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Executive summary 
 
The objective of this project was to produce guidelines for the support quality assurance 
procedures of different “pumped” product support systems. The project is an extension of 
the SIM040205 project which developed guidelines for pre-manufactured products ready to 
be used when delivered to mines (e.g. elongates). The main focus of the current project 
was on the following product types: 

 
1. Backfill 
2. Shotcrete 
3. Thin sprayed liners 
4. Grout packs 

 
The project focused mainly on the support products and not the human aspects of quality 
assurance, such as non-adherence to support standards. 
 
As these pumped support products consist of a number of different components that are 
only “assembled” or applied underground, a slightly different approach in the proposed 
procedures had to be followed compared to the pre-manufactured support units described 
in the previous SIM040205 report. The quality assurance procedures for “pumped” products 
contain the following important components: 

• Quality assurance testing for the separate components of the support type before it 
is transported or pumped underground. 

• Underground quality assurance procedures of the installed support types.  
• Due to the pumped nature of the support, the frequency of testing and point of 

sampling had to be modified to take the specific attributes of the support into 
account. 

 
From the data collected in the initial phases of the project in workshops and through 
questionnaires, it became clear that no standardised quality assurance procedures existed 
for these pumped products. The aim of the project was therefore to introduce some degree 
of standardisation. To keep the process practical and affordable, the procedures specify the 
minimum testing requirements. Additional testing can be conducted if requested by affected 
parties. Owing to the time and cost involved in product testing, the intention is also to 
accumulate data over a period of time rather than to obtain comprehensive data 
immediately.  This will enable the industry to absorb the additional testing costs without 
significant changes in support costs. For each product grouping, the minimum number of 
test samples is specified. Although this number may seem small in some cases, additional 
tests should be conducted if there is a large variability in the results.  A statistical procedure 
is presented in this report to give guidance on the number of samples to be tested in cases 
where a large deviation in results is found.                   
 
Regulation 14.1 (6) of the Mine Health and Safety Act requires that a quality assurance 
system is in place that “ensures that the support units used at the mine provide the required 
performance characteristics for the loading conditions expected.”  As it is very difficult to 
simulate the underground loading conditions correctly in the laboratory for these pumped 
products, the procedures in this report had to find a balance between laboratory and 
underground testing.  Laboratory testing is nevertheless an important aspect of the 
procedures for pumped products to ensure the different components of the support type 
perform as expected, while the underground testing gives data on the behaviour of the 
support when installed underground.     
 
Similar to the original SIM040205 report, the guidelines detailed in this latest report should 
be seen as a starting point for uniform improved quality assurance procedures within the 
South African mining industry.  This document should be a living document that is updated 
as more information and experience is acquired from the testing programmes suggested for 
pumped products.   
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Glossary of abbreviations, symbols and terms 
 
Abbreviations 
 
DME Department of Minerals and Energy 
 
ISO  International Standards Organization 
 
MHSC Mine Health and Safety Council 
 
SD  standard deviation 
 
QA  quality assurance 
 
SG  Specific Gravity 
 
RD  Relative Density 
 
 
Terminology 
 
Confidence levels 
A statistical measure giving information about the confidence of the attributes of the batch 

(e.g. the mean and standard deviation) as established from a sample of that batch. 

 

“Existing” products 
Products that have undergone the initial testing phase successfully and which are used 

underground on a regular basis (standard stock items on a mine). 

 

Mean 
A descriptive statistic that describes the “central tendency” or average of a set of data. 

 
“New” products 
Products which have been newly developed and never been sold to a mine or used 

underground. 

 
Performance characteristics 
Properties of support units that are derived from laboratory or underground testing. These 

properties are usually defined in terms of a load-deformation relationship.      
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Physical characteristics 
Properties of support units that are obtained from visual observations and simple 

measurements using tape measures. 

 

Population 
A statistical term used to describe a collection of objects that is being analysed. All the 

elongates supplied to a mine would be referred to as the “population” of elongates.  

 

Sample 
A statistical term to describe a small number of objects taken from a population.   

 

Slow testing 
Testing of support units where the increase in load is applied in a slow, controlled fashion.   

 

Standard deviation 
A descriptive statistic used to describe the measure of spread of the sample data.  It gives 

an indication of how close the samples are to the mean.  When plotted in histogram form, a 

set of samples with a small standard deviation would be represented by a narrow histogram 

and vice versa. 
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1 Introduction 
 

A previous SIMRAC project (SIM 040205 “Development of a practical guideline for support 

quality assurance for different systems used in tunnels and stopes”) developed quality 

assurance guidelines for elongates, packs, pre-stressing units, removable steel props, grout 

and tendons. The current project was requested by the industry as an extension of this 

previous project to produce quality assurance guidelines for different pumped product 

support systems. The main focus of the project was on the following product types: 

(i) Backfill 

(ii) Shotcrete  

(iii) Thin sprayed linings 

(iv) Grout packs  

 

As these pumped support products consist of a number of different components that are 

only “assembled” or applied underground, a slightly different approach in the quality 

assurance procedures had to be followed compared to the pre-manufactured support units 

described in the previous SIM040205 report. The quality assurance procedures therefore 

contain the following important components: 

• Quality assurance testing for the separate components of the support type before it is 

transported underground. 

• Underground quality assurance procedures of the installed support types.  

• Due to the pumped nature of the support, the frequency of testing and point of sampling 

had to be modified to take the specific attributes of the support into account. 

 

Effective quality assurance procedures for these product types present some unique 

problems. In many cases, any delay in test results may cause serious problems as a large 

amount of the support might already have been pumped before a problem is discovered. As 

an example, if a large number of backfill paddocks are filled with poor quality backfill, little 

can be done if the problem is only discovered several days later.   

 

The project focused mainly on the support products and not the human aspects of quality 

assurance, such as non-adherence to support standards. Addressing the human aspects of 

poor support installation were considered beyond the scope of this small project and should 

be addressed through the necessary training and support audit programmes already 

implemented by most mines. 
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Figure 1.1.1 Example of a poor quality installation of a grout pack. These problems 
should be addressed through appropriate training and support audit programmes. 
 

1.1 Project Methodology 
The following methodology has been adopted in order to formulate the procedures 

presented in this report: 

 
1. A review of existing quality assurance procedures in the mining industry.  This 

review was conducted by sending questionnaires to the various stakeholders.  A 

number of workshops were also conducted. An example of the questionnaire used to 

collect the data is shown below.   
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Quality assurance checklist 
 

Name of supplier:   
 

Product group:    
 

Product details:         
 

Quality assurance process  
1. Test results for support products  
  1.1 Types of tests conducted  
  1.2 Number of tests of each type  
  1.3 Source of product for testing  
  1.4 Sampling method  
  1.5 Test facility used  
  1.6 Rejection criteria  
  1.7 Photographs of tests and failure 
        mechanisms (Yes/No) 

 

  1.8 Test product dimensions  
2. Quality assurance test results  
  2.1 Frequency of testing  
  2.2 Types of tests conducted  
  2.3 Initial sample size  
  2.4 Repeat sample size if product fails  
  2.5 Source of product for testing  
  2.6 Sampling method   
  2.7 Test facility used  
  2.8 Rejection criteria  
  2.9 Photographs of products and failure 
        mechanisms (Yes/No) 

 

3. Database of all test results  
  3.1 Reporting format of test results  
  3.2 Format/type of database  
4. Product specifications and dimensioned 

(engineering) drawings supplied by supplier, if 
applicable (Yes/No) 

 

5. Provisional product risk assessment supplied by 
supplier (Yes/No) 

 

6. Recommended product applications and non-
applications supplied by supplier (Yes/No)  

 

7. User and training documentation supplied by 
supplier (Yes/No) 

 

8. Manufacturing quality control plan supplied by 
supplier (Yes/No) 

 

 8.1 Quality control plan audited by 
        independent authority (Yes/No) 

 

 8.2 Type of accreditation and controlling body   
9. Conformance certificates supplied to mine with each 

batch of products delivered, if applicable (Yes/No) 
 

10. Underground testing and trialling of new products 
(Yes/No) 

 

 10.1 Types of tests conducted  
 10.2. Sample size  
 10.2  Load-deformation measurements  
 10.4. Photographs of tests and failure  
          mechanisms 

 

11. Paper trail documents (Yes/No)   
12. Product application risk assessment supplied to 

customers (Yes/No)  
 

13. Monitoring forms for underground testing and on-
going assessments (Yes/No) 

 

14. Results of on-going underground product surveys 
(Yes/No)  

 

 14.1 Responsibility for ongoing assessment   
 14.2 Parameters recorded  
 14.3 Photographs of possible failure mechanisms (Yes/No)  
 14.4 Frequency of assessment  
15. Guidelines for management, storage and retrieval of 

support performance data (Yes/No) 
 

16. Independent auditing and verification of quality 
assurance test results (Yes/No) 

 

16.1 Organisation conducting independent audit  
16.2 Frequency of independent auditing   
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Only a small number of the mines responded to the questionnaire and the planned 

workshops therefore became crucial to collect the necessary information. The 

response and participation from the mining industry was very useful at these 

workshops. The objective of the workshops was: 

 

• To familiarize participants with the objectives of the SIMRAC project 

• To establish the suppliers’ and mines’ goals and objectives in terms of quality 

assurance 

• To initiate involvement of suppliers and the mines in the process of formulating a 

practical and affordable quality assurance system. 

 

On 28 June 2006, a workshop was held with representatives from the major 

suppliers of pumped support products as well representatives from the gold mines 

from the Carletonville and Free State regions. The participants were: 

Mr. G. Myburgh, Tshepong Mine 

Mr. K. Du Plooy, Target Mine 

Mr. E. Trollip, Concor Technicrete 

Mr. E. Massyn, Chryso SA 

Mr. S. Durapraj, Driefontein Gold Mine 

Mr. F. Castelyn, Driefontein Gold Mine 

Mr. N. Els, Hartebeesfontein Gold Mine 

Mr. J. Moller, TauTona Gold Mine 

Mr. W. Pothas, Elandskraal Gold Mine 

Mr. B. Scott, Groundwork Consulting 

Mr. M. Kevane, Groundwork Consulting 

Mr. P.S. Piper, Groundwork Consulting 

 

On 29 June 2006, a second workshop was held with representatives from the major 

suppliers of pumped support products, as well representatives from the platinum 

mines in the Northwest region. The participants were: 

 Mr. T. Da Silva, Anglo Platinum, Rustenburg Section 

 Mr. K. Ackermann, Anglo Platinum 

 Mr. B. Streuders, Northam Platinum 

 Mr. J. Prat, Industrial Netting 

 Mr. M. Barker, Chryso SA 

 Mr. M. Du Toit, Anglo Platinum, Union Section 

 Mr. E. Du Toit, Impala Platinum 

 Mr. L. Bronkhorst, Impala Platinum 
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 Mr. M. Louw, Impala Platinum 

 Mr. B. Scott, Groundwork Consulting 

 Mr. M. Kevane, Groundwork Consulting 

 Dr. D.F. Malan, Groundwork Consulting 

 

The key findings from these two workshops are summarised below in Section 1.2.  

 

2. As further information was required, additional material was obtained from literature 

and internet searches, as well as interviews with specific individuals. The information 

obtained is given in the appropriate sections.  

 

3. The next step in the methodology was to compile the available information into 

proposed procedures as given in this document. The guiding principles given in 

Section 1.3 were used to develop practical and affordable procedures.  

 

4. As this document is seen as a living document that is updated as more information 

and experience is acquired from the testing programmes suggested, an important 

next step would be for the industry to implement the procedures on a trial basis. 

After a period of time, the procedures should then be updated as required.  

 
 

1.2 Summary of the key findings from the workshops 
 
1.2.1 Backfill – Current Practices 
 

Classified Tailings 

It was indicated that the quality control of classified tailings is currently mainly done on 

surface at the metallurgical plant. The tests include particle size distribution, relative density, 

permeability and cyanide testing. This forms part of a continuous quality control system at 

the plant. Relative density control is important from a practical point of view as it affects flow 

rates and pipe wear. At some mines, grading analyses, relative density (daily) and 

underground flow rate tests are conducted by the Backfill Mine Overseer in charge of the 

underground backfill operations. It was also suggested that a checklist might be useful for 

underground quality control. Apparently, the quality assurance of geotextiles relies mainly 

on the quality control done by the suppliers. Some testing is apparently conducted on the 

mesh used to build the backfill bags (pull testing) as well as testing of the backfill bags 

(tensile strength and permeability tests).  
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Cemented Backfill 

In some cases, underground sampling of cemented backfill is conducted. This is used for 

cube strength testing. Curing takes place underground and the samples are then taken to 

surface for testing. Early strength generation forms an important part of the performance 

requirement. 

 

General 

It was agreed that quality assurance methods should depend on the type of material being 

used and the applications of the backfill. Water management is imperative for practical 

underground quality control. Periodic internal auditing and ad-hoc external auditing of 

backfill systems is conducted in some cases. Incident-related risk assessments are also 

conducted by mine personnel. It appears that tightly controlled batches, in terms of backfill 

specifications, are being pumped underground. No certificates of conformance to 

specifications are currently being issued, however. 

 

Problems 

It was agreed that piping and pipe specifications are a critical part of backfill systems and it 

was felt that these should be included in the quality assurance systems. Non-compliance to 

the mines’ installation procedures is a major problem. Further training, particularly for 

backfill bag installations, needs to be conducted. 

 

1.2.2 Grout Packs – Current Practices 
 

Procedures for the control of cementitious products at grout plants are available, but it is not 

clear how well these procedures are implemented. Cube testing is currently being 

conducted on a regular basis at most mines. Some core samples of packs have been tested 

in the past, but it is not common practice. The critical issues regarding quality assurance 

testing are grout pack bags and steel rings, relative densities, material properties, shrinkage 

and pre-stressing. It was agreed that compliance to the mine’s installation procedure is 

imperative, whilst regular laboratory testing should be conducted by the suppliers on the 

quality of grout bags and grout strength (cube testing). An improved and standardised 

quality assurance procedure for grout packs is urgently required. 

 

Problems 

Improper use of the grout packs and poor installations occur in some cases. 
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1.2.3 Shotcrete – Current Practices 
 

Procedures on the mines 

In some cases, depth indicators are installed on the rock walls before the shotcrete is 

applied to control the thickness. As an alternative, drilling into the shotcrete on a regular 

pattern is also conducted to verify the shotcrete thickness. This is currently the most 

common method used. On gold mines, the rock engineers and quality control officers 

typically conduct the quality control. On some mines, the sampling department also plays a 

role in this process. Laboratory cube and core testing of the shotcrete is conducted on a 

regular basis and certificates of quality conformance are received from the suppliers of 

aggregate. Proper application procedures are available from the various mines and 

retraining of staff is done by the suppliers on a regular basis (e.g. every 6 months). 

Typically, 5% to 10% rebound of shotcrete is considered acceptable during application and 

better control of this can be a useful outcome of improved quality assurance procedures. 

 

Suppliers 

Uniaxial compressive strength tests are conducted on cubes and/or cores after 7, 14, 21 

and 28 days. Sand grading is done on a daily basis and certificates of conformance from 

cement suppliers are available. It was stipulated by one of the supplier’s clients that a full 

range of tests be conducted every 6 months. In some cases, testing only takes place when 

there is a change in the manufacturing process or if problems are reported (quality 

assurance testing by exception). SABS test procedures for cube tests and flow tests are 

available and require investigation in terms of applicability for practical mine quality 

assurance procedures. Ongoing training of mine staff is conducted by the suppliers on a 

regular basis. 

 

Problems 

The quality of mine water and water management is of some concern. Non-compliance to 

installation procedures is a major problem and ongoing training of workers is required. 

 

 

1.3 Guiding principles 
 
The approach adopted in this report embodies the same important principles as used in the 

original SIM 040205 report.  These principles are fundamental to the guidelines detailed in 

the report.  Should one of these principles change, the guidelines documented in the report 

may require modification. 
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(i) These guidelines are intended to ensure that compliance is practical and affordable.  

Quality assurance procedures developed for manufacturing processes may be very 

comprehensive, but can also prove to be expensive and beyond the requirements of 

understanding the variability in product performance characteristics. 

(ii) The main purpose is to obtain a better understanding of the risk caused by poor quality 

assurance of pumped support types.  These guidelines will assist in reducing the risk 

rather than eliminating it. 

(iii) Owing to the time and cost involved in quality assurance testing, the intention is for 

mines and suppliers to accumulate data over a period of time rather than to obtain 

comprehensive data immediately.  This will enable the industry to absorb the additional 

testing costs without any significant change in support costs. 

(iv) This report specifies the minimum level of quality assurance testing required.  

Additional testing may be conducted upon agreement between the supplier and 

customer. 

(v) The onus is on the supplier/contractor to demonstrate that the technical information 

provided is representative and accurate.  The supplier/contractor must be able to 

assure the customer that the support products supplied meet the required performance 

criteria expected by the customer, based on the supplier’s claimed specifications. 

(vi) Laboratory tests provide an indication of the expected performance in an operating 

environment, but should be regarded as screening tests rather than definitive results on 

which final decisions are made.  These guidelines strive to obtain a balance between 

laboratory testing results and the most important results, which are those from an 

operating environment. 

(vii) The guidelines detailed in this report should be seen as a starting point for uniform 

improved quality assurance procedures within the South African mining industry.  This 

document should be a living document that is updated as more information and 

experience is acquired from the testing programmes suggested in this report.  As new 

data and experience emerges, the guidelines should evolve. 

(viii) There are many aspects of quality assurance, including specifications, risk 

assessments, physical inspection and testing procedures.  Most of these aspects of 

quality assurance are well documented and can be readily obtained from other 

sources.  The one area that is not well documented, especially for mine support 

products, is standard procedures to determine their performance (sometimes referred 

to as ‘operating’) characteristics.  This project focused mainly on producing standard 

testing and evaluation procedures to establish the performance characteristics  
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1.4 Components of a successful quality assurance system  
 

As mentioned above, the approach adopted in this report embodies the same important 

principles as used in the original SIM 040205 report. For completeness, the various 

components of a successful quality assurance system are repeated below.   

 

Product Definition: Clear definitions of the products are required to ensure 

that testing is conducted on all the various types of 

products. This will also eliminate unnecessary testing 

of products which are not sufficiently unique.    

Specifications: This forms the basis for further evaluation and consists 

of physical characteristics and performance 

characteristics.  

Sampling: The source of the samples for testing, an adequate 

sample size and sampling methods should be 

considered and recorded. 

