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The book gives a classification and nomenclature of laminated materials, 
their physicomechanical characteristics, and their stability in corrosive 
media. Basxc information on thr failure mechanism of laminated plastics 
is presented. Methods of testing laminated plastics for corrosive stability, 
longevity, and creep are set forth. 

Methods of calculating and designing chemical equipment and pipelines 
made of laminated plastics are giv^n. 

The book is written for designers of chamical equipment and engineering 
technicians in the chemical industry. 

41 tables, 90 illustrations, and 105 bibliographic references. 

- 1 - 



»«Eewaeasss^^a^is*« 

INTRODOCTION 

At the present time, plaetics are widely used in technology, mainly 
in the machine building industries: aviation, motor vehicle building, ship- 
building, machine building, and so on. Several str-uetural plastics have 
been developed, for example, new types of glass-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 aynthesis-r and production of several 
organochlorine 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, alkaiis, salt solutions, oils, 
petroleum products, and other reagents, and good strength characteristics 
open up broad prospects for plastics in chfctaical and petroleum machine 
building. 

Most plastics, exhibiting high specific strength, often surpassing 
the specific strength of tnetals. have inadequate rigidity and mechanical 
strength, which limits 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 iraking. 

This is due ".o  their high chemical stability, low density, mechanical 
strength in tension, thermostability, and heat resistance. 

- 2 - 



*»«««•,> 

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 title). 

The systematized calculation materials given in the book as well as 
methods 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. 

I    1 I 1 
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CHAPTER ONE 

BACKGROUND INFORMATION ON CHatLCAL EQUIPMENT, PIPELINES, 
AND REINFORCED PLASTICS 

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 be gas-tight. 
High gas-tightness is requisite for equipment operating at pressure or 
processing toxic, caustic, flammable, and explosive aubstonces. Chemical 
equipment includes large numbers of connecting parts (connecting pieces 
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 
to the varied technological processes employing the equipment, the forces 
acting on 'the equipment, manufacturing methods, and operating requirements. . 

The layout and main dimensions of equipment (length, 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, theiTEal, diffusional, or chemical), the rate of the pro- 
cess and the method of its execution (batch or continuous), the state of 
'-iggragatl^  of the substances being processed, the thermodynamic conditions 
(pressure, temperature, and concentration of the substances being processed), 
corrosiveness of the materials, purity of the end product, and so on — 
all these factors must be taken into account. 
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The dimenEions 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 requirements are also taken into account in the designs 
of equipment and their installation (flanges, hatches, covers, inspection 
windows, end so on). 

As experience has shown, the form of most chemical equipment (cylin- 
drical, conical, or spherical) and pipelines is favorable for their produc- 
tion from reinforced plastics. In most equipment, the main working space 
is hounded 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. 

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

The spherical form is the most suitable from the standpoint of economy 
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 technology of making 
cylindrical and spherical shells. The weight of spherical and cylindrical 
tanks for corrosive liquids 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 tanks 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 
plastics 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 diffuaional processes smch 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 
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transverse dimenaiona by several times. The shape of the cross section 
is a circle, but eometimes a square or a polygon. Liquid and gas pass 
through a column in a countercurrent manner. In column equipment the 
corrosive liquid is in the dispersed state, which favors corrosion proc- 
esses. Fabrication of column equipment using reinforced plastics greatly 
reduces their weight and simplifies the design of foundations. Column 
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 filteis, pumps, shells 
of compressor 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: 

adequate g^d-tightness at working preesures and variable temperatures; 

stability to corrosive media; 

minimum linear and drag values that can lead to the 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 temperature 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 greying 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 msuiufacture of chemical 
equipment and piping, the following properties are taken into account: 
strength characteristics, heat resistance, chemical stability, and physical 
and processing characteristics. Choice of material is determined by the 
service conditions of the equipment — temperature, pressure, and concen- 
tration of the materials being processed. 
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The cost of the oaterial 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 material oust 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 media. 

The chemical resistance of plastics is estimated according to G€6T 
^/State Standard^ 12020-66, and this standard states that the nusericel 
characteristics of the chemical resistance of plastics are as follows: 
change in the weight of specimens and In their linear dimensions and in 
their mechanical properties (yield stress in tension, relative elongation 
at yield, flezural strength, impact toughness, and hardness). 

Structural material must have high chemical resistance since corrocion 
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 making 
is made of alkali-resistant, high-strength, wrought and hi^i-silicon iron, 
and also high-alloy chromium-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 making. 

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

Compared with ntetal'j, 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 making will afford 
vast monetary askings 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 equipment. 

Use of plastics in many oases will permit modification of the design 
of chemical equipment owinr to the diversity of plastics procetieing tech- 
niques. Equipment items made by different techniques will differ in 
design, even if intended to perform the same function. For example, a 
reactor is much easier to make in one piece from glass-reinforced plastics 
(winding method) than by fitting together cast-iron members. 



The designer oust oftec allow for tha Bature cf the corrosion failure 
of material when oaring strength äalculatlons for chemical eqaipoenu In 
addition, he must know the permeability of th« oaterial under given work- 
ing conditions of tho concentration of the corrosive sedlma, t«qperature. 
and pressure. 

Generally speaking, «ijructi'ral reinforced plastics that are resistant 
and highly resistant to corrosive saedia are used in fabricating chemical 
equipment. Reduced-resistant plastics are used in exceptional cases when 
— for technical and economic reasons — the desirability of their use in 
place of expensive and snort-supply materials is obvious, in selecting 
Btruet'irai reirforced materials for equipment serving under pressure and 
at low «dad high t ^eraturea, it must be considered that the sechanicol 
properties of plastics vary wddely as a function of temperature. As a 
rule, the brit+\<ine8s üf plastics rises at low temperatures, but creep 
increased and atr^nft'ih uiminishes at high temperatures. 

Data from lonff-tera tasts of matariais in service conditions must be 
used in making calculations tor chemical equipment to be built of reinforced 
plastics. In calculating the strength of equipment continually functioning 
at hig1! temperatures, the allowable stress is determined with respect to 
a standard creep limit for the low-terra strength. 

When s-lecting reinforced plastics for chemical equipment, technical 
and economic considerations ay.st also be borne in mind: the technology 
of making the equipment, the supply-status and costs of the material, the 
availability of standards, and the degree to which industry has mastered 
the material. The developed equipment design must not only be technically 
advanced, measuring up to the deoands of present-day machine building, but 
also technologically sound in manufacture and economical. 

Cementing is the main method of executing permanent connections of 
reinforced materials in the present-day tecnnology of chemxeal equipment making. 

Good cementability of materials under normal conditions is one of the 
chief and necessary conditions governing their suitability for a design. 

Thus, considering the individualized and low-series-production status 
of chemical equipment fabrication, when this equipment is being designed, 
reinforced materials must meet the following principal requirements: 

adequate chemical resistance in a corrosive medium with specified 
parameters of its concentration at the temperatures and loads of the given 
industrial process; 

adequate mechanical atrength, rigidity, and gas-tightness for given 
parameters of the industrial process, allowing for service conditions when 
different kinds of additional loads act on the equipment (sagging due to 
its own weight, wind load, and so on); 
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good ceojencability with high nechanical properties of  the cemented 
union and resistance In corrosive media; 

econcciy of aanufacturing and operation; and 

the poesibility of obtaining articles with inaxioum overall dimensions 
using eiople and inexpensive rigging. 

Properties of Reinforced Plastics 

Reinforced plastics are composite materials consisting of synthetic 
resins and reinforcing fibers. As the reinforcing materials, use can be 
made of various fibers, for exan^le, cotton, silk, synthetic, asbestos, 
giaas, and textile materials (fabrics with different weaves, canvas, roving, 
and tape), and also nonfabric reinforcing materials in the form of laps 
and mats. 

The reinforceiient imparts strength and stiffness to the system, and 
the polymeric binder imparts monolithicity to the coiiqjosite material, its 
sacldability, and affords anticorrosion and other properties.. 

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

Not every reinforced plastic can be used in making chemical equipment. 
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 impermeability, and 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 example, glass 
fiber plastics — glass-reinforced plastics; plastics reinforced with cotton 
fibers — textoiites; plastics reinforced with asbestos fibers — asboplas- 
tics; and so on. 

Reinforcing fibers. Various fibers are used as reinforcement for 
reinforced plastics: asbestos, cotton, jute, glass, organic (synthetic), 
and even metallic. 
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TABIdä 1. PHYSICOMECHANICAIi INDIGATOHS OP HEIKFORCING 
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KEYä   1 — Indicators 
2 — Values of indicators for fibers listed below 
3 
4 
5 

— 
quartz 
glass (B-glass) 
asbestos 

6 —. flax 
7 
8 — 

cotton 
kraft-cellulose 

9 
10 
11 

— 
high-strength viscose 
high-strength nylon 
Short-term static strength in tension, 

12 »•«. 

2 
kg/cm 

Modulus of elasticity in 
2 

kg/cm 

13 — Density in g/cm 

Physicomechanical properties of several fibers at room temperatures 
are given In Table 1 /}$/-    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. Por 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 material for plastics. Anthophyllite asbestos is used in making 
aeid-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 
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asbestos is used, materials with diminished acid resistance but with en- 
hanced physicomechanical indicators are obtained. 

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

These fibers are considerably inferior to all other types of reinforce- 
ment as to their chemical resistance. They are chemically resistant only 
in neutral, weakly acidic, and weakly alkaline media. 

K//MH* 

too 

300 

200 

100 

O) 80     '20 d "KM 
h 

Pig. 1. Dependence of ultimate 
strength cr in tension of glass 
fiber on its diameter d 
KEY: A — «^ , kg/mm2 

B — d, micrcns 

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

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

The strength of glass fiber depends on its chamical composition, dia- 
meter, and degree of drawing. Some researchers ßio/ attribute the high 
strength of glass factor to a scale factor. As the glass fiber diameter 
is reduced, the number of microcracks and other surface defects becomes 
smaller (Fig. l). 

Recently it was established that it is not only fiber diameter that 
affects fiber strength, but also the degree of drawing; high strength /as 
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_/. 
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The chemical resistance of glass-reinforced plastics Increases with 
fiber diametar. So, ouch interest lies in the possibility of raising the 
oechanical strength of large-diameter glass fibers (and along with this, 
the strength of gless-reinforced plastics) by increasing the degree of 
drawing. 

The chemical resistance of glass fibers is determined by their compo- 
sition. The chemical composition of glass and, in particular, its content 
of acidic or alkaline oxides is chosen in relation to the kind of corrosive 
reagent acting on the glass. 

Monolithic glass is practicairy resistant to all substances, except 
for hydrofluoric acid and concentrated solutioaa of caustic alkalies. Owing 
to the greatly developed surface area, the cKaalcal resistance of glass 
fibers is ouch lower than for monolithic glaus. Therefore, the chemical 
composition of the charge used in saking glass fibers takes on paramount 
importune«. Additionally, it affects alao the mechanical strength of glass 
fibers, ihe strength of alkaline-composition glass fibers is 20 percent 
below the acrength of ronalkaline-composition glass fibers (content of 
alkaline oxides not more than 2 percent). When moisture is adsorbed on 
the surfaces of alkaline fibers, alkalis are formed, intensifying fiber 
failure. The resistance of glass fabric made with nonalkaline 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 OP TESTING GLASS-REINFORCED ELASTICS 
BASED ON PL-1 RESIN AND GLASS FABRIC WITH ALKALINE AND 

NONAKCALINE COMPOSITION 

CTCKJIOII.ISCTHK 
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m 
« ■ ti 

Sun 

if. 5~HjMcneime ■ % 

So 

HE, 
3 
'i 
S  7 

UteJioMHoro  ° 1670 16,8119 3 -1,8 3,10 

Becmejiothoro f 
... 

2440 18,2612 3 -24,2 2.13 

IHwioiHoro ° 1670 10,6856 30 -18.85 3.97 

BccmewiHcro ' 2440 18.2258 30 —29,1 1.8 
0 

LUCJICIHOIO ° i670 17,1535 60 -25,7 2,46 

Bccme/io'iiioro ? 2440 18,3463 60 -42, G 1,26 

KEY: /pn  following page/ 
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KEY /to TABLE 2 displayed on preceding page^ 
1 — Fiber-based glass-reinforced plastic 
2 — Initial ultimate strength JUJ kg/cm2 

§;                  3 — Initial weight of specimen In g 
4 — Sulfurlc acid concentration in % 
5 — Variation in % 
6 — of ultimate strength 
7 — of weight f 
8 — Alkaline 

I" 9 — Nonalkaline 

Table 2 gives comparative data of the chemical resistance of glass- 
reinforced plastics based on FL-I furan resin with alkaline and nonalkaline 
flass fabric in 3, 30, and 60 percent sulfurlc acid solutions at 60° C 
exposure time — 720 hours). As we can see, alkaline glass is more chem- 

ically resistant under these conditions than nonalkalln^ glass, since the 
reduction in strength after exposure to sulfurlc acid is less for the glaes- 
relnforced 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 nonalkallne 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 made 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 fiber is reduced in strength, regardless of its chemical composition. 

