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If you have any questions, please contact either Thomas W.
Bjerstedt of my staff at (702) 794-7590 or Jeffrey D. Weaver of
the Civilian Radioactive Waste Management System Management and
Operating Contractor at (702) 295-9387.

Stepha J. Brocoum
Assistant Manager for

AMSL:TWB-580 Suitability and Licensing
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1. Rockbolts, Accessories and
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Material Specification

2. Alcove Rockbolts & Shotcrete
Plan, Section & Elevation
Drawing

3. Seven ESF 7.62m Tunnel Ground
Support Drawings:
BABEEOOOO-01717-2100-40151,
Revision 00, 7.62m Tunnel
Ground Support Master Sections

BABEEOOOO-01717-2100-40152,
Revision 00, 7.62m Tunnel
Ground Support Class I and
I-A Sections

BABEEOOOO-01717-2100-40153,
Revision 00, 7.62m Tunnel
Ground Support Class II and
II-A Sections

BABEEOOOO-01717-2100-40154,
Revision 00, 7.62m Tunnel
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BABEEOOOO-01717-2100-40155,
Revision 00, 7.62m Tunnel
Ground Support Class IV Section

BABEEOOOO-01717-2100-40156,
Revision 00, 7.62m Tunnel
Ground Support Class V Section

BABEE0000-01717-2100-40157,
Revision 00, Ground Support
Rockbolts and Accessories Details
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SECTION 02165

ROCKBOLTS, ACCESSORIES AND ASSOCIATED GROUND SUPPORT MATERIAL

PART 1 GENERAL

1.01 SECTION INCLUDES

A. The work covered by this Specification Section includes the furnishing of materials, tools,
equipment and labor necessary to install rockbolts and welded wire fabric for reinforcement
of underground excavations as specified herein and as indicated on the Drawings.

B. Materials covered include rockbolts, steel plates, nuts, washers, anchoring systems,
encapsulating grout, welded wire fabric, interlocking steel mesh, rolled steel channel and
mine roof straps.

1.02 RELATED SECTIONS

Division 1 General Requirements

1.03 REFERENCES

A. American Society for Testing and Materials (ASTM):

1. ASTM A185-94 Specification for Steel Wire Welded Fabric, Plain, for
Concrete Reinforcement

2. ASTM A615/A615MB-92 Standard Specification for Deformed and Plain Billet Steel
Bars for Concrete Reinforcement

3. ASTM C109-94

4. ASTM C845-90

5. ASTM F432-94

Standard Test Method for Compressive Properties of
Hydraulic Cement Mortars

Standard Specification for Expansive Hydraulic Cement

Standard Specification for Roof and Rockbolts and
Accessories

B. Code of Federal Regulations (CFR):

Title 30, Part 57.3203 Federal Metal and Nonmetallic Mine Safety and Health
Regulations. (30 CFR 57)

C. International Society for Rock Mechanics (ISRM):

Suggested Test Method
for Rockbolt Testing

Rock Characterization Testing and Monitoring
Pergamon Press, 1981

11/9/95 Preliminary Draft 0216 - 2
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D. . Electric Power Research Institute (EPRI):

EPRI NP-7218 (6/92) Guideline for Utilization of Sampling Plans for Commercial-
Grade Items Acceptance (NCIG-19)

E. Yucca Mountain Site Characterization Project (YMP) Documents

1. YAP-2.8Q Rev: 0 ICN: 0 Tracers, Fluids, and Materials Data Reporting and
Management

2. Specification inputs list Rockbolts, Accessories and Associated Ground Support
Material DI: BABEE0000-01717-6300-02165 REV 00.

1.04 QUALITY ASSURANCE

A. QA shall be conducted in accordance with Specification Section 01400 and applicable
controls from other Specification Sections.

B. This Specification Section covers permanent, temporary and temporary function items
installed for ground support in TS Ramps, Main Drift and associated Alcoves. The QA
Classification associated with the specification are as follows:

1. All material listed in Section 2.01 A - K which are installed in the TS Ramps and Main
Drift have been classified QA-1 and QA-5, except as allowed in 1.04 D.

2. Permanent ground support item(s) as identified in the applicable alcove drawings and
installed in the transition zone are classified QA-1 and QA-5. Ground support installed
in the transition zone which is not designated as permanent on the drawings are
considered temporary or temporary function but shall meet the same installation
requirements as designated for MC ground support.

3. Permanent ground support item(s) as identified in the applicable alcove drawing and
installed beyond the transition zone have been determined not to be QA items and are
designated MC.

