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INTRODUCTION

At the present time, plastics are widely used in technology, mainly .
in the machine building industries: aviation, motor vehicle building, ship-
building, machine building, and so on. Several structural plastics have
been developed, for example, new types of gless-reinforced plastics, fluoro-
plastics, polypropylene, and polyformaldehyde marked by an array of valuable

properties.

With the use of plastics and other nonmetallic materials in the chem~
ical industry, it was found possible to carry out processes of chlorination,
bromination, and several others, and also synthesis and productina of several
organochlerine products and synthetic alcohols in the chemical industry.

In several cases, use of plastics has meant the production of ultra-pure
products. This is vital to the pharmaceutical and food industries, and
for the production of chemical reagents and ultra-pure substances.

High chemical resistance to acids, alkslis, salt solutions, oils,
petroleun products, and other reagents, and good strength characteristics
open up broad prospects for plastics in chemical and petroleum machine
building.

Nost plastics, exhibiting high spec'fic strength, often surpassing
the specific strength of metals, have inadequate rigidity and mechanical
strength, which linits the possibility of their use in pressure struc-
tures.

These disadvantages can be eliminated if synthetic resins are rein-
forced with fibers.

Glass-reinforced plastics are being widely introduced into chemical
and petroleum equipment raking.

Tnis is due ;0 their high chemical stability, low density, mechanical
strength in tension, thermostability, and heat resistance.
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However, there are not enough data on the variation of the strength
characteristics of laminated plastics in contact with chemically corrosive
media in conditions typical of chemical processing (integrated and auto~
nomous exposure to load, temperature, and media in time).

The systematized calculation materials given in the book as well as
wmethods for obtaining required data on strength and other characteristics
of laminated plastics are intended to partially fill this gap and promote

their broad introduction into sectors of the chemical industry and machine
building. ’
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CHAPTER ONE

| BACKGROUND INFORMATION ON CHEMICAL EQUIPMENT, PIPELINES,
AND REINPORCED PLASTICS

i Operation of Chemical Equipment and Pipelines

Chemical equipment differs from machinery and equipment in other
industries by its great diversity of design execution and by stiffened
requirements on its reliability stemming from operating conditions.

The reliability of chemicel equipment and pipelines is characterized
by mechanical strength, rigidity, stability, longevity, and gas-tightness.

The strength of plastics equipment depends on its service time.

The longevity of chemical equipment is determined mainly by corrosion,
which causes diminished mechanical strength of the material of which the
article is made. Most chemical equipment and pipelines must he gas-tight.
High gas-tightness is requisite for equipment operating at pressure or
processing toxic, ceustic, flammable, and explosive substzaces. Chemical
equipment includes large numbers of connecting parts (connecting pgleces
and fittings) required for the operation and connecting of monitoring
instrumentation and regulatory devices.

The diversity of the design executions of chemical equipment is due
t0 the varied technclogical processes employing the equipument, the forces
acting on ‘the equipment, manufacturing methods, and operating requirements. |

The layout and main dimensions of equipment (1ength, diameter, and
cross-sectional area) are determined mainly by the technological process
and the required capacity. Here the nature of the process being carried
out (hydraulic, theimal, diffusional, or chemical), the rate of the pro-
cess and the method of its execution (batch or continuous), the state of
aggragatiom of the substances being processed, the thermodynamic conditions
pressure, temperature, and concentration of the substances bteing processed),
corrosiveness of the materials, purity of the end product, and so on --
all these factors mist be taken into account.
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The dimensions of equipment and pipelines are determined with allow-
ance for the chemical properties of the material, the nature of the load-
ing, and the rate and degree of corrosion.

Operational reguirements are aiso taken into account in the designs
of equipment and their installation (flangea, hatches, covers, inspection
windows, and 8o on).

As experience has shown, the form of mcst chemical equipment (cylin-
drical, conical, or apherical) and pipelines is favorable for their produc-
tiuvn from reinforced plastics. In most equipment, the main working space
is bounded by a cylindrical shell or by cylindrical sheet-metal drums;
the covers are made spherical, elliptical, or conical. These articles can
be made of reinforced plastics by using the methods of winding, molding,
or contact molding.

Vesgels for processing purposes and storing liguid, solid, and gaseous
products are the most widespread in the chemical industry. For simplifica-
tion and lower manufacturing costs, the components of vessels are given the
simplest geometrical shapes -- cylindrical, spherical, and conical. The
bcdies of meny vessels are represented by a combination of these simplest
forms.

The spherical form is the most suitable from the standpoint of econowmy
of material and the uniform distribution of the induced stresses. The
fabrication of spherical shells from metal is complicated and expensive.
Using reinforced plastics goes far to simplify the tecmology of making
cylindrical and spherical shells. The weight of spherical and cylindricsl
tanks for corrosive liguids and gases is significantly reduced when this
kind of material is used in making the tanks.

Flat-walled storage vessels are used much less often than vessels
bounded by surfaces of revolution.

A large group of storage vessels is used in the chemical industry
for service under atmospheric pressure. This category includes equipment
operating at a gage pressure of not more than 0.7 kg/cm2. Cylindrical
and oblong tanke containing corrosive media used at low pressures are also
best manufactured prefabricated from reinforced plastics with cemented
connections., Foreign practice furnishes examples of the fabrication of
large~capacity tanks in one-piece form and prefabricated from reinforced
pPlastics directly at the site of equipment installation. Usually methods
of winding and contact molding are used for these purposes. Reactors made
of reinforced plastics intended for service under internal pressure can
be made in the one-piece form or with a minimum number of connections.

Column equipment intended for diffusional processes such as absorp-
tion, desorption, fractionation, and the purification, cooling, and humi-
difying of gases are very common in the chemical industry. Columns often
Operate under internal pressure. The height of a column exceeds its

-5 -
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transverse dimensions by several times. The shape of the cross section
is a circle, but sometimes a square or a polygon. Liquid and gas pass
through a column in a countercurrent maaner. In column equipment the
corrosive liquiA is in the dispersed statie, which favors corrosion proc-
esses. Fabrication of column equipment using reinforced plastics greatiy
reduces their weight and simplifies the design of foundations. Columm
equipment can be installed from standard plastic shells with the use of
jointed or permanent (cemented) connections.

Hoppers, tanks, plates and frames of filter presses, sectors of disc
filters, distributor heads, and blankets of vacuum filters, pumps, 8shells
of compreascr stations, covers of centrifuges, gas tanks, mixers, and so
on can be made of reinforced plastics in the chemical industry.

Pipelines, air ducts, and lengthy ventilation gas ducts whose service
has special features, are very widely used in the chemical industry.
Therefore, the main requirements imposed on them are as follows:

adcquate gao-tightness at working pressures and variable temperatures;

stability to corresive media;

minimum linear and drag values that can lead to tne crystallization
of the substances being conveyed;

the possibility and convenience of replacing defective parts and
making repairs; and '

minor temperature stresses with a minimum number of {emperature com-~
pensators.

As we can see, satisfying these requirements depends to a large ex-
tent on the piping material. The number of examples of using reinforced
plastics for the fabrication of piping and gas ducts in the chemical in~
dustry is grcweing year by year. This is due to the fact that reinforced
plastics permits simplification in the fabrication of piping and an in-
crease in its longevity.

Main Requirements on Structural Materials

In selecting structural materials for the masufacture of chemical
equipment and piping, the following properties are taken into account:
strength characteristics, lLi;at resistance, chemical stability, and physical
and processing characteristics. Choice of material is determined by the
gservice conditions of the equipment -~ temperature, pressure, and concen-
tration of the materials bveing processed.




The cost of the material itself does not yet characterize the material
from the standpoint of the economic soundness of its use. Here the longe-
vity of equipment fabricated using a given meterial must be taken into
account.

The main requirement for material to be used in making chemical equip-
ment and pipelines in most cases is resistance to corrosive wedisa.

The chemical resistance of plastics is estimated according io GOST
[State Standaq§7 12020-66, and this standurd states that the numericel
characteristics of the chemical resistance of plastics are as follows:
change in the weight of specimens and in their linear dimensions &nd in
their mechanical properties (yield stress in tension, relative elongation
at yield, flexural strength, impact toughness, end hardneas).

Structural material must have high chemical resistance aince corrosicn
products can promote side reactions; when this takes place, the yield of
the main product is reduced and its quality is lowered.

Currently, cast iron and steel are the most common materials in the
building of chemical equipment. Extensive use in chemical equipment miking
is made of alkali-resistent, high-strength, wrought and high-silicon irum,
and also high-alloy chromjum-nickel steel exhibiting high corrosior resis-
tance to many corrosive media.

Of the nonferrous metals, aluminum, copper, nickel, lead, titanium,
and tantalum are used in chemical equipment makixg.

Nonmetallic materiesls of inorganic (granite, endesite, glass, and
ceramics) and of organic (wood, rubber, and plastics) origin are aiso used
as structural materials.

Compared with metals, plastics are lighter in weight, sometimes higher
in specific strength, with good processing properties, and -- particularly
important -- high chemical resistance and low cost. The rational use and
wide introduction of plastics into chemical equipment waking will afford
vast monetary savings and in many cases decisively solve equipment corrosion
problems.

Reinforced plastics {polyethylene, polypropylene, and polyfluoroethy-
lenes) are the most promising materials for the needs of chemical eguipment.

Use of plastice in many ~ases will permit modification of the design
of chemical equipment owins to the diversity of plastics procecsing tech-
nigues. Bquipwent items made by different techniquee will differ in
design, even if intended to perform the same function. For example, u
reactor is much easier to meske in one piece from glass-reinforced plastics
(winding method) than by fitting together cast-iron members.




The designer mst often allow for the pature &f the corrosion failure
of material when maXxing strength caiculstions for chemical equipment. In
eddition, he mist know the permeablility of the naterial under given work-
ing conditions of tho concentration of the corrosive medium, tewperature,
and pressure.

Generally speaking, s#ructiral reinfcrced plastice that are resisiant
and highly resistant to corrosive medias are used in fabricating chemical
equipment. Reduced-resistant pleatics are used in excepiional cases when
~- for technical and econonic reasorns ~—- the deairability of their use in
place of expernaive and start-supply materials is obvious. In selecting
siructnral reirforced materisls for equipment serving under pressure aand
2t low nnd high t .ceratures, it mist be cousidered that the mechanical
propertiea of pluatics vary widely as & function of tempersturz. As a
rule, the brit*isnese f plasiice rises st low temperatures, but creep
increases and arrengih dimlnishes at high temperatures.

Dats from icng-tera tasts of mstaorials in service condiiions wust be
used ip making caleulations for chemjical equipment to be built of reinforced
plastica. In calculsting the strength of equipment continually functioning
at high temperatures, the allowatle strees is determined with respect to
a stundard creep limt for the low-term strength.

¥hen s-lecting relnferced plastics for chewical equipment, tectnical
and econoaic considerations must also be borne in mind: the technology
of waking the equipment, the supyly-status and costs of the material, the
availability of standerds, and the degree to which industry has mastered
the material. The develop=d eguipmznt design must not only be technically
advanced, measuring up to the demands of present-day wmechine building, but
algo technologically sound in manufacture and economiesl.

Cementing is the msin method of executing permanent connections of
reinforced materials in the present-day tecnnology of chemical equipment making.
Good cementability of materials under normal conditions is one of the
chie? and necessary conditions governing their suitability for a design.

Thus, considering the individualized 2nd low~series~production statusg
of chemical equipment fabrication, when this eguipment is being designed,
reinforced materials must meet the following principal requirements:

adequate chemical resistasnce in a corrosive medium with specified )

parameters of its concentration at ihe temperatures and loads of the given
industrial process;

adequate mechanicel strength, rigidity, and gas-tightness for given
parameters of the industrisl process, allowing for service conditions when
different kinds of additional loads act on the eguipment (sagging due to
its own weight, wind load, and so on);
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£00d cemencability with high mechanical properties of the cemented
unicn and resistance in corresive media;

econcuy of manufaciuring snd operation; and

the poesibility of obtairing articles with maximum overall dimensions
using slmpie and irexpensive rigging.

Properties of Reinforced Plastics

Reinforced plastics are composite materials consisting of synthetic
rcsine snd reinforcinig fibers. As the reinforcing materials, use can be
zade of various fibers, for example, cotton, silk, synthetic, asbestos,
glimss, and textile materials (fabrics with different weaves, canvas, roving,
and tape}, and also nonfabric reinforcing materials in the form of laps
and mats.

The reinforcement imperts strength and siiffness to the system, and
the polymeric binder imparts monolithicity to the composite material, its
nsldability, and affords anticorrosion and other properties.

The diversity of polymeric binders, the potentialities of their com-
binations, the availability of various reinforcing fibers and methods of
their preliminary treatment, the variety of the technigues of fabricating
composites and processirg them, and the possibility of varying the ratio of
constituents -~ all this affords a practically unlimited range of materiails
with wholly distinct properties.

Not every reinforced plastic can be tised in waking chemical eguipment.
The suitability of a material is determined mainly by the properties of the
binder -~ the synthetic resin.

Increased requirements on the chemical resistance of the binder are
due to the fact that it affords the monolithicity of the material, its den-
sity and impermeabiliiy, snd the protection of the reinforcement against
contact with the medium.

At the present time, there is no rigorous and unique classification
of reinforced plastics. For example, glass-reinforced plastics have differ-~
ent names in the literature: strengthened plastics, resins reinforced with
glass fibers, and so on. In principle, reinforced plastics could be class-
ified only by the nature of the¢ reinforcing fibers, for exawple, glass
fibver plastics -- glass-reinforced plastics; plastics reinforced with cotton

fibers -- textolites; plastics reinforced with asbestos fibers -- asbeplas-
tics; and so on.

Reinforcing fibers. Various fibvers are used as reinforcement for

reinforced plastics: asbestos, cotton, jute, giass, organic {synthetic),
and even metallic.

-9 -
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TABLE 1. PHYSICOMECHANICAL INDICATURS OF REINPCRCING

FIBERS
2 3uascuns noxassreAcd RI% nOAOKNE
. .
/ R THIN: .2 | .o 1 B8 | &2
Noxasarean S Iz 2 g g2t £9 | £¥ [
& xw r = > ] x ™ xx
Ed 5" & 1 28 | &, o
T 1es | 81 % 188135388 it
%3 5‘34 35‘ 24l %&7| x=% =xxf] Aazy
KpaTxodpeneunas cIa- -
TRUCTKEE RPONuOCTL now | 260000 | 35000 § 14000 | 7000 4760 9100 759 1000
pacTamennn 8 £l fcut
fz 1
o MEEYAD ynpyrocza 7.0-104) 7,5-108 1.7-108] 1,0-109] 7.7-108[7.85.151 8,7-10¢} 5,6.10¢
f: ‘
Maotrocrs B 2/cm® 2,8 2.5 25 1.5 1.5 {1,314} 1.3 1.2
| ———
KEY: 1 -~ Indicators

-- Yalues of indicators for fibers listed below
-- gquartz

-~ glass (E-glass)

-~ ggbestos

flax

-=- cotton

-~ Kraft-cellulose

~= high-strength viscose

-~ high-strengih nylon

~-~ Short-term static strength in teneion,

S OWO~IAV DN -
1
]

5 I

2
kg/cm 2
Modulus of elasticity in kg/em

-~ Density in g/cm:

—
W
1
1

Physicomechanical properties of several fibers at roovm tewperatures
are given in Table 1 433/. In discussing the chemical stability of fibers
in general, it must be borne in mind that as fiber dimension is decreased,
active fiber surface area is increased, while the chemical resi-‘ance of
the fiber is reduced. For example, the chemical resistance of glass fibers
is much lower than the chemical stability of monolithic glass. On the
other hand, as the fiber diameter is reduced, fiber strength rises.

Asbestos fibers behave differently, depending on their chemical compo-
sition. Anthophyllite, chrysotile, and amphibole fibers are used as rein-
forcing waterial for plastics. Anthophyllite asbestos is used in making
acid-resistant grades of faolite and other acid-resistant plastics. First
the anthophyllite asbestos is freed of its soluble fraction by treating it
with hydrochloric acid, followed by washing and drying. When chrysotile

- 10 =




asbestos is used, materials with diminished acid resistance bui with en-
hanced physicomechanical incdicators are obtained.

3
3
3
3
}

High-grade thin textile fabrics prepared from cotton and silk fibers
are used in making textolites.

i PR G e e 22 S

These fibers are considerably inferior to all cther types of reinforce-
ment as to their chemical resistance. They are chemicelly resistant only
in neutral, weakly acidic, and weakly alkalin» media.

badabica
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Fig. 1. Dependence of ultimate
strength © in tension of glass
fiber on its diameter d
KEY: A —- O, kg/mm?

B ~- d, micrcns

In fabricating equipment using plastics where cot;on and silk fabrics
are used as the reinforcement, main emphasis must be placed on protecting
Tibers against contact with the medium,

Glass fibers compared with other fibers show great advantages: high
strength, higk modulus 0f elasticity, low hygroscopicity, good chemical
resistance, nonflammability, nondecayability, and so on.

The strengith of glass fiber depends on its chemical composition, dia-
meter, and degree of drawing. Some researchers [EQ/ attribute the high
strength of glass factor to a scale factor. As the glass fiber diaweter

is reduced, the number of microcrscks and other surface defects becomes
smaller (Fig. ).

Recently it was established that it is not only fiber diameter that
affects fiber strength, but also the degree of drawing: high strength s
found for fibers with maximum plastic deformation, and -- on the other hand
-- identical strength values have been obtained for fibers with varying
diameters, but with an identical degree of drawing / 6 /.

- 11 -




The chemicul resistance of glass-reinforced plastica increases with
fiter diametar. So,much interest lies in the possibility of reising the
mechanical strength of large-diameter glass fibers (and along with this,
tiie strength of gless-reinforced plastics) by increasing the degree of
drawing.

The chemical rvsistance of glass fibers is deterumined by their compo-
sition. The chemical composition of glamss and, in particular, its content
of acidic or alkaline cxides is chosen in relation to the kind of corrosive
reagent scting on the glass.

Monolithic glass 1s practical’ y resistant uc all substances, except
for hydrofluoric acid and concentrated soluticas of caustic alkalies. Owing
to the greatly developed surface area, the charical resistance of glass
fibers is much lower than for monolithic glass. Therefore, the chemical
composition of the charge used in making glass fibers takes on paramount
importunce. Additionally, it affects also the mecharical strength of glass
fibers. “he strength of alkaline-composition glass fibers is 20 percent
below the sirengti. of ronalkaline-composition glass fibers (content of
alkaline oxides not more than 2 percent). When moisture is adsorbed on
the surfaces of alkaline fibers, aikaiis are formed, intensifying fiber
failure. The resistance of glass fabric made witi noraikaline glass in
acids is unsatisfactory. To illustrate, in 15 percent sulfuric acid at
95-98° C, nonalkaline glass fibers fail in 40 days. The weight loss is
more than 30 percent.

TABLE 2. RESULTS OF TESTING GLASS-REINFORCED PLASTICS
BASED ON FI~1 RESIN AND GLASS FABRIC WITH ALKALINE AFD
NONALKALINE COMPOSITION

| i 5 Hawncuenne & %
/ < S-E : 0 fom
CTOKMOMNACTHK 2ce 38 : gzp’; "o l
Ra OCHOBC BOJCKOG 22 ana 3¢ P 3
£832| =adg{~Ey =8tg| 1 7

Blenousioro ¥ | 1e0 |esus| 8 | -8 X
Becutenounoro 7 2440 | 18,2612 | 3 l —24,2 | 2,13
Wieaousoro 3 1676 | 16,6856 | 30 | —15,85 | 3,97
Becutenouncro 7 2440 | 18,2258 [ 30 | —29,1 | 1,8
lilercunoro g ‘ 1670 ! 17,1535 ! 60 | —257 2,46
Becuenotnoro 7 2440 18,3463 | 60 | —42,6 1,26

KEY: Zgn following pag§7
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KEY /to TAHLE 2 4isplayed on preceding pag§7
Piber-based glasa-reinforced plastic
Initiel ultimate strength ia kg/cm?
Initial weight of specimen in g
Sulfuric acid concentration in %
Variation in %

of ultimate strength

of welght

Alkaline

Nonalkaline
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Table 2 gives comparative data of the chemlical resistance of glass-
reinforced plastics based on FL-1 furan resin with alkaline and nonalkaline
lass fabric in 3, 30, and 60 percent sulfuric acid solutions at 60° C
%exposure time -- 720 hours). As we can see, alkaline glass is more chem-
ically resistant under these conditions than nonalkalin~ glass, since the
reduction in strength after exposure to sulfuric acid is leas for the glaes-
reinforced plastics based on alkaline glass.

In selecting glass fibers, one must remember that under conditions of
prolonged loading of glass-reinforced plastics in corrosive environments at
high temperatures, the best results are obtained when nonalkaline glass
fibers are used.

Glass fibers are hydrophilic, so in designing chemical equipment to be
made of glass-reinforced plastics, it is vital to know their behavior in
a wet environment. Fibers msde of alkaline glass fail when exposed to water
due to the formation of caustic alkalis from the oxides of alkali and alka-
line-earth metals. Upon prolonged exposure to loading in a wet environment,
glass fibver is reduced in strength, regardless of its chemical composition.

Because microscopic defects (cracks) are always present on the surfaces
of gless fibers; when immersed in a surface-active medium (water), cracks
and locel stresses grow, ultimately leading to fiver failure.

In gaseous environments, in the absence oi dropwise moisture condensa-
tion, fatigue failure and elaatic aftereffects caused by the absorption
of moisture are precluded, and the choice of the chemical composition of
the glass used in making the reinforcing fibers is wholly determined by
their inertness to the given environment and by requirements of structural
strength.

By using fabrics with different weaves, the properties of reinforced
plastics can be wodified. It must -~ howevar -- be borne in mind that
any textile processing of fibers in principle worsens fiber properties, and
while the order of filament weaving into yarns is not appreciably reflected
in strength properties, twisting of filaments can appreciably modify their

- 13 -
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properties. This is particularly important for glass fibers. A less
twisted filament is more completely impregnated with binder, increasing
the strength and chemical resistance of reinforced plastics.

During the making of fibers, they are treated with a iz agent,
which muet be removed in thermomechanical treatment /23, 34, 69/ in order
to boost the adhesion of resins and to enhance woisture and chemical resis-
tance.

Synthetic binders. Various synthetic resins are used as binders for
reinforced plastics. The type of binder selected characterizes the strength,
physical, and procesaing properties of reinforced plastics and their cost.

_ Very heavily dependent on the binder chosen ere the physical proper-
ties of materials, heat resistance, moisture resistance, chemical resistance,
dielectric indicators, and the like. To a lesser exteni, the type of binder
influences the short-teru static strength, while the long-term strength of
reinforced plastics depends strongly on the type of binder 2227.

According to the specific features of the construction and operation
of chemical equipment, of greatest interest are binders based on unsaturated
polyesters, epoxy, phenolic, furan, organosilicon, and certain other resins.
The technology of the production and the properties of these resins have
been examined closely in the literature /21, 23, 34, 35, 52, 58, 59, 527.

Let us confine ourselves to background information on the strength
properties given in Table 3 [557 and to a brief characterizstion of resins.

Binders based on unsaturated polyester resins. The distinguishing
feature of unsaturated polyester resins is their ability to cure at low
temperatures and pressures. These resins are classed with the so-called
contact type -~ they do not contain a solvent in their constitution, and
during their curing the liguid phase passes entirely into the solid phase
without giving off volatile compounds. These properties are especially
valuable in building large-size equipment. Of the domestically produced
resins, resins of the following kinds are used: PN-1, PN-2, PN-3, PN-4,
MGF-9, TMGF-11, and TGM-3.

Polyester resins of new kinds have been formulated: PN-6 and PN-10
stiff resins, PN-69 semistiff resins, and SKPS-1 and SKF3-2 elastic resins
with relative elongation to 20C percent. Tables 4 amd 5 Z§£7 present the
mein properties of polyester resins.

Cobalt naphthenates and cobalt octenates are used as accelerators. To
obtain glass-reinforced p.astics with optimal properties, the amount of the
axide is recommended to be reduced to a minimum end the curing reaction rate
shculd be regulated by the amount of accelerator added or by temperature.
Table 6 Z? glves recommended compositions in parts by weight for the cold
curing of polyester resins.




| TABLE 3. PHYSICOMECHARICAL INDICATORS OF THE MAIN
KINDS OF BIKDERS

k4 3u|1en|;n noxag .n‘enel AR CMOR
/noxuueu 3 5,."'.",. ‘.““,. Kpewnnf -
’g:::;x m:v::: N *uux ROBMX °P::‘$“'
Npenes nposHoCTH
& xl/xA? npn:
¥ 9 pacTimenun 4,270} 2,8—9,1 4,263 ] 49-63 2,8--35
10 Wsrube 6,0--13,0/9,1—14,2/ 7,7—11,9| 7,7—11,9{ 6,3—9,8
1! ewaran 9,1—235 10,5~ |84—10,5| 28,0— 6,3—10,5
15,0 315
12
- Yaeasyas yrapuan pas- 0,2—0,4,02-0,1] 0,25— | 024— 0,25-6,0
XocT B K[ - afcud 0,40 0,40
3

Moayas  nponoavuoh | 210.—460 | 210— 420 280—350 ; 536—700!
ynpyrocru E10°2 8 x1/ca®

14 Ornocurenswoe yaau- |5 i 2—6 |15-20! _— -
HeHHE NPH paspuse ¢ B % .'f

1 5 Kospduunens INyacconz | 0,35— 0,4 0,35 - -

mOmocmensauﬁ remne- | 7—10 |3,1-9,6| 2—65 - —_
patypunit  xosdpunuent !
i ARHCANOTO  parampenns
4 a-10% o Vzpeo

] KZY: 1 - Indicators
¢ -~ Values of indicators for resins iisted

3 5> = polyester 14 -~ Relative elongation at

4 4 -~ epoxy rupture, £, in %

] 5 - phenolic 15 —— Poisson's ratic
6 -~ melamine 16 -- Relative temperature coef-
7 -~ organosilicon ficient of linear expan-
8 - Ultimatg strength in sion, ¢+ 10° deg-!

mm
9 -~ in tension
10 ~- in flexion
k ' 11 ~~ in compression
12 -~ Specific impact toughness
in kg'w/em
13 -~ Modulus of lengtawise elasticity,
81072 in kg/cm2
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The initiator and the accelerator are added immediately before fabri-
cating articles based on polyester resins, since resine containing curing
additives retain fluidity end therefore can be molded in a limited time
interval, defined as the gel formation time. The gel formation time de-
pends on temperature, resin compoeition, initiating system, and the amount
of initiating (curing) additives; it varies at 20° C from several minutes
to several hours. Total curing at room temperature is achieved over a
period of 10-15 days. Sometimes the articles are heat-treated at 100-130° C
for several hours to speed up the process. The amount of initiating addi-
tives with recommended compositicns can be varied within certain limits
(cf. Tabdble 5).

TAHLE 6. RECOMMENDED COMPOSITIONS FOR COLD-CURING RESINS

A Copepxanie KOMIOHEHTOR B BecC. 9.

', ¢ AAN COCTABOB

i Konnotenrnt

] 1 2 3 4

; 5

' ¢ Tlonusdupuast cMona 100 100 100 100
D Tunepus 3—6 - = —

A E 50%-uuit PacTBOP NEPEKHCH MeTHA- - -2 —_ -

é ITIKETONA B ZMMeTHAPTANATE

5

3 F 50%-nas nacra NEePeRUCH LHKAOreK- — —_ 1-2 —
caHona B aubyruadranate

| G 50%-naz nacta mepexncu Geusousa - - — 0,6—2

E B AHGyTHAdTANATE
H Yexopurens HK 6~8 | 1-3 | 1-3
f10%-;11,:;'4 PACcTBOP AHMETHAAHHAHUA - - - 1-2

_ B cTHpOSE

1

; Remark. Coumpositions 1-3 are best used in processing

the polyester resins PN-1, PN-2, PN-5, PN-4, FN-15, PN-3S,
PNM~-2, and PNM-8, and composition 4 -- in processing resins
PN"“6’ PN“?p Bnd PN"690

KEY: A -- Components G -- 50% paste of benzoyl peroxide
B -~ Content of components in dibutylphthalate
in parts by weight H -- NR accelerator
for listed compositions
¢ -- Polyester resin I «~ 10% solution of dimethyl
D -- Cumene hydroperoxide aniline in styrene
E -- 50% solution of methyl ethyl ketone peroxide in

dibutyl phthalate
F -- 50% paste of cyclohexsnone peroxide in dibutyl
phthalate

- 18 -




Besides the initiator and accelerator, other additives can be intro- 3
duced into tie binder composition, for example, fillers (chalk, tale, quartz
flour, and diabase) and colorants.

The chemical resistance of polyester resins is determined by their
composition. All kinds of polyester resins ar2 resistant to aliphatic
hydrocarbong. These resins are used in equipment that is in contact with
petroleum products.

Polyester resins are resistsnt to mineral acids (with the exception of
oxidizing acids «- nitric, chromic, and sulfuric -- at concentraticns up-
wards of 70 percent), fresh snd sea water, and certain organic solvents.

Since esters are hydrolyzed on treatment with strong alkalies, poly-
esters are unstable in these media. Weak alkalis and highly dilute sclut.~ae
of caustic alkalis do not affect polyester resins. It must be borne in mind
that the chemical resistance of polyester resins does not lend itself to a
general determination, since their composition can change (can be modified),
and thus chemical stability can be significantly modified.

A disadvantage of polyester resins is their flammability. When halo-
gen-containing (mainly chlorine-containing) polyesters and antimony trioxide
are added to_a coumposition, flammability is reduced and flame resistance is
enhanced<Z3£7.

Improvement in the properties of unsaturated polyesters is ach.eved by
modifying them with various compounds.

Binders based on epoxy resins. Epoxy resins are linear polymers pre-
pared by the polycondensation of epichlorhydrin or glycerin dichlorhydrin
with hydroxyl-containing compounds. Epoxy resins in the uncured state con-
tain, in their linear chains, free terminal epoxy (oxyethylene) groups,
whose number determines the molecular weight, viscosity, and other proper-
ties of resins.

The wide use of epoxy resins in the production of glass-reinforced
plastics is due to their high wettability and adhesion to glass fiber,
low shrinkage durilng curing, high cohesive strength, and good compatibility
with other resins. This permits improvements in the physicomechanical,
anticorrosion, and other properties of glass-reinforced plastics by means
of medification. d

Anhydrices of dicarboxylic¢ acids, for exawmple, maleic and phthalic an-
hydrides, are the best curing agents to impart high heat resistance and low
flammability to epoxy resains.

Disadvantages ©f epoxy resins include the following: high cost and'
toxicity, caused main. by the toxicity of the curing agents used.

- 19 -




The heat resistance of epoxy resins is echanced by combining and
modifying them with other organic compounds. The cost of epoxy resins is
lowered somewhat by combining them with inexpensive resins, for example,
with polyester resin, and also by adding mineral fillere to {heir base as
binders. The toxicity of epoxy resins can be eliminated by modifying them
with compatible polymers. :

Chemical resistance of epoxy resins. Usually it is aszumed that epoxy
resins are resirctant to weak caustic alkalis, liquid fuel (gasoline and kero-
sene), oils, solvents, and acids, excert for oxidizing acids, and most salt
solutions.

Table 7 presents systems of curing agents for epoxy resin (viscosity
of 0.09 kg*sec/m? and epoxy number of -0.54 eq/100 g). For all systeums,
the accelerator used wes 2,4,6-tri(dimethylaminomethylene)phenol. Speci~
mens 91.6x25.4x3.2 mm in size were kept at 25° C for 6 wmonths in the follow-
ing media: sodium chloride, sodium bisulfate, sodium carbonate, sodium
hydroxide; ammonia solutions, sulfurie, hydrochloric, nitric, and gla: 11
acetic acids, and organic solvents. In addition, the specimens were .ested
in water at room temperature and at the boiling point.

After being kept i 10 and 25 percent sodium chloride solutions and in
a 10 percent sodium bisulfate solution, the resin cured with diaminoiiphenyl.
sulfone showed the greatest strengitii. Resin 956 ~howed the lowest ckemical
resistance in the media.

The resin cured with diaminodiphenylsulfone and with anhydrides re-
vealed the best resistance in 3, 10, and 30 percent sulfuric acid solutions.
The resin cured with the methyl anhydride "nedic'" exhibited good results in
10 percent nitric acid.

Diaminodiphenylsulfone and borotrifluoromoncethylamine provide the
best chemical resistance in 10 and 25 percent sodium hydroxide solutions,
25 percent sodium carbonate solutions, and 25 percent ammonia solution.

All curing agents give good results in gasoline, benzene, ethyl alco-
hol, and ethylene glycol.

Reeins cured with anhydrides and diaminodiphenylisulfone are stable in
water at rocm temperature, but only resins cured with diaminodiphenylsul-
fone are stable in boiling water.

Experiments showed that the diaminodiphenylsulfone curing agent pro-
vides the best chemical stability for resins (the greatest "universality").

Good aikaline-resistance of epoxy resins is achieved by using the
curing agents meta-phenylenediamine and triethylenetetramine.

Hexamethylenediamine and polyethylenepolyamine impart resistance to
epoxy resins in caustic alkalis and sulfuric acid.

- 20 -
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TABLE 7. SYSTSMS OF CURING AGENTS FOR £POXLY RESIN }
. _
/ . 2 3 Npesea
SRR T |
3 8 kI {cat
; 5 i
65 Bec. 5. rraAeaore aHrHApHAZ 24 « apr 140°C I 1388
: i i
3 6 7 o )
2 80 pec. 4. METHAOBOTC FHTHADHAR H 2«npri80°CrI2« i41¢
3 ¢ 2mec.a. 2, 4, 6- TPH- (Aumetnaamumo- | npn 250° C
¢ sethnen}- denona
L L g 7 .
35 mec. 4. AHAMHHORHDEHHACYAD- 6 «npr 135°C 5 12 « 970
doua non 180°C
. i0 "
25 pec. u. otBepantens 956 24 «npn 25°C w 24 « 1096
npn 40°C |
2 3 -
4 Bec. u. GoprpudropMono3ITHAANAKA 6 « ipx 80°C, 6 « npu 1640
. 120°C u 12 wnpu 150°C

KEY: 1 ~- Amount of curing agent per 100 parts by

weight resin

2 —- Curing regime >

3 -~ Ultimate strength in flexion, in kg/em

4 -~ 65 parts by weight phthalic anhydride

5 -~ 24 hours at 140° C

6§ -- 80 parts by weight methyl anhydride and
2 parts by weight of 2,4,6-tri(dimethyl-
aminomethylere )phenol

7 -- 12 hours at 180° C and 12 hours at 250° C

& -- 35 parts by weight diaminodiphenylsulfone

9 -~ 6 hours at 135° C and 12 hours at 180° C

10 -- 25 parts by weight, curing agent 956

11 == 24 hours at 25° C and 24 hours at 40° C

i2 -- 4 parts by weight borotrifluoromoncethylamine

13 -- 6 hours at 80° C, 6 hours at 120° C, and
12 hours at 150° C

Thus, the choice of cw ing agert and the curing regime of the resin
and of the reinforced plastics based on it sirongly affent the chemical
resistance of epoxy resins.

Binders based on furan (furyl) resins. Furan resins are characterized

by a good and irexpensive starting mesterial base, and also by high chemical
resistance.




Puran resins can bte cured at roomr and at elevated temperatures. Acids
of the type of phosphoric or paratoluolsulfoxy acids and sulfoxychlorides
are used as curing agents. Furan resins are marked by good workability,
fluidity, and wet. .ng ability. The shelf life of furan resins is ¢ or more
years even in tropical climate conditions, while polyester resins retain
their workability only for 6 months.

It oust be noted that furan resins are inferior in adhesive qualities
te epoxy and polyester resins; as a result, the mechanicsl properties of
furan glass-reinforced plastics are below glass-reinforced plastics based
on epoxy and polyester resins.

Domestic grades of modified furan resins prepared by blending witn
polyvinylacetals, aad with epoxy and other resins have been developed.

The chemical resistance of furan resins has not yet been studied ade-
quately.

Cured furan resins are exceptionally resistant to organic solvents
(dichlorcethane, ethyl alcohol, and so on), nonoxidizing mineral and organic
acids, salts, and alkslis. In chemical resistance, furan resins approach
phenol-formaldehyde resins. Furan resins have low water absorption; they
are hegt registant and resistant to abrasion.

Binders based on phenol-formaldehyde resins. Phenol-formaldehyde
resins began to be used, earlier than meny other resins, in the production
of reinforced plastics: faolite, textolite, textofaclite, glass-reinforced
textolites, and so on. Their wide use is due 10 their high chemical and
heat resistance.

Use of certain types of phenolic resins in the febrication of large-
gsize articles using plastics based on these resins is somewhat limited
owing to their content of solvents and water, which reguires that they be
cured at increased pressure (70—500 kg/cm2) and elevated temperatures
{(130-140° C).

Phenol-formaldehyde resins are resistant to minersl acids (except for
oxidizing acids): hydrochloric acid -- at any concentration; sulfuric acid
-~ up to 70 percent; glacial acetic and unconcentrated phosphoric and nitric
acids -~ up to 5 perceni; salt soluvions and the following solvents: acetone,
ethyi slconhol, benzene, carben tetrachloride, trichloroethylene, aund so on.
These resins are net resistant to alkalis.

go wold phencl-formaluehyde resins at reduced pressures (down to 7
kg/cm~) and thus to expand the possibilities of employing glass-reinforced
plastics based on these resins, they are modified -- for examople -- with
polyvinylacetsals, polyepoxides, alkyds, and so on.
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Poreign literature contains reports on the development of glass-
: reinforced plastics based on phenclic resins cured st low pressures {1.0-
~3.5 kg/cmz) 2527. One of the mest important characteristice of phenoiic
resinsg intended for curing at low pressure is high heat resiatance and therumc-
3tability. They car withstand temperatures to 200° ¢ for long periods of
s time.

Heis b

wA

3
Z

; Several grades of glase-reinforced plastics based on modified phenoi-

% formaldchyde resins are produced in the USSR: the glass-reinforced textolites
KAST, KAST-V, VPT, VFT-S, and PN, glasg-reinforced veneer based on BF-2
resin, the glass-reinforced veloknit yfiber-filled molding compouq§7 grades
AG-45, AG—-4V, and DSV, faolites, textolites, and s¢ on.

1
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Binders based on organosilicon resins. High reat resistance (to AGO® T)
. and resistance to various corrosive reagents (minersl acids, alkalis, salt
soiutions, and solvents) account for the use of organosilicon resins, meinly
polymethyl siloxane and polymethylphenvl siloxane resins, in the production
of zlass-reinforced plastice.

LR ket

Through the use of polyvinyl siloxane resins, it is possible to make
glass-reinforced textolites at low preasures — 2.0-2.5 kg/cmz.

Improvement in the properties of orgamosilicun resins is achieved vy
nodifying them, for example, with epoxy and polyester resins.

The maximuam elongation of the binder in tension is vitally significant
in the deforration of reinforced plastics. By chemicsal modification, a
moderate gain in resin elongation can be achieved without appreciable reauc-
tion in strength and in the modulus of elasticity.

Types of Reinforced Plastics

Faolite, textofaolite, and glass-reinforced faolite. These materials
are classified as fivrous molding compounds.

s

At the present time, two grades of faolite -~ faolive A and feclite T
~-- gre widely used in the chemical industry These faolites are made on
the basis of resol-type phenol-formsldehyde resins.

Rl

To make grade A faolite used in pipe fabrication, 152 parts by weight -
anthopnyllite asbestos and 8 parts by weight chrysotile asbestos are com-
bined per 100 parts by weight resol resin; in sheet fabrication, 95 parts
by weight znthophyllite and 9 perts by weight chrysotile asbestos are used
per 100 purts by weight resin. :

In making grade T faolite intended for pipe fabrication, 16 parts by
weight chrysotile asbestos and 100 parts by weight ground graphite are
rombined with 100 parts by weight resin; in meking sheets, 20 parts by
weight chrysctile asbestos and 80 parts by weight ground graphite arc used

- 2% -
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TABLE 8. PHYSICGMECHANICAL PROPERTIES CF FAOLITE

1

33 : 7
/ ‘2 § .3 :& 5 6 IMpezes nponrocen s xf/ea® npn
a1 B 1F3rilS.2312e% | 0%
$ ~ X o -%
sEl 2% [asySiizyclece | ES q 17,
L [RES|SarL|fiin] & pacrame-
23] 25 [SEEERaEREzT) STn| et | emeven | PUL) chose
590—600 | 590--900 | 120—200 | 300280
AL LS [025) 3441 135 | Q8 |5 om5 | 580900 | 310385 | 240350
1596—600 | 590—900 | 120—200 | 300389
T L65]09% 1328 126 | 06 | 26028 { 580900 | 310365 | 206356

Remarks: 1, Brineil hardnese is 20 kg/mmd for
all faolite grades; the relative tewperature cosffi-
cient of linear expansion (¢ 18 2.0-3.0 « 1072 deg™ ',

2. Acid resirtance is the change in weight of
a stendard ber in 22 percent HCl for 24 hours a%t the
temperatire of e boiiing-water bath.

3. The ultiamate sirength is given in the cross-
wise direct.on in the fiber -- in the nuverator, and
in the iengthwise fiber direction -~ in the denominatcr.

KEY: 1 -- Fanlite grade

Density iu g/em”

-= Corfficient of thermal conductivity in kcal/(m-
“hr-deg) 2

-~ Specific impact {nughness ir kg cy/cm

-- Martens h2at resiszance in °C

~-- Acid resistznce in percent

Ultimate sirength in kg/cm?

~= in Tlexion

~=- in comgression

~~ in tension

~= in shear

(SR
i
¢

e OAD D~ YR e
g
t
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per 100 parts by weight resin. The physicomechanical properties of fsolite
are givea in Table 8. Owing (o its relatively high thermal conductivity,
grade T faolite is used in making heat exchangers. Additionally, in contrast
to grade A faolite, grade T faolite is resistant to hydrochloric acid. Table
9 presents data on the chemical resistance of faolite.

- 24 -
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Pinished stru.tures (piping, fittings, cylindrical shells, and so on)
and also semifinished products in t“ie f,rm of faclite sheets of different
thicknesses and dimensions are made of faclite. Paolite sheets in the un-
cured statz are sent to fabricatiag plarnts, where various fittings, cylin-
drical vessels, shells, cylindrical shella3, cquipment, and so on are made

from the faolite sheets by molding on wooden and wetal molds. Faolite sheets
can be used as insart liner material.

When faoricating articies from faolite, it must be considered that
the material shrinks by 2-3 percent during curing. Molds containing fao-
lite are initially subjected to incomplete heat treatment in a chamber for
12-14 hours at 90° ¢ (the heating is sterwise). Then the mold is taken
from the chamber flaws are eliminated, and the articie is machined (facing),
and then the entire article ias ccated with bakelite varmish. Thereupon;,

a final heat treatment is conducted to cure the faolite, for a period of
10 hours at 130° C.

Individual cylindrical shells and parts umade of faolite can be con-
nected by cemented unions using faolite cement. Cemented surfaces are
finished at an angle of 45° or else a lengthwise groov: 8 mm in diameter
is made along the butt edges, into which the faolite compound is introduced.
The cemented seam is treated according to the temperature regime of faolite
curing. Parts of grade A faolite can be joined with cement consisting of
100 parts by weight of resol resin and 50 parts by weight anthophyllite
asbestos, and parts made of grade T faolite -- with a cement consisting ol

100 parts by weight resol resin, 40 parts by weight chrysotile asbestos,
and 40 parts by weight ground graphite.

For improved physicomechanical indicators of faolite, it can be rein-
forced with several layers of cotton, silk, or glass cloth. In this case,

the material is called textofaolite or glass-reinforced faolite, depending
on the kind of reinforeing cloth used.

Textofaclite and glass-reinforced faolite, exhibiting low relative
temperature coefficients of linear expansion and high mechani~al strength,
can be used in making large-size articles subjected to appreciable mechan-
ical loads. For example, a stiil 1400 mm in Jdiameter and 2700 wm in height

was made of textofaolite. This still operated in a hexochlorane environ-
ment.

Textolites. Textolites are complex wmaterials made by pressing stacks
0f cotton and silk cloth impregnated with phenol-fgrmaldehyde resin and
cured at 145-150° C a% a pressure of 100-110 kg/cm®.

Generally, textolite piping is used in the chemical industry. Piping

is made by winding cloth impregnated with resin on a metal mandrel heated
to 60° C.

- 25 -
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5 TAHELE 9. MECHANICAL PROPEHTIES OF PAOLITSZ APTER EXPOSURE
ﬂ T0 CORROSIVE MEDIA AT ROOM TEMPERATURE (INITIAL ULTIMATE ;
STRENGTH 462 kg/cm? AND INITIAL IMPACT TOUGHNESS 5.1 kg+cm/cm®)
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KEY /to TAZLE 9 on preceding page/:

A - Hedium

B -~ Concentration in % . 2

C -- Specific impact tougkness in kg-cm/cm 2

D — Ultimate strength in static flexion in kg/ca

after exposure for time listed

E «~ { month

P — 3 months

=~ 12 months

~ 80 morniths

-~ 6 months

-~ 12 months

K -~ hydrochloric acid

L - Sulfuric acid

M -~ Acetic acid

N -~ Acetic anhydride

0 -- Specimens arz semifailed

P -~ Bthyl alcohol

~- Methyl alcohol

-~ Rater

- 84% ethyl acetate and 8% acetic acid 3
Methylene chloride (density of 1.33 g/cm’)

S 4 i @

=0 oo

The practice of protecting parts (of mixers, condensers, and so on)
by winding them with textolite fabric, followed by treatment at 130° C.
Also made from textolite are pump parts, protective sleeving of shafts,
and internal purts of fractionation columns.

Asbovinyl and texto-asbovinyl. Asbovinyl is & polymerization plastics
compound prepared by blending finely ground with the varnish ethynol {di-
vinylacetylene varnish). The following amounts of starting materials in
parts by weight are used in making crude asbovinyl compound:

Ethynol varnish (recalculated on & 45 percent basis) 65.5
Anthophyllite asbestOs 0 0 0 0600000 80 0B 08000000 SSNS 28. 5
Ctmysotile 88best°8 S8 20O IT OO NDS SO0 SOOE OSSOSO OSSN 6.0

In many of its properties, asbovinyl is similar to faolite, however
its adhesion is much higher.

Asbovinyl is used as an independeny structural materisl and as a

lining mmterial. Asbovinyl compound is cured at high temperatures
(120-130° C) by a stepwise regime.

— B =

o Mint



TABLE 10.

