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Ultimate Strength and Ductility of Steel Reinforced Concrete

Beam-Columns

Student: Wen-Hsian Liao Adviser: Dr. Cheng-Chih Chen

Department of Civil Engineering

National Chiao Tung University

ABSTRACT

This study aims to examine the behavior of steel reinforced concrete (SRC)
beam-column members under loading' status either pure bending moment or axial
force-bending moment. Numerieally parametric examinations were conducted to
investigate the confined effects.of the concrete on the ultimate strength and ductility
of the SRC members. In the analytical model, three:different confined zones of the
concrete in the SRC section, including the unconfined concrete, the partially confined
concrete, and the highly confined conerete, were defined for considering the confining
effects contributed from the lateral reinforcement as well as the structural steel shape.
By assuming the stress-strain relationship of each material, the relations of flexural
strength and curvature of the SRC members can be determined. The numerical model
can predict well the experimental results. The SRC members with closer lateral tie
spacing lead to better post-failure behavior. Members with T-shaped structural steel in
the tension side of the bending moment have higher ultimate strength but worse
ductility than those with steel in the compression side. The SRC beam-column
members subjected to high axial force have worse post-failure behavior than those
under low axial force. Furthermore, the numerical model can accurately predict the
ultimate flexural strength than ACI 318 building code and the AISC-LRFD

specification.

Keywords: Steel reinforced concrete, moment-curvature relation, ultimate strength,

ductile behavior
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FEHRZ W AF R RGO P P (1999) FrEsk 2 A S2 -
B S3 B HRER (1999) 2 :#4% BH-HO-P2 %z H % B4 o 235 B
352 R A %M % A8 %40 3.13~3.15 17 o B XA
0 FIR B AR R e A o 0 M e R )
Fpd KL B AV ERAM BT R AP TR RR

q5;"‘\‘0

FHABREAFE YRS EINBURES2Z RS -REM 2 12
Z,,=022Z =7 AfBHEiiot o @#2 S2 - S3 & BH-HO-P2
kSEE £ B M A5 RSB 3:16=3.18 777 o d B 3.16~3.18 ¥ &
MFIR BT o ) S hNIT o R R R
PRk WARY )

33 A & iF

(-) BasrE 20 ARy AR FE R E N T -
FEFPRA A~ F2 SRC ﬁ_ﬁpi‘ s Bk A - R 2 ke
2 R BTG 4 A T heB] (3.19) ron

‘;E’l /}:ii ):’Li_ﬁ l m%@ 4 concrete

P =085f(ba-A)=0.85f(bpc—A) (3-7)

concrete

He > f/SRAIFBRBRE SDZ%d TR  as Rt R4
BRR A’f:.»/vw 4 I/F}i}]\ ’ﬁéﬁh;{fﬁ?%m‘r'é’mﬁ? wE ;Ce ¥
M BhEE b kTG 2 FEAE o
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A 55 0T bR 4 P
Prebar = Fyr X ( Ar - Ar' ) (3_8)

He o F SRR A 2BReESEG M ALSE

e
M

i 58T A o
ﬁﬁi 'ﬁ’ tﬁ%ﬁ @::‘ ﬁj%@ 3 Psteel
Psteel = Fys X (Af + ch - A\m - A; ) (3_9)

BP o F aa ik AGat P EFdaf A s
¥ BTG A, AR R o A S TR

#5054 o
BB A P

P =P

n concrete + rebar

+P

steel

(3-10)

Auld (3R EG)XE GO 5 L iEr 4 HH A B T

HHEY B R M, 4T FA

R S B 5 R M

concrete

M. =[085/ (bpc - A)]x [%) (3-11)

He s H L% 28R o
& 55 9T dE W erdEd 2 B M

rebar

Mrebar:Fer(Ar-i_Ar,)Xyr (3‘12)
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HP ooy G5 Y L A h2 JEAE
% 'ﬁ. ’:'Li_;}ftf ET";I"%FH 58, steel
Mo =F, x (A xy, + A x Y, + A x Y, + A xy)) (3-13)

B oy sant PR e ph BEAE Y, 5 A TR
TR A 2 BEHE Y, A R R i A
2 BEHL Y A T AT o A) o he gEEE -

WY R M,

M =M + M

n concrete rebar

+M (3-14)

steel

(Z) BBAFEE 2 PR A G E R G R

FRE B ETR SRR A Ho G HE LA ZERSL h o PlRa
B o BEK e = SRIRTES BT B R S 6 o BEHEE

L S SRRt TR E R R Ach AT - N
v CJ_XI ) [ <) n <) . ’ 2
X RMERS:ec=c—"—"> BRI REZPHR RO H

j
A ¥ F A ;‘%Fi};@;% Ui:Fyrﬁt}%J O-i:_Fyr"FT‘ Mré‘f}@‘\mﬁ
(T EHEGhG EP > AV R HE A REEEEM, 0 RS K

n
PERpGREAE RE e @S EMzZ At B5(P) =P

i=1
o g e o B SRC HH EME 6 2 B E s

(P)=(R), +(R). +(P) 2w s M, )=(M,), +M,), +(M,

<
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FoE TR N R R ARSI R D B o

34 ATHN R Ryl BRELRE

2 BH-TE 348 (4h& B 1999) % 6] » % 57 4 &~ % ;2 % PSDM
PR A TN 2 A AR A o A W] 3.24 22 3.25 4T
B 3.26 L2 ] 3.27 A % 5 e 55 ¢ RED 2 BB A EA 2
A A GREHERERY L R A GE -

REREAFOTHEZ BRI TR Ryl E B
FEtk o d 2t e SRC R {nAREREIRT F o A S 2 g
¢(1999) #rEF 2 Thp b G SR GRS RN RS 50 HE G 16 4

St e F A SRS A FHE e E % 0 et SRC R A s
T T2 75 g T EHE SRC K4 5 B 4473 2 2 Bt
T o B 13 XSG TEFI - 382 S F|%w >3
AN EETEFE AR - 382 D Ao %e 2 4 X BN T &
Bl4o 2 3.2 22 @] 3.28 #777 o H F B 2 o 47 971 2 iedp 4o & 3.6 #1or (T
32iE=1.00 ; %3 % 8=0.0435) > AL A K Bk 2 $aE-W FH G

WA AR § £IT 0 4B 3.31~3.46 #1oT o

H ¥ ?}}?cf@“’sg (1996) *t%¥ 2 Tim ¥ 4p 55 R B Had B (7 2 A
T BEF SAMFASRAI P PEKLLD Y BF
Rlw kT4 2 s Bty S 338 H 305 855 105
bl gj@ﬁ . Bl ks g e M 4 R # zz%ﬁé‘{mj 8RR Y fR4R

G RRIEE S AR o BTG U R RETG T L BlArd 33 &
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B 3.20 7 o BB st A 494 2 ke d 3.7 “n (T 9=0.98 ;
% B 1% 85=0.0384) -

\\\Xr

TR AR (1999) #rF 2 TAAEALETG &4 T SRR R
j}iTﬁ%i*équé)ii;ﬁ;Z IR ﬁ-?%ﬁqiﬂ%u]? T Fe A j; R A 45

AP A E LG SRC g FlE e PE T2 A5 0 B

C T REFEMOBRETL  ZAHRECRRY T EH ) XS L
A e B2 NS P iR AT G SRC B AL Tgh4 (T

THol e ERREE HFL2Z AR e 2 B TR
Bl4r 3.4~3.5 2§ 3.30 #7o7 o H B4 U R 7 REIRE AT
T8 2 fchpded 3.8 o (T9E=1.03; % E G#=0.0711) > & {757
TSR L FAE-d SR TR SR 3T 0 Ao ] 3.47~3.49 #1oT o B
Hphw &% R T % IR A4 R L i £ 3.9 T (TR
=0.99 ; % B 4#=0.0146)° 18I % 3.63.7-38-3.9 ch &7 1 F

