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O ABSTRACT 0O

The Shear Lag Phenomenon plays a significant role in the structural behavior of steel
element connections, affecting their strength and performance. This study investigates the
impact of shear lag on the resistance of welded connections when subjected to severe
forces, particularly in the case of slotted steel CHS (Circular Hollow Sections) pipes
welded to steel plates (Gusset plates). This study contributes to highlighting the importance
of this phenomenon to consider its effect according to the European Code (EC3), which
explicitly ignores its impact on various types of connections, especially welded ones.

The research evaluates the influence of various factors such as the overlap length
(connection length) and the diameter of the connected steel pipes exposed to central
concentrated forces on the evolution of the shear lag phenomenon and its consequences on
the proposed connection's resistance and durability. This is achieved through analysis using
the Component-based Finite Element Method (CBFEM), adopted from the European Code
for the analysis and design of steel connections.

Furthermore, the research aims, through numerical analytical study, to develop a
relationship to calculate the value of the shear lag coefficient for inclusion in the equations
used to check these connections according to the European Code. Additionally, it provides
some explanations regarding the impact of the mentioned factors (connection length and
diameter of steel pipes) on the shear lag coefficient to assist in selecting the appropriate
geometric dimensions of the mentioned connections to ensure achieving the desired
efficiency and performance within the framework of structural safety procedures in steel
structures.

Keywords: steel CHS members, slotted and gusset plate welded connection, shear lag
coefficient.
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Analysis 91.0% Analysis 42.6%
120 Plates 3.7<5.0% 273 50 Plates 3.0 <5.0% 127.8
Welds | 98.7 < 100% Welds | 99.6 < 100%
Analysis 86.7% Analysis 34.8%
110 Plates 3.9 <5.0% 260.1 40 Plates 3.7<5.0% 104.4
Welds | 99.5 < 100% Welds | 99.2 < 100%
Analysis 79.3% Analysis 27.0%
100 Plates 3.7<5.0% 237.9 30 Plates 3.1 <5.0% 81
Welds | 99.2 < 100% Welds | 99.5 < 100%
Analysis 72.7%
90 Plates 3.6 <5.0% 218.1
Welds | 99.7 < 100%

D=102.5 D=92.5 D=82.5 —%—D=72.5 —e—D=62.5
400
= 300
E. 7'\
% 200 O
s
Z 100
0
0 30 60 90 120 150
Ly [MM]

CHS aaliall jUad] caung JAlA) Jgha ANy Asalicy) 30U (g5l) — (12) JSal)
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A4Sy el alall) Laglia (e (GEat)

Aall Liaeraill dasliall luad (EN 1993-1-8, [3] a5V 280 collaliay Gy Bl alalll géss
Ak JS xic) ASIS g3l alall aserail) Fagliall o ml) (Sar i cidansal) Rl wain) S bl
(6) Aally anall Jlmally & Johasang JS 6 Alalll eliy ) (558 qen Aleane il 13 (4lsha (ha

_ fu/\/§ Z L, a, (6)

Fyia < Fyra = fowa Aw = By

& Nemax ¢asebaeY) 50l 5ol dal dysluse s calalll 8 didadl) 568l dpapaall dagdll Fyy, gy —
a,, = 3.5 mm Sl 3 A Ll Lepasill dagliadl Fy gy o amall oss)

Gy Lpapesill alalll cilaslia G A DA e padisdl Bl alalll LU (o @il (5) Jsaall C
Gl 8 sl Gipan lan K all; CHS 82.5x4 juaiall & dpalacY) aills Jaluill Jsha <yl
Sl 3525l el

DUl eyl lag) CHS DX4 jualiall b padiieddl Jibidl oLl 4US e Gistll (6) Jsaadl o LS
Loamall ol L) Gipa plem L Ry ally g pad) 2000 Jalall Jlshl Cuas ()
Ll e Aasll Ak V1 (sl e A3 Eally Yol 5350l

Jalatl) Jsh et g Lapanatl) alall) cilaslie o AijRal) JMA (o paiieaall Alial) alall) 4US (ha (3883 — (5) Jsand
CHS 82.5x4 jaiall & dalicy) 4illy
Ly, [MM] | N pnax[KN] | Fyypa[kN] | Check | Ly, [mm] | Nppax[kN] | F,y ra[kN] | Check

150 277.8 491 OK 80 194.4 262 OK
140 279 458 OK 70 172.2 229 OK
130 277.8 425 OK 60 150 196 OK
120 273 393 OK 50 127.8 164 OK
110 260.1 360 OK 40 104.4 131 OK
100 237.9 327 OK 30 81 98 OK
90 218.1 294 OK

g paal) AN J303) sl oy (b U] it lidg) CHS DX4 jualiad) 8 Alial) alall) LUS (pa (3883l — (6) Jsand)

D [mm] | Lw [mm] | Ng oy [KN] | Fy, ra[kN] | Check
102.5 336.35
92.5 310.45
82.5 150 277.55 491 OK
72.5 243.25
62.5 207.9
102.5 240.8
92.5 239.4
oy 100 238 327 OK
72.5 233.8

journal.tishreen.edu.sy

22

Print ISSN: 2079-3081 , Online ISSN:2663-4279



Sl el Sl il Ragalall dpamall Cul§) cDlag b Laill sl

62.5 207.9
102.5 81.9
92.5 81.9
82.5 30 80.5 98 OK
72.5 80.5
62.5 79.45

all) AL Jalea ABle auiiy gl

EN-1993-1-8 15)s¥) 280 alSaly cilaey Gy sap0iall jualiall (goumill aall dogliad) Claa S
glhiNls A yuaiall Jleay) ahaiall Gy senall (Plasticity/Yielding) gsaall ff GA g)lae aladiuly
2(7) 06 dapall 385 40 Ay, Alall adaiall Gy Cosunall (Rupture) @iall

