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INTRODUCTION 

Two tables that are useful in determining the proper bolt 
length for high-strength bolts are provided in the AISC Man­
ual of Steel Construction:1 Table 8-2, which includes con­
stants to be added to the grip and washer thickness (RCSC 
Specification Table C22 is the basis for these constants) and a 
table in Figure 8-3, which indicates the outer-ply thickness 
required to exclude the threads from the faying surface of the 
connection. While it is a simple operation to select bolt 
lengths using these tables, the repetitive calculation becomes 
somewhat tedious and could be simplified. 

In this paper, a design aid is presented for the selection of 
high-strength bolt lengths for bearing (snug-tightened and 
fully tensioned) and slip-critical connections. Nominal bolt 
lengths are tabulated based upon the grip for 3/4-in., 7/8-in., 
1-in., and lH-in. diameter ASTM A325 and A490 bolts with 
zero, one, or two 5/32-in.-thick ASTM F436 flat washer(s) and 
an ASTM A563 nut; bevelled washers are not considered in 
this paper. Additionally, the outer-ply thickness required 
when it is desired to exclude the threads from the shear plane 
is tabulated. Example problems are included to illustrate use 
of the table. The following topics are also briefly addressed 
in this paper: (1) tolerances on bolt length, nut thickness, and 
washer thickness; (2) thread run-out, stick-through require­
ments, and risk of jamming the nut; (3) washer requirements; 
and, (4) excluding threads from the shear plane of the con­
nection. 

MINIMUM BOLT LENGTH 

The minimum possible length of high strength bolts is calcu­
lated by summing the nominal grip, the nominal thickness of 
washer(s), and the appropriate value from Table C2 of the 
Specification for Structural Joints Using ASTM A325 orA490 
Bolts.2 Values in RCSC Specification Table C2 provide for 
the nominal thickness of the heavy hex nut and the following 
tolerances: (1) the minus tolerance on bolt length; (2) the plus 
tolerance on washer thickness; and (3) the plus tolerance on 
nut thickness. By one order of magnitude, the tolerance on 
bolt length is the most significant; see Appendix. Taking the 
worst case accumulation of these three tolerances, Table 1 
illustrates that the values in RCSC Specification Table C2 are 
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conservative for all bolts less than or equal to 6-in. long. For 
bolts longer than 6 inches, the values are conservative for 
lH-in. diameter bolts and negligibly unconservative (within 
3/64-in.) for 3/4-in., 7/8-in., and 1-in. diameter bolts assuming. 
This is considered to be negligible because the worst-case 
accumulation of tolerances assumed is a statistical improb­
ability. The nominal bolt length is then selected as the next 
larger increment based on the minimum possible length. As 
is general industry practice, for bolt lengths less than 5 inches, 
a nominal length increment of ^-in. is used; otherwise, a 
nominal length increment of V2-m. is used. 

In the installed condition, even if the nominal length is 
exactly equal to the minimum possible length, the end of the 
bolt will be at least flush with the end of the nut. Some project 
specifications include a stick-through requirement (minimum 
protrusion of the bolt point beyond the nut). However, be­
cause the threaded length for any given bolt diameter is 
constant regardless of the bolt length, a stick-through require­
ment may require a longer bolt and thereby increases the risk 
of jamming the nut on the thread run-out. Because a stick-
through requirement does not improve the performance of the 
bolt, its specification is discouraged. 

In Table 2, bolt lengths L have been tabulated for 3/4-in., 
7/8-in., 1-in., and lH-in. diameter ASTM A325 and A490 bolts 
with zero, one, or two 5/32-in.-thick ASTM F436 washer(s). 
Because 8 inches is generally the maximum stock bolt length 
available except by special order, tabulated values for com­
binations requiring longer lengths have been omitted. The 
tabulated values are valid for conventional high-strength 
bolts and alternative design fasteners, such as tension-control 
or twist-off bolts. If direct tension indicator devices are to be 
used, the tabulated values remain useful if the thickness of 
such devices is considered to be part of the grip. 

In many cases when one washer is used, the minimum 
possible bolt length exceeds a nominal length increment by 
V^-in. For example, a 3/4-in. diameter bolt with one 5/32-in.-
thick washer and a 7/8-in. grip would require a length of 

| + ^ + l = 21/32in. 

where 1 inch is the value from RCSC Specification Table C2. 
In this and other such cases, the tabulated minimum bolt 
length has been rounded down to the shorter nominal length 
increment because V^-in. is negligible. In all other cases, the 
tabulated minimum bolt length is rounded to the next longer 
nominal length increment. 
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Shading in the table indicates that the combination of grip, 
bolt length, and number of washers is such that the nut may 
jamb on the thread run-out; this occurs only for bolts longer 
than 5 inches (i.e., when V -̂in. length increments are used). The 
use of additional washers, which may also require a longer 
bolt, is a common solution. Jamming may occur when the bolt 
length minus the threaded length exceeds the grip plus the 
minimum thickness of washer(s) minus an allowance for the 
elongation of the bolt during tensioning. For most bolts, a nut 
rotation of one-half to two-thirds from snug-tight is required 
to achieve full tensioning; longer bolts may require one full 
turn. Conservatively assuming one full turn, and because the 
nut surface is countersunk by approximately one third of one 
thread pitch, the appropriate allowance (see Appendix) for 
elongation of the bolt during tensioning is two-thirds of one 
thread pitch;3 this will be conservative for snug-tightened 
bolts, which may have significantly less elongation. 

WASHER REQUIREMENTS 

RCSC Specification Section 7(c) indicates the cases in which 
5/32-in.-thick ASTM F436 washers must be used with ASTM 
A325 and A490 bolts. Such washers are not required for these 
high-strength bolts in standard, oversized, and short-slotted 
holes except: 

1. under the turned element when the bolt is fully tensioned 
by the calibrated wrench method. 

2. under the head and nut when ASTM A490 bolts are used 
in combination with material with a specified yield point 
below 40 ksi. 

3. to cover an oversized or short-slotted hole in an outer 
ply. For ASTM A490 bolts over 1 inch in diameter 
through an oversized or short-slotted hole in an outer ply, 
the washer must be 5/i6-in.-thick; two 5/32-in.-thick wash­
ers do not meet this requirement. 

Some alternative design fasteners provide a bearing circle on 
the bolt head and/or nut of diameter equal to or greater than 
the diameter of an ASTM F436 washer. When such fasteners 
are used, the need for washers in cases 1 and 2 above is 
eliminated. 

When high-strength bolts are used through long-slotted 
holes in an outer ply, a plate washer with standard holes that 
completely covers the slot must be provided; the plate washer 
must be made from structural grade material with a minimum 
thickness of 5/i6-in., but need not be hardened. For ASTM A490 
bolts over 1 inch in diameter through long-slotted holes in an 
outer ply, single 5/i6-in.-thick ASTM F436 washers must be 
used; two 5/32-in.-thick washers do not meet this requirement. 