4. Temporary items or Temporary function items not listed in Section 2.01 A - K which
are installed in the TS Ramps and Main Drift, and within the transition zone, have been
determined not to be QA items (N/A).

5. All permanent and temporary ground support items are subject to applicable controls
labeled QA Control" on associated activities.

Individual Quality Assurance (QA) controls are designated "QA Control" or "QA 1,5
Control" and are underlined.

11/9195 Preliminary Draft 02165 - 3
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C. Applicability of the QA controls are as follows: Specification requirements that are designed
QA 1,5 Control and underlined are applicable only to QA-1 and QA-5 items, and are not
required to be followed for other items. Where "MC" is identified, including identification
with QA 1,5 Control, the specification requirement is applicable to MC items but the
items and associated requirements are non Q.

D. The QA requirements associated with the re-classification of previously unclassified ground
support items to QA-1 and QA-5 for welded wire fabric, mine roof straps, superswellex
rockbolts and plates, standard swellex rockbolts and plates, split set rockbolts and plates,
rolled steel channel and interlocking steel mesh in this Specification Section and the
Drawings shall be come effective;

1. New construction: The installation of item shall be QA-1 and QA-5 upon issuance of
the constructor's implementing QA procedures and completion of associated QA
training.

2. Back fit of previous installed items: The constructor shall submit a plan for backfitting
items as QA-1 and QA-5 that have not been installed as QA-1 and QA-5. The
constuctor may proposed alternative methods for acceptance of items. Items shall not be
backfit prior to the acceptance of the plan. (HOLD POINT)

E. Acceptance of Product

1. QA 1.5 Control: Receipt Verification of Items Classified OA-1 and QA-5 that are
purchased from a qualified source shall include:

a. Dimensional/visual inspection for conformance with Purchasing Documents which
impose the requirements of this Specification Section and applicable Drawings.

b. Verification that Certification Documents required by the Purchasing Documents are
received. acceptable and in accordance with the requirements of this Specification
Section.

2. QA 1.5 Control: Receipt Verification of Items Classified OA-1 & OA-5 that are
purchased as commercial grade items shall include:

a. Dimensional/visual inspection for conformance with Purchasing Documents which
impose the requirements of this Specification Section and applicable Drawings and
in accordance with Paragraph 3.03F.

b. Verification of received materials in accordance with material dedication
requirements stipulated in Paragraph 3.03F.

3. Receipt Verification: Items without QA Classifications

a. Dimensional/visual inspection for conformance to Purchasing Documents which
impose the requirements of this Specification Section and applicable Drawings.

11/9/95 Preliminary Draft 02165 - 4
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b: Documentation, as applicable, that the item was received and is in conformance with
the Purchasing Documents and the requirements of this Specification Section.

F. Field Verification

1. QA 1.5 Control (MC): Verify that storage of materials is in accordance with approved
storage procedures. Note: Storage procedures are to be submitted as specified in
Specification Section 01600 3.02 F5.

2. OA 1.5 Control (MC): Ensure that materials received are controlled to preclude
inadvertent use of items prior to receipt verification.

3. QA 1.5 Control : Ensure materials that are purchased and accepted for use in QA
applications are segregated from those like items purchased and accepted for use in Non-
Q aplications.

4. QA 1.5 Control: Ensure materials that are purchased and accepted for use in QA
applications are identified to distinguish them from those like items purchased and
accepted for use in Non-Q applications. This control does not preclude the constructor
from using materials which are qualified as QA materials in a non-Q applications.

G. QA 1.5 Control: Material dedication shall be conducted in accordance with applicable
paragraphs included in this Specification Section.

1.05 DEFINITIONS

A. Standard Swellex Rockbolt: A proprietary rockbolt system of Atlas Copco Tunneling and
Mining AB, S-105 23, Stockholm, Sweden.

B. Super Swellex Rockbolt: A proprietary rockbolt system of Atlas Copco Tunneling and
Mining AB, S-105 23, Stockholm, Sweden.

C. Thixotropic Grout: A thick cementitious grout that is pumpable as a fluid and will increase
in apparent viscosity upon standing to prevent the grout from migrating from the borehole
after installation so that no special packers are required.

D. Permanent or Permanent Function Items - Ground support installed in accordance with the
design drawings and this specification section that will become part of the potential licensed
repository.

E. Temporary Function and Temporary Items - Supplemental ground support installed for
personnel safety, or to address other constructability concerns, which is considered to have
completed its function after the permanent ground support is installed. Those items which
will be removed from the ESF are considered temporary, and those items which will not be
removed, are considered temporary function.

