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Abstract: To enhance the mechanical performance of recycled aggregate concrete( RAC) under dynamic load-
ing, this study systematically investigates the synergistic effects of polyvinyl alcohol (PVA) fiber reinforcement and
recycled coarse aggregate(RCA) replacement on the dynamic mechanical performance of RAC through split Hopkin-

son pressure bar( SHPB) impact compression tests. Thirty-six specimen groups with varying PVA fiber dosages (0% ,
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0.1% ,0.3% ) and RCA replacement ratios(30% ,40% ,50% ) were designed to elucidate the damage mechanisms
and enhancement mechanisms of PVA fiber-reinforced recycled aggregate concrete( PVA-RAC) under impact load-
ing, utilizing comprehensive analyses of dynamic stress-strain curves, failure patterns, and dynamic increase factors
(DIF). The results demonstrate that PVA fibers significantly suppress crack propagation via bridging effects, thereby
altering the material’s failure mode from brittle fragmentation to ductile cracking. Both dynamic peak stress and DIF
exhibit substantial improvements with increasing fiber content and strain rate. While higher RCA replacement ratios
(40% ~50% ) diminish compressive strength due to the inherent porosity of RCA, their heterogeneous interfacial
properties promote energy dissipation through complex crack propagation paths, thereby partially mitigating strength
losses. This study establishes a theoretical framework for the dynamic design and application of PVA-RAC in seismic-
resistant protective structures. Furthermore, it pioneers a synergistic approach to integrating construction waste recy-

cling with the development of high-performance recycled building materials. The findings have both theoretical inno-

vation and practical engineering significance.
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Table 1 Characteristic of polyvinyl alcohol fiber material

K/ mm YR EAR um /(g em™?) WP/ % PLIL5R EE/ MPa
Length/ mm Diameter/ pm Density/(g + em ™)  Elongation at break/% Fracture strength/MPa
12 15.3 1.29 7 1830

e AR PVA 148358 (0.0. 1% .0.3% ) il F}30% H PVA 274554 0. 1% ) PVA-RAC, fii
RCA HUL# (30% 40% \50% ) X} PVA-RAC #hili 1 &l RHERE A2 a6 E .
SPERERYSE R T 9 MRS L, K 2 R, K T I BRSO B, B R AR L
FERE W, AT RS, B—DF R FER 0.5, B EAA N 100 mm, & K 50 mm ) PVA-RAC
RAC,“R”JG WA FH IR RCA PR, BT BB, DR ESRAE TR 28 d 5EHY
£:“P” F£R PVA 214k, “P” J5 AU FE 278 PVA 274k 150 mm x 150 mm x 150 mm {37 7 A RE A T30
IR A&, WNRFESS R30-P0. 1 32755 RCA Huft  HiEsm B .
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Table 2 Design of mixing proportions and groups

R E A/ (kg - m ™)

Mix proportions by weight/ (kg + m ™) H /%
S ‘ R AR o e
Specimen S ki o Naaet;.;;al (:'jarse Recycled foarse A
Water  Cement  Sand aggregate agaregate Water reducer PVA
R30 173 411 702 768. 6 329.4 4.11 -
R40 173 411 702 658. 8 439.2 4.11 -
R50 173 411 702 549.0 549.0 4.11 -
R30 - PO. 1 173 411 702 768. 6 329.4 4.11 0.1
R30-P0.3 173 411 702 658. 8 439.2 4.11 0.3
R40 - PO. 1 173 411 702 549.0 549.0 4.11 0.1
R40 - PO. 3 173 411 702 768. 6 329.4 4.11 0.3
R50 - PO. 1 173 411 702 658. 8 439.2 4.11 0.1
R50 - P0. 3 173 411 702 549.0 549.0 4.11 0.3
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AR A R R AR TR AR AN 2 froR 13 (2 ob AT LB ST ALAE
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Fig. 1 Static compression testing machine

2 REERSHH

2.1 IR
T BT HE SHPB 565 B OB, 43 #7
RCA HUUH (30% 40% 50% ) Fil PVA £ 4efhfl &

17(0.0.1% .0.3% ) %f PVA-RAC zh 4 K45 J1 241k
REAY SN , BE O [] wds SOR R A [RIAE L PVA-RAC
() AV RS, AT 3 s o

TR SRR 45 (L F1 Chen 45X IR %+
7E SHPB 5255 H (g il R 28 80 43 1 U AP 28) o
723 FRY B BRI 0T LLF L, B ol i
ARG AR AR T T G 2 v R T2, B
J& T8 A R, HLURKE SR B A g RS R ok 8/, AE
0.1 MPa ppii T, fli 5 RCA UG I, Tt
LR Ao RAC IR BB IE Aok 1™ o, 28
JR R R BB B S . R i AR, G
- YEdns RAC $5 3R 30 B e pE i B 52 o X L
AL JE AR RCA BRI IERE , JF R e LB i

