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

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

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

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

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

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

PART 1 GENERAL

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

NOTE: |In general, reinforced nmasonry is defined as
masonry construction containing 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 nasonry (URM.

The project draw ngs shoul d show all necessary
details, architectural and structural, including
wal | sections, masonry bond and pattern, contro
joint locations, joint dinensions, reinforcenent
| ocations, anchors, bond beam and special units,
masonry di nensions, 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 systems as
structural repointing applied to masonry nenbers.
The work will include:

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

The inspection nmust check the location for cracks
and existing conditions of the masonry substrate.

b. Furnishing of materials, |abor, equipnment and al
itens necessary for rehabilitation of existing
masonry menbers by application of externally bonded
FRP conmposite systens as specified on the contract
drawi ngs and specifications.

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

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

1.1 REFERENCES

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

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 RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

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

speci ficati on when you choose to reconcile
references in the publish print process.

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

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 (2008; Errata 2009) Cuide for the Design
and Construction of Externally Bonded FRP
Systens for Strengthening Concrete
Structures

ACl 440. 3R (2004) Cuide Test Methods for Fiber
Rei nforced Pol ymer (FRP) for Reinforcing
or Strengthening Concrete Structures

ACl 503.1-503. 4 (1992, R2003) Standard Specification for
Repairing Concrete with Epoxy Mrtars

AVERI CAN CONFERENCE OF GOVERNVENTAL | NDUSTRI AL HYA ENI STS (ACA H)
ACA H Publication 0028 (2006) TLVs and BEls
ASTM | NTERNATI ONAL ( ASTM
ASTM C 581 (2003; R 2008el1) Standard Practice for
Det er mi ni ng Chemi cal Resistance of
Thernosetting Resins Used in

d ass- Fi ber-Rei nforced Structures,
Intended for Liquid Service

ASTM D 2240 (2005) Standard Test Method for Rubber
Property - Duroneter Hardness

ASTM D 2563 (2008) dassifying Visual Defects in
G ass-Reinforced Plastic Laninate Parts

ASTM D 3039/ D 3039M (2008) Tensile Properties of Polyner
Matri x Conposite Materials

ASTM D 3045 (1992; R 2003) Practice for Heat Aging of
Pl astics Wthout Load

ASTM D 3171 (2009) Standard Test Method for
Constituent Content of Conposite Materials

ASTM D 4541 (2009) Pull-Of Strength of Coatings Using
Port abl e Adhesion Testers

ASTM G 154 (2006) Operating Fluorescent Light
Appar atus for UV Exposure of Nonnetallic
Materi al s

| NTERNATI ONAL CODE COUNCI L (| CC)

| CC ES AC125 (2003) InterimCriteria for Concrete and
Rei nforced and Unrei nforced Masonry
St rengt heni ng Usi ng Fi ber-Rei nforced
Pol yner (FRP) Conposite Systens

| CC ES AC178 (2003) InterimCriteria for Inspection and
Verification of Concrete and Reinforced
and Unrei nforced Masonry Strengthening
Usi ng Fi ber-Reinforced Pol yner (FRP)
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1

1

Conposite Systens
NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 255 (2005; Errata 2006) Standard Met hod of
Test of Surface Burning Characteristics of
Buil ding Materials

U. S. DEPARTMENT OF DEFENSE ( DOD)

El 042XX (200X) Design of Fiber Reinforced Pol yner
Conposites Systenms for Rehabilitation of
Unrei nforced and Lightly Reinforced
Masonry Walls

U.S. NATI ONAL ARCHI VES AND RECCORDS ADM NI STRATI ON ( NARA)
29 CFR 1910. 1200 Hazard Conmuni cati on
2 SYSTEM DESCRI PTI ON

2.1 Desi gn Requi renents

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

NOTE: The resin systemused in the FRP conposite
system seals up the surface of the wall where it is
applied and can inpede air and noisture mgration
through a wall. |If the wall should not be seal ed
tight, full coverage of the wall with the FRP system
shoul d be avoi ded thus allowi ng nornmal air and water
vapor transm ssion.

Rk Ik Sk kR IR R R I O O e S S R Rk Rk S R Rk Ok kS I O I b R R Rk

The design of the FRP conposite system shall conformto ACI 440. 2R and
shal |l provide [seismc] [wind] [and] [blast] strengthening for [clay] [and]
[concrete] masonry walls. The strengthening design requires that walls
with the FRP system applied fail by cracking through the masonry units and
nortar prior to any delam nation or rupture of the FRP conposite system
Submit Design Cal culations as specified in the Submttals paragraph
Provide an FRP systemthat does not adversely affect air and noisture
perneation through the nasonry walls.

. 2.2 Per f or mance Requi rements

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

NOTE: Provide the paraneters of strength or force
that nmust be provided by the rehab. The foll ow ng
vari abl es nmust be considered in determning the
enhanced performance requirenments: the load on the
wal I, the size of the wall, the wall aspect ratio,
wal I openings, etc.

IR E R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEREEEEE SRS

Provide the FRP conposite systemwith [seismic] [wind] [and] [bl ast]
strengthening for [clay] [concrete] masonry walls by [[__ ] percent] [the
quantity indicated on the shop drawi ngs]. The system shall transfer
[seismic] [wind] [and] [blast] loading in concert with the existing nmasonry
to the building foundation.
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1.3 SUBM TTALS

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

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

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

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

(Engi neering Division or other organization in the
District OOfice); "AO for Area Ofice; "RO for
Resident 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 Arny projects.

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

CGovernment approval is required for submittals 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 submttal for the
CGovernment.] Submt the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:

SD-01 Preconstruction Subnittals

Quality Control[; CG[; G |
A quality assurance plan for installation and curing of all FRP

materials to include personnel safety issues, installer
certification, application and inspection of the FRP system
| ocation and pl acenent of splices, curing provisions, neans to
assure dry surfaces, quality assurance sanples and cl eanup. The
plan will indicate the testing that will be perforned and identify
the party or parties responsible for this testing.