11/9/95 Preliminary Draft 02165 - 5
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F. Pins - Rockbolts that are used to supplement the pattern rockbolts in the installation of the,
Welded Wire Fabric, and other utility functions. Pins are considered as fasteners and are
not considered as reinforcement to the ground.

G. Certificate of Compliance: Documentation provided by a manufacturer that certifies an
item(s) furnished conforms to a referenced standard, and that is signed by an officer of the
manufacturer's company.

H. Split Set Rockbolt: A proprietary rockbolt system of Ingersoll-Rand.

I. "QA 1,5 Control" and QA Control": "QA 1,5 Control" is a QA control that is applicable to
materials and activities associated with permanent items classified as QA-1 and QA-5. "QA
Control' is a QA control requirement identified by Determination of Importance analysis and
is applicable to all materials and/or activities. The distinction is used to identify the source
and applicability of the QA controls.

J. Transition Zone - The area along an alcove from the tunnel intersection to 20 m as
measured perpendicular from the as built tunnel center line.

K. Williams rockbolts - Rockbolts and accessories available from Williams Form Engineering
Corporation.

1.06 SYSTEM DESCRIPTION

The rockbolts and accessories, including both permanent function and temporary function
items, provide immediate support for personnel safety after installation. The permanent
function rockbolts are designed to provide a stable opening for up to 100 years. Additional
rockbolts can be installed to replace or supplement rockbolts that are deemed to be partially
effective due to deterioration, as part of the opening maintenance program.

1.07 ENVIRONMENTAL CONDITIONS

Division 1 General Requirements

PART 2 PRODUCTS

2.01 MATERIALS AND EQUIPMENT

A. OA 1.5 Control: Permanent function ground support items shall be purchased as commercial
grade if subsequently qualified by the material dedication requirements included in this
Specification Section or shall be purchased from a qualified source.

11/9/95 Preliminary Draft 02165 - 6
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B. Furnishing of Solid Bar Rockbolt and Accessories with Thixotropic Grout:

1. Rockbolts and accessories shall be furnished with a Certificate of Compliance that
confirms conformance with the minimum requirements of applicable ASTM standards as
included in this Specification Section. The certificate should be kept on file to provide
objective evidence of compliance to 30 CFR 57.3202. The certificate is not considered
to be a QA document.

2. OA 1.5 Control (MC): Rockbolts shall be #8 solid deformed bar complying with ASTM
A615 grade 75 and shall be manufactured in accordance with ASTM F432. Length
shall be as shown on the Drawings. The bolts shall accommodate the installation of a
nut by complying with one of the following:

a. A machined threaded section on one end of a standard deformed bar.

b. A deformed bar having a continuous hot rolled pattern of intermittent threadlike
deformations along its entire length allowing nuts and couplers to be threaded onto
the bar at any point.

c. An all-thread bar.

3. QA 1.5 Control (MC): Bearing plates for rockbolts shall have a center hole configured
to accommodate up to 30 degrees of skewing and shall conform to ASTM F432.

4. OA 1.5 Control (MC): Nuts shall be compatible with the rockbolts. Nuts with at least
one flat bearing surface shall be used. Nuts shall conform to the requirement of ASTM
F432.

5. QA 1.5 Control (MC): Williams R8M beveled washers or equal. shall be provided in
sufficient number for skewing up to 30 degrees.

6. QA 1.5 Control (MC): Grout shall be a thixotropic type recommended by the rockbolt
manufacturer for the intended use.

7. OA Control: The use of organic or chlorine compounds shall not be permitted.

8. QA1.5 Control (MC): A minimum of (two) 2 centralizers shall be used to maintain the
position of the bar in the approximate center of the hole.

9. OA Control: The centralizer shall be fabricated from steel.

11/9/95 Preliminary Draft 0216S -7
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C. Furnishing of Hollow Core Rockbolts and Accessories with Mechanical Anchor and
Thixotropic Grout:

1. Rockbolts and accessories shall be furnished with a Certificate of Compliance that
confirms conformance with the minimum requirements of applicable ASTM standards as
included in this Specification Section. The certificate should be kept on file to provide
objective evidence of compliance to 30 CFR 57.3202. The certificate is not considered
to be a QA document.

2. QA 1.5 Control (MC): Hollow core rockbolts shall be hollow, all-thread bar . such as
Williams hollow core bar B7X 1-1/8 inch diameter or equal. and shall be manufactured
in accordance with ASTM F432.

