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Make the following Section a part of the Standard Specifications: 1 
 2 

“SECTION 577 – FIBER REINFORCED POLYMER SYSTEMS 3 
 4 
577.01   Description.   The work includes the furnishing of all materials, 5 
labor, equipment and services for the supply, installation and finish of all 6 
structural strengthening using externally bonded FRP systems. 7 
 8 
577.02   Materials.  Materials for the FRP systems shall be carbon fiber and 9 
conform to ACI 440.2R, Guide for the Design and Construction of Externally 10 
Bonded FRP Systems for Strengthening Concrete Structures and the AASHTO 11 
2012 Guide Specifications for Design of Bonded FRP Systems for Repair and 12 
Strengthening of Concrete Bridge Elements.  In addition, the materials shall 13 
conform to the following minimum properties: 14 
 15 

(A) Dry Fiber Properties   16 
 17 

Tensile Strength – 580,000psi 18 
 19 

(a) Tensile Modulus – 33.4 x 106 psi 20 
 21 

(b) Ultimate Elongation – 1.7% 22 
 23 

(B) Composite Gross Laminate Properties of one layer 24 
 25 

(1) Tensile Strength – 143,000 psi ASTM D3039 26 
 27 

(2) Tensile Modulus – 13.9 x 106 psi – ASTM D3039 28 
 29 

(3) Elongation Break – 1.0% - ASTM D3039 30 
 31 

(4) Nominal Laminate Thickness – 0.08 in. as noted on the 32 
plans in accordance with ASTM D1777 33 

 34 
Alternatively, provide a system with an equivalent E x A as shown on the plans.  35 
Submit calculations by a licensed Hawaii Structural Engineer and supporting 36 
documentation for the alternative design to the Engineer for review and approval.   37 
 38 
577.03  Construction.  39 
 40 

(A)   Submittals. 41 
 42 
 (1) Manufacturer’s manual indicating product standards, 43 

physical and chemical characteristics, technical specifications, 44 
limitations, installation instructions, maintenance instructions and 45 
general recommendations regarding each individual material.  46 

 47 
 (2) A list of surface bonded FRP composite strengthening 48 

projects completed by the subcontractor using the selected 49 
supplier’s FRP system in the last 3 years.  The list should include at 50 
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a minimum 5 projects proposed FRP system, the dates of work, 51 
description and amount of work.   52 

 53 
 (3) A list of no fewer than 10 successful installations by certified 54 

applicator with written consent from manufacturer that the 55 
Contractor has been trained.  The certified applicator for this project 56 
FRP system shall prove a minimum of 5 years of experience in 57 
performing retrofits using FRP systems. 58 

 59 
(4) Shop drawings detailing the type, locations, dimensions, 60 
numbers of layers, and orientation of all FRP materials and 61 
coatings to be installed. Design shall follow criteria in ACI 440.2R. 62 
 63 
(5) Manufacturer’s product data sheets indicating physical, 64 
mechanical, and chemical characteristics of all materials used in 65 
the FRP system.  Data sheets to also include properties of the 66 
cured FRP laminates as determined by laboratory testing in 67 
accordance with ASTM D7565 and/or ASTM D3039 (ultimate and 68 
design tensile modulus, stress and strain).  Certification that the 69 
durability tests conform to ACI 440R and ACI 440.2R. 70 
 71 
(6) Manufacturer’s Material Safety Data Sheets (MSDS) for all 72 
materials to be used. 73 
 74 
(7) Certification by the manufacturer that supplied products 75 
comply with local regulations controlling use of volatile organic 76 
compounds (VOC’s).  Products that require the use of respirators 77 
do not comply with local regulations controlling use of VOC’s and 78 
shall not be allowed. 79 
 80 
(8) Submit durability test results for physical and mechanical 81 
properties as outlined in the AASHTO Guide Specifications for 82 
Design of Bonded FRP Systems for Repair, Section C2.2.4.4 with 83 
the exception of the Freeze-Thaw testing.  84 
 85 
(9) Submit paint manufacturer’s paint product data information 86 
with proposed paint color and sheen. 87 