EXCLUDING THREADS FOR 
BEARING X CONNECTIONS 

The minimum thickness t of the outer connected ply closest 
to the nut to exclude threads from the shear plane of the 

connection has been tabulated in Table 2. It is calculated as 
the grip plus the threaded length minus the bolt length. A dash 
indicates that, for the given grip, the threads will be excluded 
regardless of the actual thickness of the ply closest to the nut 
(i.e., t < 0). A common solution when it is desired to exclude 
the threads but the minimum thickness is not present is to use 
a longer bolt with additional washer(s) under the nut. Nominal 
dimensions are used in this calculation for two reasons: (1) 
RCSC Specification Commentary Section C2 permits thread 
run-out into the shear plane; and, (2) the control dimension in 
bolt threading is the distance from the underside of the bolt 
head to the first useable thread; i.e., the bolt underlength 
tolerance is absorbed in the threaded length. In calculating the 
tabulated values of t, washers (if used) are assumed to be 
installed under the nut. If washer(s) are present under the bolt 
head, their thickness must be added to the tabulated value of 
t. When a dash is shown and washer(s) are to be placed under 
the bolt head, the value of t can be determined as indicated 
above; alternatively, the washer thickness may be considered 
as part of the grip. 

A common rule of thumb2 can be generalized from the 
tabulated values for minimum outer-ply thickness. With no 
washers, the threads will always be excluded from the shear 
plane (regardless of the grip) for 3/4-in. and 7/8-in. diameter 
bolts if the outer ply thickness is not less than 3/8-in.; the same 
is true for 1-in. and lH-in. diameter bolts if the outer ply 
thickness is not less than V -̂in. With one washer under the nut, 
these values may be reduced by Vfc-in. Because this rule of 
thumb is based upon the worst case combination of grip and 
bolt length, reference to the tabulated values for lesser outer-
ply thicknesses will often be beneficial. 

A supplementary provision has been added to ASTM A325 
for full-length threading (ASTM A325T). This provision may 
be specified for ASTM A325 bolts of length less than or equal 
to four times the bolt diameter only; there is no similar 
provision in ASTM A490. Note that if ASTM A325T bolts are 
specified, it is impossible to exclude the threads from the 
shear plane. Thus, for these bolts, the tabulated values of t are 
meaningless. 

ILLUSTRATIVE EXAMPLES 

The following examples illustrate the use of Table 2. 

Example 1 

Given: 

Select the bolt length for 3/4-in. diameter ASTM A325-N bolts 
in standard holes in a 3/8-in. single-plate connection support­
ing a W21x50 beam (nominal tw = 3/g-in.). 

Solution: 

The grip is 3/8 + % = 34-in. From Table 2, for 3/4-in. diameter 
bolts with zero washers, use l3/4-in. bolt length. 
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Example 2 

Given: 

Select the bolt length for 3/4-in. diameter ASTM A325-X bolts 
in standard holes in a double-angle connection with 
2L5x3x5/i6 supporting a W27x84 beam (nominal tw = 7/i6-in.). 

Solution: 

The grip is 5/i6 +
 7/i6 +

 5/i6 = lVfo in. From Table 2, for 3/4-in. 
diameter bolts with zero washers, try 21/4-in. bolt length. Also 
from Table 2, the minimum thickness of the ply closest to the 
nut to exclude the threads is 3/i6-in. Since this is less than the 
5/i6-in. angle thickness, use 21/4-in. bolt length. 

Example 3 

Given: 

Select the bolt length for fully tensioned 3/4-in. diameter 
ASTM A325-N bolts connecting a ^-in.-thick angle to a 
W14x500 column flange (nominal tw = 3V2 in.). The calibrated 
wrench method will be used to tension the bolts requiring one 
washer under the turned element. 

Solution: 

The grip is V2 + 3V2 = 4 in. From Table 2, for 3/4-in. diameter 
bolts with one washer, the table cell is shaded, indicating that 
this combination or grip, number of washers, and bolt length 
is such that the nut may jamb on the thread run-out. Therefore, 
try two washers. From Table 2, for 3/4-in. diameter bolts with 
two washers, use SVr-in. bolt length. 

Example 4 

Given: 

Select the bolt length for 7/8-in. diameter ASTM A490-N bolts 
in standard holes in an extended end-plate moment connec­
tion (1-in. thick) to a W14xl32 column flange (nominal tf = 
1 in.). The column and end-plate material are ASTM A572 
grade 50 material. Bolts will be tension-control-type alterna­
tive design fasteners. 

Solution: 

The grip is 1 + 1 = 2 in. From Table 2, for 7/8-in. diameter bolts 
with zero washers, use 31/4-in. bolt length. 
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APPENDIX 

The following table is from the RCSC Specification.2 

Table C2. 

Nominal Bolt Size, inches 

V2 

% 
3/4 
7/8 

1 
11/8 

1V4 
1 % 

1V2 

To Determine Required Bolt 
Length Add to Grip, in inches 

11/16 
7/8 

1 
1V8 

1V4 
1V2 
1 % 
13/4 

17/8 

The following tables are summarized from Fastener Standards.3 

Bolt length tolerance 

Dia., in. 

3/4 
7/8 

1 
1V8 

Bolt length, in. 

6 or less 

-0.19 
-0.19 
-0.19 
-0.25 

over 6 

-0.25 
-0.25 
-0.25 
-0.25 

Washer thickness tolerances 

Dia., in. 

3/4 
7/8 

1 
1V8 

Washer thickness, in. 

Max. 

0.177 
0.177 
0.177 
0.177 

Nom. 

5/32 (0.156) 
5/32 (0.156) 
5/32 (0.156) 
5/32 (0.156) 

Min. 

0.122 
0.136 
0.136 
0.136 

Nut thickness tolerances 

Dia., in. 

3/4 
7/8 

1 
1V8 

Nut thickness, in. 

Max. 

0.758 
0.885 
1.012 
1.139 

Nom. 

47/64 (0.734) 
55/64 (0.859) 
63/64 (0.984) 
17 /6 4 (1.109) 

Min. 

0.710 
0.833 
0.956 
1.079 

Allowance for elongation due to full tensioning 

Dia., in. 

3/4 
7/8 

1 
1V8 

Threads 
per inch 

10 
9 
8 
7 

Thread 
pitch, p, in. 

0.100 
0.111 
0.125 
0.143 

2p/3 

0.067 
0.074 
0.084 
0.096 
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Bolt, 
Table 1. 

Nut, and Washer Tolerances vs. RCSC Specification Table C2 Allowance 
(all values in inches) 

Bolts less than or equal to 6-in. long 

Bolt 
Diameter 

% 
7/8 
1 

1V8 

RCSC Spec. 
Table C2 

Allowance 

1 
1 1 / 8 

1V4 

1V2 

Nut 
Thickness 

47/64 
5 % 4 
63/64 

17/64 

Tolerances from Appendix 

Bolt 
Underlength 

0.19 
0.19 
0.19 
0.25 

Nut 
Overthick 

0.024 
0.026 
0.028 
0.030 

Washer 
Overthick 

0.021 
0.021 
0.021 
0.021 

RCSC Spec. Table C2 conservative by: 

Number of washers 

Zero 

3/64 

% 4 
3/64 
7/64 

One 

V32 

V32 

V32 
3/32 

Two 

1/64 
1/64 

0 

V16 

Bolts over 6-in. long 

Bolt 
Diameter 

% 
7/8 
1 

1V8 

Shading indicat 

RCSC 
Table C2 

1 

1V8 

1V4 

1V2 

es that RCSC Spe 

Nut 
Thickness 

47/64 
5 % 4 
63/64 

17/64 

cification Table C2 

Tolerances from Appendix 

Bolt 
Underlength 

0.25 
0.25 
0.25 
0.25 

Nut 
Overthick 

0.024 
0.026 
0.028 
0.030 

Washer 
Overthick 

0.021 
0.021 
0.021 
0.021 

values result in negligibly unconservative bolt lengths. 

