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STABILIZED COMPRESSIVE STRENGTH UNDER PLASTIC DEFORMATION OF
CONCRETE FILLED SQUARE STEEL TUBE SHORT COLUMNS
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The authors estimated the deteriorated compressive strength of concrete filled square steel tube (square CFT) short col-

umns after the maximum strength attained, which is defined as the stabilized compressive strength (Nst.a b). Next, the

stabilized bending moment (]Wsm p) of square CFT columns were calculated by use of Nytap- Compression tests of high

strength square CFT short columns using steel-fibered concrete (FR-CFT) were also carried out, in order to improve the

compressive ductility. As results, the following has been found: 1) Ng,.p decreases as the yield stress increases. ii) calcu-

lated M, shows good agreement with the experimental results. iii) axial compressive ductility of square FR-CFT short

column is higher than square CFT with concrete without steel fibered.
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Fig.1 An example of axial compressive load (N) - axial compressive
deformation (§) relationship of square CFT short column
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Table 1 Properties of specimens>1225 for calibration
( compressive tests of square CFT short columns )

factor yield stress G, range
5, (N/mm?) 204 -428 | 440-554 | 618-834
B (mm) 100-400 | 151-250 | 120-200
B/t 17-49 17-34 19 -31
o (N/mm?) 18-119 25-213 25-119
Ngy/Nog(y=1.0) | 026-0.78 | 030-0.85 | 0.48-0.84
number of specimens 38 9 5

Njy: cross sectional strength of steel tube ( = As'o‘v)
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Fig.2 Relations between Ny,p / Ng and Nyy, / Ng

Eq.(3)
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Fig.3 Relations between exponent a of Eq.(2) and yield stress




( standard deviation: s = 0.101 )
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Fig.4 Comparisons between experimental stabilized compressive strength (Ngap(exp.)) and calculated ones (Nszap(cal.))
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Fig.5 Comparisons between experimental N - § reIationshipsS) and calculated stabilized compressive strength
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Fig.6 Stress distribution of steel tube and concrete in stabilized bending moment

Table 2 Square CFT column specimens tested under cyclic bending
or shear bending ( previous experimental data )

B B oy 6 L Ny Noy Neah
(mm)t (N/mm?) B Na Ny Ny
SR4-A-4-C 21036.0323 392 6.0 038 0.50 0.74
SR4-A-9-C 21036.0323 882 6.0 038 031 0.61
SR4-C4-C 21046.7326 392 6.0 037 043 0.70
SR4-C-9-C 209 46.4326 882 6.0 038 0.25 0.55
SR6-A-4-C 21123.9588 393 6.0 035 0.74 0.84
SR6-A-9-C 211 23.9 588 883 6.0 035 0.56 0.71
SR6-C4-C 211355609 393 6.0 034 0.66 0.78
SR6-C-9-C 210353 609 93.7 6.0 036 045 0.61
SR8-A4-C 178 18.8 837 423 6.0 040 0.83 0.87
SR8-A-9-C 179189837 94.5 6.0 040 0.69 0.76
SR8-C4-C 18027.0805 423 6.0 041 0.76 0.82
SR8-C-9-C 18027.0 805 94.5 6.0 0.40 0.59 0.68
31C1510 10033.4324 22.6 10.5 0.15 0.65 0.83
31C3010 10033.4324 22.6 10.5 030 0.65 0.83

C253  15025.0 505 32.8 50 030 0.74 0.85
CBC-32-80-2030534.3 600 110 49 0.20 0.41 0.58
R33-03-60 10033.4403 685 6.0 030 044 0.68
R33-04-60 10033.4403 68.5 6.0 040 044 0.68
R44-02-60 10044.3384 61.5 6.0 020 038 0.64
R44-04-60 10044.3384 61.5 6.0 0.40 038 0.64
L testlength of bending or shear bending tests, Nj,: calculated by Eq.(1) with = 1.0

loading

specimens ..
P condition

tie rod type

30)

3 cantilever

33)

kenken-type
(Wakabayashi

-type)

32)