Standard testing procedures:  The tests must be practical and repeatable, while 

consideration should be given to standardization, 

testing facilities and a photographic record. 

Analysis and reporting:  Appropriate statistical methods need to be used where 

required. A standard reporting format will make it easy 

for mines to compare products from different suppliers. 

Rejection criteria:  The quality procedures should include appropriate 

rejection criteria and a description of remedial actions 

to be implemented in the case of product failure.  

Data management:  Data must be appropriately stored to enable easy 

access in future. 

 

 
 
For pumped products, the detailed specification of these various components will be 

somewhat different compared to those for pre-manufactured products and these differences 

are highlighted in the chapters that follow.    
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2 Key elements of a quality assurance system for 
pumped products 

 
2.1 Introduction 
 
The user of any product requires assurance from the supplier that the product will meet their 

requirements.  The requirements include both physical and operating characteristics.  The 

needs of the customer must be clearly specified and procedures must be in place to ensure 

that these requirements are met.  The situation is complicated by the customer usually 

requiring assurance on more than one property of the product and due to the presence of 

defects, not only in the raw materials used, but also introduced through manufacturing 

processes.   

 

Although it may be desirable to test every product that is supplied (e.g all grout pack bags), 

this is impractical in most cases and uneconomic for the following reasons: 

 

(i) The large number of products supplied. 

(ii) The number of properties to be inspected. 

(iii) The cost of inspection, particularly since destructive testing is required. 

(iv) The lack of well established relationships between physical and operating 

characteristics. 

 

For pumped products, a further major complication arises as grout for the packs or backfill is 

pumped to underground workings on a continuous basis when the support is being 

installed. Recourse therefore has to be made to inspecting a sample that is considered to 

be representative of the total population or batch supplied.   Statistical analysis can then be 

applied to the results from the sample to make a good estimate of the properties of the 

entire population or batch.  Sampling and statistical analysis imply the introduction of a 

degree of risk that is usually inversely proportional to the sample size.  The supplier’s risk is 

that the quality assurance plan will reject a ‘good’ product while the customer’s risk is that 

the plan will accept a ‘bad’ product. 

 

The main objective of most quality assurance systems is to identify and reject defective 

products before they are used. The complication with pumped support products is that the  

sampling for final testing usually only occurs while the product is being installed and a large 

area could have already being supported with an inferior product before any defects are 

discovered. The frequency of testing, choice of sample size and point of sampling are 
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therefore even more critical for these products compared to pre-manufactured support types 

(for which additional sampling and testing can be conducted prior to delivery if defects are 

discovered). Defects in products, sub-assemblies or components are normally classified as 

critical, major or minor, as detailed below.   

 

Table 2.1.1 Classification of defects 
DEFECT 
RATING 

MINING 
EXAMPLES 

SAFETY PRODUCTION COST 

CRITICAL    Winding ropes, 

pressurised 

vessels, high 

speed rotating 

machinery 

Failure which 

could cause an 

unsafe and life 

threatening 

situation 

Failure will cause 

important 

production activity 

ceasing for a 

significant period 

Single component 

over R250 000 

MAJOR         Ore transportation 

equipment, 

conveyors 

Equipment not 

classified above 

but which is to 

work continually 

underground and 

may be difficult or 

unsafe to bring to 

surface 

Failure will cause 

direct production 

down time for short 

duration, assuming 

normal engineering 

back up 

Single component 

with value over 

R100 000 but less 

than R250 000 

MINOR         Low pressure 

water reticulation 

systems, 

structural 

steelwork 

Failure will not 

effect the safety 

of personnel 

Failure will not 

cause production 

down time 

Components with 

value less than 

R100 000 

 

The customer must determine the level of risk that they are prepared to accept (also known 

as the ‘Acceptable Quality Level’).  This is normally in the region of 90 to 95 per cent, but it 

is important to understand the risks associated with different Acceptable Quality Levels. 

 

The sample size required to provide a representative sample can be determined using 

various statistical methods that are based on the variability (standard deviation) of results 

obtained from testing a batch of products, e.g. compressive tests on cubes. Unfortunately, 

the required destructive compression testing is expensive. Although testing fewer products 

than is recommended from statistical calculations increases the customers risk, this should 

be weighed up against the low occurrence of product failures, as well as two other factors.  

Firstly, support units are installed as part of a system and even if one unit under-performs, 

adjacent units assist in carrying the additional load i.e. if grout packs are placed next to 

each other, even if one pack performs poorly, the load will be carried by the adjacent packs.  
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Secondly, safety factors are built into the support system design so that the specified 

support requirements are often considerably higher than those actually required.  Indeed, 

the limited numbers of rockfalls that can be attributed to under-performing support units 

suggests that support requirements may be even lower than are currently specified. In 

terms of backfill, the placement quality of the fill is important, especially at depth and during 

shaft pillar extractions. Depending on the application, backfill quality may not be as critical 

as thin-sprayed linings or shotcrete application in tunnels where personnel are expected to 

travel on a daily basis. It is nevertheless still important to record the quality of backfill with 

each batch placed.  

 

2.2 Product definitions 
 
In quality assurance guidelines, the definition of a ‘product’ is very important.  For pre-

manufactured components of pumped support (e.g. grout pack bags), there is little point in 

testing the same product from different shafts, provided the condition of the product is 

similar. Accordingly, it is suggested that a ‘product’ should have a sufficiently unique 

performance characteristic and test results of pre-manufactured components of a particular 

batch can be shared between shafts. It should be noted, however, that at different shafts, 

the grout for the packs backfill material will probably be sourced from a plant located at that 

particular shaft and testing will be required at all the individual shafts.  

 
2.3 Specifications 
 
Specifications can be grouped into physical specifications and performance specifications. It 

is important that these specifications are mutually agreed between the supplier and 

customer (mines) before delivery of products. As the performance specifications of installed 

pumped products depends on a number of different components that are only assembled 

underground (e.g. wire rings, bags and pumped grout for grout packs), it cannot be 

accurately determined in the laboratory and underground testing would be a necessity.       

 

2.4 Sampling 
 
2.4.1 Sampling method 
The purpose of the sampling method is to obtain a sample that is representative of the 

entire batch to be tested.  There are many sampling methods that can be used, for 

example: 
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(i) Random. 

(ii) Single, double or multiple. 

(iii) Systematic. 

(iv) Judgemental. 

 

These sampling methods were discussed in detail in the previous SIM 040205 report. When 

selecting a sampling method, it is also important to take into consideration any factors that 

are known to influence the performance characteristics of the products.  As an example it is 

well known that strength of shotcrete is a function of curing time and this influences 

underground performance.  The sampling method must therefore take the age of the 

product into consideration.  The method by which unacceptable products will be rejected is 

also important when deciding upon a sampling method. If a random sample is taken from a 

sprayed shotcrete area and this sample fails, the entire batch must be rejected and re-

sprayed.  However, if a judgemental sample is taken from a panel that is in visually poor 

condition and this sample fails, only shotcrete in a similar visual condition needs to be 

rejected. Further samples will then need to be selected from the remaining areas for testing. 

The particular sampling method chosen for each product group, as discussed in the various 

product sections below, has been deemed appropriate for that particular product group.  

 
 
2.4.2 Sampling frequency 
Sampling frequency is critical for pumped products as it is much more difficult to reject 

products after defects are discovered compared to pre-manufactured support units. Testing 

usually occurs while the material is being pumped and a large volume of material could 

have already be placed before defects are discovered. It is therefore critical that regular 

testing be conducted (probably on a daily or even an hourly basis) and every batch should 

be tested. The definition of what a “batch” constitutes should also be given sufficient 

attention.             

 
 
2.4.3 Sample size 
The number of samples selected for testing determines the confidence levels that can be 

derived and therefore the larger the sample size the better.  However, since testing is 

expensive it is important to obtain a balance between confidence levels (and acceptable risk 

levels) and testing costs.  Furthermore, there is an optimal sample size beyond which taking 

more samples do not significantly improve the confidence level.  If the sample size is small, 

which is typically the case for the testing of support, a normal distribution may provide 

misleading results. For the following cases a confidence interval for the population mean 

should rather be constructed using the t-distribution:  
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• If the sample size is less than 30 (typical for the testing of 

shotcrete/cemented backfill/grout pack cubes or core) 

• If the population mean is unknown 

 

The number of additional samples (or tests in the case of destructive testing) to achieve a 

required level of confidence can be obtained using the following arguments.   

 

The following criterion is assumed in these calculations: 

Criterion 1: The estimate for the mean performance of the support unit must be determined 

such that the confidence interval for the mean (typically 90% or 95%) is less than ± 5 % of 

the mean value. 

 

Figure 2.4.1 below illustrates the t-distribution for the sample, the sample mean, X  and the 

margin of error, E.  For a 95 % confidence interval, it implies that there is a 95 % chance 

that the sampling error (difference between the sample mean and the population mean) is 

less than the margin of error. 

 

X
E− E

95 %

 
Figure 2.4.1 T-distribution with a 95% confidence interval. 
 

The margin of error E for the t-distribution is given by (Woodbury, 2002) as 

 

n
stE / ⋅

= 2α                                                              (2.4.1) 

where, 

2/tα  = critical value of t 

s  = sample standard deviation 

n  = sample size (The estimated number of cubes/cores that can be generated from a 

batch, which should be constant with every batch mixed/placed) 
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From Figure 2.4.1, the width of the 95% confidence interval is given by 2E.  From equation 

(2.4.1) it follows that this width is therefore 
n
st / ⋅22 α . Based on criterion 1 given above, it 

follows that at the extreme 

n
stX. / ⋅

= 22
10 α                                                            (2.4.2) 

Through manipulation it follows that 

 
2

2

10
2







 ⋅

=
X.
st

n /α                                                           (2.4.3) 

 

 The minimum number of tests required to meet criterion 1 is given by equation (2.4.3) 

above and will be referred to as reqn .  Assume that an initial number of samples initn  are 

tested with    

  reqinit nn <                                                               (2.4.4) 

Therefore an additional number of samples addn  need to be tested so that  

addinitreq nnn +=                                                        (2.4.5) 

When inserting (2.4.3), it follows that 

init
/

add n
X.
st

n −





 ⋅

=
2

2

10
2 α                                                 (2.4.6) 

 

This can also be written as  

init
init

/

initadd n
X.
n

st
nn −

















 ⋅

=

2

2

10

12 α

                                          (2.4.7) 

 

The number of additional samples required to obtain a specific confidence level is therefore 

a function of the initial sample size, the variability in the results, the confidence levels 

required and a criterion for acceptable testing. In the case of cube testing, the number of 

additional samples will be added to the original number of samples for the next batch. In the 

case of core testing, additional number of samples could be taken from the in-situ placed 

product.  
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Figure 2.4.2 shows the number of extra tests required assuming that the standard deviation 

of the test results are either 10, 15 or 20 per cent of the mean value and the required 

confidence level is 90 per cent.   The results show that, regardless of the variability, testing 

less than 5 samples initially will lead to a considerable number of additional tests.  Large 

variability in the initial results will naturally lead to a larger number of additional tests. 
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Figure 2.4.2 Extra tests required for a confidence level of 90 per cent 
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Figure 2.4.3 Extra tests required for confidence levels of 90 and 95 per cent 
 

 

Figure 2.4.3 shows the effect of two different required confidence levels on the extra tests 

required, assuming the standard deviation divided by the mean of the test results is 15 per 

cent and the same acceptance criterion is used.  The results show that approximately twice 

as many extra tests will be required to achieve a 95 per cent confidence level relative to a 

90 per cent level. 

 
 
2.5 Standard testing procedures 
 
Standard testing procedures are a vital component of a good quality assurance system 

otherwise comparisons between the performance of similar support units cannot be drawn.  

As stated above, a key objective of this project is to standardise the testing procedures 

applied across the industry. A problem faced when specifying quality assurance procedures 

for the South African mining industry is whether to limit the testing to specific testing 

facilities or allow all facilities, including those owned by suppliers to be used.  As only limited 

independent testing facilities are available, it is recommended in this report that all facilities 

acceptable to the mining industry be used, provided the proposed standardised procedures 

given below are followed and a calibration certificate not older than 12 months is available 

for the test equipment.     
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2.6 Analysis and reporting 
 
This component of quality assurance is vital to ensure accurate comparison of the 

performance of different support products and to confirm whether the performance obtained 

from a particular set of tests meet the specified criteria. This might typically include the 

statistical analysis of the results, graphs in a specified format, photographs to ensure the 

mode of failure agrees with that expected and data tables.  These reports should be sent to 

the mines and filed for future reference in the supplier’s database. 

 

Regarding the statistical analysis of units showing a degree of variability in performance, 

some comments need to be made regarding the frequent misuse of statistical analyses. The 

variation in support performance can be approximated by a population mean, µ, population 

standard deviation, σ, and a probability distribution.  The normal probability function is the 

most widely used for elongates and it is proposed that a normal distribution also be 

assumed for the performance of pumped support units such as grout packs. This needs to 

be verified in future, however, once enough test data is available. Central to the analysis 

when assuming a normal distribution is the Central Limit Theorem that states that:  

 

If all samples of size n are drawn from a population with a mean µ and standard deviation,σ, 

the distribution of the sample means x  will be approximately a normal distribution.  The 

mean of the sample means ( )xµ  is the same as the mean of the population, µ. The 

standard deviation of the sample means ( )xσ  is nσ  

 

When solving probabilities using the sample means, it follows that the probability, z, of 

exceeding the mean performance, x  of a sample of the population is given by 

 

)n/(
)x(z

σ
µ−

=                                                           (2.6.1) 

 

It is very important to note that µ and σ in the equation above denotes the mean and 

standard deviation of the entire population and not of the sample. Woodbury (2002) states 

that the sampling distribution of the sample means follows the normal distribution if either 

the population standard deviation was known or the sample size was at least 30.  If neither 

of these conditions is true, then the distribution follows the t-distribution.   

 

When re-arranging equation (2.6.1), it follows that                          
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ασµ −=x   where  
n
z−

=α                                               (2.6.2) 

When choosing n = 1, the parameter α can be calculated with the aid of normal distribution 

tables for various probabilities of exceeding performance specifications to give the following 

equations: 

 

Table 2.6.1 Probability of exceeding performance specification for n = 1.  
84% 90% 95% 99% 

σ−µ=x  σ−µ= 2821.x  σ−µ= 6451.x  σ−µ= 3262.x  

 
Some confusion prevails regarding the meaning of the percentages shown in Table 2.6.1. It 

is important to note that the values of α and the associated percentages given in this table 

are for a one-tailed and not a two-tailed normal distribution. To explain this concept, 

examine the one-tailed distribution shown in Figure 2.6.1 and the two-tailed distribution in 

Figure 2.6.2.  The values that need to be determined is what area of the curve, P(–1.645σ < 

z), exceeds the z = -1.645σ value for Figure 2.6.1 and what area of the curve P(–1.645σ < z 

< +1.645σ) lies between the z = –1.645σ  and z = +1.645σ values in Figure 2.6.2.     

 

x-1.645σ  
Figure 2.6.1 One-tailed normal distribution and the z = –1.645σ value.   
 

x-1.645σ +1.645σ  
Figure 2.6.2 Two-tailed normal distribution and the z = –1.645σ and z = –1.645σ 

values.   
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For simplicity, assume that σ = 1.  For Figure 2.6.1, using a value of z = -1.645 and the 

normal distribution tables, it can be determined that 0.05 or 5 % of the area below the 

normal curves lies to the left of z = -1.645.  This implies that the shaded area represents 1-

0.05 = 0.95 or 95 %. For Figure 2.6.2, however, the shaded area only represents 1-(2*0.05) 

= 0.9 or 90 % of the area below the normal curve.    

 

When applied to support units, when only plotting the curve σ−µ= 6451.x , it implies that 

the performance of 95 % of the support units will exceed this curve (which is the 

percentages given in Table 2.6.1). When plotting the mean curve µ as well as the two 

curves represented by (a) σ−µ= 6451.x  and (b) σ+µ= 6451.x , it implies that the 

performance of 90 % of the support units will fall inside the boundaries defined by curves (a) 

and (b).            

 

It is recommended that n = 1 is used for the analysis of the results as it provides for the 

most conservative design and will provide for a standardisation of the graphs presented. 

 

A problem arises in that µ and σ in the equations above denotes the mean and standard 

deviation of the entire population and not of the sample tested.  It was reported above that 

the t-distribution and not the normal distribution should be used for small samples.  If only 

one sample consisting of ten units is tested, the calculated mean and standard deviation of 

this small sample are unfortunately not necessarily representative of the mean and standard 

deviation of the entire population.  Typically only if at least 30 samples of ten units each are 

tested, then the mean of the sample means is the same as the mean of the population.  

Furthermore, only if the sample size is greater than 30, then the sample standard deviation 

is an acceptable estimate of the population standard deviation (Woodbury, 2002).  

 

2.7 Rejection criteria 
 
The t-distribution method can also be used as one type of rejection criteria for test results.  

Using the following equation the t-value can be determined: 

 

)/(
)(
ns

Xt µ−
=                                                            (2.7.1) 

 

The t-value can then be compared with the values from the t-distribution tables for a 90 per 

cent confidence level to determine whether the batch should be accepted or rejected. 
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The benchmark for evaluation of the sample tested is the performance claim made by the 

supplier when the customer initially accepted the product.  The supplier will have produced 

a load-deformation/deflection graph for the product with a mean performance and the 

variability of the product (probably 84, 90 or 95 per cent confidence levels, based on the 

equations presented in Table 2.6.1).  The test results from the sample must be compared to 

this benchmark graph to determine whether the results are within acceptable confidence 

limits.   

 
2.8 Data management 
 

As regular quality assurance testing of support products generates a large amount of data, 

it is vital to maintain an efficient database of all laboratory testing and underground testing. 

It is strongly recommended that this data is stored in electronic format. The value of such an 

electronic database is that it allows for efficient statistical analysis of the performance of 

support units over time, thereby providing a check to ensure that support performance is 

maintained over the long term.  Some of the minimum features of these databases should 

be a search facility, quick comparison of different graphs, graph adjustment (e.g. height, 

loading rate for grout packs, etc.) and specified reporting options.  To safeguard the data, 

regular backups of the entire database should be made. Due to the need to protect 

intellectual knowledge and in-house research findings, a central, industry-wide database will 

not be feasible and each supplier and mine should maintain their own database. During the 

workshops, it was agreed that the responsibility for storing data and management of the 

data lies with the party that collects it. Suppliers should store the data collected from their 

laboratory and underground testing programmes while the mines should store the data 

which they collect themselves from the plants at the mine or from underground sites.         
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3 Development of a standard quality assurance 
methodology for backfill  
 

3.1 Introduction 
 
3.1.1 Interviews with stakeholders 
 
After the workshops described in Chapter 1, additional meetings were held with suppliers 

and mine backfill personnel to optimise the proposed quality assurance system for backfill. 

