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Summary 

The current status of coapoaite material technology is reviewed in 

detail and the main characteristics of the composite aat~riala described 

as well as the areas of their application. Among these areas the 

following subjects are diacuasedi advanced composite materials in energy 

production and energy atoraqef plastic~ in construction, different kinda 

of pipes, tanks and reservoirs, natural fibre c011posites. Discussion of 

each of these subjects includes aspects such as the state of development, 

raw materials used, design, .. npower and energy requireaents. 

As a general conclusion the study states that composite material 

industry could be effectively introduced in developing countries, subject 

to the fulfillment of certain conditions, which are discussed in detail. 

Of all the composite material• the aoat suitable ones for introduction in 

dev~loping countries are glass-fibre-reinforced polyester and natural 

fibre c"9p()aitea. 

... f 
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Preface 

It is useful to study composite materials and the 

technoloqy in the context of their potential application in 

countries for the following reaso~s: 

associated 

developing 

The matarials and structures are artificially constructed from 

a wide variety of basic elements, so that suitable 

cor.ilhinati~ns (from the poin~s of view of fabrication and use) 

for any given country a~d situation will surely be foundt 

Energy savings may be achieved by choice of suitable materials 

and fabrication techniques, 

Many composite structure fabrication processes are 

labour-intensive, thus favourin1 their implantation in 

developing countriesr 

Composite materials could be developed in the developing 

countries based on native re$Ources: natural fibres such as 

coconut, bagaase, jute, cellulose and 

asbestos, mica and silicat 

minerals such as 

Bew industries could be set up to produce some of the raw 

J11aterials1 steel wire, cement, glass etc., 

Composite materials already have a history of use in 

developing countriess wood, straw-·reinforced buildinq bxicks, 

bamboo-structures, reinforced concrete, asbest~s ceJDP.nt etc.r 

The tech4ology and desiqn procedures developed for qlass 

fibre-reinforced pla•tics and advanced aerospace COlllJOsites 

can be cGaptea to the optimization of materials and •~ructures 

of prime intere•t in developing countrie• for key sectors, 

such a& housinq, water and sewa9e, transport and energy 

prO'!uct!.on r 
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Wood is the .aat wide-spread natur&l ca11poaite .. terialz 

knowledqe froa synthetic composite deaiqn and utilizati~n can 

be transferred to wood, 

C<>11posites baaed on plastic ~.trices arP. qenerally 

corrosion-resistant and thereby .. intenance-f ree--a ~iq 

advantaqe ir developing countries. Thus, even .. terials that 

are expensive to purchase could becos:e advantageous on a 

life-cycle cost basiss 

In many cases, structures made of composite materials can be 

fabricated on site, thereby reaoving reliance of iaports and 

eli•inating transport coats. Examples are houees of 

fibre-reinforced cement or concrete and pipslines. 

• 
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CHAPTER I. CC'MPOSITE MATERIAL TECHNOLOGY 

A. Coaposite Materials 

1. Definition of a coaposite material 

A coapoaite material is defined as a composition of two or more 

materials that provides an end-product with properties not available from 

one of the constituents in isolation. Sue~ a definition is sweeping and 

covers aany classes of aaterials such asa 

1. Pibre-reinforced plastics 

2. Pibre-reinforced inorganic materials 

3. Pibre-reinf orced metals 

4. Pre-stressed concrete 

s. Coated metals and plastics 

6. Ceraets 

Within the context of defining materials for developing countries, 

compositeP of classes 1 and 2 will be treated in this paper since they 

represent the greatest potential interest from the points of view of 

theirs 

Pabrication potential, 

Application potentialJ 

Production potential frOll indigenous raw materialsJ 

Potential to profit to the maximum from proqress made in 

hi9h-technoloqy sectors. 

2. Baaic theory of reinforcer.ient 

Pibre-reinf orced pla•tic• and inorganic material• are of many type• 

and COi' )U•ition•, which will be dealt with in 11ection B of tt1b chapter. 

The .. chani•• of reinf~rc ... nt by fibre• i• differ~nt in the ca•e of 

roly.er• and inorganic aateriale (i.e. ceawnt in the context of thi• 

paper)• 



- • 

- 4 -

a. Polyaeric matrix 

The 

reinforced 

+ EM VM • 

basic reinfor~e!!!ent equation for the polymeric aatrix 

unidirectionally by fibres ie the rule of aixturesa f'-c • Ep Vp 

In this equation. Be is the resultinq elastic aodulus of the coapositeJ 

BF is the modulus of the fibrer EM is the JnOdulus of the aatrix at the 

rupture of the fibreJ and VF and vx are the volume fractions of the fibre 

and matrix, respectively. 

The reinforcement results from the sharing of the load placed on 

the composite by the matrix and the fibre. The fibre is chosen in order 

to have a hiqher elastic modulus than the matrix (typically 10 to 100 

~imes) and is effectively bonded to it such that. upon loadinq. the 

strai~s in both elements are equal, resultinq in the fibre carryin9 the 

major share of the load. If the interfacial (shear) strenqth between the 

matrix and fibre is low, then the load-transfer from the matrix to the 

fibre is inefficient and the resultinq strenqths are VP.ry low. For each 

fibre-matrix combination there is an optimWD interface, and much work is 

carried out on trea·.:aent of the fibres in order to o~tain the best 

fabrication and property per.formance. 

The same basic rule-of-mixtures equation holds sore or less for tt.e 

unidirectional proper~ies of strenqth, thermal expansion, lonq-tera 

strenqth etc. 'l'he propertitH! in the directi.on transverse to the f ibrea 

are low. Only in very few caaas, however~ are the unidirectional (i.e. 

anisotropic) properties of the fibr.e-matrix combination useful. In vrder 

to be •IiPlied in real stress situations. the composite materials must be 

.. 

• 
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produced with properties that are either isotropic or 

satisfy the imposed stress conditions. As 9iven in 

solutions available area 

enqineered to 

fiqure 1, the 

Multilayer laminates made of a stack of unidirectional laminae 

or fabrics bonded toqether and correctly oriented to provide 

isotropic properties. 

Randomly oriented fibres in the matrix. 

In both cases, the characteristics of the ~terial are lower than thos~ 

of a purely unidirectional lamina, but may nevertheless be tailored to 

satisfy a multitude of stress situations. An example is 9iven in 

fiqure 2. 
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Effect of qlass content and orientation on 

the tensile strenqth of qlass fibre-reinforced 

plastics (GRP) laminates 
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Figure 2. 

Schematic representation of (a) unidirectional lamina, 

(bi multilayer laminae and (c~ randomly oriented short-fibre material 

b. Inorganic matrix 

The term inorganic cover• cement, concrete, refractorie• and 

ceraaice. In the context of the pre•ent paper, only the firet two will 

be t=eated ':>ecauee of their potential intereet. 

Reinforc ... nt of each a aatrix i• effected by a ~'1ctilizin9 

me~haniea, a• illuetrated in fiCJll~~ 3. c ... nt and concrete are very weak 

in teneion and already the etr••••• induced during drying and eetting 
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lead to cracking. The introduction of steel bars (pre-stresse1 or as 

reinforcement is a widely used aacroecopic coapos~te approach ~o 

reinforcemen~. The addition of a sar.11 aaou.,t (a few per cent) of 

ehort-length fibres (steel wires, asbestos, pl&stic, jute etc.) produces 

a siailar reinforcing effect by1 

Pre7enting crack growth during dryingr 

Lim!ting crack 

utilization• 

size at the setting s~age and during 

Raising the Zailure strain of the ceaent or concrete matrix. 

There is a certain aaount of load-sharing involved, and it is 

necessary that the fibres be well bonded to the matrix (i.e. hiqh 

interfacial shear strenqthi in order for them to limit crack exte~sion by 

holding the crack faces t09ether. I~ this paper, the general discussion 

of desiqn, fabrication and properties will be liaited to polymer-matrix 

composites since the variety and applications are wide. Inorganic matrix 

composites will be specifically dealt with in the presentation of 

exaaples in chapter II. 

' 
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Stress-strain curves of a typically brittle matrix 
end one ductilized by fibres 
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B. Current Technoloqy 

1. Classes of fibre-reinforced materials 

The definition of reinforcement 

wide variety of combinations of materials. 

qiven in chapter I applies to a 

Laminates provide the hiqhest 

strengths and stiffnesses and are fabricated fro• high-strenqth, 

continuous filaments in polyineric matrices. Typical properties of fibres 

are given in table 1. Matrices may be chosen fro• an almost infinite 

variety of polymers, but the ones most commonly used for laminates are 

epoxy, polyester, phenolic and vinyl, all of which are thermosettinq 

(i.e. materials that cure upon heating and the process is irreversible). 

Typical properties of epoxy-matrix composites are given in table 2. 

Short-fibre composites may have polymer (thermoset and 

thermoplastic) or inorqanic (cement) matrices with chopped fibres, these 

bein9 any of those given in table 1, or whiskers of natural fibres such 

as asbestos, jute, bagasse End sisal that have interestinq reinforcing 

properties (see chapter II). The effect of different forms of 

qlass-fiLre reinforcement on the properties of polyester composites is 

illustrated in table 3. 

A variation on the laminate structure, which also provides 

high-strenqth isotropic properties without complex layer lamination, is 

obtained by the use of woven fabrics consisting of either one fibre or a 

mixture (hybri.ds). The technoloCJY associated with such raw materials is 

very cost-effective. Although in theory any mixture of materials may be 

made, useful combinations are determined bys 

Properties obtainable• 

Fabrication possibilitiesf 

Cost. 

In general terms, composite material• are divided int? conventional 

and advanced. The advanced composite• cover all metallic matrix 

materials and polymeric matrices containing advanced fibres such as 

• 
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carbon, aramid, boron, and even the advanced glasses such as S-glass. 

The major utilization sector is aerospace, with increasing incursions 

into sports goods and, due to large R and D efforts, into transportation 

a~d general engineering. Table 4 presents a short COllparison of the 

major attributes and limitations of advanced fibres. 

Conventional composites include inorganic and polymeric matrices 

containing glass or natural fibres, the most c0111DOn examples of which are: 

The 

Glass-fibre-reinforced po~yester for buildings and pipesi 

Asbestos cement materials. 

latter have been utilized for many years in everyday 

applications, but the thrusts in aerospace have led to their improvement 

through utilization of design and fabrication technology developed ior 

the advanced composites. The background knowledge is considerable, as 

evidenced by the multitude of references and conferences, examples of 

which are cited in references 1 to 6. 
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Table~. 

Physical properties of hiqh-strenqth fibres 

Carbon Fibre 
<BS>V 

Carbon Fibre 
(BM)**/ 

ArUtid (ltevlar 49) 

s (or R) Glass Fibre 

Boron Fibre 

Alwd.na 

Silicon Carbide 

E Glass Fibre 

~ High •trength 
!!J High llOdulu• 

DIAMETER 
(pc) 

7 

7 

12 

9 

140 

5-140 

TENSILE 
STRENGTH 

(GP a) 

3.7 

2.2 

3.6 

3.6 - 4..5 

.} .) ·- - 3.5 

1.4 - 1.7 

2.4 - 3.3 

2.5 

TENSILE 
MODULUS DENS!~ 

(GP a) (G/cm ) 

2't0 1.8 

3t.o - 500 2.1 

131 1.4 

86 2.5 

365 - 400 2.2 - 2.6 

15') - 380 2.6 - I+ 

180 - 428 2.5 - 3.5 

73 2.5 

1980 • 
PRICE 
US$/kg 

!to 

60-100 

20 

5-22 
)300 

20-60 

800 

1 
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Table 2. 

Room Temperature Properties of COll!llercial 
Unidirectional Fibrous Epoxy ~oaposites 

ARAMID BORON/W THORN EL 300 HMS 
FIBRE TYPE E-GLASS S-Gl~:>S (Kevlar-4g) 4 mil CARBON CARBON 

Fibre Voluae (I) 60 60 60 50 60 62 

Density \q/ca3) 2.00 2.08 1.38 1.c~ 1.61 1.63 

Lonqitudinal 
Properties a 

Tensile Strenqth 128o 1620 138') 1280-160~ 1610 830 
(MPa) 

Tensile Modulus 39 59 ?5 204-2.21) 148 193 (GPa) 

Flexural Strenqth 13b·:J 1860 62:; 1690 2o60 966 (MPa) 

Flexural Modulus 48 4h 
(GPa) 

69 193 148 159 

Compressive Strenqth 620 280 3060-3180 380 (MPa) 

Compressive Modulus 
72 21+2-545 107 (GPa) 

Transverse Propertiess 
Tensile Stren9th 
(MPa) 

30 68-123 

Tensile Modulus 6 21.8-27 
(GPa) 

Interlaainar Shear 97 60 11.7 11? 55 (MPa) 



- 14-

Table 3. 

Polymer-J..atrix Composi~es 

Typical physical properties of qlass fibre-reinforced 
plastic (GRP) with different types of 

qlass fibre-reinforcement 

Chopped Wovon Satin 
P1ope11ies Uni I s1rand mal rovings weave clolh 

Glass content %weight 30 45 55 
%volume 18 29 38 

Specific Gravity 1 ·4 1 ·6 1 ·7 
Tensile strength MPa 100 250 300 
Tensile Modulus GPa 8 15 15 
Compressive strength MPa 150 150 250 
Bend strength MPa 150 250 400 
Modulus in bend GPa 7 15 15 
Impact strength. lzod, 

unnotched • kJ/m 1 75 125 150 
Coefficient of linear 

expansion x10-•rc 30 15 12 
Thermal conductivity W/mK 0·20 0·24 0·28 

•Tested edgewise. 

.. 

!Continuous 
rovings 

70 
54 

1 ·9 
800 

40 
350 

1000 
40 

250 

10 
0·29 
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2. Advantages and limitations of coeposites 

Composite materials are in qeneral employed whenever the following 

advantages are souqht1 

stiffness and/or strength, either in absolute terms or on a 

specific basis (i.e. stiffness per unit of weiqht), as in aerospace, 

weight savings, 

particular• 

as in surface transport and automobiles, in 

longer, maintenance-free utilization (corrosion, fatique, impact 

etc.)J 

co~~-savinqs, either on an initial-investment basis or on an 

overall life-cycle cost basis. 

Conventional composites such as glass-fibre-reinforced polyester are finding 

increasing applications due to these advantages. 
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Table 4. 

Comparison of :major advantaqes and limitations 

of currently available hiqh-performance fibres 

Fibre 

Boron 

Silicon Carbide 

(continuous fibre) 

Carbon (PAN) 

Carbon (Pitch) 

Alwninia PP 

Hajor advantages 

• Bi9hest specific strenqth 

• Biqh impact strenqth 

• Low cost 

• Hiqh compressive strength 

Major liaitations 

• Poor compressive 

strength 

• Difficuit fibre to 

cut 

• Limited to resin 

:matrix components 

• High cost fibre 

• Low bendinq radius 

• Not suitable for 

complex shapes 

• Biqh COlllpressive strength • Low bendinq radius 

• Inert towards molten metals • Relatively hiqh cost 

• Lowest coefficient of • Brittle fibre 

thermal expansion 

• Electrical conductor 

• Potentially love•t co•t 

fibre 

• Relatively poor 

impact strength 

• Electrical conductor 

• Low tensile strength 

• High coefficient of 

variation 

• Inert toward• molten aetals • Ri~h density 

• Electrical insulator 

• Potential low cost 

resulting in low 

•pecific properties 

.. 
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Advanced composites, mainly chosen in aerospace for reaaona of 

iTicreaaed stiffness, can only be introduced in the industri~l sector on 

the basis of coat-effectiveness. The direct material coat comparison with 

conventional mnterials ia invariably unfavourable. This 

coet-e.ffectiveneaa can ho obtained through performance advantages, reduced 

a&ll~facturinq coats or by a coabination of the two. In terms of 

performance, advanced coaposites may lead to aore efficient operation 

(e.g. high stresses), lover maintenance and longer opere~ing life. Also, 

direct aoulding of complex structures (e.g. helicopter or windmill blades) 

reduces the number of (aetallic) components and e!iainates expensive 

ma~hining. Liaitationa on composite usage r~in1 

-

Predictaoility of properties. Although •staple• rules exist "for 

small samples, the reproduction in larger production units is 

problematic and leads to soaetimea severe penalties in terms of 

securing factors, which lead to b-•vier, costlier struct~res. 

Control of the quality of the basic components and of the 

structure that ia produced, especially for critical, highly 

stressed structures, such as in aerospace or general engineering 

(pipes, tanks etc.). 

Bn9ineering desiqn specifically developed for composites. This 

problea applies aore to 9eneral en9ineerin9 than aerospace where 

complex solutions can be, and often are, employed. 

Bducation in COllpoBitea at all levels of deaiqn, fabrication and 

utilization. 

Discussion of composite• froa the viewpoint of their application in 

developin9 countriea i• presented in section C of this chapter. 
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3. Design 

The important design aspects of composite material~ are a function of 

end-utilization. For advanced composites and conventional composites in 

hiqhly stressed structures such as pipes and tanks, continuocs fibres in 

laminate or fabric for11l are invariably utilized. Design procedures are 

relatively well establisted for the Ptifiness (riqidity) of structurealt, 

whereas strenqth is no~ very well defined in larqe-scale structures and 

thus leads to rather heavy penalties in terms of safety factors.~ 

'Ibe effectiveness of the design depends to a larqe extent on the 

fabrication technique and its control. Optiaua utilization of the 

reinforcing effect of the hiqh-Ptrenqth, high-llOClulus fibres i~ obtained 

throuqh: 

Control of the interface, and 

Orientation and proportion of the fibres in the principal stress 

directions. 

For random (short) fibre composites the major design criteria are: 

the hOlllOCJeneous distribution of the fibres in two or three 

dimensions, 

the fibre content, and 

the fibre aspect ratio (lenqthsdiameter). 

In the former case, the effectiveness of the reinforcinq ef!ect is mainly 

controlled by the fabrication process, while for the other two the design 

choice is the determininq factor. Design with short-fibre cOllpo•ite• is 

much more difficult than with continuous fibr&s, as will be seen later, 

and as such produces less spectacular end-effects and requires auch more 

control in fabrication to obtain an op~iaua result. 

however, is one of cost. 

The advantage, 
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4. Fabrication techn~es 

In<1rqanic matrix composites aay be made by any one of the normal 

techniques employed for the matrix i~self 1 sprayinq, castinq, press 

mouldinq, injection aouldinq etc. The 

invariably in the discontinuous, randoa form. 

fibrous =einforceaent is 

Polymer matrix composite 

fabric3tion on the fora of the product, its dimensions number etc. The 

major techniques are summa~ized in table 5 and illus~rated in fiqure 4. 

Typical s.echanical properties of E-qlass fibre-reinforcea polyester resin 

struct~res produced by the different techniques are qiven in table 6. A 

wide variety of properties are obtainable, the hiqhest cominq froa those 

techniques where continuous filaments are employed under some form of 

pre~eure aouldinq. In filament windinq, pressure is applied on the resin 

by the filaments thP.aselves durinq the w1ndinq process. 

The main advantages and disadvantaqes of the most 

techniques are as followsa 

a. Contact moulding 

wide-spread 

The fibres in the form of the pre-cut fabric or mat are placed in a 

mould and impregnated with resin that cures at relatively low 

temperatures. The advantaqes are simplicity of the JDOulds, low 

temperature and flexibility. Disadvantages include its limitation to 

relatively low-quality products and the wide-spread use of hand lay-up, 

which may be rather expensive and does not ensure reproducible quality. 

Mechanized lay-up can increase productiv,.ty drBJl!atically (150 kq/man-hour 

compared with 2 kq/ma.n-hour) for larqe series 

investment expense can be justified. 

b. COllpression moulding 

where the capital 

The fibres are normally introduced in the mould in the form of a 

prepreq~ or s~ and coapressed up to 200 deqrees c to cure the ~••in 

and (.'Onsolidate the part. Advantaqea are mainly that the properties are 

~ Prepreqe Continuous, aliqned fibres, chopped sheets or woven cloth 
or fabrics, preiapregnated with epoxy or polyester resin. 

~ SMCt Sheet 11<>uldinq coapoun,ds coneistinq o! a chopped strand mat 
iapreqnated with polye,ster resin. 
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Table s. 

SUJ111111ry of :nouldinq processes 

- --- -----------
llaia SJSICll' 

llcinf-IS 
Filn con-•· slan 1:~ by wtl 
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MOllldills .. lilmiwioll 

Liquid-pol,aur. 
cpoay.r-

Olass. carboe. odm 
ll-JS 

1-25. pncrally 2-10 

Ambicnl IO abcM 40 

Sinllc-GRP. wood. --In principle--

......_.ill-rilla Ye 
--..Urorhi111 Ye 
-f-pends Ye 

Equip m .....i.t Rollen and bnallls 

l'll-- "' mollldinp .. ,;.iil'y -w _. 
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i..-.--

F,__.,..,. 
Low 
Hip 
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ZS-JS 
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Ye 
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robs 

F..-- ..... .._ 
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2-6 
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Figure 4. 
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Basic fabrication process for fibre-reinforced plastics 

Continuous 
pultrusion 

Continuous 
laminating 

Filament windi119 

Spnyup 

Hand lay up 

lniection Molding 

' Rot:itional Molding

<::.:> 

Vacuurr. bag 

Presaure bag 

Cold Molding 

Cold Stamping 

Centrifugal casting 

• 



Table 6. 
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Mechanical properties of qlass-reinf orced polyesters 

made by different technique~ 
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qood and reproducible. However, the tooling is expensive, the 

fabrication cycle is long and the process is limited to small-dimension 

parts. Hydraulic compression moulding can decrease moulding time to 

around five ~inutes for small parts at pressures up to 100 bars. 

c. Autoclave moulding 

Prepregs are draped on a former er are placed in 

desired orientations, and then covered with a ~ag 

autoclave for consolidation (typically 15 bars at 

a mould in the 

and placed in an 

200 degrees C). 

Complex and large structures may be manufactured with rather cheap 

tooling, but the process is labour-intensive and limited to small 

series. This technique is widely used in the aerospace industry. The 

process is slow, requiring between 2 and 20 man-hours/kg of composite 

material (approximately USl30 to USl300/kg in industrialized countries). 

An autoclave costs more than USl250,000 and operating ener«J} costs are 

high. 

d. Continuous sheet moulding 

The reinforcement, almost uniquely glass in the form of chopped 

strand mat or cloth, is unwound continuously, impregnated with resin 

(polyester or epoxy) and passed through rollers and a curing oven. The 

process is interesting for building and decorative panels that do not 

have to withstand high stress. 

e. Filament winding 

As the term implies the technique is used to produce pipes, tanks 

and spheres. The fibres may in the for111 of single tows, rovings of 

glass, carbon or aramid, or prepregs. Various processes are available 

and will be discussed in chapter II. Equipnent may cost frOll anywhere 

between USl30,000 to us1120,ooo per discontinuous machine. The 

semi-continuous Drostholm machines may cost upwards of OSIS00,000. 
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f. Pultrusion 

The fibres are continuously impregnated with resin (or prepreCJS may 

be used) and pulled through a heated die during which the excess resin is 

removed, the cross-sectional shape of the part determined and the 

composite cured. Continuous fibre and fibre-reinforced 

made mainly with polyester and vinyl-ester matrice3. 

production of low-cost composite profilesr is well 

provides high-qualityr hi~h-performance materials in 

cross-sectional shapes, such as tubes, profiles, 

products may be 

Pultrusio~. for the 

established and 

a wide variety of 

rods. Mechanical 

performance is competitive with stock produced by other more expensive 

moulding procedures and enables the user to incorporate composites 

(advanced or conventional) into production components without the n~ed 

for substantial investment (financial or technological) in complex 

processing procedures. The basic pultrusion process is illustrated below 

in figure s.21 

Figure s. 

