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NOTE: This guide specification covers the
requirenents for rehabilitation of masonry walls and
is intended for use in defining those requirenents
for procurenent of structural strengthening using
fiber reinforced polyner (FRP) conposite systens.

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

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

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

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

Rk Ik kR IR R R Ik S R AR Rk R R R Rk ok S R Rk Ik S kb S R R o

PART 1 GENERAL
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NOTE: In general, reinforced masonry is defined as
masonry construction that contains vertical bar

rei nforcement, horizontal bar or joint
reinforcement, nortar, and grout conbined so that
the conponent naterials will act together to resist
t he design | oadi ng conditi ons.

Masonry not neeting the above definition but bonded
together with nortar and containing, if necessary,
the m ni mrum anount of reinforcement for crack
control and vertical stiffeners, is classified as
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non-rei nforced or unreinforced masonry (URM.

The project draw ngs shoul d show all necessary
details, architectural and structural, including
wal | sections, masonry bond and pattern, control
joint locations, joint dinmensions, reinforcenent
| ocations, anchors, bond beam and special units,
masonry di nensi ons, and FRP conposite details to
conpl ement this section

Work covered by this specification will include the
installation of near surface enbedded fi ber

rei nforced polyner (FRP) conposite systens as
structural repointing applied to masonry nenbers.
The work shall include:

a. Inspection of the structural menbers specified on
the contract drawings to be reinforced with FRP

The inspection shall check the |ocation for cracks
and exi sting conditions of the masonry substrate.

b. Furnishing of materials, |abor, equipnment and al
itens necessary for rehabilitation of existing
masonry menbers by application of structura

repoi nting using FRP conposite systens as specified
on the contract draw ngs and specifications.

c. Cooperation and coordination with all other
trades in executing the work described in the
overall contract.

EE IR R I R R I I R R I I I R R R R S R R R I Rk I I R R I R O S

1.1 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
this paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a RID outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.
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ACl | NTERNATI ONAL (ACI)

ACl 440. 2R

ACl 508.1-503. 4

(2008) Cuide for the Design and
Construction of Externally Bonded FRP
Systens for Strengthening Concrete
Structures

(1992, R2003) Standard Specification for
Repairing Concrete with Epoxy Mrtars

AMERI CAN CONFERENCE OF GOVERNVENTAL | NDUSTRI AL HYGE ENI STS ( ACA H)

ACGE H Publication 0028

(2006) TLVs and BEl s

ASTM | NTERNATI ONAL ( ASTM

ASTM D 2240

ASTM D 2563

ASTM D 3039/ D 3039M

ASTM D 3171

ASTM D 3916

ASTM D 4501

ASTM D 638

ASTM D 882

(2005) Standard Test Method for Rubber
Property - Duroneter Hardness

(2008) d assifying Visual Defects in
d ass-Reinforced Plastic Laminate Parts

(2008) Tensile Properties of Polyner
Matri x Conposite Materials

(2006) Standard Test Method for
Constituent Content of Conposite Materials

(2008) Tensile Properties of Pultruded
d ass- Fi ber-Rei nforced Plastic Rod

(2001e1) Adhesive Bonds Between Rigid
Substrates by the Bl ock- Shear Met hod

(2008) Standard Test Method for Tensile
Properties of Plastics

(2009) Tensile Properties of Thin Plastic
Sheet i ng

| NTERNATI ONAL CODE COUNCI L (1 CC)

| CC ES AC125

| CC ES AC178

(2003) InterimCriteria for Concrete and
Rei nf or ced and Unrei nforced Masonry

St rengt heni ng Usi ng Fi ber - Rei nf orced

Pol yner (FRP) Conposite Systens

(2003) InterimCriteria for Inspection and
Verification of Concrete and Reinforced
and Unreinforced Masonry Strengtheni ng

Usi ng Fi ber-Rei nforced Pol ymer (FRP)
Conposite Systens

U S. DEPARTMENT OF DEFENSE ( DOD)

El 042XX

(200X) Design of Fiber Reinforced Pol yner
Conposites Systenms for Rehabilitation of
Unreinforced and Lightly Reinforced
Masonry Walls
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1.

U. S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)
29 CFR 1910. 1200 Hazard Conmuni cati on

2 SUBM TTALS

Rk Ik kR IR R R Ik S R AR Rk R R R Rk ok S R Rk Ik S kb S R R o

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

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

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the submittal tags nay be used followi ng the "G
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for

Archi tect-Engi neer; "DO' for District Ofice

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

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

For non-Design-Build type contracts, Shop Draw ngs
and Design Data should be provided by the Government.

EE IR R R I R R I I R R I I O R R R R S S R Ik Rk S I I R R O O

CGovernment 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 followi ng the "G
designation identifies the office that will review the submittal for the
Government.] The follow ng shall be submitted in accordance with Section
01 33 00 SUBM TTAL PROCEDURES:

SD-01 Preconstruction Submttals

Quality Control[; C[; G |

A quality assurance plan for the installation and curing of all
application materials to include personnel safety issues,

installer certification, application and inspection of the FRP
system structural paste/adhesive curing provisions, neans to
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assure clean, dry masonry surfaces, quality assurance sanples and

cleanup. The plan will indicate the testing that will be
performed and identify the party or parties responsible for this
testing.

SD- 02 Shop Drawi ngs
FRP Conposite Systen[; C[; G [___ 11

Conpl ete shop drawi ngs for each installation of the conposite
system The shop draw ngs shall contain details of the fiber
rei nforcement type, dinensions, and end details, proposed
connections to the diaphragms and adjacent walls, and |ocations to
be applied as specified. Include any cal cul ations prepared by or
on behalf of the Contractor to determ ne the |ayout of the FRP
materials to be installed.

