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

(mm) v 4 Cv2 ave (mm°)
Majorl:PL500x200x20x8 1625.1 1998.4 62.5 5 0.98 1000 112 112 4267.5
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 1.20 1.20 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 2.5 1 1000 113 113 5738.1
Majorl:PL500x200x40x12 19425 2087.9 41.67 2.5 1 1000 114 114 6863.4
Majorl:PL500x200x40x15 16115 2021.4 33.33 2.5 1 1000 115 115 8537.9
Majorl:PL500x200x40x20 1280.5 1925.2 25 2.5 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 4271.5 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 1.10 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:PL500x600x15x10 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 1.29 2.00 9922.7
Pipe: 600x10 930. 8 8840.7 60 - - 500 1.29 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 1.31 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 10174.4 50 - 1 1000 115 1.07 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

Sosb baised Jsb pramen as 55 ples bl 5l S5 G
Sl i il GRS (e S 3 oS edd Sl
0 Ges S 35y JELS Sl S sk gl (<L) AL
o S (sh El S Wl Ul (gla sS4 Calbs
Caad psme e 03 3550 93 Sl rzmen AL (S
.w\cuaﬁﬁ);ﬁ&udmrw@kd@H sl s

et Jsb JS2 H ek Chnd g o et o s
el 2605 ladi g Job 1SS b3 5 gld g cblie 55 5 204
Ladde s 4 dias e 0LE 55 Cyz 5 Gy sla sl oo
ky by Ralis sl dals ) (50 eded (30 (RS 5 )3

Jy St el Jle 2 (6 AISC 360 asbipml ol

ay

oy Sl S s e s gl Iyl ol

23 (Ko shie Gas 4 e dsb S 4 e Sl JSE i
i Sa S i Bl S e s e S o8
Joain 5l 5555 o Sy Jeaie 0T JLis &y 50 sl
oy ) 3 Sl e S b s e SIS e Sl
el (g3Y 58 Cbl_ia [N - SURCIP P v g Wy o A WO G N TN
S, U = Uil maS b et s IS5 08 550005l
S5 it Oy o 5 3L S L5 (65,5 b e S
L 5 Ges ol el (gl 5 S bl (g3de sladie 3 1, b
Sosb Laasisad I b OAL Ly 5 sl 59 53 ool Isb 5
mx__ssj)@)wj,upﬂmﬁ”;—: S OT e oS e 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 2025-02-06 ]

[ DOI: 10.22034/25.2.85]

\¥e¥ JL.«J cY a)ij: ‘YO 092

oot Ol s wdige Sash = sede Ao

JoB S o o3l Gl e JU Jamny o3 mie o S5
DFLS 53 eddeals 0L (b 5 Rl Dl&e g iy
b Yoo adaio ol (56 (gladl 3 sl 2 (20
Sime bl e 5 Sl sl a5 L S
S o Soles .ol 0.6F,=0.6x345=207 MPa L | ;5me0l
Gtz slasls 53 @l Glaoledl cod stalin LB IS5 0l s
S Sl s Sl e (IS 5 65 A5 (it
Sk 3V wblie ¢ 5l (6 R S8 A o e LS e
ol 63,4 gld ) chie )3 Bp 5 w58 (V=) S5 s
Jds i a8 el SR Yl 5 5 o iy
orl o3 a8 S S0k il ol slawl D S a3 5 sade sl
SOl s s,k o soan okl (il sdaline L6 S
L3l alade 3 eddslml o GBS 51 L Ll e oS Lledd
aS Jde cpl Gl sda Ol SHL 5 5 S s Csl s
AISC byl Lalyy ulal el Cslies o uo Yo gl
oS gode Jde 53 Jy clll sy LS &z ezl 360
e e (S sl s el 0Bl S
En O @iy (V) S D sd e 6 SO RS
o=l 1S S0k ol sl esls 0L G b g ahade o
Joo e Ol Jaw s (o35 RS Aty s e edalle SO
Lol 5 Lad b ol oo (o 25 e 5 00
U A B PPN T S Wi DRGNPt
SlaS o 5 OF (gl 4S cul akais AISC 360 4slpyf
S ol pabge ol GLsS 5 AT e s 0 Sl
2 dm plbayy (o s 5 4 Ll eae > S

