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HFHEBEESHE(FRP)EEFRR.BR.MER ELHFESE S, EMERRSRENAH. 51
T ¥ B R AT 4k (CFRP) A6 . 5 4 41 4 (AFRP) A F B B 41 4 (GFRP) 7, {H CFRP JE {813 {K, GFRP #4%
BMERK. 5— FRPEREAAFAEHBERHNAT FRPHTZH A, IR FRP(HFRP) i RS X EAF A

St 24, BT R TR PR,

E P94t HFRP #47 7 — £3IBF 5%, {2 HFRP 894604 KX # % CFRP 5§ GFRP fifyiR %, HZ AT
EiRBSl, 3t HFRP ER & & HE M E £, HFRP ARBE TR BT A RAW X RER
WHE. FEEUATFRGYER LiEd CFRP.AFRP, GFRP fl X & & 4 4 & & # ¥ (basalt fiber
reinforced polymer, f&ii# BFRP) B [EIIR A RIB B+ BE A A ERIXR, IR T AREHNBEAES.
YU IR A W8 R AR AR 7 -REAE £ W1 4R, 3R 1 T HFRP YRR 5 -+ B AE 1k B9 38 BE M R 7 - AR AE A

1 REFHE
1.1 ERLARH

1.1.1 #HmttE

RBIH 4 FAER FHNAIRTER
(CFRP)., 5 4 4 % 17 (AFRP). L B A 4 47
(GFRP)MI KR A A 4A (BFRP). £ 1 h &S
BATEI AR SRR, BT R R SR
1.1.2 BELEEERE

KR AL BRI P.O.32.5, BARKR

Wi H #1. 2007-09-30.

®1 HEKBHEDPIER

Table 1 Mechanical properties of FRP sheets

EH B /mm PirRIE/ MPa HAEBIE/GPa
BA LR 0.167 4420 260
FRAEN 0.193 2060 118
RRAEAER  0.170 4100 93
BT HEA 0.172 3 000 73

HeTH,. BERERBEES T E (50678011); JLHT B RBHEHE 4L ¥F B H (8082002).

e, R4 (1961—), 5B, BREHKFHA, BE.
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BX 20 mm, BE LB S HRAK: KR :HF=170:360:647:1 100.

REERN 150 mm, HE D 300 mm, BiE 24 h AR, £ 25 CHRPERP 28 d BRI %A, d4
TRENESE R 7d BHTRE. BT RRERE N 29.6 MPa.
1.1.3 mEHE

ARG R R A, S HRA TN 300 mm, ERIEREEHERLETRERET. I LR GHE
WATHOR, KPR INE 2 BN 50 mm BIRAER. FEMEERE 150 mm, HEBEMEEF, K
TESE R H R TR 8 d, IR EM IR E L E# TR . K445 XSMI FRP 2K K% 2, PO HRAK
BELAG.

#2 BEGR#SRS
Table 2 Serial number of cylinder specimens

RS R Xl KR (B EISH) il ERGE.
PO % X x 2
B2 2B 2B &8 2

CiB1 1C/1B 1C/1B 248 2
C1B2 1C/2B 1C/2B 28 2
C1G1 1¢/1G6 - 1C/1G 28 2
C1G2 1C/2G 1C/2G 24 2
C2G1 2C/1G 2€/1G 24 2
Al1Bl1 1A/1B 1A/1B 28 2
ALB2 1A/2B 1A/2B &8 2
C1B1G1 1C/1B/1G 1C/1B/1G 28 2
C1A1Gl1 1C/1A/1G 1C/1A/1G 28 2

GRS PFE AB.CHGHHUNRKRFLAGN ZREGEH RIETARBAEN, AFRREENASE
WHEY, W CIBL RFR 1 BRAEN S 1 BLREFEMRIME LM

1.2 RBHE

RBEHEREEIEREWE S TR EZR, A INSTRON-8506 IY 37k H = i i [E A IR iR 16 %
G ATRL, B R AL EH, MEEE M 0.2 mm/min. MBI ES 100 kN, R 883 0, B
BRERGEIR. REFRMBBIEZS G ERNURZHHEE), /D ETRETRE SR, 8
T L 5 R AR B A s )

2 BREE

B AR B LM R AR/, MR ZRELRBAERWN 80% LAS, 7T B8R 07 2| 4F 4
HIWRE . MERRNEA, AERNZHEE, AENRXIBEE L/, BRRB AR, FHFaH
Wr, RABR . REBIRESLE 1.