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

In gaseous environments, in the absence o£  dropwise moisture condensa- 
tion, fatigue failure and elastic 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 modified. It must — however — be borne in mind that 
any textile processing of fibers in principle worsens fiber properties, and 
while the order of filament weaving into yams is not appreciably reflected 
in strength properties, twisting of filaments can appreciably modify their 
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properties. This is particularly important for glass fibers. A less 
twisted filaoent 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 uizins agent, 
which must be removed in thermomechanical treatment ^23, 34, 6jy in order 
to boost the adhesion of resins and to enhance moisture 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 processing properties of reinforced plastics and their cost. 

Very heavily dependent on the binder chosen are the physical proper- 
ties of materials, heat resistance, moisture resistance, chemical resistance, 
dielectric indicators, and the like. To a lesser extent, the type of binder 
influences the short-teriü static strength, while the long-term strength of 
reinforced plastics depends strongly on the type of binder £227« 

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 ^1» 23, 34, 35, 52, 58, 59, 627. 

Let us confine ourselves to background information on the strength 
properties given in Table 3 ß>!JJ and to a brief characterization 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 liquid 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 useds PK-1, PK-2, PN-}, PN-4-, 
WJF-9, TM3P-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 308-2 elastic resins 
with relative elongation to 200 percent. Tables 4 and 5 ^447 present the 
main properties of polyester resins. 

Cobalt naphthenates and cobalt octenates are used as accelerators. To 
obtain glass-reinforced plastics with optimal properties, the amount of the 
oxide is recommended to be reduced to a minimum and the curing reaction rate 
should be regulated by the aicount of accelerator added or by temperature. 
Table 6 /4i/ gives recommended compositions in parts by weight for the cold 
curing of polyester resins. 
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TABLE 3.  IHYSICOMECHAKICAL IHDICATOHS OP THE UkIS 
KINDS OF BIKDEES 

/ 2 3iia<icHK« noxMrrtJic« AIM CMO»                    j 

nojiK- 
^■pnwx MUX                  MUX 

i 
UCAIMt- 
KOSUX 

'KPCHHHU- 
opriNMie- 

CKKX 

8„ 
Uptaitx          npOSHOCTH 

s KHM.»* njm: 
f p3CT»/KeaKH 

/O   HSfHÖt 
// OKaTJlH 

4,2-7,0 
40-13.0 
9,1-25^5 

2; 8-9,1 
9.I-K2 
10.5- 

15,0 

4,2-^3 
7,7-11.9 
8,4-1^5 

4.9-6,3 
7.7-11,9 
2810- 
31.5 

2.8-3,5 
43-9.8 
6,3-10,5 

12 
yawtbua« yaapHa)« Rfts- 

Kocn, B KT-MICM* 
012-^4 oi2-ai a25- 

0,40 
0,24- 
0,40 

0,25-6,0 

1* 
Moay^b      npoAOflbHofl 

ynpyröaraf.lO^Bsr/c*1 
210-460 210-420 280-350 530-700       - 

^OrHocHtenbHoc    yiyiH- 
HCKHC npH pajpwBe e B % 

5 2-6 1.5-2,0 |     -  ,■; 
i       .i 

__ 

^ KOäMJHUHCHT llyaccoHZ 0,35- 
0,42 

0,4 0,35 —    " — 

^OrHOCKTP^bHMfl Teinne- 
paiypHufi      KO^^HRKCHT 
^HHCHHOrO     pa^uiHpeHHS 
alO* a 1/cpct; 

7-10 3,1-9,0 2-6^5 — — 

K3ip: 1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 

Indicators 
Values of indicators for resins listed 

U — Relative elongation at 
rupture, £ , in % 

13 — 

polyester 
epoxy 
phenolic 
melamine 
organosilicon 
Ultiiaate strength in 

kg/mm^ 
in tension 
in flexion 
in compression 
Specific impact toughness 

in kg'Vcm2 

Modulus of lengtawise elasticity, 

S.IO"2 in kg/cm2 

15 —• Poisson's ratio 
16 — Relative temperature coef- 

ficient of linear expan- 
sion, OC '  10^ deg-1 
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The initiator and the accelerator are added immediately before fabri- 
cating articles based on polyester resins, since resins containing curing 
additives retain fluidity and therefore can be molded in a limited time 
interval, defined as the gel formation time. The gel formation time de- 
pends on temperature, resin composition, 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° 
for several hours to speed up the process. The amount of initiating addi- 
tives with recommended compositions can be varied within certain limits 
(cf. Table 5). 

TAME 6. RECOMMENDED COMPOSITIONS FOR COLD-CURING RESINS 

A 
KOMIKIIteHTbl 

J? CoAepxtiHHc KOHnoHeHTos a sec. H. 
l>                    Ana COCT«»O» 

1 2 3 4 

*- no;iH9(j)HpHan cMtwia 100 100 100 100 

I' FHnepMa 3-6 — — 

i   50%-Hbifl pacTBop nepeKHCH MeTR.i- 
jTii.iKetoHa B ÄHMeTH^Taflare 

— I~2 — — 

r 50%-KaH nacra nepeKMCH UHKflorex- 
caHOna B ÄHÖyrH/nJrraflaTe 

— — 1-2 ~ 

Ö 50%-na» nacra nepeKHCH oetooHJia 
B ,snGyTH.mj)Taji3Te 

__ — 0,5-2 

n ycKopHie^b HK 6-8 1-3 1-3 

i  10%-HUH  paCTBOp ÄHMCTH^aHH^HHa 
B cmpom 

mmm ~~" — 1—2 

Remark. Compositions 1-3 are best used in processing 
the polyester resins PN-1, PN-2, PN-5, PN-4, PN-1S, PN-3S, 
PNM-2, and PNM~8, and composition 4 — in processing resins 
PN-6, PN-7, and PN~69. 
KFf: A — Components G — 50^ paste of benzoyl peroxide 

B — Content of components      in dibutylphthalate 
in parts by weight H — NH accelerator 
for listed compositions 

C — Polyester resin     I — 10^ solution of dimethyl 
D — Cumene hydroperoxide      aniline in styrene 
B — 50$) solution of methyl ethyl ketone peroxide in 

dibutyl phthalate 
P — 5050 paste of cyclohexanone peroxide in dibutyl 

phthalate 
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Beoides the initiator and accelerator, other additives can be intro- 
duced into the  binder composition, for example, fillers (chalk, talc, quartz 
flour, and diabase) and colorants. 

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

Polyester resins are resistant to mineral acids (with the exception of 
oxidizing acids — nitnc, chromic, and sulfuric — at concentrations up- 
wards of 70 percent), fresh and 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 solutions 
of caustic alkalis do not affect polyester resins. It must be borne in mjrtd 
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. 'Wien halo- 
gen-containing (mainly chlorine-containing) polyesters and antimony trioxide 
are added to a composition, flammability is reduced and flame resistance is 
enhanced /S^/- 

Improvement in the properties of unsaturated polyesters is achieved 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 .Ln 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 during curing, high cohesive strength, and good compatibility 
with other resins. This permits improvements in the physioomechanical, 
anticorrosion, and other properties of glass-reinforced plastics by means 
of modification. 

Anhydrides of dicarboxylic acids, for example, maleic and phthaiic an- 
hydrides, are the best curing agents to impart high heat resistance and low 
flammability to epoxy resxns. 

Disadvantages of epoxy resins include the following: high cost and 
toxicity, caused main., by the toxicity of the curing agents used. 
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The heat resistance of epoxy resins is enhanced by combining arid 
modifying them with other organic coopounda. The cost of epoxy resins is 
lowered somewhat by combining them with inexpensive resins, for example, 
with polyester resin, and also by adding mineral filiere to their 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 assumed that epoxy 
retina are resiptant to weak caustic alkalis, liquid fuel (gasoline and kero- 
sene), oils, solvents, and acids, except for oxidizing acids, and most salt 
solutions. 

Table 7 presents systems of curing agents for epoxy resin (viscosity 
of 0.09 kg'sec/m2 and epoxy number of -0.54 eq/100 g). Por all systems, 
the accelerator used WPS 2,4,6-tri(dimethylaminomethylens)phenol. Speci- 
mens 91.6x25.4x3«2 mm in size were kept at 25° C for 6 monthe in the follow- 
ing media: sodium chloride,  sodium bisulfate,   sodium carbonate, sodium 
hydroxide; ammonia solutions, sulfuric, hydrochloric, nitric, and gla; Ml 
acetic acids, and organic solvents. In addition, tha specimens were -ested 
in water at room temperature and at the boiling point. 

After being kept in 10 and 25 percent sodium chloride solutions and in 
a 10 percent sodium bisulfate solution, the resin cured with diaminodiphenyl- 
sulfone showed the greatest strength. Resin 956 howed the lowest chemical 
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 borotrifluoromonoethylamine provide the 
best chemical resistance in 10 and 25 percent sodium hydroxide solutions, 
2$ percent sodium carbonate solutions, and 25 percent ammonia solution. 

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

Reeins cured with anhydrides and diaminodiphenylsulfone are stable in 
water at room 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 alkaline-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. 
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TABLE 7. SYSTEMS 0? CUBING AGENTS ?0H EPOXY RESIN 

i 

1 
na ICO arc. o. cvo^u 

z 
PcStM«  OTBfp»«fK«« 

3 
ITpOlllOCTK 

rpH tiarHfic 

4- 
65 sec. n. tytzntaovo aKmApHAa 24« npH !40SC          1       1388 

i 

So aec. i. nenuiOBoro aKntApBj^i H 
2 tet. q. i 4, 6- ipM- (ÄHMerH^aMHao- 
ueTK^eK)- ^Hona 

12 « npH 180° C u 12 H         I41Ü 
npH 250*C 

'5                                                             ? 
35 sec.    i.   AMaMHHOAmiieHHJicyxb-       6 f npH 135° CH !2 *t          970 

4)oiia                                              '         no« 180° C                      ! 

to 
25 DCC. H. OTBepAHTM« 956 24 inpH 250C H 24 x         1096 

npH 40° C 

4 sec. i. 6opTpn(J)TopMO»!03TH/iaMHHa 
/3 

6 « np« 80° C 6 « np» 
I203 C H 12 « npH '.50° C 

1040 

KEY: 1 — Amount of curing agent per 100 parts by 
weight resin 

~ Curing regime 2 

— Ultimate strength in flexion, in kg/cm 
~ 65 parts by weight phthalic anhydride 
— 24 hours at 140° C 
~ 80 parts by weight methyl anhydride and 

2 parts by weight of 2,4,6-tri(dimethyl- 
aminomethylere)phenol 

— 12 hours at 180" C and 12 hours at 250° C 
~ 35 parts by weight diaminodiphenylsulfone 
-- 6 hours at 135° C and 12 hours at 180° C 
— 25 parts by weight, curing agent 956 
— 24 hours at 25° C and 24 hours at 40° C 
— 4 parts by weight borotrifluoromonoethylaraine 
— 6 hours at 80° C, 6 hours at 120° C, and 

12 hours at 150° C 

2 

3 
4 
5 

7 
8 
9 

10 
11 
12 

13 

Thus, the choice of cm ing ager.t and the curing regime of the resin 
arid of the reinforced plastics based on it strongly affect the chemical 
resistance of epoxy resins. 

Binders based on furan (furyl) resins. Pu-an resins are characterized 
by a good and inexpensive starting material base, and also by high chemical 
resistance. 
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?uran resins can be cured at room and at elevated temperatures. Acids 
of the type of phosphoric or paratoluolsulfozy acids and sulfoxychloridee 
are used as curing agents. Puran resins are marked by good workability, 
fluidity, and wet. .ng ability. The shelf life of furan resins is 2  or more 
years even in tropical climate conditions, while polyester resins retain 
their workability only for 6 months. 

It must be noted that furan resins are inferior in adhesive qualities 
to epoxy and polyester resins; as a result, the mechanical 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 with 
polyvinyiacetals, aod 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 alkalis. In chemical resistance, furan resins approach 
phenol-formaldehyde resins. Puran resins have low water absorption; they 
are heat resistant and resistant to abrasion. 

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

Use of certain types of phenolic resins in the fabrication of large- 
size articles using plastics based on these resins is somewhat limited 
owing to their content of solvents and water, which requires that they be 
cured at increased pressure (70-500 kg/cnr) and elevated temperatures 
(15Ö-HÜ0 C). 

