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l. INTRODUCTION

The Franklin Research Center (FRC> has conducted an independent evalua-

tion of the chemical and mechanical characteristics of a group of high strength
steel bolts. This study was initiated because of a recent Industrial Fasteners

Institute research report [1] and media reports that "counterfeit" bolts were

being Used in structural applications in the nuclear industry. Of primary
concern were claims that bolts that were marked as being hardened ~allo steel
were actually carbon steel. Hardened alloy steel bolts resist tempering,
retain strength, and do not relax at elevated temperatures, whereas carbon

steel bolts have less temperature softening resistance.

Twenty-six bolts were submitted to FRC for comparative analyses. Twenty-

one of these were marked with 6 radial lines 60'part indicating they
conformed to the requirements for Grade & bolts as specified in SAE 429k [2].
Two bolts had 6 radial marks 30 apart indicating that they were Grade 8.2 of
SAE 429k. The remaining three bolts were marked "A 490" per Type 1

classification in ASTM specification A 490 [3].

As described in the following sections of this report, the bolts were

subjected to the various tests required by the specifications. Based upon the
results of all these tests, several conclusions and recommendations are

presented.
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2. ANALYSES AND DISCUSSION

The bolts submitted for evaluation are listed in Table 1 with the

identification numbers assigned by the U.S. Nuclear Regulatory Commission

(NRC). Markings present on the heads are also noted. The mechanical and

chemical requirements in the relevant specifications are listed in Tables 2

and 3 along with the results of the various tests, which are discussed below.

2.1 MECHANICAL REQUIREMENTS AND TESTS

The mechanical requirements, test methods, and test procedures for Grades

8 and 8.2 bolts are given in SAE 429k [2]. whereas the mechanical requirements
f'r A 490 bolts are given in ASTM A 490 [3] and the test methods and

procedures are given in ASTM F 606 [4]. Since the SAE and ASTM property and

methodology specifications are the same, requirements and test data for all
the bolts are presented jointly in Table 2.

The standards cite the proof load. i.e., the load at or below which no

permanent elongation should be incurred, and the minimum load at which tensile
failure should occur for a bolt of given diameter, thread type, and dimen-

sions. However, for a bolt with a length less than 2 1/4 times its diameter.
proof and tensile tests are not required. Rather, hardness tests are

specified to determine conformance to the mechanical requirements of the
standards. For the bolts covered by this report, all except five—6177-1.

6177-2, 6177-17, 6177-23, and 6177-24 —had a length greater than 2 I/O times
the diameter.

I

Furthermore, for any bolt of length less than 8 times the diameter and a

diameter such that the specified tensile load is less than 100,000 pounds,

proof load and wedge tensile strength determinations are required to be

conducted on the full-size sample. All of the bolts fell into this category.
Finally, for all of the bolts, the specifications required that core hardness

be determined at the mid-radius of a transverse cross section through the
threaded portion one diameter from the end of the bolt and that surface
hardness be measured on an end, hexagon flat. or unthreaded shank. ASTM

A 490 also required near surface and core hardness tests on a longitudinal
section.



E



P-6177-1

Table 1. Bolt Identification

Bolt

6177-1
6177-2
6177-3
6177-4
6177-5
6177-6
6177-7
6177-8
6177-9
6177-10
6177-11
6177-12
6177-13
6177-14
6177-15
6177-16
6177-17
6177-3.8
6177-19
6177-20
6177-21
6177-22
6177-23
6177-24
6177-25
6177«26

ID

860962792A
lt

860830527A
II B

860912841A
II BII, C
II D
II E

8 5043 1409A
II

II C
860859665A

II

870085789
870085790
870085791
870085792
870085793
870085794
870085795
870085796
870085797
870085798
870085799
870085800

8

8

8

8

8

8

8
8
8

8
8

8
8.2
8.2
8

8

8
A 490 (2)
A 490 (2)
A 490 (2)-
8

8

8

8

8

8

Manufacturer's
Mark

LE
LE
RT
RT

KS
KS
CEM
CEM
CEM
TB
TB
TB
LE
LE
N/LE
N/LE
N/LE
LE

Size

3/4-16
3/4-16
3/4-16
3/4-16
3/8-24
3/8-24
3/8-24
3/8-24
3/8-24
5/16-18
5/16-18
5/16-18
3/4-10
3/4-10,
9/16-12
5/8-11
7/8-9
3/4-10
3/4-10
3/4-10
5/8-11
5/8-11
3/4-10
3/4-10
1/2-13
1/2-13

Thread
TZRe

Pine
Fine
Fine
Fine
Fine
Pine
Pine
Pine
Fine
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse

l. According to SAE J429k for Grades 8 and 8.2 or ASTM A 490.
2. Type 1, based on the absence of Type 2 or 3 markings.
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From the data in Table 2, it can be concluded that, with the exception of
bolt 6177-15, all the bolts met or exceeded the specified mechanical test
parameters. Since the hardness of bolt 6177-15 did meet the specification,
the low tensile strength in a single test may reflect experimental data

scatter, rather than an inherent low strength.