HFRP i R A4 4 H. OB O FRELAER S, 4 261, RE 1)) MO FEEAES -
IR, M C1B1.C1B2.A1B1 il A1B2, WA 1(b);3) ¥ 0 B E R, Wik C1G1.C1G2.CBG Ml
C1A1G1, WHE 1(c);4) FEWR AR LR, ik B2, BE 1(d).

HIFIMEARAE HZ CREIHERE 2 R DB RBR, 4= Bm %, k4 B2;2)
BB, BE 1(e), BikF B2 SAEARGES X HBE R, B BIR R A « iR & 52 815 FE A B,
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(a) il 1F C2G1 (b) iff4 C1B2 (c) id{4 C1BIGI (d) 14 {4 B2
A1 RERRES

Fig.1 Failure configuration of specimens

P T ARl AR 7 ) Y hL AR, 2 R AR ok R A T AR PR I R T AT T AR B Rk T, R4
T F R A REE BT BOR. SR BIRE RE 8 A B, BRI R EEHEE, KF 6 AR,
B T4 AR R AR M 29 3R BB K, iR (R sm B 2t pnai , X 4 s 08 1 2 T8 /D 1 o B A A ) AR T K
RN\ FERENRE @AY R, T EAETRETERER .

3 BERE

3.1 MERE
REWMBT HFRP ARBHELEEEMNRERE, RE3. AX3TH,3 BEAEAARREHHRE
BEYET 2 BAEAARRMY, ESRANE RN, HFRP ARBHEREWEER.

%3 HFRPHREZTEERORERE
Table 3 Bearing capacity of circular columns confined by HFRP

RHERS PO B2 Cl1Bl C1Gl A1B1 CiB2 CIG2 (C2G1 AlB2 Ci1B1G1 C1AlIGl

HEB/E/MPa 35.0 70.5 81.8 88.8 83.9 101.4 100.4 120.9 94.4 90.0 116.4
A X 1.00 2.01 2.34 2.54  2.40 2,90 2.87 3.45 2.70  2.57  3.33

HeEfik 2 Bt M LiRMER 4 PO, ik F C1G1.A1B1.CIBl M B2 i ERE 4 HEE T 154% .
140% ,134% 1 101% . CFRP 55 GFRP i .CFRP 5 BFRP #i.AFRP 5 BFRP filR ###9E =+, &4 C1G1
HRERERKR, 9 1C/1G MRARNREEF.

LA 3 B0, A AR AR Po, iR {F C1B2.C1G2.C1B1G1 M A1B2 Hi ERE A 325 T 190% .
187% .157% F1 170%, 85 1C/2B.1C/2G.1A/2B HIRBARM R T 1C/1B/1G.

HHEAR R PO, i C2G1 1 CLAIGL L ERE 2 B RE T 235% 7 233%, HHEBE X FRAH
C1B2,C1G2.C1B1G1 1 A1B2 iR E . RUABT T4 BOE KA, MBARBRHE .

