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February 24, 1988

Ms. C. M, Abbate

Vendor Inspection Branch

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

TRANSMITTAL OF FINAL REPORT ON TEST OF SAFETY/RELATED THREADED FASTENERS -
TASK ORDER 88-1 (FIN A6181) - BLB-23-88

Ref: (a) R. D. Folker 1tr to S. B. Milan, RFD-224-87, Transmittal of
Revision 2 of the NRC Form 189 for Technical Assistance for
Vendor Program Inspections (FIN A6181), October 19¢7
(b) Task Order 88-1 Project 1, "Test of Safety Related Threaded
Fasteners", October 20, 1987

Dear Ms. Abbate:

In accordance with FIN A6181, Reference (a), EGAG Idaho, Inc. is providing
technical assistance to the Nuclear Regulatory Commission, Office of Nuclear
Reactor Regulation. This assistance involves the evaluation of
vendor-related problems with hardware supplied to the nuclear industry.

Task Order 88-1, Reference (b), required technical assistance on testing 18
threaded fasteners from the Rancho Seco Nuclear power plant.

Ihe encivsed report satisfies Lne work scope requirenents of iask Urder 8o-1
and EGAG Milestone Chart Node 144-46.

During the course of performing the fastener tests on samples RS-12, RS-13,
RS-14, RS-15, RS-16, and R5-10 in accordance with ASTM specification A-193,
M-86, Grade 8B, several problems were experienced relating to measurement of
the Rockwell hardness of fasteners.

o~

@ ASTM A-193 does not define where on the fastener hardness
measurements are to he taken. It should specify where these
measurements are to be taken and 1ist any options on location.

® ASTM A-193 implies that nowhere on the fastener should the Rockwell
hardness exceed Rb 96. The wrenching flats on the heads of
cold-headed Type B8 fasteners are not, and probably should be,
excluded from the defined meximum hardness requirements since
hardness v+lues exceeding Rb 96 in the vicinity of the wrenching
flats are probably desirable.
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While the problems described above were resolved by subjective judgements,
the dilemma roglrding accepting or rejecting fasteners could certainly yleld
widely varying results dopendin? on who and how the test results are
interpreted. It {s also probable that the corrospondin? ASME material
specifications are also deficient, since the ASME usually adopts ASTM
specifications with few {f any changes except to assign a new number,

Very truly yours,

bt Eonrest

B. L. Barnes, Manager
Reactor Inspections & Safeguards

Jm

cc: H. E. Polk, NRC/NRR

H
J. 0. Zane, EGA&G Idaho (w/0 Encl.)
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TESTS OF SAFETY-RELATED THREADED FASTENERS
FKOM RANCHO S7C0 NUCLEAR POVER SPLAME

1. INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC), Office of Nuclear
Regulation, Vendor Inspection Branch submitied 13 cap screws, 4 studs, and
1 nut to EGAG Idaho, Inc., for testing. This sssignment was auvthorized and
funded by Task Order Bu~1, FIN A618), Project 1. FPreviously submittnd
individual test reports for threaded fasteners are included as an attachment,

2. TESTING AND ANALYSIS

In order to determine the acceptance standards for each thresded
fastener, the ‘dentification grade marks on each fastener (Figures 1
through 20) were correlated with the grade marks and related specifications
fdentified in the Industrial Fastener Institute's Fastener Stancards. When
the grade marks were not in accordance with the ASTM {dentification
procedures, or the fastener was not fdu-. fied with a grade mark, the ASTM
specificatfon that was fdentified in the NRC shipping document (Table 1),
was used to evaluate the fastener. The results of this correlation are
presented in Table 2. Not all of the requirements defined in the ASTM
Standards were evaluated., For example, process requirements for the
fasteners and the dimensiona) requirements for the threads were defined but
not evaluated. The tests defined 1n the NRC Task Order were the tests that
were accomplished.

2.1 Mechanica’l Tests

Tensile and hardness tests were conducted fn accordance with ASTM
A=370, Mechanical Testing of Stee) Products, or ASTM F606, Method for
Conducting Tests to Determine the Mechanical Properties of Externally and
Internally Threa” * Fasteners, Washers and Rivets, which are the standards
for mechanica) testing of stée) fasteners. The specific tests required and
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the accept-reject criterfa for each fastener wera deternined by reviewing
the standard appliceble to each grade of fastener.