Phenol-formaldehyde resins are resistant to mineral 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 percent; salt solutions and the following solvents* acetone, 
ethyl alcohol, benzene, carbon tetrachloride, trichloroethylene, and so on. 
These resins are not resistant to alkalis. 

To mold phenol-formsluehyde resins at reduced pressures (down to 7 
kg/cn''-) and thus to expand the possibilities of employing glass-reinforced 
plastics based on these resins, they are modified — for example — with 
polyvinyiacetals, polyepoxides, alkyds, and so on. 
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Foreign literature contains reports on the derelopaient of glasn- 
reijxforeeä plastics based on phenolic resins cared at lo» pressures (l.O- 
-3.3 kg/cns2) ß>2/.    One of the aiost important characteristics of phenolic 
resins intended for curing at low pressure is high beat resistance and therao- 
stsbility. They can withstand temperatures to 200° C for long periods of 
time* 

Several grades of glass-reinforced plastics based on modified phenol- 
formaldehyde resins are produced in the USSR: the glass-reinforced textolites 
EAST, KAST-V, V?T, VPf-S, and PN, glass-reinforced veneer based on B?-2 
resin, the glass-reinforced voloknit /Tiber-filled molding compound^ grades 
ÄC—4S, AG-4Vf and BSV, faolites, textolites, and so on. 

Binders based on organosilicon resins. High heat resistance (to ^00° c) 
and resistance to various corrosive reagents (mineral acids, alkalis, salt 
solutions, and solvents) account for the use of organosilicon resins, mainly 
polymethyl ailoxane and polymethylphenyl siloxane resins, in the production 
of glass-reinforced plastics. 

Through the use of polyvinyl siloxane resins, it is possible to make 
glass-reinforced textolites at low pressures — 2.0-2.5 kg/cm2. 

Improvement in the properties of organosilicon resins is achieved Dy 
aodifying them, for example, with epoxy and polyester resins. 

The maximum elongation of the binder in tension is vitally äignificant 
in the deformation of reinforced plastics. By chemical modification, a 
moderate gain in resin elongation can be achieved without appreciable reouc- 
tion in strength and in the modulus of elasticity. 

\ 

Types of Reinforced Plastics 

Paolite, textofaolite, and glass-reinforced faolite. 
are classified as fiarous molding compounds. 

These materials 

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

To make grade A faolite used in pipe fabrication, 152 parts by weight 
anthophyllite a&bestos and 8 parts by weight chrysotile asbestos are com- 
bined per 100 parts by weight resol resin; in sheet fabrieationi 95 parts 
by weight anthophyllite and 5 parts by weight chrysotile asbestos are used 
per 100 parta 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 
combined with 100 parts by weight resin; in making sheets, 20 parts by 
weight chrysctile asbestos and 80 parts by weight ground graphite arc used 
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TABLE 8.    HfYSICOiffiCHAHICAl EBOPSMIES OP PAOLITE 

/ 
m 

* 

«8 » 

.3f 1     a 

Six' Uli 
5 /5 
li! »as« 

5 

1*1* 

6 

11 
■7 

B»ni0c eauttn p«er««e- // 
cpes« 

A t.5 0,25 3.44 135 
590-600 S9O-900 

^    260-280 580-900 
120-200 300—380 

240-350 310-385 

T 1,65 G,90 3,28 126 n.    590-600 !S90-900 
a6  j 260-280 58^-900 

120-200 
310-365 

300-380 
240-450 

2 
Ramerks; 1, Briaeil hardnese is 20 kg/am for 

all faolite grades; the relative tosaperatare coeffi- 
ci«nt of linear expansion Ot is 2.0-3.0 *  10"5 d^g'1» 

2. Acid resiftance is the change in «eight of 
a standard bar in 22 percent KC1 for 24 hours at the 
temperature of e boiiiog-water bath. 

3. The ultimate strength is given in the cross- 
wise direction in the fiber — in the ausierator, and 
in the lengthwise fiber direction -» in the denominator. 

KEY. 1 
2 
3 

4 
5 
6 
7 
8 

9 
10 
11 

— Faolite grade 
— Density in g/em' 
-~ Goefficiftnt of thermal conductivity in kcal/(m« 

•hr.deg) 2 

—■ Specific impact toughness in kg- ca/cm 
-- Martens heat resistance' in eC 
— Acid resistance in percent 
~ Ultiaate strength in kg/cm2 

— in flexion 
— in compression 
— in tension 
— in shear 

per 100 parts by weight resin. The physicomechanical properties of faolite 
are given in Table 8, Owing Lo 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. 
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i 

Piniehed structures (piping, fittings, cylindricsd shells, and so on) 
and also semifinished products in fUie f jrin of faolite sheets of different 
thicknesses and dimensions are made of faolite. Faolite sheets in the un- 
cai-ed stats sre sent to fabricating plants, where various fittings, cylin- 
drical vessels, shells, cylindrical sheila, equipment, and so on are made 
from the faolite sheets by molding on wooden and metal molds. Faolite sheets 
can be used as inssrt liner material. 

When faoricaticg articles 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° 0 (the heating is stepvrise). Then the mold is taken 
from the chamber flaws are eliminated, and the articxe is machined (facing), 
and then the entire article is coated with bakelite varnish. 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 made 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 anthophyliite 
asbestos, and parts made of grade T faolite — with a cement consisting of 
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 reinforcing cloth used. 

Textofaolite and glass-reinforced faolite, exhibiting low relative 
temperature coefficients of linear expansion and high mechanical strength, 
can be used in making large-size articles subjected to appreciable mechan- 
ical loads. For example, a at!...! 1400 mm in diameter and 2700 mm in height 
was made of textofaolite. This still operated in a hexochlorane environ- 
ment. 

Textolites. Textolites are complex materials made by pressing stacks 
of cotton and silk cloth impregnated with phenol-formaldehyde resin and 

j-1500 C at a pressure of 100-110 kg/cm . cured at 145- 

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. 
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TABLE 9. MECHANICAL PB0PEKT1ES OF FAOLITE AFTER EXPOSURE 
TO COBKOSIVE MEDIA AT ROOM TaCPHlATURE (INITIAL ULTIMATE 
STRENGTH 462 kg/cm2 AND INITIAL IMPACT TOUGHNESS 5.1 kg'C^cm2) 

Cp»JU 

CL 

5- 

C 
ripMra npataoernt 
npm craiineCKOM 

uantlie u KF/CU* HOCJW 
BMArpxKK > mcimc 

I Mcc.    3 net.   t3iKc.|IOMrc. 6 a«. j      « »ee.^ 

COMHM Kicnora 

10    | 4,8      4.3 «| 4.2 314 j       377 

22 —         — — — 418 303       j 

30 4.6 5^2 4.9 — — — 

L 
Cepnas KHCBOia 

10 4.5 4.2 4.7 4.5 430 , 374 

30 — — — — 480 439 

98 — — — 216 Oöpaanu^ 
muiypas- 
pymeau 

yKcycHa« KHcxora 

20 — — 450 379 

50 4.5 4.7 4,3 
' 

— 

92 — „ 501 429 

A/ 
VKcycHufi anrRÄpHX 94 — 328 361 

3ni^0BMS cnHpT — 3.8 4.7 5,3 3,4 — — 

MeTH^OBbifl cnHpr^ 4,8 4.3 5,7 3,5 — — 

BoAa" — 3.7 3*7 4,2 4,1 — — 

5 
3nijiaueTaT 84% + 

yucycHas KHwora S% 
— — — — __ 463 324 

r 
MerHjienx^opiia 

!.33 ilai*) 

— — — — 419 393 

KEY /on  tne foilowing pagg/ 
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I 

h 
KEY 2^° TABLE 9 on preceding pag^7: 

2 

A ~ Medium 
B — Concentration in % 
C — Specific impact toughness in kg*cn/cmc    2 

D — ultimate strength in static flexion in kg/cm 
after exposure for time listed 

B — 1 month 

P — 3 months 
G — 12 months 
H — 60 months 
1—6 months 
J — 12 months 
K — hydrochloric acid 
L — Sulfuric acid 
M — Acetic acid 
N — Acetic anhydride 

0 — Specimens are seoifailed 
P — Bthyl alcohol 
Q — Methyl alcohol 
R — Water 
S — 84/S ethyl acetace and 8$ acetic acid   , 
T — Methylene chloride (density of 1.33 g/cnr) 

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 pjtrts of fractionation columns. 

Asbovinyl and texto-asbovinyl. Asbovinyl is a 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 a 45 percent basis)    65.5 
Anthophyllite asbestos     28.5 
Chrysotile asbestos     6.0 

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

Asbovinyl is used as an independeni structural material and as a 
lining material. Asbovinyl compouna is cured at high temperatures 
(120-150° c) by a stepwiae regime. 
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TABLE 10. PHYSICOMBCHANICAL PROPERTIES OP ASBOVIHYL 

/ 
nmianem 

1                                                            1 '"3m«««« ooKtstrewfi «u aeeoBuuioi.   1 

3                     1 
arro#ajua- 

TOaoro acfice- 1 
TI n MiMU>- 
^■napeaaa- 
aoro aaaa 
»raack      j 

4 

poaaaaoro 

a Saryiia 
(0.8%) 

'caeca aaro- 1 
^MUiinroaoro 1 
t«0%) a xpa-1 
aoraaoaero  1 

ac«eCTa(20%) 1 
jusa araaMTH j 
mu^mapa-1 

aaaaoro    \ 
Sinyitou 

flpexM nj-osHOcni B Kr/««* npa: 
7 OKaTCii                                       { 
5 paCTflJKtHHK 
^Tfa^MwcKOu Hsniöe 

200-350 
150-215 
130-300 130-150 

260 

130-160   j 
| 

VÄ&nbHa« y^apHa« BtiSKOcn a fcfX 
XCMICM* 

2.9        | 2.9 ^9        | 

TntepAocTb no bpHuejno 
1 

l»-25     j 13 15 

It                                                    1 
Aareaiia K CTZHH B KF/CM* Ha: 

/3 orpus 22 
25 

26 
28 

19 
25 

TenflOcroftnoCTb B "C 150 90 too     | 

TepnocToftKOCTfc (iHcno Ten^ocMeu 
npB 150° C) 

10 10 10 

'70rHOCHTenbHuft       TeMneparypKiifi 
KoscjxbMaKeHT jiHKeflHoro pacuiHpeHmi 

| a-10» a \hpad 

M 2 2,76 

H VAe^biiaH TenfloeMKOCTb B KKsulfaX 
IXepad) 

0,154 a iso ~ 

B   KKaAl{M-Hzpad) 
0,11 0,13 C-     j 

\     EoflonorflomaeMOCTb B % A-n«: 
XI ^aKupoaaHnoro ac6oBHHHfla 
22 HWaKHpoBaHiwro acöOBHHH^a 

0,13 
1.1 

0,4!      1       0,16 
!,04                 1,0        1 

23 
FIvicyrHocTb B el CM* 1     1,4-1,5 1.5       j        -        | 

/~KSY to TABLPJ 10 is given on the following page/ 
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KEY /to TABLE 10 on preceding page7: 

1 — Indicators 
2 — Values of indicators for asbovinyls 

consisting of 
3 — anthophyllite asbestos and unmodified 

ethynol varnish 
4 — modified graphite (50^) and asphalt (43.5^) 
5 — a mixture of anthophyllite (80^) and cbryso- 

tile asbestos (20^), ethynol varnish, and 
modified asphalt      „ 

6 — ultimate strength in k^cm 
7 — in compression 
8 - in tension 
9 ~ in static flexion „ 
10 — Specific impact toughness in kg#cn^cm 
11 — Brinell hardness       9 

12 — Adhesion to steel in kg/cm 
13 — in parting 
14 — in shear 
15 — Heat resistance in 0C 
16 — Tbermostability (number of heat changes at 150° c) 
17 — Relative temperature coefficient of linear expansion, 

QC'IO5 deg'1 

18 — Specific heat capacity in kcal/Ckg-deg) 
19 — Coefficient of thermal conductivity 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 plastics. A broad array of reinforced plastics pro- 
duced on the basis of synthetic resins and glass fibers is grouped under 
the term "glass-rein?orced plastics." 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 /l, bjj present proper- 
ties of glass-reinforced plastics and their resistance in chemical media 
and in water. 
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TABLE 11. CKKKIOAL RESISTANCE OP ASBOVIKYL IN VARIOUS 
CORROSIVE MEDIA 

I                    CpeAa 

■ 
K 
X 

«S a 
z s 

M 

i. 