RCSC Spec. Table C2 conservative by: 

Number of washers 

Zero 

7/64 

One 

*4k 

3/32 

Two 

r*%4 

Vie 
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Table 2. 
ASTM A325 and A490 Bolts with 

zero, one, or two 5/32-in.-thick washer(s) 

Grip 

v2 
9 / l 6 

% 
11/16 

3/4 

13/16 
7/8 

15/16 

1 

1V16 

1V8 

13/16 

1V4 

15/16 

1 % 

17/16 

1V2 

19/16 

1 % 

111/16 

13/4 

113/16 

17/8 

1 1 5 / 1 6 

2 

2 V i e 

2V8 

2»16 

3/4-in. dia. 

no washers 

L, in. 

1V2 

1 3 / 4 

1 3 / 4 

13/4 

13/4 

2 

2 

2 

2 

2V4 

2V4 

2V4 

2V4 

21/2 

2V2 

21/2 

21 /2 

23/4 

23/4 

23/4 

23/4 

3 

3 

3 

3 

31/4 

31/4 

3V4 

t, in. 

% 
3 / l 6 

v4 
5 / l 6 

% 
3 / l 6 

v4 
5 / l 6 

% 
3 / l 6 

v4 
5 / l 6 

3/8 

3 / l 6 

v4 
5 / l 6 

% 
3 / l 6 

v4 
5/|6 

% 
3 / l 6 

v4 
5 / l 6 

% 
3 / l 6 

v4 
5 / |6 

1 washer 

L, in. 

1 3 / 4 

1 3 / 4 

13/4 

2 

2 

2 

2 

2V4 

2V4 

2V4 

2V4 

2V2 

21/2 

21/2 

2V2 

2 3 / 4 

2 3 / 4 

2 3 / 4 

2 3 / 4 

3 

3 

3 

3 

3 1 / 4 

3 1 / 4 

3 1 / 4 

3 1 / 4 

3 1 / 2 

t, i n . 

v8 
S/16 

v4 
V16 

V8 
3 / l6 

v4 
1/16 

v8 
3 / l6 

v4 
1/16 

V8 
S/16 

v4 
1/16 

v8 
3 / l6 

v4 
1/16 

V8 
3 / l6 

v4 
1/16 

v8 
3 / l6 

v4 
1/16 

2 washers 

L, in. 

2 

2 

2 

2 

2V4 

2V4 

2V4 

2V4 

2V2 

2V2 

21/2 

2V2 

23/4 

23/4 

23/4 

23/4 

3 

3 

3 

3 

3V4 

3V4 

31/4 

31/4 

31/2 

31/2 

31/2 

3V2 

t, in. 

— 
— 
— 
Vie 

— 
— 
— 
Vie 

— 
— 
— 
Vie 

— 
— 
— 
Vie 

— 
— 
— 
Vie 

— 
— 
— 
Vie 

— 
— 
— 
Vie 

Notes: 

1. Minimum bolt length calculated per RCSC Specification Table C2 

2. Below 5-in. bolt length, minimum length increment is 1/4-in.; otherwise, \ 

3. When washer(s) are under bolt head, increase t by thickness of washer 

4. Shaded cells indicate longer bolt and additional washers may be require 

5 . "—" indicates that threads are excluded regardless of ply thickness 

1 

"11 31 

— ^ T 

t (mi 

a 
f- grip -+ 

L 1 

thkns. of 
washer(s) 

7/8-in. dia. 

no washers 

L, in. 

1 3 / 4 

1 3 / 4 

1 3 / 4 

2 

2 

2 

2 

2V4 

2V4 

2V4 

2V4 

21/2 

21/2 

2V2 

21/2 

23/4 

23/4 

23/4 

23/4 

3 

3 

3 

3 

31/4 

31/4 

31/4 

3V4 

3V2 

'2-in. 

(s) 
id to prevei 

f, in. 

v4 
5 / | 6 

% 
3 / l 6 

v4 
5 / | 6 

% 
3 / l 6 

v4 
5 / |6 

% 
3 / l 6 

v4 
5 / l 6 

% 
3 / l 6 

v4 
S/16 

% 
3 / l 6 

v4 
5 / l 6 

% 
3 / | 6 

v4 
5 / l 6 

% 
3 / |6 

1 washer 

L, in. 

13/4 

2 

2 

2 

2 

2V4 

2V4 

2V4 

2V4 

21 /2 

2V2 

21/2 

21 /2 

23/4 

23 /4 

23 /4 

23 /4 

3 

3 

3 

3 

31/4 

3V4 

3V4 

31/4 

3V2 

3V2 

3V2 

t, in. 

v4 
Vie 

v8 
3 / |6 

V4 
1/16 

v8 
3 / l 6 

V4 
1/16 

V8 
3 / l6 

V4 

Vie 

v8 
3 / l 6 

V4 
1/16 

v8 
3 / |6 

V4 

1/16 

V8 
3 / l 6 

V4 
1/16 

V8 

J 3 / |6 

2 washers 

L, in. 

2 

2 

2V4 

2V4 

2V4 

2V4 

2V2 

2V2 

2V2 

2V2 

23/4 

23/4 

23/4 

23/4 

3 

3 

3 

3 

31/4 

3V4 

31/4 

3V4 

31/2 

31/2 

31/2 

3V2 

33/4 

33/4 

i t nut from jamming on the thread run-out 

t, in. 

— 
Vie 

— 
— 

— 

Vie 

— 
— 

— 
Vie 

— 
— 

— 

Vie 

— 
— 

— 
Vie 

— 
— 

— 

Vie 

— 
— 

— 

Vie 

— 
— 
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T A U I M 0 

ASTM A325 and A490 Bolts 

with zero, one, or two 5/32-in.-thick washer(s) 

Grip 

v2 
9 / l 6 

% 
11/16 

% 
13/16 
7/8 

15/16 

1 

11/16 

1V8 

13/16 

1V4 

15/16 

1 % 

17/ |6 

11 /2 

19/16 

1 % 

111/16 

13/4 

113/16 

1 % 

115/16 

2 

2Vi6 

2V8 

23/16 

1-in. dia. 

no washers 

L, in. 

13 /4 

2 

2 

2 

2 

2V4 

2V4 

2V4 

2V4 

2V2 

21/2 

2V2 

2V2 

23/4 

23/4 

23/4 

23/4 

3 

3 

3 

3 

31/4 

31/4 

3V4 

31/4 

3V2 

3V2 

3V2 

t, in. 

v2 
5 / l 6 

% 
7 / l 6 

v2 
5 / |6 

% 
7 / |6 

v2 
5 / |6 

% 
7 / l 6 

v2 
5 / |6 

% 
7 / |6 

v2 
S/16 

% 
7 / |6 

V2 

5/16 

% 
7 / |6 

v2 
5 / |6 

% 
7 / l 6 

1 washer 

L, in. 