AN EEICRT 2 ERE R 2B TV B,

BEEXY, AF CFT HEOENEMRIR L TR XU AR O
BEEEORE LBRICE T DM T E— A v b OEBRE L aik
4. 1HOHEETACEE LEREMITE— AV ML, 38
EFLORUMEERIT 2. ERET, EEOERT—& 10 2
FIVy, Table 242582 & LCW 5 B CFTHRBRIEOEHFRRLTH B,
7B, AL LTV IRRIKDEMAIE, §hk 2 2o CFT EiE & Rk
Th b,

ik 0% CREREREOMNEKENCERLTNS, 22T
ZOKFEAOEREL, TEHTE—AL FOFEEEZ AV TKRK
THEHT 2 REMFE— A2 MEOKFH Hyy (UTF, EEAFES)
LT D,

iR | Hap = (Mypap = Negng RL) /L
BT ABTERBR ¢ Hypp = (2 My = Nopne RL) 1L
TZIT, R:EHf, L RBREBSOERS

Figs.7(a),(b) 12, #NZ1 P-delta E— A ¥ b 2 EDIMEEHTE—
AV B LOKTS L EH A OBIROEREA 1 7 1 13073 o
ZEMTE—A Y PBLIOLREKFEAOHEEE M CORT, HEH
IE, TNERERIITE— A 2 bB L ORRKFETOERE CHER

C7)
(8)




--------- R (%)

-1.0 SR4A9C

/ E
L R (%)

-0+ SR6A4C

M/ Mgy
1.0

1.0+

- - R (%) oo :.-:E_: R (%) y
-1.0 SR8A4C -1.04 SR8A9C . . SR8COC

broken line and chain line: calculated stabilized bending moment using Ng,p and Nygp (1. 025 ), My, experimental maximum bending moment

(a) Comparisons between experimental final cycle of bending moment (M) - chord rotation angle (R) relationshipl) and calculated stabilized bending moment
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broken line and chain line: calculated stabilized horizontal load using Ngap and Ngap ( 1. 0%s ), Hyyy experimental maximum horizontal load

30-33)

(b) Comparisons between experimental final cycle of horizontal load (H) - chord rotation angle (R) relationship and calculated stabilized horizontal load

Fig.7 Comparisons between experimental final cycle of M - R or H - R relationship and calculated stabilized bending moment and horizontal load
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Table 3 Mix proportions of concrete

wWiC Air N4 C S, AD/ C fiber volume fraction
(%) (%) (mm) (kg/m3) (%) (%.vol )
23.7 4.5£1.512+2.5 243 1023 1023 1.75 4.0*

Air: air content, SP: slump, W: water, C: cement, S,: fine aggregate
AD: additive ( kg/m3 ), *outer percentage

Table 4 Material properties

(a) Tensile test results of test piece cut from steel tube

(b ) Compressive test results of concrete standard test piece

| t oy d rati breaking elongation be op dencity
" ’ ield ratio umber of
steel type (mm ) ( N/mm?) y (%) steel fiber ?pemmen; mean value C.V. meanvalue C.V.
STKR400 2.11 353 0.752 31.0 (N/mm?) (%) (glem3) (%)
STK500 1.78 410 (0.2%off-set) 0.789 16.5 un-reinforced 5 80.9 3.28 2.28 0.255
reinforcement 5 95.1 3.04 2.63 0.582
o testforce  ——[ C.V: coefficient of variation
‘| bering plate * fiber reinforced conerete Table 5 Compressive test results of CFT short columns
% displacement meter — v/ /] N, N N,
Asr . specimens B(D) B(D)/t 0 Npar Zmaex sy
) : concrete (mm) (KN) (kN) NO NO
A B fiber reinforced square CFT | = 1164 1232 098 025
T 1 =T :steel tube un-reinforced square CFT ) ) 1034 1050 1.02 0.28
un-reinforced circular CFT 114.3 65.3 1034 1055 1.02 0.25

fiber reinforced CFT short columns  CFT short columns ( un-reinforcement )

fig.8 Compression Test methods of CFT short columns

1.0 | fiber reinforced square CFT
4
08 F § 1y
8 |S—
= 0.6 oo —
= 04 | un-reinforced square CFT D
0.2 H
f
0.0 :
0 2 4 6
8/ n(%)

Fig.9 Effect of fiber reinforcement on
N -8 relationship of square CFT short column
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Photo.1 Failure mode of
fiber reinforced square CFT
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Ny calculated by Eq.(1) with ys = 1.0, Npar experimental compressive strei

10 L fiber reinforced square CFT
0.8 |
P b’}
206 ¢ j
< un-reinforced circular CFT
Z 04 | ;
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0.0 1
0 2 4 6

8§/ h(%)

