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Director, Region I
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631 Park Avenue
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SUSQUEHANNA STEAM ELECTRIC STATION
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SAFETY RELATED PIPE HANGERS
DOCKET NOS: 50-387/50-388
LICENSE NOS: CPPR-101/CPPR-102
ERs 100450/100508 FILE 840-4
PLA-343

Dear Mr. Grier:

,This supplements our letters PLA-202 dated December 1, 1977, PLA-239 dated
April 6, 1978, and PLA-316 dated February 2, 1979 and represents the final
report relative to the subject deficiency which was reported under the
provisions of 10CFR50.55(e).

. The deficiency involved dimensionally undersized welds on safety related
pipe hangers fabricated for the Susquehanna Steam Electric Station by ITT
Grinnell, Warren, Ohio under Bechtel Purchase Order 8856-P-3. The nonconforming
conditions represented a deviation from hanger detailed design drawings and
required an extensive evaluation of the "as-fabricated" undersized welds.

Investigation of the problem revealed that the problem resulted, in part,-from
the fact that, the specification for shop fabrication of hangers (8856-M-209)
lacked specific criteria for the acceptance/re) ection of welds. This situation
was corrected when, on October 18, 1977, Revision 11 of P.O. 8856-P-3 was
transmitted to the supplier and provided a revised Specification 8856-M-209
which included appropriate inspection acceptance criteria.

Having 'established the necessary inspection criteria for future production of
pipe hangers, an extensive reinspection program for,all hangers produced'y
ITT Grinnell prior to October 18, 1977 was instituted by Bechtel QC at the
SSES construction site on December 1, 1977 and was devised to prevent the
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installation of nonconforming hangers; to verify the supplier's compliance
to the new fabrication and inspection requirements; and to provide orderly
controls for continuing construction installation activities. Visual
inspections by Bechtel QC confirmed the acceptability of all Q-listed hangers
shipped by ITT Grinnell after 10/18/77.

On December 12, 1977, the Bechtel inspection effort was directed towards all
hangers at SSES which had been fabricated prior to the October 18, 1977 date.
A11 welds on pipe supports and hanger components were examined by Bechtel in
accordance with Article 9 of ASME B&PV Code Section V-1971 and the following
ANSI Standard B31.1 visual acceptance criteria:

~ Unacceptable indications
(1) Cracks — external surface.
(2) Undercut on surface, which is greater than 1/32 inch deep.
(3) Weld reinforcement greater than that specified in a table

in Para. 127.4.2 of the ANSI B31.1 Standard.
(4) Lack of fusion on surface.
(5) Incomplete penetration (applies only when inside surface

is readily accessible).
~ Fillet weld minimum dimensions as specified in ANSI B31.1-1973.

As necessary, during the Bechtel inspection effort, which was undertaken on
12/12/77 and concluded on 3/15/78, welds which did not meet specification
requirements were reworked.

On March 15, 1978 Bechtel QC concluded the primary inspection function and
ITT-Grinnell quality control personnel assumed the inspection function on-site
employing the same (Bechtel) visual inspection acceptance criteria. Prior to
initiating the inspections, Grinnell's QC Program was submitted to and approved
by Bechtel Engineering.

At" the outset of ITT-Grinnell's inspection effort, Bechtel QC held a preparatory
meeting with ITT-Grinnell and established Bechtel QC surveillances, reviews
and witness and hold points. (Bechtel QC documents its activities on Field
Inspection Reports which are prepared weekly.)

There is a computer listing of pipe hangers which has been modified'o provide
a record of all the safety-related pipe hangers affected. The listing provides
columns designating the hangers which, as determined by the Bechtel survey,
have been judged acceptable or have been designated as requiring rework. These
records -have been updated to reflect where rework was accomplished and the
status of the acceptability of the welds affected. These records reflect the
interim (12/1/77 to 3/15/78) Bechtel inspection and rework effort.
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Records of ITT-Grinnell's activities are maintained in accordance with its
QC Program. The records of Bechtel and ITT-Grinnell inspections are being
kept as separate documents. Both sets of records contain similar pertinent
information.

In con]unction with its inspection effort, ITT-Grinnell prepared the attached
report of the results and an analysis to verify the adequacy of the Susquehanna
Project's hangers which were fabricated by ITT Grinnell in the fulfillment of
Bechtel Purchase Order //8856-P-3-AC Rev. 12. This report has been reviewed
and accepted by Bechtel Engineering who have stated:

"In summary the conclusions of the report substantiate the adequacy
of the Q-Listed hangers in question 'ecause:

(a) All Q-Listed hangers shipped prior to 10/18/77 were inspected
for undersized welds as well as for compliance with the revised
specification requirements for visual weld acceptance criteria.

(b) All Q-Listed hangers with undersized welds were analyzed in the
"as-fabricated" condition to determine stress levels of the
undersized welds.

(c) None of the Q-Listed hangers with undersized welds were. found
to have weld stresses that exceeded the agreed upon allowables.

(d) The ITT-Grinnell analysis of the undersized welds in the
Q-Listed hangers has demonstrated that this condition does not
present a safety hazard because none of the welds were over-
stressed."

Presently, hangers in fabrication at the supplier's plant>being produced in
accordance with Bechtel Specification 8856-M-209, Rev. 7, are of acceptable
quality. We therefore conclude that additional corrective measures to
preclude recurrence are not necessary.

Very truly yours,

N. W. Curtis
Vice President-Engineering & Construction

ARS:mcb

cc'Mr. J. G. Davis (15)
Acting Director-Office of Inspection & Enforcement
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr. G. McDonald, Director (1)
Office of Management Information & Program Control
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Mr.. Robert M. Gallo
U. S. Nuclear Regulatory Commission
P.O. Box 52 Shickshinny; PA 18655
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'BSTRACT

~ 1,

This report contains the results of a field survey, through

August 15, 1978 of Q-Listed supports with shop welds, made

by ITT Grinnell's Warren Ohio fabrication facility, conducted

by Bechtel Power Corporation and ITT Grinnell's engineering

and Quality Control Departments. The results are analyzed

to verify the adequacy of the supports on the Susquehanna

Project fabricated by ITT Grinnell in the fulfillment of
Purchase Order 48856-P-3-AC Rev. 12, as committed to the NRC

by Pennsylvania Power & Light. In total, five hundred sixty
(560) Q-Listed supports have been surveyed and one hundred

fifty'wo (152) are found to have portions of shop welds

below the'ize specified on the support detail. These welds

are analyzed for the "as-fabricated" stress levels using the

smallest weld section found along the, particular weld. The

results of this analysis show that all surveyed .Q-Listed

supports meet weld stress requirements of ANSI B31.1 and the

stress acceptance criteria for welds.
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I. INTRODUCTION

An agreement between Bechtel Power Corporation, Pennsylvania

Power & Light and ITT Grinnell was reached to survey all of
the shop welds for Q-Listed supports made at ITT Grinnell's
Harren 'facility, and shipped prior to 10/18/77. ITT Grinnell

agreed to compile and analyze each shop weld found in the

surveyed assemblies with a non-conformance as defined by

ITT Grinnell Quality Control Procedure 4SQ-006 Rev. 0, which

was approved by Bechtel on February 7, 1978, based on the

smallest section of'weld found.

