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Introduction.

The Research Council on Structural Con-
nections (originally known asthe Research Coun-
cil on Riveted and Bolted Structural Joints) was
formed in 1947 to conduct cooperative research
on the behavior of various types of structural
connections joined with rivets and bolts. The
first project undertaken by the Council was a
study toevaluate the merits of high strength bolts
in comparison with those of other types of fas-
teners then being used in structural connec-
tions. The results were sufficiently promising
to encourage the Councit to engage in exten-
sive research on high strength bolted joints.

As the resuits of the Council's work be-
came known, interest in using these bolts ex-
panded greatly. In 1951, the Council recognized
the need for authoritative guidance in the de-
sign, fabrication and assembly of high strength
bolted joints, and it issued the first edition of
“Specifications for Structural Jeints Using ASTM
A325 Bolts”

Through the years the research effort of the
Council continued. Revisions of its assembly
specification were released as new findings
warranted. Each revision incorporatad modifi-
cations, improvements and other technical
advances for making high strength bolting
easier, more reliable and considerably more
economical. ‘

In 1861, the Council in recognition of the
expanding use of constructional alloy steels, par-
ticularly in bridges and other similar structures
where the weight of the structure itself is ex-
tremely important, initiated a project to develop
a new bolt with higher strength properties than
those of the A325 bolt. Through Council super-
vised research, the behavior of structural joints
assembled using alloy steel bolts, later to be
known as A490 bolts, was studied. Based on the
results of this work, a new practice was estab-
lished and approved by the Council in 1964.
This new practice, which is actually an exten-
sion of the A325 high strength bolting practice,
was first documented in the March, 1964 edition
of the Council's specification whichat that time
was retitled, “Specifications for Structural Joints
Using ASTM A325 or A490 Bolts. :

In 1978, the Council gave recognition to the
use of hot dip galvanized A325 bolts and also
to high-strength weathering steel fasteners.

Designated as Type 3, high strength weathering
steel bolts have weathering characteristics and
atmospheric corrosion resistance comparable
to that of ASTM AS588 steels and A242 weather-
ing steels when used in bare steel applications.
Nuts and washers used in assemblies with these
bolts also have comparable corrosion resist.
ance and weathering characteristics.

In 1974, the Council-sponsored book,
“Guide to Design Criteria for Bolted and Riveted
Joints” by J. Fisher and J. Struik was published
by John Wiley & Sons. This book presents a
state-of-the-art summary of experimental,
theoretical and field experience collected to
that time and recommends procedures for de-
signing structural joints using A325 and A490
bolts. A second edition of this book is now being
prepared and should be published within the
next several months.

High strength structural boltingis an inter-
national practice. In 1971, 1SO Technical Com-
mittee 2 established aWorking Group to develop
ISO standards for the dimensions and mechan-
ical preperties of metric high strength struc-
tural bolts, nuts and hardened washers. The ISO
work was essentially completed in 1980, ASME
and ASTM committees then prepared the neces-
sary standards for North American use, basing
them on the 1SO decisions. These documents are
now all published in IFI's book METRIC
FASTENER STANDARDS.

Documents.

All of the necessary information, require-
ments and guidance relating to inch-series
high strength bolting practice — the design,
fabrication, erection, and inspection of bolted
structural connections — and the dimensions
and properiies of the applicabie fasteners are
collectively covered in the seven following
documents.

— “Structural Jaints Using ASTM A325 and A490
Bolts” issued by the Research Council on
Structural Connections. Copies are avail-
able from Industrial Fasteners Institute
and from the American Institute of Steel
Construction.

— ASTM A325 “High-Strength Bolts for Struc-
tural Steel Joints," abstracted on page E-11.

