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Abstract— Composites are made by combining of two or 

more different materials, which are having different 

characteristics. Composites materials are widely used today 

in various applications. Pultrusion process is used to 

manufacture composite material, in these process different 

types of roving of glass, carbon, aramid fibres are used to 

make different pultruded material as per their application. 

Today pultruded products are used in various applications 

like bridges, FRP ladders, communication tower, nut and 

bolts etc. 
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I. INTRODUCTION 

A composite material is made by combining two or more 

materials – often ones that have very different properties. 

The two materials work together to give the composite 

unique properties. However, within the composite you can 

easily tell the different materials apart as they do not 

dissolve or blend into each other.Pultrusion is one of the 

oldest processes for the manufacture of long fibre reinforced 

thermosetting plastics, and it is also the oldest continuous 

processing technique. 

In parallel to this, Ernst Kühne also developed the 

pultrusion method in the early-mid 1950’s at the 

technological development laboratory of Brown Boveri 

(BBC) in Baden/Switzerland (today known as ABB). He 

succeeded in producing the first pultrusion products with 

glass rovings impregnated with epoxy resin independently 

and without any external influence. 

II. LITERATURE SURVEY 

[1]J.R. Correiaa, S. Cabral-Fonsecab, F.A. Brancoa, This 

paper presents the results of experimental research on the 

physical, chemical,mechanical and aesthetical changes 

suffered by glass fibre reinforced polyester (GFRP) 

profilesunder accelerated exposure to moisture, temperature 

and ultraviolet (UV) radiation. GFRP profiles were 

submitted to four different exposure environments: (i) 

immersion in water at 20ºC, (ii) condensation of water at 

60ºC (iii) accelerated weathering QUV equipment and 

(iv)acceleratedweathering Xenon-arc equipment. Results are 

analyzed regarding the sorption, tensile and flexural 

behaviors, the chromatic and gloss variations and the 

chemical changes investigated by means of infrared 

spectroscopy. Considerable chromatic changes were 

observed, especially due to UV radiation. Regarding 

structural safety, although some reduction in the mechanical 

properties was observed, especially in the immersion and 

condensation chambers, the durability tests proved the 

generally good behavior of this material under those 

aggressive conditions.Based on the findings of this study, 

the following conclusions can be addressed: 

1) Immersion and condensation environments had a 

noticeable effect on the flexural properties of 

GFRP profiles. Strength and strain at failure 

decreases due to moisture were observed and these 

effects were accelerated by increased temperature. 

Nevertheless the degradation is mainly due to 

physical phenomena, as plasticization of polymeric 

matrix, since no appreciable chemical degradation 

was detected by FTIR analysis. 

2) For the QUV and Xenon arc experiments, although 

FTIR analysis shows important chemical 

degradation in the surface of the material, the 

synergetic effects of simultaneous exposure to UV 

radiation, moisture and temperature on the flexural 

and tensile properties of GFRP profiles were not 

significant throughout the experiment period. 

These results seem to confirm that UV radiation 

has limited influence on the mechanical properties 

of the material, affecting, above all, the material’s 

surface. 

3) The considerable chromatic and gloss changes 

observed, especially due to UV radiation, cause an 

aesthetical concern for outdoor applications, where 

the use of protective coatings can hardly be 

avoided. 

Although some reduction in the mechanical 

properties was observed in the durability tests (up to19%), 

especially in the immersion and condensation chambers 

(what means that it may occur instructures placed 

underwater or in high moisture environment), the present 

study proved thegenerally good mechanical behavior of 

glass fibre reinforced polyester pultruded profiles,especially 

under the other environmental conditions used in the 

experiments. The study confirmsthat pultruded profiles, 

besides presenting excellent structural performance and 

lightness, offerimproved durability when compared with 

traditional materials. 