SD- 02 Shop Drawi ngs

FRP Conposite Systen[; C[; G [____ 1]
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Conpl ete shop drawi ngs for each installation of the conposite
system showi ng details of fiber architecture, fiber type,
di mensi ons, nunber and thickness of |ayers, direction of fiber
| ayers, sequence of |ayer applications, lap splices, joint and end
details, anchorage of the FRP conposite system proposed
connections to diaphragns and adjacent walls, and locations to be
applied as specified. Include any cal cul ations prepared by or on
behal f of the Contractor to determ ne the | ayout of the FRP
materials to be installed.

SD- 03 Product Data
Material s

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

Tensile Properties

Val ues as determined by tensile testing in accordance with
ASTM D 3039/ D 3039, elastic nodulus determ ned by the strength
and rupture strain values and ultinate tensile strength and
rupture strain values determ ned by subtracting three (3) standard

devi ations fromthe average val ues of twenty (20) or nore tensile
tests.

Materi al Safety Data Sheets (MSDS)

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[; CI[; G [___ 11
FRP plate 300 x 300 mr 12 x 12 inches or plate of equival ent
area when one of the fiber reinforcing dinensions is |ess than 300
mr 12 inches.
Anchor s
Two of each type of anchor to be used.
SD- 05 Design Data
Design Calculations[; C[; G |
Design cal cul ations for the FRP conposite system subnmitted for
approval to the Contracting Oficer, stanped by a registered
prof essional civil or structural engineer and confornming to
requirenents set forth in El 042XX and in the | CC ES AC125
Acceptance Criteria based on tension force and strain linits.

SD- 06 Test Reports

Field Testing
Laboratory Testing
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System environnental durability test results conducted and
reported by an independent testing facility; the report shal
provide the follow ng information:

a. FRP System nonencl ature

b. Testing facility nane

c. Testing facility address

d. Testing facility tel ephone nunber
e. Testing facility point of contact
f. Freeze-thaw test results

g. W test results

h. Fire resistance test results

vall Tests[; C[; G [_____ 1]

Test results by an independent testing facility on walls which
are representative of the actual configuration and | oadi ng
conditions for this contract, showing the follow ng i nformation:

FRP System nonencl at ure

Primer/filler system nonencl ature

Coat i ng/ fini shing system nonencl ature
Testing facility nane

Testing facility address

Testing facility tel ephone nunber
Testing facility point of contact

Test wall substrate material

Test wall aspect ratio

FRP fiber orientation and fiber density
FRP conposite application process

. Cyclic in-plane test results in accordance with EIl 042XX and
CC ES AC125 to include the foll ow ng:

oA I Te@Tea0oe

(1) Description of test setup

(2) Rate and nmethod of | oading.

(3) Defornation and strain neasurenents.
(4) Modes of failure.

Har dness Test
M ni num Shore hardness val ues at 24 and at 48 hours in
ten-degree intervals between 4 and 38 degrees C 40 and 100 degrees
F for both neat resin and for FRP | am nate on masonry substrate.
Provi de mi ni mum Shore hardness values for fully cured resin and
fully cured FRP | ami nate on masonry substrate.
SD- 07 Certificates

Materials[; Cl[; G |

Certification fromthe system manufacturer of the guaranteed
mat eri al and section properties for the supplied nmateri al

Regul at ory Requiremnents
Certification that resins proposed for use neet Federal VOC
regul ati ons and those of the local Air Pollution Control Districts

havi ng jurisdiction over the geographical area in which the
project is |ocated.
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System Manufacturer[; C[; G [___ 11

Alist of a mninmnumten (10) FRP conposite strengthening
projects conpleted with the manufacturer's conposite system
i ncluding: the dates of work, type, description and anount of
work performed, as well as a point of contact for the Contractor
doi ng the work, and an owner representative to include nang,
address and tel ephone number.

Contractor[; C[:; G [____ 1]

Alist of a mininumfive (5) conpleted FRP conposite
strengt hening projects performed by the Contractor to include a
m ni mum of three (3) with the manufacturer's conposite system
I nclude the dates of work, type, description and anobunt of work
perforned, the FRP systeminstalled for each project, and the nane
and tel ephone nunmber of a contact person or owner for which the
wor k was conpl et ed

Field Representative[; C[; G [____ 11

The nane of the Contractor's field representative who wll
performthe actual work supervision, the date certification course
conpleted, and a list of a mininumof ten (10) conpleted FRP
conposite strengthening projects of sinmilar applications using the
manuf acturer's conposite system Include the dates of work, type,
description and anobunt of work perfornmed, and the nane and
t el ephone nunber of a contact person or owner for which the work
was conpl et ed

Applicators[; C[; G [

Certificates of training by the FRP system manufacturer for al
FRP applicators, a syllabus of the certification course, as wel
as listing of past application projects conpleted by the
applicators. Include the dates of work, type, description and
anount of work perfornmed, and the name and tel ephone nunmber of a
contact person or owner for which the work was conpl et ed.

SD- 08 Manufacturer's Instructions
FRP Conposite Systenm, G [__ ]

Manufacturer's printed installation instructions to include the
fol | owi ng:

a. Brand nane
b. Catal og nunmbers
c. Nanes of manufacturers for each material to be used. |Include
with instructions the estimated 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
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(4) Cold weather installation to include the m ninmum
application tenperature reconmmended by the FRP system nmanuf 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 m ni nrum Shore hardness for the
| ower tenperatures shall be provided

(5) Hot weather installation to include the maxi num
application tenperature recommended by the FRP system nmanuf 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 m ni nrum Shore hardness for the
hi gher tenperatures shall be provided.

(6) Inclenent weather installations

(7) Application procedures of top coating materi al

SD- 10 Operation and Mai ntenance Dat a
Record Retention; G [__ ]

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

4 QUALI TY ASSURANCE

I nf orm wor kers having access to the work area of the contents of the
applicable material safety data sheets (MSDS) and of potential health and
safety hazards and protective controls associated with materials used on
the project. The work area is one that may receive msts and odors from
the rehab application and curing operations. Train workers in the safe
handl i ng and application of FRP nmaterials and the exposure limt for each
material that the worker will use or otherw se be exposed to during the
course of the project. |Instruct personnel having a need to use respirators
and masks in the use and mai ntenance of such equi pnent.

4.1 Syst em Manuf act ur er

The FRP composite system manufacturer shall have used the proposed
materials systemon a mninumof ten (10) conpl eted strengthening projects.

