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Abstract: At present, the reinforcement and reconstruction industry is being developed rapidly in the world and
the focus of building industry is being transferred gradually. Strengthened with enclosed reinforcement concrete is
an economical and efficient method that is being widely used. In this paper, combined with experiment, an analy-
sis was applied on the carrying capacity of strengthened RC columns by non-linear finite element. During the
process, the Chen-Chen three-parameter model and the uniform-harden rules were used. Moreover, eight node
isoparametric element for concrete and three node isoparametric element for bars were introduced as well as doub-
le-spring joint-element was selected to imitateds the bond-slip relation between bars and concrete. Many experi-
mental results show that the new and the formal concrete columns can consider to have sufficient cohesive ability
and could be able to work jointly. An analytical program of the strengthened columns is compiled and the calcula-
tion results are closed with the test ones. A preliminary discussion on the influences of factors such as initial stress
lebel , strength ratio and thickness ratio is provided.
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Fig.1 Drawings of steel bars for strengthened columns of axially & minor-eccentrically compressed
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Tab. 1 Material parameters of steel and concrete

m REELTEREE
o5
FHRELE E, (MP2) JE B 3 & (MPa) BB EE £ (N/mm?) SHERE L (N/mm®)
Al 1.51x 10° 373 28.89 9.4
B & 1. 71X 10° 373 26.2 24.9

1.2 WMEAREmMETRE

AENERFREOENE A KFEF A MBEENRR DB m. 808N HkFiEH
B=N,/IN, 1, E o Ny Jofm 8 o B OB A 13 71, [N, DR A% O 4 1 8 3 — B 4RO BE T A9 4R PR
ARBS . BB R 0 5 SEBR R A1 K - 484 B R/

K AB WA, K A-1.A-2 RO Z E B E 5, B-1, B-2, B-3 W #BU/ME.L 2
EnEAE DL . SCHe AR IR AW B B3 0 B 467 R e O 3R < 5 — Y BUR LU T B O G 45 B R ) A A
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EROHE LR AR E R MR #E, S HR SRR L FRP HEIRITRE SR
UM E R R 17 3000kN LIt b 384T, R A HE 4 RN . 50 7 25 8 00 R Ay 49 24 9 17 38 A SR
WA RREMARE. T SRR B 7] S i, Bl 8 S R (N AR A1

2 THEER

2.1 BEXEERE

M MERHRELMEEERFEARZERESS M EE SRR, A 82 R0 RS
Q) ENHRELMEERBENEBLBBRE; ) BELANRERAREMM; 1) ZEAHS5RE
L2 ERERIEM; G FHIBMBMELE LR ELE LG, AN TREKE IR TAE.
2.2 MHEMXARER(WIF)EY

(1) M B A A 5 2 i IR VE U $W A Sk B AR B MERL IR B R R
FA Von Mises J& Bt #£ W £E o JB AR I B, B XM A B SE RN T o, T
lo | =1, 5 MEGBR i ABER. f, RPN ERLLA .

(2) BEE LAWK R RBIRHER

BB SPRE T, 32 K ad, EFBRA Saenz BiLH A, B
BBt eo ST MR N KL, BHREN S RELEBRRENT ;8
BRI, BREEAR S BYE T S B AR B4R . BRI o U S R R AR BB L Bt 2 Chen-Chen & 7
B fi. (0,0, ) B EFHH

XU B SRS T ,Z:W%%\%ﬂqigﬁﬂ#@'ﬁﬁ% Chen-Chen BB, Fig.2 Shapes of Chen-Chen
Chen-Chen B B 7E (0,5 0,) B EIFHERME 2 FiR. BIFAENEKAH model in (0, ,0,) space
Kupfer % AFE R ER LB BIMER.

3 BRABNEERNEER

3.1 BELt&®ERX

BT RFHRREELOZ AL BELRTRATATASSAT. INETRABKMEBR
RHE—ERE ERATFAANMATHR, TRENAE NG SESBT-EFENNHRE, BES
o BT LA R0 RO BA TR B SRR R SE PR IR .\ RS2 B ST B L B AR A A0 A AR AR SR A R —
T B4, &5 FIUH - 9B RS R A B ER R R B R RE RN

[K]=t 21,21 W, W,(B, (&, 1)) [DILB, 71 J (&, 1) | €))