[2]A.M. Fairuz, S.M.Sapuanpresented in his paper 

Pultrusion is the one of technologies to fabricate the 

polymer composites to be used in many industries such as in 

aerospace, automotive and construction industries. The high 

performance pultruded products that are produced by this 

technique offer high fibre content of at least 70%. In order 

to produce high quality pultruded profiles, there are 

variables such as fibre impregnation, resin viscosity, pulling 

speed and curing temperature that have to be considered and 

these variables are discussed in this study. The review on the 

recent research in pultrusion process, types of resins used in 

pultrusion process and mechanical properties of pultruded 

composites are presented.Pultrusion process is one of the 

manufacturing processes for composite materials and it has 

the capability to produce composites with the fibre content 

of as high as 70% by weight. Furthermore, the process can 
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produce pultruded composite components with fewer 

parameters during manufacturing compared to other 

composite fabrication processes. However, there are still 

scopes for improvement as far as manufacturing capability 

is concerned such as in the areas of the reinforcement, the 

heating behavior and the pulling speed behaviors. Research 

on the modelling of pultruded composites to improve the 

manufacturing process should also be integrated with more 

realistic experimental works to verify the findings. 

[3]M. S. Ahmadi1, M. S. Johari1*, M. Sadighi2, 

M. Esfandehpresented in his paper A conventional textile 

braiding machine was modified and added to a pultrusion 

line in order to produce glass fiber reinforced composite 

rods by braiding-pultrusion technique. Braid-pultruded (BP) 

rods were produced with three braid roving linear densities 

and also with three different braid angles. To study the 

influence of overbraiding on mechanical properties of 

pultruded rods, unidirectional (UD) rods, without braided 

fabric, were produced, as well. All rod types were subjected 

to tensile, bending and torsion tests. The experimental 

results showed that BP rods have considerably higher shear 

modulus, but lower tensile modulus and flexural rigidity 

than those of UD pultruded rods, when fiber volume fraction 

is kept constant. Moreover, rods produced with higher braid 

roving linear densities had better torsional, but lower tensile 

and flexural properties. The highest shear modulus was 

observed in BP rods with braid angle of 45°.In this work a 

braiding-pultrusion production line was developed by 

modifying a conventional textile braiding machine and 

adding it to a pultrusion line for production of braid-

pultruded (BP) composite rods. With this method it was 

possible to produce rods with a reinforcement structure 

comprised of a braided fabric cover and unidirectional core 

fibers. In order to evaluate mechanical properties of BP rods 

and study the effect of some braiding parameters,they were 

produced with different braid roving linear densities and 

braid angles. The results were also compared to those of 

unidirectional (UD) pultruded rods which were produced 

without braided fabric cover, but with the same fiber volume 

fraction and diameter. Overbraiding was proved to have a 

great effect in improving shear performance of pultruded 

rods. BPAverage experimental tensile modulus of therods 

and the theoretical model predictionsAverage flexural 

rigidity of the rods had higher shear modulus compared to 

UD pultruded rods. Even with the lowest cover/core fiber 

weight ratio, shear modulus was about 1.5 times higher than 

that for UD rod. Nevertheless, tensile elastic modulus and 

flexural rigidity were lower in BP rods compared to UD 

ones when fiber volume fraction is kept constant. It was also 

concluded that increasing the braid roving linear density 

leads to an improvement in shear modulus, but a reduction 

in tensile modulus and flexural rigidity. Moreover, the rod 

with braid angle of 45° had higher shear modulus compared 

to those with braid angles of 30 and 55°. Tensile modulus 

and flexural rigidity were higher in BP rods with lower braid 

angles. 

[4] Domenico Asprone1; Ezio Cadoni2; Andrea 

Protapresented in his paper Structural analysis of composite 

structures subjected to dynamic loads requires detailed 

knowledge of the mechanical behaviorof component 

materials under high strain-rates. This paper presents the 

results of tests to investigate the tensile dynamic behavior of 

apultruded E-glass/polyester composite used in a steel-less 

blast protection barrier. The described activity is part of the 

Security of Airport Structures research project, focusing on 

structural protection of airport infrastructures against 

disruptive action. Modified Hopkinson bars and 

hydropneumatic machine devices were used to conduct 

strain-rate controlled tensile failure tests on glass fiber 

reinforced polymer specimens. The results are discussed and 

then implemented within a viscoplasticity constitutive 

model and a strain-rate-dependent failure criterion in order 

to simulate the exhibited mechanical behavior. 