SD- 03 Product Data
Materi al s

Manuf acturer's product data sheets indicating physical,
mechani cal, and chenical characteristics of all materials used in
the FRP system application.

Tensile Properties
Del i very | nspections

Val ues as deternined by tensile testing in accordance with
ASTM D 3916, for FRP rods or ASTM D 3039/ D 3039V, for flat or
rectangul ar shaped FRP reinforcenent. Design elastic nodul us
shall be determ ned by the strength and rupture strain val ues.
Utimate tensile strength and rupture strain values shall be
determ ned by subtracting three (3) standard deviations fromthe
average val ues of twenty (20) or nore tensile tests.

Material Safety Data Sheets (MsSDS)

Data sheets for all materials to be used at the job site in
accordance with OSHA and 29 CFR 1910. 1200.

SD- 04 Sanpl es
Materials; G [__ ]

FRP bar 300 mm 12 inches long. Plate of cured structural
past e/ adhesive 75 x 75 nmr 3 x 3 inches.

SD- 05 Design Data
Design Calculations; G [__ )
Desi gn cal cul ations for the FRP conposite system stanped by a
regi stered professional civil or structural engineer.
Cal cul ations shall conformto requirements set forth in EIl 042XX
and in the | CC ES ACL25 Acceptance Criteria and be based on
tension force and strain lints.

SD- 06 Test Reports
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Field Testing
Laboratory Testing

Reul ts of Shore hardness tests at 3 and at 24 hours in ten
degree intervals between 4 and 38 degrees C 40 and 100 degrees F
for structural pastes/adhesives used. System environnenta
durability test results conducted and reported by an i ndependent
testing facility; the report shall show the follow ng information:

FRP System nonencl at ure

Testing facility nane

Testing facility address

Testing facility tel ephone nunber

Testing facility point of contact

Freeze-thaw test results

2000 hour UV exposure test results

Fire resistance test results

Seven day exposure at 100% humidity test results

j. 3000 hour test results for ozone exposure, for alkal
exposure, for salt water imersion, and for 60 degrees C 140
degrees F exposure

TFemTeanop

Wall Tests; G [__ ]

Test results by an independent testing facility on walls which
are representative of the actual configuration and | oading
conditions for this contract. Currently, no standard tests exist;
therefore, the submitted testing shall be approved by the
Contracting O ficer. The report shall show the follow ng
i nformati on:

a FRP System nonencl at ure

b Testing facility nane

c Testing facility address

d. Testing facility tel ephone nunber

e. Testing facility point of contact

f Test wall substrate materi al

g Test wall aspect ratio

h FRP orientation and frequency/l ocation

i. FRP conposite shape and cross-sectional area
j. Cyclic in-plane test results in accordance with El 042XX and
| CC ES AC125 to include the follow ng:

(1) Description of test setup
(2) Rate and nethod of | oading.
(3) Defornation and strain neasurenents.
(4) Modes of failure.
SD-07 Certificates
Materials; G [___ ]

Certification fromthe system nanufacturer of the guaranteed
material and section properties for the supplied material

Regul atory Requirements; G [__ 1]

Certification that structural pastes/adhesives proposed for use
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neet Federal VOC regul ati ons and those of the local Air Pollution
Control Districts having jurisdiction over the geographical area
in which the project is |ocated.

System Manufacturer[; ¢[; G [____ 11

Alist of a mininumfive (5) successfully conpl eted FRP
conposite strengthening projects conpleted with the manufacturer's
conposite system The list shall include at a m ni num

a. The dates of work
b. Type, description and anount of work perforned
c. A point of contact for an owner representative to include:
(1) Nane
(2) Address
(3) Conpany/ Agency nane
(4) Tel ephone nunber

Contractor; G [__ ]

The Contractor shall have conpleted a mnimumof five (5) FRP
conposite strengthening projects on vertical flat surfaces and a
m ni mum of three (3) of those jobs using the manufacturer's
conposite system The list shall include at a m ni num

a. The dates of work
b. Type, description and anmount of work perforned
c. A point of contact for an owner representative to include:
(1) Nane
(2) Address
(3) Conpany/ Agency nane
(4) Tel ephone nunber

Field Representative; G [___ ]

The nane of the Contractor's field representative who wl|
performthe actual work supervision, the date certification course
completed, and a list of a mnimmof five (5) FRP conposite
strengt hening projects, three (3) using the manufacturer's
conposite system The field representative shall be present on
site during installation of the FRP system The |list shal
i nclude at a mi ni mum

a. The dates of work
b. Type, description and anmount of work perforned
c. A point of contact for an owner representative to include:
(1) Nane
(2) Address
(3) Conpany/ Agency nane
(4) Tel ephone nunber

Applicators[; C[; G [_____ 1]

Certificates of training by the FRP system manufacturer for al
FRP applicators as well as listing of past application projects
conpl eted by the applicators. A course syllabus for the
certification course conpleted by the FRP conposite applicators.

SD- 08 Manufacturer's Instructions
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FRP Conposite Systen[; C[; G [___ 11

Submit the manufacturer's printed installation instructions to
i nclude the foll ow ng:

a. Brand nane
b. Catal og nunbers

c. Nanes of manufacturers for each material to be used. |nclude
with instructions the estimted quantity of each material to be
used on the job.

d. Detailed mxing and application instructions to include:

(1) Mxing instructions

(2) Curing tinmes between coats or |ayers

(3) Application procedures for surface coatings

(4) Cold weather installation to include the m ninmm
application tenperature reconmended by the FRP system nanuf act urer
or 4 degrees C 40 degrees F whichever is higher. Application at
tenperatures bel ow 4 degrees C 40 degrees F shall be approved by
the Contracting Oficer and the nini mum Shore hardness for the
| ower tenperatures shall be provided.