. 4.2 Cont r act or

The Contractor shall have conmpleted a ninimumof 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 composite system Provide the
qualifications for its Field Representative as specified in the Submttals
par agr aph.

. 4.3 Applicators

.4.3.1 Trai ni ng

The FRP conposite applicators shall have conpleted, as a mninum a
certification course provided by the FRP manufacturer, which includes
hands-on application of FRP systems to nasonry substrates. A field
representati ve who has conpleted the course of instruction and has
completed a minimumof ten (10) FRP conposite strengthening projects, three
(3) using the manufacturer's conposite system shall be present onsite
during all installation of the FRP system

SECTION 04 01 21 Page 12



1.4.3.2 Experi ence

Only qualified applicators neeting these requirenments and those having
prior experience in the specified surface preparati on and coating
applications shall be assigned to performthe work described herein

1.4.4 Regul at ory Requi renents
Insure that the conposite system used does not rel ease volatile organic

conmpounds (VOC) into the air in excess of the nost restrictive of N OSH
RELs, OSHA PELs or ACA H TLVs for worker or occupant exposure during

installation and/or over the useful life of the structure. |If VOCs exceed
any of these exposure linmits during installation or use, provide additiona
ventilation for the duration of the excess outgassing. Insure that at no

time will they exceed STEL, even if additional ventilation or air supply is
provided. Provide the necessary equi pnent to conply with these
requirements. Once cured, insure the FRP conposite system does not exhibit
any detectabl e odor at a di stance of 300 nm one foot fromthe FRP surface.

1.4.5 Pre-install ation Meetings

Prior to commencenent of any work, arrange and conduct a neeting between
the Contracting O ficer, Contractor, and the independent special inspector
to discuss the project requirements. Review the requirenments of the

Speci fication and overall project requirenents. Review and discuss al
aspects of the project including containment, environmental control,
surface preparation, strengthening systemapplication, quality assurance,
schedul e requirenents, and safety. Request clarification of any
anbiguities, and advise the Contracting Oficer of any potential conflicts
and/ or any technical requirenents that appear inproper or inappropriate.

1.5 DELI VERY, STORAGE, AND HANDLI NG

1.5.1 Label i ng
Deliver polymer resin materials in original factory-sealed containers with
the manufacturer's labels intact and legible with verification of product
nonencl ature, manufacturer's nane, product identification and batch nunber,

date of manufacture and shelf |ife or expiration date. Do not use pol ynmer
resin materials that have exceeded the shelf life.

1.5.2 St or age
Store materials in a covered, well-ventilated area protected from exposure
to any detrinental conditions including: airborne contam nants, dirt,
dust, sunlight, tenperatures |lower than 4 or greater than 38 degrees C 40
or greater than 100 degrees F, rainfall, sparks or flame and in accordance
with the manufacturer's requirenments. Store polynmer resins separate from
their hardeners.
1.6 PRQIECT/ SI TE CONDI TI ONS
1.6.1 Envi ronnent al Requi renents
1.6.1.1 Application Tenperature
a. Do not apply priners, saturating resins and adhesives to cold or
frozen surfaces. Wen the surface tenperature of the masonry surface
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falls below a mninmum |l evel, as specified by the FRP system

manuf acturer, the work will cease until both the air and nmasonry
tenperature rise above the specified mnimm  Suppl enental sources of
heat shall not be used to raise the air or masonry surface tenperature
unl ess approved by the FRP conposite system nanufacturer

b. When the surface tenperature of the masonry and/or the air
tenmperature rise above the maxi mum | 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 maxi mum

1.6.1.2 Wet or Danp Surfaces

Unl ess they have been formul ated for such applications, do not apply resins
and adhesives to danp or wet surfaces.

1.6.1.3 Br eat habl e Wal | Surf aces

Do not conpletely cover masonry surfaces that are designed to allow air and
vapor transm ssion with FRP systens.

1.6.2 Exi sting Conditions

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

1.6.3 VWor k Coordi nati on

Coordinate work to mninze exposure of building occupants, other
Contractor personnel, and visitors to dust, nists, and odors from
preparation, FRP system application and cl ean-up operations.

1.7 WARRANTY

Furnish a warranty (either by the nanufacturer or Contractor) for FRP
conposite systeminstallation. |Insure the warranty covers the FRP
conposite system [design,] installation, bond to the substrate, and
interlam nar bond, as well as nechanical property retention, and
fabric-resin conpatibility. The warranty shall run directly to the
Government and shall cover a period of not less than 5 years fromthe date
of Governnent's acceptance.

PART 2 PRODUCTS
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NOTE: FRP system forns can be categorized based on
how they are delivered to the work site and
installed. Externally applied FRP conposite systens
cone in a variety of forms including wet [ay-up
systens, prepreg systens, and precured systens.

Wet | ay-up FRP systens consist of dry unidirectiona
or nulti-directional fiber sheets or fabrics that
are inpregnated onsite with a saturating resin. The
saturating resin is used to bond the sheets to the
masonry surface. Wt lay-up systens are saturated
with resin and cured in place and in this sense are
anal ogous to cast-in-place concrete. For dry lay-up
systens, the fabric is placed on the wall and then
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saturated in-place with resin and cured in place.

Prepreg FRP systens consist of unidirectional or

nmul tidirectional fiber sheets or fabrics that are
prei npregnated with a saturating resin in the
supplier's facility. Prepreg systens are bonded to
the concrete surface with or wi thout an additiona
resin application, depending upon specific system
requirenents. Prepreg systens are saturated offsite
and, like wet lay-up systens, are cured in place.
Prepreg systens usually require heat for cure.

Precured FRP systens consi st of conposite shapes
(plates, strips, ribbons, and bars configured as an
open mesh grid or solid |anmnate) manufactured in
the system supplier's facility and shipped to the
job site. Typically, an adhesive is used to bond
the precured shapes to the nasonry surface.

It is inmportant that only one system nmanuf acturer
supply all materials system conponents
(reinforcenents, resins and adhesives) for a
specific job. The arbitrary selection of a fiber
reinforcement and a resin/matrix material can |ead
to failure of the FRP conposites system due to

mat ri x-rei nforcenment inconpatibilities and are,

t herefore, not all owed.
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2.1 MATERI ALS

Do no substitute the submitted reinforced FRP conposite system or any of
its components during the course of the project.