The present paper dealt with the mechanical 

characterization of a Pultruded polyester composite 

reinforced with unidirectional E-glass fibers under dynamic 

tensile loads applied along the fiberdirection. Strain-rate 

controlled tests were performed, using HPM and MHB 

devices, at strain-rates ranging from 1 to 700/s and stress-

strain curves were recorded. Specifically, strain-rate 

sensitivity was evidenced for highstrain-rate levels whereas, 

within the intermediate strain-raterange, mechanical 

properties were not significantly enhanced: as depicted in 

DIF-strain-rate curves, both the initial Young’s modulus and 

failure stress presented significant increases for high strain-

rates, equal to 2.88 and 1.90 times the static values, 

respectively. By contrast, at an intermediate strain-rate, 

failure stress exhibited a very slight increase of 

approximately 5–15%. 

Furthermore, in order to reproduce acquired stress-strain 

curves at high strain-rates, a viscoplastic model, accounting 

for effective stress and effective plastic strain, and a strain-

ratedependent failure criterion was considered, as proposed 

by Thiruppukuzhi and Sun. Calibrating model parameters 

with the experimental results, good agreement was obtained 

between numerical and experimental effective stress-

effective plastic strain curves. By contrast, the failure 

criterion, which presents a failure stress-strain-rate linear 

relationship in a bilog plot, did not appear suitable to 

reproduce the slope variation occurring between 

intermediate and high strain-rates. Hence, a different 

formulation appears necessary; in order to achieve this 

objective,further investigations are necessary at strain-rate 

levels between 10 and 400/s, where the slope variation 

occurs. This experimental study is deemed to represent a 

fundamental step toward investigating structural behavior of 

composite structures, subjected to severe dynamic loads. 

Indeed, results from the activities described herein can be 

used to define constitutive models of the mechanical 

behavior of composites that can be implemented within 

numerical analyses to predict structural response of 

composite elements subjected to dynamic loads. 

An experiment was conducted using a fiber 

reinforced polymer composite material for the bridge deck 

of a low volume bridge. The test location was on South 

Fayette Street over the Town Brook in Jacksonville, Illinois. 

This project included removal of the existing single span 

pony truss structure and replacement with a wider, and 

longer, three-span plate girder structure with the 

experimental decking material. The fiber reinforced polymer 

composite material used was “DuraSpanTM” manufactured 

by Martin Marietta Composites. The composite tubes are 

manufactured by the pultrusion process. The tubes are pre-

cut to fit the dimensions of each individual bridge and 
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bonded together in the factory to form panels. The panels 

are assembled on the bridge deck with epoxied field joints to 

form the completed bridge deck. This report summarizes the 

construction activities for the structure on South Fayette 

Street in Jacksonville. Details of the planning, design, 

construction methods, and construction costs are addressed. 

An experiment was conducted using a fiber reinforced 

polymer composite material for the bridge deck of a low 

volume bridge. The test location was on South Fayette 

Street over the Town Brook in Jacksonville, Illinois. This 

project included removal of the existing single span pony 

truss structure and replacement with a wider and longer, 

three-span plate girder structure with the experimental 

decking material. The fiber reinforced polymer composite 

material used was “DuraSpanTM” manufactured by Martin 

Marietta Composites. The composite tubes are manufactured 

by the Pultrusion process. The tubes are pre-cut to fit the 

dimensions of each individual bridge and bonded together in 

the factory to form panels. The panels are assembled on the 

bridge deck with epoxied field joints to form the completed 

bridge deck. This report summarizes the construction 

activities for the structure on South Fayette Street in 

Jacksonville. Details of the planning, design, construction 

methods, and construction costs are addressed. 

An experimental fiberglass reinforced polymer 

composite material was used to construct a bridge deck on 

South Fayette Street in Jacksonville. This structure crosses 

the Town Brook, which has been prone to flooding 

problems in recent years. The experimental FRP composite 

material selected for this project was “DuraSpanTM” from 

Martin Marietta Composites. The construction of the bridge 

took place between September and December of 2001. After 

monitoring construction of this bridge deck with the 

experimental material, the following conclusions were 

made: 

1) The construction of the bridge deck was expedited. 

The entire deck surface was delivered and placed 

on the bridge in one day. 

2) The material is easy to work with and easy to place. 