— ASTM A480 “HeatTreated Steel Structural
Bolts, 150 ksi Minimum Tensile Strength,”
abstracted on page E-18.
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Table 1 Heavy Hex Structural Bolts (ANSIJASME B18.2.1)
Nom Size iF & H Ly

and Width Across Width Across Height Thread
Threads Flats Corners 9 tength
Per Inch Max | Min Max Min Max Min Basic

12-13 0.875 0.850 1.010 0.969 0.323 0.302 1.00

518-11 1.062 1.031 1.227 1.175 0.403 0.378 1.25

3410 1.250 1.212 1.443 1.383 0.483 0.455 1.38

718-98 1.438 | 1.394 1.660 1.589 0.563 0.531 1.50

1-8 1.625 1.575 1.876 1.796 0.627 0.5 1.75

1118 -7 1.812 '] 1.756 2.093 2.002 0.718 0.658 2.00
1-1/4 -7 2,000 | 1.938 2.309 2.209 0.813 0.74¢ 2.00.
1-3/18 -6 2188 11 2119 2.526 2.416 0.878 0.B810 2.25
1-1/2-6 2.375 2.300 2.742 2.622 0.974 0.902 2.25

Note: For complete dimensional requirements, see page E-34.

Table 2 Heavy Hex Nuts (ANSI/ASME B18.2.2)

. F G H
Nom Size
and Width Across Width Across .
Threads Fiats Corners Thickness
Per Inch Max | Min | Max | Min | Max | Min
142-13 0.875 0.850 1.010 0.969 0.504 0.464
58 - 11 1.062 1.031 1.227 1.175 0.631 0.587
34-10 1.250 1.212 1.443 1,382 0.758 0.710
718-9 1.@538 1.394 1.660 1.588 0.885 0.833
1-8 1.625 1,575 1.876 1.796 1.012 0.958
1-18-7 1.812 1.756 2,083 2.002 0.139 1.079
1-14-7 2.000 1.938 2.309 2.209 1.251 1.187
1-3/8-6 2.188 2.119 2,526 2,416 1.378 1.310
112-6 2.375 2.300 2.742 2.622 1.505 1.433

Note: For complete dimensional requirements, see page D-14.
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Table 3 Washers for High Strength Structural Bolts
[Flat Circular Washers Beveled Washers
Nom ’
Washer A B c A, T
Size B : .
Inside . Qutside . Side Mean
(g;:;!)t Dia " Dia Thickness Dimension | Thickness
Nom . Nom Max Min Nom Nom
172 0.531 . 1.062 0.177 0.097 1.750 0.312
58 0.688 C 1312 0177 0.122 1.750 0.312
34 0.812 | 1.469 0.177 0.122 1.750 0.312
718 0.938 . 1.750 0.177 0.136 1,750 0.312
1 1.125 | 2.000 0.177 0.136 1.750 0.312
1-1/8 1.250 2.250 0.177 0.136 2.250 0.312
1-1/4 1.375 2.500 0.177 0.136 2.250 0.312
1-3/8 1.500 2.750 0.177 0.136 2.250 0.312
1-1/2 1.625 3.000 0.177 0.136 2.250 0.312
Note: For complete dimensional requirements, refer to ASTM F436, page L-23.
—- ASTM AL63 “Carbon and Alloy Steel Nuts” dards. Such information is available from the
abstracted on page B-108, suppliers of these special products.
~ ASTM F436 “Hardened Steel Washers"
abstracted on page L-23, ‘ Boli/Nut Selection Guidance.
— ANSIASME B18.21 “Heavy Hex Structural . '
Bolts,” page E-34. To assist designers to correctly select
— ANSVASME B18.2.2“Heavy Hex Nuts” page and use high strength structural bolts and nuts,
D-14. ‘ 7 topics are discussed — bolts, nuts, washers,
i plating, bolt/nut combinations, shear planesin
Bimensions. ‘ joints, and bolt length/grip range relationships.

|

For convenience, the basic dimensions of
structural bolts, nuts and washers are repeated
in Tables 1, 2 and 3 respectively. Full require-
ments for each of these products may be found
elsewhere in this book.

Alternate types and styles of bolts, nuts
and washers are recognized by the Research
Council as being suited for use in structural
joints. However, such products are proprietory
and their dimensions, properties dnd perfor-
mance features are notcovered in national stan-

A. Bolts,

A325 and A490 bolts are standard in only
9 diameters, ¥z thru 1% in. All bolts are heavy
hex structural bolts with dimensions conform-
ing to those given in ANSIASME B18.2.1, page
E-34.Alt bolts have Unified coarse threads. Bolts
are available in % in. length increments for all
lengths.