^3 

'  XKMnCCKI« CTOtROCTk ICfiOIMKIUia 
c paMnvaUM HinoJiHHTCJieu                 \ 

s 
1 

fi' i« 1 
-26 ft 

2a5" s ■ » " 
<f<0 ** 

km 
H As   nan Kucnora 10 20 y 1 y 

1 
— — — 

EAKHA Kaip 

10 20 1 y y y y y y { 

20 20 y y yy y y 
y 

50 20   j  -H y H    j   - H — 

13 

Cepna» XMuiora 

20 loo j  y  !  H y y y H 

/lo30 eo.i yy 
i 

H — — 
i             | 

40 100 y H y y y  j H | 

■ 60 100 H H H y y H   j 

65 20 y H — — — 

80 100 H H H H H H 

(4 
Co^aaaE KHMora 

20 2o | y — — „ 
■~ 

20 j 40 1 yy 
i 

~ ~   j 

20 100 y y — _ — —   { 

30 100 H H y y y ; H   j 

1 emark. Y = resistant; ^i/ = somewhat resistant 
H = nonresistant 

KEY: 1 -- Medium 

2 — Concentration in % 
3 — Tempeiature in 0C 
4 — Chemical resistance of 

asbotrinyl with various 
fillers 

5 — Anthophyllite 

/KEY continued on following page»/ 
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I    1 
I i 

r 1 
K^Y /to TABLE 11 on the preceding page/: 

6 — Chrysotile 
7 — Anthophyllite (üO^o) and chrysotile (20^) 
8 — Anthophyllite (50%) and graphite (50%) | 
9 — Anthophyllite with asphalt additive 
10 — Chrysotile (80^) and graphite (20^) I 
11 — Nitric acid 
12 — Sodium hydroxide 
13 — Sulfuric acid 
H — Hydrochloric acid 

i 

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

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

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

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

This material exhibits the high 3trength typical of reinforced plas- 
tics and the high chemical resistance typical of thermoplastics. At the 
present time, industry has begun to master the production of thermoplaetics 
doubled with glats cloth. This will lead to the strengthening of thermo- 
plas tics 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. 
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KEY /to TABLE 12 on preceding pagf^: 
15 — Modulus of elasticity in flexion, E'10"4 in kg/cm2 

16 — Specific impact toughness in kg'ctVcm 
17 — Martens heat resistance in 0C 
18 — Water absorption in 24 hours in $» 
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KEY /to TARLB 13 on preceding pag^: 
1 — Medium 

in kg/cm 2 — Ultimate strength in flexion 
3 ~ Air (initial strength) 
4 — Distilled water 
5 — ■$ sodium hydroxide 
6 — 20^ sodium chloride 
7 — 10$ ammonium hydroxide 
8 — 25$ ammonium hydroxide 
9 -- 10$ acetic acid 
10 — Glacial acetic acid 
11—30$ sulfuric acid 
12—70$ sulfuric acid 
13 — 10$ hydrochloric acid 
14—37$ hydrochloric acid 
15 — 30$ nitric acid 
16 — 10$ phosphoric acid 
17 — 95$ phosphoric acid 
18 — Oxalic acid 
19 — Failure 
20 — Dry chlorine 
21 — Ethylene glycol 
22 — Acetone 
23 — Methyl ethyl ketone 
24 — Isopropyl alcohol 
25 — Butyl alcohol 
26 — Ethyl acetate 
27 — Dichloroethylene 
28 — Trichloropropane 
29 — Epichlorhydrin 
30 — Allyl alcohol 
31 — Octane alcohol 
32 — Phenol 
33 — Brake fluid 
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TABLE U.    raY3IiX)M2CHAHIGAL H{0PS{T1&5 0? GIASS- 
aSIHPORCSD PLASTICS CONTAINING VARIOUS RSINPCßCING 

HATfiRIALS 

/ 
Ociiosa cTCK/ion.iacTSK» 

lipcAr-i npo^HOCT» 
npK pjCTiiÄe«iiii _ flpcAM nptxiiiocT« 

up« asn>6e s nr/em? 
4 

Boaono- 
rJKqeMM 
si »pen« 
HCnUT«- 

HHfi a % 

5" 
AC  HC- 

IIUTSHKA 
«U.VPKKH 

K   R04e 
S TC1CHI1C 

6 ««. 

s nocxtv 
BWArpXKM 

t   MAC 
i Tc^ciine 

6 «ec. 

>KryTOBaa     creK^OTKaHb 
M no.iH3(|;HpHa« cuojia 

1880 1170                   980 430 3.0 

r3pKHT>'pHa«   CTeKJIOTKaHS, 
H no.iH34)MpHa(! CMona 

Z510 2080 1870 1270 2.3 

1 lapHJiTypHaa     creKflo- 
TKaiib H tycHO.-iofyopMaJibAe- 
nana« cMo-ia 

2440 2070 1900 1480 i,4 

CreK.ioxo.icT 11 no/iK3<{iHp- 
Haa CMO.aa 

! 
820          460 

1 

570 200 1.8 

KEY: 1 — Basis of glass-rernforced plastics 
2 — Ultiaate strength in tension in kg/cm 

3 — Ultioiate strength in flexion in kg/cm 
4 — Water absorption in test period in % 
5 -- prior to tests 
6 — after exposure in water for 6 months 
7 — Roving glass cloth and polyester resin 

8 —- Card-clothing glass clnth and polyester resin 
9 — Card-clothing glass cloth and phenol-formaldehyde 

resin 
10 — Glass lap and polyester resin 
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CHitPPSR -TWO 

CHANGES IN THE PROPERTIES OP HEIKPÜ3CED PLASTICS DURING 
THEIR lOADIKG 

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

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

These features of polymeric materials are due to their molecular struc- 
ture. As a rule, when polymers are being deformed, the external loads will 
be counteracted by the forces of intermolecular bonds and only at the moment 
of actual rupture will the external force overcome chemical bonda along the 
cross-sectional area. 

Strength indicators of plastics depend strongly on temperature3 and 
deteriorate rapidly with temperature increase. This temperature function 
becomes even more intensified when polymers are in contact with a corrosive 
environment. 

Features of Deformation and Failure 

Rxperimentally derived strain curve vary for different types of glass- 
reinforced plss'rlos, which in determined by the composition, loading scheme, 
temperature regime, ambient environment, and other factors. It must be 
noted that the nature of the deformation of glass reinforcemants and binder 
differs. In dealing with problems of the mechanics of glass_fiber materials, 
usually one regards glass fiber as an ideally elastic body ^H, 55/. 

But the binders can vary widely even when compared with each other. 
Some types of polyester and epoxy resins are closer to elastic bodies in 
their deformation properties than are plasticizod resins (for example. 
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epoxy thiokol and polyester resins oodlfled with synthetic rubber). For 
the main types of relnforcifd plastics, one can neglect the high-elastic 
component of deforjation from the engineering standpoint. 

Pig. 2. Strain curves of glass- 
reinforced plastics of the following 
grades (at room temperature): 
1 — 27-63S (unidirectional fiber 

lay-up) 
2 — 27-63S (mutually perpendicular 

lay-up of fibers in the 1:1 
ratio) 

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

4 — glaes-reinforced textolite 
incorporating epoxy-phenolic 
binder) 

KEY: A ~ <3- , kg/ram 

In calculations, soma glass-reinforced plastics can be considered as 
elastic bodies with an accuracy that suffices for practical purposes, at 
moderate loading (or ^ 0.4 &„)  /w - working; f = fiber7« 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 plastic (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 s deviation from a straight line, though over the 
initial section 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 (Pig. 3). 
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It was also established that when glaos-retnforeed plastics are tested 
in corrosive solutions in the stressed and in the prestreased states, tbe 
linear nature of the strain-stress function reaeina unchanged (?ig- ■%).    It 
was also shown that variation in the rate of deforaation all the way up to 
impact loading does not alter the qualitative pattern of the function 
cr = f( f); here only the short-term static strength and the aodulus of 
elasticity change- 

Only «hen oriented glass-reinforced plastics are deformed at an angle 
to the axes of elastic symetry is the nonlinesrity of the function 
&   = f(f) observed even at the initial stage owing to the Baniföstaiion 
of the inelastic properties of the binder. 

It must be noted that underlying the aethods of deterainlag the elas- 
tic constants of materials and strength calculation is the hypothesis to 
the effect that reinforced plastics, in ail stages of loading, fjehave as 
a continuous monolithic material and that the mech&niss of the transmission 
of forces in the binder-reinforcing fiber systeai refflains uncoanged at all 
stages. In other words, reinforced plastics are considered a? a hoaogeneoue 
medium. 

In cases when the polymer acts as an iapregtiating roat^risl (the rein?- 
forcing fibers are hydrophobic), for exaaple, f-ir textolites, tbe hypo- 
thesis of material homogeneity is quite to bs expected. In the cases when 
the polymer exhibits the function of only a binder, for asasple, ir glass- 
rexnforced plastics, this hypothesis calls for esperiasntal and theoretical 
verification. 

Some experimental data show that the tnonolithicity^of the system 
glass fiber-polymeric binder is lost during loading /66/. This is shown 
by the variation in the modulus of elasticity. Obviously, there is some 
lower bound of "crack formation" for glass-reinforced plastics, «rtiich de- 
pends on the nature of the material and on the external loadings. 

Investigators and practitioners find it necessary to establish the 
stress level at which orieüted plastics behave as a aonolith. It is quite 
obvious that the presence of cracks in a material when it is in servics 
in chemically corrosive aiettia leads to accelerated failure of glass- 
reinforced plastics. 

Establishing bounds within which a oaterial behaves as a isonolith as 
a function of external conditions is neceesary for glass-reinforced pies- 
tics in order to revise the range of applicabili7,j of all formulas   and 
methods of calculation ca? i on the assumption of the continuity and com- 
bined functioning of fibers and binders. This is particularly important 
when evaluating the possibility of using articles isade of glass-reinforced 
plastics for long-term service in chemical equipment and pipelines^ where 
the structure must not only be strong, bat also gas-tight. 
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Fig. '5. Strain carves: 
a ~- oriersted A3~43 giasts-reinforced plastic with autually 

perpendicular lay-up of fibers in the 1:1 ratio 
at t « 18° C (curve l), t = 60° C (curve 2), 
t = 120° G (curve 3), and at t = I5O0 C (curve 4) 

b — glass-reinforced textolite using epoxy-phenolic 
binder at t » 18° G (curve l), t = 60° C 
(curve 2), t = 100° G (curve 5), t = 125° C 
(curve 4)y and t - 150° C (curve 5) 

KEY? A — O- ,  kg/ma2 

Time Dependence of the Strength of Reinforced Plastics 

At the present time there is a fully developed theory of the strength 
of polymers end polytaer-based materials. The strength theory was formu- 
lated in the works of S. N. Shurkov and coworkers and was further revised 
and elaborated in later studies by G. M. Bartenev, V. Ye. Gul', Yu. S. 
Zuyev, arid other scientists. 

Analysis of existing theories of long-term strength and their general- 
ization and critical scrutiny were conducted in recent years in a number 
of fundamental works /?, 25, -7/. For this reason, we will limit ourselves 
only to a brief presentation of the essentials of the strength theory, 
stressing the results of the study of how reinforced plastics behave in 
chemically corrosive media, and also features of the strength of materials 
associated with external factors of chemical technology. 
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Pig. 4. Strain curves of 
samples of EF-32-301 glass- 
reinforced textolite (loading 

rate 6 mm/min): 
1 — control 
2 — after exposure in 30^ 

H„S0„ for 1800 hr 
c    4 
(room temperature, stress 
600 kg/cm2) 

3 — after exposure in 20^ KLSO, 
c 4 

for 5000 hr (room -cempera- 
ture, stress 650 kg/cnr) 

4 — after exposure in 30$l HoS0. 
£    4 

for 1000 hr (50° C, not 
loaded) 

KEY- -- a kg/om 
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One of the fundamental properties of the strength of solids is the 
time dependence of strength. The time dependence of strength is expreased 
by the fact that a specimen can fail at any stress after a certain time 
interval has elapsed. This time to failure of a specimen exposed to a con- 
stant stress (cr) was called "longevity" ( T )• The dependence of  T 

on stress in exothermal conditions be represented as the exponential func- 
tion 

-era ,   , 
roT. = Ae   , (l) 
or 

whf»re A and or axe experimental coefficients typical of each material. 

Equation (1) has not gained adequate practical application, since thas 
far sufficient data on the numerical values of coefficients A and Of have 
not yet been accumulated for most polymers. 

