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ABSTRACT 
 
Permanent rock bolts installed in tunnel construction are routinely subject to pull testing, as a means 
of confirming design parameters and checking the adequacy of installation.  A numerical model has 
been developed to simulate the response of a pre-tensioned, post-grouted rock bolt, subject to a pull 
test.  The sensitivity of test results to various bolt and installation details are investigated, together with 
the effects of different test configurations.  Test data from a tunnel under construction in Sydney is 
analysed to assess key parameters.  Use of the test to identify deficient installation, and appropriate 
failure criteria, is also discussed. 
 
Keywords: tunnel, pull test, double corrosion protection rock bolt, shear stiffness, shaft adhesion  
 
 
1 INTRODUCTION 
 
This paper describes pull testing of double corrosion protection (DCP) rock bolts.  Two types of 
testing are considered: 

1. Pre-production testing, which involves pull testing of short bolts to assess shear properties 
along the bolt shaft. 

2. Production testing, which involves pull testing of permanent bolts to confirm the adequacy of 
installation. 

 
A numerical model of the shear behaviour of the rock bolts has been developed based on pull testing 
undertaken recently on a tunnel project in Sydney.  This model has been extended to simulate pull 
testing of a full length, prestressed, post-grouted, rock bolt.  Different test configurations can be 
modelled. 
 
The model has been used to assess the sensitivity of pull test results to deficient installation, and thus 
develop appropriate failure criteria for testing of production rock bolts. 
 
 

 
 

(a) Head, anchor plate, and shaft 
 

 
(b) Tail and mechanical anchor 

 
Figure 1. Detailed section of double corrosion protected (DCP) rock bolt 
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2 DCP ROCK BOLTS 
 

DCP rock bolts have been incorporated into the permanent support of recent tunnel projects in 
Sydney.  Various versions of this type of bolt are produced by several manufacturers and all 
incorporate a corrugated plastic sleeve around the steel bolt shaft.  Upon installation, the annulus 
between the sleeve and borehole wall is filled with cement grout, as is the annulus between the bolt 
shaft and the sleeve (Figure 1).  The ‘double’ protection refers to the benefit afforded by both the 
plastic sleeve and the grout encapsulation in regards to the potential for corrosion of the steel bolt 
shaft. 
 
The bolts considered in this paper are also fitted with a mechanical anchor at the tail end of the bolt.  
This is tensioned immediately upon installation to assist with the stability of the excavation.  It is noted 
that the mechanical anchor is afforded no protection in regards to corrosion, and is therefore 
considered as a temporary part of the bolt. 
 
The ability of a rock bolt to distribute axial load to the surrounding rock therefore involves transfer of 
load in shear across several interfaces, i.e.  

 Bolt shaft to inner grout annulus  

 Inner grout annulus to plastic sleeve 

 Plastic sleeve to outer grout annulus  

 Outer grout annulus to rock sidewall 
 
The shear behaviour of these concentric interfaces, in regards to both stiffness and strength, is not 
well understood, especially the sensitivity of this behaviour to the geometry and properties of the 
plastic sleeve which are likely to vary between manufacturers. 
 
 
3 PULL TESTING OF SHORT BOLTS 
 
Short bolts are tested for the following reasons: 

 Remove the complication caused by the mechanical anchor (i.e. due to prestressing and load 
capacity provided by anchor). 

 Allow high shear stresses to be applied to the various interfaces, so that the strength of these 
interfaces can be assessed.  Note that the maximum load applied in these tests is normally 
governed by the structural capacity of the bolt shaft or threaded connection. 

 Short bolts result in more uniform displacement along the bolt shaft (i.e. there is little overall 
stretch, such that the distal end of the bolt moves a similar distance to the near end).  
Variations in relative displacement and shear resistance along the length of the bolt shaft are 
less significant. 

 
The test results discussed in this paper involved bolts with a length of between 0.7 m and 1.0 m.  The 
mechanical anchor was removed from the bolts, and the exposed bolt shaft was modified such that it 
had negligible shear capacity.  The bolts were tested once the grout had attained a compressive 
strength of at least 40 MPa. 
 
