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

“SECTION 660 - COMPOSITE EPOXY RESIN-FIBER SYSTEM 3 
 4 
660.01  Description.   This work includes furnishing and installing the composite 5 
system, consisting of epoxy resin-fiber composite with coated exterior surfaces.  6 
The composite system shall be constructed by applying layers of fabric saturated 7 
with epoxy resin.  Installation shall be constructed in bands ranging from 6" to 54" 8 
in width.  Composite system shall be approved by the Engineer prior to ordering 9 
or installation. 10 
 11 
660.02  Materials. 12 
 13 

(A)  Composite Casing.  Composite casing shall be Tyfo SEH-51A 14 
Composite or approved equal.  It shall be comprised of Tyfo S Epoxy and 15 
Tyfo SHE-51A uni-directional glass reinforcing fabric or approved equals.  16 
Manufacturer shall have a minimum of 10 years experience with these 17 
products. All products shall be compatible with each other. 18 

 19 
(B)  Finish Coating.  Finish coating shall be two coats of UV resistant 20 
polyurethane paint with each coat being a minimum of 4 mils thick.  Finish 21 
coating shall be approved by the composite epoxy resin-fiber 22 
manufacturer.  The color shall be selected by the Engineer.  Provide at 23 
least six color samples closely matching the appearance of concrete. 24 

 25 
(C) Epoxy. Tyfo S epoxy or approved equal shall be used as the 26 
saturant/primer and primer/filler.  27 

 28 
660.03  Construction Requirements. 29 
 30 

(A)  Working Drawings.  Complete working drawings shall be submitted 31 
for each installation of the composite system for the approval by the 32 
Engineer.  The working drawings shall contain details of the thickness of 33 
layer, properties of materials used, joint and/or end details and locations of 34 
fabric to be placed, and all other information required for the proper 35 
installation of the system, including primary fiber orientation.  Maintenance 36 
instructions shall be provided.  Safety Data Sheets, Product Data Sheets, 37 
and material certifications shall be provided.  All manufacturer’s 38 
recommendations shall be followed.   39 

 40 
(B)  Delivery and Storage.  Deliver epoxy materials in factory-sealed 41 
containers with the manufacturer’s labels intact and legible with 42 
verification of date of manufacture and shelf life.  All materials shall be 43 
stored in accordance with manufacturer recommendations. 44 
 45 

 (C)  Method of Construction.  Composite system shall be installed by an 46 
experienced applicator certified by the composite system manufacturer.    47 
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The applicator shall demonstrate a minimum of three years experience in 48 
field composite system installations. A current certification and applicator 49 
experience verification shall be submitted to the Engineer before any 50 
installation work is started.  All work shall follow the manufacturer’s 51 
recommendations. 52 

 53 
(1)  Surface Preparation.  The surface to receive the composite 54 
shall be free from fins, sharp edges and protrusions that will cause 55 
voids behind the installed casing or that, in the opinion of the 56 
Engineer, will damage the fibers.  Existing uneven surfaces to 57 
receive composite shall be filled with the system epoxy filler or 58 
other material approved by the Engineer.  The contact surfaces 59 
shall have no free moisture on them at the time of application.  If 60 
moisture is present, use wet prime epoxy as suggested by the FRP 61 
manufacturer, if available.  A minimum SSPC-SP 16 finish shall be 62 
required to rid the galvanized steel casing of surface rust and other 63 
particles prior to the installation of the FRP. 64 

 65 
(2)  Mixing Epoxy and Saturating Fiber.  No work shall proceed if 66 
the temperature of the concrete surface is less than 50°F or greater 67 
than 100°F or as specified on the epoxy component labels. 68 
Substrate shall be at least 5°F above the dew point. 69 

 70 
 Both epoxy resin and fabric shall be measured accurately, 71 
combined, and deposited uniformly at the rates shown on the 72 
approved working drawings and per manufacturer’s 73 
recommendations.  The composite system shall be comprised of 74 
fibers and epoxy resin. 75 

 76 
 If, in the opinion of the Engineer, the composite system is 77 
damaged by the elements, it shall be replaced or repaired by the 78 
Contractor at the Contractor’s expense. 79 

 80 
(3)  Application of Composite System.  Surfaces to receive the 81 
composite system shall be prepared as described in Section 660.03 82 
(C) (1) Surface Preparation. 83 
 84 

Remove dust and debris by vacuum only with HEPA 85 
filtration.  Clean up and protect area adjacent to element where 86 
FRP composite is being applied. 87 