ASTM A325, page E-i1, recognizes that
belts can be made of 3 basic types of steel —
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Table 4 High Strength Structural Bolts

. Head
Item : . Material Surface i
No. Designation Description Finish Ide’ahhgalmn
arking
1 A325, Type 1 | Medium carbon steel, plain A325
quenched and tempered
2 A325, Type 2 | Low carbon martensite plain I
steel, quenched and ~ -
tempered ' A325
3 A325, Type 3 | Weaathering steel, plain A325
quenched and tempered
4 A325, Type 1 | Medium carbon steel, gatvanized Al25
quenched and tempered
5 A325 Type 2 | Low carbon martensite galvanized ]
steel, quenched and Nt
tempered A325
6 A480, Type 1 | Alloy steel, qguenched ptain A490
| and tempered
1
7 A490, Type 2 || Low carbon martensite plain \/
steel, quenched and VA
tempered A490
8 A490, Type 3 [ Weathering steel, plain A490
quenched and tempered
See Note 1 3 [ 23 4
Notes: :

1. Eachltem No. is a combination of a materfal (specification number and steel type)
and a surface finish,

2. “Galvanized" includes Zinc coating by either the hot-cip or mechanical deposition
method. :

3. In the interests of potential economies to the purchaser, ASTM A325 and A490
provide for certain substitutions of bolt types and plating methods as follows:

a) The purchaser refains the right to specify the material type and galvanizing
process. :

b) For A325 plain bolits, if the purchaser does not specify the material type, the
supplier, at his ophion, may furnish either Type 1 or Type 2; and further, if the
purchaser agrees, lthe supplier may furnish Type 3.

c) For A325 galvaniged boits, if the purchaser does not specify the malerial
type, the supplier, !at his option, may furnish either Type 1 or Type 2.

d) For A325 galvanized bolts, if the p;urchaser does not specify the plating or
coating method, fhe supplier, at his option, may supply hot-dip galvanized
bolts or bolts with-mechanically deposited zinc coatings.

€) For A4S0 bolts, if I{he purchaser does not specify the materiat 1ype, the sup-
plier, at his option, may furnish Type 1, Type 2 or Type 3.

4. In addition to the identification markings shown in the table, all bolts must be
marked with the manufacturer's symbol.
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Table 5 Njuts for High Strength Structural Bolts

i
. Nut
Item . " : Materia! P
No. Designation Description ldenhhcfahon
_ Marking
A A563, Grade G Garbon sieel, may be heat treated O
8 A563, Grade C3 Weathering steel, may be heat treated - O
3
C A563, Grade D Carbon steel, may be heat treated D
D, DG A563, Grade DH | Carbon steel, quenched and tempered DH
E AS83, Grade DH3 | Weathering steei, quenched and tempered DH3
F A194/A104M, Gradg 2 Carbon steel 2
G, GG A194/A194M, Grade 2H Carbon steel, quenched and tempered 2H
See Note 1 2 3
Notes:

1. Single letter ltem Nos. are grades of nuts furnished plain, i.e. non-plated or non-coated, item
Nos. suffixed with the letter “G™ are the same grade of nut but furnished overtapped and either
hot-dip gaivanized or with a:mechanically deposited zinc coating.

2. In the interests of potential.economies to the purchaser, ASTM permits the supplier to furnish
a stronger grade of nut as a:substitute for the grade ordered providing the purchaser is notified
and agrees with the substitution. ASTM A563 also permits the substitution of A194/A194M
Grade 2 nuts for A563 Grades C or D nuts, and A194/A194M Grade 2H nuts for AS63 Grades C,

D, or DH nuts.

3.  In addition to the ldemlflcatlon markings shown in the table, afll nuts must be marked with the

manufacturer's symbol.

medium carbon steel (e.g. AlISI 1035 or 1038),
low carbon martensite steel (e.g. AIS1 10818 or
10B21), and atmospheric corrosioh resistant
steel, commonly known as “weatherlng" steel.

ASTM A490, page E-18, also recognlzes
3 types of steel — carbon alloy steél {e.g. AlSI
4037, 4140 and 8635), low carbon martensite steel
(forsnzes 1in.and smalleronly), and atmosphenc
corrosion resistant steel.

