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Abstract 24 

Polyurea is a polymeric material that can be used to provide environmental 25 

protection and structural enhancement. In this study, a low modulus polyurea coating, having 26 

high elongation and energy absorption capacities and a fast gel time, was sprayed under field 27 

conditions onto the surfaces of High-Performance Cementitious Composites (HPC
2
). 28 

Flexure tests were conducted to measure toughness so that predictions could be made 29 

regarding the impact performance of two uncoated and coated matrices: one containing 30 

Poly(vinyl butyral) (PVB) as the only aggregate, the other with Poly(vinyl alcohol) (PVA) 31 

fibers added for reinforcement. Results from the flexure tests showed that encapsulation by 32 

plain polyurea increased the flexural strength of specimens by at least 60%. Results from 33 

drop-weight tests showed that the PVA fibers helped to improve impact resistance. A visible 34 

reduction in damage was seen when polyurea was applied to one surface; more so by coating 35 

the tension side opposite the striker. Coating both surfaces further increased impact resistance. 36 
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Introduction 37 

Prior research in the area of High Performance Cementitious Composites (HPC
2
) 38 

demonstrated that the impact resistance of a cementitious matrix could be improved by 39 

employing Poly(vinyl butyral) (PVB) as a total replacement for the aggregate (Xu et al. 2010). 40 

In this study, a Charpy impact test (ASTM E23-07 2007) was used to demonstrate the energy 41 

absorption capacities of this new material and the effect of progressively adding Poly(vinyl 42 

alcohol) (PVA) fibers to it as reinforcement. A lightweight concrete having the same density 43 

as the HPC
2
 mixes, as well as a normal weight concrete, were studied for comparison 44 

purposes. 45 

An energy model developed for these materials showed good correlation with data 46 

taken from tests conducted on cementitious mixes having fiber volume fractions less than 47 

1.0%. The results of the study demonstrated that the PVB HPC
2
 had a higher energy 48 

absorption capacity compared to conventional lightweight and normal weight concretes; and, 49 

the addition of PVA fibers to it helped resist impact even further. 50 

 The increased performance of HPC
2
 was attributed to the fact that both PVB and 51 

PVA contain hydroxyl groups which formed hydrogen bonds between molecules in the 52 

Interfacial Transition Zone (Xu et al. 2011; Toutanji et al. 2010). This resulted in a strong 53 

interaction at the molecular level and strengthened the bond between the cement paste and the 54 

aggregate; it was surmised that ether oxygen functional groups acted as a weak base and 55 

interacted with Lewis acids and electropositive materials such as CSH (Lavin et al. 2008). 56 

 The application of an aliphatic polyurea coating to the surfaces of HPC
2
 offers the 57 

potential to further improve their impact resistance, since chemical interactions may occur 58 

between the coating and the underlying substrate. From a chemical standpoint, polyurea is 59 

similar to polyurethane in its chemical makeup. The main components of polyurethane are di- 60 

or polyisocyanate molecules (cyanate functional group –NCO) and polyols (hydroxyl 61 
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functional group –OH). Through an exothermic reaction process, the two components form 62 

extended chains and networks bonded by urethane groups –O(CO)(NH)–. This makes it 63 

possible to manufacture specially designed aliphatic compounds where carbon atoms are 64 

joined together with extensive intermolecular hydrogen bonds that can be fused with other 65 

materials such as PVA and PVB to produce composites having “tough’’ mechanical properties 66 

such as high elongation, low elastic modulus, and high tensile strength (Toutanji et al. 2012). 67 

The goals of the present study were to see what effects a polyurea coating had on 68 

structural integrity when it was used to fully encapsulate HPC
2
 substrates and to discover 69 

how such substrates should be coated to improve their impact resistance. 70 

 71 

Polyurea 72 

 Specimens were coated at room temperature by spraying them with a plain polyurea 73 

called DYNA - PUR 8817, manufactured by Creative Material Technologies, Ltd. In this 74 

specially designed aliphatic compound, carbon atoms are joined together to produce 75 

extensive intermolecular hydrogen bonding that results in “tough’’ mechanical properties: an 76 

elongation of 200%, an elastic modulus of 483 MPa, and a tensile strength of 15.2 MPa 77 