2 

2 

2 

2V4 

2V4 

2V4 

2V4 

21/2 

2V2 

2V2 

2V2 

23/4 

23/4 

23/4 

23/4 

3 

3 

3 

3 

31/4 

31/4 

31/4 

3V4 

31/2 

3V2 

31/2 

3V2 

33/4 

t, in. 

v4 
5 / |6 

% 
3 / l6 

v4 
S/16 

% 
3 / l6 

v4 
5 / |6 

% 
3 / l6 

v4 
5/|6 

% 
S/16 

v4 
5 / |6 

% 
3 / l6 

v4 
5 / l6 

% 
3 / l6 

v4 
5/|6 

% 
3 / l6 

2 washers 

L, in. 

2V4 

2V4 

2V4 

2V4 

2V2 

2V2 

2V2 

2V2 

23/4 

23/4 

23/4 

23/4 

3 

3 

3 

3 

31/4 

31/4 

31/4 

31/4 

31/2 

31/2 

31/2 

3V2 

33/4 

33/4 

33/4 

33/4 

t, in. 

— 
Vie 

V8 

3 / l 6 

— 

Vie 

v8 
3 / | 6 

— 
1/16 

v8 
3 / l 6 

— 
1/16 

v8 
3 / l 6 

— 

Vl6 

v8 
3 / l 6 

— 
1/16 

v8 
3 / l 6 

— 
1/16 

V8 

3 / l 6 

I 

—i—j-
t (m 

a 
•f- grip -f-

L ^ 

thk 
wa 

ns. of 
sher(s) 

11/8-in. dia. 

no washers 

L, in. 

2 

2V4 

2V4 

2V4 

2V4 

2V2 

21/2 

2V2 

2V2 

23/4 

23/4 

23/4 

23/4 

3 

3 

3 

3 

31/4 

3V4 

31/4 

3V4 

31/2 

3V2 

31/2 

3V2 

33/4 

33/4 

33/4 

Notes: 
1. Minimum bolt length calculated per RCSC Specification Table C2 
2. Below 5-in. bolt length, minimum length increment is 1/4-in.; otherwise, V2-in. 
3. When washer(s) are under bolt head, increase t by thickness of washer(s) 
4. Shaded cells indicate longer bolt and additional washers may be required to prevei 
5."—" indicates that threads are excluded regardless of ply thickness 

t, in. 

v2 
5 / l 6 

% 
7 / l 6 

v2 
5 / | 6 

% 
7 / l 6 

v2 
5 / | 6 

% 
7 / l 6 

v2 
5 / |6 

% 
7 / l 6 

v2 
5 / | 6 

% 
7 / l 6 

v2 
5 / l 6 

% 
7 / l 6 

v2 
5 / l 6 

% 
7 / l 6 

1 washer 

L, in. 

2V4 

2V4' 

2V4 

2V2 

2V2 

21/2 

2V2 

23/4 

23/4 

23/4 

23/4 

3 

3 

3 

3 

31/4 

3V4 

31/4 

3V4 

31/2 

31/2 

3V2 

3V2 

33/4 

33/4 

33/4 

33/4 

4 

t, in. 

V4 

5 / |6 

% 
3 / l6 

V4 
5 / |6 

% 
3 / l6 

V4 
5 / |6 

3/8 

3 / l6 

V4 
5 / |6 

% 
3 / l6 

V4 

5 / l6 

% 
3 / l6 

V4 
5 / l 6 

% 
3 / l6 

V4 
5 / |6 

% 
3 / l6 

it nut from jamming on the threac 

2 washers 

L, in. 

2V2 

2V2 

21/2 

2V2 

23/4 

23/4 

23/4 

23/4 

3 

3 

3 

3 

3V4 

3V4 

31/4 

31/4 

31/2 

3V2 

3V2 

31/2 

33/4 

33/4 

33/4 

33/4 

4 

4 

4 

4 

I run-out 

t, in. 

— 

V|6 

v8 
3 / l6 

— 

Vie 

% 
3 / l 6 

— 
1/16 

V8 
3 / |6 

— 
1/16 

v8 
3 / l 6 

V16 

v8 
3 / l 6 

— 
1/16 

1/8 
3 / l 6 

— 
1/16 

1/8 
3 / l 6 
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^ ™ " " — • 
T A U I A 0 

iauic &. 
ASTM A325 and A490 Bolts 

with zero, one, or two 5/32-in.-thick washen 

Grip 

2V4 

25/l6 

2% 

27/ie 

2V2 

29/l6 

2% 

211/16 

23/4 

2 1 3 /1 6 

27 /8 

215/16 

3 

3Vie 

3V8 

33 / i6 

3V4 

35/|6 

3% 

37/ie 

3V2 

39/16 

3% 

31Vie 

33/4 

313/16 

37/8 

315/l6 

3/4-in. dia. 

no washers 

L, in. 

3V4 

3V2 

3V2 

3V2 

3V2 

33/4 

33/4 

33/4 

33/4 

4 

4 

4 

4 

4V4 

4V4 

41/4 

41/4 

4V2 

4V2 

4V2 

4V2 

43/4 

43/4 

43/4 

43/4 

5 

5 

5 

t, in. 

% 
3/l6 

v4 
S/16 

% 
3/l6 

v4 
5/l6 

% 
3/l6 

v4 
5 / l 6 

% 
3/l6 

v4 
5/|6 

% 
3/l6 

v4 
5/|6 

% 
3/l6 

v4 
5/16 

% 
3/l6 

v4 
5 / l 6 

1 washer 

L, in. 

31/2 

31/2 

31/2 

33/4 

33/4 

33/4 

33/4 

4 

4 

4 

4 

41/4 

4V4 

41/4 

4V4 

4V2 

4V2 

41/2 

41/2 

43/4 

43/4 

43/4 

43/4 

5 

5 

5 

5 

. gfy j 

f,in. 

v8 
3/l6 

v4 
V16 

V8 

3/l6 

v4 
1/16 

v8 
3/l6 

v4 
1/16 

v8 
3/l6 

v4 
1/16 

v8 
3/l6 

v4 
1/16 

v8 
3/l6 

v4 
V16 

v8 
3/l6 

1/4 

.: C ^ V 

2 washers 

L, in. 

33/4 

33/4 

33/4 

33/4 

4 

4 

4 

4 

4V4 

4V4 

4V4 

4V4 

4V2 

4V2 

4V2 

4V2 

43/4 

43/4 

43/4 

43/4 

5 

5 

5 

5 

Sfc * 

l#fr" 
"8$ s* 

51/2 

t, in. 

— 
— 
— 
Vie 

— 
— 
— 
Vie 

— 
— 
— 
Vie 

— 
— 
— 
Vie 

— 
— 
— 
Vie 

— 
— 
— 
Vie 

rs* 

; , *L * 
: — 

— 

Notes: 
1. Minimum bolt length calculated per RCSC Specification Table C2 
2. Below 5-in. bolt length, minimum length increment is 1/4-in.; otherwise, \ 
3. When washer(s) are under bolt head, increase t by thickness of washer 
4. Shaded cells indicate longer bolt and additional washers may be require 
5."—" indicates that threads are excluded regardless of ply thickness 

[s) 

4 
4 

~J * 

"~T—r 

— —r 
- grip -If-

t (mi 

3 
J 

L i 

thkns. of 
washer(s) 

7/8-in. dia. 

no washers 

L, in. 

