4 % SRC 2 13 ep 4+ &
Y S YA

Numerical Simulation on Mechanical Behavior

of Steel Beam to Steel Reinforced Concrete

(SRC ) Column Connections



3

R SRC 2 D1 e+ &
75 2 BEHIRAL T

Numerical Simulation on Mechanical Behavior
of Steel Beam to Steel Reinforced Concrete
(SRC) Column Connections

SRR N ) Student : Y. C. Lin

R AL e B4 Advisor : Dr. C. C. Weng

A Thesis
Submittedto Department of Civil Engineering
National Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in
Civil Engineering
April 2010
Hsinchu, Taiwan, Republic of China

PR R4 4 E o T



N
>

3

SR SRC 2 "1+ &
75 2 BCEBEL 17

EREINN e Sn g
LR STy =

MéEi I SRC~ P44 ef ~SRCHL~ 4% ~ F AP ERB - BFF T4 5 A
R~ b~ BoE B - ANSYS

# &

WE RS L 420 Ut SRC 4o, Z %44k (Steel Beam-to-Steel
Reinforced Concrete Column Connections > fj 4 ' S-SRC 425§ ) =5 4k T EAR
WREENT VAR EREREF VSRR kM ol (T S % 5%
& FOfARAR g PPRR s A4 B AR FIpt Mg E R A 11 N P BT BRI
BERF F5 508 - A5H - 2 3 5HF ANSYS 5 U4 174t > 44447
2F = SSRC Rtz FRPE RS R T REEIA 1T - 7L ¥
RPN A RKEA A kB R e RR SR B
B

AT SR 0 d 3R IRIE ~ SRC HLp 3Ry & Tl Ep RO I 1 s h
#) o @ EAE T U SRC HR AL G AP E o g P Hg 4 =8 i@
BB REE R N 4R T WA B EF B Ty SR T 0 SE
%32 S-SRC Frfesp Haw R s Fugd A e AR (2 N B R ETa)
228 PR FELFDP LB RE L PEFGE R NS R oS
B RF R HEHUTI AT - 25 SANSYS 2 4497 % F AP LG *

Z HAGHAF S F 52 T3 nRIFHBEFR2T 4 5 RS
KT 4 84 E- HRCPERREFRREI BHNNE - AF Y
A ER 03 SRC FHEE FABE ISR EF P RRE R B
BARLY AT G TG B LR RS 2R o FHA
ToAETEd ANSYS # 47 S-SRC RHifaef4 FF 52 8% 820 L 2 3% %%
ARPT T AL EZZFKELAPFRLTEIEEORE S TEP VA
S-SRC 2 41 257 hif § k-7 L i A dFchaf Bir 4 o

~

%‘

4



Numerical Simulation on Mechanical Behavior
of Steel Beam-to-Steel Reinforced Concrete
(SRC) Column Connections

Student : Y. C. Lin Adpvisor : Dr. C. C. Weng
Institute of Civil Engineering
National Chiao Tung University

Keywords : SRC, Connections, SRC Column, Steel Beam, Numerical Simulation,

Seismic Behavior, Panel Zone, Shear Strength, Ductility, ANSYS
Abstract

During the past decade; many test results of ‘steel beam-to-steel reinforced
concrete column (S-SRC) connections have shown satisfactory seismic performance.
However, due to the fact that the cost of conducting full-scale experiment is expensive
and time consuming, an alternative approach using the numerical simulation
technique has become increasingly desirable. The objective of this research is to use
the highly recognized finite element method (FEM) computer software ANSYS to
numerically simulate the mechanical behavior of the S-SRC connections. In the first
stage, a FEM model simulated the SRC test specimen were generated and analyzed.
The numerical results were compared to the SRC test data to confirm the validity of
the FEM model. In the second stage, the parameters related to the design of the
S-SRC connections were investigated.using the-valid FEM model obtained from the
previous stage.

