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ABSTRACT  13 
In the United States, reinforced concrete (RC) bridge decks have suffered from steel 14 

corrosion due to the enormous use of deicing salts for snow/ice removals in winter 15 

seasons. For the purpose of reducing/eliminating the steel corrosion, glass fiber reinforced 16 

polymer (GFRP) bars have been extensively researched as a promising substitute to the 17 

conventional steel reinforcement. Currently, the AASHTO has published the LFRD 18 

GFRP design guide specifications for GFRP RC bridge deck. However, the high initial 19 

material costs of GFRP bars still have been one of the most concerns hindering the wide 20 

use of GFRP bars in the concrete industry. This paper assessed the materials costs for 21 

GFRP RC bridge decks by a parametric study per AASHTO LFRD GFRP design guide 22 

specifications. Different deck thicknesses, girder spacings, and environmental reduction 23 

factors were considered in the study. The results from this paper could be used by bridge 24 

engineers in the preliminary design of new bridges with GFRP RC decks, or by decision 25 

makers in deck replacement projects with the option of GFRP RC decks.   26 

 27 

 28 
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1. INTRODUCTION  30 
 31 

In the United States, there is a total area of 3.5×108m2 bridge decks, 86% of which are 32 

made of cast-in-place concrete decks1.  The concrete bridge deck is directly exposed to 33 

environmental attacks, such as deicing salts used in North America, which have caused 34 

severe deck deteriorations resulting from steel corrosion1. Koch et al. (2002)2 conducted a 35 

study on the corrosion costs for the Federal Highway Administration (FHWA), showing 36 

that an annual direct cost of corrosion for highway bridges is estimated to be $8.3 billion, 37 

consisting of $3.8 billion for the annual cost to replace structurally deficient bridges, $2.0 38 

billion for maintenance of concrete bridge decks, $2.0 billion for maintenance of concrete 39 

substructures, and $0.5 billion for maintenance painting of steel bridges2. Life-cycle 40 

analysis estimates that indirect costs can be ten times greater than the direct cost of 41 

corrosion2. In this regard, resolving the steel corrosion problem in the bridge decks can 42 

not only extend the bridge service life, but also save dollars on the maintenance, repair, 43 

and rehabilitation.  44 

 45 

In the past years, glass fiber reinforced polymer (GFRP) reinforcements have been 46 

recommended as a substitute to steel reinforcement due to its non-metallic 47 

characteristics3. In 2009, the American Association of State Highway and Transportation 48 

Officials (AASHTO) published the LRFD Bridge Design Guide Specifications for GFRP-49 

Reinforced Concrete Bridge Decks and Traffic Railings4 (noted as “AASHTO design 50 

guide” hereinafter), which is specifically for bridge deck application. Also, the American 51 

Concrete Institute published the ACI 440.1R-06, “Guide for the Design and Construction 52 

of Structural Concrete Reinforced with FRP Bars”, which has been widely used as a 53 

design reference in practice. Note that ACI recently update the ACI 440.1R-06 (2006)3 to 54 

the ACI 440.1R-15 (2015)5. To date, GFRP bars have been successfully used in a number 55 

of demonstration bridge deck projects in the US and Canada6,7. However, the wide use of 56 

GFRP bars in concrete bridge decks has been hindered by concerns, such as the higher 57 

initial material costs of GFRP bars in contrast to steel reinforcements8. Therefore, it is 58 

necessary to conduct a comprehensive study on the costs analysis of GFRP 59 

reinforcements in bridge decks. 60 

 61 

 62 

2. DESIGN OF GFRP BAR REINFORCED CONCRETE DECK PER AASHTO 63 

DESIGN GUIDE SPECIFICATIONS 64 
 65 

The AASHTO design guide4 and the ACI design guides3,5 are quite similar in nature in 66 

terms of design method. For this specific research, only the AASHTO design guide4 was 67 

used for deck designs. The following section summarized the deck design philosophy and 68 

design procedure in the AASHTO design guide4.  69 

 70 

For GFRP reinforced concrete, both over-reinforced section (ρf >ρfb) and under-reinforced 71 

section (ρf  <ρfb) are allowed4, where ρf is the reinforcing ratio, while ρfb is the balanced 72 

ratio, as can be calculated as follows. 73 
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Where ffd= GFRP design strength, which is the product of an environmental reduction 76 

factor and the GFRP guarenteed tensile strength, ffu, as below.  77 

            78 

                                                 fuEfd fCf                                (AASHTO 2.6.1.2-14)                    79 