3.2 HFRP B EitH!"
3.2.1 E#HH
HFRP MU BRI A SREEEXR, M I 0.3 AR RRBRERE
E=E;Vi+EyVy+EgVy (D
KH E NBAEEER, V AFRENERSY, THIRRAFEHE. BEX(DITENREZFERRE
BELE 4.
3.2.2 WEIRORE
— R AR B R, & BHRIB B
R.=K?p(1- Vig) (2)
A, o HAHEREGK AHEF RSB (BRIREN K=1); Ve MEEMEF LA BRI, FiX8
 HFRP BN AR K S.
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¥4 HFRP HEHE WRLREN ®s AHEERAMEREY R, RUFEE
Table 4 Elastic modulus and restraints stress of - Table 5 Hybrid effect coefficient R, and bearing capacity
HFRP of specimens
&S WHMR/GPa AR FI/MPa HERe P Vie R. fi
B2 93.000 18.686 7 B2 — — — 4100
C1B1 175.757 17.9675 CiBI 0.5 0.4955 0.2522 2666
C1G1 165.121 17.0002 CiGt 0.5 0.4926 0.2537 2507
A1Bl 106.292 11.8462 AIBL 0.5 0.5317 0.2342 1632
C1B2 148.008 22.2416 ClB2  0.3333 0.3294 0.2235 2193
C1G2 134.116 20.3269 ClG2  0.3333 0.3268 0.2244 1989
C2G1 196.435 26.806 7 C2G1  0.3333  0.6601 0.1133 2649
AlB2 102.053 22.1635 A1B2  0.3333 0.3621 0.2126 2079
C1BiG1 141.034 19.865 6 C1BIG1  0.3333 0.3281 0.2239 1951
C1A1GL 148.026 23.4396 CIAIGL  0.3333 0.3139 0.2287 2203

REEZFEBPIHR HFRP K5 T8 — FRP i — M EEFIREE . MESAEE LR, ZEHEHH

EMERSHERZ, EEBEMNMAFBIR, HFRP BIREE R
fi=[E{ViS{+EyVySy+EgVgSplVieg(1+R,) 3)°

A, Vi NEERBRSE, ARXBFIR0.75;S ¥BERY, EXBRTHESERAY R A ELREST
YR, BERRESERMENRE, FRRPE 0.80.
3.2.3 HFRPIHARNA

HFRP 4R KA Z# A EH N, BEL R AR, K22 HFRP M4 . % HFRP X3 Hi
BN, B RBER, B HFRP 3B & IR At B M m AR S0

2fftt
flz_ﬁ_ (4)
R, £ % HFRP HLHRRE, R (3) K18, WK S; e WRKAELIEE ;D HELGER.
B 2 % HFRP AR+ HE 4 R 38 B 5 A ) 140
BRI TR, B RO 2R € ol v HiH
K, ARBEFEOTERERZ MK, FE 2 HE £ 100
BILHEER. " “
3.3 HFRPHRRRLIBEHWE " 6 . -
0 20 30
HAT#— FRP REG T REMBKERAT BAREI LIRS / MPa
R R B2 ARERERESBRAMNEAREAHXE
% PR it fw (5) Fig.2 i:l:it:unls;nj::::l:ns :;nspresswe strength and

R, £ LA TARMATBESATERE £, HREAREE; £, I FRPMFRLENS.
' BEZEHWE - FRPERBEREHT b HARRER. RoWEENEBNBEHESCHEREREM
B EEH#HT T3, 37 % HFRP AR BB REER S H M.

B & 6~7 T4, X F HFRP A HIX 4, Lem and Teng ERMBREFTHEHE/ DM FRREME, KBHES
HHMEZ LA TFLIEK 1.29; Toutanji MBI £ CFRP A REZE T HERM L, BETEEHB A TR
1, AR E S5 BEZ LN FEHE RN 0.88; Karbhari& Gao A M X B EH S5 HEZ WHFHER 1.21.
X LA B — FRP 2R TR 1 50 B SR R RE R S #h B HFRP AR B L H99R I, ME R HFRP 44
REE AR RAL
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Table 6 Comparison between calculating results and experimental results