Let-off 

The basic pultrusion process• :nteraittent pull, closed 

heated rigid dier coaplete cure. 

Cold juncdan 

~ 

Recent develos--nts have shown that epoxy and 

(polysulphone, polyetheretherketone) can be 

(advanced) thermoplastics 

used as aatrices in 

pultru•ion, .. inly for advnnced ce>11poaitea. Equipment costs can run as 

hi9h •• USl400r000 for full aut011ation and profile• up to 36 inches in 

size. 
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g. Reinforced reaction injection moulding (RRIM)!.Q/ 

'l'his technique is increasingly used for the rapid production of 

glass-filled elastomeric polyurethane thin-wall automobile -omponents, 

such as bUllpers and bonnets, and is qaining in interest for polyester 

matrices. The process consists of pu.ping separate streaaa of the 

polymer components (incorporating chopped fibres) into a heated, 

matched-metal mould and then polymerizinq insitu. Rapid polymerization 

(less than 30 seconds) is ~ssential in order to ob~ai:1 an econoaic 

product. 

USll.60 

polyester 

Costs for polyester parts are estimatee. at approximately 

per kq, competitive with other fabrication t~chniques for similar 

products and cheaper than polyurethane parts. Property 

qualities are, however, lower. 

5. Properties 

Since such a wide variety of properties may be obtained with 

composite materials, it is impossible to discuss these properties without 

reference to specific systems and applications, as will ~ done later in 

chapter II. Heverthelses, in general terms, conventional coaposites 

(polymer and inorganic ma~rices) exhibit very interesting strength 

characterist~cs at reasonable cost due to the r~latively low cost of the 

E-glass or natural fibres and the possibility to employ rather simple 

fabrication techniques without strict control measures. Stiffness (i.e. 

elastic modulua) is, however, not hiqh, but aay be iaproved by optimized 

design and strict control or by the addition of a liaited aaount of a 

stiffer, advanced fibre, ~uch as carbon or araaid. 'l'he resulting 

improvement is illustrated in table 7, while fiqure 6 illustrates the 

various types of hybrids that can be produced. 

Advanced coaposites possess exceptional stiffness characteristics, 

as illustrated in figure 7 and even aore so on a specific basis as seen 

in fiqure 8. Thw further interestinq feature of these fifJUres is the 

high-strenqth characteristic of qlass fibre composites. 
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6. Sectors of application 

a. Advanced composites 

The major fibres used in advanced composites are carbon and aramid. 

which in the last 15 years have 11e>ved f roa the research ed~ prototype 

staqe to wide-spread application. The current carbon fibre world 11arket 

is around l.ooo tons. representinq about OSl70 aillion. Growth to a OSll 

billion business by 1990 is forecast. Fifty per cent is used in 

aerospace. another 25 per cent in sports and leisure qoods and 25 per 

cent in aiscellaneous applications. Araaid fibres. of which the 

Kevlar(R) family is the best known. are of various types and a total of 

1.000 tons are used annually in the United States of Aaerica. by far the 

major market a 2.200 tons of Kevlar 49 are employed 

composites. while 3.ooo tons of Kevlar 29 are used in tyres. 

in polymer 

Advanced composite materials find very wide utilization in a varity 

of industriess 

Table 7. 
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Clasaif ication of hybrids 
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Specific tensile properties of aaterials of interest 
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1. Military aircraftl,11/ 

Horizontal 
stabilizer 

Empennage 

Eapennage fin 
covers 

Upper and lower ving 
skins, horizontal 
surfaces, landing gear 
door etc. 
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Composite 
-.terial 

boron/epoxy 

boron/epoxy 

graphite/epoxy 

graphite/epoxy 

Wei9ht/ 
aircraft 
(k9) 

85 

98 

82 

500 

Wei9ht of 
aircraft 
structural 
vei9ht (I) 

0.8 

1.6 

2.5 

9.5 

2. Belicoptersll,12/ 
Rotor blades glass/epoxy or araaid/epoxy 

3. Rockets!!! 

4. Space shuttles!!/ 

Payload doors, 
maneuvering pods 

Thrust structure 

Pressure vessel 
overwrap, plping 

Frame tubes 

Compos it• 
-.tP"'.'::al 

graphite/epoxy 

boron/epoxy 

araaid/epoxy 

boron/aluainiua 

5. Flywheels, wind aillsl3,14/ 

Carbon/epoxy, araaid/epoxy and hybrids 

6. Sports equipment:W 

WeiCJht savings 
compared with Al-alloys 
(k9) 

620 

410 

290 

80 

Golf clubs, tennis rackets, fishing rods, skis, canoes and kayaks 
etc. 

7. C011mercial and •ilitary boatal!i.!1/ 

Many hybrids, incorporatin9 glass for strength and tou9hness, and 
carbon or araaid for stiffness. 



- 31-

8. C011mercial Aircraf~ 

After auch testing and verification, advanced composites, inclu~ing 

hybrids, are finding increasing utilization in comaercial aircraft. The 

Lear Fan will be all plastic including auch carbon or carbon/aramid,!!V 

which leads to 30 to 40 per cent weight saving over conventional 

constructicn. 

The Boeing 767 uses around 3 tons of coaposites (approxiaately 3 per 

cent of the total structural weight) including one ton of carbon fibre 

composite on parts which reach over 10 aetrea in length.!!/ The AIRBUS 

A-310 will siailarly use large quantities of coaposites ir. rudders, 

vertical fins, ailerons, horizontal tail and elevators. 

9. Autoaobiles2,ll/ 

The driving force for the utilization of advanced composites in 

automobile construction is weight-savings, to be translated into energy

and coat-savings. Table 8 sUBmarizes the situation with respect to the 

Pord test car.!21 When completed in 1979, the car contained some 200 kg 

of carbon composites in approxiaately 160 different parts. The total 

weight savings of approximately 550 kg over the conventional steel LTD~ 

was due partly to direct material substitntion and partly to substitution 

of siqnle composite parts for aultipart assemblies. 

development car amounted to ust5 million. 

The cost of the 

Specific articles apparently on the point of being introduced are 

epoxy-glass/carbon hybrid springs (Rubttry-Owen, GB), epoxy-carbon leaf 

(GJtM, GB), epoxy-carbon lorry transmission drive shafts 

(Ciba-Geigy). Weights are around 25 per cent of the equivalent steel 

parts. 

~ Conventional PORO c~r L'l'D model 



- 32-

10. Mechanical engineering20/ 

Given their high specific stiffness and strength, carbon-epoxy 

coaposites are ideally auited for dynaaic applications in textile 

aachinery, printing presses and robotics. Advantages include increased 

speed, i.e. production, and reduced noise. 

11. Sport activities 

Kevlar fibre-reinforced epoxy structures have led to two 

record-aaking achieve11ents in flyings 

the man-powered English Channel crossing on 12 June 1979 

by Gossa.er Albatross the plane weighed 34 kg (and the 

pilot 64 kg!) and had a wing span greater than a DC 9~s 

the first solar-powered flight of over 100 ailes by the 

Solar Challenger on 7 July 1981. 

Furthermore, gliders, yachts and airship gondola structures are using 

Kevlar and carbon fibres to achieve important weight savings, allowing 

rapid proqress in performance. 

Table 8. Comparison of the weights of conventional parts and carbon 

composite parts in the Ford teat car!21 

Aut0110bile part Weight. in steel Weight in graphite 
(lb) (lb) 

Body in-white (unfinished) 461 208 
Frame 283 207 
Front end 96 29 
Rood 49 17 
Deck lid 43 14 
BU11pera 123 44 
Wheels 92 49 
Door• 155 61 
Miscellaneous, e.g. brackets 69 36 

and seat fr ... a. 
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b. Conventional caapositesa glass fibre reinforced6,22,23/ 

The glass fibre-reinforced plastics industry is already over 30 

years old and has grown continuously to reach around 950,000 tons in 1981 

(excluding CMEA countries and the People's Republic of China, for which 

little inforaation is available). The aajor •arkets re.ain in the 

industrialized nations of North Aaerica, Europe and Japan, while ~.3 per 

cent or 88,000 tons are consu.ecl in Latin Alloerica (26,000 tons), Africa 

(10,000 tons), Western Asia (17,000 tons), other Asian countries and 

Indonesia (19,000 tons) and the Pacific (16,000 tons). 

In the industrialized nationa, there baa been a draaatic change in 

the pattern of end-usage, vi th decorative fabrics practically 

disappearing and uaes such as electrical and, not atrictly. structural 

roofing and panels h~ve grown dramatically, more than doubling in five 

yeara. The structural reinforced plaatics represent between 40 and 60 

per cent of the total market, with aajor applications in the United 

States being~ 

Aircraft/aerospace 

Marine 

Conatruction 

Electrical tubea 

Corroaion resiatance 

(tanka, pipes etc.) 

Tranaportation 

Appliance• 

Conaumer gooda 

application• 

Use of reinforced plastic 

(t) 

1 

17 

14 

9 

18 

21 

5 

6 
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In Japan there are major use-pattern differences, with aore usage in 

housing and marine, with low usage in transportation and consumer goods. 

Europe follows the pattern of the United States aore closely. 

The striking feature of recent years has been the dramatic growth of 

usages in Western Asia (frOll 2,000 to 17,000 tons in the five years to 

1981) naainly for water and sewage (i.e. corrosion resistance). The 

utilization in the other developing .arkets ha& also grown (doubling in 

Africa), but at a much lower rate, aore reminiscent of Japan than Western 

Asia. This lower growth and absolute utilization has been attributed to 

the fact that these countries do not have the same materials supply 

problems aa thP. industrialized countries, so that substitution has not 

yet been necessary. 

Glass fibre-reinforced plastics are also employed in advanced 

structures, such as helicopter blades!£! because of their light weight 

and excellent resistance to impact. Commercial aircraft, aut090biles and 

boats represent important markets where the materials are ~sed under 

high-stress conditions and where structural resistance optimization is 

possible by the composite technoloqy approach. The petroleum industry 

also represents a growing market for glass fibre-reinforced plastics 

(GRP), mainly due to the increased corrosion resistance (reduced 

maintenance) and weight savings£!/. The growth rates of reinforced 

plastics, both glass fibre-reinforced and advanced, are far in excess of 

those for conventional structural materials• steel, aluminiwa, zinc. 

However, composites still represent only less than one per cent of the 

total plastics consumption which thems6lves utilize only about ten per 

cent of the total petroleum consumed. Purther110re, advanced polymer 

matrix composites represent only 0.1 per cent of the conventional glass 

fibre-reinforced composites. 
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c. History of coapoaites and reasons for expanded utilization in 

developing countries 

Fibre-reinforced coaposite materials, in the broadest sense of the 

defintion, have been manufactured and utilized in the presently 

deaiqnated industrialized and developing countries for thousands of 

years. In ancient Egypt, chopped straw was added to bricks to prevent 

them froa cracking upon d~ying. This principle was also used until quite 

recent times in Western Europe. Siailarly, the Incas and Mayas put plant 

fibres into their clay for pottery manufacture. In these two examples, 

the fibres act less as a reinforceaent of the final product than as a 

reinforcement of the drying clay. Nevertheless, the coaposite materials' 

principles discussed earlier apply to modern, hi~~-~echnoloqy composites. 

In the case of inorganic i!Mltrices, the objective of adding fibrEs is 

rather one of increasing their resistance to cracking than a strictly 

strengthening aechanisa (this is a secondary effect). Ordinary cement, 

concrete, or even pre-stressed concrete will invariably crack upon 

drying, the cracks opening up as a function of ti•e, exposure, stress 

etc. If a small proportion of steel, asbestos or other natural fibres is 

added, crack initiation frequency is reduced and their propagation 

suppressed or modified to such an extent that no large, catastrophic 

cracks result, and the structure may support reasonable tensile stresses. 

Some of the ::no.it impressive uses of the above reinforcing principle 

were in ancient Greece where the aarble gateway to the Acropolis, the 

Propylaea, was reinforced by six-foot-long iron rods concealed within the 

spans, thus enabling spans of up to 20 feet to be made, whereas around 

eight feet was a limit with un~einforced marble. 

The road to present-day reinforced concrete paeaed through aany 

phases until in the aid 1800s it was di•covered that Portland c ... nt did 

not corrode iron bare. Previously all attellpts to copy the Greeks had 

been dOOlled to failure due to rusting of the reinforced bars in the 

cli .. tea of the industrialised countri••· 
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The principle of using fibres of high stiffnree and high strength, 

either alone or in bundles in order to reinfQrce weaker matrices by the 

stress transfer mechanisa rather than that of crack-stopping, baa also 

been practiced since ancient times. In many cases the fibres served the 

purpose of providing a base or foundation for the matrix, which would 

have been otherwise useless for the required purpose. In contrast to the 

previous category which involved ductilizing of brittle matrices with 

a.all aaounta of fibres, here larq~ proportions of fibres are required 

which necessitate ad~ing the matrix to the fibres or providing Ule fibres 

in a form such that fracture of one does not lead to immediate fracture 

of the structure. COIDOn examples are paper, paper mache, hemp ropes, 

coir-coconut fibre rope, lmainated wood structures. 

In past ages, coir was used in the Arabian Gulf and along the ccaat 

of the Indian Ocean to bind wood together in ships that sailed to Afr:lt~a 

and Asia. A recent project of the Sultan of a.an~ reproduced such a 

ship, which demonstrated the already advanced usage of cOllllDOn, natural 

fibres to construct structures that resist high stresses. 

Thus, experience in the use of fibres and confidence in the 

resulting structures is part of the heritage of many developing 

countries, and the introduction of saore advanced material• and advanced 

technology to produce composite materials would not seem out of ~lace. 

There i• a need for solutions to critical probleas in the sectors of 

energy, housing, transport, environment, water etc. 'l'he advanced 

technology developed for composites can be used to optimize structures in 

the developing countries and help build up an industry that can satisfy 

both local needs and even offer export possibilities. 
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CHAPTER II. POTENTIAL MANUFACTURE AND APPLICATIONS IN 

DEVELOPING COUN'l'RIES 

The basic needs of all econoaies remain food, housing, energy, 

health and sanitation to be attained and maintained by efforts (labour, 

investment, operation cost etc.) that are realistic within the context of 

each nation. Materials-development, in general, and composites, in 

particular, can, and already do, play a role in improving conditions with 

respect to the above. In some cases, tile iapact will be more direct and 

important than in others, and these will be the theme of the examples 

presented herein. For developing countries, the need will be to choose 

labour-intensive technologies and fabrication techniques of composite 

manufacture. The examples chosen to illustrate the potential of 

coaposi~e material manufacture in developing countries are presented in 

the following pages. 

A. Advanced composite materials in energy pr..>duction or ene~CJI 

storag~ 

Advanced polymeric matrix composites containing S-glass, carbon, 

aramid fibres or mixtures of these (hybrids) represent the highest 

specific strengths (per unit weight) and stiffnesses of all materials. 

They have been under development for 15 years or more and are now quite 

widely utilized , aerospace, military and commercial aircraft, and 

sports goods. A wide variety of materials and structures are produced in 

the industrialized countries. The sector has been the subject of 

innumerable research and development projects, both of military and 

commercial applications, and the level of efforts is illustrated by the 

large number of technical publications and specialist c~nferences (see 

the referenceR at the end of this paper). 
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1. Materials and the technology 

A composite (epoxy plus EO per cent volume of carbon fibres) is, at 

equal weight, five times stiffer and more resistant than a low alloy 

steel. Taken at face value, this statement is exciting and opens up 

views of unlimi~ed applications. However, the fact that this has not 

transpired is due to: 

The increased properties are only along the axis of the fibres, 

so that laminates or woven structures have to be used in real 

applications, thus reeucing the gains, at equivalent weight, to 

around two. 

The epoxy matrix is li~ited in operating temperature and both 

epoxy and other thermosetting resins are sensitive to u.v •• 

The design of composite structures for stiffness is well 

established but not yet for strength since there can be rather 

wide variations and defects in the structure whose effect is not 

yet understood. Thus, heavy security factors are often placed 

on composites in high-stress, critical applications. 

The long-term reliability and life-time is not fully understood 

or predictable. 

The cost 

that only 

of materials, 

applications 

manufacture and cont1ol is very high so 

where the added value is high--larqe 

weight-savings are to be gained or complex machining can be 

avoided--can be satisfied by advanced composites. 

2. Stage of development 1 windmill blades~ 

An example of an advanced composite structure used in energy 

generation will ~erve the purpose of evaluating the potential of advanced 

composite production and utilization in developing countries. A windmill 
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blade cont4i~s icany of the features where composites are at an advantage 

without actually entering into areas of advanced technology, such as in 

aerospace ~hose immediate introduction in developing countries is 

doubtful. 

Advanced composite blades and even glass fibre or hybrid reinforced 

ones are interesting for the following reasons• 

Light weight blades can be made which allow the blade to rotate 

under low wind velocity (2-3m/s), thus increasing its efficiency. 

Large blades can be made which result in large energy gains. 

The blades have high fatigue-resistance, thereby withstanding 

vibration and strong winds. 

The corrosion-resistance of the blades makes them applicable in 

coastal, high-humidity regions, reuulting in low maintenance 

requirements. 

Several projects are underway in Denmark, the Netherlands and the United 

States of America where the largest blade is 25 m in length. As yet, 

however, no industrial application is known. 

3. Potent~al application in developing countries 

a. Raw material supply 

The highly stressed nature of the application iaplies the use of 

high quality componentss epoxy resin aatrix and glass or glass/carbon 

hybrid laminates or woven cloth. Prepregs are a perfect raw aaterial. 

Until a local glass fibre production can be installed, all the raw 

materials must be imported. 
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b. Design 

The deaiCJD procedures are under study in industrialized countries 

and can be readily transferred. The outer akin of the blade ia .. de from 

a coapoaite with an inner core of foaaed plastic or honeycoab. 

c. Manufacture 

Manufacture is by hand lay-up or oriented laainate or woven cloth 

prepreqs in a mould. The honeycoab or machined foam is added, the top 

skin is laid-up ii. the saae manner and the whole structure is cured and 

consolidated either in an autoclave or by pressure or vacuua-baq 

moulding. In the former case, investment is required in a very large 

autoclave. The latter technique does not require large investment but 

the product quality may be lower (but nevertheless sufficient for soae 

smaller blade applications). S11&ller windlaill blades, for saall 

individual dwelling units, for exaaple, have bf-en made by pultrusion and 

prove to be highly perforaing and cost-effective. 

d. Manpower requirements 

The requirements are of the rather skilled to semi-skilled variety 

for the lay-up. Developeents are .inderway to filaaent wind structures 

such as windmill (and helicopter) blades, thus decreasing the need for 

skilled labour while increasing productivity and structural reliablity. 

e. Enerqy and infrastructure requirements 

Most composite (and 

low-enerqy consuming and 

profitable. The structures 

equipment is required. 

f. ~ty control 

plastic) manufacturing 

do not require large 

are light, so that no 

technologies are 

f•ctories to be 

heavy handling 

In highly stressed components, such as windmill blades, the quality 

is all iaportant. In industrialized countries it poses a problem both 

froa the point of view of coat and assurance. In developin9 countries, 
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advanced coapoaite .. nufacture will have to depend on iaported equipaent, 

know-how and personnel, which will aake production coat• extremely high. 

g. Flexibility of technology 

Bquipaent investment and manpower training 

manufacture could be equally applie:G to aircraft 

helicopter blades and airship co.ponent~, all 

for windaill blade 

wing structures, 

of which (with the 

possible exception of the latter) are not, however, of immediate interest 

for developing countries and which require even stricter quality control 

than windllill blades. 

h. Utilisation 

A coat-effective source of enerqy would be of qreat interest for 

housing needs, irrigation etc. in developing countries with no indigenous 

fuel sources except a steady wind. In the United States, application in 

Bavaii ia far along the evaluation ataqe while Riqeria ia also benefiting 

frOll some reaearch.27 

Uae of carbon fibre ca.poaitea in corroaion-reaistant application• 

will not be great until the fibre price drops well below the USl20/k9 

aark. Introduction as hybrid• with glaaa ia, however, an interesting 

approach to producing large, atiff atructurea such •• tank•. 

4. Condition• for !!plantation 

It i• felt that, if the inveatllent in equii-ent can be .. de, labour 

can be trained to a aufficient leYel of •kill to allow windmill blade• to 

be .. nufacturec!. 'l'h• probl .. , however, li•• in the fact that the blade 

la only part of a wind-power generating plant and blade aanufacture 

on-aite will probably only have a very ... 11 influence on the coat of the 

whole plant or on th• coat of electricity production. Bati.ataa for 

conatructi~ coat are 0112-4/kW, and for power generation UBI0.2-1/kW. 

Th••• 1n1at be compared with current electricity cbar9•• of around 

OSI0.07/kWb. Wind-power generation plant• 1n1at, howeve&, at leaat be of 
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interest for countrie• with little indiqenous enerqy •ources, especially 

for isolated villages in .ountain• or islands. 

'l'he first condition for illplantation of widespread ccaposite blade 

wind-power in a developing country auat be that the whole plant, not only 

the ccapoaite blade, be aanufactured locally froa iaported parts and 

aateriala eventually. 'l'he second condition is that the plant be as 

aaintenance-free as possible, and this can be ensured by high-quality 

mechanical and electrical equipaent ~~qether with ccaposite housinqs 

which could certainly be aanuf actured by techniques akin to those used in 

the blade aanufacture. Further.are, the technoloqy could be used to 

produce cmapoaites for other sectors of industry and public consuaption 

(buildinqs). 

In order to install a profitable and worthwhile wind-qeneration 

plant, at least 20 plants per year should be enviaaqed, which aeana 

around 40 composite blades. With a blade production cycle (including 

.auld preparation, lay-up, curinq, final inspection) of around ten days, 

this represents work for a team of about 20 •eai-•killed and four •killed 

staff on two .ouldinq and one caring station (to liait inve•t:ment). 

Further manual labour would be required for handlinq. Manaqe11ent and 

quality control would require hiqh (illported) expertise and co•t. 

5. Liaitation• on iaplantation 

The 11-itationa on the iaplantation of the fabrication of vindaill 

blade• (or other advanced ccapo•ite •tructure• for that aatter) ares 

in .oat instances, the advanced ccaposite is part of a larger 

structure or equipment that i• cho .. n in order to aate th• whole 

•Y•tell .ore efficient (econoaically or technically). Bxaapl•• 

are aero•pace and automobil••· Thu, in order for coaposite• to 

be effectively introduced, there aast be a n-.4 for the whole 

structure or •Y•tell aA4 justification f9r it• adoption and local 

aanufacture. 'l'hu~, th• coaposite does not entirely stand or 

fall on it• own .. rit• but is part of a lar9er decision. 
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advanced coaposite uses in individual, consumer-type articles 

are liaited to luxury, leisure activities such as skiinq, 

tennis, qolf and fishinq that are not needed in grea\ nmabers in 

developing countries. 

reinforcement by advanced fibres aust really be extreaely 

vorthvile in order to overcome the price differential with 

ordinary E-glass (USS40/kg for carbon ca.pared with around 

US,l/kg for glass). 

product control is a very 1-portant part of the aanufact•ring 

cycle and, since the coaposites are used in increasingly severe 

conditions, the controls increase in number, severity and 

ccmplexity. Biqhly skilled personnel then become necessary. 
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B. Gla••-fibre-reinforced pla•tic• (GRP) in con•truction 

Background 

Of thoee eetabliehed aarket• in induetrialised countrie•, the 8IO•t 

prOllieing and exciting for developing countrie• i• in con•truction where 

profit could be taken froa the experience gained in the optiaisation of 

coapoeite• for load-bearing application• in order to de•ign and con•truct 

coat-effective etructuree. The li•t of potential appli~tion• in the 

building indu•try that is reproduced in table 9 i• taken f roa a 

background paper published by UllIDO.!Q/ The pre•ent analy•i• arrive• at 

very aucb the .... conclusion• ao it i• worthwhile to present the results 

of that previous evaluation. 

