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CONVERSION FACTORS

Eriglish to Metrié'System {31) of Measurement

English unit

Multiply by

To get metric equivalent

inches {in)or(") 25.40

' .02540
feet (ftlor(') .3048
miles (mi) 1.609

square inches (in?2)

6.432 x 10~%

square feet (ft2) .09290
acres .4047
gallons (gal) 3.785
cubic feet (ft35 . .02832
cubic yards (yd3) . 7646
cubic feet_per
second (£t3/s) 28.317
gallons per
minute {(gal/min) 06309
pounds (1b) .4536
miles per hour{mph). . .4470
feet per second(fps) .3048
feet per second
squared {ft/s?) .3048
accelerxation due to
force of gravity{G) o,asg7
pounds_per cubic
{1b/£¢3) 16.02
pounds {lbs) 4.448
kips (1000 1lbs) 4.448
British thermal
unit (BTU) 1055
foot-pounds{ft-1b) 1.356
foot-kips (ft-k) 1.356
inch-pounds(ft-1bs) .1130
foot-pounds{ft-1bs) 1.356
pounds per square
inch (psi} 6895
pounds per sguare
foot (psf) . 47.88
kips per sguare
ineh sgquare root .
inch (ksi yW) ‘1.0988
pounda per sguars
inch sguare root
inch (psi /Tn) 1.0988
degreea (°) 0.0175
degrees . F = 325 o
fahrenheit (F) 1.8

i

_metres per second

millimetres (mm)
metres (m)

metres (m)
kilometres {(km)
square metres {(m2)

square metres (m2)
hectares (ha)

litres (1}
cubic metres {m3)
cubic metres (m°)

(1/s)

litres per second

litres per second (1/5)
Eilograms (kg) ‘

(m/s)
(m/s)

metres per second

metres per second
squared (m/s2)

metres per second
squared {m/s2)

kilograms per cubic
metre (kg/m?)}

newtons (N)

newtons (N)

joules (J)

joules (J)
joules (J)

newton~metres (Nm)
newton-metres (Nm)

pascals {Pa)

pascals (Pa)

mega pascals vymetre (MPa /i)

kilo pascals /metre (KPa /m)
rédians frad)

degrees celsius {°C)


http://www.fastio.com/

ClibhPDF -

IT.

ITI.

IV

www . fastio.com

TABLE OF CONTENTS

INTRODUCTION
OBSERVATIONS AND CONCLUSIONS
A. Typeslof Anchorage Devices Tested

B. Existing Specifications Regulating the
Steel for Rock Bolt Studs

C. Bondfng Materials

D. Minimum Edge Distance Requirements for
Hollow Core Rock Bolts

E. Minimum Embedment Depth Required for
Hollow Core Rock Bolts

F. Creep Test Results

G. Results of Limited Group Tests on Pairs
of Hollow Core Rock Bolts

RECOMMENDATIONS AND IMPLEMENTATION
A. Rock Bolts

B. Vérious Instalilation Parameters

C. Further Testing

D, Implementation

DESCRIPTION OF EXPERIMENTAL PROGRAM
A. Testing Program - General Discussion
B. Test Specimens

1. Materials

2. Specimen Design and Construction

3. Installation of Rock Bolts

iid

o oo~

11
1
13
13
14
14
29
32


http://www.fastio.com/

TABLE OF CONTENTS (Con't.)
Page
C. Testing Equipment and Procedures 35

1. Single Bolt Direct Tension Testing 35

- 2. Determination of Minimum Edge
Distance By Torque Tests 37
3. Determination of Minimum Edge
Distance By Direct Tension Tests 39
4, Creep Testing ® 42
5. Two-Bol1t Group Pullout Testing 43

6. Describtion of the Data Collection
Methods _ _ 43

D. Detailed Description of the Five Testing
Phases 45

1. Phase 1 - Pullout Tests of Single
Rock Bolts 45

2, Phase 2 - Pullout Tests of Threaded
Steel Rods at a 24-Inch Embedment

Depth - 52
3. Phase 3 - Testing to Determine |
Minimum Edge Distance 56
4, Phase 4 - Creep Testing _ 63
5. Phase 5 - Two-Bolt Group Pullout
7 Testing 65
V. TEST RESULTS AND ANALYSES ' 68
A. General Comments o 68
: B. The Effect of the Type of Anchorage
Device on Pullout Strength 68
- C. The Effect of the Type of Steel

for Rock Bolts on Service Life : 70

D. The Effect of the Type of Bonding
Material on Rock Bolt Pullout
~Strength A , 71

iv

ClihPDF - www .fastio.com


http://www.fastio.com/

HI

" TABLE OF CONTENTS (Con't.)

The Effect of Edge Distance on Rock Bolt
Pullout Strength

The Effect of the Hole Depth on Rock Bolt
Pullout Strength

The Effect of Sustained Loads on Rock
Bolt Performance

The Effect of Group Action on Effective -

. Pullout Strengths. of Rock Bolts

VI. REFERENCES

VII. APPENDICES

. A -
B.
C.

ClihPDF - www .fastio.com

Diagrams of Concrete Specimens
Concrete Mix Information

Instrumentation Diagram for Measuring
and Recording Load and Deflection of
Rock Bolts and Threaded Bars

Details of Two-Bolt Group Test Fixture
and Pull Bar

Manufacturer's Current Specifications for
1-Inch-Diameter Hollow Core Rock Bolts
and Components

75

76
78
80
81-88
89

90

91

92-93


http://www.fastio.com/

10.
11.
12.
13.
14.

15,

ClihPDF - www .fastio.com

LIST OF FIGURES

Two types of rock bolts tested.

Two types of expansion shell head assemblies
tested.

Components of the "ROC-LOC" polyester resin
grout.

‘Apparatus for grouting the void space around

hollow core rock bolt studs.

The setting tool and its use in expanding the
head assembly of rock bolts

Effective embedment depths of rock bolts
utilizing (a) short cone-and-shell and
(b) long cone-and-shell head assemblies.

Initial direct tension testing apparatus
utilizing a pair of I beams.

Final direct tens1on testing apparatus
utitizing a stee] cylinder,

Edge distance test specimen with water seepage
‘denoting a previously undetected crack.

Overall view of test apparatus for Phase 3
edge distance pullout testing

Testing,, apparatus used to" eva1uate pulTout -

*strength of ungrouted rock bolts installed -
at various edge d1stances 7

Test setup for sustaaned Ioad1ng creep tests.

Two-bolt group test showing block suspended
from upper crosshead of testing machine.

Threaded No. 11 steel reinforcing bars used
to suspend test blocks.

Two-bo1t‘group test apparatus showing block
with Toading fixture and pull bar attached.

vi

Page
16

17

22

26

33

34
36
36
38
40
41
42
a4
44

44


http://www.fastio.com/

oo E

LIST OF FIGURES (Con't.)

Page
- 16, Creep rate of a single rock bolt loaded with
a 25 kip sustained load for 100 hours. 64
- 17. Typical load-deflection curve for a pair of
: hollow core rock bolts tested in direct
tension, 67
18. Theoretical spacing required to deve10p
maximum pullout loads of individual rock
bolts. - 77

. . . _1
e oo R . # - t

ClihPDF - www .fastio.com


http://www.fastio.com/

6a.

bb.

6c.

Ja.
ib.

7c.

8a.

8b.

8c.

10,

ClihPDF - www .fastio.com

LIST OF TABLES

Description of anchor bars tested.
Strength of anchor bar steel.

Chemical composition of steel in rock bolt
studs tested.

Components of the polymer concrete grout.

Summary of concrete test spec1mens used for
rock bolt research,

Results of initial rock bolt pullout tests
in unreinforced concrete specimens.

Results of pullout tests of hollow core rock
bolts installied in nominally reinforced con-
crete blocks at hole depths of 8 and 12 inches.

Results of puliout tests of rock bdits installed
in holes 10 and 14 dinches deep and bonded with
various materials,

Resu]ts of pullout tests of threaded rods.
Results of pullout tests of ASTM A449

threaded rods bonded with polyester resin
and polymer concrete.

Results of pullout tests of ASTM A449

threaded rods bonded with polyester resin
and ‘epoxy.

The effect of high installation torques and
close edge distances on concrete soundness
around unbonded rock bolts.

The effect of close edge distances at corners
of concrete blocks on pullout strengths of
arouted rock bolts.

The pullout strengths of ungrouted hollow core
rock bolts near edges of concrete blocks.

Results of two-boit group pullout téstihg.

Pultout strengths of 1-inch-diameter rock bolts
installed at various hole depths.

viii

Page

19
20

20
24

30

47
49

51
53

54
55
58

60

62
66

74


http://www.fastio.com/

I. INTRODUCTION

In the course - of improving California's existing highway
. system, it somefimgs is necessary to install new or
enlarged overhead Signs, electroliers, and earthquake
motion restrainers on existing concrete bridges. Equipping
oTder bridges with such devices often requires that special
anchor boits, capable of restraining high tensile loads, be
installed. Small edge distances and shallow embedment
depths in the concrete are common -limitations which are
encountered when installing anchorage systems, and which
reguiate the magnitude of Toads that can be applied to the
anchor bolts,

Currently there is a lack of conclusive test data concern-
ing the strength and effectiveness of large anchorage
devices at shallow embedment depths. Information is also
Tacking on satisfactory methods of installation that will
develop the high pullout strengths necessary to secure
overhead sign bases, bridge hinge restrainers, etc., in
concrete. Tesfs performed on some of the popular con-
ventional expansion anchors have shown that under a sus-
tained tensile load, excessive creep is a common problem,
Short anchor bolts bonded in driiled holes with grout or
mortar have often proved unreliable in their T1oad-carrying
capacity. Anchor bolts which are bonded with epoxies in
drilled holes also have a tendency to creep under sustained
loads, Horizontally mounted anchor bolts which are post-
. bonded with epoxy or portland cement grouts are difficult
to install. Some polyester resins used as bonding materials
in rock bolt systems have been known to creep when exposed
to high ambient temperatures such as those that exist in
California's Centra] Valley and Mojave Desert during the
summer months,

ClihPDF - www .fastio.com
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In this research project, two types of commercially avail-
‘able 1-inch-diameter rock bolts were installed in core
dr111ed ho]es in concrete and tested for puliout load
capac1ty.h Resu1ts were compared with those of -1-inch-
diameter threaded stee] ‘bars bonded in 24-inch- ~deep core
drilled ho]es.;*Important variables likely to affect per-
‘formance of these rock bolts in concrete were considered
to be: the type of bolt, embedment depth, edge distance,
type of bonding material used, and creep of the installed
bolt system under sustained tensile Toad. The effect of
groups of bolts and their spacing on total pullout strength
was also considered important and Timited two-bolt group
tension tests were conducted.

ClibPD www . fastio.com
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I1. OBSERVATIONS AND CONCLUSIONS

The following observations and conclusions were drawn from
the results of tests performed in this research project.
They are applicable only to the grade of steel supplied for
the tests and as currently utilized by the manufacturer of
the rock bolts tested. '

A, Types of Anchorage Devices Tested

1. Rock Bolts

Hollow core groutabie rock bolts and solid bar rock bolts
were investigated. Of the two types, the l-inch-diameter
hollow core groutable rock bolt performed better in con-
crete than the l1-inch-diameter solid bar rock bolts tested
in 1imited direct tension tests. Both a higher slip point
(as defined 1n"Sectfon31VJG.6,.pwge 45 of this report) and
a higher ultimate pullout strength were obtained 1nsiésts

using hollow core rock bolts, than with solid bar kock bolts.

Rock bolts can be furnished with either a short or a long-
cone-and-shell head assembly. Both types of expansion

shell head assemblies were evaluated in Timited pullout
tests where rock bolts were installed in the center of
concrete blocks and both worked well. At a shallow embed-
ment depth of 8 inches, 1-inch-diameter rock bolts equipped
with the long cone-and-shell head assembly provided siightly
higher loads at the slip point than did the rock bolts
equipped with the short cone-and~shell head assembly (see
Table 6b, page 49)}. There is no distinct advantage in
using a long cone-and-shell head assembly as opposed to

a short cone-and-shell head assembly if rock bolts are
installed at embedment depths of 12 inches or greater and

at large edge distances. Only long cone-and-shell head
assemblies were tested at small edge distances.

www . fastio.com
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2. Threaded Steel Rods’

Pullout tests conducted with 1-inch-diameter threaded stee]l
rods, machine threaded their entire length and bonded in
24-inch-deep holes in concrete revealed that:

Lack of bond and excessive creep were problems present
with both the polyester resin and polymer concrete systems
used to bond the threaded rods.

