=5 M0t = 1k

Acta Materiae Compositae Sinica

T H R i B PR REA L 2% R RB LAk

Mk YR T 5T IAAE X o

Preparation and property optimization of road basic energy-absorbing materials based on balanced
control

CHEN Qian, WANG Chaohui, HU Xueliang, GUO Chunhui, LIU Fangzhou

TELR %15 View online: https://doi.org/10.13801/j.cnki.fhelxb.20210929.002

AT ARG A SCEE

Articles you may be interested in

SIEIRARMIRET AIC, iR 4 T RER M5 2 B 6 SR
Preparation and performances of ternary layered ceramic Ti;AlC,/ultrahigh molecular weight polyethylene composites

A MR, 2017, 34(6): 1177-1184  https://doi.org/10.13801/j.cnki.fhelxb.20160907.004
SiC—8 i 7 1 R IR A R VS J2 2 A0 B s v B DG B il PR 22 1) 0 3 538

Simulation and experiment of key influencing factors on ballistic performance of SiC—ultra—high molecular weight

polyethylene biomimetic flexible laminated structure

A MR 2020, 37(11): 2928-2940  https://doi.org/10.13801/j.cnki.fhelxb.20200222.001
INT 5 ANAKEF Y3 R BRI T 45 o o B 52 5 e

Processing aramid nanofiber/poly(vinyl alcohol) hydrogel into high—strength composite films
HEEMBIAAR. 2021, 38(12): 4005-4014  https://doi.org/${suggestArticle.doi}

M2 TR S (UHMWPE)ZF- 45 26 [ A B UHM W PE/BREA I 52 4 R L i P 1) S i ML
Influence mechanism of ultra high molecular weight polyethylene(UHMWPE) fiber surface modification on interfacial
performance of UHMWPE/epoxy composites

AR 2020, 37(3): 573-580  https://doi.org/10.13801/j.cnki.thelxb.20190705.001
WIREALATTBNAK 2R LI G AP RL il 4 S g2k g

Preparation and mechanical properties of functionalized BN nanoflakes/polyvinyl alcohol composites

SEARRREEAR. 2018, 35(5): 1073-1079  https://doi.org/10.13801/).cnki.fhelxb.20170713.004
RO BEI AR LT HE R R CIRBESL SR BRI (i) 5 K i

Preparation and properties of polyethylene glycol-modified cellulose nanofibers/polyvinyl alcohol composite hydrogel
HARRIEER. 2017, 34(4): 708-713  hitps://doi.org/10.13801/j.cnki.fhelxb.20160819.001



§é$j*4$*ﬁ E390HE O OHIH O 7TH 20224

Acta Materiae Compositae Sinica Vol.39  No.7  Jul 2022

DOI: 10. 13801/ . cnki. fhelxb. 20210929. 002

B T HENEE R S A B K ge A
B A MERE AL

it A ME T WY R RARE X F M

(1. K2R ANHFBE, P99 7100645 2. 1078 w3 4L HAT IR R, 319 250098 )

& OE . it I W AR AR T B A Y A, PR T IR A e S AR LR )RR B
RUEK R GEAT B, T8 T ARLE T FRAERT ], BT T AS [ 28 0 B8 PR e AR )2 PERe . RedRePE 522 1T
B, FEUCIERE L, BT T T 2R POR 1Y B AR AT BLZE G R RETEIN R R, SR T AU S MR R 5 1 (EP-
1) fERFEREILREM R, HEFE T BT RE AR R IC b B 58, W BE A B 7 T8 I T2 o 1l — 253
FHBEE IR SCHEN . 25 R R ROGEE (PVA) 44 58 = 4> T B &) (UHMWPE) o 34 e A5 a1 Y
SRR R A YA R 1 2R R SRR, (HR B SCR AL Wi RE N b 7] 34 9 S i U RE A4 ) 09 &3P
TR, B2 W REPERE Y IR T 127.4%~129.11% . 34.04% 5 101.65%; 255 I8 TVEMERE R 2568035,
et BRI RE AT B AEFE )5 . 1.0wt%PVA-3wt%UHMWPE/EP- [T,  HAH B 4 50 TAEME e bR Jg . T fd o i
14.29 MPa. W& HK % 703.36% . #2400 F 79.27 N/mm. W% bags: 1.73]. F/NErh &% 10.21,

KR . TEFEAOEL; WREMOEL; SEnpbERE; JitebERE; MORRER; ROME; BEATFREROG

& 43S TB332 XEkARER: A TEHS: 1000-3851(2022)07-3356-13

Preparation and property optimization of road basic energy-absorbing

materials based on balanced control

CHEN Qian', WANG Chaohui” , HU Xueliang®, GUO Chunhui?®, LIU Fangzhou®
(1. School of Highway, Chang'an University, Xi'an 710064, China;
2. Shandong Hi-Speed Group CO. LTD., Ji'nan 250101, China)

