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NOTE: This gui de specification covers the
requi renents for tunnel and shaft grouting
applicable to constructing new and repairing
exi sting underground structures.

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

Renmove information and requirenents not required in
respective project, whether or not brackets are
present.

Conment s and suggestions on this guide specification
are wel come 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 Citeria Change Request (CCR)
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PART 1 GENERAL

1.1 UNI' T PRI CES

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

NOTE: If Section 01 22 00.00 10 MEASUREMENT AND
PAYMENT is included in the project specifications,
this paragraph title (UNIT PRICES) should be del eted
fromthis section and the renmining appropriately
edi t ed subparagraphs bel ow shoul d be inserted into
Section 01 22 00.00 10.
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1.1 Mobi | i zati on and Denobilization
1.1.1 Payment

Payment will be made for costs of assenbling all plant and equi prent at the
site preparatory to initiating the work and for renmoving it when the
drilling and grouting has been conpleted. Sixty (60) percent of the
contract |unp-sum price for mobilization and denobilization will be paid
foll owi ng conpl eti on of noving onto the site, including conplete assenbly,
in working order, of all equipnent necessary to performthe required
drilling and grouting operations. The remaining forty (40) percent of the
contract lunp-sumprice will be paid when all equi pnent has been renoved
fromthe site.

.1.1.2 Unit of Measure

Unit of measure: |unp sum

1.2 Drilling Gout Holes

.1.2.1 Payment

Payment will be nmade for costs associated with drilling and redrilling
grout hol es; washing and pressure testing of grout holes; containing and
di sposi ng of waste water and waste grout; clean-up of the site; furnishing,
handl i ng, transporting and storing of grout materials; and for furnishing
all labor and supplies incidental to the work. [Unless otherw se
specified, no][No] separate paynent will be nmade for any materia
constituent of the grout, including cenent and/or chem cal grout materials
pl aced in the performance of contract grouting. No paynment will be nmade
for grout, or the material constituents thereof, wasted due to inproper
anchorage of grout pipe or connections, or which is wasted due to
negl i gence on the part of the Contractor, nor for grout which is rejected
by the Contracting O ficer because of inproper mxing. Paynent will be
nade at the applicable contract unit prices for materials contained in
grout which are wasted, where the wasting is not due to negligence on the
part of the Contractor.

.1.2.2 Measur enent

Drilling of grout holes will be measured for paynment on the basis of the
linear neters feet of holes actually drilled in concrete, rock or soil, as
shown or as directed, including all intermedi ate holes at |ocations where

pi pe was not installed.

.1.2.3 Unit of Measure
Unit of measure: |inear neter foot.
. 1.3 Drilling Drain Holes

.1.3.1 Paynment

Payment will be made for costs associated with drilling of drain holes
actually drilled in concrete, rock, or soil, as shown or as directed.
.1.3.2 Measur enent

Drilling of drain holes will be measured for paynment on the basis of the
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linear neters feet of holes actually drilled in concrete, rock, or soil, as
shown or as directed.

.1.3.3 Unit of Measure

Unit of measure: |inear neter foot.

1.4 Drilling Exploratory Hol es

.1.4.1 Paynment

Payment will be nmade for costs associated with drilling of exploratory
holes.[ Core boxes shall be provided at no additional cost to the
CGover nment . |

.1.4.2 Measur enment

Drilling of exploratory holes will be nmeasured for paynent on the basis of
the linear neters feet of holes actually drilled in concrete, rock, or
soil, as directed by the Contracting Oficer.

.1.4.3 Unit of Measure

Unit of measure: |inear neter foot.

1.5 Pl aci ng G out

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

NOTE: Sel ect appropriate alternatives.

Under certain conditions it nay be desirable to
include a pay itemfor standby tine for Governnent
directed suspension of drilling or grouting
operations.

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

.1.5.1  Paynent

[ Payment will be rmade for costs associated with satisfactorily placing
grout in contact grout holes[ and behind steel liner], which includes ful
conpensation for[ furnishing all materials,] proportioning the mx as
directed,[ drilling grout holes if necessary,] and m xing and injecting the
grout as specified or as directed.][Paynment will be nmade for costs
associated with satisfactorily placing grout in grout holes, which includes
full conpensation for proportioning the mx, mxing, and injecting the
grout as specified or as directed. Separate paynent will be nade for al
materials used in [contact ]Jgrout as provided in unit price pay iten(s)
"Portland Cement in Gout" "Mneral Filler in Gout", "Sand in Gout",
"Fluidifier in Gout", and "Chenicals in Chenical Gout".]

.1.5.2 Measur ement

The operation of placing grout will be neasured for paynment on the basis of
the nunber of[ cubic neters cubic feet of the conmponent materials (bulk
material s), satisfactorily placed, exclusive of water [and fluidifier] and
regardl ess of the proportions of the m xes, neasured individually as
specified in unit price pay itenms "Portland Cenent in Gout", "Mnera
Filler in Gout", and "Sand in Gout".][hours of satisfactory placing
regardl ess of the proportions of the m xes. Measurenent will begin with
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the initiation of grout injection at the proper elevation or stage and
continue until grout injection ceases, for a given hole, exclusive
downtine. Downtine is defined as any failure to inject grout continuously,
except for intermittent grouting as directed by the Contacting O ficer.
Time will be nmeasured cunul atively to the next whol e hour of operation.
Payment for placing grout in holes will be based on the total amount of
time required for satisfactorily placing grout, deternined by reducing the
total nunber of mnutes of operation to the nearest whol e hour.]

.1.5.3 Unit of Measure
Unit of neasure: [cubic neter foot][nearest whol e hour].
.1.6 Connections to Grout Hol es

.1.6.1 Paynment

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: The price to be inserted in this paragraph
shoul d be determ ned on the basis of the estimted
cost to the Contractor for the operation of moving
the grout supply line onto the hole. This price
shoul d not include any all owance for pipe or other
materials used in naking the connections. This unit
price pay itemnmay be optional for grout paynent on

an hourly basis.
EE IR I Sk S S I S S I O R R R Rk I I S Sk S Ik I Sk I S R R R Rk S S I kS kI S O R I

[ Paymrent will be nmade for costs associated with connections to grout holes
at arate of [__ ] dollars per connection.] [Paynment for only one
connection will be made for each hol e regardl ess of the nunber of settings.]
.1.6.2 Measur ement

Connections to grout holes will be nmeasured for paynent per connection for
each time the grout supply line is connected to the ring grout hole or an
expl oratory hole for the purpose of injecting grout, regardl ess of the
nunber of times such connections are made per hole or the amount of grout
actual ly injected.

