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Abstract

In this paper, the Steel-PE Hybrid Fiber Reinforced Engineered Cementitious Composites (S/PE-
HFRECC) were prepared by blending steel fiber and PE fiber, with a controlled total fiber volume
content of 2%. Six types of cement-based specimens (SOEO, SOE2, S0.5E1.5, S1E1, S1.5E0.5 and S2E0)
were fabricated by varying the ratio of the two types of fibers. A Split Hopkinson Pressure Bar (SHPB)
device with a diameter of 50 mm was utilized to conduct dynamic compression tests on the S/PE-
HFRECC under static and dynamic combined loading conditions, allowing for pre-static load applica-
tion at levels corresponding to 0%, 15%, 30% and 45% of the static compressive strength. The test
results show that: 1) The mechanical properties of cement-based composites are influenced by pre-
loading static load, resulting in both weakening and strengthening effects. 2) The dynamic compres-
sive strength, dynamic peak strain, and pre-peak stress toughness of S/PE-HFRECC initially increase
and then decrease with increasing levels of pre-static load. 3) Compared to single fiber inclusion,
steel-PE hybrid fiber exhibits superior advantages in enhancing strength, deformation ability, and
toughness.
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R EPEZESER . N T ECEMEN Dk RE, SEEERE Li (LR T AR S A B AR BT i ] B R
ARk 1 22 2 20 25 2485 T 245 ME 117K e 3 &2 444 k] (Engineered Cementitious Composites, ECC). ECC #1#}
VEN—FP B m v REAT R, HAT B s I R P R R e d il e 70, AT /E — e F2 1 ERLIEAN RN
Tl A AN A 2] o [, ECC ARHI 2 R8T 2R AL L B B m M R =R I RE /), HPE TRESS 1
FUBRKEANL b o A 2] 1 T2 KR

T AE KR A AR I % Bl 21 4 T DUdE— 20 CE AR B S T 2 R I v L AT [3],
NHF ECC MLF4e28A 3 80 &R LT 4 (N AT 4 %5) . BHLE AT G CRIIG AT 4. R OIGLFYESE). THL
LR U (DR AT YE  BORAT Y4555 T X B AR YER KRB S B I EREC A TT R T BN R G5t
ECC M ENEA LA . BRI MG WoR, PE SF4ETERN S MR HLNI A (R kVERE . BESE PE P48 S
RN, AR RAR AR R A AR BN AR, WIS VRMERL ). B SRR S
58 B2 S 8 R JE /N [4] [5].

I [6]% PVA-ECC 3T T 4 NRARRIE P I ah s o 46056 . BF 98 &I, PVA-ECC
(B 25 Bt 5 FEE AR IS ) BT B S PR AR A 3G SRS, o FEAR AR SRR, A (10 U {1 5 P8 R v A ol -4
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BRI & R NARRN, YR ) - RAE fh 2 TR S RSsSB4 B RERE(K DIF {4,
IR 55 AR R A SR RN o ZESERE[TIWETE 1AM - 2R L (PE) £F 4RI sl Ve 3k B 5 MR B A S P BE
ZERIR, PE LFYERAI A S v 1KV B SR Th R . AT RE I AIAERERE /1. I 2 g vy
UL, T PE 214k 1 25 MR L MIFERERE /). BiE PE ZM4E5 BRI, HURIREAFERERE 1
BB R G K, PRI R B e, R AR R AN

