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NOTE: This gui de specification covers the
requi renents for repair of portland cenment concrete
usi ng epoxy resin grouts, nortars and concretes.

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

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

Conment s, suggestions and reconmended changes for
this gui de specification are wel cone and shoul d be
submtted as a Criteria Change Request (CCR).

*% *% *% *% *% *% *% *% *% *% *% *% *%%

PART 1  GENERAL

1.1 SCOPE
Thi s specification governs the rehabilitation of structural concrete.

1.2 DEFINITIONS

1.2.1 Bracing
Tenporary suppl emental nmenbers used to avoid local or global instability
during construction, evaluation, or repair that are intended to be renoved
after conpletion of construction.

1.2.2 Delamination

A planar separation in a material that is roughly parallel to the surface
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of the materi al

. 2.3 Rehabilitation

Repairing or nodifying an existing structure to a desired useful condition.
. 2.4 Repair

The reconstruction or renewal of concrete parts of an existing structure
for its maintenance or to correct deterioration, damage, or faulty
construction of menbers or systens of a structure.

. 2.5 Shoring

Props or posts of tinmber or other material in conpression used for the
tenmporary support of excavations, formwrk, or unsafe structures; the
process of erecting shores.

.2.6 Term nati on Joi nt

The interface where a placenent of repair material neets existing concrete,
the edge of an expansion joint, or other existing surfaces.

2.7 Unsound Concr et e

Concrete that is fractured, delami nated, spalled, deteriorated, defective
cont ami nated or ot herw se danaged

.3 REFERENCES

AMVERI CAN ASSOCI ATI ON OF STATE H GHWAY AND TRANSPORTATI ON CFFI Cl ALS

(AASHTO)
AASHTO M 288 (2017) Standard Specification for
Geosynt heti ¢ Specification for H ghway
Applications

AMERI CAN CONCRETE | NSTI TUTE | NTERNATI ONAL ( ACl)

ACl 117 (2010; Errata 2011) Specifications for
Tol erances for Concrete Construction and
Mat erial s and Conmentary

ACl 440.5 (2008) Specification for Construction with
Fi ber - Rei nforced Pol yner Reinforcing Bars

ACl 440.6 (2008) Specification for Carbon and d ass
Fi ber - Rei nforced Pol yner Bar Materials for
Concr et e Rei nforcenent

ACl 440.8 (2013) Specification for Carbon and d ass
Fi ber - Rei nforced Pol yner (FRP) Materials
Made by Wet Layup for External
Strengt heni ng of Concrete and Masonry

Structures
ACl 503.2-503.4 (2010, R 2003) Three Epoxy Specifications
ACl 503.3 (2010) Specification for Producing a
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ACl 503.7

ACl 548.10

ACl 548.12

ACl 548. 4

ACl 548.8

ACl 548.9

Ski d- Resi stant Surface on Concrete by the
Use of Epoxy and Aggregate

(2007) Specification for Crack Repair by
Epoxy I njection

(2010) Specification for Type MVB (Mt hyl
Met hacryl ate Slurry) Pol ymer Overlays for
Bri dge and Parki ng Garage Decks

(2012) Specification for Bondi ng Hardened
Concrete and Steel to Hardened Concrete
wi th an Epoxy Adhesive

(2011) Standard Specification for
Lat ex- Modi fi ed Concrete (LMC) Overl ays

(2007) Specification for Type EM ( Epoxy
Mul ti-Layer) Polynmer Overlay for Bridge
and Par ki ng Garage Decks

(2008) Specification for Type ES (Epoxy
Slurry) Polyner COverlay for Bridge and
Par ki ng Garage Decks

AMERI CAN SOCI ETY OF ClVIL ENG NEERS (ASCE)

ASCE/ SEI 37

(2015) Design Loads on Structures During
Construction

ASTM | NTERNATI ONAL ( ASTM

ASTM A775/ A775M

ASTM A780/ A780M

ASTM A934/ A934M

ASTM C1059/ C1059M

ASTM C1077

ASTM C1438

ASTM C1583/ C1583M

(2017) Standard Specification for
Epoxy- Coat ed Steel Reinforcing Bars

(2009; R 2015) Standard Practice for
Repair of Damaged and Uncoat ed Areas of
Hot - Di p Gal vani zed Coati ngs

(2016) Standard Specification for
Epoxy- Coat ed Prefabricated Steel
Rei nforcing Bars

(2013) Standard Specification for Latex
Agents for Bonding Fresh to Hardened
Concrete

(2017) Standard Practice for Agencies
Testing Concrete and Concrete Aggregates
for Use in Construction and Criteria for
Testing Agency Eval uation

(2013; R 2017) Standard Specification for
Lat ex and Powder Pol yner Modifiers for use
in Hydraulic Cenent Concrete and Mortar

(2013) Standard Test Method for Tensile
Strength of Concrete Surfaces and the Bond
Strength or Tensile Strength of Concrete
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ASTM C1600/ C1600M

ASTM C1602/ C1602M

ASTM C33/ C33M

ASTM C387/ C387M

ASTM C42/ C42M

ASTM C496/ C496M

ASTM C881/ C881M

ASTM C882/ C882M

ASTM C928/ C928M

ASTM D1078

ASTM D2103

ASTM D226/ D226M

ASTM D2822/ D2822M

ASTM D323

ASTM D3418

ASTM D4016

Repair and Overlay Materials by Direct
Tension (Pull-off Method)

(2017) Standard Specification for Rapid
Har deni ng Hydraul i ¢ Cenent

(2012) Standard Specification for MXxing
Water Used in Production of Hydraulic
Cement Concrete

(2016) Standard Specification for Concrete
Aggregates

(2015) Standard Specification for
Packaged, Dry, Comnbined Materials for
Mortar and Concrete

(2013) Standard Test Method for btaining
and Testing Drilled Cores and Sawed Beans
of Concrete

(2017) Standard Test Method for Splitting
Tensile Strength of Cylindrical Concrete
Specimens

(2015) Standard Specification for
Epoxy- Resi n- Base Bondi ng Systens for
Concrete

(2013a) Bond Strength of Epoxy-Resin
Systens Used with Concrete by Slant Shear

(2013) Packaged, Dry, Rapid-Hardening
Cenentitious Materials for Concrete Repairs

(2011) Standard Test Method for
Distillation Range of Volatile Organic
Liquids

(2015) Standard Specification for
Pol yet hyl ene Fil m and Sheeti ng

(2017) Standard Specification for
Asphal t - Saturated Organic Felt Used in
Roof i ng and Wat er proofing

(2005; R 2011; E 2011) Standard
Specification for Asphalt Roof Cenent,
Asbestos-Containing

(2015a) Vapor Pressure of Petrol eum
Products (Reid Method)

(2015) Transition Tenperatures of Polyners
by Differential Scanning Calorinetry

(2014) Viscosity of Chemical Gouts by
Brook field Visconeter (Laboratory Method)
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ASTM D450/ D450M (2007; E 2013; R 2013) Coal -Tar Pitch Used
i n Roofing, Danpproofing, and Waterproofing

ASTM D4580/ D4580M (2012) Standard Practice for Measuring
Del ami nations in Concrete Bridge Decks by
Sounding

ASTM D4869/ D4869M (2016a) Standard Specification for

Asphal t - Saturated Organic Felt
Under | aynent Used in Steep Slope Roofing

ASTM D542 (2014) Index of Refraction of Transparent
Organic Plastics

ASTM D93 (2016) Standard Test Methods for
Fl ash- Poi nt by Pensky-Martens C osed Cup
Tester

ASTM E329 (2014a) Standard Specification for

Agenci es Engaged in the Testing and/or
I nspection of Materials Used in
Construction
| NTERNATI ONAL CONCRETE REPAI R | NSTI TUTE (I CRI)
I CRI 310. 2R (2013) Sel ecting and Speci fying Concrete
Surface Preparation for Seal ers, Coatings,
Pol ymer Overlays, and Concrete Repair
.4 SUBMITTALS
Government approval is required for subnmittals 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 subnmittal for the
governnent. Submittals with an "S" are for inclusion in the Sustainability
eNot ebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY REPORTI NG
Submit the following in accordance with Section 01 33 00 SUBM TTAL
PROCEDURES:
SD-01 Preconstruction Submittals
Qualifications; d, [ 11
Wrk Plan; (d, | 11

Quality Control Plan; d, [___ 1]

SD- 03 Product Data
Conventional Concrete
Polymers

M scel | aneous Materials And Equi prent

SD- 04 Sanpl es

SECTION 03 01 00 Page 8



Rei nf or cement And Rei nf orcenent Supports
[Polymers]

[ M scel | aneous Materials And Equi pnent]

SD- 05 Design Data

Formwrk And Shoring; d, [___ 1]
Repair Procedures; d, [___ 1]
M xture Proportioning; 9, [___ 11

SD-06 Test Reports
M xture Proportioning
Quality Control
[ Tol erence Report]
[ Rei nforcenent And Rei nforcenent Supports]
[ Conventi onal Concr et e]
[Polymers]

[ M scell aneous Materials And Equi pnent]

SD-07 Certificates
Qualifications
Rei nf or cement And Rei nf orcenent Supports
[ Conventi onal Concr et e]

[Polymers]

SD- 08 Manufacturer's Instructions
[ Equi prent For Concrete Preparation]
[ Conventional Concr et e]
[Polymers]

[ M scel |l aneous Materials And Equi pnent]
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5  QUALI TY ASSURANCE
5.1 CGeneral Requirenents

a. Follow the requirenents of Section [03 30 00 CAST-1 N PLACE CONCRETE] |
03 31 01.00 10 CAST-I N PLACE STRUCTURAL CONCRETE FOR CI VIL WORKS] for
Work invol ving portland cenent concrete.

b. To protect personnel from overexposure to toxic naterials, conformto
the applicable manufacturer's Safety data sheets or local regulations.
Submit nmanufacturer's Safety Data Sheets for all polyners as well as
other potentially hazardous naterial s.

c. Subnit the repair procedures for executing the work as well as the test
data and docunentation on materials used for repair. Submttal nust
i ncl ude conponent nmaterials, mxture proportions, and supplier's
quality control program

d. Inspection and testing of surface preparation as well as placenent of
rei nforcing steel nust be in accordance with provisions included herein
and the Contract Docunent.

e. Sanpling and testing of materials, as well as inspection and testing of
wor k, must be in accordance with established procedures, manufacturer's
i nstructions, specific instructions fromthe Contracting Oficer if
gi ven, or recommended practices as referenced herein and the Contract
Documents.

f. Trial batches and testing requirenents for various repair materials
specified are the responsibility of the Contractor

g. The testing agency must inspect, sanple, and test repair materials and
concrete production as required. \Wen it appears that nateri al
furni shed or work performed by Contractor fails to conformto Contract
Docunents the testing agency will inmediately report such deficiency.

.5.2 Quality Control Plan

Submit a quality control plan as specified in Sections 01 45 00.00 10
QUALI TY CONTRCL [and] [03 30 00.00 10 CAST-I N PLACE CONCRETE] [
03 31 01.00 10 CAST-I N PLACE STRUCTURAL CONCRETE FOR Cl VI L WORKS] .

.5.3 Qualifications

The submittals nmust where applicable, identify agencies and individuals who
will be working on this contract and their rel evant experience. Do not make
changes in approved agencies or personnel wi thout prior approval of the
Contracting Oficer.

.5.3.1 Testing Agenci es

In addition to the requirenents of Section 01 45 00.00 10 QUALITY CONTROL,

agencies that test concrete materials nust neet the requirenments of

ASTM C1077. Testing agencies that test or inspect placenent of reinforcing
steel nust neet the requirenent of ASTM E329. Submit data on qualifications
of Contractor's proposed testing agency for acceptance.
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5.3.2 Quality Control Personne

Field tests of repair materials required nust be nade by an I CRI Concrete
Surface Repair Technician Tier 2. Subnit resumes, pertinent information,
past experience, training and education of all operators of specialized
denolition equipnment if needed for this and the three paragraphs above.

.5.3.3 Contractor Qualifications

The contractor performng the repair work nust have been involved in a
mnimumof [three][ ] concrete repair projects simlar in size and
scope to this project for at least [five][_ ] years. Submt information
i ncludi ng nane, dollar value, date, and point-of-contact for simlar

proj ects which denonstrates the required experience and/or training.