PHYSICOMECHANICAL PROTERTIES OF ASBOVINYL

i

23uucan noxasavesef Aas acCoINNKAOS,
COCTONINX N3
/ 3 4 S caecn suaro-
Moxssateas m. mopndrax- | (0%) = lp':
¥8 ¥ Wemopx- | DOBANROIO | 30THAGBOrO
énnaposan- | PAbETE (0% ) actecta (X%,
07O ASKa - 463 ) :;";"::l“‘_'-
B LI5S0 U=k IIIIONM
SnryMou
¢ Ipesen npousocre & x7/ca® npm:
7 oxatiia 200350 - 260
$ pacTaxendn 150216 — ~—
q  raHyecKxoM H3ruGe 130300 130—150 130—160
p X
Yaeasdan yAapHas BR3KOCTs B ATX 29 29 2,9
X cafen®
Trepaocts no Bpanemo 1825 13 15
2
Anresna x craad B x['/ca® na;
13 otpuis 22 26 19
/4 carnr 25 28 25
5
Tenaocrofixocre B °C 150 90 100
% TepuocTofikocTs (YHCAO TEnNOCMEH 10 10 10
npa 150°C)
17 Otnocurensum®  Temneparypnuifi 24 2 275
KOIpHIHEHT AHHeAHOTO DacUIHpPeRHN
a-10* 8 l/z2pad
I8 ¥ nenbnas Tennoemxocts  xka/(x2X 0,154 0,150 _
Xepad)
9 Koadhuuuenr TensonpoBOAKOCTH 0,11 0,13 [—
B Kkkaaf/{x-«.zpad)
Bononornowaemocts 8 % zas:
2! N2KUPCBAHNOTO ACOOBHHMAL 0,13 0,4) 0,16
22 HeAaKMDPOBIKNOTO acGoBHHHAA 1,1 1,04 1,0
Ennmuoen B ofemd 1,4—1,5 1,5 —_—
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/ KiY to TABLE 10 is given on the following page/
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KEY /to TABLE 10 on preceding peg§7:

1 =~ Indicators

2 = Values of indicators for asbovinyls
consisting of

3 -- anthophyliite asbestos and unmodified
ethynol varnish

4 -- modified graphite (50%) and asphalt (43.5%)

5 ~ a mixture of anthophyllite (80%) and chryso-
tile asbestos (20%3 ethynol varnish, and
modified asphalt 2

6 -- Ultimate strength in kg/cm
7 == in compression

in tension

9 -- in static flexion

10 -- Specific impact toughness in kg° cm/cm

11 == Brinell hardness

12 - Adhesion to steel in kg/cm

13 ~- in parting

14 -~ in shear

15 -~ Heat resistance in °C

16 -- Thermostability (number of heat changes at 150° ()

17 == Relative temperature coefficient of linear expansion,

® 107 deg”!
18 — Specific heat capacity in kcal/(kg-deg)
19 —- Coefficient of thermal comductivity in kcal/(m°hr*deg)
20 —- Water absorption in % for
21 -- varnished asbovinyl
22 -- unvarnished asbovinyl
23 -~ Density in g/cm?

)
'

Tables 10 and 11 present the main physicomechanical and anticorrosion
properties of asbovinyl.

By reinforcing asbovinyl with cotton cloth, one can obtain texto-
asbovinyl, exhibiting greater mechanical strength.

Glass-reinforced plasiics. A broad array of reinforced plastics pro-
duced on the basis of synthetic resins and glass fibers is grouped under
the term "glasp-reinTorced plastica.'" Depending on glass fiber orientation,
glass-reinforced plastics can be divided into two groups: with oriented
and with randomly arranged reinforcements.

Physicomechanical and other characteristics depend on the type of
glass-reinforced plastics. Tables 12, 13, and 14 /1, 47/ present proper-
ties of glass-reinforced plastics and their resistance in chemical media
and in water.

- 29 -
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TABLE 11. CHEMICAL RESISTANCE OF ASBOVIKYL IN VARIOUS
CORROSIVE MEDIA

3 4Xune¢nl cTORKOCTL acBOBNKNAR
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j3 40 | 100 i v | H v
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l'emark. Y = resistant; JY = somewhat resistant
H = nonresistant

KEY: 1 -— Medium

2 -- Concentr.tion in %

3 -- Tempe:rature in °C

4 - Chemical resistance of
asbovinyl with various
fillers

5 —- Anthophyllite

ZEEY continued on following pag§7
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ZY /to TABLE 11 on the preceding page/:
6 -- Chrysotile
7 —- Anthophyllite (80%) and chrysotile (20%)
& -- Anthophyllite (50%) and graphite (504)
9 -- Anthophyllite with asphalt additive
10 -- Chrysotile {80%) and graphite (20%)
11 -~ Nitric acid
12 == Sodium hydroxide
13 =~ Sulfuric acid
14 -- Hydrochloric acid

Of greatest in chemical equipment making are cold-curing glass-reinforced
plastics not regquiring high specific pressures when used in molding articles.

Laminated plastics based on synthetic fibers. Reinforced structural
plastizs in which synthetic fibers (acetate, acryl, capron, fluorlons, and
8n on) are used as the reinforcements can be made according to the textolite
and glasa-reinforced plastics types.

In orinciple, the production c¢f these plastics has several features
determined mainly by the properties ¢ the fibers and the adhesion thereto
of the synthetic resins.

Reinforced thermoplastics and combination laminated plastics. Glass
fivers are used tc reinforce the following thermoplastics with the aid of
several industrial procedures: polyethylene, polypropylene, fluoroplastics,
polyvinylichloride, and so on.

This material exhibits the high atrength typical of reinforced plas-
tics and the high chemical resistance typicsl of thermoplastics. At the
present time, industry has begun to master the production of thermoplastics
doubled with glacs cloth. This will lead to the strengthening of thermo-
plastics with glass-reinforced plastics in the future in equipment making.

In the designing and building of chemical eauipment, depending on its
service conditions and the requirements placed on the items, various rein-
forced plastics can be combined, for example, one can combine faolite with
glass-reinforced plastics, combine various types of glass-reinforced plas-
tics, and so on.

- 31 -
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B-107% in i(g/cm2

act toughness in kg'cm/cm3

19 -- Modulus of elasticity in flexion,
P
17 -—- Hartens heat resistance in °C

16 «= Specific im

KEY /to TABLE 12 on preceding page/:

e

<

18 —- Water absorption in 24 hours in %
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KEW’[Eb TABLE 13 on preceding pagj7:
| - 1 == Medium 2
; 2 -- Ultimate strength in flexion in kg/cm
3 —— Air (initial strength)

4 — Distilled water

5 -- 1% sodium hydroxide

6 —- 20% sodium chloride

7 —- 104 ammonium hydroxide

8 — 29% aumonium hydroxide

9 —- 10% acetic acid

10 -~ Glacial acetic acid

11 - 30% sulfuric acid

12 -- 70% sulfuric acid

; 13 -~ 10% hydrochloric acid

14 -- 3T% hydrochloric acid

15 —- 30% nitric acid

16 — 10% phosphoric acid

i 17 -- 95% phosphoric acid

; 18 -- Oxalic acid

Failure

20 -~ Dry chlorine

21 -- Ethylene glycol

22 =~ Acetone

23 -= Methyl ethyl ketone

Bl Sy

il S
-
Vel
)
!

i S R T S

24 -- Isopropyl alcohol
25 -- Butyl alcohol
26 -- Ethyl acetate

» 27 == Dichloroethylene
28 -- Trichloropropane
29 -- Epichlorhydrin
30 -- Allyl alcohol

% 31 — Octane alcohol

32 == Phenoil
33 == Brake fluid
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TABLE 14. PHYSICOMZCHANICAL PROPERTIES CF GLASS-
REINPORCED PLASTICS CONTAINING VARIOUS REINFORCING
HATERIALS

o
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-- Basis of glass-reinforced plastics
-- Ultimate strength in tension in kg/cm

4T R-!"L

-- Ultimate strength in flexion in kg/me

-~ Water absorption in test period in %

prior to tests

~~ after exposure in water for 6 months

-- Roving gless cloth and polyester resin

-- Card-clothing glass clnth and polyester resin

| -- Card~-clething glass cloth and phenol-formaldehyde
E resin

- 10 -- Glass lap and polyestier resin
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CHAPTER TWO

CEANGES IN THE PROPERTIES OF REINFURCED PLASTICS DURING
THEIR LOADIXG

Polymer mechanics is at present in its formative stage. Devising
methods for calculating structures wade of reinforced plastics is compli-
cated to a large extent by the anisotropy of the properties, which entaile
the use of cumbersome rathematical concepts.

Polymeric materials and plastics are marked by a high-elastic compo-
nent of total deformation, which is not to be fourd in metals and alloys.
Additionally, the strength properties of plastics depend heavily on the
rate of deformation, temperature, ard ambient environment.

These features of poulymeric waterials are due to their molecular strue-
ture. As a rule, when polymers are being deformed, the external losds will
be counteracted by the forces of intermclecular bonds and only at the moment
0of actual rupture will the external force overcome chemical bondas amlong the
cross-sectional area.

Strength indicators of plastics depend stirongly on temperature and
deteriorate rapidly with temperature increase. This temperature function
becomes even more intensified when polymers are in contact with & corrosive
environment,

Peatures of Deformation and Failure

Experimentally derived strain curve vary for different types of glass-
reinforced plastics, which is determined by the composition, loading scheme,
temperature regime, amdient environment, and other factors. It must be
nocted {ihat the natrre of the deformation of glass reinforcem=nts and binder
differs. In dealing with problems of the umechanics of glass fiber materials,
usually one regards glass fiber as an ideally elastic bedy /14, 557:

But the binders can vary widely even when compared with each other.
Some types of polyester and epoxy resins are closer to elastic bocdies in
their deformation prorerties than are plasticized resins (for example,
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epoxy thiokol and polyester resins modified with syntletic rubber). FPor
the main types of reinforced plastics, one can neglect the high-elastic
component of deforamation from the engineering standpoint.

&
/] /A‘vﬂz A

40 ’/ /
Jo /

2
20 /)/ el
10 7
0 95 10 15 & %

Pig. 2. Strain curves of glass-
reinforced plastics of the following
grades (at room temperature):

1 =- 27-635 (unidirectional fiber
lay-up)

2 — 27-63S (mutually perpendicular
lay-up of fibers in the 1:1
ratio§

3 —— AG-4S (mntually perpendicular
lay-up of fibers in the 1:1
retio)

4 -~ glass-reinforced textolite
incorporating epoxy-phenolic
binder) -

KEY: A -- S , kg/mm”

In calculations, some glass-reinferced plastics can be considered as
elastic bodies with an dccuracy that suffices for practical purposes, at
uoderate loading (crw = 0.4 C%) [@ = working; [ = fibe§7. Fig. 2 pre-

sents typical strain curves of glass-reinforced plastics with different
fiber lay-up arrangements when loaded all the way to rupture. Stiff
(curves 1, 2, and 3) and piastic (curve 4) binders were used in these
cases. Deformation was executed at the same rate. As we can see, only

in curve 4 can we note a deviation from a straight line, though over the
initial seciion the curve completely obeys Hooke's law. It was established
that prior loading of glass-reinforced loading cannot affect the nature of

the strain curve of unidirectional materials. Nor can temperature affect
the course of these curves (Fig. 3).
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It was slso established thati when glass-reinforced plastics are tested
in corrosive solutions in the stressed and in the prestressed states, the
linear nature of the strain-stress function remsins unchanged (Pig. 2). It
was also shown that variation in the rate of deformation &il the way up
impact loading does not alter the qualitative pattern of the function
o = £( €); here only the short-term static strength and the modulus of
erasticity change.

Cnly when oriented glass-reinforced plastics are deformed st &n angle
to the axes of elastic symmetry is the nonlinesrity of the function
O = £(€) observed even at the initial stage owing to the manifestatviocn
of the inelastic properties of the binder. .

It must be noted that underlying the methoda of determining the elas-
tic constants of materials and stremgth calculstion is ihe hypothesis to
the effect that reinforced plastics, in sll atages of loading, nehave as
a continuous monolithic material and that the mechanism of the transmizsion
of fcrces in the binder-reinforcing fiber system remains uncoanged at all
stages. In other words, reinforced plastics are considered ag a homsgeneous
medium.

In cases when the polymer acts as an i@pregrating satsrisl {tine rein~
forcing fibers are hydrophobic), for example, far textcliies, ihe hypo-
thesis of material homogeneity is quite to be expected. In the cages wshen
the polymer exhibits the function of only a birnder, for exswple, iv glass-
reinforced plastics, this hypothesis calls for experimsntal and theorsticsl
verification.

Some experimental data show that the monolithicity of the ayatem
glass fiber-polymeric binder is lost during lemding [Zé/. Thie is shown
by the variation in the modulus of elasticity. Ouviousiy, there iz some
lower bound of "crack formation" for glass-reinforced plastica, which de-
pends on the nature of the materisl and on the external loadings.

Investigators and praniitioners find it necessary to establizh the
stress level at which orieited plastics behave as 8 onolith. It is quite
obvious that the presence of cracks in a materisal when it is in servics
in chenmically corrosive medls leads t0 accelerated failure of glass-~
reinforced plastics.

Establishing bounds wi‘thin which a mmterial behaves as & monolith ss
a functicn of external conditions is necessery for glass~reinforced ples-
tics in order to revise the range of applicability of all formulas gud -
methods of caleulation tas 4 on the assumption of the continuity and com-
bined functiioning of fibers and binders. This is pacticularly important
when evaluating the possibility of using erticles made ¢ glase~reinforced
plastics for long-term service in chemical eguipment and pipelines, where
the atructure must not only be strong, but slec gas-tight.
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Pig. %. Strain curves:
a ~- oriznted AG~43 glass-reinforced plastic with mutually
perpendicular lay-np of fibers in the 1:1 ratio
at ¢t = 18° C {curve 1), ¢t = 60° ¢ {curve 2),
t = 120° & {ourve 3), and at t = 150° ¢ (curve 4)
bt ~-- glass~reinforced textolliie using epoxy-phenolic
binder at t = 18° ¢ (curve 1), t = 60° C
{curve 2), t = 100° ¢ {curve 3), t = 125° C
{curve 4), and ¢ = 150° C (eurve 5)
KiY: A == O, kg/mm®

Time Dependence of the Sirength of Reinforced Plastics

At the present time there is a fully developed theory of the strength
¢f polymers eznd polymer-bagsed materials. The strength theory was formu-
iated 1ir the works of S. N. Zhurkov and coworkers and was further revised
and elaborated in lster studies by G. M. Bartenev, V. Ye. Gul', Yu. S.
Zuyey, and other scientists.

Analysis of existing theories of long-term strength and their general-
ization and critical scrusiny were conducted in recent years in a number
of fundamental works /7, 25, ,7/. PFor this reason, we will limit ourselves
only to a brief presentation of the essentisls of the strength theory,
stressing the results of the study of how reinforced plastics behave in
chemically corrosive wmedia, and also feaiures of the strength of materials
associated with externsl factors of chemical technelogy.
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Fig. 4. Strain curves of

sawnples of EF-32-301 glass-

reinforced textolite (lcading
rate 6 om/min):

1 ~- control

2 - after exposure in 30%

HZSO4 for 1800 hr

(room temgerature, stress
600 kg/cm®)
~- after exposure in 20% H,S0

\N

4
for 5000 hr (room vempera-
ture, stress 650 kg/cm¢)

4 -~ after exposure in 3 H2304

for 1000 hr (50° ¢, not
loaded) ;
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One of the fundamental properties of the strength of solids is the
time dependence of strength. The time dependence of etrength is expressed
by the fact that a specimen can fail at any stress after a certain tinme
interval has elapsed. This time to failure of a specimen exposed to a con-
stant stress (O) was called "longevity" ('Tér)' The dependence of T

cr
ori stress in exothermal conditions be represented ae the exponential func-
tion
-0C
o (1
TCI‘ Ae ’ \ )

where A and ¢ sre experimental coefficients typical of each material.

Equation (1) has not gained adequate practical application, since thus
far sufficiernt data on the numerical values of coefficients A and & have
not yet been accurulated for most polyamers.

Tairly recently, A and & were deteramined for the following materials

A in sec, o in en/sec
Text0lite PT=1  voveeeecerooccocncsees To3 ¢ 10 0.84 - 102

Glass-reinforced voloknit AG-4, pressed

Bt 130% € vevveeecevennnennnnnnnees 60 ° 107 0.24 + 10°

8L 170° € vvevveerernnnnennnannnnss 10+ 1070 0.93 * 10°
Block voloknit:

ioad is applied parallel to the plunger 4 5

movement 00000000000000000000000000  Zol © 1@ 0.81 * 10

load is applied perpendicular to the 2 5

plunger pressure 0ocooocoonocoooooo @a% ° 1@ 0.61 « 10

P. 11. Kozlov Z317 suggested an interesting method of the indirect
determination of A and o¢ based on creep curves. This undoubtedly broadens
the designer's options.

However, as we were able to establish, the parameters A and o depend
strongly on the nature 0. the ambient environment and alsc on the conditions
and operating regime of articles.

The time theory of strength establishes that the failure of solids
takes place nrt only due to loading, but to a large extent due to thermal
motion. Molecular and chewi.al bonds responsible for the strength of
materials are broken due t0 fluctuations in thermal energy at a certain
frequency / 8 /.

Congequently, the physicomechanical concept of ultimate strength widely
used in practice is an arbitrary concept and loses physical significance
for polyweric materials since it is not associated with the time during
which the force acts. Strength characteristics of plastics vary with
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temperature and the time during which the load is applied. In the general

case, the concept of the temperature-~time dependence of strength is intro-
duced.

The temperature-time dependence of the strength of solids is described
by a formula of S. N. Zhurkov:

T = Toexp (uO -Yo)/kr (2)

cr

where ’Tér is longevity;

o is stress;

k is Boltzmann's constant;

T is absolute temperature in °K; and
Uy ‘To, and ‘r are certain constants.

6
wl/mm? A
foo .
~g. O
‘k'.\N L L
N .
130 - T ——
1% B
2001 a1 10 1060ty

Pig. 5. Dependence of static
strength on time for glass
filaments 5
KEY: A -- 9, kg/mm
B -~ T, hours

ks shown by S. N. Zhurkov, ’TC is close to the period of the natural

oscillations of atoms (10"12 to 1077 sec). The coefficient y character-
izes the veariation in the potential bharrier 1y (chemical bond energy) with

rise in stress. The quantity Y depends strongly on une nature of the
material. Fig. 5 presents a representative plot of the time dependence of
the strength of glass filaments.

ilethods of determining and calculaiing Qg7 76, and 7 have been

described in the works zz@, 27, 127. G. M. Bartenev Zﬁ}‘§7 shiowed that

the pre-exponential multiplier Yb depends weakly on temperature and
strees.
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The temperature-time dependence of strength enables the designer to
make substantiated calculations of equipment with allowance for its service
time. However, this requires that A and oc , or Uy Tb, and ’r be deter-

mined experimentally. These coefficients are determined on tne basis of
relatively short-term tests at hi_h loads of specimens of the plastic under
conditions close to service conditiens‘Z7, 18/.

Effect of Corrosive Media and Tewmperature on the Longevity of
Reinforced Plastics

A specific feature of the operation of chemical equipment and pipelines
is the exposure of the meterial to chemically corrosive liquids. In addi-
tion, the material experiernces the effect of temperature and external lcad-
ing. Thus, we can speak of the simultaneous exposure to stress, tempera-
ture, and corrosive medium.

Unfortunately, most studies are limited to examining the effect on
the materisl of the medium and temperature, without allowing for loading.
Por example, Table 15 presents data from tests of certain glass-reinforced
plastics in water, nitric, hydrochloriec, and acetic acids.

From Table 12 we can see that glass~reinforced textolites incorporating
polyester and phenolic binders retain their initial strength in acid vapor
after a 40-day exposure, but lose strength markedly when exposed in liquiad
medie. However, these data are not adequate for the calculation of pressure
structures; it is not clear how a material will behave under the same con-
ditions when an external loading is present.

These tests (Table 15) show a substantial difference in the behavior
of material when loaded and when not loaded. ZFiL~1 glass-reinforced texto-
lite, exhibiting a strength loss of only 1.2 percent when exposed in 30
percent H4.30, fer 720 hours (30 days), failed under the same conditions
when subjéctéd to a tensile stress of 300 kg/cm?.

Actually, on exposure to temperature processes of deformation are ac-
celerated, and the material’s longevity is reduced. lass fiber and the
binder nave different coefficients of thermal expansion, which leads to
a reduction of internal stresses and the formation of voids, pores, cracks,
and other defects, with heating. These processes are irreversible; they
facilitate the diffusion of the medium into the material. A stress applied
to 2 material enlarges defects and accelerates the failure process. For
this reascn, the binder rwust exhibit increased chemical resistance to the
medium and good adhesion t* the reinforcing fibers in order to iwmpart reli-
ability and longevity to the material. Here it is particularly important
for glass-reinforced plastics that complete polycondensation of the binder
takes place, since impurities of free components and the iuitial low~molecular
products in the binder considerably lower the chemical resistance of materials.
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TABLE 35. ULTIMATE STRENGTH OF GLASS-REINPORCED
PLASTICS AFTER EXPOSURE TO VAPOR AND LIQUID
CORROSIVE MEDIA POR 40 DAYS AT 20° C

|
l 3 4ﬂpe,sm npounoctu npu narsbe » xI/cut
a nocsie EMACDXKN 3
! 2. z ¥ zj< ¥ ;
1] 3 |BsE | 5| 6|E2|E8]3E Y 5af] &
THII CTCKADIASCTIKS e 7%3 o 25 5 g H ve | 25
@ I P A LR L R
: P 72583 & s HRIIN R
P EER 1| g (R B R (Ge ke B8
Sa I[BB8 7| g |=Zz|BE |8 )8E a5t sy
. 3 J
CTeK.10nNacThK 55801 1225 | — [8261065]959 |12121903 | 640 {825
TE-1 ua ocuose cre-
KaoMaros  Gecuieaou-
HOTU cocTana
14
Crekaonnactuk wua | 1,8—2,211270 | — | — 1783] — 11119} — |1i68| —
OCHOBE CTEKAOMATOB .
H NOAN3pPHPHOrO CBA-
aylouero
15
CrekaoTexcroant 3.5 2285 12118968 |1459) — (2020 — | 874 | —
MH-1 ‘ R
! 1
/6
Crexnonaacthk K-6 | 3,2-3,6 | 977 | — | 923| 985/ 680]] 768! 732 923| 787
THIA rRAKpesnT ,
17 . n
CrekacTekcTonut 4,2 2880 2665)1237012526] — 2712; -~ | — | —
"KACT-B ! .
. /8 ' I i i
Crexao7excronnt 1,2 2816 275112070{2409]1769(2756, 874 | 1852 {2642
KACT - - N A & - ‘ i
KEY: 1 -~ Type of glass-reinforced plastics

1
2 —- Specimen thickness in mm
3 == Ultimate strength in flexion of ccntiol
specimens in kg/cm?
4 -- Ultimate strength in flexion in kg,/cm2
after exposure in media listed
-- water vapor
-~ water
vagor of 10% nitric acid
~- 1% nitric acid
-- vapor of 1 hydrochloric acid
10 -- 10% hydrochloric acid
11 -~ vapor of acetic acid (glacial)
12 -- acetic acid (glacial) _
[ﬁEY continued on following page/

W0 -3 h
!
1
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TABLE 15 on preceding page, continuq§7:

13 -- PN-1 glass-reinforced plastic based on
nonalkaline~composition glass mats

14 -- Glass-reinforced plastic based on glass
mas and polyester binder

15 -~ PN-1 glass-reinforced textolite

16 ~- K-6 glass-reinforced plastic of the
glakrezit type

17 - KAST-V glass-reinforced textolite

18 ~-~ KAST glass-reinforced textolite
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TABLE 16. RESULTS OF TEXTING GLASS-REINFORCED PLASTICS
IN STRESSED AND UNSTRESSED STATES AT 50° C
235767, ¢
/ Z < g, 32 .| ¢ =
Matepnan Cpega :g 3 : §§ = 3: ’E 5 5
=% | 83 |53g% £3%.
T a g: :‘:) gg ' 5 g'g'-
7 4 76
Crexnotexcronnt 30-32-301 | 3%-smit pac- | 875 | 340 | 4180 | Pazpua
(snokckpHo-(eHONBHOE  CBA- T80p H,S5C, 845 1 290 | 4180 ! 32,0
3ylouiee # CTeKAOTKanb Secule- 0§ 420 | 4350 16,8
JIOUIIOTO COCTaBa)
/0 16
Creknorekcronnt 3-32-301 | 30%-upii pac- | 880 | 512 | 4080 | Paspus
(anoxcuano-denoasloe csu3y- t80p H,SO, 0| 520 | 4350 | 64,3
Jomee K CTEKJOTKanb Geclte- 840 | 240 | 4080 41,2
JIOYNOTO COCTaBa) 0| 240 {4350 1 29,1
7 /2 16
Crexnotekcroant 30-32-301 | 20% -uuhi pac- | 1250 | 260 | 4350 | Paapums
(anokcuzno-PenonLHOR cas3y- toop NaOH 0} 480 | 4350 64,0
omee H CTeKAOTKAHB Oecite-
JIOUHOrO cOotTana)
/3 14 16
Crexaotexcronnt IH-1 (no- | 30%-umfi pac- | 620 2 | 3330 | Pa3pus
JH3pHpHAR CMOda M crekao- | TBOp NaOH 0| 140 | 3330 | 429
TKalb HIEA0UHOIO COCTABA)
5 10 16
Crexnorekcroaut OJI-1 {dy- | 304)-nwh pac- | 300 75 | 1670 | Paspus
PAHORAK CMOJ4 M CTEKAOTKAND tB0p H,50, 0 ; 720 | 167¢ 1.2
LieNouHOro cocTana)
ZiEY to TABLE 16 given on feollowing pagé?
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KEY’ZEb TABLE 16 on preceding pag§7:

1 —— Materisl

2 —= Medium 5

3 -- Stress in kg/cm

4 -- Test time in hours

5 -- Initial ultimate strength in kg/cu®

6 —- Reduction in ultimate strength in %

T -- EP-32-301 glass-reinforced textolite
(epoxy-phenolic binder and nonalkaline-
compogition glass cloth)

8 - 3% H,SC, solution

9 -- EP-32-301 glass-reinforced textolite
(epoxy-phenolic binder and nonalkaline~
composition glass cloth)

10 — 30% H2304 solution

11 == EF-32-301 glass-reinforced textolite
(epoxy-phenolic binder snd nonalkaline-
compogition glass cloth)

12 -= 20% NaCH solution

13 — PN-1 glass-reinforced textolite (polyester
resin and alksline-composition glass
cloth)

14 - 30% NaOH solution

15 —- FI~1 glass-reinforced textolite (furan
resin and alkaline-composition glass
cloth)

16 -- Rupture

Unfortunately, the lack of adequate data cn the longevity of reinforced
plastice in general, especially in specific conditions of the service of
chemical equipment, led to different aspproximate methods oI calculation and
the introduction of the so-called "safety factors," which in some cases
range from 1.5 to 20 /82, 99/.

Nonetheless, available material enables us to trace guite specific
correlations, and ways of investigating and calculating the longevity of
certain reinforced plastics under actuml service conditions of cnemical
equipment.

Fig. 6 presents resu.ts of tests made of the lorgevity of EF-32-301

glass-reinforced textolite in sulfuric acid and in caustic soda when exposed
to constant tensile stress.
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As we can see, experimental data approximated in the coordinates
T - 1g T fi%t well with 8 linear function. Similar results were obtained
also in tewsus made of glass-reinforced textolites incorporating PN-1 poly-

~ ester binder (Pig. 7).

Therefore, at constant temperature (t = const), the ivagevity of rein-
forced plastics can be represented by the exponentiasl funetion (1 s where
the parameter K is determined by the slope of the longevity line. The
parallelity of the longevity lines for each medium indicates that the para-
meter o does not depend on the concentration of the medium. The shift of
the longevity lines as a function of the concentration of the medium will
be determined by parameter A. Experiments conducted with the same materials
and in the same media, but at different temperatures showed that the linear
function 0 - 1g T 1is valid over a wide temperature range. The nature of
the deformation of a material is not reflected in the character of the
longevity lines. Figs. 8 and 9 present results of studies made of glass-
reinforced plastics in liquid media when exrosed to a constant flexural
stress. In this case, experimental data are also described by exponential
equation (1). The parallelity of the longevity lines as a function of
concentration makes it possible, when investigating the effect of tempera-
ture on the longevity of reinforced plastics, to conduct studies at soue
single concentration. Figs. 10, 11, and 12 give the results of an inves-
tigation of the longevity of glass-reinforced plastics at different temper-
atures in sulfuric acid and in sodium hydroxide on exposure to tensile
stress.

Analysis of these data shows that the longevity lines for different
temperatures converge at the same pole, which is in agreement with the
data of 5. N. Zhurkov cbtained for other materials tested in air. There-
fore, the temperature-time dependence of the strength of reinforced plas-
tics in corrosive media is described by an equation formally akin to S.
N. Zhurkov's formula (2). However, the parameters Ty Yy and 'r are com-

pletely different in physical significance and numerical value. For exam-
ple, according to S. N. Zhurkov the parameter ’Tb is independent and cor-

responds to the frequency of the natural oscillations of atoms (10_18 to
10713 sec).
In our own and other investigations [ﬁB, {4, 757 of longevity in

liquid media, the numerical values of garameter g‘ were found to differ,
for example, of the order of 10‘2, 107%, 8nd 107 sec. Therefore, the
parameter ?‘O is at least derendent on the ambient environment, whose

effect was virtually neglected in S. N. Zhurkov's investigations.

At constant temperature (t = csnst), equation (2) takes on the form
of equation (1), where A = ‘Tbexp(uo/kT) and & = Y/kT.

Table 17 presents several experimental values of parameter A.

- 47 -

e g bR i el e T o Tt T (R R £ P

S

AN T Mo Vit

NG G A

it

5

e

LT

i e sl o




R doian e A Nl g2 LS

ST

~
%2
b N

by
|

L

I

-

(%Y
1Y
|
.
2 o l=
L

-
~

N ADRY AN POXT N DO N b
1l
1
!

A .\;'__' \-- 3

AN NN
X3

S\

~
~

\
‘\

::::f::é&5§(;~

6

Le

8
g 500 10006nTfom?

Fig. 6. Dependence of
longevity of EF-32-301
glass-reinforced texto-
lite on concentration
of sulfuric acid (t =
= 90° C) and scdium
nydroxide (t = 50° ¢):
1 == NaOH -~ 20%

-~ NaOH -~ 1%
-~ HaOH -- 10%
-- H,S0, —- 60%

2774

5 -- HyS0, -- 30%

6 -- H,80, -- 2%

KEY: A -- T, hLours
B -~ O, kg/cm2

B AN
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Fig. 7. Dependence of
longevity of glass-
reinforced textolite in-
corporating PN-1 polyester
resin on sulfuric acid con-
centration (% = 40° ¢):

1 - 60%

2 — 30%

3 - 3%
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Pig. 8. Ilongevity curves for glass-

reinforced plastics based on PN-1 resin

and AS?? (b) -S, cloth with satin weave
8/3 z§§§7:

1 and 3 -- with treatment using a 5%
GV3-9 solution, testing in
air and in sea water

2 and 4 -~ with treatment using a 5%
GVS-9 solution (with stress
concentrator), testing in
air and in sea water

5 and 6 -- with treatment using wax
sizing agent, testing in
air and in sea water

KEY: A -- T, hours

B -- O, kg/mn?

The convergence of the longevity lines at the same pole (cf. Fig. 12)
shows that the parameters ¢t and A vary monotonely, dependent in the general
case on the proverties of the material, temperature, and the concentration
of the ambient environment. As shown by experiments‘Z7i7, for some glass-
reinforced plastics the parameter o¢ depends on temperature and the nature
. of the corrosive medium, but does not depend on its concentration. The
coefficient A depends on the nature of the corrosive medium, its concentra-
tion, and temperature, for specific glass-reinforced plastics.

In the general case, th. longevity of materials subjected to the com-
bined exposure of corrosive medium, temperature, and loading is a complex
function of five arguments: the nature of the material M, nature of the
corrosive medium D, its concentration C, temperature t, and stress o, _
that is, T = UJ(M, Cy Dy t, 6 ). This then accounts for the difficulty :
of the experimental and theoretical determinations of the longevity of
plastics under conditions of the operation of chemical equipment and pipe-
lines. /Text pages 44-45 are missing./
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Pig. 9. Longevity curves

for glags-reinforced plastics

at t = 14° ¢ /22/:

1 and 2 -~ incorporating binder
911 (blend of poly-
ester acrylates
MGP-9 and TMGF-11)
with testing in air
and gea water

3, 4, and 5 -- incorporating
PN-3 resin with
testing in air, in
sea water, and in
fres' water

KEY: A ~=- T, hours2

B -- ¢, kg/mm
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Pig. 10. Dependence of longe-~

vity of EF-32-301 glass-rein-
forced textolite on temperature
in 3% H,S0, eolution:
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Fig. 11. Dependence of longe-
vity of EP-~32-301 glass-reinforced
textoliteon temperature in 104
NaOH solution:
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Fig. 12. Dependence of longevity
of glass-reinforced textolite
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Zﬁéxt poges 44-45 ure missing/ . . . case, quite naturally we must
regard longevity as referring to the perind of the continuous operation
of the material or srticle at constant losd (hydrostatic pressure) until
gas-tightness is disturbed.

. In the general case, the longevity of a material must be regarded as
! the time interval during which its properties measure up to the technical
service norms under given conditions. Examinat{ion of glass-reinforced

. plastic pipes (with reference to their gas-tightness) incorporating dif-
3 ferent binders and different fabrication procedures made it possible to
E establish that in these cases as well, the time dependence of stre in
the tangential direction O, is minifested (Pigs. 15 and 16) 3, 18/,

Creep cf Reinfcrced Plastice

If v a specimen of a polymeric material a constant stress is applied,
then a rise in deformation, that is, creep, can be obeerved with the course
of time. The creep phenomenon is highly typical of polymeric materisls
and is detected even at rooam temperature. Though the deformations building
up during the creep of reinforced plastics are not as great as in thermo-~
setting plastics, this pnenomenon cannot be ignored in designing wmachines
and equipment made of reinforced plastics.

A study of the creep curves of reinforced plastics in tension showed
that initially a rapid rise in deformation with time is observed -- the
stage of nonsteady-state creep; later, the creep rate remains virtnally
constant or gradually decreasses until rupture sets im 5_1_7 .

The initial creep state at room temperature was studied for textolite,
and KAST-V and SVAM glass-reinforced textolite.Z§j7. Experiments showed
that creep deformation increases with stress o ; it depends heavily on
specimen orientation, reaching a maximum for the direction of least stiff-
ness (for @ = 45°). Fig. 17 presents the results of experiments conducted
by A. M. Zhukov and S. D. Vyalukhina /32/ on STER-1-30 glass-reinforced
textolite for directions along the base ( @ = 0°), along the weft ( @ = 90°),
and along the intermediate layer ( ¢ = 40%). Prom these dats it is clear
that owing tc the property-anisoiropy of reinforced plastics, creep deform-
ation depends on orientation; it is a minimum along the axer of elastic
symmetry and a maximum in the intermediate directions; This is attributed
to the fact that the reinforcing fiber is more elastic than the binder.

In describing the creep vrocess, esither a linear function of the
creep rate, which does noet ugree with experimental data, hes been proposed,
or an exponertial function. The latter fits the initial section of the
creep curve (this section is of least interest when estimating the behavior
0 a structure in its long-term service conditions). Most experimental
studies [E?, &£7 showed that in steady-state creep the stress function of
creep and creep per se is closest to the exponential. At a constant tom=-
perature, the creep rate v is described by the equation
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Pig. 18. Creep curves of ISP-V

delta-wood at the following teamper-
atures:

a--20°C b--5%5"°C c¢-— 100°C

KEY: A — kg/cw2 B — days

Fig. 18 presents creep curves for reinforced plastics obtained in
testing delta-wood.zf?lj7. Prom an analysis of these curves it is clear
that temperature has s large effect on creep, where for each temperature
there are certain stress values for which the creep rate is virtuslly
zero. The stress at which creep deformation has its maximum (the rate of
steady-state creep is zero) is sometimes celled the "threshold" atress /37/.

The inception of "threshold" stress is associated with the structuring
of polymers.

All these data pertain to experiments conducted in air with reinforced
plastics. Still, the behavior of materials in liquid chewmically corrosive
media must be of interest to designers of chemicel equipment. Investiga-~
tions of the creep of certain types of glass-reinforced textolites in acids
and alkalies showed that the medium has a very strong effect on creep.
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Piga. 19-22 present the creep curves of FF-32-301 gisss-reinforced texto-
lite and PN-1 glaee-reinforced textolite when they were studied in sulfuric
acid, sodiue hydroxide, and distilled water. As we can see, craep occurs
in two stages:

nonstead~-state creep cheracterized by a steep rise in the curve; and

the stage with steady-state creep rate -~ the shallow section of the
curve.

In semilogarithmic coordinates, the buildup of deformation with timé
obeys the linear law ¢ - 1g T . Therefore, §¢ can be determined from
the equation :

=e; +vign, (4)
where t1 is deformation p: : unit time;

v={_(¢€- & )/.g T 1is the creep rate characterized by the slope
of the line ¢-1g T .
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Fig. 19. Creep curves of glass- Pig. 20. Creep curves of glass-

reinforced textolite based on reinforced textolite with EF-32-301
EF-32-301 resin in 30 percent resin in 10 percent NaOH at 50° C
H2SO4 at 50° C KEY: A -- o = 0.45 c’f

B -- o =0.08 Te C == 7, hours

C -- T , hours

It must be borne in mind that for == 0, equation (4) tends to a
finite value; this is not physically meaningful, sinrce in this case the
deformation is equal to the instantaneous deformation.
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glass-reinforced textolite reinforced textolite with EPF-32-301
with PN-1 resin in 60 per- resin in distilled water at 50° C

1 cent l12$04 at 60° C KEY: A — O =0.3 7, .
KEY: A = O == 0.2 O"f B - O = 0.1 df
1 B -- 7T, hours ¢ -—- T, hours

Analysis of results obtained in a study of the creep of glass-reinforced
textolites in corrosive media affords the conclusion that instantareous de-
formations and creep rates increase with the corrosiveness of a medium
(Table 18). The creep rate in sodium hydroxide is greater than in sulfuric
acid for the same temperatures and stresses, since sodium hydroxide 1is
stronger reagent for glass-reinforced plastics than is sulfuric acid. The
stress dependence of the creep rate in semilogarithric coordinates
G - 1lg v is represented by a straight line (Fiﬁ' 23), that is, even in
corrosive media creep is described by equation (3).
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Fig. 23. Dependence of creep rate

of glass-reinforced Gextolite based

on EF-32-301 resin on the stress

ratio (30 percent H,SO,, t = 50° C)
. -1 274

KEY: A — hr B-- O/0C,
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If we know the parameters A and (C , the earlier~presented equations !
(1) and (2) can be used in the calculations of structures, however here we ¢
must also take into account the deformations developing in time. Wher
fitting {ogether structural members, it is wmandatory to specify and deter-
; mine the allowable deformations for the given service time. An ideal case
- here can be a calculation based on the "threshold" stresses to which a
specific deformation correspunds. 1Ia this case the allowable stress o

al :
Z;i = sllowabl§7 ouet setisfy the condition

et

- Cai €%~ Bl fyyp- &) (5)

where Ty iu the siress at which creep Geformation rvaches 1is
limiting value {("threshcld" streess);
. Ee is the wodulus of high elasticity;

élim is the limiting deforrstion; and

€ = O/E, is the instantaneously elastic deformation (E, is the
modulus of instantaneous elasticity).

The maximum O, will cccur for 51 im = e { 5 is the deformation

determined from the "elongation-compression" curve for whi,h the etress
reaches its maximum).

Experience in the service of polymeric articles showed that they
function successively at stresaes much higher than I given the condi-

tion that their deformations during the period of exposure to external
loading do not exceed allowabie values based on design considerations

(the stability of the form is not disturbed). Therefore, we must employ a
more general method of calculation based on allowable deformations and also
based on strength conditions. The following solution to the problem has
been suggested 23j7. Suppose that the service period 'TE and the allowable

deformation during this time 6;1 have been specified. In this case, the
flow rate of the material Ve, must satisfy the condition

<E .
Vel a1’ Te (6)

To solve this equation, we must know how the flow rate of the material
depends on the gtress ¢ ; in the simplest case for service in air and
a{ temperature t = const

v, = #¢(9) . | (7)

- 57 -




TASLE 18. DEFORMATION AND CREEP RATE OF EF-32-301 GLASS-
RETNPORCED PLASTIC POR DIFFERENT TEMPERATURES OF
CORROSIVE MEDIA

T ——

Ca i Danaui e A )

/ . 2 Ex Dedosustun » wo-
HanEer | Mracsenuas actopaans, |Gaoreers tomyueery L werr pispymeana
. s % or »‘C Type
5‘ HPpeACRS
2 ot 5 ) 50 % ) %
1
‘ 530%-nuﬁ pacrsop H,SO, -
3 8 0,27 = oI5t | — 1,0 -
3 25 1,55 1,97 03 0,54 25 27
4 40 2,37 - 0,55 = 3,65 = s
2 6 60%-nud pacreop H,SO,
. 20 - o3 — 01 = L5
3 25 — oo — | o1 | — 1,45
£ 35 — L9 — | o8 | — 28
40 2,22 — ¥ 1 022 - 35 —
E 7 1%-uuft pacrsop NaOH
4 15 0,1 0,91 0,502 | 0,752 L7 2,5
i 18 1,33 — 0,520 = %6 -
E 25 1,43 — 0,572 — 27 =
2 30 - 2,0 —a | 0995 - 4,2
E 8 10%-uut pacrsop NaOH
15 0,5 — 0,351 — 1,4 —
' 25 1,56 2,55 0,402 1,682 2,45 4,25
30 2.3 — 0,45 — 3,15 —
35 — 318 — 2,31 - 53
9 10% -nufi pacreop NaOH (06pasunt opHeHTHDPOBAHM BROAS YTKA)
25 1,08 — 0,948 - 2,85 -
20 2,0 — 1,000 — 39 —
5 ) 32 _ 1,152 - 55 —
/0 Inctannnposannas Boga
15 0,55 - 0,3 - 4 = —
20 0094 - 0p45 _ 1] - hannd
30 1,25 - 0,5 = I — —

=
2

Stress in % of ultimate strength

Instantarncous deformation ir %
at listed tempefature in °C

Creep rate in hr- ' at listed tem-
perature in °C

4 -— Deformation at moment of failuve

in £ at listed temperature in °C /KEY concluded on fcllow-
ing page/

N
I}

AN
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KEY /to TABLE 18 given on the preceding page/:

5 = 30 percent H2804 solution
6 -- 60 percent H2304 solution
T — 1 percent NaOH solution

8 — 10 percent KaOH solution

9 — 10 percent NaOH solution (specimens are
oriented along the weft)

10 — Distilled water

However, the flow rate of plastics in conditions typical of the service
of cheiical equipment will depend not only on stress, but also on the kind
of corrosive medium D, its concentration C, and temperature t:

ve = YD Gty ) - (8)

There is some information on the stress and temperature dependence of
flow rate‘23§7. However, data on the flow rate as a function of the nature
of the corrosive medium and its concentration are virtually absent. This
hinders the use of formula (6) to calculate the flow rate in designing chem-
ical equipment. Available experimental material on the creep of individual
kinds of glass-reinforced plastics in corrosive media enables us to calcu-
late the creep (flow) rate for them, however this material is inadequate
for any final generalizations and conclusions.

Data obtained for glass-reinforced plastics show that in the most
severe conditions when the failure of specimens occurs in an extremely
short time, even at the moment of failure deformations amount to only
3-5 percent. The total deformation of glass-reinforced plastics must be
2.2 percent in air, for example, at a stress that is 40 percent of the
tensile strength and at a temperature of 90° C after 100,000 hours. There-
fore, in engineering practice when calculating structures tc be made of
glass-reinferced plastics for long-term service in liquid media at moderate
stresses of the order of 10-30 percent of the ultimate sirength, and also
in gaseous wedia at higher stresses, the creep need not be taken into ac-
count for individual glass-reinforced plastics. At high loads, determin-
ing creep deformations requires the use of functions obtained on the basis
of elastic prehistory theory Z§, 51, 627.

Behavior of Reinforced Plastics in Corrosive Media

At the present time, a vast amount of statistical material has been
accumulated dealing with the chemical resistance of reinforced plastics.
Information on the chemical resistance of plastics is highly useful in
selecting materials for specific conditions of service.
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However, whe.: evaluating information on chemical resistance givem in
publications, one must be cautious and critical in ueing it. Most researchers
publishing their data do not report the method used in obtaining thes and
do not specify what they adopt as the criterion of chemical resistance.

Some authors do not give quantitative estimates of stability end limit
themselves only to quantitative estimates. Doubtless, .en selecting mat-
erials for structures not experiencing high external loads, in general

w03t such data on the chemical stability of polysers and reinforced plas-
tics can be used with bemefit.

However, the behavior of materiale in & corrcosive sedium under load
can differ widely from the behavior of unloaded material [56, 76, 717.

This appreciable difference was found even in studies of glass fibers
asauchinntcr[ﬁ]. When glass fibers were tested in a dry environ- .
ment under tensile loading, surface defects and cracks closed after the

load was removed and the mechanical strength of fibers was restored after
a certain period of ¢time.

But in similar studies of glass fibers in a wet wedium, the moisture
(surfsctant wedium) — sorbing on the microcrack surfsces — reduced the
surface energy of the material. Cracks grew irreversidly. When the load
was removed, the so-oalled adsorptive sfiereffect was observed: the mole-
cules of the medium blocked the cracks froa closing and only gradually
were "forced" out of the cracks. This leads only to the partial recovery
of the initial mechanical strength and facilitetss feilure in s new loading

cycle. By acoslerating crsck growth, surfactants can radically wodify the
time dependence of strength.

The failure mechanism of soii’s mcted on by surfactant media has been
closely studied and has found sufficient treatment in the litersture /35/.

