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ABSTRA 

Soni, Anita, 2000. Anaiysis of Swelle-x Bolt Pe$unnance and a Standardized Rock Bolt Pull Test 
Datasheet and Database 
A thesis submitted in conformity with the requirements for the degree of Master of Applied 
Science. Graduate Department of Civil Engineering, University of Toronto 

An extensive study was conducted to determine the effets of rock rnass parameters and operational 

parameters on the performance of Swellex rock bolts, wherein pull test data was compiied from 

various mines in North Amenca and Europe. The data was statistically analysed. and the results. 

which quantify the influence of various factors on the performance of the Swellex bolt. were 

evaiuated. A set of recornrnendations was forrnulated in order to assist in the pncticai design and 

efficient use of Swellex bolts. 

Little pull test data existed conceming Swellex bolts. and the information available was non- 

standardized. Therefore. a form was developed to assist in the standardization of the pull test 

information that is recorded and a database was created to house pull test data. The form and database 

will be widely available for use by mining engineers. ln time. the database will become and invaluable 

tool in the design of rock bolt support. 
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INTRODUCTION 

The lack of available information concerning the behaviour of a rock mass and its interaction with the 

rock support system is a cornmon problem encountered by rnany mining and rock mechanics 

engineers when using rock bolts in rock support design. The research conducted in this thesis 

concentrates on the performance of Swellex friction anchored rock boits under mining conditions. 

Swellex bolts are used as a mems of rock support in rnany underground mines in North America and 

Europe. In order to study the influence of rock rnass and operational parameters on the performance 

of these bolts, an extensive study was conducted, wherein pull test data was cornpiled frorn various 

mines in North America and Europe. The data was then statistically analysed and the results were 

discussed. Parameters that influenced the performance of the Swellex boit are identified in the first 

section of this thesis. 

The second section of this thesis relates the influencing factors to the installation of the bolt, tt also 

explains the reason for their influence. A sensitivity anaiysis with respect to these factors was 

conducted. Based on the results of the Fust section and the sensitivity analysis, a set of 

recomrnendations and considerations were formulated in order to assist mining engineers in the 

pnctical design and efficient use of Swellex bolts. 

The third and fourth sections arose out of the f i t  section. Through the course of the research, it 

becarne apparent that very little pull test data existed for Sweliex bolts. The information that was 

available was not standardized. The combination of insufficieat and non-standardized data made 

analysis extremely difficult. The same problem was also encountered by Mr. Paui Tomory at the 

University of Toronto, in his research into the performance of Split Set bolts.' A two-part solution to 

the two problem was devised. 

The first part of the proposed solution, and the third section of this thesis, is a f o m  that was 

developed to assist in the standardkation of the pull test information that is recorded. This fom 

integrates the type of pull test information and the format in which it is commonly recorded, with the 

standards recommended by the ASTM and ISRM, and with the results of the h t  two sections of this 



thesis. This form will be available in a widely accessible location so that mining engineers who 

c Juct pull tests will be able to access and use the form. 

The second part of the proposed solution is a database that was developed to house pull test results for 

al1 types of rock bolts. It contains the data chat was gathered for this thesis, the research into the 

performance of Swellex bolts, and from previous research done at the University of Toronto on the 

performance of Split Set bolts.' In dl,  there are more than 1200 pull test records in the database. The 

database will also be widely accessibIe and available for use by mining engineers to aid in the design 

and eficient use of rock bolt support. The database will be prornoted and the mining community will 

be encouraged to expand the database by contributing the results of future pull tests to the database. 

The database will be updated and expanded periodically to include this new information. In time, the 

database will become an invaluable tool in the design of rock bolt support. 

' Tomory. P.. Andysis of Split Set Bolt Performance, University of Toronto. 1997 



FACTORS INFLUENCING THE PERFORMANCE OF 
SWELLEX ROCK BOLTS UNDER MINING 
CONDITIONS 

Many underground mines use Swellex bolts for rock support. Thus far. little research has k e n  

conducted into the effectiveness of Swellex bolts in actud mining conditions. The bolt mzinufacturers 

supply most of the performance data that is available. and the tests are generaily conducted in 

carehlly controlled "laboratory" conditions. The strength of a Swellex bolt is measured through the 

use of a pull testing apparatus. which genenlly involves an apparatus to apply a jacking force on the 

bolt as welI as a gauge to measure the applied force. The load at which the bolt is pulled or slips out 

of the hole is cailed the ultimate load and is measwed in metric tonnes. Generally, this number is 

divided by the length of the bolt. The resulting value is the pullout resistance. 

A study was conducted into the performance of Swellex rock bolts under rnining conditions in order 

to analyse the effects of operational panmeters and rock mass parameters on the perfoi-rnance of the 

bolts. Over 300 pull tests records were collected from mines in North Amenca and in Europe. A 

variety of ground condition panmeters including lithology, UCS. Young's Modulus, RMR. RQD and 

water level parameters. were investigated. As well. information for operationai panmeten such as 

pump pressure, drill bit diameter and driiled hole diameter was gathered. Additionally. residence 

tirne data ( t h e  between instalIation of the bolt and the testing date) and corrosion level data were 

gathered for each test. Not d l  tests inctuded information for al1 of the parameten. In fact, there was 

a large disparity in the information that was recorded from mine to mine. The information was made 

as complete as possible. Statistical analyses were conducted and several charts, which attempt to 

quanti& the intluence of each of the operational and rock m a s  parameters on the pullout resistance 

and uliimate load, were produced. Trends in the charts were identified and the influence of each of 

the parameters on the performance of the bolt was evaluated. 



2.1 INTRODUCTION TO SWELLEX BOLTS 

Swellex is a friction anchored rock bolt and is manufactured and distributed by Atlas Copco Ltd. in 

North America. Friction-anchored bolts ttansfer the load from the rock directly to the anchor without 

the aid of either a bonding agent or a mechanical locking device. The anchorage is genented in the 

Swellex boit via the compression of the rock surrounding the bolt during inflation of the bolt. and the 

reculting elastic rehund of the rwk mto the M t  when the inflation pressure is released. 

Swellex was introduced to the mining industry over twenty years ago. Today, SweIlex is a commonly 

accepted form of temporary support in mining opentions around the world. The vast mjority of the 

Swellex market is in Europe and Quebec. The bolt is used more extensively in Europe than it is in 

Nonh America. It is panicularly popular in tunneling operations in countries such as Switzerland. 

G e r m y  and Italy. It is also used in Asia when fast econornical support is required. Swellex is the 

preferred product in these opentions because the installation is fast and quality control is assured 

through the pump pressure. Swellex is also starting to break into the market in Manitoba and the 

United States. particularly in Nevada. It also has a significant presence in Ontario and is used in the 

Raglan Mine and Louvicourt Mine as wall as by rnining companies such as Agnico-Eagle Propenies 

Ltd. and Brimck Gold Ltd., in Ontario mines. 

Swellex is most ofien used as a temporary form of suppon, from 6 months to a year. Corrosion is the 

primary cause of degradation of the M t .  In low corrosion environments it c m  be used for up to ten 

years before corrosion affects the performance of the bolt. In highly acidic environments the life 

expectancy of a bolt is less than two yean. When it was fusst introduced to the market. Swellex had 

some difficulty with corrosion. Atlas Copco Ltd. developed Coated Swellex to combat this problem 

Generally. Coated Swellex is used for permanent support applications. 

The Swellex system consists of a rock bolt made of a circular steel tube, which has k e n  folded to 

reduce its diameter, a face-plate. and a high-pressure water pump. The Sweliex system provides 

immediate axial friction throughout the entire bolt length and mechanicd anchoring is provided by a 

radial mechanical lock. The installation is a straightforward process. The Swellex bolt is placed in a 

borehoIe with a diameter of 32-39 mm. A water pump is used to inject high-pressure water into the 

Swellex nibe. The high intenial water pressure then infiates the tube, causing the rock mass 

smunding the bolt to defom elasticaiiy. When the preset pressure has k e n  reached, the 

mechanicd interlock with the rock is achieved. 



FIGURE 2- 1: [NSTALLED .WD hFUT'ED SWEUEX BOLT DEMONSTRATING THE ANCHOMGE MECHANISMS' 

During the expansion process. the Swellex bolt compresses the material surrounding the hole and 

adapts its shape to fit the shape of the hole. The combination of fictional and mechanical locking 

rffect is generated throughout the entire length of the bolt.' 

Traditionaily, rock bolts were iimited to use in reasonably competent rock. Swellex bolts are 

breaking new ground in this area. They have k e n  designed to perform better than any other bolt 

under adverse rock conditions. "Swellex bolts reinforce and improve the condition of the surrounding 

rock and increases its load-bearing capacity. The pressure exerted during installation compresses the 

rock surrounding the borehole and increases the friction dong the bolts making hem an integrd part 

of the supporting arch.'" 

2.1.1 Types of Swellex Bolts 
A t h  Copco Ltd. distributes a wide range of SweUex bolts. The bolts are designed to fit holes korn 

32 to 52 mm in diameter, and from 1.2 m to 8 m in length. DBerent bolts are designed for use under 

' Atlas Copco Ltd.. Swellex Roduct Manual, Swellex - The Engineered Rock Reinforcement System p.3 
Ibid. 
Ibid. 



different conditions. The main bolt types are sum&sed below dong with their capacities, 

dimensions and the conditions for their intended use. 

Pump Pressure Borehole Diameter 5 
Tvpe of Swellex Diameter, Thickness Capacitv 

Standard S weileu J L m 2 m m  100 kN 30 MPa (4350 psi) 32 mm to 39 mm 
Comments: The physical properties of the stecI used provide a w g i n  of safecy. The unique load dispIacement 

chanctcristics, and the ability to accommodrite large rock movements without decreasing its karing capacity make the boli 

ided for conditions in which large gound movements are mticipated. 

Midi4 w ellex 5Jmm.S mm L20 IdJ 24 MPa ( 3 4 0  psi) 43 mm to 52 mm 
Comments: Lighter version of the Super-Swellex boit. The bolt cm accommodiue elongaiion of up to 20%. which means i t  

is designed not CO fail when it reaches it tensile swngth but instead to deform to accommodrite large rock movements. 

SuperSwdex 5 4 m m 3 m  200 kN 24 MPa (3480 psi) 43 mm to 52 mm 
Comments: The capacity of this boIt is tûû kN and is usehl in applications where high breaking Io& and demands for 

increased safcty and speed are at a premium. 

YieIding SweIlex 5 4 m n 3 m m  160 kN 30 MPa (4350 psi) 43 mm to 52 mm 
Comments: It has the capricity to elongare up to 30% which means that it doesn't fail when it rcaches it :ensile strength, but 

deforms to accommodate extremely luge rock movernents. 

Coated S weilex 
Comments: Al1 of the Swellex products rn available in corrosion resismt version. through the use of a special corrosion 

protection coating. 

Atias Copco Ltd. 



2.1.2 Cost of Swellex 
Swellex is a low cost alternative for temporary support, which is the reason why it is preferred in 

tumehg operations where low cost methods of shon terrn support are required. A study was 

conducted into the comparative costs of Swellex vs. other rock anchors." The purchase price of the 

bolt as well as the associated drilling costs. instalIation costs were calculated and an ovenll cost of 

the boIt was determined. The cost per bolt was then standardized by the length of the bolt and the 

capacity to yield a unit cost of SCAD/ft/r. A summary of the results is show in Table 2- 1. A graph 

showing the totd and component costs of each of the bolts is shown in F i g w  2-1. 

C o m p u v e  Casu of Swclkx YS. Other Rock Anchon 

TABLE 2- 1 : COMPARATIVE COSTS OF DIFFERENT BOLT TYPES 
Canadian Markct - 2 Person Operation - Manuai Drilling - Bolts not longer tiian 24 m 

'charette. F, Hadjigmrgiou, I, Guide Ratiauc du Soutiinernent Minier. Association Minière du Ouehc, 1999 

7 

Calcdation at (per hour) 60.00 $ Purchasing Driiiing installation 

Bolt Type 
Mechanical 
Split Set 
Resin Rebar 
Coiued Standard Swellex 
Standard SweHex 
W i I l i m  Cernent 
Dywidag Resin 
Super Swellex 
Cable bolt (4.0 m) 

Clzpacity (T) 

7 
6 
18 
Il 
11 
20 
a- 73 

20 
25 

$CAD/R f CADiR $CAD/ft SCADift $cADIï?fr - 
Total Cost 

0.86 
1.28 
1.66 
2.08 
1.65 
1 .#O 
2.70 
4.00 
1-40 

Cipacity Cost 

1.24 
1 .24 
1.24 
1 .X 
1.24 
0.83 
0.83 
1.60 
1 .60 

0.15 
0.29 
0.79 
0.16 
O. 16 
4.50 
0.75 
0.31 
4.50 

2.2s 
2.80 
3.69 
3 . 4  
3.05 
7.13 
4 3  
5.91 
7.50 

0.32 
0.47 
0.20 
0.32 
0.28 
0.36 
0.19 
0.30 
O30 



2.2 PULL TESTING 

There are essentially two main categories of standard pull tests that can be performed on Swellex 

bolts to determine the load-beuing capacity of the bolt system: destructive and nondestructive tests. 

Destructive tests c m  have one of two outcornes, either the bolt breaks (in which case it is referred to 

as a broken test), or the bolt slips out of the hole (in which case it is referred to as a slipped test). The 

three types of tests are dexribed below: nondestructive, broken and slipped tests. 

2.2.1 Nondestructive Pull Tests 
The pull test equipment is assembled and fitted to the bolt that is to be tested. The hand purnp is 

operated until the specified pullout load is attained. A maximum of 9 tonnes is recommended for 

Standard Swellex in order to assure that the bolt does not break. The person conducting the test, who 

decides the load at which the test will be stopped, controls the results of a nondestructive test. The 

nondestructive tests are only indicative of a minimum load bearing capacity of the bolt. 

2.2.2 Destructive Tests 
The pull test equiprnent is wembled and fitted to the bolt. A hand purnp is used to apply a jacking 

pressure to the bolt. The pressure is applied until the Swellex bolt either slides out of the hole or 

breaks in the hole. 

Broken Tests 

When the bolt breaks as a result of the failure of the steel, the test is refened to as a broken test. Atias 

Copco Ltd. suggests that the minimum Ioad at which the bolt will break is 100 kN or 10 tonnes. 

Stillborg, in his research into the loaddeformation characteristics of different rock bolts in tensile 

loading across a joint, States that this minimum Ioad at which the bolt will break is 110 kN or 11 

tonnes.' 

Slipped Tests 

M e n  the bolt is pulled out of the hole, the test is called a slipped test. Atlas Copco Ltd. suggests that 

a deformation of more than 15 to 25 mm ensures that the bolt is s ~ i ~ p i n ~ . ~  Stillborg and othen 

suggest this minimum deformation occurs at IO mai (see Figure 24). There were only seven pull test 

records with defocmations that between 10 to 15 mm. Because a relatively small nurnber of records 

were affected by a conservative criterion, the 15 mm criterion was used in this study to ensure that 

' Stillborg. B., Rockbolt Loadine Amss a Temile Joint, Ldea University of Techwlogy, Sweden 



tests were not mistakenly classified as slipped, when in fact they were not. Atlas Copco Ltd. States 

that the capacity of the Standard Sweilex bolt is LOO kN or 10 tonnes. This is the load at which the 

slip shouid begin to take place. 

2.2.3 Ultimate Load and Wout  Resistance 
Ultirnate load is the load in metric tonnes at which the test is stopped in a nondestructive test. In 

destructive tests, it is the load at which the bolt breaks in a broken test, or where the bolt slips out of 

the hole in a slipped test. Again. the bolt is considered to be slipping at a deformation of more than 

15 mm. The pullout resistance is calculated by dividing the ultimate load by the overall length of the 

bolt and is measured in tomedm. 

2.2.4 Ideal Load Deformation Curve 
The mode1 of an ideal rock boit acting across a single joint in tension would have the load 

displacement characteristics shown in Figure 2-3. This relationship would be independent of ground 

stress conditions and rock m s s  conditions. The boit should initialiy be infinitely stiR in order to 

draw as much load as possible from the rock m s s  on to the rock bolt. Ground deformation should 

resuIt in immediate and full bearing capacity of the bolt. When the load on the bolt approaches the 

ultimate tensile strength of the bolt. the boit should deform perfectly plastically to accommodate 

ground deformation while maintainhg its load bearing ~ a ~ a c i t y . ~  

A perfect rock bol! with ideal loaddispfacernent charactenstics as 
defined by rock mechanrcs engineers. l 

-- 

' Personai communication with Atlas Copco Ltd. Roduct Suppon Personnel, Francois Charette 
Stiilburg. 



FIGURE 2-3: IDEAL LOAD-DISPUCEMENT CHARACTERISTICS OF AN INSTALLED ROCKBOLT (FROM ATLAS COPCO 
~ O D U C X  MANUAL) 

2.2.5 Load-Deformation Characteristics of the Swellex Bolt 
The load defonnation characteristics of the Swellex bolt are show in Figure 2 4  and 2-5. Figure 2 4  

is the loaddeformation curve of the Swellex bolt from the Adas Copco Ltd. Roduct Manual. Figure 

1-5 is the load deformation cuve  for Swellex bolt, as provided by StiUborg in his research into the 

loaddeformation characteristics of different rock bolts in tensile loading across as joint. 

tnitialiy, no deformabon occurs in oie rock bolt until Uie yield point is 
reached. 71ie Swellex €XL maintains a constant to increasing luab. 
bean'ng capacity for the duration of the test. 

Lw- 



Stillborg conducted an investigation into the puIl test behaviour of various types of rock bolts. One of 

the tests was perfomed on a Sweliex bolt which was 3 meves in length. with a borehole diameter of 

37 mm, inflated at 30 MPa, with an ultimte tensile strength of the steel tube before inflation of 110 

kN or 1 I tonnes. The bolt began to deform at a load of 50 kN, 5 tonnes. Bond failure commenced as 

a result of this deformation. The axiaI elongation caused the laterai contraction of the bolt and the 

bolt separated from the rock interface progressively dong the length of the bolt. In the process. 

fictional an3 interlockhg resistances were overcome. The bond failure continued as the load 

approached the ultimte tensile strength of the steel. At 115 kN, which corresponded to a 

deformation of 10 mm, the bond had completely failed and the bolt began to slide. However, it 

maintained its load beuing capacity as it continued to slide.l0 



2.3 DATA COLLECTION 

The data was collected over a period of 18 months. The collection process involved contiiciing rock 

rnechanics specidists at each mine in Ontario and in the other provinces in Canada via phone or e- 

mail. The Canadian Mines Handbook was used as a directory and each of the mines in the Handbook 

were contacted individually. The Canadian Mining Joumal was also used as a resource. The 

Canadian Mining Journal conducts a s w e y  every year of the different support methods used by each 

of the mines in Canada. The mines which indicated that they used Swellex were contacted first. As 

the Journal's survey is not exhaustive. and not a11 mines responded to the survey. it was used only as a 

cross-reference. 

It became apparent that there was very little Swellex pull test data available. There were a numkr of 

reasons for this. When the ground control people at the mines were contacted they were asked 

whether or not the mines used Swellex rock bolts as a support methad. A nther s d l  percentage of 

mines in Canada use. or have used, Swellex bolts as a support method. It is estimted (from the 

results of this data gathering effort) that 10% to 15% of the mines use Swellex. If SweIlex bolts were 

used by the mine. the pull test results were requested. Not many of the mines that use Swellex 

performed pull tests. Of those who did. some could not locate the information. huiher reducing the 

pool of available data. Considering the mobility of ground control specidists within the mining 

comrnunity. it is not surprising that the data was sometimes lost. Those mines which did have 

available. pertinent data. sent the data by mail. fax or by e-mail. 

The other source of information was the Swellex manufacturer. Atlas Copco Ltd. Although Atlas 

Copco Ltd. was unwilling to provide a customer list, they did provided some data that covered the last 

five years of pull testing that the Montreal offce of Atlas Copco Ltd., had conducted. Some of these 

data points included data from Europe. paiticularly in Sweden. Gerrnany and Italy, where the use of 

Swellex bolts is more popular. 

The pull test results were ofien incomplete or did not contain sufficient ancilor pertinent data. in some 

cases, the length of the bolt was not recorded. In other cases, the ground conditions, the residence 

time or the diameter of the hole was not recorded. The second step in rounding out the collected data 

involved contacting the ground conaol personnel again and asking them if they could supply this 

additionai information. In some cases. the mines supplied gmund condition reports and maps of the 

drill locations, as well as drill cores taken in the area. 



