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Abstract: Authors gave a brief introduction to state-of-the-art developments and research
progresses of ultra-high performance concrete (UHPC) in the world, to the fundamentals of
material preparations and performance indexes. Attention was placed on critical review of the
material preparation technologies, mechanisms of the super high performance, and superior
material properties of UHPC and its engineering applications. Finally, critical future research
directions were highlighted, including the optimal compositions of UHPC matrix, the setting and
hardening progress, as well as the resulting micro-structure, the micro-mechanics analysis of
fiber reinforcement and toughness improvement principle, mix design and preparation
technology, testing methodology of material characteristics and its standardization. Engineering
applications should be based on practical and innovative application research findings, economic
benefits, and the establishment of suitable standards and specifications. The results show that it

is clear that great advances have been achieved on both the fundamental research and the
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engineering application of UHPC. With environmental protection, sustainable development being

more attention, UHPC has excellent prospects for development.

Key words: ultra-high performance concrete; preparation technology; material property; engin-

eering application; micro-mechanics analysis
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PSR T A R AR T2, o i A e B T 200
MPa, 0] % 3% 38 13 (19 UHPC, H 45 AR A3 45 2% 5% 7
K3 7K e R K A B D 3R KU L A KK U L
AR G 55 . SCHR[24 ] v R 35 3 4 ORE R H R 57
WA % BE N 268 mm, 90 d BB CH 175. 8
MPa IR EE 1 . SCHRL25 v R AW FLA BRI R 4
4% BT B S B o 200 MPa B RBE + .38 AR
BN 10 MR EF i B sk v 15 %) 15. 9 MPa,
1.2 UHPC ¥ AR+

1 UHPC B 5E . A e 4k 2%k Al RPC 9 4
Fr. A2 B FR 2 UHPC, 5 — S Fk 2 K
UHPFRC, 417k H 5 H A M HH 55/ A 00
i\ UHPFRC 3 & RPC, & UHPC 5 FRC # 45
A= B R X S 4 i B G — A E
.. MNEKE . RPC,UHPC 5§ UHPFRC 4%
FHTE 2 4k 5 #6433, UHPC #9365 [l K 26, RPC Al
UHPFERC 19 55 Fl /)N 8, 33 b, 7] DL B 3 518 1
Ko ASCHFES| S 2% SCHRI PR F5 5 SO 0 41 A
ZFR S AEFEAT LR R AT M SR y UHPC,

&F UHPC i RPC AR F5 45, HATth %A
G— NN E X . % E UHPFRC 4581 W, 2 X
BNHEA 150 MPa DL FH0 58 5 7 £F 48 o DL i
PRAEMEPEDT o, R IR BR B B ok A L. B AR
UHPFRC #5557 s 52 SCE Ry — Bl 27 4 Jn 2 (1 K
VIS A MR PR B AT 150 MPa, Hit i 5 B
it 5 MPa, J 2458 B i 4 MPa, Jf 25 3 7 A4
B e KRR /N 2.5 mm 1B R K U A kK
KIKHNTF 0. 24 BAMET 20kl 8 KEN
10~20 mm. AN 0. 1~0. 25 mm. Hi 5758 B A /)
T 2 GPa W mEh 5 4 .

Hh ] ] R v T M AR TR ) (E SR
R i RPC 4% J1 24 e S Wz 1, M
& 1l B TR SR BRI 100 MPa, ik
E . H AR PR R 150 MPa 24K,

*1 AEMRBREINEEENERYS
Tab. 1 Grade Classification of Mechanic Properties of RPC

SFYL | PURSRBEARE(E/ MPa | $UHT5RE/ MPa | #PERL I/ GPa
R100 100 =12 =40
R120 120 =1 =40
R140 140 =18 =40
R160 160 >22 =40
R180 180 =24 =40
2 HEHEA

2.1 MHBAsSEREL

T[] LAl YR - b1 R B9 F 58 — BE . UHPC Y B
FEAL = AR 2 TF AR 1 . 45 BT & 45 G 24 i
MARTFRE T REMER A i, P EGIT R T2
MRS . anScmk[27 ]~[32].

UHPC 2y —Fl i £ AR 037 B R A4
TR L TR — A EE N R SCHER33 ] X
— 2 RPC 35 14 J5U b R BEAT 234 » k0 A $4 1E
4000 7€ « m * A b BB E) 8 000 JC « mo 7L L
TR EE LIRS . itk $2 8 T RPC A LTt
07 IR LN ER 44 B O R B S BOET IR

o1 RPC H (40T 4 Ry 404N F 4t . B T B 65
T4 4, HL A T A A% 2 RPC bR} A 5 v Y 22
JE PR PRt S 1 22 BF 9 T 8 4 21 4 e AR R T
SCHRL34 ] R FH Bk 2F 4 85 AR 35 43 9 &F 4k 1k 47 RPC
MR & B RPC W4T 4T 38 B2 T R I B0 588 B A T
P, SCHR 0350 v SR FH e £F 4t % 1R 5K £F 4 i i
RPC, 25 R F W], 5 i YR 24 32 B0 HE AR R 1 i 1
o BEAb A 2 X TN I 41 4 RPC FNE 2% £F 4t
RPC JFJie T 085 . B IR i 1) 3R 9 0 &1 4 L rh i &
11 T B8 38 2T 4k 00 v A5 0 1) 4 4T 4B TR 2% 48 A RPC,
Al RPC 1 — 26 Jy 2 M B AT 31 — e B 3 10 ok 2 1
PR, EEMALAE AASHTO Type Il #2pR
F 80 G H 4R A I LA AR UHPC i) 40 21 2 . 1
PO 5 3 5t R P B0 4T 4 19 UHPC %2, Hoj T 05
i AR KR FEAR

R BEAR LA BF 5T N R TT 8 TR L MR
Wb UHPC sk e ik IR T 5 B BIF 52 QR by
AR AR AR R U L R T R R AN
FE 7S K5 AL BE R AR 3 1 o i LR F 2R R

SCHRLS 1] rp T AR K U8 I it 9 RPC WF 5%, F#
BRI T 60 Y0 [ 7K U - 78 358 45 B Ak 3k A2 v o J
71,453 338 MPa () RPC. 7E RPC 3% 1 #5 4 J%
AN 18 R AR K R RRE K, AT 92 w8 R0 /K ) A



%3

HREA.F: 83

MR R LA R AR 5

Fu > RPC K LR fie 4 . SCiik[52 ] %
R T B AR 50 260 1 Jie E #4 8}, BL I ) UHPC A
4 158. 28 MPa B3 3 & . 46. 69 MPa [ 25 $7 i
JEF 13. 78 MPa [ HH7i5m . SCHRE53]H R R
76 KB RE I 707 HE S5 37 1 BT o a4t o B
i 150 MPa ) UHPC, 24 % H /K J8 + 10 % &t K +
10 % FE e kit . 7% 3 i) UHPC P RB I 4. 7€ RPC
F18) B 45 s A e AR L A 43 7K Ak K 8 R A R (PH-
CM) . figf K 7K Ak, 38 m C-S-H A= glidit . fff RPC
FLA i i R

Hy T B HE AT R I U AR ) 26 T 5 M R ] L AT
e 2 K R HEAT RS A 0 L RO s A, 7E
UHPC BtA H B b R AHE 1 By 4 18 5100 7% WURL
5 SRS RN, BT L IR S RE A ORI R dn SRR 28 d
Je A AR Z2 K T AT K AL S AT R B — S {5 B ) A
BRI . SCERE57 9 48/ RPC (1 5k
JR G MR 9 RPC 5 B A5 20 42 & 09 [ i, JE 3%
W% BEREAR S 1900 kg« m™°

T3 86 s R X R R E R R S B SE N DR R
FA T H A R EAC UHPC A i 7 S8 b 45 L W
FABEES 48 0L 2 WL D 5% e bt A, S
BRL61 1 R kw1 R 9 &4 UHPC i) K& &
Bh il TR ZE AT TAEVERI SR TR, SCEk62]
HORE R 7 TR R B il A UHPC dr, a2 540 0k
4 AR A s g UHPC, SCHk[63] R FH 40
IR A T B O = M BB TR B - SC-RPC. i T
FEIK BT HAE T3 240 St 1T
2.2 HHESFHPEAR

553638 YR BE A R 9 2 . RPC | TR I 3R (K b
F AR AR 20 43 b ORE 3K 2F 4k 54T C 1 7E R S
Frrh 25 5 B A i RPC R L 1 49 5 1k 0 b R
Ji R Z TR RO — N FENE, £EEE
Xt e LR FH B 15 A TR A B4 i i [ 550
SEA TR T AN B9 F 5, 4 Collepardi 5854 1) iF 5%
LB 1 min J5 W INEUK R RPC, L TAE MR
T T B I 8 A8 K B RPCY . SCEik[65 15 A
BT W B RE T AR B9 RPC AR € T Ikt
7. SCHERL66 ] HRBIF ST T 3 FlAS 6] i) £ k4 7
P IR 25 R R WL OR A 9 BB P X RPC i 4t 47
S5 R R 5 B2 A — 2 SR, JE X RPC 3t 8l 1k Y
SEMAL K, BB Ak, RPC 58 T i) 40 £F 4k 7 1] 43 Aii 4F
RPC W HLbL o8 45 M Be A B K . Sy S 8%
P SN A 4t 7 1) 1 75 vk SCRC67 ] vl 2o B0 fE 43 B
AR IR FE BT T 38 3 BF R AR AN 2 4k HE ) 5 1)

(4 7 35 s SCHR 68 r SR FH A5 e A0 1 R TR 36 3K 3h 7
] 45 7 3% o B R 2T A e R o i HE B O 1l R
RUJG ) X 2R MR 2 B 2R M B T R ROR

o UL 0 SR b B 2 UHPC 4R 75 & M RE Y B
TEF B T R AR S R 0 R R
PR S R At e 52 . SCERL69 g L 5 90 CHA
FEP AL FE 20 ChRiEFRY 24 F 19 UHPFRC i
B, Bt 50 B FEAIK 20 20, BUAS SR EEREAIR 1006, W 24 g
REAR 1550, ik in 35 7 il B2 J& RPC 3Rk 75 & 1
REMEE ST B, n RPC & K JR & 9 I 76
RIE FE 40 % B T, RPC 4 )1 = VB8 % K %
SR LA ST SR 7 5 (St NMRD KR |
FE IR AT M) S S 45 B IR E AS TR 3R 4 25 140 T 1 K 4k
FERE Al g 7 A sk H 23 e 547 7 XU, Richard
SFHNC ST 2B L 90 C EIR P BE I3 Ll R RONE
B AE B K L W 1 W 45 R, R 3R P
(250 'C~400 C)REARAE 45 & /K Ak W T8 115 1 4L
AR BEK . Dallaire 5557 ) 8F 5% 2 B, RPC i {4
FEJNE 50 MPa F1 400 CHy %1 F 959" 48 h J5 . H
P38 B AT 15 8] 500 MPa, Cheyrezy % i i #4
FAFHT AN X GHERAT I % R 4F L 58 RPC ) B0
ZEMIPEAT 0 BT N N S RPC 1E R IR E AN T
150 C~200 CZ[a i, FLER R /. %R 28 9%
FRAP AR R IR S B IR R IR DL SR IX 4 R g
P AT T X He G L 45 SR W L 2SR XM PR R
M) f5e A o 17 >R FH 2 % LU I 28 97 15 W L 25 55 40 4 1
M RZ MR /N> ZR IR R o M4 R I B TR 58 3 P L
e R SRS A /N AR AR L o bR A A R L R B
BRE NN SR . ZE VR A R IR B 4 i L Ok TR
HME LB T A A . TR AR 28 IR R R SR
Pt anfr 345 RPC R RL & 1 Bl L 5 A 0F 58 1)
— A RRIFAETT MR R T OR [ SR R
FIE W RPC A R il 52 w0 B9 BF 5% L 245 S e T, 2%
T4 AR R EL A A A R PR R IR R T
AR Y B A F 0 A A

FEPE g R 1% UHPC (4 et A s, B
FELE R R AEEELS R B i 5~25 MPa [ B )
i, RPC 025 58 1 o] 32 85 3426 ~ 66 20, ) 1tk T 42
5 3. 39~4. 81 fiF . 3 J iy F UK g AT 9 bR AL B A A
F 7K o R T K, 2% R ) 3 R N
By oxigm RPC WE R X F 5 — A fi g, 17
FE— A 25 TR I [] 5 26 6 ) a4, R it 23 0 H: )
SEPEREA I R, R SR Bk R RPC $iL R 5
JEE A R D S o LS 7 5 8 R 1 S i T 28 d



6 AHAFE TRFR

2014

PRUEFRI ) RPC, X ] i 5 28 He 37 47 0] 42 i 19 4F 4
FHIK VAT (0 K 45 7 F R KA 67 i 78 RPC
S8 IR SR AN i P T k0 2% R L T o
JE RV P AR

3 EEMHREIE

3.1 WML

SCk (80 ] Hf M £ 1 44 0k RUBE J 2 ERE &
SR VU 2R 22 RUBE SO 45 # A5 A0 R 1 31 UHPC
NI S FLIE S5 T £F 43k 0k 51w /2 ok ). ik
G FZ % R M SEMLEDS X TR i 5 X
B LR AT B SR 5 X RPC Y SO 25 #4 T J T WF 5%
HE— R T RPC JE i 1 BE AY S A R B,

RPC % 52 B 5 3 B 2 (8] A7 16 5 & & i A 2%
PO i R S B I N AR 2 e SR R TR
P T HAOEE F R AL B B RE . ZE IR
REFEAN C-S-H B iy CaO/SIO, , fff RPC H1JE A
ERRAN R R e 3Ok A1, SR 5K AL
FEE—Fh R B R Kk Ak 35 B 26 D0 i, LB AS
S R A AR T A 0 9 45 A Ak 2t # RPC
fFL B 2 72 B AR AR 1 UHPC fL %5 # 7T i 22 T
SR N . B ST TR BE 4 i S0 Rk R R BE K
(FTH A4 A1 C-S-H HEAy LR,

o T AT AR A K IR e R B 1 Ak 2 R S 2
TR R E 250 CHY,RPC H il BURE REAS 47 . & 53
PO RS I, C-S-H S B 85 B ik
JKUe RPC (ARPO) FE 4T 58 & AH [R) 15 0 F . A 5
TS PR BE LR SR LA B S A R 4G PR RE s T
ARPC 1§ CaO/SiO, B A% H 40k i £L 45 48 4 F) F
K Gy B H o PN R AL R S A S PR I LA B A T K
PERESS
3.2 SFHEIESRIEFHIE

e g R W, KB AN 4 1) UHPC, 7&
7 3% HE AR50 Bt py T A0 R R 014 Rl o A K T S AR
PR IR, 76 R HE 0 3 R O R e R TR R R
itk . B, UHPC — B4 27 48, fee Wl 9 oh
RAKGA g aMB. T4 T8 IMMNLT 4N
FLOHBEB/NH 0.20~0. 22 mm, KA KKK
55~70, 1 UHPC 3 {4 i i k042 /N, i e 5 5
oA Te0) B K 405 0 8% 27 A T4k L 2T R 4 RIS 5% 11 D
A LA B K TR 6 A 1k g B s LR R e B i
Frlk . R T 4 1 3 0 B B AL T R TR R Y
W% .

