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Health monitoring of existing steel frame buildings with semi-rigid saddle connections
using finite element model updating method

A. Zayeri Baghlani Nejad, M. Shokrollahi, M. Mahmoudi Sahebi
Abstract

Although the use of saddle connections in steel structures has largely declined in Iran due to technical limitations, many
significant buildings across the country were constructed using this method in the past. Ensuring the maintenance and
structural health monitoring of these aging frameworks remains a critical concern. This study focuses on identifying
dynamic characteristics and evaluating the integrity of steel frame structures with semi-rigid truss connections. One of
the key challenges in this area is accurately modeling truss connections in finite element software. To address this, we
propose a refined approach for finite element modeling of such structures. The model is then calibrated and updated
using dynamic vibration data obtained from environmental loads, ensuring the closest possible representation of the
real structure. The updated model is applicable in various scenarios, including post-incident damage assessment,
structural optimization, reinforcement planning, and ongoing health monitoring. To validate the proposed methodology,
a real three-story structure was examined through vibration tests. The prepared finite element model was updated
accordingly, and analysis of the results demonstrated strong agreement between the model's dynamic characteristics
and the actual structure, affirming the effectiveness of the proposed approach.

Keywords
Semi-Rigid Saddle Connection, Finite Element Model Updating, Vibration Test, Noise
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Optimization of Shear Capacity in Cold-Formed Steel Double Channel Beams with
Web Openings

N. Hosseinjani, H. Parastesh

Abstract

The use of lightweight cold-formed steel members with versatile applications is increasing. Implementing web openings
for building services passage, especially in support zones, is particularly important. This research aims to evaluate the
ultimate shear capacity of cold-formed steel beams with web openings. I-shaped beams, 1000 mm in length, composed
of back-to-back C-sections were modeled for nonlinear analysis under three-pointloading using finite element software,
considering various parameters and material non-elastic behavior. The finite element model was validated based on
existing experimental results from reliable sources. Key parameters in this modeling and design constraints for
optimizing hole dimensions and shape included section thickness, the presence or absence of lips on the sections, and
the distance of the openings from the support. This study employed a hybrid Neural Network-Genetic Algorithm (NSGA-
I1), a multi-objective optimization algorithm, to optimize the two objectives of maximum load and minimum mass. The
outputs from the finite element models (maximum load) served as input for neural network training and design, and
the neural network outputs were selected as the objective function. Results show a maximum difference of 4.18%
between the ultimate load from finite element analysis and the genetic algorithm. In this research presented hybrid
framework (FEM-ANN-GA) enables the selection of the optimal web opening specifications from the Pareto solutions,
while simultaneously considering both strength and weight. The shear resistance investigation reveals that rectangular
openings perform approximately 4% better, and circular openings about 7% better than square openings.

Keywords

Cold-Formed Steel, Optimization, Genetic Algorithm, Pareto Front, Artificial Neural Network
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Contribution of load transfer mechanisms in steel beam to square and circular
concrete column connection

N. Bakhshayesh Eghbali, S.R. Mirghaderi, M.M. Ahmadi, Z. Bapiri
Abstract

Structural systems consisting of steel beams and reinforced concrete columns provide an optimal combination of
materials in building design. In order to expand the use of such systems, it is very important to address the beam-to-
column connection area, discuss the force transfer mechanism, and determine the contribution of load transfer
mechanisms. In this study, numerical modeling of the steel beam to a reinforced concrete column connection with a
through plate was performed using Abaqus software. Then, the results of the analysis were accurately validated based
on the results of experimental tests. In order to evaluate the contribution of the connection components from the
connection shear demand, the validated models were expanded to several models with larger dimensions of beam to
square and circular column connection. Some models were also analyzed and evaluated to study the effect of shear
connectors located on different surfaces of the connection area on load transfer. The results showed that at least 50%
and 35% of the connection demands are transferred to the column concrete through the trough plate in the specimens
with square and circular columns, respectively. This difference indicates better confinement provided by the circular
cover plates. In the specimen without shear connectors, the cover plates were not mobilized in load transfer, which led
to increased demand on the through plate, increased stress and strain at the point where the through plate rests on the
concrete, and a decrease in the stiffness of the connection.

Keywords

Steel Beam to Reinforced Concrete Column, Through Plate, Numerical Modeling, Load Transfer Mechanisms, Circular
Column

3g6 g ojlw (olc apit /

EeiC (liwo] - polaiy so)laid - pad) g (1o J

610 o) (52001 53001000 (5)36 10 Jow) s JUsl ginLitdy g pus


www.journalisss.ir

Il s islize Slir il 5e ObKes 5 (ool axls
G oS Lsls OLES 5 s ged oy 0 15 [T] Ko a5 021
ol s Y dseS Rl Wl Jlail AU iy
[ 552 axb opl Glacs sl 5 *dLas!

Ot comls Il el (gl O 5 J G 3
doslo Oy 0355 3V 58 Jdsn o sV 55 5 aeln
ools G 53V 5 4 ldiee & Wi s Il AL s
s 1 55 3 0 53 k3 b a gl [V] o
Asls Olis S oY (g5ldie b e slie il O 5

s e e gl B 2, Sl eslinal LY
IA] 313 513 s 550 15 01 5 Shas 53 30 Jelse 5 Jlas!
s ol VLl ol b ol SYsles 5 e il s
Aoy Jlail isd b Gl S Glus 4 5 5a 4L
28515

Sl et dran Je s DD 5 el i
Slael s esls S5 ) 3550 S (IS0 i | JLas]
S o SNl (g3 ) U, ddllas 3 1y 3 sdes slp] L
[4] s 53 L5

G L dlal e sl il OLSes 5 1 S
VT Rsls 513 ps 3550 25k Sl Sladie

S S gbob 5 VLl gadate Slaass 4 S
Sheslaal Js ol sl ploxl oyl Os 5 @3V L0
3l sllas Sleo geas glls S (gl pls daslom el s
Caslie 5 phamy P (S S (gl JSS (S olens
el sl i) 2508 Jdoas chizean om0 la0 52 a5
SR e sy Ol VLAl Gl Copre b s b
S Jlasl S5 Lsar 5380ks Gy Sl esliad oy Lila S
sl Ot Ly Sl o Gos S bw s Gaas L Jl!
S0 S ol 5 e D g8 53 8 03 s
G L Slonls U5 a5 Jlail IS 5 ess Ll LG
DT 55

