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Abstract: How to remarkably improve anti-abrasion of cementitious materials is a big issue in hydropower construction and
operation. So the relationship between axial-tension behaviors of fiber reinforced cementitious composites and its main mechanical
properties including anti-abrasion was focused on research based on stress-strain constitutive model. Different matrices with
univariate change ware prepared by fiber Bonding Adjustment ( BA) based on nano MetaKaolin admixture. Tension characters

and relative properties ware measured by both different matrices with 2% fiber and different fiber dosages in same matrix. The
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result showed that tension behaviors are mainly decided by the mutual function between the fiber and the matrix, not only simply

depend on matrix strength or fiber dosage. One of the preconditions of strain-hardening is that fiber bonding strength should be

higher than tensile strength of matrix. Strain-hardening not only let tensile strength to be increased further, but also enlarges

tension strain significantly, which lead to improve toughness and anti-abrasion outstandingly. The tension behaviors of 1. 5% and

2.5% fiber dosages based on optimized matrix with 9% BA are strain-softening and strain-hardening respectively, but the later

toughness and anti-abrasion are 43.7 and 5. 52 times of former, and its anti-abrasion strength reached 209. 3 h/(kg/m’) which is

ten times more than high performance C50-silica fume anti-abrasive concrete. It’ s indicated that strain-hardening is one of the

key method to make cementitious composites achieve broken change of anti-abrasive property and being turned from fragility to

tenacity.

Keywords: Strain-hardening; Axial-tension constitutive model; Anti-abrasion strength; Mechanical properties; Toughness;

Fiber bonding strength

0 51 ®

K T K S BT i B R I R R I A s 2
W BN ARZ —, iR+ 2 e K
BRI MRS TRD A Y K T R A, 2 e
g, B, A EERIRE, U RIS SR S
B PEah, REC#ERAS KR RKE
YA T0% % BIAS R AR BE B oS R IR ARAETR
AR NS IR B ATYEE . Anfal $2 &5 itk 225 Bt
EEERE, S —IE R EARE, BT EE AT
At S, BRI 2 BT ep AR 2 R
HPT D —FERLL €50 RERHPL R ER TR EE 1+ AR K
TR, FERE MM KT B S
B 25Tl R R L % 4% R 4T A Sk $ i P s v
T — I AR ERD I AR R A W ST o S A KL
TERFI I ER NG S R A R AR st | s P4
S B A R B R e S B, 2 H AT ST A 21— 25kt
B H AR SRS, (I AT I
B MR G TR Ry R i TR ™ A
B,

DL C50 RERY R BE 1 A AR 2 1 K V8 S 44 R F 3
S A 2T R T, IKOR R H i o
i — A R, S WARE N, it 5
O PIRREAML, ATEREIET . PR RE AR A
&, KRBILURT K TR AR A G T K& T ARk st
KPS R BB oh BEMERE, A FHED T B A
JREE 4 FhiB Aok ok B IR B o b v, RemdR
104% , HLohESREE K% 16.7 h - kg™ - m?, B2
AELOVEIESE T ANMB RERS A HE A0 550 % 47 e B 1 RiE 14
S, BT SR AE 30% ~89% Z 8], Pt ih bR
JEAES. 4~11.3 h/(Kg/m?) JEHl, #2245 HIE T A
EREE oA T ST YN = S Ve Tk U0

