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Development of a component method for calculating the initial stiffness of friction
end-plate connections

A. Sadeghi, M.R. Sohrabi, S.M. Kazemi
Abstract

One of the practical and useful methods that is used in Eurocode 3 to analyze the bending behavior of connections is the component
method. Based on this method, the moment-rotation curves of joints are estimated bilinearly based on the two parameters of bending
strength and initial stiffness. Therefore, one of the most important parameters to evaluate the moment-rotation curve using the
component method is to find the exact initial stiffness of the connection (S; ;;). An issue that is not mentioned in the Eurocode 3 and
causes the obtained results to be insufficiently accurate is the issue of pre-tensioning bolts. The main goal of this research is to add the
effect of prestressing bolts to the component method. For this purpose, the stiffness of the spring elements modeling the column flange
in bending, the end plate in bending, and the bolt in tension, which are necessary to predict the rotational stiffness of connections with
the end plate with prestressed bolts, should be investigated. For this purpose, first, relationships are presented to consider the effect
of prestressing bolts in the component method. Then, several end plate connections that have been investigated by the researchers
are evaluated in two cases without considering the effect of pre-tensioning of the bolts and considering this effect in order to verify
the correctness of the presented relationships. The results show that the presented method for considering the prestressing of bolts
is a suitable and efficient method, which makes the accuracy of the developed component method more accurate than the conventional
componentmethod. So that the rotational stiffness difference of the laboratory model with the component method without considering
the effect of pre-tensioning of the bolts was reduced to -13.81% and by considering the effect of pre-tensioning of the bolts to -2.41%.
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Component Method, Rotational Stiffness of Connection, Prestressing of Bolts, End-Plate Connection, Laboratory Model

g8 9 ojw (ilingfy g (ole s /e

Il )10 - pqw q (Ja s0)lath _ p)lg g w Jlw

AU o)l pgw B)rano (63b ¢ le

caBill (s


http://journalisss.ir/
https://journalisss.ir/article-1-525-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

ot S ol O Oliis S glaans s
S b ol Al S S VLl Ol 5= S e
VAT BVAVE sladl b 3 cplomil o ilazils o Joe
A3 S Gl Tl s b gladle (Bas ol w s
Ol KaS 4 5 el osl Eurocode 3 asbipwl 3 as, ol
el 1y s VLl Ol 5a— S sl yls ses Ol e
Gy 38 e walioml pl s s il 5 Ly,
o5 Ol oS canl - SO g, SO slad e
o Jals gy opl LS e pal 2 1 VLl (SUISG
SO SS paS cl (adlje) 3 e S & sl sl
5 e Caglie Gl B LEs (R3S Al s e
G50 S5 Sa sl IV] Laes 55 4 oy
ssd Laie Ul 5l S e SO S, L sladl e
LT e s O glaadl so (glaceslis 51 Jlasl JS s slis
sVl b gl 1y addje Yo N -A i Eurocode 3
S e s Y Gl s,

e 2\l At Jlasl glaad 3o Ol g5 oo (1) IS5
ol a4 badge ol by Jlail o 5 Slubs |,
() Jsdr) 558 0 s s 5 5Lib (LS

Sy s g O Sasn by gl B,
Soslite lag 1L Ll s s s YL e
4 V494 Jle s [F] 0L 5 TG Lol sl sl
4 SIS A S R b VLl s, L)
55 [0] Oan 5l ety AT iy, SS
ols A os ol domio Jlail S8, L5 4 Yoo f Jl
Pl gl ge s, SKaS @ o Sa 5 e
Sl an S s Jue G Yef Jle s [9] 0L
S S e gl 5o s S ae oL sl | sladl s
S g 4 [V 0L en 57 2 KS YA e 3 s S
S Jebs 5 oleand gLl L s s DLl (s3de il
0345 O g 5 gl dsmis VL) il pl 51 SUISG
35 s oo Ol Aty ileds adiS iy ey Aea O
Oz 5 05t Jb s olgnl dmio o dal) (g3leand
535 o3lizd ANSYS i3l 5 5l ey 3 (S by S5
il s AR s L ssdee Gl Jde
S, Ll oo (g3de o) oS Kdowy 4 cpl 4y 5 Lol 13

b 2l i Jlail sl 5 VLl 6l S5 5 JS

! Component Method
2 Zoetemeijer
%Faella

“Da Silva

’ Bayo

¢ GangShi

6 /390 g ojlw (iliagh) 9 (ole ayps

dnadis —\

Sl b S 5 e glolentle Gl sladle o
Ol i 5l 6oV 5h glao sl .ol aniils (goby Ay (oo 5
JUsl ol 6,880 5l Gus 5 Lpd e LS55 glosle
Nl osle o 6oy peoiloaedidlasl = b slay 0
308 g sl (SO 5 (Kb Sls s 6l
oty 4 Ol o blse opl dham 3l soal Slextle lacsls s
Ciliee JISCEN L 85k sl 035 5 Caeslin p conles
GAM= S 5 5L s b by 85208 65 (golens
ool 53 3V 55 5l oslinal 4y e oS Lakil 1S s a5 il
Sl e Jlail Vs a5 58 o lal o pd e
ezl o8 das o LSE5 1) o3l 25 o 3 Sl e (Slosla
Aer gl @l il e el ll 5 ol
s Ul sl VLl sl bl sl sl 5
Jlail o g o sla o 5o D] el (555 08 ol il
o b lats cL @) soas o3V 58 LB Oy S
il Nlal a4 i OV ol sdd w8 L s
s el i Jlolsl S 53 Lol 1y 55 s oS 545 0
Sl cho aVasl il 35T 8 glel 3 e i
wh S ks Culge Lol Shss e 8 cl Jlasl
o)l sy oS e Il Gl e s 05 e
L oVlasl a8ty Sk, o el Jleil K8 S g, 55
3l ol dm s hyls ddian w3l VL] AS S
33 O G, S A et Caslie 5 LS e
LT] i g odl Clopans VLl 5 jls ods S5 (6555
S Sle bk Ol o dlail bl Jdo 5 455 0
58 Je ey B L S e e S 1 ek
S A 3p8 S s Al S el Ceslt w
Olyss 81 5 Sjini) 3] e (MjRa) et s slis
sl 0l o3ls GLES (V) JSKE s &S (@e) o LB

