2006 4 8 A
E3HFE M

o TR

Engineering Science

Aug. 2006
Vol.8 No.8

FRP i BN J1 iR &t L RIT S MR REOT ST ot &

RELX, TR, £#EH, ARE

(KX TV A¥BATR¥KR, LK

100022)

FRP i B NRBELEME R NE NI TEFEMENER, XEXHNMETEHNIMRN A RS,

RN TR GRS RS FRP BN R L RAT U AN EERR, AMNSEUFROFRIERET

[(WE]

i,

[X@@iA] FRP#; BN HRELR; HSHE

[(hE$S#S] TUS28 [Iﬁkﬁiﬂiﬁ] A
1 #F

BEBEALT, AHBEELEWAEFERBEK.
ZHMRERT. EMEREMRA. ELNATH
2OBE. KIEHW., BO05HURKMBEEFEM
HRBRBHEMNFRE, A TRONERTRBEH
EAWERERIEETEN; FIRNHEMT,
MM EHEBRNEEER. BRERHA, AAEX
L S0 SRS, A 14 EHRMEMmm™EHR
3w, #TBHELTE 400 12%70; B S4EE N
HEMMIIBHEFMRIE ISILETER. R
e EREE, B 20t 80 FPHLIK, KRER
AASEFRRAGEEHE (FRP) RENH.

FRP MBI EEREE: HABRER, SRR
MeARHET; EEERMIEGHEERR; &
'/, (R B 25% 7% %h ; FRP i K R
HRELMHE, BEEE/D, AL ENHH
25% ~70%. FRP ZW M A FTHEL. EXRAHAE
. |EMLE., T TRESEH ., EEBNS
FRPIES+ R+, T FRP Hi K ERMK, &
EXFERAETRTROBEMNERTE LK, FRPH
REERMEAEBRIRELRK; H4 FRP HRK

(B8]
(E&mA]
(&M ]

2005 -07-25; BRI EH# 2005 -09 - 26

[ZEHS] 1009 - 1742 (2006) 08 — 0086 — 06

AR, SWRERERE, BT SWKTRLE
o —F A BRI R I 5 BOK FRP A5 A4 8RN
iy, XHFBRREEMEMKNZEREE, QELWIE
th, XBERI A FRP B3R B 4% o E 53T FRP # 3
RAREELFHMRBI R, MAXAEE, B
ARG —HRITHE; RENHFERES. BT
BntRHET FRP FE BN IR BE LS5 F IR A, K
BWitRHS %, X FRP BN HBE L RHR T
HREHTHRABR, B—H+0EENITE, £
587 FRP BN 1 1R B + 4540 B9 BB AF SR LR
MENTFRFAREMIBYARE —EHNSEME.

2 FRPHME Hhst L EeH T ik

FRP A1 BT HISRBE 5, (BHUBUSRBE SR, &
FRP i —MAE R B ZHAS . BE L RN
RITOFERPHAR - BEMHE, HERBEAR
51, BAMGTE, HENEHS., HATXT FRP
TR R L R T R T, A S
WXERBFE, FTESFMERERLS ., KRE
a5 AR SN NG 45 TN IR B - S5 A B E RS
FERERE,

2.1 KN EKE FRP HFIR BB RAT L

IAERTARBEESERMA (8051001); ERHHFHE (KM200610005007)
MEA (1961-), B, BRAHKRNEA, ¥+, AFR T ALBATBEEEHFRITHE



%8

XBFA S FRP i B A 1R BE £ ROT St RET L it 87

] 4 412 3 % i 9 A KRG 45 FRP A BN ) TR B
TRMIEHRHT T KEMFR TIE. #/E%
Xt AFRP f B 7 SR TR E R A B A AT T
R, RBRTHSEAEBNAHOME. B
BeLRERMMB L, BEMFEELILH AFRP
BN SR EE L R AT - RE R E TR ELE
KR, FREENLREEXR, BRNEERK; &
SRIREE L N RN ANTEAR K, EXR
PR 25 9% B Y W L 0 AFRP 5 1915 7 42 B 3R B )
PRI AR B N AR RN, BERBRRE TR
FE W TR %8 1 3% B MO 48 = M sk /) ;. AFRP N ) 1R %%
4 A ZE VAR AR N R B R MRE R FE &R

B 1 = F 5k 3 8 4 B % BT B FRP 5 A1 GFRP #
BN HiREE R Z SRS TR, @it
o5 AE TR A7 7 F i AN 3% X 3R TR 7 A B R R R
XHHUS RIS BTN, KB REN .
RPN K45 FRP 5 BN 7 1R 88 + R A BB 7
1E AT P B AR IR AR B IR R E SR IAT AR
SR TN SR TR A B, AU
AT R, BFHAREARZEXEE
&, WERBEME.

