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Design of Members for Shear

Lijun Wang"

(Huachengboyuan Engineering Technology Group Co. , Ltd. , Beijing 100055, China)

Abstract:

The design method of members for shear in Specification for Structural Steel Buildings ( AISC 360-16) is
introduced and compared with that in Standard for Design of Steel Structures (GB 50017—2017).

The strength calculation of shear members is listed in Chapter G of AISC 360-16, in which the design shear
strength takes ¢ V,, and the shear resistance coefficient ¢, = 0. 9.

1) For I-shape and channel sections, post-buckling strength after shear buckling can improve the shear capacity of
the web, which is induced by the internal force redistribution and tension field in the web. For the web without
stiffeners or with the spacing between stiffeners a>3h, post-buckling strength is only provided by internal force
redistribution. However, for the web with the spacing between stiffeners a<<3h, both of them are contributors.

2) When shear strength without considering tension field of webs, h/t, < 1.10./k E/F . shear strength is
supported by shear yielding of the web, namely C,, = 1. 0; A/t > 1.10,/k E/F . shear strength originates from

both buckling of the web and its post-buckling strength, namely C , < 1. 0.
3) If there is no stiffener,the shear buckling coefficient of the web k = 5. 34, the cut-off point between height-

to-thickness ratios under shear yielding and shear buckling is h/t = 1.10./k E/F =74,/235/F , so 74¢, is the
critical height-to-thickness ratios between yielding and buckling. ' '

4)When the web has stiffeners and a/h < 3, tension field works and shear strength of the web should be
calculated.

For the calculation of buckling bearing capacity of members under shear, GB 50017—2017 provides the
formulas to calculate the shear buckling stress of the web in Article 6. 3.3 without considering post-buckling
strength, and presents the formulas considering post-buckling strength of the web in Chapter 6. 4.

1) When shear buckling stress of the web without considering post-buckling strength, GB 50017—2017
(6.3.3-8-12) presents the relationship between critical shear stress 7, of web regardless of post-buckling strength
and regularized width-to-thickness ratio A, . If » = 1. 11 is adopted for simply supported beams, h,/t, = 76&,
consistent with the value 74¢, in AISC 360-16. GB 50017—2017 takes h,/t, = 80¢, as the cut-off point between
yielding and buckling, and points out in Article 6. 3. 1 that buckling stability of the web should be computed
when h,/t, > 80¢,.

2) When the shear buckling of the web is considered post-buckling strength, for the beam under shear, GB
50017—2017 takes into account the effect of tension field after buckling.

Analyses reveal that; AISC 360-16 presents the strength calculation of shear members considering the post-
buckling strength of web plates, and GB 50017—2017 provides the formulas for the shear strength with and
without post-buckling strength of the web respectively.

Key words; shear member; post-buckling strength ; tension field
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Design of members for shear

1 AISC 360-16

The strength calculation of shear members is listed in Chapter G of Specification for Structural and Building
(AISC 360-16)"", in which the design shear strength is ¢, V., and the shear resistance coefficient is ¢, = 0.9
under normal circumstances.

1.1 G2 I-shape and channel sections

The post-buckling strength after shear buckling can improve the shear capacity of the web, which could be in-
duced by internal force redistribution and tension field in the web. For the web without stiffeners or with the
spacing between stiffeners a>3h, post-buckling strength is only provided by internal force redistribution. Howev-
er, for the web with the spacing between stiffeners a <3h, both internal force redistribution and tension field con-
tribute to post-buckling strength.

1) Action 1:shear strength without considering tension field of the web.

V,=0.6FAC, (1)
where A, = ht_ is the cross-sectional area of the web; h is the height of the web;z, is the thickness of web; and
F is the yielding strength; C,, is web shear strength coefficient.