The basis of this report intended to justify the acceptability
of the referenced supports, by showing that none of the shop

welds on these supports would -be overstressed in the "as-

fabricated" condition. Since specific tolerances are not re-

quired by ANSI B31.1, or the design specification, it is ITT

Grinnell's position that supports fabricated with shop welds

slightly below the size specified on the design drawing should

be acceptable provided no shop welds are overstressed in the

"as-fabricated" condition.



IX. METHOD OF SURVEY

Prior to ITT Grinnell's inspection efforts, Bechtel had

performed a preliminary survey. of one hundred seventy two

(172) Q-Listed supports. Of these, sixty-nine (69) were

found to have weld sizes different from the design drawings.

The results of this survey are given in Section IV of this

report.
ITT Grinnell has inspected three hundred eighty eight (388)

Q-Listed supports. Of these, eighty three (83) were found

to have weld sizes different from the design drawings, as

defined by ITT Grinnell Q.A. Procedure SQ-006. Al'1 dis-

crepancies were tabulated and forwarded to ITT Grinnell's

Hanger Engineering Department for analysis. The results

of ITT Grinnell's survey through'August .15, 1978 are

included in summary in Section IV of this report. For

the purpose of this report, a hanger requiring rework is

defined as a support that has any shop weld that is over-

stressed due to undercut or shallow size in the "as-fabri-

cated" configuration..
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III. METHOD OF ANALYSIS

Nejd stress calculations were performed for each 9-Listed

support as required to verify that none of the shop welds

were overstressed in the "as-fabricated" configuration.
These calculations were performed using the smallest section

found, carried the full length of the weld." This represents

a conservative approach, since very few of the shop welds

questioned were undersize for the full length.

Forces on the welds were determined in accordance. with ITT

Grinnell's Stress Criteria dated January 17, 1978, see

Appendix D, which was approved with comments by Bechtel

on March 9, 1978. The load per linear inch was calculated

and compared to the maximum allowable load per linear inch.

as specified in the above listed Stress Criteria.
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A. Weld size different from design drawing

'isted below are the "as-fabricated" weld stresses for the shop we1ds in

question on the surveyed assemblies, the allowable load per the Stress

Criteria for the "as-fabricated" size, and the " PC ratio" which is the

allowable load divided by the actual calculated stress. All welds analyzed

meet the maximum stress requirements of ITT Grinnell's Stress Criteria.

Sketch 8
Shop
Weldd

Load on Weld~(P ' dt/

DBB-209-H15 (Q) 1
HBD-62-Hlo(Q) '1
DBB-209-H3(Q)

1.'BB«122-H5(Q)1
Hlo (Q) 1
HS (q)

GBB-107-H14 sh. 1 {Q)1
sh.2(Q) 2

HBB-101-H2(Q) 1
GBB-118-H5(Q) 1

H8 (Q) 1
Hlo(Q) 1

218-H5 {Q) 1
DLA-102-H4(q) a

I HBB-101-H4(q) 1
, GBB-118-Hla sh.a(Q)1

sh.2(Q)2
GBB-107-Hll(Q) 1

tt 2
II 3

HBB-108-A2(Q) 1
tt 2
tt 3

HBB-220-Hl(Q) 1
tt

. DBB-209-H5(Q) 1
GBB-101-H13 sh.l(Q)a

'h.2(Q)l

. 'BB-107-H13(Q) 1
It 2

HRC-22-H6 (Q) 1
It 2

GBB-aoa-H30(q)
GBB»102-H15(Q) 1
GBB-107-H17(Q) 1

H18 (Q) 1
GBB-101-H14 (Q) 1
GBB-118-H7{Q) 1
GBB-118-H9(Q) 1
HBB-220-H3(Q) 1

1580
1385
1190

995
1580
1385
1190
1190

160
44

122
750
304

73
89
72

Pure Compression
Stiffener Plate Veld

124 '385
41 1580

Stiffener Plate Weld
73 1580
73 1580

780 . '190
a6 1190

6 1190
19 1190
42 1385

405 1385
109 1580

1037 1385
680 1190

85 1190
1257 1463

412 1380
Not Loaded
778 1980
448 1380
400 1385
Pure Compression

1260 1385
Pure Compression
.Stiffener Plate Weld
225 1385

10
32
9.7
1.33
5.2
19
13.4
16.5

11
38

22
22
1.5
72
1SS
63
33
3.4
14'.5
1.3
1.8
14.a
1.2
3.3

2.5
3.1
3.5

6.2



Skecch I
Shop ~
Weld)~

hij7 2G 78 0 '~ 6 1 2 7
Load on Weld

Actual (8/in.) Allow~/in.)

HRC-22-Hl(Q)
GBB-101-Hj(Q)

II

GBB-218-H3(Q)
GBB-218-H8(Q)
GBB-218-H9(Q)
GBB-218-H10(Q)
GBB-118-H3(Q)
HRC-22-H5(Q)

~ H4(Q)
DCA-111-Hl(Q)
DLA-104-Hl(Q)
DBB-113-H2(Q)
GBB-218-H6(Q)
DLA-104-H3 (Q)

11

GBB-118-Hl(Q)
GBC-101-H63(Q)
HBB»220-H5(Q)

11

H6(Q)
DL'A-103-Hl(Q)
MST-022-Hj(Q)

H6 (Q),
GBC-101-H61(Q)
MSL-100-H4(Q)
MST-022-Hl(Q)
MST-022-H3(Q)
DLA-101-H2(Q)
DBB-122-H4(Q)

" DCA-111-H2 (Q)
H4(Q)

DBB-107-H2(Q)
tl

GBB-218-H2(Q)
Il

GBB-118-H9(Q)
tf

GBB-107-H12 (Q)

HRC-123-H5(Q)
tl
tt
ll
'll

DBB-120-H7 (Q)
~ZC-112-H12 (Q)
tf ',C-,llO-,H2 (Q) .

