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1.1 ESRe4Eyy 8

1. RAMLTE AL PP)

WL EFHEGE BT 1957 4, |IRE, 2001 FLHARLPT=R N 582.7 7
L, REESRAERTRM 18.5% . BRMALECRZOMHEEE . 3RE W 350
~700MPa, MHEHIE N 3~10GPa, R B 15%~25%, BN 0%, LE
H0.91g/cm’, BAKBAHE FEFEMEUKER APIBUERE, ErmE
X FHAM ST ERR U ZRENRAVROERAEH. BEEXRS
“BREHETMEE AR TR AERE. EAR T E BB, B O R E
WIRA RS FRERER B HLEE RE —18C, T — K% HA &R T E 5t
BUBEREZRU L. MBELH69C.HEL N 45~48C . L H 87TC. . HL K
85C. —MREAT . BAKEZRTIERES, ARERATEFSEMTE, AT
AL RN RIIE LR ERIRIE, IR 05 5 nar s M v,

B AP AL P T B AT BB B — IRT I E R, E R A MEHGRE ]
PRI AR (EAE N IR A A TR T RE, T ESHFRATIRBETEN L
BIAK, 95 B BE 7% ~8% . TR EZFHIR R R BB A7 %, a0 8
THERE AEEF QHARTFUR~REFRAYBENF =%, BILES
—ERERFHAERTEIARALRIE, MESREL R E G ERH 34
M.

2. RUBBTH (RS PVA)

HARRRT 1950 EFHEFEL L4, EHERE T X 700~850MPa, BAEE
Bi& 16~20GPa AR MK E N 5.5%~6. 0%, RBHEEKGY%)  LLEH 1. 26~
1. 30g/em’, HET 20 42 60 FRWM B E 5|2 EE 8 R %, LR
XE#TE™, FT 60 EREK, NHEAEARMBEELENET +24M %%
LHR EREWE THLUARELET RS, B TFRATHHARES (N
2001 FHFEFRALN 1.9 T, EHHEA T —HEL AR A FEBER
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BB L T E N A LA R R R A R AT 4 S R A
W RS BHLE, LN REBERA. #LHHE REEBTNHRL,.E
AR BRI 70~80 £, /MR E AL ERB M, B E a4
KPR RO,

HLWEFTBITKME R, BEEFIBPR AT TR, X B — Xt 4™
o RIS R i AL 20, K 38 S Rk B OB AN A PR R AT 4 3B ARG L 2001
FeMFELAENRBAR S TM, 5 ZEFERIELE=EMN 0. 15%, K4
RRKHEHAE(UATRARE.

3. RN LE (L PAN)

REL A fy Tolk /™= &2 1950 I, —F i R ERA TR EAEEE”
B 8%, K LT 4 19 3R BE AR 5 (250~ 400MPa) , B B B % (3~ 8GPa) , B[R 4 &
126~20%,REBHEG 2. 0%, LLE R 1. 17g/cm®, BR T FUR PRI AE B AN, B B A
RIS RE N AT HERAFTE . ERNAHRES TP BRI Ju 8
LROE%~9Y)HAMM /N F R ERPE. P EN AR . EBIES . &
PAE 24 s RS 85 0 T RO R4 M R RSB BIL R E h 104 CRR Ry
87C), FEHAA R,

AT, NEENREE RS FEMHR L EFY ORISR,
T FLAR R e <, B A= 7= BT 1B Y “ 8 5 R BL " BV 4 3R 2 500~ 700MPa, R B 3%
18~25GPa),

A2 20 42 70~80 MR, “BIRBE AL ML S E RS G REHB/KE
B3R KT BIBEL . J5 SRR M S 4 P 4648 A IR E 1 b, A2 BH 1 FLRAZY 48
Rk iR R L T fE A |

WA, 2001 FELURBELE =8B H 256 70, 25 K E L R A% 575
# 8.1%.