For fuller information on these various
steel types, refer to page B-9.

Table 4 details the material itypes and
surface finishes recognized in each specifica-
tion. Foatnotes explain the purchaser/supplier
options with respect to material choice and
plating methods.

B. Nuts.

MNuts for A325 and A490 bolts are heavy
hex nuts with dimensions as given in ANSIIASME
B18.2.2, page D-14.

ASTM ABB3, page B-108, covers the various
strength grades of carbon steel nuts. Five of its

grades — G, C3, D, DH, and DH3 — are suited
for use with A325 and/or A490 bolts. ASTM
A194/A194M, page B115, covers several grades of
carbon and alloy steel nuts. Two of its grades —
2and 2H — are frequently used with high strength
structurat bolts.

Table 5 details the various nut strength
grades and explains, in foctnotes, permissible
substitutions.

C. Washers.

Hardened flat circular washers and beveled
washers are covered in ASTM F436, page L-23.

The Research Council inits assembly spe-
cification specifies these rules regarding use of
hardened washers —

1) When using A325 bolts, washers are
not required if a) the holes in the outer
plies are of standard size, b) fasteners
are to be tightened using the turn-of-nut
method, and c) neither outer face of the
connected parts has a slope greater than




%?

When corrosion resistant protection for
A325 bolts and nuts is needed, the fasieners are
normally either hot-dip galvanized (ASTM A153,
page B-165) or provided with a mechanically
deposited zinc coating (ASTM B695, page B-168).
Rarely are A325 bolts electroplated or coated by
chemical conversion methods.

ASTM A325 permits the plating of bolts
made of either Type 1 or Type 2 steq[s. Type 3
steels, because of their “built in” corrpsion pro-
tection, are supplied bare without any need for
additive finishes. Suitable nuts for zinc coated
A325 bolts are ASTM A563 Grade D or A194/
A194M Grade 2H.

The Research Council on Structural Con-
nections, supported by ASTM Commitiee F16,
strongly advises against galvanizing aor zinc
coating A490 bolts. The reason is their higher
strength (and higher hardness) gives them an
unacceptability high risk of embrittlement and
the possibility of failure in service by stress
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1:20 with respecitoaplane normaltothe corrasion. (Refer to page B-35 for a fuller dis-
bolt axis. cussion.) ASTM A490 prohibits the plating of
2) A325boltstightened by techmques other bolts. When corrosion protection is needed,
than the turn-of-nut methiod shall have a A490 Type 3 bolts should be considered.
hardened washer under the balt heador The performance of het-dip galvanized fas-
nut whichever is the element turned in teners versus those with mechanically deposited
tightening, zinc coatings has been under close examina-
3)When using A490 bolts, a hardened tion for well over 25 years. Research has satis-
washer must be used under the element tactorily demonstirated an equivalency of corro-
turned in tightening. Additionally, a sion protection of fasteners having an equal
hardened washer must be used underthe thickness of zinc coating. Substituting one for
non-turned element if -the material the other should not affect the ultimate survi-
against which it bears has a. lspecified vability of a fastener in a corrosive atmosphere.
minimum yietd strengthiesstﬁando ksi. However, it is well recognized that other con-
4)Hardened washers of standard thick- cerns may influence a purchaser preference.
ness shall beinstalled overoversnzeand Consequently, ASTM A325 carefully preserves
short slotted holes in outer plies of the the purchaser’s right to specity which of the
connected material. Hardened washers two deposition methods must be used. In the
of special thickness (5/16in. min) shall be absence of purchaser instructions, the option
installed over long slotted holes and also reverts to the supplier. In such cases, competi-
over oversize and short slotted holes tive economics usually dictate the decision.
when using A490 bolts of S|zes 1-1/8 in. Plating increases the size {(maximum
and larger. material condition) of both externally and inter-
5) A hardened beveled washer shall be nally threaded fasteners. Standard zinc coat-
used to compensate for lack of par- ings deposited by either the hot-dip process or
allelism when an outer face has a slope by mechanical deposition have an average
greaterthan 1:20 with respect to a plane thickness of about 0.002in. Consequently, with-
normal to the bolt axis. out some adjustment of thread size mating fas-
teners would not assemble.
D. Platings. High strength structural bolt and nut

