Introduction to shear lag.

For some tension members, such as rolled shapes, that do not have all elements of
the cross section connected to the supporting members, the failure load is less than
would be predicted by the product A, F,. The phenomenon to which this situation
is generally attributed is called shear lag and is illustrated in Figure 2-9. Note that
the angle is cénnected along only one leg. This leads to a concentration of stress
along that leg and leaves part of the unconnected leg unstressed or stressed very
little. Studies have shown that the shear lag effect diminishes as the length of the

connection is increased.
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FIGURE 2-9 Shear lag.



In the transition region the stress in the connected part of the member may very
well exceed F o and go into the strain-hardening range. Unless the load is reduced, the
member may fracture prematurely. 'The larther we move out from the connection, the
more uniform the stress becomes In the transition region, the shear transfer has
“lagged™ and the phenomenon is referred Lo as shear lag.

Investigators have found that one measure of the effectiveness of a member such as
an angle connected by one leg s the distance ¥ measured from the plance of the connection
Lo the centroid of the arca of the whole section. ™ The smaller the valuce of &, the larger is
the effective arcea of the member, and thus the larger is the member’s design strength.

Unconneted Longer/leg decreases U'value
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Unconnectedi/short/leg improves U value

Anothor moeasure of the effectuveness of a momber is the length of s connection, /.
The greator this length, the smmoothor willl e the transfor of stress to the membor's uncon-
noectod parts. In othoer words, if 3 bolts ot 3 inchoes on contor are usced, the offective arca of
the moemboer will hoe loss than if 3 bholis at 4 inches on contor are usod.

The effect of these two parameters, & and /o is expressaed empirnically with the
s, SDeon Equation for'shear/lag/factor' U

U -1 - =
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D3. EFFECTIVE NET AREA

The gross arca, A, and net area, A, of tension members shall be determined in accor-
dance with the provisions of Section B4.3,

The effective net area of ension members shall be determined as
A( = A"U (D3‘ ' )
where U, the shear lag factor, is determined as shown in Table D3.1.

m = '
For open cross sections such as W, M, S, C, or HP shapes, WTs, STs, and single and

opes double angles, the shear lag factor, U, need not be less than the ratio of the gross arca
Cros¢ of the connected element(s) 1o the member gross area, This provision does not apply

cec brow < 1o closed sections, such as HSS sections, nor to platcy 47 se
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TABLE D3.f S5l Phabe
Shear Lag Factors for Connections
to Tension Members @% Fully Gorneched

Case Description of Element Shear Lag Factor, U Example L’c"S‘JO” member
1 | All lension members where the tension
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welds (excep! as in Cases 4, 5 and 6), S~ Z@x(;jfud’,mﬁ
2 [ All lension members, !
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mitted to some but not all of the cross-

sectional elements by fasteners o longit- U=t-¥/ - |

dinal welds or by longitudinal welds in

combinalion with transverse welds, (Aller-

natively, for W, M, S and HP, Case 7 may

be used. For angles, Case 8 may be used.)
3 | Altsnsion members where the lension U=10

load is transmitied ondy by transverse and

wekds to some but not all of the Aq = area of the directly

cross-sectional elements. connected elements




TABLE D3.1
Shear Lag Factors for Conmnnections
To Tension NMiembers
Case Description of Element Shear Lag Facior, & Example

2= Conncc ted

4 |Plates where the tension load is [20w.U=10
wransmited by longudinel weds only, e

4

2w>1215w..U=087
1.5w>/2w..U=075 Conn ecle)

§ |Round HSS with a single concentric 1213D..U=10 Take L

- |- |
qusset plate e . N = L+laovVed®
D<I<13D. U=1-¥/ . N yalues Z
i=D/ WCr’c “f
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6 |Rectangular HSS | with & single :
concentric gusset it '
plate i_82+2BH - —l ASS
" 4(B+H) ‘@d Hollow Structural Sections
with two side 1K g
s Qssell  I2H,.U=1-¥)
i:—e_z_ Q
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TABLE D3.1
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- Shear Lag Factors for Connections
i to Tension Members
: Case Description of Element Shear Lag Factor, U ) Exampie
i 1 All tension members where the tension load is trans- 4
i mitted direcitly to each of the cross-sectional elements U=1.0 —
I by fasteners or welds (except as in Cases 4, 5 and 6).
i 2 All tension members, except HSS, where the
I tension load is transmitted to some but not all of —
the cross-sectional elements by fasteners or by _
[ longitudinal welds in combination with transverse =g x
I welds. Alternatively, Case 7 is permitted for W, s
i M, S ;md HP shapes. (For angles. Case 8 is OAQ
i permitted to be used.) /6/7\7‘("\40//'//) 5 | %
i /& o eV re )
! 3 All tension members where the tension load is U=1.0 and
I transmitted only by transverse welds to some but Ap, = area of the directly — u
i not all of the cross-sectional elements. connected elements
i 43l Plates, angles, channels with welds at heels, tees, Z
f W and W-shapes with connected elements, where J—
fi /V e the tension load is transmitted by longitudinal 3 12 x b Piate or T
i /'Zef‘W welds only. See Case 2 for definition of x. U=—2— K= w| —— 4 connecled e
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TABLE D3.1
Shear Lag Factors for Connections
to Tension Members

Case Description of Element Shear Lag Factor, U Example
5 Round HSS with a single concentric I=>13D, U=1.0
t plate th h slots in the HSS. x
SLIDEES IR = N D<1<1.3D, U=1-% D
% -2
JT

6 Rectangular HSS. | with a single concentric
gusset plate

1 '_.i.._'
5 B2 +28BH %:IB
- A4B+H)
—
g2 T |
T ABTH) : Dj: 5

with two side gusset plates

7 W-, M-, S- or HP- | with flange connected with bf=> 2 d U= 0.90
shapes, or tees cut| three or more fasteners per 3 _
from these shapes.| line in the direction of loading br<2d U=0.85
(i Uis calculated 3

per Gase 2. 1he | with web connected with four
larger value is per-| 5 more fasteners per line in U=0.70 =

mitted to be used.) | the direction of loading




CA# I, O 4 /3

TABLE D3.1

to Tension Members

Shear Lag Factors for Connections

Case Description of Element Shear Lag Factor, U Example
8 |Single and double | with four or more fasteners per U=0.80 -
angles. line in the direction of loading s /% Ly FanFperd
(if Uis calculated I o0 fasteners per line in - in a Linge
er Case 2, the /
g | : the direction of loading (with 2
g vﬁt:g " fewer than three fasteners per U=0.60
'; pef;nd v line in the direction of loading,
e used.) use Case 2)

B = overall width of rectangular HSS member, measured 90° to the plane of the connection, in. (mm); D = outside diameter of
round HSS, in. (mm); H = overall height of rectangular HSS member, measured in the plane of the connection, in. (mm);
d = depth of section, in. (mm); for tees, d= depth of the section from which the tee was cut, in. (mm); / = length of connection,
in. (mm); w= width of plate, in. {(mm); X = eccentricity of connection, in. (mm).

o I - l‘; ‘2 , where /1 and /2 shall not be less than 4 times the weld size.

Specification for Structural Steel Buildings, July 7, 2016
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U-Value for a Bolted Comnnection

For the boltedd tonsion maembor shown in Figure 4.6, detormibne the shoar lag factoe, £/,
the Dot arca, A and the affective arca, A

(475" AI25N bolts
= RS %
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Fﬂ"-"h’”/ Figure -6 Dotaiin for Exaamplo 4.1
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