O & V5 o0 Ll glas o 1) Gl s
g0 sk Sl iladde b logls 5 e LT
4k JUEE! (6la e S8 5L Ol g 5 235 13 s
dioly nl 53k s O S5 Jalss s e O
A s ALl Jlasl £ 5e0 55 3de slade

5 Steel band plate

°Li

7 Shen

¥ Guo

Y/ 3Ugd g ojw (olc aypiy

dndis —\
aoslopy SO s 5 $3Y b sl 5 oS e lentlu
Glacy e O 53 45 ol S o (Slagtmms gl 5l SO RES)
S eslital Lpd o S 5 e b V5 5 i pall slal B
5 S Caslie 5 Oge 53 b sl (5LAE Coglis
O35 Laeslo ul B odd or g 5 53 SV 8 e 6y JSO3
Slaosle & Cod She Gali S 5 3 ol S
3 Ao b e S e S S s alon
f o |y ik 5l O sy J a8 OF Jlisw,
Laoslo g ol 3 SVl el oal b (635 slaplezt L
Ll el 5 o3l sl el 3 Shes 53 1 oge 2B
bl ol 5 odadn b losla i S Ol peas (slasbiop
53 VLSl 5, St st 4 |y (e ol pes LSS s
e 03l G g a3l 5

Ot a2 3V L Jlail (oldas OLSs 57 5LL, S
Db JUEl slap 33l 5 slosla 3 Shas ) 2 S 1 40510
5 by GG,y by SVl S wsls 3 sl 5 s
D] B Cosb 5 sladl osdy il slaeSs
Sases 53 Saa 2V gl edelasa @B ol
GLE! 78 Cys B meslie <l Jy A5 edalie Loy mees
N

215 0 a4 s SV oy s, 0L 5 0ALE
@l Lol I3 s 3se AR o ol Sl
K Ceaglas V00 CL S5 Jlasl b ceslie &S sls Ol
[ el Clir Olea b Jtls JLasl

bV s oVl ey ) ks, O 5P S
O 03 5 S s 1 S s O 5 b e 3 D52
I¥] Lo, J8a eolgiy dlasl o (ol ST 50 L
S| bzl S8 ks, 5l S il mk
A edalie Jlail el 5 05t 3 ot GaS S

O 5 eslpde 5 Sde Jlail 5 Shas 55 s
3 eage Wlol s (Gl LSS o |y SL
[0 58] Lsls 53 s 3550 S 5 AL ) 50
S G 5 S i G bl ooledn Sl
Lddesls 5 Jlail e Ha 55 5 sladl 4 aS 5 5L

! Reinforced Concrete and Steel Beam System
2 Kuramoto

3 Fargier-Gabaldon

4 Cheng

IColC (liawoj - polaiy (sojlatd - poi) g (W (Jw



Slopb 9 62210 (D) (9w @) (5398 5 Jlial )3 )b JUADI slopuwo (1T )Uito

sl Jowa 5l O gmw Jsb il sd &L (V) K2 53 a5 A
Ao g O Sl 53 eddesls,l 3 Lade S 0 U il L
A s e 3 S BT o Jobiis 55 5 sk e
Jslter 53 3V 58 mllae Slaseis (immen S Jls 2o 5l
JISallSe 05 £Y o 65l Canslin ol 0 @511 ()

el 33 5 Jsl Kga 53 S

1

— 250 — |—— 400 ——

gt S 59 T @ .
- 145 45 gl g
20 L

550 t=12 t=20 >

20

;

14; r,/" \‘ ol JLait 3y
L {

|A 2P1160x160x10

I

260x130x15x10

03T g gt
400x400 12T18

1

Il 5 sa5 ()

4qa
A ole Gig

2UNP220 | (g

g
400x400 12T18

/l/

£33 K yes (&)

OVl s Slasein -V S

Y Flae slasle - Jod>

sl sl G, 5,5 UNP220,5  IPE220,5

o b B0l iy s db s ol 5 db s ol

\;A}LAA
EYUA 0tg/8 Yo/Y  Y4/) YY) Y4 Yva/a veveo V":LMJ
J.f...,f.S
CM_;ULA
Ae/e TAV/E LETVUA L EVE/Y Y VY gvi/o LA Ll
oS
sbajl

Jsb

LS U o /7 YA RN 75 W VAR VA B A

oyl Oge 4 @3V L5 oslize slal L oVlasl e
duj:ggﬂjdj.bdwl;yMW}&\&ﬂ\)}fﬂ
M;J\J}Jli))\éjy}f\}‘dwl:&:}l;

Jlasl B yme -Y
O 5 3148 o GIS0lo G3) o6 Gy 4 ol Il
Jlail o 3 Oy Skl 65V 53 Gos 4 5 035 H5e
G a5 a3 GIS0ke By b Jlasl 3 555 0 313 i g
L O 4 s JLal 5 el feate gt 4 5080
5 b dlasl sy Sty fate s 5 S glas
Sy g S 50 e Jae HIS0Le G5 4 8 Ol
O 4 o SIS0l Gy 55 1 40 bled camio |21
P b GG, 4 LIS 0ke G5 dlasl Gy bl ls
bl o ge 5 30 o e d g sladss 4 s
by B, 03 i S s G s oled ey o
bog sl L G s dlal 8k
VL laad mmen 5 LIS0Le By p skl sla S 2 e
Gk g dpde Jae G4 o b peled 52 G0 ol ol
G Ble 5 okt i sl Gus & 2 dlail Gy bl
Ol A Sl 5 Ot a2k Bos slaS 5
xSl ¢ b IS Obe By ol 5 VU laad olad las
288 Sl 53 mde Glacaal 5 ES S e sl
SSosba S e SE s 2se 25dee Gl slade
polie p 5l an b Qg 53 LIS 0le B 55 357 50 Lo
imio 3 GIS0le Gy dmio ‘5LAD~,:SL§.A Jela
S el gy G Gk Saes LSS 5 S gl

e Ot 4 ,L Jlast ¢l L;jlywwcé\j);

s9dow gl g5lwdde -

S Jol s 5 plaml e sSUT I3l 5 55 bk ped (s3led e
e 80 el (el b el ladde Lo
sl 5 dlasl glarl esjlin Ol G oLl o skua
bl b dlail p iy 4 0 i Lzsl slade Ul dar
5 e ki Gezmad KAS 3l dnn 5 U5t s 5 S
Jlail 4l ilsee o shan 2 315 sla 1S 2 i e sl
INUEE P S WO, SV P |V

