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Study on the Effect of Recycled Steel Fiber and Industrial Steel Fiber on
Workability and Mechanical Properties of Ultra-high Performance Concrete

NAN Xue-li'?, CHEN Hao!?, JI Jian-rui'?, WANG Yi'*, CHEN Guang-zhao'?, LI Mei', TANG Wei-bin®
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Abstract: In order to explore the feasibility of replacing industrial steel fiber (SF) with recycled steel fiber (RSF)
in ultra-high performance concrete (UHPC), the effects of RSF on the workability and mechanical properties of
UHPC were studied by using SF as a comparison, including fluidity test, rheological test, steel fiber dispersion test
and bending and compression test. The statistical analysis results indicated that there was no significant difference
between the fluidity of freshly mixed RSFUHPC and that of SFUHPC. The yield stress and plastic viscosity of
RSFUHPC were greater than those of SFUHPC, which can be attributed to the uneven aspect ratio of RSF.
However, the shear thickening degree of RSFUHPC was significantly lower than that of SFUHPC, and the
dispersion of RSF in freshly mixed and hardened UHPC was significantly greater than that of SF. Using the same
mixed amount of RSF as that of SF, a P-value > 0.05 was obtained, indicating that, compared with SF, RSF had no
significant effect on the load-displacement curve, flexural strength, or compressive strength of UHPC. Therefore,
using RSF would ensure good dispersion in UHPC and excellent mechanical properties of UHPC. Moreover, it
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would reduce the construction difficulty associated with artificial vibrations in actual engineering structures and

improve the construction quality.

Keywords: Ultra high performance concrete; Recycled steel fiber; Industrial steel fiber; Workability; Mechanical

properties
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Table 1 The main chemical composition of a raw material %

AR Kk WK fik K
SiO, 26.55 49.43 96.04
AlLO; 9.62 22.96 0.539
Fe,Os 3.54 8.57 0.324
CaO 53.83 9.77 0.738
MgO 1.54 1.86 0.630
SO; 2.22 1.61 0.195
Na,O 0.505 1.62 0.444
K,0 0.971 2.06 0.699
TiO, 0.36 1.13 0.0133
P,0s 0.0784 0.329 0.121
MnO 0.410 0.149 0.0281

ZrO, 0.0162

0.0518 0.0133
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(a) Cement (b) Fly ash

B1 EAR SEM B

Fig.1 SEM image of raw materials

(c) Silica fume

K2 MAEERSH

Table 2 Property parameters of steel fiber

TERES S AHEKE (mm) gEERE (mm) AR b (MPa)
ToAREF4E (SP) 13 0.22 59 2000
agi | 214
AR LT A 5~40 0.1~0.4 50~100 3500
(RSF)
K3 MAENZEAR
Table 3 Chemical composition of steel fiber %
A2 Cr Mn Fe Cu Zn Br Rb Eu
TR (SF) 0.092 0.44 89.03 6.49 3.03 0.2 0.17 0.55
EISEN AT 4E (RSF) 0.092 0.4 93.72 3.02 1.59 0.21 0.18 0

(a) LMV AR£T 45 (SF)

(b) IR A £T 4 (RSF)

B2 PR K SEM BRI

Fig.2 Pictures of two types of steel fibers
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W, IR TR A ORL HEAR A AR AR,
23 AEHIRSHP

()

PG CPM ALY T 545 tH % IS 4G & L i3k 4
Fimoe wila&hs, JeksKYe. K. fE A R4 Jinb
FRNTEFENLR T4 1 2%, TERCTIREL  FRREOK
FISAIMNT- B S8 45 5 7080, B 1 404
eI A, B a IMNENEF Y24 2 7. Biidk
S5 JE, SCRUHEAT RSN EE S A e Re e, e
W R F 100 mm=x100 mmx100 mm & 100
mmx 100 mmx400 mm FIBEE AT, 24 /N5 AR
NI FRA 2 v Re A S

#4 UHPC EREAELL
Table 4 UHPC Mixed proportion design

LAt (kg/m?)