(Alldredge et al. 2012). 78 

The polyurea was sprayed onto test specimens at a pressure of 414 kPa with a 79 

“Voyager” cold spray system also manufactured by Creative Material Technologies, Ltd. The 80 

compound was sprayed under room conditions. It had a gel time of about 30 sec and a full 81 

curing time of 30-60 minutes depending on humidity and temperature. 82 

The coating thickness was adjusted by controlling the pressure, offset distance, and 83 

exposure time. At first, producing a consistent thickness between specimens and even on a 84 

given specimen proved challenging. However, after using a wet film thickness gage to 85 

measure the thickness at one or more points during practice runs, the process was refined so 86 
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that a 0.76 mm thickness was achieved. 87 

 88 

Experimental Test Program 89 

 As mentioned previously, earlier HPC
2
 impact studies relied on a Chary test (Xu et al. 90 

2010). Since a notched specimen is required for the latter, it is not well suited for evaluating 91 

uncoated and coated panels. However, as illustrated in the present study, a measure of 92 

toughness may be determined for these configurations by measuring the area (i.e., by taking 93 

the integral) underneath the stress-strain curve generated while conducting a flexure test. 94 

 Alternatively, ballistic tests may be conducted to evaluate impact resistance at high 95 

strain rates (Carey and Myers 2009). In the present study, an impact rod is dropped onto a 96 

clamped plate from a given height. 97 

Mix Proportions 98 

 Bending and impact specimens were fabricated from two different HPC
2
 substrates 99 

having the proportions described in Table 1. The PVB Mix contains Poly(vinyl butyral) as 100 

the only aggregate while the PVA Fiber Mix includes Poly(vinyl alcohol) fibers added to it as 101 

reinforcement at a fiber volume fraction, Vf, equal to 0.6% (Xu et al. 2010; Xu et al. 2011; 102 

Toutanji et al. 2012). 103 

Flexure Tests 104 

Twelve plates were fabricated from the mixtures listed in Table 1. One half of the 105 

plates (6 total; 3 from each mix) were coated with polyurea. Flexural strength and toughness 106 

for uncoated and fully encapsulated plates were evaluated. The number of flexure samples (3) 107 

tested for each case was limited by budgetary and time constraints; and, represents a 108 

relatively small sample set. 109 

Four cementitious panels (two for each mix) were fabricated to produce the plates. 110 

Molds were constructed by nailing 1.27 cm thick pine rails to plywood that was covered with 111 
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PVC plastic film. The final dimensions of each mold were 61 cm x 301.5 cm x 1.27 cm. 112 

The mix was placed in each mold and the mold was vibrated to help fill it evenly. 113 

The molds were loosely covered with plastic and allowed to cure for three days after which 114 

the panels were removed and placed in water to finish curing. After 28 days the panels were 115 

removed from the water bath and allowed to dry for one day before cutting. Each plate was 116 

cut using a table saw into the final dimensions: 61 cm long x 10.2 cm wide x 1.27 cm thick. 117 

Flexure tests were conducted in accordance with ASTM C78 (ASTM C78/C78M-10 118 

2010). As illustrated in the photos shown in Fig. 1, each specimen was tested to failure over a 119 

46 cm span with supports placed at 15.3 cm apart. In this configuration, the central section is 120 

subjected to pure bending; the top surface of the plate is in compression and the bottom 121 

surface is in tension. 122 

Strain was measured in the central span using strain gages while a load cell was used 123 

to measure the applied force. The bending moment was calculated by multiplying half the 124 

load by the distance between the outer and inner supports. Stresses were computed based on 125 

the standard flexure formula and the dimensions of the cross section at the gage location. 126 

Figure 2 shows four, stress versus strain curves generated for the four different 127 

specimen categories found by averaging the results obtained for the three specimens in each.  128 

For comparison and clarity purposes, the insert shows the same curves plotted for strains up 129 

to 1000 µε. Each of the vertical range bars correspond to the standard deviation computed for 130 

the stresses measured in three different specimens at the strain level where the bar is located. 131 

Table 2 lists the average maximum flexural strength and the elastic modulus for each 132 

category. The strain energy density, found by computing the total area under the stress versus 133 

strain curve, is shown for the uncoated samples. The latter, referred to as the toughness, 134 

indicates how much energy a material can absorb before rupturing. Figure 3 illustrates how 135 

the flexural strength of each mix varies with different coating conditions. The vertical range 136 
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bars shown on the charts correspond to standard deviations. 137 