Considering the internal force redistribution after buckling, shear strength will be greater than buckling
strength, so shear strength can be expressed by the product of buckling strength 0. 6/ A and web-shear strength
coefficient C ;. The tension field of a web is beneficial to its buckling strength, so it will be conservative and
simple to ignore the beneficial effect of the tension field.

a. Rolled I-shape sections, the height-to-thickness ratio of the web is b/t < 2.24,/E/F =65,/235/F , and
¢, =1.0,C,=1.0.
b. Other I-shape and channel sections

C,=1.0 h/t, < 1.10./k,E/F, (2a)

1.10,/k E/F,

Comp h/t, > 1.10./k E/F. (2b)
n :

where k| is the shear buckling coefficient of the web; E is the elastic modulas.
For the web without stiffeners,

k,=5.34 (3a)
For the web with stiffeners,

5 _
=5+(/7h)2 %>3.0,B§(k\,=5.34 (3b)
a

where « is the spacing between stiffeners.
The shear strength coefficient €, is divided into two segments, as the solid line shown in Fig. 1. €, in the 2010
edition of AISC 360-16 is divided into three segments, as the dashed line in Fig. 1.

v

1.0 1
0.8 1
0.6 4
J 044
024 ——2016, C, S
- —-2010, C,, S~
00 . : : ——=
0 50 100 150 200 250
Wi

W

Fig. 1 Shear buckling coefficient ( F, =345 MPa)

When h/t, < 1.10./k E/F , shear strength is contributed by shear yielding of the web, and C, = 1. 0 (Eq.

(2a)). When h/t, > 1.10,/k E/F , it is supported by web buckling and its post-buckling strength, and C,, <
1.0 (Eq. (2b)).
Eq. (3b) presents the buckling coefficient of four-edge simply-supported web under pure shear:

49



Lijun Wang/Steel Construction( Chinese & English) ,36(6) ,44-53,2021

5.34 a
4 + ——— — =1
k= <a/h)2 h (4)
534+ %>1
a

The above two equations can be substituted by Eq. (3b).
When there is no stiffener, k£, = 5. 34, the cut-off point of height-to-thickness ratios between yielding and buck-

ling of the web is h/t, = 1.10,/k E/F = 74,/235/F and shear strength can be determined by Eq. (1) with
C,, = 1.0, namly that the web can reach shear stress yield. Thus 74¢, is the critical height-to-thickness ratio be-
tween yielding and buckling of the web.

2) Action 2;when a/h < 3, the tension field should be considered in the calculation of shear strength of
the web.

The above subsection 1) only discusses the internal force redistribution, while without the tension field, in the
calculation of shear strength. When stiffeners are set on the web and the spacing between stiffeners a<<3h, ten-
sion field works and the shear strength of the web can be calculated by the following formulas .

a. h/t, < 1.10./k E/F
b. h/t, > 1.10./k E/F_ .

D24, /(A, +A,) <2.5,h/b, <6.0,h/b, <6.0

V, =0.6FA, (5a)

1-C,
C,+
V,=0.6F A, )\’ (5b)
1.15 /1 + (—)
@Others
1 - Cvz

2

c,+
V,=0.6F A, Lisl e, +(a)z (5¢)
ho A h

where A,, is the area of compression flange; A, is the area of tension flange; b, is the width of compression
flange; b, is the width of tension flange; C,, is the shear buckling coefficient of the web.
C,, can be determined by the following equations:

h/t, < 1.10./k E/F
L 10./kE/F, < h/t, < 1.37./k E/F,

C,=1.0 (6a)

v

1.10./k E/F,

6b
v h/t, (6b)
h/t, > 1.37./k E/F,
1.51k E (60
= ¢
“ (h/1)’F,

Under the constraints of upper and lower flanges and left and fight stiffeners, shear capacity of the web subject
to shear will exceed the shear buckling stress. Tension and compression stress fields and stiffeners act like trus-
ses. Post-buckling effect is obvious when a/h<3. The first term of Eq. (5b) indicates the internal force redistri-
bution after buckling and the second term the contribution of tension field to the improvement of the strength.