5.3. 4 Worker Qualifications

a. Each worker engaged in the use of specialized renoval or application
equi pnent, including [saw operators] [nilling nachi ne operators,]
[ hydromi I i ng equi pmrent operators,] [epoxy injection] | ], nust
have satisfactorily conpleted an instruction program and three years of
experience in the operation of the equipnent. [The worker nust have
active experience with the equiprment within five years of the project.]

b. W rkers installing adhesive anchors nmust be ACI Adhesive Anchor
Installer certified or equivalent.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: Add worker qualification requirenents for the
usage of specialized equi pnent if needed. The

i nstruction programfor workers engaged in the use
of grout injection equipnment nust have incl uded
theory on the nature and causes of cracking in
concrete, the technical aspects of correct material
sel ection and use, and the operation, naintenance,
and troubl eshooting of equi pnent used in the repair
work.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

5.3.5 Regul at ory Requirenents

Performall work in accordance with applicable Federal, State, and |oca
safety, health, and environnental requirenents. The Contractor is
responsible for obtaining all permts required by Federal, State, and loca
agencies for the performance of the work.

5.4 [ Pre-Construction Conference]

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Appropriate technical representatives for
speci alized repair nmaterials should be required to
neet with the CGovernnment and Contractor
representatives to ensure that all parties involved
are know edgeabl e of the naterial properties and
application requirenments.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

[ Conduct a pre-construction conference to discuss repair materials
performance requirenments, control provisions, and roles and
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responsibilities for the Wirk to ensure that the Contractor's personne
understand all aspects of the repair material, its properties and
application procedures. The conference nmust include the Contracting O ficer
or authorized representative, the Contractor's field superintendent and
foreman, and a conpetent Technical Representative of the materia

manuf acturer, and other involved trades or supplier representatives. The
Techni cal Representative nust be fully qualified to performthe work.]

.5.5 Work Pl an

Prepare a work plan describing the nethods of concrete renoval and repair,

i ncludi ng nethods, equipnent and materials to be used for each feature.
Subnmit the work plan for approval at |east 30 days prior to the start of
the work. The plan nust include, but not be linited to, repair materials to
be used with specific information on products and/or constituents, and
requirenents for handling, storage, etc., equipnment to be used, surface
preparation, and requirenents for placenment, finishing, curing and
protection specific to the materials used. Include a description of field
denonstrations in the work plan. Do not commence work until the work plan
and field denonstration representative of the type of work are approved.

.6  ACCEPTANCE OF REHABI LI TATI ON WORK
.6.1 CGeneral Requirenents

a. Conpleted concrete rehabilitation work nust conformto applicable
requi renents of Contract Document and this specification. The
Contractor is responsible to bring Wirk into conpliance with
requi renents of Contract Documents if the Concrete repair work fails to
neet one or nore requirenents of Contract Docunents.

b. Correct rejected repair work by renmoving and replacing or by
strengthening with additional construction acceptable to the
Contracting Oficer. Use repair nmethods that nmeet applicable
requi renents for function, durability, dinensional tolerances, and
appearance.

c. Subnit proposed work plan, repair nethods, materials, and nodifications
to the Work needed to correct rejected repair work to neet the
requi renents of Contract Documents.

.6.2 Tolerances

a. Construction tolerances for repairs nmust conformto [AC 117][ ].
Where existing conditions do not allow tolerances to conformto [AC 117
11 ], use the details and materials for such conditions as indicated

in the Contract Docunents. For conditions not shown or that are
different than indicated in the Contract Docunments, notify the
Contracting O ficer before proceeding with the work at those

| ocations.[Provide a tolerence report as required by Section

03 30 00.00 10 CAST-I N-PLACE CONCRETE. ]

b. Inaccurately forned concrete surfaces resulting in concrete nmenbers
wi th di mensions that exceed [ACI 117][ ] tolerances are subject to
rejection.

.6.3 Appearance

Concrete surfaces not neeting the requirenents of the Contract Docunents
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nmust be brought into conpliance.

7 PROTECTI ON OF COMPLETED REHABI LI TATI ON WORK

a. Do not allow construction |oads to exceed the |oads that a structural
menber or structure is safely capable of supporting w thout danage.
Provi de suppl enmental support if construction | oads are expected to
exceed safe | oad capacity.

b. Protect repaired and adjacent areas from damage by construction
traffic, equipnent, and materials. During the curing period, protect
repair materials from danmage by nechani cal disturbances, including
| oad-i nduced stresses, shock, and vibration

c. Protect repair materials fromenvironnental damage by weather events
during the length of the curing period.

PART 2 PRODUCTS

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Unconventional products and materials could
sonetimes be the best solutions for repairs. Since
the repair industry is evolving, products and
materials not listed in this docunment that have had
a record of success in the field could be all owed on
a project. The Contracting O ficer nust permt the
usage of those naterials prior to application.

Addi tional subnmittals for those materials should

al so be requested as needed.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Products or materials used nmust conformto the requirenments included herein
as well as the Contract Documents. The usage of other products or materials
not covered by this requirenment or specified in the Contract Documents are
permtted upon approval by the Contracting Oficer. Additional information
and submttals for products and materials not included in this docunent

i ncludi ng product data, sanples, design data, test reports, certificates,
manuf acturer's instructions, and field reports must be subnmitted as
requested by the Contracting O ficer

.1 MATERI ALS FOR SHORI NG AND BRACI NG

.11 Shoring and Braci ng Systens

Use commerci al ly manufactured and engi neered shoring and braci ng systens
and conponents, except where custom built assenblies of |unber or other
suitable nmaterials are permtted by the Contracting O ficer

1.2 Desi gn Requirements

The design of the bracing and shoring nust be based on ASCE/ SEI 37

a. Non-manufactured shoring and braci ng systens nust have cal cul ati ons
signed and seal ed by a Licensed Design Professional

b. Menbers of non-manufactured shoring systenms, nust be designed in
accordance with the provisions of the governing building code for the
specific material of the menber

c. Menbers of manufactured shoring systens, consisting of pre-engineered
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conponents desi gned and produced specifically for structural shoring,
must be used in accordance with the nanufacturer's recomendati ons.

2.2 EQUI PMENT FOR CONCRETE PREPARATI ON

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Refer to ACl 546R and |ICRI 310.2R for nore
detai | gui dance on nethods discussed in this
paragraph.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhkhhkkkkkkkkkkkkhkhkhhkkkkkkx
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Means and net hods used for concrete renoval and surface preparation nust be

sel ected and used such as to minimze damage to the structure and to the
concrete substrate that remains.

2.2.1 Equi prent for Concrete Renoval
Renoval equi pnent and techni ques nmust be suitable to produce concrete
surface profiles and level of cleanliness in designated areas as required
by this specification and the contract Docunents.

2.2.1.1 [Cutting Equi prent]

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Cutting equi prent and nethods are used to cut
and renove concrete sections. Include this paragraph
if cutting equi prent and nethods are required or
permitted for concrete renoval

*% *% *% *% *% *% *% *% *%

*% *% *% *%%

a. The following cutting equi pment are permtted: [H gh-pressure water jet
wi t hout abrasives][Saw cutting][D anmond wire cutting][Mechanica
shearing][Stitch drilling][ ].

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Refer to ACI 546R for details on selecting

the different equi pnent and net hods for cutting
concrete.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhkkhkkkkkkkkkkkkhhkhhkkkkkk

*kkkkkkkkkkkkkkkkkkk

b. Cutting, lifting, and transporting equi pnent nust be adequate to cut,
support, and transport concrete sections w thout incurring any danmage
to the existing structure.

2.2.1.2 Concrete Breakers

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: concrete breakers are al so known as inpact
nmet hods. These are the nbst comonly used net hods
for concrete renoval .

kkkkkkkkkkkkkkkkkkkkkkkkkhkhkhhkkkkkkkkkkkkhkhkhhkkkkkk

*kkkkkkkkkkkkkkkkkkk

a. Provide sharp tips on breaker equipnent to mininize mcrocracking
damage in partial depth renoval.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Sharp-pointed tools tend to reduce the

potential for microcracking of the surface concrete
left in place.
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The use of the follow ng inmpact equipnent and nethods is permitted:
[ Hand- hel d breakers][ Boom nount ed breakers][ Scabbl ers][ Needl e
scalers][Scarifiers][MIling methods]]| ].

[ The nmaxi mum breaker size is | 111 ].

kkkkkkkkkkkkkkkkkkkkkkhhhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhhkkkkkkx

NOTE: Use the information provided in this note and
ACl 546R to select the suitable type and size of

i npact breakers allowed on the project (bullet point
b and ¢). Note that you can include different types
and sizes of breakers for a job and specify where
each shoul d be used. Using | arge breakers increases
the potential for microcracking, and that is why a
suitable size (or linmts) should be specified.

Hand- hel d breakers (chi ppi ng hamers): size ranges
from8 to 90 Ibs (3.5 to 41 kg). Smaller hand-held
breakers are commonly used in partial depth renoval
of sound and unsound concrete and concrete renoval
around reinforcing steel because they mninze
damage to the existing concrete and reinforcing
steel. Larger breakers are used for renoval of |arge
vol ures of concrete. For exanmple, a 14 kg (30 |bs)
breaker can be specified for renoval of concrete
above reinforcing steel while a smaller 7 kg (15

| bs) hammrer can be specified to renove concrete
around reinforcing steel.

Boom nount ed breakers: is |like the hand-held breaker
except that it is mechanically operated and

consi derably | arger than a handhel d breaker.

Boom nount ed breakers differ from hand-held breakers
as they function on the principle of high energy and
| ow frequency rather than | ow energy and high
frequency, and are driven by conpressed air or
hydraul i c pressure. The reach of the hydraulic arm
enabl es the breaker to be used on vertical or

over head surfaces at a considerabl e di stance above
and bel ow t he nachi ne | evel .

The boom nounted breaker is a highly productive
neans of renoving concrete; however, the high-cycle
i mpact energy delivered to a structure by the
breaker generates forces that may danage the

exi sting concrete and reinforcing steel and
adversely affect the integrity of the structure.

For boom nounted breakers, linmts specified are
based on energy not weight (exanple 205 Nm or 150
ft-Ibs).

M1 Iling nethods can renpve a specified anount of
concrete fromlarge areas of horizontal or vertica
surfaces. The renoval depth typically ranges from
1/4 to 4 in. (6 to 100 nm. Renoval depth is
deternmi ned by the nunber and size of teeth. MIIling
operations typically leave a sound surface with
fewer mcrofractures than inpact nethods.
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Rotary head milling equipnment is used for uniform
depth renoval on horizontal or vertical surfaces.
Boom nounted nmilling head are used typically for
vertical surfaces.

For information on Scabbl ers, Needl e scalers, and
Scarifiers refer to ACl 546R

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkhkhkkkkkkkkkk

2.2.1.3 [ Hydromi I'1'i ng Equi prent ]

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Delete this paragraph if water blasting

equi prent is not allowed on the job. For nore

i nformati on on hydrodenolition refer to ACl 546R and
| CRI 310. 3R

*% *% *% *% *% *% *% *% *% *% *% *% *%%

a. Hydromlling equipnent nust include a trailer-munted water tank
punps, hi gh-pressure hose, wand with safety rel ease cutoff control
nozzle, and auxiliary water re-supply equiprment. The water tank and
auxiliary re-supply equi pmrent nust be of sufficient capacity to permit
conti nuous operations.

b. Hydrodenolition for concrete renoval is pernitted in the follow ng
| ocations: | ]

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: Specify where (the |ocations) hydrodenolition
is permtted to be used for concrete renoval .

*% *% *% *% *% *% *% *% *% *% *% *% *%%

c. Use protective covers and barriers to protect adjacent surfaces not
i ntended to be repaired fromwater blasting and over-spray.

d. Use equi pnent capabl e of delivering pressures of 35 MPa 5000 psi to 275
MPa 40,000 psi at 7.5 liters/min 2 gal/mn to 190 liters/mn 50 gal/nin
for concrete renmoval and surface preparation

e. [Noise resulting from hydrodenolition operations nmust be at a noise
| evel of less than [90 deci bel s]| ] at a distance of [15 m50 ft.

kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkkkhkhhkhkhkkkkkkkkkk

NOTE: Hydrodenolition does not produce significant
sound that is transmtted through a structure;
however, the noise fromthe hydrodenolition unit in
the work area is sufficiently | oud and may be

obj ectionable to the public. If noise resulting from
hydr odenolition operations need to be controll ed,
then add t he above requirement and nake changes to
it as needed

*% *% *% *% *% *% *% *% *% *% *% *% *%%

2.2.2 Surface preparation and cl eani ng equi pnent
2.2.2.1 [ Abrasi ve Bl asting]

a. Use [dry][wet][dry or wet] oil-free abrasive blasting capable of
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renovi ng | oose mcro-fractured (bruised) or otherw se damaged or

pul veri zed concrete surfaces, and rust from exposed stee
rei nforcement, and providing a surface profile in conpliance with the

Contract Docunents.

