IN/IN/F.
m
7
$=2.356 7ad BEND ANGLE IN RADIANS
P= 325-1—b2 DESIGN PRESSURE, PST
i

T=180K DESIGN TEMPERATURE, DEG F
Se zzoooo]—b2 COLD ALLOWABLE STRESS, PSI

in’
srlszooool—b2 HOT ALLOWABLE STRESS, PSI

in
Ej=0.85 WELD JOINT QUALITY FACTOR
R ~ h=1113  FLEXIBILITY CHARACTER

©-1 (REF:ASME CODE B31.3-1990 APPDX-D)
1_:—5 k=1483  FLEXIBILITY FACTOR

09 .
e 120839 SIF FACTOR

h
IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 i=1.00
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STAB. VERSION-0 Filename: A43-S
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

C= 12000.;.1:: SO SHEAR WAVE VELOCITY, IN/SEC
POI=0.3 ‘ POISSON RATIO
Kd=0.32 COEF OF LATERAL STRESS .
pn=0.75 COEF OF SOIL FRICTION
Ed 562000422 DYNAMIC ELASTICITY MODULUS, PSI

in
Td50‘066~% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3

in .

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

Es= 21000~1—b2 STATIC ELASTICITY MODULUS, PSI
in’

FssO.066-l—b3 STATIC SOIL SPECIFIC WT, LBS/IN"3
in

H=36-in 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— MAX GROUND VELOCITY, IN/SEC

sec
Vi =5.76 =

sec
COMPUTED EFFECTIVE LENGHTS:
1. SEISMIC EFFECTIVE LENGTH (Les ) :

Les =830.748-in
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STAB. VERSION-0 Filename: Ad43-S
PAGE-4 PROGRAMMED BY: M.M. AHMED

STAB Subroutine T-2 _for Tvpe 2 Bend Analysis

For Calculation of Seismic Effective Length:

from Table 3, Classification of Legs:

$=2356 AS7
L;=(3.83 +9.81 + 4-(12.0) + 11.89 + 1.5)-ft L=900.36in )
Lps(l.S +13.01 +2:(13.5) + 7-(12.75) + 13.25 + 3.83) & Lp = 1.774'103 *in

2Les =1.661-10° “in

Since LP (<)  2-Les, this is a case of SP Leg, therefore:
L p
SP: L:= iy L =887.04-in
L=887.04-in
ANALYSIS RESULTS :

SEISMIC ( OCCASIONAL ) STRESS (Socc) :

Sall=1.33-Ej-Sh

Soce =5.006-10° -% < ALLOWABLE Sall =2.261-10% -l—bz
in in

CONCLUSION:

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY:
PAGE S M.M.AHMED

STEP 2A: SEISMIC ANALYSIS OF BURIED PIPE AND COMPUTATION
OF INDEPENDENT VARIABLES.
1. SEISMIC SOIL STRAIN.(em ) :
Vm ‘
emsE—-, .
2C , REF: 2 ON COVER SHEET

em=2.4-10""

2. SUBGRADE REACTION MODULUS. (K = LBS/IN"3) :

of2s)

D

K =5702-10° Ll;
in

3. SPRING CONSTANT. (S = LBS/IN"2) :

4 0.0833
Ed D )  Ed
E I 1-POI

s =3.778-10° l—bz

mn

4. SYSTEM CHARACTERISTIC (A = IN"-1) :

p; 025
e
4EI

A =0.059-in"*
5. SOIL FRICTION.

famD- 1+Kd

-TdHpu
£=24.479 E

piey
6. MAXIMUM SLIPPAGE LENGTH (Lm = IN) :
Lm= am~A~-Ef-

L =1.566-10° -in
7. MAXIMUM AXIAL FORCE (F = LBS) :
Fz=fLm

F =3.833-10° -Ib
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STAB. VERSION-0 .PROGRAMMED BY:

PAGE 6 M.M.ABMED

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

REF: 2 ON COVER SBEET

—
w
>i1a

1=53.686in

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN,
1", 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) :

3 \-1
k-R-i +4A)”_
El KD

az2l=)

21 =3.005-10° +Ib

10. INDEPENDENT VARIABLE (31} :

a3la—s—
2-A

a31=3.228-10° -2
m

11. INDEPENDENT VARIABLE (232 ) :
a32=

232 =0.059 in *

12. INDEPENDENT VARIABLE (a) :

a=a3l +a2l-a32

a=3.404-10° -2
mn

13. SEISMIC EFFECTIVE LENGTH (Les = IN) :

S|

Les =830.748 +in
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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) :

LZ

2-A'E

allsemL - [f

211 =0.153+in

2. DEPENDENT VARIABLE (al2) :

-L
al2=—

AE

al2 =-5.553.10° .2
o

3. DISPLACEMENT AT BEND (5 = inches) :

all

dz———
1-2al2-a

8 =0.053-in

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

Qt=a-3
4
Qt=1.797-10" -1
5. MOMENT IN BEND (M = IN-LBS ):
M=a21-8
M=1.587-10° “inTb
6. SHEAR IN LONGITUDINAL LEG (Qp = LBS) :
Qp=A-M

Qp =928.517-1b
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STAB. VERSION-0 PROGRAMMED BY:

PAGE 8 M.M.AHMED

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES.