Epoxy conforming to Ca1ﬁf0rnia Department of Transporta-
tion (Caltrans) State Specification No. 8040-61J-03 worked
~ well as a bonding material, providing a high slip point of
- 40 kips, and developing the ultimate strength of the ASTM
A449 threaded bars. It should be mentioned here that
‘although high pullout loads were obtained using epoxy in
short term static Toad tests, it is well known that the
. .epoxy. WI11 creep when subaected to’ susta1ned axial tension
':E.]oads. “ Txy T ' '
B. Existihéﬁgﬁégf?fcdt{ﬁhs{Régu1ating the Steel for Rock
Bolt Studs

Manufacturers curreht specifications regulating the quality
of the steel used for 1-inch-diameter hollow core rock bolt
studs as shown in Appendix E are too general for anchor bolts
to be used for structural applications subject to dynamic
“ loads. The current specifications, however, would be
satisfactory for rock bolts subject to static or "dead
load" forces or to nonrepetitive dynamic loads.

C. - Bonding Materia]s

Used in conjunction with 1-inch-diameter hollow core grout-
able rock bolts, a grout made with Wil-X cement, a shrinkage

ClibPDF - fastio.com
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compensating portland cement, was found to He the most
effective of any of the bonding materials tested in this
research project. It was easy to mix and apply using a
small hand grout pump, and is relatively inexpensive

and strong. The Wil-X cement grout, because of its alkaline
naturé, protected the rock bolts from corrosion., It fills
voids thoroughly around the rock bolt stud and expansion
shell head assembly and by virtue of its ability to bond
well with the surrounding concrete, improves the pu11out
strength of the rock bolts cons1derab1y.

D. Minimum Edge Distance Regquirements for Hollow Core
Rock Bolts

It was found that the full tensile Strength of a single
T-inch-diameter hollow core rock bolt equipped with a long
cone-and-shell head assembly and instalied in a 12-inch-

‘deep hole, could be developed at a 6-inch edge distance

in the corner of a nominally reinforced concrete block.
This edge distance was measured from the center of the
rock bolt to the edge of the concrete block.

At edge distances smaller than 6 inches, installation torques .
of 350 ft. 1bs., 40 percent higher than those normally re-
quired to expand the long cone-and-shell head assembly,
caused cracking of the concrete near the rock bolt.

E. Minimum Embedment Depth Regquired for Hollow Core
Rock Bolts

It was concluded from pullout tests on individual 1-inch-
diameter hollow core rock bolts that the uitimate strength
of the hollow core rock bolt with a long cone-and-shell
head assembly could be developed in concrete when installed
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*

;in a'10—iﬁ6h-deep hole, as shown from results present in
Table 10, page 74.

The tensile load at which the slip point or elastic limit
~of an anchorage system occurs, however, appears to be
significantly increased when rock bolts are installed in
holes 12 inches deep.

It appears: that the minimum hole depth at which maximum
s1ip loads and puliout strengths are obtained for 1-inch-
diameter hollow core rock bolts with long cone-and-shell
head assemblies and bonded with Wil-X cement grout is

12 inches. At this hole depth, the effective embedment
depth of the center of the shell portion of the long
cone-and-shell head assembly is 7 3/4 inches (see Figure
65 page 34).

-The average slip point load of 35 kips, obtained for
‘1-inch-diameter hollow core rock bolts with long cone-
and-shell head assemblies bonded with Wil-X cement grout
in 12-inch-deep holes, is near the yield point of the
hollow core rock bolt stud; the average maximum pullout
" load obtained, 50 kips, is near the minimum guaranteed
ultimate tensile strength of the rock bolt stud.

Fo Creep Test Results

:A 100-hour sustained load test was conducted on a 1-inch-
diameter hollow core rock bolt with a long cone-and-shel]
head assembly bonded with Wil-X cement grout in a 12-inch-
~deep hole at a 10-inch edge distance. A tensile Toad of

- 25 kips was maintained for a period of 100 hours. This
load represented a typical design Toad and is approximately
70 percent of the slip point load., or elastic limit. After
100 hours of sustained load, only 0.002 inch of creep was

ClibPDFE - wivw fastio.com
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measured. Ajﬁ%ough;ﬁﬁ]y-h single tést was conducted with

one set of parameters, it is felt that'a similar rock bolt
systeh‘wou?d also'develop negligible éreep with a hole depth
of at least 12 inches and a minimum edge distance of 6 inches.

G. Results of Limited Group Tests on Pairs of H011ow
Core Rock Bolts

With pairs of i-inch-diameter hollow core rock bolts having
long cone-and-shell head assemblies installed in 12-inch-
deep holes at an edge distance of 6 inches, high siip point
loads were obtained when the spacing between rock bolts

was as small as 6 inches. Results of the four tests are
shown in Table 9 on page 66 of this report, Sl1ip point
load values of approximately 70 kips were found to be
typical for the rock bolt pairs, and were approximately
twice those found for single rock bolts. Ultimate puliout
loads, however, averaged only 80 kips and 84 kips for the
pair of rock bolts having a 6-inch and 12-inch spacing,
respectively, These values of ultimate pullout Toads of
the rock bolt pairs were only about 80 percent of the
combined ultimate loads which should result from two
individual rock bolts separated far enough apart to act
independently. 1In theory, the maximum ultimate pullout
load for the rock bolt pairs is expected to occur at a

bolt spacing somewhere near 15 1/2 inches where the

45 degree failure cones separate (see Figure 18, page 77).

Althoudh results of the pullout tests conducted on pairs of
rock bolts were'excellent with respect to their slip point
load, similar testing pérformed on a larger group of rock
bolts may indicate that a substantial reduction in the
actual design load peéer bolt is necessary.
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©,'P1I. . RECOMMENDATIONS AND IMPLEMENTION
- Based on the testi&g“and evaluation of rock bolts conducted
~1in this research study, the foilowing recommendations are

. made:

ClihPDE - www fastio.com

A.  Rock Bolts
1. Type<bf Steel Used in Rock Bolt Studs

The spetifications for rock bolt studs currently used by the
 manufacturer are satisfactory for static or nonrepetitive
dynamic 10ad conditions. However, for structure applications
invo]ving_cychc fatigue loads, it is recommended that steel

" used in the manufacture of the hollow core rock bolt studs
conform to'all the reguirements in ASTM Designation: A706,
Low-Alloy Steel Deformed Bars For Concrete Reinforcement,

or a similar material of the same strength level with a
controlled chemistry to assure the attainment of a product
with a suitable level of toughness and ductility.

2. It is Eecommended that the studs be hot-dip gal-
vani;ed according to the requirements in ASTM Designation:
A153 and conform to requirements in the State of California,
Department of Transportations Standard Specifications.

3. Type of Expansion Shell Head Assembly

‘Eifher the short cone-and-shell or long cone-and-shell head
assembly as manufactured by Williams Form Engineering
Corporation or the equivalent be permitted to be used where
edge distances are large. Specifications regulating the
quality of material used in the head assembly components

of rock bo]ts”shou1d agree with the existing Caltrans
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regulations fof;exhanéion anchor parts. Where edge dis~
tances are small or minimal, it is recommended that only
the long cone-and-shell head assembly be used, so that the
lateral forces from the expanded shell will be distributed
over a greater area.

B. Various Installation Parameters

1. Method of Drilling Holes

A drilling method which produces a clean round hole should
be used. In one acceptable method used in this research, a
diamond- impregnated core bit was used. With such a bit a
smooth hole is produced, which provides an even bearing
surface for the shell of the head assembly. It is further

recommended that such a method be used when it is necessary

to drill a group of holes where maintaining an exact hole
spacing is important and when it is necessary to drill
through re1nf0rc1ng steel. When holes are produced using.
a diamond-impregnated core bit or in a similar drilling
operation, in which water:is forced into the hole and
aournd the tip of the bit, further cleaning of the hole
sides rafter drilling-does not, 519n1f1cant1y 1mprove the
bond betveen the grout and -concrete.. However, when a
drilling ‘method is "empléyed in which no water is pumped
into the hole while dritling, and a considerable amount
of concrete dust remains on the sides of the drillied holes,
it has been determined that a thorough cleaning with water
and a brush following the drilling operation does sub-
stantially improve the concrete/grout bond strength (g).

2. Hole Depth

For 1-inch-diameter, hollow core rock bolts whose steel has
a minimum specified strength at the yield point of 60.0 ksi

vivwy . fastio.com
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as teé%éd‘%n‘tnﬁs“ﬁrojecf, it is suggested that a hole depth
of 12 inches be required when an optimum tensile load at the
elastic 1imit of the bolt-concrete system is desired.
3. fReduired'Ho1e Diameters and Torque Specifications
to Expand Rock Bolt Head Assemblies

In general, hole diameters and torque specifications specified
'by the manufacturer should be followed., For T1-inch-diameter
" hollow core rock bolts, a torque of 250 foot-pounds as re-
commended by the ‘manufacturer f{o expand the head assembly,
“was u$éd in this research project. A hole diameter of

1 3/4‘inches'WaS a1so-spec1f1ed and used for all 1-inch-
diameter rock bolts installed in this -study.

4. ‘Minimum Distance to the Edge of the Concrete
Foundation
rIt”ié:recémméﬁde& that a minimum edge distance of 6 inches
should be used with T-inch-diameter rock bolts to avoid
'crack1ng of ‘the concrete upon ~expanding the head assembly
on each rock beit. For rock bolts having diameters other
than 1 inéh. or ‘when"the foundat1on concrete has a compres-
sive strength ]ess than 4000 ps1, a change in mimimum edge
distance may be necessary. Y

5. *‘Type Of cheptabTe Bonding Materials
A type X éipansivéfhydrauiit cement conforming to require-
ments in ASTM Designation: C845 should be used when grouting
hollow core rock bolts.
0f the various bonding or grouting materials used with

""hollow c6re rock bolts in this study, Wil-X cement grout,

10
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made from an expansive cement which meets the requirements
in ASTM Designation: €845 (Type K), performed the best.
Consistently high pullout strengths were obtained using
this material. Manufacturers recommended mix proportions
and installation instructions for this grout should be used.
when applying this material.

6. Minimum Spacing Required for Pairs of Rock Bolts

Limited tests were conducted on pairs of 1-inch-diameter
TolTow core rock bolts spaced 6 inches and 12 inches apart
and at a 6-~inch edge distance. Although in all tests con-
ducted with pairs of rock bolts the full yield strength of
each anchor bolt was deve]oped,'it is recommended that the
larger 12-inch spacing be used, especially when minimum
6-inch edge distances are necessary. When larger groups of
rock bolts are to be instalied or where loading conditions
will involve combined or cyclic lToading, it is recommended
that additional group pullout tests be conducted for
special conditions encountered.

C. Further Testing-

It is recommended that further testing be conducted to
determine:

(1) The effect which larger groups of rock -bolts have
on the average yield point and maximum pullout strengths,

(2} The yield points and maximum fénsi1e ioads of groups
of rock bolts where actual bolt patterns of a special sign
installation are used.

(3) The effect of combined loading and cyclic Toading on
the yield point and maximum pullout strengths of groups

of hollow core rock bolts.

11
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(4) "The effect of using Type II Modified portland cement
grout as a bonding material on the pullout strength of
hollow core rock bolts.

(5) The effects of mechanical wedging aione on pullout
strengths of ungrouted rock bolts installed at various
hole depths.

(6) The.éffects of using long versus short cone-and-shell
head assemblies on the minimum recommended edge distance.

D. Implementation

It is expected that the O0ffice of Structures Design will
review the findings of this study and evaluate the feasi-
bitity of utilizing rock bolts in concrete structures.
Specific examples where rock boits might be desirable would
include (1) locations where concrete thickness is limited
and would preclude the use of conventional grouted dowels

or (2) locations where economics would favor the use of

rock bolts at shaliower embedment depths than those required
for grouted dowels.

12
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IV. DESCRIPTION OF EXPERIMENTAL PROGRAM

A, Testing Program - General Discussion

The purpo§eldf this research program was to develop a reliable
anchorage system to secure (1) sign standards, (2) Tighting
standards, and (3) seismic motion hinge restrainers into exist-
ing concrete structures. Since conventional expansion anchors
have been found to be unreliable in sustaining large tensile
loads, l1-inch-diameter rock bolts were considered.

In this study the following parameters were deemed important:

(1) Type of rock bolts,

(2) Embedment depth,

(3) Pullout load capacity.

