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Abstract 

 
Polyurethane resins are being considered in a large num-

ber of new pultrusion applications, with many involving 

some type of environmental exposure.   However, envi-

ronmental data for thermoset polyurethane pultruded 

composites is not as widely available as it is for more 

common pultrusion resins such as polyester.  This study 

examines three different formulations of polyurethane 

pultruded samples immersed in 150
o
F water over a 30-33 

day period.  Three-point flexural tests, short-beam tests, 

and compression tests were conducted over the 30 days 

of water immersion.  These data were compared with a 

large database of properties for common pultruded com-

posites using other resins exposed to similar environmen-

tal conditions.  These comparisons show that the polyu-

rethane composites offer better mechanical performance 

compared with pultruded composites produced from 

more commonly used resin systems. 

 

Introduction 

 
 Based on the unique combination of properties of-

fered by polyurethane resin systems and the demonstra-

tion of the processability of these materials with the pul-

trusion process, interest in polyurethane pultruded com-

posites continues to increase.  As use of these composites 

increases, the need to more fully characterize the me-

chanical and physical properties becomes even more im-

portant.  Initial research in this area focused on 

processing methods and basic mechanical properties as-

sociated with pultrusion of polyurethane matrix compo-

sites [1-7].  Today, research is expanding to more fully 

characterize the pultruded polyurethane composites. 

 

 Research has been published related to properties of 

pultruded polyurethane (PU) composites under various 

loading conditions and environmental exposure condi-

tions.   Connolly, et al reported that PU pultruded com-

posites exhibited substantially lower water absorption 

than identically constructed composites with matrix ma-

terials of PU-unsaturated polyester hybrid, vinyl ester, 

and unsaturated polyester [8, 9].  Grami, et al examined 

the effect of salt water and distilled water exposure on 

unidirectional glass fiber reinforced thermoplastic polyu-

rethane composite rods; however, no comparison to simi-

lar composites with different matrix materials was pro-

vided.  Grami attributed the moisture degradation of 

these composites to a breakdown of fiber/matrix adhe-

sion [10]. 

 

 Generally, polyurethane composites are considered 

to be tougher, stronger, and more environmentally resis-

tant than comparable polyester composites [11].  How-

ever, as this portion of the industry matures, more tho-

rough understanding of the factors influencing property 

data of pultruded polyurethane composites is desirable.  

It is known that formulation variables in polyurethane-

based systems can affect processing and performance of 

the polyurethane system.  Today, a variety of polyure-

thane matrix formulations are commercially available for 

pultrusion, and understanding the differences associated 

with composites fabricated using specific constituent ma-

terials is necessary.  Differences in polyurethane matrix 

materials can range from basic differences such as 

whether the polyurethane is a thermoplastic or a thermo-

set to more subtle differences such as the specific polyol 

and isocyanate chemistries.  The research objective of 

this study is to characterize the effect of water immersion 

for thermoset polyurethane pultruded composites fabri-

cated using three different resin formulations. 

 

Experimental Procedure 
 

Resin Formulation:  The polyurethane resins uti-
lized were two-component 100% solids systems com-

prised of a polyol blend and an isocyanate.  The first re-

sin (PU1) was a commercially available Baydur PUL 

2500 system.  The second resin system (PU2) was a 

modified Baydur 2500 system, while the third system 

(PU3) was similar to PU1 but with 10% added calcium 

carbonate. 

 

 Pultrusion Processing: Three different polyure-

thane resin formulations were examined.  A nominal 1” x 

1/8” (25.4 mm x 3.2 mm) rectangular profile reinforced 

with 68% unidirectional E-glass by volume (32 ends of 

type 30 113 yield roving) was pultruded for all of the en-

vironmental studies.  All of the pultrusion processing ex-

periments were conducted at the University of Mississip-

pi using commercial pultrusion equipment with a resin 

injection chamber in front of the die.  The front of the die 

was water cooled, and three-zones of platen heat were 

used to cure the composite.  The pultruded product was 

produced at a pull speed of 36 in/min.  Processing data 

including measured line speed, pull load, and die tem-
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peratures were recorded using a computer data acquisi-

tion system during the pultrusion experiments.  When 

changing from one resin to the next, dry fiber was pulled 

through the die to ensure that no mixing of the three resin 

systems occurred. 

 

Property Database Comparison:  For comparison 

with composites fabricated with other commonly used 

pultrusion resin systems, data that has been compiled by 

University of Mississippi researchers for similarly fabri-

cated samples with a polyester matrix and with a vinyl-

ester matrix are also presented in this paper.  For the 

composites used for comparison, a nominal 1” x 1/8” 

rectangular profile reinforced with 68% unidirectional E-

glass by volume (32 ends of type 30 113 yield roving) 

was pultruded at the University of Mississippi using 

commercial pultrusion equipment.  Open-bath wet-out 

was used for both the polyester and vinylester compo-

sites.  Similar moisture conditioning procedures were 

used for these samples [12, 13].   