2.4 DATA ANALYSE 

Once d l  possible measures to fiil in gaps in the information and to gather as much data as possible 

were exhausted, the data was cataiogued and soned. A number of items for each pull test were 

recorded: 

Ci Bolt specifications: 

Q type of rock bolt. Standard Swellex. Super Swellex or Coated Swellex 
3 length of trie bo!t 

O Installation parameters: 

LI diameter of the hole 
O size of the drill bit 
Q pump pressure 
O installation date 
P date of the pull test 
O time between installation and pull test 
O inflation time 

Q Ground conditions parameters: 

a RQD 
a RMR 
0 Q 
a UCS 
a elastic modulus of the rock 
P type of rock, shear zones. tensile zones 
Q location of the hole 

Ci Chmcteristics of the pull test itself: 

O destructive, nondestructive or if slipping had occurred 
O comments about the failure mode and location of the failure 
O pull out load. pull out load per metre of bolt 
O amount of deformation (displacement at specific load) 

Not al1 of the pull test records included information about al1 of the different parameten. In fact. 

most pull test records contained information for only 4 to 8 of the 20 parameten. A significant 

amount of interp~tation was required for most of the pull test records. For example. different units 

were used from record to record, so units were converted to a selected standard. Also, the type of pull 

test (i.e., nondestructive. broken or slipped), was rarely stated expiicitly. This information had to be 

interpreted €rom the testers' comments and fiom the deformation information. 

About 4 passes at the complete set of records was required in order fully understand each of the 

records. The first pass hvolved simply recording the information in the pull test records in a large 



spreadsheet, with each of the parameters as a column and each of the pull test records as a row. The 

second pass required M e r  reading and assembling more information fiom the mines. The third 

pass, required the interpretation of the data, including classifying the data by test type. This 

interpretation of the data was not done in the first pass because a full understanding of the different 

pull test results was not obtained at this point. The term destmctive test, or failed boZt was often used. 

For SweLiex bolts, these t e m  mean that the bolt broke, and not that the bolt had slipped. This was 

not initially understood. as a failed test normally means that a bolt had slipped for al1 other rock bolts 

types, and so the tests had to be reclassified a fourth time with this in mind. The criterion for slipping 

(see Section 2.2.2) was dso developed at this point and used to classify the data. This task was 

extremely difficult and timeconsuming. It would have been much simpler if a standard terminology 

was developed and used to record pull testing information. 

As mentioned previoudy, one of the results of this thesis was the generation of a standardized form. 

which will aid in the recording of al1 pertinent information. This would create a standard in the 

industry and ensure that ail the pertinent information would be recorded every time n pull test is 

conducted. Another result of this thesis was a database of the information that has been recorded thus 

far. which c m  be accessed by the public. 



2.5 DISTRIBUTION OF PULL TESTS BY BOLT TYPE AND PULL 
TEST TYPE 

2.5.1 Selection of Dataset 
A total of 309 pieces of data were collected. However. 5 tests were missing vital information and 

were eliminated, for a net result of 304 useable test records. This data included pull test results from 

al1 of the four main types of Swellex bolts (Standard Swellex, Super Swellex. Coated Swellex and 

Yielding Swellex), and for the three types of tests (broken tests, nondestructive tests, and slipped 

tests). The rnajority of the data was for Standard Swellex. The distribution of pull test data is shown 

in Table 2-2. 

1 Broken 1 42 1 O 1 4 1 1 1 47 

Test Type 

1 Nondestructive 1 60 1 4 1 3 1 O 1 68 

- - -- 

Swellex BoIt Type 

It is apparent that there is an insufficient amount of data for many of the combinations. There were 

47 tests where the bolt broke and 68 nondesuuciive tests. When these tests are segregated by bolt 

type category, a valid statistical ruialysis could not be perforrned for many of the combinations of test 

type and boIt type. Standard Swellex was the only combination where there was a sufficient amount 

of data to perfom a valid statistical analysis. Therefore, this study concentrated on the Standard 

Swellex pull tests only, a total of 275 fiom the originai 304 tests. 

Smdard 
Swellex 

Slipped 

Al1 Test Types 

2.5.2 Anomalous Data 
There were 10 data points in whkh unusually high loads were recorded. 18 to 25 tonnes. The 

yielding strength of the steel in a Swellex bolt is weii below 18 tonnes. This data dl came from one 

source. and because the ultimate loads were more than were 50% higher than any of the other pull test 

records, the results were considered unreliabte and were elirninated from the dataset, (for dl of the 

parameters except for Purnp Pressure, see Section 2.8.3). 

Coated SweUex 

173 

275 

Super 

7 

6 

Yielding 
Swcllex 

7 

15 

AI1 Swellex 
Bolt Types 

7 

8 

189 

304 



2.5.3 Summary of the Pull test Information Gathered in the Research 
A breakdowu of the data collected in this study is provided in Table 2-3. A complete analysis of the 

pattern of information that is recorded in puU tests is provided in Section 3. However, it is important 

to note the lack of information in many of the parameten, particularly the information with respect to 

the ground conditions. These numbers reflect the data gathered @el- the mines had k e n  contacted to 

fil1 out the information. The numbers were even lower for the data prior to the second data gathering 

effort. Even basic information such as drill bit diameter and pump pressure was rather sparse. 

TABLE 2-3: BREAKDOWN OFTHE PULL TEST INFORMATION GATHERED tN THE STUDY 

1 AU SwcUex Bol& 1 Standard Sweiiex Bolts 

Bolt & Installation Panmeten 

AI1 Tests 
(304 mords) 

No. of 
Tests 

UI c i m e  Load 

All Tests 
(275 rccords) 

%ofAU 
Tests 

No.of 
Tests 

304 

I 

% ofAU 
Tests 

Siipped 
(173 records) 

LL 1 73 100 60 100 42 100 

Test Dsue 
installation Date 
Residence Time 

No.of 
Tests 

De formation 
Corrosion Level 

100 

%of 
Slipped 

Nondes tnictive 
(60 records) 

275 

188 
95 

95, 

Broken 
(42 records) 

No. of 
Tests 

Time Panmeters 
2 1 
15 
15 

62 
3 1 
3 1 

188 
95 
95 

No. of 
Tests 

%of 
Nondest 

i O 
26 

50 
36 
36 

109 
50 
50 

68 
35 
35 

%of 
Broken 

76 
65 

20 
32 

4 
11 

97 
50 
50 

63 
29 
29 

58 
30 
30 

21 
24 

25 
2 1 

12 
19 

59 
65 

43 
35 

25 
20 



2.5.4 Ultimate Load and Pullout Resistance 
For Swellex bolts, the most important pull test result is the ultimate load. According to Atlas Copco 

Ltd., 2 feet of bolt is required to achieve the 10 tonnes load that the manufacturer suggests is the 

minimum capacity of the bolt. The different lengths of boIt are provided for operational purposes. 

Though, additional load is gained with a longer length of bolt, the additional load is not normally 

useable, as the bolt should break long before this upper range of the bolt capacity can be mobilized. 

For each parameter, the trends were analysed with respect to the ultimate load of the bolt. 

The pullout resismce results are also important, since the ultimate load is not independent of the 

length of the bolt. An increase in bolt length results in an increase in inflated length or anchored 

length. The relationship between length and ultimate load is a complex one and requires more data to 

determine. Therefore, the two units of measure of the bearing capacity are used in conjunction. as 

neither ultimte load nor pullout resistance show the complete picture, in and of themselves. 

The results for pullout resistance are less reliable, for many reasons. in a few cases, the length of the 

bolt was not recorded and the standard bolt length of 2.1 rn was assumed for these tests. Aiso. the 

recorded length of the bolt was in some cases questionable, since the recorded lengths were different 

h m  any of the lengths availnble from the manufacturer. which would mean that the puilout 

resistance results would aiso be questionable. It would appear that the effective length. or inflated 

length of the bolt. was in some cases recorded, not the overall length. Since the effective length is 

always shoner than the overall length, in some cases significantly shoner. a very high pullout 

resistance results. It was not easy to differentiate the puticular records in which the pullout resistance 

was actuaily the effective resistance. 

2.5.5 Broken Tests, Nondestructive Tests, and Slipped Tests 
Statistical analyses and charts were ploned for each of the test types: broken tests, nondesmictive 

tests. and slipped tests. The results of nondestructive tests are provided solely as an indicator of the 

minimum capacity of the bolt. The dominating influence in a nondestructive test is the tester, who 

determines the load at which the test will terminate. Generally, this value is 10 tomes, the suggested 

uItimate Ioad-bearing capacity of the bolt. Any other influences are masked by the influence of the 

pull tester. Therefore. trend lines for these tests should indicate that the parameter under investigation 

has no influence on the ultimate load of the bolt. The broken test resuits indicate the breaking 

strength of the bolt and also indicate the minimum load bearing capacity of the boit Most of the 



parameters considered will have no influence on the breaking strength of the steel. except parameters 

which physically affect the bolt itself, such as age of the bolt, presence of water, and corrosion level, 

(for these parameters, a trend is expected). 

The buis of the analysis is the set of data for slipped tests, a total of 173 tests. The slipped tests 

indicate the maximum load bearing capacity of the bolt. The results of the slipped tests are provided 

dong with the nondestructive and broken tests to provide an overall picture of the p e r f o m c e  of the 

bolts. The data and trend lines for slipped tests are also shown in sepmte graphs to elidnate the 

visual clutter and to better identiQ trends. Where possible, such as for the discrete data like drilled 

hole dimeter and purnp pressure, the data for slipped tests was m e r  divided into discrete intervals. 

The mean and standard deviations were calculated for the intervals. Discrete intervals parameters, 

such as drilled hole diameter, often have scatter associated with grouping the data into discrete 

intervais. For example, in the case of dnlled hole diameter, the standard intervals are 32 mm. 35 mm 

and 38 mm (from the associated drill bit sizes). Holes which are 33 mm or 36 mm might have k e n  

recorded by the tester as one of the standard sizes, which would infiuence the uItimte load for this 

interval. For these parameten, the mean of the intervais were plotted in order to elirninate the scatter. 

The trend line was fitted through the mean values. As well. the correlation coefficient (R') was 

calculated. However, this coefficient (R' for trend line fitted through mean values) is not as reliable a 

measure of the parameter's influence on the ultimate load. 



2.6 DISTRIBUTION OF THE DATA 

Histograms and summary statistics for the resulting distributions of the ultirnate load for each of the 

test types are show in Figures 2-6 through 7-10 and Tables 2-4 through 2-7. Histograms and 

summary statistics for the resulting distributions of the pullout resistance for each of the test types are 

shown in Figures 2- 10 through 3- 13 and Tables 2-8 through 2- 1 1. 

2.6.1 Ultimate Load Statistics 
FIGURE 2-6: HISTOGWI FOR ALL TEST TYPES 

S v  Statistics for AU 'rats 

Mean 10.79 
Standard Deviaion 3. t0 
Minimum 1.6 
Mmimum 2 1.6 
Standvd Error O. 19 
Media 11.0 
Mode 10.0 
SynpIe Variance 9.64 

Kunosis 1.37 
Skewness -0.29 
Count 264 
Confidence L v e I  (95.0%) 0.38 

1 Summary Statistics for S iippcd Tests ( 
I Mean 10.55 

Standard Deviation 3 . 4  

Minimum 1.6 
Maximum 31.6 

Standard Error 0.27 
Median 11.0 

Mode 11.0 

SampIe Vafiance 1 1.53 
Kurtosis 0.56 
Skewness -0.37 
Counc 162 
Confidence Level(95.0%) 0.53 



TABLE 2-6: STATIST~CS FOR BROKEN T m  
1 S v  Statistics for Broken Tests 
Mean 1 1.73 
Standard Deviation 7.7 1 

Minimum 3 -5 

Maximum 15 

Standard Enor 0.42 

Kurtosis 
-1.14 

Count 42 

Confidence ieveI(95.08) 0.85 

1 S u m m ~ y  Suistics for Nondestructive Tcsts 1 
Mean 10.45 
Standard Deviation 1.54 

Minimum 4.0 

Maximum 13.3 

Standard Ermr 0.20 

Median 1 O 

Mode 10 

Smple Variance 2.38 
Kurtosis 5.93 

Skewness -1.45 

Count 58 
Confidence Level(95.0%) 0.4 1 

The results for all-tests distribution show that the mean is 10.79 tonnes with a standard deviation of 

3.10 tonnes. An interesting observation is that about 30% of al1 of the tests had an ultimate loûd of 

less than 10 tonnes. the manufacturer's suggested bearing capacity. These numbers include the effect 

of the broken and nondestructive tests. The slipped-tests statistics indicate that the mean is 10.55 

tonnes with a standard deviation of 3.30 tonnes. About 33% of the bolts that slipped, slipped below 10 

tonnes. or 18.5% of the entire dataset (164 records) slipped below 10 tonnes. The broken-test mean is 

11.73 tonnes, which is above the 10 tonnes ultimate tensile strength of the bolt. 20% of the broken 

tests broke below 10 tomes, or 9 of the 42 that broke. Of aH the Standard Swellex bolts tested, 3.4% 

(9 of 264). broke below 10 tonnes. The nondestructive tests are provideci for interest. The effect of 



these tests are best evaluated in the al1 test types grouping. as they only provide a minimum bearing 

capacity, and are not indicative of the maximum bearing (or breaking) capacity. 

2.6.2 Pullout Resistance Histograms 
The resuits for al1 tests show that the mean is 5.81 tomedm with a standard deviation of 3.69 

tonnesh This distribution includes the effect of the broken and nondestnictive tests. The sIipped 

test distribution inOicates t h t  h e  man is 5.93 tonnedm with a standard deviation of 4 19 tonnesh. 

The broken tests distribution indicates that the mean is 6.22 tomedm with a standard deviation of 

2.29 tonnedm This rneans that the frictionai resistance is 6.32 tonnedm or better. The mean for the 

nondestnictive tests distribution is 5.22 tonnedm with a standard deviation of 2.90 tonnedm. 

FIGURE 3- IO: HISTOGIWM FOR AU TEST TYPES TABLE 2-8 : STAT~STICS FOR ALL TEST TYPES 

Maximum 3 6 
Standard Ermr 0.23 
Median 5.00 

-- - 

Mode 4.76 

Smple Variance 13.58 

Kurtosis 29.52 
Skewness 4.6 1 
Count 263 

I 

Confidence Level ( 95.0%) 0.45 

TABLE 2-9: STATISTICS FOR SLIPPED TESTS 
1 Summary Statistics for Slippcd Tests 1 

- 

Mean 5.93 
St;uid;ird Deviaion 4. 19 

Minimum 0.67 

Maximum 3 6 
Standard Error 0.33 
Median 1 5.13 

I 

Mode 1 3.551 
I 

Sample Variance 1 17591 
Kurtosis 27.06 
Skewness 

Confidence ïevel( 95.0%) 



There is a high degree of variation in the pullout resistance distribution. This may be due in part to 

the fact that the relationship between length and the ultimate load is not linear. It also may be due to 

the fact that in some cases the overall length of the bolt was not what was recorded. The length that 

was recorded was actuaily the inflated length, which would result in higher pullout resistances. This 

is the length that should be recorded in al1 cases. However, it is rarely known. These puilout 

resistance distributions are provided for primarily for interest. Because of the extremely high 

anchorage for the Swellex bolt, the influence of the length of the bolt is not easily determined. 

FIGURE 2-12: HISTOGW FOR BROKEN TESTS 

.andard Devirttion 2.29 
himum 1.67 
:aximum 13.51 
.andard Error 0.35 
ledian 6.03 
[ode 5.7 t 

5.22 
Kurtosis 2.93 
S kewness 1.24 
Count 

konfidence Level ( 95.08) 1 0.711 

1 Summary SWristia for Nondesmxtive Tests 
Mean 5 . 1  
Standard Deviation 2-90 
Minimum 1 .O9 
Maximum 19.68 
Standard Error 0.37 
Median 1.76 

l ~ a m ~ l e  Variance 1 8-41 1 
17.59 

S kewness 

Confidence Level ( 95.0%) 





FIGURE 7- 17: LENGTH VS. ULTMATE LOAD F û R  NONDESTRUCT~VE  TE^ 

The results of the broken and nondestructive tests show that the Iength of the bolt has littie influence 

on the ultirnate load for these test types, as would be expected. The correlation coefficients are very 

low and the trend Iine is horizontal. It is interesting to note that the y-intercept for the broken tests 

trend Lne is 12.1 tonnes, near the tende strength of the bolt, and for the nondestructive tests the y- 

intercept is 10.9 tonnes. near the standard stopping point for a nondesîructive test. This lack of 

influence of the Iength on the results of broken and nondestructive tests is reflected in the di-tests 



graph. The slipped-tests graph shows a small correlation coefficient of R' = 0.1224. The slope of the 

trend line indicates that every metre length of bolt results in a gain of 1.5 tonnes of ultimate load. 

This is expected because an increase in length generally involves an increase in inflated length. which 

results in an increased anchorage capacity. There is a large degree of scatter in the data, which is the 

result of various parameters (othcr than the length of the bolt) that influence the ultirnate pullout 

strength of the bolt. The influence of these other parameters will be investigated in the following 

sections. 

There is a minimum anchoring length required to fully develop the 10 tonnes of capacity for the 

Swellex bolt. From the data collected for effective length. in which short anchor pull tests were 

conducted, this minimum development length appears to be approximately 1 metre. However. there 

is a length beyond which there is no gain in capacity as the bolt will break long before this additional 

capacity is mobilized. 

Once the minimum development length has k e n  taken into considention, the length of the bolt 

should be designed based on the expected depth of the damage in the rock k ing  supponed. There 

should be a sufficient mount of anchor length both within the damaged zone. and embedded into the 

rock beyond the damge zone for the bolt to be used effectively. If there is not enough anchored 

length (c lm) in the d m g e d  zone. the boit m y  break at the faceplate or at intersection of the 

dmaged zone and the undarnaged rock. If there is insuficient anchorage length (< lm) embedded 

on the rock beyond the damaged zone. the bolt may be pulled out as this is the effective anchoring 

length of the bolt. 



2.8 PARAMETERS ASSOCIATED WITH INSTALLATION 

Installation of the Swellex bolt is a straightforward process. A borehole is ddled and the Swellex 

bolt is insened into the hole. An automatic pump is used to inject high-pressure water into the 

Swellex tube. The high interna1 water pressure inflates the tube. causing the rock mass surrounding 

the bolt to deform elastically. The purnp is stopped and the water pressure is released. The rock mass 

surrounding the bolt contracts around the bolt which resulü in a mechanical locking rffect. During 

the expansion process, when the Swellex bolt compresses the rock surrounding the bolt. the bolt 

changes shape to fit the shape of the hole. The combination of frictional and mechanical interlock is 

generated throughout the bolt, reinforcing the rock and increasing the ultimate bearing capacity of the 

bolt." 

t a  Drill hde 2. Insert bolt 3. Expand bolt 
tstafl P U ~ P )  

FIGURE 2- 18: S WELLEX BOLT INSTAUATION PROCESS (ATWS COPCO LTD.) '' 

There are a number of factors in the instdIation process which may have an influence on the 

performance of the Swellex bolt: drilled hole diameter, drill bit diameter, pump pressure and inflation 

" Atlas Copco Ltd. 
'' Ibid. 



tirne. Together, these ficton determine the overall quality of the bolt installation, which most 

certainiy influences the ability of the bolt to maintain a load. 

interactions between rock and Swellex rock bolt during installation. 
(al: Swellex bolt is placed in the hole. (bl: High interna1 water pres- 
sure M a t e s  the tube, causing a small elastic expansion of the bore- 
hole diameter. (cl: Water pressure is released and the surrounding 
rock contracts thereby providing the Swellex locking efect.  

FIGURE 2- 19: CROSS-SECCIONAL VIEW OFTHE W U L  AND AXWL ANCHORAGE DEVELOPMWT'~ 

l3 Atlas Copco Ltd. 



2.8.1 Drilled Hole Diameter 
Accordhg to Atlas Copco Ltd., the manufacturers and distributors of Swellex bolts. one of the 

primary factors that affects the quality of installation of the Swellex bolt is the drilled hole diarneter. 

Atlas Copco recomends a drilled hole diameter in the range of 32 mm to 39 mm for the5 standard 

bolt, with the optimal hole diameter between 35 mm and 38 mrn. There were 183 tests where the 

drilled hole diameter was recorded in the pull test data (67% of di tests). A mean and standard 

deviation was cdculated for each test type and for ail of the test types together. The results are s h o w  

in Table 2- 12. 

TABLE 2-12: SUMMARY S T ~ S T I C S  KIR DRILLED HOLE DWMETER FOR A U  TEST TYPES 

The slipped tests have a large standard deviation for both the ultimate load and the pullout resistance. 

which is also reflected in the standard deviations for the dl-tests dataset. The inference is that a 

significant number of the bolts tested were not sustaining the manufacturer's suggested minimum 

load of 10 tonnes. Additionaily, the broken-tests mean and standard deviation of the ultimte load 

show chat the bolt was breaking below the recommended load of 10 tonnes as well. 

No. of 
Tests 

Mem 

Smdard 
Deviation 

There were a total of 129 slippd tests of the 183 tests in which the drilled hole diarneter was 

recorded. The slipped tests were further segmented into drilled hole diameter ranges. as determined 

by the manufacturer's recommended ranges. The means and standard deviations of these ranges were 

calculated and are show in Table 2- 13. 

Al1 Tests 

The manufacturer's recommendations are reflected in the statistical analysis of the different diameter 

ranges. The optimal range for the driiled hole diameter is, in practice, 35 to 38 mm as is reflected in 

the mean dtirnate load of 11.99 tonnes achieved in that range with a standard deviation of 6.05 

tonnes. The mean resistance for that same range is 6.57 tonnedm with a standard deviation of 3.81 

tonnedm The next highest uitimate load is the 32 to 34 mm range, which is still within the 

manufacturer's recommended drilled hole diameters, foiiowed by the over 39 mm range, then by the 

under 32 mm range. The under 32 mm range, however, does not contain a sufficient amount of data 

to make a meaningful cornparison of resdts. 