HELFE-EERA AL TR A TREL TR, EREE AR
KRR ML AR R R SRR L R E Y SR E T KB
R B SRR A BT R AT A BLA TR B IHTREL BE N ER
YR A R,

4. REESTHGEE PED

REARBETT 1953 £, MEEB+SRE, BLER NS NG %55
KH T T B VR R R 5 30 72 7 A B R Rk, £ 4
MRERRBOT FR. BRAEOTEER T RS RO AN 265C, 4
IR U 165°C) , B Bt B F 05 B TR - o, 08 5 35 1R 0 - B T B 9 B W
RS, REVTH RGBT 0T A, 43R R 2 (R B Y 650~

D



850MPa, & N 10~ 15GPa, IRFR KN 7%6~12%, RIEE N 0. 4%, L EH
1.38¢/cm®, A FEMHBEREEARBE . MUAREHEBANRELSEA.

EGE, 2001 ELHRBLHTEN 19284 T, 240 5 ZFE SRR
B 60.9%,

5. RBEIRLT 4 (R4 PA)

B A 5T 1939 FE(PAG6)FT 1941 £E(PAG) , BEEBRA T AR
B RF(BR B R KA SR RE E (540~760MPa) , MR FR 41
K(15%~20%) BB AR (3~5GPa) , RIBE N 4.5%, lLE K 1. 14g/cm®. HF
B Y 5 BE MR PR R T B PR AT TR BB O, B S R ERR T L B T
MERTHEXIERET FRAMBILAARS, REWHEHE NI ENSIS
ERHECFRAR”, RERFLHT TR, BLTEYTRMIERZ YN, H
i YA .

WERIE, 2001 FRHRBLTLN RN 366. 7 T, 45 R EF & R4
BEEM11.6%.

MES SRR, ERCNUBETASAK BT o LA frisy
“ERBRNER MY BBLERS S, HEMRAIRS LR, TRZAESH
B4

6. SHEERBIRSE (54 Kevlar, Nomex)

(1) Fxt 8 — FBER K 4 4 (54 1414, Kevlar)

I 1414 EFHEPERE Y B N 1800~ 2400MPa, ##& % 30~45GPa, 4% FE f#
RERH 3%~5%, BIBHHN 2. 0%, HER 1. 43g/em®, HTHEEHBENEE .5
LML LR REBRA FIRIEG 22, [ X HI A% A 4 B9 3 0 8 B B A 1 B g 24
Fo 35 340 CL R SRS E M BN MU SR ENER, ) TE
REGBALBMIERLE T BB R, TREFRE T T-BES 25T FAE
Ho 54 141 RERAX—FEHRE ., BiX— =R R B, T e
FREER. GE. WER.

(2) BXHE _ B IRE 2% G54 14,Kevlard9)

T 14 FREMRE G54 1414 I GX 2000MPa ), (BB L 1414 5
HiVF %, 7135 90 ~130GPa , 8 B 7 1% F 5 £F 4 (190 ~ 230GPa) #1 ¥ £F 4
(170GPa) , (BIER T £F 4E (20~ 30GPa) I B B 4F 45 (30~ 40GPa) 2 , {E B A &% 7
Y ERAEF. CHHERREESH.

7. BESFRECETH

TEEEEE T RZBGKD THEBEN SEBEBERY —67C), % T
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FEBREEASHEN, R T HARAEN KT TRES TE . BRANES
fu BT, B R AT 4 958 B K 1600~ 2500MPa, BB 3K 60~ 80GPa, R
EMEN 3% ~4%, BIBHR 0%, LE R 0. 94g/cm®, I B A B IFH TR BALRE
M. RARMG LM T RARKRS 2%, A+ E830FMSEIHER,
MEREYEN — R ZEH SRR, MR T RES 2, BEHSE . BRI
kT RER R, URBEBRRENR AT E.

8. BRéF4E

ERBAEMIMENSE WBERBETE BRI E . FHFETHESYE
2,81 ESRTHIEL . BAUERERBASEN T TFTMEn. EANERS
BUBR AT A PERE N 3R B M 1750~ 2900MPa, B % 275~ 500GPa, 4% [B {# & %
0.1%~0.2% ,RBEH 0%, HLEN 1. 7~2. 0g/cm?,

LR IHTBYG B[ RBEAE, R TF AL Fm ot e 2 Ha, E
EXTRXIREFRAAMNRE , BAFHENTERTA AV EESEF
ARE, ~BATRGRBEIREN, AN BRH LG LR T RAEBLLZE
Ko BPTERA DG HHRT R, 2R ,oRA TIHBRRLGKLER TR
A, AR BUEI, T BB LR RB R,