iy AR LT 4
KiE MK K X K (%)
20~40 H 40~70 H 70~120 H
UHPCO 800 152 129 359 373 305 139 80 0
SFUHPCO0.4 800 152 129 359 373 305 139 80 SF0.4
SFUHPCO0.6 800 152 129 359 373 305 139 80 SF0.6
SFUHPCO0.8 800 152 129 359 373 305 139 80 SF0.8
SFUHPCI1.0 800 152 129 359 373 305 139 80 SF1.0
SFUHPC1.4 800 152 129 359 373 305 139 80 SF1.4
SFUHPCI1.6 800 152 129 359 373 305 139 80 SF1.6
SFUHPCI1.8 800 152 129 359 373 305 139 80 SF1.8
SFUHPC2.0 800 152 129 359 373 305 139 80 SF2.0
RSFUHPCO0.4 800 152 129 359 373 305 139 80 RSF0.4
RSFUHPCO0.6 800 152 129 359 373 305 139 80 RSF0.6
RSFUHPCO0.8 800 152 129 359 373 305 139 80 RSF0.8
RSFUHPC1.0 800 152 129 359 373 305 139 80 RSF1.0
RSFUHPCI1 .4 800 152 129 359 373 305 139 80 RSF1.4
RSFUHPCI.6 800 152 129 359 373 305 139 80 RSF1.6
RSFUHPC1.8 800 152 129 359 373 305 139 80 RSF1.8
RSFUHPC2.0 800 152 129 359 373 305 139 80 RSF2.0
24 RIEFHE J7i4: UHPC #3550 )a, 4 R3] H 3550 4

241 IAEMKE

tHT UHPC &G B I BE, Somsh kil
WRAE RV 3 2 %E T735) (GB/T 0507—2005)
47T AR K H HAKKE Viscotester iQ 22 4%
XT UHPC FEAR RSB RERAR IR R AR M R AT I,
MARE LS NARFL 500 mL. EHAE 85 mm. 5 130 mm
AR B 6, AR P2 #8 Viktor Mechtcherine!!!f)
WIS, RIESE YD) 245 )15

XA 4 3 R W 5 RS 23 A HT HE UHPC SN A4
A3 B A AL, UHPC 444 43 B k. e
HriE UHPC 8N AF 4 2 B0 IR F W, HEat

NPUZEAy, ARy UHPC F /K ik A e P i ek i B
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Hor BRE
242 FHRRE

MRAERE ORISR 7% (ISO V)
(GBT17671-1999) F1 (HUAD K I AN R iI0T7
EFRAEY (JGI/TT70-2009) #EAT J72# BRI

3 EREDR

3.1 PAHBES AR UHPC RINE M
%A UHPC i sh FE an ¥ 3 Firz » B B 3 mT 4,

b PRI AN 2T 4E 45 135 1, UHPC 80 B 35 P41,
XEESENN UHPC i NI 4E )5, R & 7E
R B KT IR AR E TR, S5 UHPC WishfE
TR HE 4 B, TR YE, EB R
T 1.0%HF, FBIERREHMET 10%, XZEHT
Werder=gid /b, Xt UHPC WS HER 454
FEARLIA, WO B BN R, MM 4B E
M 1.0%3 K3 2.0%0, UHPC HIFEN 1510 R 1
K 20% k4, X EEETFNTHERESBNFH
UHPC (1 5% HERR GE MR, FExE FE R AR 7= AR AR
WA, IR R E FE R KR AR, T B Bh
FE TR

B3 LB RN UHPC HshE K m
Fig.3 Effect of steel fiber content on UHPC fluidity

ME 4 Fagm] DA I 2N 4 445 B oK 2

1.0%LA i, RSFUHPC ifiah fE i 2 R ] B KT
SFUHPC, X &K X T SF, RSF HIKEEFMIE
WAL, HERTARE, WKl 2 s, % UHPC
SARRIR s BRI TR, B A 4EB RIS N, RSF
X B B R AR A Ok I R, JET S8 UHPC it
BRI ER G K

B4 MTEBES UHPC MBhERREKELW
Fig.4 Effect of steel fiber content on UHPC fluidity loss

rate
B X520 UHPC it 20 FE B PR AN R 35 ——4N £F
e AN Y45 Btk AT gt ke 77 2= 0 AT

izEms P-value., P-value #5102 ik 5k R

xR B 45 BTG L B 0 04, 24 P—value
<0.01 B, 15 B BF 4 6 ik 06 45 L O B e 3 2 35

*); 4 0.01< P-value<0.05 i, i B3 R =541

IR R (x); 24 P—value>0.05 i,
Ui B R Z e 45 SR JE B2 2 m CAR A * 2R,
di1# 5 A, P—value s s=0.40x10"3<0.01,

WM A YEB BN UHPC MR sh R B, 1
P—value srssn =0.82>0.05, HItbAl &1, A

RSF % UHPC HIiRahE®RE & m, Mima L
BAR SESI,

R5 BWHESHEERKEEES T
Table 5 The significance analysis of the factors affecting
fluidity
S P-value P
HRLT 4R 0.82
METHeB R 0.40x10 * %
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3.2 MFHERBIX UHPC [BARR W R B HRER
Al
LB FE AR Ak B 2 ¥ 58 2 RSFUHPC2.0 %
SFUHPC2.0, Fi%HL UHPCO 1 Jyif B4 k47 A%
5, BB IERMENEEE (Nt 3 fia) Xt
IG5 AT IETY, SR 5 s