SCHRLOO T I 5 1 B £F 4k 43 A £ BB 43 50l o 0°

30°,45%,60°, 90 B X} RPC Wi 4 PE g iy sz m . 25 2%
FEHT YA AR R 0T B, KA 1 SF- 359 1o A e K,
ALK 07~ 60° FEAIK, 60° ~ 90° 3% Jinn 5 il 152 44 4
FE 0°~40°Z [H] by 42 P4 B 3R L 60° ~ 90° 22 [H] Ay i 14 1t
I, 40°~60° M AL F AR 2 L RPC A9 Oh Rz A8 58k Ak 5%
IV 55 A T A 1) 43 A R AE A BRI G R R AR 44y
A7 75 ) X B 58 B )5 W /N

KA A 5T R W BT it UHPC f9HThr o i
FEI A WY i B2 5 VR T L X A 3 s VR L TE AN 5 T
AL 2 4y A B ST R RTAR R (—METE 3.5 ~460 22
6], 5T 2 (1 18 1 BE B . Z PR R e, 7E
FERO A iy T F A AT H5 1R 5 3 3 VR 1 A
L s B I TR BE B M AR K A B AT 5K
S LT AE P IR L T AS S B R

X B R L AR AT A — o I R SR AR L (H 2
— N NAEAE— AR B Y S X B R BT
JERREATHRBE ., W FXAARB R, S EEER
ANFEBE DN 25058 4 YA,

R 4 Xt UHPC 3 B O H 2 B 5258 )
S 20 AR FH LB, — BB RIS X 47 4 5 UHPC %
R BAE R T TR, SCERCI01 g s 17—
T 284 ) B PR 56y i (7 e LR A 8] R FH 4% 4
MR AL 1 7 35590 F IR 2 2 i B R G . il
At UHPC 54 (4 b1 st e ) Lo 1, 5 46 B 21 48 5
UHPC 1) fie K 55RO 45 1L 3 v] 35 5] 22 MPa, 2F 4
B RPN 1Al 5 3 1 840 MPa, $i H Fr 7 2 19 fg
FER 71 ]« mm ?, FORE 5 98 B | 2F 4k d5 K 0 ) R L
HHAERE 2> 5 o HSC /9 7 £5 .4 £ F1 20 £ 1 Ah
UHPC [ hr 4k a7 4807 7% il 4235 3 B K Ar 8005 A
MG HSC iR R TR L. KB UHPC 5
T 2 11 B 8 DR 50 K, L S Mk AR HSC B 4
SCHRL 103 H A9 8% 4 B 2F 4 A8 T8 21 2k (35 ) 2F 4
FIHL e £F 4 ) 'y Ak 2 5L 1D (0K 5 1k RE L A8 T 2F 4 11
Kidh ok B 47 MPa j& B 2F 4819 5 f%. @ i ik
UHP-FRC Y [ & b BT 4E 19 k5 45 50 52 n] LA
10 MPa#f @ 5] 20 MPa, fif JK X K 45 v BE A F . I
B RE IR K P8 HE lg 20% ~30% , Y ik JK K Y8 ke Ky
30 0, HORG 2550 B AT 4R 8 14 201, SCik[105 ]
NN B AR BN 350 1 89 27 4k, H Bt K 3R
SRS i SR T R B IR R R R AT JT 4R TR 4
IDPAR 2 TR

4 MRMERETR

4.1 R EBREFERNFMEEE
5535 B 25 12 PR RE T T . EE TN A A Lk



%3

HREA.F: 83

MR R LA R AR 7

SRR PR R L B A A R R - A R
e BR VL AZ TA A EE L SF- 33 B ZRE L HE LRI K R R
S5 o B SR EE (TR B 2 UHPC S e A1y )
FERE . CIF R TREIIE.

TEAF B RE A4 I 38 7 ThD 55 32 e 9 5 - A g iR
TREE L — 4. UHPC A7 123 R &0 [a] et [H] g
Ty AR 5 LR A ) 2 8 — B IR o L 2 SO B
BN Z ., BT UHPC 30 240 sk R i B KokE
AL T mm, B ER T — R BE 1007 2 4h
IEDUNIZS P IR W g R v e e S S
Fw R B K K 150 mm R B 4R 212 .
100 mmGEBE + 4B 43 X AF) .70, 7 mm (R H 0 4
D 40 mm P IR1F) 55 37 7 il 1R 70 Ry
150 mm X 150 mm X 300 mm £1 100 mm X 100 mm X
300 mm SR AL AR BUIES EAMRFE N B SR
P76 X 153, $100 X 200, ®90 X 180 4§ [A A & i
PRI SCERCTT0 T (¥ B 5 45 SRR WYL A0 2R A
BALYE RPC 1 RTS8 58 1R %k L s e fE
TREE L RECE R 2 a8 AL 4, RPC B R~
BV R . SCERC 112 ik oy 58 A 4R
UHPFRC #i b . A8 AL 4 1) UHPC 4 538 & 1Y
AR SRR o B R /N RS A i i ) 5 R
BER TR o H 2 A RT3 B Il it 2 22 18]
M ELAE . H TR B 58— 4518

SCHRLT08 JrR ik s i K435 70. 7 mm I 40
o (8321 0T IO G il SRR 3 A K 9 I R 3 R A
AR T7 125, 5 AT 5 38 TR B 1 B e o YR B 4 A
BT Z M AAAE— 2 1 22 5% A AR RPC B it
JE R IR o ST — FOAG D BILA B S 5 3 B e g
PLAE Sy - SCHRL17 ], (106 ], [108 JHh ¥y e R AL K
29100 mm { RPC 57 77 A3 e g A o ) 32800 7F
R A [ T R 17 00 4 285 2R T R s S 7 A a4 1Y
PO 58 B R TR AL AR AP0 98 5 L SCRRC108 T L &
T 65 MNERAEAS G T Z M (R 0. 87
T OREE 450 B HYE ) (GB 50010—2010) 5
ORI 14 v S TR EE - C80 B 3 HL(H 0. 82,

H BT TR B - B 5 B 32 I a0y 2 A i
5 BERLRIG AP S 3 A, i TR BE L AR
PO 98 B 5 » UL 5 AR . 470 47 o R 00 X 2 A
R AR A B T/ DS o DR T o 5 52 14 K
FERA B EA, &R IR R Z M AR LT
T2 RN AR HE I A G — . AR UHPC ALk L
5538 8 TR BE T Y iz T BE A 22 O R AHL i T i
Y XE C K F] 10 MPa B0 & 7E45 44 %2 J) BB K

FE—E WA/E T, B, UHPC (1% 3t 7 58 2 0T 5% 52 3]
THEM., UHPC Ryfrhrsm B 75 vk AR T
e 3 TR e ) 3 A I Dy i WE SR A R AR [
TR %E +—HF  UHPC 75 (05t hr 5 B2 A & 2R K IR
R B SR B RS D S S R B HJE X T 4
DS R 2 8] (Y A AL G & HHT O IR i A A
N R ot

PR PUH 8 B PP 5 BE A, R 2 058 & F UH-
PC A A PE AT T 28 SRR . R A
¥ SR % [ 4 O M) A AR I g e X UH-
PC {58 B i PR 1 B M BB 55 ) = MR RE AT T 8K
RGBS Sy L AE 5% M B2 R P i N 26
THIR AR, SCERCI14 I 858 T RPC200 1 4 4
TRBT R 5 BE 7 7 AT 5 B LB 5k B L SRR A
SRR EE/NAE = i @S S AVAN R S 8 ¢ I 3
MR LA AR SCHR L 115 ] o R T 75 3 B AR Ok
e UHPC B gpE AR B AyAAs b . SCRRC110 JHak
K ACT 24 300T LA UHPC () 3 v A i

Fehling Z " BF9E T K [6) X 4F 4k #5 5 UHPC
()32 Hs I 3-8 #1280 A g AN 48 AN &F 48 UHPC
3 PR IR IS 2 B K T 2R T R B B AN AT 4
UHPC (1% )i 7 -1 A8 il 2 A7 A6 B 5 i) 1 R B o (H2
B 5 5N £F 245 1 R0 43 A1 AN TR) il 26T B B I AR
AT xR -0 AR i 2 b T B R [ 3R K
JIE X B 1 FR Bl R AR —#E 9, Prabha 48507 5E
i MTS 45 K [R] 4K £F 2 B 26 F1 45 & RPC 19 5Ll
2 H N - R AR 4 i 26 A S RPC g I -0y 4% il 4%
ETHBOR LR BT R BT OIR U SR T80 4 4
TR AR, FYERIR OB B L X PR
S5 W P 1N A8 AR RE BB 0 15 e A0 o T 2 4 1 44
MR Yo e e a4 5 UHPC JEA M
b 45 5 R 5 o T DA 0 T A R L i £ 4
Fujikake 865" % Ffal R ¥ il 50 ML L WF 5 1 AS T) B
AN RPC ZHi N Jy-Ri 28 4 i R iy s . 25 R 3%
A, ) 24T r 5 R0 AR B 47 i i 32 S B A o 2 o
OESS= NP

SCHR 119 1 X6 Bt B A Bt A 4 56 2 003y 75
HEAT T ek B 95 & B0, 4K AT 4 X Bt hir i BE 4 v B
L AFZ X 5 B RN M A R AN R, SOk
(120, L1201 e ey 25 il 3o 36 R T e 1w 43 7 5 00K 4
fb UHPFRC 32 501 -0 A8 56 & L I 11 5 45
H5EPOR IR (DTTs) #6477 Ho & . & 300 i
T3 X IO F 7 % W A K

Liang 8505 S B 5E TR [ D e HE 7K G L L W



8 AHAFE TRFR

2014 %

LB R RPC SRR M . 45 R R0 - BFERD I Lh
(35 RPC BT 58 BE  H0 1 58 BE 24308/ 5 i 7K
b B34 K RPC 1 Bt 47 5 3 48 K {H 2 bt 1 5 3 7
IKBEEE S 0. 18 B 35 3 5 K AH 5 b B0 2F 2 45 5 1 3
KL RPC [ hz o B 8% Fir 58 B A0 BT Br o B2 35 1 K
R 58 I AE AN AT 45 1 2 Vo ik 81 05 KA
4.2 FBRBEMHE

Wi R 7 SRR RS 1 2 RPC KM BE AT 52
(BP0l R A R . B T LR
R 2RISR RPC W 4s R4 28 20/ o i 4
18 3 R 5 R B LR, TR 24 h PN AT S8 R M A
(9 1/2, 534 R T8 S RPC ¥4 1) A4k 77 i 2k
PR ) B s B A KK L R R AR K R 5 i
s RPC e 36 K0 . % F 8 B 20 C LM i B
50% R4 B RPC, bR #E K {4 (75 mm X 75 mm X
280 mm) 1 d By B4l 377 X 10°°,7 d 1Y Sk 46
488X 107", H R I 4 o5 SR Y 77 %05 S bR
A /MR (25 mm X 25 mm X 280 mm) [
&L N

7t RPC #4 A SAP (Super-absorbent Poly-
mer) #1 SRA (Shrinkage-reducing Admixture) 7] {ifi
RPC 1) A 4 BEARN . e BH 1k 7K 25 % J5 1 » R
AR AT . A B 25 I (R0 v, 2 B 5 R
J1°% 1.5 MPa B, UHPC I J1 IF 16 & & 3 A Bif
[i] EE A B 15F ) B 0. 6 b, 2 IR [R] 4 S & R T A
E 0S4 A8 L B AR AL 15 d Bl 6. 13X 10",
FE U AR AT T I LR BT R B R B Pk
B SCERC129 19 BN Ay SR BE S 6 b
M 6~15 hy HUCHE R AE Ky 5. 77X 10 s HF AT
B30 d B A USHE R AR Ry 7,53 X101 s A B RS £F
Y 1 55 A MR CGFRP) Y NI BE B 415, B A 3% 58 4K
i 1/4, R GFRP ) [ Y46 I f1 24 R % 8
B AR T 66. 5% ~70. 1% 5 84 5 3% T 45 M % B i
A A K . SCHERL130 59 IA 48 A1 4 mT L)t /b
SRA )\ UHPC w5 L il /0 B 0 4 DT 2 15
UHPC 428 vE . @m0 7ok e f | 44
AL Fr L UHPC [ 046 s mte

Xof T RO P R R U SR AR AR L e hr
SRS A S, ROy R AR S O U H R, A
FHFIER 2T 25 % LA 43 A2 1 BB 14 5% W 58K S Hh 41 4
B LI E SR AL T AR AT B0 A B A 4 AR R A
UHPC BP0 X FIRAE, BARIRAE R B
BN ARIE Y T RORE A 5 EE AR R SRR I I # AE 1Y
TR AR AR T 30 S8 AH 24 TR o B Uk, AR R b g R TT

R b SR FH 6 % 300 o 2
4.3 WA

%t F RPC it A PERIFSE » He 32 B4 th7E P BR vk
Rk PR T BB RE T LA R B B OE B AR O S
Jy gt e

K IIBIFE I FY . RPC BA 3E 3 350% 19 40 0
S5 R FNAR 58 1) B2 385 B8 1 LA AR G (9 B0 Al 1 24
FT S UHPC A 7K 2 b3 38 TR e 4 (LB 1 i)
5 R4 b0t UHPC BLAT AR U 1) 7K 2 1 0 i A 24
ZERRE ST, UHPC i A BR £ SR (0 AR i
W GRIRN " . SR 141 ] 45 . UHPC B0 25 5
FERYUETRFERY 16 %0 ~18% s #5 A AlG FF 1 098 Ik
S CE T 20 CRIZK P FEY 1 AR A L, 3
PU R 8 L AR B I . SCERL 142 ) HR g
S MRIB 15 AL S5 M ] 3 E T O #r UHPFRC #) iiif
I s UHPFRC (1 A A 45 38 508 VR B & R 2% 4
4.4 HftEge

WFSE N Gix UHPC iy HAb P RE LT e 1 5T
W R PR B s R S PERE S .