_ fairly recently, A and (X   were determined for the following materials 

A in sec, a in em/sec 
Textolite PT-1  7.3 * 10   0.84 ' 102 

Glass-reinforced voloknit AG-4, pressed 
at 130° G    60  * 1(r   0.24 * 10^ 

at 170° C    10  • 103   0.93 * 1Ü2 

Black voloknit: 
load is applied parallel to the plunger 
movement  2.1 ' 104   0.81 • 10 
load is applied perpendicular to the 
plunger pressure  4.5 ' 10    0.61 • 10 

P. M. Kozlov /37/ suggested an interesting method of the indirect 
determination of A and cX based on creep curves. This undoubtedly broadens 
the designer's options. 

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

The time theory of strength establishes that the failure of solids 
takes place n^t only due to loading, but to a large extent due to thermal 
motion. Molecular and chemijal bonds responsible for the strength of 
materials are _broken due to fluctuations in thermal energy at a certain 
frequency £8_/. 

Consequently, the physicomechanical concept of ultimate strength widely 
used in practice is an arbitrary concept and loses physical significance 
for polymeric 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 tiae 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: 

Tcr = V^ ("o-f0"^ ' (2) 

where    ^     is longevity; 

<7       is stress; 
k       is Boltzmann's constant; 
T        is absolute temperature in 0£; and 

Q,   T , and    Y    are certain constants. u. 

6       . 
*r/Mii* fi 

no 

no 

••      • 

 : . f^^ t:.- ■*  

SMI 0.1 10 WOOti 

Pig. 5. Dependence of static 
strength on time for glass 

filaments ^ 
KEY: A — a" , kg/i mm 

B — T , hours 

As shown by S. N. Zhurkov,  T^ is close to the period of the natural 
— 1 ?    — 1 ^ 

oscillations of atoms (lO ^ to 10   sec). The coefficient y character- 
izes the variation in the potential barrier u0 (chemical bond energy) with 

rise in stress. The quantity y depends strongly on ühe nature of the 
laaterial. Pig. 5 presents a representative plot of the time dependence of 
the strength of glass filaments. 

Methods of determining and calculating u0,, 't;, and y  have been 

described in the works /25, 27, 737' 5' M* Bartenev /7, §/  showed that 
the pre-exponential multiplier Tn depends weakly on temperature and 
stress. 
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The temperature-time dependence of strength enables the designer to 
make substantiated calculations of equipment with allowance for its service 
tine. However, this requires that A and oc , or u0, T^, and V be decer- 

rained experimentally. These coefficients are determined on the basis of 
relatively short-term tests at hi^h loads of specimens of the plastic under 
conditions close to service conditions /?» ^S/. 

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

A specific feature of the operation of chemical equipment and pipelines 
is the exposure of the material to chemically corrosive liquids. In addi- 
tion, the material experiences the effect of temperature and external lead- 
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 material of the medium and temperature, without allowing for loading. 
For example, Table 15 presents data from tests of certain glass-reinforced 
plastics in water, nitric, hydrochloric, 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 4-0-day exposure, but lose strength markedly when exposed in liquid 
media. 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 16) show a substantial difference in the behavior 
of material when loaded and when not loaded. PL-1 glass-reinforced texto- 
lite, exhibiting a strength loss of only 1,2 percent when exposed in 30 
percent HpSO for 720 hours (30 days), failed under the same conditions 
when subjected 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. Glass 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 a material enlarges detects and accelerates the failure process. ¥OT 

this reason, the binder nust exhibit increased chemical resistance to the 
medium and good adhesion v   the reinforcing fibers in order to iinpart 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 initial low-molecular 
products in the binder considerably lower the chemical resistance of materials. 
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TABLE 15. ULTIMATE STREKGTH OP GLASS-REINFORCED 
PLASTICS AFTER EXPOSURE TO VAPOR AfrD LIQUID 

CORROSIVE MEDIA FOR 40 DAYS AT 20° C 

/ 
TMH   CTCKJIOIUKCTIIKl 

m              1 

n 
m a 
% 

1! 

3 
■      1 

M m \ 

4                                  i •nvt»K npoiHOCTH npM MsraSe ■ Kr/tM*   1 
noem EuarpKK« a                    \ 

5 
3 
4 s 
K a a 
i c 

6 

| 

Ill 
1% Is 

?-0i 
X 
a 
I 

11 
ii ax« 

«;   | 

■xzl 

is 

1 i«K.ion./facTBK 
nh'l na OCHOBC cre- 
K-icMatoo   öecmtnoi- 
Horo cocTaaa 

StF-S.O 1225 826 1065 959 13 2 903 640 825 

i                             IA 
CreKflon/iacTHK  Ha 

OCHOBC   CTeKJioaaTOB 
H no.iH3(j)Hpiioro csa- 
ayKsmero 

1.8-2,2 1270   7ai — U10   l!68 "*"    I 

15- 
CTeK^OTeKCTO^IIT 

! nH-i 
3,5 2285 2118 968 1459 — 2020 - 874 

1                   '* 
CreK.ion^acTHK K-6 

1 THna rjiaKpesiiT 
3,2-3.6 977 

1 
-    923 985 680: 768 732 923 787] 

i     r                    /7 
j       CTeK.IOTeKCTOJIHT 

KACT-B 
4.2 2880 2665 23/0 2526 - 27 2  — — 1 

CTeK-ioveKcranHT 
KACT 

1.2 : 28!6 275! 12070 2409 1769 27561874   1852 2642 
if        ' 

KEY: 1 — Type of glass-reinforced plastics 
2 — Specimen thickness in mm 
3 — Ultimate strength in flexion of control 

specimens in kg/cm^ 
4 — Ultimate strength in flexion in kg/cm4- 

after exposure in media listed 
5 — water vapor 
6 — water 
7 — vapor of W/o  nitric acid 
8 — iif/o  nitric acid 
9 — vapor of 1U$J hydrochloric acid 

10 — lOJto hydrochloric acid 
11 ~~ vapor of acetic acid (glacial) 
12 — acetic acid (glacial) 

/KEY continued on following page/ 
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KEY /to TABLE 15 on preceding page, continued/: 

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

14 — Glass-reinforced plastic based on glass 
maijs and polyester binder 

15 — PN-1 glass-reinforced textolite 
16 — K-6 glass-reinforced plastic of the 

glakrezit type 
17 — KA3T~V glass-reinforced textolite 
18 — KAST glass-reinforced textolite 

TABLE 16. RESULTS OP TEXTING GLASS-REIMPORGED PLASTICS 
IN STRESSED AND UNSTRESSED STATES AT 50° C 

t3 i* ; s 6 

/ 
Cpt-Aa 

X 

Alt 

f.5 
a5 

1 c    - 
III 
ill-' £•> m Z Sex« U c c " 

7 sr /(, 
OreiwoTeKCTwiHT 3Q-32-301 3%-Hbifi pac- 875 340 4180 Pa-jpuB 

(snoKCHAHCHJjemwibHoe     cas- TBOP  HSO* 345 290 4180 32.0 
ayioinee H cteK^OTKaub 6ecme- 0 420 4350 16,8 
flOMimro cocrasa) 

9 fO 16 
CTexfloreKCTO^HT 3<I>-32-30l 30%-Hbifi pac- 880 5!2 4080 Paspwa 

(anoKCHÄHO-^iio^biioe cosny- TBop H^04 0 520 4350 64,3 
(omee H creK-ioiKaiib Cecme- 840 240 4080 41.2 
jioiiioro cocTaaa) 0 210 4350 29.1 

// IZ H 
CreK^OTeKCTOJiHT 3O-32-30! 20%-Hhifl pac- 

TDop NaOH 
1250 260 4350 PaspbiB 

(snoKCHÄHO-^eiiojibHoe cnssy- 0 480 4350 6i.O 
wmce H cTeKJioTK.iHb 6ec!ne- 
flommro cocraua) 

     /3 14- Ii 
CTeK.soTeKCTO.iHT nfl-I (no- 30%-Hwfl pac- 520 2 3330 PaspHB 

.IH^Hpiiafl   CMO.la    H   CTCKJIO- Tsop NaOH 0 140 3330 42,9 
TKaub me^omioro cocTana) 

/r IÖ (6 
CTeKJioreKCTO^iHT <S>/I-! (d v1- SO'fi-Hyfi pac- 300 75 1670 PaapuB 

paHOpaB c.Mo.ia ii cTeooTKatib TBOp HjSb4 0 720 1670 1.2 
me/iosiioro cocTaBa) 

/fEY to TABLE 16 given on following pagg/ 
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KEY /to TABLE 16 on preceding page^: 

1 — Material 
2 — Medium 
3 — Stress in kg/cm 
4 — Test time in hours 

5 — Initial ultimate strength in kg/cm 
6 — Reduction in ultimate strength in % 
7 — EP-32-301 glass-reinforced textolite 

(epoxy-phenolic binder and nonalkaline- 
cooposition glass cloth) 

Q — % H2SC solution 

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

10—30^ H2S0. solution 

11 — SP-32-301 glass-reinforced textolite 
(epoxy-phenolic binder and nonalkaline- 
composition glass cloth) 

12 — 20$ NaCH solution 
13 — PS-1 glasa-reinforced textolite (polyester 

resin and alkaline-cooposition glass 
cloth) 

14 — 30^ NaOH solution 
15 — PL-1 glass-reinforced textolite (furan 

resin and alkaline-composition glass 
cloth) 

16 — Rupture 

Unfortunately, the lack of adequate data en the longevity of reinforced 
plastics in general, especially in specific conditions of the service of 
chemical equipment, led to different approximate methods of calculation and 
the introduction of the so-called "safety factors," which in some cases 
ranfre from 1.5 to 20 /Q2,  99/. 

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

Fig. 5 presents results of tests made of the longevity of EP-?2-301 
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 
<3" - lg T fit well with a linear function. Similar results were obtained 
also in terius made of glass-reinforced textolites incox*porating PN-1 poly- 

ester binder (Pig. 7). 

Therefore, at constant temperature (t = const), the ioiigevitv of rein- 
forced plastics can be represented by the exponential function (l), where 
the parameter oc is determined by the slope of the longevity line. The 
parallelity of the longevity lines for each medium indicates that the para- 
meter oc 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 cr - lg T is 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 exposed to a constant flexural 
stress. In this case, experimental data are also described by exponential 
equation (l). 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 some 
single concentration. Pigs. 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 tnese data shows that the longevity lines for different 
temperatures converge at the same pole, which is in agreement with the 
data of S. N. Zhurkov obtained 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 T0, u0, and Y are com- 

pletely different in physical significance and numerical value. For exam- 
ple, according to S. N. Zhurkov the parameter T0 is independent and cor- 

— 12 
responds to the frequency of the natural oscillations of atoms (tO   to 

10~13 sec). 

In our own and other investigations /T5, ^4, 75/ of    longevity in 
liquid, media, the numerical values of parameter 3* were found to differ, 
for example, of the order of lO-2, 1Q~", and 10" sec. Therefore, the 
parameter Tg is at least dercndent on the ambient environment, whose 

effect was virtually neglected in S. M. Zhurkov*s investigations. 

At constant temperature (t ~  const), equation (2) takes on the form 
of equation (l), where A = T^xpia^/kT)  and oc = y/kT. 