E <a-'.-105-H2 (Q)
gB:-1,12-H4(Q)
DB3-114-Hl'8(Q)
GBB-119-H13(Q)
GBB-109-Hll(Q)
DBB-115-H18(Q)

1
2
6
1
1
1
1
1
1'

1
1
1
1
1

3
4
5
1 ~

1
4-
1
1 thru 4
1
1
1

II It

195
Compression
Compression
Not Loaded
Compression

II

128
511
132

1166
870

1445
Compression

tl

1055
1055

Compression

800

1385
1385
1385
1385
1980
1980

1980
1980

Not Loaded
11 II
11 II

185
Not Loaded
137
390
276

55
55
55
55
75

Compression
412.

'177
Pure Compression
Pure Compression
213
Pure Compression
Pure Compression
Pure Compression

1190

~ 1385
1385
1385
1190
1190
1190
1190
1580

1580
1580

1190

50 1385
185 1385
767 1190
Stiffener Plate Welds Only
Stiffener Plate Welds Only
Stiffener Plate Welds Only
Stiffener Plate Welds Only
Stiffener Plate Welds Only
Not Loaded
Not Loaded
Pure Compression

27.7
7.5
1.6

4.1

10.8
2.7
10.5
1.2
2.3
1.4

1.9
1'. 9

6.4

. 10.1
3.6
5
21.6
21.6
21.6
21.6
21.1

3.84
8.93

5.58
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GBB-104-H41.(Q)
HBB-108-Hl (Q)
DBB-114-H7 (Q)
DBB-120-Hl (Q)
HBB-110-H2 (Q)
GBB-107"H12 (Q)
GBB-107-H12 (Q)
DBB-121-H2 (Q)
DBB-115-H12 (Q)
DBB-121-H3 (Q)
DBB-109-H18 (Q)

II
II

EBB-102-H3(Q)
GBB-101-Hll (Q)

II
II

DBB-121-H24 (Q)
GBB-107-H12 (Q)

II

GBB-118"H9(Q)
HBB-220-H3 (Q)
GBB-109-Hl5 (Q)
GBB-115"H8 (Q)
GBB-104-H29 (Q)
DBA-105-H2 (Q)
HBB-109-H3 (Q)

II

GBB-110-H13 (Q)
HBB-108"H4 (Q)
DBB-117-H6 (Q)

H3 (Q)
HRC-131-H2 (Q)
HRC-112-Hll (Q)
GBB-104-H15 (Q)
HBB-120-H5 (Q)
HBB-,110-H29 (Q)

CompressionPure
531
Pure
Pure
503

64
182
286

25
934
Pure
205
277
536
530
680
680
364
153
390
275

1
15 to 12
1
162
5
4to5
3to5
1
1
1
1
2
4-7
1
2
5
6
7"
1
1
2
Stiff. Pl
3 to 2
3&4
263
1 thru 4
1
1
2
1
3
2
1
1
2
2
1
263
4a5

1190
Compression
Compression

1580
1385
1385
1190
1190
1190

Compression
1190

800
1190
1190
1190
1190
1190
1190
1385
1385

ondary Member

in compressio

ate Sec
225
Weld
584
519
Weld
652
639ll
946
755

89
745
179
280

74
226,.
254

1385
n

1580
1580

n
1190
1190
1190
1190
1190
1190
1190
1190
1190
1190
1190
1190

in compressio

Load on Weld gJ
Actual (P/in,) . Allow /in.

2.24

3.14
21.6
7.6
4.2
47.6

,, 1.27

5.80
2.89
2.22
2.24
1.75
1.75
3.27
7.77
3.55
5.03

6.15

2.70
3.04

1.82
'.86
108.18
1.25
1.57
13.37
1.59
6.64
4.25
16.08
5.26
4.68



All welds analyzed maintained a certain safety margin (g ratio) which

ranged from 1.10 to 188. The reason for the wide variation in safety margin

is that many of the shop welds questioned were designed at a minimal fabri-

cation size regardless of the magnitude of the load applied.

NOTES:

1 - All welds included in the listing given in this section which

have the comment "compression" in the stress column and do not list a

calculated stress~ reflect welds which are l(16" or less undersize.

2 —All welds included in the listing given in this section which

have the comment "stiffener plate weld" are shown without a calculated

stress since they are secondary members.
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"Weld'BB-114-)17

(Q) 1
GBB-109-H13 (Q) 4.

'BC-10'-H39(Q) 1
GBC-101-H71 (Q) 1
.HBB-110-H13 (Q) 1 $ 2 $ 7
HBB-113-H22 (Q) 1 thru 4
HRC-112-H4 (Q) 1 & 3
HBB-110-H17 (Q) 1 6 2
DCA-110-H5 (Q) ~ 1
HBB«113-H3, (Q) , 1
GBB-104-H7 (Q) 1
HBB-120-HS (Q) ~ 5

I

shop welds in tension with 1/16"

the following comments on those

DBB-107-H5 (Q)
DCA-110-P2 (Q)
GBB-103-!18 (Q)
GBB-214-$ 11 (Q)

'BC-101-H68 (Q)
GBC-101-H82 (Q)
HBB-113-Hll (Q)
HRC-112-H2 (Q)

. HRC-112-H7 (Q)
DBB-114-Hl7 (Q)

. HBB-110-H19 (Q)
HRC-112-H14 (Q)

2. The following sketches have

'undercuts or less. We have

sub ect sketches.

'I

D'; - Anal sis of Results
'.

Undercut Welds

1. The following sketches have shop welds in compression with

. 1/16" undercuts or less, which Grinnell has handled in the

,
- same fashion as in Section IV.(A).

Weld 8.
\

1
1
3
1
1
1$ 2
1
2
162
1
1
3

'a. DBB-121-H22 —The undercut is on the knee brace which is

not needed. The section modulus of a H4xl3 is 5.24 and the

. design requires 2.18. Therefore, the knee brace is not required'.
)

b. GBB-112-Hll — The undercut is on the H-Beam weld to'he
4

plate. The area of this member'is 3.81 sq. in.
1I l

. and it .has been reduced by .06 sq. in. Therefore, this undercut ,

'does not nee'd any rework.

c.,GBB-101-H18 — The undercut is on the knee brace which

'is not required. The section modulus of a 6MF 15.5 is 10

-. and the design requires 6.26.. Therefore,. the 'knee brace is

not required.



s B. Undercut fields — (cont'd.) Alu |S ~ 0:.6127
d. GBB-109-HS —The undercut is on the knee brace which is

~ not required. The section modulus of a 4 H13 is 5.24 and the

design requires 3.86. Therefore, the knee brace is not required.

e. HRC-104-H2 — The undercut is at both ends of item 83 for

a length of 1/4 of an inch. The maximum shear force at each

end of item //3 is 5818. The surface area required to withstand
'818is less than 1/2 inch., the surface area remaining with

the undercut is .95 sq. inches. Therefore, this undercut. does

not need any rework.

f. The following sketches have actual cross sectional areas or

stresses less than required by design for the undercut material.