4, 1992 4 Luc R %5 FF 581+ GFRP #i A T
B hiRgE AWK AT, W3R 2m K
GFRP i BN SR8+ 2 1R 2 RF# 20 m B R
HRH#TT RIS, KK GFRP #i A F B
TR L EMREAITH, HS5 BN MHEEY &8
4. 1995 4 N2 K H KK FRP 7 B T B 6L /7 1R 8¢
+45#9, Abdelrahman % Xt FRP i /1 B 8¢ + #F 42
AT THRY, Rt 7 4 48 CFRP # B A
BEE LR, TSR CFRP £ 59 R &M n & 7
X, FitH CFRP N /1R 5+ REBRA TR
HAR M, HBERKEHE /N, BN RERK
KA HEHBIREIR, NERBKE, NET R
MPEER K. Frederic 5538 i o528 1R %F 1 98 & 1 B
N F17K ¥k X CFRP i B /1 R & + BT TR
', HRRRLNBIRE B CFRP Bk 51
RN G BN R AE A BB, &R
W REFMEYE, KREE R S BEMIT 448k,

Patrick Xt FRP i Bl IR %E + R E EE
BEHHAT TRAFAKRR", HOITMHLET &
FIEH IR R AT FRP BN B L M B,
R IExf 23 WA HIRE L RH#TTHR, KR
WEBETSHEA: BELRE. BN AKE. B

NABHEURMBIR, RBREREH: FEW
MBRE T M EHEIAIRAEIES T FRPIRSE
+45#; AFRP, CFRP HUR. 77 B8k R A 8 K 5 B
AR 1/60, HNEERIE., HEMBRNER
E¥BA, BRATAHBAEIK; FRP HHAN IR
IR EERMUTE, Ah 0wk, B
WA/, EFREREHIER 1 =0.5 (E /E,.
+1) REEEN, RAEARKTBREH, T4
It AT BdiARERHIIHE, EX
RHEMIERIER Z= (A M,) /(A M,) BB2E
Mo B BN R EE, BEE A TR B R X
&S TF FRP HiBin . X E, 38T S RIEFE
MERER, E TEHEFENMMEER, A, 14,25
BRBRETAMANERTREDREE, M, M
M S RERBRESEMARNELE,

Chad 5§ %} FRP i H N /) R 7R 8 st 7 T #
WA MR, BB M RAE X R M2
HPEREH %, R T FRP VR R o, KK
&, FHERH T ARE SR BN R AR N R

B M, HTEXSHWMTF:
R
fe €a v
o v ey

FRP f5 UM /7 1R 8 + R AR S RIHE M, :

R FRP BRI R o NTFHEH R 0, ,

% p<0.5p, B

M, = pbd’f,(1 - k/3)
Heo k= v (pn)* +2pn - pn;

%0.5pb<p<pb i

M, = pbdf,(d - al2) GEHR) Q)

R FRP FiM IR p KT FHEHE 0, :

M, = 0.85f' bB k,d* -

(1-B8) camm @

He k, =\/p/\+[‘021(1—:—:)] -

R (1) ~R 4) P p—HBEZEXRSE
THRANERELNRERY, . —RELZE
SREE, f.—FRP itk FROTPIGRE, e, —RBELHK
FR3Z WA, e,—FRP SR FRITPLILAE, e, —

(LHR) (2)




88 FEIBRE

R

BN H BB KRB, b—REXTE, d—
PN AP LB ZEXAZKNIER, n—FRP B
HESESLMUHEENNE, . —BEZTEXR
BrEMERBHMMEE ., Chad ¥iLE T 5 1R FRP
FHB H R RB A A 8 MR A NIRRT
MU EHEARBT TRE, SRVARE; BUE
FI FRP i B9 ¢ 3+ 3& BE 16 b B0 A 22 B9 ¥ 3 4K 48
CFRP #1 AFRP Wi b 7 1R %% + 45 #4 i i i1 38 B P K
AE 4518 0.85 #10.70,

2.2 kAL HLE FRP FHMEHRRELRA T

FRP i 5 ¥ EMHARKXF|, FRP iR M
tEtkl, TBHERIRE, ZFRPHSEELZ
B RELKER, N FRP HSAER KT ERE L
EEBBRENN, RRHTEEAIKE, A THHR
B, BTN B X JERG 45 X & AR 4 K 2 FRP 5
BN ARG EWHT T KRENHR.