1. Material and technology 

The basic aaterial in question ia gla•• f ibre-reinforcect polyester 

.. de by contact 90\llding--either hand or spray lay-up--into panel•. 

Depending on the utilisation and operating conditions of atreaa an4 

environment, the structure will be anywhere froa 2 to 10 - thick and 

conai•t• of aeveral lallinate layers, a• illuatrated in figure 9. 

Sandwich panel• .. y also be produced to provide higher atiffneaa (a .. 

figure 10). The •tructurea produced by this technique aay be bott lar9e 

and ... 11 for boat bull•, vehicle bodiea, building panel• and cla4din9, 

duct• and tank• or •aall di .. naion 90Ulding•. 

A dnqle 810Uld (aade of GRP, wood, plaater of Paris or •tal) la 

used ao that a 110Ulding with only one a.ootb aurface ia producec!. The 

.ould aurface i• coated with a ailicon-fr.. wax and a .ould-relea .. 

aqent, •uch aa polyvinyl alcohol ia applied before each 80Ul41n9 

operation. Between 500 and 1,000 relea••• can be obtained with careful 

treatllent of the mould. Detail• on the t.echnol09Y are pre•ented widely 

in the literature, reference 31 providinCJ an excellent introduction. 
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Figure 9. 

Typical laainate conatraction 

Fiqure 10. 

Typical sandwich construction 
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As seen in chapter I, table 6, the properties of GRP .. de by the 

contact moulding technique are not the highest but, for large structures, 

they coapare very favourably with other techniques and thicknesses can be 

very readily increased to give the required stiffness and strength. 

Once the technology has been aastered for one type of structure, 

e.g. building panels, there is no problea to applying it to others by 

only changing the mould. The structure is cured either in an oven for 

s11All parts or with infrared 

construction aay be coapleted by 

pultrusion of GRP rods, tubes 

could be used in the f raaework 

provide increased stiffness. 

2. Stage of development:W 

for larger structures. The use of GRP in 

the fabrication of the fraaevork by 

or profiles. Even advanced composites 

or as structural panels in order to 

The uses of reinforced plastics in the construction industry are 

fairly general to all industries. Cladding panels, ceilings, roofing, 

domes and sanitary ware are common applications. There is hesitancy, 

however, to use these materials in load-bearing situations, indicating a 

degree of iCJDorance on the part of the builders and designers. The 

construction industry is still heavily restrained by official legislation 

and standards for materials in building. In the countries that have 

shaken free from these restrictions, the industry has shown healthy 

advances. The problem does not appear to be insoluble but the main 

stumbling block is still the fire hazard. Test conditions are critical 

in assessing materials for building construction and as yet no test seems 

to be satisfactory, short of building the project and burning it down. 

Flame-spread and saoke-eaission tests are useful but not adequate. 

Although many developing countries have a great demand for low-cost 

housing, very little was done to alleviate this pressing need. It may be 

noted here that work in the United States on low-cost plastic housing 

using jute-reinforced polyesters has gone past the experimental stage and 

100 prefabricated houses can be turned out a day. Roofing is an 

extr ... ly iL~erestin9 application for GRP, as in the Argenteuil (Paris) 

market, the Agadir market and many covered sports stadiums. 
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Concrete fora work still accounts for a large proportion of 

consumption in this field. Mo legislation on fire risk is operable here 

and reinforced plastic foraa for precast or on-site casting of concrete 

have aany advantages over wood or steel. With reinforced plastics it is 

possible to obtain coaplex shapes which are unattainable econoaically 

with other .aterials. A reinforced-plastics foraer aay average 150 

castings, whereas coaplex wood forms average between 30 and 40 and steel 

is about 25 per cent aore costly. Other benefits of reinforced plastic 

forms bre that they are easy to detach frOll the concrete and aaintain 

their shapes, give a saooth finish, are strong and light and do not dent 

or rust. 

3. Potential application in developing countries 

Rav .aterial supply. The raw materials are polyester and mainly 

chopped strand mat. The latter is a material that could very well be 

produced in some developing countries. Since the fibres are short, 

however, there is high potential for using natural fihres, such as jute 

(this will be treated in a later section), while still using composite 

material technology. 

Design. Desiqn is well-established for building panels, but there 

is certainly room for specific designers to satifsy specific local 

conditions. For example, building panels that incorporate (foamed) 

insulation against heat and cold, panels incorporating some fora of heat 

storage for cold countries etc. 

Manufacture. The contact moulding process is quite straightforward 

and should be readily introduced in developing countries. Attention 

should be paid to provide adequate ventilation since herlth may be 

affected by over-exposure to resin vapour. The pultrusion technique 

requires rather sophisticated equlpment (manufactured in !ndustrialized 

countries) together with the associated technology. However, since one 

considers this as ftn addition to the basic .ouldin9 aanufacture, the 

experience gained should be invaluable in any extension to 110re complex 

technologies. 
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Energy/manpower. The energy cost involved in the contact moulding 

process is neqligible cc.pared to the aaterials cost and the cost of 

manpower. Thus, the process and the resulting products are well-suited 

for iaplantation in developing countries. Manpower requirements will be 

in the seal-skilled category. The pultrusion technique requires more 

sophisticated knowledge of the equii;ment itself and the product. Skilled 

labour is required, but attypical production rates of one aetre per 

llinute, the labour costs will be minimal in such an operation. The 

burden will be capital coat of the equipment and its maintenance. 

Installation. Assembly of the panels will be by mechanical means, 

so no special skills are required. The eventual pultruded GRP frame may 

require special fixtures, which have been developed for loaded 

structures.1!/ In other cases bolting may be applied. 

Utilization. The panels should be aaintainance free, but must be 

protected against heavy impacts or high stresses over a long period. 

Exposure to some industrial, acid-containing enviromnents may lead to 

degradation, which can be a problem in load-bearing applications. Pire 

remains a hazard for any structural application of GRP (for obvious 

reasons) and for cladding and ceilings because of flame-spreading and 

smoke-e.ission. Chemicals may, however, be added to the polyaer matrix 

to act as fire retardants. 

Tooling costs and factory space. The costs of a hand lay-up 

facility are in the order of USl50,000 to USSS0,000 for a production 

capacity in the order of USl300,000 to USl500,000 square meters of 

product • Corresponding factory space is in the order of 2,000 square 

.. tres. To the above aust be added the r'10uld costs, which need not be 

excessive for initially non-load-bearing building panels. 

4. Conditions for implantation 

The condition• that aust be fulfilled in order to consider 

iaplantation of an industry to produce building panels are as follow•• 
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'l'here aust be a large and well-established need for buildings-

housinq, comaercial, school and industrial--to be supplied by a 

COllpOnent or modular approach. This approach allows rapid 

construction and its success depends on the availability of 

factory-made components in a liaited ranqe of dimensions. GRP 

corresponds to this demand. 

'l'he predominance of JDAnual labour demands liqht-weight building 

components, again an advantage for GRP. 

Satisfaction of a larqe housinq demand by prefabricated 

components can only really be aet by local production. 

'l'he country's climatic conditions must lend theaselves to the 

component, panel ·approach. In the residential sector in the 

United State~, for example, about 50 per cent of houses are 

built by th~ component approach on a liqht wooden frame. The 

panels are also predominantly wooden. In developing countries, 

the panels could be of GRP and the f raaework of wood or even 

pultruded GRP section~. 

National leqislation is necessary on product quality and its 

utilization from structural, load-bearing and fire-retardant 

points of view. 

5. Limitations to introduction of GRP building products 

The nuaber of liaitations is that the matrix is polyester, and based 

on the petrochemical industry. If the market is sufficient, however, 

polyester can be iaported in bulk form at perhaps competitive prices to 

alternative building materials, e.g. wood, brick, concrete etc. 

The replacement of petroch .. ical-based by biOll&ss-based resins is 

not for the i ... ediate future (for economic, ~~t technical reaaons), but 

the (probably) iaport•d 9las• f'" • could be replaced by natural fibres 

if this proves to be a problea. 
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Quality of the product must be ensured and this might require the 

presence of more (imported) skilled labour at the outset than might be 

deemed desirable. The further disadvantages listed in table 9 are not 

can be overcome with the necessary unique to developing countries and 

product quality ana design/construction practices. 

6. Conclusion 

The production of building components, principally panels, could be 

a very interesting industry in developing countries, and its introduction 

could be followed by the flourishing cf a GRP industry in the following 

manners 

The 

GRP building panels made by the contact moulding process1 

Production of other housing-related products by the contact 

moulding process, e.g. ducts and tanks, 

Production of pultruded GRP rods or bars that could be used as 

the building framework, where wood is scarce or too expensive. 

contact 11 ilding process can be further employed to 

cost-effectively produces 

Forms for concrete casting of larger, industrial buildings, 

A variety of consUJDer products, e.g. furniture. 

c. Asbestos-cement (AC) eipe• 

1. Pipeline deaand and aup¥1Y 

Closely linked to the growth of product transport in general, 

transportation by pipeline will in the future increaae in importance on a 

world-wide acale. Specifically, in certain W~atern Asian and developing 

countriea which are currently accelerating induatiialization programme•, 

aa well a• expanding houaing water aupply and irrigation syateas, there 

will be a growing need for tranaportation of larger and larger quantities 

of water, natural gaa, aewage, and eventually aolids in the form of 

alurrie• (e.g. mineral orea). 
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This growing demand for pipe materials will have to be satisfied in 

the immediate future by the materials shown in figure 11. However, the 

conventional materials exhibit problems and drawbacks in developing 

countries from the technical, supply, transport and economic points of 

view, such that new solutions are required, especially in the 

large-diameter, medium-pressure sector which includes long-distance water 

transport and irrigation. Composite design and fabrication technologies 

already provide an answer to some of the problems in the form of 

asb~stos-cement and glass fibre-reinforced plastics (GRP), and have 

further allowed a new solution to be developed in the form of a 

Gteel-plastic composite pipe. 

Figure 12 illustrates schematically the approximate ranges of 

application of various pipe materials as a function of diameter and 

operating pressure. In the range from 10 to around 30 bars pressure and 

in diameter above ~bout 12 ihches, there is a definite gap which requires 

filling either by upgraded GRP pipes (possible by improved composite 

technology as discussed in the relevant chapter) or by the pipe material 

(issue of a new composite technology: steel-plastic). 

Figure 13 presents a comparison of pipe prices in Saudi Ar~bia for 

1978 but shows that for six bars operating pressure, ~uctile iron is the 

cheapest but is almo&t invariably imported into developing countries. 

Asbestos-cement and glass-reinforced plastic are seen to be highly 

competitive because they are fabricated in the country itself. Imported 

pipes w~uld be anywhere from 20 to 50 per cent more expensive due to 

transport and import duty. 

Of all the 

utilization, the 

fibre-reinforced 

fabricating processes 

composite approach for 

plastics (GRP) and 

for pipes of wide potential 

asbestos-cement (AC), glass 

steel-plastic are the most 

interesting ones for developing countries because of1 

RelaUvely low capital investment• 

A small-scale operation is possible• 

Local labour, supervised in some cases by skilled foremen, can 

be used' 

The technologies are well-developed' 

Design bases exist that can be adapted to developinCJ country 

needs both for fabrication and installation. 
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Figure 12. 

APPROXIMATE RANGES OF APPLICATION OF VARIOUS 
PIPE MATERIALS (SHOWING GAP FILLED BY STEEL-PLASTIC) 
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Pipe material prices for mediua-pressure water pipelines 

quoted for Saudi Arabia in 1978 
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2. Material description 

a. Basic aateriale 

Asbeetoe-cement (AC) pipee--an already traditional pipe aaterial in 

many countriee--repreeent a real c<ll5poeite aaterial, where the aebeetoe 

fibres are the reinforcing aaterial and the c~t i• the aatrix (about 

85 per cent weight). The asbestos fibres are by virtue of the 

fabrication process .. inly aliqned in the circUJ1ferential pipe direction 

but also partially along the pipe axis. Despite this anisotropy in the 

orientation of the asbestos fibres, the miechanical properties are 

relatively hoaoqeneous in the circuaferential and axial directions (not 

in the radial direction, however), so that in view of pipe applications 

asbestos ceaent can be regarded as a quasi-isotropic .. terial. 

Asbestos-cement pipes are coapoaed of1 

Asbestos fibres, aainly of two types1 chrysotile and crocidolite 

asbestos. Cheaically a peaking they are hydrated aetal 

silicates. These fibres are very thin, with diaaeters less than 

0.03 µm, their lengths are in the order of 3-70 -· They have 

exceptional high strengths up to 5 GPa and a aodulus of about 

180 GPa. 

Cement, mainly of the Portland variety. 

Water, which is consumed '.n the cement hardening process. 

b. Properties 

Some typical relevant properties of AC pipes are presented in table 

10, which ahova that their strength is not very high deapite the fact 

that the reinforcing aabeatoa f ibrea are very atrong. Thi• i• due to the 

multiple orientation of the fibrea, their a ho rt length and low volu.e 

percentage. However, a• far a• a ho rt fibre coapoaitea are concerned, 

they repreaent the moat vide-apread exuaple. 
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Table 10. 

Some typical prope--tiea of aabeatoa-ce.ent pipe• 

Mechaai.cal ~·· 
Z-.odulus (circumferential) 

crusbin9 streQCJth 
caaipr .. aiV9 atrenqtb (axial) 

tensile strencrth (circwalerential) 

Poiaaon'• ratio 

impact strenqtb 

Other properties 

density 

poroaity 

water absorption 

thermal expansion coefficient (radial) 

(axial> 

beat conductivity 

loQCJ time temperature resistance 

33 GPa 

50-7·J !-:Pa 
i.a-50 ~?a 
25-~0 ~Fa 

0.17 - 0.2 
2 0.136 mkp/Clll 

"" l.9 q/cm3 

up to 23' 

up to 12 - 18 veiqht \ 

i.n • lo-5 0 1c1 

l.25 · 10-5 0 x-l 

0.58 - 0.35 kcal/m.h.0 c 
~ 300°C 

Aa with other materials which harden by cheaical reactions, and in 

particular with c ... nts, there ia an increase of up to 15 per cent in 

aa.e of the .. chanical properties over an initial period of one to two 

years due to poat-hardenin9 proceaaea. AC. pipe• are rather resistant 

a9ainat the abrasion by aand/wrter aixturee, such aa found in a_ewage 

lines. It ha• been ahown that the abraaion-reaiatance ia mot1tly due to 

the aabeatoa fibrea. 

The corroaion reaiatance of AC. pipe• ia very hi9h in neutral or 

•li9htly alkaline conditions, which i• generally the caae for drinkin9 

water end d011eatic aewa9e. In acid condition• (pB below 6), the pipe• 

.. Y be affected, eapecially in indaatrial aewa9e or in aewage ayateaa 

with low flo# ratea. In •taCJD&nt aewa9e, aulphate prodacin9 bacteria 

lead to deC)radation of the c ... nt and either apecial c ... nta have to be 

~loyed, the pipe• coated or other .. teriala uaed, auch a• GRP. 
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c. Health hazards in connection with the fabrication and use of AC pipes 

It is recognized that asbestos fibres present a health hazard when 

inhaled in siqnif icant aaounts into the lungs over prolonged periods of 

time. This iaposes the corresponding restrictions on the fabrication of 

the AC pipes, especially concerning the preparation of the aaterials 

aixture. 

Concerning the possibilities of introducing asbestos fibres into 

drinking water by the use of AC pipes, it has been stated variously that 

the probability of risk to health is s .. 11, approaching zero. However, 

additional evidence on this subject is still desirable in order to arrive 

at a studied, reasonable conclusion. On the other hand results exist 

showing that the asbestos content of water in AC pipes is no higher than 

background asbestos content of water extracted froa the rocky terrain. 

On the other hand certain countries, Scandinavia especially, are banning 

all use of AC pipes for water transport. 

d. Pabricatio~ 

AC pressure pipes are generally produced by two different .ethodss 

the Mazza and the Maqnaa procedures. The aost widely eaployed technique 

is the Mazza procedure that uses a continuous winding process. The 

mixture of asbestos fibres, cement and water is applied as a thin fila to 

an endless belt which carries the fila to a rotating steel aandrel. The 

mandrel picks up the fila and each laaination is consolidated under 

pressure up to the final wall thickness. 

Some hours after the winding of the pipe the lla!ldrel is r..oved and 

the pipes are either hardened in water (about a week) or with steaa 

(about 24 hours). The final hardening of the AC pipes takes up to six 

weeks. only then is final testing of the pipes carried out--30 seconds 

at twice the international service pressure--and delivery can follow. 
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3. Staqe of development 

AC pipes are already -de in aany developinq countries, representing 

a very cost-effective answer to pipellne transport of aainly water 

(drinkinq and irriqation), drainaqe and sewage. The technology is 

well-established and readily transferable. 

AC pipes are nor.ally aade in lenqth• of up to 

between 50 and 1,,800 -· Maxi•ua diuieters 

... 11er pipes are produced in shorter lenqths 

flexural probleaa. It is a rather light pipe. 

5 •• with diuaeters 

are up to 2,500 ... The 

because of thin wall 

For exuaple, an AC pipe, 

one 11eter long with 400 .. internal diuaeter and for a service pressure 

ranqe of 10 bars weiqhs about 90 kg, whereas a correspondinq cast iron 

pipe weiqha about 158 kg. 

AC pipes are standardized for pressures of 2.5 to 16 bars. The 

upper pressure limit is in general about 10 bars. The pressure limits of 

AC pipes are given by their properties and are not, it seems, dictated by 

the efficiency of the joints. The aatching of different pressure ranqes 

is -de in the case of the AC pipes, as with most other pipe aaterials, 

by increasinq the wall thickness. 

4. Potential application in developing countries 

a. Raw material supply 

The use of a•besto•-cement products (buildinq, pipes etc) represents 

around 30 •illion tons world-wide. Its qualities of durability and 

non-combu•tibility linked to low co•t aake it a very attractive 

structural aaterial. The health hazard is aainly associated with 

a•be•to• handling, proper care in fabrication and utilization of 

asbestos-c ... nt products i• effective in re110VinCJ risks. Several western 

countries have already banned the use of asbestos c ... nt, but it will 

certainly continue to be u•ed in aany other indu•trialized and developing 

countries until a aaterial that is reliable and equivale~t in price is 

found. 
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b. Design 

AC pipe deaiqn ia vell-eatabliahed by national and international 

codes that are readily applicable in deve~~pin9 countries. Typical pipe 

classes eatabliahed by Saudi Arabian Standards SAS 5/1396 B (1976) are 

9iven below in table 11. 

Table 11. 

Pipe claaaification accordin9 to the internal pressure 

tiqhtneaa teat, providin9 that the vorkin9 pressures do not exceed 

the values indicated 

Internal hydraulic tightness Maximum working 
test pr-essure pr-essur-e 

Class 
kgf/mm2 kgf/mm2 

t.tPa MP a 

Class 6 0.6 0.06 0.3 0.03 
Class 12 1.2 0.12 0.6 0-.06 
Class 18 1.8 0.18 0.9 0.09 
Class 24 2.4 0.24 1.2 0.12 
Class 30 3 0.30 1.5 0.15 
Class 40 4 0.40 2 0.20 
Class so 5 0.50 2.5 0.25 

c. Manpower equipment 

The fabrication technique is ao well-developed that equipment i• 

normally fully automated, thua requirin9 few skilled worker• for actual 

pr~~c..~ion. Skilled workers would be required for mana9eaent, equipment 

maintenance and product quality control repre•entin9 a total of around 

five. 

The advantaqe of enterin9 the AC-pipe-production aector i• that 

other producta, auch •• for buildin9 can al•o be made with different 

e<rJipment, but with eaaentially the .... ba1ic technoloqy and .anpower. 
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d. Utilization 

Pipe utilization and installation are atraiqhtforvard and represent 

no aajor problems. For long-distance-pipeline tranaaiasion, th~ pipes 

are normally buried and joined by mechanical couplings, typical ones 

being Reka which are also aade of AC and produced by the saae process, 

and incorporate rubber sealing rings to ensure easy alignaent and 

leak-proof performance. Their installation is predoainantly 

labour-intensive with skilled manpower required for supervision and 

testing. 

5. Conditions for implantation 

The conditions that must be fulfilled in order to consider 

iaplantation of an industry to produce AC pipes are as follovs1 

There must be a well-established need for water, irrigation and 

sewage piping so as to justify investment. 

There should, if possible, be local construction companies 

capable to install the pipes with little investment. 

National legislation on product quality and utilization is not a 

prerequisite for introduction since initially standards of other 

countries may be followed. 

Strict care will have to be guaranteed during fabrication, 

handling and installation to remove any health hazards. 

Locally available raw materials, i.e. cement production and 

asbestos, would lead to a aore rapid introduction, but are not 

indispensable if they can be cost-effectively imported. 

Transport capabilities (trucks, road infrastructure) for pipes 

which are rather heavy and sensitive to damage. 
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6. Advantages and liaitation• 

The well-docuaented advantaqea of 

disadvantaqea are listed below in table 12. 

AC pipe• and their .. in 

Table 12. 

Advantaqea and main c!iaadvantaqea of AC pipes 

Advantaqes Main diaadvantaqes and their consequences 

1. Reasonably cheap 1. Relatively low a. Pressure 
strenqth liaitation 

2. Simple joininq b. Thick wall pipe 

3. Good corrosion c. Heavy pipes for 

resistance under 
pressure 

normal circumstances 
applications 

with e~lphate-resistinq 
cement 2. Quite brittle a. Careful handlinq 

b. Exfoliation at 
cut ends 

4. Larqe experience in 3. Mechanical joininq a. Li•ita pressure 

Western Asia and 
elsewhere 

5. Smooth bore 4. Short pipe lengths •• Rather slow 
• production laying on 

technique for cross-country 
large diaJDeter lines 

• bendinq deaiqn for 
small diameter 

5. Eventual health a. Difficult to 

hazards aaaeas 

• pipe itself 
• manufacture 
• o:-,-ai te cutting 

I 
I 
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The fabrication techniques of asbestos cement products can, with 

liaited and inexpensive equipment modification, be applied to glass 

fibre-reinforced ceaent (GRC) products (pipes, sheets etc). Such a drive 

to replace asbestos is taking place because of the health question, but 

no c011mercial breakthrough has yet taken place mainly because of cost 

and, as far ae glass fibres are concerned, long-tenn stability problems 

in the akaline cement. 

A great deal of money and R and D effort has gone into finding 

replacements for asbestos using AC fabrication techniques. However, 

properties of alternatives such as cellulose-reinforced cement, 

polypropylene-reinforced cement and glass-reinforced cement are generally 

inferior to those of asbestos cement, except when made by a different 

technique such as spray lay-up for GRc.35,36/ A recent develoi;aent 

utilizing an acrylic fibre appears to have promise,12/ but is not yet an 

industrial proposition. Such alternative composite materials for 

structural purposes have penetrated the developing countries, as 

exemplified by joint ventures by a leadinq European qlass fibre producer 

in Western Asia. 

7. Conclusion 

Asbestos cement pipe and buildinq material production can be 

introduced in developing countries without excessive tech:.ical or skilled 

manpower problems. Raw materials supply may be local or bulk-impo~ted. 

Fabrication in the country reduces expensive transport costs and import 

duties. 