Fig.10 Comparison between fiber reinforced square CFT
and un-reinforced circular CFT



BETHHED, SHEWNBAT CFT RO RSB IL, EHih
DENELEEL, ERENTEH S, Photo.l ITFT L I ICBEDATY
CPT 44E & I P29 st oIiEk o BESEE S L a7 ) —

ORI 2T £ D REREROWECh - 12,

Fig10 {2, #EHMEMIRA Y CFT fHds K OMEMRMY CFT B DR K
BEART ) C B TTAL L7 AR ) & SRR S 153 B SRR
B oEE TR Y,

FRE Y, SHERRAT CPT S R KEGRTHEEE O HIE
TARE L OREFHFINE, T2 EHHRAE CPT SE0Zh
LIELALERBRN L BB BRD,

6. BhYIz

WTHE, ETAK CFT EE0REERM N OFMRERE L,
EEOBREEMHENEZ, AR CFIEOTEMTE—2A L NOREE
WHEHT 2 Z EREENE, BEAOERRT— 4 2EA L TR L.
IHIC, BBEMBEZER LA CFIHEOPERERND Z & %
B & LT, SRHER TR 2 5 L 7= AT CFT R oMz 21T,
EROICHFT L, Zhb X BEonERERERISTT,

) MEWEMIEAREOHE, BRGAENRSVIZY, REE
WINHE T T 5, Z2UL, BRISAENBE VI E—R(LBE
BEL Y, WENABT IEERHAINREHEREOFECET
THEHEEZXLND, B, BEEMHAE, X (2), (3)
TERTZLENTED,

REEMM S, FEREROREREEZRAVEHEET LT, &
FCFTHORZEMITE— A bEHH Lz, TORBE, TEMT
T A2 LOFEEE, EREMIICEEL, »OERE L AT
ThY, TOMAERTIENHALE, =L, ROEALB X
U@EmWEE OBRIENETIE, B8 x, PRE T =7 (B-21) NIthH D
ETOHAITBNT, IREANBREMRENLVEL, BAORHVE&D
BN, REMTE-AL POEBELNRV, T, #HETT
VR, BIHBD Fig. 6 1R L Oz, SEOFEREOLEEZ BRI
NELRELTVWAZLBRRTHD, Lo, AVBALBLIUE
WEBRISHE T, EHB 2N THLERDD, L L, EKp
EERBERIZOWVWTRHABTHY, 4ROBRFRETH B,

3)  HREHEAETRIC X 2 AT CFT AR ENRD b,

L%, BEMFE— 2L b LEHMEMTIT N omg, £
FIUC RIET RO EBIZ OV TRINT 2 TETH 5.

2)

i

AWFFEE D DI T2 V) REFHE — ERPREEE, BFMZK (K
TERR TEMASH) TSR EHEE L, 2R LR
BELET, £o, FIRERESIASE VRN L OXES
BIOZOLSE THEER SN ERE 0N < ICHE L E#HOEE R
LET,

- -
——

SEXH

D BEAFIRG, MR, WL, Wk, T, MBARR, BERE,
BEME, HESD, WS, RTES  RREMEEAVEaY s Y —
FETAMEEOMITEAMIMIR, AABREZLMERRE, #5005,
pp. 167-174, 1998.7

2) HIEE, WEHEE - ERREFFE LI OFT 7 — 2 UHEOBINREREIL DN

19

T, AARBEZSEIERRCE, No. 595, pp. 139-144, 2005.9

3) BAEEZS: av s ) — P REMETHEER GRS, # 2K,
2008. 10

4) Tsuiki, A., Kawaguchi, M., Fukao, H. and Morino, S.: Analysis of
Cyclic Behavior of CFT Beam—Columns Failing in Local Buckling,

Proceedings of the Fifth Pacific Structural Steel Conference,
907-912, 1998. 10

5 UAHEIE, JAE, ST, REEHR: =27 ) — N REARMNEE
FEOREMRMEIC RIETHIE T - ROBEICET 2 EHROMIE, BA
B R CAE, No. 685, pp. 597-605, 2013.3