 Referring to Fig 2, the stress-strain results for all of the uncoated and coated samples 138 

were fairly consistent when the materials remained in the elastic range. The peak stresses 139 

determined for the coated samples agreed fairly well but strain results varied dramatically at 140 

high strain levels. Consequently, the curves drawn past the point at which the coated 141 

specimens begin to strain harden represent only behavioral trends drawn to the point at which 142 

maximum load was sustained. In these regions, the underlying substrate is sustaining 143 

progressively more damage at a critical location which, in most cases, is not located where 144 

strain is actually being measured. As cracks develop in tension beneath the polyurea coating 145 

in the critical section, the centroid begins to shift toward the compressive side of the beam. 146 

The moment of inertia decreases as stress is progressively transferred to the coating where 147 

bonding, thickness, and strength considerations come into play as the coating reaches its 148 

breaking strength. In general, the addition of PVA fibers created more dispersion in the data 149 

as compared to that collected for plates placed with PVB alone because of the random 150 

orientation and distribution of the free fibers (Pinkston 2011). 151 

Looking at the plots in the insert in Fig. 2, the stress-strain responses of the uncoated 152 

plates were both fairly linear to failure. It can be seen from the extended curves that the 153 

addition of the polyurea coating allowed the plates to sustain significantly higher strains 154 

especially when PVA was added. Strain hardening is prevalent in the plots corresponding to 155 

the coated specimens, much more so in the PVA specimens. 156 

Referring to Table 2, the addition of PVA fibers to the PVB mix lowered the elastic 157 

modulus and increased the toughness. Based on the average values obtained from the three 158 

specimens tested in each category, the addition of the fibers also increased the maximum 159 

flexural strength. However, it can be seen from Fig. 3 that the strength increase produced by 160 

the fiber addition was statistically insignificant; considering the large standard deviations 161 
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(1) 

associated with the PVA fiber mixes. 162 

Referring again to Table 2, the addition of the coating decreased the global stiffness 163 

and unequivocally increased the flexural strength. Evidence of the latter can be seen in Fig. 3 164 

where the standard deviations are well below the increases in strength that occurred when the 165 

polyurea coating was added. On average, the percentage increase in flexural strength due to 166 

the addition of the plain polyurea coating was 68% for the PVB mix, and 60% for the PVA 167 

fiber mix. The fact that the coating helped to strengthen the PVB mix more than the PVA 168 

fiber mix lends credence to the observation made earlier that the latter was stronger than the 169 

PVB mix to begin with. 170 

Although it is impossible to make a direct comparison, a 24% increase in flexural 171 

strength was recently reported when a 5.7 mm thick plain polyurea coating was applied to the 172 

surface of a 305 mm deep, steel reinforced concrete beam (Greene and Myers 2012). 173 

Drop-Weight Tests 174 

 Specimens were also fabricated from the mixes in Table 1 so that drop-weight tests 175 

(ASTM D7136/D7136M-12) could be performed to compare the impact performance of 176 

uncoated and coated samples. Only a small number of impact samples were tested due to 177 

budgetary and time constraints. 178 

 During the tests, a square rectangular composite plate was subjected to an out-of-179 

plane, concentrated impact using a drop-weight device having a hemispherical impactor. 180 

Specimens were supported along their outer edges and clamped near the corners. A 5.35 kg 181 

impactor was constructed by placing a steel rod with the desired mass within a PVC pipe. 182 

The end of the rod that served as the striker had a smooth hemispherical tip with a diameter 183 

of 16 mm and a hardness of 60-62 HRC. 184 

 The impactor was guided through a larger PVC pipe so that it could be dropped185 

 onto the test specimens from different heights. Assuming that no friction loss occurs bet186 
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(2) 

(3) 

ween the impactor and the outer PVC pipe, the impact energy, Ei, is given by: 187 

 
2

 

where m is the mass of the impactor and v is its velocity immediately prior to impact. The 188 

magnitude of the latter can be calculated based on a conservation of energy and is given in 189 

terms of the drop height, h, as follows: 190 

 2  191 

where g = 9.81 m/s
2
. Substituting Equation (2) into Equation (1): 192 

 

where the impact energy is expressed in N-m or Joules (J). 193 

Preliminary tests were conducted to establish the initial drop height while evaluating 194 

the impact properties of uncoated and fully encapsulated unreinforced panels. The plan called 195 

for fabricating eight, 30.5 cm x 30.5 cm x 3.80 cm thick samples from the two mixtures. To 196 

ensure consistency, four samples, constructed with each mix, were cut from larger panels 197 

placed in two wooden 61 cm x 61 cm x 3.80 cm thick molds. One half of the samples (4 total; 198 