3. Anchor assembly shall consist of Williams C-18 Spin Lock Head assembly or equal
meeting the following requirements:

a. A Williams cone or equal, minimum length 100 mm, sized for a borehole of
nominal 57 mm diameter and in threaded engagement with the inner end of the bolt.
The cone shall be configured to deliver bearing pressure radially throughout a sector
of 360 degrees measured perpendicular to the axis of the rockbolt, and shall have a
raised axial key to stop rotation of the cone inside of the expansion shell.

b. A Williams expansion shell or equal, with a conical inner surface bearing on the
cone, the outer surface of the shell being initially of cylindrical curvature and
continuous in cross-section over a sector of at least 300 degrees throughout the
length of the shell.

c. A thrust ring in threaded engagement with the bolt.

d. Two slip rings between the thrust ring and the shell.

4. QA 15 Control (MC): Bearing plates and nuts shall conform to the following
requirements:

a. Center hole shall be configured to accommodate up to 30 degrees of skewing. The
plate shall have sufficient strength to meet the minimum deflection load test
requirement of ASTM F432 . Plates shall be as recommended by the manufacturer
for the intended aplication.

b. Williams heavy H hex nut or equal, for threaded engagement with the outer end of
the bolt rod. Nut with at least one flat bearing surface shall be used.

5. QA 1.5 Control (MC): Williams R8M beveled washers or equal, shall be provided in
sufficient number for skewing up to 30 degrees.

6. QA 1.5 Control (MC): Grout shall be a thixotropic type recommended by the rockbolt
manufacturer for the intended use.

11/9/95 Preliminary Draft 02165- 8
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7 QA Control: The use of organic or chlorine compounds shall not be permitted.

D. Super Swellex Rockbolts (Proprietary System)

1. OA 1.5 Control (MC): Rockbolts and accessories shall be furnished to the minimum
standards included in the manufacturer's published information.

2. QA 1.5 Control (MC): Plates for Super Swellex rockbolts shall be Swellex dome face
plates havingan elliptical bolt hole with 39 mm x 44 mm nominal dimensions to
accommodate 30 degrees of skewing. Plates shall be as recommended by the
manufacturer for the intended aplication.

3. A Certificate of Compliance shall be furnished for rockbolts to ASTM F432. The
certificate should be kept on file to provide objective evidence of compliance to 30 CFR
57.3202. The certificate is not considered to be a QA document.

E. QA 1.5 Control (MC): Welded Wire Fabric (WWF): WWF (6 x 6 x W 2.9 x W 2.9 and 3
x 3 x W 1.9 x W 1.9) shall be manufactured in accordance with ASTM A185. WWF may
be cut and rolled to approximate tunnel radius for ease of installation.

F. Standard Swellex Rockbolts (Proprietary System)

1. OA 1.5 Control (MC): Rockbolts and accessories shall be furnished to the minimum
standards included in the manufacturer's published information.

2. OA 1.5 Control (MC): Plates for Standard Swellex rockbolts shall be Swellex dome face
plates having an elliptical hole with 29 mm x 39 mm nominal dimensions to
accommodate up to 30 degrees of skewing. Plates shall be as recommended by the
manufacture for the intended application.

3. QA 1.5 Control (MC): Standard Swellex rockbolts minimum of .9 m may be used as
pins to fasten WWF.

4. A Certificate of Compliance shall be furnished for rockbolts to ASTM F432. The
certificate should be kept on file to provide objective evidence of compliance to 30 CFR
57.3202. The certificate is not considered to be a QA document.

G. Substitution of rockbolts and accessories meeting standards different from those specified in
this Specification Section is allowable provided the items meet the specified criteria: the
substituted item must be of equal or better quality; must be recommended by the
manufacturer for the intended use; and shall be approved by the Architect/Engineer (A/E).

H. Split Set Rockbolts

1. QA 1.5 Control (MC): Slit Set rockbolts SS-39 or SS-46 series minimum of .9 m may
be used as ins to fasten WWF.

11/9/95 Preliminary Draft 0216 - 9
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2. OA 1.5 Control (MC): Rockbolts and accessories shall be furnished to the manufactures
published information. Certificate of Compliance shall be furnished to ASTM F 432.

3. qA 1.5 Control (MC): Plates shall be as recommended by the manufacture for the
intended application.

I. QA 1.5 Control: Rolled steel channel shall be AISC CIO X 15.3 channel with nominal
dimensions as shown on the drawings. The channel shall be rolled with the flanges on the
inside of the roll to a radius that will allow the channel to be installed in the tunnel in
accordance with the drawings. Additional holes may be cut in the flanges to facilitate
handling and installation.