 

Sample Conditioning:  To determine the effect of 

water immersion on the three different pultruded polyu-

rethane products, test samples were immersed in 150
o
F 

water for the appropriate number of exposure days.  The 

immersion times were 1, 2, 3, 4, 5, 12, 19, 26, and 33 

days.  More data points were collected early in the im-

mersion process to capture the initial effects of the mois-

ture exposure, and then equal seven day conditioning in-

tervals were followed at longer immersion times.  Sam-

ples were also held at ambient laboratory conditions to 

provide baseline data during the same time period. 

 

The samples for flexural testing were cut to length 

(5” long) before water immersion.  The flexural samples 

were 5” x 1” x 1/8” (nominal) size thus allowing for a 

span-depth ratio of 32 to 1.  Samples for short-beam and 

compression testing were also cut to 5” in length, but due 

to the smaller test size of the final test samples and there-

fore possibly more rapid water diffusion rates, the actual 

samples for these tests were only cut to final test size af-

ter exposure to water immersion.  Cutting the samples to 

size after water immersion helped to avoid the creation 

of more cut surfaces and shorter diffusion paths for these 

samples.  Thus, all samples exposed to the 150
o
F water 

immersion were at least 5” x 1” x 1/8” (nominal) and 

were only cut to a smaller test size after immersion expo-

sure. 

 

Property Evaluation: Mechanical property testing 

of the pultruded composites was conducted to character-

ize the environmentally conditioned pultruded product. A 

variety of properties were examined to evaluate proper-

ties dominated by matrix properties, fiber properties, and 
fiber/matrix adhesion properties. 

 

 ASTM D790-02 3-point flexural testing (32:1 span 

to depth) was conducted on samples soon after they had 

been taken from the immersion tank and wiped dry of 

water.  Testing was conducted at room temperature on 

five different samples at each set of immersion times; 

both flexural strengths and modulii were determined. 

 

 Short-beam tests were conducted in accordance 

with ASTM standard D-2344-00 using five different 

samples at each immersion time period.  After water 

immersion for the appropriate number of days, samples 

were dried and then cut to dimensions of 0.75” (length) x 

0.25” (width) using a diamond saw. 

 

Compression testing was conducted using the 

ASTM D6641-01 (CLC) test standard.  Again, samples 

were only cut to final test dimensions after immersion 

exposure was completed.  For compression testing, the 

final dimensions were obtained by using a surface grind-

er to produce parallel edges with ends at 90 degrees to 

longitudinal axis.  The final test size for the compression 

samples was 5.5” x 0.5” x 1/8” (nominal).  Samples were 

tabbed and strain gauged just before testing. 

 

Testing for flexural strength, modulus, and short-

beam strength was conducted at room temperature using 

a MTS test frame equipped with a 5,000-pound load cell.  

Testing for the compressive strength was conducted on 

another MTS test frame equipped with a 22,000 pound 

load cell and strain gage connections. 

 

Results and Discussion 
 

Flexural Strength and Modulus:  Figures 1a, b, 

and c show the maximum, minimum, and the average of 

the five 3-pt flexural strengths determined for each of the 

three polyurethane composite systems (PU1, PU2, and 

PU3, respectively).  As can be seen, there is the expected 

scatter in the test data as shown by the maximum to min-

imum values, but a decrease in average flexural strength 

is observed when plotted against the square root of expo-

sure time.  Since the major effect of the water immersion 

exposure is expected to be associated with wa-

ter/moisture diffusion, it is expected to show a square 

root of time dependence. 

 

A summary plot of the flexural strength for the 

three polyurethanes is shown in Figure 2.  Also shown in 

Figure 2 is a comparison to similarly fabricated polyester 

and vinylester samples exposed and tested in a similar 

fashion to the polyurethane samples of this study.  As 

can be seen, all three polyurethane composites were 

much better in their initial strength and their retention of 

strength compared to the polyester and vinylester com-

posites.  However, even within the polyurethane sample 

groups, there is a noticeable difference.  Whereas the 

flexural strength of the PU1 and PU2 samples were simi-

lar, they were both significantly higher than PU3.  This 

reinforces the fact that not all polyurethane composites 

should be expected to have the same properties or corro-
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sion resistance, just as polyester or vinylester resins are 

not all the same. 

 

The flexural modulus determined for the three po-

lyurethane composites is shown in Figures 3a, b, and c, 

respectively.  Again there is a small expected scatter of 

the data as shown by the variation between the mini-

mum, maximum, and average values.  In fact, the scatter 

within the data for PU1 and PU2 samples is greater than 

the change of the flexural modulus over the time period 

of water immersion.  Figure 4 plots the three polyure-

thane samples on the same axis, and again as was ob-

served with the flexural strength data of Figure 2, the 

flexural modulus of PU1 and PU2 samples are very simi-

lar but are slightly better than the PU3 samples.  This 

highlights the fact that polyurethane pultruded compo-

sites are not all the same. 