KFKEBER(PHRZ) $£56%5 2025 FES1H

PERE, R mom X B a BRI PVA £F 4k 140 op 5 5
FEAEN 19 h - kg™ » m?, JEIHIZE SR 85 40 s i
kL, PrESRERT 55%, ik 28.6 h - kg™ - m®,
TR 2 A VAT X BT R B A KRR AL TR, 3 ad AR [R]
BAR AR RN SR R, RA%E,
JEE R FE P K B RE (kT A ) TS R TR B
ropEs iR A U WA, BN 13.2 h - kg - m’,
WONGPRACHUM %' ff 55 TANEF4E . KRNI (PP) £F
YEFIER AN IR N M £ A IR BE P P B PR RR I 52, &
BG4t — R A, RS ot
TN, RO RVIGLAEXHREE L Pinp
FEVERERSRO, frrmdt s 60%, iAE) 1148 h - kg™ - m’,
SRR RGEMFSE TR R R £ LXK e R
AR R EE R SE M, LS SE TR 4 MRS
Bl BINER ZIHEE(PVA) 27488 PVA 55040 5% 4 4K
IRAREF 2 IR e+, AT 09 e = b ool B R R R
10.3 h - kg™' - m?, SMARZEWSKI %' YOO %'
PRI ARAFAAULE 1L

LS TAERRIAR T AL, — e Lk
TRVRIEA R BT RS PERE , (HARAS AT ol B 50 K
HBE20h - kg™ - m* AT, HEbERE etk IR A RD I
MBI —E 220, mH, AR S R
FELIAMB R BERE A LRI L fife b, F2Emad
P A R T TR AR T ORI m BT S PR . R T
SE T AR B A AR K Ve SRR ME AR B, R il
OB, AT SCHR R, A I R g - R AR AR R A
TSI 5 HE 5470 i s 1 Rl =22 ) AR o 6 2R %) 4 DL 413
ARCALF e S5 IR Z [ A BEAE R DI L, i
SURTIE AR 3 Y S/ S Ry v SN R R A Ui e PR
F12EPERE M PT PR REZ M P NTEER R, G TR AR
K RIS A AR BETE ST . DTS ET v s
BT BT B R IR

833



ERR, &/ NERUNAOREESMRTUREEEZ MR

1 B e FIIr .
1.1 R

AR S R SE AR A iR KU B A G AR Bl
T =B A 5 7 5 H ) 2 Ve RE Kbt i B MR RE = [H] /Y
WAEBKRZR , FTLLEHER AT i B PERb B R A TR
N TP R R BUR TR B+ USC-1 LAk (FRER R}
RIS G, %R H P52, 5 REFRER K VR SE -4k
LER I EEAR 2R ( Binder System) . 1 mm DL R A9 & 5%
4% Bl (Fine Filler) . # 2% 4 L # B 4 ( Super
Dispersant ) Fl1 it 22 24 1 7 # 44 ( Rheology Modifier ) 21
B, HFZHRNER 1,

F1 USC-1 Bk (M) TEHRK kg
Binder System Fine Filler | Supper Dispersant | Rheology Modifier
(0.01~50 pm) (<1 mm) (Powder) (Powder)
1 000 900 1 4

W PT AR 4E UF & —F & Cu/Zn/Al ZICER %y
FRER S B4, R RIVASMHAL, BT
aRLEE 2—5 L (ASTM) o FEFRIR)Z 1 (60% ~T75% ) BT
Hil+(5% ~20% ) ¥+ (5% ~20% ) D520 1, {EFr 225t
FErh WA SR L T, SRR (1~5)
g/m’, UF R FEE4E, FiESERKEL 65 (4K
ESEARZ ), PrhisEE >2500 MPa, PR >
200 GPa,

FIARETAR LR 4 5 BLOR ARG S5 PERE 9 52 6 e 7
BA (Bonding Adjustment) A78 &, #if N84 (BA %
R USC-1 SR K U8 ) ARAT- 5 PR 2 el A8 g AN )
SR, BA 0K D =5 08 1 (n-MK) | 402K SiO, (n-
Si0,) Mgk CaCO,(n-CaCO, ) IRA AL, HA A
= 2 firs,

x2 EEWMEF BAAMK

SAUHERI(BA) n-MK n-Si0, n-CaCO,

L/ % 7 2 1

1.2 REHE
PRI, BEWGE 2% UF F4EBE T, K
FIER (AN BA 888 ) /9 T2 2 Rt fe, it
PAFRAE M (et BA Bi) . SRJE DIt R4 R
Fofe, WA UF S4B R 0 5 0% Kb bk
HE, TRz R RPT b SR A RRLH I L A e
BURY 3 AN, BOFEEME, AL — A 2 T
WELE, &3 —BAEES AN, 54
BRI, WIFTFEBRA, 4R | Prdrs
JE RN - R AE MR DL SR 2 A BRI T el s o