2. 2 CHEMICAL REQUIREMENTS AND TESTS

The chemical requirements for Grades 8 and 8.2 and A 490 Type 1 bolts are

listed in Table 3, along with the results of the chemical analyses. These

data show that there was a wide range of composition among the bolts. Except

for three groups of the Grade 8 bolts, all bolts met the relatively broad

specifications called for in SAE J429k and ASTM A 490. Bolts 6177-3, 6177-4,

and 6177-10 to 6177-12 had carbon contents lower than the minimum specified
for Grade 8, whereas bolts 6177-5 thro'ugh 6177-9 had been fabricated from

carbon steel rather than alloy steel (see footnote in Table 3 for definition
of alloy steel).

Pone of these bolts are necessarily out of specification, since, as is
noted in the footnote in Table 3, for bolts of this size the substitution of
carbon steel or SAE 1541 (or 1541H) steel for alloy steel in Grade 8 bolts is
permissible by agreement between producer and consumer. Zn the present case,

the chemical composition of bolts 6177-5 through 6177-9 does fall within the

range specified for 1541 steel: thus. these bolts could have been supplied to
a distributor, correctly marked as Grade 8, under a substitution agreement

between the distributor and producer.

The composition of the Grade 8 marked bolts with low carbon (6177-3,
6177-4, and 6177-10 to 6177-12) was very similar to that of bolts 6177-13 and

6177-14, which are marked as Grade 8.2. However, all of the former bolts are
included in the size range for which carbon steel may, under proper agreement,

be substituted for alloy steel. Furthermore, since the material in all these

bolts is actually a higher alloy than a plain carbon steel, it would more than

qualify as a substitute for a Grade 8 steel with slightly more carbon but less

alloying. Indeed, they met the mechanical requirements because of the
strengthening effect of manganese and chromium alloying additions.





Table 2, Bolt Strength Requirements and Test Oata

IIRC

860962792A
8609627928
860830527A
8608305278
8609 12841A
8609128418
860912841C
8609128410
86091284 I E
850431409A
850431409B
850431409C
860859665A
860895665B

FRC

Balt

6177-1
6177-2
6I77-3
6177-4
6177-5
6177-6
6177-7
6177-8
6177-9
6177- IO
6177-11
6177-12
6177-13
6177- I4

120,000 (3)
(3)

44.800
44,800
10,500
10,500
10,500
I0,500
10,500
6.300
6,300
6.300

40, 100
40, 100

Proof
Load Proof

(Stress) Load<

150,000 (3)
(3)

56,000
56,000
13,200
13,200
13,2QO
13,200
13,ZQO
7.850
7,850
7,850

50, 100
50, IQO

Tensile
Strength Tensi])
(Stress) Load~ )

LmU~ haiallhl

Core
Hardness

33 58.6

61

(3)
(3)
0
0
0.00020
0.00020
0.00020
0.00042
0.00036
0
0.00011
0
0
0

Surface Elongation Tensile'oad

(3),.-~
(3)
64,000
62, 100
15,300
15,440
15,400
14,760
14,840
8,440
8,400
8,260

56,200'7.200

»

Core

37
35
36
38
37
38
36
37
36
36
35
37
38

Surface
Hardness~R

44

45
43
48
51
44
51
52
51
50
54
55
48 XK

870085790
870085791
870085792
870085793
870085794
870085795
870085796
870085797
870085798
870085799
870085800

6177-I6
6177-17
6177-IB
6177-19
6177-20
6177-21
6177-22
6177-23
6177-24
6 I 77-25
6177-2.6

27,100
(3)

40,100
40, 100
40,100
27,100
27,100

(3)
(3)

17,000
17,000

II (4)
II (4)
II (4)

33,900
(3)

50,100
50, 100
50,100
33,900
33,900

(3)
(3)

21,300
21,300

(5) " (6)
(5) " (6)
(5) " (6)

58.6
II

('7)
(7)
(7)
58.6

0
(3)
0.0002
0.0002
0.0002
0
0
(3)
(3)
0
0

35,600
(3)
53,050
52,250
52,500
38,800
38,650
(3)
(3)
24,450
24,750

35
35

46
47

33 53 (33 Rc)
30 53 (33 Rc)
30 52 (33 Rc)
35 54
37 55
34 59
34 60
32 59
34 60

1. From Table 5 in SAE 429k (for all bolts except 18-20), and from Table 5 in ASTH A 490 (for bolts'18-20)Z. Length should be the same before and after loading ~ithin a tolerance of ~ 0.0005 in.3. Bolt length less than 2 I/O times the diameter. Therefore only hardness test required.4. 170,000 psi max.
5. 56,800 lb max.
6. 38 Rc max.
7. IIo more than the equivalent of 3 points Rc higher than hardness 1/8 in from surface.'nusually rapid drop during yield.

based on bolt site and thread type.