ToAT i 20 2 T RN A BAESERIT R
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BE 4 F 3150 s ot s o pER T ) 2 BIAM R R
Fam RS BHEM 2 BN ER RS FIRN R TS

%iﬁuipiibﬁﬁﬁ’»wéﬁm%%&ﬂﬁii%%—

41 $aB-¥ KB Y A

B A edn B Aw 53R B 2 - SR TR &0 o 4K ST A
2 "EREREFDIEE TR A F) P A S A 2R - 7 ¢
o 4 o fdm U R B - g Bk S A 2 R 2 o X
BE AR B RAR . SR RS ER R LR
R RL R 2 RS e R 2 RS B e RO

o— AErW FE B GEKR BT EEE S o0 Y FuE M Ry

o

AR F R F 20 el 4] TR 0 AR F g 5 4
LS AR B M 1S AR R B O0%PF chd o FE R W

b2 TG REEM, (B H St R FEER) WL

HRAZIM ATEHEZE F oo T ANV ERE 2 Aok 41 47
T o

411 3 SR EET PE-d FFl2 PP

g JraE Y (1999) “TF 2 Tab gh TR F AN %
LY SITL & SIT2 5 4 F 4 £ 2.08%2 S %5 SRC #:44
i]}fa SR EEL B 5 200 mm ¥ 100 mm o :F4E %50 D1 & D1-T2 : 4% F
z % 1.34%z. D %% SRC ﬁéﬁ ) ,W, S5 EEA W] 5 152 mm &7 76 mm
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PRSI KL B R IEd o hof] 42 Srm o vt REEA SI-T1 &
S1-T2 7 r2 4 3> § fi 85 P EEAR bréc 4 BF > 20X B L %R R
BBt AR ET ARUFEREPLI S AR
FARE A L o 4ol 4.3 Hfop o BE A5 IR AR %Y DI &
DI-T2 -

@%é%%ﬂﬁ(W%)%%azf%%%ﬁﬁﬁiﬁwﬁﬁé
F g0 A8 %5. SRCI ~ SRC2 £2 SRC3 % - 3 A4 ¥ 3 £ 4.96%2
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SRC4 £2 SRC5 # H # 3l4 ¥ 7 £ 4.34%2 SRC #-44  §& 55 B jEA &
5 70 mm £ 100 mme 3 % 7R85 E 03P, Bl it 1 F B E -
4o B 4.4 757 0 vt ERE SRCL~HSRC2 ¥7 SRC3 7 M4 3 L 3 A 4
F & Rz SRC ¥ > o gt B Bl fo & > $00 B R R OR D 0
%@mk,Aﬁ%%ﬁﬁ’&ﬁﬁ%%ﬁaﬁ@ﬁjbﬁm%ﬁ%
Moo 2§ FHEEIIPERAE L SO RIS A TG R
X o BEARRER A E BT A B R TR P R
% o 4@ 4.5 #ror 0 b EEEES SRC4 22 SRCS ¥ @ 4v > H F 44w ¥
¢ B2 SRC ¥ xS FE m A B FRED DPFRS
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412 4 F XN PE-d FF PP

g e prik e E (1996) #TF 2 Ta ¥ 4R A RS2
17 3 %35 SRCI &2 SRC4 Ja # F jE35 5 70 mm 2+ 3 4] 4% 1 47
o2 H A4 F 475 o 4oB 4.6 777 > F R RS B4 E P
BEAR X RIS e AR REIFDORIEAE L AFR A FIR

A AR H 3304 F 8 ot 3344 F ore Rend fo) o AT
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1 A RILEAE S R 2 18 i R ot 3 A S5 o o8 4.7 F1F o
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F A F BTG 7 AT AR R KT 0§ SRR
o L3 Al F %o HF A4 F %o £ 5 G o 4 oo
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F A R I PeiE Y B b U A L S A R

B2k d dﬂz sl SPARE R R IUGAE 2 (S DR R L R A AT
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TG S e NI G b B HRGE aER > T 5 4k B F)
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4B 4.10 #7571 >+ #3EAE BL-HO-P2 ## BL-TO-P2N & 1/ g5 11
FTAGE XL p gt pgod vt aff i B ks Rl
FHH R T En R RE - AR ¥ R AR a4
IR0 o 3% BL-TO-P2N /& 4 fleR 58 3 b 4w F enF foc g » o1 1
FIR5e BT il o 4o 411 #1570 b R R BH-TO-P2N 22
BH-HO-P2 ¥ 113 3 » #g i erfia55 N adp ¥ 5 BB gl > 7~
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s chphd o e Ao 4 E S e e BE) 0 FIt 0 KR T BB F
Phd 1TF T AR KRR R RS R o L E AR o T
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FF g EF T AR AR CUEOR SR R AE o 4o 415 1T o
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# 3.1 qzagh s 47

BH-TE :#48 ¢ [£#hjE%r e + % 150 mm

FAa~ZER (mm) | -P,(kN)| -M,(kN-m)| +P,(kN)| +M, (kN-m)
60 600 -237 1645 232
30 481 -231 1609 225
10 495 -231 1584 225
5 493 -231 1584 225
1 493 -231 1584 225
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%32 MuES (1999) 2 SRC ZHr¥re ¢ < % %76 fe }

o Yield Yield
Cross Structural steel Longitudinal bar Lat.eral Concrete strength of |strength of
) i Length tie strength
Specimen | section (mm) spacing steel F rebar F
(mm) Shape Size Top Bottom (mm) f, (MPa) * g

(MPa) (MPa)
S1-NN 350x550 | 5000 | I H300%150%6.5%9 2-#8 |2-#10+2-#8| 200 40.1 332 435
S1-NB 350x550 | 5000 | I H300%150%6.5%9 2-#8 |2-#10+2-#8| 200 40.1 332 435
S1-NS 350x550 | 5000 | I H300%150%6.5%9 2-#8 |2-#10+2-#8| 200 38.8 332 435
S1-SS 350x550 | 5000 | I H300%150%6:5%9 2-#8 |2-#10+2-#8| 200 40.1 332 435
S1 350x550 | 5000 | I H300%150%6.5%9 2-#8 |2-#10+2-#8| 200 40.8 332 435
S1-T1 350x550 | 5000 | I H300%x150%6.5%9 2-#& | 2-#10+2-#8| 200 36.0 267 435
S1-T2 350x550 | 5000 | I H300x150x6.5x9 2-#8 | 2-#10+2-#8| 100 36.0 267 435
S2 350x550 | 5000 | I H300%x110%6.5%9 2-#7 4-#8 176 38.4 332 426
S3 350x550 | 5000 | I H300%60%6.5%9 2-#5 3-#7 128 38.4 332 424
S4 350x550 | 5000 | I |H300x150%6.5%x9 +2x(P105x16) | 2-#8 | 2-#8+2-#7 | 200 38.4 332 426
S5 350x550 | 5000 | I |H300x150%6.5x9 +2x(P120%20) | 2-#5 2-#8 128 36.0 332 426
S6 350x550 | 5000 | I |H300x150%x6.5%9 +2x(P120%20) | 2-#5 4-#10 128 36.8 332 435
S7 350x550 | 5000 | I H194%150%6.5%9 2-#7 2-#10 200 37.3 272 435
Dl 320x400 | 5000 | I H300%110%6.5%9 2-#6 2-#10 152 37.3 332 435
D1-T2 320400 | 5000 | I H300%110%6.5%9 2-#6 2-#10 76 37.3 332 435
D2 320x440 | 5000 | I | H300x110x6.5%9 + 2x(P90x20) | 2-#3 2-#11 80 37.3 332 468