 80 

Where CE= environmental reduction factor. The AASHTO guide specifies CE=0.8 and 81 

CE=0.7 for concrete element non-exposed and exposed to the earth and weather, 82 

respectively4.  83 

 84 

For flexural design, when f  < fb , the nominal flexural strength Mn is calculated with 85 

AASHTO Eq. 2.9.3.2.2-3. 86 
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 89 

When f  > fb , the nominal flexural strength Mn is calculated with AASHTO Eq. 90 

2.9.3.2.2-1. 91 
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 93 

Where “a” is the depth of equivalent rectangular stress block that can be calculated with 94 

AASHTO 2.9.3.2.2-2 below. 95 
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 97 

ff  is the effective strength in GFRP bar at the strength limit state, which cannot exceed 98 

the GFRP design strength, as follows. 99 

 100 
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 102 

In LRFD design approach, a resistance factor is specified and applied to the nominal 103 

flexural resistance for obtaining the factored flexural resistance. Depending the 104 

reinforcement ratio, different resistance factors,  , are used to account for structural 105 

ductility, as shown in AASHTO Eq. 2.7.4.2-1. 106 
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 111 

Thus, the factored flexure resistance can be obtained for the strength limit state, as 112 

follows. 113 

for fb  < f <1.4 fb           (AASHTO 2.7.4.2-14)                    

for f > 1.4 fb  

for  f < fb  
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nr MM                            (AASHTO 2.9.3.2.1-14) 114 

 115 

Due to the low stiffness of GFRP bar as compared to steel rebar, a check for the 116 

serviceability of GFRP RC elements shall be executed.  To avoid creep rupture of GFRP 117 

bar under sustained loadings, or failure due to fatigue loading, the stress levels, ffs, in 118 

GFRP bars are limited in the AASHTO design guide4. ffs is recommended not exceeding 119 

20% of the GFRP design strength, as shown in AASHTO Eq.2.7.3-1. 120 

                                                              fsf ≦ fdf2.0                           (AASHTO 2.7.3-14)                    121 

Where, 122 
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 126 
In AASHTO Eq. 2.7.3-2, Ms shall be calculated with the load combination at Fatigue or 127 

Service I limit states, which can be obtained from the AASHTO LRFD9 Table 3.4.1-1. 128 

 129 
In addition, the minimum requirement for flexural tensile reinforcement shall be checked 130 

with AASHTO Eq. 2.9.3.3-1, as follows.  131 

                                             
fd
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min,               (AASHTO 2.9.3.3-14)   132 

The maximum crack width shall also be checked in accordance with the AASHTO design 133 

guide, as shown in AASHTO Eq. 2.9.3.4-1 below.  134 

 135 
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 137 

In summary, the GFRP RC bridge decks shall be designed by satisfying the strength limit 138 

state, the maximum crack width, the minimum reinforcement requirements, and the 139 

creep/fatigue rupture limit4. Table 1 showed the AASHTO design requirements and the 140 

corresponding load combinations. 141 

Table 1 Load combinations for different limit states 142 

Limit states AASHTO Requirements4 Load combinations9 

Flexural resistance Mu <  Mn 1.25DC+1.5 DW +1.75LL 

Creep rupture ffs<0.2ffd 1.0DC+1.0 DW +LL 

Fatigue rupture ffs<0.2ffd 0.75LL 

maximum crack width 

requirements 
w < 0.02 in. 1.0DC+1.0 DW +1.0LL 

Minimum 

requirement for 

reinforcement 
fd

cf
f

bd
fA )33.0;16.0max( '

min,   
NA 

 143 

 144 

 145 
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3. PARAMETRIC DESIGN OF GFRP RC DECK  146 
Fig.1 showed a schematic diagram of deck slab reinforcements in a transverse section. 147 

The transverse bars are the main reinforcements in the deck, while the longitudinal 148 

reinforcements are shrinkage and temperature reinforcements. In this study, clear concrete 149 

covers of 1.0’’ were used for both top and bottom GFRP bars.  150 

 151 
 152 

 153 

 154 

 155 

 156 

 157 

 158 

 159 

 160 

The transverse reinforcements were designed by satisfying the strength and service limits 161 

as shown in Table 1. The area of longitudinal shrinkage and temperature reinforcements 162 

provided in each direction in each face of the concrete component can be computed by 163 

AASHTO Eq. 2.11.5-14.   164 

 165 

f
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fd
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0018.0,             (AASHTO Eq. 2.11.5-14) 166 