AN WEE fo=fot kih
RHERS R/ Karbhari&Gao ﬁ_g{[:] Toutanji ﬁﬂ‘[‘:ls Lem and Teng #5110 AW EHE
MPs k=21 2 w=3.5 2 k=2 =31
PO 35.0 - - — —
B2 70.5 77.4 106.5 72.2 90.8
C1B1 81.8 76.1 104.5 70.9 90.7
C1G1 88.8 74.2 101.3 69 87.7
Al1B1 83.9 63.6 83.78 58.7 7.7
C1B2 101.4 84.5 118.3 79.5 104.0
C1G2 100.4 80.8 112.2 75.7 98.0
C2G1 120.9 93.3 132.7 88.6 118.1
Al1B2 94.4 84.4 118.1 79.3 103.7
C1B1G1 90.0 79.9 110.7 74.7 96.6
Cl1A1G1 116.4 86.9 122.1 81.9 107.7

BRBRBRIE, FCRA /D _REHRTEEE S, ¥ 7 HFRP HFERLTEERENGE TR
#4 HFRP ARBER LA BREHEARTT, HE Table 7 Statistic indexes of strength models with

Eﬁkh‘ﬁ{ﬁﬁﬂﬂ‘i 6. concrete confined by HFRP
R+ 53 4
%:1+3.1ﬁ © - fARBSHAEL
o e FE EE ERAK/%
EE-J R ﬁ‘igﬁ{ﬁ%i‘t(wﬁﬁﬁﬂﬁﬁﬁﬁ’ﬁ%éﬁ B Karbhari&Gao 818  1.21  0.09 73
S AERFECH 0.932 3, K EKNTFHE R 1.00, 74 Toutanii M 088 0.07 -
£50.08, EREHH8.1% . ' ' ' '
Lem and Teng #& 1.29 0.09 7.2
4 ﬁ%'&ﬁﬁ . AXPEHE 1.00  0.08 8.1

HFRP AR #F T RGBHES, & TRRENSE, A« F75 HFRP A ARBR .

#A= Ze (7

€0

AH, e N HFRP YKIRE LR ENA ;e HRARIBE T AEEFENE.

7 8 5 HFRP AYWE B L AERY pn fH. WTUE R, KA RIEE L, HFRP ARBEHE LB &Y
BENE BERE. 2 EAGEMAKE, X4 C1B1.CIG1 1 A1B1 ] x B2 514 4.63.4.93 F15.76. A
RER AR £ 18, 1A1B MEI MR R IF. 3 BAARN, i C1B2,C1G2.A1B2 1 C2G1 # p, EHAHH
6.11.6.67.6.74 1 7.49,2C/1G ¥ ¥ R & iF.

*8 HFRPAFER LB p, (&
Table 8 u, of circular columns confined by HFRP

w5 € € Ha ENGE A €w € #a
PO 0.003 21 0.017193 5.36 C1G2 0.00321 0.021 405 6.67
Ci1B1 0.003 21 0.014 876 4.63 C2G1 0.00321 0.024 044 7.49
C1G1 0.005 21 0.015 833 4.93 Al1B2 0.003 21 0.021 642 6.74
AlB1 0.003 21 0.018 486 5.76 C1B1G1 0.003 21 0.016 887 5.26
Ci1B2 0.00321 0.019 604 6.11 C1A1G1 0.003 21 0.021 850 6.81
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ET AR, FERAR/DZFRILFTRIER T, % HFRP 4 & #5015 29 516 B, Br iR AEAg Ml
29 3R B 1 B KT, 9 IR B - R R R A (N B i+ B A R
fi

eoc_ Jt
ew—2.9+5.45f;o (8)

5 HH-ETEREHFRE

5.1 Eh-EELHBS

AR NG TR AR S-S LR

& 3(a) HidfF PO & 2 BRI B2.A1B1.C1B1.CIGl I H—-W A& 4. A {# B2.A1BL,
C1B1 fl C1G1 W J1-RE £ M a b LA B RILE . THE.

nEH, HFRP SR8 L 49 RKAE AR/, RN ATE SRAREMIE  EERBNY K, BELY
Mir AT H K, HFRP MARERM K, 18 HFRP YRR LABRE 1 M AWHFREVES TG
PO 1R PR T R, {ELIFT & Rl B AH I .