No rework is required:

GBB-101-HS
HRC-123-H3
HBB-110-H26
GBB-112-Hll
GBB-107-H3
DBB-115-H2

g. The following support, HBB-llO-H3, could not be evaluated

due to inadequacy on the original design

3. 'Re have considered undercut welds in bending. The following

sketches have the greatest moments that we have found during

Sketch
No.

our survey to date.
Plate
Thickness

Load ~Re unbred

Plate New
Thickness Under- Plate
~Desi n Cut Thickness

HRC-126-Hl 702 .552"
s

.625" .031"

HCB-102-Hl 340 .289" .375" .031 .344"

From the above finding, Grinnell concluded the undercuts in

bending are all acceptable. The remaining supports in this

category're:
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4

, B. Undercut 'fields - (cO'd.)
I

3. (cont'd.)

NG'18 '96127

HRC-123-Hll (Q)
GBB-109-H18 (Q)
HRC-126-Hl (Q)
HCB-102-Hl (Q)
GBB-101-H17 (Q)
GBB-110-H13 (Q)

4. The following sketches

II

GBB-101-Hl (Q)
GBB-104-H32 (Q)
DBB-115-H3 (Q)
HRC-131-H2 {Q)
HBB-113-H16 (Q)
HBB-110-H29 '(Q)

have welds with undercuts of secondary

members, such as stiffener plates, which may be disregarded

from the report.

(Q) DBB-107-H7 Weld No. 2

(Q) GBB-104-H22 Weld No. 4, 5

10



V. CONCLUSION

N I 2G (8 6:.6127

Of the five hundred sixty (560) Q-Listed supports'surveyed,

one hundred fifty two (152) were found to have shop welds

that were shallower than the size specified in the design

detail. These shop welds were recorded, subsequently

analyzed, and the actual stress in the "as-fabricated" con-

dition compared against mutually agreed upon allowables.

The calculated safety margins (oCratio) ranged from 1.1 to

188- Through observation, it was seen that all welds were

below allowables; therefore, none of the surveyed and analyzed

supports have any shop welds which are overstressed.

As a result of this survey, all Q-Listed support welds on

assemblies fabricated by ITT Grinnell and shipped to the

Susquehanna jobsite have been visually inspected, calcula-

tions performed and all welds have been found to meet all
requirements.

ITT Grinnell concludes from this inspection that all Q-Listed

supports shipped prior to 10/18/77 to the Susquehanna jobsite

are totally suitable for the designed service. All as fabri-
cated welds meet the requirements of ANSI B31.1 or the agreed

upon stress criteria.

11



VI. APPENDICES



I'i0%0

78 0 96127

APPENDIX A

QUALITY ASSURANCE PROCEDURE SQ-004
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PIPE HAIIGER DIYIS)ON
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QUALITY ASSURANCEIQKLITY CONTROL PROCEDURE

REVISION:,

Pago .3 of ... G....

TITLE:

QUALITY ASSURANCE REQUIREMENTS — FIELD
INSPECTION OF WZLDS

EFFECTWITY DATE ..ZQ.S/78.. Su~EFICEDES FIEV...... O......

Prepared ByB, 5'BVlik Date: 2/15/7~r
Approved By:6,'2Z~/I'M~vQ-te: .2=/ ~.:<.

Approved By: Date:.

O.A./O.C. Aoorcv I: s ~~.i:..Da', .
'.F'. '....'..

FOR: P.H.O. Sr gine rieg Hanger RSO M-nulaeluring H Orner(Specify) frfMRU 't$ 'ORgi;.01
Check On F

1. 0 OBJECT1VE:

This procedure shall document the Quality Assurance Requirements
applying to the Field Inspection nd/or Re-Inspection of Welds on
Pipe Supports produced by ITT Grinnell.

2.0 APPLICATION:

This procedure shall apply to the Field Inspect on, of Fillet Velds
on Customer Designed ('Non-Stand rd) Pipe Supports manufactured by
XTT Grinnell for the Susquehanna Steam Electric Stat on locat.d
near Berwick, Pennsylvania. All Bechtel Designed Shop 7 elds to be
inspected shall be indica.ted on the ITT Grinnell AIaster Checklist
as provided by ITT Grinnell PHD-Engineering.

3,0 QUALITY ASSURANCE R:"QUIR=':..HATS:

3.1 Organization — ITT Grinnell Personnel involved in the Field
Inspection of Welds and their primary responsibilities will

~ be as follows:
Inspection Personnel — ~vill be responsible for the Visual

~ and Dimensional Examination of Welds and fo'r the gener-
tion and maintenance of docum ntation "s required by this
procedure. These persons shall report to the Warren Plant
Quality Control Representative.

B. Warren Plant, Quality Control Representative — a member of
the Warren Plant Quality Contr'ol Department and ivill be
responsible. for the a.ctivities of the Xnspection Personnel.
'Will also provide interface at the Project Site between

~ .'HD-Engineering and the inspection program, and so forth.
Also v/ill be responsible for carrying out the 'requirements
of this procedure at the Project Site. This person shall
report to the Warren Plant Quality Control llanager.

C. Project Engineer — a member of PHD-Engineering and will be
responsible for Engineering activities required .by this
procedure. Vill also provide interface betrween Engineer-
ing, the customer, and Q'uality Assurance activities..

~ n ee

evr - fohu ac - Ioo3 Rcv. A



ZK2 GRJHHEI L CGRPORATlO)'l
PIPE HAP~ER DIVISION

EROVIOENO='Q/IEARREN,OHIO
)gal pJ '78 '

g 2
QUALITY ASSURANCE/QUALITY COIJTROL PROCEDURE

Rt-VISION: ........A.........

Page 2 . of....6 .

TITLE:
Prepared ByZ~AY11~Date: 2 15/7

QUALITY ASSURAilCE REQUIRE.'EIEi>TS — FIELD
INSPECTION OF WELDS Approved By:

Approved By:

Date:

Date:

EFFECTIVITY DATE 2t ~5~ S SUPERCED S REV. O.A./Q.C. Aooroval: .......... Date:
\

EOR: p.H.O. Encinee:ing ~ Hang r Rt D Manntaclc.'ing 6 Orner {Enectlr) Qtt al.iDZ COntXO1 =
(ChDck Oner

3.2

D. Warren Plant Quality Control bfanager — will have the
overall administrative and Quality Assurance Requirements
qpecifj,ed by. this.procedure..

r

Xnspect ion — General

A. ITT Grinnell shall perform the Field Inspections and/or
Re-inspections.

All inspection personnel performing Field Xnspections ofFillet Welds sha.ll be properly trained and qualified in
accorda.nce with Qua.litv Control Procedure SQ-005, Rev. 0,
Personnel Qualifications.