The health hazards may be removed by appropriate care in fabrication 

and utilization. Replacement of asbestos i• not foreseen on a larqe 

scale, although coaposite material design principles may be applied, 

because of cost and reliability queetione. Replaceaent is taking place, 

and will continue, by other coapletely new product• such as 

glaee-fibre-reinforced plaetic, already eetablished in many pipe sectors. 
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D. Large diameter fibre-reinforced plastic pipes (GRP pipesl 

Background 

Glass-fibre-reinforced plastic pipes (GRP) are composed of resin and 

fibreqlass reinforcements. The resins used are nearly all of the 

thermosetting type, the most important for GRP pipes being the polyesters 

and epoxies. Among these, many resin systems are available that provide 

a wide range of chemical resistance and mechanical propertieB. 38/ 

The most critical factor in 

since, although any loads on the pipe 

fibres, the resin aust distribute 

the desiqn of GRP pipes is the resin 

will be supported by the glass 

the loads to the fibres and various 

laainae. Por this reason it is very important that the resin be flexible 

enough to avoid premature aicro-cracking under load. At the same time it 

must also provide corrosion protection for the fibres. 

The strength properties of GRP pipes are, of course, related to the 

The choice and arrangement of the glass fibres. 

reinforcement (normally E-glass) for GRP pipes can be used, 

glass fibre 

depending on 

the pipe desiqn and the manufacturing technique, in different forma1 

Continuous rovings. These consist of a multiplicity of parallel 

(without twist) glass fibre strands. In filament winding they 

are iapreqnated with the resin system and wound on a mandrel, 

Fabrics or tapes' 

Mats' 

Chopped fibres. 

Without continuous rovings and fabrics the strength properties obtained 

are directed by the choice of winding geometry. With mats and chopped 

fibres, isotropic properties are obtained. 
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1. Materials and technology 

The basic properties of qlaaa fibre-reinforced plastics depend 

strongly on the type of reinforceaent (rovings, fabric, chopped mat etc.) 

and its voluae content in the structure. Typical properties for 

different reinforceaent geoaetriea have been presented earlier in this 

paper. The general properties offered by GRP pipes can be summarized as 

follower 

High strenqth-to-weiqht ratio 

High resistance against internal and ezternal attack 

Good durability 

Low thermal conductivity 

Medrua range of teaperature resistance 

Light weight coupled with easy handling and installation. 

The properties (both strength and corrosion) of GRP pipes vary from 

producer to producer and depend strongly upon the foreseen application. 

Thia is understandable since GRP pipes are truly ~ompoaite pipes, which 

can be tailor-made to meet the specific requirements. Aleo, 

standardization work on GRP baa not yet p1ogresaed sufficiently, though 

in many countries appropriate standards have already appeared or are in 

the drafting stage. 

GRP pipes are aade in diaaetera as small as 50 .. up to v~ry large 

(3,000 nm or more). They are made in various lengths, e.g. 6 meters, 12 

meters or even in aeai-continuoua lengths. Working pressures of GRP 

pipes va~ with pipe diameter. The smaller the pipe diameter the higher 

the design pressure, up to about 140 bars. The typical pressure range is 

between 20 and 40 bars. 

GRP pipes are designed with T 

froa 6 to 10.1!/ These security 

ahort-tiae weeping s~renqth or 

wall structure of the GllP pipe. 

qlaas-fibre content the deaign :C'eA. 

low qlaaa-fibre contents ( 40 (•r cent) 

;, aecuri ty factors ranging 

l•d either against the 

atrenqth, depending on the 

GRP plpes with a high 

~s the •weeping• atrenqth. With 

the deai90 .,. ... · ::-enc• i• the 

burst stren9th. 

design preHare. 

The pressure for proof testing is 1.5 ~~.e~ that of the 
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2. State of development 

There exist different types of GRP pipes and, corregpondingly, the 

fabrica~ion techniques also vary. The most important among them are 

filament winding and cen~rifugal casting.!Q/ 

a. Fabrication 

Filament wi~dinq. Filament-wound pipes are normally produced by 

winding specifically oriented resin-impregnated glass fibre rovings on to 

a mandrel. Figure 14 shows a schematic representation of basic 

filament-winding machines. 

involvet 

Biaxial winding. 

The most common fabrication techniques 

The rovings are applied in the hoop · d 

longitudinal directions. The longitudinal reinforcement can 

also be provided by hoop-winding large fabric tapes with the 

main reinforce-Aent direction parallel to the pipe axis. The 

longitudinal reinforcement can also be achieved by a pultrusion 

equipment section, combined with the hoop-winding technique. 

This concept has been proposed for continuously manufacturing 

pressure pipes. The biaxial winding can also be adapted to 

semi-continuous and fully continuous machines. 

Helical winding. This method is applied only on discontinuous 

machines, which could be modified, conventional lathe-type 

machines. Mandrels can be either solid or callapsible. The 

hoop and longitudinal pipe strength are determined by the helix 

angle. With this type of manufacture the joint prof: Les may be 

moulded integrally with the pipe. 

The applicatio.. of the redn can be carried out either by using 

preimpregn~ted rovings or immediately prio~ to the winding of the rovings 

on the mandrel (wet impregnation). For the aanufacture of GRP pipes, 

virtually only the latter technique is applied because it involves lover 

cost, although the preimpr•qnated technique has some advantages, such •• 

closer control of the filament percentage and higher winding speeds. 
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PiCJUre 14. 

- ..... ~nd types Schematic representation of basi~ --thods 

of filament placement 

A. CLASSICAL HELICAL YJINDER 

F. COl'ITINUOUS ROTATING MANDREL 
IDROSTHOLM WRAPI 

B. CIRCUMFERENTIAi. WINDER 

G. FIBER-PLACEMENT MACHINE 

C. POLA!' WINDEP. 

H. LOOP-WRAP WINDER 

D. CONTINUOUS HELICAL WINDE'l t 

I. CC*TINUOUI NOMllA&.-AXIAL WINOI" 
I. IRAID-Wf'AP WI_,." 
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Continuous fabrication techniques. The biaxial filaaent winding 

technique is well •~ited for continuous GRP pipe manufacture and has been 

applied in semi-continuous machines, characterized by the fact that they 

can produce auch longer pipe sections than the discontinuous ones. To 

this cat~gory belongs the Droatholm machine which cannot be regard~ ea a 

truly continuous machine because the mandrel rotates, as illustrated in 

figure 15.!!/ The mandrel is in this case a continuous steel band 

supported in a cylindrical shape by discs which are interchangeable to 

produce pipes of various diameters. As the discs rotate, friction pulls 

the band around allowing it to move longitudinally. Production rates can 

vary from 6 meters per hour for large diameters (approximately 3 a) up to 

20 m per hour for the smaller diaaeters. 

The basic aachine principle is shown in figure 16, the manner of 

material application producing a pipe structure illustrated in figure 17 

for low pressure applications. Por high-pressure pipe ( 

sand filler is not present. 

b. Joining 

10 bars), the 

There exist different COllllllercial joining techniques for GRP pipe• 

depending on the pressure range of application and the manuf scturing 

technique employed.!£! 

c. Application 

GRP pipes constitute one of the moat versatile pipe material classes 

since they cover both pressure and non-pressure pipe work over a wi4e 

range of diameters beginning at about 25 .. and going up to 4,800 .. with 

current production equipment.43,44/ Although of relatively recent 

introduction on the market, GRP pipe• already have proved themselves, in 

competition with exi•ting pipe materials, in several traditional .. rk&ta, 

such a• water distribution, sewage and effluent disposal and cheaicAl 

procea• work. The required properties in th••• and other application• 

which favour the use of GRP ares 
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The mandrel of a Drosthola .acbine 

Side View 

End View 

r 
Adjustable Arms 

J 
Continuous 
Steel Band 

Basic machine principle of continuous fabrication 

Adjust 
Ma~nl Flow 
and Machine 

MoldR9'1 ... 
Polyester Resin 
Fiberglas Swface Mat 
Chopped Fiberglas 
Sand (S.W.- Pipe Only) 
Fiberglas Filament Winding 

Speed Curing 
According to Oven 
Thickness 
~t 

Thickneu Saw 
MeuwwMnt 
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resistance t:o external at:t:ack of aggressive soil 

No cont:aminat:ion of t:he t:ransport:ed product:sa no tendency t:o 

support: t:he growth of yeast:&, fungi or bacteria. 

Corrosion resistance t:o internal at:t:ack by aggressive product:& 

being t:ransport:ed. 

Resistance t:o internal pressure. 

Resistance to external loads such as backfill, wheeled traffic 

et:c. 

Concrete 

industry for 

examples of 

brine lines, 

application of GRP pipes are in the chemical 

waste effluent lines, process piping, 

condensate lines and pickling lines1 in the petroleum industry for salt: 

water lines, condensate lines and waste t:reat:ment lines1 in the pulp and 

paper industry for wood-fibre slurries, waste liquor, paper stock, 

chlorine solutions, dyes etc. 

Figure 17. 

Sketch of sewerage pipe and 0-6 bars pressure pipes 

Com>sion'1'Hiatant outer liner 

C-glass !Issue Structural lamiliate 

Chopped glusfibre ro.,.ng 

Co"olion-reliatant inner liner 
Sand filler 

Glassfibre filament winding 

CorrotlOn'ffliatant Polyester resin mallt• 
Chopped glassfibre roving 

C111a11 tiaaue 
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3. Potential aeplication in developing countries 

a. Rav material supply 

The glass fibres could eventually be fabricated in soee developing 

countries. The basic raw material, naaely, silica is the main component 

of sand, but sand composition varies widely throughout the world, thus 

necessitating special developments to produce glass-quality sand. The 

glass fibres made from sub-quality sand are not suitable for 

reinforcr!lllent, producing only glass-wool (insulation product). Thus. 

initially at least, glass fibres would have to be imported. 

The resin used exclusively for the large diameter water and sewage 

pipes is polyester, which again would have to be imported except in 

countries possessing a petrochemical industry. If the Market exists, 

importation of the above-mentioned materials in bulk should be much aore 

cost-effective than importing the ready-made pipes. The sand for low 

pressure pipes can be local quality, suitably cleaned and treated to 

provide a good finished product. 

b. Design 

Pipe material design according to c<>111posite material principles is 

very well established so that pipes can be readily manufactured to meet 

specific operating conditions. The American Society for Testing and 

Materials (ASTM) has developed many stand.ards and codes which can be used 

for specifying, testing and installing GRP pipe, as seen from the list in 

table 13. 

Buried GRP pipes are classed as flexible conduit• and as such differ 

fundamentally frOJll rigid conduits, such as asbestos-cement or concrete. 

They rely on a soil-pipe interaction to carry loads imposed by the 

backfill.~ Thus, installation technique is of almost as much 

impo-::tance to perfonnance as the pipe properties, so control must be 

strlctly exercised. 
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Table 13. 

Glass fibre-reinforced plastic pipes 

(United States Standards and Codes) 

____ ._,cnm 
... -.tala 
-C581. ,.. fir w ...,.._ d 9-

.-tillg ......... lD Gbm Piiis 
1114..rma.1 lt:ua:tww. 

- 11613 ,.. fir ....... ~ al PIMti.m. 

- llli9 ,.. fir Dlflct:1m ---· d .i.tim Diis 1-4. 

- orm. ,.. fir ri-1 lat1p al l'lamtim bf 
~t.:Jda-db .... 

MmC 111!10 'lat fir .i-1 ~ d Plmtk8 • 
... nno '9IK fir 'lmdJe ~ oL G:Jam Piiis 

9tDldl. ..... ..s llOllil9 o.4 lD 
llm6:llml l'Jmt1ca. 

ftalmll ....... 
- llli!ll5 .... fir~-~ oL llllJl4 
~ . 

- Dl'98 .... fir~ oL PJmd.c 1'1119 
..... ..----1-ml~ 

- D15i99 .... fir llllKt t'J.- ..... lltnnl)tb 
d P1mtic np. 1'1blair· .., P1tt1J9. 

- D2l05 'lllllt fir lallltldiml --.u. ~ 
fJL lllllllfarc.s 'It - I IJllJ l'Jmtic 
ftll9ml'M9. 

- 112143 .... far qdJc ~ llt:naJdl oL 
~" Mtillg ~Pip. 

- DZ2!J() .... fir ~ -.tJ,e llt:naJdl 
d as,. ar NmJar n.tJm bf llpli~ m.c 
llltlla4. 

- DZllO Cl-1flmtkD - *ldm..,. 
lllllnl'mml! ,,, ttblf ..... ft&a • 

.,. DMU 'lllllt far ---1 ladllllJ l'lqmt1a d 
n.tk PS&a bf ...ilal ~ l.mllbl!J. 

Mnll D25J.7 'l«"'''mtlm fm lllllnfmwS lpSJ .,.......ill 
a.. ~ PS&a - ftttillp, 

- D2'Sj 'lllllt fir T ' MJGI' .....,.. f1L J'1Mtke 
llJ ... al. lmd .....-. 

_. 112992 '!mt: fir ljfcs-• •c ~ ...._ b 
~.. W QI ... llla1JI PS&a 
..S ftttiJ9. 

-1112!1196 ...,,lmtlai tics ~...s 
~ .. - ........ Pip. 

- D299'1 .... flmtfcp - ~l' a.t: 
~ .. ] ......... Pip. 

- lmi2 lpwiflmt;IGI' far llab6&-s n.tlc 
lb'mr .... ft&a. 

.. D3Sl7 lpadfimtb far llllllltcllaml l'lmtic 
lb'mr .._. l'S&a· 

- 03567 w fir Iii , .... .,..._ oL 

9"'nf wd 
5 

-·· ..... PS&a ..snm. . 
._ lld.15 ....._ l'JMti.c ft&a, nm._.. M-. -.... .. -.~~ 

..s ....... aab1a --- 81gily .,.__ 
Pllm91W .....,,._., ,, - 11Dg 
...U ft&a (a.cdal III. 
Dl'ldalan ~ JalS 
l'lmt~al
llalll.s ..s ~-.al Oda). 
a.txa Cl:lltal:t -~ wnr.rc.s 
- lbl,-S a-lml -~ 

~ .... P"'"* •'afmaall,, -Wig .... Um 
l'Sp: CaBPI. 

·~---d~9-
llllttiag ...u Um Pip. 
lllltmy lpadf!c8tjm - PS&a ..s 1'1119 
ftttiJ9. G:lam ftls -.Jafmwd l'Jmtic. 
~ Plaldc w 1'1119 ... ,. 
~ l'JFalJm - llalnfm-s l'Jmtic 
~-
Glma Piiis ~ l'Jmtic Pip. 
~ l'Jmtic w ~Pip. 

a , ......... , ...... _._i.._ 

- .....-.s tics G:lam Piiis l1llJnfmwd 
,,, - I lnJ ...U fta- - ..S ... ,. 

....,Uimtian - i_,. ~ 
~ -- llldnfm'allS ,, 1*Umg 
...,. l'ta--

aprtttmtlm far llllblfmmll n.tlc 
.-Ur .._ -' lldaRda1 Pip. 

.... fir ...... et .. tM a.mml 

...,,, ~d......_, 

11 I !'If...,. 1'1119 la 8 IWJ .... 
Omdlttm. 

5 'fimt;IGI' - lllllllfmmll n.tlc 
w ti.-ft~ tics.... • ..,,.,..,,,. . 
lprlffmtlGI' - 11111.., ti9* 
.......... • ,, ... ...,. PS&a 
.w.. ..... ~ - le -.i.. 

lprlffmtlGI' ... en.. ftlln llliln61nlwll 
Ma llanholu, 

Source: The American Ser.iety for Testing and Materials 
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c. Manufacture 

In the area of water and sewage and eventually slurry pipes 

discussed here, the resin matrix will be polyester and fabrication either 

by filaaent winding or centrifugal casting for both pressure and 

non-pressure pipe. The centrifugal casting technique has the advantage 

of being relatively simple, using fully automated equipment for resin, 

fibre (and sand) feeding, but the equipment itself is rather expensive. 

Filmaent winding can be done manually on suitable diameter mandrels or 

automatically on discontinuous or semi-continuous equipment, the cost of 

which is in the order of USl500,000 to 1 million. 

For many of the initial applications in developing countries, the 

working conditions will not be too severe so that hand lay-up pipes could 

be employed. Subsequently, however, quality will have to be ensured by 

automatic equipment such as the Drostholm machine~ In fact, developing 

countries which have had an activity in glass fibre-reinforced plastics 

for some 10 or more years (India and Mexico, for example) rely heavily on 

hand lay-up technology and utilizations lie in corrosion-related 

activities (pipes, tanks etc.), transport (trucks) and construction. 

However, countries such as the United Arab Emirates and Saudi Arabia, 

which more recently have come on the composite scene, already utilize 

filament winding (i.e. low manpower utilization) for pipe production. 

d. Manpower 

Manpower requirements are quite high for hand lay-up pipes. For one 

winding machine, approximately three skilled foremen and nine 

semi-skilled worker• are required for raw materials control, manufacture 

and quality-control tasks, and around 10 labourers for handling etc. For 

automatic equipment the skilled labour will have to be increased to 

around five (to include the machine maintenance), while the total of 

semi-skilled workers and labourers can be reduced to around 10. 
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e. Energy infrastructure 

As with most plastics-related fabrication, the energy requirements 

are l~w and should represent no problea for most developing countries. 

Equally, the plant lay-out is relatively sillple and requires no spe~ial 

facilities or precautions apart from careful work. 

f. Aeplications 

The actual use pattern of pipe materials depends on the local 

environmental conditions and the pipe materials being offered (and their 

price). All things being equal, glass fibre-reinforced plastics find 

i:neir largest markets in applications where pipes are exposed to 

corrosive environmentss either externally such as in aggressive soil, or 

internally from sewage and industrial effluent, chemical process piping. 

They are also utilized in water transport and distribution where they 

maintain the purity and allow no bacterial growth. Land reclamation 

projects in Pakistan have also used GRP pipe. 

In Western Asia, for example, in the smaller diameter range 

(approximately 400 11111), they are not economically competitive with 

thermoplastics except at higher pressures (16-25 bars) or high 

temperature operation (industrial effluents, for example). Above this 

diameter, they find competition with vitrified clay in sewage transport 

until about 600-800 mm but stand virtually alone above this diameter at 

the moment. 

Apart from a chemical plant that is a large and a growing market for 

high-quality filament wound pipes 11ainly with epoxy resin matrices (see 

section F), the water and sewage area has seen many applications of 

polyester resin pipe, and their use in gravity or low pressure water and 

sewer pipelines would seem to be so well proven in Europe and the United 

States that their acceptanc~ in new areas of the world should be no 

problem, as already shown in Western Asia~, as long ass 

The specific local environment is taken into consideration in 

material choice and design. 
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Testing is carried out vith pipes in conditions stimulating 

those to be found in practice. 

Certain modifications in installation technique may be possible 

due to the local situation. 

The manufacturer is in more-or-less complete control of the 

commissioning. 

As far as pressure pipes are concerned, there is again a 

considerable practical experience in Europe and the United States and 

this can certainly be transferred to other countries with the above 

provisions even further reinforced, especially as far as material testing 

and evaluation is concerned. 

An important step in the right direction was taken in 1975 with the 

construction of a dual 1600-1700 mm, 29 km water pipeline in Iran using 

GRP (OWens Corning). The choice was based mainly on the ability of the 

GRP pipe tv withstand the corrosive soil conditions in the Persian Gulf 

area. The line transports water as part of a pipeline-canal system frODI 

the Karun River near Ahwaz in southwestern Iran to Bandar Shahpour, a 

coastal city on the Persian Gulf. The water, which will be carried at 3 

bars, is used for commercial, industrial and residential purposes. The 

pipe runs directly through the Persian Gulf flood plain, which has an 

extremely high salt content, but which has no effect on the GRP while 

others would be corroded. 

The biggest probleJD in extrapolating GRP to wide usage, for example, 

in Western Asia, is that there are so many material variables involved 

that standard products can only be offered after a certain amount of 

local experience has been obtained. Increasingly, however, GRP pipes are 

proving themselves indispensable in developing countries in certain land 

reclamation project•, sewaqe schemes (200 Jan in 1977 in Western Asia 

alone) and irrigation schemes in the Savanna Belt. 

Special points to be looked at for GRP application in warm countries 

concern the high temperaturess both aJllbient and of the products 

transported. These are in part overc:>me by the use of appropriate resins 

a, ' suitable design factors. 



- 76-

4. Conditions for implantation 

The conditions for implantation of glass fibre reinforced plastic 

pipe production capacity in a developing count~y are as follows1 

A well-established market must exist for water and sewage pipeJ 

The raw material can be obtained locally or 

competitive pricesr 

imported at 

Skilled or semi-skilled labour must be availableJ 

Initial know-hew will have to be imported for hand lay-up on a 

relatively simple filament winding equipmentr 

Investment will have to be available for more complex and 

automated filament winding or centrifugal casting equipmentr 

The pipe quality offered must be quaranteed to be high and 

reproducibler 

Technical assistance must be offered on how best to install and 

utilize the piper 

A technical collaboration must be set up with a 

pipe producer, at least in the initial stages. 

is also a valid manner in which to introduce this 

to developing countriesr 

well-established 

A joint-venture 

new technolo'JY 

The pipe material must be cost-competitive from the final 

installed cost point of view. 

5. Limitations 

Table 14 lists som~ of the major advantages and limitations of using 

GPP pipes. With respect to developin9 .:ountries, the JnOst severe 

disadvantages will be the cost and the fact that the material is 
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relatively new compared to steel, vitreous clay or asbestos cement. They 

should not, however, prove to be insurmountab:e except in very remote 

countries where any local investment would be hampered by lack of 

infrastructure or basic semi-skilled labour. 

Table 14. 

Glass fibre-reinforced plastic 

Advantages Main disadvantages and their consequences 

1. Excellent corrosion 1. Long-term behaviour a. High safety factors 

resistance difficult to b. Pressures limited 

predict c. •sigher than 

necessary• costs 

2. High strength-to- 2. Relatively Limitation on areas 

weight ratio expensive of application 

3. Liqht weight 3. Production steps Structure defects 

not coapletely 

controlled 

4. Low thermal 4. Delicate layinq a. Stricter 

conductivity specification on 

backfill and 

hand~inq than on AC 

b. Introduction of 

d ... ge 

5. Low flow 5. Wide variety of Choice of pipe 

resiatance producers difficult 

6. Standards not Choice of pi99 

yet harmonized difficult 
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6. Conclusions 

Glass fibre-reinforced plastic pipe production for local consumption 

is suitable for introduction into developing countries provided that the 

economics are corrects including resin and glass fibre, fabrication, 

transport and installation. The techniques of fabrication are 

well-established and a variety of pipe diameters and pressure ratings can 

be produced by simply changing the mandrel. 

No excessive investment or requirement of many skilled workers is 

involved. Profit 111ay be drawn from many years of experience world-wide, 

and improving designs and manufacturing techniques are becoming available 

as fall-out from the high-technology, advanced composite material sector. 

E. Steel-plastic composite pipes 

Because of some of the problems, listed previously in table 10, and 

the fact that a pipeline market sector between about 10 and 30 bars 

pressure at diameters above 12 inches is relatively poorly satisfied, a 

pipe material and a manufacturing process have been recently developed, 

which furthermore satisfy the product requirements listed belows 

Maximum cost effectivenessr 

Ease of fabrication, transport and installationr 

Possibility of on-site fabricationr 

High reliability during operationr 

High corrosion-resistancer 

Good, predictable strength characteristicsr 

Possibility of wide variation in characteristics and dimensions 

to sati.1Jfy wide market. 
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1. Material and technoloqy 

The composite mat:erial, currently produced by Dunlop, is 

manufactured by the helical winding of several layers of high-strength 

steel sheet (thic~ness around 0.5 .. , in an epoxy of p~lyester resin 

matrix. The main advantage of using ~teel sheet from the fabrication 

point of view is that a high-strength pipe can be obtained by a simple, 

continuous process neither requiring high investment, such as for steel 

pipes nor the sometimes complex winding machines for certain glass 

fibre-reinforced plastic (GRP) pipes. 