2.1.1 HKrrdness Tests

Hardness tests were performed using & standard Rockwel)l hardness
tester. Acceptable hardness machine perfoimance was verified by performing
harcdiess tests on certified test blocks prior to testing each fastener. A
total of four hardness tests were performed on each fastener and an average
hardness value was then calculated based on the four measurements. The
results are reported in efther Rockwell € or Rockwell B scale units,

2.1.2 Tensile Tests

Tensile tests were accomplished at Detroit Testing Laboratories, Inc.,
in accordance with ASTM A=370 using a 125,000 pound Yoad capacity,
Tinfus=Olsen tensfle test machine. Extensometer load versus deflection
values were automatically recorded and retained for each tensile test.
Full=size specimens were tested in accordance with ASTM F-606 and uiltimate
Toads were determined. Standard one-half-inch round reduced length tensile
specimens were machined and tested for fasteners RS-1, RS-2, RS-3, and RS-~4
and elongations were determined in & 2.00-1nch gauge length. Decreased
length specimens were prepared for Lhose fasteners that were too short for
standard tensile specimens. Decreased length one-half-inch round reduced
section tensile specimens were prepared for fasteners RS-]), RS-12, RS-16,
RE-19 and U5-20. Decreased length three-eighths=inch round reduced scction
tensile specimens were prepared for fasteners RS-13, RS-14 and RS-15.
Percent elongations 1n one inch were determined for decreased length
specimens RS=11 and RS-16. Percent elongations in one=half inch were
determined for specimens RS=12, RS~13, RS~14, RS-15, and RS-1Y.

2.2 Chemica) Analysis

Samples for chemica) analysis were machined from each threaded
fastener and the analysis was accomplished at National Spictrographics
Laboratories. The specific elements required for product analysis are

.
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defined tn the ASTM standard that 1s specified for each fastener, and only
the resuits obtained for the required elements are reported in the

{ Individual fastener reports. The reproducibility of the chemical analyses
results reported by Nationa) Spectrographic Laboratories were within 25%,

3. DISCUSSION OF RESULTS

A review of the test results revealed the following significant
findings:

$ Fasteners RS-] and RS-4 met the chemica)l and mechanica)
requirements of ASTM Standard A~193, Grade B-7.

» Fastener RS=2 had & reported elongation value of 15%; whereas,
ASTM Standard A-183, Grade B~7 requires a minimum elongation
value cf 16%.

4 Fastener RS=3 had a reportec ultimate tensile strength of
123.3 Ksi; whereas, ASTM Standard A-183, Grade B-7 required a
minimum uitimate tensile strength “alue of 125 Ksi.

s Fasteners RS+5 and RS~6 met the chemics'! and mechanica)
requirements of ASTM Standa~d A-445 type 1.

] Fastener RS<7 met the chemica) reouirements of SAF
Standard J=429, Grace 8.

(] Fasteners RS-8, RS-9, and RS-10 met the chemica) and mechanical
requirements of ASTM Standard A-354, Grade BD. The initia)
carbon analysis of 0.27% for fastener RS-0 was within the
analysis tolerance of 25% of the Standard's requirement of
0.28%. The carbon content was reanalyzed and =eported as 0.30%
which confirms the compliance with the minimum required carbon
content of 0.28% for fastener RS-9,
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, . & Fasteners RS-12 and RS~19 met the chemica) and mechanica)
§ Y requirements of ASTM Standard A~193, Grade BS. il

-

° Fasteners RS-12, RS~13, RS-14, RS~15, and RS-19 were after
deliberation judged to meet the minimuw evaloated requirements
defined in ASTM A-193 M-86, Grade BB. However, fastoners RS-12,
RS=13, RS-14, RS~15, PS-16 and RS~20 did not meet the maximum
Rockwell hardness of Rb 96 that 1s specified 1n ASTM Standard
A-193 M-B6, Grade B8. The nonconforming hardness measurements
were obtained on the wrenching flats of the heads. ASTM A-193
M-86, Grade BB does not specify whure hardness measurnents are to
be taken. As 3 second check on hardness of the nonconforming
fasteners, the core hardness at the mid radius of a transverse
section through the threaded ares was Getermined after the
tensile tests were completed. These core hardness test results
were in conformance with the maximum specified Rockwell hardness
of Rb 96. The dilemma presented by those fasteners having
nonconforming wrenching flat head haraness and conforming thread
drea core hardness was resolved in favor of acceptable hardness
by engineering judgement,

. Fastener RS=11 did not meet the maximum carbon content of 0.08%
as defined in ASTM A~193 MB6, Grade BB. The inftia) carbon
analysis was 0.092% and the verification analysis was 0.082%.

. Fastener RS~16 di1d not meet the auximum carbon content of 0.08%
and did not meet the minimum chromium content of 1&8.00% as
defined 1n ASTM A-193 M86, Grade BB. The fnftia) carbon analysis
was 0.091% and the verification analysis was 0.093%. The fnitfa)
chromium analysis was 17.7% and the verification analysis was
17.3%.

s Fastener RS-20 did not meet the maximum carbon content of 0.08%
8s defined in ASTM A-193 M86, Grade B8. Thesinitialyganrbon
analysis was 0.10% and the verification analysis was 0.099%.
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4. SUMMARY OF RESULTS -

Fasteners RS-2, RS=3, RS=11, RS=16, anu RS-20 did not meet the minimum
defined requirements.