J. OA 1.5 Control (MC): The interlocking steel mesh (ISM) shall meet the wire spacing. wire
diameter, and connection configuration as shown on the drawings. The ISM shall be
manufactured in accordance with ASTM A 185. The panel size (perimeter length and width)
shall be determined by the constructor.

K. QA 1.5 Control (MC): Mine Roof Mats shall be a commercially available ground support
item and shall be fabricated from steel sheet metal. The straps shall have two corrugated
stiffening ridges along the length on the outside edges of the mat. The length, width, hole
shape, hole size, hole spacing, thickness, shape and location of the ridges, shall be selected
by the constructor in accordance with the manufacturers published information .

2.02 FABRICATION AND MANUFACTURE

(NOT USED)

2.03 EQUIPMENT

QA 1.5 Control: The Constructor shall submit to the A/E. prior to use, Supplier manuals,
and video tapes (if available), for the rockbolt grout injection system and for the Swellex
rockbolt installation equipment, including the injection pump and the water recovery system
(if used). (HOLD POINT)

2.04 MATERIAL SUBMITTALS

(NOT USED)

2.05 GROUT MIX TESTS

OA 1.5 Control (MC): The Constructor shall submit to the A/E prior to installation, for
review and acceptance, a proposed field mix design for rockbolt grout. The mix design shall
include a complete list of all mix ingredients. including quantities. The submittal shall also
include: ASTM standards governing manufacture of the grout: copies of manufacturer's test
reports showing the mix has been successfully tested to produce rockbolt grout with
properties as published by the manufacturer: manufacturer's recommended minimum design
strength for use in this application: manufacturer's recommendations for storage prior to
mixing: other control requirements including suggested mix proportions: allowable

11/9/95 Preliminary Draft 02165 - 10
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. temperature range of mixed grout, mixing and handling instructions for the grout: set-up
time: and recommended mixing and pumping equipment. Prior to acceptance of grout by the
A/E. the Constructor shall submit test results for the proposed grout field mix design. These
tests (compressive strength tests only) shall be performed in accordance with ASTM C109
for non-expansive grout, or ASTM C845 for expansive grout. A minimum of three samples
shall be tested. (HOLD POINT)

PART 3 EXECUTION

3.01 PREPARATION

A. OA 1.5 Control (MC): At the direction of the A/E. the Constructor shall install rockbolts
in selected areas and shall perform in-place anchorage load tests in accordance with
Paragraph 3.03D1. (WITNESS POINT) The purpose of this test program is to demonstrate
and verify the anchorage capacity of the stratigraphic rock unit. Depending upon the test
results, the A/E may direct that changes be made in the proof load and the allowable
displacement used for rockbolt testing carried out in accordance with Paragraphs 3.03D2-D3.
(HOLD POINT)

3.02 INSTALLATION

A. Rockbolts shall be located and installed in accordance with the applicable Drawings and this
Specification Section.

B. OA 1.5 Control (MC): Only secified or otherwise approved rockbolt systems shall be used
in the Topopah Spring (TS) Ramps. Main Drift and associated alcoves. Rockbolts as
described in Paragraph 2.01 C&D shall be used, but, with the concurrence of the A/E. the
Constructor may use the solid bar rockbolts and grout as described in Paragraph 2.01B in
applications where immediate effective ground support is not essential.

C. Not used.

D. QA 1.5 Control (MC): Rockbolts and accessories shall be installed in accordance with
manufacturer's recommendations. Threaded rockbolts shall be installed to accommodate the
bearing plate. beveled washer(s) and a fully threaded hex nut. The exposed portion of the
rockbolt, inclusive of all accessories shall not exceed 12 inches from the rock surface.

E. Installation of Rockbolts in Alcove Excavations:

1. The Constructor shall install the rockbolts in accordance with the drawings as soon as
practical after excavated rock surfaces are exposed and scaled. Ground support installed
for personnel safety may be installed prior to the above rockbolts as required.

2. Not used.

3. Effort shall be made to provide a reasonably flat surface on which to locate the rockbolt
plate.

11/9/95 Preliminary Draft 02165 - 11
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4. In addition to ground support shown on the drawings for alcoves, the constructor may
install temporary function ground support, including the use of material other than
described herein, where necessary to address personnel safety concerns and test
interference constraints. The following controls shall apply to the installation of the
temporary supports and are in addition to controls imposed elsewhere in this and other
Specification Sections:

a. QA 1.5 Control: Plans describing the use of materials, products, or methods other
than those specified herein or as indicated on the Drawings, shall be submitted to
the A/E for review and acceptance prior to implementation in the alcove. (HOLD
POINT)

b. QA 1.5 Control: Under no circumstance shall the installed position of the temporary
supports interfere in a manner that ultimately precludes installation of the permanent
function ground support as shown on the Drawings.