Meetings were held with Mr. J Ptasinski (former Backfill Mine Overseer, Carletonville area), 

Mr. D Shott (Titan Mining) and Mrs. A Niemand (Quick Stitch). The key aspects of good 

backfill installations can be summarised as follows: 

• The maximum allowable distance to face will determine whether backfill bags 

(placement of backfill ribs) or a backfill paddock should be used. A paddock is 

normally built when a large area must be filled. During construction of the paddock, 

bag material is typically placed along dip against the elongates, as well as along 

strike at the bottom of the panel. Therefore there is no bag material along the 

hangingwall, footwall or at the top of the panel.  

• If a paddock is used, the quality of the construction must be thoroughly inspected 

and supervision during construction is extremely important. 

• Communication between personnel on surface at the backfill plant and stope 

workers is critical to prevent accidents such as flooding of the stopes. 

• The type of backfill pipes to be used depends on the pressure that will be exerted. 

Steel pipes (or sometimes high pressure plastic pipes) are normally used in a 

vertical shaft. The inside of the pipes could be lined with ceramic or rubber, which 

influences the flow of backfill. Plastic pipes are normally used in horizontal tunnels or 

for short vertical distances. 

• A system of pre-flush and post-flush should be adopted where water is flushed 

through the system prior to and after the backfill is pumped through the system. This 

should be done not only to clean the system, but to test for any broken pipes, as well 

as blockages. The flow rates of the backfill and that of the water could be compared 

to determine an optimum relative density for the backfill. 

• All bag failures should be investigated in detail to determine the reason for the 

failure. If the failure is due to poor quality bags, the supplier should be notified. 

• Specific gravity and permeability are the two parameters which directly influence the 

performance of the bag. Both these should be tested and recorded on a daily basis. 
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• In the area where the backfill is to be installed, the hangingwall should be barred 

and all sharp rocks should be dressed down to ensure that the bag is not damaged 

during the installation process. 

• The area should be swept to the mine standard to ensure that no fines are lost. 

• The permanent face support (usually elongates) should be checked to ensure that it 

is correctly installed and that it will not fail when the backfill is pumped. This is 

especially problematic when the permeability is low, causing an excessive hydraulic 

head to develop in the bag. 

• Wire mesh should be installed with care to ensure that the bag does not snag on any 

of the points. The wire mesh should also reach to within 20 cm of the hangingwall 

and footwall so as to contain the bag. 

• The bag should be at least 1.2 m larger in circumference than twice the sum of the 

highest stope width and the strike spacing of support. This will allow the backfill bag 

to be slack within the confines of the paddock as the backfill bag is designed to act 

as a filter and not as a pressure vessel. If the bag is too small and pressure is put on 

the seams of the bag, failure might occur. When the bag is installed, the slack is to 

be lifted to the hanging wall. The material on the sides and footwall should be slightly 

taught as the bag is being filled. The person checking the bag should cut the loops 

as required to allow a slightly taught material to be maintained. This will ensure that 

no slack material is trapped by the backfill as it is pumped. It also ensures that full 

contact with the hangingwall is achieved with all the crevices having sufficient slack 

material to fill them completely.  

• The key to successful backfill placement is to allow the wire mesh and permanent 

support to take the load and the bag to act as a filter only.  

• The specific gravity and permeability is to be maintained at the required level to 

ensure minimal shrinkage of the placed backfill and minimal hydraulic head to 

develop in the bag.  

 

A number of tests should be conducted during mixing and placement of the fill material and 

must be reported on a daily report sheet. These include: 

• Relative density tests should be conducted every hour. Optimum values are 

between 1.7 and 1.9 

• Cube test samples must be poured from each batch to determine the cube 

strength. This is particularly important if cemented fill is used. 

• Particle size tests. This is normally conducted at the concentrator plant to 

ensure that the particle size of the fill material is consistent. This must be 

conducted for every batch of raw fill material delivered to the backfill plant. 
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• Squeeze and suck test. The size of the backfill pipes are designed to be 

larger in diameter close to surface and decrease in diameter as the depth 

below surface increase. This is to create a positive pressure and to prevent 

free falling of the backfill in the pipes and the resulting separation of the 

water from the fill material. Incorrect pipe sizes may lead to flooding of a 

stope panel, poor backfill material being placed, high shrinkage of the backfill 

or clogging of the pipes. For the squeeze and suck test, a hole is drilled into 

a backfill pipe on surface while the backfill is being pumped. If the backfill 

does not squeeze out the pipe, it indicates that there is a problem with the 

flow of the backfill. The hole is to be plugged with a bolt and the test should 

be conducted on a weekly basis. 

 
3.1.2 Overview of tests to be conducted on backfill material 
 
From the references studied, it became clear that there are numerous types of quality 

assurance tests that can be performed on backfill material. Many of these tests are, 

however, conducted to determine support design criteria and are seldom used for routine 

quality assurance purposes.  
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Figure 3.1.1 Quality control monitoring in various parts of a typical backfill 
reticulation system. 
 

Figure 3.1.1 illustrates typical quality assurance test conducted in various parts of a typical 

backfill reticulation system. The key parameters to be determined are the particle size 

distribution of each batch and the specific gravity. The specific gravity is measured using a 
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Marcy scale (Figure 3.1.2) and can also be calculated by the Shift boss at the bag by 

weighing. The Marcy scale is a pulp density and specific gravity scale for direct reading of: 

 

• Metric weight of samples 

• Specific gravity of liquids  

• Specific gravity of pulp 

• Specific gravity of dry solids 

• Per cent solids  

 

          
Figure 3.1.2 Example of a Marcy scale. 
 

Some of the other quality assurance tests that can be conducted are:  

 

• Oedometer Tests – The load-deformation behaviour of backfill is tested under 

compression with samples subjected to an appropriate confinement.  The 

confinement allows for the calculation of the ‘a’ and ‘b’ values for the backfill. The 

parameter ‘b’ represents the strain asymptote for the load-deformation curve and ‘a’ 

represents the stress at half the strain of the ‘b’ value. 

• Uniaxial Compressive Strength Tests – The load-deformation behaviour of 

unconfined backfill samples is determined using compression tests.  The samples 

are prepared by casting the backfill into steel cubes.  Several cubes are typically 

prepared so as to monitor the change in UCS of the backfill material over a period of 

time, namely 1 day, 7 days, 14 days, 21 days and 28 days. 

• Pipeloop Test – This test utilises two pipes of different diameters.  The backfill is 

circulated through the pipes with centrifugal pumps and the differential flow rates 

and pipe pressures are monitored.  As part of the test, regular samples are taken to 

test for moisture content, particle size distribution and relative densities. 
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• Pressure losses with clear water – Similarly to the pipeloop test, pressure losses are 

monitored in different diameter pipes, but this test utilises water instead of backfill.  

Theoretical models are used to determine the actual roughness of the internal walls 

of the pipes to be used in the backfill system. 

• Critical deposition velocity test – This test is conducted by varying the flow rates in 

the above pipeloop system and observing the behaviour of the backfill through 

transparent sections of the pipeloop system. 

• Critical transition relative density  

• The phreatic level profile curve 

• In situ backfill strength development 

• Backfill shrinkage 

• Permeability of the geotextile material  

• Burst strength of the geotextile material 

• Moisture content and porosity determination 

• Backfill slurry rheology 

• Permeability and drainage behaviour 

• Placement properties 

• Slurry flow using a bucket and stopwatch and flow control instrumentation at the 

plant. 

 

As the objective of this project is to introduce standardised quality assurance procedures 

that are practical and affordable, only the essential tests were included in the procedures 

outlined in Section 3.2. 

 

3.1.3 Instrumentation to quantify the in-situ stress-strain behaviour of mine backfill 
 

As the backfill performance in underground stopes depends on a large number of 

parameters, it is deemed necessary that the in-situ stress-strain behaviour be quantified. 

More specifically, the objectives of installing backfill instrumentation would be: 

 

• To record the stress regeneration in the backfill as a function of distance to face. 

• To record the effect of backfill on stope closure  

• To quantify and compare the in-situ stress-strain behaviour of different types of 

backfill. 

• To compare the in-situ behaviour of backfill with the laboratory tests. 

• To provide realistic input parameters for computer modelling  
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• To assist in the development of appropriate standard laboratory-testing procedures 

for backfill. 

 

The instrumentation most frequently used to record backfill performance, namely hydraulic 

backfill stress meters and backfill closure meters, is shown in Figures 3.1.3 and 3.1.4.  The 

closure meter is designed to survive the harsh conditions inside the backfill, but has the 

drawback that the closure must be recorded manually by an observer, making continuous 

measurements impossible.      

 

  
Figure 3.1.3 Components of the instrumentation to measure backfill stress. (The load 
cell is on the right). 

 
Figure 3.1.4 Backfill closure meter. 
 

As the procedures in this report strive to find a balance between laboratory and 

underground testing, it is proposed that some form of backfill monitoring should be 

conducted on an annual basis as part of the quality assurance process.     

 



 36

3.1.4 Underground inspections as a component of backfill quality assurance 
 

As the effectiveness of backfill is mostly dependent on the quality of placement and routine 

instrumentation will be too expensive, visual inspections of the quality of backfill installation 

should form a key component of the quality assurance process. A common problem with 

backfill placement is poor contact between the backfill and hangingwall. 

 
Figure 3.1.5 Good placement of backfill.  

 
Figure 3.1.6. Gap between the backfill and hangingwall which will allow unnecessary 
closure to occur before load is generated. 
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As an illustration of one technique that can be used during underground assessments, 

Daehnke et al (1999) conducted underground investigations to measure the quality of 

backfill installation through visual observations and measurement. In these stopes, the zone 

of backfill influence was estimated by pushing, as deeply as possible, a clinorule between 

the backfill and the hangingwall of the stope. This gave an approximation of the point at 

which the backfill and the hangingwall comes into contact. The readings are shown in 

Figure 3.1.7 (the point of contact between the backfill and the hangingwall is measured from 

the face of the backfill).  

 
Figure 3.1.7. In situ data of the point of backfill – hangingwall contact with respect 
to the side of the backfill, measured along dip for different stopes (after Daehnke et 
al., 1999). 
 

The averages of the readings taken for the panels, in which the backfill is 30 m, 10 m, and 

5 m from the face, are 25 cm, 50 cm and 70 cm respectively (Figure 3.1.7). The point of 

contact between the backfill and the hangingwall is behind the face of the backfill for all 

cases. Of importance is that if the original quality of placement is poor, the zone of support 

influence of the backfill will be drastically reduced. Typical problem areas of backfill 

placement in a dipping stope are illustrated in Figure 3.1.8.   
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Backfill

Pack Area of no contact between
backfill and hangingwall

Gully

 
Figure 3.1.8 Section through a stope showing the lack of contact at the updip side of 
panel between the backfill and the hangingwall (after Daehnke et al, 1999). 
 

 

3.2 Backfill Quality Assurance Procedure 
 
The proposed backfill quality assurance procedure consists of three components namely: 

1. Quality assurance procedures for backfill bags 

2. Quality assurance procedures for backfill material 

3. Routine underground assessments of installation quality 

 
3.2.1 Procedure for backfill bags 
 
Table 3.2.1 Laboratory testing procedure for backfill bags 
 

PARAMETER TESTING/PROCEDURE REMARKS 
Products All backfill bag types that have sufficiently 

unique performance characteristics 

No need to test different lengths 

Types of Tests i) Laboratory tensile strength tests  

ii) Permeability tests  

iii) Penetration load strength tests. 

iv) Seam strength test 

v) Toxicity tests and fire retardation 

Testing to be conducted according to 

SANS 1915:2003.  

Toxicity tests to be conducted according 

to NES 713 

Frequency Biannually per product, unless otherwise 

agreed with the customer 

This frequency of testing should be 

assessed regularly by the suppliers and 

the customers to minimise costs 

Initial sample size Ten samples per product for each type of 

test.  

(i) The objective is to minimise the 

number of tests and costs. 

 

(ii) The number of tests specified would 

be the minimum required for an initial 

statistical evaluation.  More tests may be 
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required if the variability is large or a 

higher confidence level is required.  The 

number of additional tests required can be 

determined using the procedure outlined 

in Chapter 2.  

Repeat sample size If the product fails, select another batch for 

each type of test.  If it fails again, the 

supplier must immediately report results to 

the mine, which needs to take the 

appropriate corrective action. 

 

Source of product End user storage area on a rotational basis 

between all shafts using the product. 

 

Age of product Test products which are in the worst visual 

condition, but is still is within specifications.  

This assumes that a relationship exists 

between the visual condition of the product 

and its performance characteristics. 

It is not always possible to establish the 

age of the product.  Products in the worst 

visual condition (stitching deterioration or 

fraying) are likely to be the oldest and 

possibly perform the worst.  If the product 

fails, visual rejection of the product on the 

factory floor or in the store yard is far 

easier compared to when a representative 

sample is taken. 

Sample selector A shaft rock engineering representative The supplier needs to assist by reminding 

the rock engineering department of the 

necessary annual testing to be conducted. 

Sampling method Products, which are out of specification, 

should be rejected, as these products should 

not be in the store yard anyway.  Select a 

batch with the worst visual conditions that is 

still within specification. 

If worst visual condition is inside 

performance specification, then the 

remainder of the stored product should 

also be inside performance specification. 

Test dimensions Standard dimensions as prescribed by 

SANS 1915:2003. 

 

Test facility It is important to use an industry recognized 

test facility.  As not enough independent test 

facilities are available to process the large 

volume of quality assurance testing required,  

suppliers’ own testing facilities may also be 

used provided the necessary calibration 

certificates are available. The tests can also 

be audited by mine rock engineers or 

independent consultants if required.   

Use of the same testing procedure should 

be encouraged to enable easy 

comparison between different products.  It 

is important that the testing equipment is 

calibrated at least once a year by an 

independent body.  Copies of these 

calibration certificates should be made 

available to customers when conducting 

QA tests.   

Rejection criteria  Rejection criteria to be established based 

on performance results from various test 

batches. 

Photographs of product Photographs of all the products to show the 

gauge, thickness and the warp and weft of 

weave. 

Any visual deviations from the product 

specifications should be recorded. 

Photographs of slow tests A series of photographs at specific load 

intervals that is representative of the visual 

performance of all those tested. (For tensile, 

penetration load and seam strength tests 

only) 
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3.2.1.1 Reporting of Results 
 

From the tensile strength, permeability, penetration load and seam strength tests, the 

following data should be reported: 

 

(i) Mean of all the test samples. 

(ii) Mean plus and minus acceptable confidence levels (probably 90 or 95 per cent) and 

its associated standard deviation value. 

 
Photographs 
(i) Sequence of photographs of one product subjected to the tests that is representative 

of the visual performance of all those tested. 

 
Data Tables 
(i) Table of key testing information, including product name, nominal size, test date, 

test facility, test supervisor, source of product and any other relevant information. 

(ii) Table of key product dimensions for each product tested, including deviations from 

specifications. 

(iii) Table summarising key test results for each product as well as mean, and standard 

deviation data. 

 
Compliance Statements 
(i) A signed statement from the supplier of the products tested, “We, (company name), 

have supplied the products used in the testing described in this report and we 

confirm that the results from this testing are representative of the specified product 

and of the product to be supplied to the customer.” 

(ii) If required, a signed statement from an independent technical auditor who has 

supervised and reviewed the results, “We, (company name), have witnessed and 

reviewed the contents of this report.  In our opinion these contents fairly present, in 

all material aspects, the performance of the products as described in the report.  The 

testing was conducted in accordance with the procedures required by the customer” 

 
Appendices 
(i) Standard specifications for the product tested. 

(ii) Standard test procedure used (or reference to document). 

 

Two hard copies of the report should be supplied to the customer as well as an electronic 

version of the report, including all the original data files and the photographs on a CD. 
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3.2.2 Procedure for backfill material 
 
Table 3.2.2 Testing procedure for backfill material 

PARAMETER TESTING/PROCEDURE REMARKS 
Products Cemented backfill and classified tailings.  

Types of Tests (i) Relative density  

(ii) Particle size distribution 

(iii) Cube strength testing for cemented 

backfill 

(iv) Stress-strain behaviour of installed 

backfill 

 

Non-essential tests to be performed as 

required or on request 

(i) Oedometer tests 

(ii) Squeeze and suck test  

Relative density to be tested with a Marcy 

scale 

 

 

 

 

Frequency (i) Relative density - hourly  

(ii) Particle size distribution – every batch 

delivered 

(iii) Cube strength testing for cemented 

backfill: Each batch to be tested with 6 

samples to be prepared - 3 for 7 day testing 

and 3 for 28 day testing. 

(iv) Stress-strain behaviour of installed 

backfill – once a year to verify the in situ 

behaviour for design purposes.  

 

Non-essential tests to be performed as 

required or on request. 

(i) This frequency should be assessed 

regularly by the suppliers and the 

customers to optimise the quality 

assurance process. 

(ii) Although the number of cube samples 

seems low for statistical anlysis, the 

intention is to build a database of test 

results over time to minimise testing 

costs.  

Source of product for testing i) Relative density – at the plant  

(ii) Particle size distribution – at the plant 

(iii) Cube strength testing for cemented 

backfill – at the plant 

(iv) Stress-strain behaviour of installed 

backfill – underground stopes 

  

The main source for testing material is 

specified as the backfill plant on surface 

as it is possible to control the quality of 

backfill from this point. Samples should 

only be taken at the point of placement if 

problems are noted. 

Age of product For the compressive testing, curing ages of 

7 days and 28 days should be used.  

 

Sample selector Supplier/contractor/mine personnel  

Sampling method Samples should be taken in such a manner 

that it is representative, as far as practically 

possible, of the pumped product. 

 

Test dimensions Cube test specimens must have a dimension 

of 150 mm and be tested according to SABS 

specifications. 