EREMALEHYERESTE 1-1-1,

F1-1-1 FHROYILHERE

o MIRE | MAEE | BREEAR| hE W | REE B
/MPa /GPa /% /(g/cm®) /%
WAL 1000~2000 | 200~210 | 3.5~4.0 7.8
FEMA% 2100 154~168 3.0 7.8
K- %3 Ead] 1400~2500 |  70~80 2.0~3.5 2.7
b Xisp- )R 285~570 3~9 15~25 0.91 #F 0 R
Rpusma 450~650 8~10 8~10 0. 91 ¥ 0 i
R BEEL | 700~850 16~20 5.5~6.0 1.26 M 5.0 ¥
WPk A 4 250~440 3~8 12~20 1.17 iy ad 2.0 i3
HRRFIBIRAST & 700 18~25 10~16 1.17 M 2.0 #F
L 4. F pagd 650~850 10~15 7~12 1.38 ¥ 2 0.4 % 5
B 4 540~760 3~5 15~-20 1.14 W 4.5 hF
BB FEZBEHE 1600~2500 | 60~80 3~4 0. 94 5 0 4T
Iﬂ&%?ﬁﬁﬁéﬁféﬁl 380~490 5~12 17~25 1.38 M 57 4.5 W
WK FRBEA B 1500~2000 | 27~40 3~5 1.43 % 8 2.0 4 4
PR AR & | 1750~2550 | 280~500 | 0.1~0.2 | 1.7~2. 0 5 0 1F
2% 600~700 20~42 1.8~2.3 1.5 M 12




1.2 SMEHEN K

1. BREERS

DERZMRREL,
2IERRF K,

2. REHE S

HAEXATRPERARSH G RO ER RABLLE  RABHT 4 Dok
WET Y R4 T LAY R IR YE  RBRET 43,

3. SR RTEES

DEBN 10~99um BIHLF4E .

DHEBRKTF 0. Imm AL 4,

FREENBRBESHARRE L, NE LT RE T P HB A 3ke U
PRI AT SRR BE - CHLAF4E 53R

1.3 RELHEHAHENEREREBEUEE

1. FREHEEHERER

RET LB 100N MRIE RPGE RE TR RBE A £ 4, X 8
AR USRS SRR PRAERRORR. FIMSHE e . R H B s
BAEFLRTRALE, ARG PRTUR M, T A gL RRE,

RUTIRET YR SRR , 0B R AL T ot R Rk, A B 5 KK
BRABE AROREES QB EARRET FFE 5RE L TRT R FHSSE
Ao PRI MR E AR R A (8RR A0 R BT A A

EFAERI BN ZF SRR,

2 ST BOR AT IR B T P A IER VB E, R RM S B R
WRER, FENBAREMNBERE L RO KA MR EER K, SREER
T AT PR B, A N T IR L A BB B T IR R L6 IR A, B
b AN RET AR ST 5080, 3T BB R T AR IR AR S R R A
MR SR+ B3R B TR R RE R PH VL RE SR &7 R K B AT AR

SENET R ARRELE TS FENHEENFEYIREEGE
Mo £ RERAVIETTH N, A ERSH D5 BAREL S, % RRE
IHAEIHERNER FFZERELFIEIINT R, REATRBE NS
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4RV, M A EN RN EEEFRE e R SYURERER b, T A B+
ST EAT BT R B+ i S B RE

T T H TS » BRA E X B BORNG U 083 L5k, Bk PR BE B8 b 47 4 Y
THEE. EELPRBRAEI A S, B RS RS RN ES0E.
Hig LEEE. RS EARMKE TN,

AR FREER N X RIS HAEN B E BB LT a4%
ok G

2. FHRNSEEE

7 4 1 7 T 42 5 1 R LR 3 P B M B2 5 W ST ) B MR
W R Y PO B TR AT 0 B B L & B ST R R
2t LREBKRME, S RO ERNH, FEOREE 2 MRBCR AW S . mEe
o8 ] B R o S M, 7 4 LB B0 B