 167 

Where stf ,  = the ratio of GFRP shrinkage and temperature reinforcement area to gross 168 

concrete area4; Es=modulus of elasticity of steel reinforcement, ksi; Ef= modulus of 169 

elasticity of GFRP reinforcement, ksi.  Note that stf , need not exceed 0.00364. 170 

 171 
3.1 DESIGN PARAMETERS 172 

 173 

This research intended to investigate the material costs of GFRP RC decks by parametric 174 

study per AASHTO design guide4. Different deck thicknesses, girder spacings, and 175 

environmental reduction factors were considered in the study, as follows.  176 

 Four different deck thicknesses: 7in., 8in., 9in., and 10in.  177 

 Seven different girder spacings: 6ft, 7ft, 8ft, 9ft, 10ft, 11ft, and 12ft 178 

 Two different environmental reduction factors: 0.7 and 0.8  179 

 180 

Dead loads: Per AASHTO LRFD design specifications9 and AASHTP GFRP design 181 

guide4, dead loads (DL) for a GFRP bridge deck shall include deck itself, future wearing 182 

Fig. 1  Schematic diagram of deck slab reinforcements in a transverse section 

 

Top cover 

1.0’’ Bottom cover 

Girder spacing 
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surface, stay-in-place formwork, and barriers4,9. Table 2 shows the unit weights for each 183 

category. 184 

 185 

Table 2  Unit weights for the deck dead loads4,9 186 

 
Concrete for 

deck 
Barrier/each 

stay-in-

place 

formwork 

future 

wearing 

surface 

Unit weight 0.150 kcf 520plf 10psf 25psf 

 187 

The above dead loads were treated as evenly distributed loadings on the deck 9,10. Thus, 188 

M=wL2/10 was used to calculated the positive and negative flexural moments in the 189 

deck10. Note that only interior deck is discussed in this study.  190 

 191 

Live loads: Live load (LL) effect on bridge deck is determined by the AASHTO LRFD 192 

Specification Table A4-1, which has incorporated the multiple presence factors and 193 

dynamic load allowance9.  194 

 195 

Material Properties: Normal weight concrete with 4ksi compressive strength (28-day) was 196 

used in this study. The material properties of GFRP bars are taken from the ACI 197 

documents3,5,11, as shown in Table 3. 198 

 199 

Table 3  GFRP Bar Materials Properties3,5,11  200 

GFRP bar size db (in.) Af (in.2) ffu (ksi) Ef (ksi) 

#4 0.500 0.20 100  5946.5 

#5 0.625 0.31 95  5946.5 

#6 0.750 0.44 90  5946.5 

#7 0.875 0.60 85  5946.5 

#8 1.000 0.79 80  5946.5 

#9 1.128 1.00 75  5946.5 

 201 

 202 

3.2 PARAMETRIC STUDY AND RESULTS DISCUSSIONS 203 

 204 

With the aforementioned design procedure and design parameters, a total of 108 bridge 205 

decks were designed for different deck thicknesses, girder spacings and  environmental 206 

reduction factors.  207 

 The transverse bars were designed to meet the strength, creep/fatigue rupture, 208 

minimum reinforcement, and maximum crack width requirements. Note that over-209 

design is avoided in this study, for example, the design gives a crack width 210 

slightly less than 0.02in if the maximum crack width governs, or  the design gives 211 

a Mr slightly larger than Mu if the strength governs  212 

 The longitudianl bars were designed based on AASHTO Eq. 2.11.5-1 213 

 214 

Fig. 2 and Fig. 3 showed the data plots for ρf /ρfb for the transverse reinforcements with 215 

respect to the girder spacing for various deck thicknesses. The legends as shown on the 216 

figures represent the deck thicknesses. 217 

 218 
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(CE=0.8, top bar) (CE=0.8, bottom bar) 

Fig. 2  ρf / ρfb with respect to girder spacing and deck thickness 

 219 

  

 

(CE=0.7, top bar) (CE=0.7, bottom bar) 

Fig. 3  ρf / ρfb with respect to girder spacing and deck thickness 

 220 

 221 

As can be seen, over-reinforced sections (i.e., ρf /ρfb > 1.0) are required for all the cases 222 

being explored. It can be observed that, for each specific deck thickness, the ratio of ρf /ρfb 223 

increased as the girder spacing increased. However, for each specific girder spacing, the 224 

ratio of ρf /ρfb decreased as the deck thickness increased. It should be noted that over-225 

reinforced designing generally satisfies the deflection limit4. 226 

 227 
With the above parametric study, the bar sizes and spacings for the top and bottom 228 

reinforcements in both directions were obtained, which were then used to calculate the 229 

materials costs. In this study, the cost analysis was focused on the materials costs only. 230 

