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Example 10.1. Bolts in Shear and Bearing with Deformation a Design Consideration

The connection shown in Fig. 10.7 consists of four, grade A4, H-in-diameter bolts. The bolis are
snug-tight and threads are excluded from the shear planes, Deformation around the bolt holes is a
design consideration and the bolt spacing is as indicated. The angles and gusset plate are fabricated
from AJ6 steel. Assuming that the angles and gusset plate are satisfactory, determine the shear force
that may be applied to the bolts in the connection,
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10.  Beari dT t Strength at Bolt Hol /4286—560_14
. Bearing and Tearout Strength at Bolt Holes C/{/#/%

The available strength, &8, and R,/ €2, at bolt holes shall be determined for the It

states of bearing and tearout, as follows:
=075 (LRFD) €Q=200(ASD)
The nominal strength of the connected matenal, R, 15 determined as follows:

(a) For a bolt in 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 beanng force



DC/O”"’J"J”5 Bfﬁ//‘n(j & 7gar°0"f /5/” déﬁ)rm@f/om = 0.9% "

(1) Bearing

(1) When deformation at the bolt hole at service load 15 a design consid-
en’ Gy ‘ eration
D é Criter/c Ry = 2.4dLH, (J3-6a) Pef-orm o N o0
=0.25
{i1) WWhen deformation at the bolt hole at service load 13 not a design con- B
/\/Of zideration
Cffzfe//’& Ry = 3.04L5, (J3-6)

D/
d Cj {2) Tearout

(1) WWhen deformation at the bolt hole at service load 15 a design consider-

v

. Etl':':ﬂ > 0.2 S
D Criterie Rn= 120,25, (J3-6¢)
(1) When deformation at the bolt hole at service load 13 not a design con-
t’ E:I-.dEfﬂ'l'_‘i.l:Iﬂ‘
NO /.> - ij kg{/a My = 130 £y (J3-6d)

LFem | [Zoe =>/6-1- 136
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For (o»r9 Slotted o |t

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

(1) Bearing
Rpy=2 0410y, (J3-56e)

(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

Prepared by EngMaged Kamel.
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TABLE J3.3 =
Nominal Hole Dimensions, in. aldd 115 lont
g J
Hole Dimensions
r \§ ~ :
Bolt Standard Oversize Short-Slot Long-Slot S > 341 /3
Diameter, in. (Dia.) (Dia.) (Width x Length) | (Width x Length) 7 N 4 K /8
7 Bhe iy B 3¢ e s x 1 O WYy e Xam ()@
U M g Mhe x T Mg x 1%
@ Vifyg e x 1 W % 17y
" LT 11 e x 11 Vg w 2%
1 1 1's e x 1%he Thx 2% ﬁij@ /g/- / g/
2 e d+ d+ 5he (d+ o) (d+%) | (d+ )« 25d
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RCSC (Research Council on Structural Connections)
Specification for Structural Joints Using High-Strength Bolts

AISC. 14.2.22

Table 3.1. Nominal Bolt Hole Dimensions

Nominal Nominal Bolt Hole Dimensions ™%, in.
[Jiali::;:er, Standard Owversized short-slotted Long-slotted
e, in. (diameter) (diameter) (width = length) (width = length)
¥e P = S ox 1 P x 1%
e e 2l e = 7 Mo = 194
4 24 - B w1 B ow 15
Ta 154 1% B ox 1k B ox 23%
1 134 1% 14 > 15% 14 = 2%
=1 % dy + Vs dy + 5% (dy + &) = (d, + 31) (dy + ¥&) = (2.5d,)

punches and dies is acceptable.

The upper tolerance on the tabulated mominal dimensions shall not exceed Yz in. Exception: In
the width of =lotted holes, gouges not more than *& in. deep are permitted.

The slightly conical hole that naturally resulis from punching operations with propery maiched

Prepared by Eng.Maged Kamel.