Fasteners RS-1, RS-4, RS-5, RS~6, RS-7, RS~B, RS-9, RS-10, R$-12,
RS=13, RS=14, RS-15, and RS-19 met the minimum defined requirements
evaluated.
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TABLE 1. INFORMATION ON RANCHO SECO BOLT-STUD TEST SAMPLES SUBMITTED BY
NRC (Shipping Ducument) '
Materia) Bin

AR Stock Code  Locatfon  _ Grade Merk Class ript!
RS1 042223 A39L09 //SA 193 87 1 $tud

RS2 042223 A39L09 193 87 11 Stud

RS3 042222 A39L09 75A 193 87 11 Stud

RS4 042222 A39L09 /u 193 87 11 Stud

RSS 026736 AbIF21 fm 11 Cap Screw
RS6 026736 AG1F21 A4y 7 11 Cap Screw
RS? 110340 G02B06 SAE Gr 8 172 Nut

RSE 009025 A38008 SAE Gr 8° " Cap Screw
RS9 009028 A39005  SAE Gr &° 1 Cap Screw
RS10 00902 A38005 SAE G- &° 11 Cap Screw
RS11 008932 A39G09 M4 $§ 11 Cap Screw
RS12 103118 A39F08 304 $$ 172 Cap Screw
RS13 103103 A38C07 304 $$ 172 Cap Screw
RS14 103103 A39C07 304 §S 172 Cap Screw
RS1S 103103 A39C07 304 $S 172 Cap Screw
RS16 008932 A39GO9 304 S§ 11 Cap Screw
R$17*  warehouse =<0 SA 193 B? 1 Cap Screw
R$18*  Warehouse | =® SA 193 87 1 Cap Screw
RS19 008928 - 304 11 Cap Screw
RS20 103118 - 304 ! Cap Screw

RS17 and RS1B held unti) further notice.

|
b. GRS Quarantined.

€. See note d on Table 2.
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TABLE 2. WEAD MARKINGS AND REQUIRED ASTM STANDARDS FOR FASTENERS SUBMITTED

FOR EVALUATION
Sample P

Icentification Head Marhing ASTM Stardard
R$=1 B-7¢, W /A-193 Grade b7
RS2 B-7C, Wl /A=193 Grade B-7
RS-3 B-7C, Y$ /A*193 Grade B+
RS~-4 B-7C, Y$ /A-193 Grade B+7
RS~5 -4 B8 /A-449
RS =6 ) /A-443
R§+7 Blue plastic thread locking ;‘A! J-429, Grade &

insert
RS =8 P css /A-354 Grade BD
RS~ -, css /A-354 Grade BD
RS=10 -® css /A=35¢ Grade BD
RS=11 -t A-193 Grade BB
R$=12 -t A-193 Grade BS
RS=13 N A-193 Grade BS
RE~14 N A=193 Grade BB
RS=15 N A-193 Grade B8
RS=16 .ot A=193 Grade BS
RS-19 N 304 A-193 Grade B8
RS =20 -t A-192 Grade B8
..
R
b. o )

/

d. Where possible, ASTM specifications were used to eval.ate al) fasteners
herein even though in many cases SAE, ASwe, :=~# other specifications are

equivalent., Based upon the head markin
been evaluated against afther ASTM A-35

i

RS=B, RS=9, ard RS-10 could have
Grade BD or ageinst SAE Grade 8.

The furmer of these was arbitrarily selected. Sample RS-7 was the only
exception; this fastener was evaluated against an SAE specification,




' L
E e — -

Figure'l. Photograph of studs RS-1 and RS-2.

on studs RS~1 and RS-2.
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Figure 3. Photomacrograph at 1.5 magnifications of the identification marks
on studs RS~] and RS-2.

Figure 4. Photograph of studs RS=3 and RS-4,

9



Photomacrographs at 1.2 magnifications of the 1dentification

Figure §.
marks on studs RS-3 and RS-4,

Figure 6. Photomacrograph at 1.2 magnifications of the fdentification marks
on studs RS-3 and RS-4,

10



Figure 7. Photograph of cap screws RS-5 and RS-6.

w"

Figure 8. Photomacrograph at 1.5 magnifications of the {dentification marks
on cap screws RS=5 and RS-6.
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Figure §. Photograph of nut RS-7.
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Figure 10. Photograph of nut RS=7,
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Figure 12. Photomacrographs at 1.6 m'gn1f1cnior.s of the identification
marks on cap screws RS-8, RS-S, and RS-10.
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Figure 13. Photographs of cap screws RS=11 and RS~16.