Jde 4w VY
Ll s e avwcsme gbdb ods Slasis
a S s s [\Y] T 03 eI Slad se JmK.i.iLaﬂ

394 ¢ ojlw ;ale aypdt / 10N

lIColC (liwoj - polai (so)lad - pod) g (W (Jw

6120 o) (52001 (53003000 (5)3L6pL0 Jouw)ruw ¢ JLsl ginLitdy g pus



250
200
150
100

50

-50
-100
-150
-200
-250

250
200
150
100
50
0
-50
100
150
200
250

6 -5 -4-3-2-10 12 3 45 6
o ) ol ¥ 5) (slad pd O ii— )l a5 —Y S

0.035
=M =- (Test) Beam Flange & o
0.03 =&--(Model) Beam Flange >
—— (Test) Beam Web ,_‘
-5 0.025 1_a— (Model) Beam Web /:2:’
& o002 -
=
% 0.015
=
& 001
0.005
0
Drift (%)
0.035 - - - - (Test) Beam Flange YO
0.03 +--&=- (Model) Beam Flange ' “**
—— (Test) Beam Web .‘
£ 0.025 - A~
« «
g 002
(%]
2 0.015
=
& 0.01
0.005
0

0 1 2 3 4
Drift (%)

Vo) Gladses oo Ol 5 db s 5 S Sk L, Y JSKS

Jte 5 s 5l ol ke s

19 7 394 q ojw (ole ypiy

Elae ki, 5 Lol iy s Y=Y
Sleoldl A sy (V58 o Lbs 5 G5 on sslede
Jole oy slel s plil C3DBR » Sciis (sduaw
PEASS o i rman 5 (505 Lok sbas S
e Glamio 5 (2553 ol GLOL s oS S 52
0 SKlasl b Lus giledde R3D4 sdman a5
w5 e /Y0 Jlal AU s SV 5 on eled e
[VE 5] as

las cod ml bl o3V Hllas S, Sl ses
Alae dibpid 5 63V izl ple s bl Zaslie Lol
syl Lalgy Gl o Lk, LS s (V) Jsdr G o
St sdodcmnl o ok, Jus 5 EN 1992-1-1:2004 s

[Vo] as iy

dae srwcows -¥-¥
53 Sledde 5 bl gas s 51 Jool O ii= 0L s gas
Sy 35 e sdaline & 5 sboles ool ol &Il () K
s Bl dde 5 s Sl Lol gl e o sl
Cenglie 5 23S (S s i o ke e sl ( Szl
2l sy 2lE

23 55 0l 5 dl s 55 Ol L, (1) IS0 Gollas
e el od o3ls 0L Je 5 ot 1 ool Jeais s
50k 5 b g GBS e js g llal &S s e DL
sﬁjdgbo&ﬁ:ﬁj\ck.ﬂ,aﬁdujqﬁﬁsjlyb
Syl

(ool odalin LB (0 )y (£) sla Ko 55 &S 5 sboles
S i Bos 5 0 I80ke By Sle Caend 45 35S polis
2 L sl b caas wsed Jlal i Sl S
S ST s ged sl 3 SVl s gdes 53 TA iy s
3 Sl Jeols il Gos 5 0 0ke G v 53
Lol sl o 5 (1) a8 s aab ci s il s Jue
e S Gus 5 IS0k G5 3 H S e las
b JUS) (glaminl 53 5 pudtons s &5 SIS0k 55 o
b bbb oS S Glads b amlie 53 (ol 05w
JGst 1 bag g 51 5585 sl i bl o Jil Wl

.M)&

IColC (liawoj - polaiy (sojlatd - poi) g (W (Jw



duwasl ps Jb Jlaisl slopus (1 jlito

gl @) (53Vg0 J5

6l g

sloph g c2a)0

0.002
0.0018
0.0016
0.0014
0.0012

£ 0.001

£0.0008

“0.0006
0.0004
0.0002

EE, EE23

(Avg: 75%)
+1.456e-04
+8.888e-05
+3.220e-05
-2.44%e-05
-8.117e-05
-1.379e-04
-1.945e-04
-2.512e-04

EE, EE23

(Avg: 75%)
+1.623e-03
+1.336e-03
+1.049e-03
+7.014e-04
+4.742e-04
+1.870e-04
-1.002e-04
-3.874e-04
-6.746e-04
-9.618e-04
-1.249e-03
-1.536e-03

-1.823e-03

\;..»).«..v)é V-AC&JLL);)) ;.,....'.* Lj:‘:é).ﬁ)

EE, EE23

(Avg: 75%)
+1.943e-04
+1.180e-04
+4.164e-05
-3.470e-05
-1.110e-04
-1.874e-04
-2.637e-04
-3.401e-04
-4.164e-04
-4.927e-04
-5.691e-04
-6.454e-04
-7.217e-04

EE, EE23
(Avg: 75%)
+1.699e-03
+1.397e-03
+1.095e-03
+7.939e-04
+4.923e-04
+1.907e-04
-1.10%e-04
-4.125e-04
-7.141e-04
-1.016e-03
-1.317e-03
-1.61%9e-03
-1.920e-03

S0l By 50 Sl sy 1S -8 IS

Y Lgal '/.VQJ.UJJJJL.I'&).; é)}})JgQL_A LS)})J&Z»:YIJ.ZIJ oS =0 J.(::

—-M-- (Test) SP
——&— (Model) SP
—— (Test) TP

==k--(Model) TP

3 4
Drift (%)

aib sl 3 S Gus s LIS OLe Bus S e SVl S ls el - JSKS

Strain

0.002

0.0015 A

0.001 A

0.0005 -

=~ -- (Test) SP
—— (Test) TP
—&— (Model) SP

-k~ (Mode) TR, _

2 3 4 5 6 7 8
Drift (%)

26 § 0juw gale agpds / I

lIColC (liwoj - polai (so)lad - pod) g (W (Jw

6HDL o) (52001 (53g03000 (5)3L5 0 Jow)auw JUs] ginlitay gy



0.012

\ % gas
0.01
=l Test —#&— Model
£
«
B
b
0 1 2 3 4 5 6 7 8
Drift (%)
0.016
0.014 { Y &5
0.012
—l— Test —&— Model
= 0.01
g 0.008
“ 0.006
0.004
0.002
0

