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UNIT OF MEASURE ABBREVIATIONS USED IN THIS REPORT 

With Factors for Conversion to Units of the International System of Units (SI) 

Abbre
viation 

ft 

in 

kip/in 

lbf 

Ib/in2 

Unit of measure 

foot 

inch 

kip 

kip per inch 

pound (force) 

pound per cubic foot 

pound per square inch 

To convert to- Multiply by-

meters 0.30 

centimeters 2.54 

kilonewtons 4.45 

kilonewtons per centimeter 1.75 

newtons 4.45 

kilograms per cubic meter 16.0 

newtons per square centimeter .69 
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TIME EFFECTS ON RESIN-GROUTED BOLT 
ANCHORAGE CHARACTERISTICS 

By William J. Wuest1 and Raymond M. Stateham2 

ABSTRACT 

The technical analysis of parameters that can influence roof and rib reinforcement is important to 
the operation of safe and profitable underground mines. One such parameter, studied in this U.S. 
Bureau of Mines investigation, is the effect of time on untensioned, resin-grouted bolt anchorage 
characteristics. A group of seventy-three 4-ft-long bolts with three different grout column lengths were 

I 

installed in a stable coal mine roof. The bolts were then subjected to standardized pull tests at various 
intervals throughout a 37-month period. For each test, load-deformation data were reduced to 
determine axial stiffness and yield point. The magnitudes of these two anchorage characteristics at the 
time of installation were compared with results from subsequent pull tests to determine if anchorage 
capacity deteriorated. Bolts with 18-in grout columns were studied over 9 months, and no measurable 
loss occurred. Bolts with 48- and 24-in grout columns were studied over 37 months and also exhibited 
no measurable loss. 

IMining engineer. 
2Supervisory geophysicist (retired). 
Denver Research Center, U.S. Bureau of Mines, Denver, CO. 
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INTRODUCTION 

Roof bolting is an important element of many coal 
mine ground control systems throughout the world. De
pending on the mining method, it is also widely used in 
metal and nonmetal operations. It has been estimated that 
85 million bolts were installed by the U.S. coal industry in 
1988, and about half were grouted with polyester resin 
(1).3 Despite this widespread application, there is limited 
information available to researchers, mine operators, and 
safety officials with respect to the effects of time on 
anchorage characteristics. 

Roof bolting became popular in U.S. coal mines in the 
1950's. Because little was known at that time about ten
sioned bolt reinforcement mechanics, several organizations 
undertook research investigations (2-3). With the advent 
of untensioned grouted bolts around 1969, additional in
vestigations were made to evaluate reinforcement mech
anisms further (4-6). These studies were completed during 

relatively short intervals, however, and time was not con
sidered an influencing parameter. 

The amount of time a bolt should provide structural 
reinforcement to the underground workings after being 
installed in a mine opening varies greatly. For a coal mine 
room-and-pillar section being mined, the bolts are often 
required to provide 6- to 18-months service. If the bolts 
are used in a main entry, 20- to 30-years service may be 
necessary. During this service life, there are a number of 
parameters that can influence reinforcement capability: 
rock properties, in situ stress, geologic structure, ground 
water, grout degeneration, air humidity, and mining 
method. 

For these reasons, personnel from the U.S. Bureau of 
Mines participated in a cooperative research project with 
a west-central Colorado coal mine. The Bureau conducted 
this study as part of its ongoing effort to improve ground 
control techniques and to enhance mine safety. 

ACKNOWLEDGMENTS 
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GENERAL CONSIDERATIONS 

BRIEF DESCRIPTION OF RESIN-GROUTED 
BOLT REINFORCEMENT MECHANICS 

Since becoming popular in the 1970's, the use of 
untensioned, resin-grouted bolts has proven successful in 
a diverse range of ground conditions (7). Untensioned 
bolting systems are considered a passive form of mine roof 
reinforcement (8). Other than upward thrust applied by 
the installation equipment, no load is placed on the bolts, 
and until the rock mass begins to shift after being ex
cavated, no reinforcement is provided. In contrast, when 
a tensioned bolt is installed, an active load is applied that 
clamps the immediate roof, generating a zone of compres
sion several feet thick (8). 

