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W E:BLRAAEHEARSYR—FEGN R TN H A FRP(Fiber Reinforced Plastic) &8 . RBH K
THREARZKARANERELROR SR, FSFLARAMEBNL AR ZBARE ME R ELROR
THEH#IT TR, ERRA. SEMBEIRER BN FLAGAME RH L, BN R EAF A ME R
EHREAFIRET 4% 0 142%, R ZFBAEAMBRELRAARRAELE.
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R B L3R B I R A kR B BB T A TR SR AT &2 RE . BT RS K FRP
TR SR A R AL, 8 TR R ) PR RN B I T BCR, B Ay B B R — S A B R 16

WA R RE G RBEARIERE, (BRNE, B E R BIR Y RN, T #R # X 45 H i b
B, MEEREARS, EENBLEEANELE, FEEHEERROET. R Z M F % (polyethylene
FRP, i/ PEFRP)#P 8 BRI 4 LA 2 R H95E 3 i fEEE FRP A8, RAR B RIER MR
B, G RRAREFNER Sk IRGSHE. XTREAERZABTNESZHHFARLMRE. FE
WA T PEFRP i iR &+ RAB OB R, AEAHWME RIS TR T KB HIE.
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1.1 HEHEEe

PEFRP M B TH KB F MR B AR A S &7, FLRRE N 2 GPa, BYEHE BN 90 GPa, IR [R &
4 3.2% ~4.5% ; AFRP A 3918 )1 32 B 6 PR 2 R] 2 A9 AFS-40 ﬂ%%ﬁ*&iﬁ B s
Bk 2.06 GPa, YL & 118 GPa, B /EE X 0.193 mm.

1.2 d#igit
REEHT s RERRENGRELR. 1% PR 208
SONE VR R, B M I B A PEFRP\AFRP T TT I ITIL] | | TT1 Hld""%%j%
AMERE 2. $K 2.3 m, ¥ 120 mm, & 200 ®
100) | 700 L 700 700 L 100 120
mm, 5% 2.1m. AMRBUFAHH H2014 | 2300 }
(HRB335), A MA LA RN 1.28%. BWAN H1 RESRSEHE

¢ 6 iy 7 (HPB235), [B]BE 100 mm. 337 % Fig.1 Geometry and reinforcement details for specimens
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C30, LWL ITRIRBE N 40.4 MPa.

®1 HB MR
Table 1 Mechanical properties of steel bars
i Ji AR 58 BE / MPa M{E ¥ ¥ /MPa R/ % BAEHB/GPa

(oF3 467 531 6 204
$s8 299 436 21 . 206
b 14 420 632 20 202

1.3 hEFE

JEBIN 1 AFRP 7 inE R Ay R %550 2 1 100 mm FHY AFRP 7 U B4, S EEE N 100 mm, B¥ N
12, ABE 19\ 15 AFRP 576 2o & A& BB R BUR, E 2 BiR. BN GG MERY TER . KEL
BRHPRERER, EREEEAABEXR, RETERKIEEL . B RIURE, IEBREAL G 4 44 B
Emi R SR LR X RERE, ERRRBEERIER, AR KIS A EIEEIE L, U
REEEXR IR AR FREABTINL, BPRBEHI NN Bk R E e EX R L, EFEm
MFR R AR, FRESRRRBELRLSMSE, B HTREMEREYP, E 3 iz, RREY
45 X ESBE 2, P BO MIRHER, ABO #5IEHIN ) AFRP 7 0B 82, AB45 BN /17K F 45% 9
AFRP 7 & 2, PEBO #& 3£ 1 PEFRP 7 00 & #, PEB39 #& B /17K F 39 % A9 PEFRP AifnE 2.
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Fig.2 Strengthening beam using non-prestressed AFRP sheets Fig.3 Strengthening beam using prestressed FRP sheets
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Table 2 Details of test beams

