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NOTE: This gui de specification covers the
requirenents for work related to the installation of
utility systenms (i.e., electrical power,
conmuni cati ons, water, gas, oil, petrol eum products,
steam sewage, drainage, irrigation, and sinilar
facilities) utilizing the mcrotunneling trenchless
excavation net hods.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
i nsert appropriate information.

Remove information and requirenments not required in
respective project, whether or not brackets are
present.

Comrent s and suggestions on this guide specification
are wel cone and should be directed to the technica
proponent of the specification. A listing of
Techni cal Proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnitted as
a Criteria Change Request (CCR)

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o
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NOTE: M crotunneling Horizontal Earth Boring is a
process characterized as highly sophisticated, |aser
gui ded, renote controlled system providing the
capability of continuous accurate nonitoring and
control of alignment and grade.

1. Mcrotunneling is ideally suited for placing a
450 to 1800 nm 18 to 72 inch casing pipe for
containing utility lines. Distances between
manhol es can exceed 300 m 1000 |inear feet. It is
ideally suited for utility lines that nust be buried
in rock, sand, clay and contami nated soils in depths
ranging from 1.8 to 30 m 6 to 100 feet bel ow grade.
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Varied soil conditions can be dealt with a single
cutting head and dewatering is greatly reduced.
There are many manufacturers of equi pnent that can
performthe work described in this specification

2. Pernmanent pipe casing can be used as the carrier
pi pe or a separate pipe nmay be placed inside the
casing. The designer has the option of selecting
the casing pipe however it may limt the nunber of
possi bl e bi dders.

3. Cathodic protection for steel pipes should be
consi dered where the anticipated degree of corrosion
is so great that coating systens, including

pol yet hyl ene encasenent, are not adequate to protect
the piping for the desired Iife of the system

EE R R R S I R R R O I R R R R O S R R I R I R R R R R R R

EE IR R R I R R I I R R R I I O R R R R Ok S R R R R R I R I I O R O

NOTE: Project Draw ngs:

1. The followi ng information should be shown on the
proj ect draw ngs:

a. Plan and location of all new pipelines,
i ncluding size of pipe casing and carrier pipe.

b. Location and profiles of soil sanpling and bore
hol es.

c. Location, size, and type of service of existing
connecting, intersecting, and adjacent pipelines and
other utilities.

d. Paved areas and railroads which pass over new
pi pel i nes.

e. Profile, where necessary to show unusua
condi tions.

f. Manhole and | ateral piping bedding conditions.

g. Details for the connection of the pipe casing to
manhol es and infiltration control

h. Location of surrounding structures and
sensitivity to settlenent, pile foundations, and
subsurface structures that could be affected by the
proj ect.

i. Showtraffic plans for work near roadways and
possi bl e equi pnent and spoils storage areas. Spoi
storage and renoval requires a |large area for

dewat eri ng and nust be strictly controlled in
Section 01 57 19.00 20, TEMPORARY ENVI RONMENTAL
CONTROLS. Refer the other sections for specific
renoval and di sposal of hazardous materials. Spoi
storage |l ocations and constructi on need to consider
possi bl e runoff into wetlands, streans, or storm
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dr ai ns.
j . Maxi mum wor ki ng pressure of the system

k. dass or thickness of pipe, including naterial
identification, and limts for sanme where class or

thickness will differ along | ength of pipeline.
EE R I Sk S S I S S S I O R R R Rk I S Sk S I I kI S R R Ik S I I S R Sk I I R I

PART 1 GENERAL

1.1 REFERENCES

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zati on, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a RID outside of the Section's

Ref erence Article to autonmatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project
speci ficati on when you choose to reconcile

references in the publish print process.
EE IR R I Sk S S I S S I I R R R Rk S I S Sk S kI R R R Rk S S I S O Sk I S O R

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi c designation only.

AVERI CAN PETROLEUM | NSTI TUTE ( API)

APl Spec 13A (2006; Errata 2008) Specification for
Drilling-Fluid Materials

APl Spec 5L (2007; Errata 2009) Specification for Line
Pi pe

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWAA)

AWM C104/ A21. 4 (2008) Cenent-Mortar Lining for
Ductile-lron Pipe and Fittings for Water

AWM Cl111/A21. 11 (2007) Rubber-Gasket Joints for
Ductile-lron Pressure Pipe and Fittings

AWM C150/ A21. 50 (2002; Errata 2003) Thi ckness Design of
Ductile-Iron Pipe

AWM C151/ A21. 51 (2009) Ductile-lron Pipe, Centrifugally
Cast, for Water
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AWM C200

AWM C203

AWS D1.

AWS D1.

ASTM A

ASTM A

ASTM A

ASTM A

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

(2005) Steel Water Pipe - 6 In. (150 mMm
and Larger

(2008) Coal -Tar Protective Coatings and
Li nings for Steel Water Pipelines - Enanel
and Tape - Hot- Applied

AVERI CAN VEELDI NG SOCI ETY ( AWS)

1/D1. 1M

5M DL. 5

(2008; Errata 2008) Structural Wl ding
Code - Steel

(2008; Errata 2008) Bridge Wl ding Code

ASTM | NTERNATI ONAL ( ASTM

139/ A 139M

53/ A 53M

716

746

1208/ C 1208M

301

443

443M

497

497M

700

76

(2004) Standard Specification for
El ectri c- Fusi on (ARC)-Wl ded Steel Pipe
(NPS 4 and over)

(2007) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc- Coated,
Wl ded and Sean ess

(2008) Standard Specification for Ductile
Iron Cul vert Pipe

(2009) Standard Specification for Ductile
Iron Gravity Sewer Pipe

(2008) Standard Specification for
Vitrified ay Pipe and Joints for Use in
M crotunneling, Sliplining, Pipe Bursting
and Tunnel s

(2004; R 2009) Vitrified Cay Pipe

(2005ael) Standard Specification for
Joints for Concrete Pipe and Manhol es,
Usi ng Rubber Gaskets

(2007) Standard Specification for Joints
for Concrete Pipe and Manhol es, Using
Rubber Gaskets (Metric)

(2005) Concrete Pipe, Manhol e Sections, or
Tile

(2005) Concrete Pipe, Manhol e Sections, or
Tile (Metric)

(2009) Standard Specification for
Vitrified day Pipe, Extra Strength,
Standard Strength, and Perforated

(2008a) Standard Specification for
Rei nforced Concrete Culvert, Storm Drain,
and Sewer Pipe