Table 17 presents several experimental values of parameter A. 
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Pig. 6. Dependence of 
longevity of EP~32-301 
gliss-reinforced texto- 
lite on concentration 
of sulfuric acid (t = 
= 90° C) and acdium 
hydroxide (t = 50° c): 
1 — NaOH — 20£ 
2 ~ NaOH — 1^ 
3 — H«0H — 10^ 
4 — HpS04 — 60^ 

5 - H2S04 ~ 30°/ 

6 — H2SO4 — yi 

KEY: A — -T, hours 

6 -- c7, kg/cm 

Pig. 7. Dependence of 
longevity of glasa- 
reinforced textolite in- 
corporating PN-1 polyester 
resin on sulfuric acid con- 
centration (t = 40Q C): 
1 — 60^ 
2 — 30?S 
3 — 3^ 
KEY: A ~ T, hours 

B — a, kg/cm2 
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0    5   10  15  20 25 30 35 6 «r/MM* 

Flg. 8. Longevity curves for glass- 
reinforced plastics based on PN-1 resin 
and AST? (b) -S cloth with satin weave 

8/3 ßgx 
1 and 3 — with treatment using a b% 

GVS-9 solution, testing in 
air and in sea water 

2 and 4 — with treatment using a 5/fc 
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 — cr , kg/mm2 

The convergence of the longevity lines at the same pole (cf. Pig. 12) 
shows that the parameters <X and A vary monotonely, dependent in the general 
case on the properties of the material, temperature, and the concentration 
of the ambient environment. As shown by experiments /7T7» f01" some glass- 
reinforced plastics the parameter oc 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 fiv3 arguments: the nature of the material   M, nature of the 
corrosive medium   D, its concentration C, temperature t, and stress cr, 
that is, T = -i)/(M, C, D, t, cr). 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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?ig. 9. Longevity curves 
for glass-reinforced plastics 
at t = 14° C ^227: 
1 and 2 — incorporating binder 

911 (blend of poly- 
ester acrylates 
MGP-9 and TMGP-ll) 
with testing in air 
and oea water 

3> 4, and 5 — incorporating 
PN-3 resin with 
testing in air, in 
sea water, and in 
fre?1 water 
hcurs^ KEY: A — 

B ~ 
T 

Pig. 10. Dependence of longe- 
vity of EP-52-301 glass-rein- 
forced textolite on temperature 

in % EUSO,. solutions 

1 — 
2 — 
3 ~ 
KEY: 

at t 
at t 
at t 
A ~ 

fi2so4 

= 50° C 
= 70° C 
=. 90° C 

hours„ 
B — cr , iLg/cvf 
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Pig.  11.    Dependence of longe- 
vity of EP~32-301 glass-reinforced 
textoliteon temperature in 10^ 

NaOH solution: 
at t = 50° C 
at t = 70° C 
at t = 90° C 
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Pig. 12.. Dependence of longevity 
of glass-reinforced textolite 
incorporating EW-1 resin on tem- 
perature in 50^ HgSO. solution: 

1 — 
2 — 
3 — 
KEY: 

at t 
at t 
at t 
A — 

= 50° 
= 70° 
= 90° 
ö", hours,, 

B ~ r, kg/cm^ 
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/?ext  pages 44-45 «.re aiissisi^ . . , case, quite naturally we muat 
regard longevity as referring to the period of the continuous operation 
of the aateriai or article at constant load (hydrostatic pressure) until 
gas-tightness is disturbed. 

In the general case, the longevity of a material oust be regarded as 
the time interval during which its properties measure up to the technical 
service norms under given conditions* Examinatio» of glass-reinforced 
plastic pipes (with reference to their gas-tightness) incorporating dif- 
ferent binders and different fabrication procedures aade it possible to 
establish that In these cases as well, the time dependence of jetrength in 
the tangential direction (J. is manifested (?ig8. 15 and 16) ^, 18/. 

Creep cf Reinforced Plagtiee 

If to a specimen of a polymeric material a constant stress is applied, 
then a rise in deformation, that is, creep, can be observed with the course 
of time. The creep phenomenon is highly typical of polymeric materials 
and is detected even at room temperature. Though the deformations building 
up during the creep of reinforced plastics are not as great as in thsrmo- 
setting plastics, this pnenomenon cannot be ignored in designing machines 
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 virtually 
constant or gradually decreases until rupture sets in fbSI* 

The initial creep state at room temperature was studied for textolite, 
and KAST-V and SVAM glass-reinforced textolite ßSJ•    Experiments showed 
that creep deformation increases with stress <3"; it depends heavily on 
specimen orientation, reaching a maximum for the direction of least stiff- 
ness (for <p = 45°). Pig. 17 presents the results of experiments conducted 
by A. M. Zhukov and S. D. Vyalukhina ßij on STEI*-1-30 glass-reinforced 
textolite for directions along the base ( <P = 0°), along the weft {f - 90°), 
and along the intermediate layer { <p =  40°). Prom these data it is clear 
that owing to the property-anisotropy 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 aöre elastic than the binder. 

In describing the creep process, either a linear function of the 
creep rate, which does not, agree with experimental data, has been proposed, 
or an exponential function. The latter fits the initial section of the 
creep curve (this section is of least interest when estimating the behavior 
or a structure in its long-terra service conditions). Most experimental 
studies ^7, 5J7 showed that in steady-state creep the stress function of 
creep and creep per se is closest to the exponential. At a constant tem- 
perature, the creep rate v is described by the equation 
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v^De-*, (3) 

similar to equation (l), where D and ^ are experimental parameters. 

qoms 

0,000} 

0,00015 

0,005 

50        WO 150      200        250     300       350 X MUH 

Pig. 17. Creep curves of STER-1 glass-reinforced 
textolite: 

a — for <P = 0°      b — for f = 90°  c — for ? = AO1 

KEY: A -- kg/mo2  B — minutes 

a 
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Pig. 18. Creep curves of DSP-V 
delta-wood at the following temper- 

atures: 

a __ 20° C  b — 50° C  c — 100° C 
KEY: A — kg/cm?  B -- days 

Pig. 16 presents creep curves for reinforced plastics obtained in 
testing delta-wood /~9_7. Prom an analysis of these curves it is clear 
that temperature has a large effect on creep, where for each temperature 
there are certain stress values for which the creep rate is virtually 
zero. The stress at which creep deformation has its maximum (the rate of 
steady-state creep is zero) is sometimes called the "threshold" stress JyU' 

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 chemically corrosive 
media must be of interest to designers of chemical 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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Pigs. 19-2? present the creep curves of 3?-32-501 glsss-relnforced texto- 
lite and PR-1 glass-reinforced textolite when they were studied in sulfuric 
acid, sodium hydroxide, and distilled water« As we can see, creep occurs 
in two stages: 

nonstead^-state creep characterized 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 time 
obeys the linear law t   - lg T • Therefore, £   can be determined from 
the equation 

e = el + o!gT. (4) 

where t.  is deformation p- • unit time; 

v = ( f - i.)/'..g T   is the creep rate characterized by the slope 
of the line t -lg T • 
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ft-0.15dt 

/ 
0,5  

/&-0,256, r* 
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w 20 r v 

Pig. 19. Creep curves of glass- 
reinforced textolite based on 
3P-32-301 resin in 30 percent 
H2S0 at 50° C 

KEY: A — cr = 0.4 o» 

B — cr = 0.08 cr. 

C ~ r hours 

Pig. 20. Creep curves of glass- 
reinforced textolite with EP-32-301 
resin in 10 percent NaOH at 50° C 
KEY: A — cr = 0.45 cr 

B — o- = 0.25 c3- 

C — T", hours 
f 

It. must be borne in mind that for T- 0, equation (4) tends to a 
finite value; this is not physically meaningful, since in this case the 
deformation is equal to the instantaneous deformation. 
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Pig. 21» Creep curves of 
glass-reinforced textolite 
with HI-1 resin in 60 per- 
cent H2S04 at 60° C 

EET: A — <r ^ 0.2 ^ 

B — T» hours 

Pig. 22. Creep curres of glass- - 
reinforced textolite with EP-32-301 
resin in distilled water at 50° G 
KEY: A — O- « 0.3 ö-f 

B — cr« o.l <*t 

C — 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 is 
stronger reagent for glass-reinforced plastics than is sulfuric acid. The 
stress dependence of the creep rate in semilogarithmic coordinates 
c- - lg v  is represented by a straight line (Pig. 23), that is, even in 
corrosive media creep is described by equation (3). 

v  yv A 
10 — —h- —H   
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10      20      JO 

Of, ,'0 

Pig. 23. Dependence of creep rate 
of glass-reinforced iextolite based 
on EP-32-301 resin on the stress 
ratio (30 percent H?S0^, t = 50° C) 
KEY: A •— hr"1 B— CT/cr. 
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If we know the parameters A and OC , the earlier-presented equations 
(l) and (2) can be used in the calculations of structures} however here we 
must also take into account the defoneations developing in time. When 
fitting together structural members, it is mandatory to specify and deter- 
mine the allowable deformations for ttte given service time. An ideal case 
here can be a calculation based on the "threshold" stresses to which a 
specific deformation corresponds. In this case the allowable stress cr . 

^al = sllowabl^7 suet satisfy the condition 

where    <T.   is the stress at which creep deformation reaches its 
limiting value (,,threshold,, stress); 

%   is the modulus of high elasticity; 

£.,      is the limiting deformation; and 

£ . = ^VE.. is the instantaneously elastic deformation (E. is the 
e modulus of instantaneous elasticity). 

The maximum <3V will occur for  £.* =  f ( «f is the deformation n lim    p   p 
detei-rained from the "elongation-compression" curve for which the Ptress 
reaches its maximum). 

Sxperience in the service of polymeric articles showed that they 
function successively at stresses much higher than cr,, given the condi- 

tion that their deformations during the period of exposure to external 
loading do not exceed allowable values based on design considerations 
(the stability of the form is not disturbed). Therefore, we must employ a 
sore general method of calculation based on allowable deformations and also 
based on strength conditions. The following solution to the problem has 
been suggested /Sj?.    Suppose that the service period T   and the allowable 

deformation during this time <f , have been specified. In this case, the 

flow rate of the material v«, must satisfy the condition 

To solve this equation, we must know how the flow rate of the material 
v-, depends on the stress <T ; in the simplest case for service in air and 
at temperature t = const 

vfl  = Her)    . (7) 
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TABLE 18. DEFORMATION AND CREEP RATE OP EP-32-301 GLASS- 
REINPORCED HASTIC FOR DIPPERafT TSIFEBATORES OP 

CORROSIVE MEDIA 

mentn 
• %OT 
II p« ACM 
npOHHO- 

CT« 

2 
Knownnaa pf$op>ttnma 
■ % npa icMneparype i *C 

CKOpOCTk OORSyveCTK 
1/» np» TCMneparype 

■ *C 

Ac^OplMBM ■ W 
jä-nn pfspymcniM 
^» % npa TCMncpa- 

Type »*C 

SO 80 50               90 SO 90 

530%-HH* pacraop H.SO, 
8 

2S 
40 

0127 
1,55 
2,37 

1,37 
a isi 
tu 
ft 55 

aw 1.0 

3,65 
2J 

*> 60%-HU8 pacraop HjSO, 
20 
25 
35 
40 2,22 

(VS3 
1.09 
1.9 
— ^ o.m 

Oil 
a is 
a 52 

Ü 

1.5 
1.45 
2.S 

7 m.Kuk pacTsop NaOH 
15 
18 
25 
30 

0,1 
1.35 
1,43 

0,91 a502 
0,520 
ft572 
-J 

0,752 

01995 

1.7 
2.6 
2i7 

2.5 

42 

^ 10%-Huft pacTBop NaOH 
15 
25 
30 
35 

as 
1.56 
2,3 

2,55 

3,18 

0,351 
0,402 
0.45 

1.682 

2,?l 

1,4 
2,45 
3.15 

4l5 

5^3 

^ 10? S-HUA pacraoj > NaOH (o6pa3uu opHcimipOBaHu BAOife yn a) 
25 
30 
45 

1.08 
2,0 
3.22 

— 
0,948 
1.000 
f,152 

_ 
2,85 
3.9 
5,5 

""* 

/ 0 AxcmnJiHpoBaHHan BOAS 

" 15 
20 
30 

0.55 
a94 
1.25 

— 
0,3 
0.45 
0,5 — 

— 
•— 

KEY: 1 — Stress in % of ultimate strength 
2 — Instantaneous deformation in % 

at listed temperature in 0C 
3 -~ Creep rate in hr  at listed tem- 

perature in 0C 
4 — Deformation at moment of failure 

in % at listed temperature in 0C /KEY concluded on follow- 
ing pag^7 
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KEY /to TABLE 18 given on the preceding pag^: 
5 — 30 percent HpSO solution 

6 — 60 percent HpSO solution 

7 — 1 percent NaOH solution 
8 — 10 percent HaOH 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 chettical equipment will depend not only on stresst but also on the kind 
of corrosive medium D, its concentration C, and temperature t: 

Vi = T(D, 0, t, ar). fl (8) 

There is some information on the stress and temperature dependence of 
flow rate ^5§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 to be made of 
glass-reinforced plastics for long-term service in liquid media at moderate 
stresses of the order of 10-30 percent of the ultimate strength, and also 
in gaseous media 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 ^9, 51, 657. 

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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Howerer, «hea evaluating inforaBticm on cbeaical resiatance given in 
publications» (me auat be cautious and critical in using it* Most researchers 
publishing their data do not report the nethod used in obtaining the« and 
do not specify «hat thcgr adopt as the criterion of cheaical resistance» 
Soae authors do not give quantitative estiaates of stability and liait 
thsaselvea only to quantitative estiaates* Doubtless, jea selecting «at- 
erials for structures not ezperienclQg high external loads, in general 
■ost  such data on the chealcal stabilily of polyaera and reinforced plas- 
tics can be used with benefit. 

However, the behavior of aaterials is s corrosive aediia under load 
can differ widely froa the behavior of unloaded aaterial ßb,  76, llj. 

