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 OE . OISR B S MR KR B E G 4K (UHPFRC) TS Jy 22 tkhe, itk T 5 Ay
W, 4E 3 AL B a2 AR Z AR . 25 R R LR IPELF4E UHPFRC I, £F4EK
FUBEN 2vol% B, UHPFRC A/ B A FIFPIETRE, FIME T IL 13.4 MPa; i & (1 5 F R 21 4 v 4k
2% UHPFRC JL{RM T2, MR EE S1, 5 4Lk, 2vol% L3 F EE2F- 4 UHPFRC {4 1Y T 24458 1%
R, ATk 0.65 mm; TR Ze 4T 4E ] W 4 Hb i 5 UHPFRC FYHLES 5 5 FB 1, 1.5vol% 88 F 4T 45 F1 1.5v01%
WL AR B, UHPFRC AP 50 0l 35 13.9 MPa, [RAfiZ4l 4 1B et o AS SCHB S T 3L 58 RS 2T 4
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Flexural performance of ultra-high performance fiber reinforced cementitious composite

material doped with copolymer formaldehyde fiber

WANG Chunsheng’ , ZHANG Yang, DUAN Lan
(School of Highway, Chang'an University, Xi'an 710064, China)

Abstract: In order to investigate the flexural performance of ultra-high performance fiber reinforced cementitious
composite material (UHPFRC) doped with copolymer formaldehyde fiber, five groups of bending specimens were
designed and tested, including three groups of single mixed specimens and two groups of fiber hybrid specimens.
The results show that among the copolymer formaldehyde fiber UHPFRC specimens, 2vol% copolymer formalde-
hyde fiber UHPFRC specimens have better flexural strength, with an average strength of 13.4 MPa. An appropriate
amount of co-formaldehyde fiber can delay the cracking of UHPFRC matrix and enhance its ability to deformation
before cracking. Among the five groups of test pieces, the cracking deflection of 2vol% copolymer formaldehyde
fiber UHPFRC test piece is the largest, which can reach 0.65 mm. Hybrid fiber can better enhance the flexural
strength and toughness of UHPFRC. When 1.5vol% copolymer formaldehyde fiber and 1.5vol% steel fiber are mixed,
the flexural strength of UHPFRC specimens can reach 13.9 MPa, and the toughness of this group of specimens is the
best. The research reveals the effect of copolymer formaldehyde fiber on the flexural mechanical properties of
UHPFRC, which has important reference value for its application in UHPFRC and the promotion of UHPFRC.

Keywords: copolymer formaldehyde fiber; ultra-high performance fiber reinforced cementitious composite

material; flexural performance; fiber type; fiber content
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- YE 1R IR %+ (FRC) . 8 & M RETR % £+ (UHPC),
8 1 M fiE 7K U 3 &2 & A4 kL (UHPERC) 45 M K} &
&, Hoh, UHPFRC i i 7 JE 44 v in A 2 4 ok 3k
MEEASR, §E. dis . WASEERE, 1T
PIRG4S B Pl A R R 2
MRECHFFRL . P55, B TRME A
JR W B )y ] . W T UHPERC H i £F 2 A
D7 T AT 43 4 A AR (R B WA 4E) . A LA R
Y (EERGROIFES g RGeS . BA
Werde . RWMEL4E%F), LG4 (REA
BEESLF U . LAY . R Y)Y, Hoh L
eI R W ORI A e S E S E D e i A ¢
UHPFRC H ) 0 FH R A5 3 1 8 S w5,

WG, AL Rk, &
Trakes WE P WS, T KIEIEE A AR AT
T 2B = A R R R, I B BRI e g
T ROES IR . T SO SEY XHR 24
2T 2 ) £ (08 7o B T K U8 3 B A A RHIE T T ST
SR KR OIGT A BRI R F 266 0, ol
KR 5K e 3L 5T A bR SE P 38 B 2 B F
GE T B L £F 2 0 R v R TR BE - M RE S
ML LRI BOIGFAERE W 1w IR s+
MIPLATIR A . PURMREE . BItE, ROmadisa
K 2vol% B R SR g o g A o A5 5 g 56 F 5
K, B OB 40T oi3E SR T S R IR B
TR R RE . BRAG AT X B D A L AR A
YE IR D4 = PR AR TR B R B AT TR, 4
S TR 2 2 A nT o RE = 1k AR TR BE 1 1 S T
RSP RSR B, R T 4 FfETD H o 1.5v0l%
HALTAE TN 0.1vol% o3 FH R LT 4, M e 145 il 5
I WFIE AT, NEF 2 R 20 2F 4 45 4 TR 2%
2 i R SR R PR R A, A, E
XPIRBE 1 B BT R R B A K, IR, bR
SRR, RS R TS ST RERLME
SRR EE IR T R Re, IR B S