2 of each type) were encapsulated with polyurea. 199 

Table 3 lists the drop heights along with the impact velocities and impact energies 200 

computed based on a free fall condition. Impact perfromance was graded on a pass-fail basis 201 

based on the lack or presense of visible damage (cracks) observed on the upper surface of the 202 

specimens where the imapct occurred. 203 

The last column in Table 3 denotes whether the plate failed (“F”) due to cracking, or 204 

passed (“P”) by successfully withstanding the impact load. An example corresponding to 205 

these distinctions is shown in Fig. 4 which contains photographs taken of the upper and lower 206 

surfaces of uncoated and coated plates having free fibers (PVA). During these tests, the 207 

impactor was dropped from a height of 2.44 m. The uncoated specimen shown in Fig. 4a 208 
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(PVA Fiber #2 in Table 3) was rated “F” while the coated specimen shown in Fig. 4b (PVA 209 

Fiber #4) was rated “P”. Note that even though the coated PVA specimen had no visible 210 

cracks on its upper surface (see Fig. 4b), they are clearly visible on the lower surface (see Fig. 211 

4d). 212 

Referring to Table 3, the uncoated specimen constructed with the PVB mix failed to 213 

survive the impact at the lowest drop height of 1.22 m (see PVB #1). At a drop height of 1.83 214 

m, the uncoated PVA sample (PVA Fiber #1) passed the test while the PVB sample (PVB #2) 215 

did not. This result was expected, since the toughness (strain energy density) associated with 216 

a flexure specimen constructed with PVA is about 1.55 times higher than one constructed 217 

with PVB (see Table 3). 218 

With regard to the coated samples, at a drop height of 1.83 m, the cracks were barely 219 

visible in the lower surface of the PVA sample (PVA Fiber #3). In contrast, for drop heights 220 

of 1.22 and 1.83 m cracks were clearly visible on the rear surfaces of both PVB samples 221 

(PVB #3 and PVB #4, respectively). It was observed that the depth of the cracks created by 222 

impacting the PVA sample from a drop height of 2.44 m fell between those seen for the two 223 

coated PVB samples which corresponds to an average impact energy of 80 J, making the ratio 224 

of the corresponding impact energies equal to 1.6 (i.e., 128/80). The implication is that the 225 

relative perfromance of samples that are coated similarly with polyurea can be gaged, simply 226 

by taking the ratio of the toughnesses found for the uncoated substrates from flexure tests into 227 

account. 228 

Based on calculations involving the impact energy, the analysis of the failure mode, 229 

and through trial and error, decisions were made to: 1) dispense with the edge coating, and 2) 230 

drop the impactor from a constant height of 2.44 m, thereby striking the plate with an impact 231 

velocity of 6.92 m/s corresponding to an impact energy equal to 128 J. In addition, as 232 

opposed to encapsulation, specimens were tested with polyurea on the top surface, on the 233 
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bottom surface, and on both surfaces. 234 

The results of the study are listed in Table 4. The last column reports the condition 235 

of both the upper and lower surfaces; again, “F” corresponds to failure as evidenced by 236 

cracking whereas “P” corresponds to a successful test during which no cracks were observed.  237 

If this rating system had been applied to the plates tested in the preliminary study and applied 238 

to the specimens shown in Figs. 4a-4d, the ratings would have been F, P, F, and F, 239 

respectively. 240 

Returning to Table 4, Section (a) pertains to specimens made with the PVB Mix, 241 

whereas Section (b) pertains to those made with the PVA Fiber Mix. Note that all of the 242 

specimens that were coated on the bottom surface and on both surfaces passed the test; 243 

whereas all of the uncoated samples failed.  244 

Referring to the PVA Fiber Mix data in Section b and comparing the performances of 245 

specimens #3 and #4 with those of #1 and #2, it is apparent that coating the top surface is 246 

preferable to leaving the plate uncoated. This is consistant with observations made by 247 

researchers testing composite panels who indicated that addition of a polyurea layer on the 248 

impact face considerably increased the panel’s blast resistance (Tekalur et al. 2008). 249 