Load 
(tonnes) 

Resistance 
(tonnedm) 

183 

Slippd Tests 

1 1.33 

4.16 

1 

Lod 
(tonnes) 

Broken Tests Nondestnictive Tests 

6.45 

4.27 

129 

Resistance 
(tonncdm) 

Load 
(tonnes) 

Load 
(tonnes) 

10.74 

4.54 

Resistance 
(tonnedm) 

Resistnnce 
(tonneslm) 

25 

5.8 1 

2.92 

1 1.98 

2-85 

29 

6.49 

3.99 

i 2.59 6.93 

1.61 -.CI 7 13 



A graph of ultimate load vs. dnlled hole diameter was plotted for ultimate load for al1 of the three 

different test types. The results are presented in Figure 2-18. The same was done for pullout 

TAEM 2-13: SUMMARY S T A ~ C S  FOR DRILLED HOLE DhMEER FOR SUPPED TESTS 

resistance for d l  of the three different test types and the results are presented in Figure 2-19. Figure 

2-20 and Figure 2-21 are graphs of the slipped tests alone for ultimate load vs. drilled hole diameter 

No. of Tests 

and for pullout resistance vs. dniied hole diameter. respectively. Second order polynornid trend iines 

ABOVE 
RECOMMENDED 
RANGE ( ~ 3 9  mm) 

41 mm 

were fitted through the data points using least squares regression techniques. The correlation 

BELOW 
RECOMMENDED 
RANGE ( 4 2  mm) 

28 mm 

Load 
(tonnes) 

coefficient R'. is also shown for each of the trend lines. 

Resistance 
(tonnedm) 

In Figure 7- 18 for the broken tests. the second order polynomial trend line indicates that the ultimate 

M A N ü F A ~ ' S  
RECOMMENDED RANGE 

(32 mm to 39 mm) 

Il 

loads for the drilled hole diameter in the recommended range of 32 mm to 39 mm are lower than that 

32-34 mm 

outside of the optimal range. The pullout resistance graph indicates the opposite: that holes dnlled 

35-38 mm 
ûptimd Range 

within the optimal range improve the smngth of the bolt. It is difficult to determine what influence 

Resismce 
(tonnes/rn) 

Load 
(tomes) 

Load 
(tonnes) 

dnlled hole dimeter should have on the breaking strength of the bolt. The nondestructive results are 

s h o w  for interest. The trend lines in both Figures 2-18 and 2-19 indicate a Iow correlation value, 

Resistancc 
(tonnedrn) 

w hich is correct because the ultimte load and pullout resistance are primarily a function of the tester. 

2 

Resistance 
(tomedm) 

50 

The slipped test results are show separately, for greater clarity in Figure 2-20 and Figure 2-2 1. 

65 

Load 
(tonnes) 



.W Test Types 
Dnlled Hole Diuneter vs. Uthate Load 

FIGURE 3- 18: DRILLED HOLE DIAMETER VS. ULT~IATE LOAD FOR A i L  TESTTYPES 

Al1 Test Types 
Driiied Hole Mameter vs. Rillaut Resismce 

FIGURE 2-19: DWD HOLE D m  VS. f ULLOUT RESISTANCE FDR A i L  TESTTYPES 



Slippcd Tests 
Df led  Hde Diametor vs. Ultimate Load 

FIGURE 2-20: DRCLLED HOLE DU~VETER VS. ULTLMATE LOAD FOR SUPPED TESTS 

Siippeà Tests 
Drillcd Hole Diameter vs. PuIlout Resista~e 

FIGURE 2-2 1: DlULLED HOLE DIAMIXER VS. PULLOUT RESISTANCE FOR SLIPPED TESTS 



The trend line in Figure 2-20 indicates that the ultimate load increases in the recommended range of 

32 to 39 mm drilled hole diameter, particularly in the optimal range of 35 to 38 mm, with a peak at 38 

mm. The ultimate load drops off outside the recomrnended range, below 32 mm and above 39 mm. 

The same trend line appears in the pullout resistance chan for slipped tests (Figure 2-21). The R' 

values are low, because of the large amount of scatter within the discrete intervals. In order to 

elirninate this scatter, the mean of each of the ranges in Tabfe 2-13 was plotted and a trend line was 

fitted through the data. The result is shown in Figure 2-22. 

Slipped Tests 
Driiied Mole Diameter vs. Mean Ulttmak Load 

FIGURE 2-22 MWN OF DR- HOLE DWETER RANGES ( R O M  TABLE 2-13) AND ULTBIATE LOAD FOR 
S L~PPED TESTS 

The R' value shows a stronger correlation. A cornparison between the R' value of 0.069 for the Linear 

trend line and the R' value for the second order polynomial trend line. confm that the relationship is 

non-linear. The pull test results were M e r  broken dowu into the specific dnlled hole diameten. 

The statisticai results were calculated for each of the diameters for the ultimate load pull test results. 

The statistical results are shown in Table 2-14. The 34 mm 37 mm and 39 mm drilled hole diameters 

contained only one record each. therefore the results for those diameten were not included in the 

table. 



TABLE 2-14: SUM~WY STATISTICS FOR DRW HOLE DIAMETER FOR SWPPED TESTS 

The results from the statistical analysis and rhe trends in Figures 2-20 and 2-21 suggest that the 

optimal range for the dnlled hole diameter for Standard Swellex is confimed to be 32 to 39 mm, with 

the optimum diarneter at 35 to 38 mm. The results suggest that the larger diarneten within the 

recommended range result in a better performance thm the s d l e r  diameters in the recornrnended 

range. indeed. the optimal value is at the larger end of the recommended range. This is a result of the 

anchorage mechanics of the bolt. Two factors influence the performance of the bolts as it relates to 

drilled hole diarneter: the ability of the bolt to fully inflate to generate the mechanical locking effect 

and the ability of the boit to generate the axial frictional force. At the lower end of the dnlled hole 

diameters, the bolt is not able to fully inflate, due to the smaller diameter hole. The hole is not large 

enough to dlow the folded portion of the boit to unfold, which inhibits the spnng-like action of the 

folded portion from opening. in the larger diameter holes, the bolt's fully inflated dimeter (41 mm) 

is close to the diameter of the hole. and the surrounding rnaterial undergoes little elastic deformation, 

and resuitantly. little compression back on to the boit takes place once the water pressure is released. 

in the larger diameter hole, the boit does not Fully conform to the irregularities of the borehole and 

tess axial friction is developed. 

No. of 
Tests 
Mean 

Conclusions 

The most important result of this analysis is that the operator should redise that it is crucial to rernain 

inside the optirnal range. as the ultimate load significantly decreases outside of this range. This is one 

of the most important factors effecting the performance of Swellex bolts. Often, the correct size drill 

bit diarneter is not available and the installer substitutes another site. The results of the analysis 

indicate chat this would be a mistake. Every effort shodd be made to obtain the correct size drill bit 

and to drill a hole in the optimal range in order to achieve maximum performance from the Swellex 

bolt. 

28 mm 
lnad 

(tomes) 

2 

6.75 

32 mm 
Load 

(tonnes) 

20 

9-25 
Smdimi 
Deviation 3.37 2.05 

33 mm 
Load 

(tonnes) 

44 

1 1.03 

2.55 

35 mm 
Load 

(tomes) 
16 

8 4 9  

4.57 

36 mm 
Load 

(tomes) 

3 

12.40 

2.08 

38 mm 
hiid 

(tomes) 

3 1 

13.75 

41 mm 
Load 

(toms) 

10 

7.35 

6.15 3.59 



2.8.2 Drill Bit Diameter 
As noted in the previous section (2.8.1 Drilled Hole Diameter), one of the primary factors that affects 

the quaiity of installation of the Sweilex bolt is the drilled hole diameter. Atlas Copco Ltd. 

recomrnends a drilled hole diameter in the range of 32 mm to 39 mm for their standard bolt, with the 

optimal hole diameter between 35 mm and 38 mm. Since a typicd drill bit drills a hole that is 3 mm 

larger than the bit size, the recornmended range of bit sizes for the recommended hole is 29 to 36 mm, 

with an optimum range of bit size between 32 to 35 mm. It is important to note that in some cases, 

the drill bit diameter will not always result in a hole that is 3 mm larger than the bit size. In soft 

ground, over-breaking during drilling may occur, and will result in larger diameter hole. in hard 

ground, the opposite will occur. There were a total of 51 tests where the drill bit diameter was 

recordcd in the pull test data (19% of the total tests). A mean and standard deviation was calculated 

for each of the test types and dl of the test types together. The results are shown in Table 2-15. 

TABLE 2- 15: SUMMARY STATISTICS FSR DR~LL B rr DIAMETER m~ AU T m  TYPES 

B token and Nondestructive Tests 

No. of 
Tests 

Mean 

SondYd 
Deviation 

The pull tests results were plotted for ultimate load and for pullout resistance for al1 of the three 

different test types. and for the slipped tests alone. The results are show in Figure 2-23 and Figure 

2-24. In Figure 2-23 (ultimate load) for the broken tests, the trend Iine is aimost horizontal. The 

pullout resistance vend line (Figure 2-24) for broken tests indicates that the optimal range for dnll bit 

diameters recommended by the manufacturer (32 mm to 35 mm) improves the strength of the bolt. 

This latter trend line has a relatively high correlation value of R' = 0.4382. Like the ciriiled hole 

diameter, it is dificult to determine what influence the drill bit diameter shouid have on the breaking 

capacity of the boit. More data is required to d e  this parameter out. 

Slipped Tests 

10.95 

2.36 

From Table 2-15, the slipped tests have a large standard deviation for both the ultimate load and the 

pullout resistance, which is also reflected in the standard deviations for al1 of the test types together. 

In addition, the mean ultimate load is rather low, at 9.9 1 tonnes wîth a standard deviation of 2.74 

Al1 Tests 
Load 

(tonnes) 

5.14 

1.22 

Raistance 
(tomes/m) 

Slipped Tests 

5 1 

Load 
(tonnes) 

9.9 1 

2.74 

Resistancc 
(tonneslm) 

Nondestructive Tests 

23 

Lnd 
(tonnes) 

Broken Tests 

4.68 

1.37 

Resismce 
(tonnestm) 

L o d  
(tonnes) 

18 

Resismce 
(tonnes/m) 

1 1 .O8 

1.33 

10 

5.17 

0.88 

13.11 

1.10 

6.18 

O. 69 



hll Test Types 
Driü Bit Diameter vs. üitimate Load 

Ail Test Types 
Drill Bit Diameter vs. Puiiout R&IPIICL 



tonnes. The inference is that a significaot nurnber of the bolts tested were not sustaining the 

manufacturer's suggested minimum load of 10 tonnes. The slipped tests were further segmented into 

drill bit diarneter ranges. as determined by the manufactures recommended ranges. The means and 

standard deviations of these ranges were calculated and are s h o w  in Table 2-16. 

TABLE 2- 16: SUMMARY STATISTICS FOR DRILL BLT DUMETER FOR SUPPED TESTS 

The manufacturer's recommendations are confirmed by the statistical analysis of the different 

diameter ranges. The optimal range for drill bit diameter is, in practice. 32 to 35 mm as is reflected in 

the maximum mean ultimate load of 12.30 tonnes achieved in that range with a standard deviation of 

1.79 tonnes. The mean resistance for that same range is 5.50 tonnedm with a standard deviation of 

0.74 tonnedm. The next highest ultimate load is the 32 mm range. which is still within the 

manufacturer's optimal drill bit diameters. followed by the 29 mm range. which is also within the 

manufacturer's recommended range of diameten, followed by the over 38 mm range which is outside 

the manufacturer's recommended range. The pullout resistance results follow the sarne pattern. 

However, it should be noted that this subset (slipped tests with drill bit diameter information) of the 

pull test records contains very little data and it is difficult to obtain reliable trends and statistics From 

such a small simple. Clearly. more data is required in this area to obtain reliable results and to 

confirm the results of this aspect of the study. 

No. of 
Tests 
Mean 

Stmdard 
Deviation 

The trend line in Figure 2-25 indicates that the ultimate load increases in the recommended range of 

29 to 35 mm dnlled hole diameter, particularly in the optimal range of 32 to 35 mm with a peak at 35 

mm. The ultimate load drops off outside rhe recommended range, below 29 mm and above 38 mm. 

The same trend iine appears in the pullout resistance chart for slipped tests, Figure 2-26. The R' 

values are Iow. because of the large arnount of scatter within the discrete intervals. In order to 

eliminate this scatter, the mean of the ranges in Table 2-16 were ploned and a trend line was fitted 

through the data. The result is shown in Figure 2-27. 
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SUpped Test0 
D d  Bit Diameter w. Ultimate Load 

-- 
a Slippcd P o l v .  (Slippd) 1 

FIGURE 2-25: DRILL Bm DIAMETER VS. ULW¶ATE LoAD KIR SLIPPED TESTS 

Süpped Tests 
Drill Bit Diametu vs. Pullout Raistance 

FIGURE 2-36: DRILL BIT DWiMETER VS. PULLOUT RESISTANCE FOR SUPPED TESTS 



Slipped Tests 
Drill Bit Diameter vs. Uldmare Luad 

FIGURE 2-27: MEAN OF DRILL BIT DIAMETERS (FROM TABLE 2-15) VS. ULT~MATE LOAD FOR SLPPED TESTS 

ïhe  R' value shows a stronger correlarion of 0.5542. The results From the statistical analysis and the 

trends apparent on the chart in Figures 2-25 and 2-26 suggest that the optimal range for the drill bit 

diameter for Standard Swellex is indeed 29 to 35 mm, with an optimum diameter of 32 to 35 mm. 

Conclusions 

As with the drilled hole diarneter, the results suggest that the larger diameters within the 

recommended range result in a better performance han the smaller diameten in the recommended 

range. The recommendations for this parameter are essentially the same as for the drilled hole 

diameter (see Section 2.8.1). It is important to note that in some cases, the drill bit diameter will not 

always result in a hole that is 3 mm larger than the bit size. In sofi ground, over-breaking during 

drilling may occur, and will result in a larger diameter hole. In hard ground, the opposite will occur. 

The trends observed in the driu bit size parameter are the resdt of the underIying influence of the 

drilIed hole diarneter which is the more important of the 2 parameters. Therefore, it is essentiai to 

select a drill bit size that will result in the appropriate size of hoIe given the ground conditions. 



2.8.3 Pump Pressure 
Swellex bolts are made of a circular steel tube that has been folded to reduce its diarneter. The bolts 

are inserted into a drilled hole 32-39 mm in diarneter. High pressure water is then pumped into the 

bolt and used to inflate the boIt within the hole, creating the mechanical lock and axial fnction 

throughout the bolt length. The level of water pressure, which is called the pump pressure, is one of 

the primary factors that effects the quality of installation of the Swellex bolt. The pump pressure is 

also a check of the quality of installation. When the pump reaches a pre-set pressure of 30 MPa, the 

quality of bolt and installation is verifed. according to Atlas Copco ~ td . "  In their product m u a l .  

Atlas Copco Ltd. recommends a pump pressure of 30 MPa for their standard bolt.I5 

Pump pressure information was recorded in 97 of the pull test records (36% of al1 pull test records). 

The majority of the test records were for bolts that had been installed with the recomrnended 30 MPa. 

It is uncertain whether this information reflects the actual pump pressure at which the bolts were 

installed, or whether it reflects the "desired pressure" that was entered in by the tester at the time of 

testing because it is the recommended pressure. Typically. the time of testing is well after the time of 

installation (see Section 2.9.2). If the pump pressure is not recorded at the time of installation or it is 

not accurately referenced at the time of testing, the recorded pump pressure information may be 

incorrect. However, it is dificult to determine which of the available data is reliable and which is 

not. 

The mjority of the data is lumped around 30 MPa. This means that there is a large amount of scatter 

with respect to the ultimate load and pullout resistance at the recommended value of pump pressure. 

This does not necessarily mean that the pump pressure has litde influence on the pull test results. 

indeed it does. In many of the pull test records where the bolt perfonned poorly, the cornments of the 

tester noted that the bolt was not properly inflated. The range of load and resistance values at 30 

MPa, may be attributed to other underlying influences within that range of data. such as drilled hole 

dimeter, corrosion or other factors which were also found to have some influence on the 

performance of the bolt. 

The pull test information was grouped by test type: slipped, broken and nondestructive tests. The 

mean and standard deviation were cdculated for a i l  of the test types grouped together as a set and for 

each test type individuaiIy. The results are presented in Table 2-17. 

'* Adas Copco Ltd. 
I5 Ibid. 



I 1 AuTesu 1 SüppedTesu 1 Nondeshuctive Tests 1 BmkcnTests I 

The large standard deviation in the slipped tests reflects the large range of load and resistance values 

around 30 MPa. A large number of the slipped tests are not holding the minimum suggested 10 

tonnes of load. Since only 6 of the 97 tests were nondestructive, the results from the nondestructive 

data must be viewed carefully. There were a number broken tests. about 25% of the total. The mean 

ultimte load sustained in the broken tests before the bolt broke was 12.69 tonnes with a standard 

deviation of 1.62 tonnes. This is approximately. the ultimate tensile strength of the steel before 

expansion of 1 1 t o ~ r s . ' ~  This suggests that the bolts in the broken tests subset of data are 

performing at about the expected level with respect to the breaking strength of the steel. The bolt is 

breaking at the manufacturer's minimum suggested breaking load. 

1 

No. of 
Tests 

Mean 

Standard 
Deviiuion 

The ultimte load and the pullout resistance results were plotted against the pump pressure for each of 

the test types. Linear regression techniques were used to fit a linear trend line through the data. The 

associated correlation coefficients. R'. were calculated and are shown on the gmphs as well. The 

results are presented in Figures 2-28 and 2-29. 

Broken and Nondestructive Tests 

Load 
(tomes) 

Load 
(tomes) 

The broken test trend line has a very Iow correlation value both in the ultimate load chart (Figure 2- 

28) and in the pullout resistance chart (Figure 2-29), of R' = 0 . 0 1  and R' = 0.0133. respectively. 

This is due in part to the clustering of data around 30 MPa (19 of the 23 broken tests). However, it is 

also amibutable to the lack of influence chat pump pressure has on the breaking strength of the bolt. 
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6.53 

3.63 
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5.83 
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6.01 

3.83 
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14.73 

1.33 
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1.62 

9.86 

7.42 
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FIGURE 2-29: PUMP PRESSURE VS. PULLOUT RESISTANCE FOR ALL T W  TYPES 



In any case, the results show that pump pressure has Little influence on the performance of the bolts 

that broke. Only 1 of the 23 tests that broke. broke before the minimum suggested tensile strength of 

the bolr at 10 tonnes. 

The trend line for the nondestructive tests is shown for interest. The results of a nondestructive test 

are overwhelmingly influenced by the tester. The nondestnictive tests results do provide a minimum 

value that those bolts are maintaining, and none of the 6 were stopped before the minimum 10 tonnes. 

which means that the nondestnictive tests in this subset are performing well. 

Slipped Tests 

The results of the slipped tests are shown alone for clarity in Figures 2-30 and 2-3 1. 

Siipped Tests 
Pump Pressure vs. Ultimate Lmd 

FIGURE 2-30: PüMP PRESSURE VS. ULT~MATE L O N  FOR SLIPPED TESTS 

The trend line in both the ultimate load chart, Figure 1-30. and in the puiiout resistance chart, Figure 

2-31, indicate that the performance of the boit improves with increasing pump pressure. It should be 

ooted that the symbol at 40 MPa is actually 5 data points. The correlation value of R' = 0.41 17 in the 

dtimate load chart is extremely high compared to any of the other factors. The R' = 0.0625 is lower 

for the pdout  resistance. however it is stili signifrcant compared to the other factors. 



Slipped Tests 
Rimp Ressure a. Puiiout Resistance 

Siipped Tests 
Mesui Pump Ressutc vs. bfeau Ulefmotc L a d  

FIGURE 2-32: W VALUES F û R  ULTMATE LoAD VS. PUW PRESSURE FOR S UPPED TES~S 



Another significant observation in the ultimate load vs. pump pressure graph for slipped tests. was the 

behaviour of bol& which were inflated at a pump pressure of less than 17 MPa. None of these bolts 

attained the minimum suggested pullout load of 10 tonnes. Another trend is the improved 

performance of the bolt inflated at a pump pressure of 40 MPa. These two observations indicate that 

a higher pump pressure during installation is preferable to a lower pump pressure. 

The mean value was calculated for the slipped test for 4 ranges of pump pressure for the ultirnate load 

in order to elirninate some of the scatter. The ranges were 20 - 24.99 MPa, 25 - 29.99 MPa, 30 - 
34.99 MPa, and 35 - 40.00 MPa. The results were plotted Figure 2-33. 