plating practice is to plate standard bolts (hav-
ing threads within Class 2A tolerances before
plating} and to provide the needed assemble-
ahility by increasing the thread diameters of
the internal thread by overtapping the nut. The
diametral amountis that nuts are tapped oversize
are specified in ASTM A563. Normal practice is
to tap hot-dip galvanized nuts following gal-
vanizing and to tap mechanically deposited zinc
coated nuts prior tocoating. This meansthat the
threads of galvanized nuts are barg, but this
doesn't diminish corrosion protection because
of the sacrificiaily supporting plating on the
bolt threads, coupted with the sealing effect of
high bolt preload.

For fullerinformation refer to page A-10 and
B-44.

E. Bolt/Nut Combinations.
Table 6 details the various bolt/nut combi-

nations permitted by ASTM Specifications A325,
A490 and A563. The recommended combination
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Table 6 High Strength Structural Bolt/Nut Combinations

Recommended Combinations
1tem bescription Alternatll::"?agsb.matwns
Nos. Bolt Nut Finish
1-A A325 Type 1] A563, Grade G Plain 1-B, 1-C, 1-D, 1-€, 1-F, 1-G
2-A, 2-B,2.C, 2.D, 2-E, 2-F, 2-G
i 3-A, 3-8, 3-C, 3-D, 3-E, 3-F, 3-G
2A | A325 Type 2| A563, Grade C Plain 2.8,2-C, 2-D, 2-€, 2-F, 2-G
: 1-A, 1-8, 1-C, 1-D, 1-E, 1-F, 1-G
! 3-A,3-B, 3-C, 3D, 3-E, 3-F, 3-G
3-B A325, Type 3 | ABG3, Grade C3 Plain 3-E
4-DG [ A325, Type 1 | AS63, Grade DH |Galvanized | 4-GG, 5-DG, 5-GG
5-DG | A325, Type 2 | AP63, Grade DM |Galvanized | 5-GG, 4-DG, 4.GG
6-0 | A490, Type 1| ASB3, Grade DH Plain 6-E, 6-G, 7-D, 7-E, 7-G,
8-D, 8.E, 8
7-D A490, Type 2 | AS63, Grade DH Plain 7-E, 7-G, 6-D, 6-E, 6-G,
: 8-D, 8-E, 8-G
8E |A490, Type 3 ASGS Grade DH3{  Plain None

Note: [tem No. numerals idenhfy bolt types described in Tabie 4 and Item No. ietters

identify nut grades descnbed in Table 5.

is a “first choice;” the alternate combiin ationsare
those permitted by the ASTM Specifications
when purchaserfsupplier options aré exercised
(refer to footnotes of Tables 4 and 5). The bolt/
nut performance of any alternate cdmbination,
when used in a structural joint, will equal or be
better than the recommended combination.
Numbers(1 thru &) are the bolt item numbers given
in Table 4, letters (A thru G) are th\e nut item
numbers given in Table 5.

F. Shear Planes.

In bearing-type structural conrections —
those in which the service loads are supported
in shear by the bolts — allowable shear stresses
for the bolts are reduced by 30 percent if a shear
plan occurs through its threaded section. Con-
sequently, it is frequently mportdnt for the
designerto check shear ptane Iocatlmns tolearn
where they occur in the bolt [ength It is easily
done.

For each holt length there is é specified
body length. Body length is the minimum dis-
tance fromtheunderheadbearing surfaceofthe
boit to the last scratch of thread or tgp of the ex-
trusion angle. This means that at leas this length
of full diameter unthreaded body 1$ available.

By formula, the minimum body length equals
the bolt'snominal length minus its thread transi-
tion length, Ly min = Lnom — L, — Y max.
For L; and Y values, refer to page E-34.