SECTION 33 05 23.19 Page 6



ASTM C 76M

ASTM D 1248

ASTM D 3212

ASTM D 3262

ASTM D 4161

ASTM F 477

ASTM F 794

(2008a) Standard Specification for
Rei nforced Concrete Culvert, Storm Drain,
and Sewer Pipe (Metric)

(2005) Standard Specification for
Pol yet hyl ene Pl astics Extrusion Materials
for Wre and Cabl e

(2007) Standard Specification for Joints
for Drain and Sewer Plastic Pipes Using
Fl exi bl e El astoneric Seal s

(2006) "Fiberglass"
(d ass- Fi ber - Rei nf or ced
Ther nosetti ng- Resi n) Sewer Pipe

(2001; R 2005) "Fiberglass"

(d ass- Fi ber - Rei nf or ced

Ther nosetti ng- Resin) Pipe Joints Using
Fl exi bl e El astomeric Seal s

(2008) Standard Specification for
El astonmeric Seal s (Gaskets) for Joining
Pl astic Pipe

(2003) Standard Specification for

Pol y(Vinyl Chloride) (PVC) Profile Gavity
Sewer Pipe and Fittings Based on

Control I ed I nside Dianeter

[1.2 RELATED REQUI REMENTS

Section 01 57 19.00 20 SAFETY REQUI REMENTS, applies to this section with
addi tions and nodifications specified herein. Section 23 03 00.00 20 BASIC
MECHNANI CAL MATERI ALS AND METHODS, applies to this section with additions
and nodi fications specified herein.

]11.3 DESI GN REQUI REMENTS

1.3.1 Pi pe Casing

EE R R R I R S I R R I I O R R R R O S R R R R R R I I O R R I

NOTE:

1.
| oads,

Desi gn Requi rements:
Ext ernal |oads shall include earth |oads, truck
seisnic | oads, construction |oads (i.e.,

sheetpil e insertion/extraction at nmanhol es and pi pe
ranm ng/ j acking forces) and inpact in the design
stage of the project; also hydrostatic and buoyancy
forces.

2. It is recomended that the following site
i nformati on should be provided (at a mininun:

a. Gain size analysis of soil particles

b. Unconfined conpressive strength of soils
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c. Dry density

d. Cohesion

e. Shear strength

f. Plasticity of fill material

g. Cassification of fill material

h. Rock type and col or

i. Perneability

j. Mbdisture content

k. Water table depth

I. Nature of pollutants

m Gain size

n. Core recovery TCR SCR

0. Fracture index

p. Standard penetration N val ue

g. Friction angle

r. Where possible, soil boring information should
be provided at not nore than 60 m 200 ft intervals

outside the bore of the tunnel and at manhol e
| ocati ons.

3. Use equival ent pipe design for the project
conditions (using the applicable criteria for each

pi pe material) for each different pipe material
EE IR I Sk S S O S S S I R R R Rk I I S kS Ik I kR Ik S S I S R Sk I O

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

NOTE: Provide only those pipe sizes and materials

applicable to the project requirenents.
ER R IR I I 2 R R R R R I I I R R R R I I R R R R S I I I R R R R S I I I R R R I I I R O I I R R R I I I I

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Choose one of the follow ng options.

EE R R R S I R R I R R R S R R R R R S R R I R I R R R R R R R R

[Provide pipe casing indicated as [__ ] mr inch of [polyvinyl chloride
(PVC) plastic] [clay tile] [concrete] [steel] or [__ | ] pipe. Provide
utility line accessories, [valves], [connections], and [manhol es] as
specified and where indicated. Subnit design calcul ati ons of pipe casing.]

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

NOTE: \Where the casing will not serve as the actua
carrier or utility line, specify the appropriate
carrier pipe, joints and connections in other
specification Sections 33 11 00 WATER DI STRI BUTI ON
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and 02630, "Storm Drai nage."

Rk bk kR IR R R Ik O O S S R AR Rk R R Rk O o O R Rk O R R R b I Rk o

.4 SUBM TTALS

EE R R R S R I R R I R S R R R R O S R R I R R R R O R R R

NOTE: Review subnittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submttals
required for the project. Submttals should be kept
to the mininmumrequired for adequate quality control.

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
subnmittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO' for
Resident Ofice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA proj ects.

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Army projects.

Rk Ik Sk kR IR R R I kO e S O R R Rk Rk kO R AR Ik I kS I S I b R R R o

Government approval is required for submttals with a "G' designation;
submittals not having a "G' designation are [for Contractor Quality Control
approval .][for information only. Wen used, a designation follow ng the
"G' designation identifies the office that will review the subnittal for
the Government.] The follow ng shall be submitted in accordance with
Section 01 33 00 SUBM TTAL PROCEDURES:

SD- 01 Preconstruction Subnittals
M crotunnel i ng Boring Machi ne equi pment to be used

SD- 03 Product Data

EE R R R S I R I R R I R S R I R R R S R I R I R R R R R S R R R O

NOTE: Use other specifications to require
subnmittals for the actual carrier pipe unless the

pi pe casing is going to act as the carrier pipe.
EE IR I Sk S S O S S S I R R R Rk I I S kS Ik I kR Ik S S I S R Sk I O

Pi pi ng casing, joints, fittings, valves, and couplings
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Bentonite

Submit manufacturer's standard draw ngs or catal og cuts, except
submit both drawings and cuts for push-on [and rubber-gasketed
bel | -and-spigot] joints. Include information concerning gaskets
with subnmittal for joints and couplings.

SD- 05 Design Data

EE R R R S I R R I R I R S R R R R O S R R R I R I R R S R R R R R O

NOTE: Suggested Subnmittals:

1. The following material should be submtted for
revi ew by the designer

a. Mnufacturer's literature describing in detai
the mcrotunneling systemto be used. Detailed
descriptions of projects on which this system has
been successfully used, giving total pipe |Iength,
proj ect duration, and nunmber of restarts.

b. Method of spoil renoval
c. Anticipated jacking | oads.

d. Method(s) of controlling groundwater at shafts
and by the mcrotunneling boring nmachine.

e. Shaft dinmensions, |ocations, surfaced
construction, profile, depth, nethod of excavation
shoring bracing, and thrust bl ock design.

f. Verification that the pipe conplies with the
speci fication.

EE R R R S I R R R I R I O R R R S R I R S R R I R R R R R R R O

Desi gn cal cul ati ons of pipe casing

SD-07 Certificates
Pi pi ng casing piping, fittings, joints, valves, and coupling
Shop-applied |inings

Certificates shall attest that tests set forth in each

appl i cabl e referenced publication have been perfornmed, whether
specified in that publication to be mandatory or ot herw se and
t hat production control tests have been perfornmed at the intervals
or frequency specified in the publication. Oher tests shall have
been performed within 3 years of the date of submittal or
certificates on the sane type, class, grade, and size of materia
as is being provided for the project.