M

Siini

Jlasl Q\)ja—ﬁ BIYSER R T

Py @

1€l )L — pgu g (Jan (50)Loud _ p)lan g G Jw


https://journalisss.ir/article-1-525-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

a

4o gbg) czwes

=

o Whnl p)lgiil aadan OV adgl ¢idw auwlas (199 (slad)

Lsls W}:@i‘-&:’.:)‘)l‘é‘? L.S‘f b L:j)‘ j.ﬁuu._:_‘)b b}?'},d

.JC.AJ‘)‘JB Pl )))A 6\&5.4

k31 ka1 ks kiog

HE320A

HE300M '

k32 k42 ks kg2 kyp2

k33 kg3 ks3 kg3 kip3

&

i rled Condy el slded Sty Slams
5@ s Fb Al bl mio 1) O b s el
Sl 2t S Ly (SIS S A 5 00
Lyloy Yoro Jlo 3 [A] OLs 5 SlS05es S Lo

k

row,1

e 2 it Jlasl slaadl e -Y S

Jolos 513 (5 (g e8] imion Il 51 (5558 Jobe (0 gl s iy Ll (slaaid 3o ()

SEET) Q:)'CT Sheslizad b Sawsl N &y 5 [V 0]
Vsl (g S8 L ks SO dlasl s b ol 5l ) slatees
g ol O sl Ly sl Glags L (Sl
Gyad VA Eags cpl ys ad sbel byl Gl o YL
Wy VP s Jsane uoslie (e Jlal €500 Sl ol
SV I S S VS N )ud Coslie o Jlasl
shr A P Sl SV ol S
sl ‘)\JCT S lie y glagy VLl ol e 5 by
Sl e b a5 5l 0L ol 3 g bagey O35 ,8 5 LG s
odke 3 ls (g ket Ll ,\;GI@,L;% e Yl
5l &b gl Bl s Susie o ol g
Al Vsl ol e, S8
Glaosle oLl YeVs Jle s [N ] 0L 5 7L
e sy S8 4 sl gl S e sl oY
Gledle LDIYT OLen 5 B8 YOIV Jle s adastls
el iy o3V Jlasl oLl & ABAQUS il 5 3

Gy wwbis bl aw 36 Lol sl Las Vs

4Yang

e\l ot Jlasl glaadljo 5 U =Y Jgd>

aad 5o Py
G 03 O Ol =) s ab
LLid s Ot O =Y solid 4L
S s 5 0l 5 JL Y
"':'S)J d}:'w L)L?' _y B s ;:;—L'

a5 0w JU =¥
gt 53 olgll din -0
oS J=,§O\>.—A
SRS 53 lagy )

Sleogart g5 2 Y2 Il 5 [4] OLes 570
C,.wliaﬂ L;Lh@._g )l ealazul L« é&hﬂ‘ C)YL.GS‘ &:-«:-S

b Shcel A0 (SaS i so8 Jus bl
O 5T 8085 YV E Jle s sl plomil 1 lisdos

! Demonceau
2Kim
3 Xiaonong Guo

290 g ojlw ¢ iing) g ¢ole ity /K¢

€ ) lg) — pqu g (a0 (50)laid _ p)lan g ¢ Jlw

[Jaw W5)rano 63lo ¢l

B (A3 3 ()


https://journalisss.ir/article-1-525-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

sl s ez S i Laly, /le;:.ﬂ\ S i
odaasll sy alosl gl S 535 0 0L ol iin
3 o 2050 e L g S gl Ak JLal iy
Sl S e ol Sl s s il 4 S 15 aalllas
A bl oose el B S s b b (SAS
S e
bbb, =Y
5 adlan 5yse oy alen] i JLal s cnl s
oslizul (3¥ 55 GaB 55 0328 5 sbas Jlasl cpl 63,5 s
Va3l s o ol Ol s Comn Balil 3 5355 00
oS e B ey 1 550 Sl sl 3 e il
V4] e

Jlasl iest Cuslis Eurocode 3 &bl bl
DT Lozt 3 ol Gb e o\l i

M;jrq = Z Firra * by M)

(hy) 5 ol oIl oy i) (o225 Zwaslis (Fippa) &S
Sxhe A S ol b S STy s, alol
23 ARl SOl b g sy K s A0S Caslis
S e

Firra = Min(Fewera Foperar Frepra Frwbra) (Y)

eolie O S (Fywerd 5 Frperd Freprd Frwbrd) &S
(o 3 gl mdo (RIS 3 5 Ol glaadlpe b
Ceoslie lies JLIS 55 Ot Obr 5 Jhest 3 O JU
s Seaslie 5148 GOS0 Ll e, S 2ES
SoalS (ASS sl Jlasl (5 Lid el 5 O si Jlas] dadinr
Sogot BlS e mm e slaciss (g edle Al
o gy b Sl L gl ol S Jas s S
258 5l adllas o) 5 e S Cunglie 3L Cgr a5 S
Y]

sdkdnlgiing iy 5o S Al e oLyl josas o
S5 LS Al e 35 s eslinul Eurocode 3 s
ot Al o 3 Ll e ez 3 e slaadl fo IS e
ﬁ’ S ks
sy O 5o S5 sbadlse eles slags pdy IS I€and