 

Test facility It is important to use an industry recognized 

test facility.  As not enough independent test 

facilities are available to process the large 

volume of quality assurance testing required, 

suppliers/contractors’ own testing facilities 

may also be used provided the necessary 

calibration certificates are available. If 

Use of the same testing procedure should 

be encouraged to enable easy 

comparison between different products.  It 

is important that the testing equipment is 

calibrated at least once a year by an 

independent body.  Copies of these 

calibration certificates should be made 
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required, the tests can be audited by mine 

rock engineers or independent consultants.   

available to customers when conducting 

QA tests.   

 
 
3.2.2.1 Reporting of Results 
 

All test data should be collated and incorporated into reports. The frequency of the reporting 

should be agreed upon by the supplier and the customer. Regardless of the agreed 

reporting intervals, failed test samples should be immediately reported.  

 

The reports should typically include the following information: 

(i) Progress of backfill pumped (daily and progressive). 

(ii) Location of placement 

(iii) Results from the relative density tests with statistical analysis 

(iv) Results from the particle size distribution tests with statistical analysis 

(v) For cemented backfill, cube strengths at 7 and 28 days with statistical analysis when 

these results become available.  

 
 
Data Tables 
 
Data tables should be included containing the following information: 

 
(i) Table of key testing information, including product identification, test date, test 

location, test supervisor, source of product and any other relevant information. 

(ii) Table summarising key test results for each product as well as mean, and standard 

deviation data. 

 
 
Appendices 
(i) Standard specifications for the product tested. 

(ii) Standard test procedure used (or reference to document). 

 

Two hard copies of the report should be supplied to the customer as well as an electronic 

version of the report, including all the original data files from the laboratory tests and any 

photographs on a CD. 
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3.2.3 Routine Underground Assessments 
 

The main focus of the routine underground evaluation will be on observations to evaluate 

the quality of the installations and to identify possible problems.  It is suggested that the 

backfill installations are evaluated on an ‘exception’ basis.  This means that only those 

installations that were not done to specifications are recorded and the possible reasons for 

any failures should be investigated.  This type of monitoring will require all installations be 

observed on a regular basis.  The results should be reported as a percentage of the total 

backfill bags or paddocks installed in a particular stope.    Photographs should be taken as 

a permanent record of the quality of backfill installations.  More specifically, the following 

observations should be recorded: 

 

(i) Ability to construct the backfill paddocks according to specification (training of 

support crews, time and physical effort required to construct the paddocks). 

(ii) Ability to ensure good contact between the backfill and the hangingwall.  

(iii) Susceptibility to damage to the backfill paddocks caused by rapid loading (and 

possibly ride) during seismic events. 

(iv) The stability of the hangingwall next to the backfill in response the load generated in 

the backfill during normal closure and during seismic events. 
 
It is proposed that a mine-specific template be developed that can be used during the 

underground assessments to record all the important information.   
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4 Development of a standard quality assurance 
methodology for shotcrete 

 

4.1 Overview of existing shotcrete quality assurance 
systems 

 
4.1.1 Interviews with stakeholders 
 
A number of interviews were conducted with key stakeholders in the industry to determine 

the current accepted practice in terms of shotcrete quality assurance. It appears that 

extensive testing is currently conducted, but the procedures are not standardised yet. Some 

of the stakeholders interviewed were Mr. M Barker (Chryso, South Africa), Mr. E Trollope 

(Concor Technicrete), Mr. C Dalton (Geopractica) and Mr. S Petho (South Deep Gold Mine). 

Some of the key issues raised and the test procedures presented are given below.    

 
Table 4.1.1 Quality assurance procedures as implemented by Supplier A. The 

procedures make provision for the individual ingredients, laboratory testing, surface 

testing and underground testing.    
Parameter Testing Procedures Remarks 

Individual Ingredients   
Aggregates Grading Analysis Daily 
Admixtures ISO 9000 Manufactured Conformance Certificates 
Accelerators ISO 9000 Manufactured Conformance Certificates 
Fibres ISO 9000 Manufactured  
Cement  Conformance Certificates 
Extender  Conformance Certificates 
   
Laboratory Testing   
Cements Regular weight checks  
Aggregates Water demand-flow and strengths Weekly 
Admixtures Water demand-flow and strengths Weekly 
Fibres Weigh fibres confirm quantities  
   
Surface Testing   
Concrete Strength test from coring Yearly 

Fibres EFNARC 
Round determinate panel Yearly 

Underground Testing   
Concrete Hilti pull out tests Weekly 
Fibres Hilti pull out tests Weekly 

Accelerators Dosage calculations 
Rebound calculations Weekly 

  
Another supplier used an outsourced testing facility to do most of the necessary testing. 

Testing of the shotcrete ingredients is conducted to comply with the following SABS 

standards given in Table 4.1.2.  Panel type tests are also conducted to specifically test 

for the energy absorption capability of the products.   

 



 45

Table 4.1.2 Testing of shotcrete ingredients by supplier B to comply with SABS 

standards. 
Composition Compliance

Ordinary Portland cement SABS EN 197-1 
Rapid hardening Portland cement SABS EN 197-1 
Slagment SABS 1491-1 
P.F.A. SABS 1491-2 
Silica Fume SABS 1491-3 
Admixtures SABS 1200 G 
Crusher sand aggregate SABS 1083 
River sand aggregate SABS 1083 
Chloride content SABS 1083 and SABS 1200 G 
  

 
Some testing laboratories tend to follow European specifications for sprayed shotcrete 

(EFNARC). The following issues were highlighted during the interviews:  

 

• A number of different tests could be conducted, including the following two which is 

recommended for every batch manufactured: 

o Compressive strength tests (Only in situ core strength tests for drycrete 

applications and both in situ core strength tests and cube strength tests could 

be conducted for wetcrete). 

o Flexural strength tests: 

 These include Energy Absorption Tests, Beam Deflection Tests and 

Round Determinant Panel (RDP) Tests (in which a circular panel is 

used). The most easily interpreted is the Energy Absorption Test. 

• A number of other non-essential tests could be conducted including: 

o Modulus of Elasticity Test (obtained from the Beam Deflection Test) 

o Bond Strength Test 

o Fibre content Test (done as a cross check for energy absorption) 

o Permeability Test 

o Frost Resistant Test (not recommended for South Africa) 

• It is also very important to conduct pre-construction tests prior to applying any 

shotcrete to the excavation walls. 

• In terms of quality control of the applied product (besides destructive testing), the 

thickness measurement is the easiest. For this a depth probe is recommended. 

 

Some of the other issues highlighted in the interviews were: 

 

Flexural Strength 

The flexural strength is mainly dependent on the concrete matrix and is defined as the 

equivalent maximum elastic tensile stress at the first crack load.  The average flexural 
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strength of three beams shall be equal to, or above, the required class value.  No single 

beam shall be lower than 75% of the class value. However, flexural strength is not the main 

requirement for fibre reinforced shotcrete and it is usually not required to test for this 

property on an ongoing basis. 

 

Fibre 

Care should be taken to maintain a balance between compressive strength and ductility of 

the shotcrete, particularly after lengthy periods of curing (> 28 days). As the compressive 

strength may increase significantly after long time periods, the shotcrete would tend to 

become brittle and require a greater fibre dosage to main ductility.  Obviously, this must be 

investigated and tested at the design stage. It is important to use a suitable fibre that is not 

based on cost alone.  Different types of fibres will affect the shotcrete properties markedly, 

particularly with regard to workability.  If workability is reduced, then countermeasures may 

be costly and counterproductive.  Some recommended guidelines when choosing 

appropriate fibres are: 

  

• Choose a reputable international manufacturer with a proven track record for 

different types of application over a substantial period of time. 

• The fibre must have a proven performance and readily available performance 

specifications. 

• Good research and development facilities must be available to the supplier. 

• Reputable local agents for supply and technical queries are required which can 

provide good after sales service. 

• Cost will also be a consideration 

 

The fibre dosage must be appropriate for the toughness requirement and this test should 

form part of any fibre content evaluation. Dosage of steel fibre is generally in the range of 

40-50 kg/m3 and for synthetic fibres 5–9 kg/m3. An example of a typical strength class of 

shotcrete and the required mix is given below in Table 4.1.3. 
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Table  4.1.3. Example of a typical mix of shotcrete for a particular strength class. 

 STRENGTH CLASS 
 C45 
Core Equivalent MPa (in situ) 30 
Flexural Equivalent MPa 4.15 
Toughness (Not equivalent) (Joules) (Plate Test) 700 min. 
Toughness (RDP) (Joules) 280 min. 
Durability Class (Not necessarily equivalent) 2 
Cement Type (CEM1) 42.5/52.5 
W/B max (suggested) 0.5 
Silica Fume Desirable 

± 8% 
Fly Ash, or Superfine Fly Ash Preferred 
Fibre Type Steel, 

Synthetic 
Possible  

Superplasticisers Essential 
Internal Curing Preferred 
Stabiliser Preferred 
Accelerator Alkali-free 

 

It is important to create and maintain a balance between strength (as measured by cube 

test) and ductility (as measured by toughness).   If the compressive strength is too high and 

the fibre dosage too low, the shotcrete will be too brittle. This effect may become more 

pronounced at later ages as the shotcrete matrix continues to mature. 

 

4.1.2 Use of  Hilti equipment to determine shotcrete strength and bond strength 
 
A key component of shotcrete quality assurance procedures is to determine the in situ 

compressive strength after application. The results from laboratory tests on cored samples 

from underground will only be available some time after application. A simple test 

conducted underground during application would therefore greatly enhance the quality 

assurance process. A possible solution might be the use of the Hilti DX450 tool and the 

Mark V-2000 tester. Studs are shot into the shotcrete with the DX450 tool and the depth of 

penetration gives an indication of strength based on a calibration curve prepared from UCS 

testing of drilled cores. As a second complementary test, the Mark V-2000 tester can be 

used to test the tensile strength of the studs shot into the shotcrete. A calibration curve 

based on UCS testing of cores can again be used to determine the shotcrete strength.  A 

review of this method can be found in a paper written by Dr Gustav Bracher (2005).     

 

According to Austrian guidelines, the strength development of shotcrete can be divided into 

5 different ranges as shown in Figure 4.1.1.    
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Figure 4.1.1 Strength testing of shotcrete and different methods to be used for the 
different classes (after Bracher, 2005).  
 

The penetration needle method is based on the force required to push a needle with a 

diameter of 3 mm to penetrate the shotcrete to a depth of 1.5 cm. A Proctor penetrometer 

as specified by ASTM C 403-95 or a digital measuring device should be used. The 

specifications in Figure 4.1.1 were drawn up mainly for the early strength testing of 

shotcrete as is required in civil engineering tunnels excavated with TBMs. As a good quality 

shotcrete will typically exceed 1 MPa strength after 6 hours, the Hilti method (using a “white 

cartridge”) might find useful application in the South African mining industry.      

 

The photograph in the bottom right of Figure 4.1.1 refers to conventional strength 

measurements using drilled cores. In this case, cores of suitable dimensions are obtained 

from the actual placed shotcrete or test panels.  When drilling cores from test panels, the 

sprayed panels should not be removed or transported before achieving a compressive 

strength of 10 MPa. The test panel should also have the same curing conditions as the 

actual applied shotcrete.      

 

The Hilti DX450 tool is shown below in Figure 4.1.2 (specification sheet as provided by Hilti) 

and it gives an indication of the equipment required. The “white” and “green” cartridges 

referred to above in Figure 4.1.1 indicate the power level of the cartridges with “white” being 

the extra low power level and “green” the low power level.          
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Figure 4.1.2 Hilti equipment used to determine shotcrete strength.  
 
Figure 4.1.3 below illustrates work conducted by Bracher on various types of aggregate 

comparing the compressive strength and the Hilti penetration depth. The blue dots 

represent a calibration curve prepared by the Technical University of Innsbruck. It appears 
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that the Hilti penetration test with an associated calibration curve will give a good indication 

of shotcrete strength. 

 
Figure 4.1.3 Verification of the Hilti pentration method to determine shotcrete 
strength (after Bracher, 2005). 
 

Bracher did further work which indicated that the scatter from the pullout tests are greater 

than for the penetration tests. He therefore advocated that only penetration tests be used in 

underground workings. Figure 4.1.4 below illustrates the scatter in the results for the 

penetration and pullout tests.     

 
Figure 4.1.4 Analysis of the deviation from the calibration curves caused by the Hilti 
penetration and pullout tests (after Bracher, 2005).     
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The pullout test might nevertheless be very useful to determine the bond strength between 

shotcrete and rock if the core is drilled through the shotcrete into the rock and the failure 

during the pull test occurs on the contact between the rock and shotcrete. The same pullout 

equipment as shown in Figure 4.1.2 should be used. The Hilti core drilling equipment is 

shown in Figure 4.1.5. A possible drawback for underground application is the requirement 

of a 220 V power source. 

 

As the Hilti equipment and technique described above show significant promise for use in 

the South African mining industry, it is proposed as part of the quality assurance testing. 

The usefulness of this technique should, however, be further verified when the industry 

implements the quality assurance procedures outlined in this document. Some of the issues 

that will require further investigation are: 

 

• Faulty readings will be obtained if the applied shotcrete is thin and the studs 

penetrate all the way to make contact with the rock. Use of the appropriate 

cartridges for the applied shotcrete thickness is very important. 

• Calibration curves for the different cartridges and shotcrete mixtures will have to 

be obtained. 

• Safety of the operator of the Hilti equipment and bystanders will have to be 

considered as the studs have the potential to do severe bodily harm. 

 



 52

 
Figure 4.1.5 The Hilti DD-100 coring machine. 
 

It should be noted that alternative equipment is available to test the early strength of 

shotcrete between 3-24 hours after spraying. An example is the MEYCO Kaindl pull-out 

type device shown in Figure 4.1.6. It measures the force needed to pull out a bolt 

embedded in the sprayed concrete. From the force used and the surface of the truncated 

core specimen, the compressive strength of the fresh shotcrete can be determined by 

means of comparing the results with a chart.  

 

 
Figure 4.1.6 MEYCO Kaindl pull-out type device for determination of shotcrete 
strength. 
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4.1.3 Quality assurance procedure for wet shotcrete as proposed by MBT Mining & 
Tunnelling (Pty) Ltd 
 

An important document to consider in terms of the quality assurance of shotcrete is a paper 

written by Hague in 2001 (Hague, I.D., Wet shotcreting – A total system approach, SAIMM 

Symposium, 2001). The approach proposed by MBT is well illustrated in the following quote 

from the paper: 

 

“It is important to note that shotcrete is not a mystical combination of concrete 

constituents but is one of several ways to cast concrete. The characteristics of 

concrete as well as basic concrete properties and technologies need to be 

addressed whether it be shotcrete or cast concrete in the form of civil 

engineering construction. Aspects such as amount of cement, water/cement 

ratio, consistency, curing, and reinforcement need attention as with any type of 

concrete construction. The one single main reason for shotcrete of poor quality 

being applied throughout the world, and particularly in underground mining 

operations, is that it seems to be either forgotten or through lack of training and 

expertise, that the basics of concrete technologies are paramount.”   

 
The quality assurance system proposed by Hague for wetcrete is summarised below. The 

objective of these procedures is to ensure that the shotcrete applied is to the correct 

specification for the rock reinforcement of the excavation. The quality assurance system 

should consist of pre-application tests and routine tests during construction. The pre-

application testing establishes the optimum mix design that fulfils the rock support 

specifications and should be carried out well before the work commences. 

 

Manufacturing of shotcrete 
 

The staff operating the Batch Plant should be adequately trained with regards to the 

operation of the plant and should have an understanding of the purpose of the additives as 

well as the affect of wrong dosing on the mix.   The Shotcrete mixer should be adequately 

checked for correct operation and setting prior to mixing a batch. The mixer should be clean 

and lined with grout comprising cement and water prior to the introduction of the shotcrete 

materials. The shotcrete should be manufactured by combining all the ingredients in the 

correct proportions and in the correct order. Attention should be paid to the various 

components of the mix as delivered to the plant. The aggregate is typically delivered in bags 

complete with the Silica Fume contained in waterproof bags. The aggregate should be 

tested for grading, moisture content and the mass of each bag should be verified during 

offloading. Bags containing cementitious products should be stored carefully as these 
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should be lifted off the ground (on a pallet) and preferably covered by a roof. The bags in 

which cementitious products are supplied should be waterproof. Cement delivery tickets to 

the batch plant silos should be checked to confirm that the correct type of cement has been 

delivered. The sodium content should be determined by the manufacturer and a certificate 

supplied for each load of cement delivered. The Silica Fume should be checked to ensure 

that the material is dry. The volume of the various chemical additives added per batch 

manufactured should be recorded. The water used in the manufacture of shotcrete should 

be clean and the total quantity added per batch should be recorded.  

 

The following tests should be conducted during manufacturing and placement. 

 

Flow table test:  
This test should be carried out on every batch of shotcrete produced. 

 
Concrete cube compressive strength tests: 
Concrete cube strengths should be conducted to determine the compressive strengths of 

the shotcrete at 7 and 28 days. The test report should contain: 

• Test specimen identification 

• Moisture condition of the test specimen 

• Test specimen dimensions 

• Curing conditions and age at test 

• Maximum load and compressive strength (to nearest 0.5 MPa, example 

of testing equipment shown in Figure 5.1.7 below) 

• Test specimen density (to nearest 10 kg/m3) 

• Appearance of the test specimen (if unusual) 

• Remarks (if any) 

    
Figure 4.1.7 Moulds to prepare concrete cubes (left) and testing equipment (right) to 
determine uniaxial compressive strength. 
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Core tests: 
The cores for compressive strength tests should be taken from specially constructed 

panels, which are sprayed by means of a shotcrete application machine at the point of 

construction. The test report should contain: 

 

• Test specimen identification 

• Moisture condition of the test specimen 

• Test specimen dimensions 

• Curing conditions and age at test 

• Maximum load and compressive strength (to nearest 0.5 MPa) 

• Test specimen density (to nearest 10 kg/m3) 

• Appearance of the test specimen (if unusual) 

• Remarks (if any) 

 

Energy absorption tests: 
Energy absorption tests should be conducted on specially constructed panels that are 

sprayed at the point of construction. The following mould details and spraying practice is 

recommended. Moulds of steel should be used with minimum plan dimensions of 600 mm x 

600 mm. The thickness of the sprayed panels should not be less than 100 mm. The moulds 

should be positioned vertically and sprayed with the same equipment, technique, layer 

thickness per pass, spraying distance etc. as the actual work. The operator should also be 

the same. The panel should be protected immediately against moisture loss using the same 

method to be used in construction. The samples should be marked for later identification. 

