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Abstract Review History
Introduction: One of the important topics in the design of steel structures is the selection of Received: Aug 24, 2024
member cross-section types. I-shaped, H-shaped, box-shaped, and tubular sections are the most Revised: Sep 11, 2024
common steel sections used in building structures, bridges, and industrial structures. In the design  Accepted: Nov 23, 2024
of these types of structures, one of the design criteria is controlling shear in steel members. If the

lengths of the flexural members are short, controlling this limit state can be very necessary. Keywords
Study of theoretical and regulatory relationships: In this article, first, theoretical and code- ~Shear Strength
based relationships of nominal shear strength of H-shaped members with respect to the strong H-shaped Section
axis, tubular, box-shaped, and H-shaped members with respect to the weak axis were studied. Tubular
Then, the nominal shear strength of each mentioned section was evaluated using numerical Box-shaped sections
modeling in Abaqus software. The material and geometric modeling of the created members in  Redistribution of stress
Abaqus software were validated based on laboratory models. For numerical parametric
evaluation, 35 members with different cross-sections were used. Each of these members was
modeled in Abaqus software and each of them was subjected to both pushover and cyclic
analyses. The lengths of each of these models were such that in all models, the shear limit state
was more decisive than the flexural limit state.
Conclusion: Based on this research, the results of the relationships presented in the AISC 360
for determining the nominal shear strength of H-shaped members with respect to the strong axis
have very close conformity with the results of numerical modeling in Abaqus software, and the
difference of approximately 10% between them is due to the fact that in the AISC 360, for
calculating the shear strength of these types of sections, in order to make calculations easier, the
same value for the elastic and plastic section modulus is assumed. Also, the results of this
research show that in this type of sections at higher drifts, the results of the AISC 360 method are
approximately 10% less conservative. At lower drifts, the results of the relationships presented in
the AISC 360 for determining the nominal shear strength of tubular sections have very close
conformity with the results of numerical modeling in Abaqus software. The reason for this is that
in the AISC 360, for determining the shear strength of these types of sections, the maximum
shear stress of the section has been used. Also, the results of this research indicate that in this
type of sections at higher drifts, the results of the AISC 360 method are approximately 20% more
conservative. At lower drifts, the results of the relationships presented in the AISC 360 for
determining the nominal shear strength of box-shaped members have very close conformity with
the results of numerical modeling in Abaqus software.The reason for this is that in this types of
sections due to the closed section, conditions for redistribution of shear stress are available, and
each of the flanges resists shear equally. In this case, the insignificant difference between the
results of the AISC 360 method and the results of numerical modeling is due to the fact that in
the AISC 360, for determining the shear strength of these types of sections, in order to make
calculations easier, the same value for the elastic and plastic section modulus is assumed. The
results of the relationships presented in the AISC 360 code for determining the nominal shear
strength of H-shaped members with respect to the weak axis do not have close conformity with
the results of numerical modeling in Abaqus software, and the nominal shear strength obtained
from the AISC 360 is about 20% non-conservative. The reason for this difference is that in these
types of sections, the difference between the nominal stress obtained from the AISC 360
approach and the average stress of the section is about 35%, and in higher drifts, it is not possible
to redistribute 100% of the shear stress and only 15% of these stresses are redistributed.
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Fig. 1. A simply supported beam with a length of 2L under the
effect of the same moment at both ends
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Fig. 2. Bending and shear deformations of a cantilever beam, (a)
Bending deformation and (b) shear deformation

gl b e 5 i sl S S il Sl eslizad U



http://dx.doi.org/10.22034/25.2.85
https://mcej.modares.ac.ir/article-16-75248-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-19 |

[ DOI: 10.22034/25.2.85 ]

635 s Lol Juasl dain o JKo (bgd 5 slaly) H ahio b slacl ol (b0 cglin (5302 SU))

.:J_:SL;:)\}:QMJUQAJ)}A dLﬂ.ﬂ &:/-ﬁjl.iﬂ .lm.lj) &j))‘L;L:.E—M

J}Nbbwm\ﬁ)i]m\)‘)‘ d\j&w‘ﬁjﬁﬁwﬁxjé‘f
d d

_VQ _Vx(ixbxz) 1% B

=— =15
max It 1 3
17 bd®xb

()
Chj.d&_i)é cb}_.:d_ﬁ AV\AL..:;A (‘“?) ;.h;l))‘Asm;QLM
‘MbchiA)Jﬁs‘bdjfﬁ‘pWijﬂ&w‘
Lrﬂ]a‘»%lj)j_buuiw\J;f@juﬂbj)d)\hblolij
C@ch.uwb‘f@&“bﬂw‘ff@jﬁﬂZ/g (5)Lmﬁ
[29] Llesls ;L@.\,;“ﬂt;;,ucb&a s Calds dculo

