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Exploration of Polyurethane Grouting Materials for Small-Size

Cavity behind Tunnel Lining
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(1. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China;
2. Sichuan Chuanjiao Road and Bridge Co., Ltd., Guanghan 618300, China)

Abstract: In order to explore high-performance grouting materials suitable for small-size cavity behind tunnel lining,
11 groups of polyurethane grouting materials were prepared, and their mechanical properties were studied. An
improved constitutive equation was proposed , and the grey correlation was used for comprehensive evaluation. The
results show that 1.16 %-1.94 % of catalyst and 3.80%-5.60% of chain extender can effectively improve the
mechanical properties of polyurethane. The introduction of high molecular weight polyols reduces the compressive
strength and tensile strength of polyurethane, but significantly improves its bonding strength. The constitutive model
based on the phenomenological model can accurately characterize the compressive deformation of polyurethane. Based
on the grey correlation, the optimal mix proportion of polyols, isocyanates and a relative molecular weight of 8 000
and 500 is 25:2:23, with a catalyst content of 1.16% and a chain extender content of 1.94% . Under this optimal
mix ratio, the polyurethane has the best comprehensive performance.
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Table 1 Mix proportions of polyurethanes

Specimen  m,,./g Myno/ € Wi/ Y0 Wypo/ Y6 mg g0y,
PU-A-1 0.2 1.0 0.39 1.94 0:25
PU-A-2 0.4 1.0 0.78 1.94 0:25
PU-A-3 0.6 1.0 1.16 1.94 0:25
PU-A-4 0.8 1.0 1.54 1.94 0:25
PU-B-1 0.6 0 1.16 0 0:25
PU-B-2 0.6 2.0 1.16 3. 80 0:25
PU-B-3 0.6 3.0 1.16 5. 60 0:25
PU-B-4 0.6 4.0 1.16 7.33 0:25
PU-C-1 0.6 1.0 1.16 1.94 2:23
PU-C-2 0.6 1.0 1.16 1.94 4:21
PU-C-3 0.6 1.0 1.16 1.94 6:19

8 000 F1 500 PEP [ it & LY. 5 w g AL 1B 2 5w
KRB ).
1.3 Wik %

WA GB/T 2567—2021 B ig 5e #5 14 1 he 1 5
5 1 ) R AT AT R B R 8 A . 4 R T S
HRIGT 333—2011C R BE 1 S48 1M A RHE AR 5%
VLA K GB/T 16777—2008¢ £ 57 B 7K 1 RHX 5 7
BTN .

BCRY 11 AR o N AR ifESR P 3 d S
F T 24 . BRI SR TR R R N T R
SRR, 457 HO b v K 2 P 1 1w R
2 Je b He Y v O e, % B AR 30 min 5 L UE &
I 24 h, 04T N BRI

2 HRSUE

21 HERE

LN SRR R N i TR W
23 52 B K A BT R 0 3 B 2R R 3l S5 2 i bk
FEARARTE . 7R 2 38/ INI A0 A R, bR A7 T R R
PEARTE 407 2 BR B K TR R RS 5 7K A2 3 b
PL 580 B 1) AR AT R bR R A SR AR TE | YR A
FREME IR, & AR AN AT AR TE . TR I 3R 2 1 L
588 AT LAATE Shy B A 8 75 I /I8 R 28 1l B ik 1 Jo
TRz — . R AR 0 R 45 1% 77 — N7 i 2 U P 1. e B
10T WL, B S8 1) P 4 07 1 — o0 A% 26430 34N B B
55 LB (AB B bR & 207 5% Z R FH 5 2 DA
HEPUAM AR 46 1 F7 , 3 30 4 S R AE , N S Ry 7%
LN 565 2 B B (BC B, RN N D B0 BE K oy T2
S I 1) 3% 2 T IR R IR, O & 2B W )32 sl , e 8 o 9
P i R AR AR, AR R 7% ~30% ;58 3B B (C iz
Ja ) AR TR B, AR K F 30 %, A4 BB 45 B
ol S Al A

B 1Y TR SR BE LT SR EL LK 2.
2% 2 0T UL - (1) B AR 500 a2 A 38, 28 &g i bt
R B B ST 8 A /0N, R SRR A e B R B X
J2= R AR R A3 1A RO o S UK AR R — &
Wi e IZ A AR TR T LA B S R T — 2R ik £ T B
A 22 1) S BN, A1 2 3R W AR R 43 B B O, 4
o 0L VA O 24 B SR B, AT 035 0 B B 5 244 £k 7
B R 1.16 % B, 1 1 58 B 58 3] fie KAH 90.16 MPa;
AL 4B iR K B i R 0 R B, S B0 AL
SERTCIE IS A U R BT R s A AR ) A33 X A4
BE A B TR R /N R O SR SR T A e A
A /N (2) B2 4 4 5 8 B 38, 2R R 9 B R



R, A B A W R /N RS s R AR R

647
150

= PU-B-1
. PU-A-3
& 120 L 4 PU-B-2
= v PU-B-3
% ¢ PU-B-4 C
£ 9t B
2 60
o
£
g 30

A

0 10 20 30 40 50
Strain/%

(b) Effect of chain extender

;

20

30 40 50

Strain/%
(c) Effect of molecular weight of PEP

5 S8 1 F 40 107 g — I A i 2%

Fig.1 Compressive stress-strain diagram of polyurethanes
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Table 2 Compressive strength and compressive elastic
modulus of polyurethanes

Specimen  f. /MPa E,/MPa | Specimen f./MPa E./MPa
PU-A-1 81.59 502. 36 PU-B-3 76.62 454.99
PU-A-2 86.76 527.26 PU-B-4 62.02 227.62
PU-A-3 90. 16 580. 15 PU-C-1 75.69 488. 22
PU-A-4 86. 77 539.19 PU-C-2 62.31 414.21
PU-B-1 82.78 565. 81 PU-C-3 50. 69 345.53
PU-B-2 88.91 559. 88
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Fig.2 Tensile stress-strain diagram of polyurethanes
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Table 3 Tensile strength and tensile elastic modulus of

polyurethanes
Specimen  f;/MPa E/MPa | Specimen f/MPa E,/MPa
PU-A-1 42.98 1296.32| PU-B-3 62.89 2153.19
PU-A-2 68.14 1973.23 | PU-B4 56.31 1864.41
PU-A-3  43.99 1738.31| PU-C-1 48.38 1427.23
PU-A-4  30.69 889.57 | PU-C-2 43.71  1120.53
PU-B-1 28.81 1263.36 | PU-C-3 34.49 689.23
PU-B-2 56.91  1897.52
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Table 4 Fitting parameters of new constitutive model of
compressive stress-strain of polyarethanes

Specimen C, C, C, C,
PU-A-3 3.795 0.006 06 2.874  3.24X10°7
PU-B-3 4.074 0.007 75 1.897  2.34x10 "
PU-C-3 0.374  59.71000 —2.173  3.03x10 "
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Table 5 Grey correlation degree vector of each group of

polyurethanes
Specimen H Specimen H
PU-A-1 0.445 PU-B-3 0.733
PU-A-2 0.617 PU-B-4 0.612
PU-A-3 0. 556 PU-C-1 0.783
PU-A-4 0.431 PU-C-2 0.766
PU-B-1 0.452 PU-C-3 0.601
PU-B-2 0.682
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