Cosen g L A sle

1 1 1 1 1
= + +—t— ™)
keff,r kcwt.i kcfb.i kep.i kb.i

0V 7 3Vg8 g ojlw (ilingfy g pole aypls

515 51 eslizal 5 Cilises sbul b oS en 51 eslized (Jluas!
Cod Uil e gl Gl L JShe
Gl bl 3 isls S5 e 35 Gl S
ARLST e L 1 Il 51530 p 5 Jda Sl sdelcesay
Olexd LYW Il s Y] 0L 5 5l ks S s lis
S bl ol Gy VA s 5 Ges el s
SO s DNF] 0L 5 5558 sls <) slad 5o
Ol plel dmio VLl e k) (gods dallls
Lol iz s s (65 gme (S 5 ot 3kiS el g5 b o
sl Jlail s S b 1y Jlail g5 53 355 hasi 3
S 5 sbolen 30 S50 G5 Ll 605 5 s G sl
S 5 diillansl S50 sl i Sl by o Uiz
Omoes (Sl s el dmio Jlail 4 s 5V
Gosme Som o kiS b b Sl (Jlasl 55 s s
B s 5 e S IS5 ds 3 T L Lo sl
la el 5t adlas 4 YA Jl s V0] OLen
Lo lp il wblie L Jlasl 5, (g5, » il
ol Bl VoYV Jle s (K0 tas 5o Lol dstls
5 s 0l D] s S Gl dlasl gl b gl
Cob b 3 by (SUS iy iR 25 SN 1% IRTHCONN
355 s 53 LOT s S s | o VLSl (5050
U KoeeS Slasse 53 (S iy o Loy S ol oy
VoYY Jla 53038 s 0 0T 3151015 o0 5 2003 oS 5l
ol s DIAT A Gl 08 b 5 Jas 5 b o (gladlse s
ol sies 31515 0l 53 Sl g Sl o a3
Jlasl 53 glp e 5 5L axw s Eurocode 3 &b oyl
Lo odd Ll oLl dmdo 5 Ot 4 5 s ks
G 5 AT i, Sl eddale Olyss KT s el
A3 5 ol zul, ABAQUS Sl 53 5 sdom (5|
Eurocode 3 LUMT 05 g lad e ey AL
Coaglie o)l 53 elul Ly VLl Ol pe- S (sla s
033 e ot 53 st il T e 5 e
S el G e 5SS cplnle (O JS2) K50
wsladlze sy 5 eslinad b 0lss= S gla s b5
Sjini) T o Olon bl ed Al 333 o8
Sladlze (roy 5o eddelril Glaiassy (s Sl oy Sl
jwﬁ;lej\&@)swlomw
WAl ety Jlasl Sl s ol S0 K5 e & gy

Ji\ 53 1o sza ped A el wﬁ )b} SOR Sose

LYi-Fan Lyu

lICe )lg) — pqw g (oo sojlatd - p)lg9 g (v Jw


https://journalisss.ir/article-1-525-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

oI Wanl )lgiil eadn B3I adgl idw auwlao C1g0 lad)do givg) azwgs

Sl el Sl i S sla 25 S S (5,138,
esle b o el die ol 51l los ) o b 53 U
SAS e S g SVl g5 cnl s 18] 58 eslizd
B Wl ) sl sl s s ol g
el S SIS iy 4 g 03 Sk

5l e sge pedle VLl pl s 1 SSavl Jlasl
3 o3linal > sad o3kl 31y g 033 Uag (i 8Lz 355 23
VLl [Y] s e S8l Ll s (5 3l
Jsl ¢l Cla.ﬂp O oo ple g Ceslie 4 Sl
e s Eome ol s S ol Sy el
5 &S O eVl ol as oyl J:JM.; Olatle e
BEYRCE) | W= v R VY PR Lo e2lp il
Wlasl ¢ 55 opl 5o 5 S eslanal o5 ) pl 53 pslie la o~ b
b 534S G s A gy s 03 S ey 6 Sl
sl 3 3 S Sl 58 el sAS atie
s 4,5 S5 S S g S5t S5 el
S Wl e 55ms 4 SKhaw! Jlail Slmio b Jles!
DA 558 o Jlasl LIS 3505 5 A pde s,

L oo Yl Glhes S fwfm ¥
T SaE o 8 S e

SLss e a3 e B b S
4 o Shss e Rl A e 5 o)l (e YL
LN T o5 g a2 8 a5 55 gy (S5 iy & ol A=
el lad e ooty 90 4 gy S iy SSCs
Gogme B 52 a8 ey (SUS Ry (Db S
Sl sdie edd oate G5 5 g Ol JKSke S pres
b Eles B L1 g IS S8, Sty K3 b
b sl ot 53 bl e Pl OF (503 Ll 5
el 48,8 15 ST 35 50 g Sty S 08 8 s 4
ol fate QLA (shadt (e S 4 ps [T ]
bl Seslanal b sl e a8 5l L;<-A T Soe o s
L7758 a8 S K5 55 n5 Al &) son B

g = & @)

dyVa
cwla=me/dy @g;lﬂ-;(db) ‘JL' Culses &) S

S Ol T o O Lg;\;)lf% ol ;ﬁl me) j:nl)L;
St 5 b Ol ady; oSHlie (S ks ol
(\p) Ji;:) Sl Jb e