(4) Distance from rock bolt to edge of concrete.

(5) Type of bonding material and installation procedures.

(6) Influence of rock bolt spacing on group pullout strengths.
(7) Ability of rock bolts to resist sustained tensile loads.

Two types of rock bolts were examined in this research, one
having a solid bar stud and the other a deformed bar stud
with a hollow core. Both types of rock bolts came with
expansion shell head assemblies. Both types of studs were

1 inch in diameter and had 1-8 UNC threads on each end. The
hollow core rock bolt has a small elliptically shaped hole
through its center. This hole provides a passageway for
pumping grout around the rock bolt and the expansion shell
head assembly. Pullout strengths of deeply embedded
threaded stee} rods were also determined using various types
of grouts, and these pulilout strengths were compared with
those found for the rock bolts,

&
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3The'reSearch program was subdivided into five different

phases which included:

(1) Determiﬁaﬁfoﬁ of maxihum’pu11out strengths of the
T-inch-diameter rock bo]ts installed at various embedment
.depths in concrete. '

(2) Determination of maximum pullout strengths of 1-inch-
diameter threaded steel vods installed in 24-inch-deep holes
in concrete.

(3). Testing the effect of high torques required to expand
the head assemblies on rock bolts during installation on
soundness of concrete when rock bolts were installed near
the edges and corners of concrete blocks, Determination
of minimum edge distances required to develop maximum
pul]out strength of 1-inch-diameter rock bolts.

(4) DeterminatTOn of the creep rate of 1-inch-diameter
rock bolts installied in a Tightly reinforced concrete block.

(5) Direct tension tests performed on pairs of 1-inch-
diameter rock bolts to determine the effect of the
distance between rock bolts on the total pullout strength
of the pair of rock boTts. i

B.' Test Specimens.
91, Materials

a, Anchorage Devices

" Two basic categories of anchorage devices were tested in

this study. The categories are (1) rock bolts having

14
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mechanical expansion devices and (2) threaded rods made
from steel bars conforming to the requirements in ASTM

Specifications A307 and A449.

At the beginning of this research, various rock bolts
manufactured by different companies were considered for
evaluation and'téstihg} When the rock bolts were
purchased,'all but one manufacturer, Williams Form
Engineering Company, had discontinued production. Two
types of rock boits with expansion shell head assemblies
produced by Williams were evaluated. One type is called

a hollow core, groutable “"re-bar" rvrock bolt, and the other
a solid bar "spin-lock"™ rock bolt. The hollow core rock
bolt has a deformed bar stud whereas the solid bar rock
bolt has a smooth stud. These are illustrated in Figure
1. A1l rock bolts tested were 1 inch in nominal diameter,
and approximately 4 inches at each end of the rock bolt
stud was threaded with 1-8 UNC threads.

Basically, two things contribute to the puilout strength

of the rock bolts in concrete: (1) friction between the
expansion shell head assembly at the bottom end of -the |
rock bolt and the sides of the drilled hole, and

(2) mechanical interlock and bond of the grouting
materials around the anchorage device and the sides of
the drilled hole. |

The solid bar and hollow core, aroutable rock bolts, shown
in Figure 1, were tested for maximum puliout strength using
two different types of head assemblies, a short cone-and-
shell and a lTong cone-and-shell, These two types of
expansion shell head assemblies are shown in Figure 2.

The parts of each assembly are basically the same and
consist of (1) a cone, (2) a maileable expansion shell,

15
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HEX NUT KEYHOLE PLATE WITH CROSS SECTION OF
GROUT TUBE IN-PLACE DE-AIR IN "*RE-BAR"

A. ‘Hollow core, groutable “"re-bar" rock
~bolt with expansion shell head assembly.

‘ MALLEABLE
RING CONE
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B. Solid bar "spin-lock" rock bolt with
expansion shell head assembly.

"Fgéﬁhéil'-J¥hHSEypés of rock bolts tested.
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LONG CONE & SHELL

) Cone (with 1-8 UNC female threads)
(2) Malleable shell
)

Two s1ip washers
(4) Thrust ring

(5) Rock boTt stud (hollow core stud shown)

Figure 2 - Two types of expansion shell
head assemblies tested,
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(3) two s11p washers, and (4) a thrust ring. The thrust
r1ng, a hardened sleeve with female threads, which initially
is tightened onto the threads of the lower end of the rock

‘bolt stud by the manufacturer, provides a fixed bearing

surface for the slip washers and expansion shell. The slip

washers allow the expansion shell bearing surface to easily

slip aga1nst the rigid thrust ring as the rock bolt is
n1t1a11y installed. The malleable expansion shell is a

'h011ow cy]1ndr1ca] steel sleeve having parallel exterior

walls whose thickness is tapered to provide a good fit for
the mating cone frustrum projecting into the interior cavity
of the expans1on shell, The shell is slotted fully along

~ one side to prov1de a keyway for the raised ridge on the

cone frustrum and partially slotted on the opposite side.
The cone Ffrustrum at the bottom of the head assembly 1s
threaded onto the bottom of the rock bolt stud and is drawn
into the hollow expansion shell as the rock bolt stud is
turned dur1ng installation. Once the malleable shell has
begun to expand and is locked to the sides of the drilled
hole through fr1ct1on, the raised ridge on the cone
frustrum, as seen in Figure 2, prevents the cone from turn-

" ing with the rock bolt stud dur1ng installation.

For purposes of compar1son of pullout strengths, 1-inch-
_d1ameter threaded steel rods, conforming to requirements in

ASTM Specifications A449 and A307, were installed in 24-inch-

~ deep core-drilled holes in concrete, using various bonding

materials, and tested. The steel rods tested were threaded

their entire length to provide a good mechanical interlock

between the rod surface and the bonding material.
Tensile tests were performed on specimens of the steel studs

or rods used in the types of anchorage devices shown in
Table 1.

18
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Table‘l -'Descripfion of anchor bars tested. -

Andhor

"Head
bar assembly Thread Rod Steel
type type type Diameten type grade
Williams Unified 1 Hollow ARISI
rock bolt o, National in. groutable Grade
Long Coarse, "re-bar" 1040
cone- 8 steel
Williams and- threads Solid AISI
rock bolt shell per bar Grade
inch "spin- 1065
lock"
‘ ‘ stud
Williams Hollow AISI
rock bolt groutable Grade
' Short "re-bar® 1040
cone- - Istud
Williams and- Solid AISI
rock bolt shell | bar Grade |
"spin- 1065
lock
stud
{Threaded None Solid rod< ASTM
rod threaded [' A307
. entire
- ; length ;]
Threaded " Soi1d rod~ "ASTM
rod | threaded Ad49
: ;' ' * - jentire
“{length
NOTE: The elliptically shaped hole in the center of the

hollow core rock bolt is approximately 0.25 inch

x 0.31
area in the threaded

inch.

0.544 in.=,

- www.fastio.com
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. The yield and ultimate strengths of the steel in the 1-inche
diameter rock bo]t"studs or threaded anchor rods tested are

shown in Table 2.

Table 2 - Strength of anchor bar steel,‘

*Stfess area = 0.544 in

- ) Vield Stress at| Ultimate | Stress at
Type of anchor bar | strength, yield, strength, | ultimate,
. - ' kips ksi kips ksi
T-inch-diameter |
|threaded rod
| ASTM A449 53.0 87.5 62.7 103.5 -
ASTM A307 32.0 52.8 36.0 59.4
Hollow -core rock - 37.0 68.0% 53.3 98.0
|bolts - ’ -
Solid bar rock 44 .5 73.4 73.2 120.8
bolts .
‘ 2

In order to determlne the composition of the steel used in
the studs for the two types of rock bolts 1nvest1gated in

this study,,a chem1ca1 analys1s was’ performed on eachs

Per-

cents of var1ous pr1mary elements found 1n the steels tested
are shown be]ow in Tab]e 3. '

Table 3 « Chemical composition of steel in
_ rock bolt. studs tested.

Amaunt of element in steel, percent

Hollow core, groutable Solid bar
Element "rebar" rock bolt rock bolt
Carbon 0.40 0.62
Molybdenum 0.01 0.00
Chromium 0.09 0.02
Manganese 0.78 0.73
Silicon 0.26 0.18
Phosphorus 0.01 0.01
Sulfur 0.03 0.03
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From the above re§u1fs of these chemical analyses, steel

used to manufacture the studs for hollow core, groutéb]e

"re-bar" rock bolts was deemed to be AISI Grade 1040 and

that used in the studs for the solid bar "spin-lock" rock
bolts is probably either AISI Grade 1060 or 1065.

b. Bonding Materials

A number of materials were used aé bonding or droyting agénts

in this study. Most of these were proprietary materials and

-were as follows:

ROC-LOC - A polyester resin developed for groyting rock
bolts. '

Polymer concrete - A Type I1 Modified portland cement,
Ottawa sand and an experimental mixture of monomers, a
catalyst, and a promoter which polymerizes to form a high
strength concrete.

Epoxy - A low density liquid polysulfide extended epoxy
meeting California Department of Transportation Standard

Specification 8040-61J-03.

Wil-X cement ~ A shrinkage compensating portignd cement
which when mixed with water makes a fluid groyt.

Burke's No-Shrink Grout - A shrinkage compensatipg portiand
cement that contains a nonmetallic aggregate fijler.

EMBECO 153 grout - A portland cement with an iron compound
aggregate which acts as an expansive agent, and fine sand.

Master Flow 713 grout - A shrinkage compensating port]and
cement with a nonmetailic aggregate filler.

21
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The bondihg materials are discussed in more detail in the
following sections:

ROC-LOC

ROC~-LOC is the trade name for a specific type of polyester
resin developed by Cyanamid of Canada, Ltd., Montreal, P.Q.
for grouting rock bo]ts; The unmixed resin components are
available in a 2 1/2-gallon plastic pail which also serves
as a mixing container, The three unmixed materials consist
of (1) the resin - a white paste, (2) the hardener - a

dark gray powder, and (3) a catalyst ~ to be used where
temperatures lower than 65°F prevail. The components are
shown in Figure 3, '

(2) Hardener ~ (1) Resin

(3) catalyst —mm

Figure 3 - Components of the "ROC-LOC"
-polyester resin grout.
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ROC-LOC has a shelf 1ife of 6 months when stored at a
temperature of 60°F or below. The gel time is the time
required for the mixed paste to turn into a plastic nonf
transferable mass. The gel time decreases with an increase

- in the ambient temperature. The cure time is the time
required for the mixed resin to fully harden, and is also
» dependent on the ambient temperature. The mixing ratio

required is 4 volumes of paste to 1 volume of hardener.

" The paste and the hardener are blended thoroughly until a
uniform gray color has been achieved. 1In tests conducted
in Phase 1, the mixture was initially loaded into a hand-
operated grease gun and. an’ attempt was made to pressure

‘grout thé'ﬁo11ow;core rock‘bons; The grease gun, however,
clonged confihua11y. Fina11y, the resin was poured into

- the drilled holes after the rock bolts had been placed and
torqued. In Phase 2, ROC-LOC was used to bond the l-inch-
diameter threaded rods. The method of placing ROC-LQC
around the threaded bars was essentially the same as with
the rock bolts in the later part of Phase 1. The ROC-LOC
was first poured into the holes and then the threaded:bars
were inserted and worked up and down to eliminate voids.
The handling of the ROC-LOC mixture was quite messy when
divided into small pdrtions. Initial pullout tests were
conducted where ROC-LOC was cured for only a 24-hour period,
It was later determined that a minimum 7-day curing period
was required for the resin to reach maximum strength. No
filler material was added to the resin.

Polymer Concrete

The polymer concrete grout consisted of the components

. listed in Table 4. A "soak" solution was prepared first.
The batch weights of ‘the soak solution are also Tisted in
Table 4. Nine parts methyl methacrylate and one part

23
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“Table 4 - Components of the polymer concrete grout.

Amount of

of Components

Amount of
component | component
in soak in polymer

: solution concrete
Component Function grams grams
Ottawa sand Filler - 333
-ASTM C109
Oftawa sand Filler - 333
-ASTM C190
Portiand cemenﬂ:?4fi TuTFilfékawi - 333
-type II Modiffed =~ | -

Methyl , Monomer - - | :.180 299.7
Methacrylate
Trimethylolpropane A cross 20 33.3
Trimethacrylate Tinking
agent
‘Silane A coupling 2 1.2
agent
Benzoyl Peroxide Catalyst 4 2.5
Dimethylaniline Accelerator 8 5.0
Total Weight 214 1340.7

waww fastio.com
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trimethylolpropane trimethacrylate were mixed together

initially and then remixed with the rest of the soak com-

ponents, The solution was poured into the cored holes,
. allowed to soak for 5 minutes, and then the excess solution
was siphoned out. Another batch of solution was prepared.
This time it was mixed with Ottawa sand and Type II Modified
portiand cement for placing in the holes with the threaded
rods. The mixture was poured around the rods. The rods
were then tapped to consolidate the mixture in the hole.
Final setting time of the mixture was about 20 minutes.