The structure of the pipe walls ensures a high, reproducible and 

predictable strength while the resin provides the necessary corrosion 

resistance. Different combinatio~s of steel and resin lead to a whole 

variety of pipes to satisfy v~rious service conditions. Normally 25 to 

50 per cent volume of steel is employed and typical characteristics a:e 

presented in table 15 for production pipes. 

Table 15. 

Steel-plastic composite pipe production data!!I 

Standard pressure classes 6, 10, 16 and :!5 bar 

Maximum operatin~ temperature 80 degrees C 
(standard pipes) 

Ultimate tensile strength (hoop) 200 MP a/min 

Ultimate tensile strength 1C8 MPa/min 
(longitudinal) 

Specific stiffness 60 GPa/min 

Coefficient of linear expansion 12 x 6-6 per degree C 

Haze:i-Willia11s •c• value 150 

Chemical resistance typical of conventional epoxy 
systems 
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2. Stage of development 

The status of the development of the steel-resin composite pipe has 

reached the stage wh~re pipes from 20 to 200 cm di&J1M>ter are pro~uced 

industrially in lengths up to 12 meters for uses in wa~er and sewage 

transmission, slurry transport (phosphates, China clay, clinker etc.), 

chemical plant, tankers and boats etc. 

manufacture 

labour costs. 

are being 

Further 

Currently, opportunities of local, on-sitP

researc:'ed in order to reduce tr;,.ns~rt and 

development vork is oriented towards continuous fabrication which would 

increased productivity, l..!ad to 

together 

decreased 

with 

manufacturing costs 

the potent~al 

and/or 

for truly on-site, 

over-the-ditch ~Jnufacture--a tremendous advantage 

terrains. 

for difficult, remote 

Raw materials remain steel sheet (carbon steel, hot rolled) and 

epoxy resin. Further developments will tend to a replacement of the 

epoxy resin by cheaper resins, Luch as polyester or acrylics. The cost 

structure is strongly dominated by the labour cost so tha~ there le a 

large potential for de~eloping countrie& in this respect. 

3. Potential interest of this tect1nical development for developing 

countries 

In certain developing countries the la~~e distance inYolved in 

transporting products such as crude oil, gas and water (and mineral ores 

in the future) mean3 that the !de.al mode of transport, given the required 

tonnage level, is by pipeline, which, once installed, isr 

Economical to run, requiring only automatic control• 

tnvisible aince normally burried1 

The mode of transport which has least accident• and leada to the 

lowest pollution with reapect to the ser.vice given• 

Bot subject to disruption by weather •tc. 
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the large urbaniz3tion and industrialization efforts in 

countries mean that many pipes are r<eqUired for water s~pply 

and sewage disposal. 

In phosphate and ore extraction, corrosion/erosion re~istant piping 

systems are also at a premiv~r the steel-resin pipe is particularly 

advantageous since it provides a long, maintenance-free lifetime under 

these demanding condi~ions. 

It has been shown previously that many pipe materials exist, but all 

of them entail problems. The composite pipe, with its numerous 

advantages is considered extremely interesting from the points of view of 

eLvironm~nt, geography and industry for the following reasons, which are 

shown schematically in figure 18: 

Developm~nt of new pipe materials to replace some other imported 

ones (steel, fibre-reinforced plastics, asbestos cement) or 

pipes, on which roy~lties are paid for production. 

Solutio~ of currer.t problecs of corrosion etc. in pipelines, 

such as oil gathering, ~ewage, water and ore transport. 

On-site, or at least within the country, pipe fabrication, which 

reduces import and transport costs and leads to lower priced 

pipes for water transport etc. 

Possibility to develop a locally-baseJ industry and to diversify 

uses of the pipes and of pipeline transport in order to 

stimulate national development (e.g. mineral ore transport from 

remote locations, saline water over long distances, underwater 

desalination, off-shore pipelines). 

Use of petroleum derivatives• epoxy, polye»ter in pipe 

man11facture toqether with eventually locally avail~ble filler 

1114 als, auch as mica, sand and other minerals. 
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Eventual installation of a line for the production and treatment 

of steel strips which could be employed in other sectors such as 

building and construction. 

Bxport of pipes to other neighbouring countries whic~ are also 

dependent on pipeline transport. 

Finally, those fields of applic~tion which have been evaluated 

as most promising for the composite pipe area 

(1) short-term irrigation and drinking water, as well as 

sewage, and 

{2) high-pressure pipelines for crude oil and natural gas, 

together with chemical and desalina~ion pl~nt piping 

and well casings for corrosive wells in the longer 

term. These are the areas where developing countries 

have a considerable need. 

A major factor which enters into the choice of a pipe material is, 

of course, the cost of installation, even in the event that the 

mechanical and chemical performance can be improved. Comparison of 

calculated installed costs of the steel-resin pipe with those of steel 

and glass filament-reinforced plastic pipe are presented in figure 19 for 

water transpc.r~ under pressure. The illlllediate conclusion is that the 

steel-resin pipe is a serious competitor for GRP and steel pipe. 

Manpower, energy and infrastructure requirem~ncs are about the saae as 

for glass fibre-reinforced plastic pipes. Deeign techniques are also 

similar to those of GRP and the pipe can be installed and joined in a 

similar manner. Given the pre~ence of the steel strips, the pipe is less 

subject to impact damage. 

The cost of transport is a big factor in the final installation cost 

of a pipeline, and a calculation is presented in table 16 for steel and 

the steel-resin plpe• to be eaployed in water transport. This table 

brings out the big advantage of the steel-·r:esin pipes reduction in 

transport costs due to the possibility of on-site or within-the-country 

fabrication for equivalent, or even improved mechanical and ch .. ical 

performance. 



Figure .LS. 

POTENTIAL INTEREST OF THIS TECHNICAL 
DEVELOPMENT 

PIPE DEMAND 
HIGH IN bev. 
Covt<T~aesl1M~ 

MIDDLE EAST 

DEVELOP EXISTING 
LOC l\c.- BASED 
INDUSTRY IN PIPES 
APPROPRIATE TO 

OVERCOME 
IMPORT 
BOTTLENECKS 

~ 

RESOLVE 
CERTAIN 
TECHNICAL 
a ECONOMIC 

LOCl\LCONDITIONS PROBLEMS 

PIPELINE 
TRANSPORT 
IDEALLY 
SUITED TO 
ENVIRONMENT 

SATISFY PRESENT 
MARKET : WATER 1 
SEWAGE, OIL 1 

GAS, ... 

PIPE 
FABRICATION 
WITHIN THE 
COUNTRY 

CORROSION 
RESISTANCE 
IN OIL, WATER, 
SEWAGE I 

DESALINATION 

WATER 
TREATMENT a 
TRANSPORT 

DEVELOP PIPES TO 
MEET FUTURE 
MARKETS: ORE 
TRANSPORT, 
SOLID WASTES 

STEEL STRIP 
MANUFACTURE 
WITHIN THE 
COUNTRY 

PIPE 
MATERIAL a 
TRANSPORT 
COSTS 

- - - - - -

OIL, GAS 
PETROLEUM DEVELOP 
P'tODUCTS, ~~L-BASED 
CHEMICALS MANUFACTURE 

TO REDUCE 
DEPENDANCE 
ON IMPORTS 

UTILISE a 
SAVE LCCAL 
RAW 
MATERIALS 

HIGH 
POLYMER 
RESIN CONTENT 
25- 75 VOL. 'I. 

FILLER 
MATERIALS: 
SAND, 
MINERALS, ... 

LOW STEEL 
CONTENT 
25-50 VOL. •1. 

STEEL STRIP 
UTILISATION 
L.OC/\'-STEEL 
MILLS 

PIPE 
EXPORT 
POSSIBILITIES 

• PIPES 
• TECHNOLOGY 
• STEEL STRIP 

I 

CD 
w 
I 



• 
<t: -Cl 

0 
• 

r-f 

LLZ 
Oo -cnt-
LLJ <:( 
0..(!) --a..a: 
LL. !:!: 
oz 
en-
...... w 
en o:: 
0 ::::> 
(.J (/) 

Oen 
IJ.J w . a:: 
-la_ _. 
<t: (/) 
I- a::: 
CJ) <t 
~'° 
LL rt'> 
0-

~~ 
~LIJ 
0::: Cl) 

. ~ :::> "' ..... 
C'J :Ea: ~ ::s oo 00 
·ri (..) lJ.. ~ 

w 
(.) -a:: 
CL 

(/) 
.....J 
<t -a:: 
LLl 

~ 
~ 

0 
0 
0 

(/) .,__ 
en 
0 
u 
.,__ 
a: 
0 
a.. 
en 
z 
<t 
0: 
~ 

I . 

U) .,__ 
en 
0 u 
z 
0 

~ 
.....J 
_J 
<t .,__ 
en 
z 

~ 

0 
0 
CX> 

- 84-

0 
0 
<D 

0 
0 
v 

0 
0 
N 

Hl~N31 3~13~ ~3d S:>N'1~~ SSIMS 
!SO:> 0311'1.lSNI l~Nl.:J 

z 
CJ') 
w 
0::: 

I 
_J 
w 
w 
I-
(/) 

_J 
w 
L&J 
1-
(/) 



Table 16. 

Pipe 

Steel 

Composite 

- es-

Transport costs per JDeter completed pipe 

(1.0 m diameter) 

Place of 

ma.nufacture 

Europe 

Near East 

port 

on-site 

Shipping cost 

(OSI) 

120 

13 

13 

Inland transport 

cost (OSI) 

5 

5 

2 

4. Conditicrs for impl&ntation in ~eveloping countries 

In order that developing countries gain maximum socioloqica~, 

economic, environmental and technical benefits from the technology, the 

composite pipe fabrication, properties and industrial infrastructure 

should be developed to meet the specific local needs and conditions so as 

to ~void any technological transfer problems in the future. In this 

manner the st•el-res!n pipe could help develop an industry appropriate to 

local conditions. The various steps in the pipe production and 

installation would be as shown in figure 20, along with the main featu=es 

and market possibilities. 
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Fiqure 20. 

Envisaged industrial realization in developing countries 

linked to the composite pipe 

Product/Operation 

Steel 

strip 

Resin: 

epoxy, 

polyester 

Machine 

manufacture 

Pipe production 

Pipe Installation 

Pipe maintenance 

Main features Market possibilities 

Import Use in buildings/ 

Local production transport 

Steel mill product Export 

Petroleum Derivative Use in glass fibre 

•siomass• derivative structures 

Industrialized 

country 

local 

Low investment 

In factory 

on-site of 

installation 

Small Crews 

No heavy 

equipment 

High corrosion 

resistance 

As at present 

Adhesives 

Export 

Licencing Technoloqy 

Export 

Wic1e range of 

pipelines 

Export 

Remote regions 

Urban development 

Desalination piping 

Sour gas and oil 
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5. Conclusionss advantages and limitations 

The main conclusions of the analysis are presented in table 17. The 

pipe would saem to meet many of the requirements for implantation in 

developing countries and, in addition, the development of a manufacturing 

capability and a pipeline infrastructure will assist in other important 

sectors of future local industy, including: 

Table 17. 

Water saving: transport over long djstances of saline water ln 

corrosion-resistant pipes. 

Integrated water transport and distribution 

large-scale interconnecting networks. 

New technologies such as desalination. 

by means of 

Mineral industry, including long distance or tr~nsport from 

remote locations, ore handling etc. 

Main conclusions concerning the composite pipe 

Advantages Meets growing need for pipe materials in 

Jr;edium-pressure range 

High corrosion resistance 

Relatively simple fabrication 

on-site or within-the-country fabrication 

Low transport costs 

Low installed cost COlllpared to COlllpetitive 

materials 

Raw materials could be produced within the 

countrys resin, filler and steel 

Hjgh export potential 

Would seem to meet demands of the local 

market 
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Short-term in water treataent and transport, 

and slurries 

Lonqer-tera in enerqy product transport, 

well casinqs, chemical plant pipinq etc. 

Development of suitable continuous 

f~brication techniques 

Product of suitable continuous fabrication 

techniques 

Product optinaizaticn for various chosen 
applications 

Relatively new pipe material, so confidence 

of users has to be gained 

P. Small diameter glass fibre-reinforced plaetic (GRP) pipes 

Background 

'l'he manufacture of small diameter GRP pipes ( 6 inches) is effected 

in the SftJDe general manner as for the larger d~ameter pipes already 

discussed above. However, centrifugal casting is not favoured and two 

varieties of filament winding are employeda 

Discontinuous or. fixed length mandr~l• (figure 21) 

Semi-continuous either in a modified version of the Drostholm 

machine or by pultrusion. 

The pipes are mainly produced either with a polyester or epo~ 

matrix (vinyl esters are also eaployed) and may have an inner lining of a 

thermopla•tic to provide jncreaaed corrosion resistance and sometimes to 

facilitate manufacture. 'l'he pl.pea are •ployed in condit'.ons where 

corrosion resistance is iaportant, such as i~• 
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Chemical and petrochemical industry 

Waste water treatment 

Long-distance district hot-water heating 

Mining 

Energy extraction (e.g. tubing in oil and geothermal wells) 

Oil and gas gathering lines. 

1. Description of material and technology 

The basic method for the manufacture of small diamter GRP pipe is 

the filament winding process. 'l'he pipe is formed by first applying a 

resin-rich surf ace veil to the rotating steel mandrel to provide a smooth 

interior surface and corrosion protnct~on. Depending on the design 

requirements, one or two layers of choppe~ fibre reinforcing material may 

be applied prior to winding the structural wall. The next step is to 

fabricate the structural wall. This is accomplished by winding filaments 

onto the mandrel ~nder controlled tension. This is typically done with a 

helix angle of between 55 degrees and 65 degrees to the longitudinal axis 

of the pipe. The composition of this layer consists of roughly 45 per 

cent glass fibre, by weight. The glass fibres used for this layer have 

an ultimate strength of 1,400 MPa. The final step is to wind a 

resin-rich postcoat onto the structural wall that contains an ultraviolet 

screen. This provides protection of the exterior surface from corros~on 

and ultraviolet degradation of the structural wall. 

For fittings and special pipe configurations, the open-mould method 

is used. This method utilizes fibreglass mat placed onto the mould, 

and/or spray applir.ation of chopped strand fibreglass and resin. The 

type of resin chosen depends mainly on the corrosive envirorunent that the 

pipe will face, and in general the cheapest resin ia chosen that 

satisfies the iaposed working conditions. One advantage of the composite 

structure, which is built up on a .. ndrel by the additior. of layers of 

the various components, is that the inner surface (nonnally termed •gel 

coat•) and external surface layers may be (and often are) different from 

the matrix that holds the fibres together. These resin• are thus chosen 

for optiaum corrosion resistance. 
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The amount and type of fibreqlass CE-glass, s-glass, continuous mat, 

chopped etc.) depends on the strength requireaents and again many 

possibilities exist. For high-strength, high-quality piping 

applications, ·:ontinuous E-glass filam2nts are mainly required, although 

chopped strand mat pipes could present some interest. For continuous 

glass filaments, filament winding is employed to manufacture the pipes. 

On discontinuous machines helical winding gives high quality pipes of 

usually smaller diameter than those produced by biaxial (circumferential 

and axial reinforcement) or purely circumferential winding on 

semi-continuous machines of the Drostholm type. The chosen quality 

control possible on the discontinuous machines means that such pipes are 

more suitable fGr corrosive piping as replacement for stainless steel, 

for example. In such areas epoxy resins are also employed to give higher 

strength capability and, of course, result in higher cost. 

High quality GRP pipes in diameters of approximately 16 inches with 

epoxy resins for service up to 150 degrees C and 20 bars or higher are 

available from companies such as Ameron (Bondstrand series), Ciba-Geigy, 

and are used, for example, in corrosive piping and in the petrochemical 

industry in fire-fighting systems.!!/ 

Figure 21. 

Discontinuous helical winding of GRP pipe 



- 91-

2. Stage of developient 

The stage of development of the materials and associated 

manufacturing technoloqy may be dealt with in terms of the utilization of 

the GRP pipes. 

a. High pressure, corrosive applications 

The pipes have invariably an epoxy matrix and are manufactured by 

automatic helical filament winding on fixed-length mandrels to provide 

high strength. The pipe ends may be plain (i.e. same diameter as the 

body) or one end may be bell-shaped so as to provide a bell-and-spigot 

joint. In tubing applications (for oil, water or geothermal wells) the 

thickended ends) for easy pipe ends are threaded (machined on 

installation and dismantling.~ OthPr •rapid• installation mechanical 

joining systems are available which allow cost effective systems to be 

built of GRP.~ 

The technoloqy is well developed and the pipes find increasing 

utilization in sectors where the lifetime of steel pipes is too low to be 

cost-effective, e.g. chemical and petrochemical plant piping, 

fire-fighting pipe systems, oil and gas gathering lines, oil wells and 

mining slurry pipelines. The structures are optimized composites with 

typical specified minimum properties specified by API Spec. SLR, as 

follows for use in oil and gas systems. The properties vary, depending 

on temperature (23 degrees c and 65 degrees C) and grade (R-40 to R-60), 

as follows a 

cyclic (150 x 106) pressure strength, long terms 29 - 43 MP a 

cyclic (750) pressure strength, short terms 108 - 145 MP a 

static (105h) pressure strength, long terms 79 - 145 MP a 

short-term rupture strengths 216 - 360 MP a 

ultimate axial tensile strengths 54 - 81 MP a 

This API specification hold• for pipe diameters in the range of 2 to 12 

inches. Pipe lengths are up to 12 meters and JnOre. 
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GRP pipes are desiqned with rather ~iqh security factors ranging 

from 6 to 10. These security factors are applied either against the 

short-tenn weeping strength or against burst~ strength, depending on the 

wall structure of the GRP pipes. In •p~re• GRP pipes with a hiqh qlass 

fibre content, the desiqn reference is the •we~ping• strenqth. With low 

glass fibre contents { 40 per cent), the desiqn reference is the burst 

strength. The pressure for proof testing is 1.5 times that of the desiqn 

pressure. Working pressures of GRP pipes vary with pipe diamtera the 

smaller the pipe diameter the higher the desiqn pressure, up to about 140 

bars. The typical pressure range is 20 to 40 bars. 

b. Low pressure, corrosive applications in the chemical industry etc. 

The pipes in this case are either epoxy or polyester matrix made by 

a hand lay-up winding process. The fibre orientation and content are not 

as controlled as in filament winding so that the pipes are not suited to 

high pressures. However, they are widely used in gravity piping for 

1rrosive effluents or low pressure piping for process water, chlorine, 

caustic etc. Another technique un&d for the lower pressure range pipes 

is pultrusion of GRP on an extruded thermoplastic pipe. This requires 

little labour and is readily automated. 

(i) ~-

The high-pressure pipes based on epoxy are high-cost pipe 

materials to be used only in the most extreme conditions. 

The low pressure types are in the same cost cateqory as 

discussed previously under section D. 

(ii) Fittings. 

In piping systems, the fittings such as flangers, reducers, 

T-pieces and elbows are JDanufactured by various techniques, 

either on PVC or polyet!aylene forinss compression moulding, 

hand lamination or fila~ent winding. 



(iii) 
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Joints. 

The pipes may either be joined by 

(formed on the pipes), adhesive 

with a sleeve, or by conventional 

John3on or Straub. 

(iv) Installation. 

flanges, 

bonding 

couplings 

bell and spigot 

or rubb£r seal•nq 

such as Viking 

Installation is readily carried out since the pipes are light. 

3. Potential fields of application in developing countries 

a. Raw materialss glass and petrochemical-based resins. 

In developing countries the cheaper, lower pressure polyester matrix 

pipes are initially introduced because the hiqher pressure applications 

require high quaranteed quality with (expensi.ve) epoxy resins. They 

represent, due to their cost, a rather selec~ product, manufactured by 

relatively few companies at very high standardss e.g. Ciba-Geigy, Aaeron 

and Jteruachemie. 

b. Design 

Design is done according to cOllposite technology but for low 

p~essure applications there are no hard and fast rules or codes. Each 

company follows similar design and fabrication practices so that 

qualities are •i•ilar but rarely standardised. In developing countries, 

some conventional, proven design should be chosen, based on established 

practice. 

c. Manufacture/aanpower 

Band lay-up helical winding on a .. ndrel is a perfect technique for 

developing countries, rttquiring low c pital investment and being 

labour-intensive. On the average, two skilled worker• per aachine are 

required plus around 10 ... i- or non-skilled workers for the lay-up, 

handling, cutting etc. One winding aachine can aake several di ... ters by 
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simply changing the mandrel. The latter, often made of wool or &teel in 

segments or tapered to allow pipe remo~al, will represent the largest 

investment at around uss~.ooo for a 12 inch diameter by 6 m long 

mandrel. A typical production plant lay-out is illustrated in figure 22. 

d. Energy 

As with most plastic manufacturing techniques, energy requirements 

are low and readily satisfied by electrical power in almost all countries. 

e. Infrastructure 

If piping systems are to be produced, capacity for the manufacture 

of fittings must equally be installed. The methods involved for fittings 

are normally labour-intensive and the costs are around five times that of 

the straight pipes on a weight basis. In developing countries, fittings 

production could be very interesting, even for export if their quality is 

guaranteed. 

f. Install~tion 

Installation of GRP piping systems does not require heavy equipment, 

but does require high quality workmanship in alignment, joining and final 

c011111issioning. 

Figure 22. 

Lay-out of typical GRP filament winding plant 
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4. Conditions for implantation 

The conditions for implantation of small diamter GRP pipe production 

facilities in a developing country are as fo\lows1 

There must exist an estabished or 9rowin9 market in one of the 

sectors: (corrosive) oil and qas field development (9atnering 

lines and down-hole tubing), chemicals or petrochemicals (piping 

systems, waste water pipelines e~c.), mineral extraction (piping 

and pipelines for slurries and corrosive fluids), food industry 

(Haste water transport etc.), 

The raw materials can be locally obtained or imported 

cost-effectivelyr 

GRP pipes have already been used (or have been considered for 

use) in these sectors or experience has been gained in other 

sectors such as larqe diameter pipesr 

Skilled or semi-skilled labour must be available• 

Initial know-how will have to be imported for hand lay-up on a 

relatively simple filament winding equipmentr 

Investment will have to be available for more complex and 

automated fi1mnent winding or centrifugal casting equipmentr 

'!'he pipe quality offered aust be guaranteed to be high and 

reproducible• 

Technical assistance must be offered on how best to install and 

utilise the pipe• 

A 1rechnL:al collaboration 11Ust be set up with a well-establhh.td 

pipe producer, at least in the initial stages. A joint-venture 

is ,also a valid manner in which to introduce this new technolOCJY 

tn developing countri••• 
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'Ihe pipes aust be coat-coapetitive wi~.h aiailar iapcrted 

products or alternative .. teriala (e.q. atainle•a, eoated steel 

or plastic)r 

Local enqineering ana construction coapanies must be capable of 

acceptinq and installing the pipes. 

s.· Advantagea/lillitations 

The advantaqes of GRP piping systems over conventional aaterials are 

the results of the properties of the material and the design flexibility 

~f the aaterial and manufacturing process. Some of these advantages are 

!:he followings 

Relatively low investment costs 

Labour-intensive manufacture 

Versatile technique 

Built-in corrosion resistance 

Liqht weight 

Lover transportation coats 

P.,at joining 

Low ..aintenance coats 

Reduced support requirements. 

These advantages can lead to atqni!icant coat savings. Por 

instance, since the GRP pipe is liqhtweiczbt, li9hter -iandlinCJ equipment 

and leas aanpower ar9 required to position and join the pipe aecti~na. 

