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Steel Design - Beams 5.8

Chapter 5 — Shear Strength

» Beam shear strength is covered in Chapter G of the AISC
Specification, “Design of Members for Shear.”

» Both hot-rolled shapes and welded built-up shapes are covered.
» We will discuss hot-rolled shapes in this course.

» The AISC provisions for hot-rolled shapes are covered in
Section G2.1.
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» Before covering the AISC provisions for shear strength, we
will first review some basic concepts from mechanics of
materials. ¢ ¢ *

» Consider the simple beam. Qﬁ_%_

X @

» At a distance x from the left end and v
at the neutral axis of the cross sectior 4
the state of stress is as shown below. \_l_]
» Because this element is located at the Et}“
neutral axis, it is not subjected to T Y
flexural stress.
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» Before covering the AISC provisions for shear strength, we
will first review some basic concepts from mechanics of
materials. ¢ ¢ *

» From elementary mechanics of Qﬁ_%_

x

materials, the shearing stress is: ~ > @

=2 =
Ib l_l_]

f, is the vertical and horizontal shearing ¢ t)“

stress at the point of interest, Ijv
T (©
V is the vertical shear force at the ”16
section under consideration —»Lf\
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» Before covering the AISC provisions for shear strength, we
will first review some basic concepts from mechanics of

materials. ¢ ¢ #
> From elementary mechanics of Qﬁ_%_

x

materials, the shearing stress is: ~ > @

[-va =i
' Ib \_l_]
Q is the first moment, about the neutral ¢
axis, of the area of the cross-section E&DM
between the point of interest and the T
top or bottom of the cross-section f, =
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» Before covering the AISC provisions for shear strength, we
will first review some basic concepts from mechanics of

materials. ¢ ¢ #
> From elementary mechanics of Qﬁ_%_

x

materials, the shearing stress is: ~ > @

1.=22 =
o Ib l_l_]

I is the moment of inertia about the ¢
neutral axis E&DM
T (©
b is the width of the cross-section at ”16
the point of interest o,
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Chapter 5 — Shear Strength

» The shear stress equation assumes that the stress is constant
across the width b.

» Itis therefore accurate only for small values of b.

» For a rectangular cross-section of depth d and width b, the
error for d/b = 2 is approximately 3%.

> Ford/b =1, the error is 12% and for d/b = %, it is 100%.
» For this reason, the shear stress equation cannot be applied

to the flange of a W-shape in the same manner as for the
web.
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» Here is a diagram of the shearing stress distribution for a
W shape.

» Superimposed on the actual distribution is the average

stress in the web, V/A,,, which does not differ much from
the maximum web stress.

vo
It
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» Clearly, the web will completely yield long before the flanges
begin to yield.

» Because of this, yielding of the web represents one of the
shear limit states.

Chapter 5 — Shear Strength

» Taking the shear yield stress as 60% of the tensile yield stress,
the equation for the stress in the web at failure as:

f = v =0.6F where A, is the area of the web.
v A y

w

The nominal strength corresponding
to this limit state

V,=0.6FA,
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» Taking the shear yield stress as 60% of the tensile yield stress,
the equation for the stress in the web at failure as:

1, :AV—":O.GFV where A, is the area of the web.
The nominal strength corresponding
V. =0.6F A
" v to this limit state

» This will be the nominal strength in shear if there is no shear
buckling of the web.

» Whether that occurs will depend on h/t,,, the width-to-
thickness ratio of the web.

10
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» Taking the shear yield stress as 60% of the tensile yield stress,
the equation for the stress in the web at failure as:

f,= Y, =0.6F where A, is the area of the web.
vy Y w
V —06FA The r?or?wn?al strength corresponding
" v to this limit state
» If this ratio is too large—that is, if the web is too slender—the
web can buckle in shear, either inelastically or elastically.

12
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Chapter 5 — Shear Strength

» For LRFD, the relationship between required and available
strengthis: V, <g,V,

where V,, is the maximum shear based on the controlling
combination of factored loads, and

@, is the resistance factor for shear

» Let’s look at Chapter G in the AISC Specification for more
details on shear design.

cHAPTER
DESIGN OF MEMBERS FOR SHEAR
G1.  GENERAL PROVISIONS
The design shear strength, ¢,V;, and the allowable shear strength, V, /€, shall be
determined as follows:
(@) For all provisions in this chapter except Section G2.1(a)
¢, =090 (LRFD) O, = 1.67 (ASD)
(b) The nominal shear strength, V,,, shall be determined according to Sections G2
through G7.
B
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» As we will see, the values of the resistance factor, ¢ will
depend on the web width-to-thickness ratio.