Prevalent theory suggests that resin-grouted bolts 
provide ground support by the action of one or more of 
three basic mechanisms: (1) suspending detached rock to 
stable top, (2) binding the rock mass together, and 

3Ualic numbers in parentheses refer to items in the list of references 
at the end of this report. 

(3) providing shear resistance along failure surfaces 
(fig, 1). Suspension results when a separation in the roof 
develops and a rock load hangs from the portion of bolt 
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Bearing plate 
~ Mine roof 

Resin-grouted bolt 

Flgur. 1.-Resln-grouted bolt reinforcement inechanlsms. 
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that is securely anchored. Binding holds rock layers and 
blocks together, preventing separation. Supplemental 
rock-on-rock shear resistance is provided when the roof 
sags and bedding planes move laterally across each other, 
or movement occurs along other failure surfaces such as 
slips, joints, and faults. These three reinforcement mech
anisms can act alone or together. From mine to mine and 
section to section, as the nature of ground conditions 
change, the proportion of reinforcement each mechanism 
provides will vary. 

ROOF-BOLT ANCHORAGE 
CHARACTERISTICS 

The common method of measuring anchorage charac
teristics of an in situ roof bolt is to apply an increasing 
axial-tensile force at the bolt head and to measure defor
mation as force increases. This is accomplished by the 
standardized pull test. 

Recommended procedures for conducting a pull test are 
outlined by the International Society for Rock Mechanics 
(9). To summarize, a hydraulic ram is attached to a pull 
collar on the bottom of the bolt. When the ram is pres
surized, an upward force is applied to the mine roof 
through the bearing plate, and a downward force is applied 
to the bolt head through the pull collar. Initially, 1,000 lbf 
is placed on the ram to take up slack in the testing equip
ment. The force is then increased at 1,OOO-lbf increments 
until the bolt, grout, or surrounding rock yields. System 
deformation is measured at each increment with · a dial 
gauge extensometer or linear variable differential 
transducer. The testing equipment is shown in figure 2. 

A resin-grouted bolt acquires anchorage capacity from 
mechanical interlock between the rock-grout and grout
steel interfaces (fig. 3). There is little or no chemical 
bond between interfaces. The bolt is held in place by the 
grout acting on irregularities along the length of the bore
hole wall and the projecting ribs of the steel rebar (6, 10). 

During a pull test, shear strain at the rock-grout inter
face, shear strain at the grout -steel interface, tensile strain 
of the steel rebar, and elongation of the testing equipment 
can all contribute to measured deformation. The portion 
that each strain component adds can become a compli
cated mechanics problem if the grout anchor starts to slip. 
Research has shown that for tests conducted in several 
types of roof rock, shortly after careful installation, grout 
columns 18 in or longer provide sufficient anchorage to 
cause O.75-in-diam, SAE Type 40 steel, resin-grouted bolts 
to experience tensile failure in most cases (11). 

3 

Figure 2.-Testlng equipment. 

Mechanical interlock 
contact points 

.C;==~4-__ ~Mechonical interlock 
contact points 

Borehole wall 

Steel rebar 

Resin grout 

Figure 3.-Resln-grouted mechanical Interlock. 
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Two anchorage characteristics that are readily deter
minable from pull-test data are axial stiffness and yield 
point. Axial stiffness is the ratio of load to d~formation 
on the straight-line section of the data plot and can be 
determined by calculating slope of the best-fit line. The 
higher an axial-stiffness measurement was, the harder it 
was to pull the bolt head away from the mine roof during 
the test. Yield point occurs at the load level at which 
there is a distinct increase in deformation, and the trace of 
the plot no longer remains linear. A test graph with these 
characteristics indicated is shown in figure 4. 

The pull test is a quick and uncomplicated method to 
determine anchorage capacity. If a roof bolt has good 
capacity, then the steel rebar can usually be loaded to 
failure. If a roof bolt has poor capacity, then low axial 
stiffness and yield point can be measured. 

For this investigation, axial-stiffness measurements were 
categorized as steady (fig. SA), shifted (fig. 5B), or badly 
shifted (fig~ 5C). Shifts in the straight-line section of the 
pull-test graph can be caused by compression of the 
bearing plate, crushing of the roof rock, settling of the pull 
collar on the bolt head, grout-anchor slip, and other 
factors. There were six test bolts with badly shifted axial 
stiffness that were not included in the evaluation of results. 