For easy comparisons between different decks, the unit costs per sq. ft deck were 231 

calculated for the above 108 cases. Fig. 4 showed a schematic diagram of the 232 

reinforcement details in a unit deck, namely, one square foot deck. The reinforcements 233 

consists of top and bottom bars in the transverse direction (main reinforcement), and top 234 

and bottom bars in the longitudinal direction (shrinkage and temperature reinforcement). 235 

 236 

Based on Fig. 4, the costs for the reinforcements in a unit deck can be calculated as 237 

follows: 238 

 239 
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Where, UCR= unit cost for reinforcements in a unit deck, $/ft2; UPtt= unit price of 242 

transverse top bar, $/ft; UPtb= unit price of transverse bottom bar, $/ft; UPlt= unit price of 243 

longitudinal top bar, $/ft; UPlb= unit price of longitudinal bottom bar, $/ft; Stt= spacing 244 

between transverse top bars, in.; Stb= spacing between transverse bottom bars, in.; Slt= 245 

spacing between longitudinal top bars, in.; Slb= spacing between longitudinal bottom bars, 246 

in. 247 

 248 

 249 

 250 

 251 

 252 

 253 

 254 

 255 

 256 

 257 

 258 

 259 

 260 

 261 

Fig. 4  Schematic diagram of the reinforcement details per unit deck 262 

 263 

 264 

For the costs of concrete materials in a unit deck, it can be calculated as follows. 265 
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 268 

        269 

Where, UCC= unit cost for concrete material in a unit deck (($/ft2); UPcon= unit price for 270 

concrete, $/ft3; tdeck= deck thickness, in.; Att= cross section area of one transverse top bar, 271 

in.; Atb= cross section area of one transverse bottom bar, in.; Alt= cross section area of 272 

one longitudinal top bar, in.; Alb= cross section area of one longitudinal bottom bar, in. 273 

 274 

Thus, the total material costs of a unit deck (i.e., UC) can be determined as below.  275 

 276 

                                                           UCCUCRUC                                             (Eq. 3) 277 

 278 

As can be seen, in order to calculate the deck unit costs, the reinforcement details shall be 279 

available. Also, the unit prices for GFRP bars and concrete materials shall be provided. 280 

Table 4 showed the unit prices of GFRP bars12. 281 

 282 

Table 4  Unit price of GFRP bars12  283 

bar size #3 #4 #5 #6 #7 #8 #9 

$/ft 0.520 0.721 1.165 1.520 1.865 2.610 3.365 

1ft 

1ft  (12in.) 

 

tdeck 

Stt 

Stb Slb 
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Transverse bar 
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Regarding the concrete unit price, the National Ready Mixed Concrete Association 284 

(NRMCA) reported a national average price of $93/yd3 (or $3.44/ft3) for concrete mix as 285 

of 201313.  With the above price information, the deck unit costs can be computed, as 286 

exampled below.  287 

 288 

Benmokrane et al. (2007) reported a demonstration project of GFRP bars in a 9’’ thick 289 

RC deck slab of the Morristown Bridge built in Vermont, U.S7. The reinforcement details 290 

were reported as follows:  transverse top and bottom bars: #6@4’’; longitudinal top and 291 

bottom bars: top #6@6’’7. By referring to Table 4, the unit price for a #6 GFRP bar is 292 

$1.520/ft.  Assume the unit price for concrete is $3.44/ft3, then, UCR and UCC can be 293 

calculated as follows. 294 

 295 
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 299 

The total unit cost for the concrete deck would be equal to $17.68, as shown below:  300 

 301 

68.17$48.2$20.15$  UCCUCRUC  302 

 303 

3.3 GFRP RC DECK UNIT COST CALCULATION 304 

 305 

By repeating the above calculations for all the 108 cases explored in this study, the deck 306 

unit costs (UC) and costs for GFRP reinforcements (UCR) in a unit deck were calculated.  307 

Figure 5 showed the deck unit costs including the costs for both GFRP bars and concrete, 308 

while Figure 6 showed the costs for GFRP bars only. 309 

 310 

  
 

 (a) CE=0.7 

  

 (b) CE =0.8 

 