2
Vi = 5 x0.6F,bd = 0.4F,bd (V)

5P el p e ay oSS sblis el o0 el

douﬂ g5 onl 02 S Culs Gl s dal (YY) abaly wlie
B R s (S e SanBpe 53 O )l b 4
ol s Aals 1B B 12 oy lasie L3 5w ST
i bl g8 nl el (B aslie e e S
AISC  asbpnl 53 oy o sl oST il oo > Sl
i ety e (S| blis el oy sl 360

Ao e and p (YA) dal; &) yos

/4

x0.6F,Cy (2bst;) = 0.44F,Cy,(2bst;) (*A)

1
1.35
53 a STaS el ot Ol e AISC 360 aoli sl s s
i O e s e 4 e i ST sblie
bgin i 5l VYO T gis ahaie sladly s Sl
S Sa oS s bWl (e sladl Coloe ol )
52 eV pllas SalVl e i, s 4 i S e 1B S
ol o Saslie 53,8 o Dospo S w550 e ladl
@sde (gledbe Sisu 3 3 sed as (M) sl 51005 e 1 O
L3 Sl I3 ey e Lol b s

() S s ol el 2l ook ol g (F0) Aol

RGN P WA I QLLJJ&.&

S et 5 5 et iy G5 L S s kel Y S

‘ ‘

Fig. 3. The difference between the maximum shear stress and the
average shear stress in an I-shaped cross-section

Sl S o e g llas slin Ll 53 Sl g1

C’jﬁ{f@-’j’.) bb))(d‘ngdwubu@l.mh)}k.ﬁw\

Ay = 2mrt = nDt ()
I =nr3t=—nD3t (¥v)
A, _ mwDbt D 1,
e T T AR
1
Vo Vx (szt) 4
Tmax Ix(2t) 1 = ZA_ = 2Tqpe (vf)
mD3tx(2t) g

S el sblie 3 45 555 e salia (1Y) iyl S
4-3}03}_510_«&);44&_-;‘){&;_?){“){)3JJJ})JJS‘J}L;.:J{
cblie ol 2y o5l AISC 360 byl 3 s e

el o s S B s S alade sl alal  ediaslon

Vi =5 Vave ¥o)

N =

(Pl ol (i Seslie (S gl 250 el
Ll odd oal B (6345 sl Sy (YO) abaily 5o b 51 sl )
Gl ablis ol o35 Cuaslis AISC 360 byl 5o Slass
ol 0l (g3 lwalas Clafu): S - JER AU K E O W
Js—x 1 Cbl_ia; i C};L?u o) o S glae Y-
oD ) s by S


http://dx.doi.org/10.22034/25.2.85
https://mcej.modares.ac.ir/article-16-75248-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-19 |

[ DOI: 10.22034/25.2.85 ]

VE-F Jls oV o leds YO 0)90

S OEY] Q|).o.c G‘»WG‘J&M

NAY 5 dsb ool a8 15 il syse IS T 6oV 5
e s YN0 Ol calis 5 e e 004 Ol il ¢ e
= Ol s o OLES &S WY Ll s ity s Lol
VAN L cobs 5 e La VoY JU 5 e ol 8N
dobaas e, VA ol palh cscul e Lo
o 5416 MPa Ol oY 58 s 5l eSS
s e (0) S5 3 .l 404 MPaL L 5Y 5 s
ol 03,5 gode Jde 5 ARG LT €ges ot b Sl
53 Jue et o SOkl e o aslie Lol
© el ot S Lo Jue oS das e Ol Kb

el AT Jie s sdiinbl (i5S g5leds

AERREEIN SN P it

0.1
0.08
0.06
0.04
0.02

-0.02
-0.04
-0.06
-0.08

-0.1

Drift Angle (rad)
<

Cycle NO.

