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Influence of Steel Fiber Content on Mechanical Properties
of Ultra-High Performance Concrete

WANG Xiongfeng, CHEN Bo, ZHANG Feng, HE Yang, XU Jiyun

(State Key Laboratory of Hydrology-water Resources and Hydraulic Engineering ,
Nanjing Hydraulic Research Institute, Nanjing, Jiangsu 210029, China)

Abstract: In order to analyze the effects of steel fiber volume content on the mechanical properties of Ultra-High Per-
formance Concrete (UHPC) , three groups of steel fiber UHPC specimens with volume content of 1.0% , 1.5% and
2.0% were designed and prepared. Slump, expansion, compressive strength and four-point bending tests were carried
out. The results show that with the volume content of steel fiber from 0% to 2% , the slump decreases from 265 mm to
240 mm, the expansion decreases from 540 mm to 425 mm, and the compressive strength increases from 103.9 MPa to
123.7 MPa. When the steel fiber content is 1.0% , 1.5% and 2. 0% , respectively, the flexural strength is 16.7
MPa, 23.1 MPa and 23.8 MPa, and the bending toughness is 87.6 N - m, 116.0 N - m and 122. 8 N - m, respec-
tively. With the increase of steel fiber content, the fluidity of UHPC decreases. The compressive strength, flexural
strength and flexural toughness of UHPC showed an increasing trend, but the increasing trend slowed down. Because
steel fiber mainly bears tensile stress and bridging matrix, the indexes of flexural strength and flexural toughness in-
crease more in the indexes of compressive strength, flexural strength and flexural toughness.

Keywords: Ultra-High Performance Concrete; steel fiber volume content; bending toughness; compressive
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%5 A #9.2022-01-29 &5 HE7:202202-23

BT HK A AR R A EHSIUH (51739008 ) ; VLA 4 H AR 54 BE B3 H ( BK20201125)

TEB R : EHERE (1998—) , 53, B LATFE A=, BT 07 1o 8 i PEAEIR BE L o E-mail : 1738502517 @ qq. com

BIREE BR P (1978—) , 55 W1, IE S g LAR I, 2 A 3 P BB 58 i 1k B 2T 4 3 5 /K e B 52 5 4 R B A e 5 N AR BF 9T L
VE . E-mail ; bchen@ nhri. cn



62 TR 5 AR AR

5520 &

A7 v J2 A T L R R AT 3 A6 A 1Rt A I
() A J , TR TREA RO 42 B Ak | ey s Ak 2 A A
T IR P S SIR A A A v , J JEE F A 1
mEPEREIREE AR R Tz A . AR IR
%t 1+ (Ultra High Performance Concrete, UHPC) [ #f
A Richard 264 1994 455 YCH Y, RSB AR Y
B AR EE + (RPC) o 1979 4F, Bache R 41 £}
9% v ( Densified with Small Particles, DSP) , 3331
AR 2 PERE ISR R, R/ LB il 45 Hh
5% & 8 150 MPa ~ 200 MPa iR & 1, i &4 UL DEN-
SIT fE N iR il BUAE T b L ML, 78 BSR40
Sl A 3 OR B IZ 8 o

1996 4, Oliver %" fff 5 Uk W1 48 Jin 4 £F 48 I
RPC H470 5 ok B I RE B RICRE 453 T B & 4271
MRS BB, K 2. 5% IARB R EF 45 A
UHPC A L8R UHPC B4, 7 7 (R B He o B2 42 55
25% ERPUPLRE S 17 A, LS R S
83% , 44BN 3% WYL YL, 5T Hs 9 J& Al ik 5 150
MPa F % 0 5, B9 AT BT 5 095 0 4T 4 )
RPC iU RS 0 3 B R T RL o B LA S 47 T o J&E
(RIEEI , G B LT 4, AR B TR 1. 0% 2|
2. 0% Ju NI, LT LERT RPC 1 5 B2 52 M AN K 5 2
KRB R 2.0% J5 , RPC i {4 By 5 B 32 5 12 3%
U YERTRIB B R T 3. 5% J5 , A0 25 50 )3 4k 25
Tt Yoo 5™ A3H1 TARBUBRESMGN 1% 2% |
3% 4% FIRAZ R 65 WAL 4ExF UHPC Jj2¢PERE
(R SEN , PR SR T i B By 3% , BT o B 1Y) 0
HEBEN 4% , EEME BRI T LRI B
X YR 5 14 5 W), DA Ay 2T 4 04 3G VR E 1Y
SER I MNP P A R A RS 5 BF ST T A [ 4
LI AEB AL A BHE S X UHPC 25 i MR Ry 520 .
LA SRR RS T SRR 4T 4k 15 %
DU SR A5 0, #1452 I 2T 4R 45 7l 5% 4t
LR, (HR LT AEATIS B S M RE TR BE
TIGIRIE PPN A5 1R — B B AR R
Berot. P e KBS L 0. 19, BIFFE 9 21 4
SrBILL1.0% \1.5% 2. 0% iR BUE & AL w2
(S0) Hoxsf i e PERE TR BE + (UHPC) i sl PR Fn g 2k
RERYSZIA o g AR e 64T UHPC Y3l PRIt ; 28
JEHEA TP SR EE P i R A i B