6) MfEZ, BB, BExse, ERER: BREMEERVEa s ) —
FETAATMEROMEMER, =27 ) — N LEFERRIORELE,
Vol. 15, No.2, pp.977-982, 1993.6

7 PR, WIFE, WEEE 227 ) — PREREREO—E#H T
BT DR LihiFHetR, B AREEESMERMIEE, No. 568, pp. 139-146,
2003. 6

8) Rz, s, WEES 227 ) — FREARME SO TLE
MR, HE T304, Vol. 44B, pp. 167-174, 1998.3

9) THRIEY, WHRE, BiEX— 2v 2 ) — FREARMEEOPLE
MEHEROET ML, 227 ) — P IEERABIMESE, Vol. 20, No.3,
pp. 817-822, 1998. 6

10) FREZ, IRFEA : BREMEERAWL2r 7 Y — M REAREERED
HF TR, BAREEPLWMERWIE, No. 567, pp. 181-188, 2003.5

11) ZEEF, AIHE, KBEE /L& R, BEE: B8RS
EHASL AT E A ORI 2 ERNIFR 0 2, ARBRES
SR PITHEFEE, #3511, pp. 877-878, 1988. 10

12) Tomii, M., Experimental Studies

on Concrete Filled Steel Tubular Stub Columns under Concentric

pp.

Yoshimura, K. and Morishita. :

International Colloquium on Stability of Structures un—
SSRC/ASCE, Washington, D. C., pp.

Loading,
der Static and Dynamic Loads,
718-741, 1977.3

13) BmEFBR, ILnfZ%E, FEE, WAFXR, BAIER, BFELaE - FER
MEa 7 ) — MECETBHIE 201, 2, BABEZSRKEPHHE
FEAAE, HE¥E 1T, pp. 1613-1616, 1939. 10

14) MAE, PR, FRB, s KR BREaV s ) — M ERAVEAER

SEREORLEREER, 227 U — N THERBIHEE, Vol. 12, No. 2,

pp. 83-88, 1990. 6

EEEL, HIFEH, JINE: 307 ) — 2R TALEARMAE OIS

- OT B BRICET 2 EBRNIIE, BABEZFS RSP HENEE, #

3 11, pp. 1573-1574, 1994.9

16) /IERiE, HAEE, TR, WhAE PMREZ, SER: TEME =
7 U — MEOFREAREE, BARBEZSKSFIGREEME, #iE
1, pp.1595-1596, 1994.9

17) R, MRE—, RIRLE, WE, ENER, FREE av s U —
hFEPERE R OMEHREIC BT AT 0 4, AABERZS KREBMHE
FEAEE, #3111, pp. 773-774, 1995.8

18) MESED, AT, EEEE, MFER S£BE SFER, SF%
EARR : ENEZT 227 ) — MREABME OMH & 28, BAR
LRSS FITREEME, & 111, pp. 779-780, 1995.8

19) BEAFINE, mFFAREE, WD, fMAFR—, PEDR, BPER WBAER,
O, BHRE BARH, NEET, WEER SEER . SMEME
ERWEaV 7 ) — N RETAME ORI, BAREFSMER
FRICEE, #5498 B, pp. 161-168, 1997.8

20) B, MATK, WEER: BORFEa L2 Y — MREREEOWS -

15)

EoMRE, AABEZOMERRICE, 5005, pp. 105-112, 1997.10
21) WIFTHK, EEEE, REL: WEERT -2 ) — FEMICRT 5

BOREL - RELOHIRME, BARELIWERRE, $H503 5,
pp. 157-163, 1998. 1

22) WRMEZ, EIFEE: BMEo V- bERn oy s Y — FREEA
HEEEOTLEMRER, BABRIEES KRS PINEEERE, M1,
pp. 1131-1132, 1998.9

23) Yamamoto, T., Kawaguchi, J. and Morino, S.: Experimental Study of
Scale Effects on the Compressive Behavior of Short Concrete-Filled
Steel Tube Columns, Composite Construction in Steel and Concrete
IV, ASCE, pp.879-890, 2001.3-4.

24) mAHE—, FHEWEH, LWNBEH, FEERK RGEWE CFT O LER
PERICET 2 ERIFRE, BARBEPS RS PIEFEME, RE1],

— 957 —




pp. 1103-1106, 2001.7

25) dLREFS, EEEN, ANFH, AfE: BrEEEar s V-
WA O [EMRREIC B3 2 EBRAOBFSE, =27 U — P IRERRE,
Vol. 25, No.2, pp.847-852, 2003.7

26) FEE BN BERESH= 27 ) — MM OBRERMT 7
077 A0l%E Tol, BABREZSRSPMHEMERE, MBI
pp. 639-640, 1990. 10

27) REAFIRE, mFAERE, WD), FOk, BERE, BEER, ZEFER
EREME TRV ) - b RETAABMEEEORLEHEESR, B
FEEPAERRE, 5015, pp. 173-180, 1997. 11

