SECTION
1.0
2.0
3.0

4.0
5.0
6.0
7.0
8.0

9.0

TABLES:

FINAL REPORT ON

SPOT VELDED STRUTS
FOR _SN1'PPS PROJECTS

TABLE OF CONTENTS

TITLE
Iatroduction
Material Description

Material Deficiency and its Safety
Implication

Technical Evaluation and Criteria
Test Program at Jobsites

Additional Plan of Action

Test Program at Unistrut Corporation
Corrective Measures

Conclusions

1. Test Results of Callaway and Wolf Creek Jobsites

2. Test Specimen Details

3. Shear Load Test Sumaz. y

4. Retest of Specimen

SKETCH:

1. Test Set-Up

7812200 3¢9

10



1.0

2.0

3.0

INTRCDUCTION

In accordance with the requiresents of LOCFR 50.55e, this report
is prepared to provide a final suzmary of the deficiency in spot
resistance welding of electrical raceway support material, pur-
chased undar Specification No. 10466-g-037.

In July 1978, SNUPPS Project was advised of a problem related to
iradequate spot resistance welding on the strut supplied by Uni-
strut to several other projects, where the adjoining channels
were separaeting during fabrication of supports. No such failure
was reported on either of SNUPPS jobsites. Immediately, tests
were initiated at both SNUPPS sites. A total of 76 randooly
selected samples from different strut Lypes were subjected to a
shear test to verify the weld strength. No failure was reported.
The specification was revised to include shear test for any new
material purchase as a precautioa. Additionally, 380 randexly
selected samples from both sites were tested at Unistrut test
laboratory to obtain more data. Only one Unistrut Part No. P-5501,
Coil No. 7J-4661 from Wolf Creek site, was found unsatisfactory,

Immediately, actions wera taken to remove this strut from the site.

MATERTAL DESCRIPTION

Basic strut channels are roll formed from hot dipped palvanized #12
gauge, 0.105 inch thick strip steel. These channels are connected
to each other in various configurations, such as back-to-back, back-
to-side, or side-to-side, by spot resistance velding. This material
is purchased from Unistrut Corporation, Wayne, Michigan, as standard
catzlog items under the Specification 10466-E-037, used in field fab-

ricated supperts for electrical raceways.

MATERIAL DEFICIENCY AND SAFETY IMPLICATIONS

The strut {s used in the electrical raceway surport system design.

The connection provided by spot welds between the strut sections is
relied upon to maintain the integrity of the built-up section to carry

the postulated loads, within the design margins. Thus, inadequate
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It was also decided that when failure load is below 3,200 1bs,

for a test spacimen, two adjacent welds shall be tested to provide
additional data. A value of 3,200 1bs. failure load is choser as
& conservative design base which includes safety factor of 2.5+.

IEST PROCRAM AT JOBSITES - (Callaway and Wolf Creek)

a. Forney Compressive Testing Machine (which is vsed for concrete

testing) with specially fabricated {ixtures was selected to

b. Samples were selected at randon from every strut lot received

€. Destructive shear cest was performed and fgilure ioads were

d. Susmary of the test data is tabulated in Table No. 1.

)

Out of 76 samples tested, only one weld was below 3,200 lbs,, failure
load being 1,600 lbs,, with adjacent weld at 3,400 1bs. Including the
above weld, there were 3 welds between 3,400-4,000 1bs., ¢ » at 4,000
lbs., and 71 were above 4,000 lbs, Highest value was 9,000 1bs.

This data did not indicate any problems with struts at SNUPPS sites,
and provided reasonable assurance about the adequate quality of spot

welds. In addition, the specificatiun was revised to require additional

5.0

$:1 Testing
perform this test.
for different purchase orders.
recorded.

5.2 Review of Test Data

3.3 Conciusion of Initial Test

testing for future shipments,
6.0 ADDITIONAL PLAN OF ACTION

The following plan of action was decided i the meeting between Uni-

strut, SNUPPS and Bechtel on August 17, 197§:

8. Unistrut indicated that starting in 1978, all materials fabricared
and delivered to the SNUPPS jobsites had been subjected to pull
tests, th~ results of which were traceall. .o individual coils of
waterials delivered. This data was reviewed and cc.sidered accup-
table, subject to final Bechtel audit. (This data was reviewed
at Unistrut by a Bechtel representative on October 17, 1978, and

was considered acceptable.)
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b. Representative samples from 1976-1977 strut material shall be

subjected to shear test, as the pull test d-ta was not available

or traceable.
«. Materials to be shipped in the future shall be required to have

shear test, per revised specification.

1.0 TEST PROGRAM AT UNISTRUT CORP. . WAYNE. MICHIGAN
7:1 Criteria

basic criteria was set per Paragraph 4.

2.2 Sarples
Quantity of samples was based on one weld per 100 feet of strut. An
efforc was made to select the samples from all different coil numbers
previously delivered to Callaway and Wolf Creek jobsites. All samples
were taken from stock, fabrication shop or scrap pile. Table No. 2
lists numbers of samples from each site, by strut type and number of
cails. 3" long test specimens (380 total) were prepared and identi-

fied by Unistrut Q.A. department.

7.3 Testing

Shear tests were performed using compressive shear test set up per

Sketch No. 1. The tests were witnessed by a Bechtel representative.