Epoxy

The epoxy used in this study was a medium setting, Tow
viscosity, 1iquid, polysulfide-extended epoxy conforming
to the California State Specification 8040-61J-03
(Standard Specifications, Section 95). The gel time was
21 to 31 minutes. The minimum cure time was 24 hours at
77°F. The epoxy was used in the fifth phase of the testing
program in which 1-inch-diameter ASTM A449 threaded bars
were bonded in 1 1/4-inch-diameter, 24-inch-deep cored
holes. MNo filler was added to the epoxy which made it
easier to pour. The epoxy was maintained'at a temperature
of 75°F before using. The holes were cleaned and dried .
compietely before placing the bars and epoxy. Two volumes
of resin were added to one volume of hardener. The batch
was blended until uniform in color. The epoxy poured
easTly into the holes. The threaded rods were then pushed
into the holes and worked up and down to eliminate voids.
Steel blocks were used to hold the rods in the center of
the hole until the epoxy cured. |

25
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Wil-X Cement

Wil-X cement is a shrinkage compensating portland cement
developed specifically for grouting rock bolts. It is
marketed by the Williams Form Engineering Corporation for
use with their hollow core groutable rock bolts. The
Wil-X cement grout was used to fil1l the void space around
hollow core rock bolts by pumpiﬁg it with a hand grout
pump. The hollow core rock bolts may be grouted either

by (1) screwing a grout tube adapter sleeve onto the top
of the rock bolt stud and pumping grout through the center
‘of the hollow stud until excess grout emerges from the
void space around the sides of the rock bolt stud, or by
(2) sealing the void space around the sides of the rock
bolt stud and pumping grout through a plastic tube insert-
ed into this space until the grout flows out of the hole
in center of the hollow core rock bolt stud. Both grouting
methods were used in this research and worked well. The
second method is depicted in Figure 4.

Figure 4 - Apparatus for grouting the void space
around hollow core rock bolt studs.
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The solid bar rock bolts were grouted by inserting'the
plastic tube from the grout pump into each hole in the
concrete as far as it could go. The grout was pumped
until it completely filled the void around each bolt.
This procedure worked very well. The water/cement ratio
used in the Wil-X cement grout mix was 0.40.

Burke's Grout

Burke's Grout, perhaps should be correctly called a mortar,
as it contains 50% of a shrinkage compensating portland
cement and 50% of a nonmetallic aggregate of which 100%
passes a No. 8 sieve. The manufacturer's brochure specified
a mixing ratio of 1 1/4 gallons of water to 50 pounds of
grout for a pumpable mixture. However, the fine aggregate
continually clogged the hand pump‘used for grouting., The
researchers concluded that the satisfactory pumpability
claimed by the manufacturer applied to a larger, different
type of grout pump. In ordeb to grout the rock bolts it
was finally necessary to pour and rod the grout in the void
space around each rock bolt. Certainly all voids around
and under the expandable head assembly were not filled by
using this procedure, however, the major void around the
sides of the rock bolt stud was filled. o

EMBECO 153 Grout

EMBECO 153 (made by Master Builders Co., Cleveland, Ohio)
is composed of a portlahd‘cement mixed with iron particles
and a small ‘percentage of fine sand. A slight amouht of
grout expansion resuits when the small percentage of chio-
ride present in the grout reacts wi'th the iron particles
in the grout. When this chemical reaction occurs, the
compound increases. in volume and exerts a force against
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‘”the'surfaces restraining the grout. Before placing the

grout, the holes drilled in concrete were cleaned with
water, 'According'to installation instructions by the
manufacturer, the water was left in the holes for a period
of 6 hours to saturate the sides of each hole. The water

:waS's1phoned from the holes just before installing the

rock bolts and placing the grout.

A rat1o of 9 pounds of water to a 55- -pound bag (E~D 16)

of qrout was used as suggested in the manufacturer S

1nstruct1ons After the grout was mixed, it was poured
1nto the hole around the installed rogk bolt and con-
so]xdated w1th a 1ength of welding rod. As recommended

in insta]jation‘instructions provided by the manufacturer,

this ekpansive grout was securely restrained while curing.
A 4- inch square steel plate was placed over the stub of

the protrudlng stud and forced to bear securely on top of

the concreta surround1ng the grouted hole by a nut threaded
onto the stud. Th1s p1ate served two purposes. It
restrained the expansion of the grout in the direction
toward the top of the hole, permitting high lateral
expansiye forces of the grout to be exerted against the
sides of the hole, and it provided cover for the grout to

" prevent water loss while curing.

Master Flow 713 Grout

Master Fliow 713 (MF713), also made by Master Builder's of

C]eveTand 0h1o,’conta1ns a m1xture of nonmetallic fine
aggregate and a shr1nkage compensat1ng portland cement.

- The procedure for plac1ng the MF713 was the same as for

the EMBECO 153 except that the concrete sides of the core-
drilled ho1es were soaked for 24 hours instead of 6 hours,
as per 1nsta11at1on instructions by the manufacturer. The
exposed surface of the grout was kept moist with damp rags
for 3 days
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c. ‘Concrete

The concrete used for constructing all test blocks in this
research project contained well graded Fair Oaks river-run
aggregates having a maximum size of 1 inch and meeting the
requirements in Caltrans Standard Specifications, Section
90-3. A cement content of 564 pounds per cubic yard was
used, and an average stump of 3 incheg was attained. The
average compressive strength of the cyred concrete at the
time of all tests was 4,000 psi. This was determined by
testing 6-inch x 12-inch concrete cylinders which were
cast from the same batches of concrete used to make the -
concrete blocks and cylinders, Information about the

concrete mix design is shown in Appendix B.

2. Specimen Design and Construction
~a. Block and Cylinder Construction

Yarious sizes and shapes of concrete test specimens were
used in this research study. A general summary of these
specimens is shown in Table 5 and detailed drawings of
each type of specimen cast are shown in Appendices A-1
through A-8,
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Table 5 - Summary of concrete test specimens

used for rock bolt research,

Type of
rebar
Test speci~ | reinforce- j{Used in Appendix
men size ment phase Test purpose reference
2'x2'x2! None 1 To determine the A-1
. ' maximum pullout
2'x2'x2! Nominal 1 loads in direct A-2
_ o tension. :
22 1/2" Dia. | 9" ¢ Spiral 2 To determine the A-3
X 33 3/4" pullout strengthsp—
high . 12" ¢ Spiral} 1 & 2 of rock boits and A-4
| cylinders threaded bars
T _ None 1 bonded with A-5
various grouts.
2'x2'x4'«10" | Nominal 3 Mininum A-6
' edge distance
determination.
2'x3'x3"’ Nominal 3% 4 Minimun edge A-7
distance and
creep testing.
2'x4'x5! Similar to 5 Two-bolt group A-8
a typical direct tension.
bent cap.
(see- Appendix
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Forms for the cdncrete‘blocks were constructed from 3/4-1inch
plywood, and 2x4-inch and 2x6-inch Douglas fir boards.
Concrete cylinders were formed by using 55-gallon steel
drums; the drum containers were left around the hardened
concrete following placement to provide additional support
for the concrete. Where deformed steel reinforcing bars
were used, these were tied in "cages", and set in the forms
after the forms had been thoroughly sprayed with a release -
0il. Proper clearance between rebar and edges of concrete
was obtained by using suitably sized mortar cubes as spacers.

b. Concrete Placing

Concrete blocks and cylinders were cast at various times
throughout the research project.

The following values listed are ranges of the properties
of fresh concrete which were measured during each pour:;

* concrete temperature : 70° to 84°F

®* stump (cone test) ¢ 3 to 3 1/4 inches
* unit weight .t 150.9 to-151.9 1bs/cu ft
percent of air voids : 1 1/2%

. ¢
.

Concrete was placed in three equal .lifts, with .each.1ift
being vibrated thoroughly after placing. Hunts' concrete
curing compound was sprayed on the top of all blocks to
prevent water from evaporating. So that compressive strength
could be determined, 6-inch-diameter x 12-inch-high conérete
cylinders were made during each pour according to cylinder
casting procedures in the California Department of

Transportation Test Method No. 540-B.
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3. " Ifstalldtion of Rock Bolts

The wooden forms surrounding the concrete blocks were
stripped after the concrete had cured for a period of
from five to:seven days. The top surface of each block
was sandblasted to remove curing compound and 1 3/4-inch-
‘diameter: holes were drilled in the blocks to the desired
depth with a’ diamond impregnated core drill. Following

- the drilling, the holes were cleaned out, then washed
-Qut*thoroughTy'with water and allowed to dry.

After the holes were dry, either solid bar or hollow core
ﬁoEk‘bo?ts were installed. Prior to installing the rock
bolts*into the holes, the head assembly on each stud was
expanded so*thdt-itiwou]d fit snugly into its respective
hole. The studs with the head assemblies were installed
af'thefpre3cribed depths. 1In order to grip and turn the
rack boﬁt"s%ud“toféxpand the head assembly, a setting tool
(see Figure-5) was screwed onto the top of each rock bolt
Stud“and turned using a torque wrench. "The proper amount

- of torque was app11ed to'each stud as per manufacturer's
'recommendat1ons, 250 foot pounds of torque was applied to
“each ho]]ow -core. rock bolt and 350 foot -pounds of torque
was app11ed to each sol1d bar rock bo]t It was noted that
while- expand1ng therexpan31on shell head assemblies, boits
tended to move: s11ght1y from the center of the 1 3/4-inch-
diameter “hole while being torqued, so a steel collar was

"temporari1y3used to keep the bolts centered in the hole.
The setting tool and collar were removed after the specified
torque was achieved.
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SPEED TYPE ROCK BOLT IMPACT TOOL

A long-life tool for expanding sock bolts. Short Title: *'Rock Bolt
Setting Tool.™

WILLIAMS SETTING
L .
HEX NUT AND To0 E WILLIAMS LONG FITTING ADAPTER
HARDENED i FOR IMPACT TOOL OR TORQUE WRENCH —»
STEEL WASHER \i —
WILLIAMS - SETTING [ 1]!
rrnrggrr e TORQUE THE BOLT TooL  ~—t
KEYHOLE ROCK BOLT BEING TO SET THE ANCHOR 0
PLATE INSERTED INTO
HOLE
IMPACT -
ToOL

WILLIAMS
HOLLOW

OR
ROCK

BOLT )
HOLE TORQUE TO AIR
SLIP THRUST RING WRENCH
RINGS MALLEABLE
SHELL
CONE RATCHET
ADAPTER

“w,

Set the expansion anchor by torguing the rod
to the required torque. This is done by the use
of either a torque wrench or a preset impact
tool turning the setting tool {for protection of
threads) in clock wise direction, This action

migrates the cone into shell, thus expanding the
anchor,

Figure 5 - The setting tool and its use in

expanding the head assembly of
rock bolts.
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EFFECTIVE EMBEDMENT
DEPTH OF ROCK BOLTS
HAVING SHORT
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“The center of the grip or bearing area o6f the expansion
"'shell on each head assembly on both long and short cone-
and-shell systems was above the actual hole depth as
shown in Figure 6.

After the head assemblies had been expanded by applying
torque to the top end of ' the rock bolt studs, the void"
area around the studs and head assemblies was filled with
bondfng material. The types and methods of applications
- of bonding materials used in the research study are
 ldescr1bed fully in Section IV.B.1.b, page 21, of this
mreport |

EFFECTIVE EMBEDMENT
DEPTH OF ROCK BOLTS
HAVING LONG CONE-AND -~

TLYLTLY.

CONE - AND—SHELLHEADF/ NOMINAL SN SHELL HEAD ASSEMBLY,
ASSEMBLY. é HOLE
DEPTH

TRATATRTAN FTATATITAYS

TEEE

© -
=T L

It

—

4 {7/4" BOTTOM OF CORE
ORILLED HOLE

» =

R
CENTER OF BEARING ]
| AREA OF HEAD ASSEMBLIES

“Figure 6 - Effective embedment depths of rock bolts
utilizing, (a) short cone-and-shell and
{b) Tong .coné-and-shell head assemblies.
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C. Testing Equipmeht and Procedures

1. Single Bolt Direct Tension Testing

A 1000 kip MTS universal testing machine was used to load

the T-inch-diameter rock bolt specimens in direct tension.