5. QA Control: Any temporary function ground support materials that are not removed
shall be recorded as required under paragraph 3.03A and shall be reported in accordance
with the Tracer. Fluids and Materials Data Reporting and Management (TFM)
Procedure.

F. Installation of Rockbolts behind TBM

1. QA 1.5 Control: Location of rockbolts shall be in accordance with the pattern. and any
adjustment thereto, as indicated on the Drawings. Additional rockbolts may be installed
as needed for safety.

2. Compacted TBM cutter scale under the plate shall be removed prior to tightening the nut
or expanding the Swellex bolt.

3. In addition to permanent function rockbolts installed in the TBM tail shield area, the
Constructor may install temporary function ground support, including the use of
materials other than described herein, where necessary to address personnel safety
concerns in the area until the permanent function ground support is installed. The
following controls shall apply to the installation of the temporary supports and are in
addition to controls imposed elsewhere in this and other Specification Sections:

a. QA 1.5 Control: Plans describing the use of materials, products, or methods other
than those specified herein or as indicated on the Drawings, shall be submitted to
the A/E for review and acceptance prior to implementation in the tunnel. (HOLD
POINT)

NOTE: Submittals which include proposals for the addition of appurtenance(s) to the
permanent function rockbolts, must also satisfy the submittal requirements of
Specification Section 01501 Paragraph 3.01K.
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b. OA 1.5 Control: Under no circumstances shall the installed position of the
temporary supports interfere in a manner that precludes installation of the permanent
function rockbolts as shown on the Drawings.

4. QA Control: Any temporary function ground support materials that are not removed
shall be recorded as required under Paragraph 3.03A and shall be reported in
accordance with the TFM procedure.

G. QA 1.5 Control: Installation of Welded Wire Fabric and Rolled Channel

1. WWF may be installed at the TBM tail shield using the pattern rockbolts. where
immediate installation is required for personnel safety. Standard Swellex or Split set
pins may be added to tighten the fabric to the rock.

2. If WWF is installed after installation of the pattern rockbolts, wires may be cut to avoid
interference and the fabric tightened to the rock using pins. The A/E may direct the
installation of additional pins if considered necessary for adequate tightening.

3. Rolled channel shall be installed against the rock or the WWF. Pattern rockbolts or
pins may be used to secure the channel. Local gaps between the channel and rock
surface are permissible.

H. Special Instructions

1. The Constructor shall remove the water from Swellex rockbolts (within the limits of the
water recovery system) if necessary to minimize water usage to meet water limits.

2. OA Control: Grouting of the rockbolts in the test alcoves requires Test Coordination
Office concurrence.

3. OA 1.5 Control: Manufacturer's recommended installation procedures for rockbolts and
accessories shall be submitted to the A/E and shall be retained as QA records. (HOLD
POINT)

3.03 FIELD QUALITY CONTROL

A. QA Control: The Constructor shall be responsible for construction records, installation
insecting. and test documentation in accordance with this Specification Section and
Specification Section 01501. The Constructor's responsibility shall include as a minimum:

1 The constructor shall a develop a ground support location identification system which
references tunnel or alcove station and which is sufficiently accurate to permit
subsequent identification of individual rockbolts, WWF sheets, ISM panels, pins, rolled
steel channels and mine roof mats in the tunnel and associated alcoves at any time
following installation.

11/9/95 Preliminary Draft 02165- 13



BABEEOOOO-01717-6300-02165 REV 00C

2. QA Control: The constructor shall record types and quantity of items installed in the
tunnel and associated alcoves and shall record location of installations. The constructor
is not required to document location for each item installed but is required to document
the confining locations between alike groups.

Note: The site characterization mapping of the installed ground support is considered
sufficient to produce as built" ground support locations. Documenting individual
component locations is not necessary except as describe in 3.03 A3.

3. QA Control: The following items require the individual locations to be identified and
documented in accordance with related implementing procedures:

a. Non-Conformance or Field Deviation Items

b. Rockbolts that are proof load tested.

c. Items that are post-installation tested or post-installation inspected (sample
population only) as part of the material dedication requirements.