7.4 Review of Test Data

Sumzmary of the tect data is tabulated in Table No. 3. 352/380 speci-
mens exceeded 3,200 lbs. shear load. An additional 15 specimens had
shear loads between 2,400-3,200 1bs., An additional 10 specimens had
shear loads between 1,200-2,400 1bs. Only 3 specimens were below
1,200 1bs., which were considered inadequate. Two of these were froo
the same Coil No. 7J-4%61, Unistrut P-5501. These welds failed at
sawcut, but three other samples from the same coil were above 4,000
lbs. One specimen below 1,200 1bs., was from Coil No. TX=4444, Uni-
strut P-1001. There was a total of 15 samples from this coil, from
which only ome was below 1,200 ibs., two were above 2,400 1bs., and
twelve were above 3,200 1bs. There were 15 samples from Coil No.
TE-~4444 (same coil as 7X-4444, but different operator), l& were above
3,200 1bs., and only one was at 2,350 1bs.

1/
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Additional data for the wel?s adiacent to the specimen with a failure

load of below 3,200 lbs., are tabulated in Table No. 4, Average shear

load (average of the original specimen and two adjacent welds), was

Sy *4;§§he! than that of the original specimen. Two exceaded 3,200 lbs.,

wne of which was from Coil No. 7R-4444.
%

-3
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Statistical Analvsis

The test data was ¢rouped according to the welding machine which pro-
duces a given shape. Statastical analyses were performed on each
samsle to include computation of sample statistics (e.g. mean and
standard deviation), plotting histograms, and fitrine probability
céensity functions to the data. The factor of safety acainst failure,

computed as,

Minimum specified weld strength

Factor of satety = Maximum design load

was greater than 2 for all samoles; which is areater than the factor

cf safcty for the strut material of 1.65. The minimum specified weld
strength was determined for a 90% confidence level; i.e. 10% failures
(minimum specified weld strength) in the lower tail of the oprobability

density function.

7.6 Conclusion of Snear Tests at Unistrut

Based on the above, one Coil lo. 7J-4661, Unistrut P-5501 at Wolf Creek
site, was considered inadequate. All other pre~1978 strut material ex-

ceeds the design requirement; failure in Coil No. 7X-4444 is considered

to be an isolated case.

8.0 CORRECTIVE MEASURES

a. Specification !o. 10466-E-037 has been revised to include additional
testing of the spot weld at the manufacturing plant. Documentation

is reqguired to be shipped with the strut.
b. Unistrut P-5501 Coil No. 7J-4661 is being removed from the Wolf Creek

job site and will be replaced with acceptable material.
2.0 CONCLUSIONS :

The problem described in this report was the result of:
a. Inadequate test prograr prior to 19278 by Unistrut to verify the
strength of the spot weld.

b. Iiadecuate maintenance of weldina equipmens by Unistrut.

-

Supplier's actions including the added Quality Assurarce znd test programs

per revised specifications, will provide adequate assurance of effectivel
precluding reoccurrence of this problem in the future.

- -






Table No. 2

- Test

Specimen Details:

UNION - (CALTAWAY)

KANSAS - (WOLF CREEK)

Unistrut Total Total No. Total | No. 0f | No. Of Total No. Of No. Of
Part No. Quantity 0f Specimen Quantity | Specimen Coils Quantity Specimen Coils
P-1001 20,000 216 10,000 91 7 10,000 125 8
T-5501 8,000 68 2,000 12 5 6,000 56 6
P-5001 9,500 926 3,500 23 2 6,000 73 29
- — -
TOTAL 37,500 380 15,500 126 14 22,000 254 43

Note:

(2) ALl the samples were

(1) Coil numbers selected for the

Unistrut part number,

(3) P-1001, 20 foot long
Samples representing

randomly taken from the respective coil number and

sections were made with five head welding machine,
each weld head were taken.

sample at Callaway were different from those at Wolf Creek.
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Table No. 3 -

Shear Load Test Summary

Unistrut RNo. Of SHEAR LOADS (lbs.)
Part No. Specicen <1,200 12,500 £ 3,200 >3,200
P-1001 Callaway 91 0 5 5 81
Wolf Creek 125 3 1 Z 121
(A) TOTAL 216 1 6 7 202
P-5501 Callaway 12 0 1 5 [
Wolf Creek 56 2 1 2 51
(B) TOTAL 68 2 2 7 57
P-5001 Callawvay 23 (v} 0 1 22
Wolf Creek 73 0 2 0 71
(C) TOTAL 86 0 2 1 93
380 Lo 10 15 352
TOTAL (A+B+4C)
* (1) 2 were from Coil No. 7J-4661, Part No. P-5501. Total

of 6 samples from this coil were tested. 3 were above
4,000 1bs., 1 was 1,400 1bs., and 2 failed at sawcut.

* (2)

1 was from Coil No. 7X-4444(P-1001).

A total ~* 15

samples were tested, twelve were above 3,200 *5%y
were above 2,400 1lbs, and only one was below . ,-.u

There were 15 samples frosz Coil YNo.
as 7X-4444, but different operator), 14 were above 3,200
1bs., and one was at 2,350 1bs.
tested, average load exceeded 3,200 lbs,
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Table No. 4 - Retest of Specimen, Below 3,200 1bs, Shear Load.

Unistrut

No. 0f
Part No.

AVERAGE SHEAR LOAD (1bs.)
Specimen £1,200

£2,400 | 3,200 »>3,200

P-1001 Callaway

Wolf Creek

(A) TOTAL

P-5501 Callaway

Wolf Creek

(B) TOTAL

P-5001 Callaway

Wolf Crzek

(C) TOTAL

TOTAL (A+B+C) 28

Note: 1. Average shear load is the average of two adjacent welds
and the original specimen.

Three specimens with a shear load below 1,200 lbs., are
the saxe three specimens described in Table Xo. 3.