3V2 

31/2 

3V2 

33/4 

33/4 

33/4 

33/4 

4 

4 

4 

4 

4V4 

4V4 

41/4 

4V4 

41/2 

4V2 

4V2 

41/2 

43/4 

43/4 

43/4 

43/4 

5 

5 

5 

5 

h*& 

'2-in. 
(s) 
16 to prever 

(in. 

v4 
5/|6 

% 
3/|6 

v4 
S/16 

% 
3/l6 

v4 
S/16 

% 
3/|6 

V4 
S/16 

% 
3/l6 

v4 
5/l6 

% 
3/|6 

v4 
5/|6 

% 
3/l6 

v4 
5/|6 

% 
:>.*•;.: 

1 washer 

L, in. 

31/2 

33/4 

33/4 

33/4 

33/4 

4 

4 

4 

4 

41/4 

41/4 

41/4 

41/4 

41/2 

4V2 

4V2 

41/2 

43/4 

43/4 

43/4 

43/4 

5 

5 

5 

5 

I • *»C 
R***-

5V2 

t, in. 

v4 
Vie 

v8 
3/l6 

1/4 

Vie 

1/8 
3/l6 

V4 

Vie 

1/8 
3/l6 

1/4 
1/16 

1/8 
3/l6 

V4 
1/16 

1/8 
3/l6 

V4 

Vie 

1/8 
3/l6 

V4 

L>>£;\ 
r ;^or 

— 

2 washers 

L, in. 

33/4 

33/4 

4 

4 

4 

4 

4V4 

4V4 

4V4 

4V4 

4V2 

4V2 

4V2 

4V2 

43/4 

43/4 

43/4 

43/4 

5 

5 

5 

5 

iSfcV 
s % tti, ̂ : 

* Vaa4:>: 
5V2 

5V2 

5V2 

it nut from jamming on the thread run-out 

f, in. 

— 
Vie 

— 
— 

— 
Vie 

— 
— 

— 
Vie 

— 
— 

— 

Vie 

— 
— 

— 

Vie 

— 
— 

— 

Vie 

/ ^ ; ; j 
- ^ ^ | 

v - ^ ; ^ ; 

— 
— 
— 
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T A U I A 0 

ASTM A325 and A490 Bolts 
with zero, one, or two 5/32-in.-thick washer(s) 

Grip 

2V4 

2 5 / i 6 

2% 

2 7 / |6 

2V2 

2 9 / i 6 

2% 

211/16 

23 /4 

213/16 

27/8 

2 1 5 / | 6 

3 

3 V i 6 

3V8 

3 3 / l 6 

31/4 

3 5 / ,6 

3% 

37 / |6 

3V2 

39/16 

3% 

31Vie 

33/4 

3 1 3 / i e 

3% 

315/16 

1-in. dia. 

no washers 

L, in. 

31/2 

33/4 

33/4 

33/4 

33/4 

4 

4 

4 

4 

4V4 

41/4 

4V4 

41/4 

41/2 

4V2 

41/2 

4V2 

43/4 

43/4 

43/4 

43/4 

5 

5 

5 

5 

51/2 

51/2 

51/2 

t, in. 

v2 
5 / |6 

% 
7 / l 6 

v2 
5 / |6 

% 
7 / l 6 

v2 
5 / |6 

% 
7 / l 6 

v2 
5/|6 

% 
7 / l 6 

v2 
5 / |6 

% 
7 / |6 

v2 
5 / |6 

% 
7 / l6 

v2 
1/16 

v8 
3 / l 6 

1 washer 

L, in. 

33/4 

33/4 

33/4 

4 

4 

4 

4 

41/4 

41/4 

4V4 

41/4 

4V2 

41/2 

41/2 

4V2 

43/4 

43/4 

43/4 

43/4 

5 

5 

5 

5 

51/2 

51/2 

51/2 

51/2 

51/2 

f, in. 

v4 
5 / l 6 

% 
3 / l6 

v4 
5 / |6 

% 
3 / l6 

v4 
5 / |6 

3/8 

3 / l6 

v4 
5 / |6 

% 
3 / l6 

v4 
5 / |6 

% 
3 / l6 

v4 
5 / |6 

% 
— 

— 

Vie 

v8 
3 / l 6 

2 washers 

L, in. 

4 

4 

4 

4 

41/4 

4V4 

4V4 

4V4 

4V2 

41/2 

4V2 

4V2 

43/4 

43/4 

43/4 

43/4 

5 

5 

5 

5 

«4 
51/2 

51/2 

51/2 

5V2 

51/2 

5V2 

51/2 

f, in. 

— 

Vie 

v8 
3 / l6 

— 

Vie 

v8 
3 / l 6 

— 
1/16 

% 
3 / l 6 

— 
1/16 

v8 
3 / l 6 

— 

Vie 

VB 
3 / l 6 

: 

— 

— 

— 

Vl6 

v8 
3 / l6 

\ 

•jf 

—jr—r 
- t (m 

a 
- grip - f 

L > 

thkns. of 
washer(s) 

11/8-in. dia. 

no washers 

L, in. 

33/4 

4 

4 

4 

4 

41/4 

4V4 

4V4 

41/4 

41/2 

4V2 

4V2 

41/2 

43/4 

43/4 

43/4 

43/4 

5 

5 

5 

5 

51/2 

51/2 

51/2 

51/2 

51/2 

51/2 

51/2 

Notes: 

1. Minimum bolt length calculated per RCSC Specification Table C2 

2. Below 5-in. bolt length, minimum length increment is !4-in.; otherwise, Vfe-in. 

3. When washer(s) are under bolt head, increase t by thickness of washer(s) 

4. Shaded cells indicate longer bolt and additional washers may be required to prever 

5 . "—" indicates that threads are excluded regardless of ply thickness 

t, in. 

v2 
5 / |6 

% 
7 / |6 

v2 
S/16 

% 
7 / l 6 

v2 
5 / l 6 

% 
7 / l 6 

v2 
S/16 

3/8 

7 / l 6 

v2 
S/16 

% 
7 / l 6 

v2 
1/16 

v8 
3 / l 6 

v4 
5 / |6 

3/8 

7 / l 6 

1 washer 

L, in. 

4 

4 

4 

41/4 

4V4 

41/4 

4V4 

4V2 

41/2 

4V2 

41/2 

43/4 

43/4 

43/4 

43/4 

5 

5 

5 

5 

51/2 

51/2 

51/2 

51/2 

51/2 

51/2 

51/2 

51/2 

6 

t, in. 

v4 
5 / |6 

% 
3 / l6 

V4 

5 / l6 

% 
3 / l6 

V4 
5/16 

% 
3 / l6 

V4 
5 / l 6 

3/8 

3 / l6 

V4 

5 / l 6 

% 
— 

— 

Vie 

V8 

3 / l6 

V4 

S/16 

% 
— 

2 washers 

L, in. 

4V4 

4V4 

4V4 

4V4 

4V2 

41/2 

4V2 

4V2 

43/4 

43/4 

43/4 

43/4 

5 

5 

5 

5 

514 
51/2 

51/2 

51/2 

51/2 

5V2 

51/2 

51/2 

# 
6 

6 

6 

i t nut from jamming on the thread run-out 

t, in. 