Again, due to the liqht wei~ht, aeverel aecJ119nt• of pipe aay be joined 

prior to burial or submersion, providing further cost reduction. Also 

excarva~ion costa are reduced due to .arrower trench and l••• atring•nt 

bedding requir ... nts. Another advanta9e of the light weight of the GRP 

pipe is a ;aajor reduction in shipping coats. Thia becOllea even 90r.a 

iaportant as th• !uel costs for transportation rise. 
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"lajor liaitations to their production and utilization in developing 

countries area 

Material is relatively unkownt 

Quality control must be high. 

requiredf 

Cost• 

Therefore skilled labour is 

Leqi~lation and codes vary frOlll country to country. Therefore 

confidence of desiqnersr users and authorities aust be qainedf 

Joining may require skill and careful workmanshipf 

The small diameterr higher quality pipes may be imported a<>re 

effectively than the larger diaaeter pipes (or tanks) because of 

quality requirements and lower transport costs• 

The market may not (yet) be so large. 

6. Conclusions 

Sn:all diameterr high qual~ty glass fibre-reinforced plastic pipes 

may be manufactured in de,·elopinq countries from the investaentr enercn 

and manpower points of view. Market opportunities and therefore demand 

might not be there immediatelyr except in industrializing countrlesr so 

that an initial introduction of larqe diameter pipes is seen as offering 

more opportunities. 

G. Glass fibre-reinforced tanks And reservoirs 

In many developing coun~ries, there are very important •ineral and 

chemical resources which, when developed, require considerable 

investments in equipment if the industry is not to remain si•ply an 

extraction one, without refining or production of upgraded products. 

Many of the proces•es involve ~ighly corrosiv~ chmnicals that have to be 

stored and transported and which are ideally suited to GRP epplications 

as tanks and piping. (The pipfng will be similar to that discuHed in 

the previous chapter). Exa."lples are salt extraction fret1 Sabkha or 
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highly saline water, phosphate extraction and chlorine prociuction. 

Furthenncre, water treatment and water storage facilities for industry 

and housing as well as petrol storage in especially warm developing 

countries expose materials to severe corrosion, which can be alleviat~d 

by GRP storage tanks and reservoirs. Grain or other food stuffs or crops 

storage has also to be effected in very large sii~s (quite frequently of 

GRP). 

Currently, steel is the widest used material for storaqe tanks, and 

in smne cases (salts) it is of the very expensive stainless variety. All 

are imported and many already in the fabricated fora, especially 

stainless tanks, often several •eterR in diameter and height. The high 

ma~erial and transport costs involved can be readily imagined. In many 

instances, although the exact choice depends on working conditions, GRP 

tanks can be and are employed. 

expensive) so that there 

However, transport is more delicate (and 

hence is a very strong case for local 

fabrication of GRP tanks. 

~aall-dia.eter tanks are also currently manufactured from composite 

materials for use in high pressu~e gas bottles. For questions of 

security, the bottles consist of an alwniniUJll core overwrapped by either 

glass or Kevlar<R> in an epoxy ..atrix. The bottles, which can hold four 

times the volUJDe of gas of a steel bc,,ttle at equivalent weiqht are now 

used in ambulances, fire fiqhting 

automobiles (liquid petroleua gas as 

equii--aent and are 

fuel) • Application 

foreseen for 

in developing 

countries could be interesting in the latter context, but is not felt to 

be fc~ the i111111ediate future. The subsequent sections of this chapter 

deal with large diameter tanks. 

1. Material and tt:tchnoloqy description 

Pour principal techniques are available for tank .. nufacture, the 

material invJriably consisting of polyester reinforced with glass fibreaa 

Hand or array lay-up with fibres for 

non-pres~urized water or fuel storage tanks for housing or s .. 11 

industrial plants. 

• 
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Filament winding as described in section D for pipes, but of 

course on large diameter mandrels. The ends are fabricated by 

moulding and are joined by adhesive bonding. Capacities from 45 

liters onwards up to 3,800 litres are readily fabricated, and 

dimensions up to around 200,000 litres are made by specialist 

companies. 

On-site filament winding either on rotating horizontal mandrels 

up to 6 m diameter and 20 m lonq49/ or on vertical mandrels up 

to 25 m diameter around which the winding heads turn.SO/ 

Capacities up to 5,000 m3 have been constructed, economics being 

6aid to compare favourably with coated steel above 600 m3. 

On-site assembly of preformed GRP sheets, assembled toqether 

with polyester putty and the joints r~inforced with pultruded 

rods and spray lay-up. 

constructed.W 

2. Stage of developnert 

Tanks up tc. 900 have been 

Glass fibre-reinforced tanks and reservoirs are widely used in 

industrial countries in the food indostry, aqricultur~, pulp and paper 

industry, caustic and chlorine plants, water treatment and storage etc. 

Design codes exist, as illustrated ~low in table 18 and experience is 

V<!ry positive. Typical design data J.or larqe dimaeter filament wound 

tanks containing 70 per cent glass in the structure are as followss 

Boop tensile strength 

Boop tensile modulus 

Flexural modulus 

!!!!. 
400 

36 x 103 

22 x 103 

As well as stationary tanks, glass fibre-ra!nforced plastics have 

been epplied, for transport purposes, as 'corroaive materials on r•il-ays, 

the biggest being 3 • diameter by 15.5 ,. length by fila .. nt winding. Th~ 

development of high quality tanks and the 1tquipment to manufacture them 



Table· 18. - Main design elements in va~ious standards for GRP pipes, vessels and tanks 

Mcaxhnu1n internal 
pressure (bar) 

Slrain liP'i talion 
under exlerna.I 
load 

' Temperature 
range (°C) 

o~sign rach>rs: 

Strength factor 

Method of 
manuracture 
rovings, machine 

Long-\erm 
_ performance 

l~m~rature 

Cyclic loading 

curing 

Material 
inhu.nogeneily 

BS 499 ,.: 1973 
(vessels and tanks) 

s 

none 

0-100 

K = 3 x k 1 >e k2 >< k 3 
>< k4 >< ks 

3 

K1 = 1 .4 

K = 1 .2 • 2.0 
dlpending on 
experience 

K3 (see Fig. 2.12) 

K
4 

(see Fig. 2.13) 

K5 

BS 5480 Part 1 : 1977 
(pipes) 

) 64 

none 

) 30 

nol given, but stated 
as In preparation to 
be similar to BS 4994 

ANSl/ASME BPV 
Seel. x, July 1, 1977 

> 210 

none 

-54 -65 

not given 

AO - Merkblalt 
NI 

none 

In preparation 

-30 -so 

= S >< G1 x G • 4 

s = 2.7 

G3 = 1.2 

G1 ~ 2.0 

x G2 x G3 

G = 1.4 
f~ corrosion 

G4 = 1.2 
------~~~~~~~~....&.~~~~~~~~~~~~~..&~~~~~~--~~~~~~....11.-~~~~~~~~~~~~-""--~~~~~~~~~~~~--' 

• ) ~;,,G ~hould never be leu than 6 and 1G < 3. 7 

BS = British Standard 

• 

.... 
0 
Ct 

• 
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has benefitted enormously from advanced composite applications in missile 

tanks. The Minuteman rocket is partly filament wound. Design practices 

and the filament windir•q proqrammes developed are applicable to more 

everyday structures, such as water storage tanks. 

3. Potential fields of application in developing countries 

a. Raw material supply 

the 

As in the ca~e of the large 

raw materials are E-glass 

diameter 

fibre 

glass fibre-reinforced pipes, 

and polyester, and the analysis 

presented previously applies equally for tanks and reservoirs. 

b. Design 

Again, desiqn can follow the procedures and codes discussed for 

pipes. 

c. Manufacture 

r'actory manufacture is by hand lay-up or filament windlng and 

requires the s~2e equipment as discussed above. Mandrels are, of course, 

larger in diameter and require heavier equipment. For on-site 

manufacture, special imported equipment is required, toqether with 

transportation. 

d. Manpower 

As with the large diameter pipes, skilled labour will have to be 

employed for the factory aanufacture, while the on-site operations will 

require a larger percentage of manual labour. 
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e. Energy/infrastructure 

Energy requirements are low, but for on-site 

mobile 9enerators that are not too difficult to 

Plant lay-out will have to be larger than for pipes, 

no particular problems. 

fabrication require 

obtain and operate. 

but again presents 

f. Applications 

Application sectors in developing countries will be in t:~e storage 

of grain, cereals, milk, wines caustics salts extractions sewage 

treatments water storage1 mineral extraction and trefftment (i.e. not just 

a mining activity), fertilizer storage etc. 

4. Conditions for implantation 

The conditions for !~plantation of glass fibre-reinforced 

production in a developing country are as followss 

tank 

A well-established market must exist, either within the country 

or in neighbo~ring countries where ~he products can be 

cost-effectively exported, 

The raw materials can he obtained locally or imported at 

competitive pricess 

Skilled or semi-skilled labour m'lst be availableJ 

Initial know-how will have to be imported for hand lay-up on a 

relatively simple filament winding equipments 

Iravestment will have to be avai ~ .. 1ble for more complex 

automated filament winding or centrifugal casting equipment' 

and 

• 
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The t&nk quality offered must be quaranteed to be high and 

reproducibleJ 

Technical 3ssistance must be offered on how best to install and 

utilize the tankJ 

A technical collaboration must be set up with a well-establi~hed 

tank producer, at least in the initial stages. A joint venture 

is also a valid manner in which to introduce this new technoloqy 

to developing coufitriesf 

The tanks must be cost-competitive with similar imported 

products and with alternative materials sue~ as lined steel ~nd 

stainless steels 

Local ~ngineering and construction companies are capable of 

accepting and inst&lling the tanks, i.e. have confidence in the 

new material. 

The drive to introduce tank manufacture will depend on local 

c~nditions and requirements. Specifically, in countries with important 

resources of salts, for example, serious thought should be given to 

setting up a very small, labour-intensive factory for the fabrication of 

hAnd lay-up glass fibre-reinforced plastic tanks and pipes, which could 

be a most cost-effective manner to solve corrosion and maintenan~e 

problems. 

5, Advantages/limitations 

'l'}te advantages of the glass fibre-reinforced plaatic tanks ares 

High corrosion-resistances 

Low maintenance coapared with lin•d ateel both inside and 

outaide (weathering)J 
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Liqht weiqht for factory built tanks which facilitate transport 

and handling, 

Rapid on-site installation of the larqer tanks. For example, an 

11 m diameter by 5 m hiqh demineralized water tank in six weeks 

on a concrete foundation' 

Fabrication in the country will keep costs down and make the 

structures more cost-competitive with imported steel tanks~' 

The fabr!cation process is versatile and the larqe diameter 

tanks (without the ends) can also be used as pipes (see section 

D) or chim1vys ir. factories (the larqest here is 160 m hiqh by 

2.8 m in diameter, situated in Japan). 

Major limitations to their utilization are: 

CostJ 

Lack of riqidity in larqe dimensions, so a reinforcinq structure 

is requiredt 

Leqislations not so severe on non-pressure applicationsJ 

Lack of qualified personnelJ 

Quality assurance' 

Joining. 

These limitations are more severe for mobile tanks than for stationary 

ones. 

~ A typical ~roject involvinq 26 on-site GRP silos for wheat flour 
storage, each 6 m in 4iaaeter an~ 20 m high, cost approxi .. tely 
USl500,000 and took six weeks to coaplete. 
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6. Conclusions 

Glass fibre-reinforced plastic tank production for local consumption 

is suitable for introduction into developing countries if the products 

can be fabricated and installed cost-effectively. Factory fabrication is 

s1~ilar to that use~ for large diameter pipe and ve~satile enough in a 

firsL step to satisfy the most demanding markets. On-site manufacture 

may be applied, but probably by a specialized company on a one-off basis 

for special projects. 

Profit may be gained from experience in the industrialized countries 

in advanced tank manufacture, as well as the technologies applied for 

advanced composites. Any investment in tank manufacture should probaply 

be preceded by a pipe production capability, given that demand will 

probably be higher in the pipe sector, thus justifying the initial 

investment. Labour requirements are similar for the two products and may 

be satisfied at least initially by some assistance from the originators 

of the technology. 

H. Natural fibre composites 

As mentioned in chapter I, section B, composites based on natural 

fibres have heen employed in const~uction since early history. It was 

re~oqnized that fibres obtained either as the by-product of food 

cultivation, such ao coir (from coconut fibres), or specifically from 

fibrous plants, such as cotton and jute, could provide strong structural 

materials either as cloth, rope or, when added to mud, for bricks. Apart 

from matting and textiles, however, natural fibres are not widely 

employed in structures as reinforcements. Their utilization is often as 

a filler, without thought being given to optimizing their effect on the 

mechanical properties of the structure. 

Serious thought is being given to developing composites based ~n 

natural fibres52,53/ in polymers, cement snd clay matrices, mainly 

because they are relatively low in cost, compared with synthetic fibres, 

as illustrated belows 



caroon fibres 

stainless steel 

E-glass 

pineapple leaf 

hemp 

palmyra 

sisal 

coir 

asbestos 

polypropylene 
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USl/kc;; 

40 

0.6 

1 

0.7 

0.6 

1 

0.8 

0.5 

0.2 

1.2 

Also, local fibrous materials are produced in larqe quantities 

world-wide. For example the 1979 fiqures were as follows1 

India World 

(tons) (tons) 

coir 160,000 280,000 

bagasse 14,000,000 

banan~ 160 100,000 

sisal 3,000 600,000 

palmyra 100 not available 

jute 1,500 not available 

The advantage of developinq an industry based on local natural 

resources would be inestimable and worth examining in more detail from 

the point of view of more specific materials and utilizations. 

1. Description of material and technology 

Because its excellent inherent structural characteristics are 

sometimes poorly utilized due to deficiencies linked to its shenqth 

variability and its sensitivity to moisture and orqanic decay, wood h~n 

lonq been the' tarqet for improvement by artificial means euch as polymer 
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impreqnation.53/ The properties are improved siqnificantly, but the 

approach is not strictly a composite one since the st1gn9~h is still 

~etermin~d by the ori9inal wood (artificial composite) structure. 

Natural fibres, such as wood, cotton, sisal, jute and hemp are, 

however, used to reinforce cement on an industrial scale. Their major 

proper~ies are compared in table 19 with other fibres used fny 

reinforcin9 cement. (The properties of typical matrices, Portland cement 

and polyester resin are included for comparison purposes). On a specific 

stiffness basis, the natural fibres and polypropylene fall far below 

asbestos or 9lass but compare well on a specific stren9th 

basis--important for cement reinforcement where crack stoppin9 is the 

predominant strengthening mechaniRm. Reinforcement of polymers by the 

natural fibres given in table 19 is also practised in countries, such as 

India. 

2. Stage of development 

The use of natural fibres to reinforce cement and thereby provide 

useful structural materials to fulfill the same purposes as 

asbestos-cement, e.g. in stressed applications, such as panels. roofing, 

piping etc., faces severe handicaps due to degradation by moisture and 

organic attack. Lower stressed applications, such as building bricks 

remain valid. 

The more novel and interesting compos1~e approach to utilizing 

natural fibres is as reinforcement for polymeric matrices, and therefore 

is that which will be treated from the point of view of its introduction 

into developing countries. 

Although no large industrial application is as yet known of natural 

fibres in polymer-based structural composite materials, the fibres are 

widely employed in ropes, textiles, clothes, particle ~oards and panels, 

paper etc. Their incorporation into polymeric matrices ha• alao been 

atudied with a view to prcducing laminate• and useful materials for 
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Table 19. 

Propertiea of fibre• uaed for reinforcing c ... nt 

r--·-·- --1--·-· -- -- - ~- ---- --·r· ------·---··r--- -~-- -----r-- ---1 
• I . 

, Fibre Typical ~ax. , Tensile Elastic Specific t Elongation I 

I diameter length . strength Modulus Gravity at break 

I 
(mm.) c-> (fo'Pa) (GPa) (%) 

l 
I 

! 
E:...glaas 9-15 cont. 2100- 77 2.56 2-3-5 

3500 

=rocidoli te 0.1-20 100 3500 196 3.37 2-3 
(blue) asbestos 

I 
Carbon ! 7.5 ·cont. 2450- 345-

I 3150 415 1.99 1.0 
t 
j 
i 

High tensile i ?.84 5-500 i co11t. 1050 210 4.0 
at eel I. 

i ~ 
Polyprop,ylene ~ >4 cont. 400 7.7 0.91 8 

Cotton 10-20 63 28o- 5.6-11.2! 1.35 5-10 
840 i 

! 
i 

Coir 100-450 530 2.5-13 1.15 15-l+O 

Sisal 7-48 1200 840 9-15 1.48 3-7 

! (Strand) 
I 
i Hemp 11-50 1800 385 1.48 1.8 
i 
I 

_(Stra11ci) 

ff Portland 3-14 7-28 2.5 0.05] 
1! ce•ent ... 
Ir 

. ~ 

!I Pol7eeter 42 2 1.3 3 J 
!lreeiA 

I 
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consumer ai:ticles, S2/ such as helmets, cases, frames and roofing. 

Strenqth properties of the composites are, however, not yet sufficient 

and require development wo~k. Furthermore, jute is considered to be the 

most promising reinforcing fibre because of its properties, availability 

and cost.~ Sisal-epoxy tubes have been successfully made by winding 

and found to be similar in specific properties and cost to glass-epoxy 

composites.~ 

3. Potential apPlication in developing countries 

a. Raw materials 

The main driving force for considering the use of natural, locally 

found fibres is the lack of an indigenous supply of asbestos or the 

ready, cost-effective production capacity for glass. Most developing 

countries have resources of some of the natural fibres listed in table 19 

and use them in one form or another in everyday life. 

A major problem for their introduction in structural applications 

will be the initial collection and selection/sorting of those fibres most 

suitable for reinforcement from the dimension and quality points of 

view. The matrix would be polyester (for its high cost effectiveness) or 

a polymer also based on local biomass resources, as described in 

section I or a potential specific material development. Generally 

speaking polymeric resins are the most expensive matrices that can be 

considered for natural fibre coaposites (polyester cost o£ 5 times 

bitumen cost~ 20 times ce11ent cost), but the properties are invariably 

superior, processing easier and the products that can be manufactured are 

infinitely more varied. 

b. Design 

Watural fibre coaposite design follows the rules laid dOV!l for glass 

COllPO•ites with two basic reinforc ... nt form•• 

discontinuous, short fibre aat• 

yarns, cloths aade up of short fibres. 
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Optim~• use of the fibres, and hence suitable desiqn and reliable 

operation, depends on effective bon~ing between the fibres and the 

matrix. No ready-J11ade answer to the bonding problem 

solutions are to be found in fib~e surf~ce treatment.52/ 

c. Manufacture 

exists, but 

Techniques that 818Y be used on an industrial scale (and that have 

been on a laboratory scale) for composite J11anufacture are the same as for 

glass fibre-reinforced plastics, being mainly hand lay-up for mats and 

eventually filament winding for cloths. 

d. Manpower 

The requirements will be the same as for hand lay-up 

construction materials as described previously in section B. 

e. Energy and infrastructure 

No high energy requirements or special infrastructure are required 

for the manufacture of composites. On the other hand, the collection and 

sorting of the natural fibres will have to be organized, requiring 

unskilled manpower in the first case and unskilled anf. skilled in the 

second, as well as (complex) automatic equipment to sort out fibres of 

suitable dimensions. 

4. Conditions for i11plantatio11 

There mainly reJ11ains further development work to be done in order to 

determine the potential of introducing technology based on natural fibre 

composites. The sequence of execution of the the work consists of the 

following taskss 

a. Detenaination of the propertie• of local, natural· fibres, and 

sensitivity to dimensions, fora (ma,t or cloth) and surface quality. 
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b. Fabrication of 

both short-term 

composites and determination of their properties, 

and long-term exposure to the environments likely to 

be encountered. 

c. Tests to improve/optimize the properties either by better adapted 

fabrication techniques or by improvement of the bonding (by coating). 

d. Cost evaluations of ~he best composites produced and extrapolation 

to future production c•pacity. 

e. ~omparison with other structural materials 

composites based on i.ported fibres. 

and in particular 

In parallel with the foregoing test programme, a detailed evaluation 

must be made of fibre production capacity and localization, collection 

procedures (as well as their cost and manpower requirements), sorting 

requirements etc. Finally, evaluation of available manpower and required 

investments must be made before arriving at 6 final decision to introduce 

the technology. As with all other (composite material) technology, the 

decision will not be universal since it depends on local conditions, 

perhaps to an even greater extent than composite technologies basee 

mainly on imported materials. 

Initial applications will be those not subjected to high operating 

stresses (because of the lack of knowledge of the material properties), 

such as furniture, housing 

articles, containers etc. 

extrapolate applications to 

uses etc. 

panels (not str~ctural), roofing, household 

Development of imprcved properties will 

structural housing panels, transportation 

s. Advantages and limitations of natural fibre composite technology 

The immediately evid~nt advantage is the possibility to use local 

resources to replace imported materials. In some cases, it ... y be that 

(initially at least) the effort and cost to be put into collection and 
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sortinq may offset the local advantage, but the tangible and intangible 

bc:nefits of developing a local industry must not be overlooked. For 

exaaple, increased eaployaent, re1uced import bills and eventual exp.'.>rt 

of the qoocfo • In cases where the composites would repla-e other 

conventional materials, light-weight, durability, low maintenance etc. 

would be further advantaqes. 

Limitations "re mainly linked to the fibres themselves: (1) 

relatively lou and variable dimer.sions, strcnqth and modulus, therefore 

difficult to guarantee product quality, and (2) water absorption as well 

as decav and attack by funqi, as well as to the composites: (1) low 

strength and stiffness due to non-optimized bondin9 between fibre and 

matrix, ( 2) wide variety of nat:ural fibres available, so composite 

testinq and design must be repeated many times, and (3) the prescribed 

inatrix is a petroleua-based polymer, althouqh possibilities of using a 

biomass-ba~ed polymer exist, as discussed in section I below. 

6. Conclusions 

Natural fibres are interestinq enough to be considered for 

incorporation into polymer matrices to produce •1oca1• coaposites. A 

wide variety of fibrea can be eaployed and are found in considerable 

quanities in many developing countries. Exmaples are jute, he11p, sisal, 

cotton, coir and bagasse. The major hurdle ~o be overc09e is product 

quality due to problems of initial fibre quality (hence collection and 

sorting are key factors) and poor bonding to the matrix. Research and 

development are required to solve the problem, but ever. then the solution 

may be as expensive as imported qlass, or even more so. The natural 

fibre-composite material design and fabrication would be the saae as 

practised for glass fibre-reinforced polyaera. The aatrix would have to 

be (iaported) polyester or locally produced polyaer baaed on bioaaas a• 

illustrated in the following section for SOiie lover quality c011poaite• 

not exposed to high atre••••· 
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I. COlllposites based on natural fibres in a biomass-based polym~ric 

matrix ----

Polymeric materials may be prc:>duced from biomass, which is simply a 

source of carbon chains in the same manner as petrol~um, natural gas or 

coal. However, in almost all cases, the extraction from straw or other 

products is much more expensive than piocesses from fossil fuels. Thus, 

unless petroleum increases spectacularly in the coming years, no 

large-scale biomass industry wil.1. be developed. In certain cases, and 

certainly in the future, biomass will becOIDe a source of useful polymers 

and the following is a short d~scription of one possible development. 

1. Material 

bagasse56/ 

end technology a Furfural and structural boards f rOlll 

The majority of sugar-cane producinq nations find themselves 

confronted with the problem of what to do with the resulting bagasse, the 

fibrous waste product ..,hich remains after the extraction of the sugar. 