After the post-buckling strength is considered, shear strength and bending strength interact. When the web is not
larger than the flange, shear force has little influence on bending capacity and Eq. (5b) can be used to explore the
action of a full tension field. Otherwise, only part of the tension field should be considered, as Eq. (5¢).

Eq. (5b) is illustrated as below

With regard to the strength calculation in the oblique tension field after web buckling, one way is to consider
the distribution of tension field and the other is to discuss both the tension field and the frame of stiffeners, de-
tailed introduction of which can be found in Reference [ 2]. The following only involves the tension field formed
by anchoring to the transverse stiffeners, without the frame of stiffeners.

The shear buckling stress of the web is set as 7, and the increased strength after buckling is provided by the
tension field. Considering the situation in Fig. 2(a) , the tension field is only anchored to the transverse stiffen-
ers, and the flange, transverse stiffeners and the tension field can be regarded as the chord, vertical bars and the
oblique bar of trusses respectively. The corresponding plastic hinges are shown in Fig.2(b), which are at the
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four corners of the frame. As Fig.2(c), the width of tension the field is

s = hycose — asing
i

< =z - =
Jr,,,
—_— f
(a) Tension field is anchored only
to the transverse stiffener

=

l

\

AN

AN

-

(b) Plastic hinge distribution

The vertical shear is

—

+h/2—+

b—al2—f—al2—+

(c) Schematic diagram of tension field

Fig.2 Tension field after shear buckling

where ¢ is the inclination angle of the tension field; A, is the effective height of the web.

v,

V, =0 st sing
de

Eq. (8) and assuming — = 0, we can get the inclination angle corresponding to the maximum shear:
tion :

(8)
. 1
sin 2¢ =

where o, is the tensile stress in the tension field of the web after buckling under shear. Substituting Eq. (7) into

J1+ (a/hy)?

hy
N
2

w

(9)

After Eq. (9) is substituted into Eq. (7) and Eq. (8), the following equation can be obtained after simplifica-

J1+ (a/hy)’
The shear stress corresponding to tensile stress o, is o,/ +/3 , with the maximum asf, - 7
o, =/3(f, - 71.)
where f, is the yield shear stress; 7, is the critical shear stress.
Eq. (11) is substituted into Eq. (10) :

shear is 7, ht

(10)
B

cr?
L=

namely
Jo = Ta
o ot =

(11)
U+ (alhy)’
so the total shear after buckling is:

n

Eq. (12) demonstrates the additional shear provided by the tension field after the web buckling. The buckling
3
= 7.t +ﬁ/7
should be increased from 7, to C,f, . Then

(12)
Jo = Ta
~h,t, : (13)
2 " 1+ (a/hy)’
It is set that A =hgt ,f, =0.6F ,h; =h. In light of internal force redistribution after buckling, buckling stress
1-C,
V. =0.6FA,|C, +
i 1.15/1 + (a/h)’
Eq. (14) is Eq. (5b) in AISC 360-16.

1.2 G4 rectangular hollow structural sections

1.3 GS circular hollow structural sections

(14)

Vn = O 6FvAva2
where Ag is the cross-sectional area.

V,=F,A/2
F . should take the greater value of the following two equations, but less than 0. 6F .

(15)

1. 60E
o 7

(D) T
D (?J

(16)

(17a)
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0.78E
= o (17b)

3
(D/1)?
where D is the external diameter; ¢ is the wall thickness; L is the length from the maximum shear to zero.
In general, Eq. (17) control the steel pipe, high-strength steel pipe and long steel pipe with D/¢#=100. For
normal cross sections, yield shear stress is decisive and F = 0. 6F .

cr

1.4 G6 weak-axis shear of doubly-symmetric and singly-symmetric sections
When the loading is applied to the weak axis without torsion, shear strength of each shear element is
V,=0.6F btC, (18)
where C_, is the shear buckling coefficient of the web and computed as Chapter G2. h/t, =b,/(2t,) for I-shaped
and T-shaped sections, and h/t, = b,/t, for channel section, k£, = 1.2; b, is the width of flange; ¢, is the thickness
of flange.