Abstract: The purpose is to further develop the new application of energy-absorbing materials in the field of road.
A new type of road energy-absorbing material with excellent mechanical properties, energy absorbing property and
cushion property was prepared. The suitable curing time was determined. The mechanical properties, energy ab-
sorption characteristics and cushion effect of different types of road energy-absorbing materials were clarified. On
this basis, the comprehensive property evaluation system of road energy-absorbing materials based on multi index
decision-making was established. Type II elastomeric polymer (EP- Il ) was used as the basic energy-absorbing ma-
terial. The optimum scheme of composition ratio of road energy-absorbing materials was recommended. It lays a
solid foundation for the further popularization and application of energy-absorbing materials in road engineering.
The results show that both polyvinyl alcohol (PVA) fiber and ultra high molecular weight polyethylene (UHMWPE)
micropowder can effectively improve the mechanical properties and energy absorption properties of Type Il elasto-
meric polymer, but the effect of the latter is more significant; Both of them can enhance the performance of basic
energy absorbing materials. The tensile properties, tearing properties and energy absorption properties are im-

proved by 127.4%-129.11%, 34.04% and 101.65% respectively; Considering the working properties and economic be-
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nefits, the optimum scheme of the recommended road energy-absorbing material is 1.0wt% PVA-3wt%

UHMWPE/EP- 1. The corresponding working property indicators are: tensile strength 14.29 MPa, elongation at

break 703.36%, tear strength 79.27 N/mm, absorbed conversion energy 1.73 J, and the minimum buffer factor 10.21.

Keywords: road materials; energy-absorbing materials; cushion property; mechanical property; absorbed en-

ergy; polyvinyl alcohol; ultra high molecular weight polyethylene
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F1 BEEREY (EP) HASH
Table1 Technical parameters of elastomer polymer (EP)
Project EP- | EP-1I EP-TI
Solid content/% 100 100 100
Density/(g-cm™) 1.02 1.02 1.02
Gel time/s 20-25 15-20 10-15
Surface drying time/s 40-45 30-35 30-35
Low temperature bending property/C -35 -35 -35
Impact resistance/(kg-m) 1.0 1.0 1.0
Water permeability(0.4 MPa, 2 h) Impervious Impervious Impervious
Hardness(Shore A) 90-95 85-90 85-90
Wear resistance(750 g/500 r)/mg 13.0 5.0 5.2

®2 BZWHE (PVA) F4EHRSH
Table 2 Technical parameters of polyvinyl alcohol (PVA) fiber

Project Technical parameter
Diameter/m 17

Length/mm 6

Aspectratio 35.29
Density/(g-cm™) 1.3

Flash point/C 79

Melting point/C 230-240

Elastic modulus/GPa 35

Tensile strength/MPa 1600

Elongation at break/% 7

*3 BESTERZE (UHMWPE) B ARSE
Table 3 Technical parameters of ultra high molecular weight polyethylene (UHMWPE) micropowder

Density/(g-cm™) Granularity/m Melting point/‘C

Molecular mass

Heat distortion temperature/C
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(1) Bk R A R An i AL A 3

DL Ll % RE B4 RE (BP-T1) fE b 748 1. PVA 4F
415 8 1.0wt%~2.0wt% 19 201 I BE 4 B IR AE
Ji % 2~4, UHMWPE Uk} 5 it 1wt%~5wt% 19 M
W BE M RHR IR AE R % 5~7, T Ib, RE LA
7 WO ORHIC T SR B, WK 4.

1 5 PEA 98 A5 0 A (XG,) FIAS SR (X)),
TG L S BRI AR M I T BRAE S RV (ELE
WM AR R AFIBR(E, W35,

(2) I sk REOTE

PEAN 8 Br AR A0 B e i 2o A, o
oAb . WP RKOR | BRI RN
W KA i, BIRE A BOE RS K, PhRekE Z 1 o
SIEAHSE; /DRSS th RECH W N 5, B

bt & B /)N, PEREBE 2 #9505 G AH O¢ BT
RPE T, IR AIYI R, 2R ILE 6,
{ XimXi 04106 X <X
dij=14 Xni—Xi (1)
1 X; 2 Xni

%4 EP-Il. PVA/EP- || 5§ UHMWPE/EP- || By14BEseHRtE AL

Table 4 Sample data of performance index of EP- ||, PVA/EP- || and UHMWPE/EP- ||

No. Material Tensile strength/  Elongation Tearing strength/  Absorbed = Minimum
MPa at break/% (N-mm™) energy/] buffer factor
1 EP-1I 6.281 307.04 59.14 0.8583 9.6718
2 1.0wt%PVA/EP- I 10.292 435.24 78.28 1.4252 10.5601
3 1.5wt%PVA/EP- Il 9.257 358.00 79.29 1.4441 10.1920
4 2.0wt%PVA/EP- 1l 8.056 270.54 79.26 1.5571 10.4637
5 1wt%UHMWPE/EP- Il 10.472 512.10 76.28 1.4365 8.8668
6 3wt%UHMWPE/EP- Il 11.422 579.67 74.67 1.7347 9.6755
7 5wt%UHMWPE/EP- Il 11.296 597.96 69.73 1.7802 9.1756
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Table 5 Standardization of evaluation index of EP- || , PVA/EP- || and UHMWPE/EP- ||

