[ Downloaded from mcej.modares.ac.ir on 2025-08-03 |

[ DOI: 10.22034/22.6.21 ]

S gh = ede Ao
e Oles g
VPOl Fosled oo

5 S 083

-0 3w 30 (Solghi (ygiw 41 g Jlail g1 0) 8 JLSy (GOus (w gy
S0 i g 202> il b SIS g 5OY ¢ b

¥ 1 p *y .
Sl gy g S el A
o Jsls Ol o pudiga 035 (755 (S gmeiils
o3 oy Ol jas ige 03 8 Slslal Y

h.khalilpour@stu.qom.ac.ir

VECAYY Bl Gl VO B0 il s 0
Rl B DA e e @ls 5 230 OISl 035 eal B Oszen alay 5B Coeal 5 e Al b LD 85 Ol s
A a3k L e Olatle Cais Sl 5l S el il 5 BB b lapten O 4 a5 daa e S 5 e slis
e 3 63 0l s s edal sy 4 ol Sy o3l G s el (Ses  Cl o gt sl o3 a4l csladae a3 Olentla
3 elralr B L (el 5 i pe) SlusYlim o 63V 58 Slaesle G (B jme a Il 5558 50 L ondol sl hass onl 0o 250
SR Sa b @V st OB 53 308 sl OF Ot 5 JLal lo3d by oo 4 elsl 3 4S5 sdme ol 5 por
IRl 5o e b ol Sl (ol Ll (6 Ay IS0 5 Conslie (e aasiin a5l & 5 e 4y pens
S o Kl 3V w1 ¥ s -B Las Llss plas 55 dlasl sley ) skey U5l 5 el eslizel ABAQUS/6.14.2
B 6ua4;5me¢Wju@JB)Jm4$@\ G Culns o Jsb ‘1:582’3’5““ Slaseian ‘CL’ ol ol
Shd 5 oLl Gy Cabied da eyl pl 53 At Oyt a0 zeld Il Coaslie 5 e 5 IS S0 s eyl 5l ol
Jlasl &S 513 LS s w2 il go Jlasl e 5 SIS 50 (gla oyl o g 3l Loy (SUS iy (65, Llis OF ol 0 5 g
Jlail ab 51 2ol 5o Saadly Jeade (Jlasl ool 5o )l 1) 5 Saadl S S Jems U155 (S e ozl b oolgiiy
553 Il o 550 el S (sla Sy ol 5 (55l b Stodly e (LS 0T 5 (Sl ol e 5 350 e 1SS

AL Ll 1y esleiy waubw)b 3,8 bl e 5 e Bld 51 BlS S el S Ol g

el Sl (sl 5 e O e el 5 e (Y5 Jlasl b iy o5le (ST O3l
L1-2] 25l n s b Ol sl gl 09 02 252 ) doddo—
3 Jsens gl OF (b oS ol amds Ol Viol ol s o 3L g 535 S0 53 oS o5 5l S
52 Blasl oLl Wb Plas 5 ONSe bagrlse sl us i Jloys 5 3 sSs glalias o3 o oot | g

A


http://dx.doi.org/10.22034/22.6.21
https://mcej.modares.ac.ir/article-16-55220-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-03 |

[ DOI: 10.22034/22.6.21 ]