UHPC 57 J7 4T H 5 B 76 I B 75 51 100 C i
TFUR FRE L AE 200 C~500 'C 2 [A] 34 o, ¥k 2 8 3et
600 CJg X TR, M (K F 300 CHf, UH-
PC 37 7 VRt 5 5 i 25 2T 2k 5 8 1 38 i i 38  {HL
IR E T 300 CHF L, UHPC 75 7 4t e 58 J3 bifi
LTS B 3G 0T B A . UHPC Sz 5 R Bt B 5
JELE 200 C T 4R FFE.7E 200 C ~300 C 2z fa] i}
WA, T 300 CJE IR PR, MIREMRT
600 CHl, UHPC 37 J5 PR Hi 558 i B 4 £F 445 & 1)
38 T R R 24 3R = F 600 C i, UHPC 51
T HCRL R B G 4T 4R35 B M AR . 7E K
W, UHPC 057 5 Ji R AR S 8 b H 0 o
P, UHPC 5if B B ARG o B 0 0 5 953 2 31K T 34 3 TR
B A PEREIR B fE UHPC W E BN
o 15 TN M 41 A, BB DR s A A v R N AL S R R
VAR LR O I L #2557 UHPC By $0 K PERE . (H 2
LA A T v R TR A R AR

UHPC $i M v 0 F 3% i R s 7, 2 B ¥
JNTF C30 JRBE 41 1/20%) 40 &F 4k 1] 58E 4 & A5 Bl o
BOR AR R R Lai SFT0V HESE T A2 o
di g RPC WAL G Z , FE AL T 3L ol o e 30 2o
Tait"* #5717 ShBE AL RERE 1 5 5 I A8 R A £F 4t
SR, SCHRC153 TP B 5E T 25 il £ 2% #0
B3 T B9 UHPC ) 4t 4 I T 3 i K R
By Ab A SCEk[154 ] iy B 58 &k B, UHPC



%3

HREA.F: 83

MR R LA R AR 9

FEBNERT M AT SR BE L BY 7 5 R X I AR R R ) R
AR . SCERL155 ] H R 1 23 # T S il JF 3690 14
AR BB )P CORTUF,

UHPC 1)K 25 1 e 4 15 & 5 99 i 1 kG 25 1 fE
e 5 AR BE 1 AR 25 e Re . SCik(156 ], [157]
HBESE T OGRS RPC k25 dERe . SCHR[158 ]
RS T N 5 RPC (0K 25 P g, 45 S 1],
L5 30 S TR E 1 A LG R RN A S RPC W i 200 8%
ik o B BE . T R BOT 2 A T, k(159 ]
FRIEGE T Bk £ 4E 38 5 &2 A Bk (Carbon Fiber Rein-
forced Polymer, CFRP) #fj 5 UHPFRC 14 K 45 , &
BOEE CERP f (4 8 45 38 & 5 B &0 CFRP ffj 1) 4
ZEANZ s BEE CFRP ffi B4R A [ KB B 18 R, Al
GO B AR BEOR & A 7E CFRP Wi 4 2. Iboh. A
seeg HR 5 T RPC B W 4 PEREDY (L P
U IR A

5 IENAWMR

5.1 EAUENZ LR

Be i RPC B2 A it i 73 RPC %% 52 J ¥ g iy oF
7% . BB AE RPC 55 = BRI AR I 4] 45 44 1F 8 1
AR T B 24 BB 5 A B R 48 5 e 1 43 B b F
FEGE R ARV I LA FE 43 % 1§ RPC A1 R
TR M PLhiae -, 5 3% 2 A H . UHPFRC
e ELAT W Ly 0 W B ey 2L M R B S R REDTY L e
TE UHPC J5 ik AN [ o B9S2 11 v (] 5B A T i % 7 A
NG (1 3 35 T B B8 T S B9 £F 4E 1Y 5 1) R TR . UHPC
PP A YRR AR . SCER 173 R R R T
UHPC Z% 041 5% P Ae . & BBl % G 4 232 19 38 s i
L1 2% 5 J35 R 2 T 2 348 oo LR B L % 5o 2 i
O\ 757 TC A5 2 1) 8 o 20

5 TiC 35 3 4 377 A L >R R R B A7 1) UHPC 3%
FLAG B0 1) S T R R ) B AR R AR T R
K H UHPC 158 Z 040 i » o] 7K $H 30 MPa [y 25 il
PR B, B A AT AT B 5 R BT AT 4
PV S M 1 UHPC A L, 308 77 4K B
UHPC 225 A 8 & R P08 R ) 345 W L
& TAIEIRIIE TR

X UHPC 4 g4 vp s 58 77 Wk AT 7058 12
VA A LT i 7 2V R R RPC 227 A R
Z AN B L R SE R L B RN . #E RPC
TR, I R 1% G R fel A B AT 2K A 2102 7%
Hi 28 T R B 1 Rk S R A B B 3 A B L Sk
(1799 W58 T UHPFRC 7E wj 5 faf 25 A0 7 o 28

N BN s AE e A R B B R R T 2L RR G K T
4 J far 2B 9. SCHERL 180 ] X} UHPFRC #i 7E
A BT M PEREHEAT T B A AL A v 2
T UHPFRC 3 28 Ak, I 3647 7 28050 Fr.
BRC18T Jrf b T 53 YR 8 Ak UHPC M 78 vh iy
7 BN W RE L T HEAT T BT .

RPC 477 H 5 B AR e 2 AT 450 oA B R
POWFIT L R AR 5 5 TR B A A EL T A
RPC FEELAT 5 Ry e i) i 1 0 gl Jy pERED S 1. 4R
ifi » 24 RPC A48 A EF 4 i, 76 8 o f s/ 24 % 0
RAE TR IR IS B W, BR8N 4 B)
F i RPC MMt (A2 B % RPC Hi & 5 B 14 1
K HME A B R ks, UL, IR 58 AN T R
TK RPC & TR PR A5, 45 R 01, 53
A0 TR O AR ) AR 4 9 RPC ] LR 45 2
ik 55 17 L5 R A P A A F TR

55— F B 1k RPC W M B 3K 19 05 3 & R H
CFRP fit3 2 RPC ¥, WF 50 & B0, % T4 e 44 14, e
A B R T 1990 A i T RE Y R 48 R R
RN Xt F £F 4 1 3 2 A M ORE (Fiber Rein-
forced Polymer,FRP) 4 UHPC #: i i B4 68, N
TS VAT B A 1) R A AR A T A3 1 A A2 EL A A [ Y i
FAEYE ; 54N AR EE LA EL . BT FRP () s vk £k
FRP 4 + £F 438 % + (UHPC Filled FRP Tubes.
UHPCFFT) H AR i A 4025 58 B F ) 16 W EE . (B2
TEPE R B 25 /N — 28 FERERE ST AR RN,

SCHRC193 ] Hr 48 s —Fh UHPERC i i 44 {4 15
S FLOG SR R K R 3 G R 1) RN 1) A 1 28
B BRI m Lt LACR 52 e SCRRL194 b i
¢ RPC 1T CFRP ffi 4 [ (4 Jmy # be B PEfE . SCHik
(1957, [196 JH % Pic A 40 4F 4t RPC 7Kk A FEASE 1 5K 7
TR HE+ (ROMEZLHEAT T 8 ) 1k g 5 bt a2 Pk g 1 3
R .

5.2 IR

UHPC # #2 5k 5, B 16 5 2 T8 13 8 0
LA DAERR R i R e 2 . SCHRL20 i 46
N0 UHPC Ry F 4518 @ A 33 i,
gh4 TR BT R T R AR A 5T

2 E IR AHE R A 2001 FEFF IR FE RPC 74
¥ Tl Lt R A R R T B O AR
B T A 2 B AT RN £ e RPC PN Y B3 ] 3%
N LA B FF 54 RPC 32 1 B hir o 8 5 i A P 45 3 Atk 3k
ISHESY . BT B4 RPC T £ s gy,

H 44 UHPC Jy 3 E A 0 3 TR gt



10 AHAFE TRFR

2014 %

WL iEAT T UHPC Jy2¢ MR8 Vi A MERE R 348 . T
4% DA )y UHPC 5353 R %E 119 PBL % 4 55 1 5%
Whget . fEE N # i Gartnerplatz B #6147 T — &
B W B EPE LS, a0 UHPC 1 B F0 T i 3 R 36
UHPC #r 1 M 32 25 0152 59 4 BR R 28 07 i 5 i il 5
UHPC 345 45 b 1 i 1B 48 1k a8 0%, B8 b ) 3
17 UHPC #i 55 0F 5 H SR Oy JlU/R 7 UHPC
HERRARAL T HIS LR A [ A 18 AT R
1T 3 KM, 0 IF B T UHPC 3 i 8 813 56 BF
e, BEAh, SCERC200 JH JF R T F2 5 400 m (1
iR 71 RPC 3 L2 78 B0 03 B 1T 5% . v o Al 4 2
AN 5 R 2 v A A AT ik e T g A 3 TR
Yk R R SR b T T S ) A

BEog DLz 5 454, BE % 7870 &K #% UHPC
F1R) L 15 T 5 B SR T A B A R L AR RO 2
JE . CAAES I L SCER[201 ]9 384T T 2 4~ RPC
PEAE AR P AT 8RR T 12 ) ek Bl L 25 2R R B
RPC #t )3z Sy PERE L T RC #E 78 W 2 fif 2~ RPC
PE2LBE B T8 20 RC b Ay 2596 ~50% . H I 24 fuf
AT 17 D A 28 R A FR 7R 28 ) #4985 RC b5 1]
Mt . OV IE N SO B T 3285 4 i
432,500, 750, 1 000 m [ R & + HEAF &% 4
SR e ] fE N K 2E T R T B AR O 160,
420,600 m ff§ RPC 8 R 5 Wit 0F 58, 45 R &
B, 5535 30 TR 8 HEBR A . RPC HEBF 3 HE B 9 IR
BEHES AT 10 %, A R TR RN
R R e

UHPC #4438 B2 2 {H A 4 A0 X2 5 Bt 78
S AR v AR 78 43 45 BT RL R PR BE ST N L AT
TS5 R 5 Ty A BRI . SR AL SR R R
W Ah B B AT 4 A L AR A B R
UHPC 538 & 1 85 s i IR BE 45 251 .
¥ UHPC ffi R 2550158, kA5 8] 7 I & Fi
wi O, e Ah, Sparowitz ZP R 2 T RPC 5
YIS IE L 4 B P ANAT AR AL & S5 4 9T R T

B A 45 4 Ah . UHPC 38 8 BT 190 0 A0 82
HE B T AR S PR R R R 4 R B 1 22 e R
JBASE 0K UHPC 00 Al 56 2 o A7 T
JE R B A s It W T AR S . X
BRL214 e B & Al 22 F UHPFRC A 4145 BT
B 1A 2R 635 L Pk GO S TR AT 5 5 R 45 1)
77 4% 3 B8 T, I BIF 78 Rk 45 M BE X5 AN (] 4 DR 85 =X
T 03 Y A% A BR R 3R ) R Ry BB S T 1Y 5
UHPC it TREA R MmE Sek&E 4. A

2004 4F DI ALAE B+ UHPC A 20 W1 T #F
TR [ 48 A | R S i i A

BT M T4, UHPC fE @50 Al A%
T G TR AR TR R AR TR Y R
FHET S 2 SE PR i R s 76 i i T B2 A B 2
J& T R S . k216, (217 ] JT
T UHPC 28255 iy 2 Rl 5 F i it i 8 05 2 o
%%, XHRL218]% 1 T UHPC T AMEME T 1 72 5
FTAJG % ivefeik s . Scik[219 ]9 %% UHPC M
T e H i FEL R R 58 OBV o DA SRR ) T8 ol 1) R A
BAFF XIS TE R LR BRE ) W R SR IR T A
) F 8 1 7 X 3 3 A A S L 4 4 5 1) UH-
PC 28 SOBUE HT 5 B 19 5% i A K B 85 EL 25 il
STYUIRE T W SE MR . H AR S 08 2 20 1] 34 8 24 0 R AT
T RPC Hp B il 3 56, 45 R R A L % m IR e 0
LA RPC Y 40 % A2 4720, v [ 4 %) 4
RIS s E L IR T RPC H S mik e ir o, 5
8- 580 4K A7 VR R - O R 6% K T 5 A H L RPC IR B
AT e 5 o 0 DA R A 2 4 T R 3 AU B
S okl 224 ], (225 R IR R TR B
LA UHPC %8 0 B 76 B 2R v i i F 92
SCHR[226 ] aF5E T UHPC R # f  1f 5 #E J2 Al
WE A 65 1 SR A S R I AE . SCEK( 1811, [227 I IF
& 7 UHPFRC ZE i 0 TR H e vp il 5 . UH-
PC 7e 0 [E H 1N 55 2 1 2 5 3180 8K B% 1 L 40 4 55
M o 7 55 M 25 G PR BE S AR I 2 BTHZR R IR T L T
J T A RLREAR A 7 BUAS B A i 7™ o 5T i 1 T iR
PRI IE B TR TR B BRI R IRE
T (RPO A B AATHE R4 L i AR ATHAR SR

6 REFHRTME

6.1 EMEHPARBEFUIESHANEHTAR

TR BE I —Fh 2 415y AN 249 5] Z M A, b1 L SR
VRIS Z% 5 2RI 1 AR S L RO0 485 4 2 2%
Z 7%, & UHPC JL{REESS A 33 2 240 W25 44 © JF
J& TR Z AT, 2% B G 0 M R 1 4 o AR 25 T L
THOWLZS F (i3 . SR T RPC /K B H AR » Rt R 7k Ak
FSITE G Ak 82K AL 5 3% im TR &E - 22 8ok, Bl
Xt UHPC JE ML | Gl 40 W0 205 ¥4 5 7 WL B 56 &
R AK I B A b 235 4 R 1 AR A 1 BE 9 38 AN 8 3R
F5RA . F I, BCR A BRI R AR L T 5847 il 2R
5 RPC BEBEIR Z KA1 1 52 38 H.AE I B 7K Ak
)12 48R R IR EE T RPC fOWLSS # T 18 5 6 A8
B BT 1l 3R 5 N RPC M RER b 55 26 sk LT



%3

HREA.F: 83

AR R B AT R LR A 11

HEALBE T A4 Ve RE AL S ME RE I R M ER B R RPC
Z R, e UHPC #RHZ RS I &
Jig Sy AR T B8 B e SR A

6.2 LFHEEIEHYIEBAY HZEHAR

R UHPC MYERRA R EZEN R,
— R ET AE TR BE T 0 2T 4E S LIS 400 ) B
E A A BR A8 AR 8 i 1A 55 21 4 2 B3 2F 4E 1Y
HERAEMH . UHPC 8 A L4t 52/ K40 LA
R EEERLAR /I o PR 5 AR [ 1 RE 45 0 7% L 2F 4k
)RR 2T HEAT $e 70 22 4 1Y) D 5% AR T LA RO TR B8+
AP 3G SR AL B A A L B B B R PE . B R £F 4R X
UHPC fEH B WF 547 Lk 36 K@ M or i b . |
TE4ER M TR KA B REESHK L TR
S S5 R A5 S ME LR B e S A R e .
PR I & 7 2 4 33 i 3 AL 2R 5 18, o FH 240008 77 2 4 B
FEAE A7 B3 BT J7 1T A 17 S
6.3 AMFITEH&EHA

UHPC 14 i it 5 il 4 2 H k58 5 0 )
FEAl IE NSRS 2.1 15 AR A T R A B 45 A S Y
POBHTF R T R E MBS T, 250 = il 4 © LI
ME & EERTE SO T8 52 7% 10 S 06 % i A R e il
AR RAS (1 CRE S i f HOR X R EIIL SRR
2 A5 T B SR .

