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Fig. 1 Fiber morphology
* 1 AERNLRSES

Table 1 Geometric and physical parameters of fibers

Diameter Length Density Tensile strength Yield strength Elastic modulus
Types of Fibers
(mm) (mm) (grem™ (MPa) (MPa) (GPa)
SF 0.18 13 7.85 3000 2100 200
POMF 0.2 12 1.41 1000 700 10

1.2 Be& bt Rt il &

S T A EHISHE N, #i5 SF. POMF MR IAERBEY N 1%, % 1:1 it
BIFATIRBHECH HFRC. WR¥E (mikaeiRst LN HEARFE)Y  (CECS207: 2006) 1 (HXZT4EiR &
+ik38 75 (CECS13:89) KELH] PC. SFRC Ml HFRC. S (@R E RS & L s ih i)
(JGJ55-2011) FYEEER, XI C60 VR#EE L ATHC & kit . AfRIETRE LR G PEE et e, ¥H
BrIC AR BRI A5 R, R E —RABEER A . 1B GRS BRI 20%, FHER &
JEN210 mm, KAZEE 0.29, BbE 0.4, ARIEAEFNE TS A Co0 RE LR Al 5, BARREL I 2
Bk 2 fis.

X TR SE R B AT ECS . DI T AR, 1SR v S R 45050 F B R
9 ©50 mm X 100 mm [##3:44%, SHPB #4846 i RS @50 mm X 40 mm [RIAE:44

% 2 F[E Co0 BRTE AL
Table 2 Mix proportions of C60\concrete

Coarse Fine Slag Water POMF
) Cement Water Flysash SF content
Specimen aggregate aggregate powder reducer content
(Kg/m?)  (Kg/md) (Kg/m) (Kg/m?)

(Kg/m’)  (Kg/m’) (Kg/m’)  (Kg/m’) (Kg/m’)

PC 370 176 960 64l 119 119 5.93 0 0

SFRC 370 176 960 641 119 119 5.93 78.5 0

HFRC 370 176 960 641 119 119 5.93 78.5 14.1

1.3 W T53E

K YAW-600 & R AU R T R S 45 R 56, i 2R, ORISR 1
RIS W %N VEGA3 TESCAN “BUT 2241 i 7 B 4e, F T SEM HLB ik, Wikl 2(b)
Frim. RHEAAN 50 mmK SHPB 2% B XMl R ah &S vy R 48 15, B 2(c)v SHPB 2 E/RE
Blo 5% B FH oo 380 B AR R gk ) v st B ANAME T, 26 P8 7850 kg/m® v BRI EEH 210 GPa. ¥
FAEE 0.3 PEALRFEREN/S73 m/se ANSHFFSBEFAKE— $#52000 mm, FHKSE 265
mm, fEHEAAS mm I EAR 50 mmo 8§ R 86 NI AT, AN
TH] JBE 5 235 R0 A A2 AN B 20 5, R A P i 5 R AT 22 Ak T 22 503 R B ACARR I 7). AR S B
T =R A Q.3 MPay 0.4 MPa. 0.5 MPa) , W7 AN AR RVE I E 50 s1~170 s AR IR
S IR PSRRI 5 3 AT ARG, B SO 1 I A B I 4
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(a) Static pressure testing (b) Scanning electr 1 0scope
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Fig. 3 Original waveforms at various impact pressures
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Fig. 5 Failure modes under dynamic impact compression
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(c) POMF surface fracture (d) POMF pullséutbehavior
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Fig. 11 Micro-morphology of fiber-matrix interface
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Step 1: aggregate identification Step 2: ITZ identification Step 3: mortar identification
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All remaining regions are
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Fig. 12 3D meso-scale schematic diagram of HFRC Fig. 13 Schematic diagram of mesh identification
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BB SRPEERTEL. RFBETPT B SE LA AN Shik B3], KA DEFINE_FUNCTION J& X 4F
YRR R, IR DY B R B b B A K RIEH AT A, 1
CONSTRAINED BEAM IN SOLID &R 5 NZR %, SCELT4E 50038 2 MR E
FHRL R 25 % A XL (9)-(12). 11 POMF FIER TG 5 8RR 45 UK, RS DA 4
WHSRWNE, TARMES RIS HLH]3465, POMF X H MAT PLASTIC_KINEMATIC

(MAT_003) XUZEVEHMIE AR, 5 EAR11EHzm 1 CONSTRAINED BEAM_IN_SOLID SE#
ARG, RABGEEMER Y FS SH0E 3, 0 RO 1 AR 1K BT R A I LT B
DURESL LT i . 274k 534k 2 7] 2 X CONTACT _AUTOMATIC _SURFACE _TO SURFACE, LA
RAER IS FR P 0 BEEEFERE . AL INEL S Z RS R BPIK L 1TZ ¥ HFRC A FR o8 an &
14 Frow.