Sy peedalie 35 by kS (gsde Je

cg;‘_w\)jbé\.vijQm\aMupjﬁaj‘ngb‘,écbm&‘j)\/Y
S s IR s IS el 3 LZ/S el o3l s

Tqve

5 e mls 3l ol 2 Cslae 3, e ol Sl 5 S )5
«(Y) dga 3 3L AISC 360 asl -yl 2B 3l S AL 5
godd mlpd 53 el 93 ol slie ) p3) 50 pblie S
el 4 S )3 aslie 540
b Gl (b R a3 s (V) S
4S 45,8 0lan .ol sl 5,51 Majorl:PL500x200x20x20
ot Jrasd alade Ol by (B A5 i 0 e edalie
5 phaie ladls bav g edd Jood (2 A e 5 Sl
Lo plaie nl Ol 3 sddolmyl (5 (55 iy e o
;bb;:@u&ﬁdbg«;—jgdw\dmg&Yn
0.6F,=0.6x345=207 MPa | » Ly & 35006 lae 3l eslizal
Sdsb iz sLas culs b ol LS 5o
tlaia o5 el sl it gla i g5ludde 53 edd o]
534S a5, 800en ls oS 56 55e0l Jlae 53 5 ey 5l
s Laolall 5 Simes el sl W6 55 IS
S S Ll5 o Jha ) 3 ol g8 e 5 el 0l
oS S (V-b) J5 s a8 el g dbe ol gl ) o
oy e Wl B b s JSEH e s
i 0y e odalin 45 & S0ler il 0l 03,51 Cims
iR GRS e 5 o dd e sl ladl b o IS
AISC aalpol 4y 5035 5l LBl Ol Lo 5 0l Jas
Ldb 5 o3 pad aiCh o Ol law g ol oS 3 e 51 360

W.J@\A&_ﬂwwiﬁéjﬁwjz\jriGdudl{

w)ﬂ)))ﬂdauu_)} ‘-":'J"JZ';GJ): :VJS.:I

401.13
33447
267.82
201.17
134.51
67.86
1.21
-65.44
-132.10
-198.75
-265.40
-332.05
-398.71

Fig. 7. Shear stress distribution in the studied sections
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results for the shear strength of the 1-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

Jol> BOXIPLE00X20 shais s e slie (1+) IS5 5

Slslie )50y ot i Sl 5 slas o s
AISC  asbipnl Ll 51 ool o 5 Cunslis JUS 5
el 0l 0351 Sl 5 55 Sy 5 85 LB, 360
Ol o G U5 055 o edalin S5 ol 51 a8 S 0lon
Jol s e et o ) ol mls Y Sl
S, VG glacas ool b e Skl s )
=l ol AUl e S el Cplie L3I s (glas
O Ol s il e Sy 35S 5155 edkslen|
=5 LAISC 360wl Laly, 5l ol canl 1 sl
Jolb b b Y sum s st Sl s 5l ol
Gl omslin 3,51 0 a8 el Y s s s o Lo |

&SQ—.&‘JL&)Ju_i“bj‘ibth:utj_:w‘wzj’@)m

40

53 ket b Sl Lo 1 Lol ol L AISC 360 L,
jl}da_wl./.\‘\ S 9l 4> d\uﬁJﬁ’k"ﬁ@uL}/H S gl
i s slis (gl (6 iy Sl AISC 360 syl asls
aS das e 0L gode slassladae Tl 4 Sl ) S S
g o=l el o eslie e Sl (erelin g il e

Al bl
HClaj.a&:ﬁu)l}»@jybé)ﬂ)d:w@bw&»./\J&i

d‘i‘%‘“’))’”’d‘}"&“"ﬁl"gﬁfdl’)ip

6000
Z 5000 | mmmm——m—————————— e e e
_; 4000 |t 7 SUSCIN Sy IS SR
0 3000 Pl T NS TR
g 2000 T i —', S
N
< 1000 ) H—
5 o = =
7 -
-1000 l\; = 0 I g
366 g == === AISC 360
N F — - Maximum shear stress
-3000 | TTESEIHP Shear deformation area
4000 —— Hysteretic
= = Push over curve
-5000 T ===Envelop of Hysteretic
-6000

6 -5 4 3 -2 -1 0 1 2 3 4 5 6
Drift (%)

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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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 2420.5 2260.1
Majorl:PL500x400x20x8 876.4 872.8 800.3 972.0 838.8
Majorl:PL500x400x20x10 1117.8 1111.1 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 2132.4
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