28) MEKME, ZAH, HEEE : AW CFTHOKR LEE L BERETHO LK,
ik TSR 3CEE, Vol. 52B, pp. 395-399, 2006. 3

29) Kawaguchi, J.
Buckling Behavior of CFT Beam—Columns under Cyclic Loading :

BARE

and Morino, S.: Experimental Study on Post-Local
Elasto—plastic behavior of square CFT beam—columns Part 1,
FOMERWOE, %540 %, pp. 141-148, 2001.2

30) BEME, HREHEE, JINE: 227 Y — METAABMER O RHER%
DTAHIERICEIT 2 ERAOFIE 202, ARBEZFRRSFIRER
Hi%E, #5311, pp. 1807-1088, 1992.9

31) MFTH, RHRZ, BEY: @EAMERNEFRERCa 27 ) —ME
BEABMELEOM A & BT TR, BARBEZS TN SHHIZ
L, 55335, pp.357-360, 1992.3

32) HFTZE, BEKME, ZA®, KAIEL: AT CFT HEOE T AFHEIC T 2 8%
a7 U — b TEFHTE, Vol. 14, No.2, pp. 31-41, 2003.5

33) Amit, H. V., M. R. Richard, S. L W:
havior and Design of High-Strength Square Concrete-Filled Steel

ASCE,

James, and Lu, Seismic Be—
Tube Beam Columns,
169-179, 2004. 2
ITR, BERE, \WHHE TR, BkE: 22 ) — FREATRH
EHEOMEEE L SHGIRE BAELZIWERWIE, F504 5,
pp. 103-110, 1998. 2

Journal of Structural Engineering, pp.

34)

E

E1) A, CFTHEESECHEERNMHABIUBERE= 7 — FRMERASh-
2hD, THOBEBEMEELBWEZCFTHER, HELz 27— 0%
BEOEAEDEICL - T, B R2 2855, £, EFF (LL
T, ) WiEo CFTHEOMME, AFEOZTh IV IEWVERLSRDH LN T
AR D

E2) HMEEERLST AT CITERT, MAKETRICHIEBELHNED
L, av 2 U — O RTHNATE X3 MERERORET, MENRE,
—BRICHREMERTAMBO LI ERL, To%k, BUMAOR LT
B ENBHDB, £ T, Table 1 OEAXIE, Fig. Al(2) O L 9 I F/NERE
ANRD LN BW N - EREGRERTRBEL LOND, 2, WAHLES
%, KREFHICBWT, BUMmMMET 2386, Fig. Al(a) KRTX

— 958 —

20

S0, BB B/NEMRM AL LT3, 728, Fig Al() IZFRT X I i,
BT ABMET LieT 2B EE, B/NEMHALRRD bz,
BEARLLTWARW, Zhix, EORELN/ISL, a7 ) — hoiih
BEERFNICW, FREEUCMAR ERETIANCEMRRBRELT LT
WHEBZLNDTZHTHD,

E3) Fig2iimd Lok, REEMWCH LT, BRIENEIEESTS, =
T, M LEEARAEZBRRISNWEOREITINEILTWS, B, Z0
PIERIE, STKR400 7 5 &, STKR490 7 T A, B I UERLU EOFENMET
Hb,

E FES O, B CFT SO —RLEERB LT 2 ) — b OERE
MENREWITEY, SHFE— A2 b - BRI EHAEEROEENET TS
ERFEREZETND,

E5) K (4),(5) OEHS, rig, FTRTHETS,

S:ES-EIG), r=E_Elop

E:N_vlabl(Ax'Ex+Ac'Ec)

case §>1.0:§=10, r:(N:mb"As'Uv)/(Ac'oB)
caser>1.0:r=1.0, Sz(Nmzb“Ac'GB)/(A:'Gv)

TE6) REMIFE—AL D OBNE LI DN DR LSS W ET ) L0 BIR
I RIETIRE DBRIENEDEEIZH>NT, £0O—H#l% Fig. A2 17T, 72k,
F—RBRIEAEIZENT, ZOBRIZKEFTREXBSLIT=2 27— o
FEAEREORENT, 1ZLALRD LR,