The R' value for this chut is 0.9478. suggesting a strong correlation between the purnp pressure and 

the performance of the bolt. The data at the 40 MPa pump pressure, was obtained from a study that 

was done in a mine by Atlas Copco Ltd.. to help a client achieve better performance from the bolt, as 

they were having problems in extremely hard rock conditions. They found that increasing the purnp 

pressure from 30 MPa to 40 MPa improved the performance of the bolt by about 25%. (the ultimate 

load increased from 18 tonnes to 23 tonnes). These tests were elirninated from the rest of the study 

(see Section 2.5.2) but were included in the analysis for pump pressure for two reasons. Even without 

the points the trend line indicates that an increase in pump pressure results in an increase in ultirnate 

load. Also. thrse points were the only records that were available for any pump pressure appreciably 

higher than 30 MPa. 

Conclusions 

The purnp pressure is exuemely important to the quality of installation of the bolt. which in turn 

affects the ultirnate load. There is a large amount of scatter uound the 30 MPa pump pressure. 

mostly likely for two reasons. The €mt is that some of the data recorded as having a pump pressure 

of 30 MPa may not actually be 30 MPa but was recorded as such because it is the recommended 

purnp pressure. The other reason for the scatter is the influence of other underlying factors. The 

influence appem in the other charts as well. pxticularly in factors which involve discrete intervals 

such as the drill hole diameter. More data is required, and accurate recording of the pump pressure is 

required at the time of instdlation, in order to obtain diable  results and verifj these trends. 

However, from the data available, it clear that a minimum of 30 MPa is required and if possible, 

additional pressure does help the quaiity of installation sign.Ecantly and increase the ultimate load of 

the bolt as well. 



2.8.4 Inflation Time 
This parameter was rarely recorded as a part of the pull test information. This Iack of information 

my be atnibuted to the fact that rnany of the bol& are pull tested long after the have k e n  installed 

and the inflation time information had not k e n  recorded at the time of installation or the information 

was no longer available. Even in tests where the bolt was instafled on the same date as the pull test. 

inflation tirne was not recorded. In man? of the tests where the ultimate load of the bolt was 

extremely low. the comments of the tester were that the bolt was not fully inflated. The inflation tirne 

dong with the pump pressure are the two factors which would determine the quality of installation. 

particularly the full inflation of the bolt. if the high pressure water is not injected for a sufficient 

amount of time, then the bolt will not properly inflate. This parameter should be systemticalIy 

recorded in the future to fully investigate the effect and correlation of inflation time with the capacity 

of the bolt. 



2.9 PARAMETERS ASSOCIATED WITH TIME 

Currently, Swellex is prirnarily used as a rneans of temporary support in many underground 

opentions. The standard time frame is anywhere from six months to a year. In some cases, such as 

in low corrosive environments, the boIt cm be used for up to 10 years. The reason for the use of the 

bolt for temporary support is due in part to the low cost and ease of installation. it is also due in part 

to the tendency of the bolt to under-perform with tirne. Corrosion and the age of the bolt are two 

factors that are associated with time. The installation date and the test date are also associated with 

time. The latter two factors were used to determine the age of the bolt, as this information was not 

always provided. Statistical ruialysis and charts were ploaed for each of these parameters against the 

ultimate load and the pullout resistance of the bolt. The results are presented in the following 

sections. 

2.9.1 Corrosion Level 
Corrosion information was recorded for 65 pull tests results. 24% of the total number of tests. 35 of 

these were slipped tests. 19 were nondestructive tests and 11 were broken tests. The information 

recorded for the Ievel of corrosion was d l  qualitative. Terms such as v e l  corroded, some mst. linle 

corrosion and suficial corrosion were used to indicate the level of corrosion in the bolt. For the 

purpose of this thesis. a standard set of terminology was developed which uanslated the qualitative 

terms that were commonly used in practice. into a ranking system. This was done in order to 

provided a standardized rnethod far the comparison of pull test results. The pull test data was then 

interpreted and reclassified into this standard set of terminology in order to develop a viable set of 

data that could then be analysed statisticalIy. The terrninology used , listed in the ranked order. was: 

a 1 = none (no corrosion present) 
O 2 = surficial (surficial corrosion present on bolt) 
P 3 = Little corrosion (more corrosion than surficial but not full coverage of the bolt) 
O 4 = modente corrosion (near full coverage of the bolt with corrosion) 
P 5 = very corroàed (indicating nearly compiete corrosion) 

Whüe this classification system is inhenntiy flawed (it uses subjective terms and subjective 

rationaie), it is suffïcient to analyse the given data. The mean and standard deviation were caiculated 

for each of the test types. The results are shown in Table 2-18. The mean and standard deviation was 

aiso caiculated for the different levels of corrosion withh the slipped tests subset of data. The results 

are s h o w  in Table 3-19. 



TABLE 2- 18: SUMMARY STATISTICS FOR CORROSION LEVEL FOR ALL TEST TYPES 

A few inferences cm be drawn frorn the statistical data. For the total of 65 tests where the corrosion 

TABLE 2-19: SUMMARY STATISTICS FOR CORROSION LEVEL FOR SUPPED TESTS 

level was recorded. the mean ultimate load was 10.77 tonnes with a standard deviation of 2.34 tonnes. 

Since the minimum load that the bolt should sustain is 10 tonnes. it is apparent from this subset of 
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data that a significanr number of tests are not sustaining the minimum load specified by the 
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The values on the x-axis represent the ranking system descnbed previously in this section. A second 
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12.88 

2.01 

order poIynomial trend line was fîtted through the data points for each of the test types. Both Figure 

2-33 and Figure 2-34 show the same result for the nondestructive tests. The trend line is horizontal. 
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tonnes (Table 2-18) for the nondesüuctive tests can be expected since nondestructive tests are carried 
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out in such a manner as to yield this result. 
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The results for the broken tests are the same for both the ultimate load and the pullout resistance. The 

4.93 

0.33 

5.21 

0.63 
: 

5.20 

0.56 

12.77 

1 .83 

second order polynomial trend line shows that the strength of the bolt decreases with an increase in 

4.00 

0.84 

the level of corrosion, for destructive tests. This result should also be expected because corrosion 

affects the performance of steel. The R' values are relatively hi*, with a value of 0.3225 for the 

ultimate load and 0.3470 for the pullout resistance. The steep slope of the trend line indicates that the 

strength of the bolt is highly sensitive to the Ievel of corrosion in the bolt. 
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FIGURE 3-33: CORROSION LEVEL VS. ULT~IATE LOAD FOR A u  TESTTYPES 
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Slippeù Tests 

In order to analyse the influence of corrosion kvel on the slip load of the bolt, the slipped tests were 

anaiysed as a group and were aiso segmented by degree of corrosion and analysed withh these 

groupings. The slipped tests held a mean ultimate load of 11.77 tonnes with a standard deviation of 

2.18 tonnes for the 35 tests. Irnplying that, for this subset of tests, a significant number of tests (about 

15-20%) of the boIts would not hold the minimum load of 10 tonnes. 

When the slipped tests were M e r  divided into subsets by their level of corrosion, cenain trends 

were noticed. The statistical data indicates that the ultirnate load and the pullout resistance for the 

bolt increases with the level of corrosion, up to the modente corrosion level, then the load and 

resistance decrease. This result can be explained by the fact that SweIlex is a frictional bolt and a 

moderate degree of corrosion serves to improve the fiction in the bolt. Also, the development of 

corrosion creates a physical bond between the bolt and the hole, similar to a rusted out and bolt. 

Although the dataset is relatively small in number. only 35 tests, the trend also appears in the chatts 

and the R' values (correlation coefficient) are significantly higher than most of the other factors. This 

suggests that the degree of corrosion has a significant role in the strength of the bolt. Ultimate load 

and the pullout resistance were plotted against the corrosion level for al1 of the tests and trend lines 

were dnwn for each test type, these two charts are shown in Figures 2-33 and Figure 2-34. 

At a certain point, which, according to the data, occurs at the "very corrodeà" level of corrosion in the 

bolt, the strength of the bolt degrades. This degradation in saength is due to corrosion lowenng the 

tensile suengtti of the bolt. The "vew corroded" level is the point at which the two factors intersect. 

At the "very corrodes' level, the ultimate load chart shows that the strength of the boIt degrades, 

while the puiiout resistance chart shows that the strength of the bolt continues to improve. Not only 

is the former result the more statistically diable result (R' value of 0.3688, for the ultimate load vs. 

the R' value of 0.1666 for the pullout resistance), it is also the more logicai result. 

The results for siipped tests alone, are shown on Figures 2-35 and 2-36. In order to verify the results 

in F i p  2-34 for the slipped tests, the rnean values for ultimate load for slipped tests as calculated in 

Table 2-19 were plotted in Figure 2-37. This was done in order to eliminate the scatter which results 

from interpreting qualitative descriptions in order to lump them into discrete groupings such as 

'Linle', 'moderate' and 'very corroded'- In addition, Figure 2-38 shows the uitimate load for broken 

and siipped tests. The broken tests were included in order to observe the relationship between the 

corrosion level, the result of the test, (will the bolt break or wilI it puilout), and the puilout load of the 



SUpped Tes& 
C o d o n  L e d  YS. Ultimate Load 

FIGURE 2-35: CORROSION LEVEL VS. ULTIMATE LOAD FOR SLIPPED TESTS 

FIGURE 2-36: CORROSION LEVEL VS. PULLOUT RESISTANCE FOR SUPPED TESTS 



bolt. The nondestructive tests were not included in this g a p h  because the results of a nondestructive 

test, would result in a trend Iine that is Iower than the actuaI ultimate load of the bolt. 

The plot of the mean values for the ultimte load for slipped tests s h o w  in Table 2-19 indicates an 

rxtremely high R' value of 0.9973. This would indicate that the assumption regarding the influence 

of corrosion level of the bolt on the ultimte bearing capacity (positive up to a certain level of 

corrosion. then the strength of the bolt degrades and corrosion influence becomes negative). is 

correct. This result is also confmed in Figure 2-38 where the slipped and broken tests are grouped 

together to examine the influence of corrosion on the combined groups of tests. The R' value is less 

than that for the slipped tests in Figure 2-37. however. there is still an obvious trend io the data. 

These results. k ing  qualitative in nature. are not as reliable as quantitative pieces of data. due to the 

inherent error at two stages in the recording and the interpretation of the data. When the data is 

recorded. the classification of the data is ambiguous and depends upon what the recorder of the 

infomtion thinks is a "very corroded" bolt and what is "surficial corrosion ". The second level of 

error occurs when this data is re-interpreted by a different person in order to convert each individual's 

classification into a standardized classification scheme. The second level of error could be avoided if 

everyone used a standardized scheme to record pull testing information. 

Conclusions 

The statistical data and the correlation coefficients, combined with what is previously known about 

the function and mechanisms of the Swellex boIt, lend credence to the conclusion that modente 

corrosion improves the strength of the Mt .  Excessive corrosion decreases the strength of the bolt. 

The point at which this occurs. requires further study and more data. A standardized quantitative 

rnethod for recording corrosion information is required in order to improve the usefulness of the data. 

As well. pull testing personnel should make more of an effort to record corrosion information. 
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2.9.2 Residence T h e  
An andysis was conducted on the residence tirne of the bolts. The residence time is defined as time 

between installation of the bolt and pull testing of the bolt. In order to obtain this number both the 

test date and the installation date had to have k e n  recorded in the pull test information. The test date 

was recorded in 188 of the pull tests; however, the installation date was only recorded in 95 of the 

pull test records. Therefore. there were only 95 records (35% of the records), for which the age of 

the bolt couid be calculated. This set of data was divided into the three different test types and a 

statistical analysis was performed on the data for each of the test types. The results are presented in 

the TabIe 2-30. 

No. of 1 Tests 

TABLE 2-20: SUMMARY STARSTICS FOR RESIDENCE TME FOR ALL TEST TYPES 

Broken Tests and Nondestructive 

Ml Tests 1 Siippcd Tests 

Mean 

s ~ ~ d ~ d  
Deviation 

From Table 3-20, the mean ultirnate load of the broken tests show that some bolts are breaking at well 

below the 10 tonnes breaking load suggested by the manufacturer. The nondestructive test results are 

Load 
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Nondestructive Tests [ Broken Tests 

of course entirely dependent upon the tester, and are shown purely as a minimum Ioad which is king 

Load 
(tonnes) 

attained, which is reflected in the sml l  standard deviation. 

Resistance 
(tomcslm) 

1 1 .?9 

The pull test data was ptotted for each of the test types. for the ultirnate load and the pullout 

resistance. The results are show in Figures 2-39 and 2-40. The correlation coefficients are 

insignificant for the nondestructive tests for both pullout resistance and ultirnate load. 
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Stipped Tests 

Frorn Table 2-20, the minimum suggested slip load was obtained in the slipped tests. The slipped test 

results graphs are shown sepantely for clarity. in Figures 241 and 241. The correlation coefficients 

for the broken test were much higher at R' = 0.4883 and R' = 0.4703 for the ultimate load and the 

pullout resistance. respectively. This indicates that the age of the bolt does have an influence on the 

b r d i n g  Isad ~f the bolt; and ihe oldzr ihc bolt is. hic lower the b~ak ing  load. This miid c m  Se 

attributed to the greater degree of exposure of the bolt over tirne. particularly to corrosion. 

The trend lines for the slipprd tests vs. residence time for both the ultimate load and the pullout 

resistance indicate the samr general trend as the broken tests; that the performance of the bolt 

degrades with time. The correlation coefficients are lower than those of the broken tests. R' = 0.3 116. 

and nd2 = 0.2709 for the ultimate load and the pullout resistance. respectively. However. they are still 

large compared to m n y  of the other factors. 
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Test Date and Installation Date 

The influence of both the test date and the installation date was anaiysed. As expected, there was no 

codat ion for either one of these factors for slipped tests. The correlation coefficients were very 

low. There was a trend in the broken tests for installation date panmeter, which had a correlation 

coefficient of R' = 0.3893. This may be the result of the underlying influence of the age of the bolt. 

Most of the test dates collected are from the last few years, while the installation dates are distributed 

over a number of years. The statistical analysis and the graphs are provided for interest on the 

following pages. It is interesting to note that the result of the analysis of the installation date data 

serves to validate the results from the residence time. It eliminates the possibility that the trend line is 

a reflection of underlying trends carried over from the either of the two factors from which the 

residence time is calculated. 

No. of 1 Rsts 1 

TABLE 2-2 1: SUMMARY STA~STICS FOR TEST DATE FOR ALL TEST TYPES 

Mean 

s[a"dilrd 

Deviation 

No. of 1 Rsts 1 

Broken Tests All Tests 

TABLE 2-22: SUMMARY STATISTICS FOR INSTALWTION DATE A u  TEST TYPES. 

Conclusions 
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The mnd lines for the slipped tests vs. residence time for both the ultirnate load and the pullout 

resistance indicate the same generai trend as the broken tests, that the performance of the bolt 

degrades with time. The result can be most easüy explained by the effect of exposure of the bolt over 

time. This trend line is not the result of an underlying trend carried fiom one or both of the two 

factors (instailation date and test date) from which the residence tirne was obtained. 
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FIGURE 2-46; ~ISTALLATION DATE VS. PULLOUT ~ ~ I S T A N C E  FOR ALL TEST TYPES 



2.10 PARAMETERS ASSOCIAmD WITH GROUND CONDITIONS 

The rock mass in which a rock bolt is installed can have a significant influence on the performance of 

the M t .  The rock mass is an integral part of the anchoring system. Whether the bolt is frictional. 

mechanicaily anchored. or achieves its anchorage via a bonding agent such as a grout or resin. al1 of 

the mechanisms which hold the bolt in place interact with the rock mss.  

.4dditiondlp. Swllex hzs 2 unique effecr cn w e ~ !  md sofi rock. The inflation ~f the h!r 

consolidates the surrounding rock mass and actually improves the load bearing capacity of the weak 

rock. Whether this effect works in reverse as well. (i.e. weak rock improves the performance of the 

Swellex bolt) is investigated in the following sections. 

Some of the parameten which characterize the rock mass. are UCS. Young's Modulus. RQD, RMR. 

Q. water infiltration level and the lithology of the rock. Information for al1 of these factors was 

recorded in the pull test data. However. al1 of these factors were not recorded in all of the tests and. 

in most cases. the number of pull tests containing infomtion for each factor is very smll  (Table 2- 

3). For each of these panmeten a statistical analysis was performed on the available data. the data 

was piotted and trend lines were genented. 



2.10.1 Elastic Modulus 
The radiai mechanical locking effect developed in a Sweliex bolt is a resuit of the interaction of the 

elastic modulus of the steel in the bolt and the elastic modulus of the rock surrounding the bolt. 

Therefore, it stands to reason that the elastic modulus of the rock would have some influence on the 

performance of the bolt. The elastic modulus was only recorded in 26 of the total 275 pull test 

records (9%) of the pull tests records. I l  were slipped test results, IO were nondestmctive test results 

and 5 were broken test results. A statistical analysis was conducted on the pull tests data for the 

ultimate load and for the pullout resistance for each of the test types and for al1 the pull tests as a 

cornplete set. The results are presented in Table 2-23. 

Tests No-of I 

Stmdvd 2.57 3.79 3.3 1 5.38 1.29 1.69 1 .O8 0.50 Devi rztiion 

Ail Tests 

The mean ultimate Ioad for the broken tests is 1X76 with a standard deviation of 1.08. well above the 

suggested 11 tonnes. The mean ultimate load for the slipped tests was 9.73 tonnes with a standard 

deviation of 3.3 1 tonnes, which means that if this distribution was representative. the mrijority of the 

bolts are slipping at a load below the suggested 10 tonnes. The pull test results were plotled 

gnphically. Linex trend lines were fitted through the data for each of the test types. R' values were 

calculated for each of the fitted trend Iines. The results for the influence of elastic modulus on 

ultimate load are displayed in Figure 247  and for pullout resistance in 248. In the interest of clarity, 

Figures 2-49 and Figure 2-50 show the results for slipped tests alone. 
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The broken-test trend line for the influence of eiastic modulus on the ultimate load is horizontai 
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indicating that elastic modulus has Little influence on the breaking load of the boIt. The same result is 

found in the pull out resistance graph, Figure 248. The correlation coeficients, R' were high for 

bath the ultimate load and for the pullout resistance trend Lines. However, there were very few pull 

tests in this subset (only S), which is not enough to obtain a statistically meaningful result, 
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Siipped Tests 

The slope of the trend line for slipped tests for the influence of elastic modulus on the ultimate load is 

negative. indicating that increasing elastic rnoduius has a negative influence on the slip load of the 

bolt (i.e., as the elastic modulus increases, the slip load decreases). The R' value for this trend Iine 

was 0.3981. The same result is found in the puli out resistance graph, Figure 2-50. Although the 

correlation coefficients are relatively high, there are only 11 pieces of data in this set, which is not 

enough to obtain a meaningful result. There was no observable trend in the tests that faiIed beIow the 

manufacturer's suggested minimum of 10 tonnes. The failed tests are evenly distributed among the 

different elastic modulus values. 

Conclusions 
The pull test data available indicates that an increase in the elastic modulus has a negative influence 

on both the breaking ioad and the slip load of the bott. However, there is too little data to obtain a 

statistically meaningful result. Because of the manner in which the Swellex bolt intencts with the 

surrounding rock material during the installation of the bolt. some influence is expected. The 

determination of the exact nature of the influence requires more data. These results are further 

discussed in the third section of this thesis. 
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2.10.2 Uniaxial Compressive Strength 
Adas Copco Ltd. suggests that the Swellex bolt improves the condition of the interfacing rock and 

increases its load bearing capacity. This effect occurs because of the consolidation of material 

resulting from the expansion of the Swellex bolu.17 Swellex may have an effect on rock strength. but 

does rock strength effect the performance of Swellex? A number of factors influence the quality of 

the ground conditions. This section deals with the influence of the Uniaxial Compressive Strength 

(UCS) of the rock. UCS data was recorded in 69 of al1 the pull test records (approximately 25%). 

This value was much lower initially, so the respondents were contacted and sorne were able to 

provide subsequent information to fi11 out this area of the data. The pull test data was analysed 

statistically and the mean and standard deviation was calculated for al1 of the bolts together and for 

each of the test types individually. The results are presented in Table 2-21. 

TABLE 2-24: SUMMARY STATISTICS KIR UCS FOR ALL TEST TYPES 

There is a large standard deviation in the slipped test data, and in the broken test data. However, only 

No. of 
Tests 

Mean 

StuidYd 
Dcviation 

1 of the 15 broken tests failed below the suggested 10 tonnes. whereas 14 of the 34 slipped test failed 

AU Tests 

below the suggested minimum slip load of 10 tonnes. The pull test data was also plotted in gnphical 

Lod 
(tomes) 

form for both the ultimate load and for pullout resistance. Linear regression was used to fit linear 

Resistance 
(tonnes/m) 

Slipped Tcsts Nondesuuctive Tests 

69 

trend lines through the data points. R'. the correlation coefficient value was also calculated for each 

of the trend lines. The results are presented in Figures 2-5 L through 2-54. 