B5 EMBIE R RIUME R &R 2T N ) 53T TE
R
Fig. 5 The shear stress and shear rate curves were

obtained by fitting the modified Bingham model

r= 0y + iy + 0 )
Ref 7 WEVIR ) (Pa), T WIBHRBEA (Pa), s

NEVERE (Pas), y NEIUIER (s, CHiZ%

TR B IR IR AL

[FH 7 R S AR F SR 45 Rk 6 . |
JIR L 73 RS 1 o o i T P VR 4 A AR 1 R )
BBH, RN 7] 32 B T IR AR N A RORL 2 [R]
By & 5 BRI PR AR I, AR YR IR A R
RS b A TSI R oy AN R A TS0 A A e il
PORHAR B AR T 1) e /N B D) 77 o BR 1k Jee IR R 787N
IKVEIRARTRTS 5 AT B)) o SEPERS B2 i R N 58
CERITARS ARSI GE, E S BREAR . R K
ANFURTRLIR P S (52T, R WA ) 2 Ak AR
TR, SRR /N, MRS IPE R R AR E
Ko HIBHEREE SN, 2 SEGHKEES SR
KARRATHI ., KRB ERBEBNT 4B N
UHPC X i il 5 FH 8 MR BE g s i 6 B,
HHE 6 AL, TR PRI 4, #iflife
UHPC & & H & Uk 2 18] (1) BE 45 )13 58, 33X
UHPC 8 IS 778 534K . Horhr RSFUHPC 1))

AR F BB PR FE 5K F SFUHPC, 32 %2 i1 T4
LRYEERE Y I ZEAE FH RERE FEIS FE B Y 003 80,
RSF WIKAZLEAE ), SEMZERN ., Hish

BA SR of wld¥IRT 0, Z2BLHBTUIEH

LR, Hrp C/,u (RSFUHPC) <C/,u srunpe)s LN

N\ RSF Ja B VIS HRIFERENS A T B4, AT RSF
B SF AESLFr TARE ] DAPEARHE THESE, fRIETE
Tk,

#6 EHGRSRBRESHEMER
Table 6 Results of regression equations and rheological

parameters

& 1Ef) Bingham 157

EIe)
T, /Pa AL [Pass C/,u R
UHPCO 2.760 2.475 0.092 0.997
SFUHPC2 8.631 4414 0.297 0.999
RSFUHPC2 14.557 6.539 0.267 0.989

B6 ANRMELEMERBEN UHPC JEHRRL /) K21
R R e
Fig.6 Effect of different types and content of steel fiber on
yield stress and plastic viscosity of UHPC

3.3 MAHABITFH R L UHPC 53 #E BIF N

BrEE UHPC SN 4E 1) 4 BB ia RGO AT
PRHOTE, STNA4BEHRN 1.0%F 2.0%1) UHPC
BEAT HE IO BT A5 AW £ 4 3k AT PR & 11 5523 BURE Ak
JE ) UHPC 383 G vk i AN £ 4 H0s ik A7 R 41 4
SrEUETHE, K EAEMRWE 7 Fros . PIFRENEF
Y wE TR R R 7 ok, IR 7 AL
RSFUHPC [ 73 it % 75 8 # S i A AR A& 35 K T
SFUHPC, X/ T SF Rt HEAR /DN, HH
UHPC Hiz K 5 v P R I8/ et 4k 485 1 ) A T
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K, T SEAERES G SF B EE SRR = AR T F%,
AL J5 1) SFUHPC AT AW 47 4 7 B AN 3 &),
7HRTCAUE H, SFRELE FRMmBUEEEE, 7EL
bR THE A AL SR AR o T RSF BT HACRE
KBRS EANT, BAEHRE R EA G IERL,
Kl 2 fioR, BNJEXTHTHE UHPC AR BRI 4R
VEFD, MIZEAS0N S N WA &, % RSF A 5 5 () 20 B
3.

&7 B UHPC B RL 4 —_EHRG
Fig.7 Binary image of steel fiber in hardened UHPC
section
RT WAREE
Table 7 Dispersion of steel fiber
HER
#H#E UHPC ffitt, UHPC
WY 1.0% 2.0% 1.0% 2.0%
SFUHPC 0.7048 0.8532 0.7711 0.9118
RSFUHPC 0.8279 0.9233 0.8557 0.9408

3.4 $RAFLER 3 UHPC T the: S

| 8 Jy RSFUHPC A1 SFUHPC fif #-fr # il £k .
K 8. K 9 AIAE = mbtdrikie sy, BEE HFN
BRI, A B IR T =, Do
FERER, HAEB BN EUE, BT a4 5 =1
hn, JEskth S E i AR ETE R, X2
WETBNNAYE G, EPTHrilse J ok By 1
. kEEnE, HAP e gEsiZ R, S8UG
&5y 28 5 fn i 47 BB R T R,