4 UHPC ZIBR 1 ORLE R b 1 & kS 7K e
A1 Z ] ) ST R BG BRI S AR B T R . SR
BT 3. 1,3, 2 15 s Ir A 48 0 IR 1 R A AR AR PR Y
SR - UHPC S5 40 ] B2 4 1 AR 3452 i 21 b4
PR I G b 33t B AT 2 DL 5 a5 T
NE. AR UHPC 4540, se 3l UHPC i 4
Bt BE 2 Al i 581k . 2 4 Ja 1) E R R 1] .

T3 —J7 T« N2 R )2 T8 Sfe i o T2 0 ] 45 B
Ty PR AE 25 20 B RHE G 3450 VAR i 25 141 55 7R B
I SHAR 2 D5 R A A — 28 gl 3E i
L B FVE M R B W0 PE 22 19 Densit, 3 E 9 Ductal
5= i) Ducon., 52k P4 W 9 Dura, H AT 858 19 i &
AT 4E) " 3 )y AR 3E 1K BLUA 0 2 5 = A A
A TR s AR A, MM S . P EH
H i TCAE L T S AL R A A K R S 0 = A
TR s AHL R S B 0 TR 55 /0 o 52 ) 48 1 AR 3B AN 8
A X UHPC 535 58 1R Bk 1 0w o TR Bk
TP EERR.

6.4 HENKFESERER

M UHPC T/ W M EEH A fEir. &

RO TFE T REMFR AHRASCE 4 gl . &

L5 T TR BE L L v o R BE A R TR 2 Ak, UHPC
A PP A5 2R B A 2 B Ok . H AT T UHPC
AR TS I 5 18 b5 R 2R 08 B A 58— B AR vfiE . It
e 588 JBE 45 28 RS PR Z (8] i 36 R AT A B —
A TR T 08 A 5 70 402 56 B A () 3 6 T 3 0 K
L5 Z A I 22 S B 2 AT RN o0 BT B /D 3 BT L
JEE 22 ) F ] B 0RO AR 5 BRE A A A 0 R 2 T Y Ok
RWMARANNGE— MBI S5 7E TR 0T A . 1R B
BN TR 5 R SRR AR K O R R AR A AT
JEHIR SR AR L S BRI B ) T 23k AL . H
RX 7 T SR E T T — 2805 . (2 9 R IE i3k
W AR TS 20 1) IV T30 28 5% 2R T 2 I A 22
FER T H A —4E 0 3. L. 4 )5 E s 2R
— YN 7N SR R L I TT R 2 4k NV -V O AR VR
DRI LA K 3l T 5902 57 1) T B9 AS A4 56 R A9
CAHFFE R R ZE5R 1 UHPC Wi fil
TRAS /I BT XS T 6 3k 77 37 I a0 g i /) i 2 A £
A5 A R iE— B WF5E . UHPC Bk 805 M4
S PLB R PUBRAL TR ES T80 PR RS I
PR AR 5 2T A B o (] R A o R R A 7K AT
AE I8 7K 2k 252 7K A S5 iR AN () B 38 7 ZEIR AR BIE TS
A Je RO UHPC APRE ) 22 58 b5 LT A1 BE A
BRARE P RE 45 70 T4 AR RS A 1 &R 2R AT 050 32 1
FLAAE b5 HEAE b o0 M 5 TR O A R
AE TR 58 - I X H AR 10y 5 W) A b 22 Y Ot 5 B
6.5 EFIENANHR
XS TAESE M o AT UHPC 22 f HE
W R T HEAT TS 2 AR R DL Y
AR R 2 RO D 5l TR EE
AL PR 10 3 1R A L . UHPC B3 2R 8 2 2D - 1
AN R LAt 7 A AT B A B R T ik
B g UHPC 4 fF ] 78 1) 52 B il in s 57
I IF ARG BAF BB P TR AL O A0 A i Rk
UHPC S5 Fg 53119 5 H . B8 4R 0 A6 A0 g 1 1Y o
CIFJE T — L8075, (HR AT AN 8 s . 6 o 5 5
JG EH BT TE S N E5 A A8 1 i 2 AL R T AL
it THARTT WRE A . i T b E R R B TR T
A AR A X T i A A9F 5 A
FAiT . UHPC i 44 1 59 3% 4% J7 X475 DB 38
UHPC oy 3, #5258 UHPC 78 A [ 57 3 il
N CBRBEHOER g il TR 3R 37 anfig SEELA 1 A
PR E VRS VEE - H RTBESE 0 20 i 2k — 2P WS
6.6 PIFMENATFR
EN—2E 5245 i, UHPC BAR 1 iy 45 i



12 EHAFE TRFR

2014 %

e Ik B VR BE T A ORE  (ELR A AT LA O S — Tl AL b
b FLAE 25 R b it R AT DL 28 45 GE TR e - 25 4
h L BIR A — S gh 5 TA1HT  (HR AT R e AL

UHPC 3P R 19 42 5 5 0 B2 1Y 32 5 A ik
Lb » 254 = s e B AR IS o A0 e] 38 2o 25 4 1R T T 4 v L
JE AR AR 5 . UHPC B 8 & 1 Ht
JESRE S LR 43 A T e R B IR T A
BRI WEPE o o] 38 2xk 25 #1523k O L I P
WA R 0 A0 87 . UHPC MR SR 825 G faf
oo RAEMEH LB AT AT A5 5T

ik G UHPC 32 H B BMEPE IR, — 223
¥ RPC B FE T, JF R 794 UHPC 152 J)
RERFST. SR BT B RPC #F 78 v, HUJE fij o
b DA B3 I 52 S M ok 2% L T AR SN B TR B
FBIF 9 S B R T T A %5 R UHPC i 2 )2 & &
51 RS AL A4 i) UHPC 2 37 28 AL
Y, R AT BEIRIRIRY s AN I 16 2 X A TR
- (R BEE T AR AR S A E T X RPC Y TAE M g
EE BT 194 SR 2 o 1) T 1 B AR 5 B A P A
2 5 TR R R 5 AN 5 22 DE 5 2 75 R 20 R
il B TR O 145

UHPC B 1 164 55 1) 1 25 #4945 355 % 1 o L 78
Fofh 538 b A % ) a9 B A AT . UHPC 27 —
ST B At AR B N AR BT R LB il
Hh R g FH s 6 LR Sk R R R 5 E £ AR R N
s ER L R 2 i . UHPC 18 b — Fh ok i
[N/ SR IOR o = ALY DA A TR Z T DN
1 8 B 22 A o P 45
6.7 ZFEHR

SV PR A R G B . UHPC i
% 45 A By b D20 A L i B S 1 R U i T
FE Al B R AV 1 ) 422 28 0% A% 5 o T K Pk 4 i ) K A
PERE 4 75 i 1 M B AR 25 6 28 0% 8 4 DA JOR) 3R
(R ER =N (A R RS o i SR e € e/ 1]
CA MBI, B IR 2 i R 5%,
AR I A BR .

S0 o O A R — IR I I . B
A 1) UHPC MOREEAN 85 8 it 1T 2% 4K, 2 5%
LI B4 ) 1 S B ) 2 — ., ZE BRARAA BB
o7 s NATTR 25 B AR T8 T 1 2 85, AT
DR AR AT B 38 Ty I L2 X AR 5 v 1Y) A £
AEFRE IR 1B AR AT A AR

SE B R H S R[] AR R — R AN R A B
P B bE P48 B5 B SR AR AE AN ] L ] 9047 25 T T2

PERE 25K BB R SCBE T LUK B e P A LE L X 2
R R A TR [ R E b Tl A R B AR . UH-
PC [ /b, &5 UHPC 235t iy 225
6.8 IRESHEMHR

EE VAR AR T2 EHIT T AN UH-
PFRC BB 45 R - oAt 40 48 [ 25 o 7 4 1 A1
IO PR 4 S RSO o v ] R o PR A R TR 1)
CAEAESR DL (HR B OO AR ARIE L 8 Bz T A%
IO7 FH B8 bR 15 RS

TEBUA B LAt L B35 BF 5¢ 1 2F R A AR 2 5
AN AR R L 0T BT L 58 3 A G R b v S5 ML
S R I EETT M Z—

7 % i

UHPC W4 BB AE A 20 4519 7 s, 78
WHIFSES TAR N 5 TR S T T B .
— KA TN 51 R BRI B ) R, PR T K&
() UHPC B¢, S Ho A Ja 00 B ) 25 T 1R 5K
B3l . (B2 T E X UHPC B985 R 20 80, LA/
TH IR E L RGEEGVEA TSR, H Al oK B
B4 E B T T 2 R 5 e 41, e
R 18 UHPC 7 i 3 4 s T 8% b g B AH X 48 4
A TEPBE MG, H2E5EIEEL, UHPC
SR AR N 2D i SRk BT 30 ARk v [E Ak
TR 1) e heli 152 e 2 I i TS R 2T ik A
Ao BEEPEXT AR T RS R R H £t A,
UHPC 1£4 J5 A8 24 K — B B 8] ) SE A% g i b T A
& R AT S A A UHPC 3L i 5 T
T o I 5 T - O e SR SE KO

S E 3k

References:

L] RPfh.HREZ. miEaeiREE L IM. Jbnt. v E gkE
A 1999.
WU Zhong-wei, LIAN Hui-zhen. High Performance
Concrete [ M ]. Beijing: China Railway Publishing
House,1999.

C2] HEJ5ik. @ rEeIREE a5 M. Jbat AL Tl i iR
#2004,
FENG Nai-gian. High Performance Concrete Struc-
ture[ M. Beijing: China Machine Press,2004.

[ 3] AITCIN P C. High-performance Concrete[ M]. Lon-
don:E & FN Spon,2004.

[4] SHI C J,MO Y L. High-performance Construction
Materials—Science and Applications[ M ]. Washington



FREhk,F.85HER

¥

B LA 4R A 13

P

[5]

L7]

[8]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

DC:World Scientific Publishing Company,2008.
HABEOG. Jedt K U8 AL 52 A BT R LML JE 50 Bl R
#.2009.

HU Shu-guang. Advanced Cement-based Composite
Materials| M]. Beijing : Science Press.2009.

X L B R, T EIRBE L TS S B IM . R
RGBT R R, 1992,

ZHAO Guo-fan, HUANG Cheng-kui. Research and
Application of Fiber Concrete [ M]. Dalian: Dalian
University of Technology Press,1992

BACHE H H. Densified Cement/Ultra-fine Particle-
based Materials [ C]//ICSC. Proceedings of the 2nd
International Conference on Superplasticizers in Con-
crete. Ottawa; Aalborg Portland, 1981 :1-35.
BIRCHALL J D,MAJID K I, STAYNES A A,et al.
Cement in the Context of New Materials for an Ener-
gy-expensive Future[ ]J]. Philosophical Transaction of
the Royal Society of London A,1983,310:31-42.
RICHARD P,CHEYREZY M. Reactive Powder Con-
cretes with High Ductility and 200-800 MPa Com-
pressive Strength[ J]. ACI Special Publication, 1994,
144(24) .507-518.

RICHARD P,CHEYREZY M. Composition of Reac-
tive Powder Concretes[ ] ]. Cement and Concrete Re-
search,1995,25(7) :1501-1511.

LARRARD D F,SEDRAN T. Optimization of Ultra-
high-performance Concrete by the Use of a Packing
Model[J]. Cement and Concrete Research, 1994, 24
(6):997-1009.

FHWA. Material Property Characterization of Ultra-
high Performance Concrete[ R]. Washington DC: FH-
WA, 2006.

Michigan Tech Transportation Institute. Ultra-high
Performance Concrete for Michigan Bridges Material
Performance—Phase I[R]. Houghton: Michigan Tech
Transportation Institute,2008.

Association Francaise de Genie Civil. Ultra High Per-
formance Fiber-reinforced Concretes-interim Recom-
mendations[ M. Paris: Association Francaise de Genie
Civil,2002.

Japan Society of Civil Engineers. Recommendations
for Design and Construction of Ultra-high Perform-
ance Fiber-reinforced Concrete Structures (DRAFT)
[M]. Tokyo:Japan Society of Civil Engineers,2006.
CHIN W J,KIM Y J,CHO ] R.et al. Dynamic Char-
acteristics Evaluation of Innovative UHPC Pedestrian
Cable Stayed Bridge[]]. Engineering, 2012, 12 (4);
869-876.

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[26]

(27]

TR SR G A AR TR Bk 1 ) TR SR 2 W AD
[Z/OL]. (2013-09-15) [ 2013-10-15]. http://www.
risn. org. cn/.

Tsinghua University. National Standard Reactive
Powder Concrete(Exposure Draft)[Z/OL]. (2013-09-
15)[2013-10-15]. http://www. risn. org. cn/.

TANG M C. High Performance Concrete—Past, Pres-
ent and Future[ C]//ASTM. Proceedings of 1st Inter-
national Symposium on Ultra High Performance Con-
crete, Kassel: ASTM,2004:3-9.

BATOZ ] F,BEHLOUL M. UHPFRC Development
on the Last Two Decades: An Overview[ C]//TOUT-
LEMONDE F,RESPLENDINO J. International Sym-
posium on UHPFRC. Marseille: RILEM Publications,
2009:1-13.

AT, B4 PR & WS RS 2R S
g ()7, A HF 22, 2013,41(1) :69-74.

DU Ren-yuan, HUANG Qing-wei, CHEN Bao-chun.
Application and Study of Reactive Powder Concrete to
Bridge Engineering[ J]. World Bridges, 2013,41(1):
69-74.

AR I . TV 2 R A o M R R O v R
2014-03-06(8).

WU Chun-li. Two Ministries Generalize High Per-
formance Concrete [ N]. China Construction News,
2014-03-06(8).

AYDIN S,YAZICI H, YARDIMCI M Y,et al. Effect
of Aggregate Type on Mechanical Properties of Reac-
tive Powder Concrete [ J]. ACI Materials Journal,
2010,107(5) :441-449.

WILLE K,NAAMAN A E,PARRA-MONTESINOS
G J. Ultra-high Performance Concrete with Compres-
sive Strength Exceeding 150 MPa(22 KSI) : A Simpler
Way[ ]]. ACI Materials Journal,2011,108(1) ;46-34.
WANG C,YANG C,LIU F,et al. Preparation of Ul-
tra-high Performance Concrete with Common Tech-
nology and Materials[ J]. Cement and Concrete Com-
posites,2012,34(4) :538-544.

WILLE K, NAAMAN A E,EI-F-TAWLL S. Optimi-
zing Ultra-high-performance Fiber-reinforced Con-
crete[ ] ]. Concrete International,2011,33(9) :35-42.
HASSAN A M T,JONES S W,MAHMUD G H. Ex-
perimental Test Methods to Determine the Uniaxial
Tensile and Compressive Behaviour of Ultra High
Performance Fibre Reinforced Concrete (UHPFRC)
[J]. Construction and Building Materials, 2012, 37
874-882.

fif W, BFE. 200 ~ 300 MPa % H Ky A VR B +



14

EAMFE TRFR

2014 %

[28]

[29]

[30]

[31]

[32]

[33]

[34]

(RPO) {1y L il B AR W92 LT 1. TR #E + 5 7K ¥ i » 2000
(4):3-7.