Drift (%)
5 b slre 5380k 55 125 Sy (S s sed A IS
Vel Y ) Bl s (LS Gus sy SVl S
St 255 gl ok gl (4) U3 3 Jbe 5 oo

;Mbg’)u A.U)‘} )‘JB j:fg:‘f J:;”L)Yb ))‘\Sbw U'e-‘ ))

s

Solwdds daw gt
dos 3 el lirl S5l Dl St (o ln
@L“u u"l*“‘ » OMWW LSL&JJ.» ‘JL.A.” :\?L Lth)):.'
Ogiw 5,5 5855 bl b glad s Jibe wtlos gl 5 o Siulosl

A 423J§ )154.1 LS‘°]:'."> 9=

Jlasl gl b 5 b sed Slasein -V

rL>u] [\Y] C>-JA BE o.l.iré\;b‘ ja;_b) wLﬂ‘ B <Ylas f\jja
ol 45‘)\ (Y‘) B (Y) 6LAJ)J.>- BE Ve f‘fb C:ng A

.k:/mﬂ\

il 7 3Y96 ¢ ojlw (olc aypis

AL b b b gle)l 55 amnons Jia 3
B pd e edalin (V) ISS 53 &S b0l .l ol anslie
5o Sl ol Sle s as S las gyl 5s S s el

.M&@ﬁﬂdfg;;,\{ugﬁﬁdh

0.0025
0.002 -
= 0.0015 -
‘s
3
0.001 -+ —8— (Test) Corner
—&— (Model) Corner
0.0005 - - -- (Test) Middle
o ==k -- (Model) Middle
0 1 2 3 4 5 6 7 8
Drift (%)
0.0025
Y &gl
0.002 A
£ 0.0015 H
]
5
¢ 0.001 1
—f— (Test) Corner
—&— (Model) Corner
0.0005 ;
-~ -- (Test) Middle
==k -- (Model) Middle

0 1 2 3 4 5 6 7
Drift (%)

Sy gl 5 Sl s aisS Glas sl s (S s sad -V S
oy e A58 0 Sl S sl opines
SRR VPRI 5| ) TP S PRI | PG [P E PN L1 )
Gos 33 S5 CJ“” sl ol e asls glas (M) s
£ hea oo 5l ol e 5 ¥ e 5 IS0
e Y slaci ys g e Sl LS

IColC (liawoj - polaiy (sojlatd - poi) g (W (Jw



Slopb 9 62340 6D (9w a3 53V 3 il )3 )b Jlaisl lopue (1F )lite

0.00035 0.0007
—@— (Test) Coverl —— (Test) coverl
0.0003 +-m-- (Test) Cover2 0.0006 ---M-- (Testl) Cover2 m
0.00025 L4 (Model) Cover2 0.0005 |~ 4=+ (Model) Cover1 ’,’ b
=& -- (Model) Coverl —&— (Model) Cover2
.% 0.0002 S 0.0004
i w
& 0.00015 & 0.0003
0.0001 0.0002
0.00005 0.0001
’ 0 1 2 3 4 5 6 7 0
oo 0 1 2 3 4 5 6 7 8
Drift (%) Drift (%)
kg B 53 S lased -4 UKS
bl gas (b —Yd gt
S slie bk . - - -
Dlad sl oolts L chie ol s 25 e b e
. ' O byl T Aok Sd s aay e 5 s Sk
e O (cm) mH  kglem?  €m)
' cm (kg/cm?) .m S O g%
(MPa) (t.m) & e
\ fexte LY 12T18-2% YY1 124x13x1.5x1 foe 04 Y¥ee YY/00 \/YE
O i Y gaxte I 12T18-2% Y /0 20220 I oYs YV Yo AVATN
SRS s 0+x0+ g 20T22-3% Ve/t 2U380 Yoo \\ay Yéoe 4/ \/N
¢ ex\e g 20T25-2.7% VY IPE550 V0o YVAY Ygoo AARYAR% Ve
O i 0 g A 14T22-4% Yo/ IPE260 Lo W Y Yq/¢ \/Y
Slogls 1 . LY 22T22-3% qy/40 IPE450 e VY Yy VAY \7AR\
S0k S5 A1k YU g
L Gusdelias Byl G e b b ax Glols o # Sl )
50l 8 lads . . . S Il aedi PR S
(cm) ,80le  (cm) ;A8 0l (tm) ;8 0ke (t.m) (ton)
(ton)
\ Y 0 YY/AA YA/VA AVAVAS \AVANS \YWe/AL \VARS
Y Y 0 YY/AA YY/et V1 VoY/ov \YY/0t VAR
Y Y/0 Ve Av/AO Vo/YA \/vV ARRVARS YVY/eY +/AA
1 Y/0 AO AREYAR WWAAL \ YoY/to Yyav \VANS
0 Y 0+ YY/AA YY/AY \ VoV/\Y VEVYY \/oY
a Y Qe ARLVAZN aY/¢q \/\VY YVV/VY Yy \VARS
g0 ¢ ojlw (ale aypdis /1P

lIColC (liwoj - polai (so)lad - pod) g (W (Jw

6120 o) (52001 (53003000 (5)3L6pL0 Jouw)ruw ¢ JLsl ginLitdy g pus



el la i oo 53 S lhe mhaw sle Lo iy
00 5V sl b m e Ot L5 Y sladsad 5y .ol JLadl
Sie eSS e b e sl
boaglie 3 smse i sl 4 Cod LS
losast )lis (NS Sls Jlie wddcws sy

03 s i elie el anl Il e LS 5 sl
b s ol NS S s Jlal Al slacss
s @) (8) Jsae s Jlas!