S ol 2 caslis ol Culis 5 e e gladl b cblis
g3 slagiludde 5 ol b sl 5l acb ol ol
A i S GRS, AL WIS e oS iy

(f;fgf:@‘gf:’))}gf&f :_lau” ckw)‘a)[.ﬂ.w\.)uwb WL .

a5 L oalale Ol sl 53 o s ST ablis ol
S 3l i Y a3 Sl iy 25 Y sane 4l
2l o L5 O s il g 5

Sl 355 0 sdalin AISC 360 Ly, 5 ssde slasslade


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 2025-02-06 ]

[ DOI: 10.22034/25.2.85 ]

VFo¥ JL.«J 4Y D)L&)ojl cYO 092

e Ol s (plige (s = cale alns

A sl s SUT e 555 (gde (s3lade Sl eslizud
Ale = 3 edda bl slad i ks cﬁl.m Solwdde
s olesl s A bl sladis wlal o e sSUT
e L assad YO Sl eSo bl oode Slsol sl ren
dlos o LSO Ladl 51 S o 5 dis ealined il
A 8,5 gl e e LS 5 e e Sl
Tl L0l J aS wnp JSi 0 badis 0l 51 K ja Jub
Jol oy Shest Gl LI Sl JediS el 0 S
S Klesle Gudes pl 5l
S S AISC 360 s edsashyl Jasls I ol ol =)
sy ol JSAH phae b glasl el 55 Sl
Ll o sSUT i3l 5 )3 (s3de slagssludde mls b 553
S - L WP /A IR WP O CE B P WP
e slie 3luadal; (51— AISC 360 L3 oS il ¢ 5550
el 5o S b an (ablie g 55 ol el B
0SSttty 5 SVl kae ol Sl o Olslons
du;da ;;L.i;é:bgoil C’L"J“’MW\ ods o 2
el GV 6l O s glaans 5o wblis 655l 5o
el &S ulablous 27N ¢ 350> 53 AISC 360 I Lol
S ol mlE Sl Sl UL i glacas 3 Y
slasl onl 35 Cuslio pns gl 2 AISC 360 aob ol
Ale = s e slagsledis bl b sl shate
534S Sl ol O s )l (S35 sl Sl sSLT
g o=l s e slie (gLl sl AISC 360 byl
Wl sl eslial whade S 55 e 5 cablis
cblie g cnl 53 4 das e 0L Gk () S (pioens
AISC 5l ol ol i il O ot glaces 3
sl &1,Salabloes /Y T 50~ 360
ol 51 ol s (ol (Sl O s glacans 55 =Y
e Ly slaael anl 3 Zaglie (pns (512 AISC 360
oSl S3le s e ol slagsluddle m b IS b3
g ol 03 S Sl pl OF s a5ls (STn 5 sl L
i oS @Sl lal e o s s 4 Wbl
P L N N O Bl
SAISC 360 s oy 5ol O] S o oslie iy

v

Laalie 3 wblis ¢ 00l o8 Canslie aalome gl 20
wdils (65 malie 8 L5 e badde Glas ol S
Al

s9d 53 Sl by 5 el 4 ki (sl sblie gl
S 5, e SLBDl gl ol oo 5 RSl s
S el b (olwdias Sl ool S o0l 5 Sl
s tasl ails 55> 5 AISC 360 Lol 5 o sie 5 55
4 AISC 360 4sl iyl s Ol 3 sla iy 53 &5 450k
i Seslie oS Sl e 03 5 423 a5 p s e 0
03,5 o3l S (B 5 Ghg) Sl ablie gl e
NG

23 S oy S eSSl g a5 L b B sblis
Sl gy phsl cd Javgze 3 (35 51 mi Ve GO ssd
5 s Goledis 5l Lol s o (ool 5 DDt &S 55 e
sddosls OLIS mls 3L 4nilas 3 > 5 AISC 360 bl Lol s
5 Sl lae T LSS 55 (b B bl sl o7 s o
SAISC 360 asbpl Laslyy o 700 B0 350> 55 St
JJ> 4 BoX:PLB00x8 Jde ;3 Lads 3505 552 5 (348 (55Led e
03 (Ml T (slasl s S Dl gy 4 5 slael 6 ,2Y
Sy g edalie 1N0 5 yd