AL oS sl (keg) doles S o5
Sty 3 Ay 5l LS S e s 5 Ol o Ol

ZJﬁ'L;a
n
ko = Zii’l kepsrhi (1)
eq =
Zeq
Lr Sl j-j‘ﬂ (Zeq) (;‘*\ LSJ)L' o3 &J’l‘ 22
4 = Z?ﬁl keff,‘rhi2 )
O kepprh

S5 L wlg e dlasl sl Slhss e UL o

@M&b%))ﬂﬁb()@))}dﬁ))dﬁw
2gh a3 el ulal keg) Jslae

_ Ez, )
St =11 1
kCWS kCWC keq
_ Ez )
5= 71y
M (Zi k_1>

d}jl{ (Zeq) ol 1 lﬂ_}a ‘_g\fg ‘5'397.94 g.,unjé (ki) S
P Sjini L. _—
'S sda;.l) JALﬂ‘ﬂé&:ﬁvﬂ‘ }Sj S Cnno (ll)jQ;J”SJS.J

[\N] J.ijk;a u:.gu”

_ 2
if Mjgq < §Mj.Rd p=1 W

'
1.5M}-A5d)

o2
if “Mjpg <Mjpq<Mjpqg W= ( M ra

S ol Jlsl s iast K (Mjpg) el cpl s

StV S Ols 53 b E My ) Sz S 51 508 5

acls Jlal g5 (W) 0,8 )3 (Mjra) b pslas S 5
IF] sl WYV s sl i Sl (g oS o535

e YL 5 Shas ¢l gl Y
5 2SSl OVl s g0 4 IS sba ey VL
3 rlets g5 55 SV ) (5 0 oS SISas
aslsl 3 &S daeas ol 6“;}.& Lo slosle oYLz
LT T2 5d g SLTEIS 8w o) (6 paitne o 5

SR PYESNCCI N (W N SOV ST W
By e 3 0kd (SISl sl Slmis slail g
5> Caslie 5 e Jsa oS5 VL] Ly s a0 g
sl SVl plgs 5 oot G310 sl YUl
o A e gbr sl g 4 ol DL S Gl s e
4 ol 0 Kbl el oS s 1) Jlall lakad

T 0° R G w A a8 pl &S el Jlail glaald
Cod oS gl js oNLal ol Sl esliad 538 e

290 g ojlw ¢ ling) g ¢ale api /1N

€ ) lg) — pqu g (a0 (50)laid _ p)lan g ¢ Jlw

B (A3 3 ) U3)r000 B3lb Gle


https://journalisss.ir/article-1-525-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

s 03 ool iy Slag b el By b VLl
3543 0l oS pubolen ol jsba LS 15 s 3
Jolo ol 3l a sl a5 55 b ey (OIS L sl A
Sy 5 ga O IS5 e o e SR
B el L dls e aS el JS O s 4 ol Juane
IVY] 55 azs S
kpp =k +kp (v)
(kp) (Oosm> 80z (s Sose Sow (Kpp) oS
S5t ) 26 Sl (kp) 5 S5 gy (S e
L Llg e oS ol Shicin e ol fate Gy
IV T (T ) 355 U5 B ot 5 o dal
kp

t,
~ 410 +3.25-2 (%)
b db

) sdd lats S,y Cubis o Sle s (tp) &S
el (sl Gus 5 O I

Gogme (B GOS Ol hg LS S5 45 ) 5boles
3 Sepe G b Sl adl (e 5y S i 2 S (S e
onl 3518 o 3 ol e a5 5L A (555 e
G 45 (4) slae 3 B eyl Lesiiis Ol g5 o 1) 1 55
Sl a b g Cosme e 5 AL e e
L¥158 bgiym 5,50

b el sl sladl Gl Glags o (o 52 3
by XS (g S sl 0 e (gladly g Sl s 558
opon Gileddle b OIS o 1) g A3 G Al
) 55wl o Bl ele eSS
[T (L-0)

3= ML s (S s B esa 5o
S o S e W B s e gbadl ol
SN s @ KI5 0 G Ll (I o L3 oplaly
U sl 35050 53 553 &l (C‘O) IS s sddesls Ol
3 oAl Sl Camdge o 4 Gos Subis Sl 158
sl Sl 3 ey A3 (S5,00 5 35800 090 g o

[YY] ((%—a> J—«<«-) Sl ‘_;L.a:- EREEE ) L;Lé;;“ar.w @
d L <l

I I I

m m

Jalas (o 08, la S -0 IS

9 7 3Wgd g ojw (i) g polc aypls

23 <y swds alols -l Eurocode 3 (CEN, 2005) Ll

A
mc=d—0.8rc (\.)

e tep

Tosdy s m, Jlasl sls eyl s a5 Y 05

4 Oosm g e Soes e Sl Gl o s o

a1y (kp) SSHlie oS ol fuate lag,s SLLE Jals
Aol B e (Rp) gy 255 Gogoe (B @ 5 a3 0
Py Sl 53 e S5 YO 5 B L oL LS
Aol sl () JK2) s5i 0 a8 k3 55 Gus s
G 3 Bl a bl AU dp) kS slie 85,8 50
S po e 53 Ll () Lyl Sl 5 (e 40 L)
338 gl Blg o n3 bbby (solnd Slaga