The panel should not be moved within 18 hours of being sprayed. Curing should continue 

thereafter for 7 days or until samples are to be extracted. The test samples should be sawn 

from the panel, but should not include material within 125 mm of the edge. During 

transportation to the testing laboratory, the panel or sawn samples should be packed to 

protect it against mechanical damage and moisture loss. To carry out the test a test plate of 

600 mm x 600 mm x 100 mm should be supported on its 4 edges and a centre point load 

applied through a contact surface of 100 mm x 100 mm (Figure 4.1.8). The load should be 

applied opposite to the spraying direction. The rate of deformation at the loading point 

should be 1.5 mm/minute. The load-deformation curve should be recorded and the test 

should continue until a deflection of 25 mm is achieved at the centre point of the slab. From 

the load-deformation curve, a second curve can be drawn to give the absorbed energy as a 

function of deformation. 
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Figure 4.1.8 Equipment for energy absorption tests.  
 

Flexural Strength Tests: 
If required, testing of flexural strength and residual strength should be carried out on beams 

with dimension of 75 mm x 125 mm x 600 mm cut from sprayed panels. The beams should 

be tested under third point loading on a 450 mm span. The beams should be stored in water 

for a minimum of 3 days after sawing and immediately before testing. Testing should 

normally be performed at 28 days. The report should contain: 

 

• Type of testing machine 

• Specimen identification 

• Test specimen dimensions 

• Curing conditions and age at testing 

• Rate of deformation 

• Load – deformation curve including first peak load 

• Calculated flexural strength 

 

The proposed frequency of testing for the various tests is given below. 
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Table 4.1.4 Frequency of testing of the aggregate as proposed by Hague (2001). 

 
 

Table 4.1.5 Frequency of testing of the cemetitious products as proposed by Hague 
(2001). 

 
 

Table 4.1.6 Frequency of destructive laboratory testing as proposed by Hague (2001). 
This table was copied from Hague (2001) and “No” probably refers to the number of 
tests. 

 

 
 

Table 4.1.7 Proposed tests for fibre reinforced shotcrete (Hague, 2001). 

 
 

Application of shotcrete 
The workers responsible for application of the shotcrete should be well-trained on the 

addition of the accelerator and should understand the affects of both under/overdosing with 

this additive. The equipment used to apply the shotcrete should be correct for the particular 

application and thoroughly tested prior to commencement of the work. The rock surface 

should be damp but free from running water. Loose rock should be removed prior to the 

application of the shotcrete. When spraying, the nozzle should always be kept at an angle 

of 90° to the surface and the nozzle distance should be controlled so that rebound is kept to 

a minimum. The depth of the shotcrete should not be less than that specified.  
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Tests to investigate the workability of shotcrete 
Workability is a term applied to many shotcrete properties and is typically measured by 

three characteristics: 

 

• Compactibility: The ease with which the shotcrete can be compacted. 

• Mobility: The ease with which shotcrete can flow into voids and 

around reinforcement. 

• Stability: The ability for shotcrete to remain stable and homogeneous 

during handling and vibration without excessive segregation. 

 

Different measurements of workability have been developed over the years, which include 

the slump test and flow test. 

 

Slump Test 
This is the most widely used test for determining workability of concrete. The equipment 

consists of a hollow cone-shaped mould which is filled in three layers (Figure 4.1.9). Each 

layer is 25 times “compacted” with a 16 mm steel rod. The mould is then lifted away and the 

change in the height of the concrete is measured against the mould. The slump test is a 

measure of the resistance of concrete to flow under it own weight. 

 

 
Figure 4.1.9 Typical equipment required for a slump test.  
 

Flow Test 
This measures the ability of concrete to flow under vibration and provides information on its 

tendency to segregate. It provides an efficient means of determining the flow of cement 

pastes and hydraulic cement mortars and is therefore particularly applicable to shotcrete. 

Using the flow mould provided, a specific volume of material is moulded on the table. The 

mould is removed and the table subjected to a specific number of drops using the crank 

handle. Motorised versions are available as well. The increase in average diameter of the 

sample indicates the flow properties. 
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Figure 4.1.10 Typical equipment required for a flow table test.  
 
 
 
4.1.4 Additional information on shotcrete testing collected during interviews and from 

literature 
 
The proposed quality assurance procedures for shotcrete are given in Section 4.2 and 

details of some of these tests were already given above in Section 4.1.3 above. The 

procedures below give additional information regarding some of the prescribed tests. 

 

Test Panels  

When drilling cores from in-situ test areas, the plates should be sprayed on the sidewall as 

follows: 

• The height of the plate should be convenient for spraying and for coring (> 

1.3 m). 

• The thickness should be more than 120 mm and built up in layers. 

• The dimensions should be sufficient to allow the drilling of at least 3 cores. 

• The same principles with regard to the spraying of test panels described above 

also apply. 

 

All samples cored from the in-situ panels should be clearly labeled and all the relevant 

information recorded (e.g. location and time of spraying, operator name, mix type and 

orientation).  

 

Compressive strength testing 
The compressive testing of shotcrete cores collected from the work site should be 

conducted according to SABS M 865. The compressive strength of the base mix prior to 

application should be obtained from cast cubes according to SABS Method 863. Early 

compressive strengths (30 min to 12 hours) should be obtained by penetrometer methods.  
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Bond strength testing using tapping (the hammer test) 
The strength of the bond between placed shotcrete and the substrate is often determined by 

‘tapping’ (the hammer test).   The hardened shotcrete should be struck forcibly with a hand 

held hammer.   If the shotcrete is easily dislodged, it should be deemed to be poorly 

bonded. If disagreement between the customer and contractor occurs as to the soundness 

or bond of the sprayed shotcrete, the customer should request further bond strength tests.    

 

Determination of the fibre content of shotcrete 
The fibre content of sprayed concrete should be determined from either fresh or hardened 

shotcrete samples. Both types of sample can be used for steel fibres, but only the method 

for fresh samples should be used for synthetic fibres.  

 

Hardened Sample (Method A) 

Three test cores should be drilled from in-situ material or a test panel. The core diameter 

should be 75-150 mm and the core length should be 75-150 mm (unless the layer thickness 

is less than 75 mm, in which case the core length should equal the layer thickness). After 

the volume (Vc) of the intact cores are determined, the cores should be crushed in a suitable 

device so that all the fibres can be separated from the concrete. Magnetic fibres can be 

easily removed by a magnet. The fibres from each core should be cleaned and weighed. 

 

Fresh Sample (Method B) 

Three samples should be cut from the in-situ material or a test panel. The samples should 

weigh 1 – 2 kg and must be carefully extracted in one piece. After the volume (Vc) of the 

samples are determined, the fibre from each sample should be washed out using suitable 

filter equipment. With synthetic fibres, the samples should be soaked with alcohol and 

stirred until the fibres float on the surface. The fibres should be cleaned, dried and weighed 

(mf). 

 
Calculation of the fibre content 

The fibre content of each sample should be calculated from the determined fibre mass and 

sample volume, using the formula: 

 

Cf (kg/m3) = mf x 1000 / Vc 

 

where  Cf is the fibre content (in kg/m3) 

 mf is the mass of fibre extracted from the sample (in g) 

 Vc is the volume of the sample in (m3) 
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The report should contain: 

• specimen identification  

• specimen type (hardened or fresh) 

• specimen sizes and volumes 

• date and time of testing 

• description of fibre type 

• calculated fibre content of each sample and the mean value of the three samples 

• any relevant comments  

 

Testing frequency 

Some indication of a possible frequency of testing was already given above in Section 

4.1.3. The table below was obtained from industry and gives some alternative testing 

frequencies.         

 

 

Table 4.1.8. Possible testing frequencies for shotcrete.    
FREQUENCY OF TESTS TEST LOW MODERATE HIGH COMMENTS 

FLOW First batch; visual 
thereafter 

First batch; 
Then as required 
or indicated by 
visual observation 

Every batch. To ensure correct 
flowability 

CUBE One sample 
(three cubes) per 
spraying 
operation 

One sample (six 
cubes) per shift 

Two samples 
(each six cubes) 
per shift or 1 
sample per 20 m3 

 

CORE One panel, (3 x 
28 day) every 
500 m2 

One panel, (3 x 
28 day) every 
250 m2 

One panel, (3 x 
28 day) every 
100 m2 

From test panel 
sprayed 
underground 

CORE One test (3 x 28 
day) every 500 m2

One test (3 x 28 
day) every 250 m2

One test (3 x 28 
day) every 100 m2 

From in-situ, 
prepared area 

ENERGY 
ABSORPTION 

One test per 
1000 m2 

One test per 
750 m2 

One test per 
500 m2 

From panels 
sprayed 
underground 

THICKNESS Constant Action Constant Action  Constant Action  Probe in fresh 
surface 

THICKNESS Every 50 m2 Every 25 m2 Every 15 m2 Drill in hardened 
surface 

BOND Every 10 m2 Every 5 m2 Every 2 m2 “Tapping” 
BOND Only if any dispute Pull-off 
FIBRE CONTENT Every 500 m2 Every 250 m2 Every 100 m2 Increase if 

variable 
AGGREGATES One sample per 40 bulk bags Mixed bulk bag 

contents 
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Rejection criteria 

Rejection criteria should be mutually agreed between the customer and supplier/contractor 

and it is not the objective of this report to provide performance specifications. The following 

guidelines obtained from industry are nevertheless included as it is a useful first 

approximation. 

 

Flow: The flow for wet mix shotcrete should be within the range of 530 mm to 630 mm or 

otherwise as agreed. 

Compressive Strength (early age): The requirement is a minimum of 0.5 MPa at 1.5 hours. 

It should be measured by approved penetrometer needle methods. 

Compressive Strength (Cubes): In general, the criteria as specified in SABS 0100-2: 1992 

(as amended 1994) should be used. The specified compressive strength should be 

according to class. The strength should meet both the following acceptance criteria: 

• no individual test result should be more than 3 MPa below the specified 

characteristic strength, and 

• the mean of any group of three consecutive and overlapping results should exceed 

the specified characteristic strength by at least 2 MPa. 

Compressive Strength (Cores): If the average panel core strength (of 3 cores) complies with 

the relevant strength class, the shotcrete should be accepted. 

 

If the shotcrete in a certain panel fails to comply because the test results of a single core  

falls below 75% of the specified core acceptance strength, a further set of three cores 

should be taken from the in-situ sprayed area. If the new set of three cores complies with 

the requirements, the area represented by this second set of cores should be considered 

acceptable. If the new set of cores fails to comply with the requirements the following should 

be considered: 

• Strengthening of the deficient part by the addition of further shotcrete. 

• The removal of the deficient part and replacement with acceptable sprayed 

shotcrete. 

Energy AbsorptionTest: (a) 80% of the results should be equal to or greater than the 

requirement. (b) No result should be less than the requirement minus one standard 

deviation. If routine testing shows that (a) is not being achieved the mix design should be 

adjusted. If (b) is not achieved the in-situ shotcrete represented by the test should be  

• Removed and replaced with acceptable shotcrete; or 

• Strengthened by an overlay of additional shotcrete. 

Thickness: No area should be less than the specified requirement. 
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4.2 Proposed quality assurance procedure for shotcrete 
 
Table 4.2.1 Testing procedure for shotcrete  
 

PARAMETER TESTING/PROCEDURE REMARKS 
Products All shotcrete types that have sufficiently 

unique performance characteristics. 

 

Types of Tests Aggregates 

(to be conducted by supplier/contractor)   

i) Aggregate grading 

ii) Moisture content of aggregate 

iii) Aggregate mass 

iv) Storage of aggregate 

Cementitious products 

(to be conducted by supplier/contractor)   
i) Delivery note and sodium equivalent 

certificate for cement 

ii) mass per bag for silica fume and 

waterproof packaging 

Laboratory testing of shotcrete mix 

(to be conducted by supplier/contractor)   

i) Flow table test 

i) For wetcrete - compressive strength using 

in situ cubes after 7 and 28 days curing 

ii) For wetcrete and drycrete - compressive 

strength using in situ cores after 7 and 28 

days curing 

iii) Testing of bond strength (core pull-off) if 

requested by the customer.  

iv) Energy absorption capability if requested 

by the customer. 

v) Toughness tests, flexural strength tests 

and fibre content tests only on request. 

In situ testing of applied shotcrete 

(to be conducted by the contractor applying 

the shotcrete)  

i) Suitable tests to determine thickness e.g.  

thickness pins or branding irons 

ii) If requested by the customer, Hilti 

penetration tests or other needle penetration 

tests to determine early compressive 

strength (the type of test will depend on early 

strength development) 

iii) If requested by the customer, accelerator 

tests include dosage calculations and 

rebound calculations. 

i) For aggregates, chloride content, 

organic impurities, presence of sugar and 

other soluble deleterious materials are 

only tested on specific request.  

 

ii) Water quality testing is recommended 

as this has an impact on the performance 

and quality of the concrete product. 

 

iii) The procedures for the cube, core and 

energy absorption tests are given in 

Section 4.1.3 

 

iv) It is the responsibility of the contractor 

to ensure the crews applying the 

shotcrete are adequately trained and must 

supply proof of this to the customer if 

requested. 

Frequency Aggregates  

i) Aggregate grading – 1 test per 10 m3 

ii) Moisture content of aggregate - 1 test per 

10 m3 

This frequency should be assessed 

regularly by the suppliers and the 

customers to minimise costs. 
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iii) Aggregate mass – each delivery 

iv) Storage of aggregate – daily inspection 

Cementitious products 

i) Delivery note and sodium equivalent 

certificate for cement – each delivery 

ii) mass per bag for silica fume and 

waterproof packaging – each delivery 

Laboratory testing of shotcrete mix   

i) compressive strength using cubes after 7 

and 28 days curing – 6 tests for every 10 m3  

(3 for 7 days curing and 3 for 28 days 

curing). 

ii) compressive strength using cores after 7 

and 28 days curing – 6 tests for every 10 m3 

(3 for 7 days curing and 3 for 28 days 

curing). 

In situ testing of applied shotcrete 

i) Thickness tests – density of thickness pins 

or other testing methods to be agreed with 

mine 

ii) Hilti penetration or other needle 

penetration methods – on request  

iii) Accelerator tests include dosage 

calculations and rebound calculations – on 

request. 

Water 

i) Maximum of 3 months for water quality 

testing. 

Sample size  Aggregates  

i) Aggregate grading – 1 test per 10 m3 

ii) Moisture content of aggregate - 1 test per 

10 m3 

iii) Aggregate mass – each delivery 

iv) Storage of aggregate – daily inspection 

Cementitious products 

i) Delivery note and sodium equivalent 

certificate for cement – each delivery 

ii) mass per bag for silica fume and 

waterproof packaging – each delivery 

Laboratory testing of shotcrete mix   

i) compressive strength using cubes after 7 

and 28 days curing – 3 tests for 7 days 

curing and 3 tests for 28 days curing.  

ii) compressive strength using cores after 7 

and 28 days curing – 3 tests for 7 days  

In situ testing of applied shotcrete 

i) For the Hilti penetration tests, a grid 

pattern type test procedure of a size 

prescribed by the mine’s rock engineering 

department, should be conducted. 

The objective is to minimise the number of 

tests and costs 

Source of product Manufacturing plants for aggregates and 

cementitious products. Work sites for cube 
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testing and sprayed panels for the drilling of 

the cores.  

Age of product For the compressive testing, curing ages of  

7 days and 28 days should be used.  

 

Sample selector Supplier/contractor  

Sampling method Products are required to be prepared 

according to the final product specifications 

in such a way that it is representative, as far 

as practically possible, of the final 

application underground and according to 

the curing ages shown above. 

 

Test facility It is important to use an industry recognized 

test facility for the laboratory testing.  As not 

enough independent test facilities are 

available to process the large volume of 

quality assurance testing required,  

suppliers’ own testing facilities may also be 

used provided the necessary calibration 

certificates are available. The tests can be 

audited by mine rock engineers or 

independent consultants if requested.   

Use of the same testing procedure should 

be encouraged to enable easy 

comparison between different products.  It 

is important that the testing equipment is 

calibrated at least once a year by an 

independent body.  Copies of these 

calibration certificates should be made 

available to customers when conducting 

QA tests.   

Rejection criteria  Rejection criteria to be mutually agreed 

between supplier/contractor and 

established based on performance results 

from various test batches. Also see 

Section 4.1 of the report.  

Photographs of the 

compression tests 

Photographs at start of the test and at the 

end of the test for one product that is 

representative of the visual performance of 

all those tested.  

 

Sample selector The supplier or contractor applying the 

product. 

The supplier needs to assist by reminding 

the rock engineering department of the 

necessary testing to be conducted and 

the process is to be audited by the rock 

engineering department. 

Product condition All products should be within the suppliers’ 

specifications prior to application 

underground.  If the product has deteriorated 

beyond the suppliers’ specifications in active 

working areas, these products should be 

replaced. 

 

 

4.2.1 Reporting of Results 
 

All test data should be collated and incorporated into reports. The frequency of the reporting 

should be agreed upon by the supplier and the customer. The reports should typically 

include the following information: 

(vi) Progress of shotcrete application (daily and progressive). 

(vii) Area (m2) sprayed. 

(viii) Location of spraying 
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(ix) Surface and underground environmental conditions 

(x) Flow of the shotcrete mix 

(xi) Cube strengths at 7 and 28 days with statistical analysis when these results become 

available.  

(xii) Results of the penetrometer or Hilti tests. 

(xiii) Core strengths at 7 and 28 days with statistical analysis when these results become 

available. 

(xiv) Results from the energy absorption tests. 

(xv) Thickness as measured by drilling or a report on the use of thickness pins 

(xvi) Amount and type of additives used 

(xvii) Amount and type of accelerator used 

(xviii) Reconciliation of all materials used, areas sprayed and thicknesses measured. 
 
Data Tables 
 
For the laboratory tests, data tables should be included containing the following information: 
 
(i) Table of key testing information, including product identification, nominal test size, 

test date, deformation rate, test facility, test supervisor, source of product and any 

other relevant information. 

(ii) Table summarising key test results for each product as well as mean, and standard 

deviation data. 
 
Compliance Statements 
 
(i) A signed statement from the supplier of the products tested, “We, (company name), 

have supplied the products used in the testing described in this report and we 

confirm that the results from this testing are representative of the specified product 

and of the product to be supplied to the customer.” 