SD- 08 Manufacturer's Instructions

Install ati on procedures for pipe casing
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1.5 DELI VERY, STORAGE, AND HANDLI NG

I nspect materials delivered to site for danage. Unload and store with

m ni mum handling. Store materials on site in enclosures or under
protective covering. Store [plastic piping, jointing materials and] rubber
gaskets under cover out of direct sunlight. Do not store nmaterials
directly on the ground. Keep inside of pipes, fittings, [and] [val ves]
free of dirt and debris.

1.5.1 Handl i ng

EE R R R S I R I R I R I O I R R R I R S R R I R R R R R S R R R

NOTE: Delete coatings not allowed for the project.
AWM ML1 in the chapter on protective coatings
contains information on the relative nerits of
cenent nortar and coal -tar enanel coatings. See
Forward to AWM C210 for information on coal -tar
epoxy coati ng.

EE IR R R I R R I I R R R I I O R R R R Ok S R R R R R I R I I O R O

Handl e pipe, fittings, valves, hydrants, and other accessories in a manner
to ensure delivery to the excavation in sound undanaged condition. Take
special care to avoid injury to coatings and linings on pipe and fittings;
nake satisfactory repairs if coatings or linings are danaged. Carry, do
not drag pipe to the excavation. [Store plastic piping, jointing materials
and] [rubber gaskets that are not to be installed i medi ately, under cover
out of direct sunlight.] [Handle steel pipe with [coal-tar enanel]

[coal -tar epoxy] coating in accordance with the provisions for handling
coal -tar enanel coated pipe in AWM C203.]

1.6 QUALITY ASSURANCE
1.6.1 Desi gn Cal cul ati ons of Pi pe Casing

Submit design cal cul ations of pipe casing denonstrating that the pipe
casi ng sel ected has been designed to support the nmaxi num antici pated earth
| oads and superinposed |live |oads, both static and dynam c, which may be

i nposed on the pipe casing.

PART 2 PRODUCTS

2.1 Pl PI NG CASI NC MATERI ALS

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

NOTE: Al lowable Material s:

1. The project specification should allow al

carrier piping materials for the utility Iines which
are suitable for the project, each to be pernmitted
as a Contractor's option. The structural support
contribution of the casing piping and annul us grout
may be consi dered when specifying the thickness of
the utility piping. The casing may al so greatly
reduce infiltration of ground water

2. Pipe materials which are known to be unsuitable
for particular local conditions, (i.e., corrosion
deterioration, etc.) should not be pernitted for the
project for either the casing or the utility
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pi pi ng. However, consider use of nore effective
protective coatings, etc., where economcally

feasi ble. Consider the protective nature of the

pi pe casing and annulus grout with regards to
exterior attack. [Cathodic protection of the casing
may al so be desirable.]

3. Uility piping material and size should be
specified in their own appropriate sections of the
speci fication.

4. Several nethods of installing pipe casings are
available to the Contractor. Different tunneling
machi nes have different nmeans of installing the
casing. Mny of the machines allow the pipe casing
to be used as the jacking shield and are left in

pl ace after the tunneling head has reached the
receiving pit. Oher machines use a tenporary
jacking shield that is replaced with a lighter
casing. The final casing material doesn't need to
be as strong because it doesn't need to jack the
cutting head. Fiberglass casing can be an
appropriate alternative for these nethods. The
Contractor should have the option of selecting an
appropriate alternative for the casing based on his
tunnel i ng nmet hod and the design requirenents of the
utility lines.

5. The annulus grout (e.g., the grout the fills the
voi d between the casing and the utility line(s) is
traditionally a |lightweight grout that is designed
to nerely stabilize the utility line(s). The
utility lines are usually tenporarily supported on
wooden shins to position theminside the casing
prior to grouting.

EE R R R S I R R R I R I O R R R S R I R S R R I R R R R R R R O

2.1.1

2.1.1.1

Pi pi ng Casi ng

Ductile-lron Piping

EE R R R S I R I R I R I R S R R R R R O S R R I R R R R R S R R R R

NOTE: Insert the necessary Pressure/ Thi ckness C ass
to neet project conditions, as determni ned from AWM
C151/ A21. 51.

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

a.

Pipe and Fittings: Pipe, [except flanged pipe,] AWM C151/ A21.51
[Pressure Class [~ 11 [Thickness Class [__ 11. The outside
di ameter of ductile iron nicrotunneling pipe shall be in
accordance with AWM C150/ A21. 50

(1) Deflection: The maxi rum all owabl e defl ection shall not
exceed three percent of the outside dianeter of the pipe barre

for pipe manufactured with a rigid lining and/or rigid coating nor
five percent for pipe manufactured with a flexible Iining and/or
flexible coating.

(2) Linings: [Cenent nortar shall be in accordance with | atest
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version of AWM C104/ A21.4] [Polyethylene Iining shall be virgin
pol yet hyl ene conplying with ASTM D 1248 conpounded with an inert
filler and with sufficient carbon black to resist ultraviolet
rays. |

(3) End Squareness: The ends of the pipe shall be perpendicul ar
to the longitudinal axis of the pipe with a maxi num devi ati on of
not nore than 6 mr 0. 25 inches.

(4) Hydrostatic Test: Each pipe section shall be subject to a
hydrostatic test of not |ess then 3447 kPa 500 psi as per the
requi renents of AWM C151/A21.51. Non-standard joint |engths
shall be cut only fromfull I|ength pipe having satisfactorily
passed the required 3447 kPa 500 psi hydrostatic test.

(5) WMaterial Properties: The following are representative
m ni mum val ues for the physical properties of ductile iron for use
as mcrotunneling pipe for pressure or gravity service.

(a) Tensile strength: M ninumr 420 MPa 60, 000 ps
(b) Tensile yield strength: M ni nun 300 MPa 42, 000 ps

(c) Conpressive strength: The conpressive yield strength of
ductile iron is 10 to 20 percent higher than the tensile yield
strength. The ultimate strength in conpression is not normally
determ ned for ductile nmetals, though apparent strength in tests
may be several tinmes the tensile strength val ue.

(d) Elongation: M ninmm 10 percent.

(e) Modulus of Elasticity: 165,500 MPa 24, 000, 000 psi (tension
or conpression).