» Section G2.1 of the AISC Specification covers both beams
with stiffened webs and beams with unstiffened webs.

» In most cases, hot-rolled beams will not have stiffeners.

> The basic strength equationis: Vv, =0.6FA,C

w vl

where A, is the area of the web ~ dt,,
d is the overall depth of the beam, and
C,, is the ratio of critical web buckling stress to
shear yield stress
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CHAPTER G
DESIGN OF MEMBERS FOR SHEAR

CHAPTER G
DESIGN OF MEMBERS FOR SHEAR
;2. 1-SHAPED MEMBERS AND CHANNELS

“This section addresses the determination of shear strength for I-shaped members and =

channels. Section G2.1 is applicable for webs with and without transverse stiffeners.
: Alternatively, Sections G2.2 and G2.3 are permitted to be used for webs with trans-

verse stiffeners

Shear Strength of Webs

‘The nominal shear strength, V,

= 0.6F,A,Cyt

Chapter 5 — Shear Strength

» The value of C,, depends on whether the limit state is
web yielding or web buckling.

Case 1: For hot-rolled I shapes with: is 2,24\/E
t F
y

w

The limit state is shear yielding, and

C,.=10 ¢v =1.0 (AISC Equation G2-2)

Most W shapes with F, <50 ksi fall into this category
(see User Note in AISC G2.1[a]).

User Note: All current ASTM A6/A6M W, S, and HP shapes except W44x230,
W40x149, W36x135, W33x118, W30x90, W24x55, W16x26, and W12x14
meet the criteria stated in Section G2.1(a) for F, = 50 ksi (345 MPa).
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» The value of C,; depends on whether the limit state is
web yielding or web buckling.

Case 2: For all other hot-rolled I shapes and channels: ¢, =0.9

and C,, is determined as follows:

For i <1.10 kV—E
t, Fy
1.10,/k,E/F,
For £>1.10 KE CVI=7V/V
ty Fy h/ t, (AISC Equation G2-4)

where k, = 5.34 (This value of k, is for unstiffened webs)

There is no web instability, and

=10 (AISC Equation G2-3)
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» AISC Equation G2-3 is based on the limit state of web shear
yielding.

» AISC Equation G2-4 accounts for the web buckling and post-
buckling strengths.

» The web buckling strength is the shear that brings the web to
the point of buckling.

» The post-buckling strength is the extra strength available
after web buckling has occurred.

21
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» The relationship between the web width-to-thickness ratio
and strength is shown below.
1.2 shear yielding

1

08 buckling and post-buckling strength
Ca 06

04

: i
0 50 100 150 200 250 300
hit,

» The curved part corresponds to buckling and post-buckling
strength.
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» The value of C,, depends on whether the limit state is
web yielding or web buckling.

Case 2: For all other hot-rolled I shapes and channels: ¢, =0.9

and C,, is determined as follows:

For ES 1.10 kV—E
t, F,

1.10,/k E/F
For £>1.10 KE Cv1=7V/v
t, Fy h/ t, (AISC Equation G2-4)

User Note: Cy,; = 1.0 for all ASTM A6/A6M W, S, M, and HP shapes except
M M12.5x11.6, M12x11.8, M12x10.8, M12x10, M10x8, and
5. when F, = 50 ksi (345 MPa).

There is no web instability, and

CV1 =10 (AISC Equation G2-3)
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» The relationship between the web width-to-thickness ratio
and strength is shown below.
1.2 shear yielding

1

08

Cy 06

04

02

0

0 50 100 150 200 250 300
hit,,

» The flat portion corresponds to web shear yielding

22

Chapter 5 — Shear Strength

» Example 5.7: Check the beam in Example 5.6 for shear.

» A simply supported beam with a span length of 30 ft is laterally
supported at its ends and is subjected to the following service
loads: dead load = 0.5 k/ft (including the weight of the beam)
and live load = 1 k/ft.