PR TRESE H B AR BN R %, AEAE 7 ZADRHE REW & 2 77 I ZR (GRS . SEVE . pob ke
S5)o B, HUAMIEERMBIEA B R AREL, A RIFRirhditk. SR, B —2F 4R AR AR
PERERISETHEON A R . ATLUR A 2 AT AEIR AT 3, s e i e af Gk, DASCBUK TR HEAS
BHERERHRTT . [ A b2 R AR 4K TR 2 R SRR sh &S 1A R RETT e T BON RGO I Kbk
IREE[BIWHIE 1 AN-PVA TR LT UK R FE L B RS T R O BT R RE . S5 RRW], PVA LR4ERg infiist
F SRSk E 3, PURPIESREOEE R, (HIEE N AR T %, MR SE BV EASEVE by, ANETAEAE 32T
JURTINET A - Zhou SFE[9]N A FILF4ERC L IAN-PE TR A ET4E /K 5 2 S APRIEAT 1 4. SrffAn=
k. 45 REoR, PE SFUERIINGE s T AR RL R . AEPERIPTES G, (HPUR R PR, NET4Exs
DU SR A 1E IR0, A8 SCEM RSP . Liu Z[1010F 78 1 =5 FE AN -PE TR A 4T 4 /K Je AR (HF-ECC)
R AR PR R . S5 IRR T, AN 4EBH 7 PE £ 4E ] $g s ECC AP RHI TR AR R . 24
MEYEBERT 1%, SAZRE I RIR N RE. H8-PE TRARLTYENY 5 ECC fEHUE R . ST e MZ 5t A
R RLF . Huo S[11] LAVE AN S IR AT H9-PE RIS LF 4K e 2 B S PRL AT T ShaShr ks . w70 R,
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AN AE RERE AL W Sk (R AR SR ISR AONE LA A o P 14 A R SRR P R AN 2T 4 45 N R s $ m
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BERIAT 7T E 2L T TR T o FIZRWIRR[12] [13]08 A K BT fRl IR ML AT 1 VRt - 38 I ik, A BILRE
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KRB LE[1914E FH R E - 3) =l r R el RS RGEREAT 1 3D B hrilae, RILON I A7 RS, BE %,
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2. ISR
2.1, KR

RIS AR FE: P.O42.5 /KYE. FER. 7K. BRI = MEREIUKR . MEF4ER] PE 474k, 4N4F 4R H
58 BRZR R 4 8 ) A TR A B AR P2 AR AR AN 2T 4, PE £74E% H Honeywell H [F 4 R 2 7 #2441 S-900 A
PE 214k, PAFLT4ERIVIEE 1525 0n3R 1 f3E 2 iR

Table 1. Physical and mechanical parameters of steel fiber

=1 MAUENENFEH

Bz PRk EA G5 AR 2 BB
(mm) (mm) (MPa) (GPa) (g/cm?)
0.175~0.35 12 3000 210 7.8

Table 2. Physical and mechanical parameters of PE fiber

< 2. PE SHEEYIIB HEESH

o HAE AR B oz fef e P PR i A A W
- (mm) (GPa) (GPa) (%) (Ibs) (glem?)
S-900 0.039 2.18 210 35 315 0.97

AIGAE LT A SARR S BN 2% AT SE T, ARIEANET 4R PE £F4E R A R 4 S C EL i) 2% 1 AN RIS A
wfF. BFEAEAAENERRAIE 6 M, WIS g 3 s, ARSI TEE “S”
REMETYE, “E” R PE 214k, A A E R N AT LER 2 AR S &, A8 “%” - SOEO
NG YRR H AR

Table 3. Mixture ratios of S/PE-HFRECC specimens (kg/m®)
% 3. SIPE-HFRECC i fHH & Lt (kg/m®)

LT UEAATB B PE £F4E(ARS
AR KUe HEIR K PR
(%) (%)
SOEO 1 0.11 0.28 0.013 0 0
SOE2 1 0.11 0.28 0.013 0 2
S0.5E1.5 1 0.11 0.28 0.013 0.5 15
S1E1 1 0.11 0.28 0.013 1 1
S1.5E0.5 1 0.11 0.28 0.013 15 0.5
S2E0 1 0.11 0.28 0.013 2 0

2.2. MiHl&E

B REA YRGB 25 R FH IR AT AR, DA/ AP Ay 1) TS [ 45 PR RN R 20, R B LA 50 mm
5 25 mm [ T AR BRI BRI R

1) HERRRE & ARG T R AR . 2) KPR ELF 7K Y AL BN BAR b F/NERG AT B, SO+
RHAII SR A o 3) KRB LF IR 5, S SIS BN BRI o 4) A T B HEN L Bk b
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(1 4 FPRHEAT SERE, TR ORI AR AR BN IR0 /2 225K . B) TG IR I P I R SR A v 208 I N AR T 4E A PE
2o, BEAT ZORPERE, SELFAEERAT AT S KA S B BLR h IR HEAT IR, SR 4 58 RS R 1
VI i EAREERR . 6) PR SIR T IR 24 h AT IBIRG 5, IRJG TN TRI R A AR AETR 3 28 d IR
P 5E G R HEAT FT B, DABA ORI P A i 1 AN BEAIAN P47 22 /N T 0.02 mm,

2.3 RWWERMBHER
KL T BH A S0 %= W AVTS-50 Y =4l 35 £ #% L FF(Split Hopkinson Pressure Bar,

SHPB)MR R 45 (14 1)#4T SIPE-HFRECC MR Fsh 4 &3NS B R00 o 1% & NS AT A% 5T 1) L
#4950 mm, KJEHIN 2,50 m. T 60Si,MnA SAHIEL, FRTERE )y 206 GPa, )% A 7850 kg/m®, i