 88 
 (B) Surface Preparation. 89 
 90 
  (1) ”Contact Critical” Applications: 91 
 92 
   (a) The surface to receive the composite shall be free 93 

from fins, sharp edges and protrusions that will cause voids 94 
behind the installed casing or that, in the opinion of the 95 
Engineer will damage the fibers.  Existing uneven surfaces 96 
to receive composite shall be filled with the system epoxy 97 
filler or other material approved by the Engineer.  The 98 
contact surfaces shall have no free moisture on them at the 99 
time of application.  If moisture is present, use the 100 
manufacturer suggested wet prime epoxy, if available.  101 
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   (b) Repair all damaged concrete, spalls, and irregular 102 
surfaces to create a flat, or slightly convex, surface.  Fill 103 
surfaces with thickened epoxy to eliminate air surface voids 104 
greater than 0.5 inch diameter. 105 

   106 
   (c) Round off sharp and chamfered corners to a minimum 107 

radius of 0.75 inch or as otherwise noted on the plans by 108 
means of grinding or forming with the system’s thickened 109 
epoxy.  Variations in the radius along the vertical edge shall 110 
not exceed 0.5 inch for each 12 inch of column height. 111 

 112 
  (2) “Bond-Critical” Applications: 113 
 114 
   (a) Surface preparation shall be in accordance with 115 

recommendations of ACI 546R and ICRI 03730. 116 
 117 
   (b) Prepare surface to receive composite to a concrete 118 

surface profile (CSP) 3 in accordance with the ICRI 119 
examples. 120 

 121 
   (c) Pressure inject any cracks larger than 0.010 inch wide 122 

with epoxy.   123 
 124 
   (d) All substrates shall be clean, sound, and free of 125 

surface moisture.  Remove dust, laitance, grease, curing 126 
compounds, waxes, impregnations, foreign particles, and 127 
other bond inhibiting materials from the surface by blast 128 
cleaning or other mechanical means.  All contact surfaces 129 
shall then be cleaned by hand or compressed air within 24 130 
hours prior to receiving FRP repair. 131 

 132 
  (3) Contractor shall prepare a sample area of each type of 133 

application for acceptance by the Engineer prior to 134 
commencing with application work.  135 

 136 
 (C) Installation.  Construction of the FRP system shall conform to ACI  137 
  440.2R-08.  A representative of the FRP system manufacturer shall  138 

 initially and periodically observe and monitor all aspects of  139 
 preparation mixing, and application of materials.  140 

  141 
  (1) Prepare the epoxy matrix by combining components at a 142 

weight (or volume) ratio specified by the manufacturer.  The 143 
components of epoxy resin shall be mixed with a mechanical 144 
mixer until uniformly mixed, typically 5 minutes at 400-600 145 
revolutions per minute.  146 

 147 
  (2) Saturation of the carbon fiber fabric shall be performed and 148 

monitored according to the manufacturer’s specified fiber-149 
epoxy resin ratio.  Fabric shall be completely saturated prior 150 
to application to contact surface in order to ensure complete 151 
impregnation.  Saturation shall be supervised and checked 152 
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by the certified installer.  Both the epoxy resin and fabric 153 
shall be measured accurately, combined, and applied 154 
uniformly at the rates shown on the approved working 155 
drawings and per manufacturer’s recommendations. 156 

 157 
  (3) After preparing surfaces, use a roller or trowel to apply one 158 

prime coat of epoxy resin to the substrate (2 mil min.).  Allow 159 
primer to become tacky to the touch. 160 

 161 
  (4) Fill any uneven surfaces or recesses with thickened epoxy. 162 
 163 
  (5) Apply saturated fabric to substrate surface by hand lay-up, 164 

using methods that produce a uniform, constant tensile force 165 
that is distributed across the entire width of the fabric, and 166 
ensure proper orientation of the fabric.  Under certain 167 
application conditions, the system may be placed entirely by 168 
hand methods assuring a uniform, even final appearance.  169 
Gaps between composite bands may not exceed 0.5 inch 170 
width in the fabric’s transverse joint unless otherwise noted 171 
on project drawings.  A lap length of at least 6 inches per ply 172 
is required at all necessary overlaps in the primary fiber 173 
direction of the fabric. 174 