— 

Vie 

v8 
3 / l6 

— 

Vie 

v8 
3/16 

— 

Vie 
Va 

3/16 

— 
1/16 

V3 

3/16 

^ w . 

— 
— 

— 

Vl6 

V8 

3 / l 6 

*** 

— 
— 

— 
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T A U I A 0 

ASTM A325 and A490 Bolts 

with zero, one, or two 5/32-in.-thick washer(s) 

Grip 

4 

41/16 

41/8 

43/|6 

41/4 

4 5 / i 6 

4% 

47/|6 

4V2 

4 9 / l 6 

4 % 

411/16 

4% 

41 3 / |6 

47/8 

41 5 / |6 

5 

5V-I6 

5V8 

5 3 / l 6 

51/4 

5S/16 

5 % 

57/|6 

51/2 

5 9 / l 6 

5 % 

511/16 

3/4-in. dia. 

no washers 

L, in. 

5 

« * 
'5% 

51/2 

51/2 

51/2 

51/2 

51/2 

51/2 

6 

e 
6 

6 

6 

6 

6 

6 

m : 

m 
6V2 

61/2 

6V2 

61/2 

6V2 

61/2 

- 7* J 
;\f \ 

7 

f, in. 

% 
— 
*** 
1/16 

v8 
3 / l 6 

v4 
5 / l 6 

% 
— 
*-. 
1/16 

v8 
3 / l 6 

v4 
5/|6 

% 
~~ 
— 
Vie 

v8 
3 / l 6 

v4 
5/16 

% 
, \ — „ 

. * ^ 
1/16 

1 washer 

L, in. 

«1* 
51/2 

5V2 

51/2 

51/2 

51/2 

51/2 

6 

& 
6 

6 

6 

6 

6 

6 

#1& ̂  

$Va 

61/2 

6V2 

61/2 

61/2 

61/2 

61/2 

' > 

7 ^ 

7 

7 

7 

f, in. 

~̂ 
— 
— 
Vie 

v8 
3 / l6 

v4 
— 

*** 
— 
— 
1/16 

v8 
3 / l6 

v4 
_ 

*— 
— 
— 
V-I6 

v8 
3 / l6 

v4 
-K 

^ 

— 
— 
Vie 

2 washers 

L, in. 

51/2 

51/2 

51/2 

5V2 

6 

6 

. i 

6 

6 

6 

6 

6 

«ti 
av2 
6H 
61/2 

61/2 

6V2 

61/2 

61/2 

7 -

7 

7 

7 

7 

7 

7 

7 

f, in. 

— 
— 
— 
Vie 

— 
_ 
— 
— 

— 
— 
— 
Vie 

: 
-^ 
«-. 
— 

— 
— 
Vl6 

«~» 
_ 
— 
— 

— 
— 
Vl6 

Notes: 
1. Minimum bolt length calculated per RCSC Specification Table C2 
2. Below 5-in. bolt length, minimum length increment is %-\n.\ otherwise, \ 
3. When washer(s) are under bolt head, increase t by thickness of washer 
4. Shaded cells indicate longer bolt and additional washers may be require 
5."—" indicates that threads are excluded regardless of ply thickness 

H 
4-T 

—"" 

B 
>4v_ 

f - grip 4-u 1 

thkns. of 
washer(s) 

7/8-in. dia. 

no washers 

L, in. 

m 
51/2 

51/2 

51/2 

51/2 

51/2 

51/2 

I * 
6 

6 

6 

6 

6 

6 

6 

; * t i 

r en* 
6V2 

61/2 

61/2 

6V2 

61/2 

6V2 

! 7 

7 

7 

7 

7 

t, in. 

«*~ 

Vie 

v8 
3 / l 6 

v4 
5 / l 6 

% 
~* 

—* 
1/16 

v8 
3 / l 6 

v4 
5 / l6 

3/8 

— 

r 

Vl6 

v8 
3 / l 6 

v4 
5/|6 

% 
— 

**«* 
1/16 

v8 
3 / l 6 

1 washer 

L, in. 

51/2 

51/2 

51/2 

51/2 

51/2 

e 
6 

6 

6 

6 

6 

6 

6 

\ 0% 

I ^ 
61/2 

6V2 

61/2 

6V2 

61/2 

61/2 

7 

7 

7 

7 

7 

7 

7 

f, in. 

— 
Vie 

1/8 
3 / l6 

V4 

_ 
— 
— 

— 
Vie 

1/8 
3 / l 6 

V4 

— 
— 
— 

— 

Vie 

1/8 
3 / l6 

V4 

~* 

I ~" 
— 

— 

Vie 

Ve 

3 / l 6 

2 washers 

/., in. 

51/2 

51/2 

6 
6 

6 

6 

6 

6 

6 

6 

•Vk 

6 % 

ev2 
61/2 

6V2 

6V2 

61/2 

61/2 

7 

T 

7^ 

7 

7 

7 

7 

7 

- m;^ 

(s) 
d to prevent nut from jamming on the thread run-out 

t, in. 

— 
Vie 

^ : 
— 

: 

— 
— 
— 

Vl6 

— 
— 

— 
— 
— 

Vl6 

— 
— 

: 

— 
— 
— 

.Vie ,, 

P::rfcJ 
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TV»UI«* O 

ASTM A325 and A490 Bolts 
with zero, one, or two 5/32-in.-thick washer(s) 

Grip 

4 

4V-I6 

4V8 

43/ie 

4V4 

45 /1 6 

4% 

4 7 / i 6 

4V2 

4 9 / |6 

4% 

411/16 

43 /4 

4 1 3 / | 6 

47 /8 

4 1 5 / | 6 

5 

5Vi6 

5V8 

5 3 / l 6 

51/4 

55/|6 

5% 

57/16 

5V2 

59/16 

5% 

51Vis 

1-in. dia. 

no washers 

L, in. 

5V2 

5V2 

51/2 

51/2 

5V2 

6 

6 

6 

6 

6 

6 

6 

6 

6V2 

6V2 

61/2 

6V2 

61/2 

6V2 

61/2 

6V2 

7 

7 

7 

7 

7 

7 

7 

t, in. 

v4 
5 / l 6 

% 
7 / l 6 

v2 
1/16 

v8 
S/16 

v4 
5/|6 

% 
7 / l 6 

v2 
1 / l6 

v8 
3 / l 6 

v4 
5 / |6 

% 
7 / l 6 

v2 
1/16 

v8 
3 / l 6 

v4 
5 / l 6 

% 
7 / |6 

1 washer 

L, in. 

51/2 

51/2 

51/2 

6 

6 

6 

6 

6 

6 

6 

6 

6V2 

6V2 

61/2 

6V2 

61/2 

61/2 

6V2 

61/2 

7 

7 

7 

7 

7 

7 

7 

7 

7V2 

f, in. 

v4 
5 / |6 

% 
— 

— 
1/16 

v8 
3 / l6 

v4 
5/|6 

% 
— 

— 
1 / l6 

v8 
3 / l6 

v4 
S/16 

% 
— 

— 
1/16 

v8 
3 / l6 

v4 
5 / l6 

% 
— 

2 washers 

L, in. 