HE Feng, HUANG Zheng-yu. Study on the Preparing
of 200-300 MPa Reactive Powder Concrete[ J |. China
Concrete and Cement Products,2000(4) :3-7.
ARG ] EXR. 15 Py AR BE = (RPC200) 1 i ] 3
BB LT, A B A4 2003416 (4) :44-49.

WU Yan-hai, HE Yan-bin. Experimental Research on
Proportion of Reactive Powder Concrete [ J]. China
Journal of Highway and Transport,2003,16(4):44-
49.

EJEA 18 52 2 B L 48 200 MPa 203 T B KR
e B[] ], Bl 2r i, 2004,26(2) 1 116-119.
YAN Guang-jie, YAN Gui-ping, AN Ming-zhe, et al.
Experiment Study on 200 MPa Reactive Powder Con-
crete[ J]. Journal of the China Railway Society, 2004,
26(2):116-119.

A A AL R ARTR BE AT ) A KR G it
BRI W Rl H AR # IR, 2009, 36(2)
13-17.

ZHENG Wen-zhong, LI Li. Preparation and Mix Pro-
portion Calculation of Reactive Powder Concrete[ J .
Journal of Hunan University: Natural Sciences, 2009,
36(2):13-17.

LIANG Yong-ning, CHEN Bao-chun, JT Tao, et al.
Effects of Sand-binder Ratio, Water-binder Ratio and
Volume Percentage of Steel Fiber on the Performance
of RPC[J]. Journal of Fuzhou University: Natural
Science Edition,2011,39(5):748-753.

JI T,CHEN B C,ZHUANG Y Z, et al. Effects of
Packing Degree and Calcium-silicon Ratio of Cementi-
tious Material on Strength of Reactive Powder Con-
crete[ J]. Advances in Building Materials, 2010, 168-
170.:1034-1037.

DU R,HUANG Q,CHEN B. Experimental Study on
RPC Mechanical Property and Cost-performance Rati-
o of Content of Steel Fiber[ C]//Bridge Magazine Of-
fice. Proceedings of 3rd Chinese-Croatian Joint Collo-
quium on Long Span Arch Bridges. Zagreb: Bridge
Magazine Office,2011.:159-166.

KL E T UL AR S BET 4R S AT R IR A 1Y
SRS PR AR IR BE L ) HERE LI AT R LC L/ /BOE .
5L b E D RE AR B N 2R W SR S
g3 W, DS E B T RE K ORH T AL A R 2 A, 2010
223-235.

ZHANG Peng-cheng, KANG Qing,SHEN Zhi-qiang,
et al. Experimental Research on the Mechanical Prop-

erties of Steel Fiber and Carbon Fiber Reinforce RPC

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[C]//ZHAO Guang-ming. Proceedings of 7th China
Functional Materials and Its Application; 5th Part.
Chongqing: Chongqing Fuctional Materials Journal
Club Co. ,Ltd,2010.:223-235.

0T FF R, A 5t . 45 V) Bk 2 4 T A AR TR )
ERENT LT ] KA & L 2% 4. 2007, 26 (1) : 90-96.
KE Kai-zhan, ZHOU Rui-zhong. Researches on Me-
chanical Properties of Carbon Fiber Reactive Powder
Concrete[ J]. Journal of Hydroelectric Engineering,
2007,26(1):90-96.

MR £ L SIRE AR RNA LT 450
TP AR EE L ) e se LI OF e () ], S A5 M 2
R ,2012,33(9):119-126.

ZHENG Wen-zhong, LI Hai-yan, WANG Ying. Me-
chanical Properties of Reactive Powder Concrete with
Different Dosage of Polypropylene Fiber After High
Temperature [ J ]. Journal of Building Structures,
2012,33(9):119-126.

ML IRALWL. S AR X BT IS R AR TR BE
SR RERZ IR 0 M [T . JR BE 1 .2009(12) - 58-60.
YUAN Ping, GONG Li-ming. Analysis of Mechanics
Performance Impact About Fibrous Material to
Gangue Active Powder Concretes[ J]. Concrete, 2009
(12) :58-60.

BRI RIS B A A IR AR AT A (B AT 4 S5 N
2R 4D W R TR BE i A RE [T ], R 283l K2
2#41% .2009,30(6) : 19-21.

BI Qiao-wei, YANG Zhao-peng,JIAO Quan,et al. Ex-
periment Study on Mechanical Properties of a Hybrid
Fiber Reinforced Reactive Powder Concrete[ J |. Jour-
nal of Dalian Jiaotong University,2009,30(6) :19-21.
Pitt =, EWIR, S UE . LR 4E T B %5 90T TR R R TR
TEREERY R M [T ], g HUA AR 4. 2008, 11(5) : 522-
527.

ZHONG Shi-yun, WANG Ya-mei, GAO Han-qing.
Effect of Fibers on Strength of Self-compacting Reac-
tive Powder Concrete[ ] ]. Journal of Building Materi-
als,2008,11(5) :522-527.

YAZLCL H,YIGITER H,.KAEABULUT A S.et al.
Utilization of Fly Ash and Ground Granulated Blast
Furnace Slag as an Alternative Silica Source in Reac-
tive Powder Concrete[ J|. Fuel, 2008, 87 (12) : 2401-
2407.

ALLENA S, NEWTSON C M. Ultra-high Strength
Concrete Mixtures Using Local Materials[ J]. Journal
of Civil Engineering and Architecture, 2011, 5 (4) .
322-330.

[42] TOUTANIJI H. Properties of Polypropylene Fiber Re-



% 3 HEAF RHERRE LFTLER 15
inforced Silica Fume Expansive Cement Concrete[ ] |. cretes[ D]. Wuhan: Wuhan University of Technology.,
Construction and Building Materials, 1999, 13 (4): 2006.

171-177. [51] YIGITER H,AYDLN S,YAZLCL H,et al. Mechani-

[43] AKHNOUKH A K,XIE H. Welded Wire Reinforce- cal Performance of Low Cement Reactive Powder
ment Versus Random Steel Fibers in Precast/Pres- Concrete (LCRPC)[J]. Composites Part B: Engineer-
tressed Ultra-high Performance Concrete L-girders ing,2012,43(8) :2907-2914.

[J]. Construction and Building Materials, 2010, 24 [52] ALDAHDOOH M A A,MUHAMAD BUNNORI N,
(11):2200-2207. MEGAT JOHARI M A. Development of Green Ultra-
[44] WY, ZHH B L. 5. BNE SR R IR E + high Performance Fiber Reinforced Concrete Contai-

[45]

[46]

[47]

[48]

[49]

[50]

R 5 M AR T M B L ], a3 0 K 2 2 4z, 2009,
31(1).:26-33.

HU Shu-guang, PENG Yan-zhou, CHEN Kai, et al.
Preparation and Deformation Performance of Reactive
Powder Concrete (RPC) with Steel Slag Powder[]J].
Journal of Wuhan University of Technology,2009,31
(1):26-33.

XRLL EFREG R R 48 K48 B0 B I PR R IR
BELERE S A 0TS L] ] DU R e
2008,30(11) :54-57,68.

LIU Juan-hong, WANG Dong-min, SONG Shao-min,
et al. Research on Durability and Micro Structure of
High Volume Fine Mineral Mixture of Reactive Pow-
der Concrete [ J]. Journal of Wuhan University of
Technology.2008,30(11) :54-57,68.

A S 5 O v 0 3 Ry R TR BE L A IR B AT SR LT
I RL2%,2008,24(5) :47-49,46.

ZHENG Ju-huan. The Experimental Research on
Metakaolin Reaction Power Concrete[ ] ]. Building Sci-
ence,2008,24(5) :47-49,46.

SREH IR, E I PERE 5E SIO. Yl A S e E RB TR
BE RN LD M R K, 2008

CAI Rui-huan. Preparation of High Active Rice Husk
Silica and Its Application to the Super High Perform-
ance Concrete [ D]. Guangzhou: Jinan University,
2008.

ZHANG Y S,SUN W, LIU S F,et al. Preparation of
C200 Green Reactive Powder Concrete and Its Static-
dynamic Behaviors[J]. Cement and Concrete Compos-
ites,2008,30(9) :831-838.

RRZE. N TSR EE LA it 7 i bt 20 g 1y
WFSELD]. A8 AR JH K2, 2010,

ZHU Rong-jun. Research on Mix Design Method and
Crack Resistance of Manufactured Sand Concrete[ D].
Fuzhou: Fuzhou University,2010.

BRIEA . 08 X AL T 0 8 B - 1 B 105 ) S ML BLAE 5
[D]. &DL . s DU T K24, 2006.

CAI Ji-wei. Research of Effects and Mechanism of

Micro Fines on Manufactured Fine Aggregate Con-

(53]

[54]

[56]

[57]

[58]

[60]

[61]

[62]

ning Ultrafine Palm Oil Fuel Ash[J]. Construction
and Building Materials,2013,48.:379-389.

VAN TUAN N, YE G,VAN BREUGEL K,et al. The
Study of Using Rice Husk Ash to Produce Ultra
High Performance Concrete [ J]. Construction and
Building Materials,2011,25(4) :2030-2035.
SOLIMAN A M,NEHDI M L. Self-accelerated Reac-
tive Powder Concrete Using Partially Hydrated Ce-
mentitious Materials [ ] ]. ACI Materials Journal,
2011,108(6) :596-604.

SCHROFL C, GRUBER M, PLANK ]J. Preferential
Adsorption of Polycarboxylate Superplasticizers on
Cement and Silica Fume in Ultra-high Performance
Concrete (UHPC) [J]. Cement and Concrete Re-
search,2012,42(11) :1401-1408.

YU R, SPIESZ P,BROUWERS H J H. Mix Design
and Properties Assessment of Ultra-high Performance
Fibre Reinforced Concrete (UHPFRC) []J]. Cement
and Concrete Research,2014,56:29-39.
SADREKARIMI A. Development of a Light Weight
Reactive Powder Concrete[ ] ]. Journal of Advanced
Concrete Technology,2004,2(3) :409-417.
COLLEPARDI S,COPPOLA L, TROLI R, et al. Me-
chanical Properties of Modified Reactive Powder Con-
crete[ R]. Detroit: ACI,1997.

DUGAT J.ROUX N,BERNIE G. Mechanical Proper-
ties and Durability of Reactive Powder Concretes[ ] .
Materials and Structures,1996.29(188) :233-240.
BONNEAU O,LACHEMI M, DALLAIRE E.et al.
Mechanical Properties and Durability of Two Indus-
trial Reactive Powder Concretes[ ] ]. ACI Materials
Journal,1997,94(4) :286-290.

ZHAO S, FAN ], SUN W. Utilization of Iron Ore
Tailings as Fine Aggregate in Ultra-high Performance
Concrete [ J |. Construction and Building Materials,
2014,50:540-548.

SOLIMAN A M,NEHDI M L. Self-restraining Shrin-
kage Ultra-high-performance Concrete: Mechanisms

and Evidence[]]. ACI Materials Journal, 2013, 110



16

EAMFE TRFR

2014 %

[63]

[64]

[65]

[66]

[67]

[68]

[69]

L70]

(4):355-363.

BB R R R AR TR T AR R BE
PUE 1 RE S HAb 3 i iy FL &5 48 23 B LT 0. W g B4 R
HFoE R HARBEFE I, 2013,28(1) 14447,

XIAO Rui.DENG Zong-cai, SHEN Chen-liang, et al.
The Compressive Property and the Mortar’'s Pore
Structure of New Ultra-high Performance Concrete
[J7. Journal of Hunan University of Science & Tech-
nology: Natural Science Edition,2013,28(1) :44-47.
COLLEPARDI S, COPPOLA L., TROLI R, et al.
Mechanisms of Actions of Different Superplasticizers
for High-performance Concrete [ C]//ACI Proceed-
ings of 2nd International Conference on High Per-
formance Concrete; Performance and Quality of Con-
crete Structures. Gramado: ACI,1999:503-524.

PR3 o T8 5, 42 WS BB L2 A R TG
AR EE P 9 B 5w R R R AT g L), Bk 2 5
2003(3) :44-48.

CHEN Yi-zhuo, YAN Gui-ping. AN Ming-zhe. Re-
search of Influential Factors on Compressive Strength
of Reactive Powder Concrete with Normal Mixing
Technology[ J ]. Railway Engineering, 2003 (3); 44-
48.

o JHE K, 2% AU, A 4D AR AR IS M ROR B -
(RPC200) i b1 B} 16 T B il M £ A [T 1. fed 2 2 30
2003(1):70-72.

HE Yan-bin, WU Yan-hai. YANG You-hua, et al.
Compounding Technology and Materials Select for
Reactive Powder Concrete[ ] ]. Fujian Architecture &.
Construction,2003(1) ;70-72.

POITOU A,CHINESTA F.BERNIER G. Orientation
Process During Extrusion of Reactive Powder Con-
crete Reinforced with Short Metal Fibers[ J]. Journal
of Engineering Mechanics,2001,127(6) :593-598.
CAMACHO E, SERNA P, LOPEZ ]J A. UHPFRC
Bolted Joints; Failure Modes of a New Simple Connec-
tion System[ C]//PARRA-MONTESINOS G J, RE-
INHARDT H W. Proceedings of HPFRCC 6. New
York: Springer,2012:421-428.

YANG S L,MILLARD S G,SOUTSOS M N, et al.
Influence of Aggregate and Curing Regime on the Me-
chanical Properties of Ultra-high Performance Fibre
Reinforced Concrete ( UHPFRC) [ J]. Construction
and Building Materials,2009,23(6):2291-2298.
ZANNI H,CHEYREZY M.MARET V,et al. Inves-
tigation of Hydration and Pozzolanic Reaction in Re-
active Powder Concrete (RPC) Using *Si NMR[]].
Cement and Concrete Research,1996,26(1):93-100.

[71]

[72]

(73]

[74]

[75]

[76]

[77]

[78]

79]

DALLAIRE E, AITCIN P,LACHEMI M. High Per-
formance Powder[ ] ]. Civil Engineering,1998 (1) :48-
51.

CHEYREZY M,MARET V.,FROUIN L. Microstruc-
tural Analysis of RPC (Reactive Powder Concrete)
[J]. Cement and Concrete Research, 1995, 25 (7).
1491-1500.

e UF AT A% A4 L S5 IR 4 BN I A R IR
%t (RPO) 3R A SE [T ], AN K 254k A SRR 2
fZ,2003,31(5):593-597.

WU Yan-hai, HE Yan-bin, YANG You-hua,et al. The
Influence of Curing Systems on RPC Strength[]].
Journal of Fuzhou University: Natural Science, 2003,
31(5):593-597.

BRI R R . SR AR A RIE G L X 0 A
AR BE T ALTE R gz [T ], Tk @ 3, 2003,33(9)
63-65,84.

CHEN Guang-zhi, MENG Shi-giang. YAN Pei-yu.
Effects of Curing Condition and Proportion Ratio on
Reactive Powder Concrete [ ] ]. Industrial Construc-
tion,2003,33(9) :63-65,84.

faf 0 BEBTE. SR B R R A R R B+ (RPC)
58 S5 9 S A F 7 L ). TR £, 2000(2) - 31-34.