AR nERE FHEY  AHEE/mm B Y 3 /MPa o U S
B0 % o & — - — 1 —
ABO FEHR S 2 100 0 1 "
AB45 BN 2 100 925(45 % FLRRE) 1 x
PEB0 EBEEAN 1 100 0 1 x
PEB39 IR A1 2 100 778(39% HLALMEE) 1 %
1.4 WAAZE

HEWAERAEF DRELRAOBIOBE2)BELRARS;3)BREL RO BENE, 24X
BERL B 3t g 3 MU B AR BRI BE. B BIRMEA IMP HIERERERE, ATHERE.
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Fig.5 Failure configuration of specimens
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%3 AUHERERARER
Tab.3 Experimental results of load and deflection for specimens

R Fa JE W1 T

BT EERE/mm RN BERE/mm HR/N  BEHE/mm WR/KN  BPHE/mm /N
BO 0.73 6.51 8.84 51.12 36.29 57.64 38.32 56.94
ABO 0.87 14.80 9.88 62.78 34.14 86.40 36.93 85.26
AB45 2.28 17.60 11.69 81.90 21.25 95.02 21.70 92.37
PEBO 1.03 6.64 10.26 57.30 36.46 65.58 42.01 63.24
PEB39 0.59 10.32 8.53 59.32 32.93 71.06 38.38 68.50
2.2.1 &BAH

f3 3 A1) SHRAER B0 M b, BN 5 PEFRP M # PEB39 A XN JER GEFRIIRET
59% .16% 1 23% . 2) 5 AFRP hnfE $ 48 bk, 3E Hi M J7 PEFRP 0 3 PEBO 7+ 3¢, B R, v 8 A8 tL
ABO R4 BIBEML T 55% 9% Fl 24 % ; T #7 PEFRP 1l 2 PEB39 i 72 B R WG B #7481 AB4S 24
BIFRMET 41%.28% M 25% . 3) 54EHi R 7 PEFRP N % PEBO A8 H, HiM /1 PEFRP hlfE # PEB39 £y
FHER I ERE DR T 55% 4% F18%.

MR L RKE 1) HiN S PEFRP B ERBRELHAR . 2) PEFRP MERMEAR S B E /D
F AFRP MNE R, X FE 5 PEFRP M BB B KT AFRP fiF . 3) Bk PEFRP E 53
Wi /) PEFRP ME AL, ARERE THBRE.

2.2.2 BRE

B3 3 T4 1) SRR Bo Mk, EH R /7 PEFRP 0@ PEBO #4972 JE AR . i B 4R PR 757 2 A8 B2
RESFEET 41%.16%.0.5% 1 10%. 2) 5 AFRP inE R4, JE B S PEFRP ik $ PEBO F
2R e AR PR AT B R B A H ABO R FIMKT 18%.4% 7% M1 14% ; BN Sy PEFRP &
PEB39 B34 | JE AR A RL 2 BEAH e AB4S 3243 BB/ T 74% .27 % , {804 {8 . 45 BR 77 380 AH R 18 BE 43 B 0 K
T 55% % 77%. 3) 53R S PEFRP N2 PEBO # t, Bi i /7 PEFRP i # PEB39 A FF 3 B AR
M R AR REDBIB/DT 43%.17%.10%F 9%.

ZR%W 1) EFN S PEFRP ME R HREWE X TFIRER. 2) PEFRP INERARBHREHBX
F AFRP @ . 3) BN S PEFRP ME RHFHN . JERHEH B/ FIEBR S PEFRP & R, itk R

375 G R /DS
2.2.3 WE-IBEHR

HR G- REBRLE 6 FIR.
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BB h s E AR HERBE AN, BN ZH MR R EEAE
. EEFENEM ZRNRBEELIHARGBHT
fef5, /1B FRP fi I RIE MU i3t R &4, FRP i i
n B Ve T 4R 86 . SR tH R, A TTD 5 BOFEAH (R i B4R B FiR-HEEMHR
5T, FRP MG RH % P EM R RN, BT Fig.6 Load-deflection curves of specimens
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x4 ENRK
Tab.4 Dactile indices