834

B, 2 AE R (BA BEA UF B8) 4L 10 4, iR
FEdi S B AN 3 Irdil, BA B (NB L) e H &
TF, 1 UF 24N KRB & (DVR R, A EE B
B1) . WA 2SS BOF20 K E—idff, 33 Bk
UF 25 W/B KBS AR, A5k 8
1.3 iR EERE

Fie 3 3 e L AE SR I CHE PR I AR & BA
BE, AR K25 s HEAL, 3 min JE i HEH
GG EIIMAL e, 585 4 HE 3 min, SRS 1FHL
PSP B ZER MR I i b p . FEIRBI &
3 20 s, ARJFIETER M T PE A, Bk
WK DZE K, BT HEIECE 24 h 59, B AR
HEFR = F2 7 28 d JEBUE R
1.4 WiRREREE

BRI T B RO A RIS, AT R
6] % K2 2 IR B H0TE SIA215 BRI 30 ML 42
WLk T e L, e B HE A .
S HRSE L SRR R RS LN 1 prR B
R [ BE R 50 mmx 100 mm X200 mm F9BS FE 1A
S W RO R TR FE W =458, A B T4l
P = 4EX 5 03 A, REARET AR 3w 23 A B 52 e, o
ANz HEE 0. 1 mm/min,

i GB/T 17671—1999 (40 x40 x 160 mm x4 ) ]
WP, PUdriR B ; #eAnifE SL 352—2006 (7K T 945k
) MG rp s, Prop Bl an &l 2 Fos,

®3 HHEHESKEL

K | USC-1 mamix | BA | UF(%V) 7K W/B
BOF20 100 0 2.0 8.5 | 0.17
B3F20 97 3 2.0 8.5 | 0.17
B6F20 94 6 2.0 8.5 | 0.17
BYF20 91 9 2.0 8.5 | 0.17
BI2F20 88 12 2.0 8.5 | 0.17

BYFO 91 9 0.0 8.5 | 0.17
BYF10 91 9 1.0 8.5 | 0.17
BOF15 91 9 1.5 8.5 | 0.17
BYF20 91 9 2.0 8.5 | 0.17
BYF25 91 9 2.5 8.5 | 0.17

VE: V, WEFHERIRBUB R, W/B HKIR L,

2 HRHI®

2.1 FEHFMHRE

2.1.1 R 4%3H3 T RE ARG IR ERE
2%UF 214451 T AR (R [E BA B8) B9

JE . PR 4 pra), SRR BA B8 KB

BWNE 3 Fis,
Fa, F3BR, 7E2%UF 4B E T, BA %

KFKEBER(PHRZ) $£56%5 2025 FES1H



100

150

50

500

150
100

100

- 4
e

B2 HmBEREH

KT DL s | iR, HAE—
JEFE B BA B8R, 581 BA A L,
BA 3%, 6% F 9% BA J5, PiJEEE 451 &
15.5% . 27.0% 1 39.7%, Ht 37 9 BF 4 91 4% &
31.9% ., 50.7%H 67. 8%, {HAKE:HLE BA B, Bt
FEPUHTR ARG B, = R BA H 449K A 5 04
TR ARG, XPEE R SIEAR, B aid K
BF, sl 2 S S AR BB, DT 2 e L
W7 2E MR o X8 B L T 90 KR = 0 2 G
A BA, W —E FEE R S PURPUITRE, (H 28k
PERI A AR, ARG KM T rhREBEN
9%