NOTE: Choose if dry or wet abrasive blasting can be

used. Refer to ACI 546R for nore informati on on the

topic.
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b. [Use the foll owi ng abrasive blasting nethods: [Sandblasting]

[Shotblasting] [____ 1]

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkik

NOTE: Add this requirement if methods of abrasive
bl asting need to be specified. This requirenent can

be expanded to include |ocations where certain
nmet hods of abrasive nethods should be used. If

this

i s needed, then specify the nethod along with the

location that it should be used.
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2.2.2.2 [ Low Pressure Water d eaning]

Use equi pnent capabl e of delivering 7 MPa 1000 psi to 35 MPa to 5000 ps
7.5 liters/nmin 2 gal/mn to 38 liters/mn 10 gal/nin for cleaning | oose

material fromrepair areas.

2.2.2.3 O her d eani ng Equi pnent

at

Use equi pnent that delivers oil free air capable of cleaning | cose materi al
and debris fromrepair areas. |If necessary to dry the concrete surface,
[gas-fired torches or] clean, dry, conpressed air may be used. Al so,

vacuums capabl e of renoving | oose material and debris.

2.3 MATERI ALS FOR FORMAORK AND EMBEDDED | TEMS

use

a. Formwork and enbedded itens nust nmeet the requirements specified in
Section [03 30 00.00 10 CAST-I| N PLACE CONCRETE] [03 31 01.00 10

CAST- | N PLACE STRUCTURAL CONCRETE FCR ClIVIL WORKS] [03 30 53

M SCELLANEQUS CAST- | N- PLACE CONCRETE] [03 11 13.00 10 STRUCTURAL

CAST- | N- PLACE FORM NG | ].

kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkkkhkhhkhkhkkkkkkkkkk

NOTE: Formmork requirenments for repairs are sinilar

to requirements for new construction. Formork
shoul d be designed to support repair material
pressures as well as pressure resulting from

pl acenent and consolidation vibrations. Formwrk

shoul d al so be designed to naintain specified
di mensi onal tol erances.
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b. Install and renpbve formwrk w thout damagi ng or staining the existing

structure or repair naterial

c. Forns used for polyner concrete/nortars must be tight enough to hold

the material that is used without |eaking. Al surfaces where bond is

not desired, but which are exposed to the nonomer or
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2.

2.

treated with a formrel ease agent.

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhkhhhkkkkxkx

NOTE: Some pol yners/resins/ mononers have | ow
viscosity and might require tighter fornms than what
is usually used for portland cenent concrete.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

REI NFORCEMENT AND REI NFORCEMENT SUPPORTS

.1 Steel Bars, Wres, and Fi ber-reinforced Concrete

Rei nforcenent and rei nforcenent support nust neet the requirenents
specified in Section [03 30 00.00 10 CAST-I N PLACE CONCRETE] [

03 31 01.00 10 CAST-I N PLACE STRUCTURAL CONCRETE FOR CI VIL WORKS] [

03 30 53 M SCELLANEQUS CAST- | N- PLACE CONCRETE][03 20 00.00 10 CONCRETE
REINFORCING] |

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Conventional reinforcenent used for repairs
is no different than reinforcenent used for new
construction.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Repair coating danmage incurred during shipnent, storage, handling, and
pl aci ng of reinforcing bars in accordance with [the appropriate ASTM
standard practices for repair of danaged reinforcenent][ ASTM A780/ A780M
I ASTM A775/ A775M][ ASTM A934/ A934MV] [ ]. Damaged areas must not
exceed 2 percent of surface area in each linear foot of each bar

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Coated reinforcing bars often incur danage
during transportation and handling. Coated
reinforcing bars are used to nmitigate corrosion and
that is why it is inportant to ensure that they are
not damaged and the cause of future |localized
corrosion failures.

ASTM has several docunents that discuss practices
for repair of damaged bars. ASTM A780/ A780M

di scusses the repair Zinc-coated reinforcing bars,
whi | e ASTM A775/ A775M and ASTM A934/ A934M di scuss
practices for repair of epoxy-coated bars (See ASTM
standards for other types of bar repairs). Specify a
standard for repair of bars as needed in your
project. If the statement "...in accordance with the
appropriate ASTM standard practices for repair of
damaged reinforcenent” is selected, then it will be
up to the Contractor to choose the ASTM standard for
repai r when nultiple standards exist.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhhkkkkkkkkkkkhhhkhhhkkkkkkkkhkkkkhkhkhhhkkhkrkkxkx

Mechani cal splices for coated reinforcenent nust have conpati bl e
coatings, in accordance with manufacturer's instructions. Splices for
gal vani zed rei nforcenent nust be gal vani zed or coated with dielectric
material. Splices used with epoxy-coated or dual -coated reinforcenent
nmust be coated with dielectric nateri al

Submit nmill certificates and shop drawi ngs as requirement by Section |

SECTION 03 01 00 Page 18



2.4.2

03 30 00.00 10 CAST-I N PLACE CONCRETE] [03 31 01.00 10 CAST-I N PLACE
STRUCTURAL CONCRETE FOR CIVIL WORKS] [03 30 53 M SCELLANEQUS
CAST- | N- PLACE CONCRETE] [ 03 20 00. 00 10 CONCRETE REI NFORCI NG [ ].

Fi ber - Rei nf orced Pol yners

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Fi ber-Rei nforced Polynmers (FRP) include FRP
bars and FRP | am nates. FRP bars are used inside
(and sonetinmes outside) the concrete to repl ace
conventional steel reinforcement. FRP | anminates are
attached outside concrete nenbers mainly for

strengt heni ng purposes. For nore infornmation on FRP
bars and | anmi nates, refer to ACI 440 docunents.

a.

kkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhkhhkkkkkkkkkkkkkhkhhhkkkkkkx

Fi ber - Rei nforced Polyners (FRP) bars used as internal reinforcenent in
concrete and their supports nust neet the product requirenents of
ACl 440.5 and conformto [ACH 440. 6] .

kkkkkkkkkkkkkkkkkkkkkkkhhkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhhkkkkkkx

NOTE: AClI 440.5 and ACl 440.6 are two AC
specifications related to the use of FRP bars in
concrete. ACI 440.5 is a construction standard,
while ACI 440.6 is a material standard. AClI 440.6
was witten by an ACl committee as the basis of a
future ASTM standard. If ACI 440.6 is w thdrawn and
adopted by ASTM refer to the ASTM material standard
i nstead of ACI 440.6.

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

Submit test reports and certificates for FRP bars as required by
ACl 440.5 and the Contract Docunents.

Fi ber - Rei nforced Polyner (FRP) |lamnate materials externally bonded to
concrete made by wet |ayup nust nmeet the requirenents of ACI 440.8 and
the Contract Docunments. Subnit product data sheets for materials used

for FRP | ayup systens as described in ACl 440. 8.

The use of externally bonded FRP systens other than wet [ayup systens
are pernitted upon approval by the Contracting O ficer. Submt product
and naterials data, design data, test reports, certificates,
manufacturer's instructions, and field reports for those systens as
requested by the Contracting O ficer and required by Contract Documnents.

kkkkkkkkkkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhhkkkkkkx

NOTE: To learn nore about conmercially avail able
external ly bonded FRP systens refer to ACI 440. 2R

*% *% *% *% *% *% *% *% *% *% *%%

CONVENT! ONAL CONCRETE

kkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhhkkkkkk

NOTE: Conventional concrete used for repairs has
the sane base requirements as concrete used for new
construction.

Addi tional requirements to consider in material

sel ection include:

- CGood tensile bond, to have a strong bond between
the repair and substrate
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- Modul us of elasticity simlar to substrate.

- Low drying shrinkage so that the material does not
| ose vol ume over tine.

- Matching coefficient of thernmal expansion with the
substrate by using simlar coarse aggregate type.
Materials with different coefficients of thermal
expansion w ||l shrink/expand at different rates and
cause cracking or spalling.

- Low creep so that the repair does not rel ax over
ti me due to | oads.

Note that these naterial requirenents and properties
shoul d have been considered in the design phase.
Refer to ACl 546R, ACI 546.3R, and | CRl 320.2R for
nore information the selection of materials for
repair.

kkkkkkkkkkkkkkkkkkkkkkhhhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhkhkhkkkkkk

Portl and cenent concrete materials nust neet the requirenents specified
in Section [03 30 00.00 10 CAST-I N PLACE CONCRETE] [03 31 01.00 10
CAST- | N PLACE STRUCTURAL CONCRETE FOR ClVIL WORKS] [03 30 53

M SCELLANEQUS CAST- | N- PLACE CONCRETE] [ ].

Materials for shotcrete nust neet the requirenents of Section 03 37 13
SHOTCRETE.

[ For cenent based bondi ng systens use neat portland cenent or a blend
of portland cenent and an ASTM C33/C33VN fine aggregate filler
proportioned one to one by nass. The water-to-cenent ratio of the
bondi ng m xture nust be [equal to the water-to-cenent ratio of concrete
used as a repair or overlay material]] ]. Water used nust neet

ASTM C1602/ C1602N requi renments. |

kkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkhkhhkkkkrkkkx

NOTE: |If the use of cement based bondi ng agent is
not permtted, delete this requirenent. If it is
permtted, then specify the water-to-cenent ratio
for that mxture

kkkkkkkkkkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhkhkkkkkk

[Use cenentitious nmaterials indicated in the Contract Documents.][Use
cenentitious materials of the same brand and type fromthe sane
manuf acturing plant as the cenmentitious nmaterials used in the concrete
represented by the submitted field test records or used in trial

mixtures.]

kkkkkkkkkkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhhkkkkkkx

NOTE: If information on cenmentitious materials is
provided in the Contract Docunents, then the first
part of the requirenent should be sufficient. If the
i nformati on on cenentitious nmaterials is not

provi ded, the second part of the requirement wll
require the use of nmaterials that match the existing
concrete (substrate).

Using simlar cementitious nmaterials is prescribed
to have conpatibility between the repair nmaterial
and the existing substrate. The use of inconpatible
materials can cause deterioration at the interface
bet ween the existing and new concrete due to

di fferential vol une changes.
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Note that this requirenent is only applicable if the
materials originally used for the substrate were
adequate and not the cause of deterioration

Mat eri al sel ection should have been considered in

t he desi gn phase of the repair.

*% *% *% *% *% *% *% *% *% *% *%%

e. Aggregates used in concrete nmust be obtained fromthe same sources [, be
of the sane type][and have the sane size range] as aggregates used in
the concrete represented by submitted historical data or used in trial
mixtures.

NOTE: Like cenmentitious materials requirenents,
aggregates used for concrete need to be conpatible
with the existing concrete.

Only require the same size range of aggregate if it
is appropriate for the repair. Renenber that the
maxi mum coar se aggregate size shoul d not exceed
three-fourths of the m ni mum cl ear spaci ng between
rei nforcing bars, one-fifth of the narrowest

di nensi on between sides of forns, or one-third of

t he thickness of slabs, overlays, or partial depth
repairs.

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkk

f. Refer to Section [03 30 00.00 10 CAST-I N PLACE CONCRETE] [03 31 01.00 10
CAST- | N PLACE STRUCTURAL CONCRETE FOR CIVIL WORKS] [03 30 53
M SCELLANEQOUS CAST- | N- PLACE CONCRETE] [ 03 37 13 SHOTCRETE] [ ] for
details on submittals involving conventional concrete.

2.6 POLYMERS

NOTE: For nore information on polyners and their
use in repair, refer to ACl 503, 546, 548, RAP
(Repair Application Procedures) docunents and |ICR
320.2R.

When sel ecting polynmers for repairs, select the

mat eri al based on the desired properties. Sone

pol ymers |i ke epoxies are well defined and
standar di zed whi ch makes speci fyi ng them nuch
easier. Oher materials like urethanes are not wel
standardi zed for usage in construction. These should
only be specified after reviewing i nformation

obtai ned fromthe nmaterial manufacturer and
conparing that to the desired properties needed for
the repair.

Sone of the properties to consider when specifying
these naterials are: working tinme of the nmateri al
curing tines and requirenments, viscosity and the
ability to penetrate cracks, resistance to
tenperature changes, sensitivity to light (UV rays)
and ot her exposures, thickness of naterial required,
strength, flexibility and rigidity, and
conpatibility with other naterials.
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2.