RitHS B0 ABO AB45 PEBO PEB39
“ 4.33 3.74 1.86 4.09 4.50

HE 4. 1) SiREREK, IEFN S PEFRP ME R PEB0 X ZB KT 6%, MBINH PE-
FRP 7 N 3 PEB39 YRR E T 4% . 2) 5 AFRP i @245, JEH M 5 PEFRP 10 2 PEBO %4
EY L ABO BIEFE T 9% ; B f7 PEFRP IR PEB39 SEHE REAE L AB45 B4R T 142%, F 6 PE-
FRP fnfE #a EE B F KL F AFRP ER. 3) 53BN PEFRP bifE $ PEBO 48 1, Bi M /1 PEFRP bn
IR PEB39 M RHIRE T 10%, B FHN SR E T RAW N E, i PEB39 3 # B IR 52 5 MK, {8
F PEFRP fifk B 94, f PEB39 RAMB G HMEF R KM HBE.

3 #it

) BNARZHAEMEABRBRELAR S, ORFBEE DT HFLAEA, XE5RZHARLN
BUEBRAB DT HFRAEHRAR.

2) R AEARVBRARELREAFTRTHRE. AN IRZBAEFNERELRHERR
F7RARTRY 1 5 24 £ 4 A DN B SR A K 48 5, (ELAR L FF 2 I R 7 BE O S 0, T AR R 1 B s MK

3) BURLSI T Z450 45 4 A5 i B 5 SEE 4 2R MOAH b W HE SR TR ) 5% 40 &F A I (1 SR 4 B4R B 29 4% A -
142%, RN ZHBAEHMERELRAA R R A9 EH.
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Experimental Study on Flexural Performance of RC Beams
Strengthened with Prestressed Polyethylene FRP Sheets

- LI Jian-hui, DENG Zong-cai, DU Xiu-li
(College of Architecture and Civil Engineering, Beijing University of Technology, Beijing 100022, China)

Abstract: Polyethylene fiber reinforced plastic (PEFRP) is a new composite material with good ductility.
Based on an experimental study, the flexural performance of the beams strengthened with prestressed PEFRP
sheets are compared with that of the beams strengthened with aramid FRP (AFRP) sheets and non-pre-
stressed PEFRP sheets. Results show that the ductile index of the beam strengthened with prestressed PE-
FRP sheets is respectively about 4% and 142% larger than that of the beam non-strengthened and the beam
strengthened with prestressed AFRP sheets, which indicates that the RC beam strengthened with PEFRP
sheets possesses good ductility.

Key words: fiber reinforced plastics; prestressed; mechanical properties; concrete
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Improvement and Application on Response Surface
Methodology in Shape Optimization

SUI Yun-kang, ZHANG Xuan, YU Hui-ping
(Numerical Simulation Center for Engineering, College of Mechanical Engineering and Applied Electronics
Technology Beijing University of Technology, Beijing 100022, China)

Abstract: Based on Response Surface Methodology (RSM), the objective function and constraint conditions
are approximately explicit to overcome difficulty of sensitivity analysis, the Sequential Quadratic Programming
(SQP) model was formed to find optimal shape under displacement and stress constraints. An improved re-
sponse surface with exact value on the design point is constructed, which eliminates the intrinsic inaccuracy of
response surface. The constraint response surface, combined with improved experiment design method, was
constructed through few times structure analysis. A second-order evaluation function was set up for each con-
straint condition. Rational move limits for each design variable were calculated in terms of the relative errors
between constraint response surfaces and evaluation functions. The optimization strategy formed with less
computation and higher precision. Examples are given to show the efficiency and stability of this optimization

’

strategy.

Key words: optimization; response surface methodology; sensitivity analysis