The interpretation of pull-test graphs is not an exact 
science, involves subtle changes of data, and can be some
what subjective. But if sources and influence of experi
mental error are considered and all data are treated 
consistently, time-dependent behavior can be effectively 
evaluated. 

en 
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DEFORMATION, in 
Figure 4.-Pull-test graph showing axial stiffness and yield 

point 

UNDERGROUND FIELD SITE 

The field site for this study was at the Roadside Mine, 
which is located along U.S. Interstate 70 approximately 
15 miles east of Grand Junction, CO (fig. 6). The test 
bolts were installed in three adjacent crosscuts of the 
2 South mains (fig. 7). Pillars in 2 South are 75 ft by 75 ft, 
rib to rib, and the depth of overburden is 550 ft. The im
mediate roof is thinly laminated gray shale approximately 
lO-ft thick (table 1) and has no ground water seeping 
through. 

Because the field site was located in a main entry 
(designed for long-term stability), this investigation was 
conducted in a relatively static environment with limited 
effects from mining-induced bolt stress. There was no 
observed evidence of room instability or heavy loading on 
the roof, pillars, or floor during the study. From visual 

inspection, the roof did not sag and the floor did not 
heave. There were no roof falls or serious rib sloughage 
in the area. 

Seventy-three 4-ft-Iong, 0.75-in-diam, Type 40 steel bolts 
with 48-,24-, and 18-in grout column lengths were placed 
in the field-site roof (fig. 8). To obtain the required 
column length, an equivalent-length grout cartridge was 
inserted into the borehole; then the rebar, pull collar, and 
bearing plate were carefully installed according to the 
manufacturer's specifications. The resin grout had a 20-s 
set time. Test bolts were placed in addition to required 
support several months after the field site had been mined. 

Twenty-four hours after installation, then again at 3, 
6, and 9 months, randomly selected bolts of each col
umn length were subjected to pull tests. At the end of 
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Figure 5.-Pull-test graphs of six typical test bolts. A, Bolt 37; B, bolt 140; C, bolt 10; D, bolt 48; E, bolt 33; F, bolt 109. 

9 months, all 18-in-column bolts had been pulled. How
ever, nine 48-in-column and four 24-in-column bolts had 
not been pulled, and these were tested 37 months after 
placement. The location and testing sequence is shown in 
figure 9. 

The anchorage characteristics are listed in table 2. 
Axial stiffness measurements were not adjusted to exclude 
the effect of the steel rebar and testing equipment, and 
stiffness is labeled Not available (NA) for bolts that had 
badly shifted pull-test data. The tests of two bolts were 
stopped before yield point was reached, and these meas
urements are also labeled NA. 

Table 1.-Rock properties of .fleld-slte roof 

Property 

Young's modulus . . . . .. Ib/ln2 
•• 

Compressive strength •. Ib/ln2 
•• 

Tensile strength ....... Ib/ln2 
•• 

Poisson's ratio .........•...... 

Unit weight ....•...... Ib/W .. 

Water content ......... pct .. 

Magnitude 

1,150,000 

3,770 

126 

.34 
154 

2.85 
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Time, Column 
Bolt months length, 

In 
37 ... 0.03 48 
38 ... . 03 48 
53 ... .03 48 
54 ... .03 48 
147 · . . 03 48 

163 .. .03 48 
19 ... .03 24 
20 ... .03 24 
35 ... .03 24 
36 ... .03 24 

127 · . .03 24 
128 .. .03 24 
129 .. .03 24 
1 ••• I .03 18 
2 .... . 03 18 

17 .,. .03 18 
109 · . .03 18 
110 · .' .03 18 
111 · . .03 18 
125 · . . 03 18 

39 ... 3 48 
52 ... 3 48 
148 .. 3 48 
21 ... 3 24 
34 ... 3 24 
NA Not available. 