144 S RCRRPIBET 4 R ARIBLT R0 8 — AR Y 0. 5~ 1. 5ke/m®, RER
it 2kg/m?, B MR A 4 4 WO AR L 30 SR8 . BRI BBF SR TR
B E ST AN T RE R,

ST AT MR IR R, ELIR B+ o 1 B W T, G4 v
TELRELORBRER 408, — 5 0SS RS SRR B 3
TR, — ELIR SR+ o7t S, UG S Y TR L £F 40 T BB SR AR A R, B
RSP Y RO . H0RE R IR45 B SR & TR T 48 RHR 6 -+ 0 ) S -
BBE,

PSR EF P R B o o R 20 50 S5 1 1 F AR o4 IR R F VE
AR HORAS L B 94, B AR 7 4 2030 Y P 26 L ST e £ 45 0 L 8620
RRFLETLI I, G377 BT BB RS 0. 7~3kg, UIBEY 2~ 3kg/m®
b, £ 48 TR OB 0 95 4 sk o T LA U 2 A 2R BB 4 % B 2 I
SRS ROBRRRT SR+ ST BH — S0 HBE, PRAR S TH
SRR, SRR LA BUF AT LR . 1B BB, BB PR S 48 AR B 4
PR (EL R AR D TR R A M S, 7 L B A B A TR B8 - 1 B, 25 L -
Y SR ST R ), B AR B R 0, BT L AR 0 22 I 4 4 42 F
BRRERASR , S FOSHR R+ o (RB R, T T 48 5 R + 5
TG GO b A

3. FRTERRRFEEMOE D

REEL A & AT AR R M K R R B R IR M BB 8% ~16%
IR, AR PR 3R B, 47 48 R RE AR B B 9 B AR
ﬁn%ﬁ}ﬁﬁéﬁﬂﬁiﬁE%%%Tﬁ&?ﬁ&iﬁ%ﬁﬁﬁ\ﬁibﬁﬁﬁ%%&ﬁﬁﬁ\
. G



MRS WS REMDT R RS TRE LA B M RIS, W T A 4 4401
BRI AET 250MPa, JE AR A B2 22 5 PR A £F 4

MRAEHHAZREFERIABEELE NN, AR ERAFEREELR
B 1 4 3 B AN SRR R Y 1R BB 0, B3 R SRR B N KT 400MPa  [R] B 38 A
BREH G RS LA B R AR BB RR, XL 1 5 1 g9 3R 3 1
AR TR A B M R 47 4, W LIS R (LR B L 9 NS TR HERE AR
REYERE , B IRIR B LAY Rt

G AT IR T BT IR PERE YR B L5 4F S B 1 49 5 ST PR Oy i A DR e
R E R SRR ML R RBREE S AN ET. ARBWAE,
TR A B T R AT

SFAERBE LTI ST IR P M R B R S AR RR S
IR REAHERE R G . UL A S RE LA RA RATR LS A IR T i 35
Pirk s VAL S8 2] B A BE AR H AR AR ISR T 4 ISP A B R TR
RARE T IREE ARV G RO R 22—, 35 T3 1 D0 £ 4 3 16 A s
AU REFESRELEOHERE, Y TEBIFEEEINRES R/
TR Hoh i R B R SR A, N3 T H R TR L B R R T

HARNFEEARERBERE LM SEBRTURE . BABEY
20kg/m’, HALLF E BB AW FEMRR L ERRKEA D BE; (BS54
BRERN, TENRE T M RBOR R B E, TR R g s A, 16
DU B W) RIS AR B IR AR N B . MR SRR L IR R AL M+
SPEE,C R ML St B ARk R TR 2T N R A £ 4, 58
SHREMNRE T BEE Y B,

£ * X M

(1] Nemkurmar B. Shrinkage cracking in polyolefin fiber reinforced concrete. ACI Materials Journal, 2000,
97(4):432~437

(2] Soroushian P. Permeability characteristic of PP fiber reinforced concrete. ACI Materials Journal 11995,
92(3):291~295

[ 3] Mobashor B. Mecrocracking in fiber reinforced concrete. Cement and Concrete Research,1990,20(5).
665~676

(4] Johnstop C. D Fiber reinforced concrete and shotcrete for repair and restoration of highway bridges in Al-
berta. Transportation Research Record,1989 »1226:6~7