125

%33 ¢ ¥ (1996) 2 SRC #H#r5 ¢ f 2 475 e ¥
Specimen o Yield Yield
Structural steel Longitudinal bar Lateral | Concrete
Cross ) strength of | strength of
. Length tie strength
section
(mm) spacing| ., steel F, | rebar F,
(mm) Shape Size Top Bottom (mm) f, (MPa)
(MPa) (MPa)
SRC1 300%300 | 2390 | | |H175x90x5x8 + H175%x90X5x8 [4-#6+2-#6,| 4-#6+2-#6 | 70 37.4 326 490
SRC2 300%300 | 2390 | 1 |H175x90x5%8 + H175%90X5X8 [4-#6%2-#6 | 4-#6+2-#6 | 100 37.4 326 490
SRC3 300%300 | 2390 | 1 |H175x90x5%8 + H175X90%5x8 | 4-#6+2-#6 | 4-#6+2-#6 | 150 37.4 326 490
SRC4 300300 | 2390 | H H150x150x7x10 4-#6+2-#6 | 4-#6+2-#6 | 70 37.4 320 490
SRCS5 300300 | 2390 | H H150x150x7x10 4-#6+2-#6 | 4-#6+2-#6 | 100 37.4 320 490




Y

% 34 HR&® (1999) 2 SRC Z 485 ¢ 4 % %76 fe §
o Yield Yield
Cross Structural steel Longitudinal bar Lat'eral Concrete strength of | strength of
. . Length tie strength
Specimen | section (mm) spacing steel E rebar E
(mm) Shape Size Top Bottom (mm) f, (MPa) * g

(MPa) (MPa)
BL-TE-P2P | 300x300 | 2352 | T H100x50x5%x7 + H125%X60x6x8 | 2-#6 2-#6 100 22.9 334 388
BL-TE-P2N | 300x300 | 2352 | T H100x50x5%x7 + H125%60x6%8+ | 2-#6 2-#6 100 22.9 334 388
BL-TE-P4P | 300x300 | 2352 | T H100x50%5x7 + H125%60%6%8 «{ 2-#6 2-#6 100 22.9 334 388
BL-TE-P4N | 300%300 | 2352 | T H100x50x5x7 + HI25x60X6%8 _|* 2-#6 2-#6 100 22.9 334 388
BL-TO-P2P | 300%300 | 2352 | T H100x50x5x7 + H125%60%6%8 | 2-#6 2-#6 100 22.9 334 388
BL-TO-P2N| 300%300 | 2352 | T H100x50x5x7 + HI25%X60x6%8 :| 2#6 2-#6 100 22.9 334 388
BL-HO-P2 | 300x300 | 2352 | 1 H100x50%5%7 + H125%X60x6%8 7 2-#6 2-#6 100 22.9 330 388
BH-TE-P2P | 300%300 | 2352 | T | H150x100%x6%x9 + H175%x90x5%8 | 2-#6 2-#6 100 31.4 297 388
BH-TE-P2N| 300%300 | 2352 | T | H150x100%x6%x9 + H175%x90x5%8 | 2-#6 2-#6 100 31.4 297 388
BH-TE-P4P | 300x300 | 2352 | T | H150x100x6x9 + H175%x90x5%x8 | 2-#6 2-#6 100 31.4 297 388
BH-TE-P4AN| 300x300 | 2352 | T | H150x100%6x9 + H175%x90x5%x8 | 2-#6 2-#6 100 31.4 297 388
BH-TO-P2P | 300x300 | 2352 | T | HI50x100x6x9 + H175x90x5%8 | 2-#6 2-#6 100 31.4 297 388
BH-TO-P2N| 300x300 | 2352 | T | HI50x100x6x9 + H175x90x5%8 | 2-#6 2-#6 100 31.4 297 388
BH-HO-P2 | 300x300 | 2352 | H150x100x6x9 + H175x90x5%8 | 2-#6 2-#6 100 31.4 295 388
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%35 #R&EF (1999) 2 SRC Efi#fe 2 < 2 ¥F5 fie ¥
o Yield Yield
Structural steel Longitudinal bar | Lateral | Concrete
Cross ) strength of | strength of
. . Length tie strength
Specimen| section i
(mm) spacing | ., steel F, | rebar F,
(mm) Shape Size Top | Bottom (mm) f, (MPa)
(MPa) (MPa)
CL-TE | 300x300 | 1000 | T | H100x50x5x7 + H125%60x6x8.| .2-#6 2-#6 100 22.9 334 388
CL-TO | 300x300 | 1000 | T | H100x50x5x7 + H125%60x6x8"1 = 2-#6 2-#6 100 22.9 334 388
CL-HO | 300x300 | 1000 | H100x50x5%x7 + HI25%X60%6%8 | 2-#6 2-#6 100 22.9 330 388
CH-TE | 300x300 | 1000 | T | H150%100x6%9 + HI75x90x5%8 |1 2-#6 2-#6 100 314 297 388
CH-TO | 300x300 | 1000 | T | H150%100x6x9 + H175%90x5x8 | -2-#6 2-#6 100 314 297 388
CH-HO | 300300 | 1000 | + | HI150x100x6x9 + H175x90x5x8 | 2-#6 2-#6 100 31.4 295 388




% 3.6 fhez ¥ (1999) z. SRC 24 F 5 B EIp R Eant ik
Ff %ﬁ %%ﬂi (Eﬂt—er:) (Z/Il\iril) I\(Q;S_:;/I hfﬁgilr};)sls Mtest/ MACI Mtest/ IVlPSDM Mtest/ MAnalysis
SI-NN | 597 | 697 | 677 663 0.86 0.88 0.90
SI-NB | 681 | 697 | 677 663 0.98 1.01 1.03
SI-NS | 697 | 694 | 674 659 1.00 1.03 1.06
S1-SS 655 | 697 | 677 663 0.94 0.97 0.99
S1 691 | 698 | 677 665 0.99 1.02 1.04
S1-T1 608 | 686 | 624 614 0.89 0.98 0.99
S1-T2 653 | 686 | 624 615 0.95 1.05 1.06
S2 526 | 555 | 558 550 0.95 0.94 0.96
S3 384 | 395 | 400 394 0.97 0.96 0.98
S4 720 | 761 | 1755 737 0.95 0.95 0.98
S5 748 | 750 | 751 735 1.00 1.00 1.02
S6 986 |1012| 1013 | 982 0.97 0.97 1.00
S7 518 | 506 | 514 497 1.02 1.01 1.04
DI 351 | 380 | 379 372 0.92 0.93 0.94
DI1-T2 | 370 | 380 | 379 372 0.97 0.98 1.00
D2 682 | 684 | 653 665 1.00 1.04 1.03
T35 — | — | — — 0:96 0.98 1.00
EEHL | — | — | — i 0.044 0.045 0.044
REGE | — | — | — — 0.0456 0.0457 0.0435
%37 %Y (1996) 2 SRC 2419 5 627 30 B B vt &
EL iR (&t_ejj) (Z/II\IA;I) I\(;I(;Sz;d '\/(Ilg\llla:ryl)m Mies/ Mact[Miest Mpspm| Miest/M Analysis
SRC1 285 | 264 | 319 291 1.08 0.89 0.98
SRC2 287 | 264 | 319 282 1.09 0.90 1.02
SRC3 281 | 264 | 319 274 1.07 0.88 1.03
SRC4 275 | 275 | 329 294 1.00 0.83 0.94
SRC5 273 | 275 | 329 284 0.99 0.83 0.96
TiaE — | — | — — 1.05 0.87 0.98
BERL | — | — | — — 0.047 0.033 0.038
Rt | — | — | — — 0.0446 0.0379 0.0384
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% 3.8 #k&F (1999) 2. SRC ¥4 7 B% B & 3R B a0t ik
Ff %ﬁ %%ﬂi (Eﬂt—er:) (Z/Il\iril) I\(Q;S_:;/I Iv(llfl\l;flz)sls Mtest/ MACI Mtest/ IVlPSDM Mtest/ MAnalysis
BL-TE-P2P | 126 | 126 | 134 134 1.00 0.94 0.94
BL-TE-P2N | -179 | -149 | -168 | -169 1.20 1.07 1.06
BL-TE-P4P | 167 | 160 | 170 170 1.04 0.98 0.98
BL-TE-P4N | -140 | -115 | -123 | -131 1.22 1.14 1.07
BL-TO-P2P | 150 | 135 | 133 135 1.11 1.13 1.12
BL-TO-P2N| -162 | -130 | -139 | -138 1.25 1.16 1.17
BL-HO-P2 | 136 | 121 | 130 129 1.12 1.05 1.05
BH-TE-P2P | 185 | 198 | 194 191 0.93 0.96 0.97
BH-TE-P2N | -200 | -210 | -225 | -223 0.95 0.89 0.90
BH-TE-P4P | 233 | 226 | 224 227 1.03 1.04 1.03
BH-TE-P4N| -182 | -162 | -182 | -184 1.12 1.00 0.99
BH-TO-P2P | 190 | 194 | 194 193 0.98 0.98 0.99
BH-TO-P2N| -219 | -199 | -208 4+-202 1.10 1.05 1.08
BH-HO-P2 | 196 | 176 | 187 184 1.1 1.05 1.06
TiafE — | — | = D 1.08 1.03 1.03
BERL | — | — | = = 0.099 0.079 0.073
Rk | — | — | — — 0.0913 0.0767 0.0711
% 3.9 & B (1999) 2z SRC B F & B & IR E a0t ik