(V) dsdz 5l s s Ol 8 s jise 55 oS 4,80k
S s S H bl sl

o Al el 3 g8 e odalis
L LY e olie shls Ygane Ol ami 4 3500 slizel

VYO sae s ol s edsiolssl dblie gl S ol 1,0
sl 0ls OLES 50 (A) IS5 55 &S €S0k el 0l Jol>
ol lils) 4 o s3de (3ledie 53 oS L Caslia
it i gy ) esleal 4 S JLs s e Sl 5l s
LS o ) wblin nl Sl s e b 55 s 5 S

el o gl ) 6l ao 5 BB &S

S S o =F
i Seaslie sl 5 (6o Jails, Il Wlis cpl
(Sl o553 s mme 4 o SISO H phade L glasl o
S amdlaen s hx s j e o G H SO b3

L_gnOJL::\J))A cbuﬂ)\uﬁﬁwlwﬁf@}ubww;


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 2025-02-06 ]

[ DOI: 10.22034/25.2.85 ]

3L bl real 3L

63V it b Jlall aeis 53 K5 b3 5 gldgd H d‘i‘l‘.dw‘ o b Cslie (g3 oL )]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

walls. International Journal of Civil Engineering, 15,
pp.775-789. https://doi.org/10.1007/s40999-017-0174-
y

Rezaee, M. and Asghari, A., 2024, October. Lateral-
torsional  buckling investigation of multi-tiers
eccentrically braced frames with shear link beam. In
Structures, 68, p. 107063).
https://doi.org/10.1016/j.istruc.2024.107063

Asghari, A. and Hosseini, S., 2024. Seismic Behavior
Assessment of Special Concentrically X-braced Frame
with Through Gusset Plate. Iranian Journal of Science
and Technology, Transactions of Civil Engineering,
pp.1-13. https://doi.org/10.1007/s40996-024-01524-4

Chen, X. and Shi, G., 2018. Experimental study of
end-plate joints with box columns. Journal of
Constructional Steel Research, 143, pp.307-319.
https://doi.org/10.1016/j.jcsr.2017.12.029

Shek, P.N., Tahir, M.M., Siang, T.C. and Kueh,
A.B.H., 2011. Experimental Investigation of End-
Plate Connection with Cruciform Column Section.
Advanced Materials Research, 250, pp.3730-3733.
https://doi.org/10.4028/www.scientific.net/ AMR.250-
253.3730

Krawinkler, H., Bertero, V.V. and Popov, E.P., 1971.
Inelastic  behavior of steel beam-to-column
subassemblages, 71(7). University of California,
Berkeley.

Bertero, V.V., Krawinkler, H. and Popov, E.P., 1973.
Further studies on seismic behavior of steel beam-
column subassemblages. Earthquake Engineering
Research Center, University of California.

Krawinkler, H., 1978. Shear in beam-column joints in
seismic design of steel frames. Engineering Journal,
15(3), pp.82-91.
https://doi.org/10.62913/engj.v15i3.318

FEMA-355C. 2000. State of the art report on systems
performance of steel moment frames subject to
earthquake ground shaking. Washington (DC):
Federal Emergency Management Agency.

FEMA-355D. 2000. State of the art report on
connection performance. Washington (DC): Federal
Emergency Management Agency.

FEMA-355F. 2000. State of the art report on
performance prediction and evaluation of steel
moment-frame buildings. Washington (DC): Federal
Emergency Management Agency.

Ricles, J.M., Fisher, JW., Lu, L.W. and Kaufmann,
E.J., 2002. Development of improved welded moment
connections for earthquake-resistant design. Journal
of Constructional Steel Research, 58(5-8), pp.565-
604. https://doi.org/10.1016/S0143-974X(01)00095-5

Brandonisio, G., De Luca, A. and Mele, E., 2012.
Shear strength of panel zone in beam-to-column
connections. Journal of Constructional Steel
Research, 71, pp.129-142.