I

I

+ I WIIVall4( 4~f g» luau (I ro'~t W444l uM) ~ @. SP+ 74'C/n4/4 l44 Q~f ~4.8'7010'a I-<-87
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Table 3. Chemical Requirements and Test Data

Hn P S ~ 8
Sin Bur the Si kfia Gr Hi kh

Grade 8, 429k(
Grade 8.2. 429k
ASTH A 490. Type )(2)

0.28 0.55
0.15 0.25
0.28 0.50

0.74
0.04 0.045
0.048 0.058 — 0.0005

NRC

~)
860962792A
8609627928
860830527A
860830527B
860912841A
8609)28418
860912841C
8609128410
86091284 1E
850431409A
850431409B
850431409C
860859665A
8608956658
870085789
870085790
870085791
870085792
870085793
8700857%4
870085795
870085796
870085797
870085798
870085799
870085800

FRC~l
6177-1
6177-2
6177-3]
6)77-4
6177-5
6177-6
6177-7
6177-8
6177-9
6177-10
6177-11
6177-12
6177-13
6177-14
6177-15
6177-16
6177-17
6177-18
6177-19
6177-20
6177-21
6177-22
6177-23
6177-24
6177-25
6177-26

0.43
0.43
0.21
0.21
0.37
0.39
0,36
0.39
0.39
0.20
0.20
0.20
0.21
0.22
0.44
0.43
0.39
0.39
0.39
0.38
0.38
0.39
0.40
0.40
0.36
0.37

0.67
0.64
0.95
0.95
1.54
1.56
1.52
1.58
1.55
).02
0.99
0.94
1.01
1.03
0. 92
0.93
0.90
0.87
0.86
0.87
0.61
0.63
0.58
0.60
0.95
0.92

0. 011 0.012
0. 012 0.012
0.011 0.014
0.015 0.012
0.015 0.023
0,013 0. 018
0.012 0.023
0.014 0.019
0.014 0.019
0.013 0.018
0.014 0.017
O.P)4 0.011
0.014 0.021
0.014 0.021
0.014 0.035
0.014 0.035
0.013 0.033
0.011 0.023
0.014 0.025
0.011 0.025
0.011 0.015
0.01) '0.016
0.014 0.010
0.011 0.01)
0. O'I 1 0. 012
0.011 0.013

0.24
0.26

<0.01
<0.01
0.22
0.23
0.20
0.21
0.23
0.04
0.03
0.01
0.02
0.03
0.31
0.32
0.26
0.27
0.28
0.28
0.22
0.22
0.26
0.27
0.23
0.21

<0.001 0.33
0.001 0.32

<0.001 0.21
<0.001 0.20
<0.001 0.07
<0.001 0.02
<0.001 0,12
<0.001 0.06
<0.001 0.07
0.002 0.19
0.002 0.23

<0.001 0.)9
<0.001 0.17
<0.001 0.19
<0.001 0.99
<0.001 1.00
<0.001 1.01
<0.0005 0.95
<0 F 0005 0.94
<0.0005 0.97
0.0007 0.30
0.0006 0.27
0.0007 0.32
0.0005 0.33
0.0005 0.54
0.0005 0.54

<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.0)
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01
<0.0)
<0.01

0.26 ~

0.24
<0.01
0. 12
0.01
0.02
0 ~ 01
0.01

<0.01
<0.01
0.01
0.01

i'.014
0.01 .
0.20
0.20
0.22
0.17

E'.16

0.16
0. 17
0.18
0. 14
0. 15
0.02
0.03

1. Hedium carbon alloy steel with no specified alloy content. "Carbon Steel may be used by agreement
between producer and consumer, for sizes 1/4 - 3/4 in diameter products. SAE 1541 (or 154)H) steel,oil quenched and tempered may be used at the option of the producer for products 7/16 in nominal
diameter and smaller." SAE J429k

2. Alloy steel with no specified alloy content. "Note 4 - Steel is considered to be alloy, by the
American Iron and Steel Institute, when the maximum of the range given for the content of alloying
elements exceeds one or more of the following limits: manganese. ).65%; silicon, 0.60%; copper,
0.60%; or in which a definite range or a definite minimum quantity of any of the following elementsis specified or required within the limits of the recognized field of constructional alloy steels:
aluminum, chromium up to 3.99/, cobalt. columbium, molybdenum, nickel, titanium, tungsten, vanadium.
zi ronium, or any other alloying elements added to obtain a desired alloying effect." ASTH A 490.
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Accordingly, the determination of whether or not these bolts are out
of'pecification,i.e., mismarked, depends on whether or not the steel

substitution was in accordance with an agreement between a purchaser (a

distributor or an end user) and the producer.