PE, Max. Principal

(Avg: 75%)
+7.441e-02
+2.000e-02
+1,833e-02
+1.667e-02
+1.500e-072
+1.333e-02
+1.167e-02
+1.000e-02
+8.333e-03
+6.667e-03
+5.000e-03
+3.333e-03
+1,667e-03
+0.000e+00

L ol 5L, (g 2 - Y-8
&Sda»)mdﬁﬁﬁ);&wmwudﬂmja
bl S il s 0 s b LS0Le G5 2
Ot L0 &0l (sl3l 55 255 58 el 5AS 0L G5 e
Sl ol esls DL (V) s s T cys s Glepls
OLE Y i3 53158 Bgas sl s 5 w35 (1) IS
Gz 5 0I80ke Gy 53 Bp A5 e Dol S das s

253 Sy G55 a5 ()

iy B 2 SV S w55 ()

EE, EE12 EE, EE12

(Avg: 75%) (Avg: 759%)
+5 729e-04 +1.4326-03
+4.6752-04 +1.142¢-03
+3621e-04 +8.5136-04
+2.567e-04 +5.609e-04
+1.513e-04 12977%29'0054
fég%%e_o? -3.101e-04
e
-2.7042-04 ] o
-3, 758e-04 N -1.471e-03
-4312e-04 M TR
-5.866e-04 } -
-6,920e-04 A :

A
s

AS0ls G o3 Sl 25 S w55 ()

14 M)Ajbd\bﬁlso‘}:ml{AJ}AJLS‘J'?‘)J&JJS@)}S—\'JSJ

g, 812 g, 512
(Avg: 75%) {Awg: 75%)
+3.7768+01 +9.960e +01
+3.0838+01 +8.07%e +01
+2.3808+401 +6.1972+01
+1.6068+01 +4.316e+01
+1.002e+01 +2.43d2+01
+3,0882+00 +5,527e+00
-3.846e+00 -1 32Ge+
B ety 3 3i00i01
-1.772e+01 -5.002e+01
-2.465e+01 -6.973e+01
-3.158e+01 -8.855e +01
-3.852e+01 1.074e+02
-4.545e+01 1.262e+02
i Bus 53 e S s (9) Vs B3 02 B 5 s (D
1Y Sty pn 55 Slepls Ot b el shirl 53 A5 555 Y Jse
il /7 3g0 q ojlw (alc aypi

ICelC (liuoj - polady (50)laud - pady g (i



duwasl ps Jb Jlaisl slopus (1 jlito

gl @) (53Vg0 J5

6

sloph g c2a)0

b avglin 5 580 Bos 2 @ls sl S i Sl e x5 L
e 5 sl ey by GGy Bl sl S
ey Wil DA Ee b4 Cad 508 Al s O
Wl Ll g O st s by o JET s 50 (5 50 oS L
s Gl Je 53 53 5380k G5 p @l gl S 50 1
110 5505) 5080k )5 (Bl b 1S B i w5 e
Gy logat) iy b,y gl,S by o (US S
@B s mis A 0ke By oml 5 Vb glaad 5 (sl
e 5IS0ke Gos gt fS b dsms pie S das e UL
s i S 5 Jlatl hl o 0 Ol a1
Gos o Lold il Comge oS ol ol (g ka8 S o
load b 5 VL s golad i Il aen 5 0800
(OY) IS8 conl ods ;480Ls G55
Gilae bayed O pis 2l 3 S UL s
LS Gle spbie e & oboles o (1) S

sl e 3 gladasde B 2alS wmie WS 50

GRS S s dlail LU slaGus (B 5 pslie =0 i

RoBLEt S

st Sl sl

Dl g slayl i kg/em?) IY Says S
“yes (cm) = 3y 3y solsd
BRCRIVER N FIARCT ST
Voooofexie [24x13x1.5x1 VY YYe o /ey
Y Eaxte 20220 VEoo YYe VAERF2
Y 0+X0+ 2U380 Vo YAL f/reYV
¢ Texe IPE550 Yoo YoA v/ YE
° £ IPE260 441 YW /o
a1 A IPE450 ARN} oLy VARSI

oo b A0k G, ol T it
sdalie (V1) K& S5 oS jsbllen oS 5 n sy Gged 5o
4 SI80ke Guy GISI Jome 53 B S 5 A5 e o
SRl S e 1 & e 4 e (9305 Sl Jliie 4 o

sldyy 5l G Cosea s Jl e ool asl

ST S il ey BB Rl gl gla i S (o 4 gV
Ssde A s 5 G s b e Sl sbl 4 e
-30 T [ I S B S
a8 0.2 0.4 06 08 b 00 AN
50
40
T s '.E'im
E =
g S 150
2 ]
E 55 £ 200
50
250
£
Bl 300
Along the column width Abong the beam width [mm)
o T T T T a T T T
b
[ 0.z 04 06 0.8 o002 00 00 0 b
0.0002 5,004
0,006 o
£.0.0004 - § e
E 3 o
0012 o
00005
0,004 -
0,015
E 00008 Ly Along the column width
\_'Ijl} Along the column width ‘} oagthecoluma {mm}

S i Dok Bsed (O F B5ad (Al 8 Sy 53 sl el prs 53 (E3,S 5 GR35 Jlased VY IS

g0 ¢ ojlw (ale ayplis / Icic

lIColC (liwoj - polai (so)lad - pod) g (W (Jw

SHb o) (52001 2403000 (5)3Bp0 Jow)uw «JUdl ginlithy g pus



Ay JESH 5l e 5 L s 8 A Y
ol sl i b s 5 JUE sl S| S
i Bos s LS 5 ey Sl n s (ool St
.J;:MA&:MS)L:.&&:.A;Q;JSGMJ:V.@AJAL:«j;LQ}:M”:
23R SR Ko ol 5 sl wised Olge

Y e ;s 5 el sk esls OLES (V0) JSKE 55 0 & ses

Aleng the column width {(mm)

ALY 5V s o (g ks Sas (g)lis 2578 5 wo w0 a0 afo

s 3 §oLaE (I3 HIe (gm0 O 52 Ly sl & a5 2
ol ozt IS VY 50 o (g ke

() S slae (s3ledde 5| Jols mls Ll

R 5 GoLS b,y SISUle By e ) Bged 2 (1Y)

Along the celumn width (mm)

L3 o . UYA 570V T80 Y Lgad 53 5 /Y0 B )
= _ ) G SLa S o Oads Bl (5 5 A lased VY IS
5 Syls e K..L;Ld‘ Lo ) sdelews La