It must be noted that in these studies surfactants were chosen that
do not chemically act on the materiel, that is; the surfactants were chem-
ically inert. It can be suggested that when the medium is corrosive, the
feilure mechanism of the material will be more complex. To clarify this,
comparativs experiments were conducted 7§7 in agueous solutions of sul-
furic scid (a surface-inactive medium) and sodium hydroxide -- a chemically
active and surfsctant medium. Tests were conducted in wedia under loading
with the specimen brought to failure (longevity tests); undsr losding with-
out the specimen being brought to feilure, with the change in ultimate
strength at rupture after exposure established; and without losding, with
the change in ultimate sirength at rupture sstablished. A marked differ-
ence in the behavior of materials was found when the rssults obtained for
different experimental conditions were compared. Por example; nonloaded
polyethylens in test solutions proved to be inert (chemicslly resistant),
since its strength after being exposed in media for 720 hours (30 days)
remained unchanged. But when a tensile losd (10-24 kg/om?) to specimens,
specimen failure was observed sfter 320 hours in 10 percent NeOH, after

510 hours in 1 percent NaCH, and after 800 hours in 3 percent H2804. In
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this case, we can speak about the purely physical effect of the medium.
Plastic deformations build up owing to the sorption of the active medium,
leading to crack growth, local overstressing, and the failure of the mat-
erial.

Especially diverse results can be obtained in media that are not sur-
face-active cowpounds, that is, in aqueous solutions of sulfuric acid.
Pig. 24 presents data of corrosion tests (without loading) of glass-rein-
forced textolite EPF-32-301 in 3 and 30 percent solutions of sulfuric acid.
Clearly, as the acid concentration is increased, its corrosive action on
the material becomes intensified. Different results are obtained from
tests of the same mwaterial for longevity (under tensile loading) in the
same conditions (Fig. 25). Here a rise in longevity takes place with an
increase in the concentration of sulfuric acid within the limits of the
manifestation of its nonoxidizing properties. The explsnation of the
latter, in all probability, must be sought in the action of water as a
surface~-active compound. As the acid concentration is increased, the
water content is reduced, and thus adsorntion processes proceed more
slowly and the longevity increases. The validity of this conclusior
is confirmed by studies of polyethylene and polypropylene in sulfuric
aclid, where these materials reveal complete in.rtness when not loaded.
Here also longevity increases with the acid concontration for tests under
stress. Thus, for a stress of 24 kg/cm® the longevity of polyethylene
at 60° C in 3 percent H2304 golution is 800 hours, wd 1150 hours in a
30 percent solution.

By analyzing these results, we can draw several key conclusions on
the failure mechanism of plastics on expusure to corrosive wedia and exter-
nal loading.

The failure process in the general case ig complex and corrosion-
adsorptional in nature (or adsorption-corrosional), that is, two processes
take place at the same time: the <hemical action of the medium on the
material and the adsorptionel decrease in strength caused by the sorption
of surface-active compounds at the surfaces of microcracks (aa a result,
surface tension is reduced; 1local overstresses intensify; and the plas-
tic deformation in these sections becomes greater). Naturally, the rates
of these two processes are not the same, and in some stages one process
can predominate over another. Thus, in the case when glass-reinforcead
textolites were tested without loading (ef. Fig. 24), processcs asscciated
with the adsorption of water do not take place and the reduction in the
waterial's strength is determined only by the rate of the chemical reac~
tion, that is, by the corrosiveness (concentration) of the medium. In
another case (cf. Fig. 25), the rate of the adgsorptive reduction in
strength predominates. The rate of the chemical rcaction in the above-
indicated experiments with polyethylene and polypropylene in H2804 and

NaOH is practically equal to zeruv and the failure of the meterials is
caused only by sorptional phenomena.
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Pig. 24. Dependence of ultimate

tensile strength of glass-reinforced

textolite based on EF-32-301 resin

on curing time (at 50° C) in sulfu-

ric acid with the following concen-
tration:

1 -~ 3 percent 2 = 30 percent
KEY: A -- O, kg/cn®

B -~ 7, hours

The failure of stressed material on exposure to a medium takes pleace

0 200 1000 12006 (e

Pig. 25. Iongevity curves of
glass-reinfcrced textolite
based on EF-32-301 resin (at
50° C) in sulfuric acid solu-
tions with the following con-
centration:

1 — 3 percent
2 == 30 percent
3 == 60 percent
KEY: A -~ T, hours

B -= &, kg/om?

not throughout the volume, but only in regions with tne largest defects,

cracks, and sc on, where the intensive penetration of the medium takes

place and where surface-active compounds are zorbed. Tnls corciusion is .
confirmed by the fact that with repeated failure of individusl parts al-~

ready failed in testing the specimen for longevity, in £ll cases ultimste
strength values were obtained that are muchk larger than the stresses for

which the specimen was caused %o fail (Table 19?.
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TABL} 9. ULTIMATE RUPTURE STRENGTHS OF SPECIMENS AMD

PARTS OF SPECIMENS OF EP-32-301 GLASS-REINFORCED TBXTOLITE

APTER LONG-TERM EXPOSURE 70 MEDIUM AND STRESS (INITIAL
ULTIMATE STRRNGTH OF MATERIAL —- 4350 kg/cs?)

J 2 3Mpenen Bpremocts
Cm ) T Y % = M
fospau 5 “‘;";:.
4
Boxa 50 830 4080
1%-muk pacrsop N2OH 7 50 1530 216
3%-sud pacreop l‘.,SO.8 90 1125 2910
6C%-wusit pacrsop H;KL? 1) 1520 o

KEY: 1 == Medium
2 -- Temperature in °C 2
3 - Ultimete strength in kgicum
4 — of specimen
5 = of specimen part
6 - Water
7 — 1 percent NeOH solution

8 =~ 3 percent H.2804 solution

9 - 60 percent HZSO‘ solution

In selecting materials for pressure structures that functicn in chem-
ically corrosive liguids, even if they do not exhibit surface activity,
accounting for the results of purely corrosion tests can lead to an appre-
ciable errcr, & nce these results cannot reproduce the {rue processes
taking placing 'n the stressed specimen.

Kethods of ir.reasing the Longevity of Reinforced Plastics

One of the paramount methods of improving the properties of reinforced
plastica i. improvement of their fabrication technology and in the means
of quality control. Unfortunately, most technological procedures in the
favrication of large-size articles from reinforced plastics at the present
time are nearly totally based on manusl labor. And this leads to the non-
reproducibility of properties of articles, nonuniformity of impregration
and ccating of reinforcing fibers with binder, the appearance of defecis,
and so on. Mechanization of molding methods, use of automeiion devices,and
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quality ccantrcl of the material in the srticle must enhance the reliability
and longevity of the meterials per se, as well as the equipmeni and pipe-
lines.

Serious attention must be given to the reinfarcing fibers, since i.
is they that generally take the pressure loeding. Continuous fibers af-
ford the highest strength. For example, glass-reinforced plastics based
on glass filaments and glass roving have greater longevity.

Some literature sources /62, q§7 recomaend that reinforcing vibers be
given preliwminary temsion, which enhances the operating characteristics of
reinforced plestics.

Close atteation must be given to preparing reinforcing fibers to
rec: .ve a polymeric binder. The reinforcing material must be impregnated
wean;, vacuum, pressure, or ultrasound. During processing, the fiber is
treated with wax sizers, which reduce the adhesion of the resin to the
fiber. Therefore, for greater longevity and improvement in physicomech-
anical properties of muteriasls, the sizer is removed and to enhance water-
proofing the giass fiber is t—eated with special organosilicon compouuds
of the volan and silane types /69/.

Special attention must be given to selecting the chemical compcsition
of the reinforcing fibers ~~ they must have maximum chemical resistance to
the medium in which the materiasl will serve and they must also exhibit ade-
gquate mechanical strength. It must also be borne in wind that the adhesion
of resirn depends on the chemical compcsition of the fibers. Thus, the
adhesion of polyester resin to alksline-compositicvn glass fibers which have
no* undergone special treatment is nearly half as great as for nonalkaline
fibers.

It must also be noted that chemical resistance and thus longevity are
strongly affected by the ratio of the following components: reinforcing
fibers and binder. Here it must be stated that in most cases the ratios
adopted, especially for glass-reinforced plastics, are not whoily satisfac-
tory from the standpoint of *heir application in chemical equipment ani
pipelines. These ratios are dictated by the attsinment of meximum strength
of materials. However, in this case the concepts of "strength" and "chem~
ical resistance" are not identical. The point is that polymeric bpinders
have greater chemical resistance than reinforcing fibers. For example,

phenol-formaldehyde resins are resistant in many mineral acide (H2804 to

60 percent, HC1, H,P0,, and 80 on), while cottor and silk fibers fail even

in weak solutions of acids. The same can be said of glaas fivbers. There-
fore, special combinations of reinforcing fibers and reeins must be used
for chemical equipment and pipelines. When a stressed reinforced plastics
reacts with a corrosive wmedium, the failure process begins with the chem~
icel action of the medium on the material's surface layers. So special
attention must be given to protecting the reinforeing fibers with reein,
especially after machining of the material. A more rational approach is
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a multi-ply structure, and emhancing the chemical resistance of the sur-
face in contact with the corrosive medium by depositing an additional layer
of binder. The kind and quality of binder naturally play a decisive role
from the standpoint of chemical resistance and longevity of reinforced plas-
tics. From this point of view, there are broad possibilities of varistion
in binder selection, since the possibilities of resin synthesis sre un-
limited. In formulating reinforced plastics satisfying the requireaents

of chemical resistance and longevity, of great interest are epoxy, epoxy-
phenolic, furan, epoxy-furan, modified polyester, and several other
bination resins. Jt must be borne in mind that the type of curing agent
and curing regime strongly affect the chemical resistance of certain resins.

The bebhavior of reinforced plastics is also deterwined by the shrinkage
of resins during their curing. Considerable shrinkage of resins leads to a
reduction in strength, a rise in porosity, and an increase in crack forme-
tion, and thus, longevity is reduced. The same effect is obtained when
resins are brittle, since they crack under stress. Various industrial
procedures eliminating these disadvantages can add to the longevity of a
material.

One serious problem associated with the use of reilaforced plastice in
the building of chemical equipment is the need *o ensure that the materials
are gas-tight. The nonuniforwity of distribution of binder and reinforcing
material and their inadequate bonding incresse porosity for service under
pressure, which leads to the loss of gas-tighiness. These disadvantages
can be eliminate¢ by selecting a resin with specific viscosity and shrink-
age, choosing the technological curing regime, using sppropriate sizers
tc enhance the wettability of fibers and increase adhesion, and the appli-
cation of postforming in molding, which promotes the removal of volatiles
and the consolidation of article walls. This improves article quality but
does not wholly solve the problem of gas-tightness. Good results were ob-
tained by using multi-ply structures /52/ in whick the internal layer in
contact with the corrosive wedium imparts gas-tightness and chemical stabi-
lity to the medium, and the outer layer bears the pressure load. Combina-
tions of materials are used for this purpose. The favorable effect can
be attained also by technological means during fabrication. For example,
by centrifugal molding of bodies of revolution one can obtain an internal
layer consisting wholly of binder or an internsl layer that is binder-
enriched.

Nonteworthy is the possibility of obtaining articles made of stressed
glass-reinforced plastics. Impregneted glass fibers are wound on & mandrel,
which is expended prior to t'.e gelatinization of the resin and remains in
this state until the binder has fully cured. In the article made by this
means, the resin can be uader ithe effect of compressive loads. Here the
compatibility factor of the reinforcement and resin, gas-tightness, and
longevity will be increased.

Pipes and equipment can be made gas-tight by using film materials for
internal liniang -- polyvinylchloride, polyethylene, polypropylene, sealants,
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and the like. This makes it possible to use materials that are in less
short supply as the pressure framework. At the present time, a technology
for producing biplastics and equipment mede therefrom has been developed
[64/. These materials are produced on the basis of inexpensive polyester
glass-reinforced materials and chemically resistant thermosetting plastics
and polytetrafluoroethylene. Biplastics are made by cladding and pressing
molten sheets of thermosetting plastics on glass cloth and mats, followed
by strengtheuing them with glass fiber materials with polyester binder.
Teste cf these biplastics in prototypes of chemical equipment showed the
possibility of their use in equipment functioning with simultaneous expo-
sure to corrosive media, temperature, and pressure (vacuum).

The longevi’y of articles wade of glass-reinforced plastics can be
enhanced by using hollow shaped fibers and microtape. By employing this
kind of reinforcement, the weight of equipment can be significantly reduced
and the stiffness and modulus of elasticity_of the material are incressed
(7.0 * 10° as against 2.0 - 3.0 * 10° kg/cw?). In additicn, fabricating
pipes and equipment by microtape winding significantly increases their
gas-tightness.

A significant effect of enhancement of longevity and resistance of
articles is achieved when polyester maleic resins of the PH-1_type are
replaced with TMGP-11 and TGM-~3 polyester acrylate resins ZEﬁ?, and also
with diane type polyester resins (based on bisphenols).

Radistion methods of curing binders must be used to accelerate the
production of articles from glass-reinforced plastics. This method en-
hances the physicomechanical indicators and long-term strength of glass-
reinforced plastics and articles made therefron.
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CHAPTER THREE

METHODS OF TESTING REINFORCED PLASTICS .

General Principles

In contrast to traditional structural materials, reinforced plastics
exhibit specific properties that must be taken intoc account when conducting
mechanical and other types of tests. Above all, these materials are prac-
tically nonreproducible if their fabrication technology, and conditions of
conditioning, testing, and operation are not strictly regulated. Further,
since reinforced plastics are neterogeneocus materials, their properties
will be governed by the properties of the individual components. The pro-
perties of reinforced plastics must correspcnd to the conditions of their
use, i.e.,, they are determined by the nature of the ambient environment,
temperature, nature of exposure to external loading, and the time during
wvhich the load is applied. A major disadvantage of existing standards

for mechanical tests of plastics is that they take little account of these
factors.

Reinforced plastics are characterized oy anisotropy of mechanical
properties, which places heavy emphasis on the requirements of determining
all components of the strain and stress tensors [36, 39].

Standards for mechanical tests of plastics existing in the USSR and
other countries are marked by great diversity. At times the same test method
applies for reinforced plastics as for thermosetting plastics or molding
compounds, The difference in the test methods leads to the impossibility
of comparing results obtaired in different laboratories and in different
ceuntries. This hampers the development of generalized engineering methods

of calculation and the relisble evaluation of the bearing capacity of a
structure.

The dependence of the mechanical characteristics of polymeric materials
on time, nature of the ambient environment, load, and temperature wake it
necessary, when testing reinforced plastics, to model their service condi-~
tions. Short-term machine tests based on standards must serve only as a
starting point for further comprehensive investigaticns of a material.
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Cemplinnce with reguirements on the modeling of actual technological service
regires gives rise to the _dizcrepancy between test methods and existing

TV [Technical Heguiations] and GOSTy [State Standards]. These tests afford
reliatle and deperdable material for the calculation of structures. How—
ever, to cbtain comparable data with this approach to the investigation

cf the properties of reinforced plastics and to achieve their scientific
generalization, the following data are essential:

total characteristization of the test materials —— type of material
(compositicn, ratio «f components, and lay-up scheme of reinforcement),
fabricating regime, stzpe and dimensions of initial blank, and so on;

shape, dimensionrs, and fabrication method of specimens, conditions
for the conditioning of specimens, mounting wmethod, and number of specimens
for the experiment.

characteristics of the tesi machine and measuring equipment, charac-
teristics of the ambient environment, and tewperature;

loading regires ~~ the nethod of applying the load and the loading
rate; ana

nethod cf interpreting the experimental data and confidence limits
(error and scatter).

Generally, existing technical characteristics of reinforced plastics,
as is true also for plastics, unfortunately contain a very limited amount
of data useful to the designer from the standpoint of engineering calcula-
tions. The designer of chemical equipment and machines finds himself in
a specially difficult position since data on the chemical resistance of
materials is nearly totally unrelated to the characteristics of longevity,
and the qualitative evaluation of the suitability of a material as, for
example, the material is "quite resistant,” "satisfactorily resistant,”
and so on, in combination with nuamerical values of the strength limits
is far from adeguate for the calculation of equipment,

To solve practical problems, as a rule one must independently Zeter=-
mine the needed pliysicomechanical characteristics from the resnults of short~
term and long-term static (in the simplest case) tests in specific operating
conditions.

Methods of shorit-tern siaiic tests based on existing svandards are
quite fully described in the literature [25, 37, 60, 65].

Ir mags wests wher 7t is renuired to select a large number of specimens,
the constancy of their fat-icatic technology must be strictly observed,

for exanple, reinforcing mecer® o and binders must be selected Fvom the

gume batcn, tne ageirmed nri s.ation of fibers and the ratio of consti-
tuernts, temper.turec~time molding regimes, and so on must be atrictly
observed. kEmphasis must be giver to providing test conditions in accordance
with specific conditions simulating the service situation.

To obtain comparabic results, test conditions must be standardized,
i.e., the specimens must be conditioned. In general, in each specific case

!
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: the investigator, guided by scientific considerations and the specific
g capabilities of his laboratory, must specify the conditioning conditions,

= Of the existing standards for the conditioning of specimens of plas~
tics prior to testing, the most advanced is the ASTM standard (Method
D~618-61). This standard proposes six typical conditions for the prepara-
tion of specimens in relation to temperature and humidity at which the
tests are made. The conditions are governed by the temperature, humidity,
and the time period during which tlie specimens are conditioned. According
to this standard, the f-~llowing parameters are specified for the ambient
environment: temperature =— 23 12° C {or #1° C), and relative humidity i

: 50 +5 percent (or 42 percent). These quantities are measured not farther i
than 600 mm from the specimen. The conditioning period is determined by
gpecimen thickness; for example, the period is 40 hours for specimens not

. thicker than 7 mm. i

A, 8 5 AP A oA 2 o i A SR

It is particularly vital to standardize conditioms in corrosion tests
(GOST 12020~66). Below will be given representative methods for this type
of testing. Here however it must be stated that as in the evaluation of
chemical resistance from weight change and from the change in the mechanical
strength, the weighing and failure of specimens must be carried out under
strictly regulated conditions.

Without aiming at completeness of classification, existing methods
of testing reinforced plastics that permit the determination of character-
istics needed by the designer of chemical equipment can be divided intc
the following groups:

short~term static tests to determine strength and deformation charac~
teristics (modulus of elasticity, ultimate strength, limit of proportionality,
maximum deformations, and Poisson's ratio);

short-term dynamic tests (dynamic modulus of elasticity and the depen~
dence of ultimate strength on deformation rate);

long-term static tests (dependence of strength on the loading time ==
longevity and deformability =- and the plotting of creep curves); long-term
static tests must also be organized with combined exposure to temperature
and corrosive medium; 5

4

long-term dynamic tests (fatigue strength for cycles numbering 10
106, anda 107, and the Jdetermination of the logarithmic decrzment of damping
in bending);

corrosion tests in corrosive media with the plotting of the curve

describing the dependence of weight change and change in strength charac-
teristics with time; and

special tests (for example, the effect of bonded and unbonded abrasive
on the properties of reinforced plastics, testing for permeability and
gas-tightness, study of the effect of radioactive irradiation, and so on).

Many of these tests can be conducted on specimens of different types.
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Flat specimens made of sheet material or else flat specimens specially
riolded by the heat-fabrica’ting technology [64] are used in many laboratories.

In recent years tests of specimens of other types gained wide accep-
taance: rings, cylinders, and pipe segments.

Ring specimens are usually fabricated by winding filament impregnated
with binder on a short cylindrical mandrel to obtain a relatively narrow

and thin-walled circular specimen. In some cases ring specimens are cut
from cylinders or from pipes.

Cylindrical specimens differ from ring specimens by their relatively
greater length. In the winding of cylinders, reinforcing fibsrs are
orientec in the most dissimilar fashion. Specimens in rod form are simi-
lariy frbricated.

In industry it is usually lelieved that flat and ring specimens can
be used in building any new material or in investigating the effect of
various factors onrn the properties of reinforced plastics.

There are different points of view as to whether tests on flat speci-
mens afford the designer all the data he needs. Doubtless, cylindrical
specimens, and especially tubular specimens, afford greater potentialities
to gather calculated data needed by the designer of chemical equipment,

The anisotropy of properties made it necessary to conduct teets in
even two mutually perpendicular directions ( @ = 00 and = 90°), and in
the best of cases =~ in three directions of specimen orientation { @ = O°,
¢ = 90°, and @ = 45°). This is particularly important for testing with
flat specimens.

In addition to these tests, builders of structures must organize, in
their prototype production, tests on scale models and on experimental

models in full size in service conditions in order to revise calculation
data.

Short~Tern Static Tests

Tension. OStandards set various dimensions of flat specimens intended
for tensile testing, however heir shape as a rule is the same (Fig. 26).
In tensile testing it is important that the working pari be in a uniform
stressed state. OSpecimens must be centered well in grips, ensurirg strictly
uniaxial stretching. Experience in the mechanical testing of laminated
plastics with flat specimens showed that the standard shape of specimens
is unsuccessful, since in most cases the rupture takes place at the site

of the transition from the working part of the specimen to the thickened
gection,

In making tests with self-tightening wedge grips, lateral pressure on
the specimen is increased when there is anincresgse in the tensile force.
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Fig., 26, BShape and dimensions of specimens for tensile
tesing of reinlurced plasticss

I ~— based cn GOST 4649-55

il = according to Ericson and Norris

II1 -- short, according to Ericson and Norris

IV -~ elongated, based on DIN No 53455/1

V — bvased on DIN Ne 53455/1

VI -- based on DIN Nec 53455/2

VII ~=~ based on Dietz and Mac Herry

This produces & high stress concentration leading to the rupture cf speci-
mens in the grip itself [40]. To eliminatve ‘his effect, several standards,

for example, ASTM (¥Method D-638), recommend that specimen ends be addi~
tionally reinforced.

. Most expedient are oblong specimens in the form of a straight oar
[40] with strengthening at the grip locations. A grip used for clamping
gpecimens by the force of friction is recommended for bar—-shaped specimens.

Tnis methed of securing specimens eliminatez the possibility of their
failure in the grip itseif,

The dimensions of specimens -must be such that uniform stresses ensure
throughout the specimen length, accurate deformation reading is affozded,
and the end effect can be neglected. when selecting the workin? part of

the gpecimen and its support section, functions from the study _67] can
be used.

There are also different views on the leoading rate. The standard
recommends grip travel rates in the range 10-20 mm/min. Sowe stuvdies [79]
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Fig. 27. Scheme for
tensile testing of
ring specimens

skhow that for more exact results the grip travel rate is best reduced to
6=15 mn/min,

Tensile tests are also conducted on ring and cylindrical specimens
[57}. To apply the tensile lcad on a ring specimen, within it are inserted
two steel semicircular grips and the load is imposed as shown in Fig. 27.
surfaces in contact are lubricated to reduce losses due to friction.

Ring specimens can be tested for tension in different ways. Sometimes
a notch: is made on the internal surface of the sgpecimen to preclude bending
and to ensure that the specimen fails along the notch. The width of this
type of specimen is 25,4 wr. In another case, grooves are cut in%o semi-
circular grips so as to leave a free secticn {51 mm) on the ring in which
to place a strain gauge. The specimen diameters are 146, 228.6, and 152.4
mm for width of 6.4, 12.7, and 25.4 mmn, respectively. The modulus of
elasticity is calculated by the equation

E"——""“—_;‘:—g—é—'s (9)

where P is *he load in kg;
U is specimen width in cm;
t is wall thicknesc in cwm; and
€ is relative deformation within the elastic limit.

The method of hydrostatic testing of circular specimens for tension
is of interest. This fest methae? models the siress state of pipes and
chells loaded with internal hyo- .static pressure. A specimen fails under
the effect of radial temsilc stresses. wWhen tests are conducted by the
hydrostatic method, a liner made of elastomer is placed within the ring
146 mm in diameter, 6.4 mm in height, and 3.2 mm in thickness) and the
entire assembly is exposed to an increase in hydrostatic pressure until
the moment of failure. Since the wall thickness of the ring is small,
the specimen can be considered as a thin-walled specimen. " determine
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the relative deformation €, a string is wound over the ocuter surface of

i

"ti.e specimen and the change in circumference is noteds

Al
02-;6:;, (10) 3

where Al is the elongation of the string; and
Dav is the mean diameter of the circle.

wWhern testing cylindrical specimens for tension, their erds are strengthened
and they are given a conical shape. Tension is calculated by the formula

4P

TG (11)

where DO anc di are the outexr and internal diameters in cm.
Compression. In cowmpression tests, the shape and dimensions of speci-

mens have an even greater effeci on test results and on the function

Toom = £ (&) [96]. GOST 4651-68 recommends specimens in the form of

an oblong prism 15 mm in height and with a 10 x 10 mm base. Comparative
tests of specimens with different dimensional ratios showed the inadvisabi-
lity of using shallow specime.s [65]. An inflection appears on the plot

Som = f ( €) for the specimens owing to the confinement of the deforma-

tion. Values of ultimate strength and the wodulus of elasticity proved
to be understated.

The ASTM standard (Method D-695) allows the ends of a specimen to be
reinforced in order to prevent crushing.

Compression tests in certain laboratories are conducited on ring

specimens [30, 100], and here various methods are used. Fig. 26 shows
one such test method, where

P I
0= —m—‘. \12)

Fig. 29 shows another test method. Under this loading scheme the
modulus of elasticity in compression is calculated by the formuls

ol p ,
com B T A

1
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Fig. 28. Scheme for com=
pression testing of ring

specimens
P
P
Fig. 29. Schneme for testing ring Fig. 30. Scheme for testing ring
specimens for compression with bend-  specimens by squeezing with a flex-
ing ible tape

\ . . .. . . . 2
where hcom is the modulus of =lasticity in compression in kg/cm 3
Yoy is the mean radius in cm; and
f is the overall sag (displacement of the head of the wmeacuring
instrument) in cm,
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Fig. 31. Device for compres=-
sion testing of speciwmens [83]:
1 == support

2 ==~ prop

3 == frame

4 == plunge:

5 == specimen

Fig. 30 presents a compression test method that involves squeezing a
ring with a flexible band. By this method, a steel band is wrapped around
the ring and one end of the band is passed into a slip provided in the other
end of the band, by which the total encirclement of the ring is achieved.
The load is applied at the ends of the band. By this method the ring is
subject to uniform compression, Surfaces in contact are lubricated, &and
a spacer placed at the conjunction of the band ends in order to eliminate
bending at this point. The ultimate strength is calculated by the formula

(14)

i
0= %"

Tests of ring specimens can be conducted by the hydrostatic pressure
method. For this purpose, a special gasket ring made of elastomer is
fitted over the circular specimen, and the hydrostatic pressure is applied
to this elastemer ring. The ring specimen thus is subject to a uniformly
compressing load.

In compression tesis special emphasis must be given to the method by
which the load is applied. It must be applied across plane-parallel
surfaces. Special devices have been designed for this purpose, one of
which is shown in Fig. 31.
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bendiny. Bending tesis arethe most widespread owing to their simplicity
of execution. However, this kind of test gives results thai are hard to
compare and the resulis can be used only for a qualitative evaluation.
Hesults of testing laminated plastics for bending are interpreted based on
the formlas from the strengih of materials that do not allow for the
anisotropy of the mechanical properties of materials [65].

According to the GOSTy [State Standards] and many foreign standards,
tests for transverse bending are cornducted on specimens in the form of
obleng parallelepipeds with loading following the scheme of 3 beam resting
freely on two supports. Here the loading wmust be applied either with the
force placed in the middle, or else by the pure bending scheume. .

when making tests for transverse bending, sag is measured as a func=
tion of the applied load and the rupture force. It must be noted that .
these tesis do not allow for the effect of tangential stresses during
bending. To estimate the error introduced, it is proposed to use the
formula of 5. P. Timoshenko [65].

Investigations [67] showed that the sag of a beam loaded with a con-
cent 1ted force in the middle of its span is associated with the applied
force by the function

f =% (15)

where f* = (1/48) - (915,/EXXJ},) is the sag calculated with shear disregarded;
"~ and
: 5= (n/3) + (thw/(w~Dbhr}) + ﬁ?/B is the corrective factor that
allows for the effect of shear.

The parameter is

H [ Exx
¢ — — N .
z H == n l (’ZZ

In these expressions we have the following notation:

Jx is the moment of inertia of the cross—section of the beam;

is the wmodulus of elasticity;
is the modulus of shear;

the span of the beam;

is the applied load;

hailf the beam height;

is the beam height; an? .
ig the beam width.

o N
o e (¥
0 w

o
"

The ratio b x/G , depending on the material, lies within the limits
7-20 . X *a '

Tests based onthe pure bending scheme make it possible to determine
the modulus of elasticity quite accurately.
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Fig. 32. Scheme for test-
ing tubular specimens for
bending

In making tests for transverse bending, special attention must be
given to the execution of supporis and the endpiece of the test machine.
They must be made in the form of cylindrical surfaces with a radics of
curvature >f 3H (but not less than 3 ma).

The liverature ccntains general information on tests of laminated
plastics for longitudinal sag, Thus, the critical stress Cgr when cylin-

ders are tested for lengitudinal sag can v calculated by the formula

<r Vi— '/1——-;;-2 'a\f’

where Crr is the critical stress at which longitudinal sag takes place;
1 is the distance be+4ween Erips;

# 13 Poisson's ratio; and

r_ ., 5 the mean radius of cylinder.

Bquation (16) is theoretical and was derived for thin cyiindrical
pipes. llowever, it was noted that longitudinal sag usually occurs at
stresses considerably smaller than ikis theoretical value O;r, as a re-
sult of defects, load eccentricity, and sc on.

4180 described [57] ére tests of a cantilever-mounted cylinder with
a force couple epplizd by means of levers (Fig. 52 )i
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Specinen geoseiry ané the ratio of cylinder radius to cylinder thick-
ress are¢ chogen so that failure takes place duc o longitudinal sag. The
critical stress is calculated by the formula

o, = Mrex (17)
cr = J ’
where M is the bending moment;
T, is the outer radius; ama
Jd is ‘the moment of inertia.

In the general case, J = (%/64) (1% - 6%), and for very thin rings ;
J = 73, t (where D an d are the outer and internal diameters).

The bending moment is

M-—"‘-—,ﬁéwra,t‘. ‘ (18) 3

Shearing and cruupling. These types of testaare conducted to estimate

the behavior of roinforced plastics in unions. Below are presented several
methods followad from foreign practice.

4

:

3

Tests for "interleminar® shearing (Fig. 33) are conducted on analogy g

with tests for bending with the loading imposed in the middle, but the §
distance beiween the supports is chosen to be small so as to cause failure 1
i

3

i

as the result of hcrizontal (¥interlaminar") shearing. The ultimate shear
strength is

L
Oa= 57> (19)

where P is the rupture load;

b is the width of specimen, 25.4 wmm; and i
L is the height of the speciwen, 3.2 mm. '

The specimen length 1 is 25.4 mm.

Tests for shearing of a ring specimen are conducted according to the
scheme shown in Fig. 34.

The ultimate shear strength =

p
Qw.= DR’ (20)
vhere Dk is the diameter of a sheared ring.

Crumpling tests are very simple: a metal pin (peg) is inserted into
a calibrated opening of the specimen, and to the pin is applied along the
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Fig. 33. ©Scheme for testing specimens for interlaminar
shearing using loading withk a concentrated force (a) and
loading tased on the net-bending scheme with x < 1 (b)
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Fig. 34. Schewe for shear testing Fig. 35. Scheme for testing specimers

of a2 ring specimen for crumpling

longitudinal axis of the specimen the tensile or compressive load and the
deformation of the opening in the test material is measuzed (the displace-
ment of the pinj. Fig. 35 presents the scheme for testing specimens for
crumpling according to ASTH (Method D—953-54).

The following are detcrmined according to the data obtained:
crunpling stress

P (21)
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3 The tangential elasti> modulus for £ = 4.0 percent is
-

’ E‘-T-—= “H (22)
where 4 is the opening diazeter.

3 The diversity of pipe designs, the use of more and more new kinds of

1 resins for binders, the advancement in production methods, and the improve-

3 ment in the technology of fabricating pipes from glass-reinforced piasiics

? often makes it inadvisable to conduct expensive studies to determine their

: physicomechanical properties. Por this purpose one needs a reliable rela-~

tive criterion to estimate chemical resistance and other properties of *
pipe material. This criterion must take into account not conly differences

in the design of individual layers of the pipe wall, but aiso is sensitive

to change in physicomechanical properties of piping after unilateral -
exposure to corrosive media and other external factors, for example,

temperature, load, and so on,.

Stiffness (EJ) of ring specimens [19, 91, 96] cut from piping is this
_ criterion, where ¥ is the modulus of elasticity in bending and J is the
3 woment of inertia of the ring cross—section.

3 Ring specimens (0.1 D in width) are subject to stcpwise loading with
¥ two tensile or compressive forces P ranging from 1 to 5 kg (cf. PFig. 29).
The function P ~ AD is plottec from the resulting values of deformation
and the forces corresponding to them, where AD is the deformation of the
: ring apecimen in the diametral direction. When tesis are conducted on a
F rup ture machine, this functicn is plotted automatically by a recorder.

4 uring testing, each ring specimen i3 loaded three times, and each subse-
quent loading is made after the ring specimen has been rotated by an angle
: of 60° The wean value of deformations reflects the erfect of flaws and
: cracks in the pipe wall, and also vacriation in wall thickness and physico=-
: mechanical properties of wall material with exposure to a corrosive medium,

Based on the resulting function P ~ AD, a calculation is made of the
stiffness of ring specimens that r2flect the condition of the pipe material
after certain periods of service in corrosive media. The slope & of the
function P - AD is proportional to the stiffness of ringspecimens [20, 36].

T T

The deformation of a ring specimen dinmetrally is expressed in the
form

VPR

p
AD = 5T 0,149r3,

from whence we get the stiffness of the ring specimen

alin i

P 2%
EJ=0,149r" . (23)
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% ¢ Pig. 36. Scheme for loading specimens with internal

F bydrostatic pressure

i

E L. Hydrostatic tests of cylinders (pipes). In many laboratories in the

p USSR and abroad fests are made with inferral hydrostatic pressure using

3 wound structures of reinforced plasticss vessels, tenks, pipes, and so0 on.

Tnese tests include the following:

f verification tests in which the capability of a given structure to with-
stand 8 specified internal hydrostatic pressure is determined; g

rupture tests in which the specimen is brought to faiiure (in these *
tests ugec mainly tc estimate the suitability of a material and structure,
the pressure at whics failure takes place is vital, and the stresses
indveed iu the structure sre noi determined precisely);

tests on models to obiain calcuiation data that can be conducted with
models of different sizes, all the way to full size (during such tests : 3
a large amour:t of data is cbtained on the relationship between stress and 3
strains, creep, fatigue, ard so on); and

tests to determine the characteristics of the material (this kind of
test is the most widespread).

g e ey

i Lt

Tests using external pressure on cylindrical \tubular) specimens are
conducted to a much smaller extent than tests using internal pressure.

R

Testing with internal hydrostatic pressure is the wost widespread.
In the general case when the vessel is subject to internal hydrostatic
pressure (Fig. 36), a triaxial stressed state is induced in a wall element,

wnose main components are as follows: a% is the normal stress in the

tangential direction; <Si is the normal stress in the lorigitudinal direc-

Kha AL sintealil

el et

tion; and . is the normal stress in the radial direction. For a thin-

walled cylindrical specimen {wa:l thickness t<<(1/10)r, where r is the
rading) the normal stresses .n the radis] direction can be neglected, ;
but the normal stressgs in the ,dnetntAal and the longitudinal directions ;
are regarded a3 uniformly distrinuted. Usually tests with internal :
hydrostatic preasure are conducted on thlnmwalled specimens. These assump- : 3
tionr are not applicable to thick-walled cylindrical specimens.
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In the ASTM, a method of testing pipes made of reinforced plastics
using internal hydrostatic pressure has been standardized. In these tests
3 ) specimens are placed in a water bath where they are thermostatted. The

o specimzens are comnected with a pressure source. The pipe system and
the pretest specimens are filled with water or another liquid and herwetically
closed. The pressure in the specimemsis slowly increased until they fail.
Specimen failure is noi permitted sconer than 1 mimite after the beginning
of the tests. The strength is calculated by the formula

ﬂw~0
=Ty

st

o= (24)

vhere p is internal pressure;
D is the outer diameter of the pipe; and
t is the wall thickness.

ST TRV Ly T Y I 7

The working length of the specimen between the gaskets at their ends
(1) must not be less than 7 D. When this requirement cannot be satisfied,
the winimum free length of the specimen with outer diameter of 150 mm
muet not be less than 300 wm., For pipe width D >150 um, when it is impos~-
8idble to comply with the condition 1 >>7D, the free length of specimens
is set by the tester [83].

o R i N b G

Deformation can be determined using electrical resistance strain
gauges cemented to the specimen wall. These strain gauges are sensitive
to axial as well as transverse deformations. The resulting deformation
can be used directly to determine the modulus of elesticity ki (E = /€ )
or with a correction to determine the biarxial deformation:

&=y + Wity
el = e,' + p’lel.i

ot s

where é% and ﬁ_are the corrected deformations;

A and éi are the measured deformations;

0 0
fi is Poisson's ratio for material when the stress is
applied in the axial direction; and :
M, is Poisson's ratio for material when the stress is 3
applied in the transverse direction.

i b A

b theatl

Let us consider several other kinds of tests of tubular specimens
described in the literature.

e e AT

Transverse tension with internsl pressure, For this type of test S
(Fig. 37), a cylindrical specimen with open ende is closed with plugs and :
1 brought to failure using internal hydrostatic pressure. The use of plugs
é prevents axial loading, so that only normal stresses in the tangential
3 direction are set up. The end plugs can be used as pistons transmitiing
: the pressure, For this purpose, the specimen is filled with siliconesolu-

; tion. Deformations can be determined using resistance strain gauges cemented
- to the outer surface of the pipe wall.
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Fig. 37. Scheme for tensile testing Fig. 38. Scheme for testing tubular
of tubular specimens using internal specimens using external hydrostatic
hydrostatic pressure pressure

Testing using external pressure (Fig. 38). In this method of testing
thin-walled pipes the external burst pressure is

#=i;L J'wzJ' (25)
+4F (%)

where t is the wall thickness;
Op is the slow limit of the material in compression;

r__ is the mean radius; and

B i¢ the modulus of elasticity.
This equation is valid given the c>ndition that p'rav/t > g

The following equations are recommended for the determination of
$. "cgges in thick-walled cylindrical specimens [57}:

the uniform internal radje) pressure (longitudinal pressure is equal
to zero or is equalized by the external pressure)

2 J-,r?

r, VA \

=P AT (26)
ou 1n
— 83 -
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uniform external radial pressure (the longitudinal pressure is equal
to. zero)

. 272,

oy=p ﬂ; (27)

the uniform internsl pressure in all directicns

p A
Oy =
and ! % in
Y
o=p a+n; (28)
™ Tin

7 (29)
o=p 3_2
toTh
and ' mﬁ,
o=/ ,: "";n (50)

In equations (26) - (30), o, and o are the normal stresses in the

tengential and longitudinal directions at the internal surface, p is pres-
sure, and rouand rin are the outer and internal radii.

Thick-walled cylindrical specimens of the following dimensions were

Long~term Teste of Reinforced Plastics

Short-term static tests of polymeric materials, even though providing
quite full characterization of their physicomechanical properties, still
are not exhaustive for an evaluation of the bearing capacity of a material.
As already indicated, the strength of reinforced plastics is strongly
time-dependent. Therefore to determine rheological characteristics and
to estimate the bearing capaci* of a material and design with reference
to the loading time and the nature of the time dependence of strength,
long~term static tests must be made.

In addition, with reference to the specific details of the function
of chemical equipment and pipelines, one must have information on the
behavior of the material when exposed to an ambient corrosive medium and
elevated temperatures. This information can be obtained only by making
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LE long-tern corrosion tests, Long-term tests of plastics are conducied in i
= several directions. Most often tnese are either "traditional®™ corrosion E
%%‘ tests with reference tc temperature exposure, or tests for longevity without 3
FE alloving for the effect of a corrosive medium., At the present time there 3
E is relatively little information on tests for longevity with reference tc : E
3] loading, corrosive medium, and tempersture. It must be noted that the need :
E to obtain these date led to expanding experiments on static fatigue of |
=§ plastics in corrosive media, ;

In recent years consideradle improvements have been introduced into i
the methods and techniques of corrosion tests, bringing them close to {
. actual conditions cf the service of articles. ?

et

[}

Akt I(

Corrosion tests. Iln wmost cases, chemical resistance of components is i
determined t- the first approximation, as is the resistance of the rein- : -
forced plast‘c in corrosive media. However, it must be berne in wind that ] =
the chemiczi resistance of reinforced plastics is scmetimes decisively . :
: affected also by other factors that depend on the technology of fabricating _
fe the material, processing of the components, nati.e of the material, and ] :
so on. For example, if we consider the chemical resistance of components :
included ir the composition of a textolite, we can establish that the rein-
forcing cotton or silk fabric is resistant, in particular, only to highly
dilute solutions of &acids. From this we can conclude that textolitfe is
unresistant in acids. However, if as a result of technological processing : 3
of the material we ensure that the fibers are adequately protected with : 3
rolymeric binder, textolite can become guite acid~resistant. : E-

L AR
.

Another exsuwple. We know that furan resins are resistant tc caustic 3
alkalis, however in several studies [94] data are given on the unsatisfac- : E
tory resistance of furan glass=-reinforced plastics in sodium hydroxide. . k|
This can ©ve explained only by the fact that the alkali acted on the glass '
1 fiver. Obviously, in selecting a glass fiber resistant to sodium hydro-
xide, the overall evaluation of the chemical resistance of the glass—
reinforced plastic should be higher,

Therefore, in making a corrosion evaluation of a material, especially
when developing some compogition, an evaluation must be obtained of the
corrosion resisiance of the material itself, as well as its individual
components. This permits introducing appropriate corrections into the compo=
sition and the technology of obtaining the material and fabricatirg the
article,

P

The simplest method of courrosion testing is testing for water absorg-

] tion according to GOST 4650~6%, Tests are conducted in distilled water

] at normal temperature. Specimens with the dimensions (120 + 2) x (% + 0.5)
x {10 4+ 0.5) mm after conditioning at constant humidity and tempera‘ure,

_ are weighed, and then are loaded into distilled water for 24 hows, Then

1 the weight change of the specimen is determined. These tests can also be

. conducted in other liquid media.
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The chemical resistance of plastice io chemical reagents is estimated

from.the relative change in the averaged mechanical properties and the
weight change (GOST 12020~66).

Reinforoed plastics are moetly classified in  the group of reaction
pisstios.

It must be noted that the estimation of the chemical resistance of
plastics based on weight change is mechanically taken from the corrosion
teptd 'of metals. As a rule, it is not a reliable characteristic, especially
vhely the weight chenge is measured over sowe fixed time interval, Different
pTr develop in various polyweric materials when they are in contact
vith & medium. Some swell, absorbing moisture, while in others components
dissolve, while in still others structuration accompanied by weight change
takes place on exposure to the medium, and so on. Most often many processes
alterpate in the same material. For example, in a study of polyester glass~—
reinfarced plastic in diethyl phthalate after exposure of specimens for
623 bours, their weight increased only by 0.02 perceni., Based on this
experiment one could suggest the high chemical resistance 6f this material
in diethyl phthalate. Aotually, the pattern of weight change is as follows:
the weight dropped by 0.06 percent in the first 50 hours, then rose by
0,07 percent, but at the end of the tests (in 623 hours) the weight increase

was 0,02 percent, If the weight change curve is extrapolated, the increase
in weight in one year will be 2.2 percent.

Thus, in estimating the chemical resistance of plastics by weight
change, it is more correct to trace the kiretics of weight change over
certain time intervasls. As shown by numerous experiments, these investi-~
gations must be conducted on the basis of not less than 30 days (720 hours).
An abrupt variation in the properties of the materials is observed in the
first 200 hours of their contact with the medium (Fig. 39), but stabiliza-
tion of the process takes place for a8 base of 200-600 hours. In this case
it becomes possible to extrapolate to longer time intervals and to predict
the behavior of the material. We must, however, note that when possible
one must avoid purely gravimetric methods of estimating chemical resistance
and adopt as the criterion of the chemical resistance variation in mechan~-
ical properties, for example, ultimate strength in teneion, bending, or
compression. In the above presented example with polyzster glass—~reinforced
plagtic in diethyl phthalate, the bending strength at 623 hours of exposure
fell by 67 percent aad, therefore, the material is unsuitable in these
conditions. Additionally, one can trace the weight change by establishing
when possible a relationship between the change in strength and in weight.

In most corrosion tests of plastics, it is precisely this method that
is egployed at present time. And in this case one must study the kinetics
of the process for a bsse of not less than 30 uays. Tests are usually
conducted in Erlenmeyer flasks or in other vessels fitted with a refiux
condenser. The corrosive medium is poured into the flasks,and the flasks
thewselves are thermostatted in a water, glycerin, or oil bath. After

certain time intervals (10, 20, 30, and 40 days), some of these specimens
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) Fig. 39. Dependence of ultimate
tensile strength on time for glass-
reinforced textolite based on EF-

o 32=-301 resin after exposure in

sodium hydroxide at 50° C:
1 == 1 % NaOH solution
2 == 20 % NaOH solutign
KEYs A== O, kg/cm?
B =~ T, hours

are removed, their weight change is recorded, and then they are brought

to failure. The results of tests are shown graphically in the coordinates
7T -=AG ard T --Ao, where T is time, and AG andAs are the change in
weight and in strength, respectively. If the change in strength and weight
progresses with time, the material becomes unsuitable for the given condi-
tions, If the weight, strength, and relative elongation vary only in the
first test period, and thereafter the change process stabilizes, the
suitability of tiLe material is egtimated by the values of thece changes

by extrapolation to desired service times. Use can be made of a scale

for estimating the suitability of glass=reinforced plastics based on poly-
ester and epoxy resins using weight change (Table 20). The weight change
in a year is determined by extrapolating results obtained for a base of
200=-600 hours of testing.

Assumptions are made ac to the presence of a correlaticn between
weight change (extrapolation for a year) and strength change. However,
this correlation appears doubtful in general form and has been refuted by
several experimenters [98].

In conducting corrosion “ecuts of plastics, one must ensure constant
composition of the corrosive .edium (pH monitoring) and replenishment of
the medium during the test pericd. The medium must be stirred to obiain
rore or complete results.

