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The nominal shear strength, . 15 based on the ultimate tensile stress of the bolt
wilth several modilication Factors. First, the ultimate shear stress 15 laken as (L6225
times the ultimate tensile stress (Fisher et al., 1978). Next, there is a length lactor of
(.9} Tor connections no longer than 38 inches (for longer connections, this lactor is
reduced to (.75). If the threads are in the plane of shear, the reduction of the bolt area
15 accounted for by using 80% of the nominal bolt area. Instead of applyving this re-
duction directly to the boll area, a factor of (L8015 applied 1o F,,. In this way, the nom-
inal bolt arca can be used whether the threads are 1n or out of the plane of shear. For
example, the uliimate tensile strength of a Group A bolt 1s 120 ksi, so the nominal
shear strength with the threads not in the shear plane 1s
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ASTM A307

Summary

A307 1s a specification that covers carbon steel fasteners ranging from 1/4" through 47 in diameter. This 1s a

generic, everyday bolt specification that is typically manufactured from A36 round bar. It is widely available in
imported maternal, has limited availability domestically manufactured, and can also be custom manufactured
in nonstandard sizes.
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6{0%5& C)f A307

Headej;l bolts, threaded rods and bent bolts intended for general applications. M &\

) &5 =689478 N, Lo ks > 41

o &895 7 As s,

Heavy hex bolts and studs intended for flanged joints in piping systems with cast iron flanges.

Monheaded anchor bolts, either bent or straight, intended for structural anchorage purposes. The end of a

grade C anchor bolt intended to project from the concrete will be painted green for identification purposes.

Permanent marking is a supplemental requirement. *As of August 2007, grade C has been replaced by spec-

ification F1554 grade 36 (3. We will continue to supply grade C, if required by the project.

/43072 [ = 6o ks = (4IS /Z/O&) i
i )

V=060 Tor =0L(07S)(60) = 27 ks
oy ¢ C (1SS MPed
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ﬁ‘ﬂﬁOQ /65/5’0 (s o= (/038 JPA)
Fug = 07 /T) 0.7 (129 < 1/
Jot = /I3 Ksi =(TH /A )
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TABLE J3.2
Nominal Strength of Fasteners and
Threaded Parts, ksi (MPa)
Mominal Shear Strength in
Nominal Tensile Strength, | Bearing-Type Connections,
Description of Fasteners Fra, k&l [MPa) Fow, Kl (MPaJ
AT bolts 45 (110 27 (1851
Group A (&g, A325) bolts,
when threads are nol excluded o0 (620) 4 (172)
from shear planes
) Groug A (.9, A325) balts,
when fhreads are excluded 50 (620 68 (469)
from shear planes
Group B (&g, A490) bolts,
when threads are nol excluded 113 (T80) 66 (469)
from shear planes
Group B (eg, A45%0) baolts,
when threads are excluded 113 (T80) a4 (579)
from shear planes

Gfov%

C >FU =200 As: :

fot =~ 0-/5(00) ’Jﬁo/fﬂ

Group C (e.g., F3043) bolt
assemblies, when threads and

o-525(200> o7§

length in the grip.

" Threads permitted in shear planes.

transition area of shank are 130 {1040) 90 (B20) I
not excluded from fhe shear :
plane i
5- y |
Group C {e.g., F3043) bolt O-62S (202 ~8) 1
assemblies, when threads and | 1
transition area of shank are 130 {1040) 13 (779) ' 1
excluded from the shear |
plane |
|
Threaded parts megting the i
requirements of Section A3.4, |
when threads are not excluded 0.75F, 0.450F, I
from shear planes :
Threaded parts megting the :
requirements of Section A3.4, i
when threads are excluded 0.73F, 0.583F, i
from ghear planes I
|
% Far high-strength bolts subject to tensile fatigue loading, see Appendix 3. |
" For end loaded connections with a fastener patiern length greater than 38 in. (850 mm), Fy shall b= I
reduced to 33.3% of the tabulated values. Fastensr pattern langth is the maximum distance parahs o the I
line of farce between the centerling of the bolts connecting two parts with one faying surface.
I For A207 bolts, the tabulated values shall be reduced by 1% for each e in. (2 mm) over five diamaters of :
|
|
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Table 5.1. Nominal Strengths per Unit Area of Bol QO /q'
SRR

MNomnnal Strengdf per Unit Area, F.,, k=i
F Applied ad Condition é ‘
n - 0 .ﬁ S F\;) AS5TMM ASZEZS or F1852 ASTM A4S0 or F2Z2250 S
o s Static %0 113 > /50 (4-75)-12
ension — \
Fatigues See Section S.5 ~—— _ 5
N Threads L.=381in. >3 4 = ! a4 e Og
imncluded in
shear plane [:> 38 in. 45 = 0. 55 13
Shear =" C.q q Cb l
7( Threads Lo =38 in. &5 Cﬁl-’- I 84 L — CA -lo-
excluded from =
shear plane I > 38 in. S5 657' o 9 T C b

?  Ewxcept as required in Section 5.2

&

Reduction for values for L: = 335 in. applies only when the joint is end loaded, such as splice plates on a
E=amm or colurnn flamnge.