The numerical results showed that the reinforced concrete in the connection zone
provided “effective constraint” to the steel beam which was embedded in the SRC
column. This constraint helped the steel beam to develop plastic hinge right out the
SRC column face, and the welded joint can be protected from premature failure. In
addition, the ANSY'S analysis also confirmed that welding doubler plate on the web of
the H-shaped steel can effectively promote the shear strength and reduce the concrete
cracking in the connection zone. The aforementioned analysis suggested that it is
feasible to substitute the doubler plate for the hoop reinforcements in the SRC
connection zone. Finally, it is hoped that the results of this numerical investigation
could provide further understanding on the mechanical behavior and the seismic

performance of the S-SRC connections.
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520 i@ 37 SRC Head K3 ARMER R o N FedBa g B Tl 4n SR GRS i
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3.1 =

o

ANSYS #d ANSYS = & #pp7 g 2. 2% 315 "L % ¥ (General-Purpose
Finite Element Software ) > 4] * 3 *3- % ;2 (Finite element method » FEM ) +f#% »
B T % dtes 1 42 2 47 (Computer-Aided Engineering * CAE) #c#8 o H 3 B ji_
1970 #ig 5= 5 40 & fr g > P e Bilenfg® 2 EAeR 2 £ 4 > ¥ & % e
Blode gl o1 £ hdo: B4R B EAH RS D Bl
BT R 0 D AP H AU A 47 B A AR Re et R 4 47307 Rz
Aol AR BRI - PR IB I IR -RAFIE - BFH1E T
it~ A P FEE P Y RIS DEY AR o T R LG - H i
i * E‘!”)a SRS WA LS ¢ -

e ANSYS i % X475 = 6 0 ANSYS. i fd2 & 4 52308 % § B9 4
& ( Graphical User Interface » GUL) ; # * —‘ﬁ%? ANSYS ﬁs?l NEES T ERT BN e
N g AT Rl e PR A AR  E A R o p 2R iE
®E s B RfEAILS  ANSYS ¢ L B REF R 4ol B R EETR
Z2d BN e 1 Ade & Ve ‘\‘;I:I?u.ﬁl‘l’e"’*'ﬁ"‘ < RS HE i K A X BAa g
Fl#g > » (it adleiv £ 75 AR ‘F‘T =X ANSYS 27 f 27 - g U~
H - ko AR F KA E &JL (Preprocessor) > 4 #7358 (Solution) 2 % {8
Fe2 (Postprocessor ) =< & 3R (> & 47 5n 42 0 4o B 3. 128 3.3 1 0 & IR 2 4p B
[V KR UG

1. # &JZ (Preprocessor )
AT A R 02 PR AR R R R R 2 2
AZ eIy 0 FEEA 00 (GUL) T3 N7 il gaE > g ;?;E:m,,ﬁ;

B o
(1) 5 %% 422 (Modeling )

FEFHER O g R AV ALY {gﬁg};ﬁfa AR ER R F

el I PEr i TEEFHREEE 242 A A -

(2) A5 3K 2 (Material Property )

T~ A ATHCR AR DR AR B Sl ¢ AR 0 R M IR GRE eI
oo At s R RERE S TR S R BB ES <) e
(3) ## ~% (Element)

ANSYS 7 1A A 1 HHMBEETA T I B A F AT LT F il A

o
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AR BRSO RET A PR SSTE A BT BB R A
RELIT B LA EMES TR T R FAERAF LY RS
R e n EROERGE ~F o
(4) =23 "t 4% . (Meshing)

BERPF U F 2177 3 A FHARERBARALATREPFTEL D
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e
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ANSYS #2358 8 Henz fae el A didded 3.1 #97) 0 Z 1A 2 N F T i
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AF sl B ERAE R L AF N PR ST T 2 R B 23R
4 S 4 (Sweeping Mesh) -z + 2 -5 R fE7)aE = & 0L~ & 07 -
Vob- fa g R cdlas 34 A FR& 8 (Node) 22 fdy T iz
¥

o
s

&
p
W 2

Jets

BErofpd FREAL AR RS ES NG S E ] 22
PRI ERLALN R F ® B F hemE

2. &~ #7935 (Solution)

