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COMPOSITE MATERIALS: HIGH AND NEW TECHNOLOGY FOR 
GROUND CONSOLIDATION 

 
SUMMARY 
Brief history of use and development of FRP (Fiber Reinforcement Plastics) from Second 
World War till today. Introduction to the main characteristics of these materials in term of 
tensile strength, shear strength, compressive strength, density, thermal resistance, creep, 
fatigue, and bonding. List of the main advantages of FRP. Introduction of the use of FRP in 
tunnelling and anchoring 
 
INTRODUCTION - History 
First of all we have to clarify the meaning of FRP: Fiber Reinforced Plastics. This term 
indicate all the materials composed by fibres immersed in polymeric matrix. Their 
development must be found in the best advantages these materials have in comparison to the 
usual steels: high tensile strength, excellent corrosion resistance and low specific weight. Just 
this last feature probably lead the defense industry, after the II World War, to look for 
application of FRP in aerospatial sector. In fact during the Cold War the advancement did by 
aerospace industry required a great use of lightweight materials with the strength and stiffness 
of the material they are accustomed to. After the progress had in this field, which often is the 
standpoint from which start the development of new materials and techniques, FRP began to 
be used in sport industry (formula one, tennis, golf, sailing, fishing etc.), automotive and 
constructions. A good help was given also by the system of production, which offer a fast and 
economical method of forming constant profile parts. 
During 1950s the U.S. national highway systems required a year-round maintenance. In the 
colder region become more useful to use deicing salt on highway bridges and structures with 
a result of extensive corrosion of the steel used as reinforcement. In order to solve this 
problem and avoid a year-round maintenance new solutions were investigated: galvanized 
coatings, electrostatic-spray fusion-bonded coating, polymer-impregnated concrete, epoxy 
coating and glass FRP reinforced bars. Of these options the epoxy-coated steel reinforcement 
was preferred as seemed to be the best solution; so the use of FRP in concrete structure was 
delayed. 
In 1970s, thanks to Marshall-Vega Inc. the use of GFRP (Glass FRP) were largely developed 
and considered as valuable alternative to steel reinforcement for polymer concrete thanks to 
the incompatibility of the coefficients of thermal expansion between concrete polymer and 
steel. 
During 1980s the market demand for non-metallic reinforcement materials had a great 
increase. The best demand come from reinforcement of facilities for magnetic resonance 
imaging medical equipment. The use of GFRP in these structures become the standard and 
gave a great hand to the development of GFRP as reinforcement in concrete structures. 
In 1990s the deterioration of aging bridges in U.S. due to corrosion elevating a big concern 
against the use of epoxy-coated reinforced steel bars; in this situation the interest in 
alternative materials avoiding corrosion become stronger: FRP reinforcement began to be the 
standard solution to solve problems of corrosion in bridges decks and other structures. 
During late 1980s fibreglass began to be used in tunnelling and in all that work where 
destroyable nails were needed. This because the advantages of using glass fiber nails instead 



normal steel was enormous: higher tensile strength in relation to the same diameter, lighter 
weight which allow a better handiness, easier crashing which allow higher rate of excavation 
advancement. Till today the majority of European tunnel excavated in soft and non-cohesive 
ground were bored using fibreglass nails as reinforcement of front excavation. 
 
CHARACTERISTICS 
FRP are composite materials. Composite materials are composed by two or more materials 
and in our specific case of FRP by two materials: polymer matrix reinforced with high 
strength fibers. The fibers are the element resistant to the tensioning forces and the matrix is 
the element that transmits the forces among the fibers, giving in the same time a protection 
from the external environment. 
FRP have a density which is four to six times lower than steel. 

Typical densities g/cm3 
Steel GFRP CFRP AFRP 

7.9 1.25-2.1 1.5-1.6 1.25-1.4 

 
The FRP resistant to high temperature is limited to the glass transition temperature. At this 
temperature the polymer, resin, soften due to the excessive heat. Generally the Glass 
transition temperature varies in relation to the resin, but normally is in the region of 93.3°C 
and 148.9°C. In a composite material, the fibers, which exhibit better thermal properties than 
the resin, can continue to support the load. However, being the resin the material that assure 
the force transference between fibers, its softening reduce the tensile properties of the overall 
composite. 
In tensioning FRP bars don’t exhibit any yielding behaviour prior to rupture. 