(5) Hot weather installation to include the maxi num
application tenperature reconmended by the FRP system nanuf act urer
or 38 degrees C 100 degrees F whichever is lower. Application at
t enperatures above 38 degrees C 100 degrees F shall be approved by
the Contracting Oficer and the nini mum Shore hardness for the
hi gher tenperatures shall be provided.

(6) Inclenent weather installations
(7) Application procedures of top coating materia
SD- 10 Operation and Mai ntenance Data
Record Maintenance; G [__ ]

Procedures to properly maintain the installed FRP system as wel |
as witten manufacturer reconmended repair procedures for damage
to the in-place FRP system

1.3 FRP COWPCSI TE SYSTEM
1.3.1 Desi gn Requi renents

The design of the FRP conposite systemshall conformto ACI 440.2R and

shal |l provide [seismic] [wind] [and] [blast] strengthening for clay brick
and concrete masonry walls; the Contractor shall provide design cal cul ations
as specified in the Submttals paragraph. Walls with the FRP system shal

fail by cracking through the masonry units and nortar prior to any

debondi ng or rupture of the FRP conposite system

1.3.2 Per f or mance Requi rements

khkkhkhhkkhhhdhdhdhhhddhhddhhdhhddhhddhhddhdhddhdhddhdddhddhddhddhddhhddhddhddrhrdrdrddrrdrxdx*x

NOTE: Provide the paranmeters of strength or force
that rmust be provided by the rehab. The follow ng
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vari abl es nust be considered in determning the
enhanced performance requirenents: the |load on the
wal I, the size of the wall, the wall aspect ratio,
wal | openi ngs, etc.

EE R R R I R I R I R I R R R I R I R I R R I R R R R R I R I R I R

The FRP conposite system shall provide [seisnmic] [wind] [and] [blast]
strengthening for [clay brick] [concrete] masonry walls by [[__ 194 [the
quantity indicated on the shop drawi ngs]. The system shall transfer
[seismc] [wind] [and] [blast] loading in concert with the existing nasonry
to the building foundation

.4 QUALI FI CATI ONS
4.1 Syst em Manuf act ur er

The FRP conposite system nanufacturer shall have used the proposed
materials systemon a mininumof five (5) conpleted projects.

.4.2 Cont ract or

The Contractor shall have conpleted a minimumof five (5) FRP conposite
strengthening projects on vertical flat surfaces and a mni nrum of three (3)
of those jobs using the manufacturer's conposite system The Contractor
shall provide the qualifications for its Field Representative as specified
in the Subnittal s paragraph.

. 4.3 Applicators
.4.3.1 Trai ni ng

The FRP conposite applicators shall have conpleted, as a mininum a
certification course provided by the FRP manufacturer, which includes
hands-on application of FRP systenms to masonry substrates. A field
representative who has conpl eted the course of instruction and has

conpl eted a minimumof five (5) FRP conposite strengthening projects, three
(3) using the manufacturer's conposite system shall be present onsite
during all installation of the FRP system

.4.3.2 Experi ence

Only qualified applicators neeting these requirenents and those havi ng
prior experience in the specified application preparation shall be assigned
to performthe work described herein.

.5 WORK SI TE SAFETY

Wor kers having access to the work area shall be informed of the contents of
the applicable material safety data sheets (MSDS) and of potential health
and safety hazard and protective controls associated with materials used on
the project. W rkers shall be trained in the safe handling and
application, and the exposure limt, for each material that the worker will
use or otherw se be exposed to during the course of the project. Personne
having a need to use respirators and nmasks shall be instructed in the use
and mai nt enance of such equi prent.

.6 REGULATORY REQUI REMENTS

The bonding materials used shall not rel ease volatile organic conpounds
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(VOC) into the air in excess of the nost restrictive of NIOSH RELs, OSHA
PELs or ACA H TLVs for worker or occupant exposure during installation

and/ or over the useful life of the structure. |f VOCs exceed any of these
exposure limts during installation or use, additional ventilation shall be
provided for the duration of the excess outgassing. At no tinme will they
exceed STEL, even if additional ventilation or air supply is provided. The
Contractor is responsible for providing the necessary equi pnent to conply
with these requirenments. Once cured, the FRP conposite system shall not
exhi bit any detectable odor at a distance of 300 mr one foot fromthe FRP
surf ace.

T PREI NSTALLATI ON CONFERENCE

Prior to comrencenent of any work, the Contractor shall arrange and conduct
a neeting between the Contracting Oficer, Contractor, and the independent
speci al inspector to discuss the project requirenents. The Contractor
shal |l review the requirenents of the Specification and overall project
requirenents. Al aspects of the project, including containnent,
environmental control, surface preparation, strengthening system
application, quality assurance, schedul e requirenents, and safety shall be
revi ewed and di scussed. The Contractor shall request clarification of any
anbiguities, and advise the Contracting O ficer of any potential conflicts
and/ or any technical requirenments that appear inproper or inappropriate.

. 8 DELI VERY, STORAGE, AND HANDLI NG
.8.1 FRP Rei nforcing Bars and Shapes

FRP reinforcing bars are susceptible to surface damage. Puncturing their
surface can significantly reduce the strength capacity of the FRP
reinforcements. |In the case of glass FRP rods, the surface damage can
cause a loss of durability due to infiltration of alkalis. The follow ng
handl i ng gui delines are recomended to m ninize danage to both the FRP bars
and workers handling them

a. FRP reinforcing bars should be handl ed with work gl oves to avoid
personal injuries fromeither exposed fibers or sharp edges;

b. Do not store the FRP bars on the ground. Pallets should be placed
under the bars to keep themclean and to provide easy handling;

c. High temperatures, ultraviolet rays, and chem cal substances shoul d
be avoi ded because they can damage FRP bars;

d. GCccasionally, bars become contaminated with formrel easi ng agents
or other substances. Substances that decrease bond shoul d be renpved
by wi ping the bars with solvents before placing themin the nasonry;

e. It nmay be necessary to use a spreader bar so that the FRP bars can
be hoi sted w t hout excessive bendi ng.