Broken Tests 

10.87 

3.J8 

Broken and Nondestructive Tests 

Load 
(tonnes) 

Lod  
(tonnes) 

6.76 

3.54 

34 

The linear trend line for the influence of UCS on the ultimate Ioad in broken tests has a correlation 

coefficient of R' = 0.3503 and indicates that the ultimate load of the bolt decreases in broken tests 

with an increase in UCS. The linear trend iine for puiiout resistance indicates the opposite, the 

pultout resistance increases with an increase in UCS. The R' value for this trend line is 0.2923. It is 

dificult to determine what influence the UCS should have on the breaking strength of the bolt. 

Despite the relatively high correiation coefficients, the influence of UCS on the broken tests is 

Resistance 
(tonneslm) 

&ad 
(tonnes) 

Raistance 
(tonnedm) 

9.42 

3.75 

l7 Atlas Copco Ltd., Swellex Roduct Manual. Swellex - The engineered rock reinforcement system. p.3 

Raistance 
(tomes/m) 

6.37 

3.25 

20 

12.30 

3.01 

15 

6.69 

4.43 

12.24 

1.80 

7.3 1 

7.79 



suspect for two reasons. The first is that there are oniy 15 data points for the broken tests, which does 

not provide a statistically reliable result. Secondly. in both the ultimate load and the pullout 

resistance the effect is not highly sensitive to UCS. An increase in UCS of 300 MPa results in a 

decrease in the ultimate load of 2 tonnes. and an increase in pullout resistance of 2.5 tonneslm The 

minimum value of ultimate load and pullout resistance for both the low UCS and the high UCS 

values are stiU well above the suggested breaking load of steel. Again. the vend lines for 

nondestructive tests reflect the influence of the tester and the effect of other influences, such as UCS, 

are not apparent. 

Slipped Tests 

The results from the pull test analysis show UCS does have an influence on the slip load of the bolt. 

The linear trend line that was fitted though the ultimate load vs. UCS for the slipped tests indicrites 

that an increase in UCS results in an increase in ultimate load. The trend line has a correlation 

coeficient of R' = 0.23 14. The result is the same for the pullout resistance vs. UCS trend line with a 

correlation coeffîcient of R' = 0.0876. Despite the lower R' value in the pullout resistance, this result 

makes more sense. The load bertnng capacity of the boit is only modentely affected by the UCS. An 

increase in UCS of 300 MPa results in an increase in ultimate load of 5.5 tonnes. However, the 

strength of the rock mass has little effect on both the mechmical locking effect or on the frictional 

resistance generated along the length of the M t .  

A trend was noticed in the bolts that were slipping under 10 tonnes. Many of these boIts were 

clustered around the low UCS range of O to 40 MPa. UCS shoufd have some influence on boIts 

installed in low strength rock. specifically in rocks with a UCS value lower than the pump pressure 

(generally 30 m a ) .  For these rocks. the inflation of the boIt wiIl cause plastic deformation, not 

elastic deformation around the borehole periphery. The rock wilI not fulIy squeeze back ont0 the bolt 

when the pump pressure is released and mechanical locking will not occur. The zone of plastic 

deformation increases with the difference in pump pressure and UCS. The larger the plastic zone, the 

smailer the elnstic response of the rock which results in a lowered mechanicd lock on the bolt. The 

oniy mechanism holding the bolt in place will be the axial M o n .  In order to test this hypothesis, a 

iogarîthmic trend line was fitted through the data using regression techniques. The correlation 

coefficient for this trend h e  (Figure 2-53) was much higher than the linear trend line (R' = 0.4183 

vs. R' = 0.23 14). This trend also indicates that beyond the 30 to 40 MPa range, an increase of 200 

MPa results in a 1 tonne increase in ultimate bearing capacity. This result is more logical than the 

relationship shown by the Iinear trend he. 
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FIGURE 2-52: UCS vs. PUUUT RESISTANCE FOR ALL T m  TYPES 
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Conclusions 

According to the pull test data, UCS affects the ultirnate load and pullout resistance of the Swellex 

bolt significantly for rocks with a UCS Lower than the pump pressure (30 MPa). Beyond that range 

UCS has linle influence. More data is required, as there were only 34 pieces of slipped test data and 

15 pieces of broken tests data, to confirm this result. and to better determine whether UCS influences 

the breaking load of the bolt. 



2.10.3 Water Conditions 
One of the factors that contributes to the overail quality of ground conditions in a mine is the level of 

water infiltration. It is one of the factors in the Rock Mass Rating (RMR) system and in the GSI 

classification system In the SweIlex product manual, Atlas Copco Ltd. suggests that the boIt is 

unaffected by the presence of water which is squeezed out of the contact rock during installation of 

the M t .  in order to test the validity of that statement. an analysis was conducted on the pull test data 

with respect to the level of water infiltration in the rock. 

The level of water infiltration was recorded in 64 of the total 3W pu11 test records. approximateIy 

24% of the records. The information that was recorded was qualitative and non-standardized. For the 

purposes of this study, and in order to rank the data for andysis, a ranking system was used which 

incorporated the terminology that was commonly used by the testing personnel. The ranking system 

that was used is listed below: 

O l = D v  
O 2 =  Damp 
Q 3 = V e y  Damp 
P 4 = Dripping Water 
0 5 = Flowing Water 

The data was then interpreted to fit this ranking system. The interpreted data was analysed 

statistically and the results are presented in Table 2-25. The mean and standard deviation was 

calculated for each of the three test types and for the ali of the test types together. 

TABLE 2-25: SUMMARY STATISTICS FOR WATER LEVEL FOR ALL TEST TYPES 

Broken and Nondestructive Tests 

The rnean breaking Ioad of the 9 broken tests is 11.28 tonnes with a standard deviation of 2.63 tonnes, 

which means that a significant number of these 9 bolts (3 bolts), are failing below the suggested 11.0 

tonnes breaking Ioad. However, this is a very srnail set of tests. Again, the nondestructive test results 

are provided as a minimum Ioad that is king attained for these tests, 

No. of 
Tests 

Mean 

Deviaion 

All Tests SLippgd Tests Nondcstnictivc Tests 
Load 

(tomes) 

64 

Load 
(tomes) 

Broken Tests 
Lod 

(tonnes) 
Resistance 
(tomts/m) 

11.01 

2 , ~ )  

Rcsistance 
(tonndm) 

Laad 
(tomes) 

Resistance 
(tonnedm) 

5.86 

2.32 

33 

Resistance 
( to~drn)  

11.12 

22 

6.46 10.75 

9 

5.11 

0.59 

1 1.28 

2.63 2-29 

5.50 

1 .O7 3.05 1.10 
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The pull test data was ploned graphically in Figure 2-55 and Figure 2-56. The horizontai axis 

represents the nnking system described previously in this section. The correlation coefficient. R' = 

0.0776 was small for the nondestructive tests for both ultimate load and the pullout resistance, as 

expecied. The correlation value for the broken tests was R' = 0.1904 for the ultimate load trend line 

and R' = 0.2949 for the pullout resistance trend line. These correlation coefficients are significant in 

relation to the other factors in this study and the trend iine indicates that the ultimate breaking load 

decreases with increasing water infiltration. This result makes sense. especially in considention of 

the results frorn analysis of the influence of the level of corrosion on the performance of the Swellex 

boIt. hcreased corrosion level, results in a towered ultimate breaking load. The :wo factors are 

interrelated. because water infiltration often causes corrosion. 

Slipped Tests 
TABLE 2-26: SUMMARY STATISTICS POR WATER LEVEL FOR SLIPPED T m  
1 1 AU 1 Dry 1  dam^ 1 Very Damp 1 hipping 1 Fïowing Waer 1 

The rnean and standard deviation were calculated for each of the levets of water infiltration for the 

slipped tests. The results were presented in Table 3-26. The pull tests results for ultimate load and 

pullout resistance were also plotted against the level of water infiltration and these results dong with 

their associated trend lines and R' values were presented in Figure 2-57 and Figure 2-58. in the 

ultimate load vs. water level graph. the trend line is airnost horizontal and the R' value is very low. 

indicating that water level has Little influence on the ultimate load. The trend line in the pullout 

resisüuice shows a decrease in pullout resistance with an increase in water level. The R' value is 

higher, but still rather low at R' = 0.0873. 

No. of 
Tests 
Mtan 

'tuidad 
1 Deviation 

Intuitively, the trend in the pullout resistance is the logical one. There are three reasons for the low 

correlation coefficients and a horizontal trend iine in the ultimate load chart. The fmt reason is the 

large amount of error associated with lurnping the data into discrete categories. The mean values of 

each category have been used in Figure 1-59 in order to clariQ the plot. The second reason is the 

interpretation required to categorize the data. Some data may not have k e n  interpreted correctly. 

The third reason is the lack of data. There are only 2 pull test records in each of the very damp, 

dripping and flowing water categories. 

Lod 1 Resist 

3 3 

11.12 

2-19 

Load 1 Resist 

13 

6.46 

3.04 

10.46 

2.32 

l 
Load 1 Resist 1 Load 1 Resist 

7.61 

4.61 

14 

Water 
Laad 1 Resist 

2 

. Load 1 Resist 

2 

12.29 

2-11 

2 

8.80 9.75 6.01 

0.82 

10.95 

1.34 

4.89 4.98 

0.36 

5.21 

0.64 0.85 0.47 1-77 
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FIGURE 2-59: MW ULTIMATE LOAD FOR WCH OFTHE 5 WATER ~JFILTRATION LEVEU FOR SLPPED TESTS 

Conclusions 

The broken tests trend lines show a decrease in breaking strength with water level for both pullout 

resistance and ultimate load. The slipped test trend line for pullout resistance shows a decrease in 

breaking strength with water level. The trend line for ultimate load does not show the same trend. 

The decrease in strength for broken tests is logical because the effect of corrosion on the tensile 

sangth of steel is the major determinant for breaking strength. Logically. increasing water level 

should decrease the karing capacity of the bolt. However. it is diffîcult to determine what influence 

water level should have on slipped tests. Clearly. more data is required as well as a standard method 

of recording the water infiltration so as to elirninate some of the confusion surrounding the use of 

qualitative tenns. 



2.10.4 Rock Mass Rating 
Very few of the pull test records initially contained information about the Rock Mass Rating. Even 

after a subsequent effort to fil1 out die information provided. only 37 of 275 the pull test records (13% 

of the total) contained RMR information. A statistical analysis was conducted on the data. The mean 

and standard deviation were calculated for each of the test types and for the ail of the data as a whole 

set. The results are presented in Table 2-27. The pull test results were plotted graphically for the 

ultirnate load vs. RMR md for pullout resistance vs. RMR. A linear trend line was fitted through the 

data for each of the test types. The correlation coefficient. R' was calculated for each trend line. The 

results are presented in Figures 2-60 and 2-61. In addition. Figure 2-62 and Figure 2-63 show the 

results for the slipped tests done for clarity. It is important to note chat there were only 15 records 

with pull test information pertaining CO RMR, for slipped tests and most of these were clustered 

around the 73-75 RMR value. The analysis of the limited amount of data available is presented for 

interest, although the clustering around the 73-75 value of RMR. makes the resulrs statistically 

questionable. 

- - - - - 

Conclusions 

There is insufficient data in this area CO provide any rneaningful results or trends. The only 

conclusion that crin be drawn is that RMR is rarely recorded and an effort should be made to record 

this information at the time of pull testing as it is readily available and may be valuable. 

TABLE 2-27: SUMMARY STATISTICS FOR ROCK MASS RITWG K)R .qLt TEST TYPES 

No. of 
Tests 

iMem 

Al1 Tests i Siipped Tests Nondestructive Tests 1 Broken Tests 
Resistancc 
(tonnedm) 

Lod 
(tonnes) 

Resistancc 
(tonnes/m) 

Load 
(tonnes) 

Resistanœ 
(tonnedm) 

Load 
(tonnes) 

Raistance 
(tomedm) 

37 

L o d  
(tonnes) 

1 1 .30 

15 16 

5.93 10.33 

6 

11.40 7.16 13.47 4.7 1 6.1 1 
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FIGURE 2-63: ROCK MAsS h ï ' i N G  VS. PULLOLIT RESISTANCE FUR SLiPPEû TESTS 



2.10.5 Rock Quality Designation 
Another factor in determining the rock mass classification is the Rock Quality Designation (RQD). 

RQD was recorded in a total of 56 of the total 275 pull test records, or 20% of the pull tests records. 

22 were slipped test results, 24 were nondestructive test results and 10 were broken test results. A 

statistical anaiysis was conducted on the pull tests data for the ultirnate ioad and for the pullout 

resistance for each of the test types and for al1 the pull tests as a whole set. The results are presented 

in Table 2-28. 

TABLE 2-28: SUMMMY STA~STICS FOR ROCK QUALÇTY DESIGNA-~ON FOR AU. TEST TYPES 

The mean ultimte load for the broken tests is 13.35 tonnes with a standard deviation of 1.32 tonnes, 

well above the suggested 10 tonnes. The mean ultimte load for the slipped tests was 12.45 tonnes 

with a standard deviation of 1.75 tonnes. also above the suggested 10 tonnes. The pull test results 

were plotted graphically. Linear trend lines were fitted through the data for each of the test types. R' 

values were calculated for each of the fitted trend lines. The results for the influence of RQD on 

ultirnate load are s h o w  in Figure 2-64 and for pullout resistance in Figure 2-65. in the interest of 

claity, Figures 2-66 and 2-67 are the results for slipped tests alone. 

Mean 

Stmdyd 
Deviation 

Broken and Nondestmctive Tests 

No. of 
Tests 

The trend line for broken tests for the influence of RQD on the ultimte load is horizontal indicating 

that RQD has litde influence on the bre;iking Ioad of the bolt. The same result is found in the pull out 

mistance graph, Figure 2-65. The correlation coeficients (R?), were quite low for both the ultimate 

load and for the pulfout resistance trend lines which confmed this result. Of course. there were also 

only 10 pieces of data in the data set, which is not enough to obtain any son of meaningfd result. 

The results for the nondestructive tests are overwhelming dependent upon the tester. The results for 

these tests are provided as a minimum value that these bolts maintaioed without slipping or breaking. 

1 1.98 

1.67 

Al1 Tcsts Slipped Tests 
Lod 

(tonnes) 
Load 

(tonnes) 

5.39 

1.17 

Resismce 
(toanes/m) 

Rtsistance 
(tonnes/m) 

Nondcstructive Tests 

56 22 

Broken Tests 
Load 

(tomes) 

12.45 

1.75 

Load 
(tonnes) 

Resistance 
(tonncdm) 

Rcsistance 
(tonnedm) 

24 

5.97 

0.79 

1 O 

10.98 

1 .O6 

4.53 

1.1 I 

13.35 

I .33 

6.18 

0.57 
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Siipped Tests 

The trend line for slipped tests for the influence of RQD on the ultimate load is horizontal indicating 

that RQD has little influence on the slip load of the bolt. The same result is found in the pull out 

resistance -ph. Figure 2-67. The correlation coefficients. R' were quite low for both the ultimate 

load and for the pullout resistance trend lines confirming this result. Again. there were very few 

pieces of data in the data set, only 22, which is not enough to obtain a mesiningful result. There is no 

observable trend in the tests thac M e d  beiow the inmufacturer's suggesteti minimum of 10 tonnes. 

The failed tests are evenly distributed arnong the different RQD values. 

Conciusions 

The pull test data available indicrtes that the RQD has little influence on either the breaking load or 

the slip load of the bolt. However. there is very little data and more data is required to confirm this 

result. 



2.10.6 Lithology 
One of the factors that was found to affect the performance of the Split Set bolt was the type of rock 

in which the boh was installed. information regarding rock type was provided in 159 of the 304 tests, 

(48% of the total tests). h order to determine what influence the type of rock might have on the 

performance of the Swellex bolt, the different lithologies had to be grouped together in some 

classification scheme. For the purposes of classiQing the rock types in this set of pull test records, 

the Tenaghi ciassification system (1946) was used with some modifications. This is the same 

classification system that w u  used by ~ornor~"  in his anrlysis of the performance of Split Set bolts. 

The rock types were divided into four broad categories which are based on physicd characteristics 

which control the behaviour of the rock mss. 

The categories are listed briefly below: 

Category MIR Range Type 

Competent 60-80 Crystalline. or hard sedimentvy 

Laminated 35 - 65 Crystdline. or metasedimcntq 

Altered, Weathered. Broken O - 50 Weathered, shear zones. orc. cemented _gave1 

SoR Rocks 20-60 Ektremeiy weaihered. weakly cernented clay. talc. evaporites 
-- - - - 

The data was sepanted into these categories based on the information provided. A total 159 records 

contained infomtion on the rock type, but oniy 123 could be classified into the categones above. 

based on the infomtion provided for lithology and. where provided. the UCS and RMR. Some 

records contained information reguding Iithologies which could not be classified into the categories 

shown above based on the given information alone. Surnmary statistics were calculated for each of 

the rock type categories for al1 tests types grouped together (i.e. slipped. broken and nondesmictive 

tests grouped together), (Table 2-29) and for the slipped tests only (Table 2-30). There was 

insufficient information to segregate the data by broken and nondestructive tests. 

Competent Soft Laminated A l t d  

Tomory. P.. Performance of Split Set Friction Stabilizer Bolts. University of Toronto, 1997. 

No. of 
Tests 

Mean 

Siandad 
Deviation 

82 

12.35 

5.71 

3.19 

2-7 1 

24 

10.9 1 

3.1 1 

6.16 

1-15 

9 8 

8.72 

5.11 

10.8 1 

4.18 

6.44 

1.93 

3 -53 

1.61 



The competent rocks perfomed berrer than the orher rock srpes. with a mean uitimate ioaci of 12.35 

TMLE 2-30: SU~IMARY STATISTICS FûR ROCK TYPE FOR SLPPED TESTS 

tonnes and a standard deviation of 5.74 tonnes for a11 Standard Swellex (Table 2-29). The results for 

competent rock for slipped-tests resulted a mean ultimate load of 13-27 tonnes and a standard 

No. of 
Tests 

Mean 

Stînbrd 
Deviation 

deviation of 5.56 tonnes (Table 3-30). The bolts installed in the soft rocks were the second best 

Laminad 1 AlterPd 

performrrs. It is difficult to determine in which category the boit performed better after that point. 

toad 
(tonnes) 

due to the lack of data. Histograms were also genented for each of these categories for a11 tests 

Competent 

grouped together. The results are presented in Figure 2-69 through Figure 2-72. 

Resistance 
(tonnedm) 

h a d  
(tonnes) 

Soft 
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toad 
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Resistance 
(tonncdm) 

6 

FIGURE 2-72: GU. TES15 - ALTERED ROCKS 

Resistance 
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6.2 1 

4.32 
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6.4 l 

2.42 

14.17 

2.47 

13 .27 

5.56 

12 
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3.87 

0.67 

6.52 

3 .15 
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As well. the histogram of the ultirmte load was plotted for slipped tests only for the cornpetent and 

for the soft rock types. There was insufficient data to generate these ptots for the aitered and 

laminated rock types. The results are presented in Figures 2-73 and Figure 2-74. It is difficult to 

make any comments about the observed trends in the data for rock type, as there is insufficient data in 

most of the categories to d n w  any conclusion. The only category that has a sufficient amount of data 

is the competent rock category. Data in only one category is not sufficient to identify trends by rock 

type. 



2.11 SUMMARY OF THE STATISTICAL ANALYSIS 

The results of the statisticd analysis of the various paraineters are summarized in Table 2-3 1. 

TABLE 2-3 1: SUMMARY OF STATISTICAL ANALYSlS OF THE INFLUENCE OF VARIOUS PARAMETERS ON THE 
ULTIMATE LOAD OFTHE SWELLEX BOLT. 

Standard Sweilex Bolt 

ats. Uhhatc Laad I Broken T . R2 Trend line Comments 

Bolt & Installation Parameten 

Length of Bolt 1 no inîiuence linear 

Drillcd Hole 
Diame ter 

Mem vdues Z* order strong 
polynomial influence 

horizontal. morr 
2" order requinid 

I 

'~rilled Bit Diameter 
- - 

Mean values 2*order 1 strong 
~olvnomiai influence I - 

positive, linear 1 *Ong 1 23 Muence 

Mean values strong positive. linear 1 innuence I - 

linear 
horizontai 1 no influence 

Comsion k v e l  
, 

Mean values 

Test Date 

installation Date 

Residencc Timc 
r 

positive, 
linear 

35 11 0.3225 2* order 

4 zPL order strong 
polynomiai influence 1 - - 

linear 'O9 hontontai no influence 21 0.0106 

50 linev no influence 15 0.4720 horizontal 

50 0.3 1 16 negative, ünear modcnue influence 15 0.4883 

1 Gmund Conditions 

linear 
horizontal 

no intluence, 
more dam 
required 

more data 
resuind 

Eiastic Modulus 

UCS 

Water kvel  

RMR 

RQD 

Lithology 

linear 
horizontal 

11 

34 

33 

15 

22 

123 

linear 
horizon ta1 

0.3981 

0.4183 

0.0 126 

0.1588 

more dam 
required 

more data 
required 

negativc, Lincar 

Iogarithmic 

hontonwl 
linear 

positive. linear 

linear 
horizontal 

Iinear 
horizontal 

0.2411 

0.3503 

0.1018 

0.0211 

<O.OOOl 

iDtlucoa 

muene -0ng 

moredata 
required 

Rquimd 
moredam 
~quired 

more datri 

req- 

Iinear 
horizontal 

5 

15 

9 

6 

10 more data 
required 



The parameten which showed some influence on the ultimate bearing capacity or the breaking 

capacity of the bolt are shaded in Table 2-3 1. 