2.2 MANUFACTURED PRODUCTS

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

NOTE: The values listed in the follow ng table
shoul d be provided by the design engi neer and be
based on the val ues and assunptions that were used
i n devel opi ng the rehab design. The itens in Table
1 below will be the m ni num acceptabl e property

val ues for the FRP systemto be installed and
potential FRP systens submitted which do not neet

t hese m ni munms shoul d be rejected.

Submittals nmust denonstrate that the proposed
materials will match the intent of the engineering
design using the properties |isted above. Proposed
FRP systenms nust utilize the sane primary fiber

rei nforcement type (e.g., carbon fiber, aramd
fiber, or E-glass fiber) as the systemlisted above.

Proposals for material systenms nust include, at a

m ni rum docunent ed evi dence that the Manufacturer
of the proposed system neets the requirenents of
Table 1, and denonstrate the structural equival ency
of the proposed systemto the systen(s) specified.

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O
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Table 1 lists the mininumall owabl e gross | aminate properties for the cured
[gl ass] [carbon] [aramid] [hybrid] reinforced FRP conposite system

Provi de values for the Tensile Properties of the conposite material as
specified in the Submttal s paragraph

TABLE 1
FRP

COWPCSI TE TEST

REQUI REMENT VETHOD
El ongati on:
max. [ 1 % ASTM D 3039/ D 3039M
Guar ant eed Tensil e
Strength, mn., in [ ] kPa (psi) ASTM D 3039/ D 3039M
primary fiber
direction.
U t. Breaking Load,
mn., in primry [ ] kg/ mm (1 b/in) ASTM D 3039/ D 3039M
fiber direction
wi dt h

Modul us of Elasticity,

m n. based on cross [ ] kPa (psi) ASTM D 3039/ D 3039M
sectional area of

primary fibers

Percent Tensile

Strength

Ret ai ned after:

[ 7 days exposure

at 100% hunidity [ 1% ASTM G 154]

[ 2,000 hours
exposure to W [ 1% ASTM G 154]

[ 3,000 hours
exposure to ozone [ 1% ASTM C 581]

[ 3,000 hours
exposure to al kali [ 1% ASTM C 581]

[ 3,000 hours
exposure to salt water [ 1% ASTM C 581]

[ 3,000 hours exposure
at 60 C (140 F). [ 1% ASTM D 3045]

[ Guarant eed Tensile
Strength at 90 degrees [ ] kPa (psi) ASTM D 3039/ D 3039M
to primary fibers, mn.]

[Utimate Tensile

Strength of Lap [ ] kPa (psi) ASTM D 3039/ D 3039M
Splices in Primry
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TABLE 1

FRP
COWPCSI TE TEST

REQUI REMENT VETHOD
Fi ber Direction]
[Ply Thickness [ ] mm (in) ASTM D 3039/ D 3039MV]
[ Fi ber Vol ume Fraction [ ] % ASTM D 3171]
[ Visual Defects Accept ance ASTM D 2563

Level [ 11

2.3 COVPONENTS

2.3.1 FRP Conposite System

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

NOTE: Select the appropriate systemfromthe three
choi ces bel ow and del ete the others.
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2.3.1.1 Wet Lay-up System

A wet lay-up FRP system consists of [glass] [carbon] [aramid] fiber in [an
epoxy] [a polyester] [a pol yurethane] resin.

2.3.1.2 Prepreg System

A prepreg FRP system consists of [glass] [carbon] [aramid] fiber in an
uncur ed pol yner resin.

2.3.1.3 Precured System
A precured FRP system consists of [glass] [carbon] [aram d] fi ber,
fabricated as [strips] [plates] [ribbons] [bars] in [an open mesh grid] [a
solid laminate] configuration with a resin matrix of [vinyl ester]
[ pol yester] [epoxy] [pol yurethane] [specialty resin] applied to the surface
of the masonry wall using [a pol yurethane] [an epoxy] structural adhesive.
2.3.2 Use of Primer/Filler

The primer/filler used for the protective seal coat and for filling voids
consi sts of a thickened [epoxy] [polyester].

2.3.3 Fi ni sh and Coati ng

Performfinal finish and apply architectural coatings as prescribed in
architectural specifications and drawings [__ ].

2.4 ACCESSORI ES
2.4.1 Anchor s

Install anchors for the FRP system as prescribed by the FRP system
manuf acturer and designated in the Shop Draw ngs.
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2.4.2 M scel | aneous

Provide other materials as needed for the proper installation of the
conpl ete conposite system as specified.

2.5 M XES

M x [Resins] [Adhesive] in accordance with the FRP system manufacturer's
recomrended procedure. Assure that all [resin] [adhesive] conmponents are
at a proper tenperature and are mxed in the correct ratio until there is a
conpl ete m xi ng of conmponents and a uniformcolor. M x each batch of
[resin] [adhesive] in quantities sufficiently small to ensure that al

m xed [resin] [adhesive] can be used within the [resin] [adhesive] pot

life. Do not use m xed [resin] [adhesive] that exceeds its pot life as
defined by the system manufacturer.

[2.6 FLAME SPREAD FI RE PROTECTI ON

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

NOTE: Unless stated otherwi se by the local fire
buil di ng code, this paragraph may be deleted if the
FRP materials are installed on the exterior of a
structure or if a flame barrier is installed between
living space and the FRP materials system

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

Meet requirements for Class 1 fire rating in accordance with NFPA 255 and
neet or exceed |ocal building code requirenments for flame spread and snoke
gener ati on.

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

Exam ne existing conditions to assess the quality of the nmasonry substrate,
identify potential obstructions, and verify di nensi ons/geonetries shown on
shop draw ngs.

3.1.2 Envi ronnental Tenperature

Shoul d the potential for adverse tenperatures occur during installation,
stop the application of FRP until temperatures return to within the range
specified in the Manufacturer's Instructions. Cbtain approval fromthe FRP
manuf acturer and the Contracting O ficer before using suppl enental heating
or cooling sources.

3.1.3 G her Environnmental Factors

Shoul d the potential for direct contact by rain, dust or dirt, excessive
sunlight, high humdity, or vandalismoccur during installation, tenporary
protection may be required until the resins have cured. Provide and
install tents and/or plastic screens as required to protect the FRP system
as it cures. Assure resins are cured before renoval of tenporary shoring
or allowing the structure to be exposed to new |loads. |In the event of
suspected damage to the FRP systemduring installation, notify the
Contracting Oficer. Repair any damage caused by installer negligence at
no additional cost to the Governnent.
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3.