F=ks 0<s<s, ©))
F=F +k,(s—s,) s,<s<s, (10)
F=F +ky(s—s,) s,<5<%5, )
F=F +k,(s—s,) s.<s<s, (12)

qrb: FONREELS SF ZIM MR #: s Nkt SF Z IMNEAEXI W #8 ;& J9sfikRirB
RE, k=F, /S, k, NIZIRENBORIZE, k, = F, - F /S, =S,k e 2R BoR =,
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Fig. 14 Meso-scale finite element model of HFRC
(4) MEZHHE
KA RHT B K&C BRI E B RSB 3BV 0547 8, T S8R 48—
) em-ps-g HALH] . 275 RenBORI T8, 1TZ BT s oi B A S AR B 4 4% JE D S 75%~80% 3547 HX

. WIAIMESEOR R SCMFRIFN: p=2400kg/m’, f, =58.5MPa, E=33GPa, ITZ

MEZHN: p=2350kg/m®, f, =45.0MPa, E=25GPa. SFHIMESHIRIER 3 S:4THUY,
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RHT AR ZH K 5.
% 3 SF MR8 H
Table 3 Material parameters of SF

Parameters P E(GPa) PR A(MPa) B(MPa) N C
(g/em?)
Parameter values 7.85 200 0.30 790 510 0.23 0.46
& 4 POMF #MHSH
Table 4 Material parameters of POMF
p
Parameters (g/em? E(GPa) PR SIGY(MPa) ETAN(MPa SRC SRP FS
) )
Parameter values 1.41 10 0.32 700 450 0.6 3.33 0.10
% 5 BRI RHT #HEESSH
Table 5 Partial parameters of the RHT model for aggregate
Parameters Values Parameters Values
Density(po) 2.32 g/em? Break compressive,strain, rate(EC) 3.000e+19 s°!
Elastic shear modulus(SHEAR) 16.7 GPa Break tefisil€ strain‘rate(ET) 3.000e+19 s
Eroding plastic strain(EPSF) 2 Compressiyeyield sugface parameter(GC*) 0.53
Failure surface parameter A 1.6 Tensilé yield-sucface parameter(GT*) 0.7
Failure surface parameter N 0.61 Shear modulus reduction factor(XT) 0.5
Compressive strength(FC) 60 MPa Minimum.damaged residual strain(EPM) 0.01
Relative shear strength(FS*) 0.18 Residual surface parameter(AF) 1.6
Relative shear strength(FT*) 0.058 Crush pressure(PEL) 24 MPa

gk 5 BRA RHT ERISSH
Table 5(Continued) Partial parameters of the RHT model for aggregate

Parameters Values Parameters Values
Reference compressive strain rate(EOC) 3.000e-11's"! Compaction pressure(PCO) 6 MPa
Reference tensile strain rate(EOT) 3.000e-12 s°! Porosity exponent(NP) 3

3.2 {REFXMEIE

R 1RGSR SEBRRIE AL B, B 52 BB AR o S e BT RO B, SRERON S AT 535
SEAT a2 AL B AL Ny i AR h 2, IR =020 T RN - geiE (LEL 150 o Em A, A5
PN 775 S I 2Z A [P S i S8 g b 2 0L A R FE B g, XA B R A N )T R, IRIE
T AL AT S S HE T
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Fig. 15 Verification of stress equilibrium Fig. 16 Comparison of experimental and simulated curves
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Fig. 20 Final failure patterns of different specimens under the same impact pressure
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Fig. 24 Stress characteristics of different meso-structures and comparison of peak effective stress for each meso-component
under various impact pressures
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Abstract: Aiming to reveal the dynamic mechanical properties and meso-damage characteristics of steel-
polyoxymethylene hybrid fiber reinforced concrete (HFRC), split Hopkinson pressure bar (SHPB) tests
were conducted to investigate the dynamic mechanical properties of plain concrete (PC), steel fiber
reinforced concrete (SFRC), and HFRC. Scanning electron microscopy (SEM) was employed to observe
the micromorphology and fracture characteristics of the fiber-matrix interface. A three-dimensional
mesoscopic numerical model was established using LS-DYNA software, which incorporated polyhedral
aggregates, mortar, interfacial transition zone (ITZ), and two types of fibers. The/ddimage evolution, energy
dissipation, and stress characteristics of HFRC were revealed from a mesos¢opic perspective. The results
show that polyoxymethylene (POM) fiber and steel fiber (SF) synergistically=reinforce each other,
significantly improving the dynamic impact resistance of the material. Specifically, SF exhibits strong
bonding with the matrix and dissipates energy via interfacial slip,"wheteas' POM fiber presents weak
interfacial bonding and dissipates energy mainly through pull-out, fracture, and deformation. The crack
resistance and energy dissipation capacity of the matrix are &éffeetively enhanced when these two fibers
function synergistically at different stages of crack propagation. Meso-simulations indicate that mortar
serves as the primary energy-dissipating component, and”I'TZ is' the weakest region that fails first under
impact loading. With increasing impact air pressure]/the energy absorption and peak stress of each
component increase significantly. Hybrid fibers, can reduce energy reflection and kinetic energy loss,
facilitating more impact energy to be absorbed and dissipated. The peak stress of ITZ is the most sensitive
to loading rate, while aggregate shows the lowest sensitivity. The established mesoscopic model well-
reproduces the dynamic mechanical behavior and damage characteristics of HFRC, and thus providing

theoretical and numerical references for the application of HFRC in impact-resistant engineering.
Keywords: hybrid fiber reinforéed{ concrete; dynamic mechanical properties; mesoscopic simulation;
energy dissipation; stress characteristics
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