Fig. 5  Unit costs of GFRP RC decks  (GFRP+Concrete) 
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 (a) CE=0.7 

  

 (b) CE =0.8 

 

Fig. 6  Unit costs of GFRP RC  decks  (GFRP only)  

 311 

As can be seen, the UC ranged from $11.7/ft2 to $22.1/ft2, while the UCR ranged from 312 

$9.7/ft2 to $20.3/ft2 for all the cases being explored. For each specific deck thickness, the 313 

unit cost increased as the girder spacing increased. For a specific girder spacing, the unit 314 

cost decreased as the deck thickness increased. In general, the unit cost increased slowly 315 

when the girder spacing is less than 10ft, after which it abruptly increased, especially for 316 

the 7’’ and 8’’ thick decks. When the girder spacing is larger than 10ft, the slab of 7’’ and 317 

8’’ thickness are not recommended in practice. For decks spanning from 6ft to 10ft, the 318 

deck unit cost (i.e., UC) ranged from $11.9/ft2 to $16.1/ft2 for 8’’ decks, while it ranged 319 

from $12.5/ft2 to $14.5/ft2 for 9’’ and 10’’ decks. The differences of deck unit costs for 320 

9’’ and 10’’ thick decks are very limited. It is also observed that the influence of 321 

environmental reduction factors on the deck unit costs is negligible.  322 

 323 

In general, decks with lower girder spacings had less materials costs, however, it should 324 

be noted that increasing the girder spacing may reduce the number of girders which could 325 

pay off the increased deck costs. Thus, the overall costs of a bridge project shall be 326 

considered in the bridge preliminary design. In summary, the above results could be used 327 

by bridge engineers or decision makers in the process of bridge preliminary designs to 328 

achieve a cost-effective and sustainable design, or for the cost estimates of bridge deck 329 

replacement projects.   330 

 331 

In order to justify the deck unit costs in Fig. 5, several real GFRP RC bridge decks were 332 

selected for comparison. Benmokrane et al. (2007) reported a performance evaluation of 333 

several GFRP RC deck slabs in Canada and the US, including Morristown Bridge (2002, 334 

USA), Cookshire-Eaton Bridge (2004, Canada), and Val-Alain Bridge (2004, 335 

Canada)7.The GFRP reinforcement details were provided for these bridges, which were 336 

adopted to compute their deck unit costs (UC), as shown in Fig. 7.  337 

 338 
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Fig. 7  Comparison of deck unit costs 

(GFRP bar + Concrete) 

 339 

As can be seen, the deck unit costs of the three bridges are in the same magnitude of that 340 

determined from the parametric study herein. The Morristown and Cookshire Bridges 341 

gave slightly higher costs, while the Val-Alain Bridge had a similar cost as that from this 342 

study. It should be noted that over-designs were intentionally avoided during the 343 

parametric study, which may explain why the deck unit costs from this paper were 344 

slightly lower than that of the Morristown and Cookshire Bridges.  345 

 346 

Currently, epoxy steel reinforcing bars are popularly used in bridge decks with harsh 347 

environmental exposures, e.g. deicing salts. Assume the unit cost for epoxy steel bars is 348 

$0.7/lb [Ref.14], the material costs for epoxy steel RC bridge decks are computed, as 349 

shown in Figure 8. 350 

 351 

 
 

 

Fig. 8  Unit costs of epoxy steel RC  decks  

(Epoxy steel + Concrete) 

 352 

As compared to the unit costs of GFRP RC bridge decks (see Figure 5), the unit costs of 353 

epoxy steel RC bridge decks are about half of the GFRP RC bridge decks. Since GFRP 354 

bars are non-corrosive, it could offer a lower life-cycle cost of GFRP RC deck as 355 

compared to epoxy steel ones. Also, GFRP bars are light in weight that could save dollars 356 

in construction labor costs. More research on life-cycle cost comparison between the steel 357 

decks and GFRP decks are under research by the authors. 358 
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 359 

4. CONCLUSIONS 360 
 361 

In this paper, the materials costs for GFRP RC bridge decks were determined by a 362 

parametric study per AASHTO LFRD GFRP design guide specifications. Different deck 363 

thicknesses, girder spacings, and environmental reduction factors were considered. Based 364 

on the results in this study, several conclusions can be made:  365 

 For a specific deck thickness, the GFRP deck unit cost increases as the girder 366 

spacing increases 367 

 For a specific girder spacing, the GFRP deck unit cost decreases as the deck 368 

thickness increases 369 

 The influence of environmental reduction factors (i.e. CE=0.7, 0.8) on the deck 370 

unit costs is negligible 371 

 The difference of deck unit cost for 9’’ and 10’’ thick deck is very limited 372 

 For decks spanning from 6ft to 10ft, the deck unit cost (i.e., UC) ranged from 373 