1A RS T T4

L1 R#t#
IR TR P 0425 3 18 Ak IR ER KU 5

ul

WOSUR F 28 1T OBy BEIR s A ERECN 2.8 W 1E
U5 45 1 T A RE B R AR 2 A 7 Y Si0, i
92.54% ,28 d {5 LA HUH 142. 5% AIRE K ; 95 JH 2%
FPAb 2= HER A B2 T AR 77 1 SRR BRI K ), Bl 7K %
K 28% 5 VLA IR O S5 A A A 158 AN 2T 4 1 B AL
1,

x1 WAHESY

; K [ERE b g

P A

e /mm /mm Kt /MPa
[ZNER; 131 0.2+0.02 65 2750

1.2 E&HEIT
UHPC /KEHE A 0. 19 WP EELE Ry 1. 4 T 4E
AL 1.0% 1.5% 2. 0% HiARFS B A L4
(S0) H, B & bL L2 2,
*2 BEAL
REIE R (kg - m ™)

VST i/ v v /L S NI % & il T o
so 451 226 226 1264 172 4.5 0
SI0 447 224 224 1253 170 4.4 76

S15 445 222 222 1245 169 4.4 113
S20 443 221 221 1240 168 4.4 150

1.3 iRHlE

IR A R B DA L < (1) RSB A L ifE
TP IARL o WIS BE AT RL D FIBOK SR B A SRR AL
THE 1 min; (2) FoKEEEA TAEP B FEPLITFr
ZEAEAE S min ~ 6 min; (3) SRAJAN TR A T
PN AL P AR AR 45 5 ming (4)
PiFETE B, #6147 UHPC JHg B Fn Je B iia; (5) it
T AN I 58 B J5 S RO A TR 8 1 De 3R, e
FIEHESEHREN 15 s ~25 s FEILRE R 5T
)5, 7E20C £ 2°CHE 2 d 5 PR B H B F 20°C
+2°C MIXHRE 95% LA L AR EFR T E N IR 3
d, BOH R 35 Ho A 60°C $oK F2 4t v 324 7
d, /e AR E R IR e . FR9 o8 5 nialaF A
Al AT 2R RE IR S 4 o
1.4 RWHE
1.4.1 TAEMsE

AR R v 1 BE R B i 86 O i b )
(T/CECS 864—2021) X[ &M £1 4k 1Y) UHPC #4174
JrEEI, Qs 1 R . R Y UHPC b3 A
BEEL T 250 W 2 R0 E L B E R ) T
o MBI AR E IS, TEWA AR SN oL



% 3

EMERE, 55 AN EB 0 R R PERE TR BE 1 1 2 PR RERZ R WS 63

WA B LY 2 A BRI IE %, 3R B O B
e,
1.4.2 h5hse

AR R v b R TR B A 56 O o b i) T
(T/CECS 864—2021) X} UHPC (47 [ 58 J& Fil iy 25
SREE AT, 145 6 4 100 mm x 100 mm x 100
mm [ R — 2 A T hE R B 4 3 4 100
mm x 100 mm x 400 mm [iR4 h—H TS 4
£k, an i 2 fios .

2 MAEHAE

2 HRIR
2.1 WFHERBEX UHPC TIEHEBERNT

BALF X UHPC I BRI i 2 1 52 0 4 ] 3
JiRe IEIH AT LU AN B LR 4 ) UHPC (i
) Y% BE AN e HE 731 0y 265 mm (540 mm, i 5
PESCT , LT HER B AN YK MY LA — & 5%
W, YNEFLEB RS 1.0% (1. 5% F1 2. 0% i,
YHE 435128 260 mm 255 mm F1 240 mm, 55 K5 v
HIPHTRET 1.9% 3.8% F19. 4% ;47 FE & 53531 hy
510 mm 490 mm F 425 mm, 3 EAEH I TFET
5.6% .9.3% F21.3% , X J&H TS IAZ
A 7= 1 B4t AR 5 BELRS T UHPC I sht ™ o it
HbNEF 4t 5 BR Z [R1E 1Y ) SR 45 1) 34— 20 BH A
¥ UHPC pimsh. s nl 0, b G B9 2 445 5 4
i, UHPC Ji gl 5 TR