(ii) If required, a signed statement from an independent technical auditor who has 

supervised and reviewed the results, “We, (company name), have witnessed and 

reviewed the contents of this report.  In our opinion these contents fairly present, in 

all material aspects, the performance of the products as described in the report.  The 

testing was conducted in accordance with the procedures required by the customer” 
 
Appendices 
(i) Standard specifications for the product tested. 

(ii) Standard test procedure used (or reference to document). 
 

Two hard copies of the report should be supplied to the customer as well as an electronic 

version of the report, including all the original data files from the laboratory tests and any 

photographs on a CD. 
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5 Development of a standard quality assurance 
methodology for thin sprayed linings 

 

5.1 Introduction 
 

Although there is currently only limited usage of thin sprayed linings in the mining industry, it 

is also classified as a “pumped” support product and it was requested by industry that 

procedures for these products are included in the current report. The SIMRAC project SIM 

020206 (Kuijpers et al., 2006, Required technical specifications and standard testing 

methodology for Thin Sprayed Linings) gave an overview of existing testing procedures. 

These were reviewed to assist in the development of summarised testing procedures for the 

current project. Two standard tests were prescribed in the SIM 020206 report, namely 

tensile and adhesion tests.   

 

5.1.1 Tensile Tests 
 

The proposed test is based on ASTM D 638 and is used to determine the tensile properties 

of Thin Sprayed Linings (TSLs) by using standard dumbbell-shaped specimens. The 

proposed dimensions of the specimen size were adjusted in order to account for the 

relatively large grain size in certain TSL products. A specimen width of 12 mm instead of 

6 mm with a corresponding larger grip is therefore suggested. The sensitivity exhibited by 

many TSL products to loading rate necessitates testing at both fast and slow loading rates. 

It is recommended to use three different loading rates for products that show time-

dependent behaviour. This should be 10 mm/min, 1 mm/min and 0.5 mm/min.  Tensile 

properties of TSL products may vary, depending on the method used for sample 

preparation. Great care must be exercised to ensure that samples from different products 

are prepared in a similar fashion. In order to standardise the specimen preparation process, 

it is recommended that the TSL product be poured into a standard mould. If this is not 

practical for certain types of TSL’s (e.g. a fast-setting or reactive products), then machining 

or die cutting of the sprayed coating should be used. The method used should be clearly 

indicated when the test results are presented.  
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Figure 5.1.1 Proposed test specimen dimensions for the tensile test (after SIM 020206 
report). 
 

Testing equipment 
A testing machine providing a constant rate of displacement is required. The clamps which 

hold the test specimen in position must be self-aligning as soon as the load is applied. The 

load must be recorded with an accuracy of ±1 % of the indicated value, or better. A suitable 

displacement transducer (LVDT) must be used to determine the distance between two 

designated points when the specimen is tested. The testing machine used by the CSIR is 

shown in Figure 5.1.2. The following points regarding the testing machine should be 

highlighted: 

• The testing machine should be used to apply a tensile load to the 

specimen. The machine should have the capacity to apply a constant 

displacement rate between 0.5 mm/min and 10 mm/min. 

• The test machine must be calibrated on a routine basis. 

• The deformation of the sample must be measured to an accuracy of at 

least 0.05 mm. 

• The testing system must have the ability to record the load and 

deformation values at designated intervals using a data acquisition unit. 
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Figure 5.1.2 Equipment used by the CSIR to determine the tensile strength of TSLs. 
 

Procedure 

• The sample is to be cast in a “dog-bone” shape. The sample dimensions 

are given in Figure 5.1.1. 

• The samples should be allowed to cure under constant temperature and 

humidity conditions. 

• Sample dimensions (thickness and width) have to be recorded to the 

nearest 0.1 mm by averaging three readings on the narrow section of the 

specimen before testing. 

• The sample should be loaded with a constant displacement rate of 

between 0.5 mm/min and 10.0 mm/min until failure. 

• The sampling rate for the load and deformation readings should be once 

per second. 

• Failure occurring outside the thin section of the specimen should be 

reported. 

• Specimens should be tested after one, three, seven and fourteen days of 

curing at a constant temperature and humidity. The recommended 

temperature and humidity is 25° C and 50 %.  

• Five samples should be tested for each curing time. 

 

 

Reporting of results 
The following must be reported: 

 

• Type of TSL 
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• Curing time, temperature, humidity and specimen dimensions 

• Ultimate tensile strength in MPa 

• Maximum stiffness in MPa/mm 

• Maximum deformation capacity in mm 

• Deformation rate in mm/min 

• Failure mode 

• Graph of tensile stress versus nominal displacement in MPa versus mm. 

• Any non-compliance with the prescribed guidelines  

 

2. Adhesion Test 
 

For adhesion testing, the SIM 020206 report proposes a direct pull test with a glued dolly. 

This method complies with existing standards (ASTM D4541) and has the advantage that it 

can also be conducted in situ.  

 

Testing equipment 

• A steel disc, with a flat contact surface and a suitable shape (Figure 5.1.3) for 

connection to the pull tester is glued to the surface of the liner. The 

recommended glue is the epoxy Araldite 4076. 

• The pulling equipment should be able to apply a tensile stress of at least 

5 MPa to the steel disc. The design should be such that only tensile forces are 

transmitted to the disc. The testing frame should also not interfere with the de-

bonding process. The pull tester used by the CSIR is shown in Figure 5.1.4. 

• Loading is to be applied at a constant rate. The maximum pressure is to be 

recorded. The pressure should be related to tensile stress with an appropriate 

calibration curve. 

 

Procedure 

• The TSL should be applied to a standard surface in the laboratory. The 

recommended surface is the unpolished side of a Norite tile (trade name 

“Rustenburg Black Granite”) of dimensions 300 mm x 300 mm x 10 mm. A minimum 

application thickness of 20 mm is recommended. The surface should be rinsed with 

water and left to dry before application of the TSL. 

• The TSL should be allowed to cure under constant temperature and humidity 

conditions for four days. It is recommended that the test be conducted at 25° C and 

50 % relative humidity. 

• The standard steel discs should be cleaned with coarse sanding paper. 

• For an underground test, the rock should be cleaned of dust and grease with a wire 
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brush and water.  

• Epoxy glue should be applied to the disc and glued to the liner.  

• In the laboratory, the epoxy should be allowed to cure for three days, while 

underground curing should be at least 24 hours. 

• For underground tests, the position of the discs should be recorded relative to each 

other and a survey peg. 

• The test frame should be placed in position and connected to the dolly. This 

connection is to be hand tightened.  

• The sample should be loaded at a constant rate of 0.2 MPa/s.  

• The maximum pressure should be recorded. 

• For underground tests, a photo should be taken of the exposed area beneath the 

dolly. 

• The failure modes and associated failure areas must be recorded. 

 

Reporting of results 
The following must be reported: 

 

• Type of TSL  

• Curing time, temperature and humidity 

• Ultimate failure stress in MPa 

• Failure modes and relative size of associated failure area 

• Any non-compliance with the guidelines should be reported 

 
Figure 5.1.3 Recommended dimensions of the steel dolly used for the adhesion tests. 
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Figure 5.1.4 Example of pull testing equipment connected to the glued dolly. 
 
 
 
As the procedures described above were extensively researched, these two tests were 

adopted as the basis for a standardised quality assurance testing programme. Although the 

underground performance of TSLs may be affected by many parameters such as age of the 

applied product, the standardised procedures will be limited to these existing tests until 

further research has been conducted and the product type finds more wide-spread 

application. If underground monitoring of the product indicates product failure, additional 

tests are recommended. It is proposed that testing occurs in the laboratory as well as during 

underground application. The procedures described in this document apply mainly to 

existing products with a good track record. Newly developed products should be subjected 

to more extensive laboratory and underground testing and the appropriate procedures 

should be agreed on between the supplier and customer.   

 

5.2 Proposed quality assurance procedure for thin sprayed 
liners 
 
 

5.2.1 Laboratory testing of thin sprayed liners 
 

Table 5.2.1 gives an overview of the proposed testing procedure.   
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Table 5.2.1 Laboratory testing procedure for existing thin sprayed liners 
 

PARAMETER TESTING/PROCEDURE REMARKS 
Products All TSL product types that have sufficiently 

unique performance characteristics. 

 

Types of Tests (i) Laboratory tensile tests 

(ii) Laboratory adhesive strength tests  

The test procedures described in Section 

5.1 should be adhered to. 

Frequency Every batch  This frequency should be assessed 

regularly by the suppliers and the 

customers to minimise costs. 

Initial sample size i) 10 samples for tensile testing at each 

curing age 

ii) 10 samples for adhesive bond strength.  

The objective is to minimise the number of 

tests and costs 

Repeat sample size If the product fails, select another batch for 

each type of test.  If it fails again, the 

supplier must immediately report results to 

the mine, which needs to take the 

appropriate corrective action. 

 

Source of product Manufacturing plants  

Age of product (i) For tensile tests, samples should be cured 

for 1, 3, 7 and 14 days. 

(ii) For adhesion tests, samples should be 

cured for 3 days. 

Curing of samples should be done at a 

constant temperature and humidity (25° C 

and 50%)  

Sample selector Supplier  

Sampling method Samples should be prepared according to 

the final product specifications. It should be 

representative of the final application 

underground.  

 

Test facility It is important to use an industry recognized 

test facility.  As not enough independent test 

facilities are available to process the large 

volume of quality assurance testing required,  

suppliers’ own testing facilities may also be 

used provided the necessary calibration 

certificates are available. If required, the 

tests can be audited by mine rock engineers 

or independent consultants.   

Use of the same testing procedure should 

be encouraged to enable easy 

comparison between different products.  It 

is important that the testing equipment is 

calibrated at least once a year by an 

independent body.  Copies of these 

calibration certificates should be made 

available to customers when conducting 

quality assurance testing.   

Rejection criteria  Rejection criteria to be established based 

on the product specification and the test 

results obtained from various batches. 

The product specification and rejection 

criteria should be mutually agreed upon 

by the supplier and customer. 

Photographs of product Photographs of all the samples prior to 

testing. 

Any visual deviations from the product 

specifications should be recorded. 

Photographs of tests Photographs at start of the test and at the 

end of the test for one product that is 

representative of the visual performance of 

all those tested.  
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5.2.1.1 Reporting of Results 
 

From the laboratory tensile and adhesion tests, the following should be calculated and 

reported: 

 

(i) Mean tensile strength and adhesion strength of the test samples at each curing age. 

(ii) Mean plus and minus acceptable confidence levels (probably 90 or 95 per cent) and 

its associated standard deviation value at each curing age. 

(iii) For the tensile tests, graphs of all the tests should be produced (stress versus 

nominal displacement in MPa versus mm). 

 
Photographs 
(i) Photographs of one sample subjected to the tests that is representative of the visual 

performance of all those tested. 

 
Data Tables 
(i) Table of key testing information, including product name, type of TSL, curing time, 

specimen dimensions, temperature, humidity, test date, deformation rate, failure 

mode, test facility, test supervisor, source of product and any other relevant 

information. 

(ii) Table of key product dimensions for each product tested, including deviations from 

specifications. 

(iii) Table summarising key test results for each product as well as mean, and standard 

deviation data. 

 
Compliance Statements 
(i) A signed statement from the supplier of the products tested, “We, (company name), 

have supplied the products used in the testing described in this report and we 

confirm that the results from this testing are representative of the specified product 

and of the product to be supplied to the customer.” 

(ii) If required, a signed statement from an independent technical auditor who has 

supervised and reviewed the results, “We, (company name), have witnessed and 

reviewed the contents of this report.  In our opinion these contents fairly present, in 

all material aspects, the performance of the products as described in the report.  The 

testing was conducted in accordance with the procedures required by the customer” 

 
Appendices 
(i) Standard specifications for the product tested. 

(ii) Standard test procedure used (or reference to document). 
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Two hard copies of the report should be supplied to the customer as well as an electronic 

version of the report, including all the original data files and the photographs on a CD. 

 
5.2.2 Underground testing of thin sprayed liners 
 

Table 5.2.2 gives an overview of the proposed underground testing procedure.   

 
Table 5.2.2 Underground testing procedure for existing thin sprayed liners  
 

PARAMETER TESTING/PROCEDURE REMARKS 
Products All TSL product types that have sufficiently 

unique performance characteristics. 

 

Types of Tests (i) Inspection-hole tests to determine 

application thickness. 

(ii) Adhesive bond strength tests if requested 

by the customer. 

(iii) Routine underground assessments to 

investigate any time-dependent 

deterioration.  

(i) The adhesion tests should be 

conducted according to the procedures 

specified in Section 5.1 after 3 days of 

curing. 

Frequency (i) Inspection hole tests should be conducted 

for every batch sprayed. 

(ii) Adhesive bond strength tests should be 

conducted on request from the customer. 

(iii) Routine underground assessments of 

previously applied product should be 

conducted on an “exception” basis.  

Problems should be reported, e.g time-

dependent deterioration.   

(i) This frequency should be assessed 

regularly by the suppliers and the 

customers to minimise costs. 

Sample size (i) For inspection-hole tests, a grid pattern 

type test procedure of a size prescribed by 

the mine’s rock engineering department, 

should be conducted. 

(ii) If adhesive bond strength tests are 

requested by the customer, a minimum of 10 

tests should be conducted.     

The objective is to minimise the number of 

tests and costs 

Source of product Area of final application of the product in the 

underground environment. 

 

Sample selector The supplier/contractor applying the product. The supplier needs to assist by reminding 

the rock engineering department of the 

necessary testing to be conducted and 

the process is to be audited by the rock 

engineering department. 

Product condition All products should be within the suppliers’ 

specifications prior to application 

underground.  If the product has deteriorated 

beyond the suppliers’ specifications in active 

working areas, these products should be 

replaced. 
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5.2.2.1 Reporting of Results 
 

If the underground adhesion tests are requested, the following needs to be reported: 

 

(i) Mean adhesion strength of all the test samples. 

(ii) Mean plus and minus acceptable confidence levels (probably 90 or 95 per cent) and 

its associated standard deviation value. 

 
Photographs 
(i) Photographs of one sample subjected to the adhesion test that is representative of 

the visual performance of all those tested. 

 
Data Tables 
(i) Table of key testing information, including product name, type of TSL, curing time, 

temperature, humidity, test date, deformation rate, failure mode, test area, test 

supervisor, source of product and any other relevant information. 

(ii) Table of key product dimensions for each product tested, including deviations from 

specifications. 

(iii) Table summarising key test results for each product as well as mean, and standard 

deviation data. 

 
Compliance Statements 
(i) A signed statement from the supplier of the products tested, “We, (company name), 

have supplied the products used in the testing described in this report and we 

confirm that the results from this testing are representative of the specified product 

and of the product to be supplied to the customer.” 

(ii) If required, a signed statement from an independent technical auditor who has 

supervised and reviewed the results, “We, (company name), have witnessed and 

reviewed the contents of this report.  In our opinion these contents fairly present, in 

all material aspects, the performance of the products as described in the report.  The 

testing was conducted in accordance with the procedures required by the customer” 

 
Appendices 
(i) Standard specifications for the product tested. 

(ii) Standard test procedure used (or reference to document). 

 

Two hard copies of the report should be supplied to the customer as well as an electronic 

version of the report, including all the original data files and the photographs on a CD. 
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6 Development of a standard quality assurance 

methodology for grout packs 
  

6.1 Introduction 
 

The proposed quality assurance procedures for timber packs were described in the 

previous SIM 040205 report. An important principle underpinning the procedures is that 

much less testing would be required for timber packs compared to timber elongates 

because of more consistent behaviour of the packs. Although individual timber elements will 

have significant variability in performance, each timber pack reflects the combined 

interactive behaviour of many units, resulting in a smoothing of this variability. As a result, 

the failure modes of correctly constructed packs are consistent in the laboratory, provided 

the packs are constructed to within the specified height restrictions.   

 

In comparison to timber packs, grout packs require a different approach to quality 

assurance that will have to be more exhaustive due to the ongoing risk of poor quality grout 

being pumped from the surface plant. This is even more critical for the new generation of 

“yieldable” grout packs that may be used in high closure rate environments. If the packs 

lose their yielding capability due to defects in the grout manufacturing process, it might 

assume the normal strain softening behaviour associated with grout packs, which may lead 

to large panel collapses.  

 

Different types of grout packs are constructed using different components and slightly 

different procedures might be required.  In general, however, the key components of the 

procedures would be similar. Although the focus of the procedures below is to ensure that 

the various components of the packs perform to expectation, a key component affecting the 

performance of grout packs is the quality of underground installation. Figures 6.1.1 and 

6.1.2 below illustrate typical poor installations observed underground. An ongoing audit of 

the quality of underground installations will therefore be a necessary component of the 

procedures. As different mines use different systems to ensure the quality of underground 

installations, the procedures in this document will not be prescriptive in this regard. It is 

nevertheless vital to ensure that some form of underground audit process or quality 

assurance process is implemented. The most convenient method is through visual 

observations. Measurement of the pack performance through the use of load cells and 

closure metres is also recommended. The load-deformation behaviour of the pack can thus 

be obtained and compared to the actual laboratory tests. 
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Figure 6.1.1 Example of a poor pack installation where a gap is left between the grout 
packs and the hangingwall.   
 

 
Figure 6.1.2 A further example of a poor quality installation. Closure will cause this 
pack to topple over. 
 

If the quality of underground installations can be adequately controlled, the other key factor 

to consider is the strength and properties of the grout. To meet the required support 

resistance, the packs will have to consistently perform according to the manufacturer’s 

specifications. Figure 6.1.3 below illustrates an example of different peak loads for different 

types of grouts. It is clear that the quality of the grout is a critical component and it should 

be tested on a daily basis.  
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Figure 6.1.3 Examples of the load-deformation behaviour of RSS Grout Packs (after 
Grave, D.M. and Roberts, D.P., SARES 2005)    
  

 

The following section is a procedure obtained from industry and is included as an illustration 

of a typical testing program for grout testing implemented at a mine. 

 

Daily requirements  

• The contractor will ensure that the additive ratios remain constant within 1.5% of 

those specified by the Rock Engineering Manager. 

• The specific gravity must remain between 1.65 and 1.80 at all times for old pipe 

installations and between 1.8 and 1.9 for new installations. If for any reason the 

specific gravity cannot be maintained, the shaft Rock Engineer must be notified 

immediately. 

• The specific gravity of the mixes should be taken every 30 minutes. External 

factors such as climatic changes could influence the moisture content and the 

specific gravity of the slimes. The contractor must make the necessary 

adjustments to the mass of the slime and volume of water in order to maintain a 

consistent mix.  