- (o) 2 LrA [ L, _é— b
TABLE J3.4 | /o £ 7.8
Minimum Edge Distance™ from
] 1 H) i
Center of Standard Hole™ to Edge of 77 ;/;/ 2 1
Connected Part, in. Va/ug
’ 4,_%_— S ——%‘ -
Bolt Diameter, in. Minimum Edge Distance O/ /) = o} é — ‘_/_
" jf 3. Minimum Spacing (5
q
Iy Ty The distance between centers of standard, oversized or slotted holes shall not be less
3, 1 than 2%/ times the nominal diameter, 4 of the fastener. However, the clear distance

o between bolt holes or slots shall not be less than o

T
1

1 | |
1

1"k 1k
1

4’ User Note: A distance between centers of standard, oversize or slotted holes of

i T

11 g g
‘ : 'or"/ -
Over 11l 1hd 3/ct [ . 0/
CL = — Oy
™ If necessary, lesser edge distances are permitied provided the applicable provisions from Sections J3.10 o , /
and J4 are satisfied, but edpe distancas less than one bolt diameter are not permitied without approval / or 7/ nnes bO ég

from the enginesr of record.
" For owersized or slotted holes, sea Table J3.5. Il'.epm'.w by w Kmel’
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CIL A36 > Fu- 58 45 Uf per ~Limit

(1) Bearing

-

(i) When deformation at the bolt hole at service load is a design consid- L/Dé T—F

cration f
R, = 2.4dtF, (J3-6a)

USe J3-6c

(1) When deformanon at the bolt hole at service load 15 a design consider- ;Ve L 0 Wef Va/
ation
Ry = 1. 2{.0F, (J3-6¢c)
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Table 7-4
Available Bearing and Tearout Strength at
Bolt Holes Based on Bolt Spacing
kKip/in. thicknegss

Mominal Bolt Diameter, o, in.
Bolt 5 3 7
/8 fa /8 1
Hole Type | Spacing, | F,, ksi

ASD LRFD ASD LRFD ASD LRFD ASD LRFD

227 o 58 34.1 51.1 41.3 62.0 43.6 2.9 53.7 80.5

STD f3 Op 65 38.2 57.3 46.3 595 54.4 81.7 60.1 Q.o

.
SSLT 3 58 43.5 65.3 52.2 78.3 G0.9 Q1.4 65.3 a7.9
m 65 48.8 73.1 . 87.8 68.3 102 73.1 110

as Gier S =8 P = 7EBML (5) 5875k
Mol Cheo A bh Clc 787, T er



Contipeclion Of Toble 7../-/- 34,

i

Minimum Spacing? = Eijad. in.

114g

2

N

STD =standard hole —> S bowdorvel fHole

SSLT = short-slotted hole oriented with length transverse to the line of force
S5LP = short-slotted hole oriented with length parallel to the line of force

OVS = oversized hole

LSLP = long-slotted hole oriented with length parallel to the line of force

L5LT = long-slotted hole oriented with length transverse to the line of force

ASD LRFD Mote: Spacing indicated is from the center of the hole or slot to the center of the adjacent hole or

shot in the line of force. Hole deformation is considered. When hole deformation is not considered,
see AlSC Specification Section J3.10,

2=200 | &=073 |apecimal value has been rounded to the nearest sixteenth of an inch.
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Table 7-5
Available Bearing and Tearout Strength at
Bolt Holes Based on Edge Distance
Kip/in. thickness

Mominal Bolt Diameter, o, in.
Edge Sta 3fa e 1
Hole Type Distance, Fu s

lg, in. KL o i X i s KL i Fpdcx Ll
ASD LRFD ASD LRFD ASD LRFD ASD LRFD

11 58 31.5 47.3 29.4 44.0 7.2 40.8 23.0 35.9

STD fa 65 35.3 53.0 32.9 494 30.5 AS.T 26.8 A0.2
SSLT > 58 435 5.3 52.2 8.3 53.3 9.9 S0.0 5.0
65 4588 3.1 58.5 87.8 50.7 89.6 5G.1 84.1

o =

Prp = TE3 £p )
. 1 C.

/ﬂg 2
lrr7 - 753 2). 5873
P - (2)-5

3], P
2 For 6re bolt
/%télch(fi é\))’@h Q\/ng 10 ro



Edge distance for

full bearing and

tearout strength
I = lg fu®, N,

STD,

SSLT, 155 17518 27y 2916
LSLT

ovs LT 2 2316 29/g
SSLP 1146 2 2916 211
LSLP 2118 27116 27/g 3,

STD = standard hole

OVS = oversized hole

SSLT = short-slotted hole oriented with length transverse to the line of force
SSLP = short-slotted hole oriented with length parallel to the line of force

LSLP = long-slotted hole oriented with length parallel to the line of force
LSLT = long-slotted hole oriented with length transverse to the line of force

ASD LRFD

=200 | =075

— Indicates edge distance less than minimum required per AISC Specification Section J3.4.

Mote: Edge distance indicated is from the center of the hole or slot to the edge of the element in the
line of force. Hole deformation is considered. When hole deformation is not considered, see AISC
Specification Section J3.10.

4 Decimal value has been rounded to the nearest sixteenth of an inch.
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