The requirenents for the properties of polyners and aggregates used in
pol ymers must neet the requirements specified in this paragraph as well
as the properties specified in the referenced specifications and the
Contract Documents.

Pol ymers used must be conpatible with other polynmers and materials used
on the project. Unless repair naterials are specified in the contract
docunents, the Contractor is responsible for verifying nmaterial
compatibilities.

kkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkhkhhkkkkrkkkx

NOTE: Material conpatibility is vital in repairs.
Make sure that you specify materials that will work
wel | together and work well with concrete.

6.

1

*% *% *% *% *% *% *% *% *% *% *% *%%

Subnmit product data, manufacturer's Safety Data Sheets, sanpl es, design
data, test reports, certificates, manufacturer's instructions, and
field reports for materials as required by this document as well as the
referenced specifications and the Contract Docunents.

Epoxies
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NOTE: Epoxy nortars and concrete do not have
thermal characteristics conpatible with portland
cenent concrete. This thermal inconpatibility
shoul d be carefully considered before specifying
epoxy nortar or concrete for exterior concrete
surface repairs.

For exanple, when used to repair cracks, limt their
use to cracks ranging from0.002 to 0.25 in. (0.05
to 6 M) wide; a thicker cross section of the epoxy
in a crack exposed to large tenperature variations
can cause internal stresses in the repaired
concrete. Moreover, epoxy should not be used to
repair active cracks (still noving) because cracks
parallel to the original cracks are likely to occur

For nore informati on on epoxies and crack repair
refer to ACO 546R, ACI 546.3R, and ACl 548. 1R

kkkkkkkkkkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhhkkkkkkx

Epoxy nortars and epoxy conpounds nust conformto ASTM C881/ C3881M
[.1[.Type [___]; Cass [____]; Gade | 1.0 1.1

Epoxy nmortars used for repairing defects in hardened portland cenent
concrete nust neet the requirenents of ACI 503. 2-503. 4.

Epoxy used for crack repair nmust neet the requirements of ACI 503.7.
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NOTE: Epoxy is one of the main polynmer materials
used for crack repairs. Crack repair are usually
either for structural purposes (strength related) or
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for sealing cracks (stop water and other materials
from passi ng through). Because of their bond
strength, epoxies are the main materials used for
structural crack repairs. They shoul d however not be
used with active cracks. Refer to ACI 546R and

546. 3R for nore details.

Al so, note that ASTM C881/C881M Type |V, Gade 1 is
good for repairing crack sizes from0.005 to 0.010
in. (0.13 to 0.25 mM). Smaller cracks may not need
repair. For larger cracks, a nore viscous epoxy nay
be appropriate (ACI RAP 1 and ACl 503.7).
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d. Epoxy used to produce a skid-resistant surface on hardened concrete
nmust neet the requirements of ACI 503. 3.

e. Epoxy used for overlays nust neet the requirenents of [ACI 548. 8]
ACl 548. 9].

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: ACI 548.8 covers Epoxy nulti-layer overlays
while ACI 548.9 covers epoxy slurry overlays (for
Bri dge and Parki ng Garage Decks). Refer to those
docunents for nore details.
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f. Epoxy used for bonding freshly nixed concrete and hardened concrete
nmust neet the requirements of ASTM C881/ C881N, Type [II][V], G ade
[2][3], Cass [AI[B][C].
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NOTE:

Type |l adhesives are used in non-|oad-bearing
applications, whereas Type V are for | oad-bearing
uses. Grade 1 materials are |ow viscosity (not to be
used for this application). Gade 2 naterials are
medi um vi scosity. Grade 3 materials have a

non- saggi ng consi stency. Class A materials are used
when tenperatures are bel ow 40°F (4°C), Class B
materials are used when tenperatures are typically
bet ween 40 and 60°F (4 and 16°C), and Cass C
material s are used when tenperatures are above 60°F
(16°C) with upper limts set by the nanufacturer

Refer to ASTM C881/C881M for nore information about
types, grades, and cl asses of epoxies.

Refer to ACI 548.11R for nore informati on about
epoxy used as bondi ng agent.
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g. Epoxy used for bondi ng hardened concrete and steel to hardened concrete
nmust neet the requirenments of ACI 548.12.

2.6.2 Latexes

a. Latex used in polyner nodified portland cenent concrete/nortar nust
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nmeet the requirenments of ASTM Cl1438.

b. Latex used in polynmer nodified portland cenment concrete overlays mnust
neet the requirements of ACI 548. 4.

c. Latex used for bonding freshly m xed concrete and hardened concrete
nmust neet the requirenments of ASTM C1059/ C1059V, Type I

kkkkkkkkkkkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhkhhkkkkkkkkkkkkkhhkkkkkkkkkkkkhkkkk

NOTE: Refer to ASTM Cl1059 for nore information
about |atex used as bonding agent. Al so, refer to
ACl 548.12 for information about use and application
of this material

kkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkkkkkkkkkkkkhhkhhkkkkkkkkkkkkhkhkhkkkkkkkkkkkhkkkk

2.6.3 Methacrylates

NOTE: Per ACI 546R, nethacryl ates have high
adhesi ve strength and can bond cracks as a
structural repair. Methacryl ates can therefore be
used to restore strength (like epoxies) to a
structural as well as for sealing cracks.

*% *% *% *% *% *% *% *% *% *% *% *% *%

a. Methyl nmethacrylate slurry (MVS) used for overlays rmust neet the
requi renents of ACI 548.10.

b. High nol ecul ar wei ght nethacrylate (HWW) nust be a 2-conponent, rapid
curing, and solvent-free system

c. HWMW nononers must be a high nol ecul ar weight or substituted
nmet hacryl ate that conforns the follow ng properties:

Physi cal Properties of HWAW Monomer

Property Test Met hod Criteria
Vapor Pressure Flash ASTM D323 Less than 133 Pa at 25 degrees C
Poi nt Density ASTM D93 Greater than 93 degrees C
Greater than 1.0 g per cubic cmat 25
degrees C

Less than 0.02 psi at 77 degrees F
Greater than 200 degrees F
Greater than 8.4 Ibs. per gal. at 77

degrees F
Viscosity ASTM D4016 0.012 + 0.004 Pas at 23 degrees C
I ndex of Refraction ASTM D542 1470 + 0.002
Boiling point @ 133 ASTM D1078 70 degrees C
Pa 0.02 psi Less than 11 percent
Shri nkage on cure 12 + 4 cps at 73 degrees F

1.470 + 0.002
158 degrees F
Less than 11 percent
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2.

6.4

Physi cal

Properties of HWW Monomer

G ass Transition ASTM D3418 57.2 degrees C

Tenper ature (DSC) 158 degrees F

Curing Tinme ASTM D3418 Greater than 40 minutes at 25
(100 g nass) degrees C, with 4 percent cuenene

hydroperoxide

Greater than 40 mnutes at 73 degrees
F, with 4 percent cuenene

hydroperoxide

Bond Strength

ASTM C882/ C882M

Greater than 10.3 nPa
Greater than 1,500 psi

The initiator/pronoter system for
surface cure tine of not

initiator/pronoter system nust

The initiator/pronoter system for

HWAWM nmust
| ess than 40 m nutes nor
the surface tenperature of the concrete during application
be such that the ge
adjusted to conpensate for changes in tenperature that
t hroughout the treatnment application

HWW nust

be capabl e of providing a
nore than 3 hours at
The
time may be
may occur

neet the following criteria:

Initiator Cuenene Hydroperoxide

78 percent

Pronot er Cobalt Napthenate

6 percent

[ & her Pol ymers]

*%

NOTE:
be used for concrete repair.
can vary a |ot
defined or

There are many types of polyners that could
Sone of them however
in properties and are not well
standardi zed in the construction

i ndustry. These materials should only be used after

understanding their
and 546. 3R for

Note that not all
and thus are usage specific.

will not restore structura

nmet hacryl at es do.

properties.
nore i nformation.

pol ymers have sinilar
For exanpl e,
pol yur et hane grout could be used to seal

Refer to ACI 546R

properties
while a

cracks, it

strength |i ke epoxies or

The pol yur et hane however coul d be

a better choice than an epoxy if a crack is active

and the only reason for
seal

using the pol yurethane is to
cracks and stop water from goi ng through

*% *% *% *%

*%

The use of [urethanes][silicones][acrylics][

*% *%

is permtted.

*kkkkkhkkk

NOTE:
epoxi es,
used on your

kkkkkkkkkkkkkkkkkkkkkkhkhkhkhkkkkkkkkkkkkhkhk

| at exes,
proj ect.

*

*kkkkkkkkkk

Choose the types of polyners (other than
and net hacryl ates) that can be
You could also add to this the

| ocations where those naterials could be used and
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where they should not.
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Submit [product data], [sanples], [design data], [test reports],
[certificates], [manufacturer's instructions] for acceptance by the
Contracting Oficer.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkik

NOTE: Based on the materials being specified,
specify the submttals required by the Contractor

*% *% *% *% *% *% *% *% *% *% *% *% *%%

2.6.5 Aggregate

a. Unless otherw se specified or reconmended by the polymer material
manuf acturer, aggregate used with polyners nmust nmeet ASTM C33/ C33NV
requirements.

b. Aggregate properties and proportions used with polynmers nmust neet the
requi renents of the polynmer material manufacturer, the requirenments of
the referenced pol yner standard, and the Contract Documnents.

c. Aggregate used with polyners nust be dry and free of dirt, asphalt, and
other organic materials. Aggregate noisture content nust be |less than
[0.2][1]] ] percent by weight.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

NOTE: |If a specific noisture content for aggregate
is required, add this requirenent in c. AC 548.1R
recomends a noisture content of |ess than 1 percent
for use with polyners. Note that some referenced
standards do have linmits specified.
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d. For patch repairs, the maxi munsized aggregate nust not be greater than
one third the depth of the patch area

2.7 M SCELLANEQUS MATERI ALS AND EQUI PMENT

2.7.1 Packaged and proprietary materials

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Material properties and durability
requirenents for this material should be included in
the Contract Docunents. Specify subnittals required
for those material s.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The required properties for the materials listed in this paragraph mnust
meet the properties specified in the Contract Docunments. Submit [ Product
data], [sanples,] [design data,] [test reports,] [certificates,]

[ manuf acturer's instructions], [and field reports] as required by the
Contracting O ficer and the Contract Docunents.

a. Packaged, rapid hardening concrete repair nmaterials nust conformto
ASTM C928/ C928N

b. Packaged, nortar and concrete nust conform ASTM C387/ C387N
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c. Rapid hardening cenent nust conformto ASTM C1600/ C1600N

Water used with packaged and proprietary materials must neet

ASTM C1602/ C1602N requi renments. Aggregates nust neet the repair material
manuf acturer's requirenents if available and ASTM C33/C33N if such
requirenents are not specified.

2.7.2 Bond Breakers

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Bond breakers are used as separator |ayers
bet ween exi sting concrete and overlays in unbonded
overlay construction. The performance of unbonded
resurfacing of concrete pavenents depends | argely
upon obtaining effective separati on between the two
pavenents. Because unbonded resurfacing is generally
for concrete pavenents in a nore advanced state of
deterioration, distresses in the underlying pavenent
can reflect through the resurfaci ng and conpronise
its performance if not addressed. To minimze the
effect of the distresses in the underlying pavenent
on the performance of the unbonded resurfacing, a
separator layer is placed so that the two pavenents
act independently of each other. It may be | ess
expensi ve and enhance longevity to sinmply fill | ow
spots with concrete in the resurfacing process. A
wi de variety of nmaterials have been used as
separator |layers, including polyethylene sheeting,
wax-based curing conpounds, liquid asphalts, and
hot-m x asphalt materials. The nbst comon
successful used separator layer is 1 in. (2.5 cm of
asphalt. Less than 1 in. (2.5 cn) thick asphaltic
separator layers, such as slurry seals, have worked
well in sone cases, but are generally not
recomended because they do not elim nate nmechanica
interlock, they erode near the joints, and they do
not effectively separate the two | ayers.

Pol yet hyl ene sheeting and curing conpounds are al so
not recomrended. They do not prevent working cracks
fromreflecting through the resurfacing and they
trap nmoisture in the concrete, which may accelerate
freeze-thaw danage. Typically, a fine-graded asphalt
surface m xture has been used for the separator

| ayer. On nost pavenents, a nominal 1 in. (2.5 cn
thick layer provides adequate coverage over
irregularities in the existing pavenent. The

t hi ckness could be slightly increased when
irregularities are |large enough to inpact placenent
operations. The separator |ayer does not provide
significant structural enhancenent; therefore, the
pl acenent of an excessively thick [ayer should be
avoided.