T R O A YT WY B FHIR B A BT hI R
PrPTomEE , (H IR B A AT o R R AR AN B
o LA EBFFERT LA, B 20 v e A HLEF 4
KRR T RKRELZ G MBI R, AR ES
PEREA ML 4 UHPFRC A & 53 X,

LR 2T e S B P R AT A ) — P, HLAg i
FRARE 1 ARG I SRS, W T oK e S AL B
LY HIL) . AN EER L 5k G B,
LTI AET L E  15 mm . BRAET 0.25v01%
1) 2R Y T 2T A ot VR = ) B0 TB 1k RE R BT IR AR e
BERRGUR . B KM X R B ERE LN
TR IEAT TR, K0 H 2T 4 v] i 25 0
SRYREE T BB et ke, XRS5
M4 /0N o AT 58 S 021 S ek o YA PR 9 0T 9 g B
T TR B £ 4 UHPC $i 2R 4T, H
SR EFWEAER, BB E N A KT
165°C; IR P EELF4E 5 W 2T 4R IR 5 (0 I, Hh25R
S &1 2 K 5 o0 8 mm B RICR e i, 7E By 1k & R
2241 [ B 3 W PR AIE 2 T 5 3R 1 A R R A o

FEF I, A SCEEICT MR AT A AR AT 4
£ UHPFRC 8 A 47 4k, 2 B %+ SIA2052 K
R [ AR O A X UHPFRC 3R (4 2E 47 =
S B BRI R (DIC) H 4
TR A 1 5 B 1R AR 1) AR o AR U8y pr R R
T £ 45 UHPFRC )30 25 5 2 RN 25 i 40 1 14 52 i

1 RIEHEER
1.1 E#e

UHPFRC 1 JE A1 B4 35 . P-042.5 3 ik R 15
KR WEP, KR d<0.5mm; BEK, KLF 3
0.1~0.15 pm; WK F|, B A BWAMAH T, W
IR A 2H 4y -5 h Sika viscocrete TR A TEK ],
WK 7 B 2H 4 S [ 4 Sika TEE B 5 B9 2T 4k (SF),
[52)  RL E A  ZF 4, VTV N Rl LR R 4T
4t (POM), HR = RIE KB BHARA A W
LT YR AL IR T LT 2 ) LA 5 LS5 45 1 o .
1.2 EAELEILEGERNE

W T 541 UHPFRCHL ik 144, R h

x1 FLENLASMESH

Table1l Geometrical and physical properties of fibers

Fiber type Density/(g-cm™) Diameter/mm Length/mm Elastic modulus/GPa  Tensile stress/MPa Elongation/%
POM 1.40 0.2 12 =10 =1 000 <16
SF 7.85 0.2 13 20-25 2850 3.5-4

Notes: POM— Copolymer formaldehyde fiber; SF—Steel fiber.
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50 mmx100 mmx500 mm, H: 4 2 3814 0 4F 4 2%
TR AL R B LT 4 s — 2R A0 2T 4 25 R AR £
Y5 A 5 2 2T 2 2 A A R T R T A A
AR e KA 2 iR, 1%POM-
1%SF/C 21 UHPFRC #t & X 7F i /E 14>, HAth &
¢ UHPFRC $it & i 4 il 4 3 4>, 4 1557 248
e o3 M 4 58 S £ 4k UHPFRC R 725 i PEBE .

T A s, JEORE BRI 8 8O T % UHPFRC
MPEREA — s, AR AT L R e T
UHPFRC (il s f2 . il sk B2 5 . SekKie

WD . REK . ORA AR T ORI A R, sl
FRFFSE 3min 22475 A 3R RS £ A 4k S 4
et B 4P 2 5~8 min; HEI S FHKUINA 1/2 K |
/2 3K 1/2 K 1/2 30K ), K5 80K
ABFTE A B 1 min, MO REFRRSE 5ming 5 IMA
P Y s fii P, ILid FERFLE 4~6 min, HEFEYSS)
JE AT IR DS, PRSI MR L — ] fi 55— 2
HEIA . BJE, 7t A 2 R, Bk
KA R B ZE K, T 48h JEBRL, R
AR TR, Rk, FEP 28 K.