Ca = 0 Cio Fy = nominal strength per unit area from Table 5.1 for the appropriate
= | applied load conditions, k=i, adjusted for the presence of fillers as
Cb 7\ < regquired below, and,
/\I - \,g Axr = cross-sectional area based uwpon the nominal diameter of bolt, in =

A4g90 -X F,y = Fo 60-625)(Ca3(cb):
N - 7o (0-625) (@) (cb) =

------------------1
N
s
L 8 N N N B N N _§N _§B _§B _§B B & _§ &N &8 &8 § N &R &N _§N _§B _§B &8 _§B & _§ _§B &N B §B &N § B §N |
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10.  Bearing and Tearout Strength at Bolt Holes qﬁ"&z JL Valneo
The available strength, o0&, and R,/ (), at bolt holes shall be determined for the limit

states of bearing and tearout, as follows:
0=0.75 (LRFD) Q=200 (ASD)
The nominal strength of the connected matertal, R,,, 15 determined as follows:

(a) For a bolt 1 a connection with standard, oversized and short-slotted holes, inde-
pendent of the direction of loading, or a long-slotted hole with the slot parallel to
the direction of the bearing force



(1) Bearnmng
(1) ‘When deformation at the bolt hole at zervice load 15 a dﬁ:’;\ﬂf\/\cﬂﬂsid—

eration
Ry = 2 4485, (J3-Ga)
{11} When deformation at the bolt hole at service load 15 not a design con-
zideration i S
Ry = 3 0488, (J3-6)

{2) Tearout

{1} ‘When deformation at the bolt hole at service load 15 a design consider-
ation
M= 1205, (J3-6c)

{11} When deformation at the bolt hole at service load 15 not a design con-
zideration
M= 1505, (J3-6d)



(b) For a bolt in a cotmection with long-slotted holes with the slot perpendicular to
the direction of force

(1) Bearing ZC)/?

Ry=2 0HF, (J3-6e)
Sslo - =

(2} Tearcut
= 100 £0, (J3-6f)

{c) For commections made uzing bolts that pass completely through an unstiffened
box member or HSS5, see Section J7 and Equation J7-1;

{c)y For commections made using bolts that pass completely through an unstiffened
box member or HISS, see Section J7 and Eqguation J7-1;

where
Fyy = specified muanarmumm tensile strength of the commected material, ks (AJIPa)
« = mosminal fastener diameter, i ()
iy = clear distance_ in the direction of the force, between the edze of the hole and
the edge of the adjacent hole or edge of the material, in. {(mam')
f = thackness of commected material in. (o)

Bearnng strength and tearout strengith shall be checlked for both beanngzs-type and slip-
critical commections. The wvse of oversized holes and short- and long-slotted holes
parallel to the line of force 1s restricted to slip-critical commections per Section J35 2
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TABLE J3.3
Nominal Hole Dimensions, in.

Hole Dimensions

Bolt Standard Oversize Short-Slhot Long-Slot
Diameter, in. {Dia.) {Dia.) (Width = Length) (Width = Length)
= Ble G Bfag » Mhe s x 114

e Whe 3y Mhe = Ta e x 1%he
3y 13he V845 e = 1 1396 2 17/n
Tla 5he 1hs 15he = 1/ 186 ¢ 2%

1 1" 1'/s 1e = 1508 18 x 2%
= 1a o + s o + He (e + ) = (o + Ss) (of + &) = 2.54d




RCSC Stondords — bolt Couvner L

Table 3.1. Nominal Bolt Hole Dimensions
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: Nominal Nominal Bolt Hole Dimensions *°, in.
Bolt
: Diameter, Standard Owversized short-slotted Long-slotted
I e, iM. (diameter) (diameter) (width = length) (width = length)
|
| ¥a P = e o= 11 e om 1M
|
: o e i W x Fi W x 19%
: % 124 = G5 x 1 s x 17
: a 154 1% By x 1k B4 x 5%
|
| 1 1% 1% 14 = 15% 1¥s = 292
|
: >1% dy + Y dy + 3% {dy + Y x (d + 31) [y, + M) = (2.5d,)
|
I " The upper tolerance on the tabulated nominal dimensions shall not exceed Y2 in. Exception: In
: the width of slotted holes, gouges not more than *= in. deep are permitted.
| " The slightly conical hole that naturally resulis from punching operations with properly matched
| punches and dies is acceptable.
|
|
|



TABLE J3.4 e S A
Minimum Edge Distance® from i 1 4 A
Center of Standard Hole™ to Edge of o
Connected Part, in. ©2 ? L/, i
Bolt Diameter, in. Minimum Edge Distance ;,_ __—————;r i
Iz Uy L¢
5l Tl 3. Minimum Spacing

3
h ! The distance between centers of standard, oversized or glofted holes shall not be less

F:ﬂ :::ﬂ than 24 times the niominal diameter 4 of the fastener. However, the clear distance
1 " ; between bolt holes or slots shall not be less than
Ty 1%

Over 11 id User Note: A distance between centers of standard, oversize or slotted holes of

3d 15 preferred.