008932

Figure 14, Photomacrograph at 1.5 magnifications of cap screws RS-11 and
RS-16.
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! Fiduro 15. Photographs of cap screws RS=12 and RS-20.

103118

- Figure 16. Photomacrograph at 1.5 megnifications of car screws RS-12 and
' RS§-20.
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Figure 17. Photograph of cap screws RS=13, RS~14, and RS-1S.

rigure 18, Pﬁotomacrogrcph at 1.5 magnifications of c;p screws RS=13,
RS-14, and RS-15.
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Figure 18. Photograph of cap screw RS-19.

Figure 20. Photograph at 1.6 magnifications of cap screw RS-19.
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ATTACHMENT

(Indfvidual Test Reports for Threaded Fasteners)
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1n Jdentificaticn: RS~)
§§« Seco

:
e 'yrz tud
Stze: 1-1/8 inch dfa. x B threads/fn. x 9-1/2 1n. overal) length
Identification Gracde Mark: B7C

ASTM Standard: A-193 Grade B+7 :

CHEMICAL COMPOSITION (wtX) ,
ASTM Chemica) Specifications Actual Chemfca) Analysts Resylts

Carbon = 0.37 - 0.49
Chromium =~ 0.75 = 1.20
Manganese = 0.65 - 1,10
Molybdenum = 0.15 =~ 0.25
$111con = 0.15 = 0.35%
Phosphorus = Yess than 0.035
Sulfyur = less than 0.040

MECHANICAL PROPERTIES

Minimum ASTM Mechanical Specifications Actua) Mechanical Measurements

OCDOCOO=D
O ON
SE23%388
~ o

Ultimate Tenstie Strength = 125 Ksi 152.6 Ksi
0.2% Offset Yield Strength = 105 Ksi 142.3 Ksi
Elongation = 16% 17%
Reduction in area ~ S0% 528
Hardness = not specified Re 33-34
Remarks:
Fastener meets the minimum evaluated reoufremente defined 4r ATTM A-4£0-86
Type | o
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Scn.\o !Iontif! tion: R$=2
j Sourcox ncho
Yy;o |
{ 3180‘ 4 inch 010. x 8 threads/in x 9-1/2 1n. overall length _
Identification Grade Mark: B7C :
ASTM Standard: A~193 Grade B-? ; k
$
CHEMICAL COMPOSITION (wt%)
hen fcatd Actua) Chemical Analysis Resy!

Carbon = 0.37 - 0.49 0
Chromium = 0.75 = 1.20 1
Manganese = 0,65 = 1,10 0
Molybdenum = 0.15 -~ 0.2% 0.
$114con = 0.15 -~ 0,35 0
Phosphorus = less than 0,035 0
Sulfur = less than 0.040 0.019

MECHAN]CAL PROPERTIES

Minimum ASTM Mechanica) Specifications Actua) Mechanica) Measurements

Ultimate Tensile Strength = 125 Ksf 125.3 Kst
0.2% Offset Yield Strength = 105 Ksi 123.0 Kst
+ Elongation = 16% 18%
Reduction 1n area = 50% 54%
Kardness = not specified Rc 26-28
Remyrks:

Fastener does not meet the minimum elongation requirements defined in ASTM
(183 M-8b Grade B+7.

+Indicates that results are not within specification 1imits,

i



Sample ldentification: RS-3
Source: Rencho Seco : .

Sample Type: Stud

Size: 1 fnch dfa. x 8 threads/fn. x 7 {n. overa)) length

Identification Grade Mark: B
ASTM Standard: A-193 Grade B+?

CHEMICAL COMPOSITION (wt%)
ASTM Chemica) Soecifications

Carbon = 0.37 =~ 0.49
Chromium =~ 0.75 = 1,20
Mangarese = 0.65 - 1.10
Molybdenum = 0.15 =~ 0.25
$114con = 0.15 ~ 0.3%
Phospnorus = less than 0.03%
Sulfur = less than 0.040

MECHANICAL PROPERTIES

OO0 00OCO
ODOMRMNOD S
=N OOMO

E

Minimun ASTM Mechanica) Specifications Actua) Mechanica) Measurements

+ Ultimate Tensile Strength = 125 Ksi 123.3 Ksi
0.2% offset Yield Strength = 105 Ksi 110.4 Ksi
Elongation = 16% 21%
Reduction in area - 50% 61%
Hardness = not specified Re 26-28

Remarks:

Fastener does not meet the minimum ultimate tensile strength requiremert:
defined fn ASTM A-193 M-86 Grade B-7.