B R A B R AL X AR BN AP BB R
TN K S FRP BN hIBRBE L RMZ AT
B, EREVTRL TS FRP i M H R HL
HURTKETNL S FRP BB+ RN EREH
HNEVHEATRITAETE, EEBEARNEHR
FRBEHEE —EMRE. KIMBARE A&
TR 45 BB 1 CFRP #5718 € 1+ 3 i BML g 3 2% A0
ZHABHG THED, HEEH: EXRER
.77 CFRP iR #E + 32/ 3 hr X fin A 2> & e BRL A
W, ATARBBNRE N MENE, ERSHFA
WMAEMHNERE; RBATEERITES TN N R
B+ R R BTG T TR 4 TR ) B4 4
HBETRREWITHN, U EBIXEEXT FRP i

RARBELRNEAEBHRETERATHAEEAR

MEDE, TTRER B FHEM FRP Bt M REARFH
e, HHBAERE—SHR,

Mohamed 55 38 i B 28 B 7 B WG 45 77 = 4 )
MRTEME . THENRIEBN S RHHRE
Pegel, BESTERM . TS AFRP 5 WA R B
TRMBRBRIEAE S AR ZGT WA RS BN
JRE 10% ~20%, BEHRBEEEIERTS
150% ; A Ki%: AFRP # B 5 7 18 8 - 2 b6 4 B 3R
Bt s AT LB TTRE S TR J7 . FB SRS 45 B 5
BRGNS ARG EBR G SRk
R, PR T EEEYMBNEYE, B
Th AR R

Janet #1 Chris XF #8435 82 FRP i BiM 1 B +

EHATTRERARAME R HFY, Fid kA
AFRP il R M BINL N B RS X (B4 .
TR SIS REEE) X 15 B A Rt 1T TiRK
REERN: EHHE TR RA KR
AR, BIFRH T AFRP HR B N5, B
BRI BEHESIRE SR/, THEBN S RBHEE
BRHENEN, REARHBELERFSIE, &
MABRNKARBRHETRN S RK 25%; ok
LERTUNL 1 BRI B B R 8 RS i A A
S, RTRBEHR, Janet EXRELZH T
AR TE O VR X B 43 RS B BN ) R B FF S B AR T
RAHTTERSN, SKRERVERY, TH
FAbiit FRP B A BN N RE L RO FRME.
R BR 75 Z AN A

Tim 25 38 5 E 4047 T FRP 5 B 5. /1 B % +
ZHZHSR™, BEERLNR. ANEKE
BN RGN N RMZ NS, RBRTA
BT A& A RMBIR, #BFERERH THRE
BF, EBETHAEZR, XEH ACI-318 LMt H
EMRRTWHE, FRRVLEERSELNESE
h¥EIL, XA FRP BN iR+ REHR T —F
BMEN %,

Zhi Fang %Xt FRP #7884 #; /7 1R 5% + R 4R {1t
TR B . — R8T 7 B K R
mMaR n NMERE, BENMEEESE » B, BT
BE+ 545 FRP Mi7E RN R4 X T th A
Rit® FRP BN i &, ELHBNITER/ S
BNMNZASBHMHE - REML,; BT EREE
FRP ST h R - thEMAXE =K, Hk
HREBEBR SRR SR Ae,, TNARFH
BB A D,, BLXIEBUN J7 40 5 8 AR BT 89 B
REEE D, IRMRREWESHRE D, SHRER
HITHE, RN TENERIY SR, mE
HEERNEE. A,