IYY]
d, twn a\y)
4, 1.6 4, - 0.15
d. thttn
4" 0.78 o - 0.70

(th) (Ap) pslis 4l Cxlus & by e b (dy) o

.C,.,..:‘a/..@.ﬁ Qﬁlﬁ:@(tn>)@}w C»Al:r..ﬂ
dp

twh

/ ;150 o
\ \/ ’
E & twn

< t,

I N
(S Gy, 4>

dy
ok Joate Slad,50ke 5l e S8 s -F SS9
S s ooy gt S5ty A5 S 5 oS 5 sb0kes
el Cos b oVl Slss e 5 g 5 B ke
e b e 03 age sl L el IS 56 ey

lICe )lg) — pqw g (oo sojlatd - p)lg9 g (v Jw


https://journalisss.ir/article-1-525-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

oI Wanl )lgiil eadn B3I adgl idw auwlao C1g0 lad)do givg) azwgs

5 @ pa ks YOV shaio mlas L M24 &y 23 L HE300M
055 18690 12-9 5N g 35y Sl el atle 2o e OF J4b
3l () Ko cl sl fos IS VN YA Ll
Slaseie (V) Jsdr 5 das o 0L |y Jlasl opl dwkia
by eddall Sl dmio Ll as Y Hllas
IYAT ol ok 03551 5 Doy 5 545 S
03 Ot Ol (A 53 O Obr) adlie i Ll
el At e 5 O Jb R4S s O Ol LS
Loz o 0L 53 53 Ol 5 b (AiS 5o 53 Ol s o
S olgsl dmis Jlail A5l e flee S (RES 5o
a1l odd 1Y) Jsd 55 5 s 5 LSS G b
IS Il Al e desles S o b jne 45
danmgle 5o Lid 5o 5 Obr 5 b5 2S5 Ol Al 5o
Lol asboml Gk cplpl ol 5l 1l ol o L
L o b S K0 s ol Dlnlos > il g ol o
e Sl (1) Jsdr 3 sdalawsay Sislie glia L [Y]
05 Ot b e e &S sl jasein (Jlal (laad 5o
el S il Sos slaailze e 4 Sl e
o (oo Y8) 05 I Sl (S5 5050 00l e
2l i Cabis des i) Jlail slirl K3 Culbis a0

SO PR W PRSPPI g5 S IPC G [ QNS WRRVARD

L g oddailyl de (3 ez SV 55 llias Dl Y g
[YA] 5Dy 5 L35S

e oS o e SLdske ailh
(MPa) s Oyl 32 (MPa)
(MPa)
ALY Yoo /Y YeOque ™
AL Yoo Y Y04 O o
VEQ Y00 oY ARIALER Eus
VFYY/A 4% oY YeOquo th:u
«/ Bolt M24
Gradel2.9
s 4/
o] [ HE320a
s
] H
HE300M
/\/ tep=10.10mm

Syl 3 (C—O)j (D-0) o Ko 55 sddesls las g
skidlos) (S S8 2 m S A 4 b e
(Al Sl 5 s Lo ulad .ol gy b s
S Oladl e s A8 5L i Sz posax 2
s 5 Ay Gelal b s 53 O Jb saiS e

Y] 555
0.9b t3.
Ko = ettt on
345 o el 5 aaly SaS 4 Wp) &S
-1.28
VO
tre \ e

s
Wer = 057 \dbm/

BLl &L@ﬁql é)j ZJ....SJJ.A 6J...9 olJl L;:’L'ml AJL.L.A )3194.’

IYY] 35 8 ailes 55 &y ot Ll g o e

0.9b, ¢ optd
K = oy 22l "
ep
:.\Jda Cewdds o) 3-19-3\) L (lpep> as
/ \—1.28 (\V)
tep
Yep = 057 | ————

\e.["",)

@olgin i, pbodl sl 5 om0l -0
ssbeas F i o edldll Lauls, Oliebl 5 v g
2l il i, s gy Sus oty S bl gl
e 3l (P BiedS ey Slags b VLl s LT
G 30 Olsiea i ol 55 [YASYF] ol Clics
Imio Jlail 2R LT dis (ool o) mimions
A3 o 2ose YooV b s oy 5SS sl
o S el aS ool e dlal sl e w S
BB U e ks V)0 Calis & plesl G5 4 HE320A

O Jb 4y 35 Gus Sl odd e e doo A S

o
8 I (¢} o ¥
w
e} =
A o (e}
a="10
s
a.="8 e
do=26 [ O (]
" s
2 1 =
}

[YAT] 53 5 5 sS Jaur s oddaill ol imin Jlasl 1 ples 5 YK

* Coelho
2 Bijlaard

2Wgd g ojlw (ilingfy g cale aps /¢

€ ) lg) — pqu g (a0 (50)laid _ p)lan g ¢ Jlw

B (A3 3 ) U3)r000 B3lb Gle


https://journalisss.ir/article-1-525-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

[F] 50 5 35S Lo syl el i JLall e (laad) o dlons g 3h ), 5a Jauls 31 (slawods —¥ J g

o8 s b Jlasl glaadlge s oS 53 05y Jlasl glaadl e s adl 5o
ban S50 bas S50
EA EA ; .
ky = 0.38—2 = 11.68E ky = 0.38—% = 11.68F €D oy 53 052 Ol
Bz Bz )

Ape = tye(he = 2t5.) + tr(tye + 21) + (21,)2 — mr? = 905.28(mm?)