;4)’5 %.g KR :;s)t F()S\IC)I P(};SND)M Pi;a\gm Ptest/ I:)ACI Ptest/ I:)PSDM Ptest/ PAnalysis
CL-TE 3452 13034 | 3034 | 3537 1.14 1.14 0.98
CL-TO 3448 | 3034 | 3034 | 3539 1.14 1.14 0.97
CL-HO |3514 (3013 | 3013 | 3497 1.17 1.17 1.00
CH-TE 4652 | 4115 | 4115 | 4751 1.13 1.13 0.98
CH-TO | 4718 [ 4115 4115 | 4749 1.15 1.15 0.99
CH-HO | 4676|4100 | 4099 | 4648 1.14 1.14 1.01
Ta — | =] — — 1.14 1.14 0.99
BERL | — | — | — — 0.013 0.013 0.014
R0 | — | — | — — 0.0110 0.0110 0.0146
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Z 4.1 A H 2 E e B M GEot ki

TRt | A 9, 9, U,
S1-T1 0.008 0.034 4.19
o S1-T2 0.008 0.041 4.98
DI 0.011 0.119 10.90
D1-T2 0.011 0.381 34.77
SRC1 0.018 0.431 24.57
SRC2 0.017 0.268 15.74
thv g SRC3 0.017 0.164 9.91
SRC4 0.020 0.242 11.80
SRC5 0.018 0.150 8.55
BL-TE-P2P| 0.015 0 o
BL-TE-P2N,:1/0.016 0.044 2.81
BL-TE-P4P | 0.016 0.181 11.63
BL-TE-P4N| 0.012 0:029 2.39
BL-TO-P2P |\ 0:017 0.051 3.10
BL-TO-P2N}+.0.017 0.049 2.84
g BL-HO-P2 | 0.017 0.051 3.08
BH-TE-P2P| 0.015 0 ©
BH-TE-P2N| 0.016 0.078 4.97
BH-TE-P4P| 0.013 0.126 9.36
BH-TE-P4N| 0.012 0.027 2.18
BH-TO-P2P| 0.015 0.208 14.25
BH-TO-P2N| 0.016 0.142 8.93
BH-HO-P2 | 0.017 0.059 3.51
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)
@ Modified Kent-Park stress-strain relations
+— - = == Confined concrete
(0p] .
Unconfined concrete

Strain

B8] 3.1 Modified Kent-Park stress-strain relations (Park et al. 1982)

60



Limit of Partially
Contined Concrate __]

]

R IR En
[ = j°::;-
L:_‘!" @ o
" o &_ 7 :‘-_1 Steel
28 b e St
= %l € 2l =3 Stesl
tsl z|s L £ o we
£6]  <[3__Jd i o
e T AR 3% :
QE & ‘_? b o Highly
£ E "- [ ! 8 3 ":;: Contined
=5 tE &SI Concrete
i A3 :
O v i vin
4
RS R AFS ARG S
y TP B A R O R
Partially
Confinsd
Concrete
Unconfined
Concrete
vartical Reinforcing Bar

b {_aleral Tie

@l 3.2 Mirza 2. ] & /%82 % ~ 273% *(Mirza and Skrabek 1992)

Unconfined
concrete

Highly confined concrete

@] 3.3 Chenand Lin 2 Bl £ /R 3+ % & > ;% (Chen and Lin 2006)
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stress-strain relations
— — Highly confined concrete
= = = = Partially confined concrete
Unconfined concrete

Esou €son Strain
B 3.5SRCHtt ¢ mad 2 MRS R A2 B4 L% E

)
(7p)
g stress-strain relations
n Longitudinal bar
— - — Structural steel
Fyr
Fys —_— . =t it ===

Strain
3.6 SRC -t ¥ 40 55 224w & 2 4 — B % W)
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reinforcing bar

_— ancased steel shaps

unconfined concrete

confined concrete

B 3.7 El-Tawil ¥t g v 2 2 &2 3]~ 3% (El-Tawil et al. 1995)

A

B DD B P DD

----
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START
/nput Dimensions and Materials PropertiM

Y

Structural Analysis
Obtain Nominal Axial Force (Pn ) and Bending Moment (M n )

v

Calculate the Axial Force Shared by the Rebar and the Steel and
the Concrete > (Pn )r and (Pn )S and (Pn )C :

(P.)=(P,). +(P,). +(P,).
!

Calculate the Bending Moment Shared by the Rebar and the Steel
and the Concrete ° (M N )r and (M n )S and (M n )c :

M,)=(M,), +(M,), +(M,),
Y

Calculate the Axial Force and Bending Moment by the Rebar -
(Pn)r=zpi and (Mn)r=zMi
i=1 i=1

See Step 1 for Details

v

Calculate the Axial Force and Bending Moment by the Steel -
(Pn)szzpi and (Mn)s:zlvli
i=1 i=1

See Step 2 for Details
v

Calculate the Axial Force and Bending Moment by the Concrete >

(). =3P and (M,), =2 M,

See Step 3 for Details

v

B 3.9 4m % 4h 570 52 55 RSB SRR




Assume the depth of cross section (H) ; the depth of
Fiber (h) ; the numbers of Fiber (n=H/h) ; the
neutral axle(Cj) ; the location of Fiber (i) (Xi)

v

Calculate Strain by the Fiber (i) of the Rebar
C -X
j i

y

Calculate Stress Calculate Stress Calculate Stress
o, =F, c, =-F, c,=¢ xE
| | |
v
Calculate the Axial Force
P, =c, xA,
v

Calculate the Bending Moment

M, =P, X[E—Xij
2

v
(CONTINOUS)

1310 o538 foid 2w 38 5
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Assume the depth of cross section (H) ; the depth of
Fiber (h) ; the numbers of Fiber (n=H/h) ; the
neutral axle(Cj) ; the location of Fiber (i) (Xi)

\4

Calculate Strain by the Fiber (i) of the Steel
C,- X

E =&

A 4

Calculate Stress Calculate Stress Calculate Stress
O =Fys G =_Fys o, =g xE
| | |
v
Calculate the Axial Force
P, =0, x A,
v

Calculate the Bending Moment

M, =P, X(E—XJ
2

v
CCONTlNOUS)

B 3.1 B3k feiz 2 gn #5525 5 A2
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Assume the depth of cross section (H) ; the depth of
Fiber (h) ; the numbers of Fiber (n=H/h) ; the
neutral axle(Cj) ; the location of Fiber (i) (Xi)

NO
(for compression)

v

YES
for tension)

A 4

NO

A 4

Calculate Strain by the Fiber (i) Calculate Strain by the Fiber (i)
of the Concrete C, = X|| | of the Concrete
=& g, =0
j

NO

kKfl[1—Z (e, - e,k )] > 0.2kf!