Socc < Sall
- t
Soccs?—-—D— + i-M + «@ Sall=1.33-Ej-Sh
a1 2y Ay
b
Soce =5.006+10° 1—"2 < Sall =2.261-10* 1—2
in in’

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE
B31.3 REQUIREMENTS.
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APPENDIX P

NODEPOINT A43-s]-T

HNF-2473, Rev. 0
Page 166




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'83

2. ASME PAPER ON 'FLEXIBILITY ANALYS]S 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 A43 - Slurry Line - THERMAL

LS
INPUT BY: D.L. STONE7 DATE:  9/3/96

CHECKED BY: %@WAE: %ﬁ/é
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STAB. VERSION-0 Filename: A43-T )
PAGE NO: 2 PROGRAMMED BY: M.M. AHMED

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, TYPEE, GRB. SCH 40

PIPE SIZE: 6" SCH 40. BEND SIZE: 8" SCH 40, RADIUS= 40"
D=6.625in PIPE OUTSIDE DIAMETER, IN
120.280-in PIPE WALL THICKNESS, IN
A=5581-in” ‘ PIPE METAL AREA, IN"2
1228.14-in* MOMENT OF INERTIA, IN*4
728496 in° SECTION MODULUS, IN*3
A =840-in BEND METAL AREA, IN“2
Z 421681 BEND SECTION MODULUS, IN"3
R=40.00-in PIPE BEND RADIUS, IN (40" Radius, 45 degree Bend)
E=28.62- 106-% MODULUS OF ELASTICITY, PSI
in
€=6.33-10° ‘-?% THERMAL EXPANSION OF ELASTICITY, IN/IN/F. |
™
$82.356-rad BEND ANGLE IN RADIANS
P= 325~1—b2 DESIGN PRESSURE, PSI
in’
T=180-K. DESIGN TEMPERATURE, DEG F
sCszooooAl—b2 COLD ALLOWABLE STRESS, PSI
in
Sh= 2oooo-1—b2 HOT ALLOWABLE STRESS, PSI
in'
EJ=0.85 WELD JOINT QUALITY FACTOR
F=1.00 CYCLIC FACTOR FOR 7000 C/S
LR - h=1113  FLEXIBILITY CHARACTER
-9 (REF:ASME CODE B31.3-1990 APPDX-D)
1.65
ke2 k=143 FLEXIBILITY FACTOR
.09 .
f=—2  {=0.839 SIF FACTOR
. h().66

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0i=1.00
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STAB. VERSION-0 Filename: A43-T .
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

Cs 12000-:—:(; 0 SOE SURFACE WAVE VELOCITY, IN/SEC
POI=0.3 POISSON RATIO .
Kd=0.32 COEF OF LATERAL STRESS
n=0.75 COEF OF SOIL FRICTION
Ed= 62000-_1—b; DYNAMIC ELASTICITY MODULUS, PSI1

in’
Id= 0.066~% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3

in

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

1€s521000-1—t;Z STATIC ELASTICITY MODULUS, PSI
in'

1'320.066‘1—1 STATIC SOIL SPECIFIC WT, LBS/IN"3
in’

H=36-in 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'

Vin=48-ag— MAX GROUND VELOCITY, IN/SEC
sec

Vi =576
sec

COMPUTED THERMAL EFFECTIVE LENGTH

Let =2.739-10° “in
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STAB. VERSION-0
PAGE-4

Filename: A43-T
PROGRAMMED BY: M.M.AHMED

STAB Subroutine T-3 for Tvpe 3 Bend Analysis

For Calculation of Thermal Effective Length:

from Table 3, Classification of Legs:

Let=2.739-10° «in
Lp=(15+ 1301+ 2:(13.5) + 1275) A

Lp =651.12-in

Since Lp (<) Let

this is a case of SP Leg, therefore: .

£5) $=2356
T PN
Lty
1\S A46
A43
— tp —

L,=(2:(12.0) + 11.89 + 15)-f
L, =44868+in

Since Ly (<) Let

this is a case of SP Leg, therefore:

SpP: L1 :=Lp Sp: L2 =L
L1=651.12+in 12 =448.68-in
L1=651.12:n 12=448.68in

ANALYSIS RESULTS:
Set =1.849-10° ~1b2 < ALLOWABLE Sa =4.808-10" ~1b2
in in

CONCLUSION:

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90

REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGENO: 5§

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

1.THERMAL STRAIN (et = IN/IN)
stea-(T - 40K)

et=8862:10"¢ .2
m

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

4 0.0833
Kt:(o.es). EsD ) _Es
D /\ EI 1- POr?
Kt =1.765-10° ~1b3
in

3. SPRING CONSTANT (St = LBS/IN"2) :

St=Kt-D
1b

T2
i

St=1.169-10" -

4. SYSTEM CHARACTERISTIC (At = IN*-1) :
0.25
A= (i)
4E]
2 =0.044 +in’}

5. SOIL STATIC FRICTION (ft = LBS/IN): .

1+Ks

ft=wD- -T'ssH-u

Ib
ft =23.181 -~

n -
6. MAXIMUM SLIPPAGE LENGTH (Lt = IN) :

