
World's largest high
pressure, large diameter
CRP pipe project
The construction of a 265 km long composite pipetine for
transporting water is underway in Azerbaijan. A[ Newberry
of FEMech Engineering describes this impressive project.

he year 2006 rvas a landmark year

for large scale glass reinforced
plastic (GRP) pipe ploduction in

Azerbaijan. Nlr Rasul Bakhshaliyev

company, refurbished a Soviet era factory,
purchased and installed fi lameit winding

machines and other equipment, and bcgan
the world's largest high pressure, large diam

eter CRP pipe project.

Azerbai. jan becamc an i t ' tclcpendent

nation in 1991, wheD the Sovict Ui iol ' r

rvas dissolved, and is considered one of the

nlost important spots in the rvorld for oi l

explorat ion and production. This has led to
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rapid developnrent of the country rr)d its

lnlrastructure.
The Oguz Gabala-Baku Watcr Pipeline

consists of 2 m cliameter GRP pipe exteld-

ing from fresh rvater wells in C)guz to the

capital city of l3aku, rvhich is on the Caspian

Sea. The pipelinc wil l have a btirl length

of 265 km. Sincc the water sourcc is ,+10 m

above sea level, the entire pipeline is grav

it), fed and has no pumps in the system.

Unlike most pil 'Jclines, rvhich retluire pumps,

thc Oguz Gabala-llaku pipeline has to have
pressure adjusting stations along the way.

A head pressurc of 410 m results in a pres-

sure of ,10 bar br,rt the highest prcssure in the

systenr rvil l  be 25 bar. The pipeli le crosses
l2 rivers, eight nrotonr,ays and trvo tl i lrvays.
' l 'he project is bcing done t'bl Azcrsu, the

Azerbaijnü Wdtcr IVlinistry.

The pipe joints are being fibricrted for

l0 bar, 16 bar and 25 bar pressurcs. The
pressure rati l lg of the joints is depcncient on

the location rvithin the system.

GRP was the material of choice

GRP lras the nrateri i r l  ofchoice för thc Oguz

Gabala-Baku \Vdtcr l ' ipel ine for ir  number

of important rcrsons. The hi l th pressures

el iminated mrtcrir ls such as corlcrete and

polvpropylenc f ion'r consideration. ( i iven the

verv high price of st ir inlcss steel,  thc short l ist

of candidate nratcrials inclut led onlv GRP

rnd coated cirrbon steel.  ( ;RP out perfbrms

coated steel in maly ways.
(Jne is thc inherent corrosion rcsistance

of GRP, inside, outside and thror,rgh the

thickness. In .()ntr i lst to stecl,  GRP rcqurrcs

no  . pec i i l l  l ) r , ' t ( \  r i i , r .  . r r i h  a '  . . r t l t , ' d i c  p ro

tecti()n,from corrosive soi ls.A scratch in steel

f . i 1 rL  . o r t i ng  r c .u l t .  i n  LUrus i , r r  o l  I hc  l i pe ,
rvhich wil l  eventr.r l l ly lead to a blccch and

lc:rkirge. Since thc pripel ine is rrndr:r-grourt l ,

l c . - r k '  ; r e  d i t l l t r r l t  l , )  de lec t  . r n ( l  (  \ l \ ' | | \ i \ ' r  1 , ,

repair.  In this scrvice, ( lRP is inrnrrrnc f ionr

l l i lules due to such nrinor imperlcct ions.

lnstal lat ior l  is l  major chir l lcngc lbr

i l  massive pipel ioe rvhich passcs t l t lough

nri ln), tvpes of tcrr l ins ancl crosses trvers,

rr lotor\\ 'a\ 's ancl r i t i l r lavs. Thc signi l icantlv

l iehter rveight ol ( l l lB as conrparccl to stcel,

f i rci l i t i r tes instal lat ion, reduces thc sizc of the

l i f t ing cqrr ipnent rcquired rnd lorvers thc

instal lnt ion costs.
( l l lP h;rs a highcr Hazcn Wil l iams

roughness coeff icient thnn ne\^r carbon stccl

pipc nnd nluch highcr thi ln corroded ci lrbon

steel pipc. This rvi l l  rcsult  in higher rvirtel

f lou, ancl,  therefore, incrclscd watcr dcl ivcly

to thc city of Baku.

