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Interactions of the Column Pyramid Head and Special Prefabricated Steel Connection
under Cyclic Loading

M. Kazemi Torbaghan M. R. Sohrabi H. Haji Kazemi

Abstract Special prefabricated connections and pyramid-shaped column heads are important
innovations in steel structural forms. These connections have been proposed for accurate assembly and
prompt implementation. In this study, the interactions between the two parts of connections have been
investigated. For this purpose; the pyramid-shaped part is modeled in the ABAQUS software with
different dimensions and under cyclic loads according to ATC-24 code. For verification of the software
outputs, the outputs of the software have been compared to the experimental results. The results show that
all specimens can bear a 0.01 radian rotation in the linear region and at least 0.06 radian rotation
without a reduction in the tolerated force. These results demonstrate that the connection has a high
rotational capacity and may be classified in the special moment frames. Maximum energy absorption
capacity occurs in the specimen whose pyramid-shaped part is placed on the flange of the lower column
and a box section'is also placed on the flange of the upper column. Beams without lateral support show
42 percent reduction in connection resistance compared with un-rotated beams due to rotation.

Key Words New Connection, Interaction, Column with Pyramid Head, Cyclic Loading.
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C5h75h75p50g1 16.33 72.2 0.0163 112.13 66.5 112.13
C6h75h75p50g5 16.33 71.92 0.0163 1128 66.1 112.8
C7h75p50b230g1 16.32 76.07 0.0163 11357 110.91 113,57

—4— 0

AT (S 6okt cpl g Il

33 R Olpes pedige & 00


WWW.SID.IR
WWW.SID.IR

00

(YY) IS el e iy Jals Jlasl e LB
s o OLES T e sad 4y b gy o O 5dSUl s g

e g S Sl 52 sl B AT
Ol k=g 15
3 Lac Il 5 55 A ealie |3 Cen o
T P R I e
23 S o g JalS Jlal B 5 st e Sl
sl &S Il s OVl e a3
e IS s sy e atls , Aib Sl les gl
VL2l O S a5 5l 3 (YE) 5 (YY)
5 4 A 51, C5h75h75p50g1 5 C3h75p50g1
OLES 4 ged Olpean A3l sl les sl Ll s
shls 5 a8 A s oVl ple g das o
53 Al e e Sl 8L Ll s il e
ol oLSaSS suas0lis 8 G > lad god (_;,1;\§¢U
O3Sl s s (Y0) i il o 15 sl s
Ol Wil ol sles sl 5 &8 Al 5o ) e gl

.MJL;"A

4 [16] AISC 2005 &eb sl 55 45 6 ¢ 5 amn

S b ) ik a4 (Sl 0l oL el
Jols 1 SLBtls ;s g glos ,d SVl i
Lo 5 (SMF) o3y ies lacls s s
SNl 5 s 6l o 5 (IMF)
e lacs Wy s e >l b v/e) 5 /Y
Ssbi S Wk e AL $1654 (OMF) Jsans
oo s iler b SaVl Sl s glakamde LG
andls (oS Sl SVl e la JSK2 ok oS 355
shste wins e glac B aaes s il
Al s UL s o Bl Ll sens
alis e S L0 | DLl /e ) g /e et
Izl Lt gyl ol 3 48 355 oo odkalie (£) s
b s Oty eVl i Ols e 4 318
S ollds 53 als Ol Ol v/0t 5
b ol S el O S0l & il o oo B
SAMPSI L e Glal s Ol | lesle
3 45 3y edalie poes (23S B ek
Sy Joaie 5 53 WK1 g oty 51 5

S Mde 5 355 oy Sl 5 3 S sl

|
oy
T

Cyclic Load (KIN)

C3h75pS0gls

O

Total Displacient (mm)

C3h75p5091S Jlas| 53 Ol juis — 5 0 o YV IS

338 Ol as (el & 20

AT (S, bolad epl g L


WWW.SID.IR
WWW.SID.IR

sliza (HSHL 3 (5355 4o

Loty dps Sl 5 Gt oy oo S5

07

Cyclicload (kIN)

——r7

//!III[I

(C5h75h75pS0gls

Total displcement (mm)

C5h75h75p50gLS Jluasl 55 OlSa ok — 5,0 oowie YE I3

——C0
== C2h150pS0g5S

in
@
=1

-

—t— C5h75h75p 50215
= C6h75h75p50g5s

=t (C3h75p50g1S
—8— C4h75pS0g5S

=]

-100 -50

Forc(kIN)