Typical tensile properties 
Yield Strength 

MPa 

Steel 

276-414 

GFRP 

N/A 

CFRP 

N/A 

AFRP 

N/A 

Ultimate 
Strength MPa 483-690 483-1035 600-2900 1000-1400 

Elastic 
Modulus GPa 200 35-45 120-300 60-87 

Rupture Strain 
% >10 1.2-2.7 0.5-1.7 1.4-1.9 

The tensile strength and stiffness of FRP bar depend on several factors. As the fibers are the 
main load carrying device, the ratio of the volume of fibers on the total volume of the FRP, 
affects significantly the tensile properties of an FRP bar. So variation in strength and stiffness 
will occur even in bars having the same diameter. Then the curing, the manufacturing process 
and quality may affect the mechanical characteristics of FPR bars. Unlike steel FRP bars 
exhibit a size effect. The fibers located in the centre of the bar cross section are not subject to 
the same load of the outer ones. This reduces the tensile strength and efficiency in large 
diameter bars. In this sense is better to divide the load on more bars instead to have one 
bigger. So from this statement we found there is no direct ration between size and tensile 
strength. 



The compressive strength is lower than tensile strength. Compressive strength of 55%, 78% 
and 20% of the tensile strength has been reported for GFRP, CFRP and AFRP respectively. 
Generally speaking compressive strength is higher for bars with higher tensile strength except 
in case of aramid which shown a non-linear behaviour in compression. 
Shear strength is reported to be 1/5 of the total tensile strength, but usually FRP bars are not 
used for shear reinforcement. In any case is possible to design project in the way the shear 
strength doesn’t affect FRP bars. 
The bond behaviour is dependent on the design, manufacturing process, mechanical properties 
of the bar, and environmental conditions. Generally it depends on the surface characteristics 
of bar, ribbed, braided, helically wrapped, sand coated or other. 
Creep indicate the suddenly fail after certain period of time of FRP subjected to constant load. 
This phenomenon is known is similar to fatigue in metal except the stresses are sustained 
instead of cycled. In general carbon is the less susceptible to creep rupture, aramid moderately 
susceptible and glass is the most susceptible. In some test done on GFRP, AFRP and CFRP 
bars after 500.000 hours (about 50 years) is shown that the creep is respectively 30%, 47% 
and 91% of the ultimate tensile strength of the material. It means that under sustained load 
GFRP could work till 30% of the ultimate tensile strength otherwise creep occurs and there 
could be a suddenly failure of the fibers. 
For what concerning fatigue (failure under cycling load) CFRP is reported as 60-70% of the 
initial static load after one million of cycles; that means 5% of loss per decade of logarithmic 
life. No relevant modification occurs by exposition to moisture or high temperature or acid 
and alkaline solutions. For GFRP is approximately the 10% per decade of cycle, but fatigue 
could be radically changed by environment factors due to susceptibility for glass fiber to 
moisture, alkaline and acid solutions. For AFRP the strength degradation per decade of 
logarithmic lifetime is is between 5 to 6%. This could be increased by exposure to moisture of 
high temperature. 
About durability no so much data’s are still ready above all because it depends on the 
environment factors, type of fiber, type of resin and size. Generally the main reason for using 
FRP instead of steel is their very good resistance to corrosion. Some reduction factors are 
considered in relation to the characteristics tensile strength of the material and environment 
conditions. This is usually managed by each countries authority. Generally GFRP use should 
be restricted when in direct contact with concrete: working stress must be limited to 25-30% 
of the ultimate tensile strength. AFRP allowable working stress should be limited to 35-40% 
of the ultimate tensile strength. CFRP allowable working stress should be limited to 60-70% 
of the ultimate tensile strength; but more analysis must be done in that field. 
 
ADVANTAGES/DISADVANTAGES OF FRP USE 
First of all we have to consider that for temporary use the advised composite material to be 
used is glass fiber as having the best ratio value/characteristics. For long-term use we have to 
refer to carbon fiber as the only one that can grant to sustain high load during long time. After 
that we can list the advantages: 

• High strength to weight ratio 
• High resistance to corrosion, to acids, alkalis etc. 
• High capacity of transferring the value of strength to the ground above all in case of 

use of quartz sand. 
• Very low weight (1 mt of Carbopree weight 300 gr). 
• Very easy handiness tanks to the lightness 
• High resistance in time, above all for carbon 
• Versatility in use and design thanks to the possibility of varying resistance and type in 

relation to the soil characteristics 



• High possibility of industrializing the excavation in tunnelling thanks to the possibility 
of crash the element with normal means of excavation 

• Electromagnetic neutrality 
The disadvantages could be resumed in these points: 

• Shear strength no so higher as tensile strength (usually 1/5) 
• Modulus lower than steel (apart from carbon) 
• Durability of glass and aramid fibers in moist environment 
• No so much experience in designing due to the lack of certain application in job site 

(apart from tunnelling) 
These could be disadvantages only in certain situation a not in other one, where for example a 
certain elasticity could be required. 
 