(f) Poisson's ratio: 0.28

(6) Spigot End Qutside Dianeter: The Spigot end outside dianeter
nmust be within the following ranges: [75 to 300 nm + 1.5 mmj
[350 to 600 nm + 1.3 nmj [750 to 1200, + 2.0 nmj [1350 to 1600
mm + 1.0 nmm [3 to 12 inches, + 0.06 inches] [14 to 24 inches,
0.05 inches] [30 to 48 inches, + 0.08 inches] [54 to 64 inches,
0. 04 inches].

[+1+

b. Joints and Jointing Materi al

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Do not |ocate flanged, grooved, and
shoul dered joints on buried pipelines unless they

are in valve pits or chanbers.
EE IR I Sk S S I S S S S R R Rk S I S Sk S kR R S I Ik S S I R Rk I I O S

(1) Joints: Pressure and gravity mcrotunneling pipe shall have
either an integral-bell push-on or rubber gasket coupled joint
nmeeting the following criteria:

(a) Integral-bell push-on joint mcrotunneling pile shall consist
of a rubber-gasket joint nanufactured to conformw th

AWM C111/A21.11 and the di mensi ons shown in AWM C151/ A21.51

The exterior of the pipe shall be coated with a durable
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2.1.1.2

cenment-nortar or concrete coating applied in such a manner as to
provi de a uniform outside dianeter

(b) Cenent-nortar or concrete strength, reinforcenent and net hod
of placenent shall be in accordance with nmanufacturer's
recomendations. [Durable Coatings of other types may be
substituted provided they maintain a uniform outside dianeter and
they are approved by the designer.] Rubber gasket coupl ed

m crotunneling joint shall be manufactured so as to provide a
joint which has the sanme nom nal outside dianeter as the pipe
barrel

Pol yvi nyl Chl oride Pi pe (PVQ)

ASTM F 794. ASTM D 3212 for gasketed joint systems. ASTMF 477 for gasket
material s.

EE R R R S R I R R I R S R R R R R S R I R I R R R S R R S R R O

NOTE: Polyvinyl Chloride Pipe (PVQ: PVC pipe nmay
be an ideal conveyance system for sewage and storm
water, and for the construction of culverts
installed and constructed by m crotunneling

nmet hods. These pipes require mcrotunneling systens
that generate | ow conpressive | oads on the pipe.

EZE IR R R S I R R I I O R R R Ok S R R I R R R I O R O O

2.1.1.3

Rei nf orced Concrete Pipe

EE R R R S I R R I R I R I R S R R R R S R R I R I R R R R R R

NOTE: This section covers reinforced concrete pipe
i ntended for use as conveyance systens of sewage and
stormwater, and for the construction of culverts
and industrial casings installed and constructed by
j acki ng net hods.

EE R R R S I R R R I O I R R R R I O S R R I R R R R R R R R O

a.

Pipe: Pipe, [[____ ] nr inch inside diameter,] class [__ 1.
wal I [ ], nomnal length [__ ] and concrete strength [ ]
MPa psi in accordance with ASTM C 76 ASTM C 76.

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

NOTE: Reinforced Concrete Pipe:

1. Nominal dinmensions: Typical nom nal dinensions
for reinforced concrete pipe are detailed in ASTM
standards [ ASTM C 76NASTM C 76, ASTM C 36/ C 36N ASTM
C 36/ C 36, ASTM C 655N ASTM C 655, ASTM C 822].

Pi pe neeting these requirenents is generally
acceptable for jacking. The perm ssible variation
allowed with respect to these and ot her dinensions
shoul d be in accordance with the variations |listed
in the section.

2. Pipe lengths: Concrete pipe nmanufactured for

j acki ng operations should be typically nanufactured
in lengths of 2.25 to 2.4 m 7.5 to 8 feet. This is
primarily a function of the size of the jacking
equi pnent and the excavation. Lengths vary in any
gi ven geogr aphi cal area.
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3. Joint: Historical field data has shown that
concrete pipe joint for jacking applications is
commonly of two types, all concrete or concrete and

steel. Factors influencing the selection of one of
these joint types, or other alternative joints,
i ncl ude:

a. Magnitude of the anticipated jacking forces
b. Joint deflection characteristics

c. Joint shear strength required during the jacking
operation

d. Specific site design paraneters.

4. Joint description: Two primary types of joints
are used:

a. Joint formed entirely of concrete that may
utilize a rubber gasket or mastic to provide the
seal . Rubber gaskets should be used where water
tightness is needed. A conpressive bearing stripis
requi red between the faces of the adjoining pipes.

b. Joint includes an assenbly of steel bands or
steel bell ends with spigot rings and rubber
gaskets. This type of joint also requires a
conpressive bearing strip.

5. Joint selection: Historical performance has
shown that in instances of straight alignnment under
relatively low jacking forces, both types of joints
can be used. Curved alignnments and hi gh jacking
pressures nay require the use of the second type of
j oi nt.

6. Axial |oad capacity: A factor of safety of at

| east 2.22 should be used for pipes installed by

j acki ng met hods. The axial |oad capacity should be
based on the ultimate strength of the concrete and
it assunes that the load is uniformy distributed
over the bearing surface. Eccentric or concentrated
| oad conbi nati ons on the pipe surface should be

eval uated for effective surface contact area and
reduction in the factor of safety.

EE R R R S I R R I R R R S R R R R R S R R I R I R R R R R R R R

(1) Internal Dianmeter: The internal dianeter of [300 to 60012 to
24 inches pipe shall not vary by nore than +6 mr +1/4 inch from
the design dianeter]. [686 mm27 inch and | arger pipe shall not

vary fromthe design dianmeter by nore than +one percent or +10 mr +
3/ 8 inch, whichever is |less].

(2) wvall Thickness: At any location along the length of the

pi pe, or at any point around its circunference, the wall thickness
shal | not vary by nore than +five percent.
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(3) End Squareness: Each pipe end shall lie within two pl anes
per pendi cul ar to the | ongitudinal center |line of the pipe, spaced
at 10 mr 3/8 inches apart. The tongue or spigot end shall be
square within 5 mr 3/16 inches and the groove or bell end of the
pi pe shall be square within 5 mr 3/16 inches.

(4) Hydrostatic Test: Each pipe section shall be subject to a
hydrostatic test of not |ess than [69 kPalO psi for straight] [90
kPa 13 psi for deflected] alignnent as per the requirenents of
section 10 of ASTM C 443N ASTM C 443 and section 8 of ASTM C 497N
ASTM C 497. Non-standard joint |engths shall be cut only from
full length pipe having satisfactory passed the required |
kPa psi hydrostatic test.