BE| EABRSE 1 HAREN, BELHERBRRS, MAEEHE, & T FRP AR, REHFANE
SRALET B, TR AR SE RS K, B KBt RN B AR B B B B R R . R4 C1G1 BRI R K, KK W
K C1B1.A1B1, i fF B2 NI E §/, X 5 FRP B9 29K R BEAR X7, 8 HFRP 25 F] B 0 ik (g NI B
BELWH.

BERRAR TG, HFRP R A AR B EHBIR, KB N TRER. R C1G1 BAELRBK, KEMH
3 CFRP BT /5 . 71 53 48 & $E 1 38 GFRP, A4k 4E3 . GFRP Wil /s, ik R 3 FE . %44 C1B1 &
R EZRBOR, BAB S TRR; A4 B2 BIREBER L, HABE N E; Wik A1BL £RBEHERAH
B, ABIRBR AR S G REERRABSH 30% ML, 2R ROFEMBEE L HREN, R THRE
8, LR B 0.

B 3(b) Kk PO & 2 4 3 BARIRM A1B2.C1B2.C1G2.C2G1 B -4 4 g 4%, W] & 4, HFRP

HRRERN EABRRE SR AFRA AT,
. BT A1B2.C1B2.C1G2,C2G1 # HFRP £43R NI B R A, SR AL B &% X (9 ) BE B B R 1R, B4/
T EFBRNIEE, AXZUMEF R C2G1>C1B2>C1G2>A1B2. {4 C1B2.C1G2 fl A1B2 W EMZL B
SR MEFLET 1:2 RMAW, P 1C/2B WBMB R, 1A/2B BHBCRBF. R C2G1 HIEEM
RRAE G R RBALA 2:1 1B, HARE N BENEHEAT 1:2 BRAKRME.

R C2G1 FFIRMABRNERBEER, BREATHK, HEERIR; R C1B2.C1G2 #1 A1B2 3%
FIMRARNEREZERARBE L AR NWE, ZEARBNB BB, TRASHK.

B 3(c) ikt PO & 3 #4F 3 BARIKH C1A1G1.CI1B1G1 M H-RM A2 #48, ik C1A1G1 BiLBt
W BE e B AR PR AR B 1K F iRk CI1BIGL. iR CIBIGI XM AR NG RBRERYRELEL -

IR B IR, TS R B BB, LRI iR CLALIGL BFIRB AR NG REEE, B M
120

Cl1A1G1

1 i A 1 B 1 J 1 1 —
0 0.01 0.02 0.03 0 0.01 002 003 0.04 0 0.01 0.02 0.03

£ € £
(a) PO, B2. AlBl1. CIBI. CIGl (b)P0. AIB2. CIB2. C1G2. C2G1 (9) P0. ClAIGI. CIBIGI
B3 RENH-HELHR

Fig.3 Stress-strain curves of specimens
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R/,
5.2 B3IRELZBRSEHBNTR

ST A0 B B - R R SR & B, B
iZke 3 WA, 2 ME KB LRE, fa
WE 4. BEFFABEE USRI BEXKREYN 0000 | T E, |
MEXR £ HARER w7
f;=fm+fl ' (9) ©
E,
5.3 EN-EETRE ol .
ETFRABLR, 8T HFRP ARIRE 5 + B B4 HFRP 4% IR 8+ 5 5t

BB -R A R BFRIE R, R 1) B -R A B Fig.4 Stress-strain curves of concrete confined by HFRP
SHFE1 BAER, FEITHRBHE L MERE
Es2)RA-RMA MR 2 BAMMER ;)N A-HEMKNBEIBRAIEAR, HENE,;)F 2B 581 &,
83 BOLRER, MR SAMETNERFIH eoe, HEDFIN ELES) B3I BRERBNERESN S
B RN £0:6)50 3 BELKBK S ARMRAR N R, WHE 4.