2.3 {kSMNTHGLGE FRP SiTARL B S L RITTHERE

H TR B B A RS TR 45 BN ) A R 5
HAE, EWSRBEKINEN RS L2 TG
B TR 2 e BR A PR T KG 45 B A7 1R B + iR i
#HT, EHTFoRSELRNELE, FEHXHMH
BT ERNITHEERSERERRER K, KIH
MABANAIRBERNMBELEWY T EZ—, BH
FFRPHHRFA. RiR. MRS, BERSIT
25 Mok 8 B AR X ik Ah T RG 45 FRP #5 B A J7 1R %%



% 834

MRA%: FRP BB hiRE L RS HERTHE 89

THHRMFF X

R KFRRITZE ST R SN /1 AFRP $i R 1
HEHT TREHFR™, ABREREZHRARKS
Fi R 7 AFRP 5 XF 4R A IR 5 + BT E, AT g
REEHWREARE S, B/IMREMNERE; Z
L 490 5 T A5 248 %ot 4k A1 L 7 0 A TR O - R A % 1
BB W K MRS BUNL /1 AFRP iR & + 4%
TR

Robert 28 3% T B /1 CFRP 5 /in B E LR K
ME™, RBR‘XRHT IR 2EBNELP, Tk
SERRMMEMMLEBARR,. ARERE: EELE
RABHELAHTREME, BEEXERRBRRE
THZERE, BN 80 E R L ES E L
MEMIE, ATERMERER; &% RHKH
CFRP f B A7 [ 89 3% 25 14 68 5 1k 44K 5 B 6L 7
o E AR, B O R SCHE A S B R R A TR R
W BT FRP # R H 22,

A.Ghallab %5t & 4 FRP #f $ 57 1 fin B 752 A
RELRZHFTTHR™, AR H 3 REME K6
AR, ARG RFEY: R AFRP B A 1 m &
RMRMBRABRNDEMENBILE, FERRTE
BE LR . RN ARSI MR KN BB 0
BE, #Ex2We, ARALBEHFTHEET
B, MERENMGRT, FRTHR. BEMRRE
BAOMENE, EABBHRHLEHE.

Raafat SFHF R T & F K & XF (£ 5t CFRP #j B b
HMERRERMEZEY, ARAROEIERREE
Bt S/d, FRK 7 K 45 TR S A i BURE 77 BE PPR,
WX 3 HIE 2 BRERN KB RA, KIBN A
CFRP INE - —FAMRMME T, HBARN
BAATEE 70% ; 21K P9 H K 45 BN 7 4 5 T 6L
J1E PPR M, BE L S/d, 8K, ERERKEK
BORBHEKR; BRI S/d,HE, BN E
PPRE/N, MEKRRBHE; BEEREEE X
R, U THIBMNAOBON NHEITES, 5
RIELERY) & BT

Kiang 4§ X {51 ¥ B A7 J5 %8 fn (5 1R 8€ + B2 47
THR™, EESHFEMEREHTEREmE
WKE, FEREKETBREAB Q#IFE TR
InE R ARSI BIHE, FiXBRREIET RS
EREMRBMENTITE. ARV FETLSH
RAKSNBUN AR RN . R I E & BE FE ) R
W, IRERRY: MREFEMBKEHRET

EMEMKE, WEHMER—FHERSME S
W WMEMEE S X ENER « FEZHR
XM A ; R BRIEREA %
BKE, MExtTEEMER, RESmERARRE
B BAEEMBEANLERESERESHENS
R, HERTERMER; BRHBESRRERY
AR, BERBIL 6% -

A.Ghallab % 4 T #1227 T 4 F B & X3 K 5 B
MAMBREENERS, RESEE: TNH
K, FHEBRMAE . RSB SRR E . nE
AMRMMESE ., BELBEMRNERL, KRS
REW: RSB SRR BRI NEY B A
BIEARRE; MEBNAKFNER, MERE
AR THEER/D, EEEREME; 2 M mR
BB RCR 1 ANEISF; Bl TN A 5 R BE A 3
o, nE SR AY B RE WD s hn AT A 32 96 P S AR B
TREXMMEERNZTHEERAKR. BRTRR
B, BB TEHHERE L REEMNLD
X, HREBRAERERETZERHARXBITTEM,