S0 100 130

Total displacement(mm)

ol bl slas s 0 A o

ooy ol Al Sl Sl sLls S5 O
S e Muials Jlail Slhss b b 5 05 o
il e s 1 B e e VLl sl
Il Ol e K e (YA) IS
Slge 5,5 ,Laiys o= s 1, C6h75h75p50g5
sdalio 4 S, bolan das o Ol 5 ¢l b
33 3l Al Sl Sl bl 5 anilr 558 0
3013 5 s 33,8 eslin il U5 08 wlais
5 g Al SR Ll (A ol b
i CTTBNE00230g1 2 s O35 — S5 15 g
3 Shos 8030l el ol el i lad gl sl &
Al S O ity (550 ol b s e
A3l e etalie LB (YA) K3 53 oS Al o badd ga

YoJﬁ,‘;

Jlas! doir Ol 9= S Gos gy
Sl il anior Ol g S pomie Cond ol o
e f 3 el L8 G3OG5S e
B2 5 2t S bl a5l S e 3 5 s
U sl ol s 5 lesl eddidlast (55,8
L Ol Jlicie 5 (18 JSCs 53 L Alol) g 55 0
e (YV) Ui 55 8 o s (V) Al 45 4z 5
S 55 boles (das e oLis 1, CO Jlasl Oy 55— K
S JSs s b ghls Jlal ol 25 o odalin
VA ) i Olyss K15 e 4S5 sba AL e VL
Aoled e Jlail b b s als O 15 0Ll

il ay by o Olyss S oie (TV) IS
iS 345 e edalie das e 0L23 |, CBN75h75p5005

AT (S 6okt cpl g Il

35 Ol pes pwkige & 20


WWW.SID.IR
WWW.SID.IR

ov

H (b5 ol 0L 5 DD b 35 YL OIS

R=(UD-DD)/H

Moment (KIN.m)

100 S LA
- " 7 Y4
L "””—I;I’I' Y
PV (A K K4 J
A4 ”’ II::,’:,' NV
4 ,y [} )
l’ ’I,I I, "II; Ig”?’;” " ” ! ! fll II
y; 7 7. L
RO T
7ot 4 /
LA A 4
0075 -00s Sl g:;}j’ 1”?” 00257 % $5 0075 o
’ ’
” ;:I R/ ’5"' ,/ /’I 4
D X0
£ L e
/ 1} , 7 4
17 [ (PP
’ / 17 s
7/ ’, ) 2V e

-—=—-C0

Rotation (rad)

CO Jlzs! ;)l)y—jiﬂdzm Y‘\J{.ﬁ:

Moment (kN.m)
=

C6h75h75pS0gS

Rotation (rad)

CBh75h75p5095 JLusil ol 53— 5 oo YV S

Moment (kN.m)

C6h75h75pS0gss

Rotation (rad.)

CBh75h75p50g5s Jluail Ol go— 5 s YA JSLG

)

j-:.,"*:UD ‘JM‘MQ‘)}JRéf 4.]4.{‘))3

338 Ol as (el & 20

AT (S, bolad epl g L


WWW.SID.IR
WWW.SID.IR

bz (IS o (53Y58 Ll iy S0 Sl 5 Ostr ol oo 2l

OA

Moment (KN.m)

—— C7h75pS0b230g1

Rotation (rad)

C7h75h50023091 Lzl Ol 55— K joe YA [0S

JI’}’U&‘MW[’”M

‘ibjsthV.

Jlail b3

v —

j s Jlesl g

jjc..s JW'C,.@;—

Uil o5 8 e o 5 T S5

A LSS L i Wi 31 (5
535S e b3 al s VL O ks s
2 33,5 e Il anln Ol Olgs Sl o
S mam 5 Sl LSS hls Laas s slas
o L8l aaior Gl o8aSS 05 glad s
s s il e sy A L A Slss e
A O ol Sl (b3 GVl Law o
i3Uis ol CTh75p50023001 5 sas s Ll A3l s
L b3 Ol i 5 ol a5 oty ot

il e olize

Camed S 0i5 G50 ) ) alsl)s
Sl o (ML slgsl 5s Jlasl IS5 b5
ke eVl gy b il S i 4 b e
el ol ) (Sl BT Db 5 L I s
slie (M) IS 5 aibons s 5 055 (F0) [
et lA2e (0) Jpdr s o LS | Ol uis ol
doior Oy Ol 5 JLall b sl 5 VL O
o Sl O i lie &S e s 1y L]
a3 oo OLE Ak oo e les Ve L
534S deas e 0L (0) Jsds 5 (YY) IS