Steep ramp up

Äzkompozit rv.rs tbunded jn l i rnunrv 2006

nnd started proclucing pipc in Sefrtcntber oi '

that vear. lhis rcnrirrkable acconrpl ishnlcnt

rvrs made possible b1' the tcnnr\()rk of

Azkonpozit nlrnagement hcadccl by

lLasul Bakhshrl iyev, Michacl ( i i fnish ot '
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The low weight ofthe cRP pipe rcducesthe tize ofthe üfting equipnentrcquircd,
Ioweti ng i n ttallatio n co sts.

MG Conrposites Ltd, UK, and Mr Riyaz

Khandwani of Metal House Dubai.

Mike C.rrni.h h.rs 36 yerrs experien(e

as GRP pipe engineel and started his career

with Redland Co, the UK's first GRP pipe

fabricator. MG Composites currcntly has pipe

projects in the lvliddle East and in India. For

this project, Garnish provided both manufac-

turing and pipc design consulting, providing

the expertise necded in order to procure the

wide range of ncccssary equipment. Riyaz

Khandwani ircted:rs the commercial adviser

to Azkonpozit lnd rvas responsible for logis-

tics and procurcmcnt of the raw materials

for the progr:rnrrle. Since Rasul Bakhshaliyev

had not previously wolked with composites,

Khandwani's assistamce was a vital contribu-

tion to the overall success of the project.

The Azkonpozit factory is located in

Sumgait, a suburb of Baku. The factory

resulted from the extensive refurbishment

of a Soviet era fictory which had frl len into

a bad state of repair. Within a ferv short

months, an incredible l0 000 tons of debris

were renoved, the facility was cleaned up,

repairs and new construction completed and

fabrication equipment brought in, installed

and brought ol line, The factory compound

has an area of 10.5 hectares (105 000 m2).

tsy the tinre the factory was complete,

it was outtltted with l5 computerised

winders and 50 each 2.0 nr diameter

mandrc l \ .  ( . , )n rp I rnL 'n l jng  lh i \  a re  p ipe

pullers, overhead cranes, plessure testers,

resin delivery systenrs and all sorts of other

material handling equipment.
Today, Azkompozit has 1500 employees,

including management, accounting, QC and
production staff.

Big numbers

The scale of the Oguz-Gabala-Baku Water

Pipeline project is sirnply massive. Each ioint
of pipe is 12 m long and it wil l take 25 000

.ioints for the project. By the time it is com-
plete, the project will take 18 to 24 months

operating all 15 m:rchines 24 hours per day,

seven days per week.
The factory is producing on the order of

0.5 km of pipe per day.

The project will consume
40 000 tons of resin.

The project wil l consume a total of70 000 tons

of glass fibre and 40 000 tons of resin. That

is roughly the crpacity of 5500 40 ft shipping

contalnersl
The pipe has an isophthalic resin liner.

Orthophthalic lesin is being used for the

structural portion. The winding glass is E-

glass, which is industfy standard. Most ofthe
glass fibre is being purchased from China.

The resin is being supplied by Scott Bader

Middle East and Kemrock Industries.

Design, fabrication and testing

As previously ntentioned, the pipe dc'ign rva'

performed by Mike Garnish. He designed the

pipe cylinders and the Bell & Spigot O-ring
joints for pressures of 10, 16,20 and 25 bar

respectively. An O-ring joint is a relatively

easy  des ign  fo r  a  I00  mm d iameter  p iper  a

2000 mm diameter pipe is a very different

situation. The tolerance-to-diameter ratio is

much smaller for a 2000 mm pipe as com-

pared to a 100 mm. Careful attention mu$t be

given to the O-ring design and fabrication.

Since most of the pipe is buried, Garnish

designed the pipe for the stiffness required by

the burial depths and the soil moduli of the

backfill materials. The most conmoil design

standard for buried pipe is American Water

Works AssociatioD (AWWA) C-950.