HE Feng, HUANG Zheng-yu. Study on Effect of Cu-
ring Schedule on the Strength of RPC[J]. Concrete,
2000(2) :31-34.

Je ) A MR B 3R B AR S M R i
(RPC200) 38 B 152 my [J 1. 18 Bk £ 5 7K U il & . 2001
(3):15-16.

LONG Guang-cheng, XIE You-jun,CHEN Yu. Study
on the Effect of Curing Procedure on Strength of
RPC200[J]. China Concrete and Cement Products,
2001(3):15-16.

JRB R AR Bk IR IR BE X RPC200 5%
BE S (B FEL) ). it T 44 R ,2007,36(4) :49-51.
ZHOU Xi-ling, XIE You-jun, ZHANG Sheng. Study
on the Effect of Wet-hot Curing System on the
Strength of RPC200 [J]. Construction Technology,
2007,36(4) :49-51.

IPEK M, YILMAZ K.UYSAL M. The Effect of Pre-
setting Pressure Applied Flexural Strength and Frac-
ture Toughness of Reactive Powder Concrete During
the Setting Phase[ J]. Construction and Building Ma-
terials,2012,26(1) :459-465.

YAZLACL H.DENIZ E, BARADAN B. The Effect
of Autoclave Pressure, Temperature and Duration
Time on Mechanical Properties of Reactive Powder

Concrete [ J]. Construction and Building Materials,



% 3 HEAF RHERRE LFTLER 17
2013,42.53-63. Study on the Tensile Performance of Reactive Powder

[80] SORELLIL,CONSTANTINIDES G, ULMF J,et al. Concrete[ J |. Journal of the China Railway Society,
The Nano-mechanical Signature of Ultra High Per- 2010,32(1) :54-58.
formance Concrete by Statistical Nanoindentation [92] E#FE AT . 58 XUEK. B9 45 4 xF RPC R ¥t + 12
Techniques[J]. Cement and Concrete Research,2008, P RE R M A [T . AR S H R, 2008(3) 1 18-20.
38(12) :1447-1456. WANG Jian-lei, HAO Xiangyu. J1 Feng qiu. Influ-

[81] BONNEAU O, VERNET C, MORANVILLE M, ence Research on Steel Fiber to RPC[J]. Low Tem-
et al. Characterization of the Granular Packing and perature Architecture Technology,2008(3) :18-20.
Percolation Threshold of Reactive Powder Concrete (93] ZBWT,.HREHRF.ZT WH.%. WKL KW 8 LT 4
[J]. Cement and Concrete Research, 2000, 30 (12); LR RPC PEAE AR LT ], 8 I K22 22 4. A AR
1861-1867. ZEhR,2011,39(5) :748-753.

[82] FENNIS S A A M.WALRAVEN J C,DEN UIJL ] LIANG Yong-ning, CHEN Bao-chun, JI Tao. et al.
A. Compaction-interaction Packing Model: Regarding Effects of Sand-binden Ratio, Water-binder Ratio and
the Effect of Fillers in Concrete Mixture Design[ J]. Volume Percentage of Steel Fiber on the Performance
Materials and Structures»2013,46:463-478. of RPC[J7. Journal of Fuzhou University: Natural

[83] MORIN V,COHEN-TENOUDJI F, FEYLESSOUFI Science Edition,2011,39(5) ;748-753,

A, et al. Evolution of the Capillary Network in a Re- [94] XUMGRGHD  fh. ok = Tk %5, B BB = vk se iR i £ 1)
active Powder Concrete During Hydration Process JieErE e oY K T AR N A LT Tk 8 37, 2002, 32
[J]. Cement and Concrete Research, 2002, 32 (12): (6):1-3,11.

1907-1914. LIU Si-feng, SUN Wei, ZHANG Yun-sheng, et al.

[84] YAZLCL H,YARDLMCL M Y,YIGITER H,et al. Studies on Application and Mechanical Properties of
Mechanical Properties of Reactive Powder Concrete Ultra-high Performance Concrete[ J]. Industrial Con-
Containing High Volumes of Ground Granulated Blast struction,2002,32(6) :1-3,11.

Furnace Slag[J]. Cement and Concrete Composites, [95] Z= E.BaEHRE—f.F. IGHEHRIBE it
2010,32(8) :639-648. REIR I BFFE L) ). M8 K 23 - AR B4 R, 2011, 39

[85] PORTENEUVE C,KORB ] P,PETIT D.et al. Struc- (3):434-437,449.
ture-texture Correlation in Ultra-high-performance JI Tao, CHEN Bao-chun, ZHUANG Yi-zhou, et al.
Concrete: A Nuclear Magnetic Resonance Study[]]. Study for the Cracking Resistant Behavior of Reactive
Cement and Concrete Research,2002,32(1):97-101. Powder Concrete[ J]. Journal of Fuzhou University:

[86] ZANNI H,CHEYREZY M,MARET V,et al. Inves- Natural Science Edition,2011,39(3):434-437,449.
tigation of Hydration and Pozzolanic Reaction in Re- [96] Weabkme, B fad, B a b, W AR IR L W s Ry
active Powder Concrete (RPC) Using *Si NMR[]]. R oT[) ], B AR 2= . 2006,9(6) :654-659.
Cement and Concrete Research,1996,26(1):93-100. YAO Zhi-xiong, ZHOU Jian, ZHOU Rui-zhong. Ex-

[87] REDA M M, SHRIVE N G,GILLOTT J E. Micro- perimental Study on Fracture Properties of Reactive
structural Investigation of Innovative UHPC[J]. Ce- Powder Concrete (RPC)[]]. Journal of Building Ma-
ment and Concrete Research,1999,29(3) :323-329. terials,2006,9(6) :654-659.

[88] AYDLN S,BARADAN B. Engineering Properties of [97] A& RFME,Z22 5,5 NENL 485 & RPC #
Reactive Powder Concrete Without Portland Cement Bz S E W 2T [T, b B 818 Bl 42, 2009, 30
[J]. ACI Materials Journal,2013,110(6) :619-627, (5):34-38.

[89] AYDLN S.BARADAN B. High Temperature Resist- AN Ming-zhe, SONG Zi-hui, LI Yu, et al. Study on
ance of Alkali-activated Slag-and Portland Cement- Mechanical Performance of Reactive Powder Concrete
based Reactive Powder Concrete[ ] ]. ACI Materials with Different Steel Fiber Contents Under Uniaxial
Journal,2012,109(4) :463-470. Compression[ J]. China Railway Science,2009,30(5) ;

[90] BAYARD O,PLE O. Fracture Mechanics of Reactive 34-38.

Powder Concrete; Material Modelling and Experimen- [98] ZHENG W Z,LI H Y,WANG Y. Compressive Stress-
tal Investigations [ J ]. Engineering Fracture Mechan- strain Relationship of Steel Fiber-reinforced Reactive
ics,2003,70:839-851. Powder Concrete After Exposure to Elevated Tem-

[91] AN M Z,YANG Z H,YU Z R.et al. Experimental peratures [ J ]. Construction and Building Materials.



18

EAMFE TRFR

2014 %

[99]

[100]

[101]

[102]

2012,35:931-940.

LI R R A SRR KRS LR
AEWFFE )], #R3H 24 . 2010,32(1) :54-58.

AN Ming-zhe, YANG Zhi-hui, YU Zi-ruo, et al. Ex-
perimental Study on the Tensile Performance of Reac-
tive Powder Concrete[ ] ]. Journal of the China Rail-
way Society,2010,32(1) :54-58.

DG 2 W L B 0T T AR IR MR SR IR R T A 1
REIR BB oE )], LA 14,201,284 1) : 141-144.
YUAN Hai-yan, AN Ming-zhe,JIA Fang-fang, et al.
Experimental Research on Uniaxial Tensile Perform-
ance of Reactive Powder Concrete[ ] ]. Engineering
Mechanics,2011,28(S1) :141-144.

GRAYBEAL B A, BABY F. Development of Direct
Tension Test Method for Ultra-high-performance Fi-
ber-reinforced Concrete[ ] ]. ACI Materials Journal,
2013,110(2) :177-186.

WILLE K,NAAMAN A E. Effect of Ultra-high-per-
formance Concrete on Pullout Behavior of High-
strength Brass-coated Straight Steel Fibers[J]. ACI
Materials Journal,2013,110(4) :451-461.

[103] WILLE K,NAAMAN A E. Pullout Behavior of High-

[104]

[105]

[106]

[107]

[108]

strength Steel Fibers Embedded in Ultra-high-Per-
formance Concrete[ J|. ACI Materials Journal, 2012,
109(4) :479-487.

CHAN Y W, CHU S H. Effect of Silica Fume on
Steel Fiber Bond Characteristics in Reactive Powder
Concrete[ ] ]. Cement and Concrete Research, 2004 , 34
(7).1167-1172.

YOO D Y,SHIN H O,YANG J M, et al. Material and
Bond Properties of Ultra High Performance Fiber Re-
inforced Concrete with Micro Steel Fibers[J]. Com-
posites Part B: Engineering,2014,58:122-133.

AN M Z,ZHANG L J,YI Q X. Size Effect on Com-
pressive Strength of Reactive Powder Concrete[]].
Journal of China University of Mining and Technolo-
2y.2008.,18(2) :279-282

ICIE B { EAR A 75 G = S R LT 4y N2 e
TRz 88 43 A LT 1. 0 )i e SRE 2 8F 5, 2010, 36
(3):191-197.

FENG Lei, LIU Hong-bin, PENG Pei-huo, et al.
Analysis of Size Effect on High-strength Concrete and
Reactive Powder Concrete[ J]. Sichuan Building Sci-
ence,2010,36(3):191-197.

MAT T . 15 10 R TR E 1 2% HEAR BR AR 28 3 A 52 [ DL
RN < PN 2%, 2014,

DU Ren-yuan. Research on Ultimate Load-carrying
Capacities of RPC Box Girder and Arch[ D]. Fuzhou:

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

Fuzhou University, 2014,

PRABHA S L, DATTATREYA ] K, NEELAME-
GAM M, et al. Study on Stress-strain of Reactive
Powder Concrete Under Uniaxial Compression[ ] ]. In-
ternational Journal of Engineering Science and Tech-
nology.2010,2(11) :6408-6416.

GRAYBEAL B A. Compressive Behavior of Ultra-
high-performance Fiber-reinforced Concrete[ J]. ACI
Materials Journal,2007,104(2) :146-152.
KOLLMORGEN G A. Impact of Age and Size on the
Mechanical Behavior of and Ultra-high Performance
Concrete [ R]. Houghton: Michigan Technological
University,2004.

GRAYBEAL B, DAVIS M. Cylinder or Cube: Stre-
ngth Testing of 80 to 200 MPa (11. 6 to 29 KSD) Ul-
tra-high-performance Fiber-reinforced Concrete [ J J.
ACI Materials Journal,2008,105(6) :603-609.

GB 500102010, {i #5E 4 45 44 B3+ B[S .

GB 50010—2010,Code for Design of Concrete Struc-
tures[ S].

T YU A K B ) 4808 MR R IR B 1+ (RPC200)
19 Jy R L) 1. A8 M 22 24 4 AR 24 i, 2003, 31
(5):598-602.

WU Yan-hai, HE Yan-bin, YANG You-hua. Investi-
gation on RPC200 Mechanical Performance[ ] ]. Jour-
nal of Fuzhou University: Natural Science, 2003, 31
(5):598-602.

HASSAN A M T,JONES S W. Non-destructive Tes-
ting of Ultra High Performance Fibre Reinforced
Concrete (UHPFRC) : A Feasibility Study for Using
Ultrasonic and Resonant Frequency Testing Tech-
niques[ ] ]. Construction and Building Materials,2012,
35:361-367.

FEHLING E,BUNJE K. LEUTBECHER T. Design
Relevant Properties of Hardened Ultra High Per-
formance Concrete [ C]//SCHMIDT M, FEHLING
E.GEISENHANSLUKE C. Proceedings of the Inter-
national Symposium on Ultra High Performance Con-
crete. Kassel: University of Kassel,2004:327-338.
WILLE K,EI-TAWIL S,NAAMAN A E. Properties
of Strain Hardening Ultra High Performance Fiber
Reinforced Concrete (UHP-FRC) Under Direct Ten-
sile Loading [J]. Cement and Concrete Composites.,
2014,48.53-66

FUJIKAKE K,SENGA T,UEDA N,et al. Effects of
Strain Rate on Tensile Behavior of Reactive Powder
Concrete[ ] ]. Journal of Advanced Concrete Technolo-

gy»2006,4(1) :79-84.



% 33

]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

HASSAN A M T.JONES S W.MAHMUD G H. Ex-
perimental Test Methods to Determine the Uniaxial
Tensile and Compressive Behaviour of Ultra High
Performance Fibre Reinforced Concrete (UHPFRC)
[J]. Construction and Building Materials, 2012, 37;
874-882.

BABY F,GRAYBEAL B,MARCHAND P,et al. Pro-
posed Flexural Test Method and Associated Inverse
Analysis for Ultra-high-performance Fiber-reinforced
Concrete[ J]. ACI Materials Journal, 2012, 109 (5)
545-555.,

YOO D Y,SHIN H O, YANG J M, et al. Material and
Bond Properties of Ultra High Performance Fiber Re-
inforced Concrete with Micro Steel Fibers[J]. Com-
posites Part B: Engineering,2014,58.:122-133.

7 W R R L E R A R R TR B I L AR
b Kl g v Re F g [0, BB TR 2% 2 4, 2009, 31
(2):20-24.

GUO Ai-li, ZHAO Fu-jun, BA Heng-jing, et al. Re-
search on the Mix Optimization and Shrinkage Prop-
erties of Reactive Powder Concrete [ J ]. Journal of
Wuhan University of Technology,2009,31(2) :20-24.
A6, X AR, T PR R IR BE L T4t Re AT 52 [T .
i 5 2008,28(4) :237-239.

TAN Heng-guang, LIU Di-xiang. Research on Drying
Shrinkage Properties of RPC[J]. Journal of China &-
Foreign Highway,2008,28(4) :237-239.
GRAYBEAL B A. UHPC in the U. S. Highway Infra-
structure [ C]//TOUTLEMONDE F, RESPLENDI-
NO J. Proceedings of UHPFRC 2009. Marseille:
RILEM Publication,2009:221-234.

TAMC M, TAM V W Y,NG K M. Assessing Drying
Shrinkage and Water Permeability of Reactive Powder
Concrete Produced in Hong Kong[]]. Construction
and Building Materials,2012,26(1) :79-89.

WONG A C L,CHILDS P A.BERNDT R.et al. Sim-
ultaneous Measurement of Shrinkage and Tempera-
ture of Reactive Powder Concrete at Early-age Using
Fibre Bragg Grating Sensors[J]. Cement and Concrete
Composites.2007,29(6) :490-497.