GEEPTR, R FRPAIERBE LR PHAE
AFE, BRZAOVBENZ HELERANEX S,
RN K4 FRP S BN 1R B + R EEH FRP #j
S5RELHMERBETN S, EMRTHESN,
A AR 4 B A7 40 95 1R o - R A AR T 4 AT O ek AT
B, BeBUE. BABRE. BANERENLTH
ISR THR. KN THS FRP £ #M{Kk 5 FRP
BN ARG LR, BEERE FRPHFRMNHER
RN 1, AR TR THS FRP #
B ARETRHZAIUHEERRNER. THS
FRP i SRR RE L =4 A X ES, 51’
BrBEZEMERLAENA, BB S FRP
IR 2 AR FROIR 25 S RE il i 45 I B E E AR
AWM B EITE, BN AHMNIME (Af,.) B
fEd S MM B R RS, SKATHS FRP
FBBN M, RSMBIR S FRP BB LR & H
FREZEEEEFENRESMH FRP HA K
RAOBER/N, FREEIBSHHER, BEE _KE
W o (B4R SM TR A1 T LAE iR B A ) B ok IR
TROZ AR, MAETEL. KNMELR, B
—FEARMME &, ¥RkA FRP SiRF A
ARERK, BHILBBINT, W EIELHEMHARMS
WERTHE - TE.



90 FEIERE

LR

3 4%iE

FRP S ZE R SR R T BB BB A T
BN ABELEW, N T EiF#RE FRP #BH
¥ A M M A FRP, RIBERIWBHRIAR, M
%t RRP B iR+ RS BEHTEABR .

1) M3 LI b 447 FRP %5 UM 7 18 8¢
TRHZ AR, RETRORBNFHIE, BR
Z—WitEAR, #Rits*;

2) Xt FRP #i iR 7 iR 8 £ R sh et 47
R

3) FEAR LAY FRP # B 5L 51 48 5K 59 % i
1 FRP BN /1R EE L W THAHS

%% Xk

(1] XWZou,®H/NE.Z B%. FR4EWUNRR
BEELRT iR R EESHI(J]. B HE 1, 2002,
32(10):53 ~ 55

(2] #®4HR. HEFRPHBNNBELIRARHREA
RRITA#7 ()] . 8k iE 248 ,2003,25(5) : 103 ~ 108

[3] HED.8 %, ¥DE. HULH CFRP HREL R
ZHHBHREI] LHERR,2003,90(2):24 ~ 27

[4] Taerwe Luc R, Lambotte H, Hans-Joachim Miesseler.
Loading tests on concrete beams prestressed with glass fiber
tendons( J] . PCI Journal,1992,37(4) :84 ~ 97

[5] Abdelrahman A A, Tadros G, Rizkalla S H. Test model for
the ﬁmi canadian smart highway bridge [J]. ACI Materials
Journal, 1995,92(4) :451 ~ 458

[6] Frederick S,Saliba J E, Casper L E. Experimental study of
CFRP-prestressed high-strength concrete bridge beams[J] .
Composite Structures,2000,49(2) : 191 ~ 200

[7] Patrick X.W.Zou. Flexural behavior and deformability of
fiber reinforced polymer prestressed concrete beams[]].
Journal of Composites for Construction,2003,7(4) :275 ~
284

[8] Burke C R, Charles W. Dolan. Flexural design of
prestressed concrete beams using frp tendons [ J]. PCI
Journal ,2001,46(2) : 76 ~ 87

[9] WAM, K . BN SRS EMHBEELRKUM
RERBRBFRI]. RNE T K¥%¥H,2004,26(3):
70 ~ 72

[10] 5k W&,% F.%. EWNEBNIRTEEHER
BHRMRRHRI]. Tk B H,2004,34(8):31 ~
32

[11] Mohamed Saafi, Houssam Toutanji. Flexural capacity of

prestressed concrete beams reinforced with aramid fiber

(12]

[13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

[23]

reinfqtced polymer ( AFRP ) rectangular tendons [ J].
Construction and Building Materials, 1998, 12(5) : 245 ~
249

Houssam Toutanji, Mohamed Saafi. Performance of
concrete beams prestressed with aramid fiber-reinforced
polymer tendons[ J] . Composite Structures, 1999,44(1) :63
~70

Janet M. Lees, Chris J. Burgoyne. Experimental study of
influence of bond on flexural behavior of concrete beams
prestressed with aramid fiber reinforced plastics[J]. ACI
Structural Journal,1999,96(3) :377 ~ 385