KFKEBER(PHRZ) $£56%5 2025 FES1H

ERR, &/ NERUNOREESMRTUPEEEZ MR

2.1.2 FA&BKEA BA = kKA
B 5t LT,

JNE PR C-S—H B it 2 i £k
Ja bRk s R FZORTE, T Ca
(OH) , D — ol 1 528 38 174 i 5553 it
T, T HOE K M 2 B R TE K
AL ZE 0 B R (AR R, B
JRCE 555 1 S T e X ITZ, 3K A
BHAHES R

AU BA BEFE KK AL
b AR v AT A A ROk A R
0B H o MK S — Fb b B
Yy, BES/KAL W) Ca(OH), kA=
ZUROKAR B A KA RE R £ ( C-
S-H BEHZ) . KA (C-A-H
BEIE) . AKACRERES (C-A-S-H) , DL P B A7 45
FREG ( AFm-ms) , AFm-ms 7E n-CaCO, b T ¥4 N
PAOBR R OBR AR R ¥5  ( Monocarboaluminate, AFm-
me) *77 BA FAY n-Si0, #k4E 5K ) Ca(OH),
AT ZYOKA N AR R 22 C-S-H BEE

R4 2%UF FEBETAREE(REBABE)H

mIEmITRE
KA BOF20 | B3F20 | B6F20 B9F20 | BI12F20
BA B&/% 0 3 6 9 12
YU B/ MPa | 127. 8 147.6 162.3 178.5 160. 2
YLYromEE/MPa | 27.6 36.4 41.6 46.3 40. 1
PO ey ur 1%
170 + ’ f) 155
£ 160 + s0 &
S 50| <
i 45 =
140 - B
J=a! 40 5
=2 130 + i
120 L —o— PR E 35
—o— HIHTIRE
110 F 1 30
100 1 L 1 1 1 25
0 3 6 9 12

R (BABR/%)
B3 2%UF F4EBETRERITEEMR BABEXENE

BA ZUKAR B N T AR A3 (K5 B Y Ca(OH),
Je, AMLRE A 2 v e i 55 04 S Tk U X 1TZ AR
WREEHETE £ C-S—H BEFAE A, AT $ g S A
TN, RA B K AL RE R R ES ( C-A-S-H) FlEL A 7Y
FRAS RS ( AFm-me ) J—Fh = 4E I 254027 | feIA
FAERRN B, difbfLE, FRARFLBR, fEikds
SR, SRR . PITE—E Y
PoESYroR R BA 3 inwisg i,

835



ERR, &/ NERUNAOREESMRTUREEEZ MR

BT FRZER, ¥ BA BB 9% m K A FUR B
(ANE2r4E) il USC 54A, LAXIIRTIH A & BA ) USC
-1 3K, VAT DU EF 45 i 5 0 A
2.1.3 F—AKRRFHSLZ T HRIERITIRE

IR AL S B9 USC 31K (9% BA) 5L i, #
AR & UF £F4E )5 BP0 R 5T T 58 8 A H A e R n
5, B4 R, diRER, A3k (USC %
&), B UF Ba3hn, MESHUE . Prdmsm A K
Hm, SABAAENIEEML, BA 1%, 1.5%,
29%FN 2. 5% UF 2F4E 5, PrHssEM 136. 9 MPa 34
Jn#] 157.3 MPa, 173.1 MPa, 185.5 MPa #il 198. 8
MPa, J3r9I3 K 14.9% . 26.4% . 35.5% 1 45. 2%
Prdram A M 22. 3 MPa #4n%E] 30. 9 MPa, 37.8 MPa,
43.2 MPa Fl1 47.5 MPa, 41 jll3f8 K 38.6% . 69.5% .
93. 7% 1 113% , RN A KRS TR PUE
PR, XORFE, SRS AT YA AR
ERIFFEAE, BeA AN HIBARTE S T i 24
FrRe, Mg mpbRTE . BrdmamBs . A AL
ik RE A