Evaluation index Satisfaction value Value not allowed Average value
Tensile strength/MPa 11.422 6.281 9.582
Elongation at break/% 597.96 270.54 437.22
Tearing strength/(N-mm™) 79.29 59.14 73.81
Absorbed energy/] 1.7802 0.8583 1.4623
Minimum buffer factor 8.8668 10.5601 9.8008

%6 EP-Il . PVA/EP- || 5 UHMWPE/EP- || F) &L MIEPRAY R ININ L R &L
Table 6 Single efficacy coefficient of each evaluation index of EP- || , PVA/EP- || and UHMWPE/EP- ||

Evaluation index No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No.7
Materials EP-TI 1.0wt% 1.5wt% 2.0wt% 1wt%UHMWPE/ 3wt%UHMWPE/ 5wt%UHMWPE/
PVA/EP-T  PVA/EP-T  PVA/EP-T  EP-T EP-TI EP-TI

Tensile strength 0.6000 0.9121 0.8316 0.7381 0.9261 1.000 0.9902

Elongation at break 0.6446 0.8012 0.7068 0.6000 0.8951 0.9777 1.000

Tearing strength 0.6000 0.9800 1.000 0.9994 0.9402 0.9083 0.8102

Absorbed energy 0.6000 0.8460 0.8542 0.9032 0.8509 0.9803 1.000

Minimum buffer factor 0.8098 0.6000 0.6870 0.6228 1.000 0.8090 0.9271
Xi—Xsi

b= Xpox, 04t 0.6 Xi 2 Xni (2) %7 EP-Il. PVA/EP- || 55 UHMWPE/EP- || (i HHE4RILE

1 X; < X Table 7 Weight of evaluation index of EP- ||, PVA/EP- ||

Hordrs dy AES T AR BV F8 A i BRI ) 3% R
B XN i TFN AR B PR X A i
PE IR bR BT A s X M i DI FRAR A R
VA doy AE i D NPT R BR 1 BRI D R R AL
(3) & T 45 A AL HHL A o
PRI ) 8 R A 2 T, MRS A RN 48 br 2
PR, SRR 5 R BOE X & T 48 A5 2E A7 ALY,
RAE T RS WO A E , WK 7,
vi =a;/X; (3)

w; = Vi/zn: Vi (4)

1
Horre v WA i PF N AR AR AL S R G o W 10
TR IR BR AR ME DS 5 XA AR i TV A 48 AR P 2 ME
w; A PPN FRARALE 5 n RPFH R AR
(4) B ABOTH
AT IR REB R (W 8), Xt
PR AS [F) S 1L e O BE A I 25 TARMERE

D,’ = Z(uid,'
1
Horp: DR i TR TT R BN R L d A

5 LSV R AR I ST AR L

2 8 nl i, A7 RIS R EOR /N HERF
K HEI>TE6> TES> HE2>HE3I>T

i=12,---,n) (5)

and UHMWPE/EP- ||
Evaluation index Weight
Tensile strength 0.2253
Elongation at break 0.3457
Tearing strength 0.1140
Absorbed energy 0.2395
Minimum buffer factor 0.0755

%8 EP-Il. PVA/EP- | 5 UHMWPE/EP- || ) 2N R H
Table 8 Total efficiency coefficient of each scheme of EP- Il ,
PVA/EP- || and UHMWPE/EP- ||

Total efficiency

No. Materials .
coefficient
No.1 EP-1I 0.6313
No.2 1.0wt%PVA/EP- I 0.8421
No.3 1.5wt%PVA/EP- I 0.8021
No.4 2.0wt%PVA/EP- Il 0.7510
No.5 1wt%UHMWPE/EP- I 0.9046
No.6 3wt%UHMWPE/EP- Il 0.9627
No.7 5wt%UHMWPE/EP- [l 0.9706

Fa>FEL, WIERFELSF, UHMWPE # K #
N 5wit%. PVA ZF 445 i ok 1.0wt% B, % FH
REMT R ZE & TAEMERE R, X —ZREBEEN
I M 2 SR AW G . B 7% 8 3] UHMWPE i
¥y 45 42 5 E O 3wt% . 5wit% I, P B R
BRBAUA 22 0.81%, HIZEA TEMERER L 22 57
BN W, Ak E AR e 1
SERAME)T N B AT AT M, % UHMWPE b 5 4 1
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Fig.9 Various property indexes of EP- I, PVA/EP- [I, UHMWPE/EP- [, PVA-UHMWPE/EP- Il and E51
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