3.

2 PREPARATI ON
2.1 Materials Testing

Assure that delivered FRP materials nmeet the specified requirenments prior
to starting the project. This may require | aboratory testing. Reject al
materials that do not nmeet the m nimumrequirenments, as specified in Table
1 and by the Contracting Officer. |In addition, determ ne the gel tine, pot
life, and curing hardness of the resins.

. 2.2 Worksite Ventil ation

Ventilate work areas during FRP application so that worker exposure to
chem cal substances does not exceed linits established by

ACG H Publication 0028, or required by a nore stringent applicable |ocal
regul ation. Ventilate interior work zones having a volunme of 280 cubic m
10,000 cubic ft or less at a mnimumof 2 air exchanges per hour. Miintain
ventilation in larger work zones by means of nechanical exhaust. Exhaust
sol vent vapors outdoors, away fromair intakes and workers. Tenporarily
seal return air inlets in the work zone before start of work until the

pol ymer resin has cured.

. 2.3 Substrate Repair

.2.3.1 Sur f ace

[ The area to receive FRP conposite is relatively sound structurally.]

[ There are known probl ens associated with the condition of the origina
masonry and the masonry substrate that can conprom se the integrity of the
FRP system] [Fill surface cracks greater than 1.6 mr 1/16-inch to a

m ni mum depth of 25 mr 1 inch.] [Renove areas of |oose or spalling masonry
mat eri al . ]

.2.3.2 Sub- Sur f ace

Do not apply externally bonded FRP systens to masonry substrates containing
corroding reinforcing-steel. Note and report evidence of |ocalized
cracking and/or spalling at grouted cells or of rust stains to the
Contracting O ficer. Do not proceed with work until the cause(s) of the
corrosion is addressed and the corrosion-related deterioration repaired.

. 2.4 Surface Preparation
.2.4.1 Surface O eaning
Renove all | oose or unsound materials and other conditions that woul d
i nhibit bond such as laitance, dust, dirt, oil, curing conpound, existing

pai nt or coatings, efflorescence, and any other matter that could interfere
with the bond of the FRP system fromthe masonry or repaired surfaces to
which the FRP systemis to be applied.

.2.4.2 New Masonry Preparation

Unspoi | ed new nmasonry only requires wire brushing to renove | oose surface
particles.
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.2.4.3 A d day Masonry Preparation

Prepare surface of older clay masonry using hand tools, power tools or
wat er bl asting techniques. Do not use abrasive bl asting.

.2.4. 4 A d Concrete Masonry Preparation

Concrete masonry may be bl asted using a |light blast abrasive or cleaned
usi ng hand tools, power tools or water blasting techniques.

.2.4.5 Cl eaned Surface Protection

After the cleaning operations are conplete, protect the surface prior to
FRP installation so that no materials that may interfere with bond are
redeposited on the surface. Apply the FRP conposite systemto the prepared
wall within 72 hours of perform ng the surface preparation.

.2.5 Surface Plane Variation Tol erance
.2.5.1 Tool ed Mortar Joints

Fill all tooled nortar joints with putty or another epoxy-based paste with

adequat e bondi ng properties to the nasonry substrate to nake them fl ush

with the adjacent clay masonry unit or concrete block. Ensure that

| ocal i zed out-of-plane variati ons between masonry units do not exceed 1.6 mm
1/16-inch or the tol erances recomrended by the FRP system manufacturer,

whi chever is less. Snooth localized out-of-plane variations in the masonry
units using putty as needed. It is not necessary to screed filler onto the

surface to fill all bug holes. Fill larger holes greater than 6 mm 1/4 inch
in diameter and other voids with putty.

.2.5.2 Unt ool ed Mortar Joints

Gind or chisel untooled nortar joints that protrude beyond the masonry
surface or other protuberances or irregularities flush with the surface.

.2.6 Obstructions, Corners and Non-Pl anar Surfaces

ostructions, re-entrant corners, concave surfaces and enbedded objects can
affect the performance of the FRP system Mdify as necessary. Movable
obstructions and enbedded objects may need to be renoved prior to
installing the FRP system [G ve special care to re-entrant corner
detailing and concave surface detailing to ensure that the bond of the FRP
systemto the substrate is maintained.]

2.7 Surface Mi sture

Ensure that all surfaces to receive the strengthening systemare as dry as
recommended by the FRP system manufacturer. Evaluate noisture content in
accordance with the requirenments of Section 2.3.2.5 of ACI 503.1-503. 4.

.3 FRP | NSTALLATI ON

Do not install the FRP conposite if the anmbient air tenperature or
substrate surface tenperature exceeds that recommended by the system

manuf acturer. Do not install the FRP composite when surface noisture is
present on the substrate or when rainfall or condensation is anticipated in
the work areas.
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3.

3.

3.1 Pri mer
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NOTE: Wet lay-up systens typically require a priner
to saturate and penetrate the masonry surface and
enhance the bond strength of the FRP system
Adhesi ves used with pre-cured systems, depending
upon its chem stry, nmay not require use of a prinmer.

Del ete this paragraph if not required in the project.

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

a. Mx priners according to the FRP system manufacturer's installation
instructions. Assure resin conmponents are at a proper tenperature and
m xed in the Manufacturer's prescribed nix ratio for its prescribed

mxing time until there is a uniformand conplete m xi ng of conponents.

b. Apply priners to areas on the nasonry surface where the FRP system
is to be placed. Place prinmer uniformy on the prepared surface at the
manuf acturer's specified rate of coverage. Allow primer to cure to the
degree specified by the FRP manufacturer before applying subsequent
mat eri al s.

3.2 Putty/Filler

Assure putty/filler used is compatible with the FRP strengtheni ng system
and conplies with the FRP system nmanufacturer's specifications. Use putty
or anot her epoxy-based paste with adequate bonding properties to masonry
only to fill voids and snooth surface discontinuities prior to application
of other nmaterials. Allow putty to cure to the degree specified by the FRP
manuf act urer before applying subsequent materials. Gind rough edges or
trowel lines of cured putty snooth prior to continuing the installation.