®2 R_#a4HE
Table2 Specimen grouping

Group POM SF content/ Cement/ Silicafume/  Sand/ Sika viscocrete/ Beads powder/ Water/
content/vol% vol% (kgm™) (kgm™) (kgm™) (kgm™) (kg:m™) (kg'm™)
2%POM-0%SF/C 2 0 904.8 67.9 1258.8 36.8 171.7 165
3%POM-0%SF/C 3 0 904.8 67.9 1258.8 36.8 171.7 165
0%POM-3%SF/C 0 3 904.8 67.9 1258.8 36.8 171.7 165
1%POM-1%SF/C 1 1 904.8 67.9 1258.8 36.8 171.7 165
1.5%POM-1.5%SF/C 1.5 15 904.8 67.9 1258.8 36.8 171.7 165

Note: C—Cement.

1.3 RIWA*E
1.3.1 sl reiik

il % 4 1) UHPFRC 7E R S Z 1, = MM
GB/T 50080—2016"" #1794 J& & i 56, M T 45 2
IR 4F 425 A1 )2 5 5 F UHPFRC #9 T /EEfE, JH
A AR 1 TR .

1.3.2 UHPFRC %35 il 1 g il 3

UHPFRC $t 45 i 1 I 25 4% >k ]l SANS 2 +]
MTS i S AL, AL i KANZ6E /1 4 300 kN, i@
3o B B A B s il R AT Ak, A A RS B A
0.001 mm, I A8 5 1) i B8 B AR R iR ) e B AL
14 T 2480 AR 4 N 238 % v=0.1 mm/min; B4 TT
25 L v=0.2 mm/min P INEGE R, 7Rk F]
M FR A7 2855 LA v=0.5 mm/min i Z% 3 300 7k & 04
{EFT 481 20%~30% 452 11 i 2
1.3.3 HF EIM&I 74 AR (DIC)

IO A5 A S A2 Ak W SR FH VS 22 T 4 — 4 e
B A R R 9 = 4k 4237 1 A8 I 5 & 48 XTDIC Al
K WG W78 F i 7 e . DIC 2 — b 4 4 10 15 fink 71 %
F RGN T, 38 3 % g W AR LR A R 2k
Z0 SR R AT AL B4 Ar, R AR AR IR 1Y AR TR
50, DIC i F AT, 7 X6 3 A e 0 v a0 AT B
HAE, IFRCE Tl Ear i B R AL, DIC I
ARG 2 FroR o AR ROk G 3 40 56 5 b

A7 B, R U B 6 RG UG 0 BT B O, R
704 Tk i AT B AR B, N AR R BOUE (AR AR
% 602 AR ESCRE

2 WER
2.1 REHEREE

% 3 R T 4% 44 UHPFRC & 1 10 4 i J3 I 5
DU e 5 58 B P-4 1

s [ SR ;" R y t/' > o
P 1R PERE K RIS A BPE (UHPFRC) B9 R BE I X
Fig.1 Expansion test of ultra-high performance fiber reinforced

cementitious (UHPFRC)
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Fig.2 Test configuration of the digital image correlation (DIC) technique

%3 UHPFRC iR FHyiR I 45 R
Table 3 Test results of the UHPFRC specimens

Slump flaw Bending
Group

value/mm strength/MPa
2%POM-0%SFE/C 426 13.4
3%POM-0%SF/C 380 11.6
0%POM-3%SF/C 560 13.9
1%POM-1%SF/C 495 12.9
1.5%POM-1.5%SF/C 460 13.9

2.2 R IFETE

TR U I 3 R AR gk, ke,
i TS MTS AL WG i, Ak
PR By 3 5 e B A AR, gk -e B h 2 kA
J IR gk An b a5 AU 1 R S R R
e MR, Jh I B £F 4k UHPFRC $1 45 5 14 in 2%
FEME RS, RBBRM CRERE” ma s, s b
I I 1~2 %R ) 244k, iy R BRI A 0 (L o7 2811
39%~63%, WEJ5ak2LmEk, HMEEANEm kR,
Tz 25 0 for 20 9 20% 22 A7 45 RNk .