Gk ol e (Al mbe ) 4 S T8 g5 55 eddsasnte rn 53 IS0k

el TN o S g VY] KT s

as0
Gy sl S b n Gk Sl by JS 51T fsazmess 00 7 == TTTTTTTTS
350 + -
LR P Vo E . '
Al Ot e IS8 Nsde Jame pu o4 5 80ke 5 LS a0 4 g
=
3 ; . - : £ 2501 ;
s olgss oy dalt giledde o5 Gl YOO =1
i € - §a0{ o vaessemasisiessunnantAeALY
Os & S Gbsl (0) obs sladss 5 LIS 0L 1ot (TS T T i i
Ly L . s I o 100 + !" !4:,/ _ —«E"‘-_"\H_.JJ*'
Lﬂ_‘)}bd‘)w&uufwéa.ﬂw‘fwé.byw }.Lo...a ) —‘—14-9-“.
50 4+ 4 e g MTUTC 2458
5 OA) Gl Gillas fpzman S o Jlasl o2 5 ~15 0 : : : .l
. . 0 1 2 3 a 5 6
i S 3 om 5 6O WG GBS 0ke Bos g ((V9) Drift%
Lgad 53 IV 5N 08 5 st S s sl et Ol i il 3 (5l Ll gl -VE JSS

el ¥ 3.)}.‘;.: BE) /Yo j/\\ .0\ ‘5\

S, Min. Principal S, Min. Principal

(Avg: 75%) (Avg: 75%)
+4,98%e+00 +9.222e-01
+3.990e+00 -2.37%-01
+2.991e+00 -1.388e+00
+1.992e+00 -2.558e+00
+9.926e-01 -3.719e+00
-6.450e-03 -4.87%e+00
-1.006e+00 -6.039+00
-2.005e+00 -7.199e+00
-3.004e+00 -8.359e+00
-4.003e+00 -9.519e+00
-5.002e+00 -1.068e+01
-6.001e+00 -1.184e+01
-7.000e+00 -1.300e+01
-3.489e+02 -1.283e+02
| -

18 ey (@ dY ciy s (0 &gl s Jlasl &b oy 5s 25 =Vo ISKS

03 sl pnl b e glogls Osn b gladised 53 S s by php ey e 5 dlasl gl oS5l Ol
s ghie bosbadse 4 cod 1 5 by G o M6 683w el JI sl sladsas L Ll

6 /7 3g0 g ojlw (ale aypin

IColC (liawoj - polaiy (sojlatd - poi) g (W (Jw



duwasl ps Jb Jlaisl slopus (1 jlito

Yoo

61D (9iw @ 5>

sloph g c2a)0

2.14E4+06

Concrete

l i I 737.56E+03

23 sy SBCLs 5 s OR Ol S ISk Sl
5 880ke By LG sl wame (Sle gl slad gl

Sydip Gos il S b s

1.10E+06 121.34E+4+03

+ 2
TP

TA Sy 5 Jlal fadir 2 51 G g Uil (sl g -V S

2.66E+06

= Concrete

01E+06
= l 4 TP 42 sp

1.18E+06 180.54E+03

14

TA s 53 Ul et (5 51T e Il sl g —VY K

1.83E+06

Concrete

605.37E+03 983.78E+03 91.30E+03
i TP i SP

18 Sy s Il fadir 2 51 6 gl Il sl g VA S

2.26E+06

l 781.83E+03 ’
— Concrete + TP +2 SpP

1.15E+06 119.44E+03

1 Sy 5 Il S 3 51T & gl Jlail 5l g 14 S

05 40 JUE IS s il S SlaGs 02 S g

GLdos ey sl e 2 LSO Spsen bio

Ol &0 SIS0Le G5 i S50 O e 2
L b Jlal sl Sl s b JRIB S

3o ¢ ojlw ole ayplty 7 1£¢

iCelC liutoj - polay (s0)lad - pai) g (i

610 o) (52001 (52403000 )35 )0 Jgw)ruw (ISl ginlithy g



LS o n G bl | dlasl el (gla s sdas i 5080l
s oo 2 S o p B ek gas s das o JUEl o 4
et Olgeas S GGy e Gk Sl 55 LASOLe
s e 3 ol IS 5 5 il 4 3B Sl
35y pl by A om0 b 5IS0ke Gos mb 5 YU gladd

ZJWSU.:M cJLa.?l ;j:';‘ u'i‘);)}?’ Ju:.;\ Ls)“}ﬁﬂ“wwkna'

S 5 sbiles 5 sl LIS0Le B gladd 5l pimmen 5 iy
S e 53 S (I 4 e 3 w11 (0) s 3
S b sl sad 53 3 pd g B adge Slacad 5 o)L
ol 4l 2l o S sl ehae QIS 0o G5 sla S 5 2
s Shee 3 b3l SI80ke Gos las 3l 65 R Saend

2 60 oS s pa e Jame o SIS0 Gy slaed ST

el 0315 sk o OF Olebsl LB 5 Shes Gos w81 sl 0L bl 5l (g a8 Saws 03 sad gy

G Sl Jem s Jlasl gl l oS5l ds s — N g

o . ) . . . T {3y
€ g00 o)l Ot phade 5 clate S 53 D80k Gy . OR

S5

A 08/YE Yo/N T /0

\ Laxte 124x13x1.5x1 /A 141 \Y/AA Yo/\o

A3 Y Am Yi/vo

Al RV VE/A Ya/v1

Y Lexte 20220 JA R\va\s \Y/VY Yy

A3 Yt R ARVLR

A 0L/AA YAAA Yr/an

A 0+X0 2U380 /A M\AY ALVAR \\7A%3

A3 00/A Ye/Av 14/74

A 0v/01 Y)Y TUYE

¢ Texle IPE550 Al 0V/4A \Y/0A Y4/84

JA? /Y \Y/YA YV/0)

JA Yo/v1 YA/CA AYARY

° i IPE260 Al £VY YY/ ve/av

A3 LAY YE/AY YV/ g

A YA/NY YA/FA £V/0 8

! oy IPE450 Al Y4/ ¢ 14/A4 AV

A3 £4/YA \4/0V £4/00

/A Ve/oY Y/AY YY/o

AR 05k goxt 20220 A VA/AY VAT VAYE

JA? VAV YV YY/\Y

A n\7a% Y O/YA Vo/Y

S0ke Gos 1 S50 05 £oxi 20220 A 4/A0 VoY VYA

A3 T /YY \A/ES VY

A Ve \Y/01 YoV

SAE0ls G S e O 0ex0" 2U380 Al Ve/08 VYY1 RV

JAs 04/8v \/o Yo/vy

slad Jlal i slols s Jlal sl oSl 6}.‘5 i —0

O & 50 13*5/))% slal b dde o 4 ol i Lzel] Osiw a5 g3V g8 25 dlal ade giludde (Guies ol s
Sl o Jde (i iomen Ll o3ls a5 Slo 1o 5 2 0 S gl 33 lly cnl 53 o plndl Glopls 5 o Syl