300

265 260
) 240
£ 200}
£
=
s
2100
0 1 1 1
S0 S10 S15 $20
i
€00 (a) YH&E FE
540 i
490
425
£ 400
E
e
JES
5200 F
0
S0 S10 S15 $20
ErRE
(b) ¥ JE

3 IREFHBEX UHPC R EMY REMNIE

2.2 MFHERBEIT UHPC SRR N
2.2.1 AR Ytk Ri5E2F UHPC 3R 3% B %R

RV A iR B B UHPC 157 7 VRS0 s B
LB 4, ABRE4E Ry UHPC 77 I $i E 3R 5
103.9 MPa, 38 B Fe A%, LT 4e 48 5530 0 1. 0% |
1.5% F1 2. 0% B, $iL 58 2 &y 116. 7 MPa 120. 2
MPa F1 123.7 MPa, 4 42T T 12. 3% .15. 5% #il
19.1% . NEFYERIIE A% UHPC 3777 R 38 B AT
BRI, B E WA AR BN 1.0% ~
2.0% PR EEAK

140 -
1y 1202 1237

S0 S10 S15 S20

4 WMETHEETRIBEST UHPC ERENZME

RIBAWEFHEmE, U A7 A3 2 FLBR A
MbRBE , 52 Mk R b O T BTRER , anfEl 5 Bk, KRB
AEFHERY UHPC 75 52 oo A i S 11T -5
Js i 22 18] e T A 1 B2 K 32 210 24 SR T 7 1 fk L
FEEEEERL T, B ISR BN — A R B A Y
BRHEIR B ARG Lo A LR 4E I AU
HeAL s Ak = 4B 98 55 UHPC L[R2 507,



64 IR 5 3 TR

5520 &

—J5 TTHAZT AERE RS LY AL 7 22 RN, 75
—J7 T B w55 A B £ 448 B 8% 410 ] TR e B0 iy &
JEUSTI A R AR AR S SR I A B
A% LT 2 5 B P ] B4 A9 3G 245 0 il LT AE TR
AR, AU RE PR o

(a) KB LT YA

(b) & NAR AT el 1)

5 UHPC ZEMIFTE

2.2.2 RFpHpBRGEEN UHPC RERBEFRT W
R R
UHPC BRI IS A0 1E] 6 Bz UHPC 3£
S ENNPNE SR 308 S S EI R E 2
SRS X WIS kS B R B —
Bt T R R DG A AN R N AT, SR

BE LRI LRSI B T 2 eaE T
FOUAS o (HRAFANMES AT LUK B, B B4 4k 12 1
ARSI, 28 S i A O AR B B N, e —E R b
f&wm 1 UHPC TS RES) o

6 FEFHBREY UHPC HZRBEMS
AL 4EB 5 UHPC i 4k - He il 7
iR, 2 BRLSE Y AL o P 7 e g SR A T
IIHT, a3 R

R3 TRMAHEERISE UHPC 8 - REHEHNFISH

s Pp fp 5, fe P50.5 f50.5 P52.0 f52,0 Téz,o
/kN /MPa /mm /MPa /kN /MPa /kN /MPa /(N +m)
S10 55.8 16.7 0.693 13.1 51.2 15.4 37.6 11.3 87.6
S15 76.9 23.1 0.766 17.4 66.8 20.0 51.5 15.5 116.0
S20 79.2 23.8 0.889 18.4 69.6 20.9 54.2 16.2 122.8

5P, f, T8, 7053 7R VR 4 U725 508 BE A ELAT AO0] I R B8 BE of. BR8P o 2 mm I PR 4520075 558 E 580, 5 \Sz,oﬁﬁﬂiéﬂﬁ%fﬁﬂyﬁ

L
;HJISO’

/NSRBI O ~2 mm BTTER - BERE 2R T AT AR o
—S10

—3S15
—S20

80 [

- V=2.0%

-V,=1.5%

-V;=1.0%

20

P /mm

7 AENT 4IRS E UHPC T - BB m L

FHILT YER UHPC 5225 i f e 9 2R AR T
VAR 5 o 1446 2, 3 R WA £F 4 X UHPC A 854

L iR BE B mm s Py | fyo AYBIRFEERHER 0.5 mm AP HFRREREE Py, | fs, o A HCTEEEHE N 2 mm 00 00 FF AR RIS HE : T, |