In the initial testing setup, which is shown in Figure 7

and used briefly an Phase 1, two short "I" beam sections

were used to support the blocks contafning single rock bolts.
Three blocks were tested using this method of support. It
was noticed that this loading arrangement tended to load

the block as a simply supported beam. This type of loading
caused several radial cracks upon failure of the bolt system.
To avoid this beam type loading a short section of 22-inch-
diameter steel pipe was used to support the blocks and
cylinders for the remainder of the direct tension testing
(Figure 8) performed in Phases 1 and 2. The inside diameter
0f the pipe section was Targer than the diameter of a typical
concrete failure cone having a 45° failure angle.

Two linear motion potentiometers, one mounted on each end
of a bracket, were used to measure the average movement of
the bolt with respect to the face of the concrete block.
The bracket was attached to the rock bolt shaft. A coupler
sleeve welded to a pull bar was then threaded onto the top
of the rock bolt stud.

Initially a 200-pound tensile preload was applied to each

rock bolt. Bolts were then loaded in tension at a con-
stant displacement rate of 0.1 inch per minute. The tests
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Figure 7 - Initial direct tension testing apparatus
utilizing a pair of I beams.

Figure 8 - Final direct tension testing apparatus
utilizing a steel cylinder.
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were terminated when the bolt fractured or when excessive
sTip had occurred and the potentiometer arms were no longer
in contact with the surface of the block. The movement

of the rock bolt relative to the surface of the concrete
was recorded on a 10-inch by 15-inch chart. The apb]ied
load was plotted along the Y axis and the relative bolt
displacement was plotted along the X axis. The following

information was recorded on the Toad-slip charts:

Project designation

Block designation

* Preload, Po

Maximum load, P max

®* Date and time of test
Loading rate ' '

X and Y scale designation

2. Determination of Minimum Edge Distance by
Torque Tests

In initial tests performed in Phase 3, the i-inch-diameter
rock bolts were installed close to the edges of concrete
test blocks to determine if the concrete near edgés of
concrete foundatipns might be damaged by lateral pressures
exerted by the'expahded head assemblies of rock bolts.
Torque values applied to the rock bolt studs were purposely
applied s1ightly higher than those recommended by the
manufacturer so as to simulate the high lateral Toads which
might be expected to occur in field instatlations. The
torque on the rock bolt studs was measured using a cali-
brated torque wrench with a 500 foot-pound capacity. After
the head assemblies had been expanded, the concrete near
the hole and on the sides of the block was tapped with a
hammer. Concrete that was not broken produced a “ringing“
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sound whereas concrete that was cracked produced a lower
pitched sound or a "thud", To determine if any small
cracks not visible to the naked eye were present, water
was poured into holes around installed rock bolts. Any
loss of water and damp areas on the outside of the con-
crete block were signs of the presence of such cracks.

Figure 9 shows an example where water, which had been poured
into the drilled holes after rock bolts had been installed,
had leaked out through the concrete while testing for small
~cracks caused by the lateral pressures of the expansion
shell head assemblies.

Figure 9 - Edge distance test specimen with
water seepage denoting a previously
undetected crack.
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3. Determination of Minimum Edge Distance By
Direct Tension Tests

In the second part of the Phase 3 tests, pullout strengths
of T-inch-diameter rock boits installed near corners of
concrete blocks were measured to determine at what minimum
edge distance the ultimate pullout strengths of the hollow
core rock bolts could be developed.

A total of six pullout tests were performed on individual
l~inch-diameter grouted hollow core rock bolts having long
cone-and-shell head assemblies, installed in opposite
corners of three 3-foot x 3-foot x 2-foot deep nominally
reinforced concrete blocks two rock bolts per block),

Rock bolts were installed in 12-inch-deep core drilled
holes at edge distances of 6, 8, and 10 inches. The
testing apparatus was assembled, as shown in Figure 10,
Tension was exerted on the bolts by a 120-kip-capacity
hydraulic jack with a 1 1/8-inch-diameter pull rod coupled
to the bolts. The load was measured by a 200-kip-capacity
load cell together with a digital strain indicator instru-
ment. The hydraulic jack was powered by an electrically
driven hydraulic pump. The hydraulic jack was positioned
on a beam made from two C12x30 channels which rested on
four other beams, each made from two C3x5 channels. The
two inside C3x5 channel beams underneath the C12x30
channels were situated 28 inches apart with the pull rod
positioned exactly between them. By using this setup

the hydraulic jack did not rest directly on the concrete,
and any restraint around the rock bolt was avoided.

Additional beams and steel rods were employed (see Figure

10) to prevent the C3x5 channels from movement during
testing.
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Figure 10 - Overall view of test apparatus
for Phase 3 edge distance
pullout testing.

Deflection of the rock bolts was measured using two poten-
tiometers and an averaging circuit as shown in Appendix C.
Both load and deflection were plotted on an X-Y recorder.

A velatively slow loading rate of 0,05 inch per minute

was used for all six tests. Peak pullout loads and loads
at the slip point were read from the ploéts and recorded.
Averaged readings for similar tests are listed in Table 8b,
page 60,

In addition to the six pullout tests conducted in the
-corners of concrete blocks, further tests were made to
determine pullout strengths of ungrouted 1-inch-diameter
rock bolts installed near edges of concrete blocks. The
reason for evaluating ungrouted rock bolt pullout strengths
was to.determine what portion of the total pullout strength
is attributed to grout bond.

40

ClibPD www fastio.com '


http://www.fastio.com/

Similar tes;ing apparatus and procedures were used in the
ungrouted rock bolt edge distance tests as were used in the
corner edge distance tests (see Figure 11). Only ultimate

- pu]fout strengths of the rock bolts, however, were recorded.
These are 1isted in Table 8c, page 62,

Figure 11 - Testing apparatus used to evaluate
pullout strength of ungrouted rock
bolts installed at various edge
distances.

E:

41

ClihPDF - www .fastio.com


http://www.fastio.com/

4, Creep Testing

‘The testing frame used for the creep tests was the same
one that was used for the Phase 3 edge distance pullout
tests, Force was applied by tightening a nut on the pull
bar until a load of 25 kips was reached. This load was
maintained on the bolt for 100 hours using two railroad
car under carriage springs. The load was measured by a
50-kip capacity load cell and a digital strain indicator
instrument. The sT1ip of the bolt was measured by two dial
indicators., The testing'apparatus is shown in Figure 12.
The diél indicators wefe read evefy hour for the first 16
working hours, then were read three times a day for the
remainder of the testing period. Individual indicator
readings were recorded and then averaged.

Figure 12 - Test setup for sustained
loading creep. tests.
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© 5, Two-Bolt Group Pullout Testing

The two-bolt group pullout tests were conducted in the
same fashion as the sing]e'bOTt direct tests with respect
to-instrumentation_and testing machine control settings,
except for the Toad range setting. A load range of from
0 to 200 kips was used in anticipation of Targer maximum
loads than were experienced in the single bolt tension
tests.

The concrete blocks and test fixtures used, however, were
entirely different than those used in other parts of the
pProject., the concrete blocks for these tests measured

2 feet x 4 feet x 5 feet., The blocks were suspended from
the upper crosshead of the testing machine (Figure 13) by
six #11 deformed re1nf0rc1ng steel bars cast in the concrete
block (Figure 14). After a concrete block was bolted to the
channel sections, a tension test fixture (Figure 15 and
Appendix D) was raised and fastened onto the two embedded
rock bolts. The tension fixture was connected to a 2~-foot
pull bar by a 2-inch-diameter pin. The rest of the testing
procedure was the same as that used for direct tension
testing performed in Phase 1.

6. Description of the Data Collection Methods

In all cases where pullout strengths of bonded rock bolts
and threaded rods were determined, a continuous plot of
both 1oad and bolt deflection was made by a X-Y recorder
on graph paper for each test conducted. A schematic
diagram of the electrical circuitry for these tests is
shown in Appendix C. From each individual plot, the
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Figure-13 - Two-bolt group Figure 14 - Threaded
test showing block suspended No. 11 steel reinforcing

from upper cross-head of

bars used to suspend test

testing machine. blocks.

www fastio.com

Figure 156 - Two-bolt group test
apparatus showing block with load-
ing fixture and pull bar attached.
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maximum load achieved was noted. Two identical tests were
run for each loading condition. Maximum pullout loads for
each different loading condition are presented in the
various data summaries in Section IV.D.

In addition to the maximum pullout load, a point on the
load-deflection curves, designated as the "s1ip point",
was also noted, and included with most of the data. The
stip point is defined as the point on the Toad-deflection
curve, similar to the yield point on a stress-strain curve
for steel, at which the relationship between bolt load and
deflection ceases to be linear and elastic. The siip
point lToad is important when determining allowable design
loads.,

D. Detailed Description of the Five Testing Phases

1. Phase 1 - Pullout Tests of Single Rock Bolts

In order to evaluate maximum pullout strengths and cﬁarac—
teristics of the two types of rock bolts tested in.this
research project when the rock bolts are installed at
unlimited edge distances, direct tension tests were con-
ducted in this first testing phase using various types of
grout and embedment depths from 8 to 14 inches.

In the first set of tests in Phase 1, sixteen unreinforced
2-foot-cubical concrete blocks as shown in Appendix A-1
were cast. In each block specimen, a 1-inch-diameter rock
bolt was installed fn a 1 3/4-inch-diameter core-drilled
hole as per manufacturer's recommendations. Holes were
positioned at the center of fhé top face of each block

and were 8 inches deep. ‘Twowtypes'of_réckhbolts; solid
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SEf'andfho1iow core groutable, two types of head assemblies;
long and short cone-and-shell, and two different bonding
agents; polyester resin and Wil-X cement grout, were tested.

 Two direct tension pullout tests were performed on each

rock bolt-bonding system. In the first three pullout tests

conducted in th1s initial set of Phase 1 tests, two "I" beam

were used to support each b1ock as shown in Figure 7, page
36. At the conc]us1on of these three tests it was felt that
the "1® beam supports caused the b]ocks to be Joaded unduly
in flexure and perhaps caused some cracking and loss of
pu]lout 1oad resulting from splitting tension. Consequently
the rema1n1ng 13 spec1mens of this first set were supported
us1ng a short sect1on of heavy walled steel pipe, as shown

~in Figure 8, page 36. _Th1s pipe provided a uniform bearing

ring around the rock bolts. Pullout test results for the
various systems are shown in Table 6a. A11 blocks developed
cracks‘asta”hesult of being unreinforced. Because of this,

"max1mum 1oads measur ed were perhaps short of those
-_atta1nab1e ‘

A second set of direct tension tests was conducted to
determine what effect nominal steel reinforcement in the
concrete bToCks"WOUTd have on rock bolt pullout strengths.
The pu]]out strehgths of hollow core rock bolts which
prev1ous1y appeared to be higher than the pullout strengths
of soiid bar rock bolts, were determined using sixteen
lightly re1nforced concrete blocks, whose dimensions and
re1nforc1ng are shown in Append1x A-2. The 2-foot cubical

_concrete b1ocks were cast, and 1-inch-diameter holliow core

rock bolts were 1nsta11ed in both 8-inch and 12- inch-deep
core- dr111ed holes us1ng s1m11ar bond1nq systems as in the
first set of tests whose resu1ts are shown in Table 6a.
Two pullout tests were performed for “each different head
assembly type and @rout combﬁnat1on, using the c1rcu1ar
pipe bearing ring again during testing for even support.
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“Ih efeyen e? the.sikteen tests,”1oad loss was caused by

fracturing of the block, followed by a severe bolt slip-
page., In the remaining five specimens, four of which were
bonded with Wil-X cement grout, the bolts broke. Results
shown 1in Table 6b can be compared with those in Table 6a,
for hollow core rock bolts 1nsta11ed at an 8-inch embedment
depth The add1t1on of nominal steel reinforcement in the

‘concrete seemed to cause an unexp1a1ned reduction in most
“of the Toads at the s11p point, and seemed to have a varied

1nf1uence on max1mum loads attainable. However, we are

h1nc11ned to- fee1 that this was due to the test var1ab1es
_'1nvo1ved and the small number of test specimens which were

ev31uafed. fwe feel that if a greater number of tests were

" performed, We would find that if the reinforcing made any

differenceaéit would tend to increase both the load at slip

point end the maximum Toad. The increase in embedment

:depth of-hoﬁlow‘core rock'bo1ts, from 8 to 12 inches,
_"resu1ted in"a considerable improvement in pullout strengths,
~ both at the s11p point and u1t1mate Toad.