1R 2% 21 4 UHPFRC $1 25 2 14 I 48 28 e {8 iy o
ARG, MEEEER, R R
TR W o 3 el OB TR VB I S TS S =9 2
I AE 17 2R 1Y) 55%~84% , FifiJo 4k S na, fEEE
SRR MR R, RIS IY B — AR
ViR W 5 e, AR R e, T8 BEAS BT 3
K, A B AT R %, (Al T
AR FF A, M S A R ER “FITE,
HUA /b UHPFRC By A $5i7% , I3 &8 06 1 fof 25 119
30%~40% 45 1k 2%

AT 4 UHPFRC $1 25 3 74 fin 2 52 06 {1 A 48 1Y)

70%~80% B, AR R B 1 AR AR 2 TR
S UL N IR A g, BEE AR Ak s, sk
Rbm_EIE, PR LR AR R kg
AR A B R s, BB, 1K
I RWE R R, 28 WA for 510 30% £ A
15 1k 4k .

2% 20 UHPFRC i F 45 faf BE 7 300, 45 1R 2k
BF, A RE R R 1 e B, A5 AR i 2
WL RMBEINE S ME 3R, aTLER, HER
H % 21 4 UHPFRC o {4 L 48 0 LU AP 38, TR 244
4 UHPFRC i . 4 4F 4 UHPFRC i {4 1) 24 48 K
Z AR DTIR o 33X 2 T SR 2T A o A A
AN, NG R K, RIS, LR
i £F 2 UHPFRC il {4 iy 3 2R HY 1 2 4k i 45 o 4%
FIEAT R B PR, EERE 2 AW ERad R, It
B 2T Y A AT 2 D IR AR R U R 2 o 4
UHPFRC i 4 fIl 84 £F 4 UHPFRC & 14 H 8 £F 4 i
PERC R K . Brhism B, A2 J10F, B S MORE X
55 1) 2F 4 5 B ARORG 25 S T IR REIR  BIAF dEAE
Foad FEORWIgE ChLH T, RN A 4R 4
A, DT B F AR 22 Tk 2 e P 0 DRIk 54

3 #RE5iTie
3.1 UHPFRC X DIC 24 R

UHPFRC i fF 19 = i & il g ik # v, SRR
DIC X i {4 1% A28 JE 1 Bl i#F 47 W5, DIC >R 48 45 %
55Kk /s, AN BN AR 5 Z AT R . A OG
5T R, DIC XF T 4 2 1 Jay 30 X 3l iy vz 22
FEONE o oy £ VAR R e[ ¥ B (E N -2 V]
i B K RN A B X DIC M 2% S 5 i A K P,
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Initial crack

Initial crack

Initial crack

(e) 09%POM-3%SF/C

Initial crack

513 4541 UHPFRC i {1 244% & e MR IE A

Fig.3 Crack developments and failure modes of each group of UHPFRC specimens

ROTEXS I, AR SCHEEUS N AR R A A R AL
TEOE 3 5 b R AR AT 0 R DA B AT 4
UHPFRC il 4 . 1R 4% £ 4k UHPFRC i 14 4 i i 17
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Jii7n o AT : DIC 5 5 A% J i 45 1 107 A% 50408 7 5
PEB B B ARG — B0k, X 5 3R [20] 456
A . M R A B B S, AR Rk,
DIC W] 4k 2 T4E, Wl ok sz 1) 45 #2122 T 1
o [WEF, WE 3R, KA DICH#E . 4rHrik
P21 A AR T 0, ) sk ] W 5 4 A 7 A R
Jeat A8, i PR TR 2 AR R R X ) R0 LA
AV 000 ) R

6
) (a) 2%POM-0%SF/C
56 ." | —=— Strain gauge
/ 1 —— DIC
4t
£t
3
g
A 6F
2+ 5t
41
3t
1 . ; 5l
Vh 1hH
L g/ 0 . - .
0 03 06 09
0 20 40 60
Strain/1073

3.2 #1443t UHPFRC iR 14 37 h 14 8k BY 82

BIsg5 T 5 dlil e B, vl B Wb
BRSO  TAEERE . AT, A 4 4l
PR Al 3k 400mm L) [, 0%POM-3%SF/C 2H i
PERY R e ly, nIiA%E] 560 mm; Jh 5 H £ 4k
%} UHPFRC 9" & s K, 5 0%POM-3%SE/
CAHIRMFEHI L . 3%POM-0%SF/C 41 i 1 Y £F 4 fA
BB AR, HRSypgrey, PR
T 32.1%; 2%POM-0%SF/C 2 i 14 () ™ Ji & B A%
T 23.9%, 1%POM-1%SF/C 211k 14 () 4™ i & B A%
T 11.6%; 1.5%POM-1.5%SF/C 20 i 11 i 2T 4k & F1
Bitlah 3vol%, HAY EERR T 17.9%, Hit, T