([ Af,
Npy = min! P Yo (7)
kd 0.945¢¢fu
k wRd = —)’MZ

e le) Aacapall alaliall JISaTs 15l gand ¢(7) Gapall anly Bisa aainy agys¥) 35S G ) 5LEY) Haas
g5 Bal (o L 10% Jlsie Giall Aaslie (midd ool a0 ity o(3asly (s Wpeasall Ll abalial)
Jeasl) Jaalii el 3 AISC 360-16, Table D3.1 Syl 2 &l WA aadid) Joagll culusisi
Oe e el (U) il Hal Jolae Glua P (e ansliall (mgatll il Ll adaliall JISa],

(13) JSall & bl alalll aladtinly A sua salls Leabiled 3 (358800 <13 CHS dpajall alalial) Jal

Rounc: H|S? m*h a :in?"t? mf;zen;"scs 1>1.3D, U=1.0 =
UsSsSet piaie tinro SIS in the .
gussetp ug D<1<1.3D,U=1-

X = Q S — _'
n

—~ x|

AISC 360 (Si ) 2580 Lgalilgs & dagalally Abgadial) CHS adaliall  Jalll Al Jalas ilua dide — (13) Jeid)
16, Table D3.1

Sl sl gal By 4ypunall mitilly CBFEM diph alainly Jiaill il o 4l A ey
alae Gl ADle iy polai 23 ((Regression Analysis Method) jlasiVl Jdadll 44k aladsiulys
Cliy Ly 4abpal il (degaldly 3aill cld CHS jualiall) dugyaall c¥lal) dal e (Ugy) il el
iolde) Jelee iy L dad g ¢(8) dasall 385 Sl g)) 381 GSals el s
38N 8 Aa i) Axpall slae) e Al Al e el R% = 0.983 (Determination Coefficient)
ADU) el Jpasall il G Al (14) JSE0 (w WR? = 0.95 ysludly AISC 360-16 S35V

.CBFEM Ziph aladiuly 8ol Jiail) il s SopaY) 35S0 Axpa (3l il o (A sial)
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Af;
y
Npl,Rd =
Npq = min MO 8
_ 0-9USlAnetfu ( )
kNu,Rd -
Ym2
L,=213D>Ug =1
Wlth 1.75 1_£ _ D
L, <13D = Uy = 0.22¢" ") § ==
T
300.0
250.0
200.0
=
== Suggested Model =<, 150.0
et CBFEM =
100.0
—3— AISC360-16
50.0
0.0

30 40 50 60 70 80 90 100 110 120 130 140 150
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G Jalal) il aa Syl 498l dbps (Gadat il g Shal) Jaagall il G A5)Eal — (14) Jei)
.CBFEM 43 b alaiiuly

tGluagilly clalitiuy)
Slotted 43 saiall cllgll <l dganal) CanliY) Dy daglie o Jaill AR 56 3 duhall sda ciay

Sl AL sl il o gl bl (paesd mlia) dpses milia ae desaldly Steel CHS
@A (EC3) asys¥) 258N cblie) (335 basadiall jualiall apandls Gaiad die Gl 3 il 320 55 s
IS Abiae Jalse il iy Canll gk L Aagalal) cBlagll G Lass Yy allall sda il maea IS0 dalay
Aab sliely Jdaill PIA (e W geasal) dpanal) Cnll) s (Jeasl) dilaia Jsh) SHil dhia Jsha oand)
Component-based Finite Element Method — lL&all dipla o sadiaadl dgiidl  jaliall
G aahly (Usy) ol LAED Jolee dad Gluad Ao #15l5 ek Caad) 1 8 5 LS L (CBFEM)
QJJ LS llaadally bl Gl (Sags ¢ a9ps¥) 25SH il ) (385 cOlasll o3 (il dariiosd) B
o2 550 ua oyl adaial eal 4 il g5 ksl (11)5 (10)5 (9) JWay) e -
Ailaie Job 5oy 48 Liad i LS caie iyl LS Gadlins plallly ol hlie (e s cialeaY)
Dbl 55Ss Gun Ll allea) oSays Ji il AW Ll (6 Ly, > 13D 1 glesall asll 1) JlaY)
Jeagl dihia z)la G g gmdll Hlme sa lelant )y jaliall o3a dasliay pSaial

journal.tishreen.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
24



Sl el Sl il Ragalall dpamall Cul§) cDlag b Laill sl

238 Aaglie e bl Sl a0 O WS cqantl) i salyy Ji il Al G (12) JSall Sy -
wrsosd) 3SU 335 sl V) 0l ) Jgeal ie Jegr 05 Jeagl) Joba (il die midty CDlasl
.min(L,,) = 30 mm

Gl @iy CHS ualiall) dugyndl cVWD (Ug) el Al Jolee Glua &l 5k 2 -

S BLEY) [y (8) Tasall By oS3l 61 258U HlSaTy ciliie) ae canliyy Las aby wl (Aasalally

AISC <51 2sSl adajisy 3l (Ly, = D) dpanall Jlaally d3jlie daiaal) 2l 3aalail was ) Jlandl)

L)laallys R? dplae) cdllee ads (14) JS8 ) gsaplls Cum ool AT Jalee Giluad 360-16

CDlagl Aasliag 3l e dajiall A5 8y (e SE (Sey «CBFEM aladiuly Gl Jilatl) 305 e
csSoa) 35S b sadiea) el AT Jales 3o (go ef 56 S 58
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