<>

YES

Calculate Stress

Calculate Stress

Calculate Stress

Calculate Stress

2
2¢. €.
= — ' —kf'lh - L Y Ve 2 [ B I
GI 0 O; OZka (o kfc[l Zm(al 8Ok)] 0-' Clsok (SOKJ :l
| | | |
v
Calculate the Axial Force
P, =0, xA,
v

®] 3.12 Modified Kent-Park ;® 5% 3+ % B+ %

Calculate the Bending Moment

M, = Pix(i—XiJ
2

@ONT‘I'NOUS)
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1000

S2
----- rectangular confined
concave confined

800 —

o

S

S
l

400 —

Moment (KN-m)

N

o

o
-

S

| ' | '
0 0.1 0.2 0.3
Curvature (1/m)

B 3.13 :#48 S2 2 & Bk poRid e d B 4 22 0 SUF 40t ]

1000 V7
A 2580
----- rectangular confined

800 — concave confined
~
£
Z 600 —
X
N
o
c
(<5}
£ 400 —
o
S _—

200 —

0 | T | ! | !
0 0.1 0.2 0.3

Curvature (1/m)

B 3.14 :#4 S3 2 3 Bl %R EF ALY RE Q- RE

69



1000
BH-HO-P2
----- rectangular confined

800 — concave confined
o
Z 600 —
¥ \.
H .
c
(<5}
£ 400 -
(@)
=

200 — /\

0 l T | ! | !
0 0.1 0.2 0.3

Curvature (1/m)

@ 3.15 748 BH-HO-P2 7 [l F iR 481 452 F & &2 o U] & - 2Bl

1000
S2
----- Zm,h:O
800 — s
Zm h_Zm,p

—_
£
Z 600 —
'
N
]
(e
[¢B)
& 400 —
(@)
=

200

0 T | 1 | !

0 0.1 0.2 03
Curvature (1/m)

B 3.16 748 S2 2. % [l & "R 2 F4R% RV R
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1000

S3
soo- Zmi~
Zm,h:Zm,p
—
£
Z 600 —
X
P
c
(D)
£ 400
o
= —
200 —
0 ] l ) l )
0 0.1 0.2

0.3

Curvature (1/m)

B 3.17 #48 S3 2 B Bk R 582 Fl4r5% B R

1000

800 —

o

S

S
]

400 —

Moment (kN-m)

BH-HO-P2
Zm,h:0
Zm,h:Zm,p

A

' |
0.1

0.2 0.3

Curvature (1/m)
B 3.18 # % BH-HO-P2 2. % Bl & %R 523 F148% B R
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e

0.85f'c Plastic neutral axis
N L —
4\'Mx
< >X
/ Ny

................... - e
: 9 ==
I Fys Fy

Concrete Steel Rebar

Negative bending moment

B 3.19 #HE4 L Fi2
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Assume the depth of cross section (H) ; the depth of
Fiber (h) ; the numbers of Fiber (n=H/h) ; the
neutral axle(Cj) ; the location of Fiber (i) (Xi)

\ 4

Calculate Strain by the Fiber (i) of the Rebar
C, - X,
& =&———
CJ
NO l YES
(for tension) 0 ‘(for compression)
Calculate Stress Calculate Stress
o = _Fyr G = l:yr
|
Calculate the Axial Force
P, =0, x A,
¥

Calculate the Bending Moment

Mi=Pix(ﬂ—XiJ
2

v
G:ONTlNous)

B 3.20 H MR A A W E 2 A A5 R AR
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Assume the depth of cross section (H) ; the depth of
Fiber (h) ; the numbers of Fiber (n=H/h) ; the
neutral axle(Cj) ; the location of Fiber (i) (Xi)

v

Calculate Strain by the Fiber (i) of the Steel
C,-X
E =&———

i C _

J

NO l YES

(for tension) ® ‘(for compression)

Calculate Stress Calculate Stress
o = _Fys ;= I:ys

v

Calculate the Axial Force
P, =0, x A

v

Calculate the Bending Moment

Mi=Pix(ﬂ—XiJ
2

v
CCONTlNous)

B 321 M A k2 4w b as B2t B e El
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Assume the depth of cross section (H) ; the depth of
Fiber (h) ; the numbers of Fiber (n=H/h) ; the
neutral axle(Cj) ; the location of Fiber (i) (Xi)

NO
(for compression)

\4

YES
for tension)

\ 4

Calculate Strain by the Fiber (i)

Calculate Strain by the Fiber (i)
of the Concrete

of the Concrete , _ C,-X

Bl 32283 X B BRMEA R B2 %

=& —
i CJ— SI 0
NO @ YES
Calculate Stress Calculate Stress
G; = o, = 0.85f,
| |
v
Calculate the Axial Force
P, =0, xA,
NO @ YES
Available depth Available depth
2 2
| [
v

M, =P, xD,

Calculate the Bending Moment

G)ONT‘INOUS)
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6000
BH-TE
PSDM (Fiber)
*  PSDM (Traditions
g 4000 —
[¢B]
o
-
S 4
Ll
IS
x -
< 2000
0 ] l ] ] l ]
-300 -150 0 150 300

Moment (kN-m)
Bl 323 ¥t s @B A A B2 %E

Stress (MPa)

-400 -200 0 200 400
0 | |
BH-TE """ | _ _ _
| — — Longitudinalbar{ — — — — — — -
— =Structural steel .
. Concrete 1
& 100 - I
£ |
c |
o T |‘ - - - T - - =
=
©
S |
9 200
|
1______
300

B 3.24 PSDM 2 &+ ~ i &
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Stress (MPa)

-400 -200 0 200 400
O I I I ‘ I I I
BH-TE - — — — — — —
4 — — Longitudinal bar —ﬁ- ______ -
— = Structural steel !
Highly confined concrete - - — 2
= = — — = Partially confined concrete 7
100 —
E — = =Unconfined concrete 7
N 7
c i rd
S -
3 7
@) 7
200 —
~ e
[
300
Fl3.25 i feaamiofriEtz s A
Stress (MPa)
0 10 20 30 40 50
0 ] I\ ] ]
‘S 100
E
c
S -
=
(4v]
8]
9 200 -
- BH-TE
Highly confined concrete
4 ----- Partially confined concrete
— - — Unconfined concrete
300

B 3.26 R frfa~ 2 A5 BRI FA2 R4 A0
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400

S [T

N
@© J
o
> BH-TE
o 200 ———— Longitudinal bar
$ — - — Structural steel
b . — - - Highly confined concrete
©«o v | e-e-- Partially confined concrete
100 — — — - = Unconfined concrete
‘[,-..T_-__-_:_--—--—--—---
O = ) I ) I ~._l _____
0 0.02 0.04 0.06

B 3.27 BH-TE 7% 2. ~ 7858 ¢ 2 B+ - R % B
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550

/Hﬂ'lﬁ'i

o ©
« e

S
sr
v
?
D1 2 D1-T2
Unit: mm

320

440

D2

B 3.28 iz ? (1999) 2. SRC % 41 M ér e -+ & B
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300

4 H175x90x5x8

300

125 2£’|‘_T

SRC1 SRC2 SRC3

300

A
\

H150x150x7x10

300

SRC4 SRC5

Unit: mm

B13.29 %7 i (1996) 2 SRC #4124 45 7 2, B
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300

A A
“
- H150x100x6x9
S - H175x90x5x8 ]
N H100x50x5x7
N XJUXIX
Y H125x60x6x8
CL-TE, BL-TE series CH-TE, BH-TE series
: 16 mm dia. : %1
: o  Longitudinal bar — ——
R BWeE o N t
U T N 10 mm dia. hoop < N T
s (Typ) B
| b& d |
| 2 |
A HA e ‘
39 (Typ) | | t
CL-TO, BL-TO series CH-TO, BH-TO series
S } hy H150x100x6x9 \& y
T‘\ H175x90x5x8 <~ Ja
I J— I :-;-1100 50x5x7 1 1
| \\ x50x5x
| ~ |
B l J H125x60x6x8 h l J
CL-HO, BL-HO series CH-HO, BH-HO series
Unit: mm