ET) RRESIEY, @SR AE 2% B L CHMEEEA L 0.31 OAF CFT
EREOERRBREZEMR L, RXEGTACR S 2R EEMBR L, S
BOH - EICLY, TRTN0.60 BXTVN0.55 REEZHFETCWS,

(A1)

= — =
— Bo A: minimum stress - 2
g = ; S
S E after compressive strength | S &
P o 2
= E = E
a3 g g
gE gE
8% 2%

= o

g8 5e
S o 8 o
IEE =T - - EE = - g
2 @ axial compressive deformation % & axial compressive deformation

after maximum strength
(a) Objective sample

after maximum strength
( b)) Non-objective sample

Fig.Al Samples of shown in Table 1

0.6 rB/1=30
2 05p eDprriiI
3 03B . D300
fo Y 5.0:550
= 02 (N 559
0.1 . ‘ )
02 0.4 0.6 08
Nsy/ Np

Fig.A2 Maximum of N_4,ss / N for Obtaining a Solution of My,




STABILIZED COMPRESSIVE STRENGTH UNDER PLASTIC DEFORMATION OF
CONCRETE FILLED SQUARE STEEL TUBE SHORT COLUMNS

Takamasa YAMAMOTO *, Jun KAWAGUCHI** and Kazuo YAMADA ***

* Assoc. Prof, Dept. of Architecture, Toyota National College of Technology, Dr. Eng.
** Assoc. Prof, Graduate School of Engineering, Mie University, Dr. Eng.
*** Prof, Dept. of Architecture, Faculty of Engineering, Aichi Institute of Technology, Dr. Eng.

1. Preface

The authors estimated the deteriorated compressive strength of concrete filled square steel tube (square CFT) short columns after
maximum strength attained, which is defined as the stabilized compressive strength (Nstab)' Next, the stabilized bending moment
Msta 3) of square CFT columns were calculated by use of Ny,p- Compression tests of high strength square CFT short columns using
steel fibered concrete (FR-CFT) were also carried out, in order to investigate improvement in the compressive ductility.

2. Square CFT specimens investigated

Square CFT specimens investigated are as follows: i) compressive load applied on both steel and concrete simultaneously, i) no shear
connector on the inner surface of steel tube, iii) no use of expandable admixture in concrete, iv) no void portion and no steel portion
in concrete, v) no built-up box section, vi) within the limit of width-thickness ratio proposed by recommendations for design and con-
struction of concrete filled steel tubular structures®.

3. Stahilized compressive strength

The stabilized compressive strength (N ;) over N tends to decrease as the yield strength of steel tube (Nsy) over Ny decreases;
this becomes more obvious as the yield stress of steel tube increases (Fig.2). The reason is that the compressive load carried by high-
er-strength steel tube tends to decrease due to local buckling, because of larger generalized width-thickness ratio [B/t(oy/Es)O‘s]. Its
N,

Si
4. Stabilized bending moment

tah €an be calculated by using Eqs.(2) and (3). The standard deviation of calculated N;qp over experimental ones is 0.101 (Fig.4).

The stabilized bending moment (A7, sta b) was calculated using Ng.;, based on assumed stress distributions in concrete and steel®
under the stabilized stress state, and Bernouli-Euller’s hypothesis (Fig.6). This calculation is based on ultimate bending moment
expression?. This formulae are shown in Eqs.(4) and (5). The calculated M, stap Show good agreement with experimental maximum
bending moment of final cycle (Fig.7). However it is not applicable to calculate the stabilized bending moment under higher axial
load, because we assume that oy is uniformly distributed along the tensile part of cross-section.

5. Fiber Reinforced Square CFT Short Columns

The square FR-CFT which contain 4.0%(in volume) steel fiber was produced. The length of steel fiber is 40mm, and its diameter is 0.8
mm. We carried out compressive test of its square FR-CFT, normal square CFT and circular CFT short columns. The axial compres-
sive ductility of square FR-CFT short columns is higher than normal square CFT short columns (Fig.9), and it might be even higher
than the ductility of un-reinforced circular CFT short columns (Fig.10).

6. Conclusion

The estimations of stabilized compressive strength (N,;,;) and stabilized bending moment (M, ;) were proposed according to the
intermission analysis. The proposed estimation showed the good agreement to the results of former experiments. The improvement

in compressive ductility was also confirmed by tests of square FR-CFT short columns.

(2014 4F 9 F 5 HRFRZH, 2015 4 2 f 27 HiRMHE)
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