SOLIMAN A,NEHDI M. Early-age Shrinkage of Ul-
tra-high-performance Concrete Under Drying/Wetting
Cycles and Submerged Conditions[ J]. ACI Materials
Journal,2012,109(2) :131-139.

YOO D Y.PARK J J,KIM S W,et al. Early Age Set-
ting, Shrinkage and Tensile Characteristics of Ultra
High Performance Fiber Reinforced Concrete [ J]
Construction and Building Materials, 2013, 41 427-

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

HREA.F . BHEERELFREZR 19
438.
[129] YOO D Y,PARK J J,KIM S W, et al. Influence of

Shrinkage

Stress and Bond Behavior of Ultra High Performance

Reinforcing Bar Type on Autogenous
Fiber Reinforced Concrete[ J]. Cement and Concrete
Composites.2014,48.:150-161.

SOLIMAN A M,NEHDI M L. Effects of Shrinkage
Reducing Admixture and Wollastonite Microfiber on
Early-age Behavior of Ultra-high Performance Con-
crete[ J]. Cement and Concrete Composites,2014,46 .
81-89.

KAMEN A,DENARIE E,BRUHWILER E. Thermal
Effects on Physico-mechanical Properties of Ultra-
high-performance Fiber-reinforced Concrete[ J]. ACI
Materials Journal,2007,104(4) ;415-423.

GARAS V Y,KAHN L F,KURTIS K E. Short-term
Tensile Creep and Shrinkage of Ultra-high Perform-
ance Concrete[ J ]. Cement and Concrete Composites,
2009,31(3) :147-152.

ROUX N, ANDRADE C, SANJUAN M A. Experi-
mental Study of Durability of Reactive Powder Con-
cretes[ J . Journal of Materials in Civil Engineering,
1996,8(1) :1-6.

XN RG PN AR bk H SR B R AR R AR S R
AR B 0 o S O A PEBF ST LD ). BE R h 4k
2003,31(11):1080-1085.

LIU Si-feng, SUN Wei, LIN Wei, et al. Preparation
and Durability of a High Performance Concrete with
Natural Ultra-fine Particles[ J]. Journal of the Chinese
Ceramic Society,2003,31(11):1080-1085.

AW, BT AL E M4 s v P2 RPC i
A ALBTHID . AN < AR N KA L 2008.

HUANG Zhi-bin. The Mix Proportion Design of Per-
meability Resistance and Cracking Resistance Reactive
Powder Concrete Based on Artificial Neural Network
[D]. Fuzhou: Fuzhou University,2008.

4K . R AR OO R R R BE T A R 5T
[DJ. W 7R < Wy R Tolk R, 2011,

JI Yu-yan. Durability Research of Reactive Powder
Concrete in Marine Environment[ D]. Harbin: Harbin
Institute of Technology,2011.

SHAHEEN E,SHRIVE N. Optimization of Mechani-
cal Properties and Durability of Reactive Powder Con-
crete[ J ]. ACI Materials Journal, 2006, 103 (6) : 444-
451.

[138] ALONSO C,CASTELLOTE M.LLORENTE I,et al.

Ground Water Leaching Resistance of High and Ultra

High Performance Concretes in Relation to the Tes-



20

EAMFE TRFR

2014 %

[139]

[140]

[141]

[142]

[143]

[144 ]

[145]

[146]

[147]

ting Convection Regime[ J]. Cement and Concrete Re-
search,2006,36(9) :1583-1594.

CHARRON ] P, DENARIE E, BRUHWILER E.
Transport Properties of Water and Glycol in an Ultra
High Performance Fiber Reinforced Concrete (UHP-
FRC) Under High Tensile Deformation[ ] ]. Cement
and Concrete Research,2008,38(5) :689-698.

REJU R,JIJI J G. Investigations on the Chemical Du-
rability Properties of Ultra High Performance Fibre
Reinforced Concrete[ C]//IEEE. Proceeding of 2012
International Conference on Green Technologies
(ICGT). New York:IEEE,2012.181-185.
MAGUREANU C, SOSA I, NEGRUTIU C, et al.
Mechanical Properties and Durability of Ultra-high-
performance Concrete [ J]. ACI Materials Journal,
2012,109(2) :177-183.

WANG W, LIU J, AGOSTINI F, et al. Durability of
an Ultra High Performance Fiber Reinforced Concrete
(UHPFRC) Under Progressive Aging [ ] ]. Cement
and Concrete Research,2014,55.1-13.

ZHENG W, LUO B, WANG Y. Compressive and
Tensile Properties of Reactive Powder Concrete with
Steel Fibres at Elevated Temperatures| J ]. Construc-
tion and Building Materials,2013,41:844-851.
ZHENG W, LI H, WANG Y. Compressive Stress-
strain Relationship of Steel Fiber-reinforced Reactive
Powder Concrete After Exposure to Elevated Tem-
peratures [ J ]. Construction and Building Materials,
2012,35:931-940.

LIU C T, HUANG ] S. Fire Performance of Highly
Flowable Reactive Powder Concrete[ J ]. Construction
and Building Materials,2009,23(5):2072-2079.
PENG G F,KANG Y R.HUANG Y Z,et al. Experi-
mental Research on Fire Resistance of Reactive Pow-
der Concrete[ J ]. Advances in Materials Science and
Engineering,2012;1-6.

YIN H,KIM J H J,HAN T S, et al. Blast-resistant
Characteristics of Ultra-high Strength Concrete and
Reactive Powder Concrete [ J ]. Construction and

Building Materials,2012,28(1) ;:694-707.

[148] PENGXIAN F.MINGYANG W,CHUNMING S. An-

[149]

ti-strike Capability of Steel-fiber Reactive Powder
Concrete[ J ]. Defence Science Journal, 2013, 63 (4):
363-368.

WANG Y.WANG Z,LIANG X.et al. Experimental
and Numerical Studies on Dynamic Compressive Be-
havior of Reactive Powder Concretes[ J]. Acta Me-

chanica Solida Sinica,2008,21(5) :420-430.

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

YUNSHENG Z,WEI S,SIFENG L,et al. Preparation
of C200 Green Reactive Powder Concrete and Its Stat-
ic-dynamic Behaviors[ J]. Cement and Concrete Com-
posites,2008,30(9) :831-838.

LAI J,SUN W, XU S, et al. Dynamic Properties of
Reactive Powder Concrete Subjected to Repeated Im-
pacts[J]. ACI Materials Journal, 2013, 110 (4): 463-
472.

TAI Y S. Uniaxial Compression Tests at Various
Loading Rates for Reactive Powder Concrete[ J |. The-
oretical and Applied Fracture Mechanics, 2009, 52
(1):14-21.

MILLARD S G,MOLYNEAUX T C K,BARNETT
S J,et al. Dynamic Enhancement of Blast-resistant Ul-
tra High Performance Fibre-reinforced Concrete Un-
der Flexural and Shear Loading [ J]. International
Journal of Impact Engineering,2010,37(4) ;405-413.
BRAGOV A M,PETROV Y V.KARIHALOO B L,
et al. Dynamic Strengths and Toughness of an Ultra
High Performance Fibre Reinforced Concrete[ J]. En-
gineering Fracture Mechanics,2013,110.:477-488.
SMITH ], CUSATIS G.,PELESSONE D, et al. Dis-
crete Modeling of Ultra-high-performance Concrete
with Application to Projectile Penetration[ J]. Interna-
tional Journal of Impact Engineering,2014,65:13-32.
LISk B TR O MR SR R BE L kG 2
PERE I BF 5% [T . o [ 88 B2, 2007, 28 (2) : 50-
54.

AN Ming-zhe.ZHANG Meng. Experimental Research
of Bond Capability Between Deformed Bars and Reac-
tive Powder Concrete [ J]. China Railway Science,
2007,28(2) :50-54.

Qi QU o S 2 K T RS RGN e Y e
BRRG 45 PR RERT ST (1], BRI 244 . 2007,29(1) : 90-94.
AN Ming-zhe, ZHANG Meng, JI Wen-yu. The Re-
search of Bond Capability Between Round Steel Bars
and Reactive Powder Concrete [ J]. Journal of the
China Railway Society,2007,29(1):90-94.
HEIEA LT 2. R TR A O M R R Bk L R 1
RERY ISR AT 5 [T ], £ TR %4k, 2014, 47 (3) . 69-
78.

DENG Zong-cai, YUAN Chang-xing. Experimental
Study on Bond Capacity Between High Strength Re-
bar and Reactive Powder Concrete[ J ]. China Civil En-
gineering Journal,2014,47(3) :69-78.

SAYED AHMAD F, FORET G, LE ROY R. Bond
Between Carbon Fibre-reinforced Polymer (CFRP)
Bars and Ultra High Performance Fibre Reinforced



% 34 REA, S . BHEERE LG AE 21
Concrete (UHPFRC) : Experimental Study[]]. Con- BE L+ THEREIRERUIR T, hIE T ¥ 4R,
struction and Building Materials, 2011, 25 (2); 479- 2010,21(1) :60-63.

485. PAN Chun-feng, WEI Jin-hui, SUN Qing-zhen. Re-

[160] JI T,CHEN C Y,ZHUANG Y Z. Evaluation Method search on Overall Performance for 20 m Railway Re-

[161]

[162]

[163]

[164]

[165]

[166]

[167]

for Cracking Resistant Behavior of Reactive Powder
Concrete [ J |. Construction and Building Materials,
2012,28(1) :45-49.

AR EA LB T R IR B R P A LT ] 4
F B RS2 4 FARBR 2, 2009, 37(3) 1 114-119,
YU Zi-ruo. An Ming-zhe. Fatigue Damage of Reactive
Powder Concrete[ ] ]. Journal of South China Univer-
sity of Technology: Natural Science Edition, 2009, 37
(3):114-119.

ARV EDGAS. B I b AR IR B AT B b
A I A 5 ). 28 #4845 #L T %8 4% Be % 4% - 2009, 19
(2):41-45.

YU Qing-he, YAN Guang-jie. Research on Flexural
Property of Reinforcement RPC Rectangular Beams
[J]. Journal of Transportation Management Institute
of China,2009,19(2) :41-45.

SO AR R . A O A R TR B A S B
T 32 0 1 R I O 5T LT ). A SU45 #2474l 2011,
32(6):125-134.

ZHENG Wen-zhong, LI Li, LU Shan-shan. Experi-
mental Research on Mechanical Performance of Nor-
mal Section of Reinforced Reactive Powder Concrete
Beam[ ] ]. Journal of Building Structures,2011,32(6):
125-134.

FEXE, T BEHE S ER RIREE L T IR Rt
BRI HFIELT]. o[ BB 2011.32(5) :38-42.

JI Wen-yu, DING Bo. AN Ming-zhe. Experimental
Study on the Shear Capacity of Reactive Powder Con-
crete T-beams [ J]. China Railway Science, 2011, 32
(5):38-42.

2R RSO T R AR TR BE 3% 2 B M T iR
Ba[J . W /R Tl R 241, 2010, 42(2) :193-199.
LI Li, ZHENG Wen-zhong. Experimental Study on
Plastic Property of Reactive Powder Concrete Contin-
uous Beams[ J]. Journal of Harbin Institute of Tech-
nology,2010,42(2):193-199.
EIENZESCE . LW I ORIR BE - T B 32K
S R R R o U = T I N | 7 B PN o
2009,33(1) :86-90.

YAN Zhi-gang,JI Wen-yu, AN Ming-zhe. Experimen-
tal Study and Full-range Analysis of Reactive Powder
Concrete T-beams [ J ]. Journal of Beijing Jiaotong
University,2009,33(1) :86-90.

A WG B PNR S . Bk B 20 m TR 1 3% 1 #y R

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

active Powder Concrete Prestress T-beam[ J]. Journal
of Zhongyuan University of Technology,2010,21(1)
60-63.

R EA AP B S 2k RPC A 2512 P fE
RIGHFFRLCL/ /B R, Bk .58 T Jm 2 E 4 4R
Bt EAR S B R T R AR 2004 . 78-84.
YU Zi-ruo, YAN Gui-ping, TANG Guo-dong, et al.
Experiment Study on Behaviors of Railway RPC Box
Girder Bridge sunder flexural loading[ C]//XUE Wei-
chen, YAO Wu. Proceedings of 10th National Fiber
Concrete. Shanghai: Tongji University Press, 2004
78-84.

ST L AR SC A GFRP 7 7 A5 2K 18 %k 1 3% 1F #UE
PR IR LT ] M 7R ol R 2% % 4k - 2010, 42
(4) :536-540.
LU Shan-shan, ZHENG Wen-zhong. Calculation
Method for Cross-sectional Crack Resistance of Reac-
tive Powder Concrete Beams Reinforced with GFRP
Bars[J]. Journal of Harbin Institute of Technology,
2010,42(4) :536-540.

Lo, BB . I R AR BE L BN ) B P
SR 2 LT 23 B S B, 2007, 24(12) £ 85-88

MA Yuan-rong, HU Jun-ce. Shear Strength of the
RPC Prestressed Composite Beam [ ] ]. Journal of
Highway and Transportation Research and Develop-
ment,2007,24(12) :85-88.

HABEL K. Experimental Investigation of Composite
Ultra-high-performance Fiber-reinforced Concrete and
Conventional Concrete Members[ ]J]. ACI Structural
Journal,2007,104(1):93-101.

YANG I H,JOH C,KIM B S. Structural Behavior of
Ultra High Performance Concrete Beams Subjected to
Bending[ J |. Engineering Structures, 2010, 32 (11):
3478-3487.

YANG I H,JOH C,LEE ] W,et al. Torsional Behav-
ior of Ultra-high Performance Concrete Squared
Beams[ J]. Engineering Structures,2013,56:372-383.
XIA J, MACKIE K R, SALEEM M A, et al. Shear
Failure Analysis on Ultra-high Performance Concrete
Beams Reinforced with High Strength Steel[ J]. Engin-
eering Structures,2011,33(12):3597-3609.

AZAD A K,HAKEEM 1 Y. Flexural Behavior of Hy-
brid Concrete Beams Reinforced with Ultra-high Per-

formance Concrete Bars[J]. Construction and Building



22

EAMFE TRFR

2014 %

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

Materials,2013,49.:128-133.

YAO D, JIA J, WU F, et al. Shear Performance of
Prestressed Ultra High Strength Concrete Encased
Steel Beams[ ] ]. Construction and Building Materials,
2014,52.:194-201.

FUJIKAKE K,SENGA T,UEDA N,et al. Study on
Impact Response of Reactive Powder Concrete Beam
and Its Analytical Model [ J]. Journal of Advanced
Concrete Technology,2006,4(1):99-108.
FUJIKAKA K,SENGA T,UEDA N,et al. Nonlinear
Analysis for Reactive Powder Concrete Beams Under
Rapid Flexural Loadings [J]. Journal of Advanced
Concrete Technology,2006,4(1) :85-97.

HABEL K.GAUVREAU P. Response of Ultra-high
Performance Fiber Reinforced Concrete (UHPFRC)
to Impact and Static Loading[J]. Cement and Con-
crete Composites,2008,30(10) :938-946.