B 3.30 th& B (1999) 2

RC ¥ 138
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1500

1200 —

Moment (KN-m)

Cross-Section Properties:
BxD=350x550 mm?
Steel: H300x150x6.5x9
Rebar:T:2-#8

B:2-#10+2-#8
s =200 mm

300

Material Properties:
fc'=40.1 MPa
Fys=332 MPa
Fyr=435 MPa

= =
-
-
-
e ccccccace e e ---

S1-NN
test
----- Analysis

l I
0.1 0.2 0.3
Curvature (1/m)

Bl 331 24 SI-NN 2B 85 2 M— g o 5 H

1500 - -
Cross-Section Properties:
- BxD=350x550 mm?
Steel: H300x150x6.5x9
1200 — Rebar:T:2-#8
B:2-#10+2-#8
g T s =200 mm
] Material Properties:
< 900 fc'=40.1 MPa
~ Fys=332 MPa
e 7 Fyr=435 MPa
(D)
E 600
S | e N
=
300 S1-NB
test
----- Analysis
0 ] l ] l ]
0 0.1 0.2 0.3

CUrvature (1/rh)

B 3.32 :#48 SI-NB %2 2 4785822 M — g o 4 [§]
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1500

Cross-Section Properties:
BxD=350x550 mm?
Steel: H300x150x6.5x9

1200 — Rebar:T:2-#3
B:2-#10+2-#8
’é‘ 7 s =200 mm
i Material Properties:
< 9007 fc'=38.8 MPa
— Fys=332 MPa
< 7 Fyr=435 MPa
(¢}
E 600 — -
O - -
=
300 S1-NS
4 test
----- Analysis
O l ] l ]
0 0.1 0.2 0.3

Curvature (1/rﬁ)

B 3.33 FHWSINS FHREL T2 M—¢g ¥ 5HE

1500

1200 —

Moment (kKN-m)

Cross-Section Properties:
BxD=350x550 mm?
Steel: H300x150x6.5x9
Rebar:T:2-#8

B:2-#10+2-#8

s =200 mm
Material Properties:

fc'=40.1 MPa
Fys=332 MPa
Fyr=435 MPa

el R —

300 S1-SS
test
----- Analysis
0 | ' | '
0 0.1 0.2 0.3

CUrvature (1/rﬁ)

Bl 3.34 ;#88 S1-SS F % & A 1713 2 M — ¢ o SR
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1500

Cross-Section Properties:
- BxD=350x550 mm?
Steel: H300x150%6.5x9
1200 — Rebar:T:2-#8
B:2-#10+2-#8
E 7 s =200 mm
] Material Properties:
< 900 fc'=40.8 MPa
~— Fys=332 MPa
e 7 Fyr=435 MPa
5]
E 600-] N=———=
I | e X R
p= -
300 S
4 test
----- Analysis
0 ] l ] l ]
0 0.1 0.2 0.3

CUrvature (1/rﬁ)
B 3.35 #4 S B2 A 74t 2 M—¢g & 5 F

1500

Cross-Section Properties:
- BxD=350x550 mm?
Steel: H300x150x6.5x9
1200 — Rebar:T:2-#8
B:2-#10+2-#8

s =200 mm

Material Properties:
900 = fc'=36.0 MPa
Fys=267 MPa
Fyr=435 MPa

Moment (kN-m)

300 S1-T1
]
----- Analysis

O ] l ]
0 0.1 0.2 0.3
Curvature (1/m)

Bl 3.36 :#%8 S1-T1 F % &~ 713 2 M —¢ o 5[
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Moment (KN-m)

1500

1200 —

Moment (kN-m)

Cross-Section Properties:
BxD=350x550 mm?
Steel: H300x150x6.5x9
Rebar:T:2-#8

B:2-#10+2-#8
s =100 mm
Material Properties:
fc'=36.0 MPa
Fys=267 MPa
Fyr=435 MPa

S1-T2

test

0.1

Curvature (1/rﬁ)

----- Analysis

0.2 0.3

B 3.37 #FH SI-T2 # % B2 A 47 2 M—¢ & 5[

1500

1200 —

h‘

©

S

S
|

Cross-Section Properties:

BxD=350x550 mm?

Steel: H300x110x6.5x9

Rebar:T:2-#7
B:4-#8
s =176 mm

Material Properties:
fc'=38.4 MPa
Fys=332 MPa
Fyr=426 MPa

S2
test
Analysis

0.1

Curvature (1/rﬁ)

0.2

B 3.38 FHS2F %L LR 2 M—9d E

85
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1500

1200 —

©

=)

S
|

Moment (kN-m)

Cross-Section Properties:
BxD=350x550 mm?
Steel: H300x60x6.5x9

Rebar:T:2-#5

B:4-#7

s =128 mm
Material Properties:

fc'=38.4 MPa
Fys=332 MPa
Fyr=424 MPa

..8.3._.
test
----- Analysis

| ' | '
0.1 0.2 0.3
Cunvature (1/m)

B 3.39 #H S3F HE AT 2 M—g & S

1500 - -
Cross-Section Properties:
. BxD=350x550 mm?
Steel: H300x150x6.5x9+2x(P105x16)
1200 — Rebar:T:2-#8
B:2-#8+2-#7
e N s =200 mm
! Material Properties:
< 9007 fc'=384 MPa
:_-j Fys=332 MPa
g Fyr=426 MPa
c eo0-f =000l ——"I"""7""""
o i
p=
300 sS4
test
----- Analysis
0 l I l I
0 0.1 0.2 0.3

Cljrvature (1/rﬁ)

B 3.40 #FR S4F %L LR 2 M—9 b SE
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1500

Cross-Section Properties:
BxD=350x550 mm?
Steel: H300x150x6.5x9+2x(P120x20)

1200 — Rebar:T:2-#5
B:2-#8
c 7 s =128 mm
! — Material Properties:
< 00 f¢'=36.0 MPa
: Fys=332 MPa
c Eyr= MPa
(B} 4 - By D AR gad
£ 600 —
o
p=
300 S5
test
----- Analysis
0 ] l ] l ]
0 0.1 0.2
Curvature (1/m)
B 3.41 A48 S5 7 &2 A 74 2. M — ¢ & 5 F
1500
i S6
test
12004  TREEEET oo Analysis
E |x
g %0- “‘*\
=T | e e
= - CToSs-Section Properties:
(<) BxD=350x550 mm?
£ 600 Steel: H300x150x6.5x0+2x(P120x20)
S Rebar:T:2-#5
B:4-#10
s =128 mm
300 Material Properties:
fc'=36.8 MPa
Fys=332 MPa
0 Fyr=435 MPa
| ' | ' | '
0 0.1 0.2 0.3

Curvature (1/m)

B 3.42 FER SO FHE L TR 2 M—9g b E

87
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1500

1200 —

Moment (KN-m)

Cross-Section Properties:
BxD=350x550 mm?
Steel: H194x150%6.5x9
Rebar:T:2-#7

B:2-#10
s =200 mm
Material Properties:
fc'=37.3 MPa
Fys=272 MPa
Fyr=435 MPa

- -
-
- ------
- em am e - -

S7
test
Analysis

I l I l I
0.1 0.2

. . 0.3
Curvature (1/m)

Bl 3.43 #H STHF & A {rdrst 2 M—g & S

1500
Cross-Section Properties:
- E BxD=320x400 mm?
Steel: H300x110x6.5x9
1200 — Rebar:T:2-#6
B:2-#10
’g 7 s =152 mm
] e — Material Properties:
< 9007 fc'=37.3 MPa
— Fys=332 MPa
I= 7 Fyr=435 MPa
(¢B]
& 600 -
o
p= -
(e P m———
300 - 4 O TTTTTTTT™DL T
- test
------ Analysis
0 ' | ' | '
0 0.1 0.2 0.3

Curvature (llm')

Bl 344 M DI %G A 1TH 2 M—g & SUE
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1500