> The beam shown is a W12 x 65 with F, = 50 ksi.

HERRRRN
==

30ft

[
E
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Chapter 5 — Shear Strength
» Example 5.7: Check for compactness. £§2.24\/E
t, F,

From Table 1-1 (1-26) for a W12 x 65
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» Example 5.7: Check for compactness. ££2_24\/E
t, Fy

From Table 1-1 (1-26) for a W12 x 65

h
Table 1-1 (continued) —=249
W-Shapes t,
Properties
W14-W12
"::" %“5’;.,’5; Axis X-X Axis Y-Y s ;r‘;’:l::‘l:'s

Wy e | 1 s |r]| z 1 s | r]| z J Cu
[wit| 24 | t [ ind | in® [in | in® [ ind | in® | in. | ind [in. | in. | ind | inS
87 (748 (189 | 740 | 118 |538| 132 |241 | 307 |307 | 60.4 346 |17 | 510 | 8270
79 (822|207 | 662|107 [534| 119 [216 | 358 [305| 543 [343 |17 | 384 | 7330

l 65 |99Ml249 lf 533 | 879 |528| 968(174 | 291 |302 | 441 [3.38 [115 | 218 | 5780 J
58 [7.82 (27 B0 [ o20| a0 1471251325 1281 (116 T o
53 |a69 |1 | 425 | 706 |523| 779| 968 | 192 |248 [0 [279 115 | 158 | 3160
50 |631 (268 | 391 | 642 [518| 71.9| 563 | 139 [1.96 | 21.3 [225 |16 [ 1.71 | 1880
45 |7.00 (296 | 348 | 577 |515| 642 500 | 124 |1.95 | 190 [223 [115 | 126 | 1650
40 17770336 ) 307 515 1513] 570| aa1 | 110 11941168 1221 1114 | 0006| 1440
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» Example 5.7: The nominal shear strength is:

V,=0.6FAC, = 0.6(50/<si)(4.719in2 )(1.0) =141.57k

w

LRFD solution: ¢,V, =1.00(141.57k) = 141.57k

For a simply supported, uniformly loaded beam, the maximum
shear occurs at the support and is V,, = Yaw,L

w, =1.2(0.5 k/ft)+1.6(1.0 k/ ft) =2.2k/ ft

v, :w =33.0k < 141.57k 0.K.

y e A, =dt,
i Table 1-1 (continued)
—-f— W-Shapes .
e Loy d=12.1in
o] ™
Area, | Depth, ol tw =0.390in
Shape. A ik " " able
Gage.
in? in.
x152 447 (137
x136 399 (134
G0 | w2 [io1 i
Too | a12 |19 i "
96 282 (127 ks
7| o6 [1os o
79 | 252 Jios . ;
L] o [ofe Yo " ]
s | 156 |12 |12 [03e] % | o [100 [0 o575 %k 110 [ | ko 4| 85
wizso | 105 |12 [i2afoao] % | % | 00| wfosio] 4 (110 |1 | sl 0| 5%
st o || el o fon o [l '| )
Sio |7 [ito by looosl e\ o | porl o ool v L e |4
» Example 5.7: Compute web area:
A, =dt, =12.1in(0.390in) =4.719in*
E 29,000ksi h
224 |= =224, |7 =54.95 —=249
F, 50ksi t,
h The strength is governed by the
Since —<2.24 [— shear yielding of the web and
ty \VE C,=1.0and ¢,=1.0
As pointed out in the Specification G2 User Note, this is the
case for most W shapes with F, = 50 ksi.
User Note: All current ASTM A6/A6M W, S, and HP shapes except W44x230,
W40x149, W36x135, W33x118, W30x90. W24x55, W16x26. and W12x14.
meet the criteria stated in Section G2.1(a) for Fy = 50 ksi (345 MPa).
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Let’s work on some problems

]

i
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Chapter 5 — Block Shear

» Block shear, which was considered earlier for tension
member connections, can occur in certain types of beam
connections.

» Beams are usually connected to other beams so that the top
flanges are at the same elevation.

29

30



CIVL 3131

Steel Design - Beams 5.8

6/7

Chapter 5 — Block Shear

» Block shear, which was considered earlier in conjunction
with tension member connections, can occur in certain types
of beam connections.

» To facilitate this connection a short length of the top flange
of one of the beams may be cut away or coped.