Podks (o8 ple g e J> Ll

w83t O gt 4 8 Jlasl gl o) ) L1, (3d8 ) p

S8 ks Jlal 5 e OVl el Coe oLl
[10-77 wlazzls gsb s
Coso a4 [11] OLKar 5 sds To)e Jlo o
S SVl e 03l lo3 ) 5By ) 4 AT
Ller ol por 4ol OB (Gl 2l e b s i)
S IS Lk, s VLl Lol Ky (G cpl 3l
o L L TI2] 0L 5 Olal 5l 0 25 SalS 05l
O 55 sl Savse G ool Lo ol ) oSl @
Soletard S8 w5 03 5e0 algndy N Ll S
Db JE! e Jlasl las 8, ( absT 5 g3ae
ety Jlal s Gillae sl () 2 1) O &2 5 )
s LS A3l e Obsly /0P el Oy e 4 33
et B 358 sl oY (6 IS 5 L slie e
G137 0L 5 0le YNY Jlo s ol ol avm 35 0505
03 5wty a8l Sl U shads b 5 Oss b b )
sls Gl 5 Olss SMEs et Slp L daly sl
dlail ~Lb sl gdodr L, Gads opl 3 ol e sdls
o2 A Ahl s Y Bl Sl s b olaes Gl
Sl i s il K [14] 0 5 5 Y010 JL
SVsde ad b o 3V 58wl iy 05l 3 U5 4 L Jla]
S, s ARELST 5 s3de S 4 03l sleig
Clr s e S sl (e Juld JLasl (gle )
Coge 4 b (ool SVade ol oty (5
Wl 50 ey ol e 4 il s 5 s oL > lael
e Lol gt 40 o858 55 4 LSS g 0 5 0wl
Jlasl s Shas ooy pas 33 YW Il 53 i cpl 555 0
53 3,5 Clls JUasl 1l 48 L5 S Lol 5 aizsls y osleniy
Se3 P bl ol U5t 4 D5 5 05t 4 |y 7 Jlall sl
4 [16] 0L es 5 o 2 YoV F Jle 53 [15] 505 1, oS
Sk s 5 e aslie ) 4 ARLST O 50
Gl s ¥ Ll Gys b Oste 4,0 Clheotad VLS

Cose 03 5) Sdge Ol slalad sbml baanx b 7 35
Fo5e 03 65 DIV e Gleys laliab 5 (s OISl
Cole tir G b 4 das Slos 1) 08w ol Ol K155 e
5w am s L] 5 S Loy Jomes Jome 53 1 OF Ol
Sliios (O S6L8 slal 53 Gletle 5 glag)sks axw s
L Slemtle n s bt Sl (s 2 ey )3 Slos 28
sl Osﬁ;l o ool & b (0wl Sl oy bl
(Fosle 2lp sl Gl paasie 55,0 4 5k pde (F
sl plin s o Glp P Dl @ S ple
e2r 5> Slad Los sdes ole © dacy J s ol p 53 Coglie
3B @ Sl o e JEED 5 Oy LB (P Wl )
el ol
Y o8 eile bl 5 oS 035 s oV 8 slaesla
oor 4 b pldaes ol Dl G3lo e Gl
) baesle ol b Caglin slagmy b VLAl sl OIS
03 el 03 S faS atla i lassle (gl wg o]
dox Sl Gl oK wle iy gl (5455
D3g Ll ppomen 5 DLl el llas 4 ol s
IS 5 e Zaaslie Blod 5l ol (slosle sl S5
atlo i el 3l eslanad [5-6] 555 culey LU s u
SRl e S s alS el 0l el 4 s
A sl Olantle G s baole sl CGiS 5 el
Sl ol plaz g JB sble 4 ar 5 b shs s
Sl iy 5 OVl (slosle Glaptomn aay 3 Slos 1S
Lasslo ol 53 [7T ol st plnil WOT (1l 5 o
L Wadste o Sl sl 5o wld 28 Lasl &Vlas)
YLl (g dy [ 5 o glie ¢ gsew cpl sl L Als sdge
elsl bl s sl esle S S, e s LB LG
SJSE bl 5 e S e ) by mis (S8 e
S VL] e 5 S e el T o3l ST sl 55 6 s
G 2Bl Gus b dlail G ¥k slaesle 53 O @

Yy

1. Diagonal through-plate connection
2. Flush end-plate connections
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Fig. 1. Moment-rotation response of hinge, partially restrained
and fully restrained connections
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1..Modular hybrid fabricated column connection
2 .Index Property of Connection Stiffness
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Fig. 2. Column plan of the proposed prefabricated building
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Fig. 6. Three-dimensional modeling of the building in Tekla
software
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Fig. 3. Sample of design results of the proposed prefabricated
building using SAP2000 software