E— Cross-Section Properties:
- : BxD=320x400 mm?
Steel: H300x110x6.5x9
1200 — Rebar:T:2-#6
B:2-#10
’g 7 $ =76 mm
] ¢ —l— Material Properties:
< 900 fc'=37.3 MPa
— Fys=332 MPa
< 7 Fyr=435 MPa
(3]
& 600 —
o
p= .
P _ -
300 = D1-T2
4 test
----- Analysis
0 l ] l ] l ]
0 0.1 0.2 0.3

Curvature (1/rh)

B 3.45 FWDI-2 9% B2 L 47H: 2 M—¢ ¥ 5HE

1500 ) .
Q\—' Cross-Section Properties:
. BxD=320x440 mm?
Steel: H300x110x6.5x9+2x(P90x20)
1200 — Rebar:T:2-#3
B:2-#11
c 7 s =80 mm
! Material Properties:
< 00 fc'=37.3 MPa
: i Fys=332 MPa
qC_) Fyr=468 MPa
£ 600 e = r .
= .
300 D2
test
----- Analysis
0 l I l I l I
0 0.1 0.2 0.3

CUrvature (1/rh)

B 3.46 FEH D2 F %2 ATV 2Z M—¢ o 5[]
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400

Cross-Section Properties:
BxD=300x300 mm?
Steel: H125x60x6x8
H100x50x5x7
Rebar:T:2-#6
B:2-#6
- s =100 mm
Material Properties:
_ fc'=22.9 MPa
200 Fys=334 MPa
Fyr= 388 MPa

Moment (kN-m)

BL-TE-P2P
test
= === Analysis

O l I l I l I
0 0.1 0.2 0.3
Curvature (1/m)

B 3.47 #48 BL-TE:P2P F % &E 4 #5152 M —¢ & 5[
400

1 Cross-Section Properties:

i BxD=300x300 mm?

i S | . Steel: H175x90x5x8

M, H150x100x6x9

300 — ! Rebar:T:2-#6

B:2-#6

- s =100 mm
Material Properties:

fc'=31.4 MPa
== Fys=297 MPa

Moment (KN-m)
3
|
5

100 —

BH-TE-P2P
test
— === Analysis

O l I l I l I
0 0.1 0.2 0.3
Curvature (1/m)

B 3.48 #1 BH-TE-P2P 7 % & 4~ $7 838 2 M — ¢ & R
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400

Cross-Section Properties:
BxD=300x300 mm?
Steel: H175x90x5x8
H150x100x6x9
Rebar:T:2-#6
' B:2-#6
- s =100 mm
Material Properties:
fc'=31.4 MPa
Fys=297 MPa
““““““““““ Fyr=388-MPa

Moment (KN-m)

BH-TO-P2P
test
= === Analysis

O l I l I l I
0 0.1 0.2 0.3
Curvature (1/m)

Bl 3.49 48 BH-TOP2P FHE L 45 - 2 M — ¢ o 50 ]
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Curvature
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Moment (kN-m)

S1-T1
Composite beam-column
— - - Longitudinal bar
- — Structural steel
— — Highly confined concrete
— — - Partially confined concrete
Unconfined concrete

0.1 0.2
Curvature (1/m)

B 4.2(a) :#48 SI-T1
AHGEER 2 M= g & U]

0.3

Moment (kN-m)

S1-T2
Composite beam-column
— - - Longitudinal bar
- — Structural steel
— — Highly confined concrete
— — - Partially confined concrete
Unconfined concrete

2004
\
\ —_——
I . . - = — — == - =
100 ,\‘f =l
[ —~_~
\)'-_—__ _____
0 1 T I____ T T .
0 0.1 0.2

Curvature 1/ rh)

B 4.2(b) 348 S1-T2
SR 2 M= ¢ & 4]

Moment (KN-m)

Analysis
S1-T1
====S1-T2

|
0.1

0.2 0.3

Curvature (1/m)

Bl 4.2(c)

93

SR8 SI-T1 & SI-T2 A 588 2 M— ¢ o %2 F]
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D1

Composite beam-column ks
— - - Longitudinal bar

— - — Structural steel

— — Highly confined concrete
— — - Partially confined concrete

————— Unconfined concrete
500
400 —
—~ ~—~
E E
Z — Z
< 300 <
N A
o )
c c
[} [}
& 200 — -
o o
= =
100 —
'/V__ D i _— =
0 | — |_ —— | T
0 0.1 0.2 0.3

Curvature @ rh)

B 4.3(a) %4 DI
ATHR 2 M= g o SR

il 4.3(¢c)

— - - Longitudinal bar

- — Structural steel

— — Highly confined concrete
— — - Partially confined concrete
————— Unconfined concrete

D1-T2

Composite beam-column =T

400 —

w

S

)
|

)

oS

S
|

0 0.1 0.2

Curvature (1/rh)

Bl 4.3(b) #48 D1-T2
AT 2 M — g W SR

500
Analysis
D1
-===D1-T2

400 —
—
g P,
Z 300 —
4
N—r
)
c
<5}
& 200 —
o
P

100 —

0 T T T | '
0 0.1 0.2 0.3

Curvature (1/m)

FAH D1 2 DI-T2 285382 M—¢ v 5
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SRC1

i SRC2
Composite beam-column Composite beam-column
— - - Longitudinal bar — - - Longitudinal bar
— - — Structural steel — - — Structural steel
— — Highly confined concrete — — Highly confined concrete
— — - Partially confined concrete — — - Partially confined concrete
————— Unconfined concrete

————— Unconfined concrete

400 400
- 300 — - 300 —
E E
P P
< <
§ 200 - % 200 -
e \,-~—" """ ""— - —| €
(=] o
= =
100 o 100 —
0 S — 0
0 0.1 0.2 0.3 0 0.1 0.2 0.3
Curvature (1/m) Curvature (1/m)
Bl 4.4(a) #4% SRCI B 4.4(b) :#4%% SRC2
TR 20 M — ¢ AR R TR M — @A AR
SRC3
Composite beam-column
— - - Longitudinal bar
— - — Structural steel | | |
— — Highly confined concrete
— — - Partially confined concrete
————— Unconfined concrete
400 400
Analysis
SRC1
====3RC2
= - =SRC3
- 300 — . 300 -
5 Y T
P > ~ < T
3 =3
E 200 — E' 200 —
[<3) 5}
S e
(=] o
= =
1004 ' 100 —
/
I'/'K‘:—‘: = \_-___ - __- __ -
0 —f—==1 T ' — 0 ' I ' T T
0 0.1 0.2 0.3 0 0.1 0.2 0.3
Curvature (1/m Curvature (1/m)
Bl 4.4(c) 4% SRC3 Bl 4.4(d) %8 SRCI1 22 SRC2 ¥ SRC3
AR 2 M —g 0 L) AHTHERN 2 M — ¢ o 5
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— - - Longitudinal bar

— Structural steel

— — Highly confined concrete
— — - Partially confined concrete
- Unconfined concrete

SRC4
Composite beam-column

— - - Longitudinal bar

— — - Partially confined concrete

300 —

Moment (kN-m)
T

100 —

SRC5
Composite beam-column

— Structural steel
— Highly confined concrete

Unconfined concrete

01 0.2
Curvature (1/m)

Bl 4.5(a) ¥ SRC4
AN 2 M — ¢ AL

400

400
300 —
—
£
Z
X
=
E 200 —
[5)
£
o
2 .
100 — /'
, LT T T T T T T T s — s —
==
4/.\\ T -
— - - . T = —
0 = T T r_ ]
0.3 0 0.1 0.2 0.3

Curvature @ rh)

B 4.5(b) #%8 SRC5
AT 2 M — g W SR

300 —

Moment (KN-m)
T

100 —

Analysis
SRC4
====SRC5

0 T T
0 0.1

0.2 0.3

Curvature (1/m)

® 4.5(c)

96
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Moment (kN-m)