WA S sl el Jlo

33 e i & 0


WWW.SID.IR
WWW.SID.IR

04

J“EK@[’ e = e (S laes —u[&j;‘;«LKwdjf

Box height(inm)

-15 -10 -5

Box height(inm)

BoxIateral displacement(inm)

Boxlateral displacement(mnin)

Gragden Voo O i) Jladl S5 b 53 cand il O i e XY K2

Dioo Olej 53 Jlasl anior Oy 53 lads 5 Jlasl b3 ol 5 YU O a5 slie 0 Ui

335 o pasie (Y1) JI (D) sla IS8 4 a0 Y
o ol Aol 5 K5 e s i slal ansilr oS
oo 25 Dbl b S5 (b e L O
A S sl Sty i 5 5 oSS

My fals Jlasl cuslin 5 558 0 oy s

=l 0l j2alS Slucie oS ool C6h75h75p5005

LS ST 5l esliol 4 s Al o Ao ys EY L

ol oSS Glyls 0 S sedisas oled 5o Y

J:u"‘)ﬁ\ e Jg";'dgfk Cond )‘ odlaiul ‘_L\::Lﬁ@

O s O s Olyss O s O s Olyss
4 gl L o=l st e L o=k ot
(mm) b3 | (mm) b3 | (rad)Jlasl (mm) L3 | (mm) b | (rad.)Jlas!

Cco 13.75 -4.69 0.08 C7h75p50b230g1 11.13 -9.26 0.0886
C1h150p50g1 14.73 -6.47 0.092 C2h150p50g5S 16.83 -4.07 0.091
C2h150p50g5 13.75 9.67 0.0177 C3h75p50g1S 15.80 -5.20 0.091
C3h75p50g1 10.9 6.70 0.0183 C4h75p5095S 17.07 -3.75 0.091
C4h75p50g5 13.97 10.59 0.0147 C5h75h75p5091S 16.32 -4.26 0.089
C5h75h75p50g1 9.51 6.41 0.0135 C6h75h75p50095S 16.45 -4.25 0.09

C6h75h75p50g5 15.07 11.38 0.016
R & S o

St Gl eole—ig Sy S i o=l o
©3Ys8 Ve atla i JL.aJlJJ@JMJJJg;}l)
Cand S 3001 sy 4 o 5 A S a1
S At sl Jlall ol gl L IS8 e
Wl 3 i sdalinsty S o g
N S i Ol e 4 530 ek ped eled )
B35 Olsly /00 Bl s s a3 s 0Ll
=B (s sle 5> Shals O (SsenS Sl
YL Shhss oo b suasolis &8 il e oo
ol 48 el U1 S a5 3o I
Vo iy JSE b it Glacl e sl o

=93 Ol e e & 00

AT (S, 5l cpl g L


WWW.SID.IR
WWW.SID.IR

bz (IS o (53Y58 Ll iy S0 Sl 5 Ostr ol oo 2l

AL e e g i Jlasl 550l b b

03 5 a3l a8 Las OLES (8) Jsa> i A

31U O AP NS S R T U
.b)lv\.} (Mn)

)upwudulgﬁwﬁsguw%y

S ol Al il ety A 0T sl en
JL&J‘QW LS))J—.’JL‘:@JPAM)J
ST s by e 3,5 eslizad ol 5 YU glad siee
SMe tp i Gemen Al Sl lee Db S
o= s A b ol 0 S b
s ol Gl 4 ol S S AL s

> g A 5 OLS ki 55 13 ge 25 e
Jlasl 521wl cd b ol 5 s Shes
S

Coaed el ol a8 das o gL (A) IS
oalS Cw sl slaG,s o) 0 K3 0o
ol Olee ) 8 353 0 Gy O 45 55l
AL o S e gems S5 sl IS L s

s Shas o Aas e 0L (Y0) 5 (18) sla S5
Cos S S p Cad 48 ol A
= UK b B shaie g el 4ab O Jlal
33 ol 55,8 NG b §gie Jlasl G35 s
53 0,8 KA s S ot S
5 O o= g lo s s s I )

aglls

1. Bravo Miguel, A. and Herrera Ricardo, A., "Performance under Cyclic Load of Built-up T-Stubs for
Double T Moment Connections”, Journal of Constructional Steel Research, Vol. 103, PP. 117-130,
(2014).