$11.9/ft2 to $16.1/ft2 for 8’’ decks, from $12.5/ft2 to $14.5/ft2 for 9’’ and 10’’ ones, 374 

based on the reported unit prices of GFRP bars and concrete  375 

 When the girder spacing is larger than 10ft, the 7’’ and 8’’ thick decks are not 376 

recommended 377 

 378 
The above results could be useful for the bridge engineers in deck replacement projects or 379 

designs of new bridges with GFRP RC decks. More researches on the construction costs 380 

and life cycle costs of GFRP RC decks are undertaken by the author.  381 

 382 

 383 

 384 

5. REFERENCES 385 
 386 

1. Lee , S.K. (2012), Current State of Bridge Deterioration in the US – Part I, NACE 387 

International, Vol. 51, No.1: 62-67.  388 

2. Koch, G.H. et al. (2002), Corrosion Costs and Prevention Strategies in the United 389 

States. Report No. FHWA-RD-01-156. Federal Highway Administration. 390 

Washington, D.C., USA. 391 

3. ACI 440.1R-06, “Guide for the Design and Construction of Concrete Reinforced 392 

with FRP Bars,” American Concrete Institute, Committee 440, Farmington Hills, 393 

MI, USA. 394 

4. AASHTO LRFD Bridge Design Guide Specifications for GFRP-Reinforced 395 

Concrete Bridge Decks and Traffic Railings (2009), American Association of 396 

State Highway and Transportation Officials, Washington, USA.  397 

5. ACI 440.1R-15, “Guide for the Design and Construction of Concrete Reinforced 398 

with FRP Bars,” American Concrete Institute, Committee 440, Farmington Hills, 399 

MI, USA. 400 

6. Mufti, A. et al. (2011), Durability of GFRP Rods in Field Demonstration Projects 401 

Across Canada, CDCC 2011 Fourth International Conference on Durability & 402 

Sustainability of FRP Composites for Construction and Rehabilitation, July 20–403 

22, 2011, Quebec City, Quebec, Canada.  404 

7. Benmokrane, B., El-Salakawy, E., El-Ragaby, A., El-Gamal, S. (2007), 405 

“Performance Evaluation of Innovative Concrete Bridge Deck Slabs Reinforced 406 



Huang and Strazar                                                                                         2016 PCI/NBC 

13 

 

With Fibre-Reinforced-Polymer Bars,” Canadian Journal of Civil Engineering; 407 

Mar 2007, Vol. 34 Issue 3, p298. 408 

8. Berg, A. C., Bank, L. C., Oliva, M. G., & Russell, J. S. (2006), “Construction and 409 

Cost Analysis of An FRP Reinforced Concrete Bridge Deck,” Construction and 410 

Building Materials, 20(8), 515-526. 411 

9. AASHTO LRFD Bridge Design Specifications, 6th Edition, the American 412 

Association of State Highway and Transportation Officials, Washington DC, USA 413 

(2012). 414 

10. Wassef, W.G., Smith, C., Clancy, C.M., Smith, M.J.  (2012), “Comprehensive 415 

Design Example For Prestressed Concrete (PSC) Girder Superstructure Bridge 416 

With Commentary,” Report #: FHWA NHI - 04-043.  417 

11. ACI 440.6-08, “Specification for Carbon and Glass Fiber-Reinforced Polymer Bar 418 

Materials for Concrete Reinforcement,” American Concrete Institute, Committee 419 

440, Farmington Hills, MI, USA. 420 

12. http://rebar.ecn.purdue.edu/ect/documents_and_media/FRP.pdf, 06-09-2015. 421 

13. Concrete Price Considerations- Cost of Concrete,  422 

http://www.concretenetwork.com/concrete-prices.html, 06-09-2015. 423 

14. Triandafilou, L. N., “Cost Comparison of Corrosion Resistant Reinforcing Steel 424 

Resistant Reinforcing Steel Deployment Considerations - Deployment 425 

Considerations”, 426 

http://www.dot.state.fl.us/statematerialsoffice/structural/meetings/crrb/12_deploy427 

ment.pdf, 08-27-2015. 428 