The removal of the sugar from the cane leaves large quantities of bagasse 

for which there is no single given end use. In fact, over the years 

several possibilities ha.ve been tried in order to use these large 

quantities of bagasse, but each have met with 

2. Stage of development 

Examples of uses tried are• 

Combustion 

Paper pulp 

ACJriculture 

various problems. 

Board•• the use of bagasse fibres in panel and board production 

in the largest sense of the tenn (i.e. hard particle boards, 

fibre boards, insulation panels etc.) would seem to be the most 

interesting end-use application of the bagasse, thus exploiting 

the fibrous quality of the material. However, in this 

application a synthetic binding agent is required and the 
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majority ~f countries with 

resin, which obviously reduces 

applicat:ion. 

bagasse must import this synthetic 

the economic viability of this 

3. Potential application in developing countries 

For the reasons outlined above it would seem interesting to develop 

this last mentioned use (bagasse boad&) in the following new manner. 

ILstead of using a synthetic binding agent this resin would be obtained 

from the baqasse itself. In this way the bagasse would be the source of 

both the elemental fibrous structure required for the board and the 

binding agent. 

One CO':lld, for example, use the ~esidue obtained following the 

separation of the fibres as the st~rtinq material for the binding agent. 

This is the non--or only slightly--fibrous portico of the bagasse 

containing essentially the chemical compounds pentosanes, which on 

reaction with dilute sulphuric acid, gives furfural. Furfural is known 

for its ~ondensation reaction with phenols, accompanied by an opening of 

the double bands leading to a cross-linking (a property used for 

improving phenol-formaldehyde resins). Thus, we have the binding agent 

provided by the fufural which reacts with the phenolic groups of the 

lignin of the fibres. In this way it should be poBsible to produre the 

boards or panels using only the bagasse waste product resulting frOlft the 

sugar extraction. The bagasse itself would thu• be providing both tha 

structural material (fibres) and the binding 1118terial (furfural). 

4. Conditions for i!!£lantation 

The conditions for implantation follow exactly those outlined in 

section R, being applied to the specific case of baqasse fibres. 
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5. Advant~ges and limitations of the technoloqy 

The ~~vantage for 

develop an industry based on 

ma~or limitations are ins 

bagasse-producing 

local resources 

countries is 

and reduce 

obviously to 

imports. The 

The relatively low strength of the c>mposites, which may place 

it in competiti(n with even cheaper materials, e.g. wood, wooc! 

chips, cardboardr 

The need to develop a biomass-matrix production and master the 

•new• composite technology. 

6. Conclusions 

An a first stgp natural fibres, incl~ding bagasse, should be 

emp~oyed in composites with conventional matrices such as polyester. 

Opportunities and advantages to be gained are numerous. The passage to a 

biomass-based matrix will have to wait t~ll the first step has been 

mastered. 

CHAPTER III. CONCLUSIONS 

A. Criteria for product~on/manufacture and aeplication of composite 

materials in developing countries 

1. Technoloqy flexibility 

Conaposite material developments have in recent tiaes been stimulated 

by vei~i•t-reduction requ!r ... nts in t.he aero•pece indu•try, made po•sible 

by the invention and production of the ao-called high performance 

fibress S-gla••, carbon, aramid, boron etc. 'l'he older industry of glass 

fibre-reinforced composite• ha• also grown rapidly in the same period in 
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weight-saving sectors (transportation) and in sector~ where the corrosion 

resistance, low maintenance and rapid installation characteristics could 

be taken full adva~cage of. The reasons why composite materials will be 

of interest to developing countries will al1DOst certainly not be weight 

savings in aerospace nor in mass transportation nor in allowing 

leisure-luxury qoods to be developed. The reasons will be more down to 

earth, such as cope-effectively solving basic needs of the population 

with or without local raw materials and local labour. 

These reasons will be considered subsequently but the i!lllllediate 

interest of composite materials technology for developing countries, and 

the mz.joz reason for examining them, is that since both the materials and 

the resulting structures are artificially constructed from a wide variety 

of basic elements, suitable combinations (from the fabrication and 

utilization points of view) will be found for any given country and local 

situation, i.e. the flexibility of the technology. 

The previous chapters have presented an overall picture of composite 

material, highlighting the various types and current applications. Any 

particular country may find its strength lying in one or more of the 

steps involved in composite technology: 

Raw materials availablity 

Fibre extraction (natural) or production 

Matrix production 

Semi-product \llats, fabrics, prepreq, SMC etc.) manufacture 

Design, testing etc. 

Fabrication, proce&sing of co-A~site material 

Composite structure man~fa~ture. 

The composite material industry is currently chara~terized by a few 

~pecialized (large) fibre producers, a similarly limited number of 

polymer matrix material producers (ce111ent is of course different), 

several specialized semi-product manufacturers 'sometimes the .... as the 

fibre producers), follatted by a vast number of (sometimes small) 
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industries that produce a wi~r variety composite materials, articles 

and structures. The fabricators ranqe in size from Hercules (aircraft 

structures) down through ovens Corning Fiberglass (glass fibre-reinforced 

pipes) to a multitude of moulders, filament winders etc. 

Thus, upon decidinq t~ enter the composite materials sector, a 

developinq country will probably be more tE".mpted to (initially at least) 

start at the fabrication and, using imported basic components and 

technoloqy. As e~rierace qrows, steps upward in the chain throuqh 

oriqinal desiqn (for local environments) to semi-product manufacture and 

even matrix production may be pr~fitable. The ultimate step of being 

able to produce suitable fibres or widely apply locally available fibres 

should be within the grasp of many developing countries. 

The criteria for considerinq production/manufacture, on the one 

hand, and utilization on the other are not necessarily the same since 

many products may be imported instead of locally produced, if the price 

is riqht, and there is no advantage in introducinq the correspondinq 

technoloqy into the country, at least at an initial stage. 

The two aspects will be dealt with separately in the following paqes 

on a qeneral level. Specific examples have been presented in chapter II. 

2. Production/manufacture 

a. Criteria for introduction of the technology 

(i) The first criterion for composite materials to be 

llUlnufactured in developinq countries is to satisfy an 

iaportant local utilization need or to improve the quality of 

life. One can safely say that in all countries 

(industrialized and developinCJ) there exist needs for 

.. terials with the cOllbination of properties offered by 

composites. Th••• are in housin9, surface transport, 

c01111Unications, provision of water and enerqy, sanitat~on and 
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sewage t~ansmission industry. Furthermore, the utility of 

certain composite materials in some developing countries is 

already established in housing, water and sewage 

transmission, and to a certain extent, production is local. 

The supply of the need by local production has to be made and 

jJStif ied on a cost-effective basis, even if in some 

instances taxes and tariffs are introduced to artificially 

favour local production. Here the notion of profitable 

market size is contained, ,.,hi ch, of course, varies from 

product to produce and from country to country. In instances 

where? capital investment is high, a large initial secun: and 

growing market. has to be guaranteed, such as in thE! consumer 

sector or housing-related sectors. In labour-intensive 

manufacturing processes an initial small market is sometimes 

sufficient to justify start-up of a new business. 

{ii) The second criterion is the use of local raw materials to 

{iii) 

produce composites for internal or even external 

consumption. Here one can consider cement, organic fibres, 

mineral fibres, biomass-polymers, petroleum- or coal-de~ived 

polymers, steel or glass fibres. At the prer.ent time the 

production of the latter three materials is in the hands of 

the industrialized countries but, given the right set of 

local conditions, there is nothing against producing such 

materials in energy-rich developing countries. The problem 

is that, unless the local raw material source is che~per, 

little economic advantage will be gained by local produ~tion 

since the processes are highly automated and of p~opri~ta:y 

nature {belonging to the industrialized countries). 

The thin. criterion is the more cost-effective on-ldte/loca1 

fabrication of the composite material or structure !nr.n the 

imported basic components. In this context the i111.,orted 

price f>lays a major roles this consists of the factory price 

plus transport plus taxes {if any). For many large 

structures, such as pipes and tanks, transport C'OStS per kg 

or metre length of useful product are high since mainly empty 

space is being moved. 

• 
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(iv) The fourth criterion is to provide jobs to the indi9enous 

labour force by manufacturin9 composite materials or 

structures th~t replace either already imported composites or 

(v) 

substitut other 1ocal or imported materials. Here the 

manufacturing technolo9y is important and the 

labour-intensive ones, such as moulcin9, in particular. 

Small finished articles are being increasin9ly produced by 

aPtomated processP.s but larger ones, such as (some) pipes and 

tanks, boats, panels etc. could be advantageously made in 

developing countries for local consumption. Labc11r-inttnsive 

products could also be exported to neighbo•.Jri ~1g countries and 

even to industrialized countries, under certain conditions of 

quality control. 

The fifth criterion for considering a local 

material or structure prr~uct:i.on would be i.f a 

problem could only be snlved by a =omposite material 

importation was impossible because of dimensions 

composite 

specific 

and that 

or the 

nature of the application. Here cne can think of very large 

storage tanks that have to be JMnufactured o~-site. 

(vi) The sixth criterion is that the basic material and associated 

manufacturing and application technology is well-proven in 

industrialized countries. Local R and D could be oriented 

towards adapting the technolo9ies, whereby new or modified 

materials ~ight he introduced to take advantage of local 

conditions. The obvious examples here would be the use of 

natural fibres instel\d of glass in some strv-::t.ures. 

(vii) A seventh criterion, that is purely l ;al in nature (at 

least at the outset), is that ll composit" material industry 

must tie developed in the .:eveloping country it!'elf in order 

tc cr.eate jobs and estah1~dn an advancrd industry in that 

country. The decisjon may or may not be based on technical 

or financial arguments and the r~sulting products may b4!' 

forcN'I on ttie r1arket at a1·tfficially low prices. This choice 
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is very rare t•Jt must be considered since even the 

industrialized countries have undertaken hiqh-technoloqy 

ventures with a view to increasing prestige. Even although 

th~ initial decision might have been valid on a technological 

market and co3t basis, projects have been continued beyond 

the profitability stage for mainly political reasons. 

(viii) The eiqth and final criterion, or rather sine qua non for 

intro~ucinq composite material production 

countries, is the availability of finance for 

factory space 

equipment investment 

technology &quisition 

:n~w uiaterials procurement 

waqes 

in developing 

The initial financing for a composite material venture may be possible 

from the World Bank, local investors, industrialized country banks and 

investors, or most probably through a joint venture with companies 

involved in the relevant technoloqy. 

b. Advantages 

A diotinct advantaqe for its introducti6n is that composite 

materials technology does not require very larqe markets and hence 1'0 

very large production capacity investments to justify it• introduction. 

Neither does it involve very l~rqe factories/heavy equipment (auch •• the 

steel industry), individual factories may be kept small (for specialized 

products), and many may be situated in different part• of the country to 

satisfy local markets. The labour force may also be kept small thu• 

Hmitinq larqe population movements. 

In general terma, further advantages for the introduction 
' 

o't 
' 

composite material production in developing countries are1 

• 
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Profit may be drawn from the larqe amount of R and D undertaken 

in the industrialized countries, 

Desiqn procedures are relatively straiqhtforward for 

utilizations that would be envisaqed initially, 

normal 

The basic components are for tbe most part very cost-competitive 

for importation. 

c. Limitations 

Limitations and handicaps for the introduction are: 

Technoloqy will almost certainly have to be initially imported 

in at least some of the smaller countries, and technical 

assistance will be necessaryr 

In some cases joint ventures will have to be neqotiatedr 

Althouqh not very labour-intensive, a skilled or semi-skilled 

work force is required since the quality of the final product is 

hiqhly dependent on the care durinq manufacture. For highly 

stressed components, this will be a severe handicap to be 

ovcrcom~ (initially at leaGt) by the presence of hiqhly skilled 

engineers in the work force, 

New handlinq and installation techniques (and philosophy) will 

have to be mastered that differs from those practised for metal 

or woodJ 

The en9ineerin9 consultants and construction companies will have 

to be persuaded to use (a) a composite aaterial, in addition, 

(b) a locally produced composite material. 

Ingr~ined tradition and confidence in new solution• 

here and should not be underestimated in their 

are involved 

neqative or 
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positive impact on the introduction of 

a temporary initial measure, codes 

composite materials. As 

of construction and local 

legislation may be introduced to assist in forcing through 

composites which will then succeed or fail on their own merit. 

Manufacturing and 

written and put 

utilization 

into effect, 

the industrialized countriesJ 

specifications will have to be 

initially based on those used in 

Cost comparison may be unfavourable 

alternative or similar imported products. 

when compared with 

3. Utilization 

a. Criteria/advantages 

The criteria for justifying utilization of composite materials, 

independent of their provenance, area 

Cost-effective satisfaction of a local need (as under production 

above) or improvement of the quality of lifet 

Accomplishment of some task that would be otherwise impossible 

or difficult (e.g. salt extraction>• 

Improvement of the efficiency or cost-effectiveness of certain 

processes by increasing life-time (e.q. sevaqe pipes), 

Reducinq the need for maintenance (e.q. throuqh improved 

corrosion resistance) and often costly technical expertise. 

Currently, the utilization of composites in developinq countries is 

mainly in corrosion-resistant applications involvinq pipeline transport 

of water, sewaqe and corrosive media. The (only!) major reason for 

utilization is cost-effectiveness and in many instances where the market 

• 

• 
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is large, local production capacity has been introduced. This is the 

case in Saudi Arabia and the United Arab Eairates. In other instances, a 

local production facility has been te.1porarily set up for the duration of 

a specific project. 

b. Liaitations 

The major limitations 

composite materials and 

and arguments 

structures in 

against the 

developing 

essentially the same as those discussed under production: 

Expensive imports unless locally producedJ 

utilization of 

countries are 

Semi-skilled and skilled labour required for installationJ 

Inexperience 

companies' 

Conf idenceJ 

of engineering consultants and construction 

Lack of satisfactory specifications that ensure homogeneous and 

regular quality of both product and installed structure, 

Cost. 

B. Potential manufacture and applications for developing countries 

In this section, various composite materials and structures chosen 

on the basis of the criteria presented in chapter I are discuss~d from 

the standpoints of their potential manufacture and applications in 

developing countries. 
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The aanufacturing process, as discussed in chapter II, involves a 

series of operations all the way froa the basic coaponent production 

through to the final .. terial product or structure, aa illustrated in 

figure 23. The aoaent at which any individual country or coapany enters 

the process depends on aany para.eters and will vary froa case to case. 

Figure 23. 

Coaposite aaterial and structure production flov-diagraa 

Basic 

Components 

Semi-

Products 

Processing, 

Manufacture 

Fabrication 

I 

Fibre 

production 
I 

Raw 

Materials 
I 

l 

Matrix 

production 
I 

I 

Prepreqs 

SMC etc. 

I 
Composite 

Material 

I 
Coaposite 

Structure 

Reqardinq specific examples, an analysis of each step of the qener•l 

production flov-diaqraa is presented fr09I the viewpoint of potential 

importance to, and i111plantation in, developinq countries. All types of 

coaposite material are covered, froa those involving natural fibres 

throuqh the llOst wide-spread glass fibre-reinforced plastics up to the 

advanced composites. 
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1. Ca.posite aaterial and structure production 

a. Basic c:oaponents production 

The 

potential 

coaposite 

wide variety of possible basic coaponents opens up aany 

avenues for developing countries to becoae involved in 

fabrication through firstly basic coaponent production either 

for subsequent local consuaption or even export. 

b. llatural organic composites 

Incorporating hoth fibres and aatrix, natural organic coaposites are 

&90D9 the most widely used construction aaterials, e.g. wood (liqnin 

reinforced with cellulose fibres) and ballboo. Optiaua utilization of 

wood is through laaination of sheets of highly anisotropic natural 

wood s plywood. Atteapts are also aade to extract the cellulose fibres 

and to reconstruct artificial coaposites (paper, reinforced cement 

etc.). These coaposites do not represent anything new in coaparison with 

artificial coapositea, but a combination of the two soaeti.es leads to 

interesting, more efficient and cost-effective structures. 

2. Specific fibre production 

a. Natural organic fibres 

These exist in most developing countries 

already utilized for clothes, textiles, ropes etc. 

and are aore or leas 

The aost cClll90n ones 

are cotton, jute, he91>, coconut fibres and bagasae. Extraction if often 

the by-product of another process, e.g. sugar cane • bagasse, but the 

collection and selection often have to be illproved so that the fibres can 

be utilisable as effective reinforc ... nta. 
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b. Mi.nera!s 

Asbestos is the most widely used mineral fibre, but is not found in 

all countries. Two types--chrysotile and crocidolite--are eaployed for 

reinforcement purposes, and the l~tter requires strict security/health 

measures in ha~.dling and treatment. If these are followed, however, 

asbestos-reinforced products--principally ceaent--are of great value in 

the housing ~nd pi;>eline sectors. 

Mica is equ~lly a very interesting natural reinforcement material, 

existing in flake form which provides directly a two-dimensional 

reinforcement. Technologies of incorporation (surface treatment, bonding 

etc.) are not yet far advanced so as to take full advantage of the 

reinforcing effect of mica, but it exhibits high potential. For example, 

it can considerably increase thenioplastic resin properties a 

stiffness x sixJ flexural strength times tvoJ heat resistance by 50 per 

cent, while also reducing warping or deaoulding.~ 

c. Metal wires 

The best known are steel wires produced mainly by wire drawing (or 

frcm the melt) and which are employed widely in the reinforcement of 

rubbers (natural and synthetic)i tyreG, hoseF and roncrete. Others, such 

as tungsten are employed in special circumstances to reinforce high 

temperature, turbine blade alloys. 

d. Whiskers 

These are small diameter Capproxi..ately 10 jUJ, short, high purity 

fibres of metals, oxides Ce.~. sapphire) or nitrides (Si3N4) that are 

grown fr0111 the melt or the vapour phase. They have very high strength 

and stiffness, but are expensive and difficult to handle.~ Silicon 

carbide whiskers are produced by high temperature Cl,800 degrees C) 

treatment of rice hullss 100 kg milled rice gives 20 kg rice hulls. 

Whisker reinforcement is of most interest in metal matrix composites. 

• 

• 
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e. Glass fibres 

Five aain types are on the aarket for reinforcement purposesJ their 

coapositions are given in table 20. E-glass (electrical glass) is the 

.oat frequently used type since it is the .oat cost-effective, it was 

originally developed for electric insulation purposes. 

constitutes the standard reinforcement for all kinds 

Presently, it 

of plastics. 

Recently, E-glass has been increasingly used for aixed-fibre, hybrid 

reinforcement. 

c-glass {chemical glass) is known for its chemical durability, which 

is better than that of E-glass. It is used for reinforce.ent in 

corrosive enTTiro1111ents (e.g. batteries). A-glass (cOllllOn socia-liae 

glass) is made froa soda-liae scrap glass and is usually blown into 

insulating wool. Its use for reinforcement has been reduced drastically 

because E-glas~ is .ore cost-effective. It is still used for reinforcing 

pitch-based or iapreqnated materials. 

Table 20. 

Components of continuous-filament fibreqlassV 

(Percentage) 

[llJlllllOllellt r.mn TB:.nca1 lUi1t Htifi-
soda-lt• Electrical y1us rats tut strength 
(A) (E) C) (AR) (S) 

St Oz 72.0 54.3 64.6 60.9 65.0 

At 203 • Fe203 0.6 15.2 4.1 0.27 25.0 

cao 10.0 17.3 13.4 4.8 

"'° 4.7 3.3 0.1 10.0 

.. i' 14.0 0.6 7.9 14.3 

y 0.6 1.7 Z.7 

'i'z 8.0 4.7 

w 0.9 

TtOz 6.5 

ZrOz 10.Z 

S03 0.7 o.z 
As-Jls tnce 

'z 0.1 trace 

~ Continu~us gla•• fibres are aade by three proce••e•s the, aarble aelt 

proc~ss, the direct-aelt proce•s, and the Pochet process. ' 
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S-qlasa (hiqh-atrength qlass) has a hiqh tensile etrenqth and 

elastic llOdulus fibre developed essentially for ailitary application. 

Being considered as a strateqic aaterial, its use is strictly 

controlled. A siailar but lover coat hiqh strength fibre na.ed S-2 qlass 

is now on the open aarket. Typical uses are aircraft floorinqs, 

helicopter coaponents, eo11pressed qas tanks etc. (R-glass has siailar 

properties as s-glass). AR-glass (alkali-resistant glass) has 

developed principally for reinforcinq cement and concrete. This qlass is 

supposed to be resistant to alkaline aatrices. 

A coaparison is given below of the properties of the two major 

reinforcing types of glass fibre, indicatinq that the aost interesting 

qlass for developinq countries is the B-qlass. 

"l'~nsile 

strength 

(GPa) 

E-qlass 2.5 

S-qlass s 2 3.6 

s 1 4.5 

Elastic 

llOdulus 

(GPa) 

73 

86 

USl/kq 

(1982) 

1.1 

5.2 

22.0 

Glass fibre production involves passinq the aolten glass through a 

platinum bushing consisting of several hundred holes. The freshly drawn 

continuous filaaents C 10,.,0 diaaeter) are protected by a cheaical agent 

and stored in the fora of strands and yarns. Por incorporation into 

coaposites, the qlass fibres are aade into continuous fil ... nt rovings 

and aats, chopped strand aats and chopped fibres and woven cloth. 

Major glass fibre aanufacturers are ovens Corning Pibergla1s, PPG, 

Pilkington and St. Cobain. The technoloqy is highly advanced and 

certainly transferable to any country desirous of investing in glass 

fibre-reinforced composite fabrication. In addition, a new low-energy 
' 

.. thod for producing short glass fibre has been develope~ which works 

with a variety of raw aaterial glassa scrap, IX>ttles, a wide ran9e of 

aineral glass etc. Quantities down to 1,500 t/)'9ar can be processed. 

• 
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f. Carbon fibres 

Carbon fibre3 were first uped for electric laap filaaents hy Edison 

in 1880, and car~n fabrics made from graphitized rayon cloth have been 

available for aany years. However, only recently have fibres of 

strengths and moduli of interest for reinf orceaent purposes been 

produced.§.Q/ 

'l'he fibres are .a.de by pyrolitic degradation of a fibrous organic 

precurs~r (i.e. heated under tension to very high temperature in an inert 

atmosphere) so as to drive off the volatile components and orient the 

c&rbon atoas. 'l'he main precursors are rayon (now discontinued), 

polyacrylonitrile (PAii) and pitch fibres, i.e. all petroleum- .or 

coal-derived chemicals. 'l'he interest in pitch is its low initial cost, 

but auch preparation is required to obtain a grade suitable for fibre 

extrusion. Figure 24 presents an outline of the carbon fibre production 

process. 

'l'he carbon fibres are produced in tows of between 1,000 and 160,000 

individual fibres (each about 12,,u !n diameter). The process parameters 

control the properties of the final fibre, and in general the higher the 

temperature the higher the miodulus. Bovever, the strength decreases with 

increasing modulus. As with glass, the carbon fibre tows are 

surface-treated for protection and subsequent COllpatability with resins, 

and then wound on spools or woven into cloth or chopped into mat. 

Energy requireaents are estimated to be in the order of 40 kW/kg of 

carbon produced. Current annual world production capacity (installed or 

planned) is in the order of 3,500 tons, which is far in excess of 

present-day requirements (approximately 1,000 tons). The established 

companies in Japan (Toray, Kureha), the United KingdOll (Courtaulds) ar.d 

in the United States (Hercules, Union Carbide, Celanese etc) will soon be 

joined by three nevcomers1 RK Textiles (Great Britain), ELF and PUK (both 

in Prance) representing around 450 tons per annua. Investments required 

are in the order of USll00,000 per ton of carbon fibre produced annually 

and manpower requir ... nts are around 30 people per 100 tons/annua. 
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Fiqu:ie 24. 