B. Hollow Core Rockbolt with Mechanical Anchor

QA 1.5 Control (MC): Grout injection shall be surveiled at least once per shift to ensure
that return of grout is observed at the bearing plate prior to completion of pumping.

C. Not used.

D. QA 1 5 (MC) Control: Rockbolt Load Tests: Perform In-Place Anchorage and Proof Load
Test on Selected Rockbolts as follows:

1. The Constructor shall prepare and shall submit to the A/E for review and acceptance an
In-Place Anchorage test procedure that will establish rockbolt anchorage capacity and
allowable displacement under load. This procedure shall use the ISRM test method.
This test procedure shall address the number of rockbolts to be installed for testing and
the procedure for testing of the non-pattern rockbolts. (HOLD POINTl

a. The constructor shall install and test non-pattern rockbolts as directed by the A/E in
accordance with their approved In-Place Anchor test procedure. The constructor
may be directed to install and test additional rockbolts by the A/E. (WITNESS
POINT)

b. The test results shall be documented.

c. The tests conducted shall be used to establish the values for proof loads and
allowable displacements for rockbolts. (HOLD POINT)
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2 The Constructor shall prepare and submit to the A/E for review and acceptance a Proof
Load test procedure to be used for conducting the proof load test. It should follow the
ISRM test method. (HOLD POINT)

a. Proof loads and allowable displacements for rockbolts to be tested shall be as
directed by the A/E except for dedication tests specified in 3.02F.

b. The Constructor shall perform a minimum of 20 load tests out of the first 100
rockbolts installed and on at least 5 out of every 100 thereafter for each rockbolt
type. unless directed by the A/E. and except for dedication tests specified in
3.02F..

c. The A/E shall select which rockbolts are to be tested.

d. Grouted rockbolts shall not be tested earlier than 72 hours after grout installation
unless directed by the A/E. (WITNESS POINT)

e. Test results shall be documented.

3. For purposes of the proof load testing. the rockbolt shall be considered failed when the
measured displacement exceeds that allowable for the proof load or directed as by the
A/E in accordance with Paragraph 3.03D2a.

E. QA 1.5 Control: Construction Testing of Grout

1. Grout samples. obtained from a batch to be used for rockbolt installation, shall be
collected for testing during each shift when grouting is being performed or as directed
by the A/E.

2. The Constructor shall prepare and shall submit to the A/E for review and acceptance a
procedure to prepare and test grout samples (compressive strength tests only) in
accordance with ASTM C109 for non-expansive grout. or ASTM C845 for expansive
grout. (HOLD POINT)

3. Documentation of grout tests shall include: test results: the quantity of mix water used:
the temperature of the grout mix: amounts of any admixtures used that are varied to suit
the field condition: and references to records created in accordance with Paragraph
3.03A that identify specific bolts installed using grout represented by the test.

F. OA 1.5 Control: Receipt Verification of Commercial Grade Items

1. Testing of permanent function rockbolts and accessories shall be performed in
accordance with the following requirements:

a. Rockbolts and coupler (if used) specified in Section 2.01 B & C shall be load tested
in accordance with ASTM F 432 Sections 9.4. 10.1 through 10.2.1.2. Rockbolt
specified in Section 2.01 D shall be load tested similar to the above ASTM F432 as
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modified using the manufacturer's test procedures "Tensile Testing of Supper Swellex
bolts". Rockbolts shall meet the manufacturer's catalog and/or information bulletins
for the full cross sectional area. Tests shall be preformed on one per 100 sample
lot. The tests' sample population may be increased to 1000 (1 per 1000) after 32
consecutive tests where each result conforms to the manufacturer's publications.

b. No special dedication testing has been identified for the following items: Nuts,
bearing plates, face plates, beveled washers, Welded Wire fabric, Interlocking Steel
Mesh (ISM), Rolled channels and Mine Roof Mats.

c. Pins (rockbolts specified in section 2.01 F & H) and accessories. No special
dedication testing is required where the pins are installed to QA installation
procedures and are installed in areas designated Class I, II or III ground support per
the drawings and specifications.

Pins that do not meet the above criteria shall be dedicated by post-installation testing
of the rockbolt system in accordance with section 3.03D2. Non-destructive test loads
shall be 1800 kg. Test population shall be in accordance with the normal sampling
plan per table 2.1 of EPRI NP-7218.