From the above findings, it is clear that if the end user does not

purchase directly from the producer, but from a distributor, he may not be

aware that he has purchased carbon steel rather than alloy steel Grade 8

bolts. In many cases, this will present no problem, since both materials
would behave similarly except at high and low temperatures. At low tempera-

tures, the carbon steel would be expected to exhibit a higher ductile to
brittle transition temperature and a lower shelf impact energy than an alloy
steel. Furthermore, at elevated temperatures, the carbon steel would soften
at a lower temperature or in shorter times than the alloy steel.

There is also the possibility that bolts with carbon content lower than

specified in Grade 8 could have high temperature characteristics superior to
those of a Grade 8 bolt with specified carbon because of different alloying
additions. Thus, when specific temperature/property characteristics are

required, testing of sample bolts is necessary to assure adequate service
performance.

As further evaluation of the quality of the low carbon and the 1541 steel
bolts. the microstructures of bolts 6177-3, 6177-4, and 6177-10 to 6177-12

were analyzed in longitudinal cross sections. A uniform, fine-grained
martensitic microstructure was present in all the bolts studied, as shown in
the micrographs in Figures 1 through 4. Thus, consistent with the mechanical

properties, none of these bolts can be considered poor quality, and whether or
not any of them can be classified as having been mismarked would depend on

whether or not compositional substitutions had been agreed upon during the
original purchase from the fabricator.
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Bolt 6177-3 100 X

V
t

B. Bolt 6177-4 100 X

Figure 1. Micrographs showing a uniform, fine-grained, tempered martensitic
microstructure in bolts with carbon content lower than specified
(without agreed upon substitution) for Grade 8.
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A. Bolt 6177-5 100 X

} I p
r
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I

B. Bolt 6177-6 100 X

Figure 2. Micrographs showing a fine-grained, tempered martensitic micro-
structure in two bolts marked as Grade 8, which were carbon rather
than alloy steel. The microstructure is uniform except for some
slight carbon banding.





F-6177-1

P

A. Bolt 6177-10 100 X

B. Bolt 6177-12 100 X

Figure 3. Micrographs showing a uniform, fine-grained, tempered martensitic
microstructure in two bolts with carbon content lower than
specified (without agreed upon substitution) for Grade 8. A higher
magnification micrograph of bolt 6177-12 is given in Figure 4.

-10-
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B. Bolt 6177-12 500 X

Figure 4. Hicrograph showing, at a higher magnification than in Figure 3, the
uniform, fine microstructure in a carbon steel bolt with a Grade 8

marking.

-11-





3. CONCLUSEONS AND RECOHMENDATIONS

Based on the above analyses and discussions, the following conclusions
and recommendations are presented:

l. All bolts except one met or exceeded the mechanical property
requirements in the relevant specifications. The one bolt (6177-15)
that had a slightly low tensile strength did meet the hardness
specification and, thus, the single test may reflect inherent
experimental scatter.

2. Some of the bolts marked as Grade 8 per SAE J492k were out of
specification with regard to chemical composition. However, if these
bolts had been supplied by a producer under agreed-upon composition
substitutions, they would not be in violation of the broad
composition range permissible in J429k. Thus, the bolts cannot be
considered mismarked or "counterfeit" unless it can be shown that an
agreement for substitution had not been made in conjunction with
their original fabrication and purchase.

3. All bolts which would have been outside of Grade 8 composition
requirements, in the absence of agreed-upon substitutions, exhibited
uniform, fine microstructures, consistent with the mechanical
properties. Thus, the overall quality of these bolts is not in
question.

4. Zf the end user. of high strength bolts purchases them from a
distributor, who in turn purchased them from a producer with agreed
upon composition substitutions, he may not be aware that he has
carbon rather than alloy steel bolts. Thus, the end user must
qualify his order of Grade 8 bolts, if they are between 1/4 and 3/4
in diameter, as to the type of steel, if an alloy steel is deemed
necessary for the intended application.

5. When specific service conditions require retention of strength
at'ightemperature or require low temperature toughness, testing of

bolt samples should be performed to assure that bolts will have
necessary characteristics. Grade specifications in and of themselves
are so 'broad that they assure room temperature properties only.

-12-
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