.8.2 Structural Pastes/Adhesives

.8.2.1 Label i ng

Structural pastes/adhesives shall be delivered in original factory-seal ed
containers with the manufacturer's labels intact and legible with

verification of product nonenclature, manufacturer's nane, product
identification and batch nunber, date of nanufacture and shelf life or
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expiration date. Adhesive materials that have exceeded the shelf life
shall not be used.

.8.2.2 St or age

Al'l structural paste/adhesive materials shall be stored in a covered,

wel | -ventilated area and protected from exposure to any detrinmental
conditions including: airborne contam nants, dirt, dust, sunlight,
tenmperatures | ower than 4 degrees C 40 degrees F or greater than 38 degrees
C 100 degrees F, rainfall, sparks or flame and in accordance with the

manuf acturer's requirenents.

.9 PRQIECT/ SI TE CONDI TI ONS
.9.1 Envi ronnment al Requi renents
.9.1.1 Application Tenperature

a. Structural pastes/adhesives shall not be applied to cold or frozen
surfaces. Wien the surface tenperature of the masonry surface falls
bel ow a m nimum | evel, as specified by the FRP system manufacturer, the
work will cease until both the air and masonry tenperature rise above
the specified m nimum  Suppl enental sources of heat shall not be used
to raise the air or masonry surface tenperature unless approved by the
FRP conposite system manuf acturer

b. When the surface tenperature of the masonry and/or the air
tenperature rises above the maxi mum |l evel as specified by the FRP
system manuf acturer, the work will cease until both the air tenperature
masonry tenperature cool bel ow the specified nmaxi mum

.9.1.2 Wet or Danp Surfaces

Unl ess they have been formul ated for such applications, structura
past es/ adhesi ves shall not be applied to danp or wet surfaces.

.9.2 Exi sting Conditions

As-built drawi ngs of the structure [are attached] [can be accessed at

.9.3 Wor k Coor di nati on

Work shall be coordinated to m nim ze exposure of building occupants, other
Contractor personnel, and visitors to dust, msts, and odors from
preparation, FRP system application and cl ean-up operations.

.10 WARRANTY

Manuf acturer's standard warranty for FRP conposite systeminstallation
shal | be furnished. The warranty shall include the FRP conposite system
[design,] installation, bond to the substrate, and interlam nar bond, as
wel | as nechanical property retention, and bar-adhesive conpatibility. The
warranty shall run directly to the Governnent and shall cover a period of
not less than 5 years fromthe date of CGovernment's acceptance.

PART 2 PRODUCTS

EE R R R I R I O R I R R R I R I R I R I R R R I R R R R R I R L
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NOTE: Structural repointing, using precured FRP
systems, consists of enbeddi ng conposite rods and
shapes, manufactured in the system supplier's
facility and shipped to the job site, and a
structural adhesive required to bond the precured
rods and shapes into grooves cut in the masonry
sur f ace.

Al materials (reinforcenents and structura
Past es/ adhesi ves) for a specific job shall be
suppl i ed by one system nmanufacturer only.

Substitution of FRP rods or shapes or substitution
of structural pastes/adhesives fromthose which
conpri se the manufacturer's FRP system are not

all owed. The arbitrary selection of a fiber

rei nforcement and an adhesive material can lead to
failure of the FRP conposites system due to possible
matri x-rei nforcenent inconpatibilities.

Rk Rk kR IR R R I I S o S S I Rk Ik Sk b o R R R R Rk Sk kS S I kb R R b o

2.1 MATERI ALS

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

NOTE: The values listed in the follow ng tables
shoul d be those val ues and assunptions that were
used in devel opi ng the rehab/strengtheni ng design.
Those itens in Table 1 below will be the m ni mum
acceptabl e property values for the FRP bars and
shapes to be installed. Those itens in Table 2 will
be the m ni mum acceptabl e properties for the
structural paste/adhesive.

For test nethods with two nmethods listed, the first
refers to round shapes |ike FRP bars and the second
pertains to rectangul ar cross sectional shapes.

Submittal s must denpnstrate that the proposed
materials will match the intent of the engineering
design using the properties |isted bel ow

Submittals for material systems nust include, at a
m ni mum docunented evi dence that the manufacturer
of the proposed system neets the requirenments of the
Tabl es bel ow, and denpnstrate the structural
equi val ency of the proposed systemto the systen(s)
properties specified.

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

The FRP [rods] [shapes] shall conformto the material properties listed in
Table 1. The structural paste/adhesive shall conformto the material
properties listed in Table 2. No substitution of the submtted reinforced
FRP conposite systemor its conponents will be allowed for the project.
The Contractor shall provide values for the Tensile Properties of the
conposite nmaterial as specified in the Subm ttals paragraph

TABLE 1: Properties of Pre-fornmed FRP Rods and Shapes

FRP
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FRP

COWVPCSI TE TEST
PROPERTY REQUI REMENT
El ongati on:
nax. [ 1%
Vi sual Defects Accept ance

Level [ ]
Guar ant eed Tensile
Strength, mn., [ ] kPa (psi)
Tensi |l e Modul us of
Elasticity, mn. [ ] kPa (psi)
Cross-sectional Area [ ] m2 (in2)
Fi ber Vol une Fraction [ 1%