Referring to the PVA Fiber Mix data in Section b and comparing the performances of 250 

specimens #5 and #6 with those of #3 and #4, it is clear that coating the bottom surface is 251 

preferable to coating the top. This can also be seen in the PVB Mix data included in Section a 252 

by comparing the performances of specimens #5 and #6 with those of #3 and #4. This is 253 

consistent with observations made by researchers testing sandwich composites having a 254 

graded core and a polyurea interlayer who indicated that strategically positioning the 255 

polyurea interlayer away from the impact face considerably increased the panel’s blast 256 

resistance (Gardner et al. 2011). 257 

The fact that both surfaces of PVB Fiber #3 and Fiber #4 failed is significant, 258 
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considering that the upper surfaces of its PVA Fiber based counterparts, i.e., PVA Fiber #3 259 

and #4, passed. This reinforces the postulate that the relative performance of samples that are 260 

coated similarly with polyurea can be gaged by taking the ratio of the toughnesses associated 261 

with the uncoated substrates. 262 

There was not enough energy transferred to the coated plates to make any conclusion 263 

regarding whether coating both surfaces is preferable to coating just the lower one, so 264 

additional tests were conducted on four specimens at a higher drop height equal to 2.74 m; 265 

thereby striking the plate with an impact velocity of 7.33 m/s and imparting an impact energy 266 

equal to 144 J. The results are tabulated in Table 5. 267 

In both cases, the specimens that were coated on both sides passed the test while 268 

those that were coated only on the lower surface failed. This is consistant with observations 269 

made by researchers testing sandwich panels who indicated that materials prepared by 270 

sandwiching polyurea between two composite skins had the best blast resistance compared to 271 

layered and composite plates (Tekalur et al. 2008). 272 

 273 

Discussion 274 

In general, the key constituents in high performance concrete cost about ten times as 275 

much as those in typical normal weight concrete (Toutanji et al. 2012). As far as the polyurea 276 

coating is concerned, the installed cost for depositing a 0.75 mm thick coating like the one 277 

used in the present study is estimated to be on the order of $100/m
2
. But this cost could be 278 

easily offset by safety considerations in some applications and/or reductions in insurance 279 

premiums in others. Additionally, the polyurea family is a specialty market now. The applied 280 

costs could decrease toward the $40/m
2
-$60/m

2
 range when and if this technology is 281 

commercialized. 282 

 283 
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Conclusions 284 

In this study, a low modulus, aliphatic polyurea coating, having high elongation and 285 

energy absorption capacities and a fast gel time, was sprayed under field conditions onto the 286 

surface of High Performance Cementitious Composites (HPC
2
). Flexure tests were 287 

conducted to measure toughness so that predictions could be made regarding the impact 288 

performance of two uncoated and coated matrices: one containing Poly(vinyl butyral) (PVB) 289 

as the only aggregate, the other with Poly(vinyl alcohol) (PVA) fibers added as reinforcement.   290 

Based on the investigation and experimental results described, a number of 291 

conclusions may be drawn regarding these HPC
2
 systems: 292 

- During the flexure tests, the addition of PVA fibers to the PVB mix increased the 293 

flexural strength, decreased the stiffness, increased the toughness, and led to more 294 

dispersion in the data. 295 

- On average, the percentage increase in flexural strength due to the addition of the 296 

plain polyurea coating was 68% for the PVB mix and 60% for the PVA fiber mix, 297 

indicating that the PVA mix was stronger than the PVB mix to begin with. 298 

- The addition of the plain polyurea coating allowed HPC
2
 plates to sustain higher 299 

strains especially when PVA fibers were added; strain hardening was prevalent in the 300 

stress-strain plots; much more so when the fibers were added. 301 

- During the impact tests, the relative performance of HPC
2
 samples coated similarly 302 

with plain polyurea was directly proportional to the toughnesses determined for the 303 

uncoated substrates during the flexure tests. 304 

- Coating any surface with plain polyurea was preferable to coating none. Coating the 305 

surface opposite to the striker was preferable to coating the surface facing it; and, 306 

coating both surfaces was preferable to coating one. 307 

 308 
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Table 1. Mix Proportions for PVB and PVA Fiber Concretes (kg/m
3
) 