• Care should be taken that grout mixes planned for construction work do not get 

re-routed to stope grout packs as this can lead to violent failures of the packs. 

 

Cube testing 

• Test cubes must have a dimension of 150 mm. 
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• In order to cover the entire pumping shift over a period of one week, cubes must 

be taken at different times every day i.e. Monday between 6h00 to 8h00. 

Tuesday between 8h00 to 10h00. Wednesday between 10h00 and 12h00. 

Thursday between 6h00 to 8h00 and Friday between 8h00 and 10h00.  

• The cubes taken must be logged in a book kept for this purposes whether it was 

a mix for construction or for packs. 

• Nine cubes must be taken per day of the same batch. 3 cubes must be tested 

after 24 hours, 3 after 7 days and 3 after 28 days. This will require that 18 

moulds per shaft must be available. 

• The cubes must remain in the moulds for 24 hours in the shade after which it 

must be removed and placed in a curing tank where the water is controlled at 

25° C by a thermostat heater. 

• The date and time must be engraved on the cubes and it must remain in the 

water until the time of testing. Cubes should not be transported over any 

distance without staying submerged in water or covered with a wet cloth. 

• All test results must be recorded in the specified book and must be reported to 

the Shaft Rock Engineer on a daily basis and to the Rock Engineering Manager 

on a weekly basis. 

• The size of the pumping operation justifies a dedicated cube testing press, which 

should be located on the mine premises.     

 

The quality assurance procedures for grout packs proposed in this report are divided in two 

sections, namely quality assurance procedures for new packs (new “prototype” pack types 

that have never been used underground) and existing grout packs.  

 

6.2 Quality assurance procedures for new grout packs 
 
These procedures are proposed for new pack types that have never been used 

underground. Laboratory tests should initially be conducted to define the performance 

characteristics of the packs. Only after successful laboratory testing should underground 

testing and trialling commence. 
 
6.2.1 Laboratory testing  
 

6.2.1.1 Laboratory testing procedure 
 
The laboratory testing procedure for new grout packs prior to underground testing is given 

below in Table 6.2.1. 
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Table 6.2.1 Laboratory testing procedure for new grout packs  
 

PARAMETER TESTING/PROCEDURE REMARKS 
Products All grout pack types that have sufficiently 

unique performance characteristics. 
 

Types of Tests Cementitious products 

i) Delivery note and sodium equivalent 

certificate for cement 

Laboratory testing of grout mix   

i) Specific gravity of the grout  

ii) Compressive strength using cubes after 

24 hours, 7 days and 28 days 

Laboratory testing of constructed grout 

packs   

i) Laboratory compression tests at a slow 

deformation rate.  

ii) Tests with inclined platens should be 

conducted only if specially requested by the 

customer. 

i) Cubes should be cured in water 

ii) The slow testing rate for the packs 

should be clearly specified clearly in the 

test reports and product specifications.  

 

 

Sample size Cementitious products 

i) Delivery note and sodium equivalent 

certificate for cement – each batch used to 

construct packs for laboratory testing.  

Laboratory testing of grout mix   

i) Specific gravity – test for each pack 

constructed. 

i) Compressive strength using cubes – 9 

cubes. 3 for 24 hour curing, 3 for 7 day 

curing, 3 for 28 day curing.    

Laboratory testing of constructed grout 

packs   

i) 3 identical units of each product. Three 

units should be subjected to slow tests.  

Each pack variation must have at least 

three slow test results for analysis; more 

may be desired if the variability in 

performance is high. The statistical 

procedure presented in Chapter 2 should 

be used. The average pack performance 

of at least three slow test results will be 

used for design purposes.   

Source of product Supplier   
Test height Each pack should be tested at an aspect 

(height: width) ratio to within 10 % of a 2:1 

ratio. If the recommended maximum height 

to width is higher that 2:1, then additional 

testing will be required at these aspect 

ratios. 

The customer should request tests at 

different height to width ratios if the 

supplier recommends a different 

maximum height to width ratio.  

Amount of deformation Each pack should be compressed by at least 

500 mm  
 

Age of product For the compressive testing of the packs, a 

curing age of 24 hours should be used. If 

longer periods of curing is used due to 

practical problems, e.g. transport to the 

testing press, the curing age should be 

highlighted in the reports.    

i) A curing age of 24 hours is preferred as 

closure in underground stopes might 

disrupt the curing process of the grout and 

decrease the strength of the packs.  

ii) An optional 3 additional tests can also 

be conducted after 7 days curing. At least 

three of these tests will, however, also 

need to be conducted to quantify the 

variability in pack performance.      
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Sample selector Supplier/contractor  
Photographs of product Photographs should be taken of all three 

packs when constructed.   

Any visual deviations from the product 

specifications should be recorded. 

Photographs of slow tests Photographs in the press at 0 mm 

deformation, and every 50 mm until the end 

of the test for one product that is 

representative of the visual performance of 

all those tested. 

These photographs are useful for direct 

visual comparison with actual 

underground deformation characteristics 

and as a benchmark. 

A video can also be taken if requested by 

the customer. 

Test facility It is important to use an industry recognized 

test facility.  As not enough independent test 

facilities are available to process the large 

volume of quality assurance testing required, 

suppliers/contractors’ own testing facilities 

may also be used provided the necessary 

calibration certificates are available. If 

required, the tests can be audited by mine 

rock engineers or independent consultants.   

Use of the same testing procedure should 

be encouraged to enable easy 

comparison between different products.  It 

is important that the testing equipment is 

calibrated at least once a year by an 

independent body.  Copies of these 

calibration certificates should be made 

available to customers when conducting 

QA tests.   

 
 
6.2.1.2 Analysis of Results 
 

The load-deformation graphs listed below should be calculated from the test results, using 

common data points from each individual test graph at intervals of deformation of not 

greater than 1 mm.  This should be done separately for each batch of slow tests.  The 

calculations assume the support system consists of one unit (therefore n=1) rather than as 

a system of more than one unit.  The calculations should be performed using the standard 

statistical functions available in the Microsoft Office Excel program. 

 

(i) Mean of all the test samples. 

(ii) Mean plus and minus Acceptable Confidence Level (probably 90 or 95 per cent) and 

its associated standard deviation value where n= 1. 

 
6.2.1.3 Reporting of Results 
 
The results from the tests should be presented as follows: 
 
Graphs 
(i) All individual slow tests on one load-deformation graph. 

(ii) Mean of the slow tests. 

(iii) Mean, plus and minus acceptable confidence levels. 

(iv) A graph of the mean performance illustrated with photographs of the typical mode of 

deformation at approximately 50 mm intervals. 

 
Photographs 
(i) Photograph showing all products tested. 
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(ii) Sequence of photographs of one product tested in the press at 0 mm deformation, 

and every 50 mm until end of test, that is representative of the visual performance of 

all those tested. 

 
Data Tables 
(i) Table of key testing information, including product name, nominal size, test date, 

test height, deformation rate, test facility, test supervisor, source of product and any 

other relevant information. 

(ii) Table of key product dimensions for each product tested, including deviations from 

specifications. 

(iii) Table summarising key test results for each product as well as mean, and standard 

deviation data. 

 
Compliance Statements 
(i) A signed statement from the supplier of the products tested, “We, (company name), 

have supplied the products used in the testing described in this report and we 

confirm that the results from this testing are representative of the specified product 

and of the product to be supplied to the customer.” 

(ii) If required, a signed statement from an independent technical auditor who has 

supervised and reviewed the results, “We, (company name), have witnessed and 

reviewed the contents of this report.  In our opinion these contents fairly present, in 

all material aspects, the performance of the products as described in the report.  The 

testing was conducted in accordance with the procedures required by the customer” 

 
Appendices 
(i) Standard specifications for the product tested. 

(ii) Standard test procedure used (or reference to document). 

 

Two hard copies of the report should be supplied to the customer as well as an electronic 

version of the report, including all the original data files from the press, the photographs and 

the Excel data files and graphs on a CD. 

 
 
6.2.2 Guidelines for the underground evaluation of new grout packs 
 

6.2.2.1 Background 
 

Although considerable evidence exists to suggest that the underground performance of 

mine support units differs significantly from laboratory behaviour, no guidelines or standards 

have been proposed to date for the underground testing and evaluation of grout packs.    

The absence of standards means that some new products are required to undergo 
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comprehensive evaluation over an extended period while others are adopted for use on a 

production basis with little or no prior underground testing.  Furthermore, suppliers are 

requested to conduct similar tests for each and every customer since each customer has 

slightly different requirements.  Some of the difficulties, that necessitate underground testing 

and trialling as important steps in the acceptance process, are as follows: 
 

(i) The wide range of conditions under which grout packs are used across the mining 

industry, specifically the differences in loading conditions and performance 

requirements for packs in different geotechnical conditions. 

(ii) The variety of grout packs types and grout mixtures that are used underground. 

(iii) The quality of grout packs installations in underground conditions. 

(iv) The impracticality of reproducing all underground conditions in the laboratory. 

(v) The difficulty in reproducing certain variables in the laboratory (contact conditions with 

the rock, loading rate, ride, physical damage (blasting/scrapers), etc). 

(vi) The physical limitation of laboratory presses to simulate underground conditions. 

(vii) The limited availability of the laboratory presses which can be used to test grout 

packs.  
 

The purpose of this document is to propose standards for evaluating the performance of 

grout packs that are being introduced to a mine for the first time and for the grout packs that 

are currently in use.  It is hoped that a more formalised and accepted underground testing 

procedure will eliminate unnecessary retesting of the same pack under similar conditions at 

different mines.   
 

6.2.2.2 Objectives 
 

(i) To quantify the grout pack performance characteristics under conditions which 

are more representative of where the product will be used for support. 

(ii) To quantify the effect on the grout pack performance characteristics of 

parameters which are not easy or practical to quantify in the laboratory. 

(iii) To compare the underground performance of the proposed grout pack to that of 

the product that is currently used for support. 

(iv) To quantify the variability of support performance in order to understand and 

manage the factors which reduce the effectiveness of the support system. 

(v) To quantify the effectiveness of installation procedures as a basis for improving 

the quality of installation. 

 

 

6.2.2.3 Evaluation Phases 
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It is recommended that, after successful laboratory testing, the underground evaluation of 

grout packs is performed in two phases; underground trialling and then routine underground 

assessments of the performance of grout packs.  The two phases should run sequentially. 

The process commences after acceptable results have been obtained from standard 

laboratory tests.  These tests should be regarded as a screening exercise relative to the 

performance of the packs that are currently in use.  Only if the performance of the new grout 

pack obtained from laboratory tests is acceptable, relative to the existing pack, should 

underground trialling commence. 

 

The purpose of underground trialling is to introduce additional variables such as condition of 

rock surfaces and different rates of deformation in order to more rigorously quantify the 

performance of the packs.  Only after acceptable results have been obtained from 

underground trialling should the next phase of more widespread usage proceed.  During 

this next phase, a much larger quantity of grout packs are installed under a wider variety of 

conditions and, more importantly, the packs are routinely installed by mine workers with little 

or no supervision and they are exposed to the normal blasting and cleaning practices.  

Whether the pack is relatively new or has been in use for many years it is important that the 

product is assessed on a routine basis.  Accordingly, both phases (trialling and routine 

assessments) apply to new products while only routine assessments apply to products that 

are currently in use. 
 

The guidelines that are presented below focus on factors that directly affect the 

underground performance characteristics of the grout pack.  Other factors that may or may 

not indirectly affect the pack performance, such as ease of installation, worker acceptance 

etc., are not covered by these guidelines.  The potential problems that may occur when 

introducing new grout pack units are listed below.  The guidelines have been formulated to 

address these key risks. 

(i) Ability to construct the correct configuration underground (training of support 

crews, time and physical effort required to construct the pack). 

(ii) Ability to ensure good contact between the pack and the rock surfaces.  

(iii) Susceptibility of pack to damage caused by blasting, scrapers and water jetting. 

(iv) The load generated in the pack as a result of stope closure (and ride). 

(v) The stability of the rock above in response the load generated in the pack during  

closure. 

(vi) The performance of the pack at different height to width ratios within the limits 

recommended by the supplier. 
 

The requirements for each phase of the underground evaluation are summarised in the 

table below. 
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Table 6.2.2  Summary of underground evaluation requirements 
Product/testing type Evaluation requirements 
New products - Underground trialling 5 new and 5 existing packs of each configuration 

to be monitored visually, of which 1 pack type of 
each configuration is to be monitored for load-
deformation performance. Minimum trial period of 
1 month. 

Accepted new products and products on 
standard (existing products) stock - 
Routine underground assessments 

At least one panel of new packs to be monitored 
visually for abnormal modes of deformation for a 
period of three months after trials have been 
successfully completed. Routine observations to 
be made and abnormal modes of deformation to 
be monitored.  Problem areas to be investigated. 

 
 
6.2.2.4 Pre-requisites for underground trialling 
 

The following is a checklist of pre-requisites that should be completed prior to underground 

trialling commencing: 

 

(i) Laboratory test results that, relative to the product currently in use, is acceptable 

to the customer. 

(ii) Detailed product specifications. 

(iii) Photographs from laboratory testing of the expected modes of deformation at 

the height to width limits that the pack will be used underground. 

(iv) A product risk assessment indicating the key risks, controls and training 

requirements. 

(v) Recommended applications and non-applications for the product. 

(vi) Installation and training guidelines, including the use of accessories and 

different pack configurations for different stoping widths. 

(vii) A project plan for the underground evaluation including the scope of the trials, 

the duration and the agreed responsibilities. 

(viii) Documentation confirming approval from appropriate mine personnel for the 

underground evaluation to proceed. 

 
6.2.3 Underground Trialling 
 

The relevant mine regulations (14.1.6) require the employer to ensure that the support 

product provides the required performance characteristics for the loading conditions 

required.   The main purpose of underground trialling, at an early stage in the product’s 

usage, is to obtain an understanding of the performance of the grout pack, relative to the 

product that the pack may replace, where the loading conditions are representative of the 
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customer’s mine.  The initial emphasis is on using the underground environment to provide 

conditions that cannot be reproduced easily in the laboratory. 

 

The new product should ideally be evaluated between the existing units so the current and 

proposed pack types can be compared directly.  The emphasis should be placed on the 

performance characteristics and behaviour of the new units relative to the existing support 

units in use rather than the absolute performance of the new pack in isolation.  It is also 

important to consider packs used on gully edges separately from packs used as internal 

support.  The loading conditions, performance requirements and installation configurations 

for gully packs are often quite different from similar packs used for internal support. 
 

As many variables as possible should be eliminated at this stage.  Those that can’t be 

eliminated should be recorded.  It is therefore crucial that the quality of installation is as 

close as possible to the supplier’s recommendations (e.g. perpendicular to rock surfaces, 

full contact with hanging wall and footwall, etc).  Wherever possible, the selected test site 

should have high rates of closure to enable results to be obtained as quickly as possible, 

without being unrepresentative of where the product will ultimately be used.  However, it is 

suggested that excessive and unrepresentative blast or scraper damage and unusual 

contact conditions between the grout pack and the rock should be avoided in initial tests in 

order to minimise the number of variables. 
 

The trials detailed in Table 6.2.3 are considered to be a minimum to obtain a basic 

understanding of the performance of packs in the environment in which they will be used.  

Additional evaluation may be added at the customer or supplier’s discretion.  It is also 

important to document the relationship (through photographs) between the visual 

performance, in terms of modes of deformation, and the load-deformation characteristics.  

All relevant site conditions should be documented and any problems or unexpected 

behaviour of packs should be recorded. 
 

Table 6.2.3 Guidelines for the underground trialling of new grout packs 
PARAMETER PROCEDURE REMARKS 

Product Each configuration of grout pack must be 

tested. 

The product should be tested relative to the 

existing product used by the mine. 

Source of product Provided by supplier.  The products tested 

previously in the laboratory and those 

manufactured for underground trialling 

should be the same. 

The existing product should be taken as a 

representative sample from stock in the stoping 

area. 

Sampling method The new product will have been 

manufactured for trial purposes.  The 

existing product should be selected to be 

as close to laboratory condition as 

possible. 

The supplier of the pack currently in use may 

elect to provide product for additional laboratory 

tests, to facilitate comparisons with the 

underground results. 
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Product condition All products to be within supplier’s 

specifications, especially the existing 

products selected from underground 

stock. 

The condition of each grout pack unit, relative to 

the specifications, should be recorded. 

 

Sample size A minimum of one grout pack of each 

configuration should be instrumented to 

quantify the load-deformation behaviour of 

the pack.  For each instrumented pack 

configuration a total of five packs should 

be monitored visually. 

The five packs to be visually monitored should be 

placed alternately in the same dip row, or 

alternating along strike in the case of strike 

gullies. 

Types of tests Load-deformation performance under 

representative rates of deformation and (if 

applicable) rapid rates of deformation.  

Rapid rates of loading may not be applicable and, 

even if they are, there is no control over 

achieving these higher deformation rates. 

Responsibility Responsibilities to be negotiated between 

supplier and mine. It is envisaged that 

supplier of new product to provide 

products for trialling and instrumentation 

for monitoring.  Customer to provide trial 

site and any other assistance required.  

Supplier with the assistance of the rock 

engineering department to monitor and 

report on results. If requested, the results 

can be audited by independent company. 

Customer can use in-situ results obtained 

previously on current packs for comparison with 

new product.   

 

Trial site The underground trial site must be 

representative of where the product will be 

used, in terms of the condition of the rock 

surfaces, the rates of deformation and the 

stoping width. 

 

Pack height The height of each pack should be typical 

of the higher end of the stoping width 

range where the product will be used, 

usually a maximum of twice the minimum 

pack width. 

The quality of installation should be recorded, 

including the straightness of the pack. 

Deformation rate As determined by stope closure at the site.  

Closure and ride rates must be measured. 

 

Continuous monitoring of the closure rate is 

preferable if seismicity is likely.  High amounts of 

ride may affect mode of deformation of the pack. 

Blast and scraper 

damage 

Distance to face on installation to be 

recorded.  Any damage to grout pack 

during and after installation to be noted 

and photographed. 

Visual observation required before cleaning to 

distinguish between blast and scraper damage 

and the cause of any pack dislodging. 

Duration of tests A minimum of one month or until the grout 

packs have failed or their useful life has 

been exceeded, whichever is greater. 