I PVA 254 J5 , 78 4 8] o 5 SR, PVA-
RAC W52 8158 T m 8t e, HRiE PVA 2-4;
RS A IR N . . W2 3 vhili e
1) PVA-RAC X FE, 2 BOARE A B AF 0 58 B 1k, 78
PVA-RAC B MK IH A & £r ki 1z, R 8
“ IR 2238 O REROR S Y BIV Bl A, e R
L AEAMORTE R E T A, B0 B R BRI e K
TR 4558 RAC,

o | 600 | | 5000 | . 3000 ;1000 -
47 >. ».
|| ASHHF | ] B | gy | LR
E e B e Incid:nt bar Specimen TransmLssion bar Buffer bar Daner
[0 | | |
1 ||

REHER G

Launch console

WO AL

Laser velocimeter

BLAE

Strain gauge

EIEIVEIN

Dynamic strain gauge

B2 oyl AR AT A6 4 B (07 mm)

Fig. 2 Test setup of Split Hopkinson Pressure Bar(unit:mm)
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Fig. 3 Failure modes of the test specimens
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under different impact pressures
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Table 3 Results of the SHPB test

RS SUR/MPa TAREES (mes ) RARE/s

Specimen  Pressure/MPa Bullet velocity/(m + s™') Strain rate/s ™'

BRI

Failure pattern

few/MPa  f. ,/MPa & DIF

0.10 2.56 37 42.15 45.82 0.0083 1.09  f%d cracked
R30 0.15 4.22 — — — — R broken
0.20 5.15 90 75.36 0.0092 1.79  #3#% crushed
0.10 2.42 33 39.74 41.83 0.0078 1.05  f%d cracked
R40 0.15 3.69 51 57.47 0.0084 1.45 W HE broken
0.20 4.40 71 74.89 0.0100 1.88  #3fi% crushed
0.10 2.87 — 37.81 — — — W24 cracked
R50 0.15 3.76 65 55.43 0.0072 1.47 R broken
0.20 4.39 — — — — ¥ crushed
0.10 2.93 46 44. 31 54.87 0.0076 1.24 %4 cracked
R30 - PO. 1 0.15 4.27 64 68.38 0.0082 1.54 R broken
0.20 4.41 85 77.93 0.0012 1.76 %W broken
g 3
0.10 2.88 53 44.55 61.50 0.0084 1.38 . e
slightly cracked
R30 - P0. 3 0.15 3.55 — — — — W2 cracked
0.20 4.45 80 86.60 0.0112 1.94 1534 cracked
0.10 2.87 55 40.72 53.95 0.0082 1.32 W24 cracked
R40 - PO. 1 0.15 4.30 70 58.98 0.0087 1.45 il #% broken
0.20 4.40 88 72.26 0.0098 1.77 7% broken
e
0.10 2.95 48 42.20 52.69 0.0077 1.25 . e
slightly cracked
R40 - PO. 3 0.15 4.27 75 77.20 0.0110 1.83  f%d cracked
0.20 4.40 85 81.80 0.0110 1.94 W24 cracked
0.10 3.14 48 39.89 45.93 0.0062 1.15  f£%Y cracked
R50 - P0. 1 0.15 4.32 67 56. 89 0.0093 1.43 I #% broken
0.20 4.40 83 66. 89 0.0122 1.68 %W broken
fip e 501]
0.10 2.97 46 40.79 49. 88 0.0080 1.22 . effa
slightly cracked
R50 - P0. 3 0.15 3.76 74 72.96 0.0108 1.79 W24 cracked
0.20 4.44 82 76.25 0.0111 1.87 %Y cracked
90 — 375" 80 1 —335" 80 — 655"
® 90s™ 518" 0.1P-48s™
=] 80 —o0.1P-46s" @ 20 —715" = o, —0.1P-675"
3 70 0.1P-64s" =60} 0.1P-70s" S 60} 0.1P-83 s
< 60 0.1P-85s" 3 0.1P-88s" 7 0.3P-465"
2 5 —03p-53s"  £90T —03p-48s"  $50T — 0.3P-745"
= —0.3P-80s" 40 —03P-755" T4} — 0.3P-825"
< 40 = \ 0.3P-85s" =
5 é 30t \ :;; 30t
= 20| R20f
g 10 N o ' 2o
0 0.005 0.010 0.015 0.020 0.025 0 0.005 0.010 0.015 0.020 0.025 0.030 0 0.005 0.010 0.015 0.020 0.025
J3 A% Axial strain J%AF Axial strain J3f A% Axial strain
(a) R30 (b) R40 (c¢) R50

P4 A [ A AL 3R 4 107 T 1 A% 26

Fig. 4 The stress-strain curves of RCA with different replacement ratios
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