TABLE 2 Structura

FRP
COVPCSI TE TEST
PROPERTY REQUI REMENT
El ongati on: [ 1%
Utimte Tensile
Strength, min., [ ] kPa (psi)
Modul us of Elasticity,
m n. [ ] kPa (psi)
Bond Strength [ ] kPa (psi)

2.2 COVPONENTS

The FRP system shal
[ rectangl es]
[ epoxy] [urethane]
[ ] structural
enbeddi ng mat eri al
and,
structural paste/adhesive shal
bearing and | oad bearing applications.

adhesi ve.
shal |

2.3  ACCESSORI ES

The Contractor shall provide all

The structural

once cured, protect the FRP shapes fromthe environnent.
be suitable for use in both non-Ioad

METHCD

ASTM D 3916/ ASTM D 3039/ D 3039M

ASTM D 2563

ASTM D 3916/ ASTM D 3039/ D 3039M

ASTM D 3916/ ASTM D 3039/ D 3039M
ASTM D 3916/ ASTM D 3039/ D 3039M

ASTM D 3171

past es/ adhesi ves/ Pol yner Adhesi ves

METHCD

ASTM D 882

ASTM D 638

ASTM D 638

ASTM D 4501

consist of [glass] [carbon] [aram d] [rods]
[grids] with a resin matrix of [vinyl

ester] [polyester]

[specialty resin] binder and an [epoxy] [urethane]
past e/ adhesi ve used as an
be formul ated to bond masonry and FRP material s

The

other materials as needed for the proper

installation of the conplete conposite system as specified.

2.4 M XES

M xi ng of structural
conponents shal

correct ratio unti
col or.

past e/ adhesi ve material s shal
with the FRP system manufacturer's recomended procedure. Al
be at a proper tenperature and shal
there is a conplete nixing of conponents and a uniform

be done in accordance
adhesi ve
be m xed in the
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COVPOSI TE TEST

PROPERTY REQUI REMENT
El ongati on:
nax. [ 1%

Vi sual Defects Accept ance

Level [ ]
Guar ant eed Tensil e
Strength, mn., [ ] kPa (psi)
Tensi |l e Modul us of
Elasticity, mn. [ ] kPa (psi)
Cross-sectional Area [ ] m2 (in2)
Fi ber Vol une Fraction [ 1%

METHCD

ASTM D 3916/ ASTM D 3039/ D 3039M

ASTM D 2563

ASTM D 3916/ ASTM D 3039/ D 3039M

ASTM D 3916/ ASTM D 3039/ D 3039M
ASTM D 3916/ ASTM D 3039/ D 3039M

ASTM D 3171

TABLE 2 Structural pastes/adhesives/Polyner Adhesives

FRP
COWPCSI TE TEST
PROPERTY REQUI REMENT
El ongat i on: [ 1%
Utimate Tensile

Strength, nin., [
Modul us of Elasticity,

m n. [
Bond Strength [

2.2 COVPONENTS

] kPa (psi)
] kPa (psi)

METHOD

ASTM D 882

ASTM D 638

ASTM D 638

ASTM D 4501

The FRP system shall consist of [glass] [carbon] [aram d] [rods]
[rectangles] [grids] with a resin matrix of [vinyl ester] [polyester]
[ epoxy] [urethane] [specialty resin] binder and an [epoxy] [urethane]

] structural adhesive.

The structural paste/adhesive used as an

enbeddi ng material shall be formulated to bond masonry and FRP materials
and, once cured, protect the FRP shapes fromthe environnent. The
structural paste/adhesive shall be suitable for use in both non-Ioad

bearing and | oad bearing applications.

.3 ACCESSCRI ES

The Contractor shall provide all other materials as needed for the proper
installation of the conplete conposite system as specified.

.4 M XES

M xi ng of structural paste/adhesive materials shall be done in accordance
with the FRP system manufacturer's recomended procedure. All adhesive
components shall be at a proper tenperature and shall be nmixed in the
correct ratio until there is a conplete m xing of conponents and a

uni formcolor. The amount of each batch of adhesive materials nxed
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shall be in quantities sufficiently small to ensure that all m xed
structural paste/adhesive can be used withinits pot life. M xed
structural paste/adhesive that exceeds its pot life as defined by the
system manuf acturer shall not be used.

PART 3 EXECUTI ON
3.1 SUBSTRATE, TEMPERATURE, AND ENVI RONVENT
3.1.1 Examni nati on

Exam ne existing conditions to assess the quality of the nasonry
substrate, identify potential obstructions, and verify dinmensions and
geonetri es shown on shop draw ngs.

3.1.2 Envi ronnmental Tenperature

Shoul d the potential for adverse tenperatures occur during installation
the application of FRP shall cease until tenperatures return to within
the range specified in the Manufacturer's Instructions. Any suppl enmenta
heating or cooling sources shall be approved by the FRP manufacturer and
the Contracting O ficer before use.

3.1.3 O her Environnental Factors

Shoul d the potential for direct contact by rain, dust or dirt, excessive
sunlight, high hunmidity, or vandalismoccur during installation
tenmporary protection may be required until the construction

past es/ adhesi ves have cured. The Contractor shall provide and instal
tents and/or plastic screens as required to protect the paste/adhesive as
it cures. The structural paste/adhesive shall be cured before renoval of
tenmporary protection or allowing the structure to be exposed to new
loads. 1In the event of suspected danmage to the FRP system during
installation, the Contracting Oficer shall be notified. Should the
damage be caused by the Contractor's negligence, the resulting repairs
shal | be done at no additional cost to the Government.

3.2 PREPARATI ON
3.2.1 Delivery Inspections

Prior to starting the project, the Contractor and | ndependent Speci al

I nspector shall assure that delivered FRP materials neet the specified
requirenents. This will require |aboratory testing. The tensile
strength, and nodulus of elasticity for each batch of FRP bars used shal
be determned. Materials that do not neet the mninmumrequirenents, as
specified in Tables 1 and 2 and by the Contracting O ficer, shall be
rejected. In addition, the gel tine, pot life, and cured hardness of the
structural paste/adhesive shall be determ ned.