USE OF FRP IN TUNNELLING AND ANCHORING 
At the beginning in Europe the FRP where used for tunnelling as their characteristics allow an 
industrialization of excavation. Thanks to the possibility of breaking the nails used to support 
the front excavation, with normal excavators, the excavation become very fast; no more stops 
are required as when steel nails are used. The velocity is determined also by the installation 
that is more easy thanks to the low weight. Here you can see some picture showing the 
installation and the behaviour during excavation. 
 
 

 



 
 

 
Generally speaking the meaning of using nails in tunnelling, and specifically in tunnelling in 
soft and fractured rock soils, is to support the front excavation in order to avoid any collapse 
during the work. It’s well known the influence of the rigidity of nucleous to the future 
excavation. Once all the attention was given to the stabilization of the excavated part and the 
nearest part to the front excavation. After the war a lot of engineer confirmed the importance 
of consolidating the part of ground behind the front excavation, in order to avoid any future 
problems. Nails are used for this purpose: giving to the ground the mechanical properties to 
withstand overstrains caused by the excavation. The insertion of nails reduce the effects of the 
traumatic modification of the tensional state of the soil part of the containment lost after the 
excavation; this thanks to the adherence nail-cementation-soil. In that way the shear stresses 
along the contact points nails-cementation-ground, which have the trend to run one on the 
other, are transformed in a containment pressure at the front excavation. So the excavation 
could be then realized in stiffer soil, which is able to support stresses induced from the 
opening of the cavity. 
At the beginning steel rebar were used and the procedure was quite slow as for each nails you 
will have to stop the excavation and proceed with the cutting of the nails as steel couldn’t be 



broken by excavator. With FRP this problem is avoided and the excavation procedure is sped 
up. 
 

 
Example of excavation procedure 
 
Sireg developed flat bars which has two main advantages: one and most important is to give a 
larger surface for adherence, which allow a best transmission of the stresses; then till certain 
thickness is possible to roll and deliver in coil.  
 

 
This last advantage allows making delivery of very long nails, which could be cut on the 
desire length and assembled on site. 
 



 
Without this option the length of nail is limited by transport system as no connections could 
be done on FRP. This because FRP work well if in continuous, connections must be avoided 
as generating weak point on the nail. 
These features allow the use of FRP also in anchoring and above all for glass fiber there is the 
possibility of us it in case of temporary anchors. The main advantage of using glass fiber for 
temporary anchor is that you can leave in place the anchors as easily crushable in case of 
further excavation. This is not possible with steel anchors, which in certain cases must be 
removed as giving problems in case of further excavation. 
 

 
 



 
 
CONCLUSION 
All the acknowledgements achieve with FRP in the latest years opened new doors. Now FRP 
material are introduced in the field of Civil Engineering, where they are used everywhere 
strengthening of concrete, steel and masonry structures is requested. Strengthening may be 
necessary because of deterioration, change in use or loading, seismic upgrade 
design/construction errors etc. FRP works as reinforcement and provide strength where 
concrete is weakest in tension. FRP could be used on beam or slab ceilings to provide flexural 
strength; on the side of beams to provide additional shear strength or to provide confinement 
(for example for seismic upgrade) by wrapping them. Silos and thanks could be strengthened 
to support higher pressure; chimney and walls may be strengthened to increase resistance to 
seismic and wind loads. Using FRP the increase in strength up to 50% could be considered 
reasonable. FRP in this situation is used in alternative to steel sheets and plate as more 
resistant to corrosion, lighter and so very easy to install; the cost of maintenance are lower 
too. 
The great characteristics of FRP are increasing the field of activity where they are used: 
tunnelling, anchoring, civil engineering: some bridges in Canada, Japan are done using only 
FPR products. Next natural step are post-tensioning projects, also if some more data’s on their 
behaviour are necessary to be discovered and analysed. It’s matter of time and FRP power 
will increase much more. 
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