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Abstract - Polymeric materials are commonly used as load-carrying components in different structural applications due to 
the ease of manufacture, installation and long lifetime properties. In civil and mining engineering applications, fast-setting 
thin polymeric liners are in demand as areal support elements in underground openings. The stability of the openings is 
maintained by polymeric liners that might sustain the constant loads due to the presence of wedge blocks. Therefore, their 
time-dependent mechanical response requires a better understanding. There is limited research conducted on the creep 
modelling of polymeric liners. In this basis, this research aims to construct a new isothermal general creep behaviour model 
for polymeric support liners. 1-day cured creep tests results of polymeric liner were used to derive a new creep model with a 
combination of both Norton-Bailey and Kelvin creep models. The proposed model was also compared to the widely used 
creep models in literature. Since the acting stress on the liner depends on the block weight in field applications and the block 
weights are variable, a general creep model is developed to simulate the field behaviour of the liner under a wide range of 
constant stress levels. The proposed general model provides representative equations with comparably lower standard errors 
and this model might be used as an input for future numerical model studies in this field. 
 
Keywords - Time-Dependent Model, Creep, Tunnel, Rock Support, Norton-Bailey, Kelvin. 

 
I. INTRODUCTION 
 
Polymeric materials are becoming attractive for an 
increasing number of industries due to their low cost, 
ease of manufacture, installation, and maintenance. 
However, their lifetime is often reduced by their poor 
mechanical properties [1]. During the last few 
decades, a significant amount of theoretical, 
experimental, and numerical research has been 
carried out on polymeric materials to predict their 
lifetime and to investigate their behaviour under 
different loading conditions [2]. 
 
Polymer-based materials have an increasing 
popularity as an alternative to conventional materials. 
In the mining and tunneling industry, a new polymer-
based surface support material, thin spray-on liner 
(TSL), has started to take the place of conventional 
surface support materials. Surface supports are 
widely used in underground excavations. Since 
conventional support elements have inherently-brittle 
characteristics and require longer curing period, an 
alternative support system using polymeric surface 
support liner, thin spray-on liners (TSLs), has been 
observed to have a promising ductile and fast-curing 
potential for underground operations. 
 
TSLs are generally cement, latex, polymer-based, 
either reactive or non-reactive, fast curing multi 
component thin coating surface support and sealing 
materials that are sprayed to the rock surface at a 
layer of 2-10 millimeter thickness. Fig. 1 shows the 
typical TSL applications in underground 
openings.TSLs usually consist of liquid-liquid, 
powder-liquid, or water-powder components, mixed 
just before or during the field applications [3]. 
 

 

 
Fig. 1. Typical Underground Applications of TSLs [4]. 

 
During the field applications, TSLs are exposed to 
long-term constant loads. Tensile and bondingforces 
are primarily responsible for keeping the TSL active. 
If the bondingforces decrease, debonding may occur 
and the TSL might lose itsholding function. If the 
adhesion between the TSL and the rock isstrong 
enough, the liner is exposed to tensile forces[5]. 
Moreover, since the polymer-based liner exhibitsa 
time-dependent elongation behaviour, the holding 
time becomesa function of both tensile and creep 
properties. Uncertainty in the time-dependent 
behavior of TSLs under sustained constant loading 
conditions prevents full understanding of TSL 
support behavior. 
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Findley model (Power law) 
Stress 
(MPa) 

A C0 C1 R2 
Std. Err. 

(x10-3) 
1.06 4.10E-2 3.97E-2 5.42E-1 0.9997 1.729 

0.79 -5.73E-2 7.26E-2 2.27E-1 0.9862 8.529 

0.53 -3.36E-2 5.60E-2 9.12E-2 0.9238 4.799 

0.26 -1.57E-2 3.99E-2 5.90E-2 0.8820 3.037 
 

Multi-Kelvin model 

Stress (MPa) K* E0 E1 E2 E3 

1.06 4 21 1.45E8 21.00 10.50 

0.79 4 38 1.95E7 72.07 17.49 

0.53 6 52 9.18E1 221.46 26.04 

0.26 6 65 6.57E1 40.70 15.10 

Stress (MPa) E4 E5 E6 R2 
Std. Err. 

(x10-3) 
1.06 1.30 - - 0.9996 2.064 

0.79 4.19 - - 0.9985 2.779 

0.53 15.87 159.1 16.3 0.9973 0.905 

0.26 20.9 3590.0 20.40 0.9840 1.090 

*Number of Kelvin Elements 
 

Proposed 5-parameter model 

Stress (MPa) A B C D 

1.06 3.33E-2 4.66E-2 4.32E-1 2.90E-1 

0.79 9.84E-3 2.09E-2 2.91E-1 1.10E-1 

0.53 6.69E-3 1.35E-2 1.44E-1 3.07E-2 

0.26 4.80E-3 1.03E-2 1.05E-1 1.83E-2 

Stress (MPa) E R2 
Std. Err. 

(x10-3)  
1.06 1.42E+02 0.9998 1.545 

0.79 1.15E+02 0.9998 1.007 

0.53 9.26E+01 0.9986 0.648 

0.26 4.72E+01 0.989 0.936 
Table1: Model Coefficients for Creep Models 

 
In Table 1, coefficient of determination (R2) and standard error parameters were presented for each model and 
each experiment. During the model comparison, these parameters were taken into account. Although small 
differences observed in coefficient of determination (R²) and standard error between models, 5- parameter 
model gives the most accurate results. On the other hand, Multi-Kelvin modelalso gives reasonable results. 
Since the 7 model coefficients are  required for experiments performed under 0.26 and 0.53 MPa stresses for 
Multi-Kelvin model, A 5-parameter model is suggested for creep modelling of the polymeric liners. 
As a scope of this study, statistical correlations between the 5-Parameter model parameters (Table 1) andapplied 
stresses were investigated by comparing the standard errors of the various nonlinear equations to find out the 
best-fitted lines.The resultant nonlinear expressions correlating the stress levels and 5 parameters were presented 
in Table 2. 
 

Nonlinear Equations Regression Coefficient (R2) 

A=2.499E-2 x σn
4.442σn 0.9942 

B=3.820E-2 x σn
3.401σn 0.9955 

C=6.309E-2 x e1.829σn 0.9835 
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