Py 5100 m/se 1%V AT LALE i 480 P 005 0 ik e o ot v e 25 TR 28, AT S UL 1 ) e
NG N I RS R E (K 2) IR a1 3)In s,  SEELER A e far BN, e
R/ B R BV 2 L A R B AT I B RO
BB RRAET BAHT R W T N ROIER MoblEy FH @i AR
! | .
! ! -
v v g v v I I 'I
|
B AR

Hfid s, WAL

Figure 1. Schematic diagram of AVTS-50 three-axis SHPB test system
1. AVTS-50 B =4 SHPB iR I RG R EE

Figure 2. Electric hydraulic pump
B 2. BEhifER
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Figure 3. Hydraulic cylinder
[ 3. &EmEL

AR EN A A DN AR 6 (50 25 TR 48 NG A 10.5 mifs o FHUIN B 245 17 AR 20 S EUA ek BE- e s 56 FBE 110
0%-. 15%-. 30%-. 45%VUNZRol. iR BFITUN T e g 2 Lo 24 Fh, &F—Fph LO0 N 44T
5 REEIRE, LT 30 kBhAS MR AN 90 K FE BN A AL .

TEI R SR AT R A, B “—4ER e ” F1 R RN AR S " 1
BUF, R =2 e 45 SR SR B B 3T A B . =R A R

40:%¢Ia@yfmg_qaﬂdr )
£(t)="2[ (1) (1) (1)] &)
o(t) =22 0a (02 (1) -4 (1) ©

R, By Ay cy 5B F P B ML | AT T LRI : | 0 A P 60 B K R R BT T
2(t) &(t) Mo (t) S AIATANAE, FRRAERMTHR: (1) & (1) A & () 45 RAI )
W SR LT R SR 7
3. RBEARS5 7R
3.1 WBERENT - NTHhZ

SRR 105 mis BT, BRI A tF T & SR PE BN AR A5 L7 4. ik 4 LT
Kl A BB I L 57 TR T S92 240 O 5 (R ) i (1 A A
PR S 43 S8 F S ST R AR BT, ST IR AR P 4 075 A0 B 0 3 AT
IIARTt . $0-PE TRALT e MR RAE I ) 0 T LB N T A SR PE 2140, PIRDSF 4N 245 A\ T T8 & S
DR PR BRI R, B bDRH R R AT B
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Table 4. Results of dynamic compression test of S/IPE-HFRECC under static and dynamic combined loading
7= 4. EBEhtAEINEL SIPE-HFRECC shiSEHEINLER

G nmsmamgn  VEE  OEEERS DRGSR SRR

s (MPa) (%) (MJ/m?)

0 92.3 168.8 1.08 0.88
15% 95.0 222.0 1.09 1.12

SOEO
30% 87.6 203.7 1.25 1.16
45% 99.7 200.1 1.33 1.25
0 97.8 170.2 1.11 0.96
15% 100.4 202.7 1.13 1.16

SOE2
30% 105.1 178.8 1.26 1.12
45% 111.0 170.0 1.39 1.06
0 106.4 191.4 1.24 1.06
15% 112.2 208.8 1.27 1.18

S0.5E1.5

30% 116.6 193.9 1.36 1.23
45% 109.9 183.4 1.50 1.15
0 105.2 179.4 1.20 1.04
15% 108.2 196.4 1.22 1.16

S1E1
30% 108.7 190.2 1.34 1.27
45% 111.9 179.3 1.48 1.09
0 1111 185.0 1.14 0.93
15% 119.7 201.3 1.18 1.14

S1.5E0.5

30% 116.1 188.6 1.28 1.15
45% 115.4 176.9 1.44 1.04
0 92.1 177.6 1.09 0.91
15% 104.8 200.1 1.11 1.10