TIANRTLVE S, BELFAEB RGN, HidriR B Ay
KA B m THURsREE, Ul AR 4E7E3s bkl om B
[FIRS, BT R , LB er et e, mda
TAYER Ty kGG SIS, SRR, K
HAE AT N

®5 E—E#(USC Eik)RE UF F4BETH

FUEFITRE

R BOFO | BYFI0 | BYFIS | B9F20 | BOF25
B USC A& (9%BA, NEergt)
UF 1/ %V, 0 L0 1.5 2.0 2.5
VUERE/MPa | 136.9 | 157.3 173.1 185.5 198.8
BidriE/ MPa | 22.3 30.9 37.8 43.2 47.5

200 -

o0 | USCHEfR (9%BA)

180 | 14
€ 170} &
= {40 S
= 160 - =
B 150 | 35 #
B o0t o i 5
-~ 130 + 7 +*{|:B§§E\)§ 430

120 L // o— P o 125

ot

100 L . L ' : 20

0.0 1.0 1.5 2.0 2.5
UFEF4EBE% ),
B4 ETFUSCEEHRERITEERM UF F4i52
K REME

2.2 H{hEsE
2.2.1 FRHBELHLETRRERKRGIAPITH
K5 h2%UF 48 m T, ANEZEE(AF BA

836

B PR J7 - R AR ik, B R RT L, PR A
By B I Sy - AR A MR, LB BEAR SR B, ORI
BA B85 0% 1 3% PSR MZE, 0 J1 ik 2 ik B
e, BERAERSIN, WP TR, AR 2sE T
J&, T4 BA BEIAF 6% LA BN, REHT BEAR
] () N AR REAR ATy, BN Sy Bk v B S s, RS
R | I VA A B sty s IRV L N T (TP P & o N Al e
seshn, EEWEESGA G TR, FREaETTRE,
Bl 5 iR 2 SRR AR R AR R A, B IE 3 AR IR R
R AE AL

12

BhHLR. 1/ MPa

S = N W s L NN

01 02 04 05 0.6

(=]

03
HhBE RIS/ %

Bl 5 2%FHBETREREML(FE BABE)H
B Rz F1 - Rr 38

K5 36, [A]—2F4E RS A AN IR AR mT L
AR RRHAR N AT R KRR, PO 4R
SR HE S A PR N AR 7o 1) 32 B PR F R B A
AE. LFYEAPIE KB DL SCET 4 5 S A [R] 9 K 45 5k
B, HEFRERR S B EAER, RO TS S A
RE M A ARG A5 TR EE A G, G K U8 T 27 4 5 B A )
PIFHEAER, W8 Z BB . HLA 8T fii
SERGREE TR B ALK PN BT R TR T A5 AR R A i )
G, MBI R LB
W1, BA REffiBLARTE Inscs, DR aF 4t 5 A
VIBREENE S, WOINLF RN S5 nR B, BA KON A i Rk
FRIRES (C-A-S-H) | RIS (AFm-Mc ) & —fh =4k
M2& 254y, UF 2R 4Rk 2 T i AL 85 0% sl ic o 4t
ViKY N (F 3= Ea e R S N R A= 3 i
PRt — 5 Y I N B BA B 8380, 2R 4E0RG 45 58 FE
Bl Z 3NN, A EFAERS SR B R T AR PR, 5h
TIWERN B A 2 — SR M i, 2R 2 st g i Al
SERREAEBIN ) dkSRIfrER, RIMAPTRIER Yk
gern. PImhAR R AR 7o kA ARk, R AR R A
AR AR AL, FRILRT L, SEEN AR SR AL I AT —
P rEa Y EST Y iy i 1 119 (1B | =2 S LN TR

KFKEBER(PHRZ) $£56%5 2025 FES1H