A weighty methodological problem as the question of selecting
the failure time of specimens after conducting the te: ts. There is no
single point of view here. It appears to us that the failure of specimens
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TABLE 20. SCALE FOR ESTIMATING THE CHEMICAL RESISTANCE OF

PLASTICS
7 2 3
H
'::}::&e.tziri:ééf- w.::o::;-f‘.m. Tipuueusans

raunt) » %

-

—0,25++0,25 Ounnn* -

+0,25+20,75 | Xopoman -

9, . 0
HMueercs onacHoCTs PaccioHue;
+75++1,5 wia:::mpu- MS OUEHKM NPATORHOCTH TPeGyioTcA

Goaee aAmTEALHHE HCALITAHURA

0
7Caume *1,5 l'hoxaug A Marepnan nenpurogen-

KEY: 1 =- Weight change in one year (extrapolation from

600 hours of testing) in %

2 — Estimation of chemical resistance

3 == Remarks

4 = Exczllent

5 = Good

6 -- Satisfactory

7 = About 1.5

8 == Poor

9 — There is a danger of exfoliation; longer tests
are required to estimate suitability

10 =~ Material is unsuitable

st be achieved when their weight reaches a constant value upon drying in
atmospheric conditions at 1820 C and a relative humidity of 65 percent,
(The drying conditions may differ, but they are always constant.)

In corrosion tests using flange specimens, much difficulty is repre-
sented by the protection of end surfaces against the penetration of the
medivm. Usually the ends of specimens are prctected with the same binder
as used in the material, or with an epoxy compound. Good results can be
obtained if specimens are cut from an uncured stack using a special punch,
and *then the finished specimens are cured. In this case it is »Hssible to
protect the ends with binder [64].

0f congiderable interest are stand corrosion tests of pipes made of
reinforced plastics during which, in addition to the effect of the corro~
sive medium, allowance ie made for hydrodynamic conditions of the surface
of pipes and equipment.
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Fig. 40. Scheme of a device for testing ;

e rﬂ Dt
.

1 E, tubing for chemical resistance in a flow ;
: of corrosive media 2
! ~~ tank
-~ centrifugal pump
== heater

1
2

3

4 ==~ thermometers
5 == o0il pump
6
7
8
)
1

R TR R T

== heat exchanger

-= manometer

== pipe specimens

== by-pass valve
0 =~ coils

Fig. 40 shows a layocut of such a stand. After certain time intervals,
circular specimens are cut from the pipes and sutject to machine tests
based on procedures described in the preceding sections. The change in
physicomechanical characteristics of the material is determined. By varying
the rate at which the medium flows, nroducing dif:'erent local drag values,
one can trace the effect of hydrodynamic conditions on the chemical resis—
tance and longevity of the pipes.

In conclusion, it must be nnted that at the present time there is
already available some material on the chemical resistance of reinforced
plastics. However, information on chemical resistance sometimes is extremely
contradictory, partly owing to differences in the formulation of the mate-
rial and in its production procedures, and partially owing to differences
in experimental conditiorns. The absence of information on methods of
. estimating chemical resistance poses considerable difficulties when analyzing

and using literature data.

Long~term static tests. As already indicated, long—term static
tests are conducted to determine the time dependence of strength and to
determine rheological characteristics. As a rule, long-term static tests
are conducted under conditions of creep with constant stress. These
studies can be conducted in the atmosphere, as well as in media that are
corrosion and surface=active at roum and at elevated temperatures,
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A mandatory requirement for the determination of rheological charac=-
teristics of strength is the possibility of quite accurately determining
the stressed state at any moment of time. This r- -iirement is most reliably
satisfied by testing with uniaxial tension [65]. "+ is because thus far
accurate enough rheological theories of bending, tu: ..on, shear, and the
logs of the stability of rods made of inhomogeneous anisotropic material
have not been developed. The lack of sufficiently exact theoretical solu-
tion does not permit a proper interpretation and evaluation of its experi-
mental results., For this reason, it is customary to take as the main kind
of long~term static tests the testing of specimens in conditians of creep
with unigxial tension, thoughthere are other original solutions, and these
will be given appropriate treatment below.

When testing laminated plastics for longevity in chemically cnrrosive
media under conditions of uniaxial tension, there is the possibility of
most fully studying corrosion=absorption processes occurring in them,
Under conditions of uniaxial tension the "Rebinder effect" shows up most
intensively, while at the same time in bending or compression some
microcracks close up, and their role in the failure process associated
vith the sorption of surfactants diminishes, and the failure mechanism of
the material predominates by the redistribution of stresses. For this
reason it is difficult to agree - th the view that testing for bending
most completely showe the effect of corrosive media on glass~reinforced
plastics.,

Tensile stress is imparted to a specimen either directly by means of

susp;nded weights (Fig. 41 a) or using a lever or a system of levers (Fig.
41 b),

Long=term static tests are usually carried out with constant stress
or constant loading. In the case of small deformation (to 10 percent),
we can neglect the change in the cross=sectional area of the specimen, and
then the two methods give practically identical results. In the case or
large strains when the cross—sectional area of the specimen changes dzcidedly
during deformation, to retain constancy of stress values special devicese
automatically varying the loading are called for [5, 26]. Installations
with devices of this kind are quite complicated, therefore in long-term
teats of materials with large strains experiments are often conducted
under conditions of constant loading [12 + As for most reinforced plastics,
they are characterized by small strains, and to ensure constancy of stress
values during an experiment most special devices are required.

When building installaticns for long-term static testing under creep
conditions with uniaxial tei.sile stress, special attention must be given

to the centering of grips so as to prevent longitudinal bending from occur—
ring.

In long-term static tests, several problems can be solved. First of
all, we can determine the longevity of a material by bringing specimens
to failure, and we can plot longevity curves., Secondly, in parallel with
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Fig. 41. Arrangem.nts of devices

for testing materials for longevity

in creep conditions with direct -

loading of the specimen with weights

(a) and loading using a lever system
(b):

1 == gripe

2 == specimen

3 = weipghts

4 ~~ counterweight

5 == lever

tests for longevily or separaizly, we can study creep with the determination
from the creep curve of rheological characteristics. Deformation can be
measured either using ohmic~resistance strain gauges, or else by means of
various mechanical instruments, for exaumple, Aristov strain gauges and
clock~type indicators. When specimens are investigated in chemically
corrosive media, indicators are most suitable, since they cen be positioned
outside the speciuen directly on the grips which make it possible toward
the necessity of protecting the measuring device against corrosion. Wnen
the indicator is secured on grips, the deformation of the specimen in

the grips per se must be taker into account. Rheological characteristics
can be determined by an accelerated method at elevated temperatures based
on thermcmechanical curves [65].

The third problem that can be solved consists in determining the effect
of static loading on variation in mechanical strength. In this case gpeci-
mens subject to constant loading are not brought to failure. After a certain
time interval has elapsed the load is removed, and the specimens themselves
are brought to failure on a rupture machine, The strength change is estab~
lished. This method can be of interest from the standpoint of speeding
up the plotting of longevity curves. Let us assume that a specimen is

loaded with some tensile force that causes the stress 03. After certain

time intervals ( v, Ty Ty T;, and so on), the load is removed and
the speciwen is brought to failure. Rupture stresses will be C?, CEP

o CZ’ and so on, respectively. If we represent these results graphically,

j’
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Fig. 42. analytic-graphiccl wethod
of determining the longevity of rein~
forced plustics

we will get a curve (Fig. 42) describing the dependence of the reduction

in strength on time O = f (7 ) at constant stress O = const = o,

Obviously, under the effect of the stress the specimen will fail when the
curve reaches point A on a line parallel to the abscissa axis with ordinate
o, By determining the function © = f (7°) graphically or amalyiically,
we can find the point A and, thus, the time Tl corresponding to it, which
is equal to the longevity of the material. Of course, this method of
longevity determination requires careful experimental verification, but

by itself it opens up tempting possibilities for accumulating data, parti-
cularly on the longevity of materials in corrosive medis at different con=
centrations and at different temperatures, since acquiring these data by
the - sual means is fraaght with sizeable difficulties.

The longevity of reinforced plastics, in particular, glass=-reinforced
plastics, can also be detzrmined by the Larson~Miller (Gol'dfeyn) para-
metric method.

Experiments showed that long~term strength R for glass-reinforced
plastics in a small range of working stresses can be calculited by the
formula

R = a - bp, (31)

where 8 and b are constants o” ine materisl; and
p is the larson~Miller paramever.

For glass-reinfarced plastics, we have

p = T(C + 1g 27, (32)
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Fig. 43. Facility for testing
reanforced plastics for longe-
vity in tension:

1 ~= sgystem of levers

2 == grip collars

3 == riffled jaws

4 ~~ rubber plug

5 ~~ gset of weights

6 == specimen

7 -= special glass vessel for
thermostatting corrosive
medium

8 == frame

9 = clock~type indicator

where T is the test temperature in ° K;
C is a constant {C = 20 for glass-reinforced plastics, according to
Gol'dfeyn); and
T is longevity.

In determining long-term strength, use can be made of short—term
tests at elevated temperatures, by plotting parametric curves [87].

In the literature a description is given of several different devices
that can be used in testing reinforced plastics under creep conditions,
however they all have appreciabie drawbacks associated either with the
impossibility of conducting the experiments in chemically corrosive liquids,
or the limited iemperaturc range, use of nonstandard specimens, and the
like, Taking these disadvantages into account and the need to conduct
mass testing of specimens, one of the authars proposed a simple device
(Fig. 43). This device enables us to test an unlimiteé nurber of specimens
(numbers of the devices can be brought together in an instaliation with
a different number of cells) in various media: the atmusphere. water,
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Pig. 44. Facility for testing reinforced plastics
for longevity with beiding:

1 == lever

2 -~ punch

3 = gpecimen

4 — vessel containing corrosive medium

5 == support

6 == vessel bottom

7 == punch axis -

8 ~- strain gauge (clock type indicator)

9 =~ counterweight

10 -~ arrester

11 == pole rod

12 ==~ gel of weights

13 == foundation

acids, alkalis, and so on at any temperatures (up to the boiling point of
the liquid). The design of the device, the method of mounting and sesling
the specimen in the vessel, and also these experimental techniques are
given in detail in several reports [74, 15, ?7].

The report [24] proposes &8 modificstion of this device with sliding bear~
ings replaced with antifriction bearings in order to reduce frictional
losses, and also with the recording of strain and the moment of specimen
failure automated. However, as the result of replacing the system of
two parallel-action levers with a single lever, considerable diffi-ulties
arose in centering the grips and in eliminating specimen sag.

A unit for studying long-term static strengih in bending has an
interesting solution [22] (Fig. 44).
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Of high interest for practical purposes is obtaining duta on the
btehavior in time of articles made of reinfarced plastics in a complexly
stressed state, which corresponds t. actual service conditions. Analysis
of the disadvantages of several devices for tesis of this type led to
the building of a more advanced unit [18] (Pig. 45).

Tests for Gas-tightness and Permeability. Determination of Diffusion
Characteristics

. Of decisive importance in the functioning of chemical equipment and
pipelines often is nov the total loss of strengti: and the failure of a
material, but & breakdown in its fit, and the loss of the material's

gas-iightness and permeability. To study these effecvs, we need to conduct

special tests for gas~tighness and permeability. Methods are not stan—

dardized for making tests of this type. At the present time several methods

of testing for permeability are employed.

The simplest test method was developed at the Department of Chemical

Equipmenrt Corrosion at the Moscow Imstitute of Chemical kquipment Building.

Specimens in the forw of disks 2«5 mm thick are tésted by this method.
Flat specimens are placed in special units (Fig. 46). Specimen 1 is
pressed, by means of two rubber spacers 2, between two parts of a housing
3 that has two snall cavities (A and B). The half-chambers are joined
with bolis., The test liquid is poured into cavity A. Compressed nitrogen
is fed through connecting piece 4. A pressure is built up ir cavity A
(usually 2-4 kg/cm?). The specimen is maintained in this condition for

a definite time iriterval, but not less than 1 hour. The material is
regarded as having passed the test if no traces of liquid are found on

the surface that faces cavity B.

among the disadvantages of this method ave the following: the arbi-
trary choice of the test duration (even when it is strictly scientifically
substantiated, it is difficult to estimate the permeability &nd gis—
tightness of a material from a single point; the kinetics of the process
st be studied), and aiso the impossibility of exactly fixing the moment
of total passage of the liquid, since cavity B is closed to inspection.

This vethod can be recommended only for qualitative comparative tests.

These disadvantages can be eliminated, and then the potentialities of the
device will be much greater. First of a8ll, it is necessary to make it
possible to fix precisely the moment when the liquid penetrates through
the specimen thickness., This caa be done, for example, as follows. A
foil nust be cemented to the surface of the specimen facing cavity B, and
two electrodes must be cemented to the opposite surface of the specimen.
Then if an electrolyte is poured into cavity A, the moment of total
perueability can be established from tne appearance of electric current
in the ele:trode circait. The moment of total permeability can also be

determined from the change in the electrical resistance of the feil and
the glass-reinforced plastic.
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Fig. 45. Arrangement of stand

for testing pipes made of rein-

forced plastics for longevity

on exposure %o hydrostatic pres-
sures

1 — weight device

2 =~ distributor

3 ~- separating chamber

4 — manometer

5 = thermostat

6 <~ collector for coolant supply

7 = hand pump

8 = specimen

9 = collector for coolant removal

10 = tank for ligquid

Fig. 46. Device for testing speci-
wmens for permeability
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By solving this problem, more detailed studies can be made. It becoues
possible to study longevity (in this case — time to total permeability of
a specimen) as a function of the temperature of the medium (this requires
thermostatting of the unit),pressure, nature of the medium, and its con=-
centration. However, even in this case there is a disadvantage that is
practically unavoidable when compressed gas tanks are used. In mass
testing with devices of this type, several components are placed between
the gas tank and the specimen: a gas reducer, receiver, throttle and
check valves, distributor, and turnoff valves. In testing specimens,
owing ta their creep there is some enlargement of chamber A, which requires
pressure to be regulated. There is also a drop "in pressure due tc some
leakage of gas along the lines from the tank to the device. 1In installa-
tions of this type, the pressure drop is sometimes 5=10 percent in 24 hours,
This requires manual regulation of pressure. In addition, the presence of

a high-pressure gas tank increases the requirements on safety measures in
conducting investigations,

These disadvantages of gas tanks are eliminated in the hydraulic
stand for pipe testing (cf. Fig. 45). This facility also makes it possible
to conduct tests of tubular specimens for tightness (gas-tightness). Cons-
tant pressure here is maintained by means of weight devices.

The disruption of gas-tightness occurs due to the initiation of poro-
gity in piping walls. The presence of porosity leads to a drop in pressure
and the appearance of "sweating" and drop effusion at the pipe surface.
The loss of pipe gas—tightness in a certain time interval for given condi-
tions (pressure, temperature, and concentration of & medium) can be esti-
mated from these indications, i.e., we can estimate longevity. The moment
of btreakdown in gas-tightness can be fixed more exactly. Thus, the tube
can be covered exi~rnally with foil and the variation in the electrical
resistance can be recorded in the evert that the wall proves to be per-
meable (Fig. 47). Good results can be achieved if a layer of indicator
that changes color upon contact with a given medium is placed on the outer
surface of the tubular specimen.

Recently serious attention has been given to studying the diffusion
characteristics of polymers [13, 28, 46]. Difussior processes strongly
affect the aging of polymers and plastics besed thereou. Variation
in mechanical properties and also in the structure of a material depthwise
is determined mainly by the rate at which the medium penefrates into the
polymeric material. By knowing the diffusion rate, we can judge the

permeability of a material and determine its service potentialities, i.e.,
essentially speaking, its longevity.

siffusion is a process leading to the equalizing c¢f concentrations
within the same phase. When a liquid penetrates through a plastic, its
molecules fill the molecular voids ~f the material, forming wacromolecules
owing to the continuous oscillatory wovement of individual components.
The medium can also penetrate through pores or thin capillaries, In this
case diffusion is nonspecific and depends only slightly on temperature.
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Pig. 47. Electrical block diagram for
recording disruption of the gas-iight-
ness of pipes made of glass-reinforced
- plastics:
1 == gpecimen wrapped with aluminum foil
tape '
2 ==~ gelf-recording ampere=-voitmeter
3 -= commtator mounted on clock mechan=
ism
4 — battery
5 == electric switch

In most cases, polymeric materials are characterized by the first kind of

' penetpation, i.e., activated diffusion, although penetration through pores

and capillaries is also typical of composite plastics, which embraces
reinforced plastics. The coefficient of diffusion is determined by the
rate of sorption and has the dimension cm?/hr or cm?/eec. In addition,
in studying diffusion characteristics one introduces the concept of the
ccefficient of permeability. The coefficient of permeability character-
izes the passage of the vapor of the medium through a membrane 1 cm in
thickness and 1 cm® in area for a pressure difference of 1 torr (1 om Hg)
per unit time at constant temperature. The coefficient of permeability
has the dimension g/(cmebr).

Coefficients of diffusion and permeability are the main quantities
characterizing the qualitative and quantitative aspects of the penetration
of a medium into polymeric materii..

There are several methods of determining these coefficients [28].
Most widespread is the sorption method, which is based on the change in
the mass of a specimen after exposure to a medium. The coefficient of
diffusion here is determined by the formula
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where G is the change in the mass of the specimen in grams, during the
~ time T, in seconds, that it spends in the medium;
Q is the change in the mass of the specimen in grams on attainment
of equilibrium;
D is the coefficient of diffusion in cm?/sec; and
d is specimen thickness in mm.

The sorption method found wide application in the determination of
the water permeability of polymers, and also in the determination of the
permeability of organic liquids. This method is inappropriate for the
determination of the coefficient of diffusion of solutions of elecfrolytes,
since the increment of the specimen in this case is an overall quantity
and one cannot determire what is the cause of the weight change: penetra=~
tion of the solvent or of a colute. In addition, in a great wany cases,
especially for concentrated acids, no swelling of the specimen is observed,
since a breakdown of material due to chemical interaction takes place
simultenecusly with the diffusion of the medium,

The manometric method of Jetermining the diffusion characteristics
of polymers j.as gained wide acceptance [68], especially in studies con=-
ducted in gaseous media., The method is based on the fact that a specimen
in the form of a thin film 30-100 microns thick separates the test media
from the measuring chamber (cf. Fig. 46). The change in pressure is
recorded in the measuring chamber when the diffusion characteristics of
gases are determined, or the change in ion concentration and diffusion
characteristics of eletrolyte solutions are determined [78].

The coefficient of permeability P is calculated by the formula

Qd

where « is the amount of the substance in grams penetratiiig in the time
5
5 is the surface of the specimen in cm2;
d is specimen thickness in cm; and
Ap is the pressure difference in torr between the volumes separated
by the specimen.

The amount of gas or vapor @ is calculated by a formula derived from
the Clapeyron equation:

'V,
Q=5 (35)
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vhere p' is the pressure produced by the vapor in the measuring chamber
of the instrument, in kg/cm;
V is the volume of the measuring chamber in cm5 3
T is temperature in 0 K; -
R is the universal gas constant in kcal/(kmolr. x deg); and
# is the molecular weight of the substance.

This material exhibits quite high accuracy, but requires complicated
equipment. Its disadvantages iuclude the fact that diffusion characteristics
can be determined only for thir polywer films.

When the polymer is in contact with a liquid medium, the latter, on
penetyrating into the polymer, forms two regions with sharply distinct
optical properties. Several methods of determining diffusion character-
istics are based on this effect. To establish the interfaces of these
regions, the interferometric micromethod is used [71].

Chemical methods are used for a more well-defined delineation of the

boundary separating the "dry" polymer from the layer into which the medium
has diffused.

In the literature [49] a description is given of methods of determining
the depth to which solutions of various electrolytes have penetrated
polymers, where indicators fnr the medium whose permesbility is under
study were used to reveal a well-defined penetration boundary. Indicators,
on §nteracting with the ions of the medium penetrating into the polyuwer,
abruptly change their color,

By measuring the depth of the colored layer, we can determine the
depth X, to which the diffusing medium has penetrated. The following

formula derived on the basis of Ficke's law can be used with adequate
accuracy in calculating the coefficient of diffusion D in this case:

_5 (36)

ﬂ‘t

Tris method is quite simple and permits observation of the front of
mediumn jenetration and study of the kinetics of jits penetration into
many oclymeric mater® :l1s and plastics based ther-un.

The conditions of indicator interaction with the medium can be satis=
fied in {wo ways. ™= indicator can be introduced directly into the test
polymer (binder; ar a finely~dispersed filler (colorant). In this case
ions of the medium penetrating into the polymer interact with the indicator
ions, and the zone in which this reaction takes place sharply changes its
color. The depth of penetration is measured over sections 1,2=1.5 mm
thick for plastic materials, or else on sections 2=3 mm thick for btrittle
materials, The indicator can be introduced into the polymer after the
ions of the medium have diffused into it, where a section 20~15 microns
thick is cut with a sledge microtome in the direction parallel to the
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direction of diffusion is cut from a specimen exposed to the medium. Then
the section is washed in distilled water and placed in a developer. The
developer is a solution of the indicator in a liquid in which the polymer
swells readily. After development, the section is removed from the
developer, wiped with a pad soaked in acetone, and the depth of color
change is determined,

As established in the paper [49], the concentration of the indicator
in the developer can be arbitrary, but in concentrated solutions the
section develops oore rapidly and the penetration boundary is more clearly
pronounced.

The 50-power MBI-3 biological microscope can be used to measure the
depth of penetration by a medium into a polymer. The accuracy of the
measurement of penetration depth is + 5 microns.

When situdying diffusion with indicators, much emphasis must be given
to their selection. The indicators themselves are complex organic com=

pounds that show different colors depending on the hydrogen ion concen- -

tration. A change in the 1indicator color with change in the pH of a
medium takes place gradually, i.e., the change in indicater cclor is
detected as certain nH values. The interval between two rH values found

for each indicator is called the range of *ransition or the tramsition
interval,

One must select indicators with whict the minimum concentration of
the medium penetrating into a material can be determined. In addition,
the indicator must not react in a solution of organic coupounds. The
most appropriate indicator concentration is 0.1-0.2 percent.

The method of adding the indicator to a polymer has the disadvantage
that the structure of the material ~hanges somewhat owing to the filler
added. To some extent this must afi:ct t¥- coefficient of diffusion. Th:
method of "developing" thin sections i. . solniion of indicator eliminatcs
this disadvantage. In addition, this method dces not require special
specimen preparation. However, its use in several cases is difficult
owing to the impossibility of making sections of brittle polymers, for
example, epoxy and polyester compounds, and also certai» zlass-reinfor ced
plastics. It must be noted that when these two methols; were compared with
several materials, no appreciable difference in results was uncovere...
Fig. 48 presents the penetration depth of hydrochloric acid in ED=5 spoxy
resin as a function of expcsure time. As we can see, the diffusion of
the acid becomes greater with increase in concentration. The temprrature
function of the diffusion coefficieut is exponential in nature:

Ep

D=Dg R (37)
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Fig. 48. Exposure dependence of Fig. 49. Temperature dependence of

depth of penetration by hydrochloric the coefficients of diffusion of
acid at different concentrations into 30 percent sulfuric acid (curve 1)

EDvS epoxy resin (t = 500 C): and 30 percent hydrochlaric acid
1 == 5% HC1 (curve 2)
2 == 10 % HC1
3 == 15 % HC1
4 == 20 % HC1

KEY: A == Microns
B — 7, hours

where Db is the pr.-2xponential cofactor;
ED is the er>rgy of activation of the diffusion process;

R is the vi.‘-ersal gas constant; and
T is the absolute temperature.

This function can be represented with a straight line in the coordi-
nates g D - 1/T (Fig. 49).

The microscopic method of determining the depth of penetration by a
medium into a polymer we have deccribed enables v using an indicatar to
determine the specific front of the specific concentration of
the medium ar to determine the pH at which the indicator changes its color.
These methods allow us to study the kinetics of diffusion processes and
to determine the effect various factors have on the diffusion coeffi-
cient, However, they do not permit us to determine *the coefficient of
permeability P, i.e., to determine the amount of substance passing through
a layer of the polymer per unit time.
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The electrochemical method of diffusion teats cam be used to deteramine
the coefficient of permeability and the coefficient of diffusfon. This
nethod is based on measuring the change in the electrical resistance of
doudly distilled water separated frou the test electrolyte by a membrane
made of the test mateyisl. The electrical resistance of doubly distilled
water is (5~ 7) « 10° .ohm. :

As soon as the first ions of the mcdium penetrate doubly distilled
water, resistance drops off, i.e., electric conductivity rises, The ... ve
"amount of penetrating electrolyte versus tine" has two sections: ab i
the nonsteauy state process and bc is the steady state process of pepe-~
tration (Fig. 50). The section bc is linear, and from it we can calculate
the coefficient of permeability P:

' P‘T' (38)

where Q is the amount of penetrating electrolyte in g/hr; 5
S is the area of the mémbrane in contact with the medium, in cm ;
¢ is the membrane thickness in cm; and
T is the time in seconds,

The auount of penetrating electrolyte & is determined by plotting
the calibration curve "'solution electroconductivity versus concentration
of medium.,"

The experiment is conducted in a special electrochemical cell (Fig.
51) consisting of two glass half=-cells, in onc of which two platinum
elecirodes with piatinum black deposited on them are noldered. A disk
of the test material ie squeezed betweern the half-cells using polytetra=-
fluorcethylene spacers. Doubly distilled water is poured into the half-~
cell containing the electrolytes, «nd into the other half-cell == the
test electrolyte vhose resistance is being measured. The disadvantage of
this metnod, lititing its use,is simultaneous diffusion in the polymer of
buth the electrolyte and doubly distilled water. Both diffusion fronts
are encountered in the polymer;m:tual mixing [solution) takes place; and
the penetration rate is considerably reduced 46].

The method of radioacti-e isctopes [29, 78] gained wide acceptance
in the study of diffusion characteristics of polymeric maeterials and
plastics. This method gives maximum accuracy and is suitable for virtually
all materials. Unfortunately, the complexity cf the experiment and the
specific details .f its condi%i-.s limit the ecope of its application.

Adhesion Tests

Individual elewerts of equipment and pipelines made of reinforced
plastics are connected with each other with cemented unions based on various
cementing compounds. The strength of cemented unions can be deternined
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Fig. 50. Time dependeﬁce of the Fig. 51. Eleotrochemical cell

amount of penetrating electrolyte for permeability tests:
KEY: 4 == 7T, hours 1 =~ specimen :
2 =~ half-cell

3 =~ eiectrolyte
4 — polyteirafluorcethylene spacers

p _L Py ,?
Ik

14
al &

Fig. 52. Arrangement for adhesion
tests:

8 = in supture

b == in shear

¢ == in tearing

Just 8s for mechanical tests of plastics, i.e., short-term and long—~term
tests in air and in corrosive media at various temperatures. Methods of
corrosion testing of cemented unions are similar to corrosion esting of
plastics (excluding the gravimetric method).
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CHAPTER FOUR -

STRENGTH AND TECHNOLOGICAL CALCULATIONS OF ARTICLES
' MADE (P REINFCRCED PLASTICS

The absence of reliable engineering methods of calculating the strength
of chemical equipment and pipelines made of reinforced plastics has to some
extent slowed - {heir introduction into industry. In addition, this fact
has bhampered the development of rational designs of article with allowance
for the optimal arrangement and distribution of the reinfor.ing material
and binder.

The shortage of studies on the calculation of equipment and pipelines
wade of reinforced plastics is due to the sizable complexity of the probleas.
The complexity of calculating shells made of glass-reinforced plastics is
explained, above all, by the presence of the structural anisotropy of the
strycture of the supporting framework. Additional difficulties arise since
the waterials from which the shell is made (glass fiber and binder) exhibit
nonlinear characteristics. Some studies [41, 62, 70] on the determination
of stresses wnen shells are loaded with internal hydrostatic pressare con-
tain prerequisites and assumptions that reduce the reliability of the solu-~
tion to the problems posed. Thus, the calculation proposed by Ganal [62]
on determining the ratimal orientation of glass fiber in the fabrication
of shells fails to allow for the combined functioning of glass fiber and
binder. A simplified calculation [70] of the strength of shells based on
an analysis of technological samples deliberately narrows the general formu-
lation of the problem; not clarifying ihe reasons fcr the variation in
strength properties. The author of the paper [41] does not take account ¢
of deformation properties of shells in his calculations. Binders are pre-
pared fram thermosetiing resins (polyester, epoxy, and phenol-formaldehyde),
therefore the assumption is made that piping geometry is not disturbed c
upon loading, i.e., the bindiug angle and the diameter remain unchanged.
Actually, shells are characterized by creep, whicha leads to the disruption
of gas-tightness upon prolonged loading.

The bearing capacity of a shell made of glass=reintorced plastics
intended for service as a pressure shell often has to be estimated from
the stresses in the wall when gas~tightness is disrupted. However, one
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ms. also have reliable methods of caiculating the strength cf shells in

order to provide for the oriertation of glass fiber and its quantity so as

to ensure the maximump strength and stiffness of the article. Ian additior,

the relisble lining of the internsal surfaces of equipment and pipiny with

thermosetting plastics and sealants meles it possible to prodjuce absolutely
gas-tight shells, whose sirength calculations are necesEAry.

This wcrk presents several simplified metliods of technological and
strength calculations for shells made of reinforved plasticn used in the
industry and gives a partial analysis of these wethods. Tie main dissdvan-
tages of these calculation methods include the absence. of allowarce for the
viscoelastic properties of reinforced plastics and the inadequate considera-
tion given to the time dependence of their stieagth. The theory cf visco-
elastic prenistory more fully desoribes the behav'or of plastics under load.
However, at the present stage thus far reliable ~xough analytic functions
have not yet been derived for the calculation of plastics with aliowance
for viscoelastic prehistory. To solve the Boltzmann=Volierra relationship
in the integral form [9], one must know tke elastic lag factor, relaxation
factor, and relaxation time. The experimental determination of these co-
efficients is difficult. Several theoretical problems were solved by using
the theory of viscoelantic prehistory [9, 51, 65). These relationships
are in nced of further icprovement in estimating the properties of poiy-~
meric materials in articles.

A major contribution to the theory of anisotropic lsaminated shell
and tn the Pevelopment of the optimal orientation of reinforcing materials
with sllowance for the action of veyious external losds was made by V. I,
Korolev [36]. This work proposes differential equations for the strength
and stability calculation of cylindrical shells when exposed to concentrated
and uniformly distributed loads, which can be used in calculating chemical
equipment and pipelines.

In most cases existing engineering, technslogical, and strength cal-~
culations of articles made of reinforced plastics are based on one of two
main principies. One assertion (the "smearing" principle) [1] is based on
‘he fact that the number of rei-forcing elements is quite large and that
the reinforcing material can b- approximately rrplaced by some quasi~homo=
geneous anisotropic materiasl., This material is the generalization of the
classical medium considered in the anisotropic theory of elasticity. The
initial necessary parameter for calculating equipment made of this material
is the ultimate strength in shcrt=term or long—term loading.

Another principle is the exawmination of the material with the effect
of binder disregarded [57] Here it is assumed that the fiYe takes the
entire load. The orientation and number of required fibe.rs in the material
of the article is determined from the condition that loading is taken si-
multaneously by all fibers., Local effects at the boundary of the reia=
forcing material and binder are neglected in this case.
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Approximate Runctions Used in Calculaﬁng Reactors and Piping Made of
Ileinforoed Plastios

fylindrical rsaction equipment and pipelines made of reinforced plas-

 tiom can be thin-walled, thick~wailed, and with woderate wall thickness.

" The drilding capacity of cylindrical pressure shells is determined
mainly by the resistance to internal hydrostatic pressurc, which in the
gensral case causes the body-streesed state of the walls, Of the three
cosponents of body-stiessed state (normal siresses in the tangential,
axisl, end radial directions), the normal stress in the tangential direc~
tion is the greateat.

In prectice [31], the following functions are used in calculating the
largest normal etresses in the tangential direction induced in the walls
of cylindrical ecn:lgment and piping when acted or by intermal hydrostatic
prealmre p in cm-,

The Lame function ie used for equipwent and piping with any wall
thickneas (most often, for thin-walled piping):

0, = p:—:'*_'—"-: ; (39)
where the coefficient k = d/D = ©/R (bere d is the inner diameter of the
shell and D is the cuter diameter of the shell).

The Kessel, Naday, end Barlow formulas are used for vhin-walled equip-

went and piping, assuming the wall-thickness stress distrcibution to be
uniforgs

d r k
G=Po =P =PT—%: ‘ (40)
r 1tk (41)
o,=p%.‘!=l’—71=l’ 2(1—A)
D R 1 _.
here t is shell wall thickness; and
dav and r__ are the mean diameter and mean radius of the shell,
respectively.

The Kessel (Laplace), Barlow, and Naday formulas, arbitrarily assuming
the uniform distribution of stresses in wall thickness, are approximate,
where the Kessel formula gives understated atress values, and Barlow for=-
mula =~ overstated atress values. The result obtained by using the Naday
formula corresponds to the arithmetic mean of stresses calculated based
on the two other functions. This stress value obeys the Lame function.
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‘The calculation of equipment and piping made of glass-reinforced plastics
by approximate formulas is simplor than by the lewe formula, therefore they
are used more often in engineering. But oficn these approximate functions
are used withoui cognizance of the limits to their use. It is important
for practical calculations to lnow within what limits the approximate for-
milas (40), (41), and (42) give an acceptable agreement with the Lame for-
mla. ' :

Here it is useful to divide £11 equipment and pipelines into three
groups: thin-walled with 0.95 < k& < 1; with mean wall thickness at 0.65 <
k < 0.95; and thick-walled, for 0 < k <0.6%.

Error analysis showed that all three approximate formulas are suitable
for tain-walled pipes, since the deviation of calculation results with the
Lame formula does not exceed 3 percent. Functions (40) and (41) give under-
stated stress values of 24.3 and 4.3 percent, respectively, for shells with
mean wall thickness, while formula (42) gives values overstated by 16 per—
cent. Therefore, formula (41) can be used for practical calculations of
shells with average wall thickness, yielding stress values understated by
less than 5 percent.

Por a more justified determination of stresses in piping walls, when
using the functions the reinforcement factor of the glass-reinforced plas—
tic must be taken into account. The thickness of the shell wall does not
alweys reflect its bearing capacity. It can remain unchanged while the
reinforcenment factor of the glass=reinforced plasiic is varied. The
reinforcing factors refine the lame function in the determination of cal-
culated stresses in the walls of shells made of reinforced plastics.

Technological Calculation of Cylindrical Pressure Shells Made of Glass-
Reinforced Plastics With lLongitudinal-Transverse Lay-up of Reinforcing
Material

This calculation method is suitable only for cylindrical shells with
orthogonal or near—-orthogornal lay~up of the reinforcing material. The
calculation is made for shell siruvcture elements.

The following main assumptions are adopted:

The shell is considered as a thin-walled cylinder with bottoms, loaded
by internal pressure and flexurai moment for wall thickness smaller or
equal to 0.1 D, where I 18 the outer shell diameter;

external loads applied to the shell are taken by the reinforcing
material (glass fiber yarr) and the binder does not participate in taking
the loading;

axial forcee in the shell wall are taken compleiely by the longitudinal
layers of the reinforcing material, and the tangential force that is taken
only by the hoop layers;

the reinforcing material has a single tension value;

upon loading, there is no shear in the transverse layers of the rein-
forcing material related tc the longitudinal layer; and
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the adhesion between the reinforcing material and the polymer binder
is sufficiently high so that both componerts have the same deformation
vhen the shell is loaded.

(Calculation of the structure elements of layers with the hoop
lay=up of the reinforcing material (glass fiber yarn*) is carried as foliowz.

The totai force acting on a shell segwent 1 cm long i® deterained in
the hoop direction:

P = pd, (43)

where p is the calculated internal pressure in kg/cm2 with allowance for
the atrength safety margin.

Tis force, according to the assumptions made, is taken by the hoop
layers of the glass fiber yarn. The overall of breaking force of the
glass fiber yarn P laid in the circular dairection for a given shell seg~
nent ic

P = 2N, Sen, (44)

vhere Nc is the total number of glass fiber yarn laid in the hoop direc-
"~ tion for a shell segment 1 cm long;
S is the breaking force of the glass filament in kg;
n is the number of plies of the glass filament in the yarn; and
¢ is the strength-use factor of the glass filament in the yarn
(Table 21).

By the functions (43) and (44), the following equality is formulated:
pd = 2Ny, Sng. (45)

The total number of glass fiber yarns laid in the hoop .agers is as
follows for a 1 cm long shell segment:

= pd
In addition, we can write

where i is the number of hoop glass fiber yarns in one layer for a 1 cm
long shell segment; and
Mc is the number of layers with the hoop glass=~yarn lay-up scheme.

* [yarn = roving]
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TABLE 21. CHARACTERISTICS OF GLASS YARWS [50]

B [ a
$ 2 3 2. 1| §2 3| 3B
R R
H = b4 Lan v - g [
o za Se 3.2. o fa ;' ‘gg
$= ! 88 | 32 | 35z | $= s | i | %2
B B | 3 | B3k | 2E | BE | E | g
Cyxoft xryr ¥ Cxacennpll mryr 6 I
7 34 1,7 0,92 7 3,26 14,5 0,94
10 2,5 20,4 0,94 10 2,38 21,4 0,95
20 1,23 30,5 0,75 20 1,13 M1 0,88
60 0,41 84,2 0,70 — -_ _ o=
KEY: 1. MNumber of filament plies
2. Metric number of yarn
3. Breaking strength of yarn in kg
4. Strength use factor of filament in yarn
5. Dry yarn
6. Cemented yarn

The number of hoop glass yarns is
fo |

where ay is the distance between axes of neighboring hoop glass yarns of
the same layer (for example, ap = 0.25 = 0.3 cm for glass yarns
in 30 plies).

From equality (47) we find

Nt (49)

M, 7

If

The width of unidirectioncl tape B consisting of m glass yarns laid
simultaneously in the hoop direction is determined from the equality

B = ndtg B, (50)

- 1M1 -

S A B s 1 a2t s ot e B e T STV AU p————————_ S

T byde B

S I R

i




vhere 4 is the inner diameter of the shell in cm; and _
' A is the pitch angle of the glass hoops during winding (th
angle f is within the limits 2=5° for longitudinal=-trans-
verse lay-up, and less often — to 89).

Then (51)
a‘=£’_:‘g_p.,

m (52)
b=y

The calculated thickness of the shell wall corresyonding only to the
hoop lgyers of glass yarns is

where O,, is the tensile strength of the glass filament in kg{umz.
Experimentally, t, is determined by the formula
th= 1My, (54)
where %, is the thickness of one hoop layer of glass yarn in cm,

Thus, formulas (43) to (54) enable us to calculate the structural
elements of the hoop layers of glass yarn and the number of layers as the
function of the internal pressure, shell dimensions, and fabrication
technology.

The structure elements of layers with the longitudinal lay=-up of the
reinforcing material are calculated in similar fashion.

The force acting on the longitudinal glass yarn in the {ransverse
direction of the shell is

dd | Mae FD
P=pT +~5 (55)

where Mbe is the bending mcment induced by the weight of the shell con=
taining the working liquid, in kg . cmj
J is the moment of inertia of the shell section in cm4;
d is the inner diameter of the shell in cm;
D is the outer diameter of the shell in cum; and
F is the cross—sectional area of the shell in cm”,

The moment of inertia is
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J=D =4 ' (56)
&

After inserting the values of Hbe’ F and J, equality (55) becomes as
follows: .

P=pi +fatal . (57)

where Qg is the weight of a shell 1 m in length, in kg;
q, is the weight of the liquid in a shell 1 m in length, in kg; and
1 is the length of the horizontal shell between two supports in

Cil,

The overall breaking force of glass yarn laid in the longitudinal
direction is

= Sen¥, , (58)

where N, is the number of longitudinal glass yarn in the cross=sectional
1o
area of the shell.

The combined solution of equations (57) and (58) enable us to derive
a working formula for determining the total number of longitudinal glass
yarn:

npd® | gsh +4.! bn
No = fsen += O Sen (59)

Setting d /& D, we get

3l4pd’ + 12 (gap+qL)
Ny, = 1605pnd (60)

On the other hand,

Ny = ifo Mo (61)

The number of longitudinal glass yarn in a single layer is

nd (62)

]
Afo:

ifo=
where a, 1is the distance between axes of neighboring glass yarn in the
same layer; and
Mlo 1s the total mimber of lomgitudinal layers of glass yarn.
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After inserting into formula (59) the value

D=sd + 2t

and performing the necessary transformations, we arrive at the analytic
function for determining the thickness of the shell wall for the longi-
tudinal lay-up of glass yarn:

4, ==2CAd—r + Y {5(2,4:;;‘- E)] 1 164 (dF — 248 (63)

where

_ _200SgnNg, — 157pd?
A= .
9+ a7 ’ (64)

Experimentally, tlo is determined by the formula

tg, = Mo (65)

vhere tc is the thickmess of a single layer of longitudinal glass yarn in
[&]1: 19

The total thickness of the shell wall is

Ifst =) th -+ f/, = t,(Mb + Mp). (66)

The thickneas of the shell wall, with allowance for the given ratis
of reinforcing material and binder, can be calculated for the case when
each shell layer consists of glass yarn impregnated with binder and laid
rarallel to each other.,

An element of the normal cross-section of arbitrary thickness can
be isolated from & single shell layer. Assuming that gqualitatively the
glass-reinforced plastic produced is free of flaws and other inclusions,
let us find the cross-sectional area of the element:

F=Fg+ Fy, (67)

where Fbi is the cross=-sectional area of the binder in the isolated ele-

ment, in cm2; and 2
Fél is the cross~sectional area of the glass fiber in cuw .

The cross=sectional area of the gluss fibers is

n
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where n, is the number of unidirectional glass yarn in the element;
K_ is the metric number of glass yarn in n/g; and
L the density of the glass in g/cm5.

We know that

Var Fl/ xph (69)
"V;,- = (100 —x) p’;
where vbi is the binder content i. percent by volume;
vgl is the glass content i1 percent by volume;
x is the content of binier in percent by weight; and
fpy i8 the density of the binder in g/cd.

Inserting in equation (67) the values of F,; and Fél from formulas
(69) and (68), we get '

F=mongr (| + 5 =) (70)

Substltutlng the values F = an,t; @ 1 = 2.5 g/cmB, e Qg = 1.25

g/cm in equation (70), let us determine the thickness of a single layer:

= o (1 =7) (11)

vhiere a, is the distance between the axes of neighboring glass yarns in
a layer, in cm,

For x = 50 percent by weight (the recommended content of binder in
glass=reinforced plastics for chemical equipment and piping), we have

—_. 3 2
“’"2%&]5- (72)

After inserting into formula (71) the average value of a; for layers
with hoop (ah) and longitudinal (alo) lay~up glass yarn, the correspond=
ing values for the shell wall thickneses in the hoop th and longitudinal
t10 layers are determined.

The total thickness of the si. 1 wall is determined from the equation
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thr =ty + 1. (73)

This calculation method is simple and applicable for determining the
calculated technological narameters in fabricating shells (wall thickness,
number of layers of reinf..cing materials, and so on). However, it does.
not allow for an increase in the strength of the reinforcing material
resulting from its impregnation with binder. According to the data of
Van Fo Fy and N, V. Kulikov, the strength of glass yarn in plastics can
be augmented by a factor of 1.6-2.3, depending on the quality of impregna-
tion. Studies made on piping fabricated by longitudinal-transverse wind-
ing of glass yarn using polyester binder showed some agreement of experi-
mental datawith calculated values (the deviations amount to 15-20 percent).
Tis calculation enables us to estimate the short-term strength of an
article without allowing far its extended service.

Calculation of the Strength of Cylindrical Pressure Shells Made of Glass-
Reinforced Plastics With Helical Lay~up of Reinforcing Material

Relationship of deformations in the principal directions. The pres-
sure base in cylindrical shell made of glass=reinfarced plastics fabricated
by overlapping winding on a mandrel of glass yarn impregnated with binder
is a skeleton consisting of the glass yarn mobilized in a specific position
by the cured binder. ’

Each layer consists of a number of parallel-laid glass yarn impreg-
nated with resin. In pipe fabrication, these layers of glass yarn im—-
pregnated with resin are laid with tension one on the other at a specific
angle ; after the piping is given the necessary dimensions, the billet
is cured on the mandrel.

Iet us examine the deformation of a shell wall composed of cross—
lapped layers of glass yarn immobilized with binder.

The deformation induced when a shell made of glass-reinforced plas-
tic is loaded with internal hydrostatic pressure can be represenied as
resulting from the imposition of two kinds of deformations:

deformation occurring without change in the length of the glass yarn
and associated only with their mutual shearing in adjoining layers; and

deformation associated with the elongation of glass yarn +ith angles
between them preserved.

The binder takes the main load in deformation of the first type.
Deformations can attain sizeable values for relatively small stresses.
Deformations of the second kind are associated with the appearance of
stresses in gla<: yarn with relatively greater stiffness, therefore high
stresses in glass yarn here correspond even to relatively small stresses.
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It can be stated that during the first period of loading, deforma-
tions are induced in the skeleton elemsuts that are associaved wmainly
with the variation in the orientation of gless yarn ard which lead %o
their arrangsment such that the glass ysrn takes the principal loading.
As soon as the glass yarm is oriented in this way, the stiffress of the
skeleton will f.cresse suarply and furiher variation in the shell dimen~
sions is governed mainly by the elastic deformation of the glass yarn,
Coneidering the significantly greater stiffness of the skeleton compared
with the binder, the stresses in the tinder cen be neglected, Uy assuming
that the glees yarn takes the entire load in the shell. '

CROMRBANNRAR | RN D

- The mndulus of elagticity of polyester resins les within the liamjts
2104 ~ 4 - 107 kg/=m®, 1 the modulus ci longi 1 elasticity of
the glass yarm is of the order of 7 « 109 ~ 1.3 « 10° kg/cw?. Therefore,

, aefurmetions of the wall elewen’ associated with elongation of glass

yarn are extremely hampered,

Still, element deformaticn is possible which occurs without change
in the length 1 of glass yermns; this is the defarmation corresponding to
the cunange in the angles &f the rhombi formed by -lass yarn of meighbor-
ing layers (Figs. 53 and 54).
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In this type of deformation, the diagonals of the rhomti remain
mitually perpendicular and, therefore, are the directions of the princi-
pal deformations [54]

We introduce the nctation:

Ex = Aa/a is ;he reluiive deformation in Yhe tangential direction
in (H

&, = Ob/b is the relative deformation in the direction of the pipe

Y axis in %; and .

Aa and Ab are the absolute elongations of the semidiagonals of
vhe rhombi.