For nore information on overlays, refer to AC
325.13.
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a. Bond breaker materials must meet the requirenments of [ASTM D2822/ D2822M
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], [ASTM D4869/ D4869N], [ ASTM D226/ D226, Type |], ASTM D2103, and must
have a m ni mum thi ckness of [0.25 nm 0.010 in.J[___ ], [AASHTO M 288,
Erosion Control, Cass B], [ASTM D450/ D450V, Type 11].

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: ASTM D2822/ D2822M is an asphalt roofing
cenent, ASTM D226/ D226M and ASTM D4869/ D4869M ar e
asphalt saturated organic felt. ASTM D2103 is

pol yet hyl ene sheet. AASHTO M 288 is geotextile.
ASTM D450/ D450M i s a bitum nous coati ng.

Note that the choice of naterial and thickness
shoul d have been accounted for in the design of the
overlay.
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b. Bond breaker materials used nmust not have detrinental effects on
portland cenent concrete and reinforcenent.

2.7.3 Structural stee

Structural steel used for repairs must neet the requirements of 05 12 00
STRUCTURAL STEEL.

2.7. 4 Concrete Accessories

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

NOTE: Any accessories specified in other sections
(used for new construction) and not listed in this
section should be referenced in this paragraph

*% *% *% *% *% *% *% *% *% *% *% *% *%%

All concrete accessories not included in this docunent nust neet the

requi renents specified in Section 03 15 00.00 10 CONCRETE ACCESSORI ES [and [
03 30 00.00 10 CAST-I N-PLACE CONCRETE] [03 31 01.00 10 CAST-I N- PLACE
STRUCTURAL CONCRETE FOR ClIVIL WORKS] [03 30 53 M SCELLANEQUS CAST- | N- PLACE
CONCRETE]].

2.7.5 M scel | aneous Equi prent
a. Equi pnent designed specifically for the application of repair materials
nmust be used as required by the repair nmaterial manufacturer and the
referenced specification

b. Equipnment not listed in this specification but referenced or used for
repairs must be clean and in good operating condition

c. Al supplies and equi pnent nust be available in sufficient quantities
to allow continuity in the installation project and quality assurance.

2.8 M XTURE PROPORTI ONI NG
a. Portland cenment-based concrete m xtures nust be in accordance with the
requi renents of Section [03 30 00.00 10 CAST-I N PLACE CONCRETE] |
03 31 01.00 10 CAST-I N-PLACE STRUCTURAL CONCRETE FOR CI VI L WORKS]
[ Section 03 30 53 M SCELLANEQUS CAST- | N- PLACE CONCRETE][03 37 13
SHOTCRETE].

b. Polymer concrete/nortar/resin/nonomer proportioning, handling, and
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m Xi ng procedures as well as equi pment used for mxing these materials
must conformto the requirenments of the referenced materi al
specifications and the repair material manufacturer's directions.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Polyners have different requirenents for
proportioning and nixing. This information is

usual Iy provided by the material manufacturer or in
the referenced specification

For exanple, for epoxies used for crack repairs, the
ACl standard requires the follow ng: "Use equi pnent
for the two conponents of the injection adhesive
that can establish and maintain a ratio of the
conponents within the tol erance specified by the
manuf acturer of the injection adhesive over the full
range of operating pressures and tenperatures. If

t he manufacturer of the adhesive does not specify a
tolerance for the mixture ratio, naintain a mxture
ratio within £3 percent of the nominal mxture ratio
speci fied by the manufacturer of the adhesive."
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c. Polyner-nodified portland cement concrete proportioning, handling, and
m Xi ng procedures as well as equi pment used for mxing these materials
nmust conformto the requirenments provided by the repair nmateri al
manuf acturer as well as ACI 548.4 when such nmaterials are used for
overlays.

c. Proportioning and m xing materials not specified above nust follow the
requi renents provided by the repair material nmanufacturer

PART 3 EXECUTI ON

3.

3.

1 GENERAL REQUI REMENTS
1.1 Examination

Locate area of unsound concrete or del ami nation using hanmer soundi ng or
chain drag sound nmethods in accordance to ASTM D4580/ D4580N. Denote and
mar k perineter boundaries and notify the Contracting Officer to approve the
unsound concrete | ayout boundari es.

.1.2 Protection

Protect pedestrians, notorized traffic, mechanical, electrical, and

pl unbi ng equi prent, surroundi ng construction, project site, |andscaping,
and surroundi ng buil dings fromdamage or injury resulting fromconcrete
rehabilitation work

a. Construct dust and debris barriers surrounding repair work perinmeter to
control dust and to protect and control construction traffic.

b. Dispose of runoff fromwet denolition or surface preparati on operations
in accordance with all |ocal ordinances. Disposal nethods nust avoid
soi | erosion, avoid underm ning pavenents and foundations, danage to
| andscapi ng and vegetation, and mininize water penetration through
ot her parts of buildings.
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c. Collect and neutralize al kaline wastes and acid wastes and di spose in
accordance with local, state, and federal regul ations.

d. Conply with |l ocal noise ordinances during denolition operations.

e. Performdenolition work and surface preparation work in a manner that
m ni m zes di sturbances of operations. Coordinate work with the
Contracting Oficer.

f. Submit a proposed protection plan for approval by owner representative
and Li censed Design Professional

. 1.3 For mmor k and Shori ng

Execution of formwrk and shoring nust neet the requirenents specified in
Section [03 30 00.00 10 CAST-I N-PLACE CONCRETE] [03 31 01.00 10
CAST- | N- PLACE STRUCTURAL CONCRETE FOR ClVIL WORKS] [03 30 53 M SCELLANEQUS
CAST- | N- PLACE CONCRETE] [03 11 13.00 10 STRUCTURAL CAST-I| N- PLACE CONCRETE

FORMING] .
.1.3.1 Formwork

a. Construct forns to sizes, shapes, lines, and di nensions to match
exi sting adjacent surfaces and textures. Provide forns that match
openi ngs, offsets, chanfers, anchorages, inserts and other features as
descri bed on Contract Docunents. Construct forns to accommodate
installation of products by other trades. Provide fornms for easy
renpoval to minimze damage to concrete surfaces and adjacent surfaces.
Apply formrel ease coating over formwrk surfaces prior to each
concrete placenent. Formrel ease agents nust not be applied to or cone
in contact with the repair area concrete substrate or reinforcenent.

b. Do not damage repair material during removal of formaork for colums,
wal | s, sides of beans, and other parts not supporting weight of
concrete or repair material. Perform needed repair and treatnent
required on vertical surfaces at once and follow inediately with
specified curing. Renove all formwrk anchors enbedded in existing
concrete. Fill anchor holes and repair all damage to existing concrete
at anchor hol es.

.1.3.2 Shoring

a. Provide shoring in accordance with the shoring drawi ngs prior to
perform ng work to brace the substrate structure tenporarily while
repair work is proceedi ng. Shoring rmust be designed, docunented, and
stanped by a Licensed Design Professional. Shoring designs nmust be
submitted to and approved by the Contracting O ficer prior to work
commencing.

b. Leave formmrk and shoring in place to support existing | oads,
construction | oads and weight of repair material in beans, slabs, and
other structural menbers until in-place strength of repair nmaterial
determi ned in accordance with the Contract Docunents. For
post -t ensi oned construction, |eave formwork and shoring in place until
stressing is conplete. Wen shores and other supports are arranged to
all ow removal of formfacing material without allow ng structural slab
or menber to deflect, formfacing material and its horizonta
supporting nenbers nay be renoved at an earlier age.
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3.

NOTE: Formaork and shoring requirenments for repairs
are like requirements for new construction

Requi rements unique to repair are provided here. The
need for shoring is determ ned during the design
phase. Construction | oads and sequence of
construction nmust be conmunicated in the Contract
Documents.

1

4
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Concrete preparation

Remove concrete as needed per the renmoval requirements of this section
Limts on renoval equipnment are specified in the paragraph titled
EQUI PMENT FOR CONCRETE PREPARATI ON

Rermove foreign material, such as dirt, oil, grease, or other chemicals,
fromthe cracks before injection using conpressed air, |ow pressure
wat er, or vacuum ng. Allow wet surfaces to dry at |east 24 hours.

| mredi ately before placing the repair material or installing formwork,
make the repair area available for inspection by the Contracting

O ficer. Obtain acceptance by the Contracting O ficer of surface
preparation before proceeding with Work. If the Wrk is rejected,
perform addi ti onal operations to the satisfaction of Contracting
Officer.

[Performtensile pull-off tests in accordance with ASTM C1583/ C1583N
and gui dance at [location]. Pull-off strength nust neet or exceed [250
psi 1.7 MPa][___]. [Test a mninumof 3 specinens at |ocations no
greater than 420 square nmeters 500 square yards of prepared surface.]]
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NOTE: |f the adequacy of the prepared substrate is
required, add the tensile pull-off test. Additiona
gui dance is provided in ICRI 210.3R The surface
profile is determ ned by the designer for the
repair. This may vary for the different repair

net hods and for the same repair nmethod within same
project. ICR 310.2R and ACI 546R provi de gui dance
on selecting surface profiles for various repairs.
The profile is often stated in the Contract
Docunents along with the repair nethod, repair
material, extent of repair, and sequence of Wrk.

*

e.

*

*
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[ The prepared surface nust have a concrete surface profile equival ent
to CSP | ] as defined by ICRl 310.2R].

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: If a specified Concrete Surface Profiles

(CSP) is desired, specify surface profiles based on
ICRI 310-2R. CSP 1:acid-etched ; CSP 2:grinding

CSP 3:1ight shotblast ; CSP 4:light scarification ;
CSP 5: nedi um shot bl ast ; CSP 6: medi um scarification ;
CSP 7: heavy abrasive blast ; CSP 8:scabbled ; CSP

9: heavy scarification—+otomlled ; CSP 10: handhel d
concrete breaker followed by abrasive bl asting.

Refer to ICRI 310-2R for nore details on surface
profiles.
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3.1.5 Quality Control
3.1.5.1 Quality control of surface preparation

Eval uati on of prepared substrate nust be continuously nonitored to assure
that the prepared substrate surface nmeets project requirenents.

3.1.5.2 Quality control of repair overlays

Al'l conponents of overlay PPCC materials nust be certified by the materia
manuf act urer or aggregate supplier to neet all project testing
requirenents. During the PPCC overlay, take mi xed sanmples and check that
the materials are mxed properly. Confirmthat the right PC overlay

t hi ckness was applied by recording the volunme of PC overlay materials and
the substrate surface area covered by the overl ay.

3.1.6 Curing

a. For portland cement concrete Work, follow the requirenments indicated in
[03 30 00 CAST-I N PLACE CONCRETE] [ ].

b. For polynmer concrete/mortar Work, follow [manufacturer's requirenents
for curing]| ]
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NOTE: Polyners have curing requirenents different
than portland cenent concrete. Follow nmanufacturer's
requirenent in addition to ACl specifications for
that specific polynmer if available. Refer to AC

548 docunents for additional information or
referenced specification

*% *% *% *% *% *% *% *% *% *% *% *% *%%

c. For polyner nodified portland cenent concrete Work foll ow
[ mnufacturer's requirenents for curing][ ].
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NOTE: ACl 548.4 covers |atex-nmodified concrete
overlays. Refer to ACl 548.4 and the manufacturer's
requirenents if using latex nodified concrete for
overlays.
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3.1.7 Cl ean up

a. Cean and renove all spills and | eaks of injection adhesive and stains
caused by the injection adhesives.

b. Dispose wastewater used for cutting and cleaning w thout staining or
damagi ng the existing surfaces of the structure or the environnent of
the project area. The nethod of disposal nust neet all the requirenents
of Section 01 57 19 TEMPORARY ENVI RONMENTAL CONTROLS

3.1.8 Safety

a. Provide Material Safety Data Sheets (MSDS) for products on site
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revi ewi ng them before work begins.

b. Provide safety guards, maintenance, and warnings for all machinery and
equipment.

c. Have personal protection equipnent practice in place - eye protection
and face guards.

d. Have all workers in contact with wet cenentitious naterial wear
protective gl oves and cl ot hi ng.

e. Provide eyewash facilities on-site with | ocation signage.

f. Provide dust masks for workers operating m xers.

g. Have confined space procedures in place including adequate ventilation
in closed spaces before operating equi pnent or using products that emt
potentially dangerous or toxic exhaust, fumes, or dust.

h. Provide secured storage available for all hazardous or flanmable
materials.

i. Conduct safety neetings prior to beginning repair operations.