Drrrrrrrrrrrrr/]
twe = 21(mm) tre = 39(mm) 7: <
h, = 340(mm) 1. = 27(mm)
2= 70'7%2%% = 22.10F ky = Eiwbefémtwc = 22.10F (€2) 5L 53 52 O
c c
Boffewe = trp + 2V2as + 5(ts. +5) + 5, = 393.98 (mm) w L)t
s =1, = 27(mm) (for rolled I and H column sections)
de = h, — 2t;. = 262 (mm)
Sp = 2ty = 20.2 (mm) W N T R
eff.owe T
ar = 10 (mm) Ao [ V20w
0.7b t 0.7b t LN
k3'1 —F ef:”i.cwt,l we _ 6.03E k3’1 - F Effi.cwt,l we _ 6.03E (€3) 33 O s n)l>,
c c N
0.7b t, 0.7b t 1 i r
k3’2 - K effewt2twe _ 8.28E k3'2 -F effewtztwe _ 8.28E P E Py e
d. d. 1 [
2 1 : 4
befrewen = min (2mm, 4m + 1.25e,mm + p, 2m + 0.625e + 0.5p, ‘* 1 i °
nm + 2e,,2m + 0.625e + ey, 2e; + p,e; + 0.5p) = 107.5 (mm) | 'ml’e
beff.ewt2 = min(2rm, 4m + 1.25¢, 2p, p) = 147.5 (mm) ; (-
0.9b & 0.9b, & Sy
ey = W E——LIPTE _ 35 58 ko = F——LLI2TE — 72,695 (C4) st 2 0t L
(s (o S
0.9b t? 0.9b & L e
k4’2 — chfE eff.€3fb,2 fc — 44.29E k4'2 —E eff.c3fb,2 fc — 99.74E * : : *
i [
< -128 Wty ‘ 2 i P
¢ m—i—T—O.BrC 7.7,17‘
— fe — |
Wep = 0.57 m, = 0.444 befserpa = begf.owea | y’ﬂi
db«,a befsernz = besewe ' ! .
0.9b t3 0.9b, t3 s R
ke, =W, E——TPLeP _ 3 99F kg, = E—LPIP g 99F C5) st 53 2l Gy
3 P 3 ' mé
0.9b t3 0.9b, t3
sy = Wop E ——LLP2E — 4 86F ks, = E——LLP20 — 1 54F e w e
P P
-1.28 m, = 60 — 0.8a; = 52 (mm) o o e
t w —t, i
,, = 0.57 efn =3.15 m, = TWb —0.8v2a,, = 61.45 (mm) o | Ty
d, |2
dy
bbeff_m1 = min 2rm, tm,, + w,mm, + 2e,4m, + 1.25e,,e + 4m, + 0.625e,,0.5b, + 0.5¢ L4 L4
+ 2m, + 0.625e,)
beffep = min 2rm, am, wm + p, 0.5p + am — 2m — 0.625e)
o oo (C7) i3S 55 5 Ol
*® *® (C8) ,Lib s oo ol JL

k t
2 ~410+3.25-2 =547

ky dy
-k, =5.47k,

kyo = kyy = ky + k,, = 6.47k;, = 54.41F

t, = 0.5(tsp + tre)

(€10) [22S5 3 g

1.64, Loy e

kyg=k,=E = 8.41E
b

Ly = tep + tep + 260 + 0.5(t, + &)

€1/ 3gb g ojlw (gl g ale ayps

lICe )lg) — pqw g (oo sojlatd - p)lg9 g (v Jw


https://journalisss.ir/article-1-525-fa.html

oI Wanl )lgiil eadn B3I adgl idw auwlao C1g0 lad)do givg) azwgs

[ Downloaded from journalisss.ir on 2024-07-27 |

oy o> AFV 5 YAY S Sa Gl el o 8 ks PSP B s V-0

Oan 5T 55 ARl das gl Bt el kel ¥ i oolenin lilsy b edd i s e olis

e Shss B sl do)s huge Jlde iomen S e b g el (V) ISC5 (slalie Jls 30 5 () s 53 Loy

Lo s Y8 51(F) Do 53 0l s (AT e VY S s e 0L sdalowsay Sl Lol an L JAK,L"LAJ"!

SV by Sy S B Sk osl S 2 g S5t 03slole 4 b Gl e oty

A gy (SUS e A 88 B bl gl Ao opd R o s (SAS R 50T s S Al b el
sl

Je [J.LJL.;T S B S gsba ol Sads
S LAY Jl s [YF] 0l 5 SL > a8 LT

Loy bgn S0 S o8S kst slds

bz (S-St A o S s 05 5 b (sladlje oo b a3l s, 5l &N-m/rad) o edel st e dulie =¥ Jgaer

sladse i) o NEVIELY
b S BSEs L bge S50 (RS s 0st ARELT AL A
[USCRV Si/Siexp Sj [USCRRT Si/Sjexp S Sjexp
VALY /AY VYVAY -YY/0 Vite y1ary V050 A 3 SL o~
q/8v K AYFVY —Ye/qy /94 ovve VEYA J¥ ol K en
(144V)
B yids TYOF —¥£/04 or YaAV 47 ¥V Y Ty sl S
—YEIY ¥ias Y¥aYs. —fVN ¥ +/OY YAAYYQ FVO« Tr RICON
(1aAY)
—\O/NF +/AD £YVOR —YAIYS VY OTVAY VEIYO Tyea.¥
B Sl
VAR V/oV vYars -$/¥4 QY FYON £V 0 Theawe0
(19AY) Ol an
—\FIVY N Yeevye -Y4/50 VY AQYYY VOV Y Theaer
=Ye/AN VA TAATEO —¥Y/¥f < JOA YAYYYY F44 A0 T FREPPNILY
A /A YYESYA -14/14 /AN YAV FYV 1 Y¥VAYY Tayeeey RPN
—Y/¥) /9A AFIAQY YA AP V1SYA] YO ¥4 Tiveewo (144Y)
$ \/e$ YAYTY =V /AQ \ovof VY EEP)._va 5 ki sS
AMA V/eA YVOYY “VY/FA AV VoY 1444 EEP_y. b (Yo 0 V) 5 5y
SAR /A AL V¥ L gre I
AL Y ne Gl
S.” Kalyonov * Packer