(5) Roundness: The outside dianmeter of the pipe shall not vary
froma true circle by nore than 1.0 percent. The out-of-round
di nensi ons shall be one half the difference between the maxi num
and m ni mrum outer dianeter of the pipe at any one location al ong
t he barrel

(6) Length of Pipe: Finished pipe Iength shall not deviate from
design length by nore than +3 nmm per 300 mr +1/8 inch per foot
with a maxi mum variation of +13 nm 1/2 inchin any | ength of pipe.

(7) Length of two opposite sides: Variations in laying |ength of
two opposite sides of the pipe shall not be nore than [6 M1/ 4 inch
for all sizes through 600 mr 24 inches internal diameter] [3 mm
per 300 nmml/8 inch per foot for all sizes |larger than 600 nmr 24
inchesin internal diameter], with a naxi mumof 10 nm 3/8 inches in
any | ength of pipe.

b. Joints and Jointing Material

(1) Joints: Joint shall [be forned entirely of concrete and as
detailed in the contract drawings, [may] [shall] utilize a rubber
gasket or mastic to provide the seal]. [Ilncorporate an assenbly
of [steel bands] [or] [steel bell ends] and spigot rings and
rubber gaskets in accordance with contract draw ngs].

2.1.1.4 St eel Pipe

EE R R R S I R I R I R I R S R R R R R O S R R I R R R R R S R R R R

NOTE: This section covers steel pipe used as an
encasenent for other carrier pipes or it may al so
serve as the carrier pipe for water, gas, sanitary
sewer or other utility products.

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

a. Pipe: Steel pipe shall be in conformance with [ ASTM A 139/ A 139N
Grade Bwith a mnimumyield strength of 242 MPa 35,000 psi] [
AWM C200] [API Spec 5L Grade B] [ASTM A 53/ A 53N [ASTM A 716] |
ASTM A 746]. Steel pipe shall be wel ded, seanl ess, square cut
with even lengths [and shall conply of Articles 4.2, 4.3, and 4.4
of the APl Spec 5L].

(1) Roundness: The difference between the najor and m nor
out si de diameters shall not exceed [one percent] of the specified
nom nal outside dianmeter of 6 mv 0.25 inch whichever is |ess.

[ For pipe exceeding 1200 mr 48 inches in dianeter, a maxi num
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2.1.1.5

deviation of 13 mm 1/2 inch shall be permtted provided the
circunference tolerance is maintained within 6 mm 1/4 inch.]

(2) Gircunference: The outside circunference shall be within +1
percent of the nominal circunference or within +13 nm +0. 50 inches,
whi chever is |ess.

(3) Straightness: The maxi num al | owabl e strai ghtness devi ation
inany 3 m 10 foot length shall be 3 mr 1/8 inch. [For |engths
over 3 nm 10 feet, the maxi num deviation of the entire | ength may
be conputed by the following fornmula, but not to exceed 10 mr 3/8
inch in any 12 nm 40 foot |ength:

(1/8) x (total length in neters/0.125 = Max. Deviation in mj(1/8)
X (total length in feet)/10 = Maxi mum Devi ation in inches)]

(4) Pipe ends: The end of the pipe shall be perpendicular to the
| ongi tudi nal axis of the pipe and within 2 mm per neter 1/16

i nches per foot of diameter, with a maxi mum all owabl e devi ati on of
6 mr 1/4 inch neasured with a square and strai ghtedge across the
end of the pipe.

Joints: The connection of adjacent pieces of nicrotunneling stee
pi pe nay be acconplished by [field buttwelding,] [internal weld
sl eeves,] [integral press fit connectors,] as long as |oading and
installation design criteria are net.

Fi ber gl ass Pi pe

EE R R R S I R I R I I R R S R R R R R R S R R I R I R R R R S R R R

NOTE: This section covers centrifugally cast
fiberglass pipe for installation be pipe jacking and
m crotunneling for use in sanitary sewer, storm
drain, wastewater collection and industrial effluent
applications.

EE R R R S I R R R I R I O R R R S R I R S R R I R R R R R R R O

a.

Pi pe: Fiberglass pipe shall neet the requirenments of ASTM D 3262
Type 1, Liner 2, Gade 3. The nmethod of the nmanufacture shall be
centrifugal casting resulting in a controlled outside dianeter.

M ni mum wal | thickness shall be +38 nm +1.5 inches.

(1) Roundness: The pipes shall be round within 0.1 percent of
t he outside dianeter.

(2) Pipe lengths: Lengths tolerance shall be +6 mr +1/4 inches
per |ength of pipe.

(3) End squareness: Pipe ends shall be perpendicular to the pipe
axis within a tolerance of +2 mr +1/16 inch

(4) Straightness: Pipes shall be straight to within +2 nm +1/16
inch over 3 m 10 feet.

(5) Jacking strength The average ultimate axial conpressive
strength shall be 83 MPa 12,000 psi minimum The jacking capacity
shal |l be based on the structural wall (end area) under the gasket
groove (reduced cross-section). The allowable jacking capacity
shal | be determ ned by applying a 2.5 safety factor

SECTION 33 05 23.19 Page 17



b. Joints: The pipes shall be connected by gasket-seal ed bell -spi got
joints. The gasket material shall meet requirements of ASTM F 477
The joint shall neet the requirenents of ASTM D 4161and shall be
| eak-free under the follow ng conditions:

(1) External pressures up to 2 bars 200 kPa 29 psi from bentonite
injection, slurry system operation or groundwater head.

(2) Internal air testing up to 35 kPa 5 psi

(3) Gaps between the pipe ends up to two percent of the dianeter
(maxi mum of 25 nm one inch).

[c. The liner shall consist of a mnimmthickness of 1.2 mr 0.04 inch
of reinforced polyester resin. The outside pipe coating shal
have a m ni num t hi ckness of one nm 0.03 inches and shall consi st
of thernosetting polyester resin and sand.]

2.1.1.6 Vitrified day Pipe

ASTM C 700.