3.2 CRACK REPAIR
3.2.1 Preparation
3.2.1.1 General Requirenents

a. Cean all cracks in accordance with the paragraph titled Concrete
Preparation.

b. Do not repair cracks when the tenperature of the concrete is bel ow
freezing and noisture conditions indicate the possibility of ice on the
internal surfaces of the crack

c. Do not apply adhesive if the tenperature of the concrete is not within
the range of application tenperatures reconmended by the nmanufacturer
of the adhesive.

3.2.1.2 Crack routing
I nspect surfaces adjacent to crack to receive repair material. If

deteriorated, route a V-groove section at the crack face until sound
concrete is reached.

3.2.1.3 Sealing

a.

For epoxy injection, apply a surface seal over all exterior faces of
the crack that can be reached to contain the injection adhesive in the
crack.

For gravity fill repairs, apply a surface seal along the bottom surface

of the element that can be reached to contain the repair material in
t he crack.
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3. 2.

2

Application

3.2.2.1 Epoxy i njection

a.

Install the injection entry and venting ports using flush nounted or
drilled fittings per proprietary nmanufacturer's instructions.

Space the ports at [a distance equal to the thickness of the menber] |
200 M 8 in.].

Inject the epoxy using material nanufacturer's reconmended equi pnent.
Apply recommended manufacturer's injection pressure.

For vertical or inclined cracks, apply injection by punping epoxy into
entry ports at the [owest elevation, cap, and nove upward.

For horizontal cracks, apply injection by proceeding fromone end of
the crack to the other until the crack is fully seal ed.

[After 10 min., repeat injection procedure until all ports refuse
injection.]

[ Remobve ports and renove the surface seal by [heat,] chipping, or
grinding or other acceptable neans after the injected epoxy has cured.]
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NOTE: Epoxy injection is a structural repair of the
concrete. Epoxy resin is a thernosetting pol yner
that cures when mixed with a catal yzi ng agent or
hardener. Once cured, epoxies have exceptiona
physi cal properties. Epoxies are recognized for
their superior bond strength to concrete, which
typically exceeds the tensile strength of norna
concrete. Epoxies are used to repair cracks that
typically range fromO0.002 to 0.25 in. (0.05 to 6
nm) wi de. Epoxy resin should only be used in
nonnmovi ng or dormant cracks. Reference ACI RAP-1
I CRI 210. 1R, and ACI 503.7.
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.2 Gavity fill

M x resin or nononer per material manufacturer's instructions.
Pre-fill cracks at least 3 mmO0.125 in. wide wth aggregate.

Pour resin or nononer onto the surface, over the cracks and spread with
broons, rollers, or squeegees.

Wrk material back and forth over the cracks to maximze fill in crack.
Al'low at | east [20 m nutes]| ] for material to penetrate cracks.
Renove excess material once cracks have been filled to refusal

[Broadcast [0.5 to 1.0 kg per square nmeter 1 to 2 | bs per square yard
11 ] of sand.]
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3.

h

Al'low material to cure per nmaterial manufacturer's recomendati ons.

[ Remove seal ant and grind snooth. ]

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The primary objective of this repair is to
fill the crack and structurally bond the concrete on
both sides of the crack. This repair is to sea
cracks that are not noving. By penetrating and
filling the cracks, the resin can forma pol yner
plug that seals the crack, keeping out water,

chl ori des, carbon dioxide, sulfates, and other
aggressive liquids and gases. This repair can only
be applied to horizontal concrete elenments such as
sl abs. The two nost conmon pol ymer nmaterials used
for gravity feed crack repairs are epoxi es and high
nol ecul ar wei ght methacrylates (HWW) ; nore
information on material selection is given in
PRODUCTS. Use sand if a skid-resistant surface is
desired or grind for a snmooth surface. Reference AC
RAP-2, ACI RAP-13, and ACl 546R
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2.3 Quality Control

a. [Conduct quality [and control] tests for metering accuracy and m xing
ef fecti veness of the continuous mixing punp in accordance with AClI 503.7.]

b. Qualify the test injection procedures in accordance with ACl 503.7.

2.4 Acceptance Criteria

2.4.1 Core Sanpling

a. Obtain core sanples in accordance with ASTM C42/ C42N

b. Alow 24 hours after injection before coring.

c. Obtain cores in a manner that includes as nuch of the bond line of the
repai red concrete as possible. Replace cores that do not intersect the
crack for at least 75 percent of the length of the core.

d. Ootain three dianmeter core fromfirst 30 m100 ft. and one core for each

30 m 100 ft. thereafter

e. |If cores would sever reinforcing steel or other enbedded itens, do not
core, and notify the Contracting Oficer so that an alternative
| ocati on can be chosen

f. Obtain cores at least 50 mMm 2 in. in dianmeter for visual inspections
and at least 100 mMmm 4 in. in diameter for the splitting tensile test.
Performa splitting tensile test on one core fromthe first 30 m 100
ft. and one core for each 75 m 250 ft. thereafter

g. Fill core holes with [non-shrink grout]] ].

NOTE: |In sonme cases, a 50 mm (2 in.) dianmeter cores

may not be w de enough to intersect cracks that may
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not be perpendicular to the surface where the core
is drilled.

*
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3.2.4.2 Core Testing

a.

Test a portion of the core sanples for the splitting tensile strength
in accordance with ASTM C496/ C496N

Allow 72 hours after injection before beginning splitting tensile tests
Prepare core sanple per ASTM C42/ C42N

Align the core so that the crack is in a plane as close to vertical as
possible.
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NOTE: Testing for the splitting tensile strength is
only necessary for structural repairs, where
returning the concrete to its original strength is
requi red by the project.

*
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3.2.4.3 Acceptance

3.

3.

Wrk is acceptable if at |east 90 percent of the depth of the crack in each
core is filled with adhesive [and a or b is nmet][__ ].

a.

.3

3.

3.

1

1

[The splitting tensile strength of the core is at |east 90 percent of
the splitting tensile strength of a core taken from an uncracked area
within 300 nm 12 in. of the repaired crack.]

[Asplitting tensile test of the core indicates that no nore than 10
percent of the bonded area of the crack in each core exhibits conbi ned
areas of separation of the adhesive fromthe concrete or cohesive
failure within the adhesive.]

CORROS|I ON AND SURFACE REPAI R
Preparation
1 Identification of Extent of Concrete Renpval

Configure geonetry of renoval area to naxim ze the use of right-angle
geonetry, avoiding reentrant corners, and to obtain uniformty of
depth. Deternine the depth, location, and size of reinforcing bars
prior to renoval of concrete.

[ Performvisual inspection and hamrer tapping, chain drag sounding, or
ot her methods acceptable by the Contracting Officer to identify
cracked, del am nated, spalled, disintegrated, and ot herw se unsound
concrete for renoval. Mark boundaries of repair area before concrete
removal .] [ ]

NOTE: The nethods |isted above are the basic

nmet hods conmmonly used to detect del ami nation. For
nore specialized nmethods refer to ACI 228. 2R and add
t he desired net hods above.

kkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhhkkkkkkkkkkkkhkhhkhkkkkkxkx
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I nspect the marked boundaries with the Contracting Officer prior to
conmmrencing with the concrete renoval. Revise the repair area boundaries
as instructed by the Contracting O ficer.

.2 Shoring and For mnor k

Provi de shoring and formwrk per the paragraph titled Formwrk and
Shoring.

For post-tensioned concrete, detension strands and wires as required by
Contract Docunents prior to repair.

.3 Concrete Renoval

Renmove concrete fromrepair areas to indicated depth and profile.
Notify Contracting Officer if additional delam nated, fractured, or
unsound concrete is present.

Do not danmmge enbedded reinforcing and adj acent concrete. The renoval
nmet hods nust produce mini mal microcracking (bruising) of the prepared
substrate surfaces. Avoid directly striking reinforcing steel with

i mpact tools used for concrete renoval.

Provi de perpendi cul ar edges at perinmeter of repair area. The perineter
of the repair areas nust be saw cut to a depth of 0.50 to 0.75 in. 15

to 20 nm [For vertical or overhead surfaces, provide 45-degree sl ope

at repair boundaries to facilitate air and rebound escape.] Do not cut
or damage enbedded reinforcement or other enbedded itens. If enbedded

reinforcing steel or other enbedded itens are too close to the surface
to provide the perpendicul ar edge cut, notify the Contracting Oficer

for direction before proceeding.

Ext end concrete renoval along the corroded reinforcing steel to a point
where there is no further del am nation, concrete cracking, or
reinforcing steel corrosion, and where the reinforcenent is bonded to

t he surroundi ng concrete.

Remove concrete around the exposed |ayer of reinforcement to a uniform
depth beyond within the repair areas to provide a mni mum cl earance

bet ween exposed reinforcing steel and surrounding concrete of [0.75 in.
20 mi | ], or at least 0.25 in. 5 nmlarger than the naxi mum

nom nal size of the coarse aggregate in the repair material

[Do not renove concrete behind vertical reinforcing bars in colums.]

kkkkkkkkkkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhhkkkkkkx

NOTE: Indicate conditions where it is allowable to
renove concrete behind vertical reinforcing in
colums such as for lightly | oaded or non-structura
colums or if other methods such as phased repairs

or supplenental restraint of bars to prevent

buckling are incorporated to facilitate such renoval .

. 3.

1

*% *% *% *% *% *% *% *% *% *% *%%

4 Preparation of Concrete Substrate Surface
Confirm perpendi cul ar edges at repair area perinmeter, and reinstate if

damaged by concrete renoval process. Renove | oosely bonded concrete,
brui sed or fractured concrete, and bond-inhibiting materials such as
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. 3.

2.

dirt, concrete slurry, or any other detrinental materials fromthe
concrete substrate using approved met hods. \Where concrete has been
renoved by inpact nethods, abrasive blasting nust be used to prepare
the surface and renove brui sed concrete.

Provi de substrate surface profiles as specified in the Contract
Documents.

Vi sual ly inspect and sound substrate surface to confirmthat no further
del am nati ons or otherw se unsound concrete renmains. |f encountered,
notify the Contracting Oficer.

Cl ean the substrate per the paragraph titled Concrete preparation.

Application

.1 [ Exi sting Reinforcenent Preparation]

Cl ean existing reinforcement that will remain. Renpbve corrosion and/or
other laitance and notify the Contracting Officer if section loss is
greater than [20% | ].

[ Repl ace coating on reinforcenment per [ASTM A780/ A780N][ ASTM A775/ A775M
I ASTM A934/ A934M] [ ]. Exposed areas nust not exceed 2 percent of
surface area in each linear foot of each bar.]

[Permit evaluation of existing reinforcement and pl acenment of new
rei nforcement by the Contracting Oficer.]

2 [ Pl acenent of New Rei nforcenent]

Pl acenent of new rei nforcenment

a.

Pl acenent of new reinforcement to replace or strengthen existing
reinforcement is |like new construction. Placenent, splicing, and
handl i ng of new reinforcenment nmust neet the requirements specified in
Section [03 30 00.00 10 CAST-I N PLACE CONCRETE] [03 31 01.00 10
CAST- | N PLACE STRUCTURAL CONCRETE FOR ClVIL WORKS] [03 30 53

M SCELLANEQOUS CAST- | N- PLACE CONCRETE] [03 20 00.00 10 CONCRETE
REINFORCING] |

Rei nf orcenent nust be free of materials deleterious to bond. New
reinforcement with rust, mll scale, or a conbination of both will be
consi dered sati sfactory, provided mini num nom nal di nmensi ons, nom nal
wei ght, and mi ni num average hei ght of deformations of a

hand-wi re- brushed test specinen are not |ess than applicable ASTM
speci fication requirenents.

.3 Pl acenent of Concrete

[If portland cenent concrete is used as the repair naterial, followthe
requi renents indicated in [03 30 00 CAST-I N PLACE CONCRETE] [ ] as
wel | the Contract Docunent for proportioning, mxing, and placing
concrete. For all other materials, follow material manufacturer's
recommendations.] |
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NOTE: The sane requirenents that apply to concrete
in new construction also apply to concrete being
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used as repair material. For other materials, such
as polyner-nodi fied concrete or polymner concrete,
fol |l ow manuf act urer reconmendati ons.
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[ For vertical and overhead applications of portland cenent concrete,
use shotcrete. Follow the requirenments indicated in [03 37 13
SHOTCRETE] 11
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NOTE: |In sone cases, such as vertical and overhead
applications using shotcrete mght be the best way
of placing concrete. Include this provision (as
presented here or nodified) if shotcrete is required
to be used on the project.
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[ A bondi ng agent [nust be used][nust not be used]| 1.1
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NOTE: Choose whether or not a bondi ng agent shoul d
be used to bond existing concrete to the repair
material . See PRODUCTS for discussion on use of
bondi ng agents.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[Apply [corrosion inhibitors][sacrificial anodes]| ] as designated
by the Contract Docunents.]