Broken Tests 
The parameters which were found to have an appreciable influence on the ultimate load of the bolt in 

broken tests were: 

O ievel of corrosion 
O installation date 
CI residence time 

In the case of corrosion and residence time. iui increase in each respectively. results in a decrease in 

ultimate bearing capacity. For installation date. the earlier the installation date. the lower the bearing 

capacity of the bolt. This trend is most likely the result of the underlying influence of the age of the 

bolt. as rnost of the test data is from the last few years. The installation date of the bolt, on the other 

hand. is well distributed over the past 12 yean. This trend may also be the result of improved 

installation practices over time. or an improvement in the bolt manufacturing itself. Water level did 

not show any influence on the breaking strength of the bolt. However, as there were only 9 records 

for water level and broken tests. more data is required to validate this result. More data would 

probably show that water level does have some influence on the breaking strength of the bolt. as the 

presence of water is one of the factors in the corrosion process. Since corrosion has an influence. it 

stands to reason that water level should have an influence as well. 

Süpped Tests 
The paramerers which showed some influence on the ultimate bearing capacity of the bolt. or the slip 

load, were: 

length of the boit 
drilled hole diameter 
drill bit diameter 
pump pressure 
corrosion level 
residence time 
elastic modulus 
ucs 

These parameters are discussed in greater detail in Section 3. The parameters which have ken d e d  

out as having an infIuence on the ultirnate bearing capacity of the bolt, based on the information 

available, are: RMR, RQD, the test date and the installation date. The rest of the parameters 



generally required more data to be exchded fiom having an effect on the uitimate bearing capacity of 

the bolt. 

Another important observation from Table 2-3 L is the lack of information with respect to rnany of the 

parameters. Clearly, an increase in the amount of information that is recorded when conducting a pull 

test is required. Standardkation of the data recorded is also required in order to easily interpret and 

analyse the data. Panicularly, a standardization in the terminology used to describe the results of the 

test (i.e., nondestructive. broke, or slipped tests), and in the terminology used for qualitative data (e.g. 

level of corrosion), is required. A quantitative method of assessing water level and level of corrosion 

is the preferred alternative but would be difficult. Section 4 and 5 deal with these issues in further 

detaiI. 



DISCUSSION OF STATISTICAL RESULTS AND 
DESIGN RECOMMENDATIONS 

3.0 INTRODUCTION 

The purpose of this section is to sumrnarize the results of the statistical analysis and to validate or 

exclude the influence of the panmeters. The purpose is dso to develop design considerations based 

on the results of this investigation. A summary of results of the statistical analysis on the pull test 

data is provided in Table 3-1. Only those panmeters which were found to have an influence on the 

performance of the Swellex bolt are included in Table 3-1. 

1 Boit & installation Panmtten 1 

TABLE 3-1: SUMMARY OF PARAMETERS WHICH ~ F L U E N C E  THE PERFORMANCE OF SWELLEX BOLTS 

~ m t e m  
Broken Tests, Ultimatt Load 

1 

Time Parameten 

SIipped Tests, Iiltimate Load 

Som 

somt 
influence 

strong 
innuence 

somc 
influene 

Elastic ModuIus 

Number 
of 

positive linear 

2* order 
polyiiamial 
3* order 

poiynorniaî 
2°6~fdtr 

polywmial 

kngtb of Boit 

Drillcd Hole 
Diame ter 

Mean values 

Drilleci Bit Diamelm 

*ong 
MU- 

m W  
influence 

~ n n d  iine Comments R' Number 
of Tests 

strong 
iniïuence 

strong 

11 

comments 

2" order 
poiynomiai 

positive, linear 

positive. linear 

Mean values 

w w  
Mean vdues 

148 

12' 

4 

23 

Corrosion k v e 1  

Mean values 

Installation Date 

Rz 

0.1224 

O'031' 

O. 1690 

2='0rdtr 
polynomid 

POsibvc 
Linear 

2a ordcr 
poiynomid 
P o d m  

poiynomiai 

1s 

35 

4 

0.3981 

ucs 

Trend h e  

4 

6û 

4 

Ground Conditions 

-0g 
inRuence 

strong 
influence 

0.4720 

Rcsidenœ Ti negative, 

0.4183 34 

0.4i 12 

0.9478 

negaiive, hear strong 
iniluence 

ncgative, he8f 

50 

moderate 
innPmCC 

logarïthmic 

03116 

-4E 

0.4883 modemie 
influc11ct 15 



The data shown in Table 3-1 indicates that the parameters which were found to have an influence on 

the breaking strength of the bolt were the corrosion level, the installation date and the residence t h e .  

There were 11 broken tests in which corrosion level was recorded. The trend line in the ultimte load 

chart had a correlation coefficient of R' = 0.3325. However. it should be noted that this correlation is 

subjective since the x-axis of the chart is qualitative. The trend line which was fitted through the data 

was a second order polynomial trend line. The trend line indicated that an increase in corrosion 

resulted in a decrease in the ultimate bearing capacity of the bolt. The installation date and the 

residence time showed essentially the same trend; increased residence time and older installation 

dates, increased the tendency of the bolts to break at a lower ultimate load. There were only 15 bolts 

in which residence tirne and installation date were recorded. In order ta investigate whether the 

results of the installation date were the results of an underlying influence of the residence time, the 

data was compared for these two parameters. in the cornparison, the older installation dates had 

corresponding longer residence times. The higher corrosion levels also corresponded to the longer 

residence times. Table 3-2 contains the corrosion, residence time and installation date information for 

broken tests. 

TABLE 3-2: CORROSION, INSTALWTION DATE, RESIDENCE TME ULTIMATE LOAD INFORMAT~ON FOR 

Test Type 

Broke 
Broke 
Bmke 

Broke 
Broke 

Corrosion 1 htaiiation Due 1 Residcnce 
Level 

Moderne 
Surficial 
Surficial 

V ~ W  
Sutficial 
Moderaie 

An examination of the data in Table 3-1 indicates that the ovemding influence on the breaking 

Broke 
Broke 
Broke 
Broke 
Bmke 

capacity of the bolt is the corrosion level in combination with the exposure time (residence tirne of the 

19-Mar-97 
19-Ju-94 
19-Sep93 
1-Sep95 

12-Aug-96 
19-Dec-88 

bolt). The installation date does not have an independent Muence on the performance of the bolt. It 

Time (days) 

110 
183 
456 

677 
730 

2191 
Moderate 
Moderare 

V ~ V  
Suficial 
Surficial 

is difflcult to furcher mode1 or make recommendations based on corrosion levels as this is not an 

easiiy quantified parameter. Additionaily, this parameter is not easily controlled or manipulated. so 

19-Dec-88 
19-ûec-88 
19-Dec-88 
154 an-88 
15-Jan-88 

design recornmendations based on corrosion would be of limited usefulness. 

2191 
2191 
2191 
3288 

- 

6.50 
5.50 
3.50 
8.60 

3288 ( 7.50 



3.2 SLIPPED TEST RESULTS 
A number of parameters were analysed statisticdly in order to assess thei. level of influence on the 

slip load of the bolt in the previous section (Section 2). Some of these factors were excluded h m  

having an influence while others required more data to c o n f m  or exclude. There were a number of 

parameten which were found to have an influence on the slip load of the bolt. in order to assess the 

level of infiuence and the validity of these findings a nurnber of investigations were conducted on the 

resulthg parameters. Comparison charts were plotted with these parameters in order to clan@ the 

plots. The finite element modelliag program phase' was used to simulate the installation process in 

order to determine the relationship between the parameter and the ultimate load of the bolt. A 

sensitivity analysis using the relationship between the parameters and the equilibrium stress acting on 

the bolt was also conducted, which resulted in an influence chart. 

3.2.1 Discussion of Parameters 

The statistical analysis in the previous section indicated that the corrosion level. the residence time. 

the UCS, the elastic rnodulus, the pump pressure. the drilled hole diarneter and the drill bit diameter 

have an influence on the slip load of the bolt. Additionally, the length of the bolt was also found io 

have an infiuence. However. the length-ultimate load relationship is tw complex to be modelled or 

to be determined with the given information. Therefore. the influence of length has k e n  excluded 

from m e r  analysis. 

Table 3-3 is the pull test information for tests in which information for corrosion level and residence 

tirne was recorded. There was no observable trend in the information. It is difficult to further analyse 

the infiuence of residence time and corrosion level as an underlying influence on the results of any of 

the other parameten as there were only 2 records which contained information regarding corrosion 

and residence t h e  that also contained information for UCS, drifled hole diameter and elastic 

rnodulus. There were no records for which there was information for corrosion level. residence time 

and purnp pressure. Because of a lack of overlap in the data for these panmeten, corrosion level. and 

residence tirne were excluded from M e r  analysis. These parameters are not parameters that are in 

any way controllable. or in the case of corrosion. easily quantified. Therefore, it would be diffcult to 

d e  any specific recommendations as to these parameters in relation to design consideratioos, 

except to Say that more data is requKed to quanti@ the exact relationship between corrosion and slip 

load. Aiso excluded h m  M e r  analysis is the drill bit diameter, because it is in fact a reflection of 

the underlying influence of the drilleci hole diameter. 



LE 3-3: ULTIFUIATE LOAD VS. RESDENCE TIME BY LEVEL OF CORROSION 



The elhination of corrosion level, residence tirne, and length from hrther analysis Ieaves the final 

four parameters to be analysed: pump pressure, dnlled hole diameter, uniaxial compressive strength 

and elastic modulus. 

Pump Pressure 

From Table 3-1, the relationship for pump pressure was found to be Iinear with a correlation 

coefficient of R' = 0.41 12. The dope of the trend line was positive which indicated that an increase 

in pump pressure resulted in an increase in slip Ioad. 

Drilled Hole Diameter 

The relationship for dnlled hole diameter was found to be a second-order polynornial with a 

correlation coefficient of R' = 0.03 17, a nther low value. attributable to the scatter within the discrete 

intervals of drilled hole diameter. This scatter is probably the result of other parameters. In order to 

clariQ this plot, the mean value for the each of the intervals was plotted against the mean ultimate 

load for that interval. The sarne second-order polynomiaI trend line was fitted to the data and the 

correlation coeficient was much higher, R' = 0.3320. The inflection of the curve indicated diat the 

ultimate load of the bolt increased within the manufacturer's recomrnended drilled hole diameter 

range (32 to 39 mm) and decreased outside that range. 

Elastic Modulus 

The trend line for the influence of elastic modulus of the rock in which the bolt was installed was 

Iinear. The dope of the line was negative indicating that an increase in elastic mdulus resulted in a 

decrease in ultimate load of the bolt. The comlation coefficient of the trend line was R' = 0.3981, 

nther high. compared to the other parameters. However there were only 11 data points for elastic 

modulus. 

Uniaxial Compressive Strength 

The trend line for the influence of the UCS of the rock in which the bolt is installed on the ultimate 

load of the bolt a p p m  to be logarithmic, with a correlation coefficient of 0.4183. indicating a strong 

influence. However, the relationship is probably closer to k ing  bi-Iinear, with a curved trend line in 

the O to 40 MPa range and a linear, near horizontal relationship for the over 40 MPa range. There 

were 34 data points in which the UCS of the rock was recorded. The trend line indicated that the 

lower UCS rocks, resulted in a Iower ultimate load of the bolt. Beyond 50 MPa, the UCS had Iittle 

influence on the slip load of the bolt. 



3.2.2 Combinations of Parameters 
In order to clarify the scatter in the drilled hole diameter charts and the pump chans. the influence of 

the remaining four panmeters. drilled hole diameter. pump pressure. UCS and elastic moduius on the 

ultimate load was plotted as a function of 2 parameters at a tirne using bubble chrirts. This resulted in 

five combinations: pump pressure and drilled hole diameters. drilled hole diameter and UCS. drilled 

hoIe diameter and elastic modulus. purnp pressure rind UCS. pump pressure and elastic modulus. The 

s i x  of the bubble represents the ultimate load. The chan for pump pressure vs. clastic rncKluIric 

contained insufficient information to be plotted. The remaining four chans are shown in Figure 3-2 to 

Figure 3-5. 

In Figure 3-7. the Ultimate Loüd was plotted vs. Drilled Hole Diarneter rind Elastic Modulus. There 

were a total of I l  pull test records that contained information for both of these parameters. 

Separriting the resutts for drillcd hole diameter by the elastic modulus did not cluify the plot and no 

furthrtr resulting trends wcre observed. This is likely the result of a lack of  data, 

In Figure 3-3. the Ultimnte Loüd was plotted vs. Drillrd Hole Diamerer and Pump Pressun. There 

were ii tord of 58 pull test records that containrd information for both of these panmerers. 

Sepanting the results for drillcd hole diameter by the pump pressure did show that pump pressures 

below 75 MPa resulted in poor ultirnate Ioads for al1 drilled hole diameters. 

In Figure 3-5. the Ultimate Load was plotted vs. Drilled Holc Diameter and Uniaxial Compressive 

Strength. There were a total of 36 pull test records thiit contained information for both of these 

panmeters. Sepanting the results for drilled hole diameter by the UCS showed that bolts installed in 

rock with a UCS of lcss than 30 MPa resulted in poor ultimate Ioads for al1 drilled hole diameters. 

Pull test results for bolts installed in rock with UCS values greater than 30 MPa. showed that the UCS 

had Iittle influence on the ultimate load. 

In Figure 3-5. the Uitimate Load was plotted vs. Pump Pressure vs. UniaxiaI Compressive Strength. 

There were a total of 2 1 pull test records that contained information for both of these parameters. It 

should be noted that many points were overlaid. For example, the data point plotted at 6 MPa UCS 

and 22 MPa pump pressure is actually 6 points with ultimate Ioads ranging frorn 4.30 tonnes to 8.20 

tonnes. The plot showed that bolts instalIed with pump pressures below 27 MPa perfomed poorly 

for ail UCS values and bolts in rock with UCS values less than the purnp pressure performed poorly. 



Ddled  Hole Diorneter vs. Elastic h-lodulus 

IIX) 

FIGURE 3-2: DRILLED HOLE DIAMETER VS. EUSTIC MODULUS FOR SLIPPED TSTS 

Drillrd Hde Dinrncter vs. Pump Prmure 



Drilied Hde Diameter vs. UN PU^^ Compressive Strcngth 

FIGURE 3-4: DRIUED HOLE DIXMETER VS. UNIAXIAL COMPRESSIVE STRENGTH FûR SLIPPED TESTS 



3.2.3 Sensitivity Analysis Using phaseL Models 
In order to determine the relstionship between these four parameters and the ultimate load of the 

Swrllex bolt (due to of a lack of data for these parameters) it was necessary to simulats data where 

there was none. The installation process for a Swellex bolt was modelled using phase', a finite 

elernent modelling program. A three-strige rnodel was used. similar to the three stages of the 

instalhtion process for a Swellex bolt. In the tïrst stage. a 38 mm hole was excavated (the size of the 

borehoie in  which a Swellex bolt is installtd). In the second stage. a liner with 2 mm thickness and 

with the same properties as a Swellex bolt was instal ted in the excavation and an interna1 pressure of 

30 MPa wris rtpplied (simulating the water pressure which inflates the bolt). In the final stage the 30 

MPa internal pressure is removed (simulating the release of the water pressure). The models were run 

elastically for the differing values of drilled hole diameter. pump pressure rind elastic modulus and 

plristically for the different values of UCS. A uniform field stress of 50 MPa was ussd. 

Erich of the parameters. excrivrition diametcr, internal pressure. UCS and elastic modulus of the rock. 

was successively varied over a range (a mode1 wss run for each value) while the other three 

pûnmetrrs remained tixed. The intemal pressure (pump pressure) values used wrre 10 to 50 MPa. in 

5 MPa increments, while the hole dirimeter was fixed at 38 mm. the UCS rit 50 MPa and the elastic 

modulus rit 70 GPa. The drilled hole diameter values used were 32. 35 rind 38 mm. while pump 

pressure was fixed at 30 MPa. the UCS at 50 MPa. and the elastic modulus at 70 GPri. The UCS 

values used were 10.20.30.40.50.60. 80. 100. 125. 150 175 and 200 MPa. while the pump pressure 

was fixed at 30 MPa. the hole diametrr was fixrd at 38 mm and the elastic modulus at 70 GPa. 

Finally. the values for elastic modulus were. 10 to 200 GPa in 10 GPa incrernents. while the pump 

pressure wûs t k d  at 30 MPa. the drilled hole diameter was fixed at 38 mm and the UCS at 50 MPa. 

The normal (radial) stress acting on the interface between the excavation and the bolt control the 

mechanical locking force that acts on the bolt which in turn is rehted to the ultimate load of the bolt. 

This normal stress acting on the bolt for each of the values of elastic modulus were plotted in a chart 

shown in Figure 3-6. A trend Iine was fitted through the data using rqmssion. The results of the 

sensitivity analysis showed that the relationship for elastic rnodulus was in fact a power function 

(inversely proportional). and not a Iinear relationship as was found from the available data in the 

statistical analysis of Section 2. For pump pressure. the normal stress on the bolt was plotted for each 

value of pump pressure. A trend Iine was fitted through the data using linear regession, The results 

of the sensitivity analysis confirmed that the relationship between the pump pressure and the 
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ultirnate load of the bolt (which is a function of the clamping stress on the bolt) is linear. The results 

for the other two panmeters were not ris clex. The drilled hole dirimeter showed that the smaller 

dirimeters increased the normal stress on the bolt. This result is opposite to the results that were found 

in the statistical analysis, and opposite to what Atlas Copco Ltd. recomrnends. The exact process is 

difficult to model because the liner elements in the phase' model must be rittached to the rock 

rlements, and a grip between the two (the fold in the Swellex bol0 cannot be modelled. The Swellex 

bolt however. is not tülly rittached. because of the fotded portion of a Swellex bolt. The folded 

Swellex bolt inflates and attains a near circular shape, however a small fold remains even at the 

recomrnended 38 mm diameter which changes the stiffness and the stress distribution on the bolt." 

The model results for the influence of UCS on the normal stress were also unclerir. The rnodel wris 

run plastically. and local crushing of the rock resulted in ri non-even distribution of the normal stress 

on the drill hole boundüry. which could not be rasiIy interpreted. 

3.2.4 Design Curve for Pump Pressure and Elastic Modulus 
The normal stress (the clamping stress which creates the mechanical locking rt'fect in Swellex) acting 

on the bolt. is ri function of the equilibrium pressure between the rock and the bolt. This in turn is ri 

function of the displacernent of the rock and the bolt. In order to define some design considerations 

with respect to the pump pressure and the elastic modulus. a -mph was created which compared the 

normal stress acting on the bolt to the elastic modulus of the rock. for various elastic modulus values 

at d i f f r~n t  pump pressures. The formulae for the rquations in the spreadsheet were derived from 

Popov's Mrchanics of Materials. for Thin-Walled ~~l indr rs . "  

The equation for the radial displacement in a thin-walled cylinder with external pressure is: 

Where: is the radial displacement of the bolt (positive ndially outwards) 
p,, is the initial pressure 
r is the radius (drilled hole diameter) 
t is the thickness of the cyiinder 
E is the elastic modulus of the cylinder 

'' Wijk. G.. and Skogberg. B.. The SWELLEX Rock Bolting System. Rock Breaking and Mechanical 
Excavation. Canadian Institute of Mining and Metallura, CIM Special Vol. 30, pp. 106-1 10. 
" Popov. E.P.. Mechanics of Matenals. Thin Wailed Cylinden. p. 290 



The change in radial displacement of the hole is: 

Where: ph is the pressure on the hole (the pump pressure) 
p, is the equilibrium pressure 
Gr is the shear modulus of the rock 

Equating the radial displacements yields: 

Where: vh is the Poisson's rdtio of the bolt (0.2) 
Eh is the elastic modulus of the bolt (2 IO GPa) 
t, is the thickness of the bolt (0.002 m) 

Solving for the equilibrium pressure. the equation reduces to: 

This equation for the pressure rit which the bolt and the rock reach equilibrium was used in a 

spreadshect to develop the p p h  shown in Figure 3-8. This cquilibrium pressure is the clamping 

stress or the normal stress which results from the installation process of the Swellex bolt, The elastic 

rnodulus for the rock. E. (?Gr = E/( I+v,)) was vaied over a range of 10 GPri to 200 GPa, for each of 

the following pump pressures: 25 MPa. 30 MPn. 35 MPa and 40 MPa. The Poisson's ratio of the 

rock was fixed at 0.2. The drilled hoIe radius (r) was fixed at 19 mm. which is the manufacturer's 

recomrnended radius and the radius 3t which the Swellex bolt performed the best in the statistical 

anritysis of Section 2, The results of the sensitivity analysis are presented in a design chart shown in 

Figure 3-8. The elastic modulus used for the bolt w u  210 GPa and the Poisson's ratio for the boit 

was 0.2. From Figure 3-8. and Table 34. the elastic modulus has a significant influence on the 

normal stress acting on the bolt for rocks with an elastic modulus less than 70 GPa. Elastic modulus 

has an increasingly diminished influence on Swellex bolts instaIIed in a rock with an elastic modulus 

,mater than 70 GPa. Additionally, an increase in pump pressure of 5 MPa results in an increase in 

normal stress of approximately 3.75 MPa (at an elastic rnodulus of 70 GPa). 