LtEStA-E
ft
8 o
Lt =6.106-10" +in
7. MAXIMUM AXJIAL FORCE (Ft = LBS):

Ft=ft-Lt

Ft=1416-10" -Ib
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED

PAGENO: 6

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

Ita— REF: 2 ON COVER SHEET

It =71.977in

ASSUMED THE LENGTH OF ALL TRANSVERSE LEGS WILL
GENERALLY

BE MORE THAN "I". AS SUCH ALL CONSTANTS C1 THRU C6 IN
FOLLOWING EQUATIONS ARE CONSIDERED AS 1.0 AND FORMULAE
ARE MODIFIED ACCORDINGLY.

9. INDEPENDENT VARIABLE (A21):

-1
kR 4m

A2] =0t
El KtD

A21 =2.161+10° -Ib

10. INDEPENDENT VARIABLE ( A31) :

_KtD
22

A31=133910° -2

11. INDEPENDENT VARIABLE ( A32) :
A32=)t

A32 =0.044 +in’}

12. INDEPENDENT VARIABLE ( At) :

At=A31 + A21-A32

At=143410° 2
in

13. THERMAL EFFECTIVE LENGTH ( Let) :

2-st At 03
1+ -1
ft

Let =2.739-10° “in

Letaég‘
At
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STAB. VERSION-0 PROGRAMMED BY: M.M, AHUMED
PAGE NO: 7

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 (A11) :

2 .
AllsstLl - |f-2t )
2-AE

All =0.546 +in

2. DEPENDENT VARIABLE (A12) :

-L1
Al2s—0
AE

Al2 =-4076-10° -2
s
3. DISPLACEMENT AT BEND (5t=in) :

LAl
T1-Al2At

8t=0.345-in

4. SHEAR IN TRANSVERSE LEG (Vt=1bs) :
Vit= At-8t

Vt=4.943-10* b

5. MOMENT IN-BEND (Mt=in.Ibs)
Mt=A21-6t

Mt =7.451-10* -in1b

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

Vp =3.252:10° -Ib

7. DISPLACEMENT STRESS AT BEND ( Se = Psi)

Mol vt NOTE: THIS DISPLACEMENT
Se=i (-) AL STRESS AT BEND IS DUE TO
Zp] Abp STRAIN IN ONE PIPE LEG.
4 b COMPUTE STRESSS DUE TO
Se =1032:10° = OTHER LEG AND ADD THESE - HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED

PAGENO: 8

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG:

1. DEPENDENT VARIABLE (B11) :
122 )
2.AE

Bll=etl2 - (ﬁ‘
B11=0.383-in

2. DEPENDENT VARIABLE (B12) :

B12E;I-‘2-
AE

B12=-2.809-10° -2
I
3. DISPLACEMENT AT BEND (61=inches)

51= B11
1-BI2-At

81 =0.273-in
4. SHEAR FORCE IN TRANSVERSE LEG (V1=Lbs) :
Vi=At-81

V1 =3.915-10" -1b

5. MOMENT IN BEND (M1=in.ibs) :
M1=4A21-61

M1 =5.501-10" -in-Ib

6. SHEAR IN LONGITUDINAL LEG (V2=lbs) :
V22tM1

V2 =2.576-10° -1b
7. DISPLACEMENT STRESS AT BEND (Sel= Psi) :

se1=p (M1}, V1
Zy] Ay

Sel =8.171-10° -l—bz
in
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED
PAGE NO: 9

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS.

D
4t

Set=Se + Sel SL

SL=192216° -2
inl
Sa=F-(1.25-(Sc + Sh) - SL)

Set =1.849-10" -l—bz < Sa =4.808-10° .1_’02

in . in

CONCLUSION: PIPE DISPLACEMENT STRESSES SATISFY
' CODE B31.3-90 REQUIREMENTS.
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NODEPOINT A55-s1-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' BY

G.C.K.YEH, ENGINEERING SPECJIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'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 / ER 4319

FILE NAME: Nodepoint AS5 - SEISMIC

DS

INPUT BY: D.L.STONE™ DATE: 9713196

CHECKED BY:C"T A\ 6 DATE: 7/3%5

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

STEP 1:

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

"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=6.625in
120.280-in
A=5581in”
1=28.14in"
228.496-in°
A =8.40in
2121681’
R=40.00-in

E528.62-106~1—b2

m

in

)

=633.10°%

$=1.57-rad
b

Pe325—
in

T=180-K

b
86220000
A
b
§h=20000-—
in
Ej=0.85
hzﬂ—i h=1113
®D-1

ks—— k=1.483

ia% 1=0.839
n

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

BEND SIZE: 8" SCH 40, RADIUS=40".
PIPE OUTSIDE DIAMETER, IN ]
PIPE WALL THICKNESS, IN
PIPE METAL AREA, IN"2
PIPE MOMENT OF INERTIA, .IN”4
PIPE SECTION MODULUS, IN"3
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 JOINT QUALITY FACTOR