3.3 Weld Inspection

A. Welds to be inspected shall be those welds ws shown on
the lates'evis'ons of the sketches to which the Pipe
Supports v,ere manufact ured. The sketches shall be pro-
vided by XTT Grinnell PHD-Engineering.

B. 'elds shall be inspected to the requirements specified in
Quality Cont'rol Procedure SQ-OOG, Rev. 0, Visual and

'imensional Criteria for Welds.
I

C. All inspections performed shall be documented on a daily
basis on the Daily Inspection Worksheet, Attachment 1.

D. The Master Checklist shall be noted each day showing
which hanger assemblies have been inspected and whether
ox not the vrelds were in conformance to specifications.

a

.Welds that have been inspected shall be identified in the
following manner:

1) Each hanger assembly in which all the welds have'een found to be in conformance to specifications
shall be tagged with a Green Quality Approved Tag,
Attachment 2.

2) Each hanger assembl'y in which one or more welds have
been found in non-conformance to specifications shall
be tagged with a Red Reject Tag, Att-chment 3. The
red tag may be removed and discarded upon disposition
of'the non-conformance and then green tagged,
Attachment 2.
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3.4

F. Welds found to be in non-conformance to the requirements
of Procedure SQ-006, Rev. 0; shall be dispositioned per
the requirements specified in Section 3.4 below.

Non-Corformances

A.

B.

Non-conforming '.materials shall be identified per the
requirements of 3.3:"-2 and logged per 3.3D.

The non-conformance shall be noted on the Daily Inspec-.
tion 5'orksheet. The extent of the non-conformances

shal'e

indicated in the applicable sections of the worksheeta

The disposition of Yon-conformances shall be as follows:

1) The inspector shall forward to ITT Grinnell P?2)-
Engineering the original copy of the Daily Inspectior.

~ )Yorksheet and the sketch for each non-conform nc
One copy-of the Vi'orksheet and sketch shall be re-
tained at the Site for reference. The worksheet
,shall identify the non-conforming welds a.nd t'e
extent of the non-conform'ce and the sketch sha,ll
show the type of support, location, etc. (NOTE: The
welds may not be numberea on the sketch. It may,
therefore, be necessary for the inspector to nu .be
the welds in order to provide a tie-in between the
workshe t and the s'-etch. In .that event, th welds
can be numbered in any manner the inspector wants so
long as the welds can be tied back to its applicable
vrorksheet.

2) ITT Grinnell PHD-Engineering shall determine the
'ispositionof the non-conformances through calcula-

tions and analysis based on the data contained in the
worksheet. Tt e acceptance or rejection of non-con-
formances shall be per the requirements of Quality
Control Procedure SQ-007, Rev. 0, Acceptance Criteri
for Welds.

3) 'HD-Engineering, after determining the disposition of
the non-conformances, shall return the )Yorksheet to
the inspector. The ivorksh et shall have the disposi-tion'o be tal-en noted on the worksheet. The sketch
shall be retained by PHD-Engineering for their
xecords.

GVr ~ EORM OC u tC03 REV. A
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4) In addition to returning she-)(orksheet, PHD-Engineer-
ing shall iso at that. time, generate a Rejected
Material Report (R'iIR), Attachment 4, for rejected
non-conformances (ie., Yields requiring rework). The
HMR shall be completely filled in and dispositions
noted and the MRS Authorization signed by the Project
Engineer or his representative. The Rlr1R iso.'s shall
be noted on the worksheet.

5) The R 1R shall be distr ibut ed as fo 1 lows:

b)

* e)

PHD-Engineering shall retain the yellow copy
(Supervisor Charged) for their records and for-
warded to the inspector, the remaining copies,

~ vrho will in turn distribute those copies.
The white copy (Qu"lity Control) shall be re-
tained by the inspector until tl:e disposition has
been carried out. The inspector shall ve ify
that the'disposition has been sat s actorily

-completed (the rework shall be in accordance with
Bechtel Approved Procedures), and at that time,
he shall note on the copy that the rework is O.E.
and initial and date the copy. The copy shall
the'n be forwarded to the. 7r'arren Plant Quality.
Control .'1anager.
The green copy (Dept. Supervisor) shall be
forwarded to the Bechtel Representative. This
copy shall be the means by which the customer is
notified %hat a non-conformance is unacceptable
and requires rev ork.
The gold copy (Production Control) shall be
placed in Project Site files.
The hard-back copy shall be affixed to the
affected han er assembly and removed and dis-
carded after satisfactory completion of the dis-
position.

3. 5 Documentation — hfaintenance and Distribution
A. The Documentation required for the verification of com-

pliance to this procedure shall consist of the following:

1) Certificate of Qualificat'ion for Inspection Personnel
2) Project Sketches
3) Daily Inspection Worksheets
4) Rejected Material Reports
5) XTT Grinnell !Iaster Checklist

CrW'a FORh1 CC ~ )COl REY. A
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B. The ma'intenance of the above listed documentation shall
be as follows:') Certificate of Qualification - This document shall be

kept on file with the Yiarren Plant Quality Control
Manager and be av"ilable for review. A copy of the
document, sha.ll al o be kept on file by the Yiarren
Plant Quality Control representative at the Project
Site and he available. for review.

2) Project Sketches shall be maintained a.s follows:
Sketches involving velds in conformance v/ith
specifications may be discarded after the inspec-
tion of those welds.
Sketches involving welds that are in non-confor-
mance to specifications shall be kept on file
with PHD-Engineering and be ava.ilable for review.

3) Daily Inspection Uorksheets sha.ll be maintained as
follows:

a) One copy of all v;orksheets shall be kept on file
at the Pr'oject Site.
A copy of the v;orksheets involving non-con-
formances shall .be kept on file by PHD-Engineer-
xng. ~ ~

The original copies of all ivorksheets shall be
kept on file by the 7!'arren Plant Quality Control
Manager.

4} Rejected Material Reports shall be kept on file by
those groups receiving copies as outlined in 3.4C.

5) ITT Grinnell Master Checklist — one copy shall be
retained by the inspection group at the Project Site
and one copy maintained by PHD-Engineering.

C.. Distribution of the above documents .during the imple-
mentation of this procedure shall be in accordance with
the specific sections of this procedure which address
those documents. Any other distribution of the document
shall be at the discretion of the )Yarren Plant Quality
Control Manager.