HFRP #5RIR £+ 9 B 3R AR BE AL oy

A 0<<e <€ 0.=E.c, (10a)
Yo Ke ey, 0.=A1(e2+e2) + Az, (10b)
Y e e e, 6.= fo+ Eqe. (10c)
AR (10b)
— (EC—E2)2
M B Eew- 1] an
_(E2-E})en—2E.fe
A= A (Ee- Edew- £o] (12)
2K (10c)F
Ezsze_—f-; (13)
__2fe
€= E.-E, 2¢e, (14)

A 5 A C1B1.C2G1.C1A1G1 M C1B2 iR B B R 5SM A M R, AL 5B L5 5 HiR
BHMASUEHMR, T RABRMESHEHEY S B,

120

A -
0 001 0.02 003 0 0.01 0.02 0.03 0 0.01 002 0.03

£ € € £
(a) K4 C1B1 (b) ikf4 C2G1 (o) ¥ C1A1G1 (d) ik C1B2
— RRMHE  ---- BAHL

B 5 SRS tni R i

Fig.5 Comparison between calculated curve and experimental curve of specimen
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6 it

DHERAFIREE R, 1C/1G.1C/1B M 1A/IB BB AR R MR ERE S JIRE T 154%.
134%#01 140% , WE{H 2 FR B T 393%.363% 7 476% . MEHBREHEMEF A 1:1 B, 1C/
1G HR R BT, 1A/1B EI R B 4F.

)M R LR IR B 4, 1C/2G.1C/2B M 1A/2B BB AR R HERES BT T 187%.
190% 1 170% , BB E N FIRE T 567%.511% M 574% . RERESBHEMRF A 1:2 B, 1C/
2B HBRPUR B i, 1A/2B E B R B IF.

3)AH H R 29 IR B 114, 2C/1G.1C/1A/1G f 1C/1B/1G R AR R GM R ERESBES T
245%.233% 1 157 % , WA FIR B T 649% .581% 1 426 % . C2G1.C1A1G] BYHLIE R EE e {8 7 7
REWHE, BEERBEIFTHE, EHhRE.

4)HFRP #RIB G - R A RE AR ERN 3.1.

5)# 4 T HFRP YRR S L ALK f-R AR M 2280 3 B MR, A 5B L B 17 Y 4.
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Experimental Study on Mechanical Property of Concrete Circular
Columns Confined by HFRP Under Axial Compression

DENG Zong-cail, KAN De-xin?, ZHAI Yan-zhi®
(1.College of Architecture and Civil Engineering, Beijing University of Technology, Beijing 100124, China;
2.Civil Department, China Huan Qiu Contracting & Engineering Corp, Beijing 100029, China;
3. Beijing 1st Quality Inspection Institute of Construction Engineering, Beijing 100039, China)

Abstract: Based on the experiment of concrete circular columns confined by hybrid fiber sheets of carbon FRP
(CFRP) sheet, aramid FRP (AFRP) sheet, glass FRP (GFRP) sheet, fiber reinforced Basalt polymer
(BFRP) sheet under axial compression, this paper analyzes failure configuration, bearing capacity, peak
strain and stress-strain curve. Experimental results show that: 1) Comparing with the specimen without
being confined, bearing capacity of specimens confined by 1C/1G.1C/1B and 1A/1B improves 154%, 134 %
and 140% respectively, peak strain improves 393%, 363% and 476% respectively; 2) Bearing capacity of
specimens confined by 1C/2G.1C/2B and 1A/2B improves 187%, 190% and 170% respectively, peak strain
is improving 567 %, 511 %and 574 % respectively; 3) Bearing capacity of specimens confined by 2C/1G,1C/
1A/1G and 1C/1B/1G improves 245% .233% and 157% respectively, peak strain improves 649%, 581%
and 426 % respectively; 4) Based on experimental data, confining coefficient is presented to be 3.1; 5) A tri-
linear model is presented to predict the stress-strain response of concrete circular columns confined by HFRP.

The theoretical curves agree well with the experimental data.

Key words: HFRP; Basalt Fiber Reinforced Polymer; mechanical property; confining coefficient
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