RYA

53 S cead el 308 SlaSled i 5l ol il
§35 im sl o Caslie (55Lalal s AISC 360
DLy Sty 5 SV e ulal lkde 55 ablis
NG P - ¢
et ()= AISC 360 s esaly) ol 5l Jols il —¥
Dy d S IS H el b sliael ol o5y o slis
o SU e 555 s glagsladite s b cias
AISC 5l sdslccwsan ol 35 Cuslis 53,0 BLal
Sl s ol @S adsblows 2 Y 15 50> 360
3 ol gl 55 G0 ablia £ ol 3 45 e
55 5 35 10 Ta 50> ki by 25 L AISC 360
Ao Ao w5555k DGl GV il Ol ets sl

38 S Lais pl 100 g 5 il s gy 5 i

s

@-t »-V

[1] Tajik, N., Mirghaderi, S.R., Asghari, A. and Hamidia,

M., 2024. Experimental and numerical study on weld

strengths of built-up steel box columns. Journal of

Constructional Steel Research, 213.
https://doi.org/10.1016/j.jcsr.2023.108362

[2] Asghari, A. and Azimi, B., 2017. Evaluation of
sensitivity of CBFs for types of bracing and story
numbers.  Scientia  Iranica, 24(1), pp.40-52.
https://doi.org/10.24200/sci.2017.2375

[3] Asghari, A. and Saharkhizan, S., 2019. Seismic design
and performance evaluation of steel frames with knee-
element connections. Journal of Constructional Steel
Research, 154, pp.161-176.
https://doi.org/10.1016/j.jcsr.2018.11.011

[4] Pavir, A. and Shekastehband, B., 2017. Hysteretic
behavior of coupled steel plate shear walls. Journal of
Constructional Steel Research, 133, pp.19-35.
https://doi.org/10.1016/j.jcsr.2017.01.019

[5] Jaberi, V. and Asghari, A., 2022. Seismic behavior of
linked column system as a steel lateral force resisting
system. Journal of Constructional Steel Research,
196. https://doi.org/10.1016/j.jcsr.2022.107428

[6] Jalilzadeh Afshari, M., Asghari, A. and Gholhaki, M.,
2019. Shear strength and stiffness enhancement of
cross-stiffened steel plate shear walls. International
Journal of Advanced Structural Engineering, 11(2),
pp.179-193. https://doi.org/10.1007/s40091-019-0224-
6

[7] Asghari, A. and Azimi Zarnagh, B., 2017. A new
study of seismic behavior of perforated coupled shear


https://doi.org/10.1016/j.jcsr.2023.108362
https://doi.org/10.24200/sci.2017.2375
https://doi.org/10.1016/j.jcsr.2018.11.011
https://doi.org/10.1016/j.jcsr.2018.11.011
https://doi.org/10.1016/j.jcsr.2017.01.019
https://doi.org/10.1016/j.jcsr.2022.107428
https://doi.org/10.1007/s40091-019-0224-6
https://doi.org/10.1007/s40091-019-0224-6
https://doi.org/10.1016/j.istruc.2024.107063
https://doi.org/10.1016/j.jcsr.2017.12.029
https://doi.org/10.1016/j.jcsr.2017.12.029
https://doi.org/10.4028/www.scientific.net/AMR.250-253.3730
https://doi.org/10.4028/www.scientific.net/AMR.250-253.3730
https://doi.org/10.4028/www.scientific.net/AMR.250-253.3730
https://doi.org/10.62913/engj.v15i3.318
https://doi.org/10.1016/S0143-974X\(01\)00095-5
https://doi.org/10.1016/S0143-974X\(01\)00095-5
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 2025-02-06 ]

[ DOI: 10.22034/25.2.85 ]

VFo¥ JL.«J 4Y D)L&)o\-::l cYO 092

e Ol s (plige (s = cale alns

1, vol. 1-3. USA: Hibbitt, Karlsson and Sorensen, Inc.

[27] ANSI/AISC 360-22, 2022. Specification for structural
steel buildings.

[28] Sadd, M.H., 2009. Elasticity: theory, applications,
and numerics. Academic Press.

[29] Trahair, N.S., 2002. Bearing, shear, and torsion
capacities of steel angle sections. Journal of Structural
Engineering, 128(11), pp.1394-1398.
https://doi.org/10.1061/(ASCE)0733-
9445(2002)128:11(1394)

[30] Venture, S.J., 1997. Protocol for fabrication,
inspection, testing, and documentation of beam-
column connection tests and other experimental
specimens. Rep. No. SAC/BD-97, 2.

[31] Daley, A.J., Brad Davis, D. and White, D.W., 2017.
Shear strength of unstiffened steel I-section members.

Journal of Structural Engineering, 143(3).
https://doi.org/10.1061/(ASCE)ST.1943-
541X.0001639

[32] Daley, A. and Davis, B., 2015. Shear strength of
prismatic steel I-shaped members. Metal Building
Manufacturers Association, Cleveland.