*Resh1ts‘of two additiond1 tests, which*here conducted later
in the research progrem.to evaluate various types of bonding

materials, may be compared with the pullout test results of
rock botts 1nsta11ed in 12 1nch deep ho]es,lshown in Table

-Gb The bond1ng met@r1a1 used 1n these tWO ‘tests is called
“Masterf1ow 713 Grout" (MF713) and is a mortar consisting
‘of port]and cement and 2 sand f111er. Two raock bolts

‘‘‘‘‘

u'_w1th MF713 grout into the top face of heavily reinforced

Wy fas

SUo0.com

concrete cy11nders whose dimensions are shown in Appendix
A- 4, Both rock bo1ts were 1nsta11ed, one each into a
12~inch-deep hole in the center of the top face of two
concrete cylinders., Grout used to bend the rock bolts
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in these two tests was cured 31 days before testing. The

fnean maximum pu]]out 1oad for the two tests was 53.8 kips.

" At the peak<loads, the rock bolts broke in both tests.

The mean slip point load for the two tests was 38.8 kips.
Results of these two. tests are similar to those shown in
Table 6b in which rock bolts were installed in 12-inch-deep
holes and w%1-k cement. grout was used.

A third series of rock bolt pullout tests was conducted

for two reasons., It was desirable to find an dcceptab]e
alternate ggoutﬁhg material equal to or better than the
Wil-X cement grout which was previously found to be
satisfactor& when used with hollow core rock bolts. The
second reason was to supplement results of previous pullout
tests done at ho]e depths of 8 and 12; 1nches.

Inhth1s th1rd ser1es of tests, a tota1 of fourteen concrete
cylinders was used Both re1nforced and unreinforced con-
crete cy11nders were used This was not intentional but
occurred - because some extra cy11nders previously cast

were ava11ab1e and ‘it was desirable to conduct additional
tests. A 51ng1e hp]]ow core rock bolt having a Tlong
cone~and-shell héad assembly was installed in the center

of the top féce of each concrete cylinder (see details

in Appendiceé A=4 and A-5. Tests were performed at two
different hole depths, 10 and 14 inches.

Results of ﬁdl]out tests conducted on hollow core rock -
bolts 1nsta11ed in 10~inch and 14-inch- ~-deep holes are

7sh0wn in Table 6c.

Ii is apparént from results of pullout tests performed in
this third series and the previous second series that:

H]) O0f those bondihg'materih]s teSted, none performed as

well as Wil-X cement grout,
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2) In puT1buf tests performed on rock bolts grouted with
Wil-X cement in 12-inch and 14-inch~deep holes, both the
average slip point loads and maximum pullout loads were
‘high., In"the tests performed at a 10-inch embedment depth,
ultimate loads were as highs Howevér; the:.s1ip point loads
were approximately 20 percent Tower than those obta1ned at
the 12-inch embedment depth m‘fw' : k ;-'
; AR ) Co :

' 3) The preséﬁéé 0%’any of the bonding materials tested
increases both the slip point load and maximum pullout

" load of the rock bolt cohsidérabTy.

2. Phase é :”Pu11out Tests of Threaded Steel
Rods at a 24-Inch Embedment Depth

iﬁitia11y, fbur pullout tests were conducted on 1-inch-
'diameter threaded steel rods instailed in 24-inch-deep
cdre-dri11éd holes, 1 3/4 inches in diameter. The rods
were manufactured from steel conforming to requirements
an ASTM Specifications A307 and A449 (two rods of each).
Concrete, cast in four 55-gallon steel drums, was heavily
reinforced using spiral steel wire (see Appendix A-3).
ROC-LOC, é polyester resin, was used to bond the threaded
rods. in the holes in the concrete and was cured for three
days after placing. It was felt that since ROC-LOC polyester
‘resin was maﬁufactdréd specifically for installing rock
.bblts into‘dfiiled‘holes, it would be an excellent material
' to use for bond1ng the threaded rods. Although this pro-
"r;cedure was later found to be unnecessary 1f holes were
" “cored and flushed w1th water during the drilling operation,
‘holes were scrubbed: with 2 bottle brush and water to maxi-
mize bond between the resin and concrete, then allowed to
waik;dry prior to placing resin.

_ResuTts of initial bu110ut-tests are shown in Table 7a.
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Table 7a - Results of pullout tests of
threaded rods.

[ Type of steel in | Number Tensile Joads, Kips*
threaded rods of tests { At slip point] At maximum
ASTM A307 2 18.1 23.56

‘ [14.2, 22.0] |[14.2, 32.9]
ASTM A449 : 2 13.4 13.4
[14.7, 12.671 1{12.6, 14.1]

www . fastio.com

NOTES: ©*A11 bars bonded with "ROC-LOC" poiyester resin.

*A11 holes were 1 3/4 inches in diameter and
24 inches deep.

*Details of dimensions of reinforced concrete
cylinders used in all above tests are shown
in Appendix A-3,

**Where tensile loads are Tisted, the average
load appears above and the individual test
loads are shown below it in brackets.

The bond between the resin and concrete failed in each of
the four pullout tests and reswulted in generally low pull-
out strengths.

Four additional pullout tests performed on deeply embedded
threaded rods (see Table 7b) were conducted to determine if
maximum pullout strengths of rods could be improved by using
a polymer concrete.

Also, hole diameters were reduced from 1 3/4 inches to 1 1/4
inches to see if pullout strengths of bars could be improved
by.reducing the volume and consequently the shrinkage of
bondihg'materials. Four 55-gallon steel drums were used as
forms, and concrete was reinforced as shown in Appendix A-4.
Curing time for both bonding materials are shown in Table
7b,
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Table 7b - Results of pullout tests of ASTM A449 threaded
rods bonded with polyester resin and polymer

~concrete.

_Type'of Curingl - Tensite Average
bonding time, Number load, kips: [Individual] Failure
material days of tests [At slip point| At maxjimum mode
ROC~1:0C 2 | 2 22.2 . 37.2 Resin-concrete
polyester L £18.0, 26.5] {[18.5, 55.9]| bond
resin '
Polymer 3 2 19.3 57.2 Concrete-grout
concrete [16.1, 22.5] |[54.2, 60.3]ibond

NOTES: *Al1 hoTé$'Wére 1 1/4-inches in diameter and 24 inches deep.

*A11 rods in above tests were 1 inch in diameter and were
threaded their entire Tength with 1-8 UNC threads.

*Details and dimensions for reinforced concrete cylinders
used in all above tests are shown in Appendix A-4.

Test results shown in Tables 7a and 7b indicate that Tack of
bond and excessive rod slippage were problems present with
both the polyester resin and polymer concrete bonding systems.

.

Four additional pullout tests were performed on A449 threaded
steel rods to determine whether by using a suitable epoxy,
approved by the California Department of Transportation, the
magnitude of the tensile load on the threaded rods at the sTip
point could be significantly increased. It was felt that by
~extending the curing time for ail specimens to approximately
one month, bond strength might be substantially improved.
Large cylinders made of concrete and reinforced with a steel
cage as shown in Appendix%A44=WEre'casﬁ.‘ Results of tests
are shoﬁn in ;he‘fog1owing Table 7c¢..

LY - 1
5 . . - h
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Table 7c - Results of pullout tests of ASTM A449 threaded
rods bonded with polyester resin and epoxy.

Type of Curing Tensile Average

bonding time, Number load, kips: [Individual] Failure

material days of tests { At s1ip point| At maximum mode

Epoxy:

Calif.Statgq 27 2 _ 40.00 62.1 Tensile

Spec.8040- (40,0, 40,0] [61.3, 62.8] | failure of

61J~-03 threaded
rod

ROC-LOC 8.5 60.6

polyester 31.5 2 (6.0, 11.0] [60.2, 61.0]

resin

NOTES: *A1]l holes were 1 1/4 inches in diameter and 24 inches deep.

*A171 rods in above tests were 1 inch in diameter and were
threaded their entire length with 1-8 UNC threads.

*Details and dimensions of reinforced concrete cylinders
used in all above tests are shown in Appendix A-4,

Test results presented in Table 7c indicate that threaded
rods bondédIWith eboxy:(CaTifpfﬁia State Specification

No. 8040—61J-b3) performed satiSfactérily, producing high
loads at the slip point as well as at the maximum pullout

strength.

loads at

- www.fastio.com

ROC-LOC poiyester resin,
found to be unacceptable for bonding threaded rods even
when the curing time was increased to -one month, as the
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the s1ip points were extremely Tlow.

on the other hand was -


http://www.fastio.com/

3. Phase 3 - Testing to Determine Minimum Edge
D1stance

The first series of tests in Phase 3 were performed to
‘determine if high initial installation torques required to
expand the head assemblies on the rock bolts would cause
cracking of the concrete when rock bolts are installed near
edges or corners of concrete blocks.

Four concrete bTGtks;'eaéh'Z-feet wide x 4-feet 10 inches
long x 2 feet déep, were constructed and used in the 20
~initial edge distance tests. A1l holes were core-drilled
1 3/4 inches in diameter and 14 inches deep. The centers
of a11 holes were betweén 4 and 8 inches from the edges of
“the blocks at all corners and near the edges, installed
along the 5 foot sides of the blocks. One-inch-diameter
rock bolts hav1ng long cone-and-shell head assemblies were
installed in these holes. A maximum tquue value of 250
foot-pounds was recommended by the manufacturer to expand
the head assemb11es on the ho11ow core rock bolts. 1In
order to determ1ne what effect over- t1ghten1ng the rock bolts
dur1ng 1nsta11at1on might have on the soundness of concrete
near block edges, 350 foot-pounds of torque was used for
the ho11ow core rock bolts installed at 4-inch and 5-inch
'edge d1stances This increased torque causes lateral forces
~which are h1gher than those normally present on concrete
'surfaces around the bottom of the drilled holes. To
faciiitate checking for spalled or cracked concrete, rock
bolts in this test series were not grouted., It was felt
that the grout, normally used to fill voids around the
rock bolt studs, might seal subsurface cracks which would
otherwise be detetted by tapping concrete with a hammer.
At edge distances of both 4 and 5 inches, spalling of the
concrete did occur when torque was applied to the bolts.
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With the detection of cracking of concrete around the
rock bolts installed at edge distances of 4 and 5 dinches,
it was felt that the torque value of 350 foot-~pounds was

- too severe, and a torque of 250 foot-pounds, as recommended

by the rock bolt manufacturer, was used for the remaining
. instailations. |

Results are shown in Table 86. Based on results from this
test series, a minimum edge distance of 6 inches was used
in succeeding edge distance tests.

2 k] - N i
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Tab1e 8a - The effect of high 1nsta11at1on torques
and close edge distances on concrete
- soundness around unbonded rock bolts.

www .fas

NOTES:

tlo.com

ungrouted.

*Details and dimensions of reinforced concrete
blocks used in aT] above tests are shown in
Appendix A- 6 :

'HoTes for above rock holt installations were
14 1nches deep and 1 3/4 1nches in diameter,

*(2) =

Number of tests

58

- Effects of installation torques
Edge - Instal~ applied to rock bolt head assemblies
dis=~ Tation on _concrete soundness
tance, | torque, In corner Along edge
inches | ft-1bs of block of block
Cracking of (1) Cracking of (1)
concrete at concrete at
220 ft-1b 300 ft-1b
4 350 :
No cracking (1) cracking of (1)
of concrete concrete at
at 350 ft-1b 350 ft-1b
No cracking (2) STight crack-(1)
of concrete ing of concrete
at 350 ft-1b at 350 ft-1b
5 350
- No cracking (1)
of concrete
at 350 ft-1b
6 250 Noe cracking (2) No cracking (2)
of concrete of concrete
7 250 (2) (2)
8 250 (2) (2)
.'Ali hollow core rock bo]ts in above test are
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% A

Six addftionaf‘pu110utrtést§ wefe performed using three
3-foot x 3-foot x 2-fdot-deep nominally reinforced concrete
blocks to determine actual hﬁ11oﬁt‘va1ues of the rock bolts
as would be installed near the corner of a concrete base.
Two rock bolts were installed at each of the three edges

» distances tested: 6; 8, and 10 inches. A1 rock bolts
were installed in 12-inch-deep core-drilled holes and were
bonded with Wil-X cement grout prior to conducting pullout
tests,

The results of these tests are shown in Table 8b. The
high maximum tensile pullout loads recorded indicate that
the full tensile strength of the 1-inch-diameter hollow
core rock bolts can be achieved at a block corner with
edge distances as small as 6 inches,
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Besides the six pullout tests conducted on rock bolts
installed in corners of concrete blocks, further puliout
tests were made on ungrouted rock bolts installed near

. edges of nominally reinforced concrete blocks. As pre-
viously explained in Section IV.C.3 (page 40) of this
. report, these additional tests were conducted to deter-

mine what portion of the total pullout strength might be
attributed to the bond strength of the grout.