  175 
  (6) Orient fabric as designated by the designer.  Fabric 176 

alignment shall not exceed 3 degrees misalignment form 177 
planned alignment.  178 

 179 
  (7) Apply subsequent layers, continuously or spliced, until 180 

designed number of layers is achieved, per shop drawings.  181 
 182 
  (8) Use a roller or hand pressure to release or roll out entrapped 183 

air, and ensure that each individual layer is firmly embedded 184 
and adhered to the preceding layer or substrate. 185 

 186 
  (9) Detail all fabric edges, including termination points and 187 

edges, with thickened epoxy. 188 
 189 
  (10) Feather all edges and seams.  Finish, as specified below, 190 

between 24 and 72 hours after final application of epoxy.  If 191 
finish is provided beyond 72 hours of the application of the 192 
epoxy, the surface must be roughened by hand sanding or 193 
brush blasting, prior to finishing.  The finish shall be 194 
thickened epoxy with coarse to medium broadcast clean, dry 195 
silica sand or two coats of acrylic paint, furnished by the FRP 196 
system manufacturer, with an approximate dry film thickness 197 
of 4 mils.  Color will be determined by Engineer. 198 

 199 
  (11) Protect the FRP system from environment contamination, 200 

disturbance and damage during application and curing of the 201 
system 202 

 203 
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  (12) Ambient and substrate temperature shall be between 40° F 204 
to 100° F during installation. 205 

 206 
 (D) Inspection and Testing 207 
 208 
  (1) Monitor and record the mixing of all epoxy components for 209 

proper ratio and adherence to manufacturer’s 210 
recommendations, batch numbers for fabric and epoxy used 211 
each day, and note locations of installation.  Measure square 212 
footage of fabric and volume of epoxy used each day.  213 
Submit report to the Engineer. 214 

 215 
  (2) Direct tension adhesion testing shall be conducted using the 216 

method described by ASTM D7522 and/or ASTM D4541.  A 217 
minimum of two tests shall be performed for each day’s work 218 
area or for every 500 square feet of surface area to be 219 
covered by the FRP application, whichever is smaller.  Pull-220 
off tests shall be performed on a representative adjacent 221 
area to the area being strengthened whenever possible.  222 
Tests shall be performed on each type of substrate or for 223 
each surface preparation technique used.  224 

 225 
  (3) The epoxy bonded to the prepared surface shall be allowed 226 

to cure as per manufacturer’s requirements before execution 227 
of the direct tension pull-off test.  The locations of the pull-off 228 
tests shall be representative and on flat surfaces.  If no 229 
adjacent areas exist, the tests shall be conducted on areas 230 
of the installed FRP system subjected to relatively low stress 231 
during service.  232 

 233 
  (4) The minimum acceptable value for any pull-off test is 175 234 

pounds per square inch.  The average of the tests shall not 235 
be less than 200 pounds per square inch.  Additional tests 236 
may be performed to qualify the work at each identified area.  237 
Each pull-off test is to exhibit a failure mode in the substrate 238 
and not the epoxy-to-substrate bond plane. 239 

 240 
  (5) ASTM D7522-D4541 testing is only required for “Bond-241 

Critical” applications of the FRP system (i.e. bond of FRP-to-242 
concrete is critical to strengthening performance of the 243 
system) 244 

 245 
  (6) Prepare a minimum of one “sample batch” daily consisting of 246 

two 12 inch by 12 inch samples of cured composite.  Each 247 
sample of the “sample batch” will be taken at appropriate 248 
times during the day as to ensure the maximum material 249 
deviance in the components of the FRP composite. 250 

 251 
  (7) Prepare sample on a smooth, flat, level, surface covered 252 

with polyethylene sheeting, or 16 mil plastic film, prime with 253 
epoxy resin.  Then place one layer of saturated fabric and 254 