[33] Lewis, G.R., 2010. Replaceable shear and flexural
links for the linked column frame system (Doctoral
dissertation, Portland State University. Civil and
Environmental Engineering).

44

https://doi.org/10.1016/j.jcsr.2011.11.004

[20] Standard, B., 2005. Eurocode 8: Design of structures
for earthquake resistance. Part, 1, pp.1998-1.

[21] AISC Committee, 2010. Specification for structural
steel buildings (ANSI/AISC 360-10). American
Institute of Steel Construction, Chicago-Illinois.

[22] Sazmand, E. and Aghakouchak, A.A., 2012. Modeling
the panel zone in steel MR frames composed of built-
up columns. Journal of Constructional Steel Research,
77, pp.54-68.
https://doi.org/10.1016/j.jcsr.2012.04.002

[23] Mansouri, I. and Saffari, H., 2014. A new steel panel
zone model including axial force for thin to thick
column flanges. Steel and Composite Structures,
16(4), pp.417-436.
http://dx.doi.org/10.12989/scs.2014.16.4.417

[24] Rong, B., Liu, S., Yan, J.B. and Zhang, R., 2018.
Shear behaviour of panel zone in through-diaphragm
connections to steel tubular columns. Thin-Walled
Structures, 122, pp.286-299.
https://doi.org/10.1016/j.tws.2017.10.029

[25] Paghale, F.J., Saffari, H. and Fakhraddini, A., 2018.
Panel Zone Modelling of Box Columns: an Analytical
and  Numerical  Approch.  Advanced  Steel
Construction, 14(3), pp.361-376.

[26] ABAQUS. 2008. standard user's manual. Version 6.8-


https://doi.org/10.1016/j.jcsr.2011.11.004
https://doi.org/10.1016/j.jcsr.2012.04.002
https://doi.org/10.1016/j.jcsr.2012.04.002
http://dx.doi.org/10.12989/scs.2014.16.4.417
http://dx.doi.org/10.12989/scs.2014.16.4.417
https://doi.org/10.1016/j.tws.2017.10.029
https://doi.org/10.1016/j.tws.2017.10.029
https://doi.org/10.1061/\(ASCE\)0733-9445\(2002\)128:11\(1394\)
https://doi.org/10.1061/\(ASCE\)0733-9445\(2002\)128:11\(1394\)
https://doi.org/10.1061/\(ASCE\)0733-9445\(2002\)128:11\(1394\)
https://doi.org/10.1061/\(ASCE\)ST.1943-541X.0001639
https://doi.org/10.1061/\(ASCE\)ST.1943-541X.0001639
https://doi.org/10.1061/\(ASCE\)ST.1943-541X.0001639
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 2025-02-06 ]

[ DOI: 10.22034/25.2.85 ]

Modares Civil Engineering Journal Volume 25, Issue 2, 2025

Numerical Evaluation of Shear Strength of Members with I, H, Tubular
and Box Sections in the panel zone of steel moment-resisting frames

Abazar Asghari **, Aydin Pavir *

1. School of Civil Engineering, College of Engineering, University of Tehran, Tehran, Iran. P.O. Box: 4563-11155, Tel:
+98(21) 61112950.
2. PhD student, Department of Civil Engineering, Urmia University, Urmia, Iran.

* Corresponding Author Email: abazar.asghari@ut.ac.ir

Received: 2024/07/24 - Accepted: 2024/11/23

Abstract

Introduction One of the important topics in the design of steel structures is the selection of member cross-section types. I-
shaped, H-shaped, box-shaped, and tubular sections are the most common steel sections used in building structures, bridges,
and industrial structures. In the design 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.

Study of theoretical and regulatory relationships: In this article, first, theoretical and code-based relationships of
nominal shear strength of H-shaped members with respect to the strong axis, tubular, box-shaped, and H-shaped members with
respect to the weak axis were studied. Then, the nominal shear strength of each mentioned section was evaluated using
numerical modeling in Abaqus software. The material and geometric modeling of the created members in 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 humerical
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.

Keywords: Shear Strength, H-shaped Section, Tubular, Box-shaped sections, Redistribution of stress.

100


mailto:abazar.asghari@ut.ac.ir
http://dx.doi.org/10.22034/25.2.85
https://mcej.modares.ac.ir/article-16-75248-fa.html
http://www.tcpdf.org