Heh ot HATEE, W, W, FESRE T, 0 HBEBS O, [BIA S EER, [ DR MR, (5,7)
HEH AN BRLINME.
3.2 WA

2T SRS B TE LA EEE FRA —B FRIEMB A RGRTRA=ZGR— RSS2 R
56, F BB sh EE, T AR TE XOY BiRR TR EER

(K1=[T]'[KTLT] )

fooh, [ TR R BRER, (K] A RRe G TREER, ¥ BA[ TINEXERE BRALT] = [T
o T OB A R R ML R, SN AT N AT RE T ERBEN, R E, =0, LT
Wi gEME N Z, BpLK] = (0],
3.3 B&SERT

o B V) o B T IR R 2 I 20 AL TS B K BLIE R R AT AR R T R AR IR K
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B ARG E. TRGREBELZAERN A THEEARATARNEBR, EMEAGSERENAER
B AR S48 , 50 5 B AL L) L ARG 4508 B IR S5 5T . SR PR A2 (BRI SRR U SRR 4
BT, XMMEMTTAEREPNNATMERELS AN ESEHABZ AAMXR, FHENREY
. .
{Fy=[B]"[DI[B]{s}=[KI1{6} 3

i 2 30 2 5 O 4 PR K 15 5 VB B0 “ AT T AR 40160 B0 B E R 8 K, 7T e Houde 1 Mirza™ 4
KA. TR TREFENORERE K, OB E & FRENRYD, BRI LR RAMME,
AR ENGIEREEH M BBRE/AN, EE0 BT, WEBRFFATR K, 4 1.0x10°N/mm,

4 BLRERES(ER)FRLE

4.1 PR
RARBRMEER D -BRELTBETENNA o > f L MARZBRTH o, TRALSBFR, TR
WA ETEEN T TENRTAIE.
4.2 BRLIFB.EFEHLE
BEREIFREEETHNE T NABARN N  EXRERATARRZEM AN, XHERER
®HTRIEEERE AT, WM RSB TR BEN TR NI REBIRHKRTEL.
B a 2 0 3ck[3104].
4.3 WMEETHEBREHLE
MEGETHAMNAERIERERBSE, Yo, >f HOIARNETER, TEEBN I EBRAIERERN,
FARBHETTN S o = f, B o ERHATREBEAT , REFEAE. BiEBuETS RIB3][4].
4.4 BERTEBRHLE
ZRIATETEFECBERTHNIABNEECE, ARETE, R IAMERLE. ARTRE
ARG NERBBRKEBFAREREBRK . EH—F BB HE N ERERFEFERMEE. MRS BTEFT
FHRABF A BEENT ey <enme=00030, FHEALE; ey | Zehna BT, HBEN S
Opex = Ky = (e, —0.003) , Y5 BHELL J1 55802 9 F 855 2 RARE: AT & W C#R (31041,

5 FLMUFMITIHEAEMIE

PR R ik #tAT S IRt ot et , PSS R T BA(R) = ([K1{8}), NI (R} H & KW HIE,
[KIASRIEER, (0} A RUBFIE. BdhE . BFTESEAMBEREREAER RS, LitE T
BUE3 PR, BEERETEEBRMENENRABATRENRR BRERKEEM T, Bt &
WEMRBEELATAERES. ERPRRSUREN LB RSIRERRRGE S
FI SR . ' R

HESBURESAE-HREOEMBIE BB MEFEEL.
FH BT HARAEEIENB, EERT RGBT RAZRERB, EZHEN
BRERGEANRRRSIFER L FE I EFREABRVHEEEERE »
1 BB BNREERE, EAT - REBFHRES. Y5 -HENBET .,
Bt BB A1 J5 AR N S B G50 A BT I Sh A PR ST AL TT , R R AT SR —
BrEngR . B2 BN AR R A RIRE R i kT ESR. R P S

B FARE AL M B ERHH I MR FRER T HRES 5 passam
A FREAETEALE, BFPXNPEYR T LEMUL XBERKBL TH Fig.3 Schematic drawing
RITHITEREMBATIER. for combined method
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RIBRTAREH, KGR TAHBRILITERF ZZIMSCA, W RE R EMMEBHT THE., HEHED
B0 B A B SE 5K R — B MR BB B I R IR . B b0 B A AL ER 4y
9 757 JE AR B3R R - A D R T AR, B BN R AR IR AT B R O BB L E R B A A kB R
Beo /MO IEAE SMI RS FEEROCHEE UM BEELNNEEBSROENURELHEERK,E
WMAHETROEREL. WRERBEAREE EAR ORISR RERE“ENER”, BRESH I
HHE. TESERNBZBRERII TR, “HUBEFE, TREXRMNEZIN ST T ERE - HH
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Tab. 2 Comparison of results between calculation and experiment

R % B IR #, (kN 15 BB 8 (kND
R 117K F
B EisUL: ] iEHE N,-N, LHE HEE - N
Zﬂ 5“ ﬁ J’:S" . ¥ < % Nu u%
N, N, Ny N, N, N,

a-1 0. 367 1013. 4 1146.5 13.1 1217.2 1359. 6 11. 7

A¥
a-2 0. 260 1095. 2 1256.2 14.7 1242.2 1393.7 12.2
b-1 0.395 630. 3 706. 6 12.1 699.3 788. 8 12.8
B b-2 0.339 660. 4 768.7 16. 4 761. 4 893.9 17.4
b-3 0.280 664. 2 778. 4 17.2 802.5 947.8 18.1

HELEEMRETIELEATESNIBRPRR T —EAFE R KRB MR E A BB UK
5 F B E AR A B0 RS AYE 2 BN, A 5 SRR A BARRI B K, R T EE — MR T AR LAY
R, X 2T AEER,