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

FLEXIBILITY FACTOR
SIF FACTOR
i=1.00

HNF-2473, Rev. 0
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STAB. VERSION-0 Filename: A55-§
PAGE-3 a : PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

@o 12000--3; . SOIL SHEAR WAVE VELOCITY, IN/SEC

POI=03 POISSON RATIO

Kd=0.32 COEF OF LATERAL STRESS

n=0.75 COEF OF SOIL FRICTION -

Ed sszooo% ’ DYNAMIC ELASTICITY MODULUS, PSI
n

I‘d50.066-% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3
ptay

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

EsleOOO»l—b2 STATIC ELASTICITY MODULUS, PSI
in'

I“SEO‘()SG-l—b3 STATIC SOIL SPECIFIC WT, LBS/IN"3
in

H=36in 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— MAX GROUND VELOCITY, IN/SEC

sec
Vm =576

sec

COMPUTED EFFECTIVE LENGHTS:
1. SEISMIC EFFECTIVE LENGTH (Les) :

Les =825.014+in

HNF-2473, Rev. 0
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STAB. VERSION-0 Filename: AS5-S
PAGE-4 PROGRAMMED BY: M.M. AHMED

STAB Subroutine T-2 for __Tvpe 2 Bend Analvsis

For Calculation of Seismic Effective Length:
from Table 3, Classification of Legs:

L=(2:(383) +734) & L =180in

L,=(15+13.01+2:(135) + 7-(1275) + 13.25 + 3.83) £ Lp= 1.774-10% -in

2Les =165:10° +in
Since LP (> or =) 2-Les, this is a case of LP Leg, therefore:

LP: L:=Les L =825.014-in

L=825.014-in

ANALYSIS RESULTS :

SEISMIC ( OCCASIONAL ) STRESS (Socc ) :

Sall=133-Ej Sh

b
Soce =5.409-10° 1_1;2 < ALLOWABLE Sall =2.261-10* =
in in

CONCLUSION:

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 5 M.M.AHMED

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

1. SEISMIC SOIL STRAIN.(em) :
Vm
ems——

2C : REF: 2 ON COVER SHEET
em=24-10"

2. SUBGRADE REACTION MODULUS. (K = LBS/IN"3) :

4 0.0833
K(ﬁ)(ﬁ&) _Ed
DJAE 1 1-por?

K =5702-10° '1—2
i

3. SPRING CONSTANT. (S = LBS/IN*2) :

$=K-D
b

.2
mn

s =3.778-10% -

4. SYSTEM CHARACTERISTIC (A = IN"-1) :

0.25
a3
4E1

A =0.059 in’*
5, SOIL FRICTION.

f= n-D-%Td-H-p

f=24.479 E

in
6. MAXTMUM SLIPPAGE LENGTH (Lm = IN) :
Lms= :—:m-A-E

f

Lm =1.566-10° «in
7. MAXIMUM AXIAL FORCE (F = LBS) :
Fz=flm

F =3.833-10° b i

HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 6 M.M.AHMED

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

REF: 2 ON COVER SHEET

1=53.686-in

NOTE: SINCE ALL PIPE RUNS WILL GENERALLY BE LONGER THAN,
"Iy 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 (a2l1) :

3-1
P
212h |k R 4 4
? ( E1 KD

a21 =4.276-10° “1b

10. INDEPENDENT VARIABLE (a31) :

a315i
20

431 =3.22810° -2
m

11. INDEPENDENT VARIABLE (232) :
a32=\

232 =0.059 i’

12. INDEPENDENT VARIABLE (a ) :

a=a3] +a2l-a32

5 b
a=3.478-10" -—
in

13, SEISMIC EFFECTIVE LENGTH (Les = IN) :

0.5
Les= (AE>[ <1 + 2-sm~§) = 1l
2 f

Les =825.014+in

HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 7 M.M.AHMED

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

1. DEPENDENT VARIABLE (all) :

2
all=emL - {f L
2-A'E

all =0.146in

2. DEPENDENT VARIABLE (al2) :

a125i
AE

a12=-5165-10" -2
Io

3. DISPLACEMENT AT BEND (3 = inches) :

all

Sz
1-al2a

8 =0.052-in

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

Qt=a8
Qt=1814-10* -1
5. MOMENT IN BEND (M = IN-LBS):
M=a2l-3
M=223-10* -inIb
6. SHEAR IN LONGITUDINAL LEG ( Qp = LBS) :
Qpsi-M '

Qp =1305-10° -Ib

HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY:
PAGE 8 . M.M.AHMED

7. CODE B31.3 COMPLIANCE FOR SEISMIC + SUSTAINED STRESSES.

Soce < Sall
D op il @B, Sall=1.33-Ej- Sh
4-t Z A
b b
Soce = 5409.103 1_b2 < Sall =2.261'104 lg-
in in

CONCLUSION: PIPE OCCASIONAL STRESSES SATISFY CODE
B31.3 REQUIREMENTS.
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NODEPOINT A55-s1-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' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'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 / ER 4319