MAO L.BARNETT S, BEGG D, et al. Numerical
Simulation of Ultra High Performance Fibre Rein-
forced Concrete Panel Subjected to Blast Loading[J].
International Journal of Impact Engineering,2014,64;
91-100.

ASTARLIOGLU S,KRAUTHAMMER T. Response
of Normal-strength and Ultra-high-performance Fi-
ber-reinforced Concrete Columns to Idealized Blast
Loads[J]. Engineering Structures,2014,61.1-12.

X W T R AR B O 52 S A B SR AL 3 1 K
A7 (D], b5 - b 5t 385 K 2%, 2012,

LIU Chang. Experimental Study on Failure Mecha-
nism of Reactive Powder Concrete Members Under
Eccentric Compression [ D]. Beijing: Beijing Jiaotong
University,2012.

BB 22T MM SR R B T A A AL e A A
[DJ. dbat . b a5 K2, 2011,

HUANG Ming-lan. Simulation on Hysteretic Behav-
ior of Reactive Powder Concrete Reinforced Columns
[D]. Beijing : Beijing Jiaotong University,2011.
G MO T S R RR B A R A2
PhAE RS A 7T LT ). [ 2% % °F 4l 2005, 18 (1) 2 57-
62.

WU Yan-hai, LIN Zhen-yu. Experimental Study of
Behavior on RPC Filled Steel Tubular Stub Columns
Under Axial Compression[]]. China Journal of High-
way and Transport,2005,18(1) :57-62.

B HELBRE R WG MR AR EE L TR IR S
J (], L 76 54 2006, 32(20) : 63-64.

QIU Jie.,CHEN Yu-quan. Existing Condition and De-

velopment of the Research on Steel-pipe Reactive Par-

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

ticle Concrete[ J |. Shanxi Architecture,2006,32(20) .
63-64.

o BRI M AR R B A Y ) e M R B 5T
[DJ. b5t 3 A K25, 2008.

FENG Jian. Study on Mechanical Behavior of Reactive
Powder Concrete Filled Steel Tubular [ D]. Beijing:
Tsinghua University,2008.

B AR 0 R AR B Rl 52 ) 1 RE T
FELD. AL at b ntscim K 2% . 2011,

LUO Hua. Research on Behavior of Reactive Powder
Concrete-filled Circular Steel Tube Stub Columns Un-
der Axial Compression[ D]. Beijing: Beijing Jiaotong

University,2011.
MR T, BRI VLA A 1B R0 T T A TR B 1l

PR ST )], A BUZ5 # 2 4R . 2005, 26 (4) : 52-
57.

LIN Zhen-yu, WU Yan-hai, SHEN Zu-yan. Research
on Behavior of RPC Filled Circular Steel Tube Col-
umn Subjected to Axial Compression[ J|. Journal of
Building Structures,2005,26(4) :52-57.

5% e B T R A TR BB ) 2 T R A A R A 2K
JWFFELD]. Kb m K%, 2003,

YANG Wu-sheng. Research on Properties and Ulti-
mate Capacity of RPC Filled in Steel Tube Columns
[D]. Changsha: Hunan University,2003.
ZOHREVAND P, MIRMIRAN A. Effect of Column
Parameters on Cyclic Behavior of Ultra-high-perform-
ance Concrete-filled Fiber-reinforced Polymer Tubes
[J]. ACT Structural Journal,2013,110(5) :823-831.
MALIK A R,FOSTER S J. Carbon Fiber-reinforced
Polymer Confined Reactive Powder Concrete Col-
umns— Experimental Investigation[ J]. ACI Structural
Journal,2010,107(3) :263-271.

ZOHREVAND P,MIRMIRAN A. Cyclic Behavior of
Hybrid Columns Made of Ultra High Performance
Concrete and Fiber Reinforced Polymers[ ] ]. Journal
of Composites for Construction,2012,16(1);91-99.
MAYA L F,ZANUY C, ALBAJAR L,et al. Experi-
mental Assessment of Connections for Precast Con-
crete Frames Using Ultra High Performance Fibre
Reinforced Concrete [ J ]. Construction and Building
Materials,2013,48:173-186.

SHAHEEN E., SHRIVE N. Reactive Powder Con-
crete Anchorage for Post-tensioning with CFRP Ten-
dons[J]. ACI Materials Journal, 2006, 103 (6) ; 436-
443,

BB LA 47,5 BOA WL 4E RPC K AKE
Bify RCHELL D PERE X 30 [T T F g 27 ik



% 3 HEAF AGRRRRELALER 23
H SR Bl 241, 2014,30(1) : 9-17. [203] CANDRLIC V, RADIC J, GUKOV 1. Research of
WANG Jun,CHEN Xu, LI Hang.et al. Static Experi- Concrete Arch Bridges Up to 1 000 m in Span[ C]//
mental on Reinforced Concrete Frame Structures with PROSKE D, VAN GELDER P. Proceedings of the
Steel Fiber RPC Permanent Pillar[ ]J]. Journal of She- Fourth International Conference on Arch Bridge. Bar-
nyang Jianzhu University: Natural Science, 2014, 30 celona: Springer, 2004 :538-547.

(1):9-17. [204] #RATEE. 35 M4 K IR BE L HE A B SEREBT 2 (D], 48

[196] £ .4 17.Fk 0.5 L4 RPC K A FERE M AR M KA, 2010.

B RCHEAR PR MRS [T ] A K% A
RFBL2ERR . 2014,30(2) :220-226.

WANG Jun, LI Hang, CHEN Xu, et al. Experimental
Study on the Seismic Performance of RC Frame with
the Steel Fiber RPC Permanent Pillar[ J]. Journal of
Shenyang Jianzhu University: Natural Science, 2014,
30(2) :220-226.

[197] TANAKA Y, MAEKAWA K. KAMEYAMA Y,

[198]

[199]

[200]

[201]

[202]

et al. The Innovation and Application of UFC Bridges
in Japan[ C]//TOUTLEMONDE F, RESPLENDINO
J. Proceedings of UHPFRC 2009. Marseille; RILEM
Publication,2009:149-188.

FEHLING E,BUNJE K,SCHMIDT M. Girtnerplatz—
Bridge over River Fulda in Kassel: Multispan Hybrid
UHPC-steel Bridge[ C]//TOUTLEMONDE F, RE-
SPLENDINO J. Proceedings of UHPFRC 2009. Mar-
seille: RILEM Publication,2009:125-136.

JE— 4, 5 5 WL BURE S8R R P e
LRI B BT ] M2, 2011(5) 1 46-53.
ZHUANG Yi-zhou,FANG Zhi-ming. Wild Bridge—A
Sustainable Arch Made of UHPC[]J]. Bridge, 2011
(5):46-53.

I AR, & 25,8 K. 5E. B RIS AR B BN
UHPC #EZ A RSt S5 j:?kI
FE2£ 4 ,2013,46(8) : 83-89.

SHAO Xu-dong.ZHAN Hao,LEI Wei,et al. Concep-

tual Design and Preliminary Experiment of Super-
long-span Continuous Box-girder Bridge Composed of
One-way Prestressed UHPC[]]. China Civil Engin-
eering Journal,2013,46(8) ;83-89.

FEAEIL , RS T TR A TR B b HE AR FR R 48 ) i 5
BFELT]. LA J1%%,2013,30(5) :42-48.

DU Ren-yuan, CHEN Bao-chun. Experimental Re-
search on the Ultimate Load Capacity of Reactive
Powder Concrete Arches[ J]. Engineering Mechanics,
2013,30(5) :42-48.

CANDRLIC V, BLEIZIFFER J, MANDIC A. Bakar
Bridge in Reactive Power Concrete[ C]//ABDUNUR
C. Proceedings of the Third International Conference
on Arch Bridge. Paries: Presses des Ponts,2001:695-
700.

[205]

[206]

[207 ]

[208]

[209]

DU Ren-yuan. Basic Research on Application of Reac-
tive Powder Concrete (RPC) Arch Bridge [ D].
Fuzhou: Fuzhou University,2010.

PR ARG R 45 KBS RIS VR R IR 6 £
PR [T ]. 2@ Bl 22 5 T, 2009, 25 (1) : 32-
38.

CHEN Bao-chun, LI Sheng-yong, YU Jian,et al. Trial
Design of Reactive Powder Concrete Long Span Arch
Bridge[ J]. Journal of Transport Science and Enginee-
ring,2009,25(1) :32-38.

VA A 8 OB 12 15 M0 R R B L #EA i B iF R
LDJ. #& M A& M K, 2014,

XU Chun-chun. Trial Design Research on Super Long
Span Reactive Powder Concrete (RPC) Arch Bridge
[D]. Fuzhou: Fuzhou University,2014,

GRAYBEAL B. UHPC in the US Highway Trans-
portation System[ C]//FEHLING E, SCHMIDT M,
STURWALD S. Proceedings of the 2nd International
Symposium on Ultra High Performanece Concrete.
Kassel:Kassel University Press,2008:11-17.

FHWA. Ultra-high Performance Concrete: A State-of-
the-art Report for the Bridge Community[ R]. Wash-
ington DC.FHWA,2013.

LOPEZ J A,SERNA P,CAMACHO E, et al. First
Ultra-high-perofrmace = Fibre-reinforced  Concrete
Footbridge in Spain: Design and Construction [ J ].
Structural Engineering International, 2014, 24 (1)
101-104

[210] TALAYEH N, EUGEN B. Rotation Capacity and

[211]

[212]

Stress Redistribution Ability of R-UHPFRC-RC
Composite Continuous Beams: An Experimental In-
vestigation [ ] |. Materials and Structures, 2013, 46
(12).:2013-2028.

SPAROWITZ L,FREYTAG B,NGUYEN V T. Ideas
Uhpfrc Projects [ C]//CHEN B C,

ZHUANG Y Z. Proceedings of the 5th International

for Future

Conference on New Dimensions in Bridges, Flyovers,
Overpasses & Elevated Structures. Graz: Technology
University of Graz,2012:19-36.

HASSAN A, KAWAKAMI M. Steel-free Composite

Slabs Made of Reactive Powder Materials and Fiber-



24

EAMFE TRFR

2014 %

[213]

[214]

[215]

[216]

[217]

[218]

reinforced Concrete[ J ]. ACI Structural Journal, 2005,
102(5) :709-718.

ARZR B R 5 5. IEAS SRR )2 RPC
HAEMEEEA R P EA B, 2012,25
(2):40-45.

SHAO Xu-dong, CAO Jun-hui, YI Du-tao. et al. Re-
search on Basic Performance of Composite Bridge
Deck System with Orthotropic Steel Deck and Thin
RPC Layer[J]. China Journal of Highway and Trans-
port,2012,25(2) :40-45.

YOUSSEF G,LOULOU L,CHATAIGNER S, et al.
Analysis of the Behaviour of a Bonded Joint Between
Laminated Wood and Ultra High Performance Fibre
Reinforced Concrete Using Push-out Test[]]. Con-
struction and Building Materials,2014,53:381-391.
BRUHWILER E, DENARIE E. Rehabilitation and
Strengthening of Concrete Structures Using Ultra-
high Performance Fibre Reinforced Concrete [ ] ].
Structural Engineering International, 2013, 23 (4):
450-457.

NEMATOLLAHI B, VOO Y L, RAIZAL SAIFUL-
NAZ M R. Structural Behavior of Precast Ultra-high
Performance Fiber Reinforced Concrete (UHPFRC)
Cantilever Retaining Walls: Part I-— Analysis and De-
sign Procedures and Environmental Impact Calcula-
tions (EIC)[J]. KSCE Journal of Civil Engineering,
2014,18(5) :1470-1480.

NEMATOLLAHI B, VOO Y L, RAIZAL SAIFUL-
NAZ M R. Structural Behavior of Precast Ultra-high
Performance Fiber Reinforced Concrete (UHPFRC)
Full Scale Ex-
perimental Testing[ J]. KSCE Journal of Civil Engin-
eering,2014,18(5) :1481-1495.

VANDE VOORT T L,SULEIMAN M T,SRITHA-
RAN S. Design and Performance Verification of Utra-

Cantilever Retaining Walls:; Part 11

high Performance Concerete Plies for Deep Founda-

tion[ R]. Ames:Lowa State University,2008.

[219] EFHACHA R. ABDELAZEEM H. CARIAGA 1L

[220]

Effect of Casting Method and Shear Span-to-depth
Ratio on the Behaviour of Ultra-high Performance
Concrete Cross Arms for High Voltage Transmission
Lines[J]. Engineering Structures,2010,32(8):2210-
2220.

ONO T. Application of Ultra-high-strength Fiber Re-
Irrigation Channel

inforced Concrete for Repair

[221]

[222]

[223]

[224]

[225]

[226]

[227]

Works [ C]//TOUTLEMONDE F, RESPLENDINO
J. Proceedings of UHPFRC 2009. Marseille: RILEM
Publication,2009:541-552

W EAER T AR S R RIR B
,200420102375. 0L PJ. 2006-02-01.

XING Feng, CAO Zheng-liang, FANG Zi-hu, et al.
RPC Manhole Covers: China, 200420102375. 0 [ P ].
2006-02-01.

FT T . 21 24 38 988 35 1B A R 5 e B AR g 2 1 R S
FABFFE LD, A& M A& M K2, 2006,

KE Kai-zhan. Research on the Basic Mechanical Prop-
erties of the Fiber Reactive Powder Concrete and Ap-
plication[ D]. Fuzhou: Fuzhou University,2006.

K B . BT PR AR 09I MR R IR BE O 55 BT B 5
LD, #& M A& M 5, 20138,

ZHANG Hui-bin. Application Researches on RPC
Manhole Cover Basing on Properties [ D]. Fuzhou:
Fuzhou University,2013.

ADAM T, MA ] X. Development of an Ultra-high
Performance Concrete for Precast Spun Concrete Col-
umns[ C]//SCHMIDT M, FEHLING E, GLOTZBA-
CH C.et al. Proceedings of the 3rd International Sym-
posium on UHPC and Nanotechnology for High Per-
formance Construction Materials. Kassel: Kassel Uni-
versity Press,2012.:841-848.

LN N (| A IS SR S N (£ =S B D AP A R
AR EE AT BT ). P DR B i AR
Bl22 K .2009,5(4) :382-386.

JU Yan-zhong, LIU Hong-xing, WANG Zhi. et al.
The Design and Study of EHV Partially Prestressed
Reactive Powder Concrete Pole[ J]. Journal of Shen-
yang Institute of Engineering; Natural Science,2009,5
(4) .382-386.

SCHEFFLER B, SCHMIDT M. Application of UH-
PC for Road Pavement [ C ]//
SCHMIDT M,FEHLING E,GLOTZBACH C,et al.

Multifunctional

Proceedings of the 3rd International Symposium on
UHPC and Nanotechnology for High Performance
Construction Materials. Kassel: Kassel University
Press,2012.:913-920.

REBENTROST M, WIGHT G. Investigation of UH-
PFRC Slabs Under Blast Loads[ C]//TOUTLEM-
ONDE F, RESPLENDINO ]. Proceedings of UHP-
FRC 2009. Marseille: RILEM Publication, 2009 ; 363-

376.