Using the specified body length the de-
signer can quickly check the location of shear
planes in any joint. As an example —

A structural joint is comprised of 3 plies,
the outer plates are each % in. thick and the in-
terior plate is 1 in. Hardened flat washers will
be used under both the bolt head and nut and
7/81n.boltswillbe used. The gripis2x0.5+1.0 +2
X 0136 = 2.272 in. Referring to Table 7, 2 718 x
35 in. bolt is the correct choice, Its specified
body length is 1.72 in. The two shear planes
occur at distances of 0136 + 0.5 = 0.636 in,
and 0136 + 0.5 + 1.0 = 1.636 in. from the un-
derside of the bolt head, regardiess from which
side of the joint the boit is installed. Both shear
planes occur tirough full body and not through
the threaded length.

Another example —

Assume again a joint of 3 plies with the
outer plates 5/8 in. and 5/16 in. and the interior
plate 1 in. Only one washer is needed, fo be
placed under the turned member. Again, 7/8in.
bolts will be used. The grip is 0.312 + 1.0 +
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Table 7 Grip Ranges for High Strength Structural Bolts
Nom Bolt
Dia and 1213 5/8 - 11 3/4.10 7/8-9 1.8 11/18-7 1-44.-7 1.3/8 -6 1-112-6
Thds per Inch
Nom Grip Range, in.
Bolt Length
in. Min | Max | Min { Max | Min Max | Min | Max | Min | Max | Min | Max { Min | Max | Min | Max | Min | Max
1.25 -l -] =] = - — -fi-1-1-1!-1-|=-|=-|=1]=1-=1]=
1.50 05507 | — | — | — | =l =] —]—| =} ==} =]~ el e
1.75 0801041086 089) — | — [ — | — | = | — | — | = | = | =} — | - | — | =
2.00 105129 (0811114 [069f094] — | — | — 1 — | — ] — | — | — | - | — | = | =
2.25 1301154 (106 11391094 [14971082 (108 | — | — | — | — | = | — | = ) - | — | —
2.50 155 F1.79 | 1.31 {164 | 1.19 | 1.44 |1.07 |1.34 | — — — — — s —_ — - —
2.75 1801204 [1.56]1.89 |1.44 [ 169|132 [1.59 ] 1.08 | 147 | — — o —_ — — — —
3.00 205229181214 |1.69 1 94 1157 {184 1133 (172|110 1153 | 110 | 142 | — — — —_
3.25 230254 1206 12591184 (318 [1.82 (209|158 |1.97 |1.35|1.78 |1.35 {167 | 1.1t | 1.54 | 1.11 1.41
3.50 255 (279 (231 | 264 | 219 (244 | 207 {234 [1.83 222|160 |2.03 |1.60 | 1.92 1361179 136 [ 1.66
3.75 280 |3.04 |256 | 2.89 | 244 2.59 232 (259|208 {247 (185|228 |1.85)2.17 1161|204 161|101
4.00 3.0513.29 1281 |3.14 |'269 |294 |257 | 284|233 272|210 253|210 {2.42 1.86 | 220 |1.86 | 2.18
4.25 3.30 | 354 13.06 339 (29413191282 [3.00 258|297 | 235278235287 211 | 254 | 2.11 | 2.41
4.50 3.55 [3.79 {3.31 [ 3.64 | 3.19 | 3.44 | 3.07 |3.34 | 283 (322 | 260 |3.03 [260 | 2082|236 | 270 | nas 2.66
4.75 3.80 | 4.04 | 3.56 | 3.89 | 3.44 | 369 [3.32 359 | 3.08 | 3.47 | 285 | 3.28 | 2.85 [ 3.17 | 261 [ 304 { 261 | 2 61
5.00 4051429 13.81 |4.14 | 3.69 13.94 | 3.57 | 3.84 | 3.33 | 3.72 |3.10 | 353 1 3.10 [ 3.42 | 2856 | 3.29 | 2.86 | 3.15
5.25 4.30 14.54 14.06 | 4.39 | 3.94 14.19 | 3.82 14.09 | 3.58 [ 307 | 3.35 | 3.78 | 3.35 | 3.67 | 311 {354 ) 3.11 | 5.44
5.50 4551478 1431 1464 |14.19 | 444 | 407 | 4.34 | 3.83 (4.22 360 | 4.02 {360 | 392 |3.36 | 2.79 | 3.35 { 2.65
575 4.60 | 5.04 1 4.56 | 4.89 |4.44 1469 | 4.32 | 4.59 |4.08 [4.47 {385 |4.28 [ 3.85 [ 4.17 | 3.61 | 4.04 | 3.61 K|
6.00 5.05 | 5.2¢ | 4.81 [ 5.14 | 4.69 4.94 4.57 14.84 |4.33 |4.72[4.10 | 453 [4.10 | 442 | 3.86 ] 4.29 | 3.85 4.16
6.25 — = | = | = |4941519 482503458 |401 435 1478 | 4.35 { 4.67 | 411 [ 454 | 4.11 | 4.41
8.50 — = | = { — [519]344|507 (528 {4.83 |5.16 [4.60 {5.03 | 480 [4.92 | 4.36 [4.79 | 4.36 | 4.65
6.75 — — — — 1544 |1 560|632 | 653 |5.08 |5.4114851528 (485|517 {461 |504 4.61 [ 4.91
7.00 — L= 1 — | — |569]594 557578533566 510|553 |510|5.424.86|520 (486|518
T.25 — — — — 1594 |19 1582 [6.03 | 558 | 591|535 578 |5.35 {567 511 (554|511 54
7.50 —_ —_ — — 1618|544 [ 6.07 16.28 (583 |6.16 (560 [6.03 | 560 [5.92|5.36 | 5.79 5.36 | 5.66
1.75 —_— | -] - — (644|669 |6.32 653 |6.08 6471|585 |6.28 (5.85[6.17 | 5.51 | 6.04 | 5.61 | 5.91
8.00 — | - 6.69 1694 1657 16.78 |6.33 [ 666 |6.10 [6.53 | 6.10 [6.42 | 586 {6.29 | 5.85 | 5.16