As can be seen from results shown in Table 8c, high puliout
Toads averaging 30 kips were obtained with these ungrouted
rock bolts installed at edge distances of only 6 inches in
the corner of a concrete block., It may be concluded then
that when such rock bolts are installed in a hole 14 inches
deep and at a 6-~inch edge, distance, approximately 50 percent
of the maximum pullout strength is provided by the mechanical
grip of the expanded head assembly, while the remaining 50

® percent of the pullout strength is provided by the expansive
cement grout.
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Table 8¢

- The pulfout strengths of ungrouted
hollow core rock bolts near edges
of concrete blocks.

~Maximum tensilie Toad on rock

: l 3. e,

SN o) o
wf ¥

14

Edge bolts, kips: Average/[individual]
distance, In a corner Along edge of
inches of block block

5 - 22.8
[19.5, 26.0]
6 30,3 20.0
f33.5, 27.0] Anchor

slipped at 5.0

* "[5 -0’ 35-0]

R

bl

o

44.0

[43.0, 45.0]
MOTES: *AT1 rock bolts in above tests were installed

in T4-inch-deep holes, and were ungrouted.

*Details and dimensions of reinforced concrete
blocks used in all above tests are shown in

Appendix A-6,

www . fastio.com

indicates no tests
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4, Phase 4 - Creep Testing

To determine if there was excessive creep of rock bolts
installed at 12-inch embedment depths and subjected to a
sustained tensile load, a single rock bolt was installed

at the corner of a concrete block at a 10-inch edge dis-
tance and a 12-inch embedment depth., A 25-kip load level
was chosen for the creep test. This represents a maximum
design load which would be uysed for a l1-~inch-diameter hollow
core rock boilt, and is approximately 50 percent of the ultimate
bolt pullout strength and 70 percent of the slip point load
or elastic 1imit. The concrete test block used is shown in
Appendix A-7. The 1-inch-diameter vrock bolt having a

long cone-and-shell head assembly was grouted with Wil-=X
cement grout according*to the manufacturer's instructions.
It was cured for a total of 30 days (during the initial 7
days of curing wet rags were used) prior to testing for
excessive creep. The creep testing procedure is described
in Section IV.C.4 {page 42) Test Procedures, of this report.
After 100 hours of testing using a 25-kip sustained tensile
load, the bolt had moved oniy 0.002 inch, a negligible
amount, This distance was measured from the surface of

the concrete b]ock to a point on the rock bolt stud,
approximately 1 inch above the concrete surface. A graph
showing the creep rate is shown in Figure 16.

Following'the'loo—hour creep teét, the bolt was puiled in
direct tension to determine the maximum tensile load.
Initially, a 300-pound preload was applied to the rock
boit. At the slip point load, 53.0 kips, a bolt deflec-
tion of 0.03 %nch Qa§ measyred. The maximum Toad recorded
was 55,0 kips and the deflection at that load was 0.12
inch.
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5. Phase 5 - Two-Bolt Group Pullout Testing

The purpose of these tests was to determine what effect the
closeness of rock bolts to one another has on their combined
pullout strengths. A total of four pullout tests were con-
ducted. In two of the tests, the spacing between the pair
of rock bolts was 6 inches, and for the other two tests the
spacing was 12 inches. A1l rock bolts were installed in

1 3/4-inch-diameter core-drilled holes having a constant
depth of 12 inches and at a 6-inch edge distance. In each
of the four tests, the l1-inch~diameter hollow core rock bolts
were equipped with long cone-and-shell head assemblies and
were bonded with Wil«X cement grout.

The results of the tWo-bolt group testing of rock bolts are
given in:Table 9, The concrete fa11ed in all blocks in

what may be descr1bed as a cone fa11ure Th1s type of
failure had not occurred before in this research study.

It can probably bé attr1buted to the ‘overlap of the resulting
conical stress zones in the concrete. Thus it is recommended
that appropriate reduction factors be applied to pullout
values of individual rock bolts when they are installed

in a group and spaced closer than twice the depth of the
expansion head assembly.

A typical plot of load versus defiection is shown in Figure
17 for one of the two-bolt group tests.
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‘Table 9 - Resuits of two-bolt group pullout testing.

‘ " x% [Deflec- Deflec-
Grout o Load at Jtion at x% |tion at
curing | Distancel slip slip Ultimate |ultimate
Specimen | time, between point, point, load, load, Failure
No. days bolts kips inches kips inches mode
1 9 - 71.0 0.01 80.4 0.02
6 in. . _ Concrete
2 6 i - [(76.0,72.070.04 [76.5,84.37]|0.07 cracking
ik : and
- ‘ spalling
3 8 ] 67.0 0.02 84.5 0.07
4 9 : [64.0,70.030.02 [80.9,88.1]i0.05
*Hole depth‘for all bolts = 12 inches.

*Edge” distance to concrete = 6 inches.

“
.....

R ot AR . L T IR B L
'Hol]ow'cdrernac&lpoli§ZWTth:]qng cone-and~shell
head assembly. « ™" .. "5 o ‘

[

*Wil-X cement grout.used?fgk”ﬁfofngkﬁqugs.

"Detai1s and. dimensions of reinforced concrete blocks used
in above tests are shown in Appendix A-8,

***Where loads are-listed, the average load appears above
and the individual test Toads are shown below it in
brackets .- . -
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‘///,f*fPMAX=843K

80} : _
SLIP POINT ROCK BOLT SPACING: 6 INCHES

T2.0K —= : : _ EDGE DISTANCE: 6 INCHES

HOLE DEPTH : I2 INCHES

LOAD, KIPS
5
o

0 1 1 1

0 C.1 0.2 0.3
DEFLECTION, INCHES

Figure 17 - Typical load-deflection curve for a
pair of hollow core rock bolts tested

i in direct tension.
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" y." TEST RESULTS AND ANALYSES

A. General Comments

Results of the variety of tests conducted on the rock bolts
having expanSion shell head assemblies are very promising.
The hollow core rock bolts, as tested in this research pro-
ject and bonded using Wil~X cement grout, performed well
under static, direct tensile lcad conditions, and at dis-
tances to the edge of concrete blocks as small as 6 inches.
Biscussions of the effects of important parameters on
performance of the rock bolts follow in Sections V.B.
through V.H. of this report (pages 68 through 77).

It shbu]d be emphasized that only pure tensile loads were
applied to rock bolts in this testing program. It is
uncertain what effect high shear loads or combined shear

and tensile loads applied to such rock bolts installed at
small distances from the edge of concrete foundations will
have on minimum recommended edge distance. Also the effects
of cyclic Toading on shallowly embedded rock bolts is
uncertain,

B. The Effect of the Type of Anchorage Device on Pullout
Strength ’

T. +A307 and AA49 Threaded Rods

A11 threaded steel rods in this research project were installed
using variods types of bonding materijals and in core-driiled
holes 24 inches deep. The bonding materials included

(1} ROC-LOC polyester resin, (2) polymer concrete, and

{(3) epoxy meeting Caltrans State Specification 8040-61J-03.
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Low pullout strengths, especially at the slip point, occurred
in all tests where polyester resin was used as the bonding
material. In pullout tests performed where polymer concrete
was used as a bonding material, the Toad at the slip point
was also low, and a loss in bond between the two concretes
caused failure at the highef tensile load. The threaded

bars bonded with epoxy performed very well. The average slip
point, 40.0 kips, was high. The average maximum pu11out load
was 62.0 kips at which the threaded rods broke in both cases.

2.  Williams Rock Bolts

a. Solid Bar Rock Bolts With a Long or Short
Cone-and-Sheil Head Assembly.

The solid bar rock bolts were tested only briefly at the be-

- ginning of this project. Since puliout strengths were

relatively low and the manufacturer has recommended not to
use these solid bar rock bolts for permanent installations,
their testing was discontinued.

[Py -
AT ¥

. b, ”,Hp11ow Coré R&ckiBo]ts

The holTow core rock bo]ts were 1n1t1a11y tested using both
long and short cone-and- she]] head assemblies. Following
tnitial pullout tests it was decided that testing, of only
the Tong cone-and-shell head assemblies should be continued.
This would eliminate one additional test variable and
reduce the potential size of the research program consider-
ably. Because the bearing surface area of the malleable
shell of the long cone-and-shell head assembly is nearly
twice that of the short cone-and-shell head assembly, it
was felt that at shallow embedment depths, the Tong head
assemblies would distribute the lateral loads to the
adjacent concrete better than the short head assembly.

69

vww . fastio.com


http://www.fastio.com/

. Thé”Effécf of the Type of Steel Used for Rock Bolts
on Service Life '

" The quality of steel used in manufacturing anchorage devices
has been deémed to be critical when fatigue loading is pre-
sent and when a long service 1ife is considered important.
Such properties as chemical composition, toughness, and

- tensile stréngth of such steel should conform to close
Timits to insure that the rock bolts and threaded rods
will Tdst when subjected to fatigue loading. The specifi-
cations of the steel used in the rock bolts as tested in
this research project (see'Appendix E) are not in agree-
ment with those current]y required by Caltrans for anchor
bolts. Presently California Department of Transportation
Standard Specifications Section 56-1.02C require that

" anchor bars for éﬁgn'foundations shall conform to the
specifications of ASTM Designation: A307.

1%t +s recommended that if rock bolts are to be used as
anchor bars for sign structures, lighting standards, or
other strucutral uses 1nvo1v1ng fat1gue loadings, the
steel used when manufacturvng the rock ‘bolt studs should
meet the requ1rements of either’ ASTM Des1gnat1on A706, a
bendable weldable rebar, or a: s1m1]ar mater1a1 with the
same degree of structural competency as prov1ded by
currentiy-spec1f1ed anchor bars.
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D. The Effect of the Type of Bonding Material on Rock

Bolt Pullout Strength

In an attempt to find an alternate bonding material other
than Wil-X cement grout, which would easily seal voids
around groutable hollow core rock bolt studs and provide
equal or better pullout strengths, a variety of bonding
materials were tested. : Most 6f them ‘were examined in the
third series of single rock bolt pullout tests conducted
in the first phase of testing (see Table 6c, page 51).
The following bonding materials were examined:

° ROC-LOC polyester resin
° Master Flow 713

° Embeco 153

Burke's non-shrink grout

As can be seen from results presented in Table 6a, 6b, and
6c, (Section IV.D.1, pages 47, 49, and 51 respectively)
none of the aiternate bonding materials performed as well
as Wil-X cement grout.

In general the poiyester resin grout was messy to handle,
costly and impossible to pump using small hand operated
equipment. In addition the shelf Tife of this material is
Timited and uncertain. It is a two component system, and
requires careful measuring and thorough mixing, It has a
short pot T1ife, and only small quantities can be mixed and
used at one time. The tensile load at the slip point
provided by the resin is considerably lower than that for
Wil-X cement grout as shown in Table 6b.

The other bonding materials tested were not as effective
as Wil-X cement grout, and did not produce as high a
tensile load at eithér the slip point or at the pullout
load.
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Ungrouted hollow cofé rock bolts, installed with long cone-

and-shell head assemblies, exhibited much lower slip points
and ultimate pullout Toads as seen in Table 6c (page 51).

E. The Effect of Edge Distance on Rock Bolt Pullout Strength

In Phase 3 of this research ‘testing was performed to
determvnexat what min i mum edge -distance the maximum pull-
out va1ues of hollow core rock boits fitted with fong cone-
and-shells cou1d be obta1ned A corner installation was
deemed to be the most critical cond1t10n which would be
encountered. In initial tests cracking of concrete was
observed in the base concrete at both 4-inch and 5-inch
edge distances upon applying torque to the rock bolt studs
to expand the head assembly during installiation of the

rock bolt. It was found that such rock bolts installed 6
inches from the corner of a concrete block and grouted in a
12-inch-deep hole would develop the full tensile strength
of the stud-when loaded in direct tension. The average
slip point value for rock bolts installed at this edge
distance was found to be 38.7 kips, computed from results
shown in Table 8b (page 60),.