@ﬁ”””ﬁy-$¥}f1?*”7‘ RPN F it s Ia G
Ao F5d AT ANE LK U P AR R T A o AR
éﬁ%ﬁ@ﬁ\m@4ﬁ@ﬁ\a@%»ﬁ~§%aﬁ\@?¢ﬁuﬁ%%ﬂ%
B L T E o PR AT de vt 4 IR 2R AR e 78R 2] o ANSYS #& B4 47
g 5 1 # i A 7 (Static Analysis) ~ #7 1 4 7 ( Transient Analysis ) ~ i f& 4
+7 (Modal Analy51s) fr3# F &~ 17 (Harmonic Response Analysis) & o A 3
SRR 2 AR T BRI T AT LR LR TR R
F g SR BT R RE RIEFE BRI 5 U F 2
B HEEL N2 FL RERFRIE2L 8% o
3. {8 &2 (Postprocessor)

(AGLFN I 1 & LA Sl KRR S IO o TR - B
&%Eﬁ?}’\ . @]ﬂ;ﬁﬂ MR THGFE ST RH "‘Ff%"JLia”TA\ 1% o (S JEX VA
4 My A ul A Ao T
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(1) - 418 2 ( General Postprocessor » Post 1)
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(2) P ¥ P 18 2 (Time History Postprocessor > Post 26 )

ed2d 5 PR RS X2 RPN AT RS T RLA T R DF RS
%ﬁ”z#ﬂiﬂ o BRI R U RS e B A Aot S TR e

3.2 AN

e ANSYS ¢ o #1304 55iR 52 R R RS 1T R chind oo T A
SOLID65 7 Fe 31 5¢ chpdZ > A 7 F oo ¥ @ * Do 471 T & 5 3916 5 3]
AR E AR o B H P AT

1. 351 3 47

i S AR 0 RSl ® SOLID6S “r#k 2 45 # it
ERE S SRETEN RS SRS Y= LN L ER R T
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I NN A= mﬁb °
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2. & HCA
EESEAY B e 2 R A KAV HAD T RETR A N SRS K

[E-N
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AR EERRIEESTL AR NE ARESE L TRRI AEZTRE

13



EL[K RSP RAELK]D 2 PRELE B E L RBERET
W%&%EMMF—%ﬁ’wﬁ%ﬁﬁii@?uﬁ9ﬁ7:ﬁ%*ﬂﬁi
S A kRO SRR D 2 B g el R e A 2 R 2 T

8
i?s? ARG HA Y TR 0 2V RRR Ee SRR DL~

o

‘1\\—
*1‘7-

m

T

~

g

A P
E; Ty

/ (g

& S-SRC ZFHHFHMF S AU B A PR A F
AFLHEY AUER S B2 TR o 5 AFT T g B A0 R B R 4
R LR BB B ARTAB LR BRASERRI LT LG 2
BRERLS -

33 A&k

ANSYS $ 1A AT HMB EES F5 BAE AN LES iR
s BT R T < FEARR DGt TG A 1T BB s AT TR A 4T
THEAY BEEALITEMEF LT EE o T ARE L JIEE A~ F A5
LN ESCh S0 R B N ER S S UR UM k5 O el R I R ST
AETHRT o SR T R o AFEF 5 S-SRC F ikt @ ML
Ak SR RGEE S B A RERT 2 A 2 FEME 2 %¥ i SOLIDA4S ~ LINKS -
SOLID65 2 % %k 22 2 R 3% 2 2 e ¢ » fe $1 3578 ~ % ( CONTAL74 ~
TARGE170) ~ st » LT RIEHAFE L & *hF b P /1 5 H e