This appreciable difference «as found even in studies of glass fibers 
as such in «ater /~6_7. Vhen glass fibers «ere tested in a dry euviron- 
■ent under tensile loading» surfsce defects and cracks closed after the 
load «as reaovsd and the Mechanical strength of fibers «as restored after 
a certain period of tiae* 

But in siailar studies of glass fibers in a «et asdiuo, the noisture 
(•orfaotant asdiaa) — sorMx« OB the nierooraok eurfaoes — reduced the 
surface energy of the asterial. Cracks gre« irreversibly. When the load 
«as reooved, the so-called adaorptive aftereffect «as observedt the Mole- 
cules of the aediua blocked the cracks froa closing and only gradually 
«ere "forced" out of the cracks. This leads only to the partial recovery 
of the initial aechsnioal strength and facilitates failure in a ne« loading 
cycle. 3jr accelerating crack growth, surfactants can radically aodify the 
tine dependence of strength. 

The feilure oecbanisa of solids acted on by surfactant aedia has been 
closely studied end hss found sufficient treatment in the literature ßfij. 

It oust be noted that in these studies surfactants were chosen that 
do not cheodcally act on the asterial, that is, the surfactants were chem- 
ically inert. It can be suggested that when the medium is corrosive, the 
failure mechsnisa of the material will b£ more complex. To clarify this, 
comparative experiments were conducted ß^J in aqueous solutions of sul- 
furic seid (a surface-inactive medium) and sodium hydroxide — a chemically 
active and surfsctsnt medium. Tests were conducted in media under loading 
with the specimen brought to failure (longevity tests)» under loading with- ' 
out the specimen being brought to failure, with the change in ultimate 
strength at rupture after expoeure established; and without loading, with 
the change in ultimate strength at rupture established. A marked differ- 
ence In the behavior of materials was found when the results obtained for 
different experimental conditions were compared» for exss^le, aonlosded 
polyethylene in test solutione proved to be inert (chealoally reslatant), 
since its strength after being exposed In media for 720 boure (30 days) 
remained unchanged. But when a tensile load (10-24 kg/cm2) to spedmene, 
specimen failure was observed after 320 hours in 10 percent NaOH, after 
510 hours in 1 percent »sOH, and after 800 hour» in 3 percent HgSO.. In 
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this case, we can speak about the purely pbyalcal effect of the medium. 
Plastic deformations build up owing to the sorptlon of the active medium, 
leading to crack growth, local overstresslng, and the failure of the mat- 
erial. 

Especially diverse results can be obtained in media that are not sur- 
face-active compounds, that Is, In aqueous solutions of sulfurlc acid. 
Pig. 24 presents data of corrosion tests (without loading) of glass-rein- 
forced textolite EP-32-301 in 3 and 30 percent solutions of sulfurlc 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 material for longevity (under tensile loading) in the 
same conditions (Pig. 23). Here a rise in longevity takes place with an 
increase in the concentration of sulfurlc acid within the limits of the 
manifestation of its nonoxidizing properties. The explanation 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 adsorption processes proceed more 
slowly and the longevity increases. The validity of this concluslor. 
is confirmed by studies of polyethylene and polypropylene in sulfurlc 
acid, where these materials reveal complete inortness when not loaded. 
Here also longevity Increases with the acid concentration for tests under 
stress. Thus, for a stress of 24 kg/cm2 the longtvity of polyethylene 
at 60° C in 3 percent H-SO solution is 800 hours, mi  1150 hours in a 
30 percent solution. 

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

The failure process in the general case is complex and corrosion- 
adsorptional in nature (or adsorption-corrosional), that is, two processes 
take place at the same time: the chemical action of the medium on the 
material and the adsorptional decrease in strength caused by the sorptlon 
of surface-active compounds at the surfaces of microcracks (as a result, 
surface tension is reduced; local  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 prpcintninate over another. Thus, in the case when glase-reinforced 
textolites were tested without loading (cf. Pig. 24), processes associated 
with the adsorption of water do not take place and the reduction in the 
material'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. Pig. 25), the rate of the adsorptive reduction in 
strength predominates. The rate of the chemical reaction in the above- 
indicated experiments with polyethylene and polypropylene in H^SO, and 

NaOH is practically equal to zero 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 -- a",, kg/cm2 

B Tf hours 

Pig. 25. Longevity curves of 
glass-reinfcrced textolite 
based on ES,-32-301 resin (at 
50° c) in sulfuric acid solu- 
tions with the following con- 

centratioci: 
1 — 3 percent 
2 — 30 percent 
3 — 60 percent 
KEY: A — T, hoars 

B — <r, kg/cm2 

The failure of stressed material on exposure to a medium takes place 
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 aorbed. This conclusion is 
confirmed by the fact that with repeated failure of individual parts al- 
ready failed in testing the specimen for longevity, in all cases ultimate 
strength values were obtained that are much larger than the stresses for 
which the spuoimen was caused to fail (Table 19)« 
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TABLi    Q.    üWrUATS RUFIORE STOHIGTBS OP SPBCIMEBS AMD 
PARTS 0¥ SPBCIMSHS OF BP-52-30t GLASS-RfillffORCBD TBTSOLITS 
APTER LOBG-TKRM EXIOSURE TO MEDUM AID STRESS (IKITIAL 

»ILTIIUTE STRHRJTH OP MATHRIAL   — 4350 kg/c«2) 

1              / 2 
TancMyp« 

3n,**?.,J53am    1 
fo6pw,t 5" MC«          | U4 

SO 830 4080 

l%-!iHip«cn»pNaOH7 SO 1530 2210      ! 

g 
| 3H-HUS pactBop K^SO« 

"   
SO 1125 2910 

'                                       ? 
|6C%.»M» pacTsopHiSQ,' 90 1520 3700      j 

KET: 1 — Medium 
2 — Temperature in 0C      2 
3 — Ultimete strength in kg/cm 
4 — of specimen 
5 ~ of specimen part 
6 — Water 
7 — i percent HaOH solution 
0 — 5 percent H_S0. solution 

c 4 
9—60 percent HLSO. solution 

In selecting materials for pressure structures that function in chem- 
ically corrosive liquids, even if they do not exhibit surface activity, 
accounting for the results of purely corrosion tests can lead to an appre- 
ciable error, s JICS these results cannot reproduce the true processes 
taking placing n the stressed specimen. 

Methods of Ir „Teasing the Longevity of Reinforced Plastics 

One of the paramount methods of improving the properties of reinforced 
plastics is. improvement of their fabrication technology and  in the means 
of quality control. Unfortunately, most technological procedures in the 
fabrication of large-siae articles from reinforced plastics at the present 
time are nearly totally based on manual labor. And this leads to the non- 
reproducibility of properties of articles, nonuniformity of impregnation 
and coating of reinforcing fibers with binder, the appearance of defects, 
and so on. Mechanization of molding methods, use of automation devices, and 
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quality ccntrol of the materiell in the article mat enhance the reliability 
and longerity of the nateriais per ae, aa rell as the equipaent and pipe- 
lines. 

Serious attention oust be giren to the reinforcing fibers ^ since iv 
io they that generally take the pressure loading. Continuous fibers af- 
ford the highest strength. For exaqple, glaae-reinforced plastics based 
on glass filaoents and glass roring have greater longerity. 

Some literature sources ß>2r &S/ reconaend that reinforcing fibers be 
given preliminary tension, which enhances the operating characteristics of 
reinforced plastics. 

Close attention oust be given to preparing reinforcing fibers to 
rec ive a polymeric binder. The reinforcing material must be impregnated 
"CjüBi, 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 materials, the sizer is removed and to enhance water- 
proofing the glass fiber la treated with special organosillcon compounds 
of the volan and silane types jß^J* 

Special attention must be given to selecting the chemical composition 
of the reinforcing fibers — they oust have maximum chemical resistance to 
the medium in which the material will serve and they must also exhibit ade- 
quate oechanioal strength. It must also be borne in sind that the adhesion 
of resin depends on the chemical composition of the fibers. Thus, the 
adhesion of polyester resin to alkaline-composition glass fibers which have 
not undergone special treatment is nearly half ae great as for nonalkaline 
fibers. 

It oust 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 wholly satisfac- 
tory froQ the standpoint of ■'•heir application In chemical equipment and 
pipelines. These ratios are dictated by the attainment of maximum strength 
of materials. However, in this case the concepts of "strength" and "chem- 
ical resistance" are not identical. The point is that polymeric binders 
have greater chemical resistance than reinforcing fibers. For example, 
phenol-forraaldehyde resins are resistant in many mineral acids (H-SO to 

60 percent, HC1, HJPO , and so on), while cotton and silk fibers fail even 

in weak solutions of acid^. The same can be said of glass fibers. 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 medium, the failure process begins with the chem- 
ical action of the medium on the material's surface layers. So special 
attention must be given to protecting the reinforcing fibers with reein, 
especially after machining of the material. A more rational approach io 
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a multi-ply structure, and enhancing the chemical resistance of the sur- 
face in contact with the corrosive aediua 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. Prom this point of view, there are broad possibilities of variation 
in binder selection, since the possibilities of resin synthesis are un- 
limited. In formulating reinforced plastics satisfying the requirements 
of chemical resistance and longevity, of great interest are epoxy, epoxy- 
phenolic, furan, epozy-furan, modified polyester, and several other 
bination resins. It must be borne in mind that the type of curing agent 
and curing regime strongly affect the chemical resistance of certain resins. 

The behavior of reinforced plastics is also determined 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 forma- 
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 longwity of a 
material. 

One serious problem associated with the use of reinforced plastics in 
the building of chemical equipment is the need to ensure that the materials 
are gas-tight. The nonuniformity of distribution of binder and reinforcing 
material and their inadequate bonding increase porosity for service under 
pressure, which leads to the loss of gas-tightness. These disadvantages 
can be eliminated by selecting a resin with specific viscosity and shrink- 
age, choosing the technological curing regime, using appropriate sixers 
to enhance the wettabillty of fibers and increase adhesion, and the appli- 
cation of postfonning 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 ß>2j in which the internal layer in 
contact with the corrosive medium imparts gas-tightnesb 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 exaiqple, 
by centrifugal molding of bodies of revolution one can obtain an internal 
layer consisting wholly of binder or an internal layer that is binder- 
enriched. 

Noteworthy is the possibility of obtaining articles made of stressed 
glass-reinforced plastics. Impregnated glass fibers are wound on a mandrel, 
which is expended prior to tv.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 under the 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 lining — Polyvinylchloride, polyethylene, polypropylene, sealants, 
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and the like. This aakes it possible to use osterials that are in less 
short supply as the pressure fraaesork. At the present tine, a technology 
forjproducing biplastles and equipaent aade therefroa has been developed 
/64/- These aaterials are produced on tibe basis of inexpcnslTe polyester 
glass-reinforced aaterials and cheaically resistant theraosetting plastics 
and polytetrafluoroethylene. Biplastles are aade by cladding and pressing 
aolten sheets of theraosetting plastics MI glass cloth and aats, followed 
by strengthening then with glass fiber aaterials with polyester binder. 
Tests cf these biplastles in prototypes of cheaical equipaent Aowed the 
possibility of their use in equipaent functioning with siaoltaneous expo- 
sure to corrosive aedia, temperature t and pressure (vacuua). 

The longevity of articles aade of glass-reinforced plastics can be 
enhanced by using hollow shaped fibers and aicrotape. By enploying this 
kind of reinforceaent, the weight of equipaent can be significantly reduced 
and the stiffness and aodulus of elasticity_of the aaterial are increased 
(7.0 * 1(P as against 2.0 - 5.0 • 105 kg/ca2). In addition, fabricating 
pipes and equipaent by microtape winding significantly increases their 
gas-tightness. 

A significant effect of eohanceaent of longevity and resistance of 
articles is achieved when polyester nalelc resins of the HT-I type are 
replaced with TMGP-11 and TGM-3 polyester aerylate resins ß&l*  and also 
with dlane type polyester resins (based on bisphenols). 

Radiation methods of curing bidders oust be used to accelerate the 
production of articles from glass-reinforced plastics. This method en- 
hances the physicomechanlcal Indicators and long-term strength of glass- 
reinforced pasties and articles made therefrca. 
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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 into 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. lUrther, 
since reinforced plastics are heterogeneous materials, their properties 
will be governed by the properties of the individual components. The pro- 
perties of reinforced plastics must correspond 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 
which 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 characterizec1 by 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 teat methods leads to the impossibility 
of comparing results obtained in different laboratories and in different 
countries. This hampers the development of generalized engineering methods 
of calculation and the reliable 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 make 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 investigations of a material. 
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Conpliancc vitji i-equirc-acnts on the modeling of actual technological service 
retires jives rise t<: the  dircrepancy between test methods and existing 
TU [Technical Het^ilations] and GOST^r [ütate Standards]. These tests afford 
reliatlp and dependable aaterial for the calculation of structures, tow- 
ever, to obtain comparable data with this approach to the investigation 
of 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 
(composition, ratio of components, and lay-up scheme of reinforcement), 
fabricating regime, shape and dimensions of initial blank, and so on; 

shape, dimensions, and fabrication method of specimens, conditions 
for the conditioning of specimens, mounting method, and number of specimens 
for the experiment- 

characteristics of the test machine and measuring equipment, charac- 
teristics of the ambient environment, and temperature; 

ioadint; regir.es — the method of applying the load and the loading 
rate; ana 

method 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 numerical values of the strength limits 
is far from adequate for the calculation of equipment. 