GRP pipe ioints can be either restrained

or unre5trdined. For above ground sy'temr. it

is impractical to use unrestrained joints slnce

an unre5trained system requires (onlinuous

lateral support to keep the pipe .joints in

alignment. For buried piping either system

can be used and there are inherent advantages

and disadvantages to each system.
A restrained system does not require

the use of thrust block to absorb the large

axial forces. The size of thrust block for a

The oguz-cabala-Baku pipelinewillhave a total length of 265 kn.
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large diameter, high pressure system can be

surprisingly large. In cases where the soil has

verylow bearing capacity, thrustblock design

can be very diflicult as the block might well

sink under its own weight. Unrestrained pipe

has ersentially no arial slress, so the pipe

is sub.jected to hoop stress not to bi-a{ial
stress. This simplifies the laminate design and
allows for a larger wind angle (relative to the

axis ofthe pipe).

Restrained joint pipe is typically wound

at 54'but the pipe for this proiect was wound
at 63'. This results in greater hoop strength,
greater hoop modulus (which increases pipe

stiffness for a given thickness) and increased
production rates. The relative carriage speed

is reduced by about 40olo for 63' pipe as com-
pared to 54' pipe. Turn around problems are

also reduced, In addition, the unrestrained

ioint pipe is not subiect to axial strain growth

which can become a large number over a
lFnorhv  n ,n  ^ f  n inP

The factory has three pressure test
rnachines and a parallel plate tester. Pressure

test machines for unrestrained toint pipe

must absorb the verylarge axial thrust forces.
In the case of the 25 bar pipe, the axial test
force is on the order of 1200 ton since the

test pressure is 1.5 times design pressure. This

requires a very large and heary-duty testing

machine. For the first few thousand meters

of pipe, 1000/0 pressure tests were performed.

Only one joint had to be scrapped, which
is remarkable. After a confidence level was

established, testing was reduced to I out of

every l0 joints.

The parallel plate machine was used for
measured pipe stiffness, so these numbers

could be compared with the values required

by the calculations. Parallel plate tests are
done using a ring cut from a piece of pipe.

The force required to produce a given deflec-
tion is measured and stiffness calculated
fiom this data.

Start-up challenges

Azkompozit's achievements might lead to the
conclusion it is relatively easy to start a large

diameter GRP pipe company from scratch

and take on such an enormous project. In

fact, the start-up challenges were daunting.

Prior to this proiect, Rasul Bakhshaliyev

had a steel pipe company. He brought his

business experience and managerial talents

to Azkompozit but was wise enough to krrow

he needed expertise from a firm with decades

of GRP experience. MG Composites pro-

v ided no t  onJy  the  der ign  and manu lac tur ing

expertise but also provided consulting for

the sourcing of the materials. The latter was

crit ical. FEMech Engineering oI Harrison.
Arkansas, USA, provided consultation in the
early stages in regard to laminate quality

issues. l.EMech also provided Azkompozit

with some resources to allow it to perform

industry standard repairs. Once the produc-

tion department went through the steep
learning curve, the number of corrosion bar-
rier defects dropped to a relatively low level.

AdditionaI system

There is a further GRP pipe project associated
with this trunk water main. In the mountains

the water is drawn from aquifers which are
replenished from snow melt and the water
is gathered through a network of GRP pipes

of total length about 43 km. The diameter of

this gathering system is from 300 mm up to

approximately 1500 mm,

Future plans

Azkompozit is undoubtedly the only company
in the history of CRP to kick off busines'
with such a massive project. The company is

already making plans for future proiects in

the region and for more advanced winding.

Plans are being made to acquire some 4-

a-ris machines for winding of GRP pressure

vessels and other complex products.

It is' ironic' (pun intended) that the

company is located on Metallurgist Street. It

is even more ironic that less than three years

ago Rasul Bakhshaliyev was in the steel pipe

business. Azkompozit and the Oguz-Gabala-

Baku Water Pipeline project have provided a
very significant win over steel pipe. I

Each section of pipe is 1 2 m long and the pipeline will requirc 25 ffi joinß.

ALfred L Newbeny, FEMech Engineering,
Harrison, Arkansas, USA; tel: +1-870-741-
8917; www.femech,com

RasuL Bakhshaliyev, Azkompozit, Sumgait
city, Baku, Azerbaüan: tel:. +994-12-497-
3639; www.azkompozit.az

Michael Garnish, MG Composites Ltd;
teli + 44-'1202-6042941
e-mait: michael-garnish@hotmait.com
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