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Specify if any corrosion inhibitors,
sacrificial anodes, or other material should be
installed prior to placenment of concrete or repair
material.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

[Bristle brooma thin coat of the repair material into the saturated

surface dry substrate filling roughened surface pores before placing
the repair material in the repair area. Do not allow thin coat to dry
before placing repair material.][ ]

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: This requirenment only applies when bondi ng
agents are not used
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[ Consolidate the repair material after placenent with a vibrating
screed or internal vibrator.]] ]
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NOTE: Specify if any alternative nethod of
consol i dation should be used.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Finish the surface to match surface finish and texture requirenents
indicated in the Contract Document. [Screed, float and trowel the
repair material or broomthe surface for non-slip texture. Follow the
requi renents of 03 30 00 CAST-| N PLACE CONCRETE] [ For shotcrete, apply
finishing techniques and requirenents indicated in 03 37 13

SECTION 03 01 00 Page 39



SHOTCRETE]| .
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NOTE: Add requirements related to finishing
concrete if needed.

*% *% *% *% *% *% *% *% *% *% *% *%%

3.3.2.4 Pl acenent of Other Repair Mterials

a.

Equilibrate repair material (s) and substrate to the tenperature,
cl eanl i ness of substrate and reinforcenent, and noisture requirenents
of the repair material manufacturer's requirenments.

Conply with the repair material manufacturer's requirenents for
bat chi ng, m xing, placing and curing repair naterials.

Revi ew consi stency of the m xed repair material (s) relative to the
paranmeters docunented in the repair naterial nmanufacturer product data
sheet. If non-conforning, adjust consistency in conpliance with the
repair material manufacturer's requirenents.

Apply or install repair nmaterial (s) within the application tinme frame
(pot life) requirenents of the repair material nanufacturer's

requi renents, and place and consolidate to provide well-conpacted
repair.

Fini sh and tool repair materials, finished in accordance with the
repair material manufacturer's witten instructions and as indicated in
Contract Documents.

Protect installed repair material (s) from damage, exposure to

envi ronnental conditions that are detrinental to the uncured or cured
properties of the material. Cure in accordance with the requirenments of
the repair material manufacturer's requirenents.

Quality Control

Protect concrete surfaces, beyond linits of surfaces receiving bonding
agent adhesive, against spillage. Inmediately renmove any bondi ng agent
adhesi ve that has spilled beyond desired area. Performcleanup with
mat eri al desi gnated by bondi ng agent adhesive manufacturer. Avoid
contam nation of work area

[ The bond strength between the existing concrete and the repair
material must be a mininumof [1.7 MPa 250 psi]J[___ ] per [

ASTM C1583/ C1583M [ ]. [Test a mininmumof 3 specinens at |ocations
no greater than 420 square neters 500 square yards of prepared

surface.]]
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NOTE: Bond tests are usually perforned to eval uate
bond strength between the existing concrete and the
repair material. 250 psi (1.8 MPa) is a value
obtained fromACl 548.10. Alternatively, the
soundness of the repair can be eval uated by
hamer - soundi ng or ot her non-destructive mnethods;
hol | ow sounds may represent poor bond to substrate.

The testing frequency is acceptable for large repair
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areas, for snaller repair area specify a requirenent
for testing appropriate for the repair.

3.4 OVERLAYS

*
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NOTE: Prior to specifying a certain type of
overlay, the existing concrete slab nust be
evaluated. It is also inportant to understand what
the different types of overlays are and when each
shoul d be used. If you would like to learn nore
about overlays (sonetines also referred to as
"toppings"), refer to ACl 224R, ACI 302.1R, AdC
360R, ACI 325.13R, and ACI 546R For information
about pol ymer concrete overlays refer to ACI 548
documents.

3.4.1 Preparation

*% *%

*% *% *% *% *% *% *% *% *% *% *%%

NOTE: COverlays nust be properly designed and
constructed for their application. Overlays are
typically bonded or unbonded. If the surface is not
properly designed or prepared, it can result in a
partially bonded overlay. Partially bonded overl ays
can exhi bit unantici pated random cracki ng and hi gher
t han expected curling/warping due to unpl anned
bonded and unbonded areas. For this reason, it is

i mportant for the Contracting Officer to verify that
a surface was properly prepared before an overlay is
placed.

*% *%

3.4.1.1

*% *% *% *% *% *% *% *% *% *% *%%

[ Bonded Overl ays]

*
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NOTE: Bonded overl ays are generally used to

strengt hen exi sting concrete surfaces or inprove
surface abrasion or inpact resistance. The thickness
of a bonded overlay as well as the type of material
used shoul d be accounted for in the design of the
overlay. Materials used for bonded overlays include
portland cement concrete, polymer nodified concrete,
and pol yner concrete/nortars. In general, surface
preparation requirenents for bonded overlays are the
sane regardl ess of the type of material used for the
overlay. Proper surface preparation is essential for
t he success of bonded overl ays.

*kkkkkkkkk

*
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a. Provide surface preparation as required in this Section

*% *%

*% *% *% *% *% *% *% *% *% *% *%%

NOTE: Choose one or nore nechani cal abrasion method
to prepare the surface of the existing slab
The surface preparation techni que used should not be
so aggressive that it damages the underlying
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paverment. An aggressive preparation technique will
create a weak layer in the existing slab innmediately
bel ow t he bond interface that might cause the
overlay to fail. For additional guidance on surface
preparation, refer to ACl 546R

If the slab being prepared for an overlay is
supported, |oads from equi pnent shoul d have been
consi dered as part of the design; shoring should be
provi ded as needed.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

b. [Repair cracks and patch deteriorated concrete prior to final surface
preparation.]

c. Apply additional preparation requirements specified by the overlay
mat eri al manufact urer

3.4.1.2 [ Unbonded Overl ays]
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NOTE: Unbonded overl ays surface preparation mainly
consists of installing a bond breaker (Separation
Layer) over the existing concrete slab before the
overlay is placed.

Per ACI 224R and ACI 302. 1R, unbonded overl ays are
used where severe cracking is present in the base,
where cracking can | ater devel op, or when

contam nation of the existing slab prevents conplete
bond with the overlay. Unbonded overl ays are not
used to strengthen existing slabs and nust be
sufficiently thick to resist |oads on their own. Per
ACl 302. 1R, unbonded overlays should have a m ni mum
t hi ckness of 3 in. (75 mm for foot-traffic, and a

m ni mum t hi ckness of 4 in. (100 mm if the surface
is to be subjected to vehicular traffic. Because of
t he thickness requirenents, unbonded overlays are
usual Iy portland cement concrete based and include a
type of reinforcenent.
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a. Repair distresses that cause a major loss of structural integrity when
present[.][, including [ 1]
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NOTE: In the blank above add any observed di stress
that needs to be repaired prior to the installation
of the overlay. Unbonded concrete overlays generally
require mnimal pre-overlay repairs; repairs are
only done for severe distresses.

For exanple, shattered slabs are usually repl aced
and full depth repairs are performed for punchouts,
hi gh-severity transverse cracks with ruptured steel
and unstabl e sl abs or pieces of slabs with | arge
defl ections or punping.
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b. Cean the existing slab and renove any | oose material s.
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NOTE: Either a nechanical sweeper or an air bl ower
may be used to clean the slab.
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c. Install the separator |layer as required by the Contract Docunents and
recommended by the material nanufacturer

3.4.2 Application
3.4.2.1 Port| and Cenent Concrete

a. [Apply the specified bonding agent. Follow the requirements of 3.4.2.4.]
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NOTE: Delete the above requirenment if bonding
agents are not to be used on the project.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

b. Follow the requirements of Section [03 30 00 CAST-I N PLACE CONCRETE]

[ ] and the Contract Docunments for installing forms, placing
rei nforcement, placing and consolidating concrete, and finishing
concrete.

NOTE: Application (Mxture, placenent,
consolidation, finishing, etc...) requirenments for
portland cement concrete overlays do not differ from
conventional portland cement concrete. The sane

requi renents that apply for conventional concrete

sl abs, apply to overl ays.

For bonded concrete overlays, if you are using a
bondi ng agent, see the paragraph on bondi ng agents.

For unbonded concrete overlays, reinforcenment, such
as deformed bars, welded wire fabric, bar mats, or
fibers should be placed in the overlay in sufficient
quantities to reduce the width of shrinkage cracks
and to bridge existing cracks in the base slab

Rei nforcenent in unbonded topping slabs is essential
due to increased curling stresses and potenti al
bridgi ng of existing cracks in the base sl ab.
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3.4.2.2 Pol yner - nodi fi ed Portland Cenent Concrete

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: AClI 548.4 covers |atex-nmodified concrete
overlays. Refer to ACl 548.4 and the manufacturer's
requi renents if using |atex nodified concrete.
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For polyner nodified portland cenment concrete overlays follow [ ACI 548. 4
requi renent s] [ manufacturer's requirenents]| ] for placing and finishing
the overl ay.

3.4.2.3 Pol ymer Concrete/ Mortar

*% *% *% *% *% *% *% *% *% *% *% *% *%%
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NOTE: Pl acenent requirenents for polyners depend on
the type of polyner being used. Foll ow

manuf acturer's requirement in addition to ACl
specifications for that specific polyner if

avail able. ACl 548.10 is witten above as an
exanpl e, see other ACl 548 docunents for
specifications that natch the type of overlay
required.

For pol ynmer concrete overl ays,
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ACl 548.8 requirenments][ACl 548.9 requirenents][ ACl 548.10

requirenents]|

] for placing and finishing the overl ay.

3.4.2. 4 [ Bondi ng Agent s]

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: A bonding agent is a material used to inprove
t he bondi ng between the overlay and the underlying
material (concrete). A bonding agent can be used,

but success has been seen without its use.

Use bondi ng agents with caution. Bondi ng agents
should not be allowed to dry too early and forma
skin that can act |ike a bond breaker that reduces
the bond strength rather than increase it.

a.
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Use a [cement slurry][epoxy bonding agent] [l atex bondi ng agent]]|

foll ow [ manufacturer's requirements]]|

R

to i nprove the bondi ng between the overlay and the existing concrete.
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NOTE: Choose the type of bonding agent to inprove
t he bond between the overlay and the existing
concrete.

A cenment slurry is a neat portland cenent or bl end
of portland cenents and fine aggregate filler
approxi mately proporti oned one-to-one by nass.

The rest of the bondi ng agents are pol ynmer - based
materials, see AClI 548 docunents for nore details.

b

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

[Foll ow material manufacturer's instructions for mxing, preparing,
appl yi ng bondi ng agent. Do not exceed the manufacturer’s thickness

recommendations]| ].

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Pol yner based bondi ng agents have their own
application instructions, follow nanufacturers
instruction for those materials.

If a cement slurry is used however, it is suggested
to add the followi ng sentence instead "Apply cement
slurry just prior to overlay placenent with a
stiff-bristled broont

C.

*% *% *% *% *% *% *% *% *% *% *% *%%

and

[Condition materials and the existing concrete surface to a tenperature

consistent with manufacturer’s recomrendations at the tinme of
installation.]
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d. [Do not allow bond agents to dry before placenent of repai

NOTE: The above requirenent applies primarily to
pol yrmer - based bondi ng agents.

*kkkkkkkkk

*kkk
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Quality Control

*% *

*

*% *% *% *% *% *% *% *% *% *% *%%

NOTE: Strength and durability requirenents shoul d
be defined in the general concrete specifications.
For polyner concrete overlays, refer to PRODUCTS
requi renents and the referenced standards.

*% *

*

*% *% *% *% *% *% *% *% *% *% *%%

r material.]

a. [Concrete overlays nust neet all the strength and durability
requi renents of 03 30 00 CAST-1 N PLACE CONCRETE] [ Materi al
st meet the requirenments defined in PRODUCTS.][_ ].

nmu

properties

b. [The bond strength between the existing concrete and the overlay nust
be a mnimumof [1.8 MPa 250 psi]]| ] per [ASTM C1583/ C1583M
11 ]. [Test a mnimumof 3 specinens at |ocations no g
420 square neters 500 square yards of prepared surface.]]