(a) RSFUHPC

(b) SFUHPC
Bl 8 UHPC fif 3-hr ¥ i %
Fig.8 UHPC bending load-displacement curve

R = PR, CFAT AR 2. 1%
LN IAGEOR, R RHIR IR th e i e
HE, MORHRPINR TR LI (I, A7k
-7 2T R T AR T LA B RAE A R AT

B9 WALEBEN UHPC FLHRE MM
Fig.9 Influence of steel fiber content on area under UHPC

displacement-load curve

1k 10 P, BEEPIAMARE 4e5 2 g,
PMo—A B 22N AT ALZHT R, 1 W45 I EM 2T 4
LA 2 fEm UHPC W mf gl e . Mo
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SFUHPC 1 fir #% — fa7 2 #th £ '~ /9 1 AR AH X T
RSFUHPC Bk, FEXMEMEATHIZRL, X2 RSF K
&R EAA—, AEUER, H RSF R EHEEHRF
%, RSF 5 UHPC J:AAIEZ A% S, UHPC Widef,
— 5> RSF B TR IR EBURL A FH B Bkt M
M3 B RS —far 2 2R N TR /N, R RebE 2 AR
N, HR 8 KR 9 WH, &y ES

P —value cpssxm 4> B4 0.14 F10.15, %K T 0.05,

4R RORE N UHPC LS fisi—r e ik ™
AR S Bidfr s B s AN i 2%, i RSF m AE AR
SF # X\ UHPC, H AWM 25008 .

B10 RS EX UHPC -G08 fh4k T R AR
Fig. 10 Influence of steel fiber content on area under

UHPC displacement-load curve

KR8 HMHITRERRNEEES T
Table 8 The significance analysis of the factors affecting

the bending strength

% P-value WEM

LT Y 0.14

LT Yetp B 0.41x10°% **x

R HWRR—ALH R T HRER KB E ST
Table 9 The significance analysis of the factors affecting

the bending strength

[B5ES P-value B
YT 0.15
WY 0.14x10°16 * *

3.5 MAHBENITXT UHPC I ERERE
ANEZE K 35 8 PN A4 X UHPC $T % 58 1

eI 11 fis. MFEBE T, PRI 4Ext
UHPC U8 LT A 0 SN 435 = H 0%
1K #) 2.0%0, RSFUHPC /558 % M 129 MPa 3
K% 148 MPa, SFUHPC #7558 M 129 MPa 34K
3| 149 MPa, # & W14k 28 d JLJE 3 L % | MPa,
HAMLF Y B 0% KE] 2.0%HHf, B R N 14
BN 20 MPa 47, LA .. X2 TR e
B R ) i 2R FH B 22 R AR R W AR T, 5 NRAF4E S
WEEAFYE 5K e MR 2 MBS E T, B £F 4
B2 L 21— [ PR s ) 2K /R 2230 BRER 2
e e He R P EL A, R BB E RN
(1.0%~1.5%)} , 2375 FEAR H T BN 350 50 B I 28 5
ot APILGESE? S=Ai0b i pIEEPNE S UNE S AT A P
T S PR SR Y SR, BTN 4EEL 7 40 A
TERBRFIAE AR TERT, AN S A4 AR, A
B BRI AR PR SR R RN, B
Fh AT N £ AR A A AR A

B 11 LB ES UHPC $iEREEHE
Fig.11 Effect of steel fiber content on the
compressive strength of UHPC
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MBI FEEH L F B SFUHPC 4.44%. {(HL L4t
BEENT, WL HESRALGT UHPC sh M i s mi It
NTE N

(2) RSFUHPC (1) Ji IR % /7 B BEVERE B2 35 KT

SFUHPC, {H RSFUHPC MBURSAREE (c/u)

% SFUHPC A fr[#Mk, RIS N\ RSF 1] DA
UHPC fEZ A B B B b WK B4 .
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(3) MY B — i, RSF 7E##E R hfifh
UHPC H 48U (0< B <DL SF & H 0.1 £4

HACLE SEBR T2 A 45 N\ RSF A DL R UHPC )it T3k
%, HA5EHETFE UHPC &)U

(4) MWLF4Eis T — R, RSFUHPC 415
SREE A7 B — AL M 4 T AR S R R Y N T
SFUHPC, {HZ it Gt 8% 041, P—value &
T 0.05, WLAYERANH I E R AR E, H
28d Pk sEEAUAH % 1MPa.

(5) % EMXTT SF, RSF K45 A%} UHPC [
B R D1 RE A BB S, rT DME 4T 45y
B RR . BIUIEARRR PR, SERR AR xR
S SATEAIC, i RSF 7] LAE AR SF iz H T UHPC H1.
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