FILE NAME: Nodepoint A55 - THERMAL

INPUT BY: D.L. STONE DATE 9/3179

CHECKED BY: czﬁ@m DATE: 7, ﬁé/?é
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STAB. VERSION-0 Filename: AS55-T
PAGE NO: 2 PROGRAMMED BY: M.M. AHMED

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, TYPEE, GR B, SCH 40

PIPE SIZE: 6" SCH 40. BEND SIZE: 8" SCH 40, RADIUS= 40"
D=6.625in PIPE OUTSIDE DIAMETER, IN
120.280-in PIPE WALL THICKNESS, IN
A=5.581in PIPE METAL AREA, IN"2
1=28.14-in* MOMENT OF INERTIA, IN*4
228.496in° SECTION MODULUS, IN"3
A, =8.40-in” BEND METAL AREA, IN"2
Zy=1681in° BEND SECTION MODULUS, IN"3
R=40.00-in PIPE BEND RADIUS, IN (40" Radius, 90 degree Bend)
E=28.62 105-1—b2 MODULUS OF ELASTICITY, PSI
in
2633107 "-(_—“;() THERMAL EXPANSION OF ELASTICITY, IN/IN/F.
™ /
$=1.57-rad BEND ANGLE IN RADIANS
P- 325~1-b2 DESIGN PRESSURE, PSI
in
T=180.K DESIGN TEMPERATURE, DEG F
' Ib
S0=20000-— COLD ALLOWABLE STRESS, PSI
in
She zoooo~l—b2 HOT ALLOWABLE STRESS, PSI
in

EJ=0.85 WELD JOINT QUALITY FACTOR
F=1.00 CYCLIC FACTOR FOR 7000 C/S
hetR4 > h=1113  FLEXIBILITY CHARACTER

®-9 (REF:ASME CODE B31.3-1990 APPDX-D)

165
ks> k=1483 FLEXIBILITY FACTOR-
.09 .
i=——  i=0839 SIF FACTOR

0.66

1

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0i=1.00 HNF-2473, Rev. 0
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STAB. VERSION-0 Filename: AS5-T
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

Bl1: SOIL DATA FOR SEISMIC ANALYSIS

Cs 12000~S% ' SOIL SURFACE WAVE VELOCITY, IN/SEC
POI=0.3 POISSON RATIO o0
Kd=0.32 COEF OF LATERAL STRESS
u=0.75 COEF OF SOIL FRICTION
Ed= 62000-—'132 DYNAMIC ELASTICITY MODULUS, PSI

'
Td= OAO66-% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3

in

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

Es= 21000'1% STATIC ELASTICITY MODULUS, PSI
in
b

l's'=0.066‘—3- STATIC SOIL SPECIFIC WT, LBS/IN*3
i

H=36-in 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’
V=48 ag — MAX GROUND VELOCITY, IN/SEC

sec
Vi =576

sec

COMPUTED THERMAL EFFECTIVE LENGTH

Let=2714-10° in

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

Filename: AS5-T
PROGRAMMED BY: M.M.AHMED

" STAB Subroutine T-3 _for Type 3 Bend Analvsis

For Calculation of Thermal Effective Length:

from Table 3, Classification of Legs:

Let=2714-10° +in

Lp=(5:(1275) + 13.25 + 3.83) &

L = 969.96 -in

Since Lp (<) Let

this is a case of SP Leg, therefore:

A7 ,
T 13 =157
tl, <
AN
A4
ass b— Lp —

2
Ly=90-in

Lte[z-(asz) ”'34]&

Since Ly (<) Let

this is a case of SP Leg, therefore:

SP:  Ll-L, SP:  L2:=1,
L1 =969.96 in 12 =90-in
L1=969.96-in L2=50in

ANALYSIS RESULTS:

Set=1.745-10" 1_1; < ALLOWABLE Sa =4.808-10" 3’5
i in

CONCLUSION:

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90

REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGENO: 5

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

1.THERMAL STRAIN (&t = IN/IN)
et=0(T - 40-K)

et=8.862-10 " .12
mn

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

4 0.0833
M(@) (Es-D ) Bs
D /\ EI 1- PO
Kt =1.765-10° -l—b3
i

3. SPRING CONSTANT (St = LBS/IN"2) :

St=Kt-D
b
5t=1.169-10° =
in

4. SYSTEM CHARACTERISTIC (At = IN*-1):

st \025
e ——
4-E1

2t =0.044 i’ L

5. SOIL STATIC FRICTION ( ft = LBS/IN) :

1+Ks

fi27-D -I's-Hp

ft =23.181 E
in

6. MAXIMUM SLIPPAGE LENGTH (Lt = IN) : -
Ltset~A-E
ft
3 .
Lt=6.106-10" -in
7. MAXIMUM AXIAL FORCE (Ft = LBS) :
Ft=ft-Lt

Ft=1.416-10° -Ib HNF-2473, Rev. 0
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 6

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

Ite— REF: 2 ON COVER SHEET

1t=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) :

3\-1
A2]1=At w +.‘£}Lt_
El XtD

A21 =3.03-10° -Ib

10. INDEPENDENT VARIABLE ( A31) :

Kt-D

1=—2
2

A31=1339-10° °
mn

11. INDEPENDENT VARIABLE ( A32):
A32=2t

A32 =0,044+in’!