To solve practical problems, as a rule one must independently deter- 
mine the needed physicomechanical characteristics from the results of short- 
term and long-term static (in the simplest case) tests in specific operating 
condition?. 

Methods of short-term static tests based on existing standards are 
quite fully described in the literature [25, 57» 60, 65]. 

in tri&ss tGst.'j when ;t is required to select a large number of specimens, 
the constancy of their laL-icatio-i technology must be strictly observed, 
for example, reinforcing muzar^    ::• and binders must be selected from the 
same baten, tne ass-igrK-d orl nation of fibers and the ratio cf consti- 
tuents, temper^.:turf-trrrje molding regimes, and so on must be strictly 
observed. Emphasis must be given to providing test conditions in accordance 
with specific conditions simulating the service situation. 

To obtain comparable 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 
capabilities of his laboratory, oast specify the conditioning conditions. 

V- 

Of the existing standards for the conditioning of specimens of plas- 
tics prior to testing, the most advanced is the ASTO standard (Method 
&-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 the specimens are conditioned. According 
to this standard, the allowing parameters are specified for tbe ambient 
environmentt temperature — 23 ^2° C (or £1° C), and relative humidity 
30 +5 percent (or ;tJ? percent). These quantities are measured not farther 
than 600 mm from the specimen. The conditioning period is determined by 
specimen thickness; for example, the period is 40 hours for specimens not 
thicker than 7 mm. 

It is particularly vital to standardize conditions in corrosion tests 
(GOST 12020-66). Below will be given representative methods for this type 
of testing, fere however it must be stated that as in the «valuation 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 into 
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; ,. 

long-term dynamic tests (fatigue strength for cycles numbering 10 , 
f\ 7 

10 , and 10 , and the determination of the logarithmic decrement 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). 

Kany 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 
nolded by the heat-fabricating technology [64] are used in many laboratories. 

In recent years tests of specimens of other types  gained wide accep- 
tance: 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 fibers are 
orientec in the most dissimilar fashion. Specimens in rod form are simi- 
larly 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 on the properties of reinforced plastics. 

There are different points of view as to whether tests on flat apeci- 
cens 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 tests in 
even two mutually perpendicular directions (^=00 and <?* 90°), and in 
the best of cases — in three directions of specimen orientation { 0 * 0°, 
<^ = 90°, and cp = 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-Term Static Tests 

Tension. Standards set various dimensions of flat specimens intended 
for tensile testing, however their shape as a rule is the same (Pig. 26). 
In tensile testing it is important that the working part be in a uniform 
stressed state. Specimens must be centered well in grips, ensuring strictly 
uniaxial stretching. Experifnco 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 
section. 

In making teats with self-tightening wedge grips, lateral pressure on 
the speciriien is increased when there is an increase in the tensile force. 
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Fig. 26, Shape and diosensions of apecioenfl for tensile 
tesing of »"eiruurced plastics: 

I — based on GOST 4649-5? 
II — according tc Ericsoa and Norris 
III — short, according to Ericson and Norris 
IV — elongated, baaed on DIN No 55455/1 
V — based on DIN No 53455/1 
VI — based on BIN No 55455/2 
VII — based on Metz and Mac Harry 

TMs produces a high stress concentration leading to the rupture of speci- 
mens m the grip itself [40]. To eliminate !:his effect» several standards, 
for example, ASTM (Method D-658), recoaniend that specimen ends be addi- 
tionally reinforced. 

Most expedient are oblong specinens in the form of a straight bar 
[40j with strengthening at the grip locations. A grip used for clamping 
specimens by the force of friction is recommended for ber-shaped specimens. 
This method of securing specimens eliminates the possibility of their 
failure in the grip itself. 

The dimensions of specimens -lust be such that uniform stresses ensure 
throughout the specimen ler.gth, accurate deformation reading Is afforded, 
and the end effect can be neglected. When selecting the working part of 
the specimen and its support section, functions from the study [67] can 
be used. 

There are also different views on the loading rate. The standard 
recommends grip travel rates in the range 1O-f!0 mm/min. Some studies [79] 
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Fig. 27. Scheine for 
tensile testing of 

ring specimens 

show that for more exact results the grip travel rate is best reduced to 
6-15 tnm/nin. 

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

Ring1 specimens can be tested for tension in different ways. Sometimes 
a notch is made on the iniemal surface of the üpeciiren to preclude bending 
and to ensure that the specimen fails along the notch. The  width of this 
type of specimen is 25.4 mtr. In another case, grooves are cut in'JO semi- 
circular grips so as to leave a free section (51 mm) on the ring in which 
to place a strain gauge. The specim&n diameters are 146, 228,6, and 152.4 
ma for width of 6.4, 12.7, and 25,4 mm, respectively. The modulus of 
elasticity is calculated by the equation 

2«8 
(9) 

where P is the load in kg; 
b is specimen width in cm; 
t is wall thickness in cm; and 
f is relative deformation within the elastic limit. 

The method of hydrostatic testing of circular specimens for tension 
is of interest. This test metm.-' models the stress state of pipes and 
shells loaded with internal hyo^static pressure. A specimen fails under 
the effect of radial tensile stresses, v/hen 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 specimeiu To determine 
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the relative deformation ^, a string is wound over the outer surface of 
tl.e specimen and the change in circumference is noted: 

e = 
A/ 

13%' (10) 

where A 1 is the elongation of the string; and 
D  is the mean diameter of the circle, 
av 

When testing cylindrical specimens for tension, their ends are strengthened 
and they art friwn a conical shape. Tension is calculated by the formula 

Oss 4P 

(11) 

where D,^ and d. are the outex« and internal diameters in cm. v i 

Compression. In compression tests, the shape and dimensions of speci- 
mens have an even greater effect on test results and on the function 
CJ^  = f ( £:) [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 specimcis [65]. An inflection appears on the plot 
cr   = f ( 6) for the specimens owing to the confinement of the deforma- 

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

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

Compression tests in certain laboratories are oonuucted on ring 
specimens [30, 100J, and here various methods are used. Fig. 26 shows 
one such test method, where 

2W (12) 

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

com I (13) 
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Fig. 28. Scheae for com- 
pression testing of ring 

specimens 

Fig. 29. Schßcne for testing ring 
specimens for compression with bend- 

Fig. 30. Scheme for testing ring 
specimens by squeezing with a flex- 

ible tape 

where E   is  the modulus of elasticity in compression in kg/cm j 
com ^ 
r  is 
av 

the mean radius in cm; and 

f is the overall sag (displacement of the head of the meaEuring 
instrument) in cm. 
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Pig. 31• Device for compres- 
sion testing of specimens [85]» 
1 — support 
2 — prop 
3 — frame 
4 — plunger 
5 — specimen 

Pig. 50 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 

2_ (14) 

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

In compression teats 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. 51. 
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Bendinjj. Bending tests are the most widespread owing to their simpliciiy 
of execution. However, this kind of test gives results that are hard to 
coEpare and the results ran be used only for a qualitative evaluation. 
Results of testing laminated plastics for bending are interpreted based on 
the formulas from the strength of materials that do not allow for the 
anisotropy of the mechanical properties of materials [65]. 

According to the GOSTir [state Standards] and many foreign standards, 
tests for transverse bending are conducted on specimens in the form of 
oblong parallelepipeds with loading following the scheme of a beam resting 
freely on two supports. Here the loading must be applied either with the 
force placed in the middle, or else by the pure bending scheme. 

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 tests do not allow   for the effect of tangential stresses during 
bending. To estimate the error introduced, it is proposed to use the 
formula of S. P. Timoshenko [65]. 

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

f = f*S (15) 

where f* = (1/49) ' (^1 /K. J.) is the sag calculated with shear disregarded; 
and   ? 

S . (K/3) . (th •</(*- bhrc)) + 7c/8 is the corrective factor that 
allows for the effect of shear. 

The oarameter is 

* = *— Ya XX 

xz 

In these expressions we have the following notations 
J is the moment of inertia of the cross-section of the beam; 

E  is the modulus of elasticity; 

G  is the modulus of shear; 
xz ' 
1 is the span of the beam; 
P is the applied load; 
H is half the beam height; 
h is the beam height; ana 
b is the beam width. 

The 
7~20. 

ratio E /G r., depending on the material, lies within the limits 
.X..X.  X^J 

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

bending 

In oaking tests for transverse bending, special attention must be 
given to the execution of supports and the endpiece of the test machine. 
They must be made in the form of cylindrical surfaces with a radius of 
eury&ture rf 3H (but not less than 3 aa). 

The literature contains general information on tests of laminated 
plastics for longitudinal sag. Thus, the critical stress cr when cylin- 

ders are tested for Icngicudinal sag can ^z  calculated by the formula 

I 

atr = 
^3 Vl-a*     rav' 

(16) 

where cr is the critical etress at which longitudinal sag takes place; 

1 is the distance be+,weön grips; 
ft-   ia Poisson's ratio; and 
r  is the mean radius of cylinder, av 

Equation (16) is  theoretical and was derived for thin cylindrical 
pipes. However, it was noted that longitudinal sag usually occurs at 
stresses considerably smaller than this theoretical value cr , as a re- 

ijult of defects, load eccentricity, and so on. 

Also described [blj  are tests of a cantilever-mounted cylinder with 
a force couple applied by means of levers (Fig. 32). 

- 77 - 



Jpevisen geoaeti-y ane the ratio of cyliiwäer radius to cylinder thick- 
ness are chosen so that failure takes place due to longitudinal sag. Hbe 
critical stress is calculated by the formula 

afr = 

where H is the bending moment; 
r iJ the outer radius; and o 
J is the mosent of inertia. 

_ Mr*. (17) 

In the general case, J « (*/64) (V   - d ), and for very thin rings 
J ■ 7tr^ut (where D anJ d are the outer and internal diameters). 

The bending moment is 

E Ms=mr=Frr'**' (is) 

Shearing and crumpling. These types of testa are conducted to estimate 
the behavior of reinforced plastics in unions. Below are presented several 
methods followed frors foreign practice. 

Tests for "interlaminar" shearing (Pig. 53) are conducted on analogy 
with teets for bending with the loading  imposed  in the middle, but the 
distance between the supports is chosen to be Eiuall so as to cause failure 
ae the result of horizontal ('',interlaminar,,) shearing. The ultimate shear 
strength is 

a^-~iW (19) 

where P is the rupture load; 
b is th'3 width of specimen, 25.4 mm; and 
h is the height of the specimen, 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. 

P (20) 

v/here IX   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. 55» Scheme for testing specimens for interlaminar 
shearing using loading with a concentrated force (a) and 
loading based on the net-bending scbeoe with x < 1 (o) 

Jr 

1 

vp 

i'ip;-  54. Scheme for shear testing 
of a ring specimen 

Fig. 55. Scheme for testing specimens 
for crumpling 

longitudinal axis of the specimen the tensile or compressive load and the 
deformation of the opening in the test material is measuied (the displace- 
ment of the pin). Fig, 55" presents the scheme for testing specimens for 
crumplin,;' according to ASTM (Method D-955-54). 

The following are  determined according to the data obtainedj 
crumpling stress 

0l*i-'W 
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The tangential elaatis modulua  for € - 4*0 percent is 

(22) 

where d is the opening dias^ter. 

The diversity of pipe designs, the use of ssore and more new kinds of 
resins for hinders, the advancement in production aethods, and the improve-* 
oent in the technology of fabricating pipes froa glass'-reinforced plaecics 
often makes it inadvisable to conduct expensive studies to determine their 
physlconecbanical properties. For 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 only differences 
in the design of individual layers of the pipe wall, but also is sensitive 
to change in physicooechanical 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 F is the modulus of elasticity in bending and J is the 
moment of inertia of the ring cross-section. 

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. Fig. 29). 
Hie 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 specimen in the diametral direction. When tests are conducted on a 
rupture machine, this function is plotted automatically by a recorder. 
UUring testing, each ring specimen ia loaded three times, and each subse- 
quent loading is made after the ring specimen has been rotated by an angle 
of 60°. The mean value of deformations reflects the eifect of flaws and 
cracks in the pips wall, and also variation 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 raflect the condition of tiw pipe material 
after certain periods