Janet M. Lees, Chris J. Burgoyne. Analysis of concrete
beams with partially bonded composite reinforcement [J].
ACI Structural Journal,2000,97(2) :252 ~ 258

Tim J Ibell, Steven C C AU. Elasto-plastic behaviour of
FRP-prestressed  concrete [ A]. Fifth International
Conference on Fiber-Reinforced Plastics for Reinforced
concrete[ C] . 2001:721 ~ 730

Zhi Fang, T Ivan Campbell. General and simplified models
for the analysis of partially prestressed concrete beams
containing frp tendons of arbitrary bonded condition[ A].
FRP Composites in Civil Engineering[ C] . 2001,2:1185 ~
1192

HMh s, TRMBEE . (RS0 BN 1 IR B AR SN L A
WMEHAESPR)]. 88 TR ¥4K,2003,80(4):
75~ 80

KUK, BEY . RSN ) AFRP # RC 3
RHRBRARSEH A Al S _B2EARHH
RIF B E IR [C].2004.261 ~ 268

Robert A Tjandra, Kiang Hwee Tan. Strengthening of RC
continuous beams with external CFRP tendons[ A]. Fifth
International Conference on Fiber-Reinforced Plastics for
Reinforced concrete[ C].2001.661 ~ 669

Ghallab A, Beeby A W. Behaviour of PSC beams
strengthened by unbonded parafil ropes [ A ]. Fifth
International Conference on Fiber-Reinforced Plastics for
Reinforced Concrete[ C].2001.671 ~ 680

Raafat El-Hacha, Mamdouh Elbadry. Strengthening
concrete beams with externally prestressed carbon fiber
composite cables [ A]. Fifth International Conference on
Fiber-Reinforced Plastics for Reinforced Concrete [ C].
2001.699 ~ 708

Kiang-Hwee Tan, M. Abdullah- Al Farooq, Chee-Khoon Ng.
Behavior of simple-span reinforced concrete beams locally
strengthened with external tendons [ J]. ACI Structural
Journal ,2001,98(2) :174 ~ 183

Ghallab A,Beeby A W. Deflection of prestressed concrete
beams externally strengthened using Parafil ropes [ J].
Magazine of Concrete Research,2003,55(1):1~ 17



5 834 X% % : FRP B BUAL ) iRk - R 1 AR BT 5T R 91

Progress in Studies on Flexural Behaviors of Concrete Beams
Prestressed with FRP Tendons

Deng Zongcai, Wang Zuohu, Du Xiuli, Liu Jingyuan
( Beijing University of Technology , Beijing 100022, China)

[Abstract] Studies on concrete structures prestressed with FRP tendons have been emphasized in engineering
structure field . This paper briefly introduces the main progress in the studies on flexural behaviors of internal
bonded, internally unbonded and externally unbonded prestressed concrete beams with FRP tendons. Finally,
advices for advanced research are proposed.

[Key words] FRP tendons ; prestressed concrete beams ; flexural behaviors
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The Real Time Optimization Research and Application for
Transportation Scheduling System About Material Quarry of Cement
With Genetic and Evolutionary Algorithm

Dai Jianyong', Yang Shijiao''?, Gu Desheng’
(1. School of Architectural Engineering, Resource and Environment, Nanhua University , Hengyaﬁg ,
Hunan 421001, China; 2. School of Resources and Safety Engineering, The Central
South University , Changsha 412006, China)

[Abstract] According to complexity and non-lineer character of transportation scheduling system in surface
mine, the real time transportation scheduling system model is set up for the transportation schéduling system
subject to many factors such as mining craft, yield, quality, etc., with all arithmetic operators of genetic
algorithms such as selection, crossover, mutation, interpotation, and migration. The model has been adopted
by production transportation scheduling system of raw material quarry in Shaofeng Cement Group, which not only
reduced transportation cost, but also harmonized relations among mining craft, yield, quality, and got better
effect. In the meantime, it will be of benefit to information construction of quarry enterprises and others

materials circulation enterprises .

[Key words] genetic algorithms; transportation scheduling system; transportation cost



	T00086_00
	T00087_00
	T00088_00
	T00089_00
	T00090_00
	T00091_00