3.2.2 Substrate repair

3.2.2.1 Surface
[The nmortar joints to receive FRP conposite are relatively sound
structurally.] [There are known probl ens associated with the condition of
the original masonry and the masonry substrate that can conpromni se the

integrity of the FRP system] [Renobve areas of | oose or spalling nortar
mat eri al . ]
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.2.2.2 Sub- Sur f ace

FRP systens shall not be applied to masonry substrates contai ning
corroded reinforcing steel. Evidence of |ocalized cracking and/ or
spalling at grouted cells or rust stains shall be noted and reported to
the Contracting Oficer. Wrk shall not proceed until the cause(s) of
the corrosion is addressed and the corrosion-related deterioration
repair ed.

. 2.3 Wor k Preparation
.2.3.1 Substrate I nspection

The applicator shall insure that all other schedul ed masonry repairs are

conplete and cured. The nortar surfaces to which the FRP systemis to be
applied shall be free of |oose or unsound nmaterials and other conditions

that would inhibit bond such as oil, efflorescence or noisture.

.2.3.2 Wrksite Ventilation

Dependi ng on the type of structural paste/adhesive used, work areas shal
be ventilated during structural paste/adhesive application so that worker
exposure to chem cal substances shall not exceed linmts as established by
ACGA H Publication 0028, or as required by a nore stringent applicable
| ocal regulation. Interior work zones having a volune of 280 cubic neters
10,000 cubic feet or less shall be ventilated at a mnimumof 2 air
exchanges per hour. Ventilation in |arger work zones shall be nmintained
by nmeans of nechani cal exhaust. Sol vent vapors shall be exhausted
outdoors, away fromair intakes and workers. Return air inlets in the
work zone shall be tenporarily sealed before start of work until the
structural paste/adhesive has cured.

.2.3.3 Cbstructions

obstructions and enbedded objects can affect the performance of the FRP
system and shall be nodified as necessary. |f possible, obstructions may
need to be renoved prior to installing the FRP system

.3 FRP | NSTALLATI ON
. 3.1 Tenperature and Misture
.3.1.1 Substrate

The FRP conposite shall not be installed if the anbient air tenperature
or substrate surface tenperature exceeds that recommended by the system
manuf acturer. The FRP conposite shall not be installed when surface

noi sture is present on the substrate or when rainfall or condensation is
anticipated in the work areas.

.3.1.2 Structural Paste/ Adhesive

The tenperature of the polyneric structural paste/adhesive conponents at
the tinme of mixing shall be as specified by the manufacturer. Wen the
air or substrate tenperature is outside the prescribed range, work shal
not proceed unl ess ot her measures approved by the Contracting Oficer are
enpl oyed.
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3.3.2 Enmbedment Sl ot Cutting

Lay out enbednent slot |ocations on the wall surface at the specified
| ocati ons. Prepare contai nnent to catch dust and masonry chips
generated during the enbednent slot cutting/grinding.

.3.2.1 Slot Cutting

Using a grinder or saw with a suitable blade, cut slots in the masonry to
the width and depth specified in the shop drawi ngs. Special care shal
be taken to avoid | ocal fracture of the masonry.

.3.2.2 Sl ot Fi ni shing

The masonry slot surfaces to receive FRP conposite shall be free from
fins, and protrusions that may prevent the FRP [bars] [shapes] from being
enbedded to the specified depth in the wall. The contact surfaces shal
be dried as recommended by the FRP system nmanufacturer. Misture content
shal |l be evaluated in accordance with the requirenments of Section 2.3.2.5
of ACI 503.1-503.4. The contact surfaces shall have no | oose particles,
paint, oil, dirt, dust, efflorescence, mldew or free noisture on them at
the tinme of application. Solvent or chenical cleaning nethods shall not
be used to clean surfaces. Al contact surfaces shall be cl eaned by hand
usi ng wire brushes or by using conpressed air. [Using nasking tape or

ot her suitable adhesive tape, fix a strip at each edge of the slots].

. 3.3 FRP Rei nforcing Bar Preparation
.3.3.1 Handl i ng

The construction activities shall be conducted in such a way that
potential danmage to the FRP bars and shapes is ninim zed.

.3.3.2 Cutting

Cutting of the FRP bars shall be performed with a hi gh-speed grinding
cutter or a fine blade saw. FRP bars should never be sheared. The use
of a dust mask is reconmended when cutting

.3.4 FRP | nstallation

.3.4.1 Application of Structural Paste/Adhesive

The structural paste/adhesive shall be mixed according to the
specifications prescribed by the manufacturer. A layer of structura

past e/ adhesi ve shall be placed uniformy in the slots cut in the nasonry
substrate.

.3.4.2 FRP Rei nforcing Bar Application

Press the FRP reinforcing bar into the slot so that the surface of the
[bar] [shape] is below the surface of the wall. Conpletely fill the slot
with the structural paste/adhesive to encapsulate the bar and strike the
surface even with the surface of the masonry.

.3.5 Curing

Structural paste/adhesive curing tenperatures shall be maintained within
the required tenperature range designated by the nmanufacturer for the
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formul ati on used for the manufacturer specified tine. The conposite
system shall be protected fromcontact by noisture for a m ninum period
of 24 hours.

.3.6 Fi ni sh

Once cure is conplete, renpve any masking tape applied around the edges
of the slots taking care not to damage the structural paste/adhesive.

[ The structural paste/adhesive shall be [stained] [painted] according to
the shop drawi ngs in accordance with the manufacturer's instructions.]