Fig. 4. Cyclic loading protocol

e 5 AR & s S5 e Sl amlie O Y5

200 ; :

175 ; | /:rﬁ'—':l;-_z-.
z ' i
Zso o b A
= Ve
B | D T e /” .......
5 /,’
S 100 o
g 75 p
= ’ .
a5 b A —Experimental |

24 -=-Numerical
25 5 e
0

0 10 20 30 40 50 60 70 80 90

Maximum Deflaction (mm)
$3de @l@bﬂ P (&)

Fig. 5. Comparison of the monotonic behavior of experimental
and numerical samples

Q)

o g5 5 plas p 8 (g by gt Y

oSl 51 i sl o sl SR ol 2
53 0Ll cpl il ol e3lind S48 S jlemr (glaw s OWI
Ly amio Sl ol Sl 503 5 bl a3 Glils 0,5
23 RS olila 55 Sladl pl 55 S e giledde o g5t
sl Ll Sl x5 05 S ¢S Sal abd lex
b & s S SISl bLa 5l S s sy e
a8 b s oLl Calbe s Slly 55 O smanw $ S 1SS
Gl LS BT 5 e 51 50 et 8 ki, B sl ol
S L0l lin o310 43 Oy (512 2355 o) 2 ahads
o=l Gl ol s esliad is (g, Sl JUT 3,
5ol plal Jhin, s kot (Lallall Cilie o311 L shie
Jioe il o Sl o311 Slin e S il
SIS e 5 550006 ko o Gl g0 ezl
el ok a8 b s Solew  SAdcsen wlul ol
O 4tV s 5 035 AST2GL50 ¢ 45 51 5,20 5V b
S RS 5 s 5l el 5, ES200000 MPa
el o s $ b s JKLLKL YO VY0 LS 5w e

53 5heaal s i S bl peys 6l el onl o
So sl A s il ol enlanad Soslane (6550 ksl 3 L LS
sl sl clas Lans 5o g S S e L Lesli 5o S
Jdo ool (gl ol sl el o e Sl Lo
053 1 S Lgnl G5 oS Ll s K5 e e 2
oS sl bl gl adie ol s Ll e ealind
S Jlarl eS8, 8 I s gl p 5 S S g5 o 2lS
osliial (Lwdd aid) Sl glas Ol seas Imperfection .
3 e UL i J 58 & s s ladie alad les ol ol
S50 5l Gl o s Ll (sl 5 Ul 5015 s
() s 3 ol o a3l SAC [30] assb oyl (5,108

RGOV IS WA B ol 6)\.)5)‘.: L}gjjﬂ CJL;:J;-

AT s b s gomasl il Jde 3T s —¥

s b Sbal Jdow plajl s -V -¥

Ol 5 s G 31 olasl s ol bl sl
his S SialesT ol 55 [32 5 31T el sdd esli


http://dx.doi.org/10.22034/25.2.85
https://mcej.modares.ac.ir/article-16-75248-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-19 |

[ DOI: 10.22034/25.2.85 ]

ﬂglg U':‘.‘\':‘.T ‘6)440| ).')u

635 s Lol Juasl dain o JKo (bgd 5 slaly) H ahio b slacl ol (b0 cglin (5302 SU))

| shaie Vsl o8 ol (2l Major:I-PLE00x200x20x8 (5148 oL
Gir Rl 53 O 5l g 5 0l antla G5 3l s w3y I3
22l 4B S 1,5 350 S B e Jm et ol
Sl (U sl e Ol gl 5 4 (Gb ISt
i Sl i amen ol ol 03,51 Ol a5 L
Jsl Jis il s 45 ol ) Minor:H-PL500x600x20x10
ol s, oy 3 0dd ale G5 5 alae o33 o3 SO H alaie
NP3 s posn b sy ome d g e B Sl s
e Ol L)) 5 4 g IS al o el 4 S
55 sl o34 Ol Cubie s 5 JU Cubies JU sl
&u‘.ﬁjoiuugw,a;pw}gét@ bl
O i s 5 (O 5) Il sl 1l e IS5 b3

ol 0 oé))T

s 5 AT e glast xS gl F Jss

Ol 53,0l s 5 Sialesl 3550 4 gas (I

PEEQ
SNEG, (fraction = +1.0)

350

=
=)
Z
=
b
B
= !
7
2

250
150
50

-50

|
-150
2250 L
-350

-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08
Inelastic Rotation, yp (rad)

=== Numerical

@3k 5 AT & e =k (e

Fig. 6. Comparison of cyclic behavior of experimental and
numerical samples

q¥

Gl Jodow olo)l g3 —Y-F

) AT s 5l bl aa)s nl plil (s
e Ly ooV 5 5 G Godows ol L3 [33] el el sl
3,50 L3M, [V, J b « W12x96