.1.6.3 Unit of Measure

Unit of neasure: each.

1.7 Portland Cement in G out

.1.7.1 Payment

Payment will be nade for costs associated with Portland cenent in grout.

.1.7.2 Measur ement

Portland cement in grout will be neasured for paynent on the basis of the
nunber of cubic nmeters (42.6 kg) cubic feet (94 pounds) of cenent used in
the grout satisfactorily placed in ring grout holes and in filling

expl oratory hol es, or wasted when such wasting is not due to the
Contractor's negligence.

SECTION 31 73 00 Page 7



.1.7.3 Unit of Measure

Unit of neasure: neter (42.6 kg) cubic foot (94 pounds).

.1.8 M neral Filler in Gout

.1.8.1 Payment

Payment will be made for costs associated with mneral filler in grout.
.1.8.2 Measur enent

Mneral filler in grout will be measured for paynment on the basis of the
nunber of cubic nmeters (36.3 kg) cubic feet (80 pounds) of filler used in
the grout and satisfactorily placed in grout holes.

.1.8.3 Unit of Measure

Unit of neasure: cubic neter (36.3 kg) cubic foot (80 pounds).

.1.9 Sand in G out

.1.9.1 Paynment

Payment will be nade for costs associated with sand in grout.

.1.9.2 Measur ement

Sand in grout will be neasured for paynent on the basis of the nunber of
cubic nmeters cubic feet of sand [, dry rodded neasurenent,] used in the
grout satisfactorily placed in ring grout holes or in filling exploratory
hol es.

.1.9.3 Unit of Measure

Unit of neasure: cubic foot.

.1.10 Fluidifier in Gout

.1.10.1 Paynment

Payment will be made for costs associated with fluidifier in grout [,
including full allowance for the paynent by the Contractor of all required
royal ties].

.1.10.2 Measur ement

Fluidifier in grout will be neasured for paynent on the basis of the nunber
of pounds of fluidifier used in the grout satisfactorily placed in ring
grout hol es.

.1.10.3 Unit of Measure

Unit of nmeasure: kil ogranm pound.
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.1.11 Chemicals in Chenmical G out

.1.11.1 Payment

Payment will be nmade for costs associated with chem cals in chem cal grout.
.1.11.2 Measur enent

Chemicals in chemical grout will be neasured for payment on the basis of
the nunber of gallons of chemicals actually used in grout m xtures
satisfactorily placed in ring grout hol es.

.1.11.3 Unit of Measure

Unit of neasure: kil ogranm pound.
.1.12 Steel Pipe and Fittings
.1.12.1 Payment

Payment will be made for costs associated with enbedded grout and drain
hol e pipe and fittings remaining in the permanent work, which includes
costs for renmpoval of pipe and fittings, and patching and cl eanup pursuant
to Section 31 73 00 TUNNEL AND SHAFT GROUTI NG paragraph PATCH NG AND
CLEANUP. All pipe and fittings renmoved shall beconme the property of the
Contractor.

.1.12.2 Measur enment

Enbedded pipe and fittings through which holes will be drilled and grouted,
as shown and as directed or approved, will be measured for payment on the
basis of the actual [kilograns][linear meters] [pounds][linear feet][, as
differentiated by pipe size and schedul e nunber,] of satisfactorily
installed pipe and fittings left in place. No additional allowance will be
made for [overweight][differences] caused by installation of oversized pipe
(dianeter or length) and pipes that are not specified or approved. Upon
conmpl etion of the grouting, no additional allowance will be rmade for costs
of cutting off and renmoving fromthe project site all grout pipe
connections protruding fromthe inside face of the concrete liner.

.1.12.3 Unit of Measure

Unit of neasure: kil ogramnm pound.

.1.13 Pressure Washing and Pressure Testing
.1.13.1 Paynment

Payment will be made for pressure washing, and pressure testing of grout

hol es and pressure testing of exploratory holes, which includes the cost of
prelimnary washing, materials for washing and testing, and maki ng and
breaki ng connections incidental to the work. Paynent will be based upon
the total anpbunt of time required for pressure washing and pressure
testing, determ ned by reducing the total number of minutes of operation to
the nearest whole hour. No paynent will be made for tine lost due to fault
or negligence of the Contractor, or due to defective equipnent furnished by
the Contractor.
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.1.13.2 Measur enent

Pressure washing and pressure testing will be neasured for paynent on the
basis of the actual tine water punps are operating. Pressure washing and
pressure testing will be neasured fromthe tinme punping is begun on a hole
or section of a hole until the time punping is conpleted on the hole or
section of the hole as deternined by the Contracting Officer. Tine will be
nmeasured cumul atively to the next whole mnute of operations.

.1.13.3 Unit of Measure

Unit of measure: nearest whol e hour.

2 REFERENCES
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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 organization, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
t he 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 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

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

ASME | NTERNATI ONAL ( ASME)

ASME B16. 3 (2006) Malleable Iron Threaded Fittings,
Cl asses 150 and 300

ASME B16.5 (2009) Standard for Pipe Flanges and
Fl anged Fittings: NPS 1/2 Through NPS 24

ASME B16. 9 (2007) Standard for Factory-Made W ought
Steel Buttwelding Fittings

ASTM | NTERNATI ONAL ( ASTM
ASTM A 53/ A 53M (2007) Standard Specification for Pipe
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Seanl ess
ASTM C 117 (2004) Standard Test Method for Materials
Fi ner than 75-um (No. 200) Sieve in
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1.

M neral Aggregates by Washi ng

ASTM C 136 (2006) Standard Test Method for Sieve
Anal ysis of Fine and Coarse Aggregates

ASTM C 150 (2007) Standard Specification for Portland
Cenent

ASTM C 494/ C 494M (2008a) Standard Specification for
Cheni cal Admi xtures for Concrete

ASTM C 618 (2008a) Standard Specification for Coa
Fly Ash and Raw or Cal ci ned Natural
Pozzol an for Use in Concrete

ASTM C 937 (2002) Gout Fluidifier for
Pr epl aced- Aggr egat e Concrete

ASTM C 939 (2002) Flow of Gout for
Pr epl aced- Aggr egat e Concrete (Fl ow Cone
Met hod)

ASTM C 940 (1998a; R 2003) Expansion and Bl eedi ng of
Freshly M xed G outs for
Pr epl aced- Aggregate Concrete in the
Laborat ory

ASTM C 942 (1999; R 2004) Conpressive Strength of
Grouts for Preplaced-Aggregate Concrete in
the Laboratory

U S. ARMY CORPS OF ENG NEERS (USACE)

CCE CRD-C 400 (1963) Requirenents for Water for Use in
M xi ng or Curing Concrete

EM 1110- 1- 3500 (1995) Chemical Gouting

EM 1110- 2- 2901 (1997) Tunnel s and Shafts in Rock

EM 1110- 2- 3506 (1984) G outing Technol ogy

EM 385-1-1

(2008) Safety and Health Requirenents
Manual

3 SYSTEM DESCRI PTI ON

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

NOTE: The work will be under the direction of the
Contracting OFficer or his authorized
representative, i.e., CGovernnent Representative who
wi || be an engi neering geol ogi st or geotechnical
engi neer experienced in the design and grouting of
tunnel s and shafts.