" If necessary, lesser edge distances are permitted provided the applicable provisions from Sections J3.10
and J4 are safisfied, but edpge distances less than one bolt diameter are not permitied without approval
from the engineer of record.

" Far oversizad or slotted holes, see Table J3.5.




Ihe screngrh of bhbole groupss o cthe sf&eomr delighc of

Ereerr-Frro chanoe wicthouwute reaeFrr g oute yvwowumr bhrai

Wehat is Tearowt™?

The lirmar stare of bole edge rearone
was irmtrosloaced i ehe 1999 S afreeas—
rrorr as prart of the bhboale bearinges checks,
Tearovar 1= @ limmire starte paoovided i
Section [5.10 of ehe Speciffoarrsosrr. Ir s
described i che Clommeneary as a bhbale-
By —bhoalr block shhear raperure of thhe -
rerial apeon whiaich che boale bears——a Fail-
wre of thhe mmarvrerial in frone of the bhaole
i the direceiom of the force. T housh
et @ theoreocally oorrece meowdel, baoale
rearout smnay be easier oo underseranmd 3 F

F=

=hown, thhe stremgrh is calculared as:

R, — 20060 2 — 1 28 +F
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Spaecwvwise

B, TALE OF
TEAROUTS

BEw LaSaaRREY AR, FE

.

F-
A Figure 1

wanrar thianmk abowur a baoale rearmnnge throweh che marerial (as shown
iy Figrure 1. There are pwor shear planes. Aassuming che planes



? Though dhus 15 a simple and uaseful

mewdel, e does nor reflece the acooal behav-
ior. If che bolt ears from dhe material, the
phenomenon looks more similar o Pig-
ure 2. T'he model does, however, produce
Specificarion Fouanon J3-6c¢, the nominal
rearout strengeh when detormanion ac the
bolt hole 1s a dessgnrconsideracion. he
tace dhat the model is not precise 15 reflected by dche facte chat
the Spectficarion also presents a limit stave for condimmons when
detormatcion ar dhe bole hole s noe a design consideration witch
Faquation J3-6d, K_ = 1.5/, which predicts a sorengeh 259
higher than dhe Figure 1| model.

A Figure 2



specwise

The strength of bolt groups or the shear delight of A TALE OF
bearing change withourt rearing our vour hair. TEAROUTS

BY LAaARRY MMUIR, PE

As described mn dhe Commentary, when deforimanon ac the
bolt hole 1s a design consideracion, the strengdh s limired such
that hole elongacon will not exceed ¥ oin. when high ensile
stress occurs on the nee secoon. At thas siress level, che bole may
not tear from the jomne—Dbure for simpliciey, the limit stace 15 sall
referred to as rearour.

Nearout can occur bevween a bolt and any edge, whether the
cdge ocours at the end of dhe marenal or at an adpacent bole hole.



The Change

The change vo che 2016 Specificarien 1s mainor. Foaguouaoon | 35-
Ga in che 20010 Specificarion has been broken inoo two separace
Faguations, | 3-6a and J35-6c, in the 20016 Specification (see lable
13. A similar change has been made o FEguatoons | 3-06b and
J3-6d. "T'his 15 intended o be an cditorial change. "The 20016
Commentary was also revised o provide furcher imformation

and guidance. 20 /O 20 [é

Table 1. Comparison Between
2010 and 201 &6 Specification Tearout Provisions

2010 Specification 2016 Specification
R, = 1.21tF, = 2.4dtF, R, = 2.4dtF, (J3-6a)
{J3-Ha) R = 1.21¢tF,  (J3-&a)




SECTION J3.10 of the 2016 Specification for Structural
Sreel Buldmps (ANSIAAISC 360-16) introduces a new limit
STATE: TeATONT,

Actually, that’s only halt the story. More accuracely, the section
splits what had been presented in the 2010 Specifwanon as a single
check into two separare checks: bearing and rearour. "There has
been some contusion and controversy related o the proper ap-
plicacon of chis check that we'll atempe to clear up here. (Noge: For
the sale of Previry, we bave foed ohe bole prades fue mor the fall ANTM
designation of 13125 Grades A32Y and A4 ehroughous the text.)
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