CW ~ rORM aC- ICOC RCV. a
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'. Upon. completion of the Field Inspection of 7(elds, the
Project Site shall forward all their records to the
Ylarren Plant Quality Control Klanager. ITT Grinnell shall
at that time, in accordance'svith contract reauirements,
-notify the customer that the inspection progr m has 1 en
completed and obtain from the customer, directions as to
vrhat they want done vith the records, ie; destroy, store',
or sehd to customer.

~ ~
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1.0 OBJECTIVE:

., This procedure shall document the training and qualification
'equirements for Inspection Personnel conducting Field Inspections

of 3'Felds.
I

-2.0 APPLICATION:

This procedure shall apply to all Inspection Personnel performing
Field. Inspections of, Fillet Welds on Pipe Supports manufactured
by ITT Grinnell for the Susquehanna Stean Electric Station.

3.0 TRAINING AND OUALIFICATIO.'t REQUIRE!IEXi'TS:

3.1 All Inspection Personnel shall have a Visual Examination to
assure natur l or corrected near distance acuity such that
they are capable of reading standard J-1 Letters on Standard
Jager Test type charts for near vision. The examination mus.
be taken at least once annually to maintain qualification for
Field Inspection of Welds.

3.2 All Inspection Personnel shall attend a training session of
at least 2 1/2 hours {or combination thereof). The training
session shall be conducted by the Warren Plant Quality
Control Department. The course contents shall consist of the
following: ~

~

A. Quality Assurance Requirements - {Procedure SQ-004, Rev. 0)
.B., Inspection Criteria {Procedure SQ-006, Rev. 0)
'C. Inspection ihfethods, Techniques.

. D.. Use, Handling of Inspection Gagt„s and Tools
J

Upon completion of the training session, each candidate shall
be tested as follows:
A. 'ritten test covering topics listed above.
B. Practical Test to demonstrate proficiency in inspection.

The test shall consist of havin each candidate visually
and dimensionally inspecting selected welded items and
evaluating the persons use of gages and techniques. Also
general questions shall be asked re ardin. the procedure
to be followed for non-conformin welds and the like.

CW ~ FORM OC ~ IC(03 REV. A
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3,4
r

To be qualified to Field Inspect, 7,'elds, in addition . to the
requirements specified in 3.1, 3.2, and 3.3 above, each
person must achieve a pas ing grade on the tests specified
in 3.3 above. A passing grade is combined average of 805
for both tests, ivith a score of not less than 70".e for any
individual test.

3.5 A Certificate of Qualification shall be made out for each
person who successfully c.ee:s the requirements of this
procedure. (Attachment X)

I ~
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CERTIFICATE OF QUALIFICATION

'I ~ ~

This is to certify that has
, met the applicable requirements for formal training and

testing in accordance ~vith Q-ality Control Procedure
SQ-005, Rev. 0, Personnel Qualifications in order to
qualify for:

FIELD INSPECTION OF FILLET WELDS

APPROVED BY:
TITLE:
DATE:

APPROVED BY:
QC WGR.:
DATE

TEST SCORES:

Written:

PRACTICAL:

AVERAGE: I ~

&elusive OIIIcesIProvidenoe, Rhode Island,,
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Approved
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Cryec)c One)

1..0 OBJECTIVZ:,

2.0

This procedure shall document the Visual and Dimensional Criteria.
applying to Field Inspection of Welds.

APPLICATlOiN:

This procedure shall apply to Field Visual and Dimensional Inspec-
tion of Fillet 7(elis on Pipe Supports manufactured by ITT Grinnell
for Susquehanna Steam Electric Station.

3.'.0; TYPES OF ERA.',!INATIONS:

3.1 Visual Examination: Visua.l Zxamina.tion shall consist of
inspecting welds using una.ided eyesight, except for the use
of articicial lighting and mirrors for hard to get welds a.nd
w'lds located in areas with insufficient,

lighting.'.0

3.2 Dimensional Examination: Dimensional-Examination shall con-
sist of comparing welds with sketch requirements using weldfillet gages, scales, and steel tapes not requiring calibra-
tion.

LEVELS OF ZXA!tfINATION:

,5. 0

Both Visual and Dimensional inspections shall be made for the
total length of all welds requiring inspection.
VISUAL ACCEPTANCE CRITERIA OF FIELDS:

5.1 The following indications shall be considered to be in non-
conformance:

l '

a,) Cracks — external surfaces..

b) Undercut on surface which is greater than 1/32 inch deep
as determined by comparison with ITT Grinne3.1'gglibrated
Comparator.

c); Lack;of fusion on surface.

d) Incomplete penetration (Applies only when inside surface
is readily accessible).

5;2 Weld Profiles shall be as illustrated in Figure 1.

cw ~ roRtl cc tce3 Rcv. * „
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6.0 DIMENSIONAL ACCEPTA.'iCZ CRITERIA QF O'ELDS:

6.1 fields shall be inspected for size as illustrated in Figure 1.
(NOTE: Far angles greater than 120 or less th n 60 , the

size of the weld shall be determined by measuring to
~ the lines of fusion as illustrated in Figure 1.

r'.2All welds in which any part of the length weld is below the
size indicated on the sketch, shall be considered in non-
conformance to the sketch requirements.

7.0 ifOZ-COir "OH!f.> ZCZS:

Non-conformances shall be documentated and dispositioned per the
requirements specified in T'rocedure SQ-004, Quality Assurance
Requirements.

8.0 SURFACE CONDITIONS:

fields will be inspected in the as'oated condition, free from
surface conditions that wi11 interfere with obtaining meaningful
results.
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measure tho size of fillet weld s>ith the ap~ropriatc
Qa> e, SQQ ho@ Cp .
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Compare calcu =-.-.~d aTlo';:aole load with the design
load.
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~
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7.)

lf thc allo;: le calculated load is grea o" tl-.an
the design load, weld is approved. Zf it is less
than the desi~ load, we>d is Cisapprr.-ed.

/
~ ~ ~
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..a). lf @old is onl~: 1/16" undersized, the ~:el'
approved. Xf the undersize is t;reate1 th n 1/16>

...; repeat.. tep" C through F above.

For suT. -rt~ with bendin.- load" on tl)c weld, Vie
allov:=-'. 1 ~ load" .": ou i bc calculatec accordion~ to

'ttacl~r>>=nt, 1 (Gcc 1;: --..~lc XX)pM p ~~pg 7 T0 B=(pa~ t. SCH
Fo g Fl +84 A.c,c E.PTA IVC6
The su~>port t~me should be ".': 'per SFHO fig. l::-2.6 ~

'

tuc Lrr 5 i4 *hSr~ a<d b4Nl>ng T
P>~ P QoF>-

O4 /32 8 ha(.(. be. deeda'>'e d pro Vn + kC EL~ C.+he W>Hew meM i~ b) a> d, dg nbouC,
deSrgg or. 4 br-rc.a,4 r'~ ere~4eS

d~st> ~. <;~~~t co~a;~r'~ < ~~ p l'-«i,i ~t-.<y.

l~pORSr 442 8> ~E-~«~ ~ + +iS ~>"rdr~™+~
Q~ l+ l~ r <p go Fag j)r5> e+ > ~e>d.



