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Fig. 1. the novel semi connection.
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(Kglem?®)  (Kglem?)

29 14500 34 28540 116 67730 175 79930 1.2 210 3633

Tablel: the parameters of Steel Chaboche model

sl Jde i S Glair 4 bae L giledde oyl Sl g (55l dita Y-N-Y
Jlast il o eslizal (5Ld i 31 aS slmys 5 o ALY sl Sy slams S, oledde sl
Gt Srar 5ok B S 55 atu gy O soa S o LGl i KoVl (NS 5 e

35 el s e o) sy A g ol Sl e sl o sslinad (Y JSC2)

Ol Sl S5 e i 5 e Y L
SISl ST -y RV IS P v ;x}lw B3
ATC- ey & o &Ll IS0 STy, lle 0

Q}Gﬂﬁ@é}b)JJa—Yk}g&

Sl a3l sbdily Kl S s oS [11] SAC
bobge S5 ol (F S8 el et Jleel s g
53 el G b 5l s pl ol S 51 s sled )
GIELL S, w5l S apde Jlesl 5l

- CMsg():.adthw\V)]gJ)b)\m):(iJ_;Je-)

stress

Al
S >
o £, &, Strain
SAC (68,5l 55, -1 IS Fig. 2: Constitutive model of high strength bolts
20 C-é‘pu.e,; @ é\qﬂ.ﬁ Slasin S Jgéu.a—Y J}.\’
60 Es(Mpa) Fy(Mpa) Fu(Mpa) €y
206000 990 1160 0.138
T 40 Table 2. The numerical values of material properties High
E 20 strength bolts
c
% 0
§-20 L Uzl g (g5l Jde —Y1-Y
= 40 okl oslail Lf‘;')} oVl 3 aJde 3 L;\M.: 23 O
<0 2 2l sl s e e B gl sl S AL
0 sl oslital Lemaitre-Chaboche Jue 51 sk -l (sl
Fig. 3. loading protocol of SAC _
o rl;,r_;\ Sl war g b dae ol sla el )L o
SAC ,138,L JSS —1 Jor
’ i ol Sple 5 a0 (F Jsu=) L las [10] > >
cycle rotation NO S IS &
(rad) ]
1 0.00375 6 . .
2 0005 6 S 145z dde gl el LY g
3 0.0075 6
o | Cl Q
4 0.01 4 0 Kajer? T b
5 0.015 2 (Kg/cmz) ( g ) (Kg/cmz)
6 0.02 2 5720 1450 8 154 5
7 0.03 2
Table. 3. loading protocol of SAC Table 3. cyclic parameters of welding material

a(



iz Ol s Sl pm i

el o3V o g Jlall S SGG L

4 Jote 5 Jamd b bl S WOl S s b b

[13] e 01

(D) solgiy Lo aas Jlail it o S oot S5

Fig. 4: Moment-rotation curve of semi-rigid connections of

(n1)

(N2) solgein s aas Jlail i o S oo =0 IS0

Fig. 5: Moment-rotation curve of semi-rigid connections of

(n2)

(N3) sl oo ans Jlail it o S s S

Fig. 6: Moment-rotation curve of semi-rigid connections of
(n3)

o 4o OVl A lio -¢

Jlasl g pdCollensl —V-F

2ol ot by 4 |y Jlal ol S b O
S o s 5T s 4 Ol MO e
% e Gl b Sl KSBIVC s g slasL s
g ol Jlie 5 el Lol Ll oS > 5 Lo
B35 e Obsly /e Ye Uslae JSliss asls bl
s s e s edadte SVl is e S s
A sl ol Ol b= ans ol odd ea sl
Of & et fuate lizel oo Oy b oS ol I3 ine
S sl 121 Kol 5V 5 asbopol b o358 anmlis
A o dlail Ol s Sl oS- L b
ol sl “ 7 KoL /B A O3y CoeS oS 555 g0 s S
O cilse pslie gl sduaid ) 3L Y Sl 5SSy
sl 3y so