Using a roller or trowel, apply one prime coat of epoxy resin 88 
to the substrate (2 mil min.).  Allow sufficient time for primer to 89 
become tacky to the touch or to soak into the substrate and create 90 
a damp surface with no standing liquid (saturated surface dry).  91 
Apply a uniform layer of thickened epoxy to all marked locations 92 
and fill any uneven surfaces or recesses. 93 
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Apply saturated fabric to substrate surface by hand lay-up, 94 
using methods that produce a uniform, constant tensile force that is 95 
distributed across the entire width of the fabric, and ensure proper 96 
orientation of the fabric. There shall be no gaps between composite 97 
bands in the fabric’s transverse joint. A lap length is required at all 98 
necessary overlaps in the primary fiber direction of the fabric. See 99 
shop drawings for required lengths. 100 

Using a roller or hand pressure, release or roll out entrapped 101 
air, and ensure that each individual layer is firmly embedded and 102 
adhered to the preceding layer or substrate.  Detail all fabric edges, 103 
including termination points and edges, with thickened epoxy.  All 104 
seams, edges and exposed surfaces must be finished with 105 
thickened epoxy. Use system as directed by the manufacturer. 106 

Finish with two coats of exterior grade paint, that is highly 107 
UV resistant and performs well in salt water environments, between 108 
24 and 72 hours after final application of epoxy. If the paint is 109 
applied after the epoxy has curedmore than 72 hours, the surface 110 
must be roughened by hand sanding or brush blasting, prior to 111 
finishing. Surface preparation and coating application shall follow 112 
the composite epoxy resin fiber manufacturer’s recommendations.  113 

 Components which have exceeded their shelf life shall not 114 
be used. 115 

 116 
       During construction of composite column system casings, 117 

the Contractor shall maintain a daily installation data log.  The daily 118 
wrapping data log shall be available for review by the Engineer, and 119 
a copy furnished to the Engineer at completion of installation and 120 
construction for each day’s production.  The data log shall provide 121 
materials traceability and process records for each composite 122 
column system casing installation and shall include all of the 123 
following information: 124 

 125 
(a) Casing identification with bridge name, construction 126 
and installation requirements, including plans and drawings, 127 
or referenced thereto. 128 

 129 
(b) Material information including product description, 130 
date of manufacture, and lot or batch numbers. 131 

 132 
(c) Fabrication, inspection and verification data for the 133 
manufacturing and construction operations including, wrap 134 
counts, composite thickness measurements, installation 135 
time, ambient temperature and humidity readings at 136 
beginning, middle and end of each installation shift, curing 137 
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process including full documentation of time and 138 
temperature of curing ramping and at final processes 139 
including full documentation of time and temperature of 140 
curing ramping and at final curing temperature and thickness 141 
measurements of any protective coating applied to the 142 
completed composite following installation. 143 

 144 
 The components of the epoxy resin system may be 145 
proportioned and mixed by automatic equipment.  Provisions shall 146 
be made for checking the accuracy of proportions and mixing.  The 147 
composite shall be applied within the maximum specified time 148 
recommended by the manufacturer.  Both epoxy resin and fabric 149 
shall be measured accurately, combined, and applied uniformly 150 
according to the manufacturer’s recommendation.  The fabric shall 151 
be applied by using a uniform constant tensile force procedure that 152 
is distributed across the entire width of the fabric.  Successive 153 
layers of composite materials shall be placed before the onset of 154 
gelation of the previous layer of epoxy to achieve complete bond 155 
between layers.  156 

 157 
 The primary fibers of the fabric shall not deviate from a 158 
horizontal line by more than ½ inch per foot.  The epoxy application 159 
rate for each layer of composite shall be such as to ensure 160 
complete saturation of the fabric.  Gaps between adjoining fabric 161 
layers shall be filled with epoxy.  Undulation in the surfaces of 162 
composite column casings shall not exceed 1/4 inch per foot in any 163 
direction.   164 

 165 
 Except as otherwise specified, entrapped air beneath each 166 
layer shall be released and rolled out before the epoxy sets and 167 
each individual layer and ending of composite shall be firmly 168 
bedded and adhered to the preceding layer or substrate. The cured 169 
composite shall have uniform thickness and density, bond between 170 
layers, and lack of porosity.  The composite system shall be 171 
protected from exposure to rainfall or water for a period of at least 172 
48 hours.  173 

 174 
(4)  Curing Composite Material.  Composite system shall be 175 
cured following the manufacturer’s recommendations.    176 
Temperature cure ranges and times to be determined by the 177 
manufacturer.  The cured composite shall have uniform thickness 178 
and density, bond between layers, and lack of porosity. The system 179 
shall be protected from damage, debris, and contact with water 180 
during the curing period, a minimum of 24 hours.  Any damage to 181 
the composite system shall be repaired following the 182 
manufacturer’s recommendations and approved by the Engineer. 183 

 184 
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(D)  Inspection.  A representative of the composite system manufacturer 185 
shall periodically observe all aspects of preparation, mixing, and 186 
application of materials, including the following: 187 