+Indicates test results not within specification limits,



Sampie ldentification: RS-4

Source: Rancho Seco
Sample Type: Stud

S1ze: 1 inch dfa. x B threads/in. x 7 1n. overall Tength

Identification Grade Mark:

ASTM Standard: A-193 Grade B-7

CHEMICAL COMPOSITION (wt%)

T™ Chemica) ification

Carbon = 0.37 - 0.49

Chromium = 0.75 = 1.20
Manganese = 0.65 - 1.10
Molybdenum = 0.15 = 0.25

$114con = 0.15 - 0.35

Phosphorus = less than 0.35
Sulfur = less than 0.040

MECHANICAL PROPERTIES

Minimum ASTM Mechanica) Specifications

hemica) Analysis Resul

oo CoOoOoOCO
COMNMNOYE S
OO Wwed
o o

Mechanica) Measurements

Ultimate Tenstle Strength = 125 Ksi
0.2% Offset Yield Strength = 105 Ksf

Elongation - 16%

Reduction in area = S0%
Hardness = not specified

Remarks:

Fastener meets the minimum sys)y

Grade B7.

126.8 Ksi
114.2 Ksi
224
61%
Re 27-28

ted requirements defined 1r ASTM A-193 por

|
s



Sarple ldentification: RS-5

Source: Rancho Seco

Sample Type: Cop Screw

Size: 5/8 inch dia. x 1) threads/in. x 2=11/16 1in, shank length
Tdentification Grade Mark:

ASTM Standard: A-448 Type )

CHEMICAL COMPOSITION (wt®)

ASTM Chemica) Specifications Actua) Chemica) Analysis Results

Carbon 0.25 = 0.58 0.38

Manganese = not less than 0.%7 0.76

Phosphorys = not more than 0.048 0.010

§ylfur = not more than 0.058 0.012

Boron =~ not controlled less than 0.000%

MECHANICAL PROPERTIES

Minimum AS i.':.";e_sbsg,‘_;z.‘-_é_rs;.‘if._c,é tions

Ultimate Tensile Load = 27,100 bs 32,300 bs
Proof Load - 19,200 1bs Acceptable
Maximum Rockwell Harcness © Re 34 Re 23-26

Remarks:

Fastener meets the minimum evaluated requirements defined in ASTM A-443-86
Type 1.




Sample Identification: RS-6 ;»3
Source: Rancho Seco _
Sample Type: Cap Screw

Sfze: 5/8 inch dfa. x 11 threads/in, x 2-11/16 1n. shan% length

Identification Grade Mark: )

ASTM Standard: A-449 Type 1

CHEMICAL COMPOSITION (wtX)
TM Chemica) {fication Actual Chemica) Analysis Resylts
Carbon = 0.25 -~ 0.58 0.38
Manganese = not less than 0.57 0.7%
Phosphorus = not more than 0.048 0.008
Sulfur = not more than 0.058 0.012
Boron = not controlled less than 0.000%

MECHANICAL PROPERTIES

Minimum ASTM Mechanical Specifications Actua) Mechanical Measurements

Ultimate Tensile Load = 27,100 bs 31,600 bs

Proof Load = 19,200 1bs Acceptable

Maximum Rockwell Hardness = Rec 34 Rec 23-27
Remarks:

:astonor meets the minimum evaluated requirements defined fn ASTM A-445-86
ype 1.




Sample Identification: RS+? e
Source: Rancho Seco

Sample Type: Nut, self locking

Stze: 1-1/2 inch dfa. x 12 threads/in.

Identification Grade Mark: Blue nylon fnsert (See Table 2)
SAE Standard: SAE J-429 Grade 8 ,

CHENICAL COMPOSITION (wiS)

T™ Chemica) {fication Actua) Chemical Analysis Results
Carbon 0.28 -~ 0.5% 0.44
Phosphorus less than 0.070 0.02%
Sulfur less than 0.045 0.020
Boron not conteolled less than 0.0005
MECHANICAL PROPERTIES

Minimum ASTM Mechanica) Specifications Actual Mechanical Measurements

Hardness not specified Rb 97-100
Remarks:

Fastener meets the minimum evaluated requirements defined fn SAE J-429 Aug.
83 Grade 8. ;



Sample Identification: RS-8

Source: Rancho Seco

Sample ;"o: Cap Screw

Size: fnch dfa. x 11 threads/in. x 1 fn. shank length
Identification Grade Mark:

ASTM Standard: A-354 Grade BD

CHEMICAL COMPOSITION (wt%)

ASTM Chemica) ffication Actus) Chemica) Analysis Results
Carbon 0.28 -~ 0.55 0.28
Phosphorus less than 0,040 0.0)0
Sulfur less than 0.045 0.00%

MECHANICAL PROPERTIES

Minimum ASTM Mechanica) Specifications Actua) Mechanica) Messurements

Ultimate Tensile Load = 33,900 1bs 36,100 1bs

Proof Load = 27,100 bs Acceptable

Hardness Roct . el) = Rec 26-36 Re 34-3%
Remarks:

Fastener meets the minimum evaluated requirements defined in ASTM A-354
Grace BD.
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Savple ldentification: RS9
Source: Rancho Seco
( Sample Yy:o: Cap Screw
$1ze: 5/8 1inch d10 x 11 threads/in. x 1 in. shank length
Identification Grade Mark: ,
ASTM Standard: A-354 Grade BD

CHEMICAL COMPOSITION (wt%)

T™ Chemica) {fication Actua) Chemi Analysis Resy!)
Carbon 0.28 - 0.5% 0.27 and 0.30*
Phosphorus less than 0,040 0.010
Sulfur less than 0.045 0.024

MECHANICAL PROPERTIES

Minfmum ASTM Mechanica) Specifications Actua) Mechanica) Measurements

Ultimate Tensile Load = 33,900 bs 36,100 bs

Proof Load = 27,100 bs Acceptable

Hardness = Rockwell C 26-36 Re 33-36
Remarks:
Fastener meets the minimum evaluated requirements defined in ASTM A-384
Grade BD.

*Carbon verification analysis was 0.30%.

W
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Sample ldentification:

Source: Rancho Seco

Sample Type: Cap Screw

Stze: 5/8 inch dia. x 1) threads/in,
Identification Grade Mark:

ASTM Standard: A-354 Grade BD

x 1 in. shank length

CHEMICAL COMPOSITION (wt¥)
ASTM Chemical Specifications

Carbon = 0.28 - 0.55
Phosphorus less than 0.040
Sulfur less than 0.045

MECHANICAL PROPERTIES

Minimum ASTM Mechanica) Specifications

Ultimate Tensile Load = 33,500 'bs

Proof Load = 27,100 bs
Hardness = Rockwell C 26-36

Remarks:

A | Chemica) Analysis Resu)

0.28
0.012
0.024

Actua) Mechanica) Measurements

37,400 1bs
Acceptable
Re 33-3%

Fastener meets the minimum evaluated reguirements defined in ASTM A-354

Grade BD.

~%



Sample ldentification: RS-11
Source: Rancho Seco
Sample Type: Cap Screw

Size: 3/4 tnch dia. x 10 threads/in. x

Identification Grade Mark: B8
ASTM Standard: A~193 Grade B-8

2=1/2 in. shank length "

CHEMICAL COMPOSITION (wt%)
ASTM Chemica) Specifications

Actual Chemical Analysis Resuits

“Carbon =" Yess thar '0.08 «0.092 and 0,082 &
Chromium ~ 18.00 = 20.00 18.3
Nicke! = 8.00 - 10.50 8.42
Manganese = less than 2.00 1.15
Phosphorus = less than 0.045 0.027
Silicon = less than 1.00 0.61
Sulfur = less than 0.030 0.009

MECHANICAL PROPERTIES

Minimum ASTM Mechanica) Specifications Actua) Mechanica)l Measurements

Ultimate Tensile Strength = 75 Ksi 103.5 Ksi
0.2% Offset Yield Strength = 30 Ksi 76.1 Ksi
Elongation - 30% 51% *
Reduction 1n area - 50% 70%

Maximum Rockwell Hardness ~ Rb 96 Rc 38-39 and Kb 93-95 **

Remarks:

Fastener does not meet the chemical requirements defined 1n ASTM A-193 M-Bb
Grade BS8.

+Indicates test results not within specification limits,
*Elongation in 1.0 inch.

**Internal hardness at the mid radius of a transverse section through the »
threaded section was determined to be Rb 93-95,

***Carbon verification analysis was 0.082.



Sample Identification: RS~-12

Source: Rancho Seco

Sample Type: Cap Screw

Size: 3/4 inch dia. x 10 threads/in. x 1-3/4 in. shank leagth

Identification Grade Mark: (See Table 2).
ASTM Standard: A-193 Grade B-8

CHEMICAL COMPOSITION (wt)
ASTM Chemica) Specifications Actua) Chemical Analysis Results
Carbon = less than 0.08 0.063
Chromium - 18.00 - 20.00 18.47
Nicke! = 8.00 10.50 8.86
Manganese = less than 2.00 1.56
Phosphorus = less than 0.045 0.030
Silicon = less than 1.00 0.68
Sulfur = less than 0,030 0.912

MECHANICAL PROPERTIES

Minimum ASTM Mechanica)l Specifications Actual Mechanical Measurements
Ultimate Tensile Strength = 75 Ksi 95.8 Ksi
0.2% Offset Yield Strength = 30 Ksf 63.7 Kst
Elongation = 10% 92% *
Reduction in area - 50% 75%
Maximum Rockwell Hardness = Rb 96 Rb 87-91
Remarks:

rastener meets the minimum evaluated requirements defined 4n ASTM A-10
M-86 Grade B-8.