 

Short-Beam Strength: Figures 5a, b, and c show 

the maximum, minimum, and average values for the 

measured short-beam strength.  The observed variation 

from the maximum to the minimum short-beam strength 

is quite low.  Figure 6 shows a plot of the average short-

beam strength of the three polyurethane samples as a 

function of water immersion time.  This plot shows that 

PU2 samples fare better in this test compared to PU1 and 

PU2 samples which are quite similar.  In general, the 

short-beam test is more of a reflection of the resin’s 

properties and the resin/matrix adhesion properties than 

the flexural test which is more influenced by the fiber 

properties.  Also plotted in Figure 6 is a series of water 

immersion data for a typical polyester pultruded compo-

site measured in a manner similar to the present study.  

As can be seen, similar to the results shown in Figure 2, 

the polyurethane samples have a higher initial strength 

and retain that higher strength over the immersion time 

measured; however, the rate of decrease in short-beam 

strength is similar for all of the samples plotted. 

 

Compressive Strength and Modulus:  Figures 7a, 

b, and c plot the compressive strength and modulus as a 

function of a 30 day immersion period.  The compressive 

strength is plotted for three test times on the left-and y-

axis, while the compressive modulus is plotted against 

the right-hand side y-axis.  The modulus was only meas-

ured at the start and the end of the test period due to the 

complexity of making these measurements.  As can be 

seen in Figures 7a, b, and c there is considerable scatter 

in both the compressive strength and modulus data.  This 

is not totally unexpected due to the difficulties in making 

a proper measurement of these particular mechanical 

properties.  Based on the scatter and the actual increase 

in the measured modulus for the two time periods, it is 

difficult to state the exact effect of water immersion on 

the compressive modulus of these samples, but the effect 

does not appear to be more significant than the normal 

scatter typically seen in this type of data.  Figure 8 plots 

the compressive strength data of all three polyurethanes.  

In this plot, it is difficult to state that there is a change in 

the compressive strength of PU1 and PU2 samples over 

the measured immersion time, although a small decrease 

in compressive strength is probable for PU3 samples. 

 

Summary and Recommendations 
 

It is apparent that all three of the polyurethane pul-

truded composites perform better under conditions of 

150
o
F water immersion exposure than do the selected 

polyester and vinlyester composites for which direct 

comparison data was available.  However, it is also ap-

parent that not all polyurethane composites are equal in 

their mechanical property response.  For the polyure-

thanes examined in this study, PU2 had a better short-

beam response than the other two systems, although PU1 

and PU2 were similar in flexural strength and modulus 

and also compressive strength and modulus.  The PU3 

samples were of lower property values for all measured 

properties of this study with the one exception of initial 

compressive strength. 
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Figure 2.  Plot of the average flexural strength of  PU1, PU2, and PU3 samples exposed to 150
o
F water immersion for 33 

days.  Shown for comparison are similar exposure flexural strength data for a generic polyester and vinylester product.  All 

test data is the average of five tests. 

Figure 1a, b, c.  Plots of the flexural strength of PU1, 

PU2, and PU3 samples exposed to 150
o
F water immer-

sion for 33 days.  Each time period shows the data for 

five test samples.  Data makers show the maximum and 

minimum values determined, while the line shows the 

average value tested. 
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Figure 4.  Plot of the flexural modulus of PU1, PU2, and PU3 samples exposed to 150

o
F water immersion for 33 days.  

Each time period shows the average data for five test samples. 

Figure 3a, b, c.  Plots of the flexural modulus of PU1, 

PU2, and PU3 samples exposed to 150
o
F water im-

mersion for 33 days.  Each time period shows the data 

for five test samples.  Data makers show the maxi-

mum and minimum values determined, while the line 

shows the average value tested. 
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Figure 6.  Plot of the short-beam strengths of PU1, PU2, and PU3 samples exposed to 150

o
F water immersion for 33 days.  

Each time period shows the average data for five test samples.  Shown for comparison are similar exposure short-beam 

strength data for a generic polyester pultruded product.   

Figure 5a, b, c.  Plots of the short-beam strengths of 

the PU1, PU2, and PU3 samples exposed to 150
o
F wa-

ter immersion for 33 days.  Each time period shows 

the data for five test samples.  Data makers show the 

maximum and minimum values determined, while the 

line shows the average value tested. 
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Figure 8.  Plot of the compressive strengths of PU1, PU2, and PU3 samples exposed to 150

o
F water immersion for 30 days.  

Each time period shows the average data for five test samples. 

Figure 7a, b, c.  Plot of compressive strength and mod-

ulus of  the PU1, PU2, and PU3 samples exposed to 

150
o
F water immersion for 33 days.  Each time period 

shows the data for five test samples.  Data makers show 

the maximum and minimum values determined, while 

the line shows the average value tested. 

 