HTHREBRR KT B IR ELBER f/f o MEEL b/d =S8 in B AL
HEEE SR T SO EME AREHFTTAN. S2ETNEENEHNITRESRSAEHERX
RMTFEE:

R ESE BN, FEENAKTE WS MEERRIEHZ THRAAR. XREH TERMKEN
KERBRT (B<0.3), M BANN AN EEETUEN —CHBEEHK, BEERNAKERELET
(B=0.7) , SMOER 43 B 1 RS S IR R R BRI IR MBI HEBE R BB B B FE A0 R 1. MU A K A B8R, T
AR THRBE, T,Y =09 6 EENTFHAEME, T%5 BB H BT84 5 W7 7 5 5T R B R E
HEEREOTERS, X—BRREEEEE. TITORE L5 B BARHLIE) X 50 3 519 9 5
FEE+ HEERAGMBFARE ¢. = 0 = 0.8, TNREZERBMAKF B YN, TREEMTALE
89, EEHTHAERALEXMMURIIER.

B AMLEE L SRR L RREE £/ foMBEE b/d, B HERN AR RRAF,
(A5 3 LS NI RS e WA TGS, A TAE M THEENTELTF. BZ, 58
B4 M FAE N R, EA MR RN EE SRR ,xmbumﬁ%’ai&ﬁiﬁ}};ﬁ]ﬁm&ﬁﬁ
B HKSE B BRI B e R E e EN L EARARTFE.
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Tab. 3 Influence of stress level B of formal column

BB RR S (N BIR AR N KN
IvPIE S BI 37K
B HHEE H#ifE N,-N, B *ﬂrﬁ'{ﬁ SHEE N, - N,
N, N, 2 N, N, N, £ Ny

0.1 2021.3 249.1 14.1 0.6 1876. 1 103.9 5.8
0.2 1990.2 218.1 12.3 0.7 1836.4 64.2 3.6
0.3 1965. 3 193.1 10.9 0.8 1783.3 1.1 0.6
0.4 1945. 6 173. 4 9.8 0.9 1709.8 -62.4 ~3.5
0.5 1913.8 141.6 8.0

#.b/d=50/150,f,/f0 =10, 8L¥{§ N, = 1772. 2kN.
®4 FHEARELEELR £/f,FMEAEHIEMN

Tab. 4 Influence of strength ratio f, /f,, beiween new and formal concrete

B RRARE S (kD BRAR S (KN
REET SMLBEL BEL SEBREL
¢ \ 3 BE S \
Al BES e gmm oy oy BEE f oamm AwE N,
f/fa N/mm? N, N, N, % f/fa N/mm N, N, N,
1.2 34. 668 1956.1 2141.9 9.5 1.7 49.113 2416.0 2669. 7 10. 5
1.3 37. 557 2048. 2 2248.9 9.8 1.8 52. 002 2508.1 2786.5 11. 1
1.4 40. 446 2140.1 2356. 2 10.1 1.9 54. 891 2599. 9 2883.3 10.9
1.5 43. 335 2232.1 2450. 8 9.9 2.0 57. 780 2692.0 2996. 2 11. 3
1.6 46. 224 2324.1 2563. 5 10.3
¥:b/d =50/150, f, =28.89,8=0.4,
x5 FHEELIBEEL b/dxmEEMER
Tab. 5 Influence of thickness ratio b/d between new and formal concrete
B ERAR S (kN R 1 (kN)
NaREEL EREL
B M b B b
b/d AL HEE NN, b/d AEE WR#  N,-N,
n Nl N-‘u Nx mm Nz Nu Ng %
0.2 30 1110.6 1175.0 5.8 0.7 105 2098. 6 2354.6 12.2
0.3 45 1266. 6 1355.3 7.0 0.8 120 2358.6 2662. 8 12.9
0.4 60 1443.4 1576.2 9.2 0.9 135 2639.4 2985. 2 13.1
0.5 75 1641.0 1806. 7 10.1 1.0 150 2931.0 3320.8 13.3

0.6 90 1859. 4 2069. 5 1.3
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Wi f/fo=14.45/28.89,8=0.4,
7 #&it

FRAAM T ESEERRFREEEAEERKRNERERN R, A2 XHEN AL QNG EE L NE
HAEEN -KBERNEXFBHIATER:

(1) A HER ST B 2 R RMBIRUEN ZE 53 0 R B AT AT 89, B e 4 0 71 B 7 ZZMSCA
BiFENMEEMNZ 2B HBEERSRRERTEEF.

(2) MEHAR DS OERNAKEHEE B HEHEKR, B K, ¥ 6P B84 B 77 70 5 28 48 iy 2 /5
BERA, SEFNMHENENREZS> EE. (BRI EMMBEAREP R EREMNARE
a,=a. =0.8BAEGHEK, BRMALLH.

(3) K754 F) FE 3 i BB 4 80 b 6 3 B, B S0 (B0 AT 7R B R S0 L G5 B3 B 95 e LA PR B 7 7K R B, 3%
EREMEBEEWARILEMARBTE.
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