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

NOTE: This section covers the criteria for the
manuf acture, quality assurance testing, inspection
installation, and field acceptance testing of
vitrified clay pipe to be used in jacking,
sliplining, and in tunnels for the conveyance of
sewage, industrial wastes, and storm water

EE R R R I R R R I I O R R R Ok S R R I R I R I O R I O

a. Pipe: Vitrified clay pipe shall be manufactured fromfire clay,
shal e, surface clay, or a conbination that can neet three edge
bearing strength for noninal dianeters of: [100 nm 2980] [150 nmm
2980] [200 mm 3278] [250 mm 3576] [300 nm 3874] [375 mm 4321] [450
nm 4917] [525 mm 5736] [600 nmm 6556] [675 nm 7003] [750 nm 7450]

[ 900 nm 8940] [1050 nm 10430] kg/m [4 inches 2000] [6 inches 2000]
[8 inches 2200] [10 inches 2400] [12 inches 2600] [15 inches 2900]
[18 inches 3300] [21 inches 3850] [24 inches 440] [27 inches 4700]
[ 30 i nches 5000] [36 inches 6000] [42 inches 7000] |b/linear foot.

(1) Acid Resistance: The pipe shall be resistant to acid in
accordance with test nethods specified in ASTM C 301.

(2) Conpressive Strength: Pipe materials shall have a m ni num
conpressive strength of 48 MPa 7,000 psi

(3) Dinensional tolerances: The outside dianmeter shall not vary
froma true circle by nore than 2 percent of its nom na

diameter. The out-of-round dinension is the difference between

t he maxi mum and m ni nrum di aneters neasured at any one | ocation
along the barrel and nust be limted to |l ess than. Pipe shall not
deviate fromstraight by nore than 1.3 mm per 300 mm 0. 05 inches
per linear foot when maxi mum offset is neasured fromthe concave
si de of the pipe.

(4) End squareness: The space fornmed by a pipe end shall not
deviate by nore than 0.13 nmm per 25 mr 0.005 i nches per inch of
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out si de di aneter.

b. Joints: Joints shall be capable of supporting a shear |oad of
8755 N nm 50 pounds per inch of noninal dianeter unifornly applied
over an arc of not less than 2.09 rad 120 degreesand al ong a
di stance of 300 m 12 inches adjacent to the joint. Apply an
internal 3 m 10 foot head 30 kPa 4.3 psi of water pressure for a
period of one our. Joints shall fully conply with
ASTM C 1208/ C 1208M.

2.2 CONCRETE

Concrete shall be 25 MPa 3000 psi and conformw th Section 03 30 00
CAST- | N- PLACE CONCRETE of this specification.

2.3 BENTONI TE

Bentonite shall conformw th APl Spec 13A and have the capacity of m xing
with water to forma stable and honpbgeneous suspensi on.

2.4 BACKFI LL

Reuse excavated sand for backfill that confornms with Section 31 00 00
EXCAVATI ON

PART 3 EXECUTI ON
3.1 PREPARATI ON
3.1.1 Access Shafts

a. Construction nethods required to provide access shafts for
m crotunneling shall be subject to approval of the Contracting
O ficer. Acceptable construction nethods nmay include the use of
i nterlocked steel sheetpiling or precast circular concrete
segrments |lowered in place during excavation

b. Final dinensions of access shafts selected by the Contractor shal
be nodified as required following installation of pipe casings to
the size and shape of acceptabl e manhol e desi gns shown on the
Contract Drawings [to pernit installation of conveyance piping.]

c. Shafts shall be of a size comensurate with safe working practices
and | ocated as shown on plans. Wth the approval of the
Contracting officer, the Contractor may rel ocate shafts to better
suit the capabilities of the mcrotunneling nethod proposed.

Where no |l ocations are given, the Contractor shall deternine such
| ocations with the approval of the Contracting Oficer

d. Shaft |ocations shall, where possible, be kept clear of road
intersections and within a single traffic lane, in order to
mnimze disruption to the flow of traffic. Support equi pnent,
spoil piles, and naterials shall also be |ocated such as to
mnimze disruption to traffic and are subject to the approval of
the Contracting O ficer

e. The Contractor shall properly support all excavations and prevent

novenent of the soil, pavenent, utilities or structures outside of
the excavation. The Contractor shall furnish, place and naintain
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[m

sheeting, bracing, and lining required to support the sides and
floor of all pits and to provide adequate protection of the work,
personnel, and the general public. Design |loads on the sides of
the jacking and receiving pit walls are dependent on the
construction nethod and flexibility of the wall systens.

Construct a starter shaft to acconmobdate the installation of pipe
casings, slurry shield and piping jacking device. Install thrust
bl ock as required and consolidate the ground (grout) where the
casings exit the shaft.

Construct a receiver shaft to accommopdate the installation of pipe
casings and the slurry shield. Consolidate the ground (grout)
where the casings enter the shaft.

The Contractor shall furnish, install, and maintain equipnment to
keep the jacking shaft free of excess water. The Contractor shal
al so provide surface protection during the period of construction
to ensure that surface runoff does not enter driving shaft(s).

G oundwat er dewatering shall conmply with the approved dewatering
pl an and shall not affect surrounding soils or structures beyond
the tol erances stated in paragraph entitled "Settlenent, Alignnent
and Tol erances. "

Provi de security fence around all access shaft areas and provide
shaft cover(s) when the shaft area is not in use.

Desi gn of the jacking and receiving pit supports should al so take
into account the |loading fromshield or pipe jacking where
appropriate, as well as special provisions and reinforcenent
around t he breakout |ocation. The base of the pits shall be
designed to withstand uplift forces fromthe full design head of
wat er, unl ess approved dewatering or other ground nodification
nmet hods are enpl oyed.

Where a thrust block is required to transfer jacking |oads into
the soil, it shall be properly designed and constructed by the
Contractor. The backstop shall be normal (square) with the
proposed pipe alignment and shall be designed to withstand the
maxi mum j acki ng pressure to be used with a factor of safety of at
least 2.0. It shall also be designed to mninize excessive
deflections in such a manner as to avoid di sturbance of adjacent
structures or utilities or excessive ground novenment. |If a
concrete thrust block or treated soil zone is utilized to transfer
jacking loads into the soil, the tunnel boring is not to be jacked
until the concrete or other materials have attained the required
strengt h.

Pit Backfill and Conpaction: Upon conpletion of the pipe drive
and approval of the installed pipeline by the Contracting O ficer
renove all equi prent, debris, and unacceptable materials fromthe
pits and commence backfilling operation. Backfilling, conpaction
and pavenent repairs shall be conpleted in accordance with Section
31 00 00 EXCAVATI ON

If trem e concrete sealing slabs are placed within the earth
support systemto prevent groundwater inflow when access shafts
are dewatered, the sealing slabs shall be of sufficient thickness
to provide a factor of safety equal to 1.2 against hydrostatic
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3.

3.

3.