0.625 + 0138 = 2.073 in. Table 7 recommends
a 7/B x 3.25 in. bolt be selected. Its bot:iy length
is 1.47 in_ If the boit is installed from ﬂhe 5/8in.
plate side, the shear planes will octur 0.625

thickness, it may enhance allowable bolt shear

stresses if the bolt is instalied from the thin-
ner plate side.

and 1.625 in. from the head. One shear plane
will be through the full body, the othet through
the threaded section, regardless of washer lo-
cation. If, however, the bolt is |nstalled from the
5{16 in. plate side, the shear planes odcur 0.312
and 1.312in. from the underside of the Hoit head.
Both are through full bedy. If, for tighténing rea-
sons, the washer is placed under the bolt head
rather than the nut, the shear planes move to
0.448 and 1.448 in. from the under3|¢|e of the
head. Both are still through full body. |

This suggests that, whenever possible, if
the outer plates in a connection are of unequal

G, Bolt Length/Grip Range.

Table 4 presents the grip ranges which can
be accommodated by the various diameter/
length combinations of high strength structural
baolts. Grip is defined as the total thickness of
material, including washers, to be connecied by
the bolt. When washers are used the specified
minimum washer thickness is added when com-
puting the grip.

To determine the grip range, two condi-
tions must be examined. What is the absolute
minimum thickness of material that a given
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bolt length can properly join and what is the
maximum?

Minimum Grip.

When computing the minimurh grip there
must be a sufficient length of full thread within
the grip to permit nut tightening without the
possibility of advancing the nut thread into the
incomplete thread at the bolt threaq‘j runout.

For each bolt length there is a grip gaging
length (neminal length of bolt minus its nomi-
nal thread length, see page E-34).Trhe grip gag-
ing length is the maximum distan¢e from the
underhead bearing surface of the!bolt to the
face of a non-countersunk or non-counterbored
GQ thread ring gage assembled by hand on the
bolt as far as the thread will permit. This means
that a nut will always assemble freely on the
bolt to at least this distance from the head.