• : « k — . 
6 

6 

6 

6 

6 

6 

6 

Nert* -: 
6V2 

61/2 

6V2 

61/2 

61/2 

6V2 

61/2 

7 

7 

7 

7 

7 

7 

7 

7 

7H* '• 
7V2 

71/2 

71/2 

t, in. 

: s ^ -

— 
— 
— 

— 
1/16 

v8 
3 / l 6 

***, 
— 
— 
— 

— 
1/16 

v8 
3 / l 6 

— 
— 
— 
— 

— 
1 / |6 

v8 
3 / l 6 

-**-
— 
— 
— 

—J 
H 
H 

!< ' — i — 
M——T 

t (m r>\ 

9 
4- grip 4 -
•jf 1_ ^ 

thkns. of 
washer(s) 

11/s-in. dia. 

no washers 

L, in. 

51/2 

6 

6 

6 

6 

6 

6 

6 

6 

6V2 

61/2 

61/2 

61/2 

6V2 

6V2 

6V2 

6V2 

7 

7 

7 

7 

7 

7 

7 

7 

7V2 

7V2 

7V2 

Notes: 
1. Minimum bolt length calculated per RCSC Specification Table C2 
2. Below 5-in. bolt length, minimum length increment is 1/rin.; otherwise, 1/2-in. 
3. When washer(s) are under bolt head, increase t by thickness of washer(s) 
4. Shaded cells indicate longer bolt and additional washers may be required to prevei 
5."—" indicates that threads are excluded regardless of ply thickness 

f, in. 

v2 
1/16 

v8 
3 / l 6 

v4 
S/16 

% 
7 / l 6 

v2 
1/16 

v8 
S/16 

v4 
5 / |6 

% 
7 / |6 

v2 
1/16 

v8 
3 / l 6 

v4 
5 / |6 

% 
7 / |6 

v2 
1/16 

v8 
3 / l 6 

1 washer 

L, in. 

6 

6 

6 

6 

6 

6 

6 

6V2 

6V2 

61/2 

61/2 

6V2 

61/2 

6V2 

61/2 

7 

7 

7 

7 

7 

7 

7 

7 

7V2 

7V2 

7V2 

7V2 

7V2 

f, in. 

— 

Vie 

v8 
3 / l 6 

V4 
5/16 

% 
— 

— 

Vie 

1/8 
3 / l 6 

1/4 
5 / l 6 

% 
— 

— 

Vie 

v8 
3 / l 6 

V4 
5/ie 

% 

— 

— 

Vie 

1/8 

l 3/ l6 

2 washers 

L, in. 

6 

6 

6 

6 

m 
6V2 

6V2 

6V2 

6V2 

6V2 

6V2 

6V2 

: , r 
7 

7 

7 

7 

7 

7 

7 

m 
7V2 

7V2 

7V2 

71/2 

7V2 

7V2 

71/2 

it nut from jamming on the thread run-out 

f, in. 

— 
1/16 

v8 
3 / l 6 

,«»*. 

— 
— 
— 

— 
1/16 

v8 
3 / l 6 

, ^ 

— 
— 
— 

— 
1/16 

v8 
3 / l 6 

, ««. 

— 
— 
— 

— 

Vie 

v8 
3/ie 
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T A U U 0 

ASTM A325 and A490 Bolts 
with zero, one, or two 5/32-in.-thick washer(s) R 

Grip 

5 3 / 4 

513/16 

5 7 / 8 

5 1 5 / | 6 

6 

6V16 

6V8 

6 3 / |6 

6V4 

6 5 / | 6 

6 3 / 8 

6 7 / i 6 

6V2 

69/l6 

6 % 

611/16 

6 3 / 4 

613/16 

6 7 / 8 

6 1 5 / 1 6 

7 

3/4-in. dia. 

no washers 

L, in. 

7 

7 

7 

7 

7 

7 & 

714 
7V2 

7V2 

71/2 

7V2 

71/2 

7V2 

a 
8 

8 

8 

8 

8 

8 

8 

t, in. 

v8 
3/l6 

v4 
5 / |6 

% 
_ 
— 
1/16 

v8 
3/l6 

v4 
5 / |6 

% 
-^ 
— 
1/16 

v8 
3/l6 

v4 
5/l6 

% 

ote: bolt I 

1 washer 

L, in. 

7 

7 

7 

m 
?% 

7V2 

7V2 

7 1 / 2 

7V2 

7 1 / 2 

7V2 

8 

8 

8 

8 

8 

8 

8 

8 

e n g t h s ex 

t, in. 

v8 
3/l6 

V4 

— 

~~ 
— 
— 
Vie 

v8 
3/l6 

v4 
— 

: 
— 
— 
Vl6 

v8 
S/16 

v4 

c e e d i n g 8 

2 washers 

L, in. 

7 % 

?Va 
71/fe 

71/2 

7V2 

7V2 

7V2 

7V2 

8 

8 

8 

8 

8 

8 

8 

8 

i inches a 

f, i n . 

«** 
~~ 
— 
— 

— 
— 
— 
Vie 

— 
_ 
-* 
— 

— 
— 
— 
Vie 

re not ger 

—"1—r 

111 a 
- grip - f 

L ^ 

thkns. of 
washer(s) 

7 / 8 - in . dia. 

no washers 

L, in . 

7 

7 

7 

I 7% 

I 7% 
7 1 / 2 

7V2 

7 1 / 2 

7V2 

7V2 

7 1 / 2 

8 

a 
8 

8 

8 

8 

8 

8 

lerally aw 

t, i n . 

v4 
5/|6 

% 
— 

=— 
Vie 

v8 
3/l6 

v4 
5/l6 

% 
— 

_ 
1/16 

v8 
3 / |6 

v4 
S/16 

% 

ailable ex< 

1 washer 

L, in . 

7 

7% 

1% 

7V2 

7V2 

7V2 

7 1 / 2 

7V2 

7V2 

8 

8 

8 

8 

8 

8 

8 

8 

: e p t by sf 

f, in. 