MY e O A g XA, D AR - T

Then, by using the relationships of the iriangle (Fig. 54) imolated
from the rhombi, let us write the following expressions

at + ot =, (14)

It follows from the condition of the nomextensibility of glass yarn
that

' — (—Ab)® + (@ + Aa)® = P, (75)

Equating the left sides of these equalities to each other and making
transformations, we get
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Pig. 53. Elewent of pipe valls Fig. 54, Diagram for deriving the .
a — prior to deformation relationship between deformations
b =~ after deformation, with length in different directions of pipe made
of glass yarr unchanged of glass-reinforced plastic fabricated

by convolute winding

2466 + Ab* + Aaa + Ac* = 0. (16) -
-~ Dividing all terms of the equality by ¥ = a° ctgzp . we get
Av | As As Ag? '
2T+F+2ac!¢'ﬁ +a‘ctg’ﬁ=o’ (17)

where p is the angle formed by glass yarn with the direction of the y
axis (the pitch angle of glass yarnm).

For small displascements, the qus.iratic terms in this equation are
extremely small compared with the linear. Therefore, from the last egua~
tion we obtain the function

€= — ¢, ctg?p. (78)

Based on the assumption that the glass yarn filaments are inextensible,
we can derive the relaticnship between axial and radial deformatiors of the 5
wall of a shell made of glass-reinforced plastics.

Displacements of any point in the cheli (Fig. 55) can be characterized

by two quantities: the rsdial ( isplacement w and the axial displacewent
Ua

Since the hypothesis that glass yarn is inextensible has been adopted,
the quantities &4 and u are interrelated [10, 42].

let us conrider the glass yarn length element dl, whose projection in
the circumferential and esxial directions prior to shell deformation are
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Fig. 55. Calculation scheme of tke dispiacement of pipe element
points (a) in the radial divection (b), and in the tangential and
axial (c) directions with preasure lcading

-

equal to ds and dx, respectively. After deformation, ds and dx are
transforzed, respectively, into the quantities

ds' = ds (1 +-2), (79)

dx’=dx}/(1+% T (% ’.. (80) ;

The new elewment length 41! is determined frem the equality §
P = s +(dep =ds (1 +2)" 5

+dx{(1 +g;/’+(%‘;_')’], | (81) ;

Since the length of glass yarn filaments remains unchanged,
e __ 2 i
(dl) md[’;—_ds’ (l-}.-{ﬂ) + 3
4 d Guy2 dw\2 (82)
t xz[(l+dx) +(§;‘)J-
Dividing both sides of the equality by d12 and considering that

ds dx
i == COSB and i == Sin p,

we can write
= (l +-3,’~)2cos'ﬁ+ [(! +§§)’+ (S%)’} sin*g.

After the transformation, ve get
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This equation expresses the relationship betwecn u and & , vhere
the glass yarn length remains unchanged.

Assuming that the quadratic terms in equstion (83) are equal to
zero, this equation becomes transformed as followss

ool (84)

vhere w/r = tr is the relative radial deformation of the sh:ll; and
du/dx = £ 18 the relative axial defarmation of the shell.

Then
g, = —Ffy tg’ p. (85)

~ The magnitude of deformations associated with the elongatica of
glass yarn is extremely small compared with the overall deformation
cuased by shell loading.

Therefore, when calculating equipment and piping made of glass=-
reinforced plastics, we can assume without appreciable error that glass
yarn are inextensible and that the deformations in the direction of the
rhombal diagonals are uniquely possible.

As the second principal hypothesis, let us assune that stresses in
the resin are ertremely small compared with stresses in glass yarn and
that, therefore, the skewing deformations of the rhombi occur without
significant energy expenditure.

This means that shells made of glass-reinforced plastics can be
considered as inextensible networks with rhombic shells.

Experience shows that t.ese hypotheses of the inextensibility of
glass yarn elements and the smallness of stresses in resin provide an
accuracy of the calculation of chemical equipuent and piping made of
glass-reinforced plastics of a given design that is suitable for practi-
cal purposes.

In some cases, when necessary, the extensibility of glass filaments
and also the energy expended in the deformation of the binder can be
taken into account.
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Fig. 56. Scheme of pipe element
C for the determination of the egui=-
librium pitch angle of glass yarns

Determination of the equilibrium pitch sngie of glass yarn. let
us assume that glass yarns are inextensible up to the moment of shell
rupture [72]. We must consider that glass yarn can shift with loading,

by changing the pitch angle p (Pig. 56).

The loads TT and TO are expended not per unit length of the glass
4 yarn layers. The resultant K of the forces TT and TO depends on the
angle f; therefore, we must obtain the ratio TT/TO as a function of 4.

If we let m stand for the lay-up density of glass yarn, the length

s} occupied by each glass yarn in the direction of he generatrix will be
' 1/m cos £, and 1 /m sin g == in the peripheral di ection of the cross-
section. Per cm of length in the generatrix direction, m cos B of the
glass yarn of ore layer is present, and m sin ﬁ of glass yarn of one
layer is present in the peripheral direction.
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If K is taken as the load in kg per glass yarn, the component of
i this load in the generatrix direction (x ¢~is) is K sin 8, and X cos
i in the peripherzl direction (y axis).

i vl a8

Therefore, the load TT of one glass yarn layer per cm of generatrix

length will be

a1 T, = Kmcos® fi. (86)

X

The load on a single glass yarn layer S‘.‘O ver cm of tne peripheral

: direction is
’I'U = ]{3" 3in? 5- (87)
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Dividing equation (86) by equation (87), we get

Ve know that when internal pressure acts against the walls of a
cylindrical shell, the load ratio '1‘,1,/'1'o is 2. But this ratio is observed

only for one specific direction of glass yurn winding (in the case of
crossover helical winding), when the following function is observed: -

ctg*p = 9. " | (89)

Therefore, ctg B = 1.4141 and angle g = 350 161,

" Let us call this angle the eguilibrium angle. A specific shell
configuration mist correspond to this angle. The equilibrium shell
configuration can be regarded as the configuration for which the internal
pressure is taken only by the glass yarn temsion. If the shell is fabri-
cated with a different angle B , then when the internal shell is loaded
with internal pressure it tends to take on the equilibrium configuration.
Thus, - internal pressure can be wholly taken by glass yarn only if their
angle of inclination to the peripheral direction, for helical crossover
vinding, will be 35° 16!,

If we fabricate a shell with a different glass yarn pitch angle,
when subjected to internal pressure the shell will be deformed in such
a way that the glass yarn pitch angle will tend to the equilibrium value.
If the shell is fabricated with a glass yarn pitch angle greater than
p- 350 16', when exposed to pressure it will diminish (Pig. 57). In
this case, piping will increase diametrally and become shortened. When
piping (ﬂ > 350 16')is tested at constant pressure, the pitch angle wili
become less with time (Fig. 58). For an angle smaller than B = 35° 167,
the shell will be elongated and smaller in diameter. Therefore in any
case when the shell will be fabricated with a glass yarn pitch angle
somevhat different from the eguilibrium value for service under internal
pressure, it necessarily will fail in time owing to the disruption of
gas~tightness. The service life of this equipwent or pipeline will be
determined by the deformation properties of the binder. When shells
are fabricated from glass~reinforced plastics with a glass yarn pitch
angle close to the equilibrum value, their service life when operating
under pressure will depend .n the reliability and the conditioun of the
adhesive interaction of binder and glass fiber, and also on the glass
yarn strength. '

Shells with a glass yarn pitch angle of 35° 16', when loaded with
internal pressure, initially change little lengthwise and diametrally,
but then simultaneous increase in these directions occurs with time
as the result of cieep, Here practically no change in the glass yarn
pitch angle is observed.
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Pig. 57. Dependence cf pitch angle
of glass yarns ol internal pres-
sure (the s0lid lines correspond to
experimental data, and the dashed
lines correspond to calculated dsta)
for piping with inner diameter of
89 mm and wall thickiess 4 mm, made
of glass~reinforced plactics as

‘ follows:
1 == with epoxy resin
2 == with polyester resin
KEY: A -~ p, kg/cn?

shifting of glass yarn under the effect of forces building up in th
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Pig. 58. Dependence of pitch
angle of glass yarns on the
period of exposure to constant
internal pressure for piping
aade of glass~reinforced plastics
incorporation epoxy (curve 1) and

polyester (curve 2) binder
KEY: A -- kg/cm?

B =~ 2, hours

wall with increase in pressure, and the stretching of glass yarn owing
to their increasing loading. Porces developing in the shell wall which

is laminar in structure, due to the presence of pre

glass yarn shifting. The displacement continues theoretically until the

glass yarn takes on the direction coinciding with the di

force in the shell wall. But in practice, the displacement of glass yarn

S:10w8 up to a greater or less extent,

depending on the shear stiffness of

the framework. The latter facter is due to the following s the kind ang
density of lay-up of glass yarn, the structural (initial) angles B, the
number of glass yarn bearing lzyers, and type of binder, and so on.

Calculation of loading on glass yarn and the genersl equation for
pipe calculations. The following relations are known for determining
forces per linear unit in layers of the glass yarn in a thin-walled
c¢ylindrical shell made of glass~-reinforced plastic loaded with internal
pressure (r is the internal radius of the piping): Ib = pr/? is the axial

force per unit length; ang TT = pr is the tangential (peripheral) force,
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 From these equations there follovs the ratio TT) = 2 that is

representative of thin-walled cylindrical pressure shells. In the
strength calculations of pressure equipwent and piping wade of glass-
reinforced plastics, in determiring the umber of layers forming the

framevork, one must allow for the TT:'BO ratio, as well as the structural

features of the fremework, by introduc’ng the corrective coefficients
corresponding to them (especially in the case of large wall thickness
when b > 0.1 =),

With reference to thés_e relationships, one can determine the load
. K taken 7 the glass yern by expressing it in terms of the tangential

Tp or axial T, load, density m, and angle B from equality (86)s

Considering that TT = pr, ve get
J d
K= smbop (91)

or

. d
K='¢£ﬂv (92)

where d is the internal diameter of the piping prior to loading in om;_,
T, is the lay-up density of the glase yarn prior to loading in cm ;
and
y is a coefficient.

Asguming, with allowance for the unevenness of the glass yarn that
Ka Kf {f = fiber], let us find the burst pressure for an actual piping

with number of glass yarn layers i:

pe=1p ZEE (¢, (93)

When ﬂ = ﬁo. yra 1.333, when ﬂf .- ﬂo, the coefficient has the

values 2 cos ,5 and 4 sr’mzﬂ , the smaller of whicn determines the cal-
culated value Pee

The overall value of the corrections is [c]

lef = [e,] le,] les] L] fasl. (94)
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These cofactors reflect the effect of the piring wall design, i
fabrication technology, and the kind of loading.

To allow for long~temm service of pressure piping made of glass=
reinforced plastics with a given design, the working pressure is calcu-
lated with allowance for the strength safety margin n3

Pu =02 (o), (95)

where [c]D = [c] [°6] [c}] are the coefficients allowing for long-term
loading of piping with internal pressure.

The safety margin factor, based on literature data, varies from
5 to 10.

Corrective coefficients in the calculation equation. When calculat-
ing multi-ply piping made of glass-reinforced plastics, corregtive coef-
ficients are introduced that allow for changes in the operating condi-
tions of an article compared with thin-walled shells [43]. These
coefficients must be geometrically or physically meaningful and can
be established by direct experiment independently of each other. They
can be introduced in calculation equations in various combinations,
depending on the framework design adopted and simplifying assumptions.

P

The cofactor <, is a function of the angle /3 and allows for change

in the piping diameter due to displacement of glass yarn when pressure
is received, i.e., with variation in the angle /B from ﬂh [h = hoop]

to B [f = riber] (if f differs from B = 35° 16') (Fig. 59). From
the figure it follows that

e O i

ndp, = 1-cosP, ;

(96) ]
and E
3
. ndy = 1-cosPs (97) !
Hence
' dp,  cosfPp
dpy, ~ cosPh ;
or da = cos fiy '
By = “Bh cosfip "
Therefore,

- 125 -




TP I

ke

xd A2

A,
y-"

t

. -

Fig. 59. Calculation scheme of
the shifting of glass yarns

_ cosfe | (98)
cosfp

It fp =By

cos45* 16" _ 0,81647
= cosﬂh S cosﬂb Y (99)

where ﬁ& is the pitch angle of glass yarn at the moment of piping rup-
ture;
ﬁb is the equilibrium angle; and

ﬁ% is the pitch angle of glass yarn prior to loading.

The correction c, reflects the effect of the thickness nf the

cylindrical wall of piping and its reduction due to inhomogeneity of
the comporient glass yarn layers; this correction can be separated into

two cofactors: cé and cg. The cofactor cé reflects “he inhomogeneity

in the loading of the glass yarn layers (from the internal to the ex—
ternal layers), whict depends on the number of layers i, jnternal pipe
diameter d, ard layer thickness tl. It shows what relative fraction

of the resistance to hydrostatic pressure is exerted by the external

layer of the glass yarn compared with the resistance exerted by the
internal layer.

let us assume that layerwise reduction in the loads occurs in the
wall of a tubing of a given design, obeying the lame function for piping
open on both sides and loaded with internal pressure p'(in kg/cw?). Hence
by finding the ratio of the tangential stresses of the last crg and
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first d; layers and assuming the layerwise reduction to be approximately
linear, we can determine

- pr? PRy
K =i = . (100)
for I =1
' . 4R :
. . G:-'—‘Pﬁt_:?!'; (101)
for r, = R
- rt
=g (102)

where r and R are the internal and onter pipe radii.

Hence, by expressing radii in terms of clame ters, we have

§

;

!

i
i ) 242 i
4 cz=-—f-=m: (103) :
E ;
% where d and D are the internal and outer pipe diameters. §
% Expressing D in terms of d, i, and th and introducing the notation g
¥ 3
& H
: d ?
g = — i
B= 2i=n1" ?

we obtain the possibility of calculating cé for any layer:

. B
il py  x L (104)

. 4
Based on the equation cé e e » We can assume to g

0, i
gt g ;
. sufficient approximation that cé depends linearly on the number of
layers,

The coefficient cg allows for the inhomogeneity of the rapture of

glass yarn labors that typifies multi-ply cylindrical design. Weakened
sections of glass yarn can be detected in layers, leading to a change

in the above~indicated load distribution by layers and to a reduction :
in the mean layer strength,

+

i
z
E
a
4
i3
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This correction is expressed by the equation oo
a=l—A(i—1) (105)
where A, is an experiwmental coefficient.

The- correction 03 allows for the deformation of glass yarn under
loading when the glass yarn jis present in a given structure:

=1+ (106)
where £f is the relative elongation of the glass yarn at failure. .

The correction c4 reflects the effect of the rupture inhomogeneity
of glass yarn in layer ca, the effect of adhesion, tension, and thermal €
exposure during curing qzs

€4 ==cycy, (107)

The coefficient c5 allows for the kind of piping loading during
testing or service; the coefficient % allows for the effect of tempera~

ture conditions when pipes are in long-term service; and the coefficient
c7 allows for the effect of a corrosive medium.

The overall value of the corrections [6] can also be determined
experimentally for a piping of a given design.

Example., lLet us determine the cofactor [6] for piping made by !

crcssover helical winding of glass yarn in 60 plies using polyester
binder.

Initial Cata. The rupture load for glass yarn K. is 84.2 kg (in

accordance wi‘h VIU [All-Union Technical Regulation] 91-63); the number
of layers i is 8; the glass yarn lay-up density B, is 5 cm*; the internal

pipe Giameter d is 8 cm; the pitch angle of glass yarn curing winding
ﬂ is 30°; and the internal burst hydrostatic pressure for short-term
loading (experimental value) Py, is 370 kg/cm?. When B is 30°, the

coefficient }V‘is
P = 4sin® § == 4 sin? 30° = 1.

According to function (93), the calculated value of the internal
burst pressure is

o= (0] = 1 3828 1) — 401 (] kg/en”
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Hence, the unknown cofactor can be determinedz

Piy __ 370
le) =&t 421"087

This method of calculating skells made of gliss-reinforced plastics
fabricated by helical crossover winding of glass yarn does not allow for
the effect of bending moment, which appreciably reduce the bscaring capa~«
city of articles produced by this method of their fabrication. This
situation applies with special force to pipes that in most cases of prac-
tical use are subject to bending moments. As the shell diumeter is increased,
this disadvantage of the suggested calculation scheme is le¢ss significant,
owing to a rise in their stiffness.

Technological Calculation of Cylindrical Pressure Vessels Made of Glass-
Reinforced Plastics With Ideal Combination Lay~up Scheme of Reinforcing
Material

Vessels with ends loaded by internal hydrostatic pressure are most
often fabricated of reinforced plastics by the winding method. During
winding, the reinforcing fibers can be wound on the mandrel at any given
angle to the vessel axis. Often, a combination lay-up scheme of the
reinforcing materials is used, that is, helical winding is supplemented
by longitudinal=-transverse lay-up of the glass fiber. For a specific ratio
of wall thicknesses corresponding to the helical, transverse, and longi-
tudinal windings, we can also form the vessel ends. Outwater zfi57
established several functions that are of practical interest for calculating
equipment of this type.

The following assumptions are made:

during vessel loading, all reinforcing fibers are loaded identically;

during loading, the bending moment in the vessel wall is absent;

the strength of the reinforcing material of the vessel comprises the
longitudinal strength of fiber, and the binder strength is neglected;

the vessel is symmetrical and consists of a cylindrical section and
two ends, one of which has a hatch in its center;

the thickness of the cylinder wall is very small cowpared with its
diamete~. i.e., the internal and the outer diameters are provisionally
identical;

the reinforcing fibers have identical tension;

the shearing and displaraent of layers with different lay-up schemes
relative {o each other are Zlipossible; and

the fibers of each winding structure are continuous.
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Analysis of the geomeiry of lay-up and stresses in the vessel wall is
made separately for the cylindrical section and the end-closures.

The iotal thickness of the vessel wall t comprises the wall thickness
corresponding to longitudinal winding, tlo’ transverse winding th’ and

crossover helical winding tg.

The tension in the wall of a cylindrical vesszl can be calculated
based on two components of stresses induced for loading parallel to the

vessel axis Oi and in the tangential direction CQ. Since the vessel is

symmetrical, the principal axes lie precisely in these directions and
therefore, the shear stresses in these directions are zero. We know t5?]
t 1l
Since the shell is fabricated by combination winding, when the vessel
is loaded the hoop stress O; is composed of stresses in the layers of

hoop windingt?% and of the tangential component of stresses in the helical

winding layers. Stresses in the layers of longitudinal winding and the
axial component of stresses in the layers of the helical winding act in
the axial direction and do not affect the tangential stress.

The following stresses are induced in the unit element of the longi-
tudinal section of the wall parallel to the vessel axiss

e .‘Z;ih. + "‘:’a‘ (108)
Stresses in the layers of hoop winding ¢5% are numerically equal to

the tensile stresses in glass fiber. Similarly, the stress in the axial
direction is

olty % la
G‘ = "'""'“'ttt + { ( 1 09)
or
y H
a o/ a‘a x
3=t (110)

where o! represents the sires.:s in the layers of longitudinal winding,
which are equal tc the £iber strength O ; and

Cslais the stress component in layers with a helical winding scheme,

From the definition it follous that

0';-0';:0. (111)
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Fig. 60. Scheme of Stresses acting in
fibers with convolute (a) and spiral (b)
' winding

From Fig. 60, we can write the following expression hased on an ana=-
lysis of two filaments for crossover helical winding

2
20'dr sina =0,¢ —S?I;%’ (112)

where df is fiber diameter; and

OC is the glass fibex winding angle (between the fiber and the
cylinder axis).,

Hence,
0, = 0osin’a, (113)

The analogous component for helical winding is
0y, = acosta, (114)
Summing up equalities (113) and (114), we get
O + G, == 0(sina + cos? &) =: 0. (115)

This condition is realized in equiloaded fibers, i.e., in an idealized
vessel.

We know that
t=tp+t, -+l (116)

Using the functions (115) and (1i14), we can write
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o= “‘ +m':m z, . {17
ol Glgcosta - '
q=Th 4 TSR 2 (118}

3y adding equalities (117) and (118}, we can show that
(119)

O ==0;-+ 6.

Uging this fumction, we can obtain &« formula for calculating the total
thicknees of the wall for an ideal vessel fabricated by winding.

2% o .

We know that

. oD .

% 0y = 20, =5~ . (120) ‘
¢ Bence

{ 8D _ 5D (121)

g 200, 4o

Using equalities (119} and {120), we can show that
a,:-‘;_, (122)
Then equality (?2i) car be represented as

"
4

3 D (123)

‘ Since tensile filler strength and the allowable stress, as well as the
2 werking nressure end ciiameter of the vessel are uvsuslly kmown, it is pos-

- sible To calsulzte total wall thickness.
? It muct be noted that the total thickness of a vessel wall does not
: deperid on the thickness of the constituent layers and the winding angle.

Houever, the thicikmess of a layer of cach winding type and the winding
angle are inierrelated by the fundamental geomeirical relationships for

a cylindrical vressure vessel given the condition that fibers are identi-
cally loaded in all winding layers. When the thickness cf a layer for
spherical winding at different angles is increased, the thickness of the
layers of the hoop and longitudinal lay-up schemes must be reduced, with
the principal ratios of the ide.l cylinder under pressure kept constant,
The function for the thickness of different* layers is derived as follows.

Considering that O, = 20,, and using equalities (117) and {118) we
can obtain

TR TR HF Py

oty -+ oty sin® & = 20t;, -+ 20t, COS* @, (124)
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fym= b 18 _ (125)
T sin*q —Z2cos*e’

Since sinzc(- 1~ r:oszot, vz get ;

gy~ £ ¢
f,z = z':—!.sv-ca:"—&. \1&6) F

Subiracting equality {126) from {116}, let us determine t,,- Using
equality £116), we can arrvive at the resulting functions:

lb::?:—-nfg(:(ﬁ!a; (127)

2 2
th= 3~ —lasi?’a. (128)

In the particular case when ty = O (t10 = /5 and oy = (2/3)t), we
get t, = 2tlo, which is the principal requirement for a vessel that does

not have layers with helical winding where all fibers are zqually loaded.

Thus, these functions enable us to calculate the cylindrical portion
of a pressure vessel for optimal conditions by using different cowbinations
of helical, lorgitudinal, and hoop lay-up schemes of the reinforcing mate=-
rial. The total vessel wall thickness depends on the iype of lay-up
scheme combination and can be calculated for a known vessel diameter,
known strength of reinforcing material, and required working pressure.

The known winding angle enables us t celculate also several other compo=
nents of the total wall thickmess.

Tne end-closures of pressure vessels made of reinforced plastics
fabricated by winding are calculated on the condition that the cylindrical
shell smoothly intergrades into the end-closure which is not subject to
bending., With reference to the presence of a central opening, the end=-
closure section profile is calculated, along with its required thiclmess.
Experience shows that longitudinal and helicai winding schemes can be used
in forming an end-closure, and these schemes are successfully used in
fabricating the cylindrical sheil of a vessel.

In the calculation, ar analysis is made of the elementary sectica of
the end-closure situated at a distance r from the vessel axis. The radii
of curvature of this section in the directions shewn in Fig. 61 are denoted
by R1 and kT. Suppose the total end-closure thickmess te is composed of

the thicknesses of the longitudinally and helically laid layers te 10 and

- '33 o




Pig. 61, Calculation scheme of wessgel
with botton made of glass-reinforced
plastic using glass filament winding

te o Helical winding is unfeasible for end-closures owing to ‘he slip~

page of turns. The helical angle with the meridionsl direction is denoted
by %y and the angle between the tangent to the elementary section ond

the vessel axis is denoted by A. The stress corponents in the section in
the axial and tangential directions are denoted hw'Ué 1o and ‘2 q+ Tespec=

tively. The end~closure thickness here is
t¢=l¢a+telr (129)

In the absence of a bending moment in the end-closure,

Berp ;. %er __ P

ki~ TR T fe (130)

We know that

r

Ry== =7 (131)

Relating this equality t¢ the cross=-sectional area of the end-closure,
we can get

Part == 0z pl ¢ o(2nr cos 4) (132)

or

<P = 0,4c0sA. (133)
2p /0

Since the number of longitudinal fibers is constant,
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t.:.=‘b(‘%’)’_ | _ (13¢)

vhere ), is the thickness of layers with longitudinal winding o the
cylindrical pertion of the vessel,
Similarly, we can express the thickness of helicallvy wound layers at

any site on the end~closure at any distance from the axis for a given
winding angle:

=t (F) (22). (135)

From the equilibrium condition (117) and (118), we find

tcof/c:: telao+t!¢°cosg% (13’6)
and

(137)
le Oy 7= les0 + lpgosin®a, .

¢ - G 3
Cancelling out o 10 oe 2 te 1o’ teot , ard from these equations,

e
we get the fundamental equality describing the end=-closure geometry:

sin®q !cosa)
Rr & \ sing

= &

Ry -—:fﬁ--i-cosacosa,
<

(138)

This equation of a curve describes the relationship between RT and
R1 as a function of the thicknees of the layers of each kind of winding

and the winding angle. When layers with longitudinal winding are absent,
the equation of the curve describing the end=-closure geometry becomes

-&-=2-—tg’ae. (159)
Ry

Tensiun in fibers is deter.ined from the function derived on the
basis of equalities (131), (13)), (134), and (136):

pr (140)

0= 5o Ceo + taCOSGCOS—&; :
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Az we kmow, often vessels are wound with the reinforcing fiber lay-up
calculated ir accordance with a geodetic curve, This kind of winding can
also ensure the forming of end-closures in accordance with equation (139).

Tbg equality
7 sin ae = const. . (141)
is the theoretical condition for winding along a geodetic line,

The constant can be determined from the condition that the filament
is wound over the cylindrical portion of the vessel:

rsinaez—{}sma; (142)
This condition is valid also the end-closure,

Inserting the value of & from equation (142) into equality (139),

we can obiain an expression for the calculated curve of the end-closure
profiles '

{
3| -

Feme (o) - )

These analytical functions enable us to determine the optimal end-
closure profile graphically in the first stage, according to equations
(138) and (143). Deponding on the resultant shape of the end=-closure,
its fabrication procedures are developed. A3 shown by experience, a
spherical end-closure most fully corresponds to the requirewents imposed.
According to the profile of an end—closure obtained graphically, templates
are built with which the end surfaces of mandrels are fabricated for
vessel construction.

Strength Calculations of Chemical Equipment and Piping Made of Glass=-
Reinforced Plastics by the Method of Approximations

In calculating articles made of glass=reinfcrced plastics, we must
start from the condition that they are subjected to complex exposure to
the ambient environment, increase twmperatures, load, and other service
factors.

Calculation based on the method of approximations involves setting
up a series .f approximations, based on experimental data, to estimate
the change in the strength of the glass~reinforced plastic when exposed
to these factors [82]: effect of wedium, mechanical stresses, vibrations,
technological parameters, and so on.
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The allowable stress is determined with reference to the effect of
each factor on the strength of the glass-reinforced plastic, and thzs
stress is then introduced into the calculation.

Pipe wail thickness is determined using the formula of the American
Society of Mechanical Engineers:

or 4
{= m oM, (144)
where p = 1.5 Pp in kg/cn2 is the calculated pressure (Pp is the work-

ing pressure);
r is the internal pipe radius in em;
e is the butt joint factor; and 2
[0'] is the allowable stress in kg/cu®, adopted with reference to
approximations.

When calculating reactors with sleeving, the shell wall thickness of
the sleeving is calculated using the formula

t=-F= (145)

where p is the pressure of the coolant in the sleeving in kg/cm s
R is the radius of the shell (sleeving) in cm; and 5
0'2] is the allowable stress for the sleeving material in kg/cm o

The thickness of the equipment shell wall is determined as follows.
The maximum allowable pressure p' is assumed to be

o = 0,807 E i/(__‘_)’."_ (146)

,l"‘P’ 7% ?

where p' = 1.5 p is the maximum allowable pressure in kg/cmz;
E is the flexural modulus of glaat1c1ty of the glass—~
reinforced plastic in kg/cn®;
L is ihe length of the shell in cm;
r is the shell radius in cm;
%, is the wall thickness in cm; and

M is Poisson's ratio.

Hence

? =1/ (/L ARy (147)

0, 807‘E‘ ,)
- W

- 137 -

A o




Calculation based on the method of approximations is marked by a
limitation on its range of application. Available approximations that
allow for the effect of external factors are extremely arbitrury and do
not reflect the significant diversity of existing real external exposures
and conditions. Strength characteristics necessary for calculations based
on this wmethod are determined from standard or special specimens separately
exposed to individual external factors during a limited test, often in ar
unstressed state. Therefore, the calculation for strength using approxi-
mations does not take account of the effect of the coumbined exposure of
a number of factors, which introduces an appreciable error into the final
result.

However, this calculation wethod can be used for articles employed
in large numbers in certain known constant service conditions. In this
-case actual material on the approximations is used, which successively -
refines data obtained experimentally.

To expend the scope of application of this calculation methoid. we need
a classification of external exposures and require an adequate handbook on
approximations determined for specific materials with reference to the
stressed state and interaction of factors. The reliability of calculation
results will depend on how well-substantiated the existing approximations
are. There are maeny ways of increasing the reliability of approximations
based on using tested methods of extrapolating experimental data to the
time corresponding to the service.

Simplified Method of Calculating Shells Made of Glass-Reinforced Plastics

This methed ens™.es us to estimate the strength properties of shells
made of olizs=reirgorced plastics with allowance for the main structural=-
operating f.ctors [70].

To allow for the effect of the adhesive~cohesive strength of bhinder
on the degree to which the strength of the reinforcing material is utilized,
and also the effect of a specific technological procedure of molding and
curing, in the calculation use is made of data obtained from testing
technological specimens in the form of tape, strip, or rings fabricated
of the components intended for shell production under the same techno-
logical conditions and with the same equipment with which their fabrica-
tion is proposed. The formula use of the experimental rupture strength
obtained from testing specimens instead of the introduction of various
coefficients simplifies and increases the accuracy of calculations.

The following equation is used to determine the wall thickness of

shells made of glass-reinforced plastics as a function of strength and
anisotropy:
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vhere t is the shell wall thickness;
p is the internal hydrostatic pressure in the shell;
r is the internal shell radius;
[6'] is the allowable rupture stress determined from special tests;
and
V ig the coefficient of anisotropy.

The coefficient (f anisotropy is
__th__
v= 'I; ¥ ”D) (149)

where th is the overall thickness of the hoop layer; and

t, is the overall thickness of the longitudinal layers obtained
© in shell winding.

The optimal coefficient of anisotrcpy V¥ = 2/5, and the most advan—
tageous ratio of reinforcing layers ensuring the minimum shell weight
with maximum strength is

fo 1—=v_ L
T T
Denoting
9
o = (150)
we get
LoppVTHFE-L (151)

The determination of the optimal wall thickness of a shell made of
glass-reinforced plastic is r-nsiderably simplified if expressions (150)
and (151) are represented g iphically (Fig. 62). Then, we determine

A on a logarithmic plot {for a given pressure as a function of the strength

of the glass-reinforced plastic. Further, we can find the optimal wall
thickness for specified pressure and strength from the valie of A on the
plot t/r = f(zﬁ). The plot makes it possible to modify the parameters,
thus simplifying their choice,
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Pig. 62. Logarithmic plot for the
determination of the ratio t/r for
shells made of glass-reinfoxced

plastics [70]

KEY: A =~ kg/wm?

However, this calculation methcd does not enable us to fully allow
for & number of technological factors (tension, uniformity of impregnation,
defect, and so on) that are difficult to reproduce on specimens in the form
of samples, which can introduce a large error into results. In addition,
there are not yet any reliable modeling methods for large=size articles
made of glass-reinforced plastics, which to some extent reduces the reli-
ability of using results obtained for separate technological samples in
the calculations. When testing technolgical samples, it is difficult to
reproduce the stressed state of materials of which the articles are made.
This limits the application of the empirical nomograms obtained. The
simplified method also dces not afford the possibility of allowing for

the effect of external factors on the strength of articles over the course
of time,

Estimate of the Longevity of “ressure Piping Made of Glass=Reinforced
Plastics With Allowance for ¢ Disruption of Gas-Tightness

Piping made of glass-reinforced plastics of domestic manufacture
intended for service at low pressures (to 3~4 kg/ca?) can be used in
industry without an internal sealant layer. In this case the binder st
be chemically resistant to the corrosive media being transported. Depend-
ing on the kind of corrosive medium and its temperature, the longevity of
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piping from the moment of loading to the moment of breakdown of gus—
tightness ranges from 1 to 4 years,

When determining piping longevity, the limiting state is taken as
the state for whose onset gas~tightness breaks down under conditions of
prolonged exposure to constant p.essure. ,

Since the experimental points lie near a straight line (cf. Fig.16)
in semiiogarithmic coordinates, we can propose an exponential function
between time prior to the breakdown of gas-tightiness 7 and the normal

stress in the tangential direction A The function approximating the

long~term strength curve can be written as

1= Be ™%, (1 52)

The coefficients B and m are determined by a statistical treatment
of vesults of tests conducted over a relatively shert time interval.
Table 22 presents the values of these coefficients for piping wade by
helical crossover winding for different test conditions |18].

A comparison of the results of testing piping fabricated by cross=-
over helical winding of glass yarn, for short-term and long-term loading,
showed ihat absolute values of the relative deformations corresponding
to the moment of gas-tightness breakdown remain identical for each wind-
ing structure. Thus, for piping made of glass yarn in 60 plies with a
45° winding angle using polyester binder, the limiting deformations in
the tangential direction are 0.1-1.0 percent, 0.5-0.6 percent in the
axial direction, and for piping of this kind made of glass yarn in 20
plies, the values are 1.8-2 percent and 0.6~0.8 percent, respectively.

As shown by tests, the creep curves of glass-reinforced plastic pipe
plotted on the basis of measurements of deformations in the tangential
and axial directions have three characteristic sections in the general
case (Fig. 63): sections of nonsteady-state creep within whose limit the
deformation rate decreases monotonely; sections of steady-state creep,
where the deformation rate in these limits is constant and in a particular
cage equal to zero (the dashed curves separate these sections from the
others); and sectionswith increasing deformation rate, within whose limits
there is » breakdown in piping gas-tightness.

Waen considering the long~term strength of piping, it is not the
mouwent of piping failure that is taken as the dangerous state, but the
moment when the third stage of .. :ep begins, which corresponds to the
beginning of microcrack develnpment. This choice of the dangerous
state is accounted for not only by experimental difficulties in deter-
mining the moment of breakdown in gas-tightness, but also by physical
considerations., The piping material during the breakdown of gas~tightness
differs qualitatively, during a process of significant specimen deforma=-
tion, from undeformed or little-deformed glass~reinforced plastic, since
deformation localizaticn takes place in the binder. Here a large number
of microcracks are induced in the material, caused by the cracking of the
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Fig. 63. Creep curves for pipe made of glass-rein-
forced plastics fabricated by winding glass yarn in
60 plies with a winding angle of 45° C, incorparat-
ing polyester binder and tested in water at 23° C

(7 in hours)

A p.<] B No A B

xpusof | O¢ B xljcur | o, n &T[ca® §ypupon| Oy B K[/cu? | Gy B kI fcn?
! 220 110 5 55 85
2 165 82,5 6 0 £ g
J 1o 70 7 55 27 i
4 12 60

KEY: A -~ Curve number
B ~ in kg/cm?

binder and thc breakdown of its adhesive interaction with the glass fiber.
Therefore, the foregoing enables us to adopt the transition of the glass—
reinforced plastic into the nonmonolithic state as the dangerous stage,

and also tc regard the moment corresponding to the end of the steady-state

creep section as a qualitative transition that must be evaluated as the
ongset of failure,

Analysis of the creep curves of piping made of glass-reinforced
plastics enables us to estimate the hazardousness of relative deformation
during creep by the value of the overall deformation accumulated at the
moment of the termination of the steady-state creep section t&I' The
creep of the glass-reinforced plastic at an increasing rate resulting
from the slow accumulatic: of high-elastic deformation and crack growth
in the binder entails the progressive failure of the latter and the dis-

ruption of its interaction with the glass reinforcement. Deformation SII
is somewhat sualler in absolute value than the maximum deformation. But

since EiI is considerably simpler to determine, by using extrapolation
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TABLE 23. VALUES OF THE COEFFICIENTS K, M, AND N

Bnpu NONSYNCCTN R TREreNREANMROM C Tips noxsywcers » ocepoM
2 o » aljen® nanpasaennyn nanpasnewux
i X M| N K M N
55 1900 —0,04 262 1000 0,06 —98
Lé 110 1100 -0,07 256 700 0,06 —85
2 165 500 0,13 249 500 0,08 —75
; : 440 70 —-0,16 82 90 014 —35

Eemark. Principal stresses in the axial
direction are equal to half the principal stresses
acting in the tangential direction.

KEYs A = In kg/cm?
B — For creep in the tangential direction
C — For creep in the axial direction .

methods, it can be employed to estimate the time t,. of the reliable

- service of piping in specific conditions.

II

As we can see from Fig. 63, the steady-state creep section for piping
made of glass-reinforced plastics is linear. The time tII in hours corres=-

ponding to the end of the steady-state creep section for a specific stress
level in the pipe wall can be determined from the following function:

f||='%[1——'/%' L1t (155)

where £II is the relative deformation in percent; and

K, M and N are constants for piping with given winding structure ard
a specific stress level and specific external conditions.

The values of the coefficients in equation (153) for piping made of
glass-reinforced plastics fabricated by the helical crosscver winding of
glass yarn in 20 plies with a winding angle 45° using polyester binder,
on exposure to distilled water at 23° C, are present in Table 23.

Experiments showed that the ratios of these coefficients are asso-
ciated with the normal stress in the tangential directions CE by the

following functions:

%:00? (154)
and
'A[%:-"CU?: (155)
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where &, 6, ¢, and 4 sre constan’; coefficients determined by the leasi-
squares method from experimental data cbtained in
sheri~term tests.

“he substitution of the vaiues of E/¥ and K/M from ecuations (154)

ané {155) into equaticn {153) enables us %o obtain a relationship to deter-
min~ the tmiidup time of overall deforsation bty tne end of the steady-state

gericd for any streas level in pipe wallis and, thus, to estimate the

portod of safe service of piping made of glass—reinforced plastic when

sutject to long-term loading with iaternsl pregsure:
ﬁ;::an?—-aﬂﬁu- (156)

The constant coefficients have ithe following values for piping made
of glas: cinforced plastic fabricated by the methed of helical crossover
winding at an angle of 45° C using glass yarn in 20 plies and polyester
binder for loading with water at 23" C:

a = —{,55-10¢%, s = — 1,38 10¥,
b =13, d=2,47.

Another equation associating tiwe t., and deformation 611 direstly

II
is the equation of the curve of the end points of the steady~state creep
sections for different stress Jevel in pipe walls., Observations showed
that this equation corresponds to the following form:

by = [N, (157)

where f and g are the constant coefficients determined experimentally
during a short time period for large pressures.

Table 2/ presents the values of thc coefficients f and g for piping
fab: icated by the helical crossover winding of glgss yarn at 45° ¢, for
tests made in water at 239 C,

The combined solution of equations (156) and (157) enables us %o

deternine, analytically or graphically, the period of the safe service
of piping for a specified iniernal pressure.
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tinder

E =~ In 60 plies

R ~— 1n 20 piies

G -~ Wipding glass ysrm incorporating epoxy
binder in €0 plies

Examples of the (alculation of Gus Ducts, Equipment, and Shell Made of
Reinforced Plastics

Calculation of ventilation gms ducts by the method of approximations
[81]. A gas duct made of glesa-reinforced plastic with polyester binder
is used to remove hydrochioric ascid vapor from vessels. The gas duct-
work is fabricated by the wmethed of winding glass ysrn on a wandrel, The
working pressere in the gas dusi is 1.16 kg/cw2. The vapor *emperature
is 98° C. The internal duct rediue r i3 25.4 cm.

Using the previously obtained experimental daia in (61}, let uvs de-
termine the allowable stress. The allowable stress of glass=reinforced
plastic at voom temperature, with reference +o long~term service in air
(recommended by the fabricator) [ ] is 632 kg/cr2., The allowable stress
is reduced by 65 percent due to exposure to hydrochloric acid at 9&° ¢,
i.e., it becomes 224 kg/cz?. Owing to mechanical factors (vibration,
impacts, and so on), and also for fluctuations in the parawmeters of the o
production process, the unknown allowable stress is found to be 99 kg/cm o
The duct wall thickness is determined by formula (144):

=Pl L78254
l= Iole=06p — 9:08=06-175 0,57 cx,

where p = 1,5 p, =15 1.16 = 1,75 kg/cm?; and

e = 0.8 (in the absence of butt joints or with these disregarded,
e-'l).
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Pig. 64. Suspensions of band (a) and trapezoidal
(v) type used in securing pipe made of glass-rein-
) forced plastics
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Pig. 65. Cast-on flange Pig. 66. Monolithic attached
flange

Then the effect of suspension fixtures (Pig. 64), which can cause
additional stress in the gas duct walis, ig checked. The contact angle
of the banding with the gas duct p is 180" C for band-type suspension
fixtures (Pig. 64 a).

For suspension fixtures with a spacing of %.048 m and a gas duct
diameter of 508 mm, with 1 m of piping weighing 23.8 kg, the total reac-
tion to the suspension banding P is 71.6 kg.

The stress in the gas duct wall arising due to the action of the
suspension fixtures is

_IP. (r\ _ 001715 , 254 2,
Oppax == ¥l N ("t_) == —6.“;7[-';‘- In 6'—5-7-’:—" 6.5 kg/Cﬂl ’

here the coefficient k is 0.02 - 0.0012 ( - 90°) = 0.02 - 0.0012 x
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In irapezoidal~type suspersion {ixtures {(Pig. 64 b), point conkact
with the dnctvork is produced. The stress in the wall is checiked by the
formula

%mz______ {042lg(0,2!5r : "_5'1

1=
_ s 0215.254 2
= —gzn (02152 + iy =—15¢ kg/ea,

vhere b is the equivalent radius of the contact area (b ie approximetely
0.635 cz).

This stress in the wall exceeds the allowable stress {99 kg/cmz).
Therefore we pust increase the number of suspension fixturs or the wall
thickness of the gas duci, For a wall thickness t = 0.95 cm, O

2 2 max
68.5 kg/co®, i.e., less than the allowable stress.

Then we verify the dizensions of the planar cast-on flange (Fig. 65).
The maximum stress in the flange when loaded is determined:

W [ 2t (mAl) ¢t - d?
Cane = — Gt | g 18+ — NS=F]-

Adopting the following flange dimensions: a » 30.95 cm, @ = 25.4 cm,
c=29,2i cn, and D = 58 5 em; and calculating the effective force from
the equation W = p (& /4) (W = 4535 kg), we obtain the maximum stress
Tpax ™ ~513 kg/cm2 (the coefficient m = 3.3).

This flange is not exposed to a corrosive medium, since it is outside
the working space with which the experiment was conducted at 71° C. There~
fore the stress obtained is beyond the limits cf the allowable value.

The connecting flange is verified (Fig. $6) based on the new allowable

stress, since the working conditions of the flange differ from functioning
of the entire gas duct.

Therefore, the allowable stress [< ] = 632 kg/cm2 (¢ = 20° C) de-
creases by 29 percent under the effect of temperature. If climatic
conditions are also taken into account, [C’] is reduced by 20 percent
from its preceding value. HMechanical factors caused a 50 percent recuc-
tion in the [CT} value obtainca. Finally, with reference to technologi~-
cal parameters (a 10 perce..t redustion in cr] from its preceding value)
the allowable stress will be 170 kg/cm

To determine stresses in the flange, the intermediate parameters
VO and MO are calculated:
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(T4 1.8603) Vot 1L -0 500 {1 — 57 T1)
1575 34641
=8 kg * mfcm.

—
—, =
p—3

Here, for a = 50.8 cm, b = 58.42 ¢m, d = 61.91 cm, h = 1.9 cm,
t=1.9cm and f = Yat = 9.8 cm, we have

T, = l’(&!"f'd)__zls

=P@-a
358 — = n
To= gy [ +01 6 =] =185

The lcngitudinal bending siress in the cylindrical perticn that the
joint with the flange is

Agh'

=

The total longitudinal stress in the'cylinﬂrical portion far {rom
the flaage is

4
{ i
b 7, JRRee 3!4508

9"30 k8/°m
2
The calculated stress will be equal te haif O,, i.e., 15 kg,/cmz.

1

the maximum longitudinal stress in the piping (at the external surface
of the butt section with the flange) is

gy =

i+ =M3415=158  kg/ca®.
The radial stress in the flange is
olx—‘%‘;+p—:—~-§-} 1,75 = —4,2 kg/cmz.
Tne bending radial siress in the flange is
‘6 i ‘ =
al=-5,-(Mo~-§-voh)=160 kg/cm”.

The maximum radial stress in the flange (the stress at the external
surface at the connection with the cylindrical portion) is
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. 2
01 + 0= —4,2 + 160 = 155,7 kg/ca”.
The tangential stress in the flange is

2
0y =& T, (Ve + hp) =228 kg/cn”.

The bending tangential stress in the flange is

0 =0l + gy € (—15Mo+7.5kVe) + 14929 In -1+
+0,4475W (5 —a%) = 120 y/cn?

The maximm tangential stress in the flange (ihe stress at the inner
surface at the side of the connection with the cylindrical porition) is

03+ 01=120 4 (—224)=97,6 kg/cu’.

All calculated stress values are below the allowable value, which is

170 kg/cn?.

An exampie of calculating pressure piping made of glass-reinforced
plastic fabricated by winding with the longitudinal-transverse lay-up
of the reinforcing material. The internal pipe diameter 4 is 50 mm; tne
internal working hydroststic pressure in the piping for long-term service
p, is 40 kg/cm?; the piping was fabricated by winding with glass yarn

(b = 30 plies) using P¥3 polyester resin. The piping is lined within
using polyethylene. Sulfuric scid solution is conveyed around the clock
through the piping. The distance between supports on which the pipeline
is laid is 3 m, The strength safety margin, with reference to long-term
piping service, is 10.

The structural elements of the piping layers are calculated in
accordance with the earlier established functions (43) ~ (66):

The total number of glass yarn laid in the hoop direction per 1 cm
segment is .

— P4 __
Nh—%—q’."— 18,
where p = 10 p_ = 400 kg/cmz; and
f = 2.5 kg is the breaking force of the glass filament.

For a different n, the distances between the glass yarn in the same
layer 8, will be as follows:
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The number of hoop glass yarn in a single layer for a 1 cm pipe

segment is ' 1 i

The number of layers with the hoop winding scheme is

My="b= L =4s.