 188 
(1)  Material container labels 189 

 190 
(2)  Surface preparation 191 

 192 
(3)  Mixing of epoxy 193 

 194 
(4)  Application of epoxy to the fiber 195 

 196 
(5)  Application of composite system 197 

 198 
(6)  Curing of composite material 199 

  200 
(E)  Defects.  All defects (including bubbles, delaminations, and fabric 201 
tears), shall be repaired unless otherwise allowed by the Engineer.  Two 202 
types of repairs shall be performed: 203 

 204 
(1)  Small defects.  Small defects (on the order of 3" in diameter) 205 
shall be injected or backfilled with epoxy. 206 

 207 
(2)  Large defects.  Large defects shall be repaired as required 208 
according to the manufacturer’s recommendations. 209 

 210 
 Remedial measures shall be taken in the event of insufficient 211 
material properties.  For installations with material properties determined 212 
to be below the minimum specification values, the composite thickness 213 
shall be increased by the same percentage as the deficiency of the 214 
material’s elastic modulus.  215 
 216 
(F)  Repair.  The Engineer shall inspect the casing in its final location 217 
once all work is complete.  Any damage or defects shall be repaired 218 
according to manufacturer’s recommendations and to the satisfaction of 219 
the Engineer.  The repairs shall be done at no cost to the State. 220 

 221 
(G)  Sampling and Testing.  A record lot number of fabric and epoxy 222 
resin shall be kept along with its location.  A “sample batch” shall consist 223 
of two 12” by 12” samples of cured composite [note: one 12” by 12” 224 
sample creates 5 coupons for ASTM D7565 and/or ASTM D3039 Tension 225 
Tests, see 3.3.5 and 3.3.6 of this specification].  A minimum of one 226 
“sample batch” shall be made daily.  Each sample of the “sample batch” 227 
will be taken at appropriate times during the day as to ensure the 228 
maximum material deviance in the components of the FRP composite. 229 

 230 
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Prepare sample on a smooth, flat, level surface covered with 231 
polyethylene sheeting, or 16 mil plastic film, prime with epoxy resin. Then 232 
place one layer of saturated fabric and apply additional topping of epoxy.  233 
Cover with plastic film and squeegee out all bubbles. 234 

Samples shall not be moved for a minimum 48 hours after casting. 235 
After removing from sample table, samples shall be stored in a secured 236 
location / box.  The prepared, identified samples shall be given to a  237 
testing laboratory approved by the Engineer.  The laboratory shall then 238 
precondition samples for 48 hours at 140°F before testing. 239 

A minimum of fifteen-percent of all 12” x 12” sample panels shall be 240 
tested.  Testing specimens shall be cut from samples and tested for 241 
ultimate tensile strength, tensile modulus and percentage elongation as 242 
per ASTM D7565 and/or ASTM D3039 in the longitudinal/primary fiber 243 
direction. 244 

The reported properties for the ultimate tensile stress and the 245 
tensile modulus shall be based on the gross laminate thickness as 246 
indicated on the product data sheet and the approved evaluation service 247 
report. 248 

Tensile properties must meet or exceed FRP composite system 249 
properties as defined in project specifications. If one coupon does not 250 
achieve the design properties, additional coupons from the same sample 251 
shall be tested. If these coupons fail (on average), coupons from the other 252 
12” x 12” sample, from the same batch for that day, shall be tested.  If all 253 
tested samples of the sample batch do not meet the conditions of 254 
acceptance, then 25 percent of all samples shall be tested. 255 

FRP design values must be lower than the calculated mean 256 
determined from the test results received from the ASTM D7565 and/or 257 
ASTM D3039 field test specimens. Acceptable minimum values for 258 
ultimate tensile strength and tensile modulus shall not be below the 259 
submitted design values unless calculations are performed using the 260 
tested values that exhibit an acceptable capacity as per the original design 261 
demands and concept. 262 

 263 
At the termination of the project, the contractor shall provide a field 264 

quality control report showing compliance with all aspects of the 265 
manufacturer’s certification requirements.   266 

660.04  Measurement.  Composite epoxy resin-fiber system will be paid on a 267 
lump sum basis.  Measurement for payment will not apply.    268 
    269 
660.05  Payment.  The Engineer will pay for the accepted composite epoxy 270 
resin-fiber system on the contract lump sum basis.  Payment will be full 271 
compensation for the work prescribed in this section and the contract documents. 272 
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 273 
 274 
 The Engineer will pay for the following pay item when included in the 275 
proposal schedule: 276 
 277 
 278 
                   Pay Item Pay Unit  279 
 280 
Composite Epoxy Resin-Fiber System Lump Sum “ 281 
 282 
 283 
 284 

END OF SECTION 660 285 