12. INDEPENDENT VARIABLE ( At) :
AtsA31 + A21-A32

At=147210" 2
n

13. THERMAL EFFECTIVE LENGTH (Let ) :

<1 | ZetAt 03 B
o

Let= ﬁ .
At

Let =2.714-10° in
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STAB. VERSION-0 PROGRAMMED BY: M.M. AHMED
PAGE NO: 7

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 (Al1) :
2

All=etL] - f\-il—
2-AE

All =0.791in

2. DEPENDENT VARIABLE (A12) :

Al2 Eﬂ
AE

Al2=-6073-10"° %

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

AN
T1- Al2-At

5t=0.418+in
4. SHEAR IN TRANSVERSE LEG (Vt=1lbs) :
Vt=At-3t

Vt=6.149-10" -1b

5. MOMENT IN BEND (Mt=in.Ibs)
Mt=A21-8t

Mt =1.266-10° -in-lb

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

Vp =5.526-10° -Ib

7. DISPLACEMENT STRESS AT BEND ( Se = Psi)

NOTE: THIS DISPLACEMENT

Sesi (ﬂ> el STRESS AT BEND IS DUE TO
Zy) Ay STRAIN IN ONE PIPE LEG.
4 b COMPUTE STRESSS DUE TO
Se=1485-10" = OTHER LEG AND ADD THESE

in TOGETHER.
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED
PAGE NO: 8

B. DUE TO THERMAL STRAIN IN SHORT PIPE LEG:

1. DEPENDENT VARIABLE (B11) :

152
Bll=etL2 - |ft- L2
2:AE

B11=0.079-in

2. DEPENDENT VARIABLE (B12) :

=L7)
Bl2=—
AE

Bi2=-5635-10 -2
b

3. DISPLACEMENT AT BEND (81=inches)

Bl11

8lea——x—.
1~ Bl12-At

81 =0.073 *in

4. SHEAR FORCE IN TRANSVERSE LEG (V1=Lbs) :
Vi=At-81

V1 =1.076-10" -Ib

5. MOMENT IN BEND (M1=in.lbs) :
M1=A21-81

M1=2.215-10" “in-1b

6. SHEAR IN LONGITUDINAL LEG (V2=1bs) :
V222t M1

V2 =966.745:1b

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

se1=;[ME L V1
Zy/ Ap
Sel =2.598-10° -2

.2
i
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STAB. VERSION-0 PROGRAMMED BY: M.M.AHMED
PAGE NO: 9 :

8. CODE B31.3 COMPLIANCE FOR DISPLACEMENT STRESS.

Set=Se + Sel SLEP—-]2
&t

SL =1.922-10° 1112

ind

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

Set =1.745-10" -2 o< Sa =4.808-10% %
in

5

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

NODEPOINT A57-s1-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' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP YOLUME-77, JUNE'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 / ER 4319

FILE NAME: Nodepoint A57 - SEISMIC

DLy

INPUT BY: D.L.STONE DATE: 9/3/96

CHECKED BY: @Dq(&«;\&,, DATE: 75@%)
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STAB. VERSION-0 Filename: AS7-S
PAGE-2 PROGRAMMED BY: M.M.AHMED

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 AS3, TYPE E, GR B. SCH 40

PIPE SIZE: 6" SCH 40. BEND SIZE: 8" SCH 40, RADIUS=40",
D=6.625in PIPE OUTSIDE DIAMETER, IN
t=0.280-in PIPE WALL THICKNESS, IN
A=5.581in° PIPE METAL AREA, IN"2
1=28.14-in PIPE MOMENT OF INERTIA, IN"4
2=8.4%6in> PIPE SECTION MODULUS, IN"3
Ap=840-in” BEND METAL AREA, IN“2
Zy=1681in° BEND SECTION MODULUS, IN"3
R=40.00-in PIPE BEND RADIUS, IN (40" radius, 90 degree Bend)
B=28.62 10“-1—b2 MODULUS OF ELASTICITY, PSI
in
©=63310 %% THERMAL EXPANSION OF ELASTICITY, IN/IN/F.
mn
)
$=1.57-7ad BEND ANGLE IN RADIANS
P- 325-—“12 DESIGN PRESSURE, PSI
in

T=180K DESIGN TEMPERATURE, DEG F
sﬁzoooo.l—b2 COLD ALLOWABLE STRESS, PSI

in
Sh= 2oooo-l—b2 HOT ALLOWABLE STRESS, PSI

i
Ej=085 WELD JOINT QUALITY FACTOR
hetR - h=1113  FLEXIBILITY CHARACTER

®-1 (REF:ASME CODE B31.3-1990 APPDX-D)
kl—:5- k=1483  FLEXIBILITY FACTOR
09
= i=0839 SIF FACTOR
O

IF CALCULATED 'i' IS LESS THAN 1.0, USE i=1.0 i=1.00
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STAB. VERSION-0 ) Filename: AS57-S
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