6

(b) 19%POM-1%SF/C
s Lo —=— Strain gauge
S —=—DIC
ol III Ww\
€3 | 3
32 i i 6r \
Sl st
2 -:‘ 7\4 L
. ; 3t
',‘ ! 2L
LRV 1l
N 3 06 09
oL N 0.3 . .
0 20 40 60

Strain/1073

[5l 4 UHPFRC st far 2% - 7 4% 28

Fig.4 Load-strain curves of UHPFRC specimens
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4 U i 2 3 FE S PE AR BR b, H P A 22 AR K,
2%POM-0%SF/C 1Y W& fiif 2}y 5.33kN, LIt 1%
POM-1%SF/C 15 4.2%. {H 2%POM-0%SF/C ) FF %4
B 4 0.65mm, [ 1%POM-1%SF/C & 32%., 4
RATTFLLN, 2%POM-0%SE/C F7& 38, 11 B % 53.8%,
W BE 85K, T 1%POM-1%SE/C 5 Z A/, I8 B &
IN, ALFEAR T 26.4%, UHPERC () £F 4k % 15 107 2
ARZFBE R WA VERT, SRR 2L,
S O (R P AR T A T DL G M b R T SRR R
M 7E T 2L B Bk 6], 1%POM-1%SF/C HY faf %5 5% [ e
&£ 5 2%POM-0%SF/C #H L5/ . [FAF, &l 6(a) i

Al LLE H 2%POM-0%SF/C Y F5 1 it 118058, far 4k
T REBORE S TR, TR RN T 1%POM-
1%SF/C, IX it B 2R B 2 4 W] $2 = UHPFRC )
FEME, FEME ] SO BEIR B S T 2B B Y HL(E

Kl 6(c)~6(e) Ir 7~ ik 7F B £4F 4 Rk LB &=
3vol%. 3%POM-0%SF/C [ I i fif 2% e Ik, 1L A
4.62kN, 43 %) . 0%POM-3%SF/C 1 1.5%POM-
1.5%SF/C fi£16.5% . 16%. It#F, 1.5%POM-1.5%SF/C
MIF M RR, HATAEIE R ) Ehr, HIT R
R34 0.56 mm, 43Ik 3%POM-0%SE/C F10%POM-
3%SF/C & 36.6% Fll 16.7%. [A] B} & B, 3%POM-
0%SF/C [HEEI7E FREEL N 2, 1.5%POM-
1.5%SF/C Kz, XUlHILRH A4 B EsE,
UHPFRC 5 {4 7 4 B A 85 10 435 far M BB AT

Kl 6(a). & 6(c) bt 5 I 2F 2 i 45 ALK
BOfr k- £, wI . IR LR 4R (R BB
1o 2vol% B, HL AT B = 14 W A far 8RN B8 K 1) W)
ZUEETE , 2%POM-0%SF/C 41344 b 3%POM-0%SF/
C IR 1 I (8 17 28 55 15.5%, #1458 % K 58.5%,
X B IR JE R R W AT e (B ), RBLS
2%POM-0%SF/C 21 i {4 #H Ht , 3%POM-0%SF/C 41
WP AT AR R R R 2, (B A
¥15), RN Ty 10 248, B Rk ¥ J7 Y
SRR D, HA TR A g o An /b, T
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Fig.6 Load-deflection curves of UHPFRC specimens
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Table 4 Calculation results of toughness index of UHPFRC specimens

Initial crack Toughness index™ Toughness
Group . Ty

deflection/mm Is Lo I factor/MPa
2%POM-0%SF/C 0.65 3.77 7.34 12.96 7.30 4.38
3%POM-0%SF/C 0.41 3.52 7.81 17.39 8.40 5.04
0%POM-3%SF/C 0.48 5.52 10.27 16.47 11.93 7.16
1%POM-1%SE/C 0.49 4.15 7.98 13.69 10.80 6.48
1.5%POM-1.5%SF/C 0.56 4.84 10.03 16.87 11.95 7.17

Notes: T,—The area under the load-deflection curve corresponding to the mid-span deflection reaching L/150 (N-mm); I, Iy, L,—The ratio
of the area under the load-deflection curve corresponding to deflections of 3, 5.5, and 10.5 times the initial cracking deflection to the area
under the load-deflection curve corresponding to the initial cracking deflection.
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Fig.9 Trend diagram of toughness factor of UHPFRC specimens
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