Graphite fibre process outline 

PRECURSOR 
PREPARATION 

ST ABILI!A TION 
(PREOXIDA TIONj 
200 - 300° c 
AIR 
2 - 4 HOURS 

CARSONIZA TION 
1200 - 1500° c 
NITROGEN 
4:· - 60 SECONDS 

GRAPHITTZA TION 
2000 ·- 3000° C 
NITROGEN/ ARGON 
15 - 20 SECONDS 

SURFACE TREATMENT 
VARIOUS MEDIA 
AND CONDITIONS 

1---- t HiGH STRENGTH PR:>DUCT 

1--...... HIGH N,OOULUS AND 
UHN, PRODUCTS 

I RESIN IMPREGNATION AND 
_._ _______ • INTERMEDIATE PRODUCT 

FORMS 

• 

• 
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Current p~ices of carbon fibres are around USl40/k~ and upwards, and 

aajor applications remain in aerospace or luxury/leisure goods. Prices 

have dropped considerably in the last five years, but USl20 is considered 

to be about the mini•wa possible based on present raw materials and 

production process. Fibre production is highly automated and requires 

only a small numiber of skilled workers to produce 150 t/year. 

g. Araaid fibres61/ 

At the aoaent, only one connercial araaid fibre exists: KEVLAR R of 

E.I. Du Pont de Nemours, introduced in 1977. Manufacturing details are 

not available, but the basic process involves the spinning at high 

temperature 260 degrees C) of a poly-p-benzaaide polYJller. It is a 

member of the polyamid~ (e.g. nylon) fibre family. 

Three types of fibre are currently available: Kevlar for rubber 

tyres, hoses and belts, Kevlar 29 for ropes, cables and protective 

clothing and Kevlar 49 for the reinforceaent of plastics. The latter 

represents around 30 per cent of the total ~evlar fibre production, or 

around 2,000 tons per annwn, and sells at between USl18 and USl22/kg. 

The actual markets for Kevlar 49 fibres are in aerospace (40 per cent), 

marine applications (40 per cent), miscellaneous (20 per cent). 

Th••• very special, high-price fil ... nts (USl300 to us11,ooo per kg 

depending on the di ... ter) are used uniquely in aerospace and military 

application• to reinfocce aluminium or plastics. They are manufactured 

in a continuous fora on a heated tun9s~en or carbon filaaent by che1Dical 

vapour deposition frca a boron trichloride/hydr09en mixture. Application 

in everyday sector• is unthinkable at the present price, which is not 

expected to decrease .uch in the near future. 
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i. Planar reinforcements63/ 

The use of planar reinforcements, such as flakes and ribbons, 

provide reinforcement in two directions. Current composites usinq this 

principle include mica-based polymers,~ and metal-ribbon-reinforced 

pi~ and sheet66/. Reinforcem@nt principles are similar to those for 

filaments and the materials represent interesting opportunities for using 

either local resources (mica) or relatively conventional 

products, such as steel sheet as discussed earlier. 

3. Specific matrix production 

a. Cement and concrete 

industrial 

The basic raw materials for the production of cement and concrete 

exist in almost every country in the world. There is often a questfon of 

quality but compromises ntay be ma.de in order to opt: .. ze thf> use of lo~!!l 
rei:.ources. 

b. PolymersW 

The principal raw material for polymers today is petroleum. The 

petrochemicals necessary !~r polymer production (organic acids, bases, 

ethers, esters, olefins :c.) can also be synthesiz~i from other organic 

substances (coal, natural gas and biomass). The reliance on petroleum is 

mainly economic. The total quantity of petroleum-based chemicals 

produced represents only about 2 per ~ent of the oil consumption. Also, 

substituting a polymer for a glasr, ceramic or metallic component 30re 

often than not results in fossil fuel savings due to a red~ction in 

processing ene~gy. 

Most polymeric materials, either alone or in the reinforced form, 

have further additions of fillers (carbonate, mica, talc etc.) that may 

improve fabrication and the final properties, as well as significantly 

reducing coat. Useful properties that give polymeric materials 

advantnges in certain applications includes 
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Good !ormabilit.y1 

Hi~b strength-to-weight ratio in many forms1 

Unique vis.:::oelasticit:n 

Low density in qe~eral1 

Hi-Jh corrosion resistance to aqueo•1s and many organic systemsJ 

Electrical ccnd~ctivity (low to hiqh)f 

Low thermal conductivityJ 

Gcod joinabilityJ 

Wide range of permeability to gases and liquids. 

Two other characteristics of polymer a~plicatioL also provide advantagesa 

Enerqy-efficient production methodsJ 

Little dependence on scarce materi.als. 

Properties that limit the application of polymer& includes 

Poor aging creep responseJ 

Low upper temperature limit (200 to 400 degrees C)J 

Low resistance to environmental organics, ultraviolet radiation, 

ozone and radioactivity1 

Poor flame retardance' 

Relatively poor reproducibility of ?roperties (principally due 

to inadequate processinq control). 

An aaditi~nal signiflcant d!sadvftntage of polymers arises from their 

by-productr. The chemi.::al wastes resultir.q from polymer fabrication and 

synthesis a=e in a few cases bi9hly toxic and may b~ non-biodegr~dable. 

Further~ore, disposing of polymer products at the end of their useful 

lif~ gene~~tes s~vere environmental problems. The magnituda of these 

proble•~ is only now being realized aid will re~eive more attention in 

the future. 

The manufacture of plastic resins for utili~ation in 

fi~re-reinforced composites is a major industry as shown in T~ble 21. 

Expoxy production in 1982 was 135,000 tons in the United Statea, 30,000 
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of which was in reinforced plastics, i.e. accounting for 80 per cent of 

the increased tonnage. 

advanced composites. 

Of these 30,000 eight-thousand were used in 

In the pres~nce of a catalyst, heat and/or pressure thermosets 

undergo an irreve.r:siblc chemiclll reaction (cure) to give rather high 

strength polymers that are noted for their excellent adhesion 

characteristics to reinforce fibres. Phenolics, polye~ters, epoxies and 

vinyl esters account for 90 per ce~t of the reinforced matrix market. 

Thermoplastics account for the remainder and, as the name implies, they 

are reversibly transformed by heat from highly stable solids at room 

temperature to highly viscous liquids which can be readily worked. 

Table 21. 

Reinforced resin consumption in the United States of America 
in 1977 

Thermosetting Resins 
Epoxy 
Phenolic 
Polyester Unsaturated 
Urea-Melamine 

Thermoplastic Resins 
Nylon 
Polyacetal 
Polyester, Thermoplastic 
Polyethylene, H.D. 
Polyprophylene 
Styrenics!?I 
Other£/ 
Total 

Reinforced plastics 
(1000 metric tons) 

22 
41 

370 ( 71)0a ~ 
15 

448 

!I includes reinforcement material 
~/ Polystyrene, ABS and SAN 

Total consumption 
(100 metric tons) 

125 
638 
477 
514 

1,754 

110 
42 
21 

1,620 
1,247 
2,110 
__llQ 
5,300 

£1 includes Noryl, polycarbonate, polysulfone, fluroplastics, 
polyphenylena sulfide etc. 

• 
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Epoxy resina are predominantly used in advanced composites and in 

situations of hiqh stress, the curinq temperature increasinq with 

req~ired operatinq stress and temperature. They are also the most 

expensive, varying from USll.50 to USl22 per kq, or between 2 and 30 

tiiies the price of polyesters, which are by far the most widely used 

resins for glass fibre-reinforced composites and are starting to be 

examined as matrices for the lower stressed advanced composites. 

Thermoplastic resins, such as nylon are employed as matrices for 

composites containing short (qlass) fibres that are widely used in 

friction applications (gears). Advanced (and rather expensive) 

thermoplastic matrices, such as polyethersulphone (PES) and 

polyetheretherketone (PEEK) are currently under investigation for 

advanced composite utilization. 

4. Semi-products manufacture 

Under semi-products are included fibr~ tows, roving fabrics, 

tissues, mats and chopped fibres as well as thermoset resin 

preimpre9nated products (prepregs), sheet moulding compounds (SMC), and 

thermoplastic compounds. All the fibre forms are produced in order to 

facilitate incorporation into a matrix for the optimum fabrication of the 

finished product. 

The fibre tows, rovings, mats and chopped fibres are normally 

produced directly by the fibre producer, whereas fabrics and tissues are 

the work of companies with textile experience. The fabrics may be of one 

fibre or a mixture (hybrids) and the weaving of glass (or glass and 

carbon, for example) is within the capabilities of many textile companies. 

Thermoset resin pr6impregnated (prepreq) products consist of a 

preformulMted mixture of fibres and partially cured resin that requires 

n~ further processing other thant 

CuttiL9 to shape, 
Laying up in correct form in a mouldJ 
Curing under specified conditions of temperature, pressure and 
time. 
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Prepreqs aay contain non-woven (unidirectional) or woven fibres, and 

their use is the standard aode of advanced coaposite aanufacture. 

may be epoxy or polyester. 

Resins 

The aain advantaqe of prepreqs is their limited shelf life (i.e. 

duration of storaqe without alteration). For exllftple, an epoxy prepreq 

shelf life is six months at minus 18 deqrees c and 14 days at 21 deqrees 

c. Therefore refriqerated transport and storage are necessary. Prepreqs 

of carbon fibre are also rather expensive: about two to three tiaes the 

cost of the fibre contained in the material. 

a. Sheet-aouldinq coapounds (SMC)(69)/ 

Sheet-mouldinq compounds (SMC) of polyester and qlass fibre are 

widely used for mouldinq furniture as well as bumpers, hoods, fenders 

etc. in the automobile industry. SMC is made by depositinq chopped 

fibres (10 to 50 11111\ lonq) on a layer of resin carried as a continuous 

paste or fila. The fibres are sandwiched by a second layer of res!.ai and 

pressed to remove excess resin. The result:inq sheet is wound under 

tension and stored. Basic SMC machines cost frOll USl30,000 to USllS0,000 

and require four to six operators. 

b. Thermoplastic compounds 

Thermoplastic compounds consist of mixtures of between 10 to 40 per 

cent veiqht of short fibres· (mainly glass but also carbon12! for the more 

expensive resins) and are coapounded with the resin (often nylon) in 

screw extrusion equipment. They are used as feedstock in 

injection-aouldinq machines. 

5. Coaposite processing .. nufacture 

The techniques have been described previously in chapter 1. The 

choice of technique obviously depends on the product that has to be 

produced. Prom the choice criteria presented in section A of this 

chapter, the products that present the 110st interest for developinq 

• 

.. 
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countries, and thus define the technique(•) to be used, are as follows• 

Modular buildings 

Pipes/ducts 

Tanks, cisterns 

Energy production -

related structures 

Contact moulding 

Centrifugal casting 

Filaaent winding 

(aanual or mechanized) 

Filament winding 

(manual or mechanized) 

Pressure aoulding, 

hand lay-up 

Products in these categories are discussed in detail in chapter II. 

In many instances, the composite structure produced must be machined 

or joined to other similar elements or to another structure in order to 

provide a useful structure. In the majority of the cases discussed from 

the viewpoint of the developing countries, final fabrication will involve 

either mechanical joining (in buildings and pipes) or adhesive bonding 

(pipes, tanks). 

c. Specific suggestions 

1. Analyeie of application• 

Table 22 preeents the reeult• of the analyei• carried out in 

chapter II for the different composite material• and application• a• they 

meet the criteria for introduction of c09poaite production in developing 

countriea, which were preeented in •~ction A of this chapter. 
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2. General conclusions 

The analysis conducted in this paper allows the following general 

conclusions to be dravna 

In general teraa. a coaposite aateriala industry could be 

effectively introduced in developing countries. subject to the 

fulfillment of certain condition•• 

Unless adequate local capabilities for R 

coaaercialization exist. the developing countries 

advantageous to use what exists in the way ofs 

Technology 

Design 

Manufacturing techniques 

Installation techniques. 

and D and 

aay find it 

Applications may. however. be new and unique to each country and 

adaptations may be necessary. 

Raw materials should initially be those proven elsewhere to give 

satisfactory performance. The utilization of local raw 

materials as replacement for imported products or as a source of 

new products should be studied in parallel with production of 

standard material•• 

The JDOSt suitable basic aaterial is glass fibre-reinforced 

polyester, which has a large backqround of experience in design, 

fabrication, installation and operation that can be readily 

transferred to developing countrie•t 

There exist aanuf acturing techniques for product• of primary 

iaportance to developing countries, which are heavily dependent 

on manpower that is readily available in developing countriea. 

The new akills to deal with coaposites are, however, quickly 

acquired and can be accelerated by appropriate inntruction. The 

akilled labour required could be iaported in the initial phases 

mainly for quality control at all ata9•• of production• 
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Table 22. 

Evaluation of composites on the basis of choice criteria 

for developing countries 

CalTDIA .. w Material• •i..Ull GllP in Lar9e Di ... ter Pipe• ... u 
production conatruction AC GllP ateel- dia.eter 

qlaH pol,.ere •l•da• plea tic CH 

fibre -trix pipe• 

Plellibility of .. .. + ++ + + + • 
tecbao 109y 

Satisfy local need 0 0 0 ++ ++ ++ •• • 
l11prowe quality 0 0 + + +/ol) ++ ++ + 
of life 

':laa local raw _1a +/02) •/o 04) 
-teriala 0 o/-

lk:onollic local 0 0 0 • + • • • 
production 

Provide employment • + •• ++ •+ ++ •• 
Solve apecific probl ... .. .. • t+ ++ •• ++ + 

Tec:hnol09y la provea • + t •• ++ +• + ++ 

Pina11Ca11ent available 0 o/- + • • • 0 

Quality control + •• • ++ • 
atrai9bt forward 

Introduction of new ++ ++ +t •• 0 ++ ++ • 
tec:hnol09J' (political) 

altillad labour 0 + 0 0 

requir-nt low 

Key 
++ Ho doubt• on criterion fulf il .. nt 
+ Under c•rtain circuaatance• the criterion i• fulfilled 
o Ro definite an•ver 

Gft .. tural 
t: fibr• 

•nk•COll(IO•lte• 

• •• 

• •• 
0 •• 

• 
t • 

++ +• 

t •• 
t+ 0 

0 

+ 0 

• ++ 

0 0 

Doe• not aeet criterion, or only with auch develop119nt and expenae. 

1) Readily .. t only in oil/9aa/coal producin9 countriea. 
Bio.a•• aource require• R and D. 

2) In low atr••• applicationa, nat.ural fibres aay be -ployed. 
3) Health queationa atill outatanding. 
4) Where a ateel aill i• available. 
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Plant investment and energy r~iremients are not excessive in 

the initial phases of introduction of the industry, 

Glass 

pipes 

fibre-reinforced plastics for 

require no special research 

personnel. 

Specific SUCJCJestions 

construction panels and 

and development effort or 

Of all the COllpOsite aiaterials, along with their bl-sic ccmponents, 

that have ~'"'en analyzed, the aost suitable for introduction in (selected) 

developing countries are: 

(i) Initially qlass fibre-reinforced polyester, because a great deal 

of experience exists already. It is a proven success in aany 

sectors and is highly cost-effective. 

(ii) Natural fibre composites because of the supply, economic and 

local expertise development opportunities. 

a. Introduction of the material will be recomaended where there is an 

established, and growing, need fora 

housing 

water transportation 

sewage removal 

energy development 

minerals treatment. 

It is specifically suggested that glass fibre-reinforced polyester 

be introduced in the following manners 

(i) Establishllent of a local coapany for the fabrication of hand or 

spray lay-up, contact 110Uldin9 of GRP panels with short fibre 

mats for construction purposes and mouldings for tanks, baths, 

• 

• 
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furniture etc. The know-how and training of personnel should be 

introduced through a ca..erical arrangement with a specialized 

coapany. The .. in advantage of the hand lay-up technique is 

that it is highly versatile and., once the basic know-how is 

assiailated., this technique can be used to fabricate a large 

variety of conau.er products. A parallel invest.ant could be 

.. de in pultrusion (also a relatively siaple technology) where 

plans exist to develop the construction industry (i.e. the 

pultruded profiles will served as the fra11eWOrk). 

(ii) In the case of a large country, several s .. 11er COllpallies .. y be 

set up at the sa.e time in order to satisfy aore local .. rkets. 

(iii) Design and fabrication techniques should f ollov the already 

established and well-tried procedures. Local personnel should 

be continuously trained. 

(iv) Once fabrication and operating experience has been gained., or as 

a parallel operation depending on the .. rket situation, the 

production range should be expanded to hand-wound pipes and 

tanks which will be stressed more highly than the previous 

produc~s but which can etill not be classified as being highly 

•tressed. 

control is 

increase•. 

At this stage one is mioving into areas where quality 

of utmost iaportance and the need for skilled labouz: 

(v) Introduction of aut011ated equipment for the utilisation of woven 

rovings and fil ... nt winding equipment for highly stressed 

products. At present., the ccmpo8ite approach to product 

development is reaching the sophi•ticated stage and .. y require 

further assistance from specialised countri•s· In some 

instances (and countries) the intr~duction of sophisticated 

technology aay be ju•tified at a very early stage because of th• 

.. rket profile and investment availabilit). 
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(vi) The final profil~ of the coaposites industry will vary froa 

country to country, but two extremes are possibles 

One large, fully integrated company 

A nultitude of small fabricating companies 

relatively low level of technoloqyz manual, 

moudling. 

of a 

artisan 

b) Natural fibre coapoaitea render products which may be termed 

low-stress, 

developing 

packaging 

yet useful, everyday applications of considerable interest to 

countries, e.g. 

etc. Extension 

furniture, utensils, travel containers, 

of such structures to housing panels has been 

done in certain countries and is extremely interesting. 

The recommended general approach to the introduction of a nataral fibre 

coaposite industry is as follows: 

(i) Analysis of the local situation 

Evaluate potential raw material supply and distribution, 

manpower availability, finances etc. 

Identify the moat promising products and their competitors. 

(ii) Specific developments 

Market analysis of selected p~oducts 

Peaaibility study on the chosen materials and products 

Research and development for the most suitable materials, 

their treatment and fabricationJ search for new fibres and 

local &ltrix 11&terials1 and appropriate design .. thods 

Seal-industrial developaents licenses, marketin9, sales, 

factory iaplantation (e.9. one lar9e or aany ... 11 ones). 

• 

• 
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4. Iapact analysis in developing countries 

a) Iapact on structural materials 

Introduction of composites (aainly/only GRP) will reduce demand for 

(eventually imported) steel and cement. Introduction of advanced 

composites will probably lie in a Dell' field, so of no influence on 

current materials usage. 

b) Iapact of raw materials supply 

No problem can be foreseen frOJD the raw materials supply side if 

composites are more widely introduced in developing countries. 

c) Labour 

Labour requirements may be extrapolated from the situation in France 

where for an annual GRP production of 120,000 tons, approximately 30,000 

people are employed, 5 per cent or 1,500 of whom are engineers. Typical 

companies manufacturing construction panels and hand lay-up pipes employ 

around 40 people and produce in the order of 200 tons per annum. 

In developing countries, a typical small (approximately 200 ton 

capacity) company for pipe production could employ initially ar~und 100 

people, of whom 10 should be skilled, as given in the 

organizational charts 

G 1 Ma enera naqer 
I 

J I I 
Quality Control Production Product Pipeline Sale 

Raw Materials Manager Control Engineer Mark 

following 

et inc-
I I I I I 

s, J 
l 

Chemist Engineer Equipment Customer Acco untant 

Engineer Service 

No development activity should be envisaged in the initial stage. 
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d) Energy 

The spec:ific enerqy content of G.llP is auch lover than in the case of 

steel or aluainium. Ther.efore introduction of GRP .. nufacture instead of 

steel saves enerqy. Advanced coaposites, such as carbon fibre-reinforced 

polyester, are equivalent to steel. The direct tranafonaation enerCJY, 

and therefore the costs associated with coaposite aanufacture, are 

neqliqible for small series such as ar~ produced in contact 110uldin9, 

projection, low pressure injection or pressing. The costs represent only 

around 0.2 per cent of the total• raw .. terial, labour and capital costs 

doainat~. In hot pressinq and thermoplastic injection this aJIOunt rises 

to betve~n 1 and 6 per cent. 

e) Traner -ortation 

Large gains are to be made by introducing liqht weight materials 

into autoaobiles, trucks, trains and aircraft. 

will benefit from this in iaported goods, but 

The developing countries 

there will probably be 

little impact on structures manufactured within the country itself. 

f) Health 

The potential iapacts on health by the introduction of COllpOsites 

all tend to be negative becauaea 

• The small di .. nsions of the fibres .. y, if no precautions are 

taken, lead to lunq d ... qe. The hazard potential is considered 

to be less than that of asbestos, coal duet or quartz. 

The fl, .... bility of the reinforced plastics. 

Resin hanoltnqa prescribed procedures auet be adhered to. 

• 

.. 



g) Water and air quality 

Water and air quality 

introduction of more water 

chemical plant. 

h) Solid wastes 
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might improve if 

treatment plants 

coaposites lead to 

or scrubbing towers 

the 

in 

Solid was->:~:.- reaulting from scrapped composites are difficult to 

recycle. Cu't'ren&.. ·1se is ia land fill. 

i) Product reliability issues 

In the initial phase of introduction of composites in developing 

countries, uses should be restricted to non-critical structures or 

components where no major problems, such as involving loss of life, 

pollution, etc. can result. This is because product and installation 

quality are the sine qua non for reliable operation, and perhaps these 

cannot be guaranteed immediately in order to allow ~ritical, often highly 

stressed structures to be produced and utilized in developing countries. 

The industrialized countries already spend vast sums of R and D money to 

resolve this Lttuation without yet arriving at a satisfactory conclusion 

unless strict control is placed on all production and installation stages 

(i.e. at a high 'oat and with skilled personnel). 

j) Technology advances 

The advances in composite technoloqy in industrialized countries, 

mainly in the areas of manufacturing and product quality, will be of 

direct benefit to developing countries. Unlike more traditional 

industries, there is large scope for innovation by all parties to develop 

products •tit for purpose•. Thus, developing countries can have a 

considerable iapact on the advance.11e~· • composite technology from the 

viewpoint of design for wide utili: .- . ~specially in the natural fibre 

COllposites sector. 
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k) Research ' developm.ent and education 

The area of c01Dposite material~ is one where considerable innovative 

work can be done in both developed and developing countries. Thus, 

introduction of composite materials manufacture and utilization will 

stimulate R and D activities in universities and research establishments 

on matarials science, chemistry, chemical engineering, structural 

engineering etc. By the same token, the teaching of subjects related to 

materials technolO<JY at universities will be greatly enhanced because of 

their relevance to national activities. 

• 
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Boron/W 
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HM 

HS 

kgf 
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MPa 

PE 

Prepregs 

PVC 

RRIM 

SA!i 

SMC 
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GLOSSAI<Y OF TERMS 

acrylonitrile butadiene styrene 

asbestos cement 

boron on tungsten filament 

(giga Pascal) 1 GPa = 109Pa 

glass-fibre reinforced plastic 

high modulus 

high strength 

kilogram force 

kilo Joules per square meter 

micron 

(mega Pascal = 106Pa :.= 1MN/m2 {mega £;£;,rton P'!r sqare 
meter) 

PQlyethylene 

Continuous, aligned flbree choppe~ sheeta or woven cloth 
or fabrics, p~eimpregnated with epoxy or polyester resin 

polyvinyl chloride 

Reinfo~cerl reaction injection moulding 

styrene ~crylonitrile 

Sheet moulding cOfllpounds consisting of a chopped strand 
mat impregnated with polyester resin 
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