1/4 

~~~ 
— 
— 

— 
Vie 

1/8 
3/l6 

V4 

— 

"" 
— 

— 
Vie 

V8 
3/l6 

V4 

)ec ia l orde 

2 washers 

L, in. 

7Va 
7V2 

7V2 

7V2 

7V2 

7V2 

8 

8 

§ 

8 

8 

8 

8 

8 

X 

t, in. 

^ 
— 
— 
— 

— 

Vie 

« - j 
— i 

— 
— 
— 
— 

— 
Vie 

Notes: 

1. Minimum bolt length calculated per RCSC Specification Table C2 

2. Below 5-in. bolt length, minimum length increment is 1/4-in.; otherwise, VHn . 

3. When washer(s) are under bolt head, increase t by thickness of washer(s) 

4. Shaded cells indicate longer bolt and additional washers may be required to prevent nut from jamming on the thread run-out 

5 . "—" indicates that threads are excluded regardless of ply thickness 
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T A U I A 0 

ASTM A325 and A490 Bolts 

with zero, one, or two 5/32-in.-thick washer(s) 
1—T—r 

a 
•f- grip - r 

Grip 

5% 

513/16 

57/8 

515/|6 

6 

61/i6 

6V8 

63/t6 

61/4 

65/|6 

63/8 

67/|6 

6V2 

69 / i6 

6% 

611/|6 

63/4 

1-in. dia. 

no washers 

L, in. 

7 

71/2 

7V2 

71/2 

7V2 

71/2 

7V2 

7V2 

7V2 

8 

8 

8 

8 

8 

8 

8 

8 

t, in. 

v2 
Vie 

v8 
3/l6 

v4 
5 / l 6 

% 
7/l6 

v2 
1/16 

v8 
3/l6 

v4 
5/l6 

% 
7Ae 

v2 

ote: bolt I 

1 washer 

L, in. 

7V2 

7V2 

71/2 

71/2 

71/2 

7V2 

71/2 

8 

8 

8 

8 

8 

8 

8 

8 

engths e> 

t, in. 

— 
Vie 

v8 
3/l6 

v4 
5/|6 

% 
— 

— 
1/16 

v8 
3/l6 

v4 
5/l6 

% 

needing I 

2 washers 

L, in. 

71/2 

71/2 

7V2 

71/2 

0 

8 

8 

8 

8 

8 

8 

8 

5 inches a 

t, in. 

— 
Vie 

v8 
3/l6 

: 

— 
— 
— 

Vl6 

v8 
3/l6 

re not ger 

L ^ 

thkns. of 
washer(s) 

11/8-in. dia. 

no washers 

L, in. 

7V2 

7V2 

71/2 

71/2 

7V2 

8 

8 

8 

8 

8 

8 

8 

8 

lerally av< 

t, in. 

v4 
5/|6 

% 
7 / l 6 

v2 
1/16 

v8 
3/l6 

v4 
5/l6 

% 
7/l6 

V2 

ailable ex 

1 washer 

L, in. 

7V2 

7V2 

7V2 

8 

8 

8 

8 

8 

8 

8 

8 

sept by sf 

t, in. 

1/4 
5/l6 

% 
— 

— 

Vie 

1/8 
3/l6 

V4 
5/|6 

% 

Decial ord€ 

2 washers 

L, in. 

a 
8 

8 

8 

8 

8 

8 

8 

)r 

t, in. 

^* 
— 
— 
— 

— 

Vie 

v8 
3/|6 

Notes: 
1. Minimum bolt length calculated per RCSC Specification Table C2 
2. Below 5-in. bolt length, minimum length increment is Vfc-in.; otherwise, Vfe-in. 
3. When washer(s) are under bolt head, increase t by thickness of washer(s) 
4. Shaded cells indicate longer bolt and additional washers may be required to prevent nut from jamming on the thread run-out 
5."—" indicates that threads are excluded regardless of ply thickness 
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DISCUSSION 

Specifying Bolt Length for High-Strength Bolts 

Paper by CHARLES J. CARTER 
(2nd Quarter, 1996) 

Discussion by Ronald L. Flucker. RE. 

The article "Specifying Bolt Length for High-Strength 
Bolts" by Charles Carter appearing in the Second Quarter 
1996, Volume 33, No. 2 of the Engineering Journal includes 
the following statement relative to the use of the tabular 
information presented in the paper, "If direct tension indicator 
devices are to be used, the tabulated values remain useful if 
the thickness of such devices is considered to be part of the 
grip." Interestingly, this statement neither recommends or 
rejects the addition of the direct tension indicator (DTI) 
thickness to the grip calculation upon which the tables are 
predicated. I wish to clarify this situation. 

In over 20 years of supplying DTIs for used as bolt tension 
inspection devices there has never been brought to the atten­

tion of J&M Turner Inc., an instance where, if the instructions 
given in the RCSC Specification for the computation of 
required bolt length are followed, it was necessary to include 
the DTI thickness in the grip calculation. To do so might add, 
unnecessarily, to the required bolt length. The reader should 
note that even in the case given in the text of the article, 
showing a rounding down, had a DTI been used but not 
included in the calculation of the grip the sick-through would 
still be 3/32-in. 

Therefore we state categorically, it is not necessary to 
include the thickness of the DTI in calculation of the grip 
when determining the required length of a bolt. 

Ronald L. Flucker, RE., is director technical marketing, J&M 
Turner Inc. 

108 ENGINEERING JOURNAL/THIRD QUARTER/ 1997 



CLOSURE 

Specifying Bolt Length for High-Strength Bolts 

Paper by CHARLES J. CARTER 
(2nd Quarter, 1996) 

Closure by Charles J. Carter 

Mr. Flucker correctly points out that the statement quoted in 
his discussion is worded in an unclear manner. However, 
contrary to his indicated interpretation, it was the author's 
intent that the thickness of ASTM F959 direct tension indica­
tors be added to the thickness of the connected plies when 
determining the grip. 

The author acknowledges that the failure to do so would 
not alter the selected bolt length increment in most cases. 
However, there are a few critical cases in which the accumu­
lation of manufacturing tolerances in the bolt-washer-nut 
assembly could be such that the point of the installed bolt 
would not be at least flush with the face of the nut as required 
in RCSC Specification Section 2(b). One such case is illus­
trated in the following example, which is taken from the 
critical bolt length selection case described previously in the 
subject paper. 

For a 3/4-in. diameter bolt with one 5/32-in.-thick washer and 
a 7/8-in. grip, the minimum possible bolt length would be 

J + ̂ + l =2fc-in. 

where 

1 inch = value from RCSC Specification Table C2 

The author neglected this potential 1/32-in. underrun, which 
would only occur if the bolt, washer, and nut were simultane­
ously produced to their respective maximum tolerances. It 
should be noted, however, that bolt-washer-nut assembly 
tolerances commonly approach this accumulation because 
the minus tolerance on bolt length is one order of magnitude 

greater than the plus tolerances on nut and washer thickness. 
Therefore, a bolt produced at or near its minimum length has 
a great influence on the tolerance of the assembly. 

Next, consider the same example, except with an ASTM 
F959 DTI under the bolt head. With a compressed DTI 
thickness from ASTM F959 of 0.126 in. the minimum possi­
ble bolt length would be 

0.126 + | + ^+ l=2 5 / 3 2 - i n . 

This represents a potential 5/32-in. underrun and the author 
would recommend that a 21/4-in. bolt length be selected. 
Accordingly, the author included the aforementioned state­
ment intending that DTI thickness be added to the thickness 
of the connected plies when determining the grip for use in 
the Table provided, which would otherwise indicate the uni­
versal suitability of a 2-in. bolt length. 

In his discussion, Mr. Flucker states that the stick-through 
in the case of Figure 2 would still be at least 3/32-in. This is 
correct only if the 1-in. RCSC allowance is replaced with the 
47/64-in. theoretical thickness of a 3/4-in. diameter ASTM A563 
nut. It should be noted that doing so neither allows for the 
effects of tolerances (i.e., on bolt-length, nut-thickness, and 
washer-thickness) nor follows the established RCSC bolt 
length selection procedure. 

In summary, the failure to include DTI thickness as a part 
of the calculated grip would not alter the selected bolt length 
increment in most cases. The author, however, respectfully 
disagrees with Mr. Flucker's categorical statement above. 

Charles J. Carter is director of manuals, American Institute of 
Steel Construction, Inc., Chicago, IL. 
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