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

Thi s section describes the equipnent, materials, and procedures to perform
drilling and grouting work. |t covers the equipnent and materials to use;
drilling grout, drain and exploratory holes; installing grouting pipe and
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fittings; connections to grout holes; furnishing, handling, transporting,
storing, mxing, and injecting grout; handling, controling, and disposing
of drill cuttings, waste water, and waste grout; patching finished grout
and exploratory holes; final cleanup upon conpletion of work and all other
operations incidental to drilling and grouting. The work consists of
drilling exploratory and drain holes as directed or shown and perform ng
[contact][ and ][tunnel and shaft][and ][steel liner][ and ]J[ring curtain]
grouting as shown. Exploratory drilling may be required to define problem
areas or verify results ahead of the working face or through the Iining
during construction. The total amount of drilling and grouting required is
not known and will be determi ned by conditions encountered as the work
progresses. Grouting mxes, pressures, punping rates, and the sequence in
which holes are drilled and/or grouted will be determined in the field and
shall be as directed. Wrk under this section shall be in accordance with
EM 1110- 1- 3500, EM 1110-2-2901, and EM 1110-2- 3506

4 SUBM TTALS

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: Review submittal 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. Submittals 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
submittal 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 followi ng 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 projects.

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

Rk Ik kR R IR R R Sk S ke S O R AR Rk R R Rk O o O O R R R IR R I S b I Rk o

CGovernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .][information only. Wen used, a designation following the "G'
designation identifies the office that will review the submttal for the
CGovernment.] Submit the followi ng in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:
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SD- 02 Shop Drawi ngs

Drilling Operations
Pressure Washing and Pressure Testing Operations
Cement and Chemi cal Grouting Operations

Duplicate records of all grout hole and drain hole drilling
operations, all pressure washing and pressure testing operations,
and all cement and chem cal grouting operations. The Government
nmust receive the originals of all such records before final
paynment will be processed.

SD- 03 Product Data
Qualifications
Evi dence that the grouting specialist or grouting foreman has
had at | east 3 years experience within the past 5 years on sinilar
grouting type projects.
Grouting Equiprent[; C[; G |
A plan of the proposed grouting equi pnent types and |ayout for

approval .[ An exanple of a typical grouting equipnent |ayout is
i ncluded at the end of this section.]

Gout Application[; C[; G [____ 11
The nmet hod to be used in applying the grout.
SD- 04 Sanpl es
Grouting Material Sanples[; C[; G [
Sanpl es of grouting naterial for Governnment testing and approval.
5 QUALI FI CATI ONS
Grouting shall be performed by a specialty Contractor or subcontractor
experienced and conpetent in [cenent grouting] [chemi cal grouting] [both
cenent and chem cal grouting]. Performall grouting work under the direct
field supervision of a qualified grouting specialist or grouting foreman
whose qualifications have been provided to the Contracting Officer. The

foreman or specialist shall supervise the performance of the work in
compliance with these specifications.

.6 SEQUENCI NG

Performgrouting in the work sequence as shown and as specified. [[Contact
grouting][ and/or ]J[grouting behind steel liner] shall be done at a
reasonable time follow ng installation of the permanent |liner and prior to
any application of internal or external water pressure, air shock, or
vibration.][ Tunnel and shaft grouting or ring grouting shall be done at
the appropriate tine during the excavation/ nmuck/support mning cycle to
achi eve the desired water flow reduction or stabilization prior to the
passage of any water within the tunnel or shaft.] G outing, once started,
shall normally proceed to conpletion without significant interruption.
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PART 2 PRODUCTS
2.1 GROUTI NG MATERI ALS

Provi de grout of a nonshrink type and nornally conposed of water, cenent,
and fluidifier with shrinkage conpensators (expandi ng agents). Use sand,
adnmi xtures to vary grout properties, and nmneral fillers as specified or
approved. The grout mixes will be designed or approved by the Contracting
Oficer and will be varied to neet the characteristics of each hole or
situation as determned by the conditions encountered. The various
materials furnished shall conformto the foll ow ng paragraphs.

2.1.1 Wat er

[ Furnish the water used in the grout. 1t shall be fresh, clean, and free

of sewage, oil, or organic matter and injurious anmounts of acid, alkali

and salts or other damagi ng substances as determ ned by COE CRD-C 400.][ Water
suitable for use in the work will be furnished by the Government. The
Contractor shall provide any necessary connections and extensions to the
CGovernment supply line.]

2.1.2 Cenent

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: Designer should insert the Section nunber and
title that specifies the storage requirenents for
cenent .

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

Provi de cenent used in grout conformng to the requirenents of ASTM C 150
portland cerment Type [ ]. Store cenment in accordance with Section |
03 30 00 CAST-I N-PLACE CONCRETE] [03 30 53 M SCELLANEOUS CAST- 1 N- PLACE
CONCRETE] [03 31 00.00 10 CAST-I1 N PLACE STRUCTURAL CONCRETE] [03 31 01.00 10
CAST- | N PLACE STRUCTURAL CONCRETE FOR CIVIL WORKS] [__ ]. Enploy
net hods of handling, transporting, and storage that are satisfactory to the
Contracting Oficer. Only cenent furnished in cloth or paper bags will be
accepted for use in the work unless bulk cenent is approved. Store a
sufficient quantity of cenment at or near the site of the work to ensure
that grouting operations will not be del ayed due to shortage of cenent.
Care shall be taken in storage and handling to protect the cenment from
contam nation and noisture. |In the event the cenent contains |unps or
foreign matter that will not pass through a standard #100 nmesh screen,
renove the cenent fromthe work site and replace it at no cost to the
Gover nment .