.3.7 Construction Joints
.3.7.1 Control Joints

Al'l control joints shall be maintained. The FRP conposite shall not
bridge existing control joints.

.3.7.2 Expansi on Joints

Al'l expansion joints shall be mmintained. The FRP conposite shall not
bri dge existing expansion joints.

.3.8 Install ation Procedure Modifications

Modi fications of the manufacturers installation procedures and to the
design and shop draw ngs shall not be nade without the witten approva
of the Contracting O ficer and Engi neer of Record. The Contracting

O ficer and Engi neer of Record shall approve procedural nodifications
prior to inplenentation.

.4 QUALITY CONTRCL
4.1 General Requirenents

Qual ity assurance and quality control (Q¥ QC prograns and criteria
provided in the pre-construction subnittals shall be naintained by the
FRP installation Contractor, and others associated with the project. The
Contractor shall provide full inspection of the surface preparation and
conposite systens applications to ensure the requirenments of this
specification are fully conplied with.

. 4.2 | ndependent Speci al | nspector

A special inspector, trained and certified by the FRP system

manuf acturer, shall be provided by the Contractor and approved by the
Contracting Oficer. The special inspector shall not be an enpl oyee of
the Contractor or be financially associated with the Contractor beyond
the inspection contract. The special inspector shall performinspections
in accordance with this specification and | CC ES ACL78.

.5 FI ELD TESTI NG

.5.1 M xed Structural paste/adhesive Hardness

During installation, two sanples of m xed structural paste/adhesive shal
be prepared per shift fromtwo, separate, [nonconsecutive batches]

[ separate tube sets] of structural paste/adhesive. The structura
past e/ adhesi ve sanples shall be a mininumof 3 mr 1/8-inch thick and 50 nm
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2-inches in dianeter. The mxed structural paste/adhesive sanples shal
be retained for testing to evaluate curing progress.

.5.1.1 Curing Eval uation

Rel ative curing progress of the resin shall be evaluated on the job site
by nmeasuring the hardness of the resin sanple at 3 hours and 24 hours of
cure in accordance with provisions of ASTM D 2240. The shore hardness
measurenments shall exceed the mni num hardness val ues subnmitted by the
mat eri al s manufacturer based on the |owest air tenperature during the
curing period evaluated. Measurenents shall be at a m ninum of three
different points distributed over the surface of the structura

past e/ adhesive at least 6 nr 0.25 inch apart from each other

.5.1.2 Repor t

The special inspector shall report the nean hardness val ue obtai ned,
structural paste/adhesive identification, manufacturer, and batch nunber,
structural paste/adhesive nmixing date and tinme, test date and tine

m ni mum air temperature during the curing evaluation tine, and the type
and serial number of the duroneter used.

.5.1.3 Rermedi al Measur es

In the event that curing does not neet the above criteria, renedial
nmeasures shall be taken as specified.

.5.2 I n-Place Structural paste/adhesive Hardness
During installation, a mninmmof one test shall be perfornmed on each 152

m 500 linear feet or portion thereof of FRP bar installed at 3 hours
after installation and at 24 hours after installation

.5.2.1 Curing Eval uation

Rel ative curing progress of the in-place FRP resin shall be eval uated
usi ng the Shore hardness test described in ASTM D 2240. The shore

har dness neasurenents shall exceed the m ni mum hardness val ues submitted

by the materials manufacturer based on the m ni rum substrate tenperature
observed during the eval uation peri od.

.5.2.2 Repor t

The special inspector shall report both the individual and nean hardness
val ues obtained, the |ocations where each hardness test was perforned,
the FRP application date, test date and tine, air and substrate
tenmperature when the FRP was applied, air and substrate tenperature when
testing was perfornmed, and the type and serial nunber of duroneter used.
.5.2.3 Renedi al Measures

In the event that curing does not neet the above criteria, renedia
neasures shall be taken specificied.

.6 LABORATORY TESTI NG

.6.1 Wt ness Panel s

EE R R I I I S R S I R I S I I R I O S I R I S R R S I S S O
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NOTE: There are two FRP configurations the

Wi t ness panels need to enulate: 1) masonry walls
where grooves are cut in the outer surface or
shell of the unit with the FRP bars laid in the
grooves, and 2) structural repointing where
grooves are cut only in the nortar joints.

The wi tness panel s consist of two bl ocks of
masonry/ nortar joined by the FRP bars to roughly
approxi nate a dog bone. For thin masonry units,
those | ess than 150 mm (six inches) high, i.e.
clay masonry, a short prismis required at each
end. For larger masonry units such as standard
concrete masonry units, only a single masonry unit
is required at each end. For structura

repoi nting witness panels, 150 nm (si x-inch) high
bl ocks of nortar similar to that in the wall are
required.

R IR I R R I S S R S I R R S I S kR S R I I I S R R S I R R I S I

During installation, witness panels shall be fabricated onsite using
installation procedures identical to the nethod used to install the FRP
systeminto the masonry surfaces. The panels shall be marked with the
date of fabrication, and location of application. Two w tness panels
shall be fabricated for each day of production or one for each 152 mnr 500
i near feet of production, whichever is nore. The witness panels shal
be submitted to an approved | aboratory within two weeks of fabrication
The Contracting O ficer may waive or alter the frequency of testing.

.6.1.1 Wt ness Panel Construction

[ The wi tness panel shall consist of two brick prisns, two bricks high
with full nmortar bed joints.] [The wi tness panel shall consist of two
standard CMJ units, two units high with a face shell nortar bed joints.]
A groove shall be cut in opposite surfaces of the prisns centered on each
other and FRP bars installed in the sane manner as those in the wall

all owi ng sufficient separation between prisns to insert a hydraulic
actuator and steel plates to spread the applied | oads.