Slesli ol Ly 50l ol 8 515 al sl
Ol 4 13.3iN folss 55 450.63 IN Cubis 4 plaediSsen
L g 5l il ol o 38 clilodl g Lbs
Sl 4o 15 i culbies 4o olenl glad,s sl eslicl
3 el doslitul pllas Slasiie .l ol fuats AT
oo plasil (sl aaad (1) Jsdr alas AT Jus
0l 1,8 Ll S 5 S el S s G Sl gl
g S flS 43S 5l Tl sl gl 5 e eslizl
S 5l Il (LS 8,8 b s gl 5 s Sk S
ol oslial (wds j2ih) Cotle sl Ol seay Imperfection

ol

JJ):.;];);>YJQVJJJS—J1;JQL£;LLA REPRES
Yield Stress Ultimate .
W12x96 (ksi) Stress (ksi) Elongation
Flange 51 70 0.29
Web 61 74 0.20

Table 1. Stress-strain characteristic of the steel used Link-beam
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. 16 My aisc) D b Cw1 Lutodetin 7 Omar Shear deformation
Section Vaisc) (mrpn) rr TS or (mm) g 5 ou Area

(mm) v I Cw ave (mm?)
Majorl:PL500x200x20x8 1625.1 1998.4 62.5 5 0.98 1000 112 112 42675
Majorl:PL500x200x20x10 1335.8 1920.8 50 5 1 1000 113 1.13 5312.1
Majorl:PL500x200x20x12 1164.6 1851.9 41.67 5 1 1000 115 115 6347.8
Majorl:PL500x200x20x15 993.4 1762.3 33.33 5 1 1000 117 117 7885.2
Majorl:PL500x200x20x20 822.2 1641.2 25 5 1 1000 120 120 10406.9
Majorl:PL500x200x40x8 2826.7 2188.7 62.5 25 0.98 1000 112 112 4605.5
Majorl:PL500x200x40x10 2273.6 2136.4 50 25 1 1000 113 113 5738.1
Majorl:PL500x200x40x12 1942.5 2087.9 41.67 25 1 1000 114 114 6863.4
Majorl:PL500x200x40x15 1611.5 2021.4 33.33 25 1 1000 115 115 8537.9
Majorl:PL500x200x40x20 1280.5 1925.2 25 25 1 1000 117 117 11294.3
Majorl:PL500x400x20x8 2935.3 4376.8 62.5 10 0.98 1000 1.08 1.08 4302.6
Majorl:PL500x400x20x10 2363.0 42715 50 10 1 1000 1.09 1.09 5367.4
Majorl:PL500x400x20x12 2020.6 4173.6 41.67 10 1 1000 110 110 6427.8
Majorl:PL500x400x20x15 1678.2 4038.8 33.33 10 1 1000 111 111 8009.9
Majorl:PL500x400x20x20 1335.8 3841.5 25 10 1 1000 113 113 10624.2
Majorl:PL500x400x40x8 5360.1 4613.4 62.5 5 0.98 1000 110 1.10 4636.0
Majorl:PL500x400x40x10 4259.8 4550.8 50 5 1 1000 110 110 5785.4
Majorl:PL500x400x40x12 3597.7 4490.6 41.67 5 1 1000 111 111 6931.1
Majorl:PL500x400x40x15 2935.6 4404.9 33.33 5 1 1000 111 111 8642.5
Majorl:PL500x400x40x20 2273. 6 4272.8 25 5 1 1000 113 113 11476.2
MinorH:PL500x600x8x10 540.1 9433.7 50 375 0.747 400 151 145 8226.4
MinorH:PL500x600x10x10 416.5 9666.3 50 30 0.967 400 151 145 10280.2
MinorH:PL500x600x12x10 402.3 9849.4 50 25 1 400 151 145 12333.1
MinorH:PL500x600x15%x10 401.8 10066.9 50 20 1 400 151 145 15411.0
MinorH:PL500x600x20x10 401.3 10342.2 50 15 1 400 151 145 20536.8
Pipe: 600x8 905.4 8870.2 75 - - 500 129 2.00 9922.7
Pipe: 600x10 930.8 8840.7 60 - - 500 129 2.00 12364.1
Pipe: 600x12 955.8 8811.3 50 - - 500 1.30 2.02 14790.5
Pipe: 600x15 993.3 8767.4 40 - - 500 131 2.00 18402.3
Pipe: 600x20 985.0 8694.8 30 - - 500 1.32 2.00 24350.4
Box: 600x8 1501.7 10242.5 75 - 0.778 1000 1.14  1.09 9418.7
Box: 600x10 1175.7 10208.4 60 - 0.987 1000 1.14 1.08 11779.9
Box: 600x12 1152.6 101744 50 - 1 1000 115 107 14103.8
Box: 600x15 1141.0 10123.7 40 - 1 1000 1.15 1.06 17595.9
Box: 600x20 1121.8 10039.9 30 - 1 1000 116 1.04 23367.1

