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Mechanical characteristics of polyurethane materials for
emergency road recovery under cyclic loading

XU Xiaoliang"?, LIAO Wenjie', XU Jiapeng', LI Bei', TAN Yizhong®
(1. Key Laboratory of Geological Hazards on Three Gorges Reservoir Area, China Three Gorges University, Yichang
443002, Hubei, P. R. China; 2.State Key Laboratory of Disaster Prevention and Mitigation of Explosion and Impact,
Army Engineering University of PLA, Nanjing 210007, P. R. China)

Abstract: Polyurethane foam material, with its rapid expansion, high strength, lightweight, and water-
repellent characteristics, has significant engineering value in temporary repair works such as emergency road
clearance after water damage. To study the mechanical characteristics of polyurethane materials for subgrade
under cyclic loading, axial cyclic loading and unloading compression test, and tangential cyclic shear test were

carried out on polyurethane samples containing interface, and the change rule of stress-strain law and macro and
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micro damage characteristics of polyurethane samples wereanalyzed under different loading frequencies and
loading ranges. The results show that: The strain of polyurethane samples increases and then decreases with the
frequency of axial loading, and continuously increases with the upper limit of axial stress loading (up to 7%
-8%); the maximum strain increment induced by axial stress loading is four times the corresponding value for the
loading frequency, which has a more significant effect on the sample strain; under axial cyclic loading and
unloading, the sample is mainly subjected to compression-shear damage along the cemented surface and tensile-
shear damage along the vertical fissure-cohesive surface, the increase in the loading range of the tangential force
causes a significant increase in the deformation of sample (up to 5%-6%), and eventually compression-shear
damage along the cemented surface occurs; increase a certain amount of axial force (should not exceed 90% of
the uniaxial compressive strength) can be better compaction of polyurethane materials, which can improve its
shear performance, in engineering applications, it is advisable to avoid placing polyurethane materials in a cyclic
shear stress state when the axial force is small or there is no loading.

Keywords: road engineering; polyurethane materials; emergency rush repair; cyclic loading and unloading;

mechanical characteristics

RAEABIE R —FH A 2k, B
P8 TS A TR S R B el [ B A LA A
(1% 85 25 1k 0 nT B PES, A L T U K R AR AL G M
B RE PR B AR R, P L EE T 5 DL St
[ 45 0 1 R L E o R 7 AR N I I T AL
Iy 6 T Bk S LA 4 R R HLSR R A R
F T R A Y P i, BT G ol 1
A7, T N FH T T e 4 rh Y A, R SR A
E L AR S 010 5 v A ok T BB S A AL B 1k
Hb R KB T, 2 K 0 il 2 A, 7E bR AR G %
B K b1 AL I ] B, SR Bk )2 AR R B GE b T HE
JK A A S TR R Y Bl K A R

B R A RE ) BE T 92 T i O s
DA v S TRT 074 S 2 3 RV GV o R TR) 4 S O o
TRABIG A S NG B2 5 T U E R+ ) sk
&R T T I 1 TR AVE RE 5 BRAG R SO O
1) 5 2 1R 38 1) 5P B AR i B 0T B A% I AT R B
AN, BURBE B K B T 49.9 MPa, B 24 i K R Gk
140%6 s LiAE"mF i 50 TR /R & i (CR/PU) &
A UHEE % E R, CR/PU %5 #5616 5 )5 19 %
T 7E B0 38 45 B A B A R B R Xu
R T U AN e N R TR
(ERPS) AT LA 2k fif the A% G 38 % % B 15 1) 54 1 2 45
IR ) A8 AT 1) 24 B 7E B A RIS B R AT R & D
6 THT 68 %0 1) R 3

BB Oz a8 T s TR (Y
N B A g T L R Lt R A AR E B
PRERE HR B BT SR T I R T A A R R AT iR
e I 5T A R A I R S R . R B R (R
AORE & 7 TR R R B K R, FLSRE R AT A
BEAR O A, T 2 [ DRl 3 17 3R 2 i e 350 A}

WA B HER TRE L NS R R R
W P 3 S S TR A R 300 N 2 O 5 52 B R AE AR 4 Y
17 AR, DRI, 3 S 8 9 SEC A R A 7 B £ A
FITF B 3 2 PR e 2 O IR SE B 48 0l T AR 2 2 Pk Y
BN E . HH AT T RN bR BT I AR
TERE R B P R 28 2% R 1 T 24 R A 4R 2
VERITR B9 57 03 2 R AT A T it — 28 IR

28 ok 3R R AR il e O B o a0 20
0D 1) 96 0 55 U156, BIF A (5] A 28 /)N 147 288430
AR B GME A 1A R 7 2 P e i R AL 20 B A
IO F) 728 B R R AE o

1 RIEHER

1.1 R A

a5 i 3R &R AR 2 S SRR IR LY EE R
fEAL ] 3B LA R, an 1P s . Horh 2 R R
1 A 5 2 R A ) e v ok AR v iy R T RE R Y
ER 2R 5L EREGWEE 0 E fe A &N i fi
SRR bR I IR T RE R
Rk WA B S B R 5 A AR R AR 2 i 2R 2 e
SN A R, 3 23 0k SR 2 i 0 I K BE DL S Pk RE R Y
M), 3 0 JUT A A 50 Sy e 2 S A A