Axial Yield 
stiffness, point, 

kips/in kips 
177 22 
242 19 
120 22 
146 21 
133 25 

145 20 
136 20 
178 21 
121 22 
197 20 

153 19 
135 17 
121 20 
105 20 
115 20 

107 23 
124 22 
123 21 
108 20 
160 20 

225 24 
141 21 
176 22 
160 22 
109 24 

Table 2.-Pull-test results 

Time, Column Axial Yield TI~e, Column Axial Yield 
Bolt months length, stiffness, point, Bolt months length, stiffness, point, 

in kips/in kips in kips/in kips 
130 .. 3 24 145 21 152 .. 9 48 187 21 
3 .... 3 18 110 21 154 .. 9 48 171 21 
112 .. 3 18 108 22 133 .. 9 24 133 NA 
219 .. 3 18 134 21 134 .. 9 24 124 19 
237 .. 3 18 119 22 135 .. 9 24 101 16 

255 .. 3 18 103 21 136 .. 9 24 171 20 
44 ... 6 48 NA 22 137 .. 9 24 151 19 
45 ... 6 48 243 20 114 .. 9 18 138 20 
47 ... 6 48 207 24 115 .. 9 18 79 NA 
155 .. 6 48 161 22 116 .. 9 18 112 21 

156 .. 6 48 207 25 40 ... 37 48 258 21 
157 .. 6 48 206 22 41 ... 37 48 204 21 
26 ... 6 24 95 22 42 ... 37 48 127 25 
27 ... 6 24 143 22 43 ... 37 48 216 22 
29 ... 6 24 172 20 46 ... 37 48 261 28 

138 .. 6 24 162 21 48 ... 37 48 227 25 
139 .. 6 24 99 20 49 ... 37 48 NA 21 
140 .. 6 24 130 23 50 ... 37 48 NA 24 
8 .... 6 18 NA 22 61 ... 37 48 NA 23 
9 .... 6 18 100 24 30 ... 37 24 126 18 

10 ... 6 18 NA 24 32 ... 37 24 145 22 
119 .. 6 18 127 23 33 ... 37 24 154 20 
120 .. 6 18 96 22 87 ... 37 24 106 20 
121 .. 6 18 100 22 
150 .. 9 48 157 19 

Figure 6.- Field-site mine location. 
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PRESENTATION AND EVALUATION OF RESULTS 

To evaluate time effects on the roof bolts, pull-test data 
were grouped into 28 sets according to anchorage char
acteristic, grout column length, and time of test. For 
example, set one is the axial-stiffness measurements of all 
bolts with 48-in grout columns tested the day after in
stallation; set two is the yield-point measurements of all 
bolts with 48-in grout columns tested the day after installa
tion; set three is the axial-stiffness measurements of all 
bolts with 48-in grout columns tested 3 months after in
stallation, and so forth. Next, the statistical mean, range, 
and standard deviation of each set was calculated (table 3). 
Average sample size is five bolts. Mean axial stiffness and 
yield point were then plotted against time (figs. 10-11). 
Combined column length axial-stiffness- and yield-point
versus-time graphs are shown in figure 12. 

300 A 

250 

200 

150 

100 

50 

250 
B 

50 

250 c 
KEY 

200 t. ·06 . .a. Mean 

150 

100 

50 
o 

G--e--e Mean ± standard deviation 
EJ---GBest-flt straight line 

6 12 18 24 30 

TIME, lIIonths 

36 42 

Figure 10.-Axlal-stiffness-versus-tlme graphs with standard 
deviations and best-fit straight lines. A, 48 In; B, 24 In; C, 18 In. 

Examination of figures 10, 11, and 12 establishes that 
anchorage capacity of the test bolts remained high 
throughout the study. Of 67 total axial-stiffness measure
ments, only four were less than 100 kips/in (table 2), and 
mean axial stiffness never fell below 106 kips/in for all 
data sets. Considering that a rod with l00-kips/in stiffness 

25 

20 

20 
. A- •• 4 .. .t>l.4ean KEY 
<>--<>---<>Mean ± standard devl at! on 
s---sBest fit straight line 

TIME, months 

Figure 11.-Y1eld-polnt-versus-time graphs with standard de
viations and best-fit straight lines. A, 48 In; B, 24 In; C, 18 In. 
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Figure 12.-Comblned column length axlal-stiffness-versus
time and yleld-polnt-versus-time graphs. 
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requires 1,OOO-lbf to cause O.Ol-in elongation, it is clear 
that the bolts remained securely anchored in the mine 
roof. Also, of 71 yield-point measurements, only 2 were 
less than 17.7 kips, the theoretical yield of th~ steel rebar. 
Mean yield point never fell below 18.5 kips for all data 
sets. There is no evidence of measurable deterioration of 
anchorage capacity for all column lengths. 