.3.3 Wet Lay-Up and Prepreg Systens

Install the FRP systemin strict accordance with the FRP system

manuf acturer's recommendations. Apply sufficient saturating resin to
achieve full saturation of the fibers in accordance with the manufacturer's
specifications. Release or roll out entrapped air between |ayers before
the resin sets. Place successive |layers of saturating resin and fiber
materials before conplete cure of the previous |ayer of resin. Handle
sheet and fabric nmaterials in a nmanner to maintain the fiber straightness
and orientation. Renove and repair fabric kinks, folds, or other forns of
severe wavi ness.

. 3.4 Precured Systemns

Install the FRP systemin strict accordance with the FRP system

manuf acturer's recommendations. Uniformly apply adhesives to the prepared
surfaces where pre-cured systens are to be placed. Apply adhesives at a
rate recomended by the FRP manufacturer to ensure full bondi ng of
successive layers. Release or roll out entrapped air between | ayers before
t he adhesive sets.

.3.5 Lap Splices

[ Stagger lap splices unless noted otherwi se in the Shop Draw ngs and by the
Contracting Oficer.] [Lap splices are not pernmtted except as shown in the
Shop Draw ngs. ]
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3.

3.

3.

3.6 Curing of Resins

I nspect the primer and FRP resin to ensure proper cure according to the
manuf acturer's recommendation. Field nodification of resin chemstry is
not permtted.

3.7 Surface Finish - Coating Application
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NOTE: Only those surfaces exposed to direct
sunl i ght and weat her require surface finish

coating. There may al so be applications where it is
desired for architectural reasons or aesthetics.
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3.7. 1 Preparation

Apply paints and coatings prior to final resin cure for best results.

After the FRP resin has cured, the coating can be applied by performng a
[ight dust blast of 30-nesh silica sand (or equival ent nethod) to break the
gloss finish in preparation of a finish coating. Renpve dust and residue
fromall surfaces by flushing with clean water before applying the

coating. Assure all surfaces are dry before applying the surface finish
coati ng.

.3.7.2 Mul tiple Coats

Use coatings conpatible with the FRP strengthening systemand applied in
accordance with the manufacturer's recommendati ons. Apply two finish

| ayers of coating according to the coating manufacturer's instructions
prior to full cure of the FRP system

.3.8 Install ati on Procedure Modification

Installation procedures nay be nodified to achieve maxi mumresults, subject
to approval by the Contracting Oficer. Procedural nodifications approved
by the Contracting Officer prior to inplenentation are all owed.

.3.9 System Pl acenent Tol er ances

Foll ow FRP ply orientation and ply stacking sequence in accordance with
that shown in the Shop Drawi ngs. Assure variations in angle fromthe
intended direction of fiber alignnent prescribed in the Shop Draw ngs are
| ess than 5 degrees.

.4  WALL FEATURE COWPATIBILITY

4.1 Weep Hol es

Maintain all weep holes. Ensure that no resin enters existing weep hol es.
Do not cover existing weep holes with the FRP conposite.

.4.2 Construction Joints

.4.2.1 [Control Joints

Maintain all CMJ control joints. Ensure that the FRP conposite does not
bridge existing control joints.]
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3.4.2.2 [ Expansi on Joints
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NOTE: Design | oads nmust be eval uated to deternine
whet her or not to maintain existing expansion joints.

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

[Maintain all clay masonry expansion joints.] [Those expansion joints
i ndi cated on the shop drawi ngs shall be maintained.] Ensure that the FRP
conposite does not bridge existing expansion joints.]

[3.4.3 Di aphr agns

Anchor the FRP systeminto the floor and ceiling diaphragms in accordance
with the Shop Drawi ngs. Ensure anchorage does not create |ocal stresses
that may locally fracture the walls when deflection occurs due to

out - of - pl ane | oadi ng.

13.5 QUALI TY CONTRCL

Mai ntain quality assurance and quality control (QA QC) prograns and
criteria. Provide full inspection of the surface preparation and conposite
systens applications to ensure full conpliance with the specified

requi renents.

3.5.1 | ndependent Speci al | nspector

Provide a special inspector, trained and certified by the FRP system

manuf acturer and approved by the Contracting Oficer. The Specia

| nspector shall not be an enpl oyee of the Contractor or be financially
associated with the Contractor beyond the inspection contract. The Specia
| nspector shall performinspections in accordance with this specification
and | CC ES AC178.

3.5.2 Laboratory Qualification

The testing | aboratory shall be one approved by the Engi neer of Record, the
Contracting Officer and the Contractor. The |laboratory shall have
experience in testing FRP materials and have performed ASTM D 3039/ D 3039N
wal | tests for at least three (3) different Contractors prior to this
contract.

3.6 LABORATORY TESTI NG
3.6.1 Wt ness Panel s
3.6.1.1 Wet Lay-up and Prepreg

Fabricate wi tness panels onsite using installation procedures identical to
the method used to install the FRP systemto the masonry surfaces.
Fabricate two witness panels for each day of production or one for each 46
square n 500 square ft of production whichever is nore. Froma standard
polyner resin mx, saturate a 300 x 300 mr 12 x 12 inch piece of fabric
according to specified fiber-resin ratio. On a snmooth, flat, |evel surface
covered with pol yethyl ene sheeting or 0.4 mr 16-m | plastic film prine the
surface with polyner resin and then prepare the wi tness panel by placing
two | ayers of saturated fabric oriented in the sane direction on the flat
surface. Apply an additional topping of polyner resin and cover the
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3.

3.

conpl eted sanple with plastic filmand squeegee out all bubbles. Store
samples in a sample box at the work site and do not nmove them for a m nimm
48 hours after casting. Mark the panels with the date of fabrication,

| ocation of application, nunber of plies and primary fiber direction. Ship
the sanples within two weeks of fabrication to the pre-approved testing

| aboratory for eval uation.

.6.1.2 Pr ecur ed

W tness panel sanples for precured sheet and strip material are the width
of the procured sheet and a | ength sufficient to achi eve 92,900 square mr
144 square inches in total area taken randomy fromthe material received
at the job site.