[5] Jamal A. Almudaiheem et al. Effect of specimen size and shape on drying shrinkage of concrete. ACI
Materials Journal,1987, (4),130~135

[6] Parviz Soroushian and Siavosh Ravanbakhsh. Control of plastic shrinkage cracking with specialty cellu-

lose fibers. ACI Materials Journal, 1998, (7);429~435
(7] Arnon Bentur et al. Prevention of autogenously shrinkage in high-strength concrete by internal curing

using wet lightweight aggregate. Cement and Concrete Research,2001,31:1587~1591

« 7



[8] Kolver K. Testing system for determining the mechanical behavior of early age concrete under restrained
and free uniaxial shrinkage. Materials and Structures,1994,27:324~330
[9] Penev D. and Kawamura, M. A laboratory device for restrained shrinkage fracture of soil-cement mix-
ture. Materials and Structures,1992,25:115~120

f10] Agnes Nagy. Simulation of thermal stress in reinforced concrete at early ages with a simplified model.
Material and Structures,1997,30:167~173

{113 Kheder G F. A mathematical model for the prediction of volume change cracking in end-restrained con-
crete members. Materials and Structures,1997,30,:395~403

[12] Carlson R W and Reading T J. Model study of shrinkage cracking in concrete building walls. ACI Struc-
tural Journal,1988, (4):395~403

[13] &. Bjontegaard, Hammer T A and Sellevold E J. Cracking in high performance concrete before setting.
International Symposium on High-Performance and Reactive Powder Concrete. Canada,1~17

(141Grzybowski M and Shah. Model to predict cracking in fiber reinforced concrete due to restrained shrink-
age. Magazine of Concrete Research (London),1989,41(148):125~135

[15] Shah S P et al. Effect of shrinkage-reducing admixture on restrained shrinkage cracking of concrete.
ACI Materials Journal,1992,89(3);289~295

[16] Standard practice for estimating the cracking tendency of concrete. AASHTO Designation, 34~ 99

[17] David A Whiting etc. Cracking tendency and drying shrinkage of silica fume concrete for bridge deck
application. ACI Materials Journal,2000,97(1):71~77

[18] Wang K, Jansen D, Shah S P and Karr A. Permeability study of cracked concrete. Cement and Con-
crete Res,1997,27(3):381~393

8



B8 ASHRAERELTHEMHERNE

2.1 #%& p%

AT, G DR A A — M MR BB SR AR TR, 3 E
FILER BT EMNE, TEEWIEE L HHAE. BB AERAR, B4
32, 0 T A B B AR BT AR TR A, 20 HHAE 80 4E4R, Bk A WS HLLUE , 3L
T R VAR T A AL — BRI B S8 RTRE 20 R B E @K

EEGEE T ERTRNEE 6 TILET, HFHALS BB E5%BHBA
BB TLET. MM 1 FILETHABRTEY, A 25 FEFRESHE, BES
HE A B Ik 4500 2% T,

REGLILEHA T AL FBRGEE RS ERT NN TERT. REAE L
TILHE

D ST R TEROEN, KEERRSABEEH. BERBEREH
FIRKINE BT SR ARNERE, BEL Tk RARYNE KRR SORE,
i T R 455

2) KERE KRN EEEE, SEKR KA ERA S, B+ R
R,

3 S SRR AR L,

4 RELHTHEHFEEL, BRERLOER RO TE, WRE LMY
RAEK, RETRISE MEE, BELOS S BEETE,

MNBBELFERENIEE, mERENER EEARE. — KRS IR
SRS, H— AR RRE,

L4 VB B - o 0 K 7B o IS B BN L VR - TIT B A SRk

T REQTEH TREN S RIS RN AT 2, 5%
SetEA 3, YAH Bit 8 — Rt B LR, BNEE L AN TR R R
REAERE, IR+ % A TR,

PAETENEN T ERER RS L EREH IR, 4.5 2 R 80%.

BELFOWELSHEER EEEER 1~24h, EX BB/ THRE. B
BAIR B+ B B AL BRI 2, B A AR phy 2 SR B JL - GPa, K AL 3 £ 3 4 ok
e 5L IR B TR R - WA B R S B AR RRL Y A MM, IR+ RO A T8 5
BHEBUGE,