~ ~

'(r. e

r ~ ~ I ~ 'r y ~ . ~ h J ~

~ ~ r ~

Pgl .. +j . '+qe
~

I"

ill.,'t:!;
'<I 31 1t@8 g 8 ( 8 6 y g 7

f> ~Nit) .- ~ J n:tOL'C 1 s r ~

c"t3 vi. N~'1G 1~".." 4n vp.
o." /li inc!; =.i 2 in

~ 4 i(a~!.:., i
10 inc)i':(;r

Jc'j/
~

I I ~

t:.l' h.'~'.a~

e ~

8 inch"=.-:
bx lf~
P p !~g

1!el's a-..prove'.

WC ~ Er1'h
Q) I l Khh

15nga ~/

~t r
r '+e p Qt

I
~ r



Jg+l s ~ r g ~

.Hu O '7e I.! 56127

pfg+QJ J%+1%t»

4

08184'g

soy4 'dA
0 ~

Reps': loaael as shiv::L3 bc'v
velds are >:;"=-a;.,'rca an're has a 1/4 Efela all ar

si'.o:;n n a esca dna~.rz:;.
Tlute

P,
L= 20"
P = 700'>P
Yj — 1000

@—
Q ~ )O

Iield 1 K: 0 a~e 3/16
unaer izec.

From Table 0 (See Att ch ent 2)

f = Yi
.

Si'ut, f for t¹ cro.". sec'ion a'"ovc i not consta! t. lie canstill relate the mo.-..ent capacity of the c;.ela to the applie=
b:nein~ m".-.:ent ana if the mome!it capacity of the i;ala @ ".::-"
is preater thea the appliea mo.'cnt, then the velc 's acce;-;:.'.

r

Therefore, fro." table 4 E: g '(See Attacl~.!ent g).
~ ~

f .(Sw) = Nu;'.f. 3/16 = L3~'' iivo

o~n
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TABLE 5—Properties of Wcj(j Trc(>tc(f os Line

ii
8

cate<3 as a. )itive tli(ic formub'v i:lt io a force on
v:c'l(1, lils ]'lcr )l!>I"> iiivh.
For sero»(ti(ri ivi)()I, tl)r iv(!<1 ih iiol t><alee.'ts

)i»e, htit s!:»t(> .>(t is „.'"!; fur.'!t!:l.li at('i(,,d to fi
>e f"rcr on thih v:il'. )'.~i olir 1>i! l) iil()i.

ln p:oblcinh iilvoiiin" bc»<>»:" ar tivistin"„)o.i(ls
chir 5 is uheil lu <!(lir:»i»c p:ol:r!ies of t)i('v«l()

rcafvd as a )i»i". )t cc>i'. ins thr se<!io» nl:>du)us {S,,),
a. J '» in,:>:ld li".'ar )»D'.o(" t a.'.»crtii (j,. ). fo,
,vitt<»". «r sa.'I" l": tyl)ira) ive!dl-d rl.nr.ect)ons ivit)t
hc ivcld treat«(1 as a linc.

Fo; any pivr'n ci:inrctian, tivo dimensions arc
nccdc2, i<i<)th (h) a»d drj)L>) (d).

Section ma.u!us (S } is used for ive)ds subjcrt
ta bending -)oa th', and polar mon»ant o.'nertia (J )
for tv:isting )ands.

Scc!ion meld>i)i {S.) from tl>csc forlmulas arc for
rrcari>nu)n fOrrC at the tap aS ivrll rlS lite baltam partia»5
o{ t)i('velded ca!m clio»s. For thc ur~y>»n)etrical con-
nections sho'in in tiiis table, maxi»)um bc»ding force
is at tl e bottom.

)f there is ra»re than one forre applied to tl>e
'cld, ihvse arc fat:rid and roilbii)cd. A)) fo)ceseivhirh
rc co>nbi»cd (vec.!ori;I!!y added) mtist occur at tlie

same pas'tie» in t)>c ivc)ded joint.
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c'term<ning trl'cfog Size by Using Allowablcs
J tc vt

4
J« ~ ct v>

AVe)d size is obtai:)ed by dividi>lg the res»)tin force
on llie ivc)d fo:>rid abave, by the alloivablc strength
of lh" particu)air typ. of ivcld usrd (Aillrt or groove),
ob!ai>icd from );".'.lcs 6 aod 7 {steady loads) or Tables
8 aod 9 (fatigt>e )oi)di).

)f tl!crc arl tivo forces at rig))t an"les to each
o!her, thc resultant is e()»a) to tlic sqi>are root of t))c
s>»n of tli. s(jt>ares of the=( tiva forces.

M t)>e)(. are tlirrv forres, cir)t at ri„lit a» lcs 'to
cacl> o!)>er, th< rvsi>ltiot is i <}i>al lo tlir s()»:»h )aol
of thc sattiaf t!Iv sijii;(rios of thv tliivi fnr«cs.

/
ft ~ fi">e f,'+ fJ ~ o ~ » ~ ~ ~ ~ « ~ ~ oo ~ oo(4)

Ooc iolpni!a»l <>()v;inta}.'c t<i tlii. mrtlio(l, io a(3(lie
bnn tn its ihti; >icily, i; tli:>t )in»(eiv farm(>);(s >nt>s!
3)e usc(), no!)ti»- )i< iv miist lii i(in)v<1. Ash»)>)v i»
c»1;>»e(r )>ah j«'t <li.ti„»(<l i )>r:»n. For sl>i »}:th l>c
)tai ucr(3 tlii it.»iil.»(3 fitr»iiil.i<r .=- X)JS Stilt tilt>lit>"
flic le>a(3 o>( l'..i. liiii!» t.'(}) i»(1 lliv pro»i tly nf tlt«
4'at (S) it>l(J tl i f >n) 1., 1 1:; f » i(1 tl ' i i)».,.
st)csi (cr}, '.i(iii, ))h ii)l>slilt)lcJ lit(~ )nclpvrty of tliv

i 4

S«J

(tt
(

I Je)