S2E0
30% 105.6 188.0 1.25 1.09
45% 107.8 173.6 1.33 1.00

LINBGEAE N 10.5 mis I, FFEHAE G IMBSRAE T S5 KR BhA a8 ) - RAZ M2k rxt e an < 4 B
o HHEEITIAN, & A 1) BN A W AE I g Bt A PN & 25 A 2 2001 R T S ISR 384 K 5 N e 35, %3
FULIA BN TN S ECC MBLRAA — Mg A E A, RGO Tiin sk #on ECC MRHI 58
FE RIS o RS2 Sl R B S R AR AT 830 I SO AR EE A N EA B 1) SR B X
AR S22 DA BRI, TR Bl AR 2 2R RN, AR PR R R N o A AR R K YR R AR RN AT
YESL[E R 2) RLEEYRIN B BRI B A RO SR A B I AT T, R s E
AW %, BRI R Ay - NAR 2R 1 R R TR BB, N IBEA B . fEEM B, SRR I AE
o 3) MERMTBL: ARG )5, NI R RSy RIFM BT, R wEd— Py KEE
TERLF 5%, RN IR TR, el AR IR Ok 25 AR B R
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Figure 4. Comparison of dynamic compressive stress-strain curves of S/IPE-HFRECC under static and dynamic combined

loading
4. ETNAEINE SIPE-HFRECC Sh7SE4ERN 11 - M AT phZexftl

Ty Jii, FEAE PN S AT BN RIRTE, B WRAE BARIZHIE K. ISR R T RS
TN R T A B R AR SKIT AR L, BRI 1 2R T R vpous I ) RN ERREE . AT 4

TR AS I fE
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3.2. BEMERE

N EE A 10.5 mis I, AN G FUIR S A A B A R & 2 sl A U s AR A n 4] 5 B
HT BRI, 25 S (K 3 A5 47T s 56 P B 5 TN 547 2 3 PO B2 vt Se 38 K 90 o £E FIUIN 4 R0 A 15%
I, BhASPURSREE R . B, FUINET BN, ShATURRE K. ECC wlff A &2 A H] b o A7 75
—BEFLRE, DR AN 2 B S AR R A A5 K, R AIR B, TIAE — B RE R L 554l iF
Mgt BE Sy, ARG IS RN o ER T e R AR P TR AR L, R e AR R 5 AR A [ P ARR
RE SR ST A A RSTHA AL AN e o FUUIN T £ 280017 SR ATT AR 450193 1A [ A2 R X P 7 B vtk o ok i 284 P
I A B SR ARG TP RE S, P AR SR A RIS o 15925531 ¥ FIUIN & 2™ A 1) A RO KT L7 A )4
i ) SRS, A M 2 0 TIN5 8 B Bh A PR 58 A3 BB TH . BLJE, Bl e 200 A AN Wi B2
e B NSRRI RE EE A WIIN L, AR B AT 9 2 I BT A1

—a— SOEO0 : 1 1
230 || —e— SOE2 | , ,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,
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| —¥— S1E1
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A PLE R E (MPa)
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THINERAS AT EH N (%)

Figure 5. Changes of dynamic compressive strength of S/IPE-HFRECC with the level of pre-static load
[E 5. SIPE-HFRECC shs# [ 38 B RE TN &R far £ 2R A A T4k

TE G TN 2 0E FH R, SOEO AR A o ot o i T LR A R 4E 35 N 10k o 1 R S
AR AT 135 NATAR A 3R = 2R 3B, I BOR A NER S AN S], UEASm B E R, 0
FEA AR LG SOEO iR & BN ™ 5, DM LR S 4L A n# N SOEO {1 sh A Pk s i T HoAh 2R A
. BEENA ARSI PE A4S E D, SIAPUE A 2R/ NES . 30%20
ST ERAS a8 /E A R, SLIEL. S1.5E0.5 A1 S2E0 I8l P 3 B AH L S0.5E1.5 73 AIF#MK T 1.6%. 2.4%
A1 2.7%; A5%Z 5 TN S EEH T, S1E1. S1.5E0.5 F1 S2E0 HIENASHUE 8 EEAH L S0.5E1.5 4343
BRI T 2.3%. 3.6%F1 5.4%. HHTHNAF4ER SRR I K T AR MR, UERSREERR, L4
SRR NG ES KRR, A4 S B, AT FE SRR P s BT aa Bids . B A AN 4T 4 5 2 13
o, R INE, WSS RIUEERCNES . S, BHEBME4ER) S0.5E1.5,
S1E1 M1 S1.5E0.5 Izl PR AL & T80 A AR 4ER) S2E0 A1 SOE2 i, BIAHEL T- s ph£F 4k (1)
BN, AN-PE IRA LT Y M B} = A B B AS R 58 5 A0 3R FE 5

3.3. BESRNIEERTHIE
FERPEHA R s B K b, MR IVE S FERERE B R B, IR RE AT W)L RAE . MIEAR
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Figure 6. Changes of pre-peak stress toughness of S/PE-HFRECC with the level of pre-static load
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