2. Inspection

a. Inspection of dimension rockbolts and pins (section 2.01 . B. C. F & H) in
accordance with the manufacturer's published information and length in accordance
with the procurement documents. Inspect in accordance with the normal sampling
plan per table 2.1 of EPRI NP-7218 per shipment lot.

b. Inspect the WWF and ISM dimensions in accordance with section 2.01 (E & J) and
in accordance with the ASTM A 185 for wire spacing dimensions, wire diameter
and welds. In addition, inspect the ISM connection bends for dimensions and
cracking. The constructor shall select inspection lots using any of the following:
wire from common heat lots, production number. or production line item lots from a
single product manufacturer. Where lot sizes are large, greater than 1000 items, the
constructor may form smaller lots. Acceptance of each lot requires all samples
conforming to the above special inspections using test populations in accordance
with the normal sampling plan per table 2.1 of EPRI NP-7218.

c. Inspect the rolled steel channel to ensure dimensional conformance of the channel to
CIO X 15.3 at receipt. Other dimensions shown on the drawings are to be
considered acceptable on the basis of satisfactory installation as evidenced by the
channel being held uniformly against the rock surface. Local gaps are permissible.
Slot dimensions are considered satisfactory if a rockbolt is able to pass through the
slot but the bearing (face) plate will not. Inspect in accordance with the normal
sampling plan per table 2. 1 of EPRI NP-7218.

d. Inspect the mine roof mats (section 2.01K) in accordance with the manufacturer's
published information and in accordance with the procurement documents.
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3.04 PERSONNEL QUALIFICATION

QA 1.5 Control: The Constructor shall maintain as QA records, documentation of personnel
training to manufacturer's recommended rockbolt installation procedures for rockbolt
installation personnel, and to Constructor's testing procedures that are developed in
accordance with this Specification Section for testing personnel.

PART 4 SUBMITTALS AND NOTIFICATION

4.01 SUBMITTALS

A. Submittals shall be in accordance with Specification Section 01300 and the attached Submittal
and Notification Requirements Sheet.

B. Any revision to submittals prepared in accordance with this Specification Section shall be
forwarded to the A/E for action as specified in the original submittal.

4.02 NOTIFICATION

Should any change in this Specification Section be required to comply with these
requirements, the Constructor shall notify the A/E in writing for review.
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SUBMITTAL AND NOTIFICATION REQUIREMENTS
ONLY APPLICABLE ITEMS ARE TO BE COMPLETED

SECTION NO. STATUS TIMING NOTIFICATION
02165

TITLE: Rockbolts and
Accessories

BACKFIT Plan 1.04 D2

Supplier Manuals 2.03

Grout Mix Design/ Tests 2.05

Anchorage Test 3.01A

Proof Load Changes 3.01A

Temporary Ground 3.02E4
support

Temporary Ground 3.02F3a

Mfg. Rockbolt Instal.
Procedure 3.02H3

Rockbolt Anchorage
Test Procedure 3.03D1

Rockbolt Proof Load Test
Procdures 3.03D2

Test Grout Sample Procedure
3.03E2

COMMENTS:
X in the Notification Columns denotes a Hold or Witness point is required in the specification subsection, but prior notification

of the A/E is not necessary.

END OF SPECIFICATION SECTION
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CLASS I GROUND SUPPORT
TYPICAL TUNNEL CROSS SECTION

ALTERNATIVE CLASS I-A GROUND SUPPORT
TYPICAL TUNNEL CROSS SECTION



CLASS II GROUND SUPPORT
TYPICAL TUNNEL CROSS SECTION

ALTERNATIVE CLASS I1-A GROUND SUPPORT
TYPICAL TUNNEL CROSS SECTION

_



CLASS III GROUND SUPPORT
TYPICAL TUNNEL CROSS SECTION

ALTERNATIVE CLASS III GROUND SUPPORT
.TYPICAL TUNNEL CROSS SECTION



CLASS IV GROUND SUPPORT
TYPICAL TUNNEL CROSS SECTION



CLASS V GROUND SUPPORT
TYPICAL TUNNEL CROSS SECTION



INTERLOCKING TEEL ESH

INSTALLATION DETAILS FOR SOLID BAR ROCKBOLT WITH PRE-INSTALLEO THIXOTROPIC GROUT

CROWN CHANNEL SLOTTED HOLE SIZE & LOCATIONS

INSTALLATION DETAILS FOR SUPER SELLEX ROCKBOLT

INSTALLATION DETAILS FOR HOLLOW CORE ROCKBOLT WITH ECHANICAL ANCHOR

INSTALLATION DETAILS FOR WWF
WITH SPLIT SET ROCKBOLT

INSTALLATION DETAILS FOR WWF
WITH STANDARD SWELLFX ROCKBOLT


