Table 2. I-shaped, H-shaped, tubular and box sections studied in this research
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Fig. 7. Shear stress distribution in the studied sections
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Fig. 7. Comparison of the obtained numerical and theoretical
results for the shear strength of the I-shaped cross-section subject
to shear in the plane of the web
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Fig. 9. Comparison of the obtained numerical and theoretical
results for the shear strength of tubular section
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Fig. 10. Comparison of the obtained numerical and theoretical
results for the shear strength of box section
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Fig. 8 .Comparison of the obtained numerical and theoretical
results for the shear strength of the H-shaped cross-section subject
to shear in the weak-axis
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Shear Shear strength Shear strength . .
strength (kN) (kN) (kN) Numerical shear Numerical shear
Prototype (AISC 360 (Shear (Maximum Shear strength (kN) . strength (kN).
method) deformation area) stress) (Pushover analysis) (Cyclic Analysis)
Majorl:PL500x200x20x8 876.4 865.7 785.3 900.9 832.8
Majorl:PL500x200x20x10 1117.8 1099.6 992.7 1107.6 1048.7
Majorl:PL500x200x20x12 1341.4 1313.1 1180.8 1312.9 1262.8
Majorl:PL500x200x20x15 1676.7 1632.2 1456.7 1611.8 1569.6
Majorl:PL500x200x20x20 2235.6 2154.2 1905.9 2027.7 1992.8
Majorl:PL500x200x40x8 941.3 934.3 844.2 1137.1 883.2
Majorl:PL500x200x40x10 1200.6 1187.8 1060.6 1356.8 1158.5
Majorl:PL500x200x40x12 1440.7 1420.7 1256.1 1574.1 1407.8
Majorl:PL500x200x40x15 1800.9 1767.3 1541.9 1895.1 1739.1
Majorl:PL500x200x40x20 2401.2 2337.9 2001.0 24205 2260.1
Majorl:PL500x400x20x8 876.4 872.8 800.3 972.0 838.8
Majorl:PL500x400x20x10 1117.8 11111 1016.2 1182.7 1060.1
Majorl:PL500x400x20x12 1341.4 1330.6 1212.8 1392.4 1291.4
Majorl:PL500x400x20x15 1676.7 1658.1 1505.1 1704.3 1618.9
Majorl:PL500x400x20x20 2235.6 2199.2 1983.7 2217.9 21324
Majorl:PL500x400x40x8 941.3 940.5 871.6 1402.6 941.7
Majorl:PL500x400x40x10 1200.6 1197.6 1102.5 1624.0 1243.2
Majorl:PL500x400x40x12 1440.7 1434.7 1312.1 1844.0 1541.8
Majorl:PL500x400x40x15 1800.9 1789.0 1621.0 2172.1 1882.4
Majorl:PL500x400x40x20 2401.2 2375.6 2121.2 2719.4 2420.1
Minorl:PL500x600x8x10 1484.4 1272.0 1023.8 1741.3 1585.6
Minorl:PL500x600x10x10 2402.0 2057.8 1656.6 2199.3 1989.1
Minorl:PL500x600x12x10 2980.8 2553.0 2055.7 2642.1 2392.6
Minorl:PL500x600x15x10 3726.0 3190.0 2569.7 3301.1 3000.9
Minorl:PL500x600x20x10 4968.0 4251.1 3426.2 4390.8 4010.8
Pipe:PL600x8 1539.9 2054.0 770.0 1881.1 1813.5
Pipe:PL600x10 1918.4 2559.4 959.2 2360.6 2266.5
Pipe:PL600x12 2294.3 3061.6 1134.7 2811.6 2741.7
Pipe:PL600x15 2853.22 3809.3 1426.6 3525.7 3440.8
Pipe:PL600x20 3771.8 5040.5 1885.9 4781.2 4585.2
Box:PL600x8 1546.0 1516.9 1418.4 1932.0 1759.7
Box:PL600x10 2451.7 2406.7 2265.9 24459 23175
Box:PL600x12 2980.8 2919.5 2775.4 2976.8 2888.5
Box:PL600x15 3726.0 3642.4 3508.5 37735 3660. 4
Box:PL600x20 4968.0 4837.0 4772.3 5113.5 4955.3

Table 3. Comparison of the numerical and theoretical results for the shear strength of I, H, tubular and box sections
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