B * 3 x o
3.3.1 &t =% SOLID45

SOLID45 (3-D Structural Solid ) #.# s4a& 2 = B Wb A+~ % - &
T8 BEBRFERFT B R AYAEX Y Z2 B3 eI HBAd R AE
P A g AE (Linear Elastic) ~ # 1+ (Plastic) ~ #% (Creep) % #4125
MY 1 2 & g5 (Large Deﬂection) » % % (Large Strain) % & fezbs s

44t oSOLID45 B Akl ¥ ¥ - = 2= o f > Am ANSYS & p &7 2] 2 p5 >
%ﬁ%*?:iﬁ(Pmm) “r % 8% (Tetrahedral ) 25\ & » € #3003 § 8L E dp
2z i3 df e g Mz 5% 0 4o 3.4 4T o

3.3.2 R 1 =% SOLDG6S

SOLID65 (3-D Reinforced Concrete Solid) &#_ ANSYS 4 47 #icd8 @ 2 F° 4-%t
R H T EPURG 4 B A HPA 4 2D TR R 2 AR e P
VoLE SRS *Jfﬁmm% » Bt LG Z Mgk SRR 2 % o SOLID6S

I > fh SOLID4S iz + > HenS Ak ~ g% « iR k&

14



smmﬂswk’%é£¢8@m+m B MR E 0 BB ES T
X Y Z=2B3wenT B ad o300 7@ % 02LRB 047 7T S 47 HRGEPE
R BRI IR A
?W%&lmﬁi%’Kmmﬁi%iﬁiﬂﬁ*?%uﬁﬁﬂﬁiﬂ&
XA A3 RBE (Crush) vk 4 24 B A (Crack) 2. 7 5 = ¥ *t » SOLID65 ~
33V HEERE SR L TESER Y R N E 2 F i R SR RS
FEL - FAPHORARIP 2 FFRES TR PHPET2
%ﬁ’g;ﬁ;ﬁzk%éd%ﬂﬁeiua(ﬁifiﬁﬁiﬁxaﬁiﬁ%$
% %% hoB) 3.5 #7n o SOLID6S fifé * + 20 3 & Bk & P L4 4o [4]

—

22 RAEAT LR

APHFABELAFLX Y Z2B i e F AR RRAEE R LEE

ER T 0

30 BRI AN A BRPE 0 R I B W AR 4 s S Rk
7% (Smeared Band) > % 28 &3 & get 3 (Discrete Cracks) o

4. REA PRI 5T etk g RRY BHeR 4 g2 BUR R
R E R A s ﬁ“#’mim L& R

5. %y MRS AR H A K G B o T R e 8 R
KR4 RS Tow R RDS BT 4 (75 e

6. HHUR RS BRI S BREBE G 5 o A B g RS A o L

PR 2 TR GRS BRI R R 2 PR A B 2 R R R

2t e

D

3.3.3 4% 55 % LINKS

LINK8 (3-D Sparor Truss ) % = 2 &8s ~ 4 % B & EE G XY -
ZZ2@rrHdedmpd B BREIEY nSOLID6S ~ 22 pd BAplk Flpb v
felig* @EGLpd B RAKE  oBl 3.6 977 o 2 A E ¥ UEEP I - FR
R et it s SRR H R R RN ARIRS Lo bl
WA g S HrE S FMUZEE SR o LINKS Az @i P v k£ H jhik
ABRRA 2 AFAEZRISFE D AT ALY o d e S R G f

o P AR AR phe i B RURZ 4 A S A RS R
oo B H < 0 FlptaE r LINKS HCHe4s 55 4 o
Inm8¢éWi1£$$&*?ﬂﬁm%TMF

L AR B - 2B HPEEFESI 216 22k S
2. AEZERRFANTFE AT AEY A FRT N E
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4. 'F)&\im_&“ﬁ’fg’* EEREERERN
5. A SEAE T HEAKLIET 2 KA o