S T T N A G A AT S Y YR PN

VG take % = 5-

sl Rt A kit y L et =

. The total mumber of glass yarn 1 id in the axial direction is

Ny = LD i) _ gy

The nmumber of longitudiral glass yarrsin a single layer is
xd 3145 63
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0 1

vhere a, =8 = 0.24 - 0.3 cm. i

The number of glass yarn layers laid in the axial direction is

We $ake Mlo = 3,

The width of unidirecticnal tape consisting of glass yarn simul-~
taneously laid in the hoop direction is as follows for the pitch angle
B =2, 3, and 59, respectively:

B ndig B, == 3,14-5-0,034 = 0,534 ca:
5 : B=: ndtg B, = 3,14.5-0,05 = 0,784 7'
i B = adtg B, = 3,14-5-0,08 = 1,25 cw.

The wall thickness of piping corresponding to hoop glass yarn layers

ty = lyMp = 0,067-5 = 0,33 cu,

[N
n

where th is the thickness of 2 single glass yarn layer, taken as 0.067 cm.

The wall thickness corresponding to the longitudinal glass yarn !

layers is '
Lo = tgMp, = 0,067-3 = 0,2 cx.
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The total pipe wall thickness is
thr = I+ o = 0,33 + 0,2 - 0,53 cx.

The experimental verification of the strength of the kinds of piping
when subject to short~term loading witi internal hydrostatic pressure
showed that piping failure occurred st a pressure of 387 kg/cmz, which is
close to the calculated value p = 400 .

Table 25 presents results of calculating the parameters of pressure
piping made of glass-reinforced plastics using PR-1 polyester resin
fabricated by longitudinal-transverse winding of glass yarm in 10, 20,
30, 40, and 60 plies with an internal diameter of 50 mm for working
preasures of 16, 20, 24, 40, and 60 kg/cm®; the strength margin is 10.

Calculation of the strength of pressure piping fabricated by helical
crossover winding of glass yarn. The pipe is made of glass yarn in 30
plies with a pitch angle during winding ﬂb = 350 1€' using polyester

binder. The nnmber1of glass yarn layers i is 8; the glass yern lay-up
density m, is 4 cm '; and the internal pipe diameter d is 5 cm.

Determine the internal burst hydrostatic pressure for short=term
loading.

The calculation is conducted in accordance with formula (93)s:

pp=0 TN 10 = 1,3331222 0,67 =400 kg/ca?,

where Y is 1.333 for B, = 35° 16'.

Table 26 presents calculated parameters of piping made of glass-
reinforced plastics fabricated by helical crossover winding of glass
yarn using polyester binder. The number of glass yarn layers was cal-
culated based on function (93) given the condition that the optimal glass

yern pitch angle was 350 16'. The strength of glass yarn Kf in the cal-

culations was chosen with reference to its impregnation using polyester

binder, i.e., higher than the sirength of dry unimpregnated yarn by a
factor of 1.,6.

The following initial data are used to determine the calculated
parameters of piping made of glass-reinforced plastics:

the calculated thickne:s of a single glass yarn layer, with allowance
for the binder, is 0.67 mm;

the lay-up density of glass yarn per cm of length is 5.0 - 6.6 (in
20 plies); 3.3 ~ 4.0 {(in 30 plies); 2.5 - 3.10 (in 40 plies); and 1.67 =
2.10 (in €0 plies); and
the breaking force Kf of dry glass yarn is chosen based on Table 21,

- 1He =~



TABLE 25. WORKING PARAMETERS OF PRESSURE PIPING MADE OF
GLASS~REINPORCED PLASTICS

q C ., C
i: A - gd Sxevenne paceerncro g% 6-: g Jusncune pacwernoro
Es Eg napeMeTpa ga‘. §§ napeserpa
¢ T gl
] zs' - s'
; i 8E 1D F| 6 H%ﬁ; s IDTE[F[6] A
3 » a . © .
;-: BECS| Bg | et Ml te | i JEECK| Bp | e e Moo o)
3 n&zal Tz - iﬂ'g':n =
L
: 10 lislahaa] 1] 20
A 20 {13(2{88| 1|20 o I 40 | 913{68 2.7
3 . 6 | 30| 7/2j60} 1| 20 60 | 613147 2,7
) 0|6 g )11 20
: ormraMEAEBE
Lo, 10 1221264 1| 20 i .
AHHEHE R HHHHE ,
0 20 | 3} 913168127 6 |1015(76] 3] 54 =
¢ 40 g 3|52 : 2.7 1 |
G 313% Cy/ 10 |65 slé?o 3| &0
o |osfaluz| 1|27 ] 60|30 [97]7000) 4|74
24 1 20 1161311301 | 27 40 [21]766] 4 | 74
y3j88} 1|27 60 |15{8li4]l 4] 80
; KEY: A — Internal hydrostatic pressure (effective value) _ |
in kg/cm? :
; B =~ Mumber of filament plies in glass yarn
: C = Value of working parameter
E == ih
F = Nl §
G == i1
H

= ttot’ in om

Calculation of the ideal cylindrical pressure vessel made of glass-
reinforced plastic with a combination scheme cf reinforcing material
lay-up. The vessel diameter D is 30.5 cm; the effective internal hydro-
static pressure p is 7 kg/cm?; the vessel was fabricated by winding hoop
and helical (& = 30°) fibers; the glass fiber has yltimate rupture
strength & = 10,500 kg/cn?; and the strength safety reserve is 2.

The required total thickness of the vessel wall is determined based
on equation (123), with reference to the fact that for a strength safety
margin of 2, the calculated stress in the fibers is

2
0= 102500=5250 kg/cm 3
=3 .pD_ 3 1.5
t =20 = ey = 0,03 cu.
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TABLE 26, WORKING PARAMETERS OF PRESSURE PIPING MADE
OF GLASS-REINFORCED PLASTICS INCORPORATING PN-1 POLY-

ESTER RESIN

s Al 88| ¢ D ’

§§ =1 3mavenw: napawerpa { A% | 3mawennc napawerpa £ » au Ry% vpYS

s =§ TPYS RARaneTpON 3 X% ANIMCTPON D KN

ot | %=

H IR

8523 oa

;.’_;’o; S= |[S0|70]100(150] 200 | 250 300} S0 | ™ | 100 150 20| 250 { 300

x¥ g £

Noznal Tz
2 |2({2|4]4{4.6(611,41.4]27127{27]|401 4,0

8 30 j2|2]4|4]616|8[1,4]1,4/27127]40] 40! 54
40 2121441668 |1,411,4/27{27[4,0]40] 54
60 12(21414]6)6]8(1,411,4[27|27]4,0]40] 54
‘20' 21414|16) 8|1011211,4}1,412,714,015467 | 80

16 3 |214(6(8110(121141,4(1,4140154({67| 80194
40 |214(618(10]12}14]1,411,440]54]67] 80| 94
60 |2]4]|6)8]10]}12(1411,41274,0|54{67({ 80} 94
20 |414)6]10112116§20127|27]40[67}80110,7]13,4

2% 3 14(6181101141182212714,0154167{9,4]12,0j14,7
40 |4:6]8110|14]18]2212714,0|54)67}194]120)14,7
60 14|6[8(12|14]18|22(27]4,0(54{80(94]12,0]14,7

KEY: A == Internal hydrostatic pressure (effective value)
in kg/cm
B =~ Mumber of filament plies in glass yarn
C = Value of parameter i for piping with listed dia-
meter, in mm
D == Value of parameter t in mm for piping with listed
diameter, in

In the absence of layers with longitudinal fiber lay-up, eguation
(116) can be represented as to = t ~ t . Then the layer thickness

corresponding to hoop winding is
2 - 2
l/l=_3— t——(l——t,,)sm*a.: —-3—0,03—-
— (0,03 — 1) 0,5%; 1, =0,0167 cu.

Hence, to¢ =t = t, = 0,03 - 0.0167 = 0.014 cm. The same result
can be obtained by using equality (128):

2—34 _ 2.003—3-C0I67

= 0,014 cu.

ty =

dsinfa 3.0.25
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Fig. 67. Reactor with sleeving

Calculation of a reactor with sleeving, based on the method of
approximations. The vessel contains a mixture of a hydrochloric acid
solution and brine heated with hot water at a pressure of 300 kg/cm?,
We must calculate equipment fabricated of polyester glass=reinforced
plastic by the winding method (Fig. 67).

Based on the operating conditions of the equipment amd the above
presented selection of the allowable stress {(cf. calculation of ventila=
tion gas ducts), the value of the latter is 99 kg/cm® in the calculation
of the internal shell. I{ was experimentally establighed that the
flexural modulus of elasticity E _ is 4.9 - 104 kg/cm® for these condi-

tions. The external shell of the sleeve functions approximately in the
same conditions as for the flange of the ventilation gas duct, i.e.,
the working stress for it can be taken as equal to 170 kg/cm?, and the
modulus of elasticity can be taken as 5.6 - 104 kg/cm?. The calculation
is made by starting from the admissible stress values obtained.

The wall thickness of the sleeve shell is

which is rounded off to / .n.

The shell wall thickness of the equipmen; is detcrmined by referring
to the working formula given belows

' 43/’—_”E?FEFT“""’

{'=

0807'E* (T:f-};;)a
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where p' = 1.5 p = 1.5 + 3.5 = 5.25 kg/cn’;
L = 90 cm is the vessel height; and
¥ = 0.3 is Poisson's ratio.

Inserting the corresponding values, we get

o~

5.250.908. 158

10
f=l/ 08074 (4 9.104).( T 072 ex
o0 (r=o)

Calculation of shells made of glass-reinforced plastic by the sim-
plified method given in [70]. It is required to determine the allowable
internal pressure for a shell made of glass-reinforced plastic, 200 mm
in diameter and with a wall thickness of 3.7 mm, if the ultimate strength
of the isotropic technological sample for the given reinforcement and
the binder is 90 kg/mmz. The ratio of the length of longitudinal and
transverse reinforcing laysrs is 1.2 (i.e., ¥ = 2/3).

The strength of the shell wall in the tangential direction is

vo= 290 =60 ke/un®.

The scale parameter is t/r = 3.7/100 = 37 o 10_3. Iet us turn fo _
the logarithmic plot of strength (cf. Fig. 62). From the point 37 . 10
we draw a horizontal line until it intersects the curve. From the point
of their intersection we drop a perpendicular until it intersects with
the line corresponding to the tangential strength of the glass-reinforced
plastic, ¥o = 60 kg/mm2. Then we draw a horizontal to the ordinate
axis on which the allowable internal pressures are plotted on a logarithmic

scale. The answer obtained (300 kg/ch) corresponds quite accurately due
experimental data.

It is required to select material and the coefficient of anisotropy
y for a shell made of glass-reinforced plastic if the working pressure
is 240 kg/cm?, the internal diameter is 100 mm, and the wall thickness
is 3.5 mn. let us determine the scale parameter:
35

t _ 35 a0 1003
— =5 =70-1072

From the point 70 - 10.3, oa the plot (cf. Fig. 62) we draw a
horizontal until it intersects the curve and drop a perpendicular from
the intersection point. At the same time, we draw a horizontal corres=
ponding to the load 240 kg/cm2 until it intersects this perpendicular,
The point of their intersection corresponds to the stﬁength of the wall
in the tangential direction. We assume V9= 30 kg/mm with some margin
(the margin factor can be taken even higher, depending on the service
conditions). This shell is capable of withstanding a pressure of
270 kg/ch. Knowing that the optimal coefficient of anisotropy ¥ = 2/3,
we conclude that the glass-reinforced plastics used in fabricating
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shells wust have a strength 0 > 45 kg/mz. But the use of a shell with
yo = 30 kg/mm? and lower would result in a reduction in the allowable
pressure or & considerable increase in the shell wall thickness.

These parameters show that the simplified method of calculation
enables us' to quite accurately solve the main problems confronting
designexrs in designing anisotropic shells made of glass-reinforced plas—~
tics with longitudinal-trensverse reinforcement scheme.
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CHAPTER FIVE

TECHNOLOGICAL FEATURES OF THE FABRICATION OF
EQUIPMENT AND PIPELINES

Methods of Fabricating Large=Size Articles

Equipment for the chemical industry made of reinforced plastics can be
fabricated by the following methods:

contact molding;

press molding;

sprayup method;

pressure=~bag molding;

vacuun~injection molding; and

filament winding.

All technological processes of making articles from glagss-reinforced
plastics include the operations of impregnating the reinforcing material,
direct molding, and curing of the binder.

Contact molding is the simplest of existing methods of making articles
from glass-reinforced plastics and is the most widespread and most accessi-
ble. Nearly all operations (laying-out, lay-up, impregnation, and machining)
are performed manually. The lay~out reinforcing material is placed with
layerwise jimpregnation on molds of any configuration. The molds are made
of wcod, plaster, metal, and plastic. In meking the molds, close attention
is givern to see tnat the working surfaces clean and it is often polished.

To prevent sticking of the reinforced glass—plastic to the mold, mold=-
release agents or cellophane are applied. In domestic practice, several
film-forming aqueous solutions, as well as solutions of polyvinyl alcohol,
acetyl cellulose in acetone, and pclyisobutylene and wax in gasoline are
used as mold-release agents. The composition of several mold-release agents
is given in Tabdle 27 [61].

The mold-release agent based on polyisobutylene is prepared using
2 percent polyisobutylene and 98 percent gasoline; the mold=-release agent
based on wax consists of 20 percent beeswax and 80 percent gasoline.
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TABLE 27. COMPCSITION OF SEPARATING AGENT BASED OK ATBOS~
ALCOROLIC SOLUTIORS

‘ 5 mﬂ; xoOMDOBE 435 § % AN

X COCTANOS
i | om 1

C =
Toasumusosud crapr 10 S L3
D . -

Fmacoud canpr 10 35 40
Fangeprs 5 -— -

YEY: A == Coaponents
B =~ Content of components in % for the compositions
listed
C == Polyvinyl alcochol
D =~ Ethvl alcochol
E == Glycerin
P =~ Water

When large-size articles are fabricated (baths, trays, gutters, storage
tanks, boxes, hoods, collectors, and tanks), built~up molds can be used with
the contact molding method.

Articles in molds can be cured at normal as well as elevated temperatures,

The reinforcing waterial is impregnated with binder by using brushes,
followed by the use of rollers,

Wrken it is not possible to fabricate the entire specimen as a whole
using this method, it is falricated of individually molded parts, which are
then cemented.

The coritact molding method requires large outlays of manual labor, and
the resulting articles are marked by low quality owing to nomuniformity of
lay-up of the reiuforcing material.

Press molding is the method of fabricating articles on presses under
pressure (from 5 to 80 kg/cm?) and at elevated temperatures (to 1600 C),
The pressing is conducted in special metal molds which include a plunger
and a die. Sometimes the lay=-out reinforcing material is bronght together
away from the press and is impregnated with binder in advance., More often,
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in pressing glass laps {(KbZhK and KhZhKN types)} sre used as the reinforcing
material. The curing time depende on the size of the article, its wall
thickness, and the pre3sing temperature. 1t is 2=5 minctes per ma of wail
thickness. Polyester resin, and dry snd liquid phenolic resins are used

as dinders. 7o avoid warping of an article, it is best that it be cooled
in the mold down to 40~50¢ C., Saxsll con*ainers for storing and conveying
corresive fiuids, plater and frames of filter prcsses, blades of fans and
air-cooling equipment, housings for thermal insulation of pipelives, three~
ply pancls, and glass-reinforced terxtolitc are all prepared by the
pressing method.

At the presant time melding waterials of the premix type are used in
our country fr:r woiding small- and large-size peris and articles at low
and acderate pressures. This material in the furm of a paste~like ma=s
consists of polyester binder and caopped fiber from 5 to 25 mam long, and
aiso finely dispersed mineral fillers {kuoiin, chalk, and pumice).

The main sdvantage of molding materiais is their relatively long shelf
life =~ from 2 to 6 months and longer. This materiul can be pelletized,
which is convenient for heaadlirg surposes. Impellers of certrifugal pumps,
chewically resisteut {ittings, dampers, bushings, liners, flanges, filter
press rrames, veariug blucks, piugs, covers, and so on can be made of molding
waterials,

The sprayup method consists of sioultenesusiy depositing of pnlyester
binder and chopped glass fiber with ¢ pistol~grip sproyer or the mold. The
sprayer consists of a pistol-~grip sprayer, comgressor, and tanks for the
resin, initiator, and accelerator.

The pistol~grip sprayer has a8 mechanism for onbting gizss yarn and two
nozzles coonected with hoses to the compressor and the tanks, io0ose glass
yarn is used in spraying. When the spr.ayer is in operation, glass yarn
unwinding from tobbins are cut into filements 20~50 mm long, which are
wetted with the binder and sprayed onto the wold. The spraying nnit and
the mold car te vlocked together as part of a flowline., When this is done,
the pistol-grip sprayer is automatically moved on & conical path in a closed
chamber equipped with forced-draft ventilation, and the mold is rotated. On
completion of the spraying process, the sprayed layer is y—essed with a rubber
diaphragm. Then the mold containing the article is sent to the heat treatment
chamber.

The spraying method is used not only in fabricating large~size articles
(tanke, baths, and boxes), but als¢ in depositing a layer of anti-corrosion
protection on chemical equipmenti.

By spraying chopped glass fiber without binder added into a perforated
mold, uniform~thickness glass fiber blanks of complex configuration can bz
obtained, which are then sent to be impregnated with binder and to be
pressed,
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Pressure~tag molding consists in using a single rigid helf-mold in
fabricating articlos, and in employing a rubber bag as the other half-mold;
the rubber bag comnresses a binder~impregnated stack of reinforcing material
bty pressure or vacuus. To accelerate the curing prooess, wars or hot air 2
is fed into the rubber bag. The molding pressure ranges from 1.5 to 4 kg/ca”.
2 polyethylene bag can sometimes be used instead of the rubber bag. Gutlers
and baths for corrosive liquids, i.e., articles that have curved surfaces
of complex configuration, are fabricated by this method.

The filament winding wethod consists of winding rei:forcirg material
impregnated with a8 binder on 2 mandrel with some d.gree of tenmsion. Heat
treatment is carried cut on the sandrel in 2 hot chamber. The cured
articles are taken off the mandrel with a wincli, Depending on requirements
placed on article strength in specific dire~cions, different cocmbinatione
and modifications of the lay-up schemes #.e used for reinforcing material
on the mandrel during winding. '

When the filament winding method is used, articles with increased
strength can be obtained, since this method permits the glass fiber to be
oriented, which results in msximum effectiveness of iis use. VWhen making,
for example, cylindrical vessels functioning under pressure vhere the ratio
of the normal tangential stress to ithe longitudinal stress is 2311, glass
fibers can be arranged so that a veseel is obtained whose strength is twice
as great in the hoop direction as in the longitudinal. Thus, by winding,
glass fiber is given a predetermined wmutual ixrrangement which ensures the
attainment of maximum strength in the required directions., In addition,
here the high strength that is exhibited in the glass fibers themselves is
utilized. All this makes it possible to obtain extremely high specific
strength of plastics compared with metals.

Usually the choice of the winding amachine depends on the design of the
articles and on the winding mode which must be used in fabricating a given
article {4]. There is no universal machine on which all kinds of winding
can be carried out. The machine must be lacge enough so that it can be
used in fabricating various articles. At the same time it must be convenient
for use in winding with & fairly wide fiber tape in order <o reduce the
winding time to a minimum,

In building equipment for filament winding, the main ra>gquirement is
selecting the exact ratic between carriage travel and the niumber of mandrel
revolutions per minute. For example, for hoor winding on a mandrel 3.0 m
long with filament tape 6.3 mm wide, 480 revoluticrs of the mardrel are
required per carriage pass. But to execute nearly longitudinal winding
on a 1.2=-n diameter mandrel for the same tape width 600 passes of the
carriage are needed for just a one~layer covering of the mandrel.

In addition, high accuracy in placement cf the filarent tap:c is essen-

tial, i.e., each subseguent tape must be piaced in line with the precedir.
tape, therefore the ratio netween carriage pass and the number of wandrel
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revolutions per mimute must be properly chosen. The machine oust preserve
this ratio for the entire winding process without error accumilation.
Oubervise, the presence of voids (misses) between tape turns or their over-
1apping entsils lowered quality in the finished article. Another Important
factor is selecting the required drive for the machine.

A third vital factor is the selection of programming devices. The
selection of these devices depends on the complexity of winding configura-
tion, operator quaslifications, and the presumed service conditions for the
eguipmont.

There are seversl kinds of filament winding and different types of
filament vinding machines [63].

Hoop or radial winding (Fig. 68) permits a high winding angle and
couplete covering of the mandrel to be accomplished in each carriage pass.
T2 back stroke of the carriage can take place at sny time, which does not
affect the winding scheme. Simple equipment is required for winding by
this method; even a lathe can be used.

Polar winding (Pig. 69) is carried out with & small winding angle.
The filament can lie at differenti distances from the centers at each end,
High-speed winding requires = mschine with filament fed by an isolating
lever. The machine for helical winding with programmed cross feed performs
polar winding more slowly.

Helical winding with a broad tape (Pig. 70) affords complete covering
of the wmandrel in each carriage pass and, just as in the preceding case,
can be carried out over inaiviiual sections, ensuring local design thickened
areas which does not distort the overall winding schewme. This winding
method requires simple egquipment that affords the choice of an exact ratio
of the carriage pass rate {o the mandrel rpm. A large mandrel requires
a powerful machire and a large number of filawent-bearing bobbins,

Helical crossover winding with a narrow tape for a mcderate or large
winding angle (Pig. 71) requires large mumber of carriage passes o cover
the mandrel. A programming ratic betveen carriage motion and mandrel
revolution is essential. The change in the direction of carriage motion
aust coincide exactly in time with mandrel revolution. Winding by this
method is cirried out on the machine for helical winding.

In helical winding with a smail p.ich angle (Pig. 72), the filament
lies around the end of the mandrel in line with the supporting shaft. The
winding conditions are the saue as for winding witbh a large angle (cf.

Fig. 70). The filameat is not stretched and forms a loop during the back
gtroke of the carriage. During the back stroke of the carriage the fila~-
ment is grouped sv that instead of a tape the filament can form a yarn of
circular cross~section. Ecuipment intended for helical winding with a
narrow %ape is used for winding by this method. For very small winding
angles, cross feed of the carriage is necessary. 1f this is not used, then
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Pig. 68. Circular vinding Pig. 69. Polar winding

Pig. 70. Helical winding vith Fig. 71. Helical crossover
wide tape winding

A

Pig. 72. Helical vinding at small Fig. 73. Longitudinal wirding
pitch angle

a seizing device is used for the unstretched filament. To maintain the
tape in a flat position during the carriage back stroke, a prograumed
rotating syelet can be used. Tha action of the device to accelerate
mandrel rotation must be programmzd exactly with reference $o the carriage
trevel, otherwise the desired filament arrangement will not be maintained.
wher. parro- tapes and winding angles less than 15° sre used, the polar~
winding machine can be employed.

In longitudinal winding (Fig. 73), the mandrel wust remain immobile
during the carriage travel time, and then the mandrel must be rotated by
exactly 180° while the carriage is at rest. A filament must lie in line
with the axis during the mardrel travel time, otherwise the filament will
slip. Winding by this method requires exact mandrel positioning., Machines
with vertical mandrel are sometimes required to maintain filament uniformity.

The main characteristics of conical winding (Fig. 74) coincide with

ihe characteristics of helical winding, with the exception that the carriage
travel must be nonuniform, Programmed nonlinear carriage motion is necessary.
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Fig. 74. Conical windings Fig. 75. Simple spherical vinding

H‘o 760 Silllple oval Hg. 770 StriCtI}' Spheri" Pis. 78. cmbina-
vinding cal winding ' tion winding

The remaining requirementit on the equipwent are the same as those imposed
on equipment used in helical winding.

Simple epherical winding (Fig. 75) for a specific winding angle entails
the appearance of an excessive number of filaments at the poles. For a
more uniform material, winding must be carried out at large angles. In the
absence of carriage cross feed, the carriage must be given sinusoidal
motion. For small winding argles, cress feed is necessary. If the range
of the axis inclination is sufficiently large, & polar~winding machine can
be used,

The characteristics of simpie oval winding (Fig. 76) coincide with the
characteristics of simple spherical winding, with the exception that the
carriage travel function or the cross feed pattern differ. For this type
of winding, one requires a helical machine with programmed carriage travel
or programmed cross feed. A polar winding machine can be used.

For precisely spherical winding (Fig. 77), the filament pass is
programmed so as to ensure uniform wall thiclkrness and uniform strength
over all sections of the sphere, It is best to use a special machire
for this kind of winding, In some cases, the complex wirding of all helical-
winding machine motions is necessary.

Combination winding (Fig. 78) must be conducted by hand. Her. there
mst be no side slippage of filament from the mandrel surface. In wrder to
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carrsy out winding of this kind with = machine, the wachine must reproduce
the motions of band vinding. Programmed wmotions in several axes can be
required, '

The most comwon kind of machine is the machine for helical winding.
The mandrel is positioned horizontally on this machine. The carriage located
on the machine has a reciprocating motion parallel to the longitudiral axis
of the mandrel.

The mandrel is usually pogitioned vertically on machines intenéed for
polar winding and a rotary lever lays the filament in the polar direction,
nearly parallel to ithe long axis of the mandrel. These two kinds of machines
are used most frequentiy.

y The winding metbod is of considerable interest for chemical machine
buiiding, since most technological equipment has the form of bodies of revolue
tion, Piping that is intended for technological and ventilatiom purposes;
reactors, storage tanks, cisterns, tanks, flues, scrubbers, absorbers, and
s0 on are fatricated by the winding method from glass~reinforced plastic for
the chemisal indusfry. At the pres:uni time use is made of winding equipument
for making articles of glass-reinforced plastic up to 5 m in diameter and
up to 16 o long, Automatic control of the winding process is provided using
progravmed regulation of the lay~up scheme for the reinforcing material.

R A R S R TR T T RN R T B R R R N

% In molding by the vacuum~irjection method, prelaid-aut reinforcing mate-
rial is placed in a build-up mold, which is then hermetically closed, Glass
lap is most often used as the reinforcing mmterial. The reinforcing material
2 is iupregnated with binder using a vacuum system that simlsaneously eva~.

- cuates the air. After impregnation, the mold is heated to 60~700 C and the

' binder undergoes polymerization. A composition consisting of one part by
weight TGM=3 peolyester acrylato resin and three parts by weight TMGF-11
polyester acrylate resin is used as the binder.

Choice of Starting Material

Depending on the strengin requirements of articles made of glass~
reinforced plastics, the method of their fabrication, and the conditions
of their service, fabric or nonfatric materials, or continucus filament
can be used as the reinforcing materials in the fabrication of chemiecal
equipment and pipelines. :

Most often used of fabric materials are the glass cloth types ASTT (b)
§,, TS-8/*=250, STS-41, an1 1U~16/17. They are made oi twisted filaments
consisting of continuous fiber ¢f alumina borosilicate composition glass
using various sizers. These are used as reinforcing materials in structural
glass~reinforced plastics prepared on the basis of polyester, epoxy, and
epoxy phenolic resins. A paraffin-emulsion sizer is used for the fabric
types ASTT (b)=S,, TS=-8/3-250, and TU~16/13; and grade A~47 waterproofing-
adhesive sizer == for STS-41 type cloth. The characteristics of these glass
cloth i{ypes are giver in Table 28.
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Ta3LE 28. CHARACTERISTICS OF GLaSS CLOTH OF VARIOUS GRADES

[EONETIS O

‘ 8 Jnstenns BOKS3ITEACL AAR crexaoTRRNeR n2pok
o ”
T ICACTT(GPC. DTC-.IS'N £ cTC-41 FTV-IW
G
Hixpans Txaws 3 cs | 70; 90; 100 9212 92+2 70; 80; 90
”quu 132 380—400 290+7 360+ 25 308+ 12
Ifmmmmalinx 03 0,23+0,02 03 0,27+0,03
T
Paspusnan sarpysxe
DOAOCKN TKIHR PIMEPOM
25x10011112h
N0 OocHOBE =275 =255 =265 >170
no yIxy >162 >145 >145 >140
K
Duamerp posoxus s uxn! 68 5-7 8-9 57

KEY: A == Indicator :
B == Value of indicators for glass cloth of listed grades

C — 4STH(b)~C,

D - TS-8/3-250

E = ST5-41

P — T0~16/13

G =~ Width of cloth in cm

H = Weight of 1 n? in grams

I == Thickness in mm

J == Breaking load of cloth strip 25 x 100 mm in kgs
for base
for weft

K = Fiber diameter in microns

Roving fabric of the types TZhS~0.7 and TZhSK~0.5 (Table 29) are
produced by linen interweaving from rovings of alumina borosilicate-composi=~
tion glass with fiber diameter 9~11 microns. They are intended for the
fahrication of high-strength glass-reinforced plastics by the contact
molding method (TZnS=0.7) or by winding (TZhS-0.5).

A glass roving is an untwisted yarn prepared from a8 large number of
continuous primary glass filaments (60 or 30) 42 tex in thickmess. Rovings
are prepared from filaments consisting each of 200 elementary fibers of
alumina borosilicate glass; the diameter of the elementary fiber is 9-11

microns.
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TiBLL 29, CHARACTEISTICS OF ROVING PABRIC OF DIFPERENT GRADES

AR I S TR

! 'zsuur-n noxssateneR xan TaaneR mapox :
? ﬂonun.r 3 —_— §
z : ¥ rmeod Frmcx0.8 2
£ > i
; 5 Ulupuma Txaun » cx 80+2; 100+2 90+:2; 1002 !
i € Toamuna s an 0,701 0,5
- TMacca 1 a* 2 < ;
y § Paspusnas ula y3xa n;‘rmn ™anu
§ pﬁrmr:;g; wn >250 >550 :
< /GO yTKY , >300 =60
KEY: 1 =- Indicator
: 2 =~ Value of indicators for cloth of grades listed
3 ~= P7hS~0.7
4 — TzhSK=0.5
5 == Width of cloth in cm
6 =~ Thickness in mm
7 == Weight of 1 m?¢ in gram
8 -~ Breaking load of cloth strip 25 x 100 mm in size,

in kg
Q == for base
10 == for weft

Type ZhN 10~42 x 30-289 winding glass roving is finished by using
No 289 sizer and is intended for the fabrication of glass~reinforced arti-
cles by the winding method (piping, cylinders, shells, tanks, equipment,
and so on) and by the drawing method (rods, cables, gratings, profiles,
and so on) based on polyester resins.

Loose rovings of the types ZhSE-60 (3) and ZhR10-42 x 60~28 are finished
using the sizers No 3 and No 28, respectively. Stiff laps are made from
ZhSR=6 (3) roving. ZhR10-42 x 60-28 roving is used in making articles frou
glass=reinforced plastics with increased light transparency (-~ 80 percent).

Characteristics of glass rovings are presented in Table 30.

lap made of chopped glass filaments of the types KhZhK-400-G-5, KhZhK-
600=G=5, and ¥hMK=1200-4-41 ar-: roll materials consisting of segments of
glass filament 50 wum long rundomly arranged in the horizontal plane and
held together with an agueous solution of the S=230 dispersant (KhZhk-~
400=C=S and ¥hZhK-600-G=S) or by sewing to a backing material (XnhMK~1200~
A=41). Primary glass filament is prepared using No 3 or A=-41 sizers.

The lap is used in fabricating articles made of glass-reinforced plas-
tics by the methods of contact and vacuum molding (KhZhKr4GO-G~S and
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TABLE 30. CHARACTERISTICS OF GLass ROVINGS

zs::mnu nokasarcach Aas CTEXANKCYTOB MAPOK

/

flonssemear xso-exx.2 | Prcreo @ Fxpmuxwu
¢ 70 >70

Paspusuas uarpysxa s &I’ >3 > =

7Yucso nepswynux mared % 6 o
» xryre .
g Tomuuua xsyra B mexc 1250 . 2600 2500
IZLB: S N 289 N3 N28
e o 1,0 1-1,2 1—1,2
11 Coaepantie niarn B % <05 =01 <0,1

KEY: 1 =~ Indicator

2 == Value of indicators for glass roving grades

listed

3 == ZhN10-42x30~289

4 == ZhSR-60 (3)

5 == ZhR10~42x60-28

6 = Breaking load in kg
7 =~ Number of primary filaments in roving
8 =~ Thickness of roving in tex

9 -~ Kind (grade) of sizer
10 ~~ Content of sizer in %
11 —=~ Moisture content in %

TABLE 31, CHARACTERISTICS OF GLASS LAP

/ Z 3navenun noxasarcach AKX XOACTON MapoK
[loxazatenn
' 3 xKK-40-F-C | FHKK-600-T-C X MK-1200-A-1
IWnapuua s cx 90; 125; 160 90; 125; 160 9

TMacea L 3 B 2 40050 600 50 1200 100
8 Tonmurna B Mxm 1+0,2 1,8+0,2 3,0
q Cogepxanne CBA3KH AJA 50%1,0 50+1,0 —_
CKacHBanHa nuter 8 %

-~ Indicator

Width in cm

-~ Weight of 1 w2 in £rams

=~=~ Thickness in mm

O DN NNPHANDN -
I
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==~ Value of indicators for lap of grades listed
~= KhZhK=400~G~1
KnhZhK=-600-G~5
KhMK=1200~4=41

Content of binder for cementing filaments in %
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KhZhK=600-G-S) or by the methods of press and contaci molding (KhMK-1200-
a-41) based on polyester maleic and polyester acrylate resins.

Characteristics of glass lap are given in Table 31.

KhZhKN type lap composed of continuous glass filaments of alumina
borosilicate composition consists of roll material of continuous glass
filament with fiber diameter to 16 microns arranged as groups of eight of
different size and held together with a binder == polyvinyl acetate emul-
sion., Lap is used in making flat and roll glass=-reinforced plastics by
the press molding method using phenol-formaldehyde resins. The lap width
is < 1400 mm, the weight of 1 m? is 300 & 50 g, and the binder content
is 2~3 percent.

Use of Combinations of Reinforced Plastics and Other Materials in Making
Equipment

The use of laminated plastics in chemical equipment making ie sometimec
limited by their inadequate chemical resistance and gas~tightness. Produc~
ing high-strength gas~tight and chemically resistant glass-reinforced
plastics for chemical equipment 8 one of the fundamental problems, We
know that the first efforts in this direction_were undertaken by foreign
companies in the building of tanks up to 14 w in capacity. In fabricating
a tank, binder is placed in the mold in a gel~like state forming upon
curing a homogeneous protective layer 1.6 mm thick which ensures the gas~
tightness of the vessel under specific service conditions [25]. From a
study of combined copolymerization of elastomeric materials, for example
thiokol and epoxy resins, a rubber type protective layer was obtained.
These combinations are somewhat superior in chemical resistance to binders
and in addition at normal temperature ensure the required gas-tightness of
articles. But at elevated temperatures and loads defects appear in the
protective layer in the form of cracks.

Rubber is an effective protective material for glass-reinfarced
plastics in chemical equipment building. Rubber is used in combination
with the glass-reinforced plastic at the article-mclding stage or to line
molded articles. In the United Kingdom, the FRG, and the United States
[93] methods of protecting glass-reinforced plastics vessels with soft
polyvinyl chloride after cementing it to the internal suxrface of the equip-
ment are employed. This kind of tank is intended for transport.ng corro-
give liquids, for example, hydrochloric acid.

Also employed are combinations of glass-reinforced plastics with
metals (seamless steel and titanium) in meking piping and equipment, High
strength, gas~tightness, and chemical resistance of articles is achieved
in these applicationa, with the simultancous reduction in the consumption
of special short-supply metals [19]. However, building and using chemical
equipment made of glass-reinforced plastics with metal liner involves a
munber of difficulties. They include the difficulty of welding when the
equipment is repaired, the additional temperature stresses and defects
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arising owing to the considerable difference in the coefficients of linear
expansion when veasels are used at elevated temperatures, and so on.

The most promising plastics used in combination with glass-reinforced
plastics ir making chemical equipmwent is stiff polyvinyl chloride and
polyethylene. These plastics are chemically resistant in most corrosive
media at 40-70° C and ensure the gas-tightness of articles. The technology
of fabricating equipment from glass-reinforced plastics in combination with
thin-sheet polyvinyl chloride involves the following:

fabricating equipment components (shell, bottom, and connecting piece)
of poalyvinyl chloride;
strengthening fabricated elements with the glass-reinfarced plastic;
and '

" assembly of equipment components using welding end cementing.

To increase the bonding of the glass=reinforced plastic to polyvinyl
chloride, the surface of the latter is degr-ased with dichloroethane and
covered with a thin layer of perchlorovinyl cement, after which glass
cloth is applied, which is then strengthened with the glass=-reinforced
plastic to the required thickness.

when large-size equipment is made of glass-reinforced plastics in
combination with ethylene, semifinished articles made of glass cloth with
a 2=2.5 mn thick polyethylene sheet molded or rolled during the extrusion
process are used.

The intermediate glass~fiber material bonding the cladding thermo-
setting plastic with the glass-reinforced plastic can be made in several
wvays. To do this, doubled materials consisting of a layer of the cladding
thermosetting plastic and the glass~-fiber material, glass cloth, or glass
mat securely bonded to it are prepared. For thermosetting plastics that
are easily melted and welded, but which are difficult to cement, the method
of periodic and contimuous molding is used, and the cementing method is
used for readily cementable thermosetting plastics,

The pressing method makes it possible to achieve higher bonding
strength of the thermosetting plastic with the glass=fiber material; it
is more technologically sound, does not reguire the use of cement, and
the resulting material with a higher temperature cowpared with cemented
unions. Eseentially, the pressing methods consist of molten or softened
thermosetting plastic diffusing under pressure intc the giass fiber mate-
rial and being fixed in it after some temperature reduction.

The periodic pressing method is carried out on hydraulic multi-level
presses equipped with heaters. The continuous pressing method can be
carried ocut with existing extruders supplemented with the attachment of
devices for feeding and heat~treating glass fiber materials.,

Of major interest in chemical equipment making is the combination of
glass-reinforced plastics with polytetrafluoroethylene and polypropylene [64].
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Fundamental Principles in Safety Techniques, Industrial Hygiene, and
Fire Prevention -

Enterprises making chemical equipuent and piping using glass-reinforced
plastics based on PN-1 type polyester resins are classified as dangerous
and fire-hazardous production facilities by the nature of the starting
materials processed. Special instructions on safety measures, industrial
hygiene, and fire prevention have been developed to ensure personnel safety.

The main toxic and fire-hazardous Eomponents in the production of )
chemical equipment snd pipelines made of glass~reinforced plastics are the
styrene polyester resins, initiators (peroxide compounds), organometallic
accelerators, epoxy resins, and amines and anhydrides used as curing agents.

Organic peroxides are used as initiators in the auring of polyester
resins. Wwhen a peroxide is added to a resin in excess during the heat-
treatment process, the curing reaction takes place rapidly, which can lead
to combustion. In cold-curing glass-reinforced plastics, in addition to
the initiator, to the resin is added an accelerator, for example, cobalt
naphthenate, but after it has been already well blended with the percxide.
when cobalt naphthenate is blended directly with the peroxide an explosion
can take place, since the peroxide decomposes vigorously, giving off large
amounts of heat. Therefore careful attemtion must be given to see that
the accelerator is not added t» the resin before the initiator has been
well blended with it.

Organometallic accelerators can be stored for an indefinitely long
time. But peroxides gradually decompose even at room temperature and lose
their activity. They must be stored far from sources of heat, preferably
in small amounts in the cold. But if thiz type of storage is not possible,
peroxides must be stored far from work st.atiocns.

Ir making articles from polyester g.ass~reinfor-ed plastics, the
following components are fire~ and explosion-hazardous.

Styrene is a readily flammable ligaid with a flaesh point of 31° ¢,
Styrene vapor in air forms explosive-dangerous mixtures (when the styrene
content is in the limits 0.1-1.6 percent by volume at atmospheric pressure
and 29.3-65.3%0 C). Usually solutions of polyester resin in styrene are
used, tyrene vapors were not be given off near an open flame, heating
elements, or heated equipment. Styrene vapor is toxic. It exhibits
irritating properties, and its maximum allowable concentration in air
must not exceed 0.05 mg/l.

Polyester resin and cobalt naphthenate (accelerator) are explosion-
hazardous owing to their content of styreme (up to 33 percent in the resin
and up to 90 percent in the accelerator). It is recommended to take the
same precautionary measures as for the handling of styrene., Unsaturated
polyester resin must be stored at temperatures from O to +5° C. The
stcrage schedule at +20° C is 2 months. The resin is handled as a fire-
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hazardous product in heavy iron drums 100 and 250 liters in capacity. The
internal surfaces cf the drums are protected, washed, and dried. The plug
liners are made of rubber or lead.

Benzoyl peroxide causes a flash followed by explosion when heated
about 40-60° C, when struck or subject to friction, and also in contact
with mineral acids, dimethyl aniline, or tertiary aromatic amines. Before
use small portiomsof benzoyl peroxide are dried on filter paper ai room
temperature. To avoid explosion, benzoyl peroxide must nct be rubbed.

It is stored in glass bottles under a layer of water or alcohol.

.Isopropylbenzene hydroperoxide (giperiz) is an explosive, flammable,
and toxic brown liquid. When in contact with cobalt naphthenate, siccative,
rubber, lead, mineral acids, hot, and easily flammable substances it explodes.
As 8 rule, isopropylbenzene hydroperoxide is stored in the dark.

with reference to the toxicity of components, all production cpera=-
tions involving polyester resins are carried out with effective forced-
draft ventilation. Rubber gloves and special creams and pastes based on
methyl cellulose and casein are used to protect the hands.

Glass dust produced in the machiring of glass-reinforced plastics is
also dangerous, therefore its maximum allowable concentration is 3 mg/l.
Water or oil cooling of the cutting tool is used in the machiring of
glass-reinforced plastics.

Epoxy resins have also found wide use in the fabrication of chemically
resistant articles made of glass~reinforced plastice. The Ministry of
Public Health of the USSR, with the participation of the Institute of
Industrial Hygiene and Occupational Diseases, drew up senitary regulations
for working with epoxy resins. These regulations are mandatory also in
production facilities involving epoxy glass~reinforced plastics.

In working with epoxy resins, the following are widely used as curing
agents: organic and inorganic acids and their anhydrides (phthalic and
maleic), and also aliphatic and aromatic amines (ethylene diamine, hexa=
methylene diamine, polyethylene polyamine, and so on). We know that
amine type curing agents are toxic {52, 53]. Symptoms of intoxication
include the appearance of patches at the sites of contact with reagents,
followed by reddening turning to folliculitis. A strong reaction to the
disease is usually manifested near the eyes., General symptoms include
headaches, dizziness, and fatigue accompanied by gastrointestinsl dis-
orders, followed by vision disorders. In very mild cases emollients can
help, 1In all cases of dermatitis, medical help is mandatory.

The danger of dermatitis caused by amines can be reduced by the
following:

using good ventilation ensuring the removal of all velatiles;
not allowing large amounts of the toxic substances exceeding the
current production requirement to be present at a work station;
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preveniing possible direct countact with the substance by using pro-
tective creams, and, if necessary, protective clothing and protective
gloves. Washing must be done using only weter and soap; the use of sol~
vents in wasbing (acetone or dichloroethane) is forbidden, since they
cause cracking of skin;

making mandatory the safest meiiiod of handling these substances and
providing required training and instruction of workers; and

providing as far as possible the measuring out, blending, and dis-
tributing of materials with automatic _gas-tight devices.

Operation such as heating of epoxy resin and preparing its ble.uis
with curing agents arzs unfavorable from the hygienic standpoint. when
epoxy resin is blended with curing agents, volatile toxic substances are
given off, vhich makes it necessasy ¢o have multiple sir changes in the

vorking qua-ters,

When epoxy resins are heated to 60° {, volatile substances are given
off, whose composition includes epichlorchydrin and toluene. The largest
guantity of epichlorohydrin vapor is given ~ff from ED~5 epoxy resin, and
the largest compound of toluene vapors given off by E~40 resin; the higher
the resin temperature, the more volaiiles that are given off. These vola=~
tiles exhibit toxic action on the nervous system and the liver. For this
reason, maximum allowable standzards for the vapor concentration of volatiles

are specified.

In addition to hygienic requirewents, sanitary zegulations also
establish requirements on technologicel processes and equipment intended
for processing epoxy resins and glass-reinforced plastics based thereon.

nality Control

Fabricating reinforced plastics and equipment made vherefrom is
carried cut mainly simultaneously, therefore physicomechanical properties
of the material can be checl-d only after articles have been built.

Defects of the material in articles cen be divided into externel and
internal. External cefects (unevenness of surface layer, flaws and cracks
in it, end the exposure of the glass fiber texture at the surface) only
alightly affect the mechanical properties of the material in the initial
period of service, but they must be eliminated, since subsequently they
promote the penetration of corrosive media into the reinforcing material.

Internal defects (exfcliation, porosity, cracks, flaws, deviations
in the resin/fiber ratio, and so on) significantly affect the mechanical
properties of the glass~reinforced plastic, especially, for work under

load.

The quality of the material in chemical equipment and pipelines made
of reinforced plastics and their unions is checked successfully in four
stages:
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& check on the quality of the initiul cowporernts in the composilion;

monisoring of the observance of the technological process in article
fabrication;

nonitorirg of smsterial quelity in finished articles and unions; and

determination of the basic physicomechanical chracteristics of the
sstezial and unions.

Monitoring the quality of the starting materials involves analyzing
ihe binder (determining viscosity, gel formation time, and isotherm
vaxjmun), anelyzing curing additives, and checking the quality of the
reinforcing material (moisture content).

¥onitoring observance of the correctnese of the technological
process is done operatiorn by operation, including the determination of
terpersature and humidity in the working area, curing time of articles,
consumption of binder and reinforcing material, ard also the correctnesc

of the preparation of rigging, accessories, and the carrying outi of
technological opereztions,

The quality of material in finished equipment and piping made of
reinforced plastic is checked by the following methods:

an internal inspection is made of finished articles; ,

the nature and dimensions of internal defects are uncovered using
monitoring equipment;

the wall thickness of the article is measured; and

physicomechanical characteristics of the material is determined on
specimens cut from articles.

Special equipment is available fo» finding internal defects [60].
Defects in a material at a depth of not more than 6 mm are determined
with the DiK~1 impedance flaw detector thut permite monitoring from the
most accessible side in an erticle. Using this device, air inclusions
and exfoliation covering an 2rea of not less than 20 nm® are revealed in
glass~reinforced plastics and unions, and the boundaries of defects are
alsc determined., The monitoring method consists in moving the trans-
ducer over the surface of the equipment and watching the signal
lamp. If when the transducer is being moved the signal lemp goes on,
this means that a defect has been detected.

befects lying at depth from 4 to 3C mm are discovered and estimated
using the DUK-12 ultrasonic flai detector, ¢hat permits monitoring with
access to the article from one side. The instrument wakes it possible
to measure the thickness of a glass-reinforced plastic article to 30 wmm.
The boundaries of air inclusions and exfoliations are determined with
this instrument and their depth is ascertained. The minimum area of
a defect that can be determined with this instrument is 20 mm2.