 

Monitoring Visual monitoring of modes of deformation 

and blast resistance of all five grout packs 

as well as measurement of closure and 

ride (preferably continuous) adjacent to 

each pack with a load cell. 

Monitoring of the hangingwall and footwall 

condition around the pack should also be 

conducted. 

Photographs of 

product during testing 

Photos of all products being tested to be 

taken at intervals of not more than 50 mm 

of closure and in at least two directions at 

90 degrees apart. 

This is a very important record of the mode of 

deformation and any mining damage, which can 

be related to the load-deformation performance 

and compared with the laboratory tests. 
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6.2.3.1 Monitoring of pack load-deformation behaviour 
 
As traditional pack load cells are notoriously unreliable, vibrating wire stress meters can be 

used as an alternative to monitor pack loads. Figure 6.2.1 illustrates the Geokon 4300 

stress meters as well as the readout unit. A test application of this instrument to measure 

the load-deformation curve of a grout pack in the press at the CSIR is shown in Figure 

6.2.2. Note the wire from the stress meter protruding from the centre of the pack. These 

instruments gave results comparable to that provided by the transducers of the testing 

machine. The post peak behaviour of the pack can also be monitored, provided a crack 

does not form directly across the stress meter. 

 

 
Figure 6.2.1. Geokon vibrating wire stress meters and readout unit. 
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Figure 6.2.2. Measurement of the load-deformation curve of a grout pack using a 
vibrating wire stress meter. Note the wire from the stress meter protruding from the 
hole in the centre of the pack.  
 
 
6.2.3.2 Analysis of Results 
 
The analysis of the results should focus more on a comparison between the new product 

and the product currently in use rather than on the absolute performance of the new 

product.  However, comparisons between the initial laboratory test results and the 

underground results, in terms of load-deformation characteristics and modes of 

deformation, should still be made.  The modes of deformation observed underground 

should be compared with the modes of deformation seen in the laboratory.  In particular, the 

loads should be compared where the underground and laboratory modes of deformation 

appear to be the same. 

 

6.2.3.3 Reporting of Results 
 
The results from the trials should be presented as follows: 

 

Graphs 
(i) Comparison between the in-situ load-deformation behaviour (using normal 

deformation) of the new and existing packs of the same configuration. 

(ii) Comparison between the in-situ load-deformation behaviour (using normal 

deformation) and the laboratory load-deformation behaviour of the new pack, adjusted 

for pack height if necessary. 



 91

(iii) Comparison between the in-situ load-deformation behaviour (using normal 

deformation) and the laboratory load-deformation behaviour of the current pack (if 

available), adjusted for pack height if necessary. 

(iv) A graph of the in-situ and equivalent laboratory load-deformation performance of the 

new product illustrated with photographs of the typical mode of deformation at 

approximately 50 mm intervals. 

(v) A graph of the in-situ and equivalent laboratory load-deformation performance of the 

existing product illustrated with photographs of the typical mode of deformation at 

approximately 50 mm intervals. 

 
Photographs 

(i) Sequence of photographs (two photographs facing from directions 90 degrees apart) 

of each of the five new products being monitored and the five existing products 

immediately after installation and after approximately every 50 mm of deformation. 

(ii) A photographic summary of the modes of deformation observed underground 

compared with the modes of deformation obtained in laboratory testing. 

 

Data Tables 
1. Table of key testing information, including product name, pack size, 

installation date, stoping width, closure and ride rates, site details, 

monitoring personnel, source of product and any other relevant information. 

2. Table detailing the product specifications. 

3. Table of key product dimensions for each product tested, including any 

deviations from specifications. 

4. Table summarising key test results for each product. 

5. An estimated correction factor (which takes into consideration rate of 

deformation and other factors) based on a comparison between the 

underground and laboratory test results. 

6. A table summarising the installation and monitoring procedure used. 

 
Observations 
(i) Ability to construct the correct configuration underground (damage to units during 

transportation or during surface storage, training of support crews, time and physical 

effort required to construct the pack). 

(ii) Ability to ensure good contact between the pack and the rock surfaces (size and 

shape of gaps between the pack and the rock, training of support crews). 

(iii) Susceptibility of pack to damage caused by blasting, scrapers and water-jetting. 

(iv) Susceptibility to damage caused by rapid loading (and possibly ride) during seismic 

events. 
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(v) The stability of the rock above in response the load generated in the pack during 

normal closure. 

 
Compliance Statements 
(i) A signed statement from the supplier of the products tested, “We, (company name), 

have supplied the products used in the underground testing described in this report 

and we confirm that the results from this testing are true and correct and 

representative of the specified product and of the product to be supplied to the 

customer.” 

(ii) If required, a signed statement from an independent technical auditor who has 

supervised and reviewed the results, “We, (company name), have witnessed and 

reviewed the contents of this report.  In our opinion these contents fairly present, in all 

material aspects, the performance of the products as described in the report.  The 

testing was conducted in accordance with the procedures required by the customer.” 

 

Two hard copies of the report should be supplied to the customer as well as an electronic 

version of the report, including all the original data files and the photographs on a CD. 

 

6.3 Quality assurance procedures for existing (standard 
stock) grout packs 
 
6.3.1 Laboratory testing  
 

6.3.1.1 Laboratory testing procedure 
 
The laboratory testing procedure for existing grout packs is given below in Table 6.3.1. 

 
Table 6.3.1 Testing procedure for existing grout packs  
 

PARAMETER TESTING/PROCEDURE REMARKS 
Responsibility Testing to be conducted by the support 

supplier/contractor. If requested by the 

customer, auditing of the testing and results 

should be conducted by mine rock engineers 

or a separate industry-recognised company. 

 

Products All grout pack types that have sufficiently 

unique performance characteristics. 
 

Types of Tests Cementitious products 

i) Delivery note and sodium equivalent 

certificate for cement 

Laboratory testing of grout mix   

i) Specific gravity tests 

ii) Compressive strength using cubes after 

i) Cubes should be cured in water 
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24 hours, 7 days and 28 days curing  

Frequency Cementitious products 

i) Delivery note and sodium equivalent 

certificate for cement – each delivery 

Laboratory testing of grout mix   

i) Specific gravity tests – every 30 minutes 

ii) compressive strength using cubes – 

cubes to be poured every day and for every 

batch. 

This frequency should be assessed 

regularly by the suppliers and the 

customers to minimise costs. 

Sample size Cementitious products 

i) Delivery note and sodium equivalent 

certificate for cement – each delivery 

Laboratory testing of grout mix   

i) Compressive strength using cubes – 9 

cubes per day. 3 for 24 hour curing, 3 for 7 

day curing, 3 for 28 day curing.    

 

Repeat sample size Not applicable. If product fails, the 

supplier/contractor must immediately report 

results to the Rock Engineer, as the material 

has already been pumped.  

 

Source of product Manufacturing plants   

Age of product For the compressive testing of cubes, curing 

ages of 24 hours, 7 days and 28 days should 

be used.  

 

Sample selector Supplier/contractor  

Sampling method Cubes should be poured in such a manner 

that it is representative, as far as practically 

possible, of the pumped product. 

 

Test dimensions Cube test specimens must have a dimension 

of 150 mm. 

Refer to SABS standards for cube testing. 

Test facility It is important to use an industry recognized 

test facility.  As not enough independent test 

facilities are available to process the large 

volume of quality assurance testing required, 

suppliers/contractors’ own testing facilities 

may also be used provided the necessary 

calibration certificates are available. The 

tests can be audited by mine rock engineers 

or independent consultants if preferred.   

Use of the same testing procedure should 

be encouraged to enable easy 

comparison between different products.  It 

is important that the testing equipment is 

calibrated at least once a year by an 

independent body.  Copies of these 

calibration certificates should be made 

available to customers when conducting 

QA tests.   

Rejection criteria  Rejection criteria to be established based 

on performance results from various test 

batches. 

 
 
6.3.1.2 Analysis and reporting of results 
 

All test data should be collated and incorporated into reports. The frequency of the reporting 

should be agreed upon by the supplier and the customer. Regardless of the agreed 

reporting intervals, failed test samples should be immediately reported.  
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The reports should typically include the following information: 

(i) Progress of grout pumped (daily and progressive). 

(ii) Location of placement 

(iii) Results from the relative density tests with statistical analysis 

(iv) Cube strengths at 24 hours, 7 days and 28 days with statistical analysis when these 

results become available.  

 
 
For the cube tests, the following calculations should be conducted.  

(i) Mean of all the test samples. 

(ii) Mean, plus and minus acceptable confidence levels (probably 90 or 95 per cent) and 

its associated standard deviation value. 

 
Compliance Statements 
(i) A signed statement from the supplier of the products tested, “We, (company name), 

have supplied the products used in the testing described in this report and we 

confirm that the results from this testing are representative of the specified product 

and of the product to be supplied to the customer.” 

(ii) If required, a signed statement from an independent technical auditor who has 

supervised and reviewed the results, “We, (company name), have witnessed and 

reviewed the contents of this report.  In our opinion these contents fairly present, in 

all material aspects, the performance of the products as described in the report.  The 

testing was conducted in accordance with the procedures required by the customer” 

 
Appendices 
(i) Standard specifications for the product tested. 

(ii) Standard test procedure used (or reference to document). 

 

Two hard copies of the report should be supplied to the customer as well as an electronic 

version of the report, including all the original data files from the press, the Excel data files 

and graphs, on a CD. 

 

6.3.2 Routine Underground Assessments 
 

The main focus of the routine evaluation will be on observations and identifying abnormal 

modes of deformation.  It is suggested that the grout packs are evaluated on an ‘exception’ 

basis.  This means that only those products that are not performing to expectations are 

recorded.  This type of monitoring will require all products to be observed on a regular 

basis.  The results should be reported in terms of unexpected modes of deformation or 

problems occurring as a percentage of the total units installed in each panel or each dip 
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row.  No additional load-deformation measurements are required unless specifically agreed 

between the customer and the supplier.  The estimated closure and distance of the pack 

from the face should be recorded together with the mode of deformation.  Photographs 

should be taken as a permanent record of the pack behaviour.  The results should be 

reported as the number of abnormal/unexpected modes of deformation for existing (from 

adjacent panels) and new packs as a percentage of the total products installed.  More 

specifically, the following observations should be recorded: 

 

(i) Ability to construct the correct configuration underground (training of support 

crews, time and physical effort required to construct the pack). 

(ii) Ability to ensure good contact between the pack and the rock surfaces.  

(iii) Susceptibility of the pack to damage caused by blasting, scrapers and water 

jetting. 

(iv) Susceptibility to damage caused by rapid loading (and possibly ride) during 

seismic events. 

(v) The stability of the rock above in response the load generated in the pack 

during normal closure and during seismic events. 

 

6.4 Quality assurance procedures for grout pack bags 
 

6.4.1 Laboratory testing  
 

6.4.1.1 Laboratory testing procedure 
 

To assess the quality of the bags used in the construction of the grout packs, the following 

procedures are recommended: 

 

Table 6.4.1 Laboratory testing procedure for grout pack bags  
PARAMETER TESTING/PROCEDURE REMARKS 

Products All grout pack bag types that have 

sufficiently unique performance 

characteristics 

 

Types of Tests i) Laboratory tensile strength tests at a slow 

deformation rate 

ii) Permeability tests 

iii) Penetration load strength tests. 

 

Frequency Annual testing, unless otherwise agreed with 

the customer 

This frequency should be assessed 

regularly by the suppliers and customers 

to minimise costs 

Initial sample size Ten sample specimens for each type of test 

(Refer to SABS 0221:1988) 

The objective is to minimise the number of 

tests and costs 
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Repeat sample size If the product fails, select another one for 

each type of test.  If it fails again, the 

supplier must immediately report results to 

the mine, which needs to take the 

appropriate corrective action. 

 

Source of product End user storage area on a rotational basis 

between all shafts using the product.  

Collection from mine storage yards should 

be done to test for deterioration due to 

exposure to the elements.  

Age of product Test products which are in the worst 

condition, but still is within specifications.   

It is not always possible to establish the 

age of the product.  The products with the 

worst visual condition (stitching 

deterioration or fraying) are likely to be the 

oldest and possibly perform the worst.  If 

the product is below performance 

requirements, a visual rejection of the 

product on the factory floor or in the store 

yard is far easier compared to when a 

representative sample is taken. 

Sample selector A shaft rock engineering representative The supplier needs to assist by reminding 

the rock engineering department of the 

necessary annual testing to be conducted. 

Sampling method Products, which are out of specification, 

should be rejected, as these products should 

not be in the store yard anyway.  Select  

products with the worst visual conditions that 

is still within specification. 

If worst visual condition is inside 

performance specification, then the 

remainder of the stored product should 

also be inside performance specification. 

Test dimensions Dimensions as per SABS standards 

(0221:1988) 

 

Test facility It is important to use an industry recognized 

test facility.  As not enough independent test 

facilities are available to process the large 

volume of quality assurance testing required,  

suppliers’ own testing facilities may also be 

used provided the necessary calibration 

certificates are available. If required, the 

tests can be audited by mine rock engineers 

or independent consultants.   

Use of the same testing procedure should 

be encouraged to enable easy 

comparison between different products.  It 

is important that the testing equipment is 

calibrated at least once a year by an 

independent body.  Copies of these 

calibration certificates should be made 

available to customers when conducting 

QA tests.   

Rejection criteria  Rejection criteria to be established based 

on performance results from various test 

batches. 

Photographs of product Photographs of all ten samples, per product, 

side by side to show the gauge, thickness 

and the warp and weft of weave. 

Any visual deviations from the product 

specifications should be recorded. 

Photographs of slow tests Photographs for one product that is 

representative of the visual performance of 

all those tested. (For tensile and penetration 

load tests only) 

 

  

6.4.1.3 Reporting of Results 
 

From the laboratory tests, the following data should be reported: 



 97

 

(i) Mean of all the test samples. 

(ii) Mean plus and minus acceptable confidence levels (probably 90 or 95 per cent) and 

its associated standard deviation value. 

 
Photographs 
(i) Sequence of photographs of one product subjected to each test that is 

representative of the visual performance of all those tested. 

 
Data Tables 
(i) Table of key testing information, including product name, nominal size, test date, 

test facility, test supervisor, source of product and any other relevant information. 

(ii) Table of key product dimensions for each product tested, including deviations from 

specifications. 

(iii) Table summarising key test results for each product as well as mean, and standard 

deviation data. 

 
Compliance Statements 
(i) A signed statement from the supplier of the products tested, “We, (company name), 

have supplied the products used in the testing described in this report and we 

confirm that the results from this testing are representative of the specified product 

and of the product to be supplied to the customer.” 

(ii) If required, a signed statement from an independent technical auditor who has 

supervised and reviewed the results, “We, (company name), have witnessed and 

reviewed the contents of this report.  In our opinion these contents fairly present, in 

all material aspects, the performance of the products as described in the report.  The 

testing was conducted in accordance with the procedures required by the customer” 

 
Appendices 
(i) Standard specifications for the product tested. 

(ii) Standard test procedure used (or reference to document). 

 

Two hard copies of the report should be supplied to the customer as well as an electronic 

version of the report, including all the original data files from the press, the photographs and 

the Excel data files and graphs, on a CD. 
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7 Conclusions 
 

The objective of this project was to produce guidelines for the support quality assurance 

procedures of different “pumped” product support systems. The project is an extension of 

the SIM040205 project which developed guidelines for pre-manufactured products ready to 

be used when delivered to mines (e.g. elongates). The main focus of the current project 

was on the following product types: 

 

1. Backfill 
2. Shotcrete 
3. Thin sprayed liners 
4. Grout packs 

 

The project focused mainly on the support products and not the human aspects of quality 

assurance, such as non-adherence to support standards. 

 

As these pumped support products consist of a number of different components that are 

only “assembled” or applied underground, a slightly different approach in the proposed 

procedures had to be followed compared to the pre-manufactured support units described 

in the previous SIM040205 report. The quality assurance procedures for “pumped” products 

contain the following important components: 

• Quality assurance testing for the separate components of the support type before it 

is transported or pumped underground. 

• Underground quality assurance procedures of the installed support types.  

• Due to the pumped nature of the support, the frequency of testing and point of 

sampling had to be modified to take the specific attributes of the support into 

account. 

 

From the data collected in the initial phases of the project in workshops and through 

questionnaires, it became clear that no standardised quality assurance procedures existed 

for these pumped products. The aim of the project was therefore to introduce some degree 

of standardisation. To keep the process practical and affordable, the procedures specify the 

minimum testing requirements. Additional testing can be conducted if requested by affected 

parties. Owing to the time and cost involved in product testing, the intention is also to 

accumulate data over a period of time rather than to obtain comprehensive data 

immediately.  This will enable the industry to absorb the additional testing costs without 

significant changes in support costs. For each product grouping, the minimum number of 

test samples is specified. Although this number may seem small in some cases, additional 

tests should be conducted if there is a large variability in the results.  A statistical procedure 
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is presented in this report to give guidance on the number of samples to be tested in cases 

where a large deviation in results is found.                   
 

Regulation 14.1 (6) of the Mine Health and Safety Act requires that a quality assurance 

system is in place that “ensures that the support units used at the mine provide the required 

performance characteristics for the loading conditions expected.”  As it is very difficult to 

simulate the underground loading conditions correctly in the laboratory for these pumped 

products, the procedures in this report had to find a balance between laboratory and 

underground testing.  Laboratory testing is nevertheless an important aspect of the 

procedures for pumped products to ensure the different components of the support type 

perform as expected, while the underground testing gives data on the behaviour of the 

support when installed underground.     
 

Similar to the original SIM040205 report, the guidelines detailed in this latest report should 

be seen as a starting point for uniform improved quality assurance procedures within the 

South African mining industry.  This document should be a living document that is updated 

as more information and experience is acquired from the testing programmes suggested for 

pumped products.   
 
 

7.1 Suggestions for further study 
 

This project was scoped to focus on the actual support products and not the human aspects 

of quality assurance such as poor installation of support units or non-adherence to support 

standards.  From the workshops with industry, it was found that this aspect is crucial and a 

major contributing factor to the problems experienced underground.  As it was not included 

in the scope of the current project, it will have to be addressed in a future project. Quality 

assurance procedures with more emphasis on support systems and adherence to support 

standards, rather than purely focussing on support products, are therefore required. Product 

types such as mesh and lacing which are “manufactured” on-site also fell outside the scope 

of the current project and further work should be conducted to standardise the quality 

assurance procedures for these products.           
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