0>20 81 el o ples dlasl )

2020 STl (o 5lee) o e sl =Y
<2 3lcudole Jlasl & Y

S Sl e 0 by G B S s s el
(0 Jsd>))s 5 odd dewbs Jlasl o L blze o0 slie
rmer 5 e odalin 45 6 S0lkea ol 0l 035
Obe o o Aoy ol hila N algilyy L]
Al glags shas el ol o e oYL
S Gl S 4 el dlall Cudo i s (g min geaalS
Ol Sl 5 B bd,s culis 055 cia
lagy shas 058 i b Lol caxils [2alS 74 LS oo
Jlail o en ol a2l (28l T8 350 oo Ol
55 Ol oo Sltis 5 el cods Ol o %S (lls N3

w‘db—wtwwﬂdu‘bb‘)

Jlas! Conglis —Y-F
S ol Vsl Jols Ll cuslie LoVl ol
Jooi b gl b 5SS LOT K oo o b
Cimen 3 o O 4 e 5 (e SO S
S dzes Vel 55 (LaBl) S Cuslie b oLl



Y40 dL«AAUa}L}/O A)Lo.i/v.héjue)‘jé

oot Ol o owdige Sagh — oode dle

ol = sladw s (g3ue C;L; -0 Jya>

connection Mu/Mp (o) Rotation(rad) Strength( t.m) Kind of conn.
nl 1.36 14.64 0.058 11 . .
Semi connection
n2 1.22 13.01 0.044 9.9 . .
Semi connection
n3 0.56 4.38 0.081 45

Semi connection

Table5: Numerical result of case studies.
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Abstract:
With regard to the increase of computing power in the past decade, finite element methods have been used to
obtain the graphs of rotational moment curves which reflect non-linear effect in connections response. Using
finite element methods, the effect of different parameters on connections behavior can be investigated. In
this study, several common semi-rigid connections are modeled and their behavioral properties are briefly
reviewed. Providing the details related to a new semi-fixed connection, its behavioral properties including
hardness, ultimate capacity and ductility are investigated and compared with other modeled connections.
To perform non-linear analyses of connection, the finite element software of Abaqus is used in this study.
The main concern in this modeling is to have inter-component interactions with the most consistency with
real specifications. Bolted connections and the exact interaction between the bolt surface and the hole are
modeled as a hard friction, with friction coefficient of 0.3 with the ability of separating after loading. Also,
fillet welds are modeled as a prism with triangular section. Where a groove weld is applied, two connection
parts are stuck together, because the strength in this type of welding is like base metal. To mesh the element,
C3D8R element is used. The behavior of high strength bolts A10.9, is modeled with the poly-line elasto-
plastic stress-strain curve. The force is applied to samples according to the loading protocol presented by
ATC-SAC, which in fact expresses real earthquakes.
The proposed connection nl has the most rigidity values among studied semi-rigid connections. Reducing
the number of connection bolts decreases the connection rigidity value. With the half thickness for upper and
lower plates, rigidity rate is reduced only 9%; Where half of the considered bolts are used, rigidity rate is
reduced by 64%. Connection n3 has the lowest rigidity rate and its rigidity value is in the class of bolted
connection in the seat angle to web angle.
In high strength connections, the connection strength is highly related to girder strength, where the plastic
joint is formed in girder. Connections with low strength will have the plastic joint in connection. Thus, they
are not applicable in flexural resisting frames. Four modes of rigid connection with high strength, semi-rigid
connection with high strength, rigid connection with low strength and semi-rigid connection with low
strength can be used in flexural resisting structures.
Connection ductility is a key parameter for semi-rigid connections in which deformations are concentrated in
connection members.
Results show that the mechanisms discussed for the connections of this research have the ability of covering
different classes of strength with the changes such as reducing the number of bolts or reducing the thickness
of upper and lower plates. Also this connection has the ability to absorb energy.

Keywords: Semi-rigid connections, finite element method, flexible connecting, bonding strength, ductility
of connection.
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