— - - Longitudinal bar

- — Structural steel

— — Highly confined concrete
— — - Partially confined concrete
- Unconfined concrete

SRC1
Composite beam-column

300 —

200 —

Moment (kN-m)

SRC4

Composite beam-column
— - - Longitudinal bar

- — Structural steel

— — Highly confined concrete
— — - Partially confined concrete

Unconfined concrete

300 —

N)

=]

)
|

100 '

________ '/.\\~_ I
| ' I ' 0 —_— T
01 02 03 0 01 0.2
Curvature (1/m) Curvature (1/m)
B 4.6(a) #*%8 SRCI B 4.6(b) #%4 SRC4
TP 20 M — ¢ b AR AN Z M-—gd AE
400
Analysis
SRC1
-===SRC4
30 o
SO e —
z -
=<
£ 200
£
o
b
100 -
0 T I T I T
0 0.1 0.2 0.3

Curvature (1/m)

] 4.6(c)

97

3#H SRC1 22 SRC4 ~ $7H-58 2 M —¢g & 3 [




Moment (KN-m)

N

=]

)
|

100 —

SRC2

Composite beam-column
— - - Longitudinal bar

- — Structural steel

— — Highly confined concrete
— — - Partially confined concrete

Unconfined concrete

300 —

0 01 0.2
Curvature (1/m)

B 4.7(a) %% SRC2
AN 2 M — ¢ AL

0.3

Moment (kN-m)

SRC5
Composite beam-column
— - - Longitudinal bar
— Structural steel
— — Highly confined concrete
— — - Partially confined concrete
Unconfined concrete

400
300 —
200 —
100 — /'
’_/ '''''''''''''''
==
4/.\\ T -
— - - . T = —
0 = T T r_ ]
0 0.1 0.2

Curvature @ rh)

B 4.7(b) #%8 SRC5
AT 2 M — g W SR

400

300 —

Moment (KN-m)
T

100 —

Analysis
SRC2
-===3RC5

0 0.1

0.2 0.3

Curvature (1/m)

B 4.7(c)
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BL-HO-P2 BL-TO-P2P

Y

— — Highly confined concrete
— — - Partially confined concrete

Composite beam-column ! Composite beam-column t

— - - Longitudinal bar — - - Longitudinal bar =
— - — Structural steel — - — Structural steel

I

— — Highly confined concrete |
— — - Partially confined concrete | e

Moment (kN-m)

————— Unconfined concrete T —==="-Unconfined concrete
250 250
200 — 200 —
£
150 — Z 150 —
<
c
<)
100 — £ 100
o
p=
50 — 50 <
0 0 _F—
0 0.1 0.2 0.3 0 0.1 0.2 0.3
Curvature (1/m) Curvature (1/m)
B 4.8(a) %48 BL-HO-P2 B 4.8(b) 4 BL-TO-P2P
TP 20 M — ¢ b AR AN Z M-—gd AE
250
Analysis
BL-HO-P2
====BL-TO-P2P
200 —
£
Z 150 —
<
c
)
& 100 —
o
b
50 —
0 T I T I T
0 0.1 0.2 0.3

Curvature (1/m)

Bl 4.8(c) 48 BL-HO-P2 #2 BL-TO-P2P 4 4748 2 M— ¢ # 52 ]
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BH-HO-P2
Composite beam-column 4

— - - Lon

gitudinal bar |
— - — Structural steel 1 :)‘
— — Highly confined concrete I | | M,
— — - Partially confined concrete |

————— Unconfined concrete T

250

200 -
~ ~~
E E
Z 150 pd
X X
N N
) )
c [
[} [
& 100 e
o o
= =

50_ I)(:; -;——:' ;—_;;_ '_5__'__. A — - .

1/ \ T = -
AN
e — = — = — — — =
0 T _| T T T
0 0.1 0.2 0.3

Curvature (1/rh)

Bl 4.9(a) 3% BH-HQ-P2
S ERVEPRT §

Bl 4.9(¢c)

BH-TO-P2P
Composite beam-column
— - - Longitudinal bar
— - — Structural steel
— — Highly confined concrete
— — - Partially confined concrete
————— Unconfined concrete

200 —

i

a1

o
|

100 —

50 — ) S —_

0 01 0.2 0.3
Curvature (1/m)

Bl 4.9(b) :#%% BH-TO-P2P
AT 2 M — g b AR

250
Analysis
BH-HO-P2
= === BH-TO-P2P
200
—_
£
Z 150
4
N—r
+—
c
[«5)
£ 100 —
o
b
50 —
0 T I T I T
0 0.1 02 03
Curvature (1/m)

3#42 BH-HO-P2 2 BH-TO-P2P & #7 -5V 22 M — ¢ o 42 [§]
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BL-HO-P2 BL-TO-P2N
Composite beam-column t Composite beam-column }
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BH-HO :
----- ACI
— —PSDM : %} Do
Analysis : el
* Test Data :

6000 - - - -
Material Properties: Cross-Section Properties:
fc'=31.4 MPa BxD=300x300mm?
Fys=295 MPa Steel: H175x90x5x8

Fyr=388 MPa H150x100x6x9
Rebar:T:2-#6
2 B:2-#6
— $=100 mm
< 4000
N—r
B}
o
S
S 4
LL
8
< 2000 —
<
BH-HO-P2N BH-HO-P2P
0 T I L] ) I )
-300 -150 0 150

Moment (KN-m)

300

Bl 432 %48 BH-HO » 745 &2 o2 P-M & SLF
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6000

BL-TO

----- ACI
— — PSDM
Analysis
* Test Data
Material Properties:
fc'=22.9 MPa
Fys=334 MPa

71 Fyr=388 MPa

Cross-Section Properties:
BxD=300x300mm?

Steel: H125x60x6x8
H100x50x5x7

S
S
S
S
|

Axial Force (kN)
l

Rebar:T:2-#6
B:2-#6
$=100 mm

-150 0
Moment.(kN-m)

150

300

Bl 4.33 248 BL-TO & 47t &f 22 P-M & SRl

BH-TO
----- ACI
— < PSDM -
Analysis .
* Test Data T
6000 - -
Material Properties: Cross-Section Properties:
fc'=31.4 MPa BxD=300x300mm?
] Eys= %gg 'I\\/l/lia Steel: H175x90x5x8
yr= a H150x100x6x9
CH-TO Rebar: T:2-#6
/2 B:2-#6
< 4000 — $=100 mm
N
LB}
o
S
S .
LL
T
> 2000 —
<
0 L] I L] L] I L]

-150 0
Moment (KN-m)

150 300

Bl 4.34 #4 BH-TO » #7#-:  & A2 P-Md R
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BL-TE

fe

----- ACI
— — PSDM Pt
Analysis W
* Test Data
6000 - : - -
Material Properties: Cross-Section Properties:
fc'=22.9 MPa BxD=300x300mm?
| Fys=334 MPa Steel: H125x60x6x8
Fyr= 388 MPa H100x50x5x7
Rebar:T:2-#6
—_ B:2-#6
§ 4000 — $=100 mm
N
L<h)
5]
|-
S 4
LL
<
< 2000 —
<
BL-TE-P4P
BL-TE-P2P
0 T T
-300 -150 0 150 300

Bl 4.35 #4 BL-TE # 5 & 2 P-Md S F

Moment. (KN-m)

BH-TE
----- ACI
— ~— PSDM
Analysis
* Test Data T
6000 - -
Material Properties: Cross-Section Properties:
fc'=31.4 MPa BxD=300x300mm2
Fys=297 MPa Steel: H175x90x5x8
7 Fyr=388 MPa H150x100%6x9
CH-TE 3 Rebar:T:2-#6
= 00
- $=100 mm
< 4000
N—r
(5]
&)
o
S 4
LL
<
> 2000 —
<
BH-TE-P4P I‘
] BH-TE-P2P
0 T
-300 -150 0 150 300

Bl 4.36 #4 BH-TE » 47 & R 2 P-M & SR

Moment (kKN-m)
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