(RS SEIEICR . SWET LT UHPC I {E 5 BE AN BE
RSN 8 7. thIE] 8 I £, il 6, ZLF4Ets
BERUIEOR, YL EB N 1.0% I f, 716, 735
4 16.7 MPa 1 0. 693 mm, 4HI4F 415 & 5054
1.5% F12.0% I ,f, Jy 23.1 MPa #123.8 MPa, /3]
Y151 38.3% H142.5% ,8, 4 0.766 mm #/1 0. 889
mm, 5350 FFH T 10.5% F128.3% . R ILET 4R 5
AE L 4 5 UHPC JFRUR MTERE iR U5 , S
AR AR R LT 4 5 SR 25 TR oy, B 27 45
SIS, — 7 AT 4E X I, 2 S
TRSZAT AT AR EETT R, o5 — Iy IR 2 1 A 45
Pk — A2 sk AT FAE B 2 RE R, flA UHPC 40725
58 J3E 15 HLXT I ) e BEAH B T



2o

EMERE, 55 AN EB 0 R R PERE TR BE 1 1 2 PR RERZ R WS 65

25 231 23.8

S10 S15 520

457
(b W 0574 XS 17 B
E 8 NF%BEX UHPC BB EF
Xt Rz 58 FE Y 2 il

TRSE TIPSR A A RS s A UL,
(A B AUFGAE IR RIS BE TR SRR AE £ 0 5%

B, 4 B JE Sy o B S0 JEAT i, 42 BT T

5=0.5 mmHl & =2 mm W1k, WA 9 Fros, #
PESEIAEL AN 10 ez & 9 AT, Bl G SN AT 4k 15
AN 6§ =0.5 mm F1 8 =2 mm &b T7 2 E A K,
{EOEEIRAE /N, 7E 8 =2 mm b, 4B A 1% W4k
BF A IE A 87.6 N - m, N EF 448 & 3 3 K
1.5% F12.0% i, 25 W34k %1 o~ 116.0 N - m I
122.8 N « m, 430355 1 32. 4% F140.2% . %
TEU X A g R AT 0T, A SN 1L R
TN,HBA 1% WA dEnT, S0 Al s BE O 13,1
MPa, 4 LF4E 4B 5 5 1. 5% F 2. 0% B, S50
38 BE 4> ) 17.4 MPa 1 18.4 MPa, Hy it a] 04K
LB INEE R RS2 = UHPC (25 M fg

70 | —=— §os
65 —e— &,

60

i FR/KN
[V
S O

ENES
S O
T T

1.0 L5 2.0
LTS %

B9 558, JMA LB EXFHAZ M

(%)
[V

140
120

T20/(N *m)

S10 S15 S20
b

B 10 $RFHEBSEHIER R

20 18.4

S10 S1s S20

By

B 11 NS EITERNE iR R

3 48 #

(1) FfE LT 4E R 2 & /38 i, UHPC f R
SRS RS, PR B DU R S fh B2
W R

(2) WL 4ER) UHPC ARSI 50 A 2
FHRTE . WL LEARIB R 1. 0% 3 nE] 2. 0% ,
UHPC i 17 12.3% ~19.1%

(3) FfE LT 4R BUS BRI, BT 50 B A
R 1 IR B2 . T R - B L al
H LT AE R RS B KT 1. 5% %49 1 25 5 i
AR

S 3Rk

[1] Tang M C. High performance concrete past presentand fu-
ture[ C]//ASTM, 2004 .39.

[2] Richard P, Cheyrezy M H. Composition of reactive pow-
der concretes[ J]. Cement & Concrete Research, 1995,
25.1501-1511.

[3] Aitcin P C. High-performance concrete [ M ].
E&F Spon, 2004.

[4] Bache H H. Densified ultra-fine particle based materials
[C]// 1CSC, 1981:1-35.

[5] Oliver B, Claude P, Jerome D. Reactive powder con-

London :

crete; from theory to practice[ J]. Concrete Internation-

al, 1996,18(4) :4749.