Table 3.-Statlstlcal summary for pUll-test data sets 

Time, 
months 

0.03 .. 
3 
6 ... . 
9 .. .. 
37 .. , 

0.03 .. 
3 
6 .. .. 
9 ... . 
37 .. . 

0.03 .. 
3 
6 .. .. 
9 .. .. 
37 .. . 

Axial stiffness, kips/in Yield point, kips 

Mean Range Std Mean Range Std 

161 
181 
205 
172 
216 

149 
138 
134 
136 
133 

120 
115 
106 
110 
NA 

boundary dev boundary dev 

48-in COLUMN LENGTH 

120,242 40 21.5 
141 ,225 34 22.3 
161 ,243 26 22.5 
157,187 12 20.3 
127,261 45 23.3 

24-ln COLUMN LENGTH 

121,197 
109,160 
95,172 

101,171 
106,154 

27 
21 
29 
24 
19 

19.9 
22.3 
21.3 
18.5 
20.0 

18-in COLUMN LENGTH 

105,160 18 
103,134 11 
96,127 12 
79,138 24 

NA NA 

20.9 
21.4 
22.8 
20.5 
NA 

19,25 
21,24 
20,25 
19,21 
21,28 

17,22 
21,24 
20,23 
16,20 
18,22 

20,23 
21,22 
22,24 
20,21 

NA 

1.9 
1.3 
1.6 
.9 

2.3 

1.5 
1.3 
1.1 
1.5 
1.4 

1.1 
.5 
.9 
.5 

NA 

NA Not available. 

It can be seen on table 3 that some of the data sets 
had large ranges and standard deviations. But there are 
numerous parameters associated with in situ pull testing 
that can contribute to experimental error (12). These 
parameters include roof-bolt installation procedures, varia
tion of rock lithology, cracks and voids in the roof, place
ment of testing equipment, and execution of test. Like the 
axial-stiffness and yield-point measurement plots, the 
standard-deviation plots of figures 10 and 11 remained 
above acceptable values at all times throughout the study. 
Improvement of installation procedures and application of 
a more consistent pull-test technique is necessary and 
would probably improve the data scatter of similar 
investigations. 

As calculated, axial stiffness is affected by the grout col
umn anchor, steel rebar, and testing equipment. It is indi
cated in figure 12 that mean axial-stiffness measurements 
are clustered around a distinct magnitude for each grout 
column length: 185 kips/in for 48-in columns, 135 kips/in 
for 24-in coUnhns, ;;md 110 kips/in for 18-in. columns. 
There is a difference in magnitudes because test bolts with 
48-in columns have very firm anchorage, and the length of 
exposed rebar that can readily stretch is only about 2 in. 
On the other extreme, bolts with relatively short, 18-in 
columns are more likely to have anchorage slip, and the 
length of exposed rebar that can readily stretch is about 
30 in. Lower stiffness can be desirable if yield is needed 
for ground control purposes. The pull-test reaction of 
bolts with 24-in columns falls somewhere in between. In 
all cases, the effect of the testing equipment is constant. 

CONCLUSIONS 

Test bolts with 18-in grout column lengths exhibited 
no measurable loss of anchorage capacity for 9 months. 
Test bolts with 48- and 24-in grout column lengths ex
hibited no measurable loss of anchorage capacity for 
37 months. These results were established from the 
evaluation of axial-stiffness and yield-point measurements 
over time. 

It is important to note that this investigation was 
conducted at a single underground field site, and these 
conclusions are site specific. Although some extrapolation 
can be made, careful consideration should be given if using 
the results for roof-control design in dissimilar ground 
conditions and operating settings, especially underground 
workings subjected to excessive mining stress. 
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