*kkk
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NOTE: This requirenment is for bonded overlays only.
Bond tests are usually perforned to eval uate bond
strength between the existing concrete and the
overlay. 250 psi (1.8 MPa) is a value obtained from
ACl 548.10. Refer to ICRI 210.3R for nore details.

Bef ore bond tests are performed, proper bonding can
be eval uated by non-destructive nmet hods. Acoustic

i npact nethods such as chain drag soundi ng, hamer
soundi ng, el ectronechani cal sounding, and rotary
per cussi on nmet hods are comonly used. Refer to ICR
210.4 for nore details.

*% *

3.4. 4

*

*% *% *% *% *% *% *% *% *% *% *%%

Joints

*kkk
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NOTE: The performance of a bonded overl ay depends
on creating a nonolithic structure, the joints in
the overlay should natch the joints in the
under | yi ng pavenent. Matched joints help to ensure
that the two |layers of the paverment structure can
nove together, helping to maintain bond between
them Matched joints also help to prevent reflection
cracki ng. Because of the inportance of nmatched
joints, not only should the location of the joint be
mat ched, but also the joint width and type; that is,
if there is an expansion joint in the underlying
pavenent, it should be recreated in the overlay.

For unbonded overlays, additional joints may be
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recomended dependi ng on the overlay thickness. This
i nformati on should be included in draw ngs or
contract document.

a.

kkkkkkkkkkkkkkkkkkkkkkhhhkhkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhhkkkkkkx

[Place joints as indicated in [03 30 00 CAST-1 N PLACE CONCRETE] |
03 15 00.00 10 CONCRETE ACCESSORI ES] [and as shown on the draw ngs]

L1l
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NOTE: The requirenent above applies to unbonded
concrete overlays but not for bonded overl ays.
Requi rements for unbonded overlays shoul d not be
different fromnew concrete slab construction.

Sone of the requirenments bel ow could apply to
unbonded overlays, but they are mainly present in
thi s paragraph for bonded overl ays.

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

[ Construct expansion and contraction joints in concrete overlay at the
| ocati ons shown. Maintain alignment of control joints within 6 mm 1/4
in., to either side, of the required joint alignment.]

[ Construct expansion and contraction joints at the |ocations shown and
in accordance with Section 03 15 00.00 10 CONCRETE ACCESSORI ES. ]

[Construct expansion joints in the overlay at existing joint |ocations
in the base slab while naintaining joint width and type[.][, and
extending the full depth of the overlay.]]

kkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhkhhkhkkkkkk

NOTE: Extending a joint to the full depth of the
overlay applies to bonded overlays. For unbonded
overlays, follow the sanme procedure used for new
concrete construction.

*% *% *% *% *% *% *% *% *% *% *% *%%

[ Construct control joints by tooling the plastic concrete, then
sawcutting at the appropriate tine. Saw control joints to a mininum
[depth of [ ] mmin.] [of 25 percent of the thickness of the slab].
Mai ntain an anpl e supply of saw bl ades on the job before concrete

pl acenent is started, and have at |east one standby sawi ng unit in good
wor ki ng order available at the jobsite at all tines during the saw ng
operations. Begin sawcutting as soon as it is possible to saw the
concrete wi thout damagi ng adjacent concrete.]

[ nspect the faces of joints during sawcutting for undercutting or
washi ng of the concrete due to early sawi ng. Conplete sawcutting within
16 hours of concrete placenent. Continue sawcutting regardl ess of

weat her conditions. Delay sawing if undercutting is sufficiently deep
to cause structural weakness or excessive roughness in the joint or

chi pping, tearing, or spalling of the concrete occurs at the surface.

Di sconti nue sawi ng when a crack devel ops ahead of the saw cut.]

[Imediately after the joint is sawed, flush the saw cut and adj acent
concrete surface thoroughly with water until all residue fromsawing is
renmoved fromthe joint. Control and di spose of waste water from
sawcutting and cl eanup in accordance with Section 01 57 19 TEMPORARY
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3.5

ENVI RONMVENTAL CONTROLS. ]

CONCRETE STRENGTHENI NG

*% *% *% *% *% *% *% *% *% *% *%%

NOTE: The goal of strengthening concrete is to

i ncrease a structure's or nenber's capacity in
flexure, shear, axial, confinenent, and stiffness.
Refer to ICRI Guideline No. 03742 for nore

i nformati on about strengthening

a.

*% *% *% *% *% *% *% *% *% *% *%%

For enl argenent of slabs using overlays see the paragraph titled
OVERLAYS
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NOTE: Bonded overl ays are used for strengthening
sl abs; unbonded are not.

b

3.5.1

For
in this paragraph.

*% *% *% *% *% *% *% *% *% *% *%%

all other types of strengthening follow the requirenents contained

Preparation

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhhkhkhkkkkkkkkkk

NOTE: The preparation phase is very critical to the
success of the operation; an inproperly prepared
surface can result in debonding or del anmination

*% *% *% *% *% *% *% *% *% *%

*%%

[ Use equi pnrent and net hods specified in the paragraph titled EQU PMENT
FOR CONCRETE PREPARATI ON and the Contract Documents to produce a sound,

rough,

open-pore surface at |ocations where bondi ng between existing

and new concrete is required.]
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NOTE: Surfaces that need to be enlarged shoul d be
rough enough to provi de good bondi ng between the
exi sting concrete and the new concrete.

The engi neer shoul d specify the surface profile
required for the repair/strengthening job based on
the type of strengthening method used.

*%*

*

*kkkkkhkhkk kkkkkkkkkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkk

*k%

b. [Round nenbers of existing concrete with corners to mninum13 nm %in.
radi us. Roughened corners nust be smoothed with putty]

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhhhhhkhkkkkkkkkkk

NOTE: This requirenment applies to strengthening
using FRP | am nates. Delete this requirenent if not
needed

*% *% *% *% *% *% *% *% *% *%

*%%

c. Cean all surfaces from contani nant and renove unsound concrete using
the prescribed cl eani ng equi pnent and net hods in the paragraphs titled
PRODUCTS. Al laitance, dust, dirt, oil, curing conpound, existing
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3.5.2.

coatings, and any other matter that could interfere with bondi ng
concrete to the repair material must be renoved

Fol  ow t he procedures of the paragraphs titled CRACK REPAIR and
CORROSI ON AND SURFACE REPAI R The concrete surface nust be in good
condition and all cracking, surface repair, and corrosion rel ated

probl ens nmust be adequately addressed prior to proceeding with concrete
st rengt heni ng procedures.

Insure that nmaterials used for repairs are conpatible with materials
used for strengthening. Consult with the repair material nanufacturers
for informati on concerning naterial conpatibility.

Surfaces not intended to be strengthened nmust be covered as needed to
protect agai nst contam nation and spills.

Surfaces intended to be strengthened nmust be protected before
application so that no materials that can interfere with bond are
redeposited on the surface.

Application

.1 Section enl ar genent

Install dowel reinforcement as required by the Contract Docunents.
Fol | ow t he [adhesive][nmechani cal anchor] manufacturer's procedures for
installing dowels.

Install formwork and shoring followi ng the requirenents of this section

Install reinforcenent and reinforcenment supports. Follow the

requi renents specified in Section [03 30 00.00 10 CAST-I N PLACE
CONCRETE] [03 31 01.00 10 CAST-I N PLACE STRUCTURAL CONCRETE FOR ClIVIL
WORKS] [03 30 53 M SCELLANEQUS CAST- | N- PLACE CONCRETE][03 20 00.00 10
CONCRETE REI NFORCI NG [ ].

Fol l ow the requirenents of Section [03 30 00 CAST-I N PLACE CONCRETE] [
03 37 13 SHOTCRETE] [ ] to place, consolidate, and finish concrete.

.2 External | y bonded systemns

. 2.1 Steel Plates

Bond steel plates to concrete using the nmethods and naterials specified
in the Contract Docunents.

For bonding steel plates to concrete using an epoxy resin follow the
requi renents and procedures of ACI 548.12.

For bonding steel plates to concrete using mechani cal or adhesive
anchors, follow the procedures provided by the material nanufacturer

2.2 Fi ber-rei nforced Pol yner Lam nates

*%

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Refer to ACI 440.2R for nore information
about strengthening using externally bonded FRP

kkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhhkkkkkkkkkkkkhkhhkhkkkkkxkx
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The foll owi ng procedures are general procedures used for the installation
of FRP lami nates. If the FRP systemused requires conflicting procedures,
consult with the Contracting O ficer before proceeding.

a.

Insure that all surfaces that will receive FRP are clean, dry, and free
of contam nants.

Insure that the workplace is well ventilated and that the repair
material is applied at a tinme when the air tenperature, concrete
surface tenperature, and the relative hunidity are as required by the
repair material manufacturer.

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Prinmers, saturating resins, and adhesives
shoul d generally not be applied to cold or frozen
surfaces. Wien the surface tenperature of the
concrete surface falls below a mninumlevel as
specified by the FRP system manufacturer, inproper
saturation of the fibers and inproper curing of the
resin constituent materials can occur, conpromn sing
the integrity of the FRP system An auxiliary heat
source can be used to raise the anbient and surface
tenperature during installation.

*% *% *% *% *% *% *% *% *% *% *% *%%

Tenporary protection of the Wirk area is required during installation
and until the resins have cured. If tenporary shoring is required, the
FRP system nust be fully cured before renmoving the shoring and all owi ng
the structural nenber to carry the design | oads.

[If a primer is required, the prinmer nust be applied uniformy to al
areas on the concrete surface where the FRP systemis to be placed at
the manufacturer’s specified rate of coverage. Protect the primer from
dust, nmoisture, and other contami nants before applying the FRP systen

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Keep the above requirenent if a priner is
needed for the FRP system bei ng used.
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[Putty nust be used in an appropriate thickness and sequence with the
prinmer as recommended by the FRP manufacturer. The systemconpatible

putty nust be used only to fill voids and smooth surface
di scontinuities before the application of other materials. Rough edges
or trowel lines of cured putty must be ground smooth before continuing

the installation. Allow the putty to cure as specified by the FRP
syst em nanuf act urer before proceedi ng. ]

*% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Keep the above requirenent or edit it as
requi red by the FRP system bei ng used.

kkkkkkkkkkkkkkkkkkkkkkk kkkkkkkkhkkkkkkkkkkkkkhkhkk *kkkkk

Proportion, mx, and apply resins components in accordance with the FRP
system nanuf acturer’s reconmended procedures.

Install and cure the FRP system per the manufacturer's recomendati ons.

[During installation of wet |ayup FRP systens, entrapped air between
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| ayers nust be released or rolled out before the resin sets. Sufficient
saturating resin nust be applied to achieve full saturation of the
fibers. Furthernore, successive |ayers of saturating resin and fiber
materi al s nust be placed before the conplete cure of the previous |ayer
of resin. If previous layers are cured, interlayer surface preparation
such as light sanding or solvent application as reconrended by the
system nanufacturer, is required.]
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NOTE: The above requirenent is for wet |ayup
system |f other systens are used, either delete
above requirenent and just follow the nanufacturer's
recomendation (as stated by g), or refer to AC

440. 2R for general procedures of other commonly used
FRP systens.

*kkkkkkkkkkkkkk *kkkkkkkkk kkkkkkkkkkkkkkkkkkkkkkhkhkhkhkkkkkkkkkk

i. Followthe FRP material nmanufacturer's recomendations for the
application of protective coatings. Do not clean the installed FRP with
a solvent before a protective coating is installed.

.5.3 Quality Contro

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: The requirenents of this paragraph only apply
to strengthening using FRP
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The cured FRP system nust be eval uated for delaninations or air voids
between nultiple plies or between the FRP system and the concrete. Methods
such as acoustic soundi ng (hammer soundi ng), ultrasonics, and thernography
can be used to detect delaninations. The followi ng requirenents apply to
wet | ayup systens:

a. Smuall delam nations less than 2 square inch 1300 square mllinmeter
each are pernissible as long as the delam nated area is less than 5
percent of the total lanm nate area and there are no nore than 10 such
del am nations per 10 square feet square neter

b. Large del aninations, greater than 25 square inch 16,000 square
mllineter, can affect the performance of the installed FRP and nmust be
repaired by selectively cutting away the affected sheet and applying an
over | appi ng sheet patch of equivalent plies.

c. Delanminations |less than 25 square inch 16,000 square nmillineter nust be
repaired by resin injection or ply replacenent.

For other FRP systens, delam nation nust be evaluated and repaired in
accordance with the material manufacturer direction. Upon conpletion of the

Work, the laminate nust be reinspected to verify that the repair was
properly acconpli shed.

-- End of Section --
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