*Elongation in 0.5 inch. G



Sample Identification: RS~13 o
Source: Rancho Seco g
Sample Type: Cap Screw

Size: 1/2 inch dfa. x 13 threads/in. x 1-3/4 {n. shank length

Identification Grade Mark: N (See Table 2)

ASTM Standard: A-193 Grade B-8

CHEMICAL COMPOSITION (wt%)
ASTM Chemica) Specifications Actual Chemica) Analysis Results
Carbon = less than 0.08 0.060
Chromium - 18.00 = 20.00 18.67
Nickel - 8.00 - 10.50 8.01
Manganese = less thar 2.00 0.98
Phosphorus = less than 0.045 0.028
S$Silicon = less than 1.00 0.90
Sulfur = less than 0.030 0.026

MECHANICAL PROPERTIES

Minimum ASTM Mechanical Specifications Actual Mechanical Measurements
Ultimate Tensile Strength = 75 Ksi 110.4 Ksi
0.2% Offset Yield Strength = 30 Ksi 69.6 Ksd
Elongation = 30% 8ax *
Reduction in area = 50% 76%
Maximum Rockwel) Hardness = Rb 96 Rc 27-28 and Rb 93-94 »»
Remarks:
Festener meeis the minimum evaiuvated requirements defined in ASTM A-193 MEU
Grade BS.

*Elongation in 0.5 1nch.

**Internal hardness at the mid radfus of a transverse section through the ,é'
threaded area was determined to be Rb 93-94,
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Sample Identification: RS-~14

Source: Rancho Seco

Sample Type: Cap Screw

Size: 1/2 inch dia. x 13 threads/in. x 1-3/4 {n. shank length
Identification Grace Mark: N SSoc Table 2)

ASTM Standard: A-193 Grade B-

CHEMICAL COMPOSITION (wt%)

ASTM Chemical Specifications Actua) Chemical Analysis Results

Carbon = less than 0.08 0.064
Chromium = 18.00 = 20.00 18.76
Nickel - 8.00 - 10.50 8.10
Manganese = less than 2.00 0.96
Phosphorus = less than 0.045 0.029
Silicon = less than 1.00 0.84
Sulfur = less than 0.030 0.026

MECHANICAL PROPERTIES

Minimum ASTM Mechanical Specifications Actual Mechanizn) Messurements
Ntimate Tensile Strength = 75 “si 119.6 Ksi
0.2% Offset Yield Strength = 30 Ksf 80.4 Ksi
Elongation = 30% 68% *
Reduction 1n area - 50% 70%
Maximum Rockwell Hardness = Rb 96 Re 26-27 and Rb 92-95**
Remarks:
Fastener meets Lhe minimum evaiuates requirement cefiney in ASTM B=iY. M-8%
Grade BE.

*Elongation 1n 1/2 inch.

**Internal hardness at the mid radius of a transverse section through the
threaded area was determined to be Rb 92-95.

.‘;" :‘é-‘ ta



Sample Identification: RS-1§
Source: Rancho Seco

Sample Type: Cap Screw

$1ze: 1/2 inch dia. x 13 threads/in. x 1-3/4 in. shank length
Identification Grade Mark: N SSQQ Table 2)

ASTM Standard: A-~193 Grade B-

CHEMICAL COMPOSITION (wt%)

ASTM Chemica) Specification

Carbon = less than 0.08
Chromium = 18.00 = 20.00
Nickel! ~ 8.00 - 10.50
Manganese - less than 2 U0
Phosphorus = less than 0.045
S$111con ~ less than 1.00
Sulfur = less than 0.030

MECHANICAL PROPER1ES

Minimum ASTM Mechanica! Specifications

Actual Chemical Analysis Results

0.061
2.1
8.0¢
0.97
0.02%
0.75
0.025

Actua) Mechanical Measurements

Ultimate Tensfle Strangth = 75 Ksi
0.25 Offset Yield Strength ~ 30 Ksi
Elongation = 30%

Reduction 1n Area = 50%

Maximum Rockwell Hardness = Rb 96

Remarks:
Fastener meets the minimur evalust

Grade B8

*Elongation in 0.5 1nch.

| reguirement Jefl  sed 1

117.5 Ks1

B0 .4 Kgi

2% *

70%
Rc 29-30 and Rb 90-94**

**Internal hardness at the mid radfus of a transverse section through the

threaded area was RE 90-94,

ASTH A-183 M8t
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Sample ldentification: RS-16