.6.1.2 W tness Panel Testing

Not fewer than one w tness panel fromeach day's production shall be

tested in the laboratory. |f one panel fails to neet the m ninmum
strength specified in Table 1, all the witness panels for the day's
production shall be tested. |If a second one fails, all panels for the

project shall be tested until the job is conpleted. Appropriate renedia
neasures shall be taken to ensure integrity of the FRP system The

wi tness panel test is designed to directly nmeasure the shear capacity of
the bond between the enbedded FRP bars and the masonry units. The test

i nvol ves pushing apart the two prisms to which the FRP bar is applied.

a. Insert the steel plates between the masonry prisns to provide a
neans to distribute the load fromthe hydraulic actuator. A
hydraul i c actuator is placed between the steel plates, and a | oad
applied at a constant rate until failure. Measure the |oad applied
to the prisns using a pressure transducer or anal og pressure gauge.

b. For failures within the cut slot, calculate the bond strength by
dividing the maxi numload at failure by the slot surface area.
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c. For tensile failures of the FRP bars, the bond strength shall be
noted as the tensile strength of the bar, the maxi nrum | oad divided by
the bar cross-sectional area.

3.6.1.3 Repor t

Report the bond strength and the node of failure. An acceptable failure
node is characterized by either the renoval of a |ayer of masonry bonded

to structural paste/adhesive or the tensile rupture of the FRP bar. |If
the FRP bar fails by shear at the prismedge, the test shall be repeated
and the data discarded. |If failure is due to | oss of bond between the

FRP bar and the structural paste/adhesive or within the structura
past e/ adhesi ve, renedi al neasures shall be taken, as specified.

3.6.2 Laboratory Qualification

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

NOTE: |If rectangular FRP shapes are specified to
be used, the I aboratory shoul d have experience
using test method ASTM D 3039/D 3039M |If FRP
bars are specified, ASTM D 3916 shoul d be cited.

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

The testing | aboratory shall be one approved by the Engi neer of Record,
the Contracting Oficer and the Contractor. The |aboratory shall have
experience in testing FRP materials and have perforned |

ASTM D 3039/ D 3039N] [ASTM D 3916] wall tests for at |east three (3)
different Contractors prior to this contract.

3.7 REMEDI AL MEASURES

For all strengthened sections where testing indicates that the installed
conposite systemhas material properties below the mni mum specified

val ues, the installed FRP conposite shall be renoved and replaced with
FRP conposite neeting or exceeding the m ni num specified values. None of
the cost to renobve unacceptabl e FRP conmposite, repair danmaged nmasonry as
aresult of the FRP renoval, and install replacenment FRP conposite shal
not be accrued to the government but shall be the responsibility of the
Contractor.

3.8 FI ELD QUALI TY ASSURANCE
3.8.1 | nspection

FRP systens and all associated work shall be inspected as required by the
appl i cabl e codes and described in this specification. The FRP conposite
installation shall be conpletely inspected by the special inspector
during and inmedi ately following installation of the FRP conposite
system The FRP systens shall be eval uated and accepted or rejected
based on confornmance or nonconfornmance with the design draw ngs and
specifications. The special inspector shall require conpliance with the
desi gn draw ngs and specifications. The independent special inspector
shal | observe all aspects of onsite preparation and nmaterial application
i ncluding the follow ng:

a. WMaterial container |abels

b. Surface Preparation (cutting and/or grinding slots in the wal
surface)
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M xi ng of polyner structural paste/adhesive
Application of structural paste/adhesive to the slots
Pl acenent of bars in the slots

Curing of structural paste/adhesive

Adhesion to substrate

Application of coatings

oQ "D Q0

3.8.2 Daily I nspection Records
Daily inspection records shall include:

a. Date and installation start and finish tines;

b. Anbient tenperature, relative hunidity, and general weather
observati ons;

c. Surface tenperature of the masonry receiving the FRP conposite
system

d. Surface dryness;

e. Surface preparation nethods;

f Surface cl eanliness;

g. Type of auxiliary heat source, if applicable;

h. FRP [bar] [shape] batch nunber(s), linear footage, and |ocations
installed in structure;

i. Batch nunbers, mx ratios, mxing tines, total volunes, and m xed
color of all polyner resins, including prinmers, putties, pastes,
adhesi ves, and coatings mixed for the day;

j. Cbservations on progress of structural paste/adhesive cure to

i ncl ude measured Shore hardness val ues;

k. Conformance with installation procedures;

|. GCeneral progress of work.

3.8.3 Record Mai nt enance

The i ndependent special inspector shall retain the records of inspection
and w tness panels throughout the warranty period. The Contractor shal
retain sanples of m xed structural paste/adhesive and naintain a record
of the placenent of each batch. Inspection and progress reports shall be
submitted daily to the Contracting Oficer

3.9 REPAI RS

Al'l defects shall be repaired according to the FRP nmi ntenance and repair
procedure provided by the system nmanufacturer

3.10 WORK AREA CLEAN UP

Upon conpl etion of the work, staging, scaffolding, and containers shal
be renmbved fromthe site or destroyed in an approved nmanner. FRP
conposite, structural paste/adhesive, and ot her deposits on adjacent
surfaces shall be renoved and the entire job left cleaned to equal or
better condition to that prior to the start of the job. dCoths, cotton
wast e and other debris that mght constitute a fire hazard shall be

pl aced in closed netal containers and renoved at the end of each day.

Al'l adhesives shall be stored, transported, and di sposed of properly as
i ndi cated on the MBDS sheets. Masonry dust and chips shall be contained
and di sposed of properly as required by local authorities. Al nmateria
to be disposed of shall be contained at the site until properly disposed
of .

-- End of Section --
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