TRE T A8 I, i IR 22 S SRURR 1R < 7 B A - i Ak )

—

Jpt—

e

&
/I

—
(b) ¥ 51

B ‘e
(a) Z RS
H1 BSELEEEME

Fig.1 Main materials for polyurethane foaming
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Fig.2 Polyurethane foaming process
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Fig.3 Compressive strength-axial deformation of

polyurethane at different temperatures
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Fig.4 Uniaxial compressive strength of polyurethane of

different densities
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Table 1 Physical and mechanical properties of

polyurethane materials

EE/ TR RITEK
(g/cm®) R/ %  HHE/min

PR IR

i /MPa ek B

0.23~0.25 392.65 90 3.1~3.2 N/ N
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Fig.5 Cubic sample with interface

1.4 RKEWHERTRE

LB AT b AR b T2 PR A 0 s ) i 2T
FE AR R ) AR T A 2 DR P L BE 48 0T AR A 1) AR O
PRI It 38564 DA il 1) 7 F0DT) 1) T 9 T A 9 SR TR
MORHEDE BRAE FH T 09 7 2 R Pk o Bl o 496 26 o 280 2%
5 5 U m)E 26 57 U7 5 4ok T KYZW-50D &1 7
ARG R G (WK 6 TR ) .

Bl6 KYZW-50DEEAHABSIRB RS
Fig.6 KYZW-50D Rock Dynamic Shear Coupling System

ft i) A A o 26 3 50 A Bl g 0 3 AR T AN [ A
R PRI A IE 5L 0 TR A7, KR RE PR AT B R 45 O
AR WME 7(a) FrR) o FEER FT X 34 & A R4S
AT 43R TR AT B0 e 20 3K 6, A5 1 A% S R T MR
3.12 MPa, Y B 0. 5 MPa Jg 5 A 0 % & {8, 76 A [7]
W T 2R AT Al 1) 4 2 0 2 B0 e S B 3k 2
F7RN o

x2 WEBETIMBIRESHR
Table 2 Sample parameters for axial cyclic loading and

unloading tests

S B /Hz IR 1§ /MPa N3N # AL/ MPa
1 0.1 0.75 0.5~2.0
2 0.1 0.10 0.5~2.5
3 0.1 1.25 0.5~3.0
4 0.2 0.75 0.5~2.0
5 0.2 0.10 0.5~2.5
6 0.2 1.25 0.5~3.0
7 0.5 0.75 0.5~2.0
8 0.5 0.10 0.5~2.5
9 0.5 1.25 0.5~3.0
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Table3 Sample parameters for tangential cyclic loading

and unloading tests

- Wy, MITFRR B BRSO R i
kN /% /% [l /MPa
1 2 25.0 50.0 0.3~0.6
2 2 25.0 66.7 0.3~0.8
3 2 50.0 66.7 0.6~0.8
4 4 25.0 50 0.3~0.6
5 4 25.0 66.7 0.3~0.8
6 4 50.0 66.7 0.6~0.8
7 6 25.0 50 0.3~0.6
8 6 25.0 66.7 0.3~0.8
9 6 50.0 66.7 0.6~0.8
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Fig.8 Stress-strain curve of axial cyclic loading and

unloading test

M8 AT DL L 24 3R A e 1l RF 14 % 1) 2 77
#HE LRAE G, H R & 5 mE i & A& A,
HARZAR T It £k L 3 02 i T 30RE 26 98 28 m 485
T2 v 2 [) B 7 A PR AR T R S M AR TR | L v R AR
25 PR Al 1 g 0 (0D 28 T A 2, SR AR R ) 2 A7 B
A I ok A R R B AT 0 R AR T 9
SRR T B, R R AR AR TR 3G, R g -0 AR il R
) A7 R AR

B9 B 10 45 1 3RE A8 AN (6] 87 7 483 Bl R
AN A T AR T B, 7E 3 Rl R in 484 Rl
L N R R AR T 5 e 4 2 B e B
AR R, BN 2451 R 45 (0. 1 Hz) B X6 B A9 A8 8 45
I 0 R Rk B 0. 2 Hz B A8 T8 5 A0 X 4 K, 1 58
Fo B IIN AR AR R (0. 5 Hz) X R B9 AR T ) S = 3% 22 [ i
/No FE0.5~2.0 MPa i Jy izl ,0.1.0.2.0.5
Hz = it 56 T 18R AR 35T 15— 450 238 1 1 A2 72 Ak 43
WK 17.66% .-18.51% ;0. 5~2.5 MPa #1 0. 5~3. 0
MPa [ J3 I F R R A T 0 — AR AR T
gy A fe T 12.8% . -16.2% A1 19.89% .
-23.21%,

B2 0.5-2.0MPa

3 B 0.5-2.5MPa
: B 0.5-3.0MPa
6
N
oy
B4
2,
2
1
0
0.1 02 0.5
A% /Hz

9 WNEEREMEINETHEE

Fig.9 Deformation under different frequencies
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Fig.11 Stress-strain curves for tangential cyclic shear tests
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Fig.14 Damage of samples after tangential cyclic loading

and unloading under 4 kN axial force
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