3.

uplift in order to prevent bottom bl owout when the excavation is
conpl etely dewat ered. ]

2 | NSTALLATI ON
2.1 Installation of Tracer Wre
Install a continuous length of tracer wire for the full Iength of each run

of nonnetallic pipe. Attach wire to top of pipe in such a manner that will
not be displ aced during construction operations.

. 2.2 Connections to Existing Lines

Make connections to existing |lines after Governnent approval is obtained
and with a mininuminterruption of service on the existing line. Mke
connections to existing lines under pressure [in accordance with the
recommended procedures of the manufacturer of the pipe being tapped] [as
i ndi cated].

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

NOTE: M crotunneling I nformation

The m ni num depth of cover over the pipe being
installed using the mcrotunneling process is
normally 1.8 m 6 feet or 1.5 tines the outer

di ameter of the pipe being installed, whichever is
the greater. Mcrotunneling work is executed so as
to mnimze settlenent or heave. The overcut of the
tunnel i ng machi ne or nethod shall be determ ned by
the need to satisfy settlenent or heave tol erances.
Overcut should not exceed 25 mr one inch on the
radi us of the pipe. The annul ar space created by
the overcut usually can be filled with the
lubricating material that is used to reduce the
friction drag of the soil on the pipe (i.e.
bentonite slurry).

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

2.3 Settlement, Alignnent and Tol erances

a. Settlenment or heave of ground surface along centerline of
m crotunneling alignnents during and after installation of pipe
casings shall not exceed [___ ] nmm inches.

b. No nore than [__ ] mv inch lateral and [ ] mv inch vertica
deviation shall be permitted in the position of the conpleted
j acked pipe casings. [Water shall be free draining between any
two points at the pipe invert. No reverse grades will be allowed.]

[c. Overcut shall not exceed 25 mr one inch on the radius of the pipe
being installed. The annular space created by the overcut [nmay]
[must] be filled with the lubrication material that is used to
reduce soil friction drag on the pipe.]

2.4 M cr ot unnel i ng

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

NOTE: Select one of the follow ng options. The
first option restricts the Contractor to using an
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unmanned tunneling nmachi ne while the second option
al so permits the Contractor to use tunneling shields.

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

[a.

[a.

The m crotunneling boring machi ne shall be an unnanned nmechani ca
type earth pressure counter-bal anced bentonite slurry shield
system The machine shall be | aser guided and nonitored
continuously, with a closed circuit television system The
machi ne shall be capable of fully supporting the face both during
excavation and during shutdown and shall have the capability, of
positively neasuring the earth pressure at the face. Excavation
face pressure shall be nmaintained at all tinmes between the
nmeasured active earth pressure and 50 percent of the conputed
passive earth pressure. Fluid pressure applied at the face to
stabilize the excavation shall be maintained at a level slightly
in excess of normal hydrostatic pressure and shall be nonitored
continuously. The nmachine shall be operated so as to prevent
ei ther surface heave or |oss of ground during tunneling and shal
be steerable and capable of controlling the advance of the headi ng
to maintain line and grade within the tol erances specified in
paragraph entitled "Settlenent, Alignment and Tol erances." The
machi ne shall be capable of handling and renoving material s of
hi gh water content fromthe nachi ne head.

Each pi pe casing section shall be jacked forward as the excavation
progresses in such a way to provide conplete and adequate, ground
support at all tines. A bentonite slurry (driller's mud) shall be
applied to the external surface of the pipe to reduce skin
friction. A jacking frane shall be provided for devel oping a

uni formdistribution of jacking forces around the periphery of the
pi pe. A plywod spacer shall be placed on the outer shoul der of
the pipe casing joint. The thrust reaction backstop shall be
properly designed and constructed.

The backstop shall be normal (square) with the proposed pipe
casing alignnent and shall be designed to support the maxi mum
obt ai nabl e jacking pressure with a safety factor at |east 2.0.

The jacki ng system shall be capabl e of continuously nmonitoring the
jacking pressure and rate of advancenent. Special care shall be
taken when setting the pipe guard rails in the starter shaft to
ensure correctness of the alignnment, grade and stability.]

Only tunneling equi pnent capable of fully supporting the face of
the tunnel shall be used for pipe jacking work descri bed.

Tunnel i ng equi pnent sel ected for the project shall be conpatible
with the geotechnical information contained in this contract. The
tunnel i ng equi prent shall be capabl e of tunneling through m xed
face conditions without exceeding the settlenent tolerances
specified in paragraph "Settlenent, Alignnment and Tol erances."

Face pressure exerted at the heading by the tunneling machine
shal |l be maintained as required to prevent |oss of ground,
groundwat er inflows, and settlenent or heave of the ground surface
by bal anci ng soils and groundwat er pressures present.

Dewat ering for groundwater control shall be allowed at the jacking
and receiving pits only.]
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[i.

[i.

Do not jack pipe casing until the concrete thrust block and terme
seal (if selected), and grouted soil zone in starter and receiving
shafts have attained the required strength.

The pipe casing shall be jacked in place w thout damagi ng the pipe
casing joints or conpleted pipe casing section.

After conpletion of the jacking operation between starter and
recei ver shafts, the lubricate naterial shall be displaced from
bet ween the pi pe casing exterior and the surroundi ng ground by a
cenment grout. Pressure and the anount of grout shall be
controlled to avoid pi pe damage and di spl acenment of the pipe and
soil beyond the tol erances specified in paragraph "Settlenment,
Alignnent and Tol erances.” Gouting shall be acconplished
pronptly after pipe installation has been conpleted to prevent any
surface settlenent due to novenent of soil material into the void
space or | oosened zone around the pipe casing.

Any pi pe casing which has been damaged during installation shal
be replaced by the Contractor at no additional cost. If a new
repl acenent pipe casing is required extending fromthe starter to
the receiver shaft, it shall be installed in conformance with the
contract drawi ngs and this section.

Steel pipe casing joints shall be continuously welded with butt
joint per AW D1.1/D1.1N. The welds shall attain the ful

strength of the pipe and shall result in a full watertight

section. The inner face of internal weld seamshall be flush with
the pipe to facilitate the installation of the conveyance pipe in
t he pi pe casing.

Performall welding in accordance with requirenments for shiel ded
netal arc welding of AWs D1.5M D1.5 for bridges and AWs D1.1/D1. 1N
for buildings and other structures.]

Fi bergl ass pipe casing joints shall be fully watertight and shal
attain the full strength of the pipe. Casing joints shall be
field connected with sleeve couplings or bell and spigot type
joints that utilize elastoneric sealing gaskets as the sole neans
to maintain joint water tightness.