Figure 2a summarised the results from five pull tests undertaken on short bolts. Four of the tests were 
undertaken on a type of bolt produced by one manufacturer, while one test was undertaken on a DCP 
bolt produced by another manufacturer.  The testing was also undertaken by two testing authorities, 
using different equipment and measurement techniques. 
 
The results in Figure 2 have been adjusted to indicate the load per unit length of bolt, and the 
calculated deformation of the bolt head has been assessed by subtracting the assessed stretch of the 
extension bar from the recorded movements.   
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(a) Test results from testing of short DCP bolts  
(less than 1 m) 

(b) Idealised model of shear response 

 
Figure 2. Pull testing of short bolts 

 
The figure indicates that some of the tests recorded erratic movements at the start of the test; this was 
attributed to movement of the test apparatus on the uneven rock surface upon which it was bearing. 
 
Figure 2b presents an idealised model of the shear response from the five tests.  This indicates a bi-
linear response, with a more flexible response observed for loads higher than a limiting value.  The 
adopted values for the parameters shown in Figure 2b are listed in Table 1.  
 
The mechanism associated with this behaviour has not been identified, though from inspection of the 
bolt details is considered to be associated with slip along the one of the interfaces adjacent to the 
plastic sleeve.  No distinct shear failure was observed. 
 
 
4 TEST CONFIGURATIONS 
 
Several variations on testing apparatus are possible, as shown in Figure 3.  These all involve 
connection of an extension bar to the end of the rock bolt shaft.  This bar enables use of a hollow 
hydraulic cylinder to apply a tensile load to the bolt.  Note that for the type of DCP bolt shown in 
Figure 1, the nut needs to be removed to allow connection of the coupler. 
 
Figure 3a represents the simplest configuration in which the testing apparatus bears on the anchor 
plate, and deformation is indicated by the movement of the plunger of the hydraulic cylinder.  The 
main components in this arrangement are available as an off-the-shelf kit from one of the bolt 
manufacturers.  A potential disadvantage of this configuration is that any deformation of the anchor 
plate (including crushing of the underlying surface) contributes to the apparent deformation of the bolt.  
This effect is less significant where the void between the rear of the plate and the bearing surface has 
been filled with grout. 
 
Figure 3b shows a further variation of the test setup, in which the deformation of the end of the 
extension bar is measured relative to the rock surface away from the plate.   
 
Figure 3c shows a set-up in which the spacer spans across the anchor plate and bears on the 
adjacent surface.  This arrangement was employed for the testing of the short bolts in Figure 2.  
 
These three configurations result in different deformations at each load, as discussed in Section 6. 
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(a) Load applied to plate, 
deformation measured relative 

to plate 

(b) Load applied to plate, 
deformation measured relative 

to adjacent surface 

(c) Load applied to adjacent 
surface, deformation measured 

relative to adjacent surface 
 

Figure 3. Test configurations 
 
 
5 NUMERICAL MODEL 
 
The shear response model described in Section 3 above has been incorporated into a model of a rock 
bolt subject to pull testing.  The model is shown schematically in Figure 4 and includes the following 
features: 

 Prestressing of the rock bolt prior to grouting. 

 Mechanical anchor (modelled as a spring). 

 Bolt shaft modelled as a series of springs. 

 Anchor plate, including components of stiffness associated with the deformation of the steel 
plate itself, as well as the stiffness of the surface upon which the plate bears.  The plate can 
only apply a compressive force to the bolt head. 

 

 
 

Figure 4. Model of pre-stressed, post-grouted double corrosion protected rock bolt 
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 Extension bar employed during pull testing. 

 Shear response model of grouted annulus, as per Figure 2. 

 Alternate test configurations, as per Figure 3 
 
The model is solved using a spreadsheet, which tracks the loads resisted by the various components, 
and calculates the full load-deformation response of a pull test. 
 
 
6 ANALYSIS OF PRODUCTION PULL TESTS 
 
6.1 Adopted parameters 
 
The model has been used to simulate pull testing of production rock bolts.  Adopted values for the 
various parameters are listed in Table 1, together with an explanation as to the source of the adopted 
values. 
 