 HWY-M-05-19M 
 577-6a 6/19/19 
 

apply additional topping of epoxy.  Cover with plastic film 255 
and squeegee out all bubbles.  Samples shall be stored in a 256 
sample box and not moved for a minimum 48 hours after 257 
casting.  The prepared, identified samples shall be given to a 258 
pre-approved and experienced independent testing 259 
laboratory approved by the Engineer.  The laboratory shall 260 
then precondition samples for 48 hours at 140° F before 261 
testing.  262 

 263 
  (8) A minimum of fifteen-percent of all 12-inch-by-12-inch 264 

sample panels shall be tested by the laboratory approved by 265 
the Engineer.  Testing specimens shall be cut from samples 266 
and tested for ultimate tensile strength, tensile modulus and 267 
percentage elongation as per ASTM D7565 and/or ASTM 268 
D3039 in the longitudinal fiber direction.  Tensile and all 269 
other material properties must meet or exceed FRP 270 
composite system properties as required by structural 271 
calculations.  If one coupon does not achieve the design 272 
properties, additional coupons from the same sample shall 273 
be tested.  If these coupons fail (on average), coupons from 274 
the other 12-inch-by-12-inch sample, from the same batch 275 
for that day, shall be tested.  If all tested samples of the 276 
sample batch do not meet the conditions of acceptance, 25 277 
percent of all samples shall be tested.  Testing results shall 278 
be submitted to the Engineer not later than three weeks after 279 
testing. 280 

 281 
  (9) FRP design values must be lower than the calculated mean 282 

determined from the test results received from the ASTM 283 
D7565 and/or ASTM D3039 field test specimens.  284 
Acceptable minimum values for ultimate tensile strength, 285 
tensile modulus, and elongation shall not be below the 286 
submitted design values unless calculations are performed 287 
using the tested values that exhibit an acceptable capacity 288 
as per the original design demands and concept.  Small 289 
voids and bubbles on the order of 3 inch diameter and voids 290 
and delaminations on the order of 6 inches in diameter or an 291 
area of 5 inch x 5 inch shall require remediation prior to 292 
acceptance by the Engineer. 293 

 294 
 (E) Repair of Defective Concrete.  Contractor shall submit a repair 295 
 plan which gives the locations and types of defective work.  The plan shall 296 
 propose repair procedures and materials for each type of work.  The plan  297 
 will be accepted by the Engineer prior to commencing with repair works.  298 
 Repairs shall meet accepted industry standards for each type of defect 299 
 and equal or exceed the values of the designed strengthening.  300 
 301 
 (F) Painting.  Finished FRP surface shall be painted with an acrylic, 302 

polyurethane, or high solids epoxy paint as recommended by FRP 303 
manufacturer.  Prior to painting, FRP shall be cleaned and prepared 304 
according to manufacturer’s recommendations.  Color of paint shall be 305 
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similar to that of the portland-cement concrete in the adjacent components 306 
and shall be approved by the Engineer.  307 

 308 
 Complete a paint test section of a minimum 6 square feet for acceptance 309 

by the Engineer.  Redo test section until accepted by Engineer.  310 
Production finish shall closely match test section. 311 

 312 
577.04      Measurement.    The Engineer will pay the fiber reinforced 313 
polymer (FRP) systems per square foot. FRP systems quantity is calculated 314 
based on the area of FRP required, multiplied by the number of layers required. 315 
 316 
577.05       Payment.     The Engineer will pay for the accepted FRP systems 317 
at the contract unit price per square foot, complete in place.  Payment will be full 318 
compensation for work prescribed in this section and the contract documents. 319 
 320 
 The Engineer will pay for the following pay item when included in the 321 
proposal schedule: 322 
 323 
 Pay Item        Pay Unit 324 
 325 
Fiber Reinforced Polymer (FRP) Systems    Square Feet” 326 
 327 
 328 
 329 

END OF SECTION 577 330 