The wall thickness of equipment and piping is measured with universal
measuring devices and feeler gauges. To make measurements of the wall
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thickness at sites located far from edges and that are inaccessible to
moacuresent with an ordinary seasuring device, the TPM~1 instrument is
used the{ permits weasurement of wall thickness to a precision of up tc
$ 5 percent within the seasurement renge 0~20 and 20~40 mm.

Paysicomecnanical properties of waterial in an article are determined
to verify their correvgonderce with calculated values. Specimens for
these tests are cut from artizles ar special allowances on articles.

HBere determinations are meGc of the ultimate tensile strength, the ulti-~
rate static bending strength, the tensile modulus of elasticity, density,
percent conient of reinforcing material and binder, and water absorptim,
and a qualitative and quantitative microstructursl analysis is made. The
qualitative microstructural analysis can be made using series-~produced
equipment, PM-2 model instruments that permit a magnification in trans~
witted and reflected light from 0.5 to 20.
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CHAPTER SIX

PIPING, EGUIPMENRT, AKD PIPELINFS

Technical and Operating Characteristics of Piping Made of Glass-ieinforced
Plastics

Operating characteristics of piping wade of reiuforced plastics
depend heavily on the type of ovinder, pipe and crientation of reinforcing
material, kind of primary-glass filament sizer ensuring adhesive bonding
of the binder and the fiber, and also the kind of maierial useld in th
gaas=tight coating.

Experience shows that glass-reinforced plastic piping tesed on glass
roving with "paraffin emulsior.” sizer without tre use of an internal gas=
tight coating malfunctions owirg to a breakdown in gas-tightness. The
breakdown in gas=tightness shows up by liquid penetratiag into existing
and forming pores and cracks of the heterogeneous material of the pipirg
under the effect of loading, and the liquid penetrates the surface in
the form of small drops, that is, the piping as it were "sweats", Later,
the "swealting" is transfcrmed into profuse effusion of drops. The cause
of this phenomenon has not yei been adequately studied. Ii was established
{41] that the nature of the binder, its curing regime, and the orienta-
tion of the reinforcing material in pipe fabrication asfect gas-tightness.
Since upon a breakdown in gas=-tightness cracks and irreversible type
defects appear in the binder and grow larger, the maximum state for
piping as to gas=tightness can be regarded a3 the initiation in piping
walls of ciacks and defects of critical size. In this case the bezring
capacity of piping will be determined by the lcads corresponding to the
limiting state of piping as to .=as=~tightness.

Piping made of glass=-reinforced plastics produced without internal
protection [4] can be used at working pressures to 4-6 kg/cm2. The Aarray
of these pipe types is shown in Table 32,

The time nature of the breakdown of gas-tightness of unprotected

pipe made of ;lass~reinforced plastics has been confirmed by a test made
of piping¢ fabricated by helical crossover winding with glass roving in
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2iBLE 32. RANCE OP GLASS~-REINPORCED PLASTIC PIPE FABRICATED
WITROUT INTERNAL SEALANT

Zunmi -z;apymul 3 Yoamuna !innr.-penn %wymh 3 Toamsus
ARANTID B Ak} R24NCTR B MR | CTEOXN B AE | ARaweTP & An | RUBMIT) 3 AN ﬂ::""
- 100-1.5 10 3
w12 5 5 ‘ :
g 19 120 10
— =& [ s
L . 0
E &0 1.0 7 g
! ool 150 ‘2.9 160 5
{ % i 170 10
8019 < 96 5 309 3.0 310 5
j 06 10 320 10

Remarkss 1. Pipe length is 6 £ 0.5 n (pipes 912 u long
car be mamufactured on special order).
2. Wali thicimess deviation is allowed within the liwmits
+ 1 om,
KEY: 1 = Inner diameter in mm
2 = Quter diameter in mm
3 -~ Wall thickness in mm

TABLE 33. SERVICE LIFE OF PIFING MADE OF GLASS~REINFORCED
PLASTICS WITEOUT INTERNAL SEALANT WHEN EXPOSED 70 HYDROSTATIC

PRESSURE
Hepusavnoe llnnpﬁ-’ zﬂvcmi AU DBPYUICHAS FEPNCTHYKOCTS B 8 1N TOMNCPATYPe
aKeNnpe B TANTCH- CpeRsl B
LHAALIOM Manpaone-
unu 8 ki feu® 23 as i
12001360 108 21 0,8—0,6
900-~1000 80—50 159 4,525
€C0—700 800—500 90—60 25—15
200—30) 10 000—8000 1000--700 250—150

KEY: 1 =~ Normal stress in tangential direction, in k,g/cxn2
2 =~ Time to failure of gas-tightress in hours at
temgerature of medium listed, ir © C
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" 60 plies vith a vinding angle of 54° 44' using PH~1 polyester binder [18].
For short=-term loading with internal hydrostatic pressure, the breakdown
of gas-tightness of an experimental batch of pipes took piace at normal

stress values in the tangential direction S, = 1600 = 2000 kgfew?. The

life expectancy of piping with long-term loading using water is shown
in Table 33,

Experiments show that when there is a breakdown in gas—-tightness,
the mechanical strength of glass-reinforced plastics remains quite high,
Therefore when a protective gas~tight coating is present, the existing
strength margin of the piping material permits, in spite of the presence
of the wicrodefects, a preservation of the besring capacity of piping
for relatively long time periods.

Glass~reinforced piping with gas~tight layer made of high-pressure
polyethylene is &lso produced. The pipe length is up to 6 m. The strength
margin with reference to long-iterm service at temperatures from ~50 to
+60° © is 10. The piping is intended for conveying chemically corrosive
media to which high~pressure polyethylene is recistant, at workinz pres~
sures of 6 and 16 ky/em<,

Physicomechanical characteristics of polyester glass-reinforced
plastic {the material used in this piping) are as follows:

Rupture stress in kg/cm2 in tension:

in the tangential direction 2500 = 3500

in the axial directicn 1250 = 1750
Modulus of elasticity in kg/em” in tension: 5 5

in the tangential direction 1.5-10c - 210

in the axisl direction 0.7+102 = 14105
kelative temperature coefficiens of linear

expansion in deg™! 1041076 ~ 25.10~6
Coefficient of thermal conductivity in

kcal/{mehredeg) 0.2 = 0.3

Pipes are connected into a pipeline using monolithic glass~reinfcrced
plastic flanges molded cf AG+45 molding compound, and flanges are cemented
at the pipe ends.

The most favorable conditior for reliable service life of piping
fabricated by helical crosscv: r winding of glass roving is exposure only
to interral working pressur. without the application cf additional bending
moments. Therefore a pipeline assembled of pipes of this type must be
placed on an increased number of supports or in gutters.

Biplastic pipes (glrss-reinforced plastic~thermosetting plastic)
are presently fabricated by longitudinal=-transverse winding with glass
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yarn in 30 plies using P¥-1 polyester inder. Thin-walled piping in e

light series made of.high~censzty polguthygene is wwed as the gas~tigrt
layer.

The pipea are 1xttnded for oranspbrtzng carzosive uedia to yhich
high-density polyethylene i3 stsble st tewperatures from =50 tc +60° ¢,
The strength margin of glass~reinforced plastic with reference to long=
ter pipe service is 10. . An sdvantage of this type of pipe ix its capa~»
city to take zdditional bending moments, which makes ii possible to uss
a emeller rambor of eupporte and brackets in pipeline frstallation.

Mechanical pr&perties of bviplestic pipes ave ao follows:

Short=tern strength of pipe in kg/om® 41 tension:
in the tangentini direction 3000 - 4000
in the axias direction 2 _ 1500 =~ 2000
Wodulus of elasticity in kg/cm” in tsnsion:
3in the tangential direction

in the axial direction

150.10° ~ 250107
75. 103 ) 125'10}

To estimate their efficiency in service conditions, biplastic piping

was subject to lorg-term tests to failure using combined exposure to

internel hyérostatic pressure, corvorive wedium, and increased tempera~
tures. Teals resultis are represented by longevity curves in logarithmic
coordinates (Fig. 79). The longevity curves (1, 2, 3) were plotted for
biplastic piping with internal diameter of 44 mm, total wall thickness
4.5+5 mm, and 2 mm~thick gas=tight layer.

Using the extrapolation «f longevity curves shown in Fig. 79, we
can determine without refemence to the aging of the material tke assumed
longevity of biplastic piping for relatively mcderate loads. For example,
the assumed longevity of bipiastic piping when exposed to interrnul hydro~
static presgure produced vy water at 20-22° C is one year at a pressure
of 40 kg/cmz, 3.5 years at 30 kg/cm?, 7 years at 25 kg/cm?, and 19 years
at 20 kg/c

At a 60° C water temperature, the assumed lcvgevity is 1 year at
a pressure of 15 kg/cmﬁé 7 years at 10 kg/cn?, 11.5 years at 9 kg/em?,
and 23 yearc at 8 kg/cm®.

Tests showed that at water temperature of 80° C the longevity of
cintestic piping is 3 times lower than at 60° C,

wong=tern static strength of biplastic pipes is strongly effected
by iie action of moisture at their external surface. For example, the
assumed longevity of pipes subject to external exposure to water at
20~22° C is as follows: 7 months for g pressure of 20 kg/cm2, 1.3 years
at 15 kgfem?, 3.5 years at 10 kg/cm2, 7.5 years at 8 kg/cm?, and 16 years
at 6 kgfcm?,
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Pig. 79. Service life curves for pip- Fig. 80. Dependence of pressure
ing made of glass-reinforced plastics ratio PT/P270 ¢ On temperature for
(with internsl gas-tight liner) when

. . piping made of glass-reinforced
expencdito 1nter::ie¥ydrostatic pres plastics incorporation polyester

binder, fabricated by centrifugal
1 == d la 1 d PN-1 Y .
:ii;eszgrgrezzn):§n2gg ¢ (air molding (Fibercast Company, US)

is external)

2 == based on glass yarn and PN-1
polyester resin st 20° C (water
is external)

3 -- based on glase yarn and PN-1
polyester resin at 60° C (air
ig external)

4 — made by Dow-Smith Corporation
(mited States), at 650 C (air
is external)

5 -~ mad2 of glass-reinforced plastic,
at 65¢ ¢ (air is exiernal)

KiY: 4 -~ T, hours 2

b == Fin’ kg/cm

The low longevity of biplastic pipes at elevated temperatures and in
the presence of moisture is attributed to the low heat resistance and low
moisture resistance of polyester binder based on PR-1 polyester resin used
for theece pipes, and 2lso tv the use in their fabrication of glass roving
not ireated with adhesion-waterproofing sizers.

Below are presented dataz on the technical level of the production of
pipes made of glass~reinforced plastics attained by certain foreign companies.
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The Fibercast Corporation (United States) fabricates piping from
£lass-reinforced plastics, by the centrifugal method, for tramsporting
corrosive media under oil field conditions. The pipes are lined within
with a protective coating based on a composition consisting of synthetic
resins. The pipe length ranges from 4 to 6 m. They are supplied with
smooth ends, with flanges, couplings, and also with threaded ends. Pipes
are produced ranging in diameter from 60 to 220 mm.

Teble 34 gives dimensions, working parameters, and the ultimate
strength of pipes with external diameter of 114 mm produced by the Fiber—
cast Corporation (United States).

Pipes made by the Fibercast Corparation (United States) fabricated
with epoxy binder are recommended to be used at temperatures from =40° C
to 1500 C, and those fabricated using polyester binder -- from ~40° C to
+65° C, FPig. 80 presents the dependence of pm/p27o ¢ on temperature for

pipes made of polyester binder (where Py is the working oressure at the
given temperature).

The Permali Corporation (United Kingdom) produces pipes from glass-
reinforced plastics by the helical crossove: winding method using glass
roving at an angle of 55°, employing epoxy binder. The glass content in
the plastic is 75 percent by weight,

The physicomechanical properties of the material are presented
below:

Density in g/cmB. 66 000000000000 U9
Water ebsorption in mg/cm3 5000000000 HaJ
Adsorption in mg/cm2 for 1 hour of boiling . . 10
Maximum working temperature in B o0 0o
Ultimate strength in kg/cm2 in tension:

in the tangential direction . . « . . « o 4922

168

. P

in the axial direction « o+ o « o o o o o 2460

Modulus of elasticity in kg/cm2 in tension .
in the tangential direction . « « o « « » 2.46°107

Modulus of elasticity in kg/cm2 in torsion . . 7-104

The dependence of internal burst hydrostatic pressure on diameter
and wall thickness for given pipes is shown in Fig. 81.
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Fig. 81. Dependence of internal Fig. £2. Dependence of working pres=-
burst pressure p on inner diameter sure Pp for piping made of glass-

d of piping made of glass— einforced reinforced plastics using epoxy bin=

pAGtEs, (s di?ferent wa}l [ der on wall thickness h for different
nesses h (Pernali Corporation, diameters (Bristol Aeroplane Plastics,

United Kingdom) United Kingdom
KEY: A -- kg/cm? ' ngdom)

The Bristol Aeroplane Plastics Corporation (United Kingdom) produces
pipes from glass~reinforced plastics using epcxy binder ranging in diameter
from 100 to 400 mm.

Fig. 82 presents the rocommended values of the working pressures for
pipes, dependent on their diameter and wall thickness.

Dow~Samith Corporation (United States) produces pipes from glass~rein=~
forced plastics using epoxy binder. Depending cn the service conditions,
the pipes are divided into three types: RTP-70 ~- for mild service condi=
tions with static loading; RTP=110 =~ for moderate service conditions with

cyclic loading; and RTP=190 == for severe service conditions with cyclic
loading.

_184-




e e e

AR A L S R P S W A AR

| SIS TS BT

TN R

e i i oo, - e e e i bt Ao i v S L T AN TR,

SRR

'PABLE 35, CHARACTERICTICS OF PRESSURE PIPES MADE OF
REINFORCED PLASTICS USING EPOXY BINDER E

|
‘i
'
]

i .0 : 5z | B 2 5.
/ st |ge || Y [g8 28| 5p |Bizfy| s
e | 32 | 82| B2 )T |de,3E | BBy |dEREc) s
SR AR HR T
Si7] 253| Sb4] £2s]c2knEd q:.?ﬂ:&:et} aszﬁ
0 (60,3|1.8]a6| =" 84 175 | 24
i
76 | 889} 1,8 { 09 14 56 140 27 '
RTP-70 : , :
102 [1149] 1,8 { 1,19 105 42 8 2,9 5
152 |1682] 1,8 | 252 105 2 87 3,3 '
0 |622]| 28 |074] 35 12 252 25
RTP-110
RTP-190
50 [596] 48] 1,8 & 168 385 2,5

Remarks:s 1. length of fabricated pipes is 7.6=9 m.

2. Piping is tested with hydrostastic pressure, with
an exposure 1 min.

3, Maximum pressure upon the disruption of gas-
tightness is determined at a loading rate of 70 kg/cm?
per minute.

4. Distance between supports is determined on the
basis of the sizing of piping (12~25 mm) under its own
Weight .

KEY: Model of piping

Standard diameter in uwm

Outer diameter in mm

Wall thickness in mm

Weight of 1 m in kg 2

Maximum working pressure in kg/cm® at 650 C
Fressure in testing in kg/cm?

Maximum pressure with the disruption of gas-
tightness in kg/cm?

Distance between supports in m

@~ OV BN A =
N O T I

o
[}
]

Specifications of these pressure pipes are given in Table 35, The 1
pipes are produced without internal gas~tight layer. Therefore the
limiting condition for these pipes is a breakdown in gas-tightness,
which is reflected in the specifications.
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TABIE 36. INDICATORS OF THE MECHANICAL PROPERTIE. OF
PIPING MADE OF GLAS3~REINFORCED PLASTICS AT 220 C

-I 23“.‘0'“ noxasarexell ans Tpy6 tuns
L RT?-70, RTP-110 RTP-190
3
TIpeaea npounocru » xI'/ca® ppn pa-
CTIKeNUN: : .
4 B OCCBOM HANDABACANN 630 2590
& B TAHTCHINAALNOM H3NPSBACHIN 2800 -
i
G Tipepex npounoctn » «'/ca® nps cxa- 945 1900
TUY
7 Moxyas yn yrocts 8 xI'/ca®:
3 n‘pyn payﬂ‘:xmu 8-10¢ 19.104
Q npH CxaTHH — 88-10¢
}
10 Ornocureastoe YAAHNHeHHe NPH pas- 20 2,1 {
puse 3 % i
I/Bononommnenne 3a cytxn B % - 0,118

Remark. Pipes exhibit long serv.ce life (cof. Fig. 79)
KEY: 1 == Indicator

2 = Values of indicators for piping of models listed
3 =—— Ultimate strength in kg/cm? in tension

4 = In axial direction

5 == In tangential direction

6 = Ultimate strength in kg/cm® in compression

7 = Modulus of elasticity in kg/cm@

8 == In tension

9 == In compression

10 == Relative elongation at rupture in %

11 == Water absorption in 24 hours in %

The mechanical prcperties of these pipes are given in Table 35.

Based on the data of the report [91], glass=reinforced plastic pres-
sure pipelines can serve underground. Their stiffness =- EI, where E is
the modulus of elasticity and I is the moment of inertia of the cross=
section, is of determining importance in this case. Piping made of glass-
reinforced plastics fabricated by longitudinal~transverse winding are used
for this purpose.

Piping made of glass-reinforced plastics fabricated with epoxy resin

[91] has the following dimensions and mechanical properties (pipe dia-
meter 200 mm):
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wall thicknese iN o0l ¢ ¢ ¢ o o ¢ ¢ ¢ 06 0 ¢ 0 0 0 o 1.9
Iength in @ s o ¢ ¢ ¢ o ¢ ¢ ¢ ¢ o & e s 00006 %0 iB
Weight of 1t wof pipe Ir. kg +» o ¢ ¢ ¢ ¢ ¢ o6 o o 2.2
Intemlburstpressureinkg/cmz........ 20

Ultimate sirength in xg/cm2 of piping in tension
in the tangential direction ¢« ¢« ¢ ¢ o o » » » 1050

Ultimate strength in kg/cm2 in compression in
the tangential direction . « s ¢« ¢« ¢ ¢ s o ¢ o 2940

Stiffress EI for piping with wall thickness 2.8 um 418

Range of working temperatures in °Ce¢eees. From 440
' to +120

In Finland, pipes are produced from glass~reinforced plastics serving
various purposes. The company name of the glass~reinforced plastics is
Corrodvr.

Corrodur-T with polyester binder isusedin making pipes serving ezt
temperatures from ~40 to +70° C.

~ Corrodur—N based on isophthalic polyester resin is used in fabri-
cating pipes serving in weak solutions of acids and alkalis with pH to
10 at temperatures from =40 to +120° C.

Corrodur-S with polyester binder based on bisphenol is used in
making pipes serving in the chemical industry at temperatures from =40
to +1 400 C.

Corrodur~H based on correlated polyester resin (noncombustible
glass-reinforced plastic) is used in making pipes serving at temperatures
from =40 to +160° C,

Corrodur~E, an epoxy polyester glass=reinforced plastic, is used
in making pipes that are stable in solutions of escid and alkali at tem=-
peratures from «40 to +70° C.

The pipes are made with a diameter range of 27 to 3000 mm, 5 m in
length, and the wall thickness is as ordered.

Physicomechanical properties of these pipes are as follows:

Ultimate strength in tension in kg/cm2 1100 =~ 3000
Ultimate strength in compression in kg/cmz 1200 - 2400
Kodulus of elasticity in ke/om? 60-10° = 200+10°

- 187 =

[q—

T



e Dt S b et Bt i SR e el e

id

el

Coefficient of thermal conductivity in kcal/(m-hr.deg) 0.2 ~ 0.3
Relative temperature coefficient of linear expansion -

in deg™1 150107° - 30.10°°

Shaped Pipeline Parts

The diversity of shaped parts of pipelines made of reinforced plas-
tics makes it difficult to devise and improve mechanized technology of
their mamufacture. Difficulties in fabricating tee-pieces, branch pipe,
and unions of different types are due to the fact that they are articles
of complex configuration. The main difficulty which must be encountered
in molding such articles lies in extracting the cores. Stiff and elastic
cores gre used. Stiff cores are fabricated, for example, of plastic,
casily melted alloy, and so on. The cores are removed by iracturing or
welting after the shaped part has been produced. Sometimes walls of
pre=molded thin articles are cut through, the core is removed, and then
additional molding is contimued until the required wall thickness is
achieved.

Depending on the working pressures, in some domestic enterprises
fittings are conventionally divided into three categories: high=strength
(p > 100 kg/cmz), moderate strength (p = 64 kg/cm2), and low-strength

(p £ 2 kg/ca’).

Depending on the fittirg category, the corresponding kinds of rein-
forcing materials are used.

Glass cloth and glass roving cut out by template and wound on the
core are used as reinforcing material for high-strength articles.

Combinatim glase-reinfr~ced plastic based on glass cloth and
chopped fiber is used in making moderate-strength fittings. In this
dry state, initlally the cut-out glass cloth is wound on a perforated
core, and then chopped glass fiber containing binder is deposited, after
which impregnation with binder is carried out.

Low=strength fittings are fabricated from glass-reinforced plastic
based on chopped glass fiber, which is suctioned on & perforated core
and is then impregnated.

Sometimes built=-up molds and built—up cores are used in making
fittings.

The Bristol Aeroplane Plastics Corporation (United Kingdom) has
developed specifications and has set up the production of shaped articles
made of reinforced plastics for pipelines with diameter of 100, 150,

200, 250, 300, and 400 mm for working pressures to 10 kg/cm? and for
temperatures to 60° C,
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Fittings were developed for pipelines made of gluss-reinfor-ed plas-
tics of various functions (RTP=70 and RTP-110 types). They are prepared
frem a compound based on epoxy resin reinforced with glass fiber. The
connecting surfaces of fittings are adapted for cementirg. The conical
section or the threading is used for this purpose.

Basic Rules in the Assembly, Testing, and Operation of Pipelines

Pipes made of glass-reinforced ﬁiaatica can serve in closed quarters
as well as in open air on trestles year round, in any climatic conditions.

Pipes made of glass-reinforced plastics are assembled simmltaneoisly with

the installation of process equipment, metal structures, and all necessary
metal pipelines passing near or parallel to the glass-reinforced piastic
pipelines, Glaas-reinforced plastic pipes and shaped parts received for

installation are carefully inspected and the defective areas are corrected.

Pipelines made of glass=-reinforced plastics are installed in the
following order:

laying out of the route and placement of support structure;

laying out and fabrication of openings for the placement of suspen-
sion fixtures;

installation and checking of suspension fixtures;

installation of sapport fittings;

fabrication of sections of 2-3 pipes in length with their laying-out
and fitting;

placement of sections on support fixtures and their connection;

checking of the line and tightening of collars;

placement of end fittings;

hydraulic teating of the pipeline; and

flushing of the system with tap water and painting of all external
metal parts of the pipeline.

In laying out the route, the necessity for inclining the pipeline
in order to prevent plugging must be taken into account, and the inclina-
tion is provided for toward the side of liquid flow. ‘The allowed devia-
tion in wmarked axes in the horizontal plane must not exceed 3 mm
per each 10 m of route length. The minimum inclinations of pipelines
made of glass-reinforced plastics per m of length in transporting water,
acids (H2804, HC1, and HNO}) and petroleum products is 3.5 and 12 mm,

respectively.

wWhen necessary, it is allowed to lay out the pipelines made of glass-
reinforced plastics with epoxy binder with some curvature of their axis,
followed by securing on supports. The minimum radius of curvature for
pipe diameter of 50 mm is 24 w; it is 33 m for pipe diameter of 76 mm;
it is 45 m for a pipe diameter of 102 mm; and it is 63 m for pipe diameter
of 152 om,
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The distance between supports in the installation of pipelines made
of glasg-reinforced plastics, acoording to the data of the Bristol Aero~
plane Plastics Corporation (United Kingdom) is taken as follows:

Internal pipe dismeter in mm 100 BT 200

Distence between supports inm 1.2-1.8 1.8-3.0 2.4-3.6
Internal pipe diameter in am 250 - 300 - 400
Distance between supports inm 3.0-4.5 3.5=5.4 4.5b.0

The Pibercast Corporation (United States) recommends that the dis-
tance between supports, when pipes made of glass~reinforced plastics are
being installed, be chosen as the function of their external diameter and
the temperature of tne medium being transported on the condition of maximum
sag of 13 wm (Pigs. 83 and 84).

The distance between supports of pipelines made of glass-reinforced -
plastics of the Corrodur type is chosen from Table 37.

In installing pipelines made of glass~reinforced plastics, the follow-
ing main principles must be followed:

the support collars must fit tightly against the pipe and permit
only axial displacements of the pipe;

the support must not permit vibrations of the pipelines, since other-
wise loss of gas-tightness of the joints can take place;

when pipes are laid, they must not be allowed to directly contact
the metal parts of supports and collars, since the glass=reinforced plas=~
tic functions poorly with abrasion;

rubber or elastic spacers must be used;

the rubber spacers between pipe and collars must have sufficient
thickness (=4 mm) and must permit a teuperature expansion of the pipe
in the radial direction. Excessive tightening of collars is not allowed,
since with time during service the rigidity of pipe at the securing site
can be disturbed;

individual mounting of shaped parts must be provided for; each branch
pipe must be secured with collars at two points;

it is allowed to place pipelines made .f glass-reinforced plastics
on suspension fixtures without collars. Here is also desirable to in-
crease the area of pipe contact with the suspension fixitures by using
rubber spacer; and

protective gutters or liners must be placed under the pipelines over
passageways, work stations, #nd door openings.

when installing pipelines made of glass-reinforced plastics, use is
made of any pressure fittings (valves, cocks, and valve gates) employed
for pipelines made of other material and corresponding to the service
conditions. However, the fixtures in this case must be secured separately
so that the forces produced in closing and opening during the service
period are not transmitted to the pipeline.
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3 3‘ Fig. 83. Dependence of distance Fig. 84. Dependence of distance
- between supports on temperature and betveen supports on temperature
4 4 outer diameter for piping made of and outer diameter D for piping
glass=reinforced plastics with epoxy made of glass-reinforced plastics
resin, fabricated by centrifugal with polyester binder, fabricated
molding: by centrifugal molding:
L § 1 == for D = 60 mm 1 = for D = 60 mo
¢ L 2==for D= 73 mm 2 =~ for I = 89 mm
B 3 = for D = 89 mm 3 == for D > 114 um
i 4 ~~ for D = 144 mm KEY: A -~ Distance between supports
¢ S5 == for D= 168 mm
E 6 == for D = 219 mm
, KEY: A -— Distance between supports
£
i
TABLE 37. DISTANCE BETWEEN SUPPORTS FOR
PIPING MADE OF CORRODUR GLASS=-REINFCORCED
PLASTICS
/ Pacetonune mm{gﬂgugxn- i
" B M DPB TP .
mpayrpenmnh L 2" Pooane
: i 3 KHAKOCTH 4 rasa
, , 50 2,0 30
100 2,5 4,0
k 200 3,0 50

KEY:

—

— Inner diameter of piping in mm
2 == Distance between supports in m
during the transporting of

material listed
3 == Liguid
4 == Gas
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Class-reinforced nrlastic pipelines can bhe laid in unfilled trenches.
Here the immobilization is achieved with metal brackets mounted in the
walls or the base of the trench. Concrete slubs overlap these trenches.
In ordez to provide for observation of the condition of the pipelines
during their service time, inspection wclls are provided at a distance
of 5-6 m from each other and in the location of flttinga It is not
mandatory to keep these pipelines warmed.

When there is not enough support column, rigid flooring made of metal
beans must be fabricated in order to secure the pipes to them.

The allowable working pressure in a pipeline made of glass—reinforced
plastic depends on a nuwber of factors. Most important of these is the
quality of the pipes, cladding layer, shaped parts, and kind of connec~
tions. The strength margin for pipe material is taken to be 10=fold
with allowance for long-term service at elevated temperatures. We lmow
that the design of the comnections strongly affects the bearing capacity
of a pipeline. Permanent connections (unions and banding) permit higher
temperatures 1.. thc pipeline compared to removable connections (flenge
and threaded types).

Installed pipelines made of glass-reinforced plastic are tested for
hydraulic pressure that is greater than the working pressure by a factor
of 1.5. The operation of the pipeline without preliminary hydraulic
testing is not alloved. For safety purposes, air from the pipelines is
passed through a valve into a blank flange installed at the highest
point of the pipeline. A test of pipelines of considerable extent is
recommended to be conducted with sections up to 500 m in length.

When establishing the operating regime of pipelines made of rein-
forced plastics, the starting point must be the allowable working loads,
termperatures, and corrosive media. P’pes made of glass~reinforced plas-
tics are not brittle and withstand dynamic loads. However, unrelated
objects must not be suspended on pipelines, especially over sections
between supports, since upon prolonged exposure to concentrated loads
loss of pipe rigidity is possible, along with an exceeding of the allowable
sag values. Pipes whose gas~tightness has been disturbed are replaced
for the section between two unions.

Depending on the kind of reinforcing material and binder used in
fabricating pipes and the loading, pipes can function in the conveying
of corrosive media to which the material of the facing layer is resistant
at temperatures from =200 to +30 = 110° C., Pipelines are not sensitive
to thermal shocks. When critical stratification develops in pipelines,
it is not allowed to warm them using open flame. Pipelines situated in
unheated rooms or in the open air and transporting freezable liquids
durins winter, must be entirely cleared of liquid when production stops.
Zince the thermal conductivity of glass~reinforced plastics is very low,
in many cases they can be used without thermal installation. When liquids
are conveyed through glass-reinforced plastic pipelines, static electricity

- 192 -




SO e

G O T T S A I AR

PR LR N RO R T

accuculates on pipe walls. Utatic electricity must be rcmoved in this
case via a current-conductive layer of varnish or paint. The layer is
applied on the surface of the pipes over- their entire length with & vrush
in one or two lines about 5 mm in width. Rubber spacers at the connec-
tion points are wrapped with a st=~ip of aluminum or copper foil and are

‘emplaced’ within the pipe in such a way that the current-conducting coat-

ings and the foils are in contact. The pipeline is grounded with a
copper wire welded to the flange.

Compensation of Thermal Elongations of Pipelines

wnen the temperature of pipelines made of glaess-reinforced plastics
varies, the pipelines are undergo thermal elongation. The elongation of
a pipeline section with length 1, with a rise in temperature fronm tex to

tm is determined by the formu:la

A=a(ty—1)1 xx, | (158)

where o, is the relative temo_gature coefficient of linear expansion
(& =(10.0-29.0) x 107° deg™! for glass-reinforced plastics);
tm is the operating temperature of the pipes in © C; and

t_, is the external air temperature in Y @,
The thermal elongation of s pipeline made of glass-reinforced plas-
tic 1 m long is 1.0-2.5 mm per each 100° ¢ change in its temperature.

If the ends of the pipeline are rigidly secured and it cannot change
length with temperature change, thermal stress is induced in glass-
reinforced plastics:

O = Bf kgfond, (159)

vhere £ = (1.5"5)'105 is the modulus of elasticity in kg/cm2 when
the glass-reinforced plastic is under tension; and
is the relative elongation in percent of the pipeline upon
heating, i.e., the ratio of the increment in the pipeline
length to its initial length.

The calculatcd thermal siress wmust not be the allowable tensile

(compressive) stress of the glass=-reinforced plastic. For a cross-sectional
area of the pipe equal to F cm2, the heated (cooled) rigidly secured pipe-
line proves to be compressed (stretched) with the force: P = S F = E&F kg.

This same force will be transmitted to the supports.

Thg limiting calculated temperature difference, above which it is
required to use compensatory devices for glass-reinforced plastic pipe=
lines, is determined as fcllows:
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A = o = 5o w010 ~ 140°G,

vhere [0°] = 300~400 kg/cm2 is the allovable tensile (compressive) stress -
of glass-reinforced plastics.

However, by allowing for the possible loss of pipe resistance and
referring to available operating experience with pipelines made of glass—
reinforced plastics, this temperature difference is usually reduced to

When there is a large temperature drop, it is desirable that compen-
sators be installed [33]. Ordinary [T -shaped, length, and bellows com=
pensators are emplcved for these cases. The pipeline can be designed
with allowance for iis self-compensation based on the /" ~shaped scheme
(Pig. 85 a), with the angle between pipe axes from 90 to 1600 C and with
different ratios of section length from n = 1 (symmetric scheme) to
n = 5 or by the Z-shaped scheme with the pipe axes rotated by 900 and
with different ratios of the length of straight sections (Fig. 85 b).

Self-compensation is calculated by determining the maximum stresses
induced in pipelines due to thermal strains. For the [” =shaped scheme
we have

1,5 n43_. AEd
a,m.\zm(n—}— 1 +n+lSIl|p) -

kefcm®  (160)

/KEY: A — ¢
where

accrued operating timeJ7

n= —l-l‘-; A=a(t,—t);
A

d is the inner pipe diameter in cm.

In the particular case when the pipe axis is rotated by 90o (P- 00),
2
Ouax =~ 1,0 (n + 1)"“5‘?{1‘ kg/cm (161)

For the Z~shaped scheme,

A 1,5(4n?-+-3n4-1) AEd 2, .
Omax = r(l”l(3n+2;‘- ) L84 kg/cm®; (162) ,
2 . \ 2
orﬁu = Ugmx = -l-%-—-—-—--—-g: _:-2? . —_._ALl"d xcg/cm . (1 63)
B w—
vhen n > 0.65, amu—ar‘:ux-
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Fig. 85. Compensators:
a = ["-ghaped
b -~ Z=shaped

In rLshaped schemes with straight sections of considerable runs
(greater than 15-20 m), with pipes placed on sliding supports, the actual
compensating ability is smallexr than the calculated value owing to the
frictional resistance of the supports. The frictional forces in the sup-
ports can be reglected if in the area of the turn angles used for self-
compensation the pipes sre placed on ball-type supports. This makes it
possible, when calculating self-compensating /’~ and Z-shaped schemes,
to assume in all cases that the length of the straight section are equal
to their geometrical length,
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CHAPTER SEVEN !

METHODS OF CONNECYING STRUCTURAL
MEMBERS OF EQUIPMENY AND PIPELINES

In estimating the effectiveness of the use of equipment and pipelines
in the chemical industry, the proper selection of their connections is
vitally important. The choice of comnections depends on the operating
conditions, insulation methods, nature and magnitude of load, temperature,
corrosive medium, and so on.

To ensure the reliable functioning of equipment and pipelines, the
connection design must satisfy the following requirements:

ensure that the joint is gas-tight in pressure and in vacuum;
ensure minimum pressure head losses due to local drag factors; and
be simple and convenient in installation, dismantling, and operation.

The kinds of connections of structural members of the eguipment and
pipelines made of reinforced plastics currently available can be divided
into two main groups: detachable and permanent. Detachable connections
are divided into, based on their design features, connections with threaded
bushing screwed onto the ends of pipes being connected; {lange connections
for pipes and equipment; and commections with elastic ceiling members in
the form of collar seals, rings, and bushings.

When connecting pipes made of vainforced plastics with threaded
bushings, the latter are made of me ial or pressed plastic and cemented
at the pipe ends.

A special threading profilz is recommended for these connection :
types. These connections can function at pressures to 40 kg/cm2 for
pipes fabricated on the uasis of epoxy resin and glass yarn.

A disadvantage of these connections is the need to mold or cut the

threading at the pipe ends, which considerably lowers their strength and
complicate fabrication technology.
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Flange comnections have several derign solutions: using installat;on
flanges and slip~on flanges and crimped bushings.

Fig. 86 shows a connection with monolithic flanges. The tlanges
are secured with cenent or with threading at the pipe ends. The flanges
are made of metal or plastics (asbovoloknit [aebestoe-reinforced fiber—
filled molding compound] or glass-reinforced plastic)..

Gkt b ot din o bala N pi i

Flanges made of glass-reinforced plastics are fabricated by pressing.
The compositions of four prescing compounds are as followss PN-1 polyester
resin of 40, 40, 35, and 35 percent, respectively; chopped glass fiber --
! 15, 25, 30, and 35 percent; and powdez-3 wineral filler (alumina) ~- 45,
35, 35, and 3C percent.

After fabrication, the flanges at the cemented connection are

installed on the pipes, whose ends are machined helically along the.r
outer surface.

The connection of pipes made of glass-reinforced plastics can be
made in two modifications by employing crimped bushings and slip-on
rlanges. If the shoulder on which the slip—=on flange rests is molded
during the fabrication ui the pipes, in this case the pipes are con-
nected with detachable metal slip-on flanges. For the uniform distribu-
tion cof the longitudinal loading on the shoulders, sometimes an elastic
spacer is placed between them and the slip-cn flange.

If the shoulders are made separately and cemented to the pipe, in
this case a flange (Fig. 87) connection ie used.

Use is made also of coupling connection similar to the connections
of asbocement pipes. This type of connection consists of a coupling
with two circular shoulders along its edges; rubber sealing rings fitted
at the ends of the pipes being connected are installed in the coupling.
Owing to the shoulders, the sealinrg rings do not fall out of the bushing
in the functioning of the pipeline. The inner and ocuter diameters of
the rings are correspondingly somewhat smaller than the outer diameter
of the pipe and larger than the inner diameter of the bushing.

. Permaneni connections for pipes made of reinforced plastics can be
divided into three main types: banding, bellmouth, and socket [sleeve].

Wrap connections in glass-reinforced plastic articles provide for
wrapping of the ends of pipes being joined with glass cloth or glass
mat impregnated with binders. Polyester and epoxy resins are used as
binders for pipes made of glass-reinforced plastics based on polyester
rrsins., The best reinforcing material is grade T glass cloth.

Another type of permanent connections is the cemented bellmouth
connection (Fig. 88). The bellmouth is made during the pipe fabrication.
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Fig. 86. Flange connection of
pipes made of glr-s-reinforced
plastics:

1 == pipe

2 -~ flenge

3 == .bber spacer
4 = cement layer

=

Fig. 87. Flange connection of
piping made of glass=reinforced
plastics with shoulders:

1 — piping

2 == ghoulder

5 == flange

4 -~ spacer

5 == cement layer
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Fig. 88. Bellmouth connection

of pipes  made

of glass=-reinforced

plastics:

1 == hall

2 == resin containing glass fiber

3 == pipe

Of interest is the bellmouth conneciicn made by the Bristnl dero-

plane Plastics Corporation (United

tion cures when heated with an electrin

Kingdom). The cement in this connec-
spiral installed in the bellmouth

during the fabrication of the glass-reinforced plastic pipe. 'This

connection is mounted as follows:
mouth is inserted into the bellmou

-1

the end of the tube without the bell-

th and the connection is wrapped

98 -




aéi
B
b
:
B
¥
. %
3 i

#
IS

e i ot o i e o 8 T

TABLE 38. ELECTRIC HEATING

REGIME FOR CFHENTED JOINTS

OF PIPING MADE OF GLASS~
REINFORCED PLASTIUS

san | 8 .
gf‘e i: Bpesn nar- Mmyﬂ' .
) 2 g; Ee pens 8 nNe NBRPA -
[N§!- z:: 3 .4,“"
10¢ 6 |- 10 45
150 0| 10| s
20 | 9% | 12 65
250 85 13 65
300 110 2 80
400 115 l

20 85
Remark, Time of heating

for minimum allowable voltage
is 15 minutes,
K£Y: 1 =~ Inner pipe diametfer
in mm
2 == Voltage in volts
3 — Time of heating in
minutes
4 -~- Allowable voltase
drop in volts

e
SRR, A R O R
S sarseragesderses

e e i e

Fig. 89. Perwanent sleeve jcint

of piping made of glass-reinforced

plastics:
1 == pipe
2 - sleeving
3 «~ cement layer

91

Fig. 90. Sleeving made of glass—~
reinforced plastics
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TABLE 39. DIMENSIONS OF C)\UPLING SLEEVING IN mm

3 D I
3 (] D, Dy Dy L Macca » &2
50 70 80 60 150 0.5
i : 80 100 110 9 150 0,7
Ej 100 130 120 110 300 1.5
‘ 125 147 185 137 300 1,9
150 13 180 163 300 23

Remark. Taper ¢ is 2°,
KEY: 1 = Weignt in kg

externally with a bracket or with flanges. Then resin and curing agent
are forced througn an opening drilled into the bellmouth. Voltage is
fed to the spiral. The resin cures during heating, which ensures sirong
joining of the pipes being connected.

The heating regime presented in Table 38 is maintained during the
cementing period.

E The ¢ :mented coupling connection is the most widespread. The design
of this comnection provides for its construction in two types: using a
straight coupling and a coupling with a bevel surface on the inner and
outer sides (Fig. 89).

The couplings (™ig. 90) are made of molding compound of the same
composition as the flanges. The surface of the ends of pipes made of
glass-reinforced plastics can be prepared on analogy with the preparation
for the flanges. A cementing connection is used to fit the couplings on
the vipes. The dimensions of the couplings are given in Table 3%9.

An analysis of various connections of glass-reinforced plastic pipes
showed that the best of these is the connection using plastic crimped
bushings and slip-on metal flanges (separable) and a connection with a

plastic body coupling cemented at the ends of the pipes being joined
(permanent).
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CHAPTER EIGHY

EXAMPLES OF EQUIPMENT AND PIPELINES
MADE OF REINFORCED PLASTICS

Equipment Made of Glass=Reinforced Plastics .

Employing articles made of reinforced plastics in each case must be
warranted by the economic effectiveness of their fabrication and service.
As an illustration of the possibility of ewploying reanforced plastics
in chemical equipment, we present a number of typical cases of their
fabrication using glass-reinforced plastics.

Equipwent wade of Jlass-reinforced plastics is used in diverse
chemical lines of production. It is extensively used in storing all
kinds of petroleum products (at temperatures to 130° C), dyes, bleaching
and pickling solutions, solutions for nickel-plating, chromium-plating,
and so on, and also in the preparation and transporting of dilute solu-
tions of acids, alkalis, and salts (at temperatures to 60-80° C).

Equipment made of glass-reinforced plastics is also used in the
manufacture, storage, and transporting of dry and liquid mineral ferti-
lizers and poisoned chemicals. Equipment made of corrosion-resistant
steels and other metals in short supply is being displaced in the manu-~
facture of synthetic and artificial fibers by equipment made of glass-
reinforced plastics. Several foreign companies use equipment made of
glass-reinforced plastics to transport and store juices, wines, drinking
water, and other food products [105].

Equipment made of glass-reinforced plastics serves mainly at low
pressures,
Design Execution of Chemical Equipment Made of Glass-Reinforced Plastics
Abroad, glass-reinforced plastics are used in making vegsels up to
76 m3 in capacity, tanks, air lifts, and cisterns up to 50 »’ in capacity,

storage containers up to 200 m} in capacity [104], and columns up to 3 m
in diameter and up to 15 m in height.
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Equipment produced can be divided into the following classes by
design execution and geometrical form: vertical and horizontal cylindrical
equipment with flat and conical end-closures; rectangular, vertical, and
horizontal with flat ccvers and bottoms; and oval with flat electrical
spherical covers.

Three types of equipment are produced in terms of mamufacturing
execution: seamless-molded, seamless~body, and prefabricated. -

Depending on the function, equipment in any execution can be fitted
with hatches, connecting pipes, bubblers and repressuring pipes, parti-
tions, mixers, and heat-exchanger elements.

Seamless-molded equipment is made by spraying chopped glass fiber:
and binder and also by contact molding, using glass lap ami glass cloth
as reinforcing materials. Here mandrels made of light metals (fus1ble)
ard also plaster (breakable) are employed. A plaster mandrel is removed
from the equipment by flushing it out with hot water or by fracturing it.

Seamless-molded equipment prepared by e method of spraying glass
fiber is omall in size; it is intended for .ervice under pouring comdi-
tions, since the tensile ultimate strength of these glass=-reinforced
plastics is in the limits 700-1200 kg/cm?.

LEquipment fabricateg by contact molding using glass lap is used in
capacity sizes up to 4 m” for service without pressure (the strength of
the glass-reinforced plastic is 1500~2000 kg/cm ). Stronger equipment
units are made of glass cloth of linen, satin, and cord weave wlth dif-
ferent binders (the strength of the material is 3000-4000 kg/cm Jo In
contact molding, articles of different shapes are made without employing
complicated industrial equipment. However, this method is labor-intensive
and requires a large number of manual cperations., In addition, the indus=
trial section must be orgenized for the continucus fabrication of mandrels.

These equipment units are used for storing sclutions of acids and
salts,

Seamless=body equipment is made by wet winding. Strips made of glass
lap or cord type glass cloth is used as the reinforcing material [105 .
The industrial proce<s of mnlding equipment walls is completely mechanized
and automated in accordance with the specified regime. The article on the
mandrel undergoes heat treatment in a chamber. To accelerate curing, the
impregnated reinforcing material to be molded on the mandrel is additionally
heated with infrared radiatcrs. Seamless=body equipment is marked by its
high strength and stiffness. It is reasonable to utilize the bearing
capacity of the glass-reinforced plastic in these kinds of equipment with
minimum consumption of materialss only tensile forces are transmitted to
the fibers of the shell and the bottom., 'The ultimate tensile strength of
glass-reinforced plastic, dep 'nding on the kind of binder used, varies
from 8000 to 6,000 kg/om + In the fabrication of the equipment, glass
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filapents are lsid along geodesic lines [57]. The mandrels zre made
of fuzitle metals. Thus far it has not been faund possible to fabricate

these kinds of equipment without technological openings in the centers of

bottoms, which have to be closed with removable covers.

Seamless~body equipment lined internally with rubber are uged to
store liquid and gaseous media at high pressures — to 20 kg/cm?.

Fabricated equipment is the most widespread in ‘chemical lines of
production owing to the simplicity of its fabrication from a number of
elements, including the use of pipes of different dimensions as semi-
finished items.