66 KA 5 AR TR AR 9520 %

(6] FRME. I 3%, BRI LT 4R LS o 8 v 1 g [14] & & UE, INEIR, 5. WYL 5 K 3D =
TREE T 2= ERen s [T ], B AL @ A K}, 2016,43 (] 25 %o e v M REVR BE L PERE Y S [T ). Rk R Eh &
(5) :54-56. 1§.2021,49(11) 23132321,

(7] Wi, Tl B AR 4B EIEEN KR [15] Yu R, Spiesz P, Brouwers H J H. Static properties and
B+ J2E R R B R (T 1. W AL a5 TR Rl 2 impact resistance of a green Ulira-High Performance Hy-
23R ,2013,21(2) :299-306. brid Fibre Reinforced Concrete ( UHPHFRC) : Experi-

[8] YooD, Lee J H, Yoon Y S, et al. Effect of fiber content ments and modeling[ J]. Construction & Building Mate-
on mechanical and fracture properties of ultra-high per- rials, 2014 ,68(15) ;:158-171.
formance fiber reinforced cementitious composites [ J ]. [16] WuZ, Shi C, He W, et al. Effects of steel fiber content
Composite Structures, 2013 ,106.:742-753. and shape on mechanical properties of ultra-high per-

[9] TEM, P HEE, B %, % ANRLYE B ESTIRE formance concrete[ J]. Construction & Building Materi-
R B AL A BT [T ). KRS g TR AR, als, 2016,103:8-14.

2021,19(2) :166-171. [17] EHAR, 2= B, 200, 4. AN - 2R IR IR A

[10] A& M9, 220740, W K, 5. EHIE RL B i PERE TR CRERTROK VRS SRS MR R R [T ] &

kL2 IR )] KR 5 AR T AR 241, 2019, BRI ,2017,34(11) < 10.
17(2) :4145. (18] sRacHe  sRAFHE, XUMG T, 4. 22 RUBE 2T 4k 1 1 i 7k

(10] B0, HRA, T, 5. SNEF et 1k e R 5 ARTREE L IHL OB RLMBTEAT N [T ] iR L 24k,

TP S EERE R M )], B A MOR R ,2018,35 2020,48(8) :1155-1167.
(3).722-731. [19]  Standard Test Method for Flexural Performance of Fiber

[12] SRS, S [F) AR 25 4 5 0 8 o 1k AR VR Bk 45 F Y - Reinforced Concrete; ASTM C 1609 [ S]. USA.

HrrERe L[ J ], 1) SRE ST ,2020,46 2012

(2):95-102. (20]  T—7,EEE, EEE W LEREE - 75 b )
[13] B PEREIR BE L1 50 Jy iR e T/CECS 864—2021 R SN ARHEL T ] SRR 2241 ,2005,43(5)

(ST bt AR Toll ik, 2021 54-56.

(E3#% 20 )

[2] Mark Foster, Robin Fell, Matt Spannagle. A method for (9):108-111,116.
assessing the relative likelihood of failure of embankment [10]  Z=7 {5, ey, SR80 & A & B PR iR 16 )
dams by piping [ J]. Canadian Geotechnical Journal, [J]. ZKFI K B B4 375 % ,2005,25(6) :21-24.
2000,37(5) :1025-1061. (1] 25, Al %, B g, i SR TR [ M]. b

[3] Robert Lanzafame. Reliability analysis of the influence of T HE KR K H H R A, 2005.
seepage on levee stability [ J]. Environmental Geotech- [12] X1 78, 8EEN, EIR R & I R NZE It B 5%
nics,2018,6(5) :284-293. TSR AL 3458 0 35K 00 B 5 (0. /K A1 2 4, 2008, 11

(4] WERKES, T REE, PMAS L, 25 B2 A 002 B2 L 45 Vi b (39) :1211-1220.

FBCRRIRBITELT ] CRDKIBER 2007(2) <1308, 143 gegen s By SRR B, S808 B A TE 37 RS 7R L

(3] TE@ WA, AW, & =RELDRDHRD SHER IV 1 0 130 6900 0] K L7 9
RIS L1). KRk A 2007 (2) 1922, 2002.30(9) :108-111.

23_;g.‘ ’ ) %mfgﬁffﬁ[J]-fii1$4§iﬁiﬁ%Tﬁ,2000124(i3:23-27-

(7] TR IR, TR R ﬁgié i{;@;ﬁaiﬁ,:&ﬁ fig{fﬁfg(’?jﬁ
W A B [T ] KRR AR ,2007(2) :27-29. 414650 o ' '

(8] BRE: R, T . AR A 40,0
T 1] 2018 36(3) 653650, 161 NI, BPRHE SRR, % B FOCS R B

(01 B P I AL A A R S WAL B8 )] AR 5 BT

HEA BB S i A A B [ ] KA 24, 2002

24,2020 ,18(4) :165-170.