2 GB 50017—2017

Regarding the calculation of buckling bearing capacity of beams under shear, Standard for Design of Steel
Structures(GB 50017—2017) ">’ provides the formulas to calculate the shear buckling stress of the web in Article
6. 3. 3 without considering post-buckling strength. It also presents the formulas considering post-buckling strength
of the web in Chapter 6. 4.

2.1 Shear buckling of the web without considering post-buckling strength

GB 50017—2017 (6. 3.3-8-12) presents the relation between critical shear stress 7, of the web without consid-
ering post-buckling strength and regularized width-to-thickness ratio A, which is expressed as below ;

T, =1, A, =<0.8 (19a)

7,=[1-0.59(A,, - 0.8)]f 0.8 <A,,=1.2 (19b)

1. 1f,

/\2

n,s

A > 1.2 (19¢)

n,s

T

cr

Where f, is the design value of shear yield strength.
The regularized width-to-thickness ratio A, | is determined by the following formulas:

hy/t, 1

A= — a/h, < 1.0 (20a)
37m./4 + 5.34(h0/a)2 &y
hy/t, 1

A= a/hy, > 1.0 (20b)

n,s

 371./5.34 + 4(hy/a)’ &x

Where 7 is the parameter, p=1. 11 for simply supported beams, n=1 for maximum stress zone at beam end of
frame beam; &, is the correction factor of the steel grade.

From the above, a shear buckling equation is divided into three segments, corresponding to a plastic zone, an

elastoplastic zone and an elastic zone. The cut-off point between yielding and elastoplastic buckling isA, , =0. 8,
and if a/h, in Eq. (20b) is very large(a/h,>3), namely without transverse stiffeners, there is
hy/t, 1
PG (21)
T 379./5.34 &

If n = 1. 11 is adopted for simply-supported beams, h,/t, > 80, is consistent with the value of 74¢, in AISC
360-16.

GB 50017—2017 takes h,/t, = 80¢, as the cut-off point between yielding and buckling. Besides, it points out
in Article 6. 3. 1 that buckling stability of the web should be computed when h,/t, > 80¢,.

The critical shear buckling stress is calculated by Eq. (19¢) in GB 50017—2017, without considering the post-
buckling strength. Compared with Eq. (2b) in AISC 360-16, which only considers internal force redistribution
after buckling, the formula in AISC 360-16 also adopts critical stress, but only raises the buckling curve.

2.2 Shear buckling of the web considering post-buckling strength
For the beam under shear, GB 50017—2017 takes into account the tension field after buckling and adopts the

formulas similar to those in Section 2. 1.
Vo =htJf, A

< (22a)
Vo=htf[1-0.5(A, -0.8)] 0.8 <A, <

0.8
1.2 (22b)
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V., =htf/A)] A, > 1.2 (22¢)
Fig. 3 presents the comparison between ultimate shear stress based on Eqs. (22) considering post-buckling
strength and the critical shear stress based on Egs. (19). The difference between them is significant in the elastic

segment (A, >1.2), but post-buckling strength decreases obviously in the plastic segment (A <1.2).

1.0

0.8}

/.

Fig. 3 Comparison between ultimate and critical shear stress

3 Conclusions

1) The shear strength calculation of members in AISC 360-16 involves the post-buckling strength of the web.
When the spacing between stiffeners a/h < 3, the improvement of shear strength by the tension field can be dis-
cussed.

2) GB 50017—2017 provides the formulas for the critical shear stress of webs in Article 6. 3.3 and those for
shear strength considering post-buckling strength of the web in Chapter 6. 4.

3) GB 50017—2017 takes the height-to-thickness ratio of webs h,/t, = 80, as the cut-off point between yield-
ing and buckling, and when h,/t, > 80¢, , transverse stiffeners are required to resist shear buckling. This cut-off
point is consistent with that in AISC 360-16.
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