Prefabricated equipment is mainly cylindrical in shape, but rectangu-
lar and spherical shapes are also found. When putting the equipment
together, the shell fabricated by the winding wethod is cemented to the
roof and bottom produced by pressing. The connecting pipe, hatches,
supports, and other structural members are fabricated by pressing and
are assembled with the body using cemented connections. The seaw: are
strengthened by applying several layers of impregnated glass~reinforcing
material, In several cases the strong union of the shell with the bottom
is achieved by winding with glass yarn impregnated with binder. Finished
pipes made of glass~reinforced plastics are often used in the assembly of
equipwent in making shells, hatches, connecting pieces, sujports, and
other structural members. Prefabricated equipment, like cisterns, can
also be put tcgether using detachable bolt connections from standard
assemblies or parts. The bodies of cisterns are made of cemented con-
nections and they are secured with steel straps or ribs made of glass-
reinforced plastic. To strengther shells made of glass~reinforced plas-
tics, their outer surface can also be wrapped with high-strength steel
wire,

Use of Equipment

Column equipment. Adsorbers and scrubbers made of glass-reinforccd
plastics are fabricated mainly by the methods of winding or contact
molding of individual shell elements. Shell elemer.ts are assembled into
a column using built~in flanges secured with bolt connections across a
spacer. These equipment items are used in conditions when a constant
temperature regime is required and when loases in heat to the ambient
environment are undesivable., Column equipment functions in solutions of
salts, alkalis, and inorganic acids. The allowable working tewmperature
in equipment made of polyester glass-reinforced plastlcs, with long~term
exposure to corrosive media is up to 40° C, and 60-70° C for periodi
exposure,

For example, a scrubber 1.5 m in diameter and 3 m in height, in which

the cylindrical shell members and plates are made of glass-reinforced
plastic using a polyester binder, serves with exposure to nitric scid

~ 203 -

R




VORI T vt

L Coad el s Bl on A i i e

O e O O i = 7 i e s e ¢ R L T

vapor; the scrubbter 1.5 m in diameter and 4.8 m in height made nf pc .y~
ester glass~reinforced plastics functions with exposure to vapur of
hydrochloric acid and ammonia.

Baths., Baths and other vessels are made of glass-reirlor:ed plastics
in one piece and fabricated of separate sections 62]. V238ele of small
and wmoderate size are made in one piece, ard large vess«.ls azr made
prefabricated. In the first case the articles are prcduced by the con-
tact method of lay~up on positive moilds. Using giass clot:: and glass
mats impregnated with polyester and other resins, valves of the following

dimensions, in m, can be produced: 2.75 x 1.2 x 0.79; and 4.93 x 3.0 x 0.75.

This method is extremely convenient and facilitaties the fabrication of
entry openings and partitions in vessels. lateral planes of a bath are
sirengthened by the placement of stiffness ribs made of sheet iron or
angle~bars. The edges are crimped to increase stiffness.

In the sectional sethod, baths are usually made of sections pressed
of glass cloth and resin. The sections are fabricated with flanges and
are joined with bolts on special rubber spacers. Semicircular sections
with flat or spherical bottoms are used. These sections can be joined -
together and circular tanks of any dimension for storage of liquids can
be produced.

An improved method of fabricating baths from glass-reinforced plastics
is the application of combination glass~reinforced plastics using dif=-
ferent types of resins. The internal part of the bath consists of a
thin layer of the chemically more resisiant glass—reinforced plastic
oased on epoxy or furan resin, and the exterior part of the bath con—
sists of a glass-reinforced plastic using polyester or epoxy resin. Thic
makes it possible to obtain strong inexpensive vessels with high chemical
resistance internally. Sheets 3.2 mm thick (for example, based on furan
resin and glass fiber), which are cemented with glass-reinforced textolite
angle vars, are used iii constructing the internal layer. Additional
mechanical strength is imparted to the article by strengthening it with
an external layer of glass-reinforced :lastic based on polyester resin.

Baths made of glass-reinforced plastics are used in storing pickling
and gelvanic solutions in metal coating shops; solutions of hydrochloric,
sulfuric, and acidic acids, dyes, salts, and alkalis; and oils and fuels.

The advantage of using glass-reinforced plastics in meking electro-
lytic baths is their total inertness tc solutions, as a reault of which
thie appearance of blotches aad ¢ -colors is avoided.

For example, a sectional bath 18,200 liters in capacity, 2.5 m deep,
and 4.5 m in diameter, made of glass-reinforced plastic, is used for
sodiun sulfate solutions (pH = 3); the process takes place with conti-
ruous boiling at 115° C [62]. A bath for electrolyte, 100 liters in capa=-
city and made of individual sheets of glass-reinforced plasiic connected
with "Arzamit" cement and ED~6 epoxy resin, function under production
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conditions for 2 years. The maximum bath temperature was +60° C. Tie
nickel electrolyte consists of nickel sulfate, boric acid, and sodium
chloride; the solution acidity had a pH 4.5-5.2.

On comparison with baths lined with ceramic tiles, the preheating
time of the bath was reduced by a factor of 2.

Baths for corrosive solutions are fabricated by the method of spraying
onto negative molds. Chopped glass fiber (20-30 percent by weight) is
used as the reirforcing material, and polyester resin is the binder.
After curing at norusl temperature, additional heat treatment is carried
out. The baths are intended for service in the electroplating industry

'éw {dth 0.7 m, depth 1 m, and length 3 m) and in the cellulose industry

width 1.15 m, depth 0.8 m, and length 3 m). Bath wall thickness is

59 mm, and the strength safety margin is 6. To increase structural
rigidity, structures acting as backing parts araund the edges of articles
are installed in severel modifications: steel pipes with inner diameter
of 25 and 36 wm, No 6 steel angle=bars, 3 x 3 cm wooden beams, and shaped
angle bars made of polyester gless-reinforced plastic., Stiffness ribs
made of wooden beams partially justified themselves, for after the bath
had teen used for 3 months at elevated temperatures in a medium with

pH 5.5, the solution penetrated to the beams through voids and by diffu-
sion through the glass-reinforced plastic.

Storage tanks and containers are made of individual cylindrical shells
produced by contact molding.

Good chemical stability and high strength of these structures are
achieved by employing combination glass=reinforced plastics. The internal
parts of the equipment are made of glass mats impregnated with furan resins
and laid-up on the mold, After this layer has cured, for augmented stiff-

ness of the structure, the 8hells are wound around with glass yarn impreg—
nated with polyester resin.

Vessels to contain weak nitric acid solutions in the presence of
organic solvents are recommended for additional coating internally with
polyethylene or other chemically resistant thermosetting plastics.

Cold=-curing resins can be used as binders in fabricating outside
storage tanks and containers; these resins permit the shells to be instal-
led directly on the site. This method is economically advantageous, since

it involves using inexpensive fixtures in the form of short cylindrical
cores of the corresponding dinension.

For exemple, a cylindrical vessel 3 m in diameter and 3 m in height,
made of polyester glass-reinforced plastic, is intended for the neutraliza=-
tion of sulfonated oils with vigorous agitation at 710 C.

A cylindrical vessel 3.6 m in diameter and 5.1 m in height, made of
polyester glass-reinforced plastic, is used to store products containing
hydrochloric acid and gasoline at 50-80° C.
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Alum boilers operated at 56-1200 C are rude of glass-reipforced plac=
tic [25]. The evaporation cycle in these cortainers is G-8 hours for
alum solution acidity with pH = 2.5. Earlier, containers made of steel
were lined with zinc or acid-resistant brick. In additinn, alum boilers
were successfully tested for use with a 38 percent sulfuric acid solution
for 10 charges.

A storage tank fcr corrosive liquid, made of glass-reinforced plastic
by the vacuum molding method using stiff glass-reinforced lap with a poly-
ester acrylate binder, has a capacity of 1000 1. It can be used for long
periods of time to store hydrochloric acid solutions under variable condi-
tions from a vacuum of 350 mm Hg to.a pressure of 0.7 kg/cm?, with a
working temperature up to 100° C.

4 storage tank for gasoline and diesel fuel was placed underground
and made of polyester binder. The reinforcing material (glass mat, chopped
fiber, and continuous fiber) was laid layer by layer. Its capacity is
22,700 1, length 6 m, and diameter 2.3 m. The proposed life is 15 years.

A storage tank of hydrochloric acid was fabricated by winding method.
The fabrication was undertaken at the site. The fitting parts were made
of wood. There are no structural connections. The storage tank diameter
is 7 m, and its height is 5 m,

Cisterns. Cisterns made of glass~reinforced plastics have several
advantages over metal cisterns, Capital outlays in fabrication are
lover; there is the possibility of making multi-ply shells of various
configurations; and their weight is reduced by a factor of 3=5, which is
especially significant,

The strength of metal cisterns is increased by increasing wall thick-
ness, which adds to the weight of the structure. The use of plastics makes
it possible to modify during manufacturing the strength of cisterns with
the suitable orientation of glass yarn in the direction in which the main
stresses are applied, Cisterns are fabricated by the contact method.

There have been reports on a centrifugal method of molding cistern members.
Usually cisterns are fabricated by hand, using wet molds whose surfaces
are coated externally with paraffin and which are polished to facilitate
removing the article after curing. A binder layer is applied on the
prepared mold by spraying; then a layer of glass mat or glass cloth onto
which the binder is applied is laid out. The layers are rolled with a
roller for consolidation and tc remove air bubbles. Additional strips of
glass-reinforced textolite are wound cn the internal and external sides

at the joint of the shell an¢ the bottom to strengthen the connection.

The Buerger Eisenwerk Corporation (FRG) manufactures cisterns and
vessels built of glass-reinforced plastic, 0.8=30 m> in capacity and up
to 4 m in height, intended for transporting and storing solutions of
acids, poisoned chemicals, fertilizers, and alcohols,
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Tne TsN Bittle Plastics Corporation (United Kingdom) makes truck
tanks using glass-reinforced plastics in the capacity range 1.9, 3.8,
4.5, 5.3, 10, and 13 n’. Glass mat and glass cloth based on polyester
resin are used as glass fillers, and foamed polyethylene plastic is used
as the thermal insulating material between the layers of the glass filler.
This glass-reinforced plastic is resistant to acetic acid, formic, hydro-
chloric (to 35 percent concentration), and phosphoric acid, and also oils
and electrolytes,

Cisterns for transporting corrosive liquids are made of glass—=rein=-
forced plastic based on epoxy resin. Their capacity is 85,000 1, weight
23.3 tons, inner diaweter 2.5 m, length 17 m, and height 4.6 m. The
cisterns are 9 tons lighter thun steel cisterms, and 30-50 percent cheaper
than cisterns made of corrosion-resistant steel.

Truck tanks made of glass-reinforced plastic using polyester binder
[88] are intended for transporting alcohols and styrene. The section is
elliptical (2 x 1.5 m), and the length iz 17 m. The wall thickness is
9 wr., The capacity of the truck tank is 18,160 1.

Filter presses and drum filters. Plates and frames of filter presses
rapidly malfunction owing to corrosion, especially in the aniline-dye
industry whereas they arc widely employed. Wooden plates and frames made
of valuable wood break down in 2-3 months, Cust iron plates and frames
are very heavy and their chemical resistance is low.

The manufacture of piates and frames of filtw.r presses, bodies of
drums, and drum filters vsing glass-reinforced plastics somewhat facili=-
tates their mailutenance and increases their longevity. ‘

Plates made of filter presses using polyester glass-reinforced plas=
tic and the pressing method at a pressure of 7 kg/cm2 vwere tested in the
production of intermediates and dyes. The product for filtration, heated
to 80° C and consisting of a mixture of acids (hydrochloric, sulfuric,
and nitric) with various organic impurities (toluene arnd aniline) was fed
under a pressure of 3,25 kg/cm?, The plate thickness was 3.2 cm, In
longevity, these plates exceed wooden plates by a factor of 4-6.

A rotating drum of a continuous drum filter operated in moderately
corrosive media at 80° C was made of glass~-reinforced plastic based on
polyester binder. The weight of the filter was considerably reduced; .
the energy consumption was lowered; and the wear of bearings was decreased
compared with a filter using a metal drum,

Lining of baths, cisterns, and other vessels. Glass-reinforced plas=
tics are also used as lining material. Several layers of glass cloth
impregnated with binder are successfully laid on the surface to be pro-
tected. For example, for the internal coating of a carbon steel cistern
with one layer of glass cloth impregnated with polyester binder, the entire
surface must be washed and cleaned with a metal brush ahead of time. After
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lining, the cistern can function successfully to store water at 70-000 "
for a year.

This is a relatively simple method of restoring old vessels made of
carbon steel used with weakly corrogive media.

Glass~reinforced plastics are used as lining materisls also to protect
the bottoms of tanks in which oil is stored. To avoid cnrrosion under the
coating, the bottom and walls of a tank must be cleaned ahead of time with
sand blesting to a height of several centimeters from the bottom. Then P
a coating consisting of hot coal=~tar resin is applied on the clean surface,. '
efter which the glass mat is laid out. and then also a layer of wmolten
resin, All layers melt together and form a strong protective shell. Re- :
inforcing with glass fiber imparts strength and some elasticity to the ]

coating.

A rectanguler bath 3 x 4 m in size, made of carbon steel, was lined
with nolyester glass-reinforced plastic, It i3 used for saponification
at 75° C. After a 5~year check of its operation, its internal surface
was found to be in a good condition.

4 steam scrubber 0.9 m in diameter and 4.5 m in height, coated with
polyester glass-reinforced plastic, showed nn damage after exposure to
hydrogen fluoride vapor for 4 years of service.

The flat plating of a reactor for chlorinatingmagnesia, 4.2 m in
diameter, was in a good condition after 3 years of service.

Storage tanks and gas ducts lined with polyester glass-reinforced
plastic serve at 93% C., After 4 years of duty, no signs of wear were
noted,

A smokestack 0.68-2,25 m in diameter and 24 m high, lined with poly=-
ester glass~reinforced plastic, was used to remove the gaseous products
of radioactive decay. A check after 1.5 years of seuvice showed that
there were no signs of wear.

Gas Ducts, Ventilators, and Smokestacks

Ventilation systems at chemical enterprises are often exposed to
corrosive vapors and gases, For ecxample, in the production of phthalic
anhydride the entire forced-d.nft system is made of corrosion-resistant
steel 1Kh16N9T, because the suction of phthalic anhydride vapor is accom=
panied by formation in the gas ducts of weak phthalic acid that attacks
the entire system. Building gas ducts and ventilation systems of glass-
reinforced plastics is highly promising, which is due to the technological
soundness of fabricating bodies of revolution from glass-reinforced
plastic (winding on a mandrel) and the ease of their installation.
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Ventilation gas ducts egre connected in two ways: flawge and cement
nethods,

A hood 6,6 m in diameter and a fan 1 m in diameter, made of pdiyester
glass~reinforced plastic, operate with exposure to the vapor of 6 percent
sulfuric acid at 100° C. No damage was found after 3 years of service.

A ventilation gas duct 0.57 » in diaweter, wade of polyester plastic,
wvas installed in place of a gas duct made of monel metal that had served
for only 2 years. The new gas duct successfully functioned for 5 years
with exposure to the vapor of 30 percent sulfuric acid.

A ventilation gas duct 0.3-0.47 m in diameter, made of polyester
glass=reinforced plastic and intended to remove vapor from metal=~plating
baths, was in good condition after 5 years of duty.

A smokestack 0.71 m in djameter made of polyester glass=reinforced
plastics functions in an environment of 4-15 percent nitric acid vapor
at 460 C, Inspection after 5 years showed that it was in a good condition.

Pipes made of glass=-reinforced plastics have been installed in
several plants in the forced-draft systems to remove the vapor of sulfuric
acid and moist sulfur dioxide into & mixing chamber.

A1) materials previously used for these purposes did not give good
results. OSteel became unsuitable for building the chamber and the smoke-
stack owing to intense corrosion; the use of lead coatings posed @iffi-
culties du: to an increase in the weight and creep of lead,

Aluminum piping malfunctioned after 3 months; leaks appeared in the
hottest part of the piping. A smokestack was hand-molded for these pur-
poses using glass cloth with furan resin. This temporary structure

functioned well for 3 years, during which there was no cracking of the
resin,

The gas temperature in the middle of a pipe 1914.4 mm in diameter
was 154° C, and 40 C at a distance 95.4um from the pipe walls,

The smokestack was made of glass-reinforced plastic based on poly-
egter resin to achieve high strength., A year of continuous service of
the pipe afforded satisfactory results. A comparison of the cost of
several materials suitable for the fabrication of the smokestack showed
that polyester glass~reinforced plastics are the most economical.

A forced-draft system made of polyester glass=-reinforced plastic
was built to remove the vapor of ammonium chloride and hydrochloric acid
in a pickling shop. The forced=-draft system consisting of steel breaks
down under these conditions every 3 years owing to its being attacked by
corrosive vapor. The draft hoods, pipelines, and ventilation piping made
of glass-reinforced plastic based on polyester resin revealed no signs of
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fajlure under these conditions after 5 years of duty. The cost of the
ventilatiorn system consisting of glass-reinforced plastics based on
polyester resin is 50 percent greater than the same system made of steel,
but the latter requires a replacement of 3 years and during this time
the cost of repair and upkaep is equal to the initial cost of the entire
systen.,

A smokestack made of glass~reinforced plastic using polyester binder
by the method of helical crossover winding using glass yarn successfully
funotioned for several years. The internal surface of the pipe had a
protective layer of asbestos and phenolic resin. The height of the pipe
wvas 9 o, lismeter 2 m, ard weight 4.5 tons. Internally it was exposed to
sulfuric acid vapcs. A steel pipe malfunctioned due to corrosion.

Purifying equipment for evaouating & stream of corrosive gases from
condensers and driers have been installed at a fertilizer plant [89].

A smokestack (89 m in height and 1.5 m in diameter), a scrubbing
tower (12 m in height and 2 m in diameter), gas ducts, and recirculation
lines were also made of polyester glass-reinforced plastic. The smoke=
stack was installed in metal structures, The pipe was coated internally
and externally with chemically resistant resin against exposure to hydro=-
fluoric acid, formed by the reaction of corrosive vapor with moisture.

Ventilation pipes of rectangular cross-section 1.9 x 0.9 mm were
produced in segments 1.2 m long, made of polyester glass-reinforced plas=
tic, and clad internally with 2 mm thick polypropylene, with tips in the
form of shoulders and flanges. The suction hoods were made in one piece,
up to 4.8 m in length.

Plant smokestacks 39.5 m in height and 1.65 m in diameter were made
of polyester glass-reinforced plastic. Their specific strength is 5 tines
greater than steel smokestacks., The sections were fabricated by the
method of winding using polyester binder., The smokestacks are intended
to carry off furnace gases at 343° C [86].

Ventilation pipes with an inner diameter of 133 mm successfully
served 38] to carry off acid vapor from production shops. The total
length of the gas ducts was 250 m. They were made by winding on a mandrel
glass yarn impregnated with polyester resin.

Experience in Using Glass~Reinforced Plastic Piping

The industrial vanufacture of pipes made of glass-reinforced plastics
is increasing year by year. Favorable experience in their use by the
chemnical industry is on record.

The main problem in the chemical industry is corrosion. For this
reason the most serious dif.iculties in the functioning of pipelines arise
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in basic chemical processes, synthetic fibers, cnlorination, pickling,
bleaching, and so on.

In 1963 680 tons of glass~reinforced plastics were used in making
pipes in the United States, which is about half of the total volume of
glass-reinforced plastics fabricated by the winding method.

H. Boggs and E. Edmisten [84, 92] studied the stressed state of glass~
reinforced plastig pipes tested in 380 typical corrosive media. Analysis

showed that at 26  C the pipes were résistant in 320 media, in 2684 media
at 82° C, and in 216 media at 126° C.

Increased chemical resistance in acids, alkalis, salt solutions, oils,
solvents, and other corrosive media makes it possible to widely employ
pipes made of glass~reinforced plastics in the chemical industry.

At the present time several corporations and companies have already
accumulated some experience in the successful use of pipes made of glass~
reinforced plastics in the chemical industry. The American Cyanamide
Corporation (United States) makes extensive use of glass-reinforced plastic
pipes in its systems for transporting corrosive media, This has meant
solving many problems related to intense corrosion. The time and labor
in repairing many pipeline systems have been sharply reduced.

The high cost oi pipes made of gl:ss~reinforced plastics compared to
steel pipes is compensated by & reduciion in the ocutlays associated with
the upkeep and extension of their service life. One of the biggest pipeline
systems fabricated thus far by a corporation was installed at a plant
producing pharmaceutical preparations., Most pipelines of the system had
a diameter of 203 mm, and the main collectors had a diameter of 558 mm.

In general, vapor of hydrochlc:i: acid, butanol, and triethylamine
circulate through the pipelines. These intensely active mixtures cause
corrosion of galvanized iron with a phenolic coating after 6 months of
continmuous service.

The cost of the system of glass-~reinforced plastic pipelines based on
polyester resin was 2 times higher than the cost of the pipeline system
made of sheet steel with phenolic coating. However, here we must bear in

mind that the polyester glass~reinforced plastic system has a presumed
service life of 5 years.

The considerably savings afforded by pipes made of glass-reinforced
plastics when iatroducad into lines conveying corrosive products is gra-
phically illustrated evperience of the Sunray and 0il Company (United
States) [102]. A company replaced some of its carbon steel pipes with
pipes made of glass~reinforced plastics in long-run lines of its isomeriza-—
tion facility trausporting hydrochloric acid and its vapor, and also pipe=
lines in its alkylatic. facility transporting weak sulfuric acid, as well
as in its bauxite~filte 'ing unit. Steel pipes in these conditions serve
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for only 3 months, while glass-reinforced plastic pipes function for
upwards of 4 years without signs of failure.

The U. S. Borax Corporation (United States) has repluced about
2400 m of pipe made of copper-alumimum alloy tramsporting slurries in the
production of potash with glass~reinforced pipes (ranging in diameter
from 76 to 254 .1). The cost of the pipelines made of glass=-reinforced
plastics is one third below the cost of the metallic pipeline replaced.
Bere the service life of the metallic pipeline is 6-9 months, but the
system of glass~reinforced plastic pipelines functions from 2 to 3.5 years
without visible damage. Reinforced piping is 60 percent lighter than metal
piping, which considerably reduces labor outlays in installation.

Pipes made of lass-reinforced plastics found successful use at petro~
leum vefineries [ 81? The pipes are made of high~strength glass and
acrylic fiber and epoxy resin using the winding method. = The direction in
which the glass-reinforcing material is wound is such that the piping is
equally strong in the longitudinal and tangential directions. Pipes
contain 30 percent resin and are made for working pressures of 11, 21,

28, and 42 kg/cm (at 23° C): with inner diameter 152 mm for a pressure

of 28 kg mé ;s with inner diameter of 203 and 305 mm for a pressure of 2
21 kgfom?; and with an inner diameter of 387 mm for a pressure of 11 kg/cm,
The pipes are delivered in length of 6 m with a standard set of tees,
elbows, and flanges. At the enterprise the fabricat.d pipes are tested
with a hydraulic pressure equal to double the working pressure. A& strength
safety margin is 4 for these pipes. The pipee are connected with flanges
and bands. Special portable eguipment and accessories for wrapped and
effective connection of pipes in the field have been dealt. Using this
equipment, three workers can lay 60 m of 152~mm diameter pipe per hour.

An experimental section of 150 mm piping was installed in the sulfuric
acid facility of a petroleum refinery. A mixture of petroleum, sulfuric
acid, and coke particles was transported through the pipes. It was also
proposed tc use these pipes in the facility making styrene monomer., The
ends of the pipes can be smooth, threaded, or can be shaped with a bell-
mouth configuration. Flange, threading, and cemented connections are
used in joining the pipes.

The Brisitol Aeroplane Plastics Corporation (United Kingdom) has suc-
cessfully used its pipes for 2 years at an ammonium sulfate plant [81].
™o test sections of 152-mm diameter pipes were installed in the plant.
One line transported an unsaturated ammonium sulfate solution with a
concentration of 53 g per 100 rl and a free ammonium content of 1Q g per
100 ml in the temperature range 70=100° C at pressures to 1 kg/cm®.

An unsesturated ammonium sulfate solution was transported in another
line. Traces of arsenic, aluminum, lissapol [a surfactant], sndium chloride,
and also sulfuric acid at a concentration of 0.35 g per 100 nl were present
in the solution. The working temperature of the golution was 8030 C; its

pressure was 1 kg/cm . These experimental sections function =matisfactorily
for 2 years.
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The company als¢ installed -lass~reinforced plastic pipes for trans-
perting ges —— sulfur dioxide containing traces of hydrocarbons and fine
coke particies. This line operated at temperatures from 20 to 25° C.
lesd pipes thai were formerly used for these lines rcquired frequent
replacement.

An experimental seciion of glass-reinforced plastic piping using
epoxy binder with flange connections was installed to transport sodium
chloride brine containing gaseous chlorine. The temperature of the medium
was 80° C and its pressure was C.36 kg/cm?. Tests on experimental pipe
section proceeded satisfaciorily. Pipelines made o. zorrosion-resistant
steel previcusly installed at the plant rapidiy malfunction due to corro-
gion.

The Amerkote Corporation (United States) mamufactures pipes made of
glass-reinforced plastics with inner layer of a mixture of epoxy cr poly-
ester resin with asbestos, exhibiting high chemical resistance.

The Stauffer Chemical Corporation employed these pipes for facilities
transporting solutiona of caustic so~ . [86]. The working conditions of
the pipeline were as follows: pressure 7 kg/cmz; temperature 149° C. The
pipes function successfully for 4 years.

Most of the pipes were installed at plants making electrolytic chlorine

for filtration systems and in alkali-transporting lines. The pipes empoly-
ing epoxy binders proved themselves in transporting strong oxidants; the
tests were conducted with lines transporting wet chlorine.

The Hooker Chemical Corporation installed a system of pipes made of
glass-reinforced plastics 3218 m in length to transport chlorine and
caustic soda at an enterprise producing chlorine. The pipeline system
functions at a temperature €0° C, a pressure of 6.5 kg/cm , and a trans=~
porting speed of 2-3 m/sec for the medium conveyed. The metallic unpro-
tected and rubberized pipes employed in this facility had a service life
of not more than 4 years owing to electrolytic corrosion. The use of
glasa=reinforced plastic pipes made it possible to considerably increase
the wear resistance of the pipes compared with the kind formerly used.

At a dye plant of one of the f:erican corporations, pipes made of
glass-reinforced plastics using polyester binder were employed to trans-
port chlorinated water, and hydrcbromic and hydrochloric acids in combina=
tion with organic solvents, The pipeline system has now functiaoned for
6 years, while pipelines made of nickel and rubberized steel functioned
for a maximum of 12=14 mmntis. The positive feature of the system is its
resistance to flame.

The Hooker American Corporition successfully used pipes made of

glass-reinforced plastics to ccavey heated saturated solutions of potassium
and sodium used in the electrolysis of hot benzene.
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A system of pipelines made of glass-reinforced plastics for hoi
brines and the vapors of hydrochloric acid and chlcrine proved to be wore
economically advantageous than a system of steel pipelines.

The Swedish Hochanss Corporation uses glass-reinforced plastic pipes
as sewage pipes for transporting corrosive liquids and also to remove
rwine waters, and so on. The use of these pipes proved effective and
econmically advantageous.

‘The Hochanas Corporation manufactures pipe in length of 5 and 10 m
with inner diameter of 50, €0, 100, 125, 150, 200, 250, 300, 400, 500,
600, 700, 800, 1000, and 1200 mm, and also elbows with 45 and 90° angles,
tees, and sockets corresponding to all these sizes.

When interesting feature of the use of pipes by the Hochanas Corpora-
tion is a pipeline laid in a new cellulose plant. This pipeline, 1.6 ko
in length, was intended to divert acidic wastewaters. The pipes have a
diameter of 1000 mm and wall thickness of 5 mm.

The Hooker Chemical Corporation (United States) used a system of
pipelines made of glass~reinforced plastics with polyester binder success-~
fully at its chlorine plant. Neutral and alkaline eaturated solutions of
sodium chloride and potassium chloride at 78° C were successfully trans-—
ported through a pipeline upwards of 3200 m in length and from 50 to 350
om in diameter to electrolyzers, as well as conveying spent solutions
containing free chlorine. _The flow rate of the medium was 3 m/sec, and
the pressure was 5-H kg/cm . There has been an experience in employing
pipes made of glass-reinforced plastic based on phenolic binders. They
are marked by high heat resistance (to 116° C) a% pressures to 7 kg/em?,
and also by chemical reristance in concentrated mineral acids, toluerc,
and trichloroethylene at T0° C. Pipes using epoxy binder are used with
alkaline media; these pipes retain about 70 percent of their strength
after a year's use in a 30 percent sodium hydroxide solution at 700 C;
in addition, they are resistant to salts aud mineral acids at elevated
temperatures, and tc certain oxidizing wedia.

It has been reported [95]that 7 years of experience has been accumu~
lated in the installation and operation of ripelines made of glass=-rein-~
forced plastics with epoxy (about 6.7 km) and polyester (about 3.6 km)
binders., The pipe diameter incorporating epoxy tinder varied from 50 to
812 mm, and pipe diameter incorporating polyester binder =~ from 50 to
200 mm. The pipelines were operated to supply solutions of sulfuric acid
at 25 percent concentration a»d¢ the following salt solutions: zinc sulfate,
sodium sulfate, weask solutisrs of sodium sulfide, and the condensate of
spinning and bleaching solutions at temperatures to 1020 C and pressures
to 7 kg/cmg. The pipes are washed with 30 percent hydrochloric solution
and 10 percent caustic soda colution at 65° C. Pipes wmade of glass~
reinforced plastics were used in circulation and cascade systems of spin-
ning baths, and in lines feeding condensate and soft water where ion
contaminatior. is highly undesirable in the bleaching systers.
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ne pipes used for the above purposes were laminated in structurc:
the inger reinforced layer was 0.25-0.5 mm thicl: with a high resin content,
a chemically resistant layer not less than 2.5 mn thick with a glass
ccntent of 25-30 percent by weight, structural layers whose overall thick-
ness was determined by the specified pipe strength, and an outer strengthen-
ing layer was increased with content. The strength and chemical resistance
of these pipes were determined by the composition of the components and
the mamufacturing method. The best binder for oxidizing media was a resin
consis+ing of bisphenol A and fumaric acid. Of considerable interest are
the chiorinated polyester resins — products of the condensation of glycols
and phthalic acid with high chlorine content. later are successfully used
in fabricating pipes used to divert gases containing acid vapors. These
pipes exhibit high corrosion resistance and flame resistance (especially
when 5 percent antimony trioxide is added). The besi combination of -
chemical resistance and strength of pipes was observed for a glass fiber
content of 25-40 percent by weight. A higher glass fabric content {up to
75 percent) makes it possible to obtain high-strength pipe for short-term
loading, however upon contact with corrosive media the longevity in some
cases is 2 months. It has been found that aserious drawback of glass=~
reinforced plastic pipes is the fact that when solutions are fed into
them at temperatures above 82° C high thermal stresses are induced in the
pipes: pipes up to 100 mm in diameter sometimes fail even without corrosive
exposure for a glass fiber to resin ratio of 25:75. Increasing the
diameter to 150 mm, and also the glass fiber to resin ratio to 40:60 and
higher makes it possible to avoid the thermal failure of the pipes. 4An
advantage of pipes made of glass-reinforced plastics of this design is
the fact ghat they do not require thermal insulation at temperatures from
-18 to 53 C, and also the fact that almost no condensate forms on themn.

Approximately 300 m of pipe 450 and 380 mm in diameter incorporating
epoxy binder was used in the drainage system in Battersea (United Kingdom),
where glass-reinforced plastic pipes were replaced with ceramic piping.

The discharges contain sulfuric acid and some ash, which imparts abrasive
properties to the medium. The connecting parts made of Bakelite epoxy
resin reinforced with glass fiber and terylene, and thus the resistance
to abrasion was intensified. Studies on the fabrication and installation
of pipes were conducted by the Mendip Chemical Engineering Corporation

(United Kingdom). The pipes were installed in sections 3 m in length, :

each weighing about 40 kg. Some pipes were elliptical in cross-section,
which facilitated laying them in narrow sections. Some sections were
connected with sleeves using a cementing composition of glass fiber and
epoxy resin. When the pipes were laid at temperatures below the auring
temperature of the cementing composition, the butt connections underwent
heat treatment using cover type electric heaters with hot air passed
through the pipes. Pipeline operating experience showed that the pipe-
lines function successfully in severe conditions and well withstand
vibration and shock loads.
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CHAPTER NIR:

TECHNICAL~ECONOMIC EFFECTIVENESS OF THE APPLICATION OF
GLASS~REINPORCED PLASTICS IN CAEMICAL MACHINE BUILDING i

The use of glass-reinforced plastics in chemical machine building ;
makes it possible to augment the longevity of equipment serving in corro—- '
sive media, reduces the weight of machines and articles, improves the
technical=economic indicators of structures, sharply reduces the labor
load and cost of manufacturing machines, and thus gains great economic
benefit. It appears possible to attain large savings in nonferrous and
ferrous metals in short supply and semifinished products wade of these
metals. =

The use of glass-reinforced plastics sharply reduces outlays in
setting up capacities to produce materials for the needs of chemics?
wachine building.

Among the advantages of glass~reinforced plastics compared with other
materials are low density, high specific mechanical strexgth, good chemical
resistance, high dielectric indicators, good external appearance, noise
absorbing and sound absorbing properties, vibration resistance, and
optical properties; lower work load in fabricating articles (they are
more technologically adaptable); low cost of articles in series mass
production; and short duration of the production cycle in fabricating
articles. As heat insulators, they reduce heat losses during industrial
operations.

A particular advantage of glass~reinforced plastics over othe:r mzte-
rials is that their properties can be predetermired in advance, by modify-
ing =~ with wide limits -~ the technological parameters of the fubricating
process, by using various reinforcing materials, modified binders, by
using vacuum impregnation, radiation curing, and so on.

To discover the expediency and technical-economic effectiveness of
using pipes and equipment made of reinforced plastics for the need of the

chemical industry, an economic investigation will be conducted in the
following scale:
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nade of reinforced plastics with corresponding articles made of traditional

= »ough caleulation will te made of the ces’ and price of 1 meter
of pnipe length or other equipment as a function of the kind of reinforcir.,
naterials and binders used;

a comparative analysis will be made of the costs of pipes and equip~
ment made of reinforced plastics and corresponding articles made of tradi-
tional materials (steel and nonferrous metals) and certain kinds of plastics
(polyethylene, polyvinylchloride, faolite, and so on); and

a comparative analysis will be made of the service life of articles

materials.
For example, we have [1, 2] an approximate calculation of the cost

and price of pipes made of glass-reinforced plastics with allowance for
their adaptation for production. The calculation assumed the following:

the costs for the starting material and supplies was calculated in
prevailing prices;

losses in starting material and reaects amounted to 10 percent of
the total output of articles;

the cost of processing was determined roughly with reference to ;
experience at existing enterprises; 3

in calculating prices, a 10 percent accumulation over costs was
allowed;

the costs of pipes made of glass—-reinforced plastics protected ;
internally with thermosetting plastics was conventionally taken as 20 per—= §
cent above the price on a comparison with unprotected pipes; and

the ratio of the reinforcing material and binder, by weight, was
assumed to be 131 in the glass-reinforced plastic.

The calculation showed that the costs of pipes made of glass-reinforced
plastic depend heavily on the starting materials used. The most inexpen-—
sive reinforcing material for glass-reinforced plastic piping at the present
time is glass yarn [rovings], and the most inexpensive binders are poly-
ester resins. The costs of currently produced glass—-reinforced plastics
based on glass yarn and polyester resin are within the limits 2-2 rubles
50 kopecks per kg. Table 40 gives the costs of 1 m of piping made of
varicus materials [1]. The variety of pipes in the table was selected
for pressures to 8 kg/cm predominating in chemical facilities. 43 we
can see from Table 40, the cost of 1 m of glass~reinforced plastic is
greater than the cost of pipes made of carbon steel by a factor of 1.5-2,
Thus, if {the service characteristics == service life, conditions of
installation, transportation, upkeep, and so on == are satisfactory,
replacing carbon steel pipes with glass-reinforced plastic pipes is
economically disadvaniageous. However, in the chemical industry the
service life of carbon steel pipes for several corrosive media is very
limited (from several months to a year). Using glass~reinforced plastic
pipes would mean under these conditions a sharp increase in the service
life of the pipelines and a reduction in the costs for their repair,
installation, and upkeep. Therefore “or seversl media, with reference
to the seirvice conditions, it is economically advantageous %0 replace
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TABLE 40

..{',,..‘ B Uena | x Tpy6es 9 py6. ws mrvepusace
T | e R e | 2
50 1—14 0-% - 052 6—06
& 2-16 146 1159 1—8 -7
100 3-25 1-86 16—12 2-50 10—84
125 500 2-12 | 18-85 3% -
150 7-0 21 27-38 506 1912
0 10-85 | 446 | 5082 | 960 | M
260 1518 605 -2 — -
300 20—16 7—60 — - -

% The piping is hot-~rolled, seamless.,

A =— Inner pipe diameter in mm

B = Cost of 1 m of pipe in rubles made of the listed
material

KeYs

C == Polyester glass=reinforced plastics
D == Carbon steel¥*

E = Grade 1 Kn18N9T stainless steel*

F — Polyethylene

G = Faclite

carbon and stainless steel pipes with glass-reinforced plastic pipes.

Pipes made of glass-reinforced plastins are three-to-four times cheaper
than seamless steel and faolite pipes. The cost of glass-reinforced
plastic pipes is 20-30 percent above the cost of polyethylene pipe calcu-
lated for equal service conditions., However, polyethylene pipes are of
limited application at elevated temperatures or when a temperature gradient
is present. Therefore, in mar; cases the use of glass-reinforced plastic
pipe instead of polyethylenc pipe is technically and economically expedient.

Comparative indicators of the costs of pipes and pipelines made of

glass-reinforced plastics and traditional materialc in the United States
are presented in Tables 41 and 42 [84].
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TAaBLE 41. COST AND SERVICE LIFE OF PIPING MADE OF DIFFERENT
' MATERIALS WITH STANDARD DIAMETER OF 89 mm
2 Or':ocma. bj:
/ uos' croumot mesa ¥
Tpybu D tynda |« ensonasers- l‘lnt-u;:.xm
B AORAS- Tpyba- | .
pax NN RE NOACKR-
HOM EBRTVIO~
man o %
5‘ -
CrexaonascTuxosse Na sn0K- 6,90 100 -—
CHANOM CBESYIOULEM, PACCYRTAN-
luelllunqqcapl4xIWuﬁ
¢ 4
Amouxnwesse 10,45 26 Kopposes
7 - ' g
egume 14,70 74 Kopposus
Fa
Pesunosuwe (mwaanrs) 10,50 21 Paspymeuse or
BLICOXOTO  AsBAe-
nan
/o
Hs yraepeancrodt crasm: 8
{1 snextpocsapunie 27,20 9,1 Kopposus
12 yensuoTnRyTHE 19,60 15,3 - Koppoars
13 ¢ raALBANOTIOKPMITHEM 31,85 11,1 Kopposus
/4 c NOKCHAHMM RNOKPHTHEN 10,10 32,0 Kopposan
s,
H3 uepmaseiomelt crans: 8
{onapxn 304-40 81,90 31,3 Kopposun
i 7Mapxn 316-40 107,80 34,2 Kopposus
/8 M3 nonnpBHEAXAOPKRA: 204
J9uapkn 40 36,80 152 Paspyenxe or
20Mapxu 80 40,20 17,2 BLICOKOrO  AaBae-
HHA B TeMnepary-
pu
2/ K3 acGouementa: 8
22 uapxu C-100 11,530 2,7 Kopposnz
23 uapku C-150 14,78 19,5 Kopposes
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KZY [to TABLE 41 on preceding page]:

1. Piping

2., Relative cost with allowance for service life of piping
in dollars :

3. Relative service life compared with glass-reinforced
plastic piping using epoxy resin in 7

4. Reasons for malfunctioning

5e Glasa-reénforced plastics calculated for pressures fo
14 kg/cn

6. Alumimum

7. Copper

B. Corrosion

9. Rubber (boses)

9a. Failure due to high pressure

10. Made of carbon steel

11, Electric welded

12. Seamless drawn

13. With galvanic coating

14. With epoxy coating

15. Made of seamless steel

16. Of grade 304-40

17. Of grade 316-40

18, Made of polyvinyl chloride

19. Of grade 40

20. Of grade 80

20a. Failure due to high pressure and temperature

21, Made of asbocement

22. Of grade 5-=100

23, 0Of grade 5-150

As noted in the preceding chapter, glass-reinforced plastic pipes
are used extensively in meking ventilation systems and gas ducts. As a
rule, pipes of industrial manufacture with wall thickness more than
5 mu are used for these purposes. Here an appreciable economic benefit
is attained. However, in many cases it is economically disadvantageous
to use these kinds of pipes for ventilation systems, since in most cases

ventilation systems are without pressure heads (excess pressure of the
order of 400 wm HéO).

The development and investigation of flexible roll type glass-~
reinforced plastics conducted in the All=-Union Scientific Research Insti-
tute of Glass-Reinforced Plastics and Glass Fiber (VNIISPV) and the
Moscow Institute of Chemical “quipment Building, with participation of
the authors, (based =~ KhihKN glass lap made of continucus filaments of
alumina borosilicate glass, and the binder is dry powdered aniline=phenol-
formaldehyde resin No 214) showed that they can be successfully used for
this purposc for a wall thickness 0.5-1.5 mm. Flexible roll type glass~
reinforced plastics are prepared by pressing on a strip press with the
binder cured to 89-93 percent. Parts (of ventilation systems) of circular
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TABLE 42
/ N T
“ Tovon 2 )
} . st ) w2 ™
3 Crexaonaacraxossie 1022 1326 2008 | 205

XEMEveCKS crofixne

4 Crexsonascruxossse no- | 1220 1660
sumexnoll TPOINOCTR .

£
g
gl 8| B| &|»

5Hs cTaan 2004 2936 3719 5836
uapxn 316-40

é Hs yraeposncrokcraan | 1877 | 2048 | 2752 | 3669
rYMMEDOBINEME

Remark. The cost of piping, connecting elements, and
fittings, installation, insulation, and cathodic protection
is included. .

KEY: 1 = P'ing -

2 =~ Cost of pipelines in dollars for piping with
listed standard diameter in mm (calculated per
100 m of pipeline)

3 == Glass-reinforced plastics, chemically resistant

4 = Glass-reinforced plastics with increased strength

5 == Made of grade 316~40 seamless steel

6 =-= Mide of carbon steel, rubberized

cross=-section with any diameters can be fabricated from flexible roll type
glass-reinforced plastics, using various cements or chemical welding tc
connect individual blanks; the technology was developed in the Moscow
Aviation Technology Institute under the supervision of Professor Ye. B.
Trostyanskaya.

Airlines made of flexible roll type glass-reinforced plastics are
three-four .imes later than steel and vinyl plastic pipes (for a wall
thickness 0.8~1.5 mm), and their cost == even under conditions of prototype
productions == do not exceed the costs of airlines made of material ordi-
narily employed. Here, as was shown by experience in the two years!
service of ventilation systems at a chemical combine, the process of their
fabrication and installation is simplified and facilitated, operating
outlays are lowered, and th<ir service life is extended.

However, when selecting initial materials for the production of pipes
and chemical equipment made of reinforced plastics, we cannot regard
only by the cost characteristics, since specific technical requirements
can determine ihe necessity of employing appropriate combinations of
various reinforcing waterials and binders. The principal requirements
from economic standpoint must be regarded as the production of articles
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with maximum technical characteristics at minimum possible outlays, with
reference to long-term service,

An example of the effective use of glass-reinforced plastics in
structures of chemical equipment is their employment to build prefabricated-
distributing facilities in filters for the chemical purification of water.
Instead of the corrosion-resistance steel prefabricated-distribution
facilities employed, structures made of AG~4S glass~reinforced plastic
vere proposed in the form of "dummy" bottoms fabricated, depending on the
diameter, in one piece or fabricated in several sectors.

Technical=economic calculations made for two type classes (diameters
of 700 and 14C) mm) showed that the main advantages of using "dummy"
Bottoms made of AG~4S glass-reinforced plastic lie in the reduction of
outlays for installation, lowered consumption of power and regenerating
solutions, increased service life of the facilities, and, especially,
reduced material expenditures for repair work and replacement of pre-
fabricated-distributing facilities that have malfunctioned.




CONCLUSIORS

In this book the authors attempted, as material was presented, to
emphasize the idea that in solving the problem of employing laminated
plastics, as well as any plastics in general, in a given structure of
chemical equipment one needs a strictly individualized approach from design,
operating, and economic points of view. Success can be achieved only when
there is & precise determination of the functions fulfilled by the material
in the structure of the chemical equipment and with estimates of material's
serviceability corresponding to the equipment's parameters. Therefore,
with a single methodological approach ‘o estimating the properties of
materials for the same parameters one cun never obtain full information
on the potentialities of a material.

Plastics used in structures of chemical equipment can be classified
into four groups by their service designation and thus we can determine
characteristic conditions of their service and single out the main para-
meters for estimating a material's serviceability.

1. The material fulfills the furction of a protective coating (for
example, sheathing and lining) not experiencing considerable mechanical
stresses. In this case it is affected by the medium and temperature. As
a result of a temperature change, internal stresses and strains can be
induced in the material. The main parameters for estimating the service-
ability of a plastic include permeability (the coefficient of diffusion)
and heat resistance, as well as creep and longevity with stress relaxation.

2. A plastic serves the role of structural material insulated from
contact with the corrosive medium (for example, glass-reinforced plastics
lined with thermosetting plastics). In these conditions, the material
experiences mechanical stressecs and temperature.

The main parameters determining the serviceability of plastics u.ider
given conditions include their longevity and creep in atmospheric condi-
tions at different temperatures and mechanical loads. In terms of chemical
equipwent, these are the mildest conditions of service, since the material
is not exposed to a corrosive medium. It must be noted that most studies
of plastics, in particular, glass-reinforced plastics, were conducted
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orecisely for these conditions, and the literature makes availalle exten~
sive data on the mechanical properties of plastics. It must be remcwbercd
that to ensure reliability and longevity of a sirucuture as a whole, we
need information on properties of the cladding layer made of thermosctiing
plastics —~ its resistance in a given medium and its protective proper-
ties (permeability).

3. A plastic serves as & structural material for the fabrication of
internal elements of equipwent or individual parts of machines in contact
with a corrosive medium, but here the plastic's permeability does not
play a role. The material is exposed to the wedium, mechanical loads,
and temperature. Therefore, the parameters for estimating its service- .
ability include longevity and creep in the given medium ai different
temperatures and mechanical loads. '

4. The material is used in fabricating various shells functioning .
under pressure (equipment and pipelines). In these conditions it experi=
ences simultaneous exposure to mechanical loads and temperatures with
one~sided contact with a corrosive medium. Hexre we must estimate the
longevity and creep in this specific corrosive medium. Additionally,
we must obtain data on the gas-tightness of the material and how per-
meable it is to the medium.

Thus, in the parametric evaluation of plastics, different test
methods must be used in accordance with the classification just given
(cf Chapter Three), by having the experimental conditions approximaie
gservice conditions.
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