IV /30 q ojlw (alc aypiy

IColC (liawoj - polaiy (sojlatd - poi) g (W (Jw



$slopb 9 62210 (D) (91w @ (5390 5 Il )3 )b JUEDI slopuwo (1T jlito

Rl s S 5 bl s e ol Jlsl
sl

s JUEE 055l a5 50 Ll > S sbes -
b5 G5 SIS0k G5 slap S Jald 052 s 5 5
SI80Le S5 oS i Bl ajls sz (g kS S
Ostw b Gladises 53 5 do3 00 a0 Ot b sladised o
5 o Sl Uil b Jmals sl el ds s YO (e s
A5 S 8 cd ehes Glenls Ogie b glakisa
el Slogls iy s by g SAES pass
L L, GG e 3 95lis sla 25 e 035 5V
el Clae ol SIS UGl 35 sl s (SLa pad 3

35d e gladised 55 SAS0Le G5 3 hp SR -
cla.ﬂ Cle el il GG, 5 e SRl Y0
gl ol sa adg Bus 5 5380k Buy 55 B A
el I St (a5 s 5 S 5L

b GG w4 ,I80ke Guy s g S e -
e O b Slad sas 4 Zd Slo pls 05 b (gladd a0 o
Ba0li padse (ol el pln 92 sl 5 02y oS
Ul 5 ol o3 ol i sldos e <Sole
ol Mzl &G (gla i

Jb dlst s it b, S b ol Bpes 3 -
Gy SISI Joms 3 (5 5 5 sl 5 AL ey Ol
S il bl S s Gl Lsel 4 Cand o 4,80l
ol 53 G5 g8 R 0> b sn e SR L ol en
S dlall ey alS 54U

Ol 28l 4z IS0k Gy slaS o Bl -
Sews 5y gulis i als 5 Jlal sl o OAd e
et 3 IS0k o5 03 Lo Il cr g S A2 g 8
I8 0ke Bus slaad ol 5 VL s golEs i 1l

396 ¢ ojlw ole aypddy /7 10

60 o) (52001 (53003000 «(5) )0 Jgw)ruw JUsl ginlitay G pus



[14] Ellobody, E. Young, B., and Lam, D., (2006),
“Behaviour of normal and high strength
concrete-filled compact steel tube circular stub
columns”, Journal of Constructional Steel
Research, 62(7), pp.706-715.

[15] ENV, D., (1992), 1-1 Eurocode 2, Design of
Concrete Structures. British Standards Institute.

129 7 3494 ¢ ojw (ole aypit

ela

[1] Kuramoto, H., and Nishiyama, I. (2004), “Seismic
performance and stress transferring mechanism
of through-column-type joints for composite
reinforced concrete and steel frames”, Journal of
Structural Engineering, 130(2), pp.352-360.

[2

—_—

Fargier-Gabaldén, L.B.,, and Parra-Montesinos,
G.J. (2006), “Behavior of reinforced concrete
column-steel beam roof level T-connections
under displacement reversals”, Journal of
Structural Engineering, 132(7), pp.1041-1051.

[3] Cheng, C.T., and Chen, C.C. (2005), “Seismic
behavior of steel beam and reinforced concrete
column connections”, Journal of Constructional
Steel Research, 61(5), pp.587-606.

[4] Alizadeh, S., Attari, N.K., and Kazemi, M.T. (2013),
“The seismic performance of new detailing for
RCS connections”, Journal of Constructional
Steel Research, 91, pp.76-88.

[5] Alizadeh, S., Attari, N.K., and Kazemi, M.T. (2015),
“Experimental investigation of RCS connections
performance using self-consolidated
concrete”, Journal of Constructional Steel
Research, 114, pp.204-216.

[6] Attari, N.K,, Azadvar, N., and Alizadeh, S. (2020),
“Numerical investigation of cover plate in RCS
connections”, Scientia Iranica, 27(1), pp.10-24.

[7] Dung Le, D. Nguyen, X.H., and Nguyen, Q.H.
(2020), “Cyclic testing of a composite joint
between a reinforced concrete column and a
steel beam”, Applied Sciences, 10(7), pp.2385.

[8] Shen, H.X. (2007), “Research on static behavior
of reinforced concrete column-steel beam (RCS)
moment joints (Doctoral dissertation”, PhD
dissertation, Xi’an Universtiy of architecture and
technology. Xi'an, PR China.

[9] Asl, M.H.H., Chenaglou, M.R., Abedi, K., and Afshin,
H. (2013), “3D finite element modelling of
composite connection of RCS frame subjected to
cyclic loading”, Steel and Composite Structures,
An International Journal, 15(3), pp.281-298.

[10] Guo, Z.F., Men, ].J., Shi, Q.X., and Tian, ].B. (2013),
“Research on behavior of RCS composite
joints”, Advanced  Materials Research, 671,
pp.534-537.

[11] Ahmadi, M.M,, Mirghaderi, S.R., and Eghbali, N.B.
(2022), “Cyclic testing of through-plate moment
connection for beam to concrete filled and
unfilled circular column”, Engineering
Structures, 267, pp.114695.

[12] Eghbali, N.B, and Mirghaderi, S.R. (2017),
“Experimental investigation of steel beam to RC
column connection via a through-plate”, Journal
of  Constructional  Steel  Research, 133,
pp.125-140.

[13] Nguyen, H.T., and Kim, S.E. (2009), “Finite
element modeling of push-out tests for large
stud shear connectors”, Journal of
Constructional Steel Research, 65(10-11),
pp.1909-1920.