2.1.3 Sand

Sand for grout shall consist of hard, tough, durable, uncoated particles.
It may be conposed of [natural sand][nmanufactured sand][a conbination of
natural and manufactured sand]. The shape of the particles shall be
generally rounded or cubical and shall not contain nore than 5 percent of
flat or el ongated pieces having a maxi nrum di nension in excess of five tines
the minimumdimension. |If the sand is a conbination of separately
processed sizes, classification, or a conbination of natural and
manuf act ured sands, the different conponents shall be batched separately,
or, subject to witten approval, blended prior to delivery to the m xing
plant. The sand shall be well-graded fromfine to coarse, and the
gradation, as determned in accordance with ASTM C 136 and ASTM C 117,
shall conformto the follow ng requirenents:
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SI EVE DESI GNATI ON CUMULATI VE PERCENTACE BY WEI GHT

(U S. STANDARD SQUARE MESH) PASSI NG RETAI NED
8 100 0
16 95-100 0-5
30 60- 85 15-40
50 20-50 50- 80
100 10- 30 70-90
200 0-5 95-100

In addition to the grading limts shown, all sand used in the work shal
have a fineness nodulus within the range of 1.50 to 2.00. The gradi ng of
the sand as delivered to the m xes, during any 24-hour period of operation,
shall be controlled so that the fineness nmoduli of sanples taken will not
vary nore than 0.10 fromthe average fineness nodulus. The results of
previous tests and the service record may be used to determine the
acceptability of the sand. Sand shall be stored in a manner to facilitate
drai nage and avoid the inclusion of any foreign nmaterials in the grout.

The storage piles shall be constructed to prevent segregati on and
cont am nati on.

2.1. 4 Adm xt ures

An adm xture is any material other than water, sand, and cenent added to
the grout imediately before or during its mxing to alter its chemical or
physical properties to a desired characteristic during its fluid or plastic
state. Admi xtures shall conformto ASTM C 494/ C 494N at the tine of
acceptance testing sanple submttal; furnish certification fromthe

manuf acturer that the material neets all the requirenents of these
specifications. Al adm xtures to be used in each batch of grout shall be
separately packaged and wei ghed prior to use. Gout fluidifier and
expandi ng agents shall conformto the requirenents of ASTM C 937.

Accel erator additive shall be calciumchloride (Call,) in amunts up to 2
percent of the cenent by weight or an approved product nmanufactured for the
speci fic purpose of accelerating grout set-up tine. The calciumchloride
shal |l be granular or flaked and added to the grout by dissolving it in a
portion of the mx water.

2.1.5 M neral Filler

Fillers used in grout as replacenent for a portion of the cenent shall be
fly ash conmposed of finely divided siliceous residue and in accordance with
ASTM C 618, O ass F. The maxi mum amount of fly ash shoul d not exceed 30
percent of the cenent by weight.

2.1.6 Chemical Gouting Materials

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

NOTE: Designers should seek infornmation from

chemi cal grout suppliers and manufacturers and ot her
reference material on the subject about which
type(s) of chenmical grout is best suited for their
particul ar application and job.

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

Gouting materials shall be nonflammbl e and the type used in grouts that
are either water-based (gel formng) or water-reactive (foamformng).
Only the foll owi ng wat er-based chem cal types shall be used; silicates,
acryl ates, polyacryl am des, acrylam des (only certain products), nodified
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tannin, and epoxy resins. Only the follow ng water-reactive chenical types
shal | be used; polyurethanes and el astonmers. Chem cal compounds shall be
EPA approved. A sufficient quantity of chem cal grouting materials shal

be stored at or near the work site to ensure that grouting operations wl|
not be delayed due to storage of these naterials. Storage requirenents,

m xi ng, and handling of all conponent materials as well as the grout

m xture itself shall be in accordance with the nanufacturer's or supplier's
reconmendat i ons.

.2 EQUI PVENT

Drilling and grouting equi pnent shall be of a type, capacity, and
mechani cal condition suitable for the work, as approved by the Contracting
Oficer. Power, conpressed air, all other equiprment, and the |ayout
thereof shall neet the requirements of local, State, and Federa
regul ati ons and codes, both with respect to safety and otherw se. The use
of gasoline internal conbustion engines for operation of drilling and
grouting equi pnent underground is not permtted. Internal conbustion

engi nes shall be diesel powered fitted with suitable and efficient
scrubbers and in conpliance with EM 385-1-1

2.1 Drilling Equi prent

Use standard drilling equi pnent of the rotary, percussion, or
rotary-percussion type to performgrout hole, drain hole, and exploratory
hole drilling. The use of hand-held equi pnent, such as jackhamrer or
jackl eg percussion-type drills for drilling holes above the horizontal, is
not permtted. The equiprment shall be of a type and condition that wll
allowa drilling rate which will not delay the work and will be adequate to
maintain an alignment within a tolerance of 4 percent or |ess of the
depth. Al drilling equiprment shall be properly naintained and a
sufficient supply of bits, tools, and spare parts shall be kept at the job
site to avoid delays. |In the case of equipnent breakdown, repairs shall be
made pronptly. Exploratory drilling shall be acconplished using rotary
core drilling rigs and equi prent. A standard ball bearing, sw vel type,
triple-tube, or double-tube core barrel shall be used at all tines when
drilling exploratory holes. The core barrel shall be of a length, generally
1.5 or 3 neters 5 or 10 feet, appropriate for the working space and the
type of material being drilled. Appropriate coring bits for exploratory
hol es and drain holes shall be NWsize except wire line bits shall be NQin
size or as directed. G out hole sizes shall be EW A wire line system
shal | be used on downward inclined holes that are [15][__ ] nmeters
] feet or greater in depth.

. 2.2 Grouti ng Equi pnent
.2.2.1 Cenent Grouting Equi prent
An exampl e of a typical grouting equipment |ayout is included at the end of

this section. The grout plant shall be capabl e of supplying, mxing,
stirring, and punping the grout as specified. The plant shall have a

m ni mum capacity of [0.11][ ] cubic neters per mnute [4]] ] cubic
feet per mnute (cfn) of grout injected at a pressure not greater than
[690] ] kPa [100][ ] pounds per square inch (psi). It shall be

mai ntained in first-class operating condition at all tines, and any grout
hol e | ost or damaged due to nechanical failure of equi pnent or inadequacy
of grout supply shall be replaced at no expense to the CGovernnent.
Grouting equi prent to be furnished shall include the follow ng:
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a. Air or electrically powered grout punmp(s) of the progressive cavity
(helical screw) type that is free of surging are capable of punping a
great range of grout consistencies, provide close control of punping
pressures and variable rates of injection, and can be easily and

qui ckly serviced during grouting operations. A mninmmof one spare
grout punp and spare punp parts shall be available on site during al
grouting operations.