Chapter 5 — Block Shear

» If a coped beam is connected with bolts as shown below,
segment ABC will tend to tear out.

» The applied load in this case will be |
the vertical beam reaction, so shear A
will occur along line AB.

» Tension will occur along BC.

> Block shear strength will be a L
limiting value of the reaction.

31
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» We covered the computation of block shear strength in
Chapter 3, but we will review it here.

» Failure is assumed to occur by |
rupture (fracture) on the shear area A
(subject to an upper limit) and
rupture on the tension area. 9
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» Example 5.8: Determine the maximum reaction, based on
block shear, that can be resisted by the beam shown below.
A992 steel F, =50 ksi and F, = 65 ksi.

1.5”

From Table 1-1 (1-24) for ;‘ I~
aW21x50 s W21x50

t,, =0.380in 3 @2_54 A992 steel

Y %-in bolts

[ +lin = Zin +1in =1in

8 8 8 S
The shear areas are: A, =t,(2.5in+3(2.5in)) =0.380in(10in)

=3.800in”

35
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» We covered the computation of block shear strength in
Chapter 3, but we will review it here.

> AISC J4.3, “Block Shear Strength,” gives the following equation
for block shear strength:
R,=min(0.6F,A,,, 0.6F,A, )+U,FA,
where A, is the gross area in shear (length AB times t,,)
A,, isthe net area along the shear surface,
A,; isthe net area along the tension surface, and
U,, is 1.0 when the tensile stress is uniform, or

0.5 when the tension stress is not uniform
(coped beams with two lines of bolts or with a nonstandard distance
from bolts to the end of the beam)

nv
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» Example 5.8: Determine the maximum reaction, based on
block shear, that can be resisted by the beam shown below.
A992 steel F, =50 ksi and F, = 65 ksi.

1.5”
From Table 1-1 (1-24) for ;‘ I~
aW21x50 25 I W2Lx50

— ]

t, =0.380in 3@25 A992 steel
Z%-in bolts

<

Grote = Ay +1"n =Z,'n+l,'n =1in
8 8 8
The shear areas are: A, =tw(2-5in+3(2.5in)) =0.380in(10in)

=3.800in’ 3% holes

A,, =(0.38in)(10in—3.5(1)in) =2.47in*

36
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» Example 5.8: Determine the maximum reaction, based on
block shear, that can be resisted by the beam shown below.
A992 steel F, =50 ksi and F, = 65 ksi.

15"
From Table 1-1 (1-24) for ;1\;):
aW21x50 e W21x50
t, =0.380in 3 @2.5"‘[ b A992 steel
' ° Z%-in bolts
—1 o
1 7 1
Ay =0y +—in =—in+=in=1in
8 —
The tension areais: A, =0.38in(1.5in+0.5(1in)) =0.380in’
% hole

Since the block shear will occur in a coped beam with a single
line of bolts, U, = 1.0.

Chapter 5 — Block Shear

» Example 5.8: Determine the maximum reaction, based on
block shear, that can be resisted by the beam shown below.
A992 steel F, =50 ksi and F, = 65 ksi.

From AISC Equation J4-5, 253

=
R,=min(0.6F,A,,, 0.6F,A,) ° @2'5"I

+ UbsFuAnt

%-in bolts

W21x50
A992 steel

=min[ 0.6(65ksi)(2.47in’ ), 0.6(50ksi)(3.8in’ ) |

+1.0(65ksi)(0.38in” )
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» Example 5.8: Determine the maximum reaction, based on
block shear, that can be resisted by the beam shown below.
A992 steel F, =50 ksi and F, = 65 ksi.

1.5”
-

-
|
25" §
W21x50
T I A992 steel
} §

O.GFMAQW) @23 E %-in bolts

S
=min[96.33k, 114.0k]+24.70k =| 121.03k

From AISC Equation J4-5,
R, =min(0.6F,A,,,
+ UbsFuAnt
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Any questions?

41
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» Example 5.8: Determine the maximum reaction, based on
block shear, that can be resisted by the beam shown below.
A992 steel F, = 50 ksi and F, = 65 ksi.
1.5”
For LRFD =
gR, =0.75(121.03k) = } 1_): W21x50
" A992 steel
= 90.77k N I Join bolts
]
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