Constituents/Concrete Mix: PVB Mix (Without Fiber) PVA Fiber Mix 

Cement 832.96 832.96 

Metakaolin 79.30 79.30 

B - 79 (Butvar - PVB) 182.39 182.39 

B -75 (Butvar - PVB) 118.95 118.95 

Water 364.78 364.78 

Sika 26.68 26.68 

PVA Fiber (RECS7) 0 7.93 (Vf=0.6)* 

W/C 0.438 0.438 

*Fiber volume fraction (Vf) is constant for all PVA specimens 
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http://www.editorialmanager.com/jrnmteng/download.aspx?id=180074&guid=f169be77-bc50-4b78-bb17-d2976adc7565&scheme=1


Table 2. Data Compiled Based on Averaging Results for Three Flexure Specimens 

Mix 
Surface 

Condition 

Flexural Strength 

(MPa) 

Elastic Modulus 

(GPa) 

Strain Energy Density 

(MN/m
2
 or MJ/m

3
) 

PVB Uncoated 4.39 9.44 1110.91 

PVA Fiber Uncoated 4.71 7.49 1719.62 

PVB Coated 7.37 8.22 - 

PVA Fiber Coated 7.53 6.87 - 

 

Table 2
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Table 3. Post Impact Panel Condition (Upper Surface Only) 

Specimen 

Number 

Surface 

Condition 

Drop 

Height 

Initial Velocity 

(m/s) 

Impact Energy 

(Nm or J) 
Failure Mode 

PVB #1 Uncoated 1.22 4.89 64 *F 

PVB #2 Uncoated 1.83 5.99 96 F 

PVA Fiber #1 Uncoated 1.83 5.99 96 **P 

PVA Fiber #2 Uncoated 2.44 6.92 128 F 

PVB #3 Encapsulated 1.22 4.89 64 P 

PVB #4 Encapsulated 1.83 5.99 96 P 

PVA Fiber #3 Encapsulated 1.83 5.99 96 P 

PVA Fiber #4 Encapsulated 2.44 6.92 128 P 

*F corresponds to failure by cracking 

** P corresponds to a pass where no cracks were observed 
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Table 4. Post Impact Panel Conditions for a Constant Drop Height of 2.44 Meters 

(a) PVB Mix 

Specimen No. 
Location of Polyurea 

Coating 
Condition of Upper/Lower Surfaces 

PVB #1 Uncoated F / F 

PVB #2 Uncoated F / F 

PVB #3 Top F / F 

PVB #4 Top F / F 

PVB #5 Bottom P /P 

PVB #6 Bottom P / P 

PVB #7 Both P / P 

PVB #8 Both P / P 

(b) PVA Fiber Mix 

Specimen No. Location of Polyurea Coating Condition of Upper/Lower Surfaces 

PVA Fiber #1 Uncoated F / F 

PVA Fiber #2 Uncoated F / F 

PVA Fiber #3 Top P / F 

PVA Fiber #4 Top P / F 

PVA Fiber #5 Bottom P / P 

PVA Fiber #6 Bottom P / P 

PVA Fiber #7 Both P / P 

PVA Fiber #8 Both P / P 

*F corresponds to failure due to cracking 

** P corresponds to a pass where no cracks were observed 

Table 4
Click here to download Table: Table 4 - MTENG-1595.docx 
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Table 5. Post Impact Panel Condition for a Constant Drop Height of 2.74 Meters 

(a) PVB Mix 

Specimen No. 
Location of Polyurea 

Coating 
Condition of Upper/Lower Surfaces 

PVB #1 Bottom F /F 

PVB #2 Both P / P 

(b) PVA Fiber Mix 

Specimen No. Location of Polyurea Coating Condition of Upper/Lower Surfaces 

PVA Fiber #1 Bottom F / F 

PVA Fiber #2 Both P / P 

*F corresponds to failure due to cracking 

** P corresponds to a pass where no cracks were observed 
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(a)                                                                            (b) 
 

Fig. 1. Flexure tests were conducted on: (a) uncoated and (b) coated plates 
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Fig. 2. Stress versus strain plots for uncoated and coated specimens; insert shows stresses over a 
limited strain range; vertical range bars represent standard deviations 
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Fig. 4. Flexural strengths for uncoated and coated plates; vertical bars represent standard 
deviations 
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(c)                                               (d) 
 

Fig. 5. Upper surfaces of: (a) uncoated PVA Fiber #2 and (b) coated PVA Fiber #4 specimens; 
lower surfaces of: (c) uncoated PVA Fiber #2 and (d) coated PVA Fiber #4 specimens 
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