b. Gout mxers either mechanically driven, high-speed, shear-type tub
mxers with either vertical or horizontal drum or high-speed coll oida
m xers. Mxers shall be capable of effectively mxing and stirring a
capacity of at least 0.11 cubic neters 4 cubic feet of grout with water
to cenent ratios from0.6:1 to 6.0:1 and achi eve mi xi ng by constant
rapid circulation of grout. The m xer shall be equipped with a

sui tabl e vol ume- neasuring water netering device for batching water for
the grout mx. The water nmeter shall be calibrated to read in cubic
neters and thousandths cubic feet and tenths and designed in a manner
that after each delivery the hands can be conveniently set back to
zero. The water neter shall have a certificate of calibration froman
i ndependent | aboratory. Prior to each use, the water neter shall be
checked for accuracy and, if necessary, recalibrated.

c. Holding tank(s) or sunp(s) of the nechanically agitated type to
provi de a hi gh volune and continuous injection of grout. The sunp
shal | be capabl e of holding the solids of the mix in suspension and
have a capacity of at least 0.34 cubic neters 12 cubic feet of grout or
three times the capacity of the m xing system Volume of grout used
fromthe agitator holding tank(s) or sunmp(s) shall be neasured by a
vertical graduated stick or marks at different levels in the
tank(s)/sunp(s).

d. Valves, pressure gauges, grout |ines, header arrangenents, and
accessori es as necessary to provide a continuous supply of grout and
accurate pressure control. G out shall be conveyed between the punp
and the hole using a [single-line systemconsisting of a pipe or hose
or conbi nation of both extending fromthe punp discharge to the header
at the hole collar with grout injection rate controlled by the punp
speed][ or ][circulating double-line system conmposed of a supply line
to the header at the hole collar and a return line fromthe header to
the grout punp, sunmp, or holding tank]. Gout lines shall consist of
ei ther black steel pipe or reinforced rubber or plastic hose or a
conbi nati on of both. The maxi numinside diameter of all grout lines
shall be 25 mllinmeters 1 inch. The grout injection rate for the
single-line systemshall be controlled by the punp speed so that
settlenent of solids within the lines will not occur when punping at or
above the m ni mnum di scharge capacity of the punp. The pressure in the
doubl e-line systemshall be controlled by one or nore valves on the
control line. The distance between the hole and the punp or hol ding
tanks shall be as short as possible to mininize the accunul ati on of
solids and possible clogging. Pressure gauges shall be high precision
graduated with divisions not greater than 10 kPa 2 psi on the dial
face, calibrated and certified correct prior to use. Gauges shall be
tested for accuracy[ daily] during the work by cross conmparison with a
standard set of oil-filled gauges. The noving parts of all gauges
shall be protected fromdust, grit, and direct contact with grout.

e. Flow cone(s) to ascertain the fluidity of grout mxtures. The flow
cone and nmethod of test shall be in accordance with ASTM C 939.
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f. Tel ephone or radi o comruni cati ons between the grout plant and the
hol e bei ng grouted when the site conditions such as di stance, noise

| evel , or visual obstructions negatively inpact on the proper contro
of grouting operations.

2.2.2.2 Chemi cal G outing Equi prent

The chem cal grout plant shall be of the continuous m xi ng and punpi ng
type. Provide all chem cal grouting equipnent in strict conpliance with
the grout manufacturer or supplier recomendations for the specific grout
and grout application approved by the Contracting Officer. Al equipnent
shal |l be of a type, capacity, and nmechanical condition suitable for doing
the work, conpatible with the chemical to be handl ed, and naintained in
first-class operating conditions throughout the job.

2.3 GROUT
2.3.1 Cenent G out

Design the grout mxture to expand [3 to 5 percent][2 to 4 percent] when
tested in accordance with ASTM C 940. Gout flow tine-of-efflux, when
tested in accordance with ASTM C 939 shall be [between 10 and 30 seconds].
The unconfined conpressive strength of the solidified grout shall range
between [3.5 and 13.8][13.8 and 20] MPa [500 and 2, 000][2,000 and 3,000] ps
when tested in accordance with ASTM C 942.

2.3.2 Cheni cal G out

Chemical grout shall be conmposed of comercially available materials
consisting of base material, reactant, water, and accelerator if required.
Set times for chem cal grout shall be controllable from1l to 30 m nutes
following injection. Al conmponents shall be compatible with each other
and with the rock or soil and groundwater. The Contractor and manufacturer
shall certify that the proposed grout is chemcally stable and will not
render surroundi ng groundwater unpotable.[ The grout m x shall be such
that when injected in nmedium dense Otawa 20-30 sand and tested by an
approved net hod, the unconfined conpressive strength of the grouted sand
shal | average at |east 690 kPa 100 psi.]

2.3.3 Grouting Material Sanples

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: The Designer should insert the nane and
address of the Division Laboratory where materia
sanpl es are to shipped and tested.

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Ship grouting material sanples for acceptance | aboratory testing to:

[___] Division Laboratory

[ 1]
[ 1]

The sanpl es shall include:

5 sacks (or 213 kg 470 pounds) of cenent
68 kg 150 pounds of mineral filler

2.25 kg 5 pounds of additive(s)

0.75 cubic nmeter 1 cubic yard of sand

OO0 TOD
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e. 4 L 1 gallon of chemcal grout (to include reactant and catal yst)

Each sanple shall be fromthe manufacturer or supplier and representative
of the materials to be used in the work or fromthe shipnent received at
the work site. Shipnent shall be nmade to permit arrival at the |ab 28

cal endar days before the earliest start of grouting. Any substitution of
materials after mx design is approved will require a new m x design and an
addi tional 28 days. State the intended grout punping tenperature range.
Gout mxes will be designed and approved only for the stated tenperature
range.

.4 Pl PE AND FI TTI NGS

Al'l pipe shall conformto ASTM A 53/ A 53N standard weight. The fittings
shall be nalleable iron Type | in accordance with ASME B16. 3, ASME B16. 5,
and ASME B16.9, Cdass 150. Pipe shall be black steel of the diameter shown
or as directed.

PART 3 EXECUTI ON

3.

1 GROUT, DRAI NAGE, AND EXPLORATCRY HOLES

Hol es through shotcrete or concrete or into the surrounding rock, for the
purpose of injecting grout or air release and providi ng drainage, shall be
at the location in the direction and to the depths shown or as directed or
approved. Form hol es by embeddi ng pipe in the concrete or shotcrete at the
time of placing or made by drilling through the concrete, shotcrete, or
rock as indicated below for the various kinds of holes. Al grout,

drai nage, and exploratory holes shall be drilled using only water or
conpressed air.