290 g ojlw ¢ lingy g ¢ale aps /1P

€ ) lg) — pqu g (a0 (50)laid _ p)lan g ¢ Jlw

B (A3 3 ) U3)r000 B3lb Gle


https://journalisss.ir/article-1-525-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

.9‘

5 5% A 5’ ¥ 3 ¥ ¢ §
NN SEEN 53 3 3 ¥ ¥
5 4 Py b ) 2 7 ) ?
N . ‘J 51 'J 5 o 57
\"7; \'[7; \17-'7 \'r'f; \‘7; 23 0,1
87 e ,\,,,-3‘ @Sgy a > éé? ép <§5§’ e \9}
< & &7
B Sjexp a5l ) WSj Fus i banglade by, S T bustadle 2y

Ol 0 5 g (SAS i 8 s b sladlge s b AKLesT 5, Sl edel sty (3T e ol -V S

o Al B S L s Ao VYA ey (S A
Ll hals ds s - Y/FY

o0 7 30 g ojw (liingj) g Galc aypl

& S oS =
S V¥ glaosle VLAl Sl Osk 5 ol b
Gl s S5 ) @V OB S e o S
Olj:da\)6\°)€.a}@c)\(wlg;>ﬁdw.wléuy
Eurocode 3 &b oyl 53 sl gladse Lo, 5l eslizal b
28 e G VA A
ol 035 Al 2338 Slids s eddasl)l oo Gu
bl 2tz (e 5 M sbes g (S
S 4S5 i 5l Eurocode 3 alb &:ﬂl 5o bl ‘s)lJSd« J:.'b

e Sl ol Ji o Gl e e 55 ey
GeS 2L Ol e 1y edd o Some (gl e Slagy S
’JSL;"J‘“‘""‘“"“"J“@@J”‘G&J“ 5l aS a5 YO
oS ey SV s S 10 D5 Rss e )
elie 3o IS o o K SISl by e 0 S ealina
ol 53 3 g o3l ol gy (St S Saas 0l &S
Ao S b sl imio Jlail it o e
W55 I3 e s a5 e 250 (S
Gy Jlasl A&l Joe e oslis sie opl o
o O sl e alie b Rasn et 2l
Lo by SuS0w A Sk Lk sl
aJ&Q»l;alWW..\i;Jf&b) sy 1ol o 8 s s
woils AT gladas b op il gladse oy, L
Sliioss 3l s sl 25 b 51 3l sl L i
el 03,5 Al 1 0331 g5 Oliab) ok xS
L oa&ilosl due Shyss w dmlin 3 &8 ool o S

JJ\ u:.e_)fjja;): Oy Lf.‘)j: Soew S| L;lul}« U’zﬁ)

lICe )lg) — pqw g (oo sojlatd - p)lg9 g (v Jw


https://journalisss.ir/article-1-525-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

lao (g (sladlgo gidg) azwgd

GLAW auw

ol

1oy

oI Uhnl p)lgiil ardn O

flush end-plate moment connections”, Proceedings
of the Institution of Civil Engineers-Structures and
Buildings, 170(3), pp- 199-210.

[15] Kazemi, S.M,, Sohrabi, M.R., and Haji kazemi, H.
(2019),“The effect of beam section property on the
behavior of modular prefabricated steel moment
connection”, Steel and Composite Structures, Vol.
32, pp. 769-778.

[16] Kazemi, S.M., Sohrabi, M.R., and Haji kazemi, H.
(2021), “Design equations for prefabricated steel
moment connections”, Structural Engineering and
Mechanics, Vol. 80, pp. 313-321.

[17] Lyu, Y.F, Li, G.Q., Wang, Y.B,, Li,H., and Wang,
Y.Z. (2021), “Effect of bolt pre-tension on the
bearing behavior of high strength steel
connections”, Engineering Structures, 241,
112491.

Sy s " YT o e o BIS 5 calt p Blo [VA]
ke, M i il se sy sV et VL]
(T‘\)\\/ ,)Y)ﬁ 9 A)'L» L;':'Aj}" 9

Sl s b s s OF01) Oyl Olazi b o e [14]
‘_,,{Mw g_,ujbu sd)l,w‘),@,w 9 ob Q)UJ «LSAY}..B 6LﬁdL«.Z>Lw
Ol ezl

sl o3l f';‘o" (\YAY) D gdjaﬁjf 5 ep ‘6}“)" [Y+]
i Pl SRl OIS Slash p gl gV b

[21] Bursi, 0. (1990), “Behaviour of high strength
bolts in bolted beam-to-column connections”, In
Proc. Of Applied Stress Analysis Conference,
Nottingham.

[22] Jaspart, ].P., and Maquoi, R. (1995), “Effect of
bolt preloading on joint behaviour”, In First
European Conference on Steel Structures.

[23] Falcon, G.AS., and Montrull, P.M. (2014),
“Optimum Dimensioning of semi-rigid connections
of Steel frame - “Auxiliary Frame Model”, XXXV
Iberian Latin American Congress on Computational
Methods in Engineering, pp. 1-22.

[24] Packer, J.A,, and LJ, M. (1977), “A limit state
design method for the tension region of bolted
beam-column connections”.