334 iR~ 3

ATV ELERBATF R AL FHT S SRC 2 BREd FFA 2 A3 g
A% R = B ML PN 0 AeB] 3.7 TR 0 TRt AT b L R B R R A o 4R
A2 PREEAT A M BT BAFP WE R aiEle P
RlgFAPM T35, 0 ERAFPUMF AT TE57 LZR % 0 4o
380 FM 0 LA PR B 2 WA - BEAAEZ T LS AR TWAL
PR EERGF A -

ANSYS £ 4% Tre4t4&ff ~ % (Contact Pair) | ko 2 7 5 » &/
B - LR AG  ANSYS PR ARG S KIS E AT T
% %o & ANSYS ¥ 3k e = 3 3] e 4570 ~ % 0 & W & B 8( Node-to-Node )
#7) ~ B¥ % (Node-to-Surface) #F 4] ~ & ¥ @ (Surface-to-Surface ) #F7] » 2
P”;

411-

=\

| PE4E 47T
. 2L¥tEl (Node-to-Node) #E7)

JOETA] R EE il * S - MR A8 o9 CONTAILR » i # % = % B 4% o
CONTAS2 ~ CONTALTS » & & i * > HIR BL L i ff (7 500 @ % b 430 1279
R A A e B e B0 AR F TR 4 Ap $HE 8 ] Pl
A% o
2. 2%t (Node-to-Surface ). #g %!

g fé?,f‘;'] 7% 7 CONTA26 » CONTA48 ~ CONTA49 * »* i BL¥t o % ff (7
B oM P AR R A /P?;‘if\—":\gﬁi R R o TP LFR S AR E o
3. % ¥ & (Surface -to- Surface ) g%

P AF LRI NS BPHFERAM GO FAPERG T A LR
(Contact Surface) £ p & (Target Surface) & f& > B HE 7f LEESE £
% (Contact Pair) > ~ % &H T =% ¥ A W 2_& ;f;\ab%ﬁg;u B AR o b
ANSYS ¥ 3§ ~ % 3 = % CONTAL71 ~ CONTA172 £ = & CONTA173 -
CONTA174 > B &~ % 3 = @ TARGEL69 11 2 = %1 TARGE170 ~ % -

ﬂ‘ﬁﬁfi%ﬁa%? AR LGB AR 2B E S B e R
2 eHEA R o Re o eh Hoe BAENORAFEY > XA TR A
fm e P AR i'& R {%*?5 #{»W*’W#B‘fﬁﬁ'ﬁﬁ:& E g2 ] rag
# EIE?&J HiwmXTiEMe E lﬁ'ﬁk”\ B3R A PR o Flt o
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AETARRREI e S > &5 EFEP % (Contact Element) > 4% 44
Zo AP S o3& G F P &~ % (Target Element) -

RERP~RFVEEIE N EFRL LR TERRG AR B &
ANSYS ® # & - 48 GUI euE = = 2> g ~ % % 4 & ,(Contact Wizard ) »
R399 HH AT LA R AR A BT
Prig i 2 A2 § mﬁuéﬁ%ﬁ%f‘w% AL (DBEETEF~FR R (2)

KLPHRe (3) KTLEMe (4) FHEKT(5) =4+

ﬁd TR~ 2R THF 2P AFTT SRS BHINRES G A
#f~% CONTAL74> @ féwtt & m + et * P&~ % TARGEL70 - 17
e rerie b g ff ~ % CONTAL74 & p == % TARGE170 4c 12 3p @

(a) #f§ ~ % CONTA174

CONTAL174 F_i * *t 4y it = g2tdupenis 5 &2 TARGEL70 #pe i@ * o pt ~
2iza8age FVE 2 v AL 60z A AE 0 H SRR &
BLix % o 4cB] 3.10 #17F o
(b) P # =% TARGE170
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A contact pair conssts of a target suface and contact suface. Yo will fivst
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Target Segment Element
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Lateral Strain
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Proportionality Limit

Compression
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Highly Confined Concrete

Ordinarily Confined Concrete
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