11 Enbedded Pi pe

Provide all nmetal pipe and fittings required for constructing grout holes,
grout hol e connections, and air vents. Al pipe and fittings enbedded in
concrete shall be cleaned thoroughly of dirt, grease, grout, and nortar

i mredi ately before enmbeddi ng and shall be firmy held in position and
protected from damage or displ acenent while the concrete is being placed.
Great care shall be taken to avoid premature cloggi ng of pipes and any pipe
that becomes cl ogged or obstructed before conpletion of operations shall be
cleaned out in a satisfactory nmanner or replaced at the expense of the
Contractor. Al piping required for the work shall be cut, threaded,
fabricated, and installed, as required.

1.2 Grout and Vent Hole Drilling

G out and vent holes shall be |ocated as shown and as directed. G out
holes drilled through shotcrete or concrete shall be of sufficient size to
permit the caul king or grouting of short lengths of 40 mm 1-1/2 inch
diameter pipe into the hole for attachnment of the grout supply line. Gout
hol e diameters in rock shall be as shown within a tol erance of 6 mr 0.25
inch and not less than 35 mr 1-3/8 inch at the point of deepest

penetration. The size of conpleted grout holes shall be checked frequently

during the work to assure proper hole dianmeters are achieved. It is
anticipated that the required depth of [ring][tunnel and shaft] grout hol es
will not exceed [15][__ ] m [50][__ ] feet. Protect each hole drilled

from becom ng cl ogged or obstructed by neans of a cap or other suitable
device on the collar. The use of greases, "rod dope," or other lubricants
on the drill rods or in grout holes will not be pernitted. No core
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3.

recovery will be required, and the drilling fluid shall be water or
compressed air. During the drilling of grout holes, take all precautionary
nmeasures to control dust, funes, and noise in conformity wth [other
sections of these specifications and] the applicable |ocal, State, and
Federal |aws, codes, and regulations. No drilling of tunnel and shaft or
ring grout holes shall be acconplished until all contact grouting within
[60]]__ ] m [200]] ] feet has been conpl et ed.

. 1.3 Drain Hole Drilling

Drai nage hol es shall be | ocated as shown and as directed, and drilled
through the permanent liner after all grouting fromholes within

[60]]__ ] m[200]]__ ] feet has been conpleted. Drain hole dianeters
shal | be as shown but not less than [50][__ ] my [2]] ] inches with a
tolerance of 6 mr 0.25 inch for their full |engths.

.1.4 Expl oratory Hole Drilling

Perform exploratory drilling as directed when required to deternine the
condition of the rock prior to grouting or the effectiveness of the
grouting operations. Such drilling may be required at any inclination and
in advance of the excavation face or fromthe perineter of the tunnel or
shaft. Exploratory drill hole depths may vary but will not exceed a

maxi mum of [15][ ] m [50][ ] feet. The entire length of each

expl oratory hole shall be core drilled using water or conpressed air. Core
size shall be[ either] NW (54 nmr 2-1/8 inch dianmeter)[ or HQ (54 mr 2-1/2
inch dianeter)]. Core drilling shall be perforned by conpetent and
experienced drillers and special care shall be taken to obtain cores in as
good condition as possible. Core logging [will][shall] be perforned by
[the Government Representative][a qualified geol ogist experienced in core

l ogging]. Suitable wooden core boxes [will be furnished by the
Covernment][as shown in Section [02 32 00 SUBSURFACE DRI LLI NG SAMPLI NG,
AND TESTING [03 37 29 ONCRETE FOR CONCRETE CUTOFF WALLS]] [shall be

furni shed by the Contractor] for core storage in a suitable area on site.
Core boxes shall be protected fromthe weather prior to being delivered to
the storage area upon conpl etion of each exploratory drill hole. Place the
core in the boxes in the correct sequence with each run narked by
accurately | abel ed wooden bl ocks according to the nmeasured di stances in the
hol es. No box shall contain cores fromnore than one hol e.

.1.5 Di sposal of Drill Cuttings

Renove drill cuttings and water produced during the drilling process from
the tunnel or shaft area on a routine basis to avoid buil dup that may

i npede the function of tenporary or permanent drai nage system conponents
such as slotted pipe, sunps, and punps. Drill cuttings shall be disposed
of at an approved | ocation outside the tunnel or shaft.

.2 GROUTI NG PROCEDURES

Performgrouting in the presence and under the direction of the Contracting
Oficer. Renobve cenment grout, which is not injected into the hole within 1
hour after mxing (30 minutes if the mx contains fluidifier with expandi ng
agent), fromthe nmixer, sunp, and supply line and waste it.

2.1 Washi ng and Pressure Testing Hol es

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTE: Devel op the appropriate formto record test
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3.

results and attach it to the end of this section
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| mredi ately before the injection of grout into any hole drilled for the
pur pose of tunnel and shaft grouting or exploratory drilling, the hole
shal | be thoroughly washed under pressure and then pressure tested to
provide an indication of potential grout take.

a. Al intersected rock seans and crevices containing clay or other
washabl e materials shall be washed with water and air under pressure to
renove as nuch of these nmaterials as practicable (normally this neans
until the return wash water runs clean). The naxi num pressure at which
air and water are introduced for any separate washi ng operation shal

be as directed.

b. Al holes sufficiently tight to build up the nmaxi mum required
pressure shall be washed at such pressure, and the washi ng shal
continue as long as there is any increase in the rate at which water is
taken. Holes in which the required pressure cannot be reached or

mai nt ai ned shall be washed as long as there is any increase in the rate
of flow or drop in pressure when the punp is delivering a capacity
flow Open holes in which no pressure can be built up shall be washed
for a period of 5 minutes or for such a period of tine as
fracture-filling is being renoved, as deternined by the venting of
nmuddy wat er through surface openings or other grout holes. Water
pressure testing shall also be required in grout holes and expl oration
hol es for the purpose of either assessing the grout take potential or

t he i nmpervi ousness of a grouted area.

c. The necessary fittings, a gauge for measuring hydraulic water
pressure up to [690]] ] kPa [100][ ] psi and a neter |arge
enough to nmeasure 0.14 cubic nmeter per mnute to the nearest 0.001
cubic meter 5 cfmto the nearest 0.1 cubic foot shall be provided. The
vol une of water available at the drill hole shall be a m ni mum of
[0.11]] ] cubic neters per mnute [4]] ] cfm. Drill holes
shall be tested as directed with clean water under a continuous
pressure as determined in the field. After the waterline or header has
been secured to the collar of the hole, water shall be punped into the

systemuntil approximately [100][ ] kPa [15]] ] psi pressure is
obt ai ned. The pressure shall be naintained by control of a bypass
valve and the flow test continued for 5 minutes. |If no flow occurs,

the pressure shall be shut in and held for 5 m nutes and any pressure
drop recorded. Both the hold test and the flow test nmay be repeated in
the sane interval if necessary to confirmindications of grout take or
tightness of an already grouted area. During each test, record the
data on the Governnment supplied form[, = Form ___ , dated ].
Drilling, washing, and water pressure testing in previously grouted
areas shall not take place before 24 hours followi ng the conpletion of
all the planned grouting in that particul ar area.