[25] Grundy, P., Thomas, LR, and Bennetts, L.D.
(1980), “Beam-to-column moment connections”,
Journal of the Structural Division, 106(1), pp. 313-
330.

[26] Hummer, C., and Tschemmernegg, T. (1988),
“Anon-linear joint model for the design of structural
steel frames”, Costruzioni Metalliche, 1.

[27] Kalyonov, V. Karmalin, V. Pavlov, A, and
Streletskij, N. (1991), “Guide to Design of Bolted
Connections Subjected to Shear”, Moscow.

[28] Coelho, AM.G, and Bijlaard, F.S. (2007),
“Experimental behaviour of high strength steel end-
plate connections”, Journal of Constructional Steel
Research, 63(9), pp. 1228-1240.

3"‘ -0

— V5 S sl LT T 558 w53 D]
e Coslis 5 g I Gy 4 oVlal Sl b
OBl O, ezl 0l Olgial (AZA o)

[2] Piluso, V. Faella, C, and Rizzano, G. (2000),
“Structural Semi-Rigid Connections: Theory,
Design and Software”, CRC Press, Boca Raton.

[3] CEN, E. (2005). 3: Design of steel structures, Part
1.8: Design of joints. Brussels: European
Committee for Standardization.

[4] Faella, C., Piluso, V., and Rizzano, G. (1998),
“Experimental analysis of bolted connections:
snug versus preloaded bolts”, Journal of Structural
Engineering, 124(7), pp. 765-774.

Da Silva, L.S., de Lima, L.R,, da SVellasco, P.C., and
de Andrade, S.A. (2004), “Behaviour of flush end-
plate beam-to-column joints under bending and
axial force”, Steel and Composite Structures, 4(2),
pp. 77-94.

[6] Bayo, E., Cabrero, ].M., and Gil, B. (2006), “An
effective component-based method to model
semi-rigid connections for the global analysis of
steel and composite structures”, Engineering
Structures, 28(1), pp. 97-108.

[7] Shi, G., Shi, Y., Wang, Y., and Bradford, M.A. (2008),
“Numerical simulation of steel pretensioned
bolted end-plate connections of different types
and details”, Engineering Structures, 30(10),
pp. 2677-2686.

[5

—_

[8] Demonceau, J.F., Weynand, K, Jaspart, J.P., and
Miiller, C. (2010), “Application of Eurocode 3 to
steel connections with four bolts per horizontal
row”, InProceedings of the SDSS' Rio
Conference (pp. 199-206). Rio de Janeiro.

[9] Kim, L.T., Lee, ].M., Huh, ], and Ahn, J.H. (2016),
“Tensile behaviors of friction bolt connection with
bolt head corrosion damage: Experimental
research B”, Engineering Failure Analysis, 59,
pp. 526-543.

[10]  Guo, X, Zhang, Y. Xiong, Z., and Xiang, Y.
(2016), “Load-bearing capacity of occlusive high-
strength bolt  connections”, Journal of
Constructional Steel Research, 127, pp. 1-14.

[11] Yang, H., Liu, W, and Ren, X. (2016), “A
component method for moment-resistant glulam
beam-column connections with glued-in steel
rods”, Engineering Structures, 115, pp. 42-54.

[12] Kazemi, M., Sohrabi, M., and Haji Kazemi, H.
(2017), “Study of BSB connections behavior under
cyclicloads”, Journal of Structure and Steel, 10 (20),
pp. 31-44.

[13] Bayo, E., Loureiro, A., Lopez, M., and da Silva,
L.S. (2017), “General component based cruciform
finite elements to model 2D steel joints with beams
of equal and different depths”, Engineering
Structures, 152, pp. 698-708.

[14] Goudarzi, A., Ghassemieh, M., Fanaie, N., Laefer,
D.F., and Baei, M. (2017), “Axial load effects on

Wod g ojlw (gl g ole qypls / Icic

lICelt )lgy - pqu 9 da (s0)lath - p)lan g (o Jw

AU o)l pgw B)rano (63b ¢ le

caBill (s


https://journalisss.ir/article-1-525-fa.html

[ Downloaded from journalisss.ir on 2024-07-27 |

10 7399 9 ojlw (il g Gale aypils

ls;.m”:

Dad e 03l Kh{\)l{)u&‘}:ﬁjjl =t J&JJ"_MJ
tpt+twn

=zf

+ _r V=1
ky EA) =0

U S A2) Gos ol g 4l cxles 0L L
T s 5 kel () Bailgy b 1 (dp) gy S S

tp+twn
1 2 1
P sdz
kp Em 22 + 1.6zdy, + 0 - 39d
0
t
2 ?/q, + 045
= tnd (1.47+lnt T
14 Y-
b /4, +145 (-0
Dy 2 Doh g d By P Do 4 e S
t i
ke  kp 2 27/q, +0.65 (=0
kp Aoy 078 P/, +045
b 147 + Inp—2——
P/, + 145

&Sq(tp))(db))'\&uQ)ym_@éab)‘j@djb45
el o QL:.: J:'.) ;.Szt:u_} (\\) Jsleo

Ly = tep + tep + 2tyn +

th + tn (\c_I)
2

5 g e bl Calis e ) 5 ) ) S
Ao S uls Cu ja (top) 5 (Eep) cosDoas . Aiun o g0
s O b 2l

Ol A ooty 3 o Bauly b il 5 e (F=1) el
2 g

kP tP 7
— =41 25— ©-1
, 0+3 Sd,,

1€l )L — pgu g (Jan (50)Loud _ p)lan g G Jw


https://journalisss.ir/article-1-525-fa.html
http://www.tcpdf.org