Shesn ol o3 ealiad 5y5e st B Sl 4 a5

Vel byl o slo)l 4 b il Jseme B g5
AISC Lot s A A I K WGt Y W
e s 28! Gus 3 el ol sl 5 s [311358-16
Coale 45 b men e eslinad ((ls JLa)
o 0 Sl L gy ) esliad (VLT )


http://dx.doi.org/10.22034/22.6.21
https://mcej.modares.ac.ir/article-16-55220-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-08-03 ]

[ DOI: 10.22034/22.6.21 ]

3.‘)-\.3&5&@")&&:&5--\#\’ 63%&3@&&d@‘6‘63})@)63&w)ﬁ

IGH CWW RS  WOiY E0 R TGN C ey g P SR DU KO T Al 5 0 Ot i Jladl 5l Sz plad Y ISS

Fig 7. A close-up view of the beam-to-column connection in
Tekla software

Fig. 10. A close-up view of the frame installation process:

Complete installation stage of the skeleton
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Fig. 11. A close-up view of the fabricated proposed beam-to-

column connection
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Fig 8. A close-up view of the fabricated beam-to-end plate
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Fig. 12. Instalatin of the perimeter walls

Fig. 9. A view of the frame installation pocess: Installation
stage of the beams and columns
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Fig. 13. The completed proposed pre-fabricated building with
the assemble and disassemble abilities
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Fig. 14. Types of frame’s sub-structures for modeling

3. Initial geometric imperfection
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1. Material nonlinearity
2. Geometric nonlinearity
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Fig. 18. Mesh pattern of the perforated plates with an element
size of 4 mm
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Fig. 19. Mesh pattern of the bolts with an element size of 3 mm
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Fig. 15. Finite element model of the connection in ABAQUS
software
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Fig. 16. Mesh pattern of the beam with an element size of 10
mm
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Fig. 17. Mesh pattern of the column with an element size of 8
mm
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Fig. 20. Loading and boundary conditions of the finite element model in ABAQUS software
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parameter value
Yield stress Fy 2400 (kg/cm?)
Ultimate tension Fy 3600 (kg/cm?)
Ry (beam) 1.2
Ry (column) 1.25
density 7850 (kg/m3)
Modulus of elasticity E 2e6 (kg/cm?)
poisson's ratio Vv 0.3

Fig. 4. Specifications of beam and column materials and
connection components
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1. Von Mises Yield Criterion
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Fig. 21. Moment-rotationresponse of the proposed connection
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Fig. 22. Moment-rotation response of the beam
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Fig. 24. The failure mode of the proposed connection
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Abstract

The importance of some factors, including providing temporary and permanent habitation, construction speed,
increasing the material strength and decreasing the construction cost, have made the attention to choice of
vertical and lateral load-bearing systems as one of the necessities of the construction industry in the event of
natural disasters such as floods and earthquakes. The need for any building in any area depends on a variety
of conditions that may arise at one time and disappear at another. In this study, for the first time in Iran, firstly,
a rapid-fabricated steel structure with both temporary and permanent habitation ability, and the capability of
moving, assembling and disassembling is introduced, and then the seismic behavior of it’s beam-to-column
connection is evaluated for using in ordinary steel moment frames. In order to evaluate the three characteristics
of stiffness, strength and ductility of the proposed connection, nonlinear analysis is done using
ABAQUS/6.14.2 software, and the evaluation of the seismic behavior of the connection is conducted in
accordance with the criterias of chapter B of ANSI/AISC 360-16. According to the results, section properties
and length of the beam, end-plate thickness, location and diameter of the bolts, and the location of the stiffeners
on the end-plate are the effective parameters on the stiffness and strength of the proposed connection. Among
all parameters, end-plate thickness and diameter of the bolts are two important factors that mostly affect the
stiffness of the connection. Investigations show that the proposed connection, by having the sufficient stiffness
and strength, is able to withstand the entire plastic moment capacity of the beam. Also, the plastic hinge is
occurred outside of the connection region and the final failure mode of the system is the plastic local buckling
of the compression flange of the beam. The mentioned abilities make it possible to use the proposed beam-to-
column connection in ordinary moment frames as a fully restrained and fully strength connection.

Keywords: Pre-fabricated structure; Steel connection; Assemble and Disassemble; Temporary and permanent
habitation; Portability
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