Source: Rancho Seco

Sample Type: Cap Screw

Size: 3/4 inch dia. x 10 threads/in. x 2-1/2 in. shank length
Tdentification Grade Mark: (See Table 2) o
ASTM Standard: A193 Grade B-8 ¢

CHEMICAL COMPOSITION (wt&)
ASTM Chemical Specifications Actual Chemica) Analysis Results
# Carbofi"="Mess ‘than 0.08 <lﬂl§iﬁ‘g!laga!.'!'
o Chronfum = 18.00 -« 20.00 +3TR %
Nickel! - 8.00 = 10.50 9.3%
Manganese = less than 2.00 1.23
Phosphorus ~ less than 0,045 0.026
Silicon = less than 1.00 0.44
Sulfur = less than 0.030
Molybdenum 0.4]

MECHANICAL PROPERTIES

Minimum ASTM Mechanica)! Specifications Actua) Mechanica) Measurements
Ultimate Tensile Strength = 75 Ksi 93.9 Ksi
0.2% Offset Yield Strength = 30 Ksf 74.4 Ksi
Elongation - 30% 1% *
Reduction in area = 50% 71%
+ Maximum Rockwell Hardness = Rb 96 Rc 35-36 Rb 90-9] **** .
L
Remarks:
Fastener gois not meet the chemical requirements as defined in ASTM A-195 "
M-86 Grade B8, ¥
+Indicates the test results not within specification limits. ?
e
*Elongation in 1.0 {nch. 4
** Carbon verification analysis was 0.093%. ,;q‘
*** Chromium verification analysis was 17.32%. oy

*wx* Internal hardness at the mid radius of a transverse
section through the threaded area was Rb 90-9].
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Sanple Identification: RS-19
N Source: Rancho Seco
( Sample Type: Cap Screw
$1ze: 3/4 inch dia. x 10 threads/in. x 1-3/4 in. shank length
Identification Grade Mark: N 304 (See Table 2)
ASTM Standard: A~193 Grade B-8 '

CHEMICAL COMPOSITION (wt%)

ASTM Chemical Specifications Actua) Chemical Analysis Resu! |
|
Carbon = less than 0.08 0.062 !
Chromium = 18.00 = 20.00 18.55 |
Nicke! - 8.00 ~ 10.50 8.27
Manganese = less than 2.00 1.27
Phosphorus ~ less than 0.045 0.01%
$1licon = less than 1.00 0.55
Sulfur = less than 0.030 0.020 |

MECHANICAL PROPERTIES

Minimum ASTM Mechanica! Specifications Actual Mechanical Measurements
{
Ultimate Tensfle Strength = 75 Ksi 97.5 Ksf
0.2% Offset Yield Strength = 30 Ksi 48.1 Ksi
Elongation - 30% 98% * |
Reduction in area - 50% 748% -
Maximum Rockwell Kardness = Rb 96 Rb 91-92 "
Remarks: e
Fasteno~ meets the minimum evaluated requirements defined 4n ASTM 2-10°
M-86 Grade BE.
*Elongation in 1.0 inch.
%



Sample ldentificatiun: RS-20

Source: Rancho Seco

Sample Type: Cap Screw

S1ze: 3/4 inch dfa. x 10 threads/in. x 1-7/16 1n. shank length
Identification Grade Mark: ss.. Table 2) !
ASTM Standard: A~193 Grade B-

CHEMICAL COMPOSITION (vt¥)

ASTM Chemica)l Specifications Actual Chemica) Analysis Resu)
w.Larbon ¢ less thin D 08 “0 70 Wnd 0,099 my
Chromium = 18.00 = 20.0C 18.1%5
Nickel - 8.00 - 10.50 B.65
Manganese = less than 2.00 1.22
Phosphorus = less than 0.045 0.023
S1licon ~ less than 1.00 0.57
Sulfur = less than 0.030 0.012
MECHANICAL PROPERTIES

Minimum ASTM Mechanica)l Specifications Actual Mechanica) Measurements

Ultimate Tensile Strength = 75 Ksi 99.4 Ksi *

0.2% Offset Yield Strength = 30 Ksf 83.9 Ksi

Elongation = 30% "

Reduction 1n area - S50% e

Maximum Rockwel) Hardness = Rb §6 Rc 39 and Rb 90-97 #»»
Remarks:

Fastener does not meet the minimum carbon requirements defined fn ASTM
A-193 M-8b Grade B

+Indicates the test results were not within specification Timits.
*Indicates maximum load, test was terminated before fracture.
**Not determined, test was terminated before fracture.

***Internal hardness at ti« mid radius of a transverse section through the
threaded sect’on was Rb 90-57.

w»xwsCarbon content was 1nftially reported by National Spectrographic
Laboratories as 0.18% which was a typographical error. The carbon content
should have been reported as 0.10%. The carbon verificatfon analysis was
0.099%.