~I ~ te«lo eo t

i>dd, trcati»g it as a ]inc (S„), obtii»c(3 from Tab!r 5.
into tlie same fonnti)a. Using tlie sa»>r loa(l l M),
f = h)/S., 3>c th»s Ands ti;e f(trn on the iie!(). {fi
per )i»car incl>. Tliv ivc)d size is the» fnu:)<1 liy <li.
vjdiog th« force an th( ivcl(3 by tlic a)laivab). forvv.

e

Applying Systcn> fo Any Welded Conncrfion

l. Find thc posilio» an flic iv<*)(3<d roi»t(etio»
iv)>c:rc t)tr co>nhi».)bio:> of fore .. iiill~lir n>.li':>i'»i).
Vhc)'c nliy br nioi( t)ian o»c ivhi«li shou)(1 1>l ca»-
sidcrcd.'. Fhl(3 thc vl>)u( of cac)> of t) v f )r('. ail
ivc)(3(x) (win»rrti(tt> at tltis poi»t. {a) 3.'sv T:».'.
th( sti»dir() <)rhi'» formula to f>»d tli« far(i o» tli«
ii'rid. (b) 3:se '1;ible 5 lo 1>»<) flic pr(tj)vrty of tliv
ivcld l>c it('<1 ai a li»v.

3. (:o»il>i»e (vrctori;illy) all of lli« fatti o» lliv
ivv)(l al t)>ii point.

4. Dvt('>mi»v llii r(~juirv(3 ivi)(l siiv )ty <lii'i():»"
ll>is ) c'h>:)t;tt>t v;>)tie'ty tliv >ill liie>) I)v }(nvi's) T,t) i)vs
6,'7, b, or «J.
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" ""'P,}1C ];= -.„:;..; „." ..g:,""

defudtv I«:rr!Ii md
ontllkf <'Aj<<m".kiv3 IN'!,,7<„:

}Olving r<tl«a<)stag«st
'.

lt is»ot r)r«cssary t!i consider t]:mat a)cat b,
cause. On]. a lii)c is co»sit]crcd.

2. P)o})crti«5 o. thc'vc]rl< d conn! (tin:: a«ca,,"v
foii»d fro:n a t;il'lr ivithot)t ]'nn'.«in" iv(]d.]r- 5)ze

~ ~ ~
~

3. l'orc«s are cons):irl«c. oi: a o::i: ]c:;"'.» o! v «).

):)5!nd o.'tt«««s, thus c]'-.-.»)sa:)n"„ t»«kno'.!v prot
}Cm Of CO)i")i»in«)tr«sses.

4. }t is true t})a! t}ie str(55 dis!rib:ition v:i .)in-
fi}]ct ivr](] is (o;»p]es. Ouc tn cc!entrici!. Of the a}-„

p}ic.d force, sliape of tli« fi]se'!, »o".]i «F«ct of:! ~-
ctc.; ho)v(vcr, t]i se han)t cvnd:tiros exist it> tl)c ar!o„-;

G}]ct'ivc]ds tested and have been record.-c] s a un.:;

force pcr uni'. ]ength of ivc]d.
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6. S}/A}'LE TENSl', CO,'.',}',")ESS}YE 0"- SHEAR
1OADS 0}< YiELDS

8 DETEP1 ~ lHING FORCE OH Yl ELD

Visualize the ive]ded connection as a sin"]c linc, hav;o-

the same out]inc as t]ic connection, bot no cross-

sectional rca. notice, Figur«H, that the area (A„)
of thc iveldcd coonection not« becomes just t]ic }cog!},

of the ive)d.
instead of trpng to determine the stress on the

ave]d (tliis cannot be done un]ess thc ivc}d size h

](nova), tlic prob]em beronirs a muc)i simpler onc o:

detern)ioii)" tll« force on the 1vc]d.

For a sio)pie. tcnsi]c, co:oprrssivc or shear load, the
given ]oad is (]ividcr] by the )en"th of t]ie ivc]d to

~ arrive at t)ic ape]i d uoi'. force, ]bs per lo)car inch of
avc]d.'Fron) t!:is force, the proper ]c" size of B]ct ive]d
or throat c! groove ivc]d may be found.

7. BEND}NG 0}'. TY)'}ST}NG LOP.DS ON WFLDS

The prob]co) }<ere is to dctc;miiic thc psopcrties of tnc
ivc]hard m»nrction in ord(r to chcc]; t)ir stress i i the
wvc]d .+it})or)i first k)totving its ]eg size. Some design
texts sttg('.(st ass)tining a ct rttsio ivr]d lcg size and theo
ca}ca)]atiog t})r stress i» t]i« iv«)d to sec if it is over-

.'strcsscd or o»(!«rsticssc(1. )f t)ic result is too far off,
tl)cn t]ie 1«c]d-lt g size is rr::c]jt)(trd.

%3)is 1)as t])c fo!]Ottiog (li.advaota" (s:
o)nc drcisio:) mtist l)( made's to xv})at '.!)roat

SeCtiO» }S pniti" tO b< ~ t)ir(] t<i (]< t«r)r)i»C t})( p)Op(rly
of thc xvc]d. 'l'st):t]]y so:»c'bjv(:tio» c.an b«raisccl to
an)'liru!it sr(tioii dios«n.

R. T}i('est)]!it) st)«airs mr)st 1)v rooibii)cd ancl,
for scv«i;il types of )o.idi:)", t]tii can b«rat])vr cam-
p]i«at((1.

l» r()»trajet, tlic fol}nv:io" is a siiiil)lr mr tltn(1 to
c]ctrr»iiiiv tli< cori«(!" at<)n<tt)t of iv< l<3i»„'(r}iii)

«<1'nr

a(]t"}<:.tt< st)«t)"t}). Tliis ia a oo!liu:1 in i«])it})
tlic'v«}t] is t)«.)t«d as o) ]itic, liav)»s'iu;o«a, bt".! a

I

twisting I-"ac'edbendingboa'hg )Y Id
A1c c alon
ates c-

a)(z lin (nnarc

f]G }4 Treo))n„~e}o os o linc

Exomplcr Bciiding

Stan(3 trc1 (]«ciao fonoitl i S imc foriotil'i t)«'tl ro

(bror]ii), size<i) (t)c.:ttiii is<]<l as a }i»r'e

} } ll)s M l})4
e . slips

)o.= ——- a7e

By iosrrting tile prop(rty of tlic iv(],l«t] coot)rc-

tion treat«(1 as a li»r iotu t]tc st.),')d:tr(] (1 'si:;t) frit:lit)L

used for t)iat parti(«'l;tr t>})r of )na(3 {s(v '}'.i])l« .t).

tliv for«c o» tlie iv«]t] oyay b« fooo(1 i» t«ro)5 nff ]})

p«r linear io«l) of ivc]d.
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