When tightening high strength structural
holts using the turn-of-nut method most bolt
diameter/length combinations require 1/2 to 2/3
of nut rotation foliowing bringing the joint to
“snug tight.” Longerbolts sometimegrequire one
full turn. ;

Because nuts are countersunk on their
bearing faces, the depth of countersink can be
assumed as being available for nut tightening
purposes. Countersink depths apprioximate 1/3
thread pitch. Therefore, it is reasonable to
assume the minimum grip for a bolt is its grip
gaging length plus 0.67 times the length of one
of its threads. |

When washers are used, the feason why
their specified minimum thickness i added into
the grip is that if, when computind the grip, a
washer thickness greater than its specified min-
imum is assumed and then, in the agtual service
apptication, minimum thickness j/ashers are
supplied, there is a risk the nut woupld advance
into the belt thread runout during tIghtening_

Minimum grips for high strength structural
bolts are computed as follows: !

Q.. =Ls + 067P -

where
G =grip '
Ls = grip gaging length, ma
P = thread pitch

Example:
Fora7/8 — 9x4in. boit
Le =2500in.
P =0111in.

and G, = 2500 + 0.67 x 0111 = 257 in.

In this example, in the extrerne conditions,
connecting & grip of 2.57 in. would result in a
boit stick through beyond the face of the nut
ranging from 0.355 to 0.597 In.

Maximum Grip.

When connecting the maximum grip, it
is prudent to provide a modest stick through of
the boit beyond the face of the nut. However,
boltinut strength is normally adeguate if the
bolt end is flush with the nut face.

Consequently, if the extreme situation is
assumed and if in this condition the bolt end is
flush with the nut face, then under all other
conditions there will be a positive stick through.

The extreme situation is the combination
of a bolt of permitied minimum length, a nut of
maximum thickness, and a grip which includes
two washers of maximum thickness. As stated
earlier, when washers are used, it is important
to add into the grip the specified minimum
thickness of the washers. Consequently, when
establishing the maximum grip that a bolt can
accommodate, it is necessary to allow for the
washer thickness tolerance of two washers
on the assumption that maximum thickness
washers may actually be supplied.

Maximum grips for high strength structural
bolts are computed as follows:

Grax= L — Ly — H ~— 2Wtol‘

where

G = grip

L = holt length, nominal

L.w = bolt length tolerance, minus (see
page E-35)

H = nut thickness, max (3ee Table 2)

W, = washer thickness tolerance (see
Table 3)
{max thickness minus min thick-
ness)

{Note: flat washer thickness
tolerances are used.)
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Fora7/8 — 9x4in, bolt

L = 4.000

L = 049in.

Hoa = 0.885i0n.

W, = 2x0.041 = 0.082in.

Goax = 4.000 — 0,19 — 0.885 — 0.082 = 2.84 in.

|
If a grip of 2.84 in,, including 2 washers,
is connected with a 7/8 x 4 in. bolt of its per-
mitted minimum length and a nut of maximum
thickness and the washers which are supplied
are at their permitted maximum thickness, the
end of the bolt will be exactly flush with the nut
face. For all other conditions there wiltbe a pos-
itive stick through of the bolt beycnd the nut
face, ranging up to a maximum of 0.245 in.
The grip ranges given in Table 7 were
established using these formulas. There are two
modest exceptions. For all lengths of 1/2 in.
bolts and lengths of 3/4 in. longer than 6 in. it
was necessary to slightly increase the maxi-
mum grip to assure all grips were accommo-
dated within the pattern of 1/4 in. length incre-
ment bolts. This was reasonable beqause the
|
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Example: conditions controliing maximum grips are less

critical than those for minimum grips.

Bolt Installation.

The basic principle of high strength struc-
tural bolting is that installed bolts be tightened
to such high initial preloads that the resuiting
clamping action on the joint permits the trans-
fer of the externally applied service loads
through friction betweén the joint members
rather than by bolt shear and bearing.

The Research Council on Structural Con-
nections in its specification requires that A325
and A490 bolts be tightened to develop a mini-
mum bolt tension equal to 70 percent of the
bolt's specified minimum tensile strength. This
means that {following tightening most bolts witl
be stressed beyond their yield strength,

By far the most popular method for install-
ing high strength structural bolts is the turn-of-
nut method. Other technigues are tension con-
trol by wrench calibration, use of tension indi-
cators, and use of proprietary type fasteners
which have a builtin tension control mechanism,

Forafullerdiscussion of tightening beyond
yield and the various bolt tightening methods,
refer to the article “Design of Bolted Joints —
An Introduction,” page M-52.
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