2.2 Contact Grouting

Contact grouting is defined as the injection of grout behind cast-in-place
concrete lining (shaft and/or tunnel), or grouting behind the initia
support system to achieve continuous contact between the lining and the
surroundi ng rock or soil. Tunnel plug contact grouting is also included in
this definition. Performcontact grouting in such a manner as to ensure
that all voids between the concrete or initial support nenbers and the rock
or soil face will be filled with grout. No pressure washing or testing is
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3.

required prior to injecting grout. Cast-in-place concrete final Iining
shal | have been in place at least [7][___ ] days before grouting
comrences. Gout shall be a [neat ][sanded ][[cement][chem cal] grout]
m xture. The grouting of any hole shall not be termnated until all voids
have been filled to the maxi mum extent practicable and the Governnent
Representative directs the Contractor to stop grouting. Vent pipes, for
the release of air and water during grouting of crown overbreak cavities]|
whi ch may not be filled with concrete], shall be provided as shown and in
such locations as directed or approved. The installation requirenments of
par agr aph EMBEDDED PI PE shal |l apply to vent pipes. Contact grouting shal
be done at the highest safe pressure as directed but initially not exceeding
[691__ ] kPa [10]]___ ] psi. Gouting shall be initiated fromthe
| ower end and at the invert of a tunnel and the grout behind the Iiner
di spl aced upward. Gouting in the tunnel crown area nay require secondary
grouting to conpletely fill all the void space due to overbreak. Such
secondary grouting shall be done with expansive grout m xtures after the
initial contact grout has been injected and set up. For shaft |inings,
grout holes or nipples shall be radially | ocated and grouted frominside
the shaft. Split spaced grout injection holes or nipples nay be necessary
in shaft liner grouting.

. 2.3 [Gouting Behind a Steel Liner

This type of grouting, often called "skin" grouting, shall consist of

pl aci ng neat cenent grout in the annul ar space surrounding a steel liner or
"can" to fill the void between the steel liner and the cast-in-place
concrete final lining. G outing procedures are the same as those descri bed

i n paragraph CONTACT GROUTING with the follow ng exceptions:

a. Gout holes and sealing plugs shall be provided in the steel liner
pl ates during fabrication. The pattern shall be as shown.

b. Gouting equi pnent shall be such that sudden surges in pressure at
refusal do not occur

c. Gout hole plugs shall be ground flush with the steel liner and
fini shed snoot h.

d. After grouting is conpleted, the Governnent Representative wll
sound the liner with hamrer blows to determine if all voids are filled.
If directed, additional grout holes shall be drilled and tapped to
receive a nipple. The use of a cutting torch to cut-in and weld-on a
nipple is prohibited.]

2.4 Tunnel, shaft, and Ring Curtain G outing
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NOTE: Tunnel, shaft, and ring curtain grouting are
defined as the grouting in areas of the work

i ncluding, but not limted to, ahead of the tunne
or shaft face or along any reach of tunnel or shaft
to control water flows or aid in stabilizing and
filling voids in the fornation.

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

Accompl i sh tunnel, shaft, and ring curtain grouting at the | ocati ons shown
and/ or as directed. Any grout hole that is |ost or danaged due to
nechani cal failure of equipnent, inadequacy of grout supply, or Contractor
error shall be replaced by another hole or holes at the Contractor's
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expense.
3.2.4.1 Grout Injection (Cement Gout)

a. |If the water pressure testing indicates a relatively tight hole,
start grouting with a thin grout mxture. For an open hole condition
the water-cenment ratio shall be reduced accordingly and, with the grout
punp operating as nearly as practicable at constant speed at all tines,
the ratio shall be reduced further, if necessary, until the required
pressure has been reached. |If the pressure tends to rise too high, as
determ ned by the Government Representative, the water-cenent ratio
shal | be changed as directed. Gout mxes shall be in the proportions
directed by the CGovernnent Representative who will direct changes to
suit the conditions existing in the particular grout hole. The

wat er-cenent ratio by volune will be varied to neet the characteristics
of each hole as reveal ed by the pressure washing and testing operations
and will nornmally range between [3.0:1.0 and 0.6:1.0][[ ] and

[ 11.

b. Gouting pressures shall be varied as directed with conditions
encountered in the respective holes. |If it is found inpossible to
reach the required pressure after punping a reasonable vol une of grout
at the nmini mum wor kabl e water-cenment ratio, a sanded grout m x shall be
used, the punping speed shall be reduced, or punping stopped
tenporarily and intermttent grouting shall be perforned, allow ng
sufficient time between grout injections for the grout to stiffen. If
necessary to relieve premature stoppage, periodic applications of water
under pressure shall be nmade at the direction of the Government
Representative. |If the desired results are not obtained with this mx
grouting in the hole shall be discontinued, if so directed.

c. In such event, the hole shall be cleaned, the grout allowed to set,
and additional drilling and grouting be done in this hole or in the

adj acent area, as directed, until the desired resistance is built up
Under no conditions shall the pressure or rate of punping be increased
suddenly, because either may produce a water-hamer effect which may
pronote stoppage. After the grouting of any hole is conpleted, the
pressure shall be nmaintai ned by means of a stopcock or other suitable
device until the grout has set to the extent that it will be retained
in the hole.

3.2.4.2 Ref usa

The grouting of any hole shall not be considered conplete until that hole
refuses to take grout at a rate of less than [0.015 cubic nmeter 0.5 cubic
foot of solids (cenment) per 1/2 hour][0.03 cubic nmeter 1.0 cubic foot of
solids (cenent) per 10 minutes] at whatever grout mxture and pressure is
bei ng used.