Normal Stress on Sweilex Bolt 
Drillhole Diameter = 38 mm 

FIGURE 3-8: INFLL~ENCE OF ELASTIC MODULUS ON THE NORMAL STRESS ON SWEUEX FOR VARIOUS PUMP 
PRESS~RES 

TABLE 3-4: NORMAL STRESS UN SWELLEX M R  VARIOUS PUMP PRESSURES 
Rock Roperties 

WMPa) 
IOOOO 
Zoo00 
3Q000 
40000 
50000 
60000 
70000 

Pump Pressurr: 

v, 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

25 (MPa) 
18.12 
14.20 
1 1.68 
9.97 
8.62 
7.62 
6.83 

40 (MPa) 
28.99 
22.73 
18.69 
15.87 
1 3.79 
12.20 
10.93 

30(MPa) 1 35 (MPa) 
21.74 1 

17.05 
14.02 
I I .9U 
1 0.34 
9.15 
8.20 

25.36 
19.89 
16.36 
13.59 
12.07 
10.67 
9.56 



3.3 GENERAL DESIGN CONSIDERATIONS FOR THE USE OF 
SWELLEX BOLTS 

The following is ri summary of general design considentions for the use of Swellex bolts which have 

resulted from the statistical analysis of pull test data. 

Pump Pressure 

An increase in pump pressure wilI result in a linear increase in the ultimüte loüd bearing capacity of 

the bolt. Bolts that were intlated with 3 pump pressure of less than 27 MPa, performed poorly. as the 

boit did not fuIly intlate. Inflation of the bolt with a pump pressure lcss than 27 MPa should be done 

with caution and only in low UCS rocks. In medium to high strength rocks (UCS greater than 50 

MPri), at low to normal stresses, pump pressures peater than 30 MPa are desirable. if additional 

pump capacity is readily rivailable. In highly stressed rock. the additional pump pressure rnay cause 

spalling of the rock at the face. tn softrr rocks (UCS less than 50 MPa), additional pressure may 

cause excessive plastic deformation of the rock dunng the inflation process, which will result in ü 

lower ultimate load for the bolt. 

Drilled Hole Diameter 

The Swellrx boIt performs best in the manufacturer's recomrnended range of 32 mm to 39 mm. with 

an optimal diameter of 38 mm. Every effort should be made to drill the correct size diümeter (38 

mm). rt difference of even 3 mm has a significant influence on the performance of the bolt. 

Eiastic kIodulus 

The elastic modulus of the rock in which the bolt is instailed atso h a  a significant effect on the 

ultimate load bearing capacity of the bolt. The relationship is ri negative power function where a 

lower elastic modulus resuits in higher ultirnate load, as a result. the bolts performed poorly in high 

elastic modulus rocks. In these rocks a higher pump pressure should be used to achieve an 

improvement in the ultirnate load of the bolt. 

Uniaxial Compressive Strength 

The UCS of the rock has  a sipificant effect on the performance of the boIt for the lower strength 

rocks. specifically those rocks, which have a UCS signifrcantly lower than the inflation pressure of 

the bolt. Infiarion pressures hiefier than the UCS of the rock can cause plastic deformation (as 

opposed to the elastic deformation that genentes the mechanical locking effect of the Swellex bolt), 



which results in lower slip lorids. In lower strength rocks pump pressures higher than the 

manufacturer's recommended 30 MPa should not be used. 

Corrosion and Residence Tirne 

A certain level of corrosion improve the performance of the bolt. However. excessive corrosion and 

long periods of time (greater than 3 yertrs) cause degndation of the bolt. This results in lower 

ultimate breakhg and slip loads. Swellex should only be used as a means of long t em support in low 

corrosion environments. 

Length of Bolt 

Longer lengths result in an increased Ioad karing capacity of the bolt, kcause of the increase in 

inflrited (rinchored) length of bolt. It should be noted that although the ultimate load is the merisure of 

capacity that was used in the statistical anaiysis. it was used because, for this particular set of data it 

was considrred more reliable thm the pullout resistance data tsce Section 2.2.3). Ultimate load data 

was sufftcient to asess the relative influence of different panmeters. However, Swellex is a 

frictional bolt and the anchorage is developed over the length of the bolt. The puIlout resistance. the 

load per unit Irngh. is the merisure of capricity that should k used for design purposes. 

There is a minimum rinchoring lenph requiri-d to fully develop the 10 tonnes of capacity for the 

Swellex bolt. From the data collected for effective length. in which short anchor pull tests werr 

conducted. this minimum developrnent lcngth appem to be approximatrly I mette. However. there 

is ri length beyond which there is no gain in cripacity as the steel will break long before this additional 

capacity is mobilized. 

Once the minimum development length has been taken into considention, the length of the boit 

should be designed based on the expected drpth of the damage in the rock k i n g  supported. There 

should be ri sufficient amount of anchor length both within the damaged zone. and embedded into the 

rock beyond the damage zone for the bolt to be used cffectively. If there is not enough anchored 

Iength (c 1 m) in the damaged zone. the bolt mny break at the faceplate or at the intersection of the 

damaged zone and the undamaged rock. If there is insufficient anchorage length (c lm) embedded 

on the rock beyond the darnaged zone, the bolt may be pulled out as this is the effective anchonne 

Iength of the bolt. Figure 3-9 is an illustration of this principle. 



FIGURE 3-9: FULLY BONDED BOLT WITH FACE PUTE SUPPORTING A WEDGE '' 
The anchor capacity is 3 function of the bond strength. the Iength of the bolt through the wedge 

(wedgr length) and the length embedded into the rock bryond the wedge ( anchor length). The face- 

plate cnsuns that there is enough capacity in the wedp pan of the system. The capacity is then given 

by the wzakrst of the following: 

1 .  Xnchor capacity = Anchor Lcngth * 
2.  The strongrist ot': 

Wedge capacity = Wedge Lrngth * 

Faceplrite nut threrid asscmbly 

3. Steel capacity2' 

Thrrefore. the rmbedded length and the length anchored in the damagrd zone should be taken inro 

considention for the effective use of Swellex bolts. 

- - 

'' Carvolho. J.. Hoek. E.. and Li. B.. Unwedge: Program for Analyzing the Geometry and Stability of 
Underground Wedges. User's Guide Version 2.3. Rock Engineering Group. University of Toronto. pp 69-70. 
IW2. 



STANDARDIZED ROCK BOLT PULL TEST 
DATASHEET 

4.1 CURRENT METHODS OF RECORDING ROCK BOLT PULL 
TESTING INFORMATION 

It became apparent during the course of the research into the performance of Swellex bolts that there 

is a lack of testing information available and that there was a large degree of variation in the type of 

information that is recorded when testing is conducted. Swellex testing was conducted sporadically. 

Basic information (such the results of the test, h l t  type and length of bolt), was generally recorded. 

However. additional information, such as the ground condition parameters (e.g. UCS and RQD) or 

installation parameters (e.g. pump pressure), which is readily available to the tester. were not 

recorded. 

In other cases (when ground condition information had been supplied), basic information such as the 

type of the bolt. or even the length of the bolt, was forgonen. Without the boit length information. 

even simple data analysis is impossible and the pull test results are rendered meaningless. Obviously, 

the resistance (which is calculated by dividing the ultimate load by the length of the bolt), cannot be 

calculated when the length is not recorded. Resistance is one of the primary methods of measuring 

the performance of most bolts. The other primary method is the ultimate load that the bolt cm 

sustain. Another important result of a pull test is the amount of deformation that the boit undergoes at 

each load interval during a pullout test. This information was inffequently recorded. Of the 304 

pieces of data that were collected from Swellex pull tests, deformation results were recorded in only 

57 cases. Additionaily, the units of measure were sometimes ornined. A su- of the pull test 

information collected in the research into the Swellex bolts is provided in Table 4-1. These numbers 

reflect the data gathered qFer the mines had k e n  contacted to fill out the information. The numbers 

were even lower for the data prior to the second data gathering effort. Even basic information such as 

drill bit diameter and purnp pressure was rather sparse. 



4.1.1 Lack of Recorded Information 
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TABLE 4-1 : BRE~KDOWN OFTHE PULLTEST INFORMATION GATHERED 1N THE SWEULX STUDY 
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From Table 4-1. it is apparent that even the most basic information, which was available at the time 

of pull testing, was not recorded by sorne of the respondents. 109 of respondents did not record boit 

length information, and in only 97 of 304 tests. pump pressure was recorded (one of the panmeters 

which was found to have a direct influence on the results of a pull test). Inflation time wiis recorded 

in only J of 304 tests. The gound condition information was another area where inforrnation that is 

generaily available to the tester was not recorded. UCS was recorded for about 33% of the tests, and 

lithology was recorded in 52% of the tests. The other panmeters were onIy recorded in Iess than 209 

of tests. with elastic modulus recorded in only 26 of 304 tests (9% of a11 tests). Elastic modulus is 
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another one of the factors that was found to have a significant influence on the performance of the 

Swellex bolt. 

4.1.2 Disparity in the Recorded Information 

Another difficulty that wris encountered was the disparity in the information recorded from mine to 

mine. Some testing personnel thought it was important to record installation information w hile others 

thought thrit ground conditions information was important. There was dso a variation in the manner 

that the infornation was recorded. Samples of some representative pull test data sherts are shown in 

Figure 4- 1 to Figure 4-3. 

FLGURE 4- 1 : SAMPLE OF PLIU TEST ~NFORMATION DATXSHEFT W1TH TYPICAL INFORMATION 
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The sample pull test record in Figure 4-1 is typical of the arnount of information recorded in many of 

the pull test records. In this pull test record. right piecrs of information were ~corded. The length of 

bolt. the installation pressure. drill bit diameter and test date were recorded. Also. the results and type 

of test (destructive), as well as the ultirnate load at which the boit broke, was recorded, as was the 

geology. This rxample of a pull test record is ais0 typical of the lack of importance that some pull 
C 

testers place on ground condition information. The format is tabular so that a nurnber of tests c m  be 

recorded under each heading. 



T e s t  gi t Pui 1 Load Pu1 l Load Displaceamt O i s p l a c r m m t  Rcceptcd Back w 
k- Diameter psi  tons mm i nchcs C Yes/No ) Uaii 

COMMENTS: Disoluercncnt o f  more than 0,028 i n c h ~  Der 1000 lbs o f  load 

Figure 4-2 is an example of pull test records in which minimal information was recorded. In this pull 

test record. bolt type. the test date. pology, location of test. and ultirnate lood were recorded. Lrngth 

of the bolt wru: not recorded hrre. Also missing. are specific comrnents rrgarding the results of the 

test. From the "Accepted (Yes/No)" column. i t  was inferred that these were nondestmctive tests. 

Thesr types of inferences regarding the results of the test are typical of the inferences that were made 

in about -10% of the test records. This format was also used by many of the testers. The background 

information section is at the top of the p a g  followed by a section which allows for the results of 

multiple tests to be recorded in table format. A version of this format was used in the Standardized 

Pull Test Dara Sheet created as part of this thesis (Section 4.3). 

Figure 4-3 is an rxamplr of one of the most complete pull test records gathe~d in this study. Arnong 

the information recorded in this pu11 test record. is the test date. the age of the bolt. the location of the 

bolt. geology. UCS. rock structure. lengh of the bolt. the results of the test and the ultirnate load on 

the bolt. Even with this amount of information, ir is not as complete as the ASTM standards 

recommend. 



DATE: January 31, 7996 

FROM: 

SUBJECT. Swellex pull-tests 

NO. OF PAGES. 2 

Lustarnerrltestsite. 
Date: 
Location* 
Reasons for the test: 

Hale diameter. 
Bolt d escription: 
Effective boit length: 
Type of rock: 
Rock hardness; 
ROCK structure: 
Perçons present 

P u l I - ~ b o  rt 

i 
Oecernber 13,1995 
700 mlvl Main Switch and 8ottom of 650 ta 700 mhi 
Testing of Swdkx Eolts as per 
Program 

1 114" cmss bit 

11 Main Ramp 
Quaiity Control 

2.4 m Standard Sweliex installed withaut face pfates 
2.4 meters 
Basaîts, with possible Gabbro in Main Switdi 
100 MPa (UCS] 
Massive - 

TaMa 1, Recorded data an pulbtests i 
- 

Boit # IdentMcatlon ff  Appiied load OefarmaDon Comments 
1 nia 11 tons 9 mm No failure & held the ioad 
2 SI74 4 3538 11 tons 6 rnrn No fa:we & held the ioad 

3 S I 7 1  4 3538 Il tons 15 mm Tester was nat aecureiy mounted 
4 SI7243508 t1ions 7 mm No failure & heu t h  load 
5 S226 S 3038 11 tons 8 mm No failure 4 held the ioad 

6 d a  1 1 tons 7 mm No failure & held the load 

Oiscussrons* AI1 sur 2 4  m Standard Swellex mckbotts were puil-tesW to a load ol 11 tons 
withaut any failure. Bdt number 1 ütrough were installed approximetely 1 
year ago. Eolts 5 and 6 were installed in the ramp m i n  the last 2 montfis. 

Conc'uson: Considering that au bol% tested held a minimum bad bearing capacity of 11 
tons, it is fair to cancfude that the mSt of the bits installed meet the Atlas 
C a p a  Standard requkrnents, 



4.1.3 Arnbiguity in Terminology 

Another difficulty that was encountered in the research, a problem which is ofen encountered in the 

field of geomechanics. was the ambiguity in the terminology that w u  used. Terms such as "vetf*. 

"some". "good'. %ad' and byair" were used and were very difficult to translate into reliable discrete 

data. These terms were standardized for data analysis with the undtirstanding that the biisis for these 

terms would Vary from individual to individual. Un fortunatel y. this makes any comparative anal ysis 

using these valttec cornewhiit iinirliahle.  inc ce one individual's "pmr" may k another'c "fair" 

Additionally. there wrre problrms with the trrminology in an evrn more important area: identifying 

the results of the test. Midway through the coune of the research. after the data had becn iinalysed 

and wns beginning to be processrd. a discussion with a Swellrx representative providrd clarification 

of the terminology. This resulted in most of the classification of the data king redone. Specifically. 

whrn Swrllex personnel refer to ü test as being 'cfesrrrrcrir*c' it does not refrr to a pullout of the bolt. 

but rrither to the hilure of the steel. which gsnerally only affects the first two inches of the bolt. The 

boit continues to c a r q  load after a destructive test has b e n  conducted. The destructive test means 

that the yielding point of steel was rittriined before the pull out could be attained. A 'slipped' test wris 

the tm that ws used by Swellex personnel to rekr to a bolt that had slipped out of the hole. 0 th  

this rrlsult was not recorded. only a load was recorded and the 'slipped' classification had to be 

infemd. büsed on other indications such as comments or from ri deformation t h t  Fir exceeded the 

normal strrtcliing of steel. Most often. only Swellex personnel would use the term 'slippcJ. Mine 

personnel who conducted tests would generally not record any kind of classification at all. as s h o w  

in Figure 4-2. The classification hed to be determined from the ultimatr load results. cornments and 

deformation information. Quite a lot of interpretrition of the pull test results wrts required. 

Uniformity in the rationale for qualitative information such as corrosion level and water level is 

required in order to effectively translate the qualitative information into reliable discrete data. The 

preferred solution woutd be to develop some quantitative method of descnbing such data. However. 

as this method would be time-consuming. it would be unlikely to be used. which would be 

counterproductive. 



4.2 STANDARDS FOR PULL TEST INFORMATION RECORDING 
RECOMMENDED BY ASTM AND ISRM 

The ASTM and the ISRM have dsveloped standards for recording of information during a pull test, in 

addition to a standard method of conducting a pull test. Not one of the records collected in the 

research into the performance of Swellex bolts contained as much information as suggested by the 

ASTM or the ISRM. The standards for both the ASTM and ISRM are sumrnarized below. 

The ASTM standard test method for Rock Boit Anchor Pull Test - D 4435 - 84 (Reapproved 1998) 

States that. 

"S. I The report should includr the following: 

S. 1 . 1  Describe the rock mriterialW in which the anchors were tested. including the composition. 
texture and any stmctural features which could affect anchoring capacity. such as joints. weathering 
and the like. 

S. I 2 Briefly describe the types of rinchor tested. 

S. 1.3 A summary table of the test program inctuding test numbers. rinchor type. rock type, orientation 
and test depth 

8.1.4 List the squipment. other t han anchors. with the mode1 numbcrs or dimensions as appropriate. 
Include the mnge. accuncy and resolution of the tnnsducers. 

S. 1 -5 Present the equations used to reduce the data including those required to convert tnnsducer 
output into engineering units. 

8.1.6 Prepare surnmary table of results. including the working and ultimate capacity of cach anchor 
type in each rock type, with anchor type. number of tests. mean working capacity. range and 
uncenainty of mean. 

S. 1.7 Include a plot of loiid versus corrected bolt head displacement of test. and 

5.1.8 Append the data sheets for each test."= 

The International Society for Rock Mechanics (ISRM), suggests that the following information be 

included in rock bolt pu11 test record: 

Load displacement p p h  and "...full detaiIs of: 

(a) rock in which the anchors were tested; 

77 

-Standard Test Method for Rock Boit Anchor PuII Test. Designation: D 4 3 5  - 85 (Reapproved 1998). Annual 
Book of ASTM Standards 2000, Section Four Construction. Volume 04.08. Soi1 And Rock. 2000 p.642. 



(b) the anchors and associated equipment; 

(c) the drillholes, including length. dirimeter. method of drilled. straightness, cleanness. dryness. 

orientation; 

(d) method and time of installation; 

(e )  method and time of testing; 

( t l  the nature of failure and other observations pertinent to the test results"" 

Most of the pull test records coliected into the reserirch into the performance of Swellex bolts did not 

contain nearly as much information as recommended by ASTM and ISRM. Nor did they contain 

nrariy ris much information ris would provide a useful pull test record for comparative purposes. In 

that regard a standardizrd pull test datashcet has been created (Section 43.3) and provided for use. 

4.3 STANDARD PULL TEST DATASHEET 

A form has b e n  created to promote the recording of data dunng a pull test. and to standrtrdize the 

data recorded. The form will be widely available on the internet in order to be downloaded sit riny 

time. The form is in Microsoft Excrl format. The forms are divided into sections. the most impcrtrint 

data to be recorded is listed ai the kginning of rach section. and the sections appear in the order of 

importance. Each section contüins data which is grouped together by crttegory. such ris ground 

condition infonnation. which is further divided into three subsections: lithology. rock strength 

panmeters and rock mass clrissificiition. The information sections integrate the format and 

information that is currently recorded in pnctice. with the standards recommended by ASTM and 

ISRM. the tïndings of the research into the performance of Swellex bolts. and the previous research 

into the performance of Split Set bolts. 

The purpose of providing the form was threefold. The first is to provide 3 readily avaihble form that 

would promote uniformity in the recording of testing infomation so that the information may be 

more easily rinalysed and manipulated. Sccondly. the form would promote the recording of more 

information. Often. not enough information is recorded. Generally. this is because the tester just 

doesn't think to record the infomation rit the time, not realising the missing inforrnation may be 

useful and in some cases cruciai. in some cases the information that is not recorded is obvious to the 

tester becriuse he or she is the mine engineer is and more than familiar with the information in 

question such as the ground conditions and the water conditions in the mine. This type of information 



(information that is obvious to the tester alone) should bt' recorded on the form so thrit the testing 

information will be more useful within a set of data, when data such as this begins to be shared and 

üniilysed. Often the information is readily availzible, such as ground condition information or 

estimates of residence time, 

Thirdly, the form is entirely compatible with a databrise that has bern cmted to be a central 

repository for the rockbolt testing information once it has k e n  recorded. The qualitative information 

corresponds to the selrction options in the database. The form is set up in the sarne mrinner as the 

data entry forms in the database. so that the transfer of information from the paper form to the 

database is as simple as possible. The database wilI be described in  more detail in the next section of 

this thesis (Section 5). 

A srimple of the daiashrot is provided rit the end of this section. The datasheet is divided into three 

sheets. The first sheet contüins the background information. such as the bolt specifications. ground 

conditions. drilling and installation information and the resin and grout information. Some of t hc 

features of the datasheet are listed below: 

The first page is organised with the information that crin be tÏlled in electronically in advance and 

then printed reprritedly. This is so that the mine personnel crin enter the generd information and the 

ground condition information once electronically and not have to enter those sections in again unless 

the testing is conducted i n  ri different set of ground conditions. 

Another feantre of the information sheet is the 'circk one ' feriture in the water conditions and the 

rock matrix pwwneters. The choices are qualitative values which are scaled. This removes sorne of 

the ambiguity from the terrns as the same set of tems is being used by ewryone. Addiiionally, 

multiple tests of varying types of bolts. drilling and installation can be recorded on one sheet to avoid 

duplication of data entry. 