Although the full tensile strength of the rock bolt systems

‘as tested was developed at a 6-inch edge distance, it is

important to remember that the bolts tested in this research
project were not subjected to any cyclic loading or combired
shear and tensile loading. Also only long cone-and-shell

head assemblies ‘were tested. The effects of a more concer-
trated'1atera1 load exhibited by the short cone-and-shell

head assembly may somewhat increase the minimum edge distance
required to develop the full tensile strength of the rock bolt
without causing cracking in the concrete. If any dinstalla-
tions are planned where such loading conditions or the use

of short cohe-and-she11 head assemblied at minimal edge
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~distances are expected, it is suggested that further tests
be conducted to determine if any increase in edge distance
is necessary,

F. The Effect of the Hole Depth on Rock Bolt Pullout
Strength

With hollow core rock bolts installed in core-drilled holes
in reinforced concrete blocks, tensile loads at the elastic
1imit and the maximum pullout strengths varied according to
the hole depth. Two factors are apparently responsible for
the tensile strengths of the hollow core rock bolts; these
are (1) bond strength developed by the grouting material,
and (2) mechanical wedging, caused by the expansion of the
cone-and-shell head assembly against the side of the hole.
As hole depth is increased, the total tensile load resist-
ance also increases 8s a result of an improvement in
resistance to pullout offered by the combination of bond
strength and mechanical wedging. At a hole depth of 10
inches, the combined pullout resistance provided by grout
bond and mechanical wedging of the expansion shell head
assembly is high enough so that the ultimate strength of
the rock bolt stud is developed. Although not investigated
in this research, the relationship between pullout strength
of ungrouted rock bolts attributed to the mechanical wedging
of the head assembly alone and hole or installation depth
may be important, and should be considered in any future
research,

Mofe'important than maximum pullout strength to design
engineers, perhaps, is the relationship between hole debth

and the slip point Toad. When hollow core rock bolts with
long cone-and-shell head assemblies were tested, it was
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noted that‘é"sighifiégﬁt increase in slip point loads was
attained with a hole depth of up to 12 inches. At a
12~inch hole depth, the combined tension resistance of
the bonding material and the expanded head assembly was
enough to develop the yield strength of the rock boit
stud without excessive slippage.

The following loads lTisted in Table 10 summarize pullout
test results of single hollow core rock bolts with long
cone-and-shell head assemblies as contained in Table 6b
and 6¢c (pages 49 and 51 respectively) of this report.

" Table 10 -~ Pullout strengths of T-inch-diameter rock
bolts installed at various hole depths.

: Tensile load, kips: [individuall average

Hole depth, inches At the slip point At ultimate puliout
8 _' [20.0,23.5] 21.8 [38.2,42.6] 40.4
0. [24.8,33.0] 28.9 [53.5,53.7] 53.6 (2)
12 - | £33.0,37.21 35.1 | [50.3,50.9] 50.6 (2)
14 _ ‘ [36.0,36.0] 36.0 [55.8,58.5] 57.2 (2)

NOTES: *Rock bolt fype : hollow core groutable rock bolts
: Grout type : Hi1-X non-shrink cement grout
Head assembly : Tong cone-and-shell

*(2) Denotes number of tests in which bolt tensile
failure occurred.

T
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The average ultimate pullout loads reach a maximum when a
hole depth of 10 inches is used. The loads at the slip
point, however, increase considerably when embedment depth
is increased, up to a hole depth of 12 inches. With depths
greater than 12 inches, 1ittle increase in slip point loads
was noticed.

It should also be mentioned here that when a long cone-and-
shell head assembly is used, the effective installation depth
to the center of the bearing area of the head assembly is
approximately 4 1/2 inches less than the actual hole depth,

as shown in Figure 6, section IV.B.3 (page 34) of this report.
When a short cone-and-shell head assembly is used, the
effective installation depth is increased, and is 2 1/8
inches less than the actual hole depth. A limited number

~of pullout tests conducted using short cone-and-shell head

assemblies on hollow core rock bolts revealed that they

work as well as long cone-and-shell assemblies when installed
in holes at least 12 inches deep and in the center of con-
crete blocks, as shown from results presented in Table 6b
(page 49).

G. The Effect of Sustained lLoads on Rock Bolt Performance

Limited testing was performed to verify that 1ittle creep
occurred under sustained Toad applied to a hollow core rock
bolt installed with a Tong cone-and-shell expansion shell
head assembly in a 12-inch-deep hole and bonded using Wil-X -
cement grout. The ftotal amount of creep measured in a

100 hour period of a sustained 25-kip load was extremely
small, only 0.002 inch. Almost all of the creep occurred
within 20 hours of the onset of testing.
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The effect of either cyclic loading or shorter hole depths
on creep has not been investigated in this research project.
It is recommended that future research be done on these
parameters, ‘ |

He The Effect of Group Action on Effective Pullout
Strengths of Rock Bolts

“"Although a very limited number of pullout tests were con-
ducted on pairs of rock bolts, it was learned that with
pairs of hollow core rock bolts installed at a hole depth
of 12 inches, high tensile strengths at the slip point
could be obtained with the rock bolt systems spaced as
close together as 6 inches. The average slip point for

the rock bolt system, where a pair of bolts spaced 6 inches

‘”apaft was tested, was 71.0 kips as computed from test results
Shown in Table 9 (page 66). This average is nearly twice
the average slip point value of 35.1 kips found for an
individual ;=ssw=
with an unlimited edge distance. It is interesting to note
Ehat'a1though the tensile load at the slip point doubled
when a pair of rock bolts was tested, the maximum pullout
1oad increased from 53.3 kips (the ultimate strength for
one rock bolt)} to only 80.4 kips for the pair. It is
expected that when two 1-inch-diameter hollow core rock
bolts are spaced a distance of at least 15 1/2 inches
apart, as shown in Figure 18, the ultimate pullout

‘Strength would approach 106.6 kips.
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CENTER OF BEARING

AREA OF HEAD
ASSEMBLIES

HOLLOW CORE ROCK BOLT
INSTALLED WITH LONG

CONE-AND—SHELLJ?EAD,
ASSEMBLY :

]
[

Figure 18 - Theoretical spacing required to
develop maximum pullout loads
for individual rock bholts.
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“C. - Instrumentation Diagram for Measuring and Recording
' - Load and Deflection of Rock Bolts and Threaded Bars.

D. Details of Two-Bolt Group Test Fixture and Pull Bar.
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Appendix A-é - Nominally Reinforced Concrete Blocks
Tested in Second Part of Phase 1.
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Appendix A-3 - Reinforced Concrete Cylinders Used
in Pullout Tests of Threaded Steel
Rods - Phase 2.
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Appendix A-5 - Unreinforced Concrete Cylinders
Used in Pullout Tests of Hollow
Core Rock Bolts in Parts of Phase 1.
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Appendix A-7 - Nominally Reinforced Concrete Blocks
Used in Pullout Tests to Determine
Minimum Clear Edge Distances and Rock
Bolt Creep - Phases 3 and 4.
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CONCRETE MIX DESIGN DESIGNATION - No. A-1082-A

_ ° Maximum Aggregate Size 1 Inch
‘QE- ° Minimum 28 Day Compressive
Strength Required 4000 psi

) ° Maximum Slump ASTM Slump Cone 4 Inches
° Water Cement Ratio | 0.50
°© Cement Content 564 1b/yd3
° Fine Aggregate (No. 4 x No. 200} 1280 ]b/yd3
° Coarse Aggregate (1" x No. 4) 1990 1b/yd3
° Admixtures None Added

Appendix B - Concrete Mix Information.
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POWER . SUPPLIES

O "~ +| 17 VDC — POWER TO 120 K 2k
:1) : CD O O/ CAPACITY LOAD CELL 3325?52"
ooo {THIS PART NOT USED WHEN
CIRCUIT IS USED WITH 1000 K
TESTING MACHINE)
O 17 VDC ~ POWER TO .
:D o OO| DEFLECTION MEASURING g%:cnou
. 000 POTENTIOMETER # 2 )
- O |_17 vbc - POWER TO
D | DEFLECTION MEASURING
o oo oOo POTENTIOMETER #* 1
X-Y RECORDER
. v v -
\ .-, -
CIRCUIT TO
AVERAGE
DEFLECTIONS OF LOAD
THE POTENTI- CELL
OMETERS
USED TO MEASURE
LLOAD APPLIED TO
DEFLECTION MEASURING ROCK BOLTS.
4 POTENTIOMETERS
# = #2 DANGE = 1.31 INCHES
= TOTAL RESISTANGE = 10 KL
=] DECADE
= RESISTANCE
= BOX
L A= TSS USED TO CALIBRATE
=

X-Y RECORDER
ROCK BOLT {SET TO 46.1 KN}

Appendix C - Instrumentation Diagram for Measuring
and Recording Load and Deflections of
Rock Bolts and Threaded Bars.
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Appendix D - Details of Two-Bolt Group Test
Fixture and Pull Bar,
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WILLIAMS FORM ENGINEERING CORPORATION'

ADDITIONAL INFORMATION FOR

SPECIFICATIONS OF WILLIAMS 1" HOLLOW CORE ROCK BOLTS
~ AND COMPONENTS ’

#8, 1" Hollow Core Rebar Rock Bolt Data

1. Nominal cross sectional area thru bar = .64046

. Nominal cross sectional area thru threads = .5569

Nominal size of continuous hole thru center of bolt = 1/4"

Continuous lengths of bolt w/o coupling = 30'-0"

Meets physical requirements of ASTM:A 615-76, A 616-76, A 617-76, and A 307
(w1th except1on of smaller cross sect1ona] area because of 1/4" dia.
-hotlow core) L :

6. Threads ;tl“ 8UNC class ZA thread form that is rolled for higher tensile

- strength and concentric thread form..

M oW N

Hex Nuts
‘1. Grade : 2H

2. Threaded : 1"-8UNC

3. Conform to ASTM A-194

. Nominal thickness : 63/64"
5. Nominal width across the flats : 1-5/8"

_ Hardened Steel Washer
1. Conforms or exceeds : ASTM A-325
2. Size : 1-7/8" 0.D., 1-1/16" 1.D., 1/8" thick.

Expansion Cone Type C, No. LCSF-175

1. Material : Malleable iron

2. Conforms to : ASTM A-47 grade 32510

3. Dimensions : 3-3/4" overall iength, cone taper 1-17/64" to 1-1/2".

4. Short flange for preventing "pull thru" of anchor assembly : 9/32" thick.

Appendix E - Manufacturers Current Specifications
for 1-Inch-Diameter Hollow Core Rock
Bolts and Conmponents.
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WILLIAMS FORM ENGINEERING CORFORATION

ADDITIONAL INFORMATION FOR
SPECIFICATIONS OF WILLIAMS 1" HOLLOW CORE ROCK BOLTS
AND COMPONENTS
(CONTINUED)

Expansion Shell Type C, No. LS-175

1.

2.
3.
4

Material : Malleable Iron

Conforims to : ASTM A-47 grade 32510

Dimensions : 3-3/4" overall length, max. 0.D. before expansion 1-21/32" dia.

Shell exterior : Not serrated so that full bearing surface of expansion
shell is utilized without shearing bolting media.

Thrust Ring

Fao L BN
L T T )

Case hardened to prevent breaking
Dimensions : 1-1/2" 0.D., 15/16" thickness

‘Threaded 1"-8UNC class 2

Provides positive stop to prevent cone and shell turning while anchor
is being torqued for expansion.

S1ip Rings (Two)

1.
2.

. Case hardened

Dimensions : 1-1/2% 0.D., 1-1/32" 1.D., 1/16% thickness

Bevel Washers (When needed) No. BW9

1u
2.

Conforms to : ASTM A-197
Dimensions : 1/4" to 9/16" thickness, 2" 0.D., 1-3/16" I.D.

Key .Hole Bearing Plates

1.
2.

Steel plate conforming to : ASTM A-36
Dimensions : 3/8" x 8" x 8" nominal dimensions with a key hole 1-1/16"

to 1/2" dia., 2-3/16" overall length to provide space for de-air tube.

ALL ROCK BOLT ASSEMBLIES ARE AVAILABLE WITH :

1.
2.
3.

Notarized certificate of compliance
Field familiarization by a Williams Engineer
Installation procedures
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