Cs= 12000~% SOIL SHEAR WAVE VELOCITY, IN/SEC

POI=0.3 POISSON RATIO

Kd=0.32 COEF OF LATERAL STRESS

u=0.75 COEF OF SOIL FRICTION

Ed= 62000-% DYNAMIC ELASTICITY MODULUS, PSI
in’

tI‘dsO._Os6-Tl% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3

m

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

Es 521000-—122 STATIC ELASTICITY MODULUS, PSI
in’

1"550.066-1—2 STATIC SOIL SPECIFIC WT, LBS/IN"3
in

H=36in DEPTH OF BURIED PIPE, IN

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

2g=0.12 FREE FIELD HORIZONTAL ACCEL, FRACTION OF 'G'
V=48 ag— MAX GROUND VELOCITY, IN/SEC
sec
Vi =576 —=
sec
COMPUTED EFFECTIVE LENGHTS:

1. SEISMIC EFFECTIVE LENGTH (Les) :

Les =825.014-in
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STAB. VERSION-0 Filename: AS57-S
PAGE-4 PROGRAMMED BY: M.M. AHMED

STAB Subroutine T-2 for Tvype 2 Bend Analvsis

For Calculation of Seismic Effective Length:
from Table 3, Classification of Legs:

L,=(2:(3.83) + 7.34)At L=180"in

» , s=157 A7
Lp=2:(3.83 + 1344 + T(1333) L,=265410" +in .
2Les =1.65-10° -in
Since Lp (> or =) 2-Les, this is a case of LP Leg, therefore:
LP: L:=Les L =825.014-in
L=825.014+in
ANALYSIS RESULTS :
SEISMIC ( OCCASIONAL ) STRESS ( Socc) :
Sall=1.33-Ej Sh
Soce =5.409-10° -I—bz < ALLOWABLE Sall =2.261-10% - lbz
. in’ in’

CONCLUSION:

PIPE OCCASIONAL STRESSES SATISFY THE CODE B31.3-1990 REQUIREMENTS.
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STAB. VERSION-0 PROGRAMMED BY:

PAGE 5 M.M.AHMED

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

1. SEISMIC SOIL STRAIN.(em ) :

em=——o
2:C REF: 2 ON COVER SHEET

em=2.4-10""

2. SUBGRADE REACTION MODULUS. ( K = LBS/IN"3) :

2 4
k{25 [Ed D
D /\E I

K =5.702:10° -1—b3

- mn

>0.0833

1- por?

3. SPRING CONSTANT. (S = LBS/IN"2) :

S=K:D

s =3.778-10* --1%
in

4. SYSTEM CHARACTERISTIC (A = IN*-1) :

0.25
aaS_
4E1

A =0.059 i}
5. SOIL FRICTION.

f2rD- 1+Kd

TdHu
f=24.479 E
in
6. MAXIMUM SLIPPAGE LENGTH (Lm = IN) :
Lms= emA-E_
f

Lm =1.566:10° “in
7. MAXIMUM AXIAL FORCE (F = LBS) :
F=fLm

F =3.833-10" :Ib
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STAB. VERSION-0 PROGRAMMED BY:

PAGE 6 M.M.AHMED
8. MINIMUM TRANSVERSE LEG LENGTH REQUIRED (1 =IN) :

1s = 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 MODIFIED USING THE VALUES OF CONSTANTS AS 1.0

9. INDEPENDENT VARIABLE (a21):

2\
a2l=h kvR-i +4—
E-1 KD

a2l =4.276- 105 -Ib

10. INDEPENDENT VARIABLE (a31) :

S
a3l=—-
2

s Ib
a31=3.228-10" —
in

11. INDEPENDENT VARIABLE (232 ) :
a32=

232 =0.059+in"*

12. INDEPENDENT VARIABLE (a) :

a=a3] +a2l-a32

a=3.478-10° -2
m

13. SEISMIC EFFECTIVE LENGTH ( Les = IN) :

ool -]

Les =825.014+in
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STAB. VERSION-0 PROGRAMMED BY:

PAGE 7 M.M.AHMED

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

1. DEPENDENT VARIABLE (all) :

2
all=emL - {f L
2-AE

all =0.146+in

2. DEPENDENT VARIABLE (al2) :

al2=—-

ol
AE

al2=-5.165-10° -2
b

3. DISPLACEMENT AT BEND (8 = inches) :

all

S
1-al2a

© 8=0.052in

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

Qt=a-d
4
Qt=1.814-10" -Ib
5. MOMENT IN BEND (M = IN-LBS ):
M=a21-83
4,
M=2.23-10" -inlb
6. SHEAR IN LONGITUDINAL LEG (Qp = LBS) :
Qp=2M

Qp =1305:10° -Ib
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STAB. VERSION-0 PROGRAMMED BY:

PAGE 8 M.M.AHMED

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

soccef R M Q
4t

Sali=1.33-Ej-Sh
Zy Ay

Socc =5.409+10° ‘l—bz < Sall =2.261-10% - lbz
in’ in

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' BY
G.C.K.YEH, ENGINEERING SPECIALIST, BECHTEL
POWER CORP. PVP VOLUME-77, JUNE'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 / ER 4319
FILE NAME: Nodepoint A57 - THERMAL

s
INPUT BY:  D.L. STONE TE: 97319

CHECKED BY: Opé:(ﬂua\DATE / %
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Filename: AS7-T
PROGRAMMED 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, TYPEE, GR B. SCH 40

PIPE SIZE: 6" SCH 40.