The second sheet contains the information to be entered obtained from the results of the test: the type 

of test. the ultirnate Ioad. the deformation and the load at which the deformation occurred, the 

effective length (if it is known), which is the contactibonded/grouted or inflated iength of the bolt. 

Also the tesistance (which is calculated by dividing the ultirnate load in tonnes by the length of the 

The ISRM Suggsted Methob: for Rockbolt Testing. Part 1. Suggsted Method for Determining the Slrength 
of a Rock Bolt Anchor Pu11 Test. 



bolt in metres) should also be recorded. The effective resistance can be easiIy calculated in the sarne 

way. The corrosion condition of the bolt is also recorded on the sheet. Xgain a r ik ing system h m  

I to 5 is usrd. where 1 is no corrosion. and 5 is very corroded, 

The third sheet is used to record specific load deformation values so thtit a Ioad deformation curve can 

be recorded as well as information with respect to testing rquipment. Again. this sheet can be printed 

numerous times for each bolt tested. 

The use of a datasheet is self explanatory to any prrson familiar with pull tesring. A completrd 

sample sheet. will also be provided with the downloadable file alont with a cover sheet explaining 

some of terms uscd in the sheet. Both the sample sheet and the cover sheet are also included in at the 

end of this section. A letter which will be sent out by mail and by email to various mine contacts 

informing thrm of the availability and purpose of the form and encovnging the use of the forni is also 

included in Appendix A. The m a i l  letter will invite the recipient to forward the information to any 

pany they think might be intzrissted in the use of the fonn and the database. By this meüns. the 

mining community will k inforrned of the form and the database and will hopefully k g i n  to use 

them. thrreby expanding the datribase and the tirnount of pull testing data that is available. 



4.3.1 Terms and Definitions 

Listed bslow. are some of the tsrms used on the dritüshrst that may require clarification: 

General Type of Bolt 

Specific Type of Bol? 

Drive Time 

Residence Tirne 

Test Type 

Ultimate Load 

De formation 

Load ar De formation 

Effective Length 

Resistance (tonnes/m) 

Corrosion 

retèrs to the general types of rock bolts such as Swellex bolts. Split Set bolts. 

cable bolts, rebar bolts and mechanicrill y anchored bolts. 

refers to the classifications such as Standard, Coated. Super or Yielding 

Swellex. SS33. SS39 or SS36 Split Sets. Birdcaged, or Single Strand Cable 

bolts. 

is the rime i t  takes to insert or int'lüte the bolt. 

is the time from installation of the bolt to the testing date in days. 

refers to the type of the test or the result or the test. A slipped test occun 

whrn the bolt is pulled out of the hole. A broken test occun whrn somr pan 

of the bolt appmtus. includins the plates and bushing, breaks. A 

nondestructive test occurs when the load on the bolt is released before the 

bolt füils or is pulled out. 

is the load at which the bolt failed - eithcr by being pulled out (sfipped test). 

or by breriking (destructive or broken). or the highcst load that was attained 

in ri nondestructive test. 

is the maximum ümount of deformation in mm t har the bolt has undergone 

during the test. 

is the load in tonnes at which the maximum recorded deformation occurred. 

is the intlated. contacting or bonded Icngth of the bolt. The length of the bolt 

that is actually carrying the load. This parameter is not often known. 

is cülculated by dividing the Ultimate load in tonnes by the length of the bolt. 

is the condition of the pulled bolt. A ranking systern is used where 1 is no 

corrosion, 2 is surfkial corrosion. 3 is httk corrosion. 3 is moderate 

corrosion of the boit and 5 is ri very corroded boIt. 



Contact Name Testing Date 
DD / MM / rPPl 

Location Name General Geology 
Specific Lithology 

Rock Strength 
UCS (MPa) E (GPa) m-intact 

Rock Mass Classiicatr'on 
ROD to 

Water Conditions 

RMR to GSI to 

D y  Dm-Damp Damp DompDripping Dripping Dripping-Wei Wer Wet-jtowing FlowingWater 

(Circie One) 

Test ~umber(s)l to 1 to 1 to 
- - - - - - - - -p 

Generai Type of Bolt 
Specific Type 

Lzngth of Bolt (m) 

Drillhoie Diameter (mm) 
Dnllbit Diameter (mm) 

Pump Pressure (MPa) 1 
1 

Inflaîioa/Dnve Time (m:s) 1 1 1 

GroutfResin Type 

GroutfResin Length (in) 
Grout/Resin Collar Depth (in) 

Installation Date (DD~MM~YY) 

Residence T i e  (days) 

-- 



Test Type rcfcrs to the i y p  of thc tcst or ihc resuli or the test, such as a s1ippc.d icst whcrc the bolis is pullcd oui of the hole, a brokcn icst, whcre fiiilure of the Mt involves tlic 
breaking of the h l t ,  or a non-desinictivc test whcre the load on ihe buli is released bcforc ihe bol1 füils or is pullcd oui. 

Ultimate Laad is the load ut which the holi fuilcd - eithcr by king pullcd out (slippcd test), or by breaking (dcstruciivc or brokcn), or ut which tlic luad wos rcleased in a nan- 
desiruciive iesi. 
Deformution i s  ihc muximuni muuni of deformaiioii in mm ihai ihc bol1 hm undergorie. 
Load ai Deformution is  ihc loiid in ions ai which the maximum rcccirded deforrnrition wcurrcd. 
Effective kngth i s  the inflatcd, contacting or bondcd Icrigth of ihe huli. The Icrigili of the b i l t  ihat is actually currying the load. (Nol oficn known.) 
Resistrince (Tondm) is calculaicd by dividing the Uliimaie load in Tons by ihc Icngth uf rhc bdt .  
Corrosion i s  ihc condiiion of the pullcd M i .  A ranking sysicm is used whcrc O is no corrosion, I i s  surficial corrosion, 2 i s  littlc corrosion, 1 i s  somc corrosiaii, 4 is mcnlcraic 
corrosion of the balis a d  5 is ii vcry corrded bolt. 





Contact Name John P.Smith Testing Date 30/09/2OoO 
D D I M M I Y Y Y Y  

MineKornpan y The Gold Mining Company 

Location Name 400 Levet, Hangingwall General Geology Compe ten t 
The South Mine Specific Lithology B asalt 

Rock Sirength 

l ~ o c k  Mass Classflcahon 

RQD 80 to 90 RMR to 

Test Number(s) 1 to4 5 to 6 7 to 9 

Generai Type of BoIt Swellex Swellex S wellex 

S peci fic Type Standard Coated Standard 

Length of Boit (m) 3.6 3.1 3.5 

1 Drillhole Diameter (mrn)l 38 1 38 1 35 
-- - 

Drillbit Diameter (mm) 35 35 32 

Pump Pressure (MPa) 29 30 30 

Inf'lation/I)nve Time (m:s) 1:30 O50 1:OO 

Instailation Date ( D D ~  30/04/1999 30/04/~OOo 30/05/20ûû 

Residence Time (days) 520 155 125 

GrouüResin Type d a  

Grout/Resin Length (in) d a  

GrouVResin CoUar Depth (in) d a  



Destructive 12.0 7 3,33 1 

Nondestructive 10.0 7 2.78 1 

Slipped 14.1 15 14.1 3.92 2 

Slipped ! 13.2 1 20 ! 13.0 ! ! 3.67 ! 1 
1 

S li pped 12.8 17 12.8 6.10 1 

Slipped 8.0 17 8.0 3.8 1 1 

Slipped 7.8 25 7.8 3.12 1 

Broke 1 8.0 1 5 ! ! ! 3.20 3 

Nondestructive 10.0 7 4.00 2 

-- 

Bushing broke. 

Tesi Type rcfers to the type of the test or the rcsult or the tesi. such us a slippcd tesi whcrc the hidis i s  pullcd out of the holc, a broken tesi, u herc fnilure of the bol! involvcs the 
breuking of the bolt, or a non-desiruciive les1 wherc the loaci on the M t  is rclciised bcforc the boli fails or is pullcd oui. 

Ultimatc Load is the load at which thc bol1 fniled - either by k i n g  pulled oui (slippd test), or by hreülting (dcstruciivc or hrokcn), or ai which the lood w u  releüsed in n non- 
dcsiructivc test. 
Deformoiion i s  the maximum mount of dcformation in mm ihai the boli h a  undcrgonc. 

Lod ni Defonnntion i s  the load in ions ai which Ihe maximum recordcd deformaiion cwcurrcd. 

Effective Lengih is ihe inflaicd, coniacting or bondcd Icngth of the boli. The Icngih of ihc boli ihaî i s  aciually carrying ihc load. (Nol oficn known.) 
Resisinnce (Tonstm) is ciilculiitcd hy dividing ihc Ultimatc lad  in Tons by ihc Icngih of the Mi. 
Corrosion i s  the condition of ihe pulled M t .  A rnnking sysicin is uscd whcrc O i s  no corrosion, l is surficial corrosion, 2 is liiilc corrosion, 3 i s  somc corrosion, 4 i s  rnodcraie 
corrosion of the holis md  5 is  a very corrodcd M t .  





STANDARDIZED ROCK BOLT PULL TESTING 
DATABASE 

During the course of the research it became apparent that there was a lack of pull testing information 

available. This is the result of a lack of pull testing that is king conducted, and also the result of an 

insufficient arnount of information king recorded when a pull test is conducted. But it was also due 

in part to the fact that the existing information is not easily accessible and is often Iost with the 

movement of personnel within the mines. The data collection process was long and arduous and 

would have k e n  much easier if there was a central repository of information that was easily 

accessible to those in the mining industry. 

More and more. industry is moving towards the use of databases as a dynamic means of stonng 

information that can be easily accessed by large numbers of people. Database data can also be easily 

rnanipulated into a useful format. With this in mind. and in consideration of the need for a central 

location for the pull testing information. a database was created to house the information collected in 

the research conducted into the performance of Swellex bolts, and in the previous research done at the 

University of Toronto into the performance of Split Set bolts? Microsofi Access is an industry 

standard database program which is available to most engineen. For these reasons it is the software 

with which the Standardized Rockbolt Pull Test Database is constructed and in which it operates. 

The database is to be freely available and cm be obtained by contacting the author. at 

asoni@eolder.com. The database is designed to be used in conjunction with the Stimdardized Rock 

Bolt RiII Testing Datasheet described in Section 4, also available through the author at the email 

address listed above. Both the database and datasheet are also included in the CD provided in this 

thesis. 

5.1 THE NEED FOR A STANDARDIZED PULL TEST DATABASE 

When decidig on a method of rock support and evaluating the rock support under considention or 

cumntiy in use. mining engineen generaüy have two sources of pull test information available to 

them- The first is through their owa pull testing program. This information is limited and it can be 



expensive and timexonsuming to conduct the pull test. This is especially true if the engineer wants 

to conduct a sufficient amount of pull tests to arrive at a statistically reiiabk value of the ultimate load 

or resistance of the bolt. The ASTM recommends that 10 to 12 tests be done for each bolt type for 

rach set of ground conditions." This information is also limited ro the types of bolts which are 

currently installed in the mine. Thergfore, bolts which have never been used in the mine crin only be 

evaluated based on the other source of information. the product suppliers. 

Product suppliers also collect pull test data. However. this data is genrnlly colIected with ri view to 

selling product to the consumer. the mine engineer. So observations that retlect ncgatively on the 

product mriy not be readily available. Additionally. these tests are generally conducted under 

controlled "tabor~tory" conditions and don't al ways take into consideration the error introduced wit h 

general use. such as installation by mining personnel and depdation over time. Another 

consideration, is that the information supplied by the product supplier is not always applicable to the 

conditions for which the mining engineer is designing. The engineer h a  only the assurances of the 

product supplier as to the applicribiIity and the performance of the bolt for the rngineer's particulru 

mine conditions. 

5.2 THE PURPOSE OF THE PULL TEST DATABASE 

The purpose of the rockbolt pull trsting dûtribrise is threefold. The first is to standardize the 

information thar is recorded. To that end the databasr is to be used in conjunction with the datasheet 

described in Section 4. The database is set up in a similar manner as the datasheet. so as to make the 

data tnnsfer from the paper datasheet to the database as easy as possible. The nnking system for 

water level and corrosion is the same, the same parmeters for ground conditions are recorded and the 

information is forrnatted in the same rnanner. As well. the sanie descriptions for the results of the test 

are used in the datasheet as in the datribase. 

The second purpose is to mate  a central location where the information can be housed so that it is 

easily accessible to all. The idea is that the rnining engineer will use the Standardized Pull Test 

Datasheet to record the information when conducting a pull test, Then he or she wiIl send the 

information by fax or email. or will enter the data recorded on the datasheet into a centrally 

administered database. 

'' Tornory. P.. Performance of Split Set Bolis. University of Toronto. 1997. 
Annud Book of ASTM Standards 2000. Standard Test Method for Rock Bolt Anchor Pull Testing. 

Designation: D 4435 - 84 (Reapproved 1 W8), Volume 04.08. p.639.200 



The third purpose for the database is as a useful design tool. The databüse can be searched by 

specific parameters and will return results for the pull test records which fa11 within the specified 

search criteria. For exarnple, an engineer may be considering the use of Swellex bolt in his mine. 

The engineor can then access the databrise and search the records by Geneml Bolt Type (tg. 

Swellex). and by Specific Bolt Type (cg. Standard Swellex), and by the Lithology k g .  Talc) and 

UCS (e.g. O to 30 MPa). The dritabase will print ri report with the pull test records for al1 Standard 

Swellex bolts installed in Talc with a UCS of less than 30 MPa. The engineer can then use the results 

to mess  how the bolt is prrforming under those conditions in pnctice. The cngineer cnn then kt t rr  

judge the applicability of the bott to the conditions in the mine. This information may even be used 

ris an input parameter in modelling software. 

5.3 OVERVIEW OF THE DATABASE 

h grneml overview of the Database is provided in the foIlowing section. It is designed to introduce 

the reader to the database. its features and function. However. it is not a step-by-step guide or a 

rnünual. The reader is invited to try the dritabase. it is self-explanritoq and if questions arise. a help 

file has been included to answer iiny queries ris to the workings of the database. 

Thrrr are three primary divisions of the dritabase. the data ente section. the query section. and the 

report section. The first screen the user encounters is the Welcome Screen shown in Figure 5- 1 .  The 

fint two buttons lead the user to the main part of the database whrre records cm be cntered or viewed 

or the database cm be searched. 

5.3.1 View Database or Enter New Data Function 

The "Virsw Database or Enter New Data" button al1ows the user to view the existing records or enter 

new records into the database. This screen shows the genenl bolt information. The buttons at the 

bottorn of the screen shown in Figure 5-2, launch the diaIogs shown in Figure 5-3 to Figure 5-6 in 

which data can be viewed or entered, 



FIGURE 5- 1 : W ELCO~IE SCREEN FOR THE STANDARDIZED ROCKBOLT PULL TEST DATABASE 



The 'Test Type Descriptions" button launches a dialog which drscnbes d l  the test type descriptions: 

destructive. nondirstruçtivtt. slipped. and broken tests, so that if the users have any question about the 

test type descriptions in the pull down menu of the Test Type srlection. the descriptions are availablr. 



The ground condition information can be entered in and viewed from the dialog shown in Figure 5-4. 

The information about the installation panmeters and the grout or resin information can be entered 

using the dialogs shown in Figure 5-5 and 5-6. 



Contact information can be viewed or entered in the screen shown in Figure 5-7. Entering the contact 

information is optional. 

Each of the screcns shown in Figures 5-2 to 5-7 has a button at the bottom of the screen IabeIled 

"DONE which. when selected. retums the user to the previous screen. Additionally, the down arrow 

shown in müny of the fields in Figure 5-2 to Figure 5-7. when pressed. pulls down a menu with a list 

of values which can be selected and entered into that field. These pull down menus make the 

database more effÏcient to use as it reduces the amount of data entry for the user. It also ensures that 

nonstandard terminology is not used. aiid in the case of corrosion level and water b e l ,  it mures that 

the predetermined rmking system is used. The pull down menus for these fields contain the same 

values as found in the Strindardized Rockbolt Pull Test Datasheet (Section 4). 

Another time-saving feature of the data entry portion of the databue is that ri single contact- 

information ent. may have several diffmnt types of ground conditions. which in tum rnay have 

several different pull test records associated with each type of ground condition. The data for the 

contact information and for each of the ground condition entries need only be entered once. This 

rivoids duplication and errors in data entry. 

5.3.2 Searching the Database, Queries and Reports 

The second button on the Welcome Form, shown in Figure 5-1. Iriunches the search and report 

generation hnction. Whrn this button is selected. the Serirch Critenon dialog shown in Figure 5-8 is 

launched. When üny of the buttons in the Search Criterion dialog. shown Figure 5-8. is selected. it 

launches a dirilog similar to the one shown in Figure 5-9. for Lithotogy and UCS. 

The database can be searched by a number of panmeters. up to five. in fûct. The selection of 

Gsnemi Bolt Type @.,o. Swellex. Split Set. Cable. etc...). Specific Bolt Type (e.g. Standard Swellex. 

Corited Swellex, SS39 Split Set, Birdcaged Cable Bolt, etc ...) and Test Type (e-g. nondestructive, 

destructive. broken and slipped) is part of every search. Each of these fields require that one value be 

selected or that the asterisk character. " * **, which represents al1 values. be selected. When the 

asterisk symbol ( *  ail values) is selected the search effectively does not filter by that panmeter and al1 

values for that pmrneter are returned. This * (al1 values) selection is available in al1 pull down 

menus in the search critenon screens. Additionally, the database can be searched by one or two more 

criteria- These additionid cnteria are shown on the buttons in Figure 5-8. They inciude, lithology, 

RMR, RQD. UCS, Elastic Modulus, Q, GSI. driiled hole diameter, pump pressure, grout resin type- 



The databrise can also be searched by contact information. so that an information supplier crin view 

only their own pull test records. Additionally. it can be searched by pull test result information such 

as test type. pullout resistance. deformation, ultimate load and corrosion Ievel. Al1 parümetzrs with a 

nurneric value atlow for searching by a mnge of values. 

When the Run Qusry button shown in Figure 5-9 is sdected. the database will search the records 

baszd on the criteria selected in the screen shown in Figure 5-9. A query screen will be generated and 

the results of the search will be shown in spreadsheet form. The results of this q u e l  can then be 

copird and pastrd to ci Microsoft Ercrl spreadsheet whrre the data çsn be funher manipulated. 

Statistical analyses crin be performed on the ultimate load results. and pullout resistance results, and 

can br pIotted on chms and in histograms. The results of these data analyses can be used in any 

rnlinner by the sround support enpinerr for design purposes, or as input into modelling software. 



-- 

FIGURE 5-9: LITHOLOGYAND UCS SCREEN 

An example of the results of ii query is shown in Figure 5-10. The filtering critena for this query are. 

Gencril Bolt Type = Swellex, Specific Bolt Type = Standard Swellex. Test Type = Stipped Tests. 

Lithology = Brtsalt and UCS = O to 150 MPü. The results of the qurry are shown in Figure 5-10. 

FIGURE 5-  1 O: LITHOLOGYAND UCS QUERY SCREEN 

Only the f i n t  fsw columns are shown here. However. the results of the query continue to the right. 

with d l  the pmmeters (colurnns) listed for each record ( rows). 

When the Preview Report button is pressed. the database performs the sarne search as shown in 

Figure 5-10, but in this case a report is genented. A sample repon is shown in Figure 5-1 1 at the end 

of this section. The report lists riIl the records which fit the search criteria dong with information 

such as the pullout resistances and ultimate lorids for each of the pull tests. Some other panmeters for 

each pull test are also listed, such as corrosion. lithology, and grout or resin type. The search criteria 

parameters and selection rippears in the heading of the report. Additionally, the mean and standard 

deviation of a11 of the pullout resistances and ultimate Ioads are calculated and shown in the report. 

This is also done for rach subset of the data as well. For exarnple, if ii search is performed by the 

following parameters and selections: General Bolt Type = "Swellex". Specific Bolt Type = "Standard 

Swellex". Test Type = "*" (AI1 Test Types) and ultimate load = O to 5 tonnes. A mean and standard 

deviation are calculated for al1 of the pull test records returned by that search and also for the subset 

of pull test records for each Test Type (in each of slipped. broken and nondestructive tests). The 

results of this particular search are shown in Figure 5-1 1 at the end of this section. 
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5.4 CONCLUSION 

The results generated in a query can br manipulated in Microsoft Excel or the results of the report can 

be usrd as input for modelling software. Additionally. the results can be used to make a c o m p ~ s o n  

of the performance of the bolts in prictice to the manufücturer's staed bearing capacity. Inferences 

about the performance of the bolt under specific ground conditions and instnllation panmeters can be 

made as wrll. The results crin also be used to üssess the applicability of the different bolts for the 

ground conditions for w hich the èngineer is desiging. 

Currently. the database housrs over 1200 pull test records for Swellrx and Split Set bolts which is an 

excellent stming point. The dambase will be promotrd dong with the darashm. via letters and 

emiiils to inform mining personnel of the existence and usefulness of the databrise. in tirne. with use 

and with additional information supplird by the ussn either elcctronically or in hardcopy. the 

database will be sxpanded to becorne an invitluable design tool. 
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