.6.2 Panel Testing
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NOTE: Due to the sensitivity of ASTM D 3039/D
3039M not all testing laboratories are capabl e of
performng this test. The testing |aboratory used
shall have a history of perform ng ASTM D 3039/ D
3039M tests prior to the contract.
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Determine |ap splice strength, tension strength, and el astic nodul us of FRP
materials. Test not fewer than two (2) coupons from each w tness panel in
the | aboratory in accordance with ASTM D 3039/ D 3039N. If one coupon from
a witness panel fails to neet the mninumstrength specified in Table 1,
test five (5) additional coupons fromthe witness panel with the fail ed
coupon. |If a second one fails, test five (5) coupons fromall panels for
that day of production. Take appropriate renmedi al nmeasures to ensure
integrity of the FRP systemapplied for the day the failed w tness panels
were prepared. In addition, test a mninmmof five (5) coupons from each
wi tness panel for the remainder of the job or until ten successive wtness
panels are tested with no coupon failures. Then two (2) coupon tests per
wi t ness panel may be resuned. The Contracting Oficer nmay waive or alter
the frequency of testing.

.6.3 Repor t

The | aboratory shall report the nechanical properties of the wi tness panels
in accordance with ASTM D 3039/ D 3039N. Provide a copy of the report to
the Contracting O ficer and Special |nspector for review

7 FI ELD TESTI NG

7.1 M xed Resin Hardness
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NOTE: The term"resins" include priners, saturating
resins, binders, and adhesive conponents.

The required resin sanples are a mininumof 1/4-inch
(6.4 nm in thickness, whereas FRP placed on a wal
is nuch thinner, typically 1/8-inch (3.2 mm or

less. During initial stages of curing, thicker
cross sections tend to be softer than thin ones.
There is, therefore a variation in the required
hardness to account for this phenonenon.
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Prepare two sanples of each m xed resin, priners, binders, saturants, and
adhesi ves, per day fromtwo, separate, nonconsecutive batches of each. The
resin sanples should be a minimumof 3.2 mr 1/8-inch thick and 50 mr 2
inches in dianeter. Retain the mxed resin sanples for testing to evaluate
curing progress.

.7.1.1 Testing

Eval uate rel ative curing progress of the resin on the job site by measuring
the hardness of the resin sanple at 24 hours and 48 hours of cure in
accordance with provisions of ASTM D 2240. Ensure the polyner resin
exceeds the Shore hardness reported by the manufacturer evaluated at the

| owest air tenperature for the curing time period. Take neasurenents at a
m ni mum of three different points distributed over the resin specinen's
surface at least 6.4 mr 1/4-inch apart from each other.

.7.1.2 Report

Report the mean hardness val ue obtained, resin identification and

manuf acturer, resin batch nunber, resin mxing date and tinme, test date and
time, air tenperature when the resin was mxed, air tenperature when the
testing was perfornmed, the mnimumair tenperature for the curing period,
and the type and serial number of duroneter used.

.7.1.3 Renedi al Measures

In the event that nmeasured hardness is | ess than the nanufacturer's
reported hardness for the tenperature range, take renedial neasures as
speci fi ed.

.7.2 I n- Pl ace FRP Har dness
.7.2.1 Testing

Eval uate rel ative curing progress of the in-place FRP resin at 24 hours and
at 48 hours using the Shore Durometer hardness test described in ASTM D 2240.
Performa m nimum of five tests on each 9.3 square m 100 square ft of wal

or portion thereof with FRP conposite applied to it. Ensure the Shore

har dness exceeds the nmanufacturer's values for the tinme period neasured and
the I owest air tenperature during that tinme period.

.71.2.2 Repor t

Report both the individual and nean hardness val ues obtai ned, the |ocations
where each hardness test was performed, the FRP application date, test date
and tine, air tenperature when the FRP was applied, air tenperature when
testing perfornmed, and the type and serial nunber of duroneter used.

.7.2.3 Renedi al Measures

In the event that hardness is |l ess than the manufacturer's reported
hardness for the tenperature range, take renedi al nmeasures as specifi ed.

For any structural menber where testing indicates that the installed
composite system does not meet the mini mum specified hardness val ues,
imediately halt the FRP installation and notify the Contracting Oficer.
Renove the affected, installed FRP conposite at no expense to the
CGovernment and replaced with FRP conposite neeting or exceeding the m ninmum
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3.

3.

3.

har dness val ues.
7.3 Adhesi on Strength
7.3.1 Testing

a. Using the nethod described by ACI 440. 3R or ASTM D 4541 conduct
direct tension adhesion testing of cored sanples. Performa m ni mum of
three tests for each day of production or for each 46 square nm 500
square ft of FRP application, whichever is less. Performpull-off
tests on each area of fiber sheet installed on a single day. Perform
tests on each type of nasonry substrate or for each surface preparation
t echni que used.

b. Alowthe FRP systemto cure a mni mum of 24 hours before execution
of the direct tension pull-off test. The locations of the pull-off
tests shall be representative and on flat surfaces. |If possible,
conduct the tests on areas of the FRP system subjected to relatively

| ow stress during service. The m ninum acceptable value for any single
tension test is 1.2 MPa 175 psi. The average adhesion strength of the
three tests at each | ocation shall not be |less than 1.38 MPa 200 psi.
The tension adhesion tests shall exhibit failure of the nmasonry
substrate indicated by a | ayer of masonry on at |east 80 percent of the
undersi de of the test puck follow ng the test.

7.3.2 Repor t

Report the adhesive strength values for each test and the average strength

for each day's production. Report the type of failure for each. Report No
adhesion of the masonry to the FRP surface adhered to the test puck to the

Contracting Oficer.

.7.3.3 Renedi al Measures

In the event that the adhesive strength does not neet the m ni mum al | owabl e
strength, take renedial neasures. Halt FRP installation and notify the
Contracting Oficer. Remove affected, installed FRP conposite at no
expense to the CGovernment. C ean the substrate surface and apply FRP
composite that meets or exceeds the m ni num specified val ues.

.7.3.4 Test Repair

After testing, fill the hole in the FRP conposite with putty and snooth
it. Apply a 4-inch (100 nm) or nore overl appi ng sheet patch of equival ent
plies over the location where the sanple was taken.

.7.4 Lam nate Thi ckness and Nunber of Plies

Measure the cured | am nate thickness and count the number of plies. Avoid
taking samples from high stress areas or splice areas. Were lanmnate is
too thin or not having sufficient plies, add additional plies to neet
desi gn specifications.