3.2.4.3 G out in Drains

If | eakage of grout into drains occurs, imediately stop the grouting
operations and renove all grout fromthe drains by washing, to the
satisfaction of the Contracting Officer. No separate paynment will be nmade
for such work. Such stopping of grouting operations and washi ng of drains
shal |l be repeated as often as required to conplete the grouting.
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3.2.4.4 Stage Gouting

Stage grouting is the procedure by which a grout hole or a ring curtain
hole is drilled, pressure tested, and grouted in successive stages within
progressively deeper zones fromthe top of the grout hole, either fromthe
ground surface or fromthe tunnel or shaft wall, to the depth shown or as
directed, prepared for grouting, and then grouted. After the grout has
achieved an initial set, the hole shall be washed, cleaned, and deepened

and then grouted to the bottomof the next stage. |If the Contractor allows
the grout to harden within the grout hole, no paynent will be nade for
redrilling the grout hole. A mininumperiod of [24][ ] hours shal

el apse between the conpletion of grouting in one stage and the start of
drilling for the next stage. This procedure shall be repeated for the ful

depth of the grout application. Gouting pressures shall be increased [as
directed][as shown] as successive stages deepen the grout holes. Normally
the grout holes shall be split spaced by |ocating secondary hol es m dway
bet ween two previously drilled and grouted prinmary holes, and the stage
grouting process shall be repeated until the desired results are attained
for the full depth of the grout application. Tertiary and succeeding
series of split spaced holes shall also be drilled and grouted in stages if
directed by the Governnent Representative.

3.2.4.5 Grout Injection (Chenical Gout)

In the zones to be chemically grouted, chem cal grouting shall be perforned
in such a way as to produce a continuous cylinder or mass of chemically
grout ed ground outside the excavation perinmeter of the tunnel or shaft in
either soils or finely fissured rock strata, increasing the strength and
reducing the pernmeability of the material. G out in place shall be

chemi cally stable and nontoxic for the environnent in which it is placed.
Excavation through grouted areas shall not commence until the grouting work
has been conpl eted and approved by the Governnent Representative.
Regrouting shall be perforned if the required degree of waterproofing
and/or stabilization is not achieved by the first application. The nethod
of injection shall be the continuous mxing nethod, with the proper anounts
of grout base nmaterial, water, reactant, and accel erator autonmatically
proportioned and continuously supplied at proper flow rates and pressures.
The batch system of m xing grout shall not be permitted unless high vol unes
of chem cal grout with shortened gel times are necessary in flow ng water
conditions. The base material and the water-accel erator-catal yst sol ution
shal | pass through parallel separate hoses to a suitable baffling chanber
near the top of the hole. A sanpling cock, to allow frequent gel tine
checks, shall be placed after the baffling chanber. Suitable check val ves
shall be placed in the grout lines at the proper |ocations to prevent
backfl ow and uni ntentional gelations. Al mxing, handling, punping, and
injection operations shall be in accordance with the manufacturer's
recomendati ons. A technical representative of the nanufacturer or
supplier shall be present at the work site during the initial grouting
operati ons.

3.2.4.6 [Gout Injection Pipes
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NOTE: The foll owi ng paragraph may be specified for
grouting when it is desirable to exercise nmaxi num
control over the grout injection process, i.e., to
grout or regrout at any specific depth.
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Grout pipes are comercially available or field fabricated as illustrated
by the attached sketch. Performinstallation with care to assure the
seal i ng grout encapsul ates the entire pipe and completely fills the
annulus. Gout used to fill the annulus shall consist of portland cenent,
bentonite and fly ash, be thick enough to prevent infiltration into the
soil or rock, and be of low strength and brittle.]

.2.5 Waste Water and G out

Waste grout that cannot be placed or injected prior to initial set or

maxi mum specified tine limt. |If such grout is mxed at the direction or
approval of the Governnent Representative, it will be paid for at the
applicabl e contract unit prices for the material constituents of the wasted
grout. During the progress of the work, provide for adequate disposal of
all wash and waste water and remove all waste grout, on a daily basis if
necessary, to maintain a safe and effective grouting operation.

.3 PATCHI NG AND CLEANUP

Upon conpletion of the grouting operations, remove all grout supply
connections from enbedded pipe to a mninumdepth of 25 nm 1-inch, measured
fromthe face of the concrete [shotcrete]. Holes or depressions thus
forned shall be patched with a danp-pack nortar conposed of water, one part
portland cenment to two parts sand. One teaspoonful of alunm num powder will
be added to each sack of cement used in the nortar mx to conpensate for
shrinkage. An unpolished, nonl eafing powder of high purity and | ow grease
will be used. Damp-pack nmortar shall be just mpist enough to form a bal

in the hands. 1t shall be thoroughly tanped into the hole using hard
wooden tools. The patching shall be done in a neat workmanli ke manner to
provide a surface snoot hness at |east equal to undisturbed areas of the
final lining. Exploratory holes which have not been grouted shall be
packed to the full depth of the final lining with tightly rammed dry nortar
and then patched as described above. Prior to final acceptance of the
work, the interior surface of the final lining shall be cleaned of excess
cement or chemical grout, nortar, oil, and grease to the greatest extent
practicable, as determi ned by the Governnent Representative.

.4 RECORDS
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NOTE: Attach ENG FORM 1836 to the end of this
section.
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Prepare, on a daily basis, records of all grout hole and drain hole
drilling operations, all pressure washing and pressure testing operations
and all cenent and chemnical grouting operations. These records shal
include: driller's logs of all grout holes, drain holes, and expl oratory
hol es; pressure washing i nformati on and pressure testing results[ on
CGovernment provided forn]; grouting data including time of each change of
operation, rate of punping, grouting pressures, changes in water-cenent
rati o, changes in proportions of additives such as fluidifier, accelerator,
or sand, and anounts of various materials injected] on Governnent provided
fornl; [core |ogging data on Government provided ENG FORM 1836 at a
vertical scale of 1 inch equals 1 foot]; and other data consi dered
necessary as determ ned by the Government Representative. Blank report
forns of the type to be used are attached at the end of this specification.
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3.5 CONTRACTOR QUALI TY CONTROL
In accordance with Section 01 45 01 USACE QUALI TY CONTRCOL, establish and
maintain quality control that specifically includes, but is not limted to,
i nspections to assure that:
a. The specified qualification requirenments are net.

b. Drilling and grouting equi pnent is provided as specified and
mai ntai ned in satisfactory condition

c. The required amount of [cenent is][chemical grout nmaterials are]
kept on hand during grouting operations.

d. Gouting is perfornmed in the presence of a Government
Representative

e. Required records are kept and submitted as specified.
f. Accurate [cenment][chenical] grout nixture proportions are
mai ntai ned [as directed][as recommended by the manufacturer or

supplier].

g. Materials are properly protected from noi sture and contani nati on
after delivery and transportation to the site.

h. Only approved naterials are used.
i. The quantity of bulk materials used equals the conputed anount.

-- End of Section --
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