ICelC (liuoj - polady (50)laud - pady g (i



(oS5 p 5)90

ubg)

Ugo 9 5>Y90 gloojw 5) Iy coljb slo

2

pliiuo dulod B jigo dgb 3p03g) jl:gi bo

Sojl g,k 21k Ggigy JobS 2 8590
G 50 Job 9559, 31 fm o ) s9¥ g9 9 0¥ 8
www.journalisss.ir W M

"alisbe Lo e T Sl Sl ) VL IR kS
Ol O S sl s o5 co3lem Ol jos pwdkign ()| ol ) )

Qlﬂ\ ‘Q\JQJ AJ:»SJ.:Al S oKl e Ja;au 9 Q‘J»& b oSSl ‘)Libl:saﬂ] -y
Qlﬂ\ ‘Q\JQJ AJ:»SJ.:Al 2 oKl e Ja;au 9 Q‘J»& b oSSl ‘)Libl:saﬂ] -y

epackachis@aut.ac.ir N OAVOLENY o Gsdis O™

oS>

ot b edy 63V 5 (3Y 58 slasile 3 ol (b sla b, BT e 6050 63,5005 b susls S ol
5 Sl OV o iy pl 53 XS o o s Sl (g5 s B e Jsb p e SIS i, 5 15 (CFT)
5 Blony Gla i 51 2 oo 2alS sl s (a3l BT Bl g S a5 b has a (Sl (S5 Sl
s 350 Jsb g 5l IS 4 s e 0L s e ol S ol o oo & gy callan S8 b,
o e sl S, 5l okl Ul Bl s sl et Sl ekt b il s et S B yw (i
b 3 S s e 0LE 6515 8l men ol Glasbl Ll s gl 3 e S ILLL LT e Sl
Sk 8IS el e 50 Ll ol 0 s ot s e ST om oy 533 sl
3 o st S B 55 Jrass ol Gosly 2 gi e Bld sl 55 e 5 0ddgiluesl oy pnts json Las!
St FLb (Sl a1y e ) lacas sl 5 e sls oS ol (gl (b sla ) o e Sl LS
2l e (o bodd 65V 58 lasl 6l oisa c oIl (Al S Sladde axn s Glp ) a5 038

S 0315

QS{\{:\MJ.; Lgb\J)ééLéﬁlcrjé ijui‘wwui)) cJS}AJJb ui:_})

A Review on the Evolution of Stability Design Methods for Steel and Concrete-Filled
Steel Tube Structures: From the Effective Length to Direct Analysis Method

N. Bakrani balani, S. Epackachi, A.R. Sadeghirad

Abstract

This study, adopting a review-analytical approach, examines the evolution of stability design methods for steel and
concrete-filled steel tube (CFT) structures, from the classical Effective Length Method to the modern Direct Analysis
Method. In this context, code developments and the underlying physical fundamentals governing each approach are
systematically analyzed, with a focus on how initial geometric imperfections, stiffness reduction due to residual stresses,
and inelastic material behavior are accounted for. The results reveal that the transition from the Effective Length
Method to the Direct Analysis Method is not merely a modification in design formulations, but represents a fundamental
change in the logic of stability assessment, shifting from implicit approaches to explicit modeling of destabilizing effects
within code-based frameworks. Moreover, the study shows that in the design of concrete-filled steel members, although
the fundamental principles of the Direct Analysis Method have been adopted, the effect of the axial load level on member
stiffness reduction is still treated in a simplified and implicit manner in current design codes. The novelty of this study
lies in providing an integrated analytical synthesis of the evolution of stability design methods, elucidating their
underlying logic, differences, and limitations, and establishing a foundation for developing more refined stability design
models particularly for concrete-filled steel tube members.

Keywords
Effective Length Method, Direct Analysis Method, Second-Order Effects, Concrete-Filled Steel Tube Members
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Applying the Birds of Prey-Based Optimization Algorithm (BPBO) to Find Optimal
Parameters of Tuned Mass Dampers for Seismic Control of Structures

H. Ahmadi, S.M. Zahrai
Abstract

In recent years, structural vibration control has received considerable attention as an effective strategy for mitigating
seismic responses in buildings. Among various passive control devices, the Tuned Mass Damper (TMD) has emerged as
one of proper solutions due to its mechanical simplicity, cost-efficiency, and reliable performance. The effectiveness of
a TMD, however, strongly depends on the proper selection of its design parameters, including mass, stiffness, and
damping ratio. Determining these optimal parameters remains a critical and challenging task in structural control
design. To address this issue, the present study employs the Birds of Prey-Based Optimization (BPBO) algorithm, a
recently developed metaheuristic method inspired by the cooperative hunting strategies of predatory birds. The
algorithm is applied to optimize the parameters of a TMD installed in a benchmark 10-story shear building model
subjected to seismic excitation. Two objective functions are considered: (1) minimizing the maximum roof
displacement and (2) minimizing the overall structural drift, quantified using the root mean square (RMS) of peak floor
displacements.

Numerical simulations indicate that the BPBO-optimized TMD achieves significant reductions in structural response.
The average displacement reduction reaches approximately 38.3% for the first objective function and 38.5% for the
second. In addition, the maximum roof displacement decreases by 36.5% and 36.4%, respectively. These findings
demonstrate the effectiveness and robustness of the BPBO algorithm in identifying optimal TMD parameters and
highlight its potential as a competitive optimization tool for seismic vibration control applications. The convergence
analysis further confirms the algorithm’s efficiency and reliability in solving nonlinear structural optimization problems.

Keywords
Passive Control, Tuned Mass Damper, Metaheuristic Algorithms, Birds of Prey-Based Optimization Algorithm, Control
of Vibration
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Influence of Gusset Plate Connection Stiffness on the Behavior of Steel Braced

Frames

S.M. Ghodratian kashan, M. Ghasemieh, S.H. Sharbatdar hosseini
Abstract

Steel connections are often divided into two categories; either fully pin or fully fixed. However, in practice, pin connections
show some degree of constraining and fixed connection will not provide a behavior of absolute constraining. Thus, the
behavior of connections does not completely align with these two categories. Definitely, this issue has effects on the
characteristics of structures. However, in designing of ordinary steel buildings, these effects have neglected and it’s
assumed that the behavior of the connection is an ideal one. In this paper, beam to column connection is evaluated where
the brace joints them through a gusset plate. While the implementation of gusset plate may produce considerable amount
of constraining, this connection is modeled as mere pin connection. This research is carried out in two main phases. In the
first phase, an experimental study on braced frame connections is selected and modeled using Abaqus software. The
behavior of the connection is evaluated and compared with test results. In the second phase, a multistory braced building
frame is selected and simulated in the Opensees software. In this simulation, connections with gusset plate are modeled in
two different methods. In first method, fully pin behavior is considered while in the second method, actual behavior
obtained in the previous phase, is modeled. These two different models are analyzed under the same earthquake loading.
The results show that the beam to column connection with gusset plate, could transmit significant bending moment and
should be classified as semirigid connections. However, it is shown that due to large lateral stiffness of braced frames,
modeling the semirigidity has negligible effect on linear and nonlinear behavior of the structures.

Keywords
Steel Connections, Gusset Plate, Semi-Rigid Connection, Steel Braced Frame
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