The joint shall have the sane outside dianmeter as the pipe so when
the pipelines are assenbl ed such that the joints are flush with
the pipe inside and outside surface [to facilitate installation of
he conveyance pipe in the pipe casing].]

[Al'l excavated material fromtunnel and shaft construction shal

be di sposed of away fromthe construction site.] [On-site storage
of material nust conply with Section 01 57 19.00 20 TEMPORARY
CONTROLS and nust be stored in areas shown on site draw ngs.]
[Stockpiling shall be permitted on the construction site and
materi al shall be renpved at regular intervals not exceeding
[ ] hours.]

Moni t or ground nmovenents associated with the project and nake
sui tabl e changes in the construction methods that control ground
novenents and prevent danmage or detrinmental novenent to the work
and adj acent structures and pavenents.
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3.

3.

m Install instrunentation, take readings and provide the Contracting
Oficer with weekly reports containing neasurenents data with
weekly reports to inspector. These actions are neant to
suppl enent the Contractor's nonitoring systemand do not relieve
the Contractor of his responsibility, nor place on the Contracting
Oficer, responsibility for control of ground novenent and
protection of the project and adjacent structures.

I nstrument ati on readi ngs shall be continued for a period of
[ ] weeks after pipe casings have been installed to establish
that detrinental settlement has not occurred.

n. Unprotected nining of the tunnel bore is not pernmitted. The
tunnel face and bore shall be fully supported at all tines.

[o. A topographic survey will be performed by the Contractor before
and after mcrotunneling and at [__ ] week intervals for a
period of [ ] weeks. Survey nmarkers will be installed by the
contractor at grid points located at [__ ] m foot spacing over
an area [__ ] square neter square foot centered on the proposed
tunnel alignments. Performall renedial work including repaired
if heave or settlenent greater than [ ] mm inches is recorded.

p. Approval by the Contracting O ficer of the topographic survey and
final set of readings provided by the Contractor will constitute
[partial] approval of the microtunneling phase of work.]

2.5 Ventil ation

a. Adequate ventilation shall be provided for all cased tunnels and
shafts. Follow confined space entry procedures. [Local burn
permt regul ations nmust be obeyed and conplied with.] The design
of ventilating systemshall include such factors as the vol une
required to furnish fresh air in the shafts, and the volune to
renove dust that may be caused by the cutting of the face and
ot her operations which may i npact the | aser guidance system The
m ni mum amount of fresh air to be supplied shall be [ i
ms CFV. [Air testing shall be required for the specific
conditions to ensure that the foll owi ng gas concentration
requirenents are net:

Car bon Mnoxi de <0. 005 percent
Met hane <0. 25 percent
Hydrogen Sul fide <0. 001 percent
Oxygen >20. 0 percent]

2.6 Li ghting

Adequat e lighting shall be provided for the nature of the activity being
conducted by workers for the mcrotunneling. Both power and |ighting
circuits shall be separated and thoroughly insulated with ground fault
interrupters are required. Lights shall conply with requirenments with
regards to shatter resistance and illum nation requirenents.

2.7 Spoi |l Transportation

The soil transportation systemshall match the excavation rate with rate of
spoil renmoval. The system nust al so be capabl e of bal anci ng groundwat er
pressures and adjustnent to naintain face stability for he particul ar soi
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3.

conditions of this project.

.2.8 Pi pe Jacki ng Equi pnent

The main jacking equi pnent installed nust have a capacity greater than the
anticipated jacking |load. Internediate jacking stations shall be provided
by the Contractor when the total anticipated jacking force needed to
complete the installation may exceed the capacity of the main jacks or the
desi gned maxi mum jacking force for the pipe. The jacking system shal
develop a uniformdistribution of jacking forces on the end of the pipe by
use of thruster rings and cushioning nmaterial.

2.9 Jacki ng Pi pe

Rk Ik kb I IR R R I kO e S R R ARk Rk R Rk O ok O O kR SRR I b R R R o

NOTE: Sone microtunneling nethods utilize a
tenporary jacking pipe or shield that is replaced by
a pernmanent casing or carrier pipe. This section
applies to all jacking pipes, but it intended to
ensure that tenporary jacking pipes are covered by
this section.
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NOTE: Jacking and Installation Infornation

1. The length of drive that is possible to achieve
with particular equi pnent is dependent upon the
jacking force required to push the pipe, the soi
conditions and the depth of the pipe. The jacking
force require is a function of many vari abl es

i ncluding the soil conditions, depth of the

pi pel i ne, annul ar space between the pipe and soil

| ubrication of the pipe, material, dianeter and
strengt h.

2. Wen a slurry systemis used by the Contractor
the conposition of the slurry nmust be closely

nmoni tored for specific gravity and viscosity in
certain soil conditions. Wth an auger soil renoval
system the speed of rotation of the auger flight
and the addition of water and/or conpressed air nust
be cl osely nonitored.

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

In general, pipe used for jacking shall be snmooth, round, have an even
outer surface, and joints that allow for easy connections between pipes.
Pi pe ends shall be square and snpboth so that jacking | oads are mnim zed
when the pipe is jacking. Pipe used for pipe jacking shall be capabl e of
wi t hstandi ng the jacking forces that will be inmposed by the process or
installation, as well as the final place |oading conditions. The driving
ends of the pipe and internediate joints shall be protected from damage.

a. Any pipe showing signs of failure nay be jacked through to the
receiving shaft and renmoved. Oher nmethods of repairing the
damaged pi pe may be used, as recomnmended by the manufacturer and
subj ect to approval by the Contracting Oficer

b. The pipe manufacturer's design jacking |loads shall not be exceeded
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during the installation process. The pipe shall be designed to
take full account of all tenporary installation |oads.

3.3 FI ELD QUALI TY CONTRCL

3.3.1 Field Tests and I nspections

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

NOTE: Indicate appropriate Section nunmber and title
i n blank bel ow using proper format per UFC 1-300-02.
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The Contractor shall performfield tests, and provide |abor, equipnent, and
incidentals required for testing [, except that water and el ectric power
needed for field tests will be furnished as set forth in ]. The

Contractor will product evidence, when required, that any item of work has
been constructed in accordance with draw ngs and specifications.

3.3.2 Testing Requirenents

For pressure test, use a hydrostatic pressure [__ ] kPa psi greater than
the maxi mum wor ki ng pressure of the system Hold this pressure for not
less than [ ] hours. For |eakage test, use a hydrostatic pressure not
| ess than the maxi mum wor ki ng pressure of the system Leakage test may be
performed at the sanme tinme and at the same test pressure as the pressure
test.

-- End of Section --
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