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

D=6.625in PIPE OUTSIDE DIAMETER, IN )
1=0.280-in PIPE WALL THICKNESS, IN
A=5.581-in” PIPE METAL AREA, IN"2
1@28.14-in” MOMENT OF INERTIA, IN*4
228496 SECTION MODULUS, IN"3
A =8.40-in BEND METAL AREA, IN"2
Zy=168Lin° BEND SECTION MODULUS, IN"3
R=40.00-in PIPE BEND RADIUS, IN (40" Radins, 90 degree Bend)
E=28.62 10“~7132 MODULUS OF ELASTICTI'Y, PSI
i )

2633106 2

THERMAL EXPANSION O% ELASTICITY, IN/IN/F.

(inK)
$=1.57-1ad BEND ANGLE IN RADIANS
P- 325-1—1’2 DESIGN PRESSURE, PSI
i
T=180K DESIGN TEMPERATURE, DEG F
scazoooow“i2 COLD ALLOWABLE STRESS, PSI
B
Shs 2oooo-—“’; HOT ALLOWABLE STRESS, PSI
i
EJ=0.85 WELD JOINT QUALITY FACTOR
F=1.00 CYCLIC FACTOR FOR 7000 C/S
R ~ h=1113  FLEXIBILITY CHARACTER
®-1 (REF:ASME CODE B31.3-1990 APPDX-D)
165
ke==  k=1483 FLEXIBILITY FACTOR
09 .
il {=0839 SIF FACTOR
h0.66

IF CALCULATED 'i* IS LESS THAN 1.0, USE i=1.0i=1.00
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STAB. VERSION-0 Filename: AS57-T
PAGE-3 PROGRAMMED BY: M.M.AHMED

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

B1: SOIL DATA FOR SEISMIC ANALYSIS

C= 12000-% SOIL SURFACE WAVE VELOCITY, IN/SEC
POI=0.3 POISSON RATIO
Kd=0.32 COEF OF LATERAL STRESS
u=0.75 COEF OF SOIL FRICTION
Ed 562000-% ’ DYNAMIC ELASTICITY MODULUS, PSI
in’
FAEO.066~% DYNAMIC SOIL SPECIFIC WT,LBS/IN"3
in’

B2: SOIL DATA FOR STATIC ANALYSIS

Ks=0.25 COEF OF LATERAL STRESS

Es= 21000~1—b2 STATIC ELASTICITY-MODULUS, PSY
in’

FSEO.OGG'I—Z STATIC SOIL SPECYFIC WT, LBS/IN"3
in’

H=36in 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'
Vin=48-ag = MAX GROUND VELOCITY, IN/SEC

sec
Vm =576,

sec
COMPUTED THERMAL EFFECTIVE LENGTH

Let=2.714-10° “in
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STAB. VERSION-0
PAGE-4

AS57-T

PROGRAMMED BY: M.M.AHMED

STAB Subroutine T-3 for Tvpe 3 Bend Analvsis

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

Let=2.714-10° “in
L,=(3.83 +13.44 4 7-(1339) &

= . 3 o
Lp=1327:10" «in

Since LP (<) Let

this is_a case of SP Leg, therefore:

2:(3.83) + 7.
(383)+734

2

L, =90-in

(<) Let

this is a case of SP Leg, therefore:

SP: L1 :=Lp 12 =Ly
L1=132710° “in L2 =90-in
L1=1327in L2290-in
ANALYSIS RESULTS:
Set =1.936-10% 'l—bz < ALLOWABLE Sa=4.30810% -2
int in”
CONCLUSION:

PIPE DISPLACEMENT STRESSES SATISFY THE CODE B31.3-90

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

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

1.THERMAL STRAIN (et = IN/IN)

gtz a(T - 40-K)

et =8862:10" -2
1mn

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

4 0.0833
(065) (ES-D ) Es
Ktz ——]|- . 5
ADJAEI 1-POI

Kt =1765-10° '11’3

m

3. SPRING CONSTANT (St = LBS/IN"2) :

StzKt-D
b

2
n

St=1.169-10% -

4. SYSTEM CHARACTERISTIC (At = IN"-1) :

0.25
At= _§E._
4ET

At =0.044-in !

5. SOIL STATIC FRICTION ( ft = LBS/IN) :

fenD 1+Ks

TsHp

ﬁ=23.181-£
in

6. MAXIMUM SLIPPAGE LENGTH (Lt = IN) :

Ltzat-A'E
ft

3 .

Lt =6.106-10" -in

7. MAXIMUM AXTAL FORCE (Ft = LBS) :
Ft=ftLt

Ft=1416-10" b
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STAB. VERSION-0 PROGRAMMED BY