Table 1: Adopted parameters 

Parameter Symbol Unit Adopted 
value 

Comment 

Prestress force Pprestress kN 50 Adopted for tunnel project 

Extension bar length Lext mm 500 Typical length 

Extension bar diameter dext mm 21.2 Corresponds to M20 threaded bar. 

Bearing plate stiffness ksteel kN/mm 33 
1000 

Manufacturer’s test data. 
Grouted plate, with no unloading. 

Rock modulus Erock MPa 5000 Indicative value (substance moduli) 

Bond shear response 
Initial stiffness 
Yield force 
Post-yield stiffness 

 
kbond-1 

yield 

kbond-2 

 
kN/mm/m 
kN/m 
kN/mm/m 

 
60 
180 
30 

Based on pull testing of short bolts 
(Figure 2).  Note that 180 kN/m 
corresponds to a calculated shear 
stress of 1.6 MPa at the 
grout/sleeve interface. 

Free length Lfree mm 50 Nominal value 

Bond length L mm 4900 Adopted for tunnel project 

Bolt diameter d mm 21.7 Adopted for tunnel project 

Bolt modulus Ebolt MPa 210,000 Typical value for steel 

Mechanical anchor 
stiffness 

kanchor kN/mm 7 Manufacturer’s test data from tests 
in concrete.  Modelled as a spring, 
but non-reversible. 

 
 
6.2 Analysis results 
 
Results of the analysis are shown in Figure 5.  The analysis was performed for the three test 
configurations shown in Figure 3, and for both a fully grouted bolt and a bolt which had been pre-
stressed, but not grouted.   
 
The kink in the results at about 50 kN to 60 kN is associated with the reduction in stiffness following 
‘lift-off’ of the anchor plate.  It is a different mechanism to the yield behaviour shown in Figure 2. 
 
It is clear that the differences between the grouted bolt and ungrouted bolt are much greater than the 
differences due to the various test configurations, especially for loads in excess of the prestress force. 
 
6.3 Test configuration 
 
Figure 5 indicates that for grouted bolts that test configurations (a) and (b) (i.e. as per Figure 3) result 
in less deformation than does configuration (c), especially at loads close to the prestress force.  These 
differences are unlikely to be important for assessment of the adequacy of production bolts, though 
could well be significant when attempting to back-analyse parameters from pull tests. 
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Figure 5. Model test results of pull tests on DCP bolts 
 

6.4 Evaluation criteria for production bolts 
 
It is recommended that criteria used to evaluate pull test results on production bolts be based on the 
incremental deformation between the prestress force and the maximum test load.  This approach 
reduces the potential effects of seating problems (which typically occur at lower loads) from affecting 
the test result, and also focuses on the portion of the test which displays the greatest sensitivity to 
grout properties. 
 
The magnitude of deformation which is acceptable will depend on what has been assumed in the 
support design.  It is noted that where actual tests indicate significantly more movement than 
calculated for the fully grouted bolt in Figure 5, this may be due to the use of poor quality grout, or 
incomplete grouting of the bolt annulus, and may result in a more erratic deformation response than 
indicated by Figure 5. 
 
 
7 CONCLUSION 
 
Pull testing of short bolts has been analysed to assess key shear response parameters of grouted 
DCP bolts.  A bilinear stiffness response was observed, with no distinct shear failure observed up to 
the maximum load applied. 
 
A numerical model was developed to simulate the response of a pre-tensioned, post-grouted DCP 
rock bolt, subject to a pull test.  The results of pull testing are dependant on the test configuration, and 
this should be clearly and comprehensively documented when this type of testing is undertaken to 
allow unambiguous interpretation of results.   
 
The response of a poorly grouted bolt is dominated by the prestress load and capacity of the 
mechanical anchor.  However, the anchor is unlikely to survive more than a few years after 
installation.  It is therefore important that pull test results from production bolts be analysed so as to 
distinguish between properly grouted bolts, and bolts which are poorly grouted.   
 
Evaluation criteria should be based on the incremental deformation between the prestress force and 
the maximum test load, as the apparent stiffness over this load range is most sensitive to the grout 
properties.  The prestress load should not be too high, as this can hide deficiencies in grouting. 
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