. 8 QC/ QA | NSPECTI ON

.8.1 Speci al I nspector Duties

| nspect the FRP conposite overlay during and i nmedi ately foll ow ng
application of the conposite. |Inspect FRP systens and all associ ated work

SECTION 04 01 21 Page 26



as required by the applicable codes and as described in the Q¥ QC pl an.
nserve all aspects of onsite preparation and material application

i ncludi ng surface preparation, resin conmponent m xi ng, application of
prinmer, application of resin and fiber sheet, curing of conposite, and the
application of protective coatings. The special inspector shall require
conpliance with the design draw ngs and specifications.

3.8.2 Daily I nspection Records
Include in daily inspection records:

a. Date and tine of installation

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

c. Surface tenperature of the masonry receiving the FRP conposite
syst em

d. Surface dryness;

e. Surface preparation nethods;

f. Surface cleanliness;

g. Type of auxiliary heat source, if applicable;

h. Fiber or pre-cured | am nate batch nunber(s) and | ocation in
structure;

i. Batch nunbers, nmix ratios, mxing tinmes, and m xed col or of al
resins, including primers, putties, saturants, adhesives, and coatings
nm xed for the day;

' onservations of progress of cure of resins;

Conformance with installation procedures;

Pul | -off test results: bond strength, failure node, and | ocation
FRP system properties fromw tness panel tests, if required;
Location and size of any delam nations or air voids;

CGeneral progress of work.

©e=3377T

Submit daily inspection and progress reports to the Contracting O ficer.
3.8.3 Void Detection

After allowing at |east 24 hours for initial resin cure to occur, performa
vi sual and acoustic tap test inspection of the |layered surface. O her

nmet hods for detecting voids may be enployed; all parties concerned shal
agree upon these nethods prior to the subm ssion of bids or proposals.

Mark voids requiring corrective action in accordance with the specified FRP
mai nt enance and repair procedure.

3.8.4 Del am nati ons

Eval uate the cured FRP system for delam nations or air voids between
nmultiple plies or between the FRP system and the nmasonry. Use inspection
net hods capabl e of detecting del am nations of 1300 square nmm 2 square inches
or greater. Submit all delam nations or other anomalies to the Engi neer

of Record for eval uation.

3.8.4.1 Wet | ay-up and Prepreg Systens

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

NOTE: Deternine and correct the cause of

del ami nation prior to application of the patch
EE IR I Sk S S O S S S I R R R Rk I I S kS Ik I kR Ik S S I S R Sk I O

a. Small delamnations or air voids |less than 1300 square nm 2 square
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i nches each are perm ssible, so long as the delam nated area is |ess
than 5 percent of the total |lam nate area and there are no nore than 10
such del ami nations or air voids per 0.93 square nm 10 square ft.

b. Repair large delanmi nations or air voids, greater than 16,000 square
nmr 25 square inches by selectively cutting away the affected sheet and
appl yi ng a sheet patch of equivalent plies overlapping the undisturbed
FRP sheet by a m ni mum of 100 mr 4 inches on all sides. Use anchors in
reticent corners where overlapping is not possible. The nunber and

| ocations of the anchors require approval by the Engi neer of record.

c. Delamnations or air voids |ess than 16,000 square mr 25 square
inches may be repaired by resin injection or ply replacenment, depending
upon the size and nunber of delam nations and their locations. Consult
the Contracting O ficer on which repair nethod will be used.

3.8.4.2 Pre-cured Systens

For pre-cured FRP systens, eval uate each delam nation or air void and
repair in accordance with the Contracting Oficer's direction.

3.8.5 Fi ber Orientation

Eval uate fiber or pre-cured lamnate orientation by visual inspection.

Eval uate for fiber waviness, a |ocalized appearance of fibers that deviate
fromthe general straight-fiber Iine in the formof kinks or waves. Report
fiber or pre-cured | am nate msalignment of nore than 5 degrees fromt hat
specified on the design drawi ngs (approximately 80 nmnm 1 in/ft) to the
Contracting O ficer for evaluation and acceptance.

3.8.6 Record Retention

Retain the records of inspection and w tness panels throughout the warranty
period. Retain sanples of mixed resin and maintain a record of the

pl acement of each batch. Upon conpletion of repairs, re-inspect the

lam nate to verify that the repair was properly acconplished. Evaluate the
FRP systens and accept/reject based on conformance or nonconformance wth
the design drawi ngs and specifications. |Include FRP systemmateria
properties, as-built fiber orientation, presence of del am nations, cure of
resins, and adhesion to substrate in the evaluation.

3.9 REPAI RS

3.9.1 Application Defects
Repair all defects spanning nore than 5 percent of the surface area
according to the FRP mai ntenance and repair procedure. There are two types
of repairs: resin injection or renoval and reapplication of the FRP system

3.9.2 Tears in the Reinforcing Fibers

Repair tears in the reinforcing fibers that cross fiber tows greater than
50 mm 2 inches in |l ength by adding additional plies of FRP naterial.

3.9.3 Rermedi al Measures for Defects
In | ocati ons where the FRP adhesi on does not neet the m ni mum adhesi on

requirenents, renove the lamnate fromthe wall surface and apply new
| am nate. Review and get approval of the revised anchor details by the
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Contracting Oficer prior to installation. Should the Contracting Oficer
determ ne that anchors are inappropriate, renove the FRP conposite and
replace with new conposite meeting the m ni num adhesi on requirenents.

.10 WORK AREA CLEAN UP

Upon conpl etion of the work, renove stagi ng, scaffolding, and containers
fromthe work site or destroy themin an approved nmanner. Renove FRP
composite, resin, and other deposits on adjacent surfaces and | eave the
entire job cleaned to equal or better condition to that prior to the start
of the job. Place cloths, cotton waste and other debris, that m ght
constitute a fire hazard, in closed netal containers renoved at the end of
each day. Dispose of all resins and adhesives properly as indicated on the
MBDS sheets. Store and transport all resins and adhesives as indicated in
MBDS directions. Contain and di spose of spent abrasive blast nedia
properly as required by local authorities. Contain all material to be

di scarded at the site until properly disposed of.

-- End of Section --
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