3) The use of angle irons for fillets and grout dams 

worked well. 

[5] Fernando A. BRANCO, João R. 

CORREIApresented in his paper An ongoing experimental 

research performed at IST on two critical topics, regarding 

the use of glass fibre reinforced polymer (GFRP) pultruded 

profiles in structural applications: the long-term durability 

and the fire behavior. The first part of this paper presents 

test results on the changes presented by GFRP pultruded 

profiles under accelerated exposure to moisture, temperature 

and UV radiation. Although some reduction was observed in 

the mechanical properties, the durability tests proved the 

generally good behaviour of this material. The second part 

of this paper presents results of experiments on the fire 

behaviour of GFRP profiles. Large-scale fire resistance tests 

on both unprotected and protected GFRP profiles (with 

different active and passive protection systems) were 

conducted to investigate the thermal and mechanical 

response of the material under fire conditions and to 

determine the fire endurance and applicability of the 

investigated systems. 

This paper presents results of experimental 

research conducted at IST on two critical topics, regarding 

the use of glass fibre reinforced polymer (GFRP) pultruded 

profiles in structural applications: the long-term durability 

and the fire behavior. 

The durability experiments showed that immersion 

and condensation environments have an effect on the 

flexural properties of GFRP profiles. Strength and strain at 

failure decreased up to 19%, due to moisture, and these 

effects were accelerated by increased temperature. The 

degradation was mainly due to physical phenomena, such a 

plasticization of polymeric matrix, since no appreciable 

chemical degradation was detected by FTIR analysis. 

Nevertheless, this degradation may influence the use of 

GFRP profiles made with polyester resins in wet 

environments (structures placed underwater or subjected to 

high levels of moisture) and especially in zones with higher 

temperatures, where the use of different resin systems shall 

be considered for improved performance. For the QUV 

experiments, although FTIR analysis shows important 

chemical degradation in the surface of the material, the 

synergetic effects of simultaneous exposure to UV radiation, 

moisture and temperature on the flexural properties of 

GFRP profiles were not significant throughout the 

experiment period. Globally, durability tests showed that, 

GFRP pultruded profiles, besides presenting very good 

mechanical performance and lightness, also offer good 

durability characteristics when compared with traditional 

construction materials. The fire resistance tests allowed 

investigating the thermal and mechanical response of GFRP 

pultruded beams in a fire situation, and also the efficacy and 

the possible field of application of different active and 

passive fire protection systems. The unprotected GFRP 

beam failed after about 40 min, the three different passive 

protection systems provided a fire resistance between 65-75 

min and the water cooling active protection system provided 

a fire resistance of at least 120 min. Numerical 

investigations are currently being undertaken in order to 

simulate the fire resistance tests. 

In parallel, fire reaction tests are also being carried 

out in order to assess the fire reaction properties of the 

GFRP material (such as the ignition time, the rate of heat 

release, the smoke and toxic gas evolution) and the benefit 

of using the different fire protection systems on those 

properties. 

III. CONCLUSION 

Pultrusion process is used to manufacture composite 

material, in these process different types of roving of glass, 

carbon, aramid fibres are used to make different pultruded 

material as per their application. From the above literature 

survey we have following conclusion. 

1) pultruded profiles, besides presenting excellent 

structural performance and lightness, offer 

improved durability when compared with 

traditional materials. 

2) pultruded composites to improve the manufacturing 

process should also be integrated with more 

realistic experimental works to verify the findings. 

3) The unprotected GFRP beam failed after about 40 

min, the three different passive protection systems 

provided a fire resistance between 65-75 min and 

the water cooling active protection system provided 

a fire resistance of at least 120 min. 
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4) fire reaction tests are also being carried out in order 

to assess the fire reaction properties of the GFRP 

material (such as the ignition time, the rate of heat 

release, The smoke and toxic gas evolution) and the 

benefit of using the different fire protection 

systems on those properties. 

5) Braided pultruded rods have considerably higher 

shear modulus, but lower tensile modulus and 

flexural rigidity than those of Unidirectional 

pultruded rods, when fiber volume fraction is kept 

constant. Moreover, rods produced with higher 

braid roving linear densities had better torsional, 

but lower tensile and flexural properties. 
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