2. Sofias, C.E., Kalfas, C.N. and Pachoumis, D.T., "Experimental and FEM Analysis of Reduced Beam
Section Moment Endplate Connections under Cyclic Loading", Engineering Structures, Vol. 59, PP.
32-329, (2014).

3. Min Yang, C. and Moon Kim, Y., "Cyclic Behavior of Bolted and Welded Beam-to-Column Joints",
Journal of Mechanical Sciences, Vol. 49, PP. 635-649, (2007).

4. Liu, X.C;, Py, S.H.,; Zhang, A.L., Xu, AX., Ni, Z, Sun, Y. and Ma, L., "Static and Seismic
Experiment for Bolted-welded Joint in Modularized Prefabricated Steel Structure”, Journal of
Constructional Steel Research, Vol. 115, PP. 417-433, (2015).

5. Ghassemieh, M., Jalalpour, M. and Akbar Gholampour, A., "Numerical Evaluation of the Extended
Endplate Moment Connection Subjected to Cyclic Loading", Current Advances in Civil Engineering,
Vol. 2, PP. 35-43, (2014).

6. AlHendi, H. and Celikag, M., "Parametric Study on Moment—Rotation Characteristics of Reverse
Channel Connections to Tubular Columns"”, Journal of Constructional Steel Research, Vol. 104, PP.
261-273, (2015).

7. Kulkarni Swati, A. and Gaurang, V., "Study of Steel Moment Connection with and without Reduced

Beam Section", Case Studies in Structural Engineering, Vol. 1, PP. 26-31, (2014).

WA S 6ylad gl g I 33 b Olas ki & 20


http://www.sciencedirect.com/science/journal/0143974X
http://www.sciencedirect.com/science/journal/01410296
http://www.sciencedirect.com/science/article/pii/S0143974X14002703
http://www.sciencedirect.com/science/article/pii/S0143974X14002703
http://www.sciencedirect.com/science/journal/0143974X
http://www.sciencedirect.com/science/journal/0143974X/104/supp/C
http://www.sciencedirect.com/science/article/pii/S2214399814000058
http://www.sciencedirect.com/science/article/pii/S2214399814000058
http://www.sciencedirect.com/science/journal/22143998
http://www.sciencedirect.com/science/journal/22143998/1/supp/C
WWW.SID.IR
WWW.SID.IR

N

10.

11.

12.

13.

14.

15.

16.

Gerami, M., Saberi, H., Saberi, V. and Saedi Daryan, A., "Cyclic Behavior of Bolted Connections
with Different Arrangement of Bolts", Journal of Constructional Steel Research, Vol. 67, PP. 690-
705, (2010).

Shi, G., Shi, Y. and Wang, Y., "Behaviour of End-Plate Moment Connections under Earthquake
Loading", Engineering Structures, Vol. 29, No. 5, PP. 703- 716, (2007).

Settleco, P., "Pinned | Beam to RHS Columns with Stiffness", Journal of Structural Devision, ASCE,
Vol. 107(07), PP. 2214-2227, (1981).

Miura, K. and Makino, Y., "Testing of Beam-to-RHS Column Connections without Weld Access
Holes", Proceeding of 11th Int. offshore and Polar Engineering Conference, Stranger, Norway,
(2001).

Goswami, R. and Murty, C.V.R., "Externally reinforced welded I-Beam-to Box-Column Seismic
Connection”, Journal of Engineering Mechanics ASCE, Vol. 136,/No.1, PP. 23-30, (2010).

Salmon, C. G., Johnson, J. E., and Malhas, F. A., "Steel Structure Design and Behavior", 5" ed.,
Prentice Hall, Publisher, New York, (2008).

ATC-24., "Guidelines of Cyclic Seismic Testing on Components for Steel structures", Redwood City,
California: APPlied Technology Council (1992).

FEMA. Recommended seismic design criteria-for new steel moment frame buildings. Report no.
FEMA-350. Federal Emergency Management Agency: California Universities for Research in
Earthquake Engineering; (2000):

California Universities for Research in Earthquake Engineering; AISC, American Institute of Steel

Construction, "Specification for Structural Steel Buildings", Chicago, (2005).

f‘}éfd‘j*“‘_;"’wli);‘ \V‘\'\‘QSJLN;TIWJLN


WWW.SID.IR
WWW.SID.IR

slize (L 3 59V Dl iy S35 il 5 Ot ol o 23S Ty

N
\
S

\YA-\ 4;{: ZJLQ.J scl‘;w de w}éﬁd‘;&.@ L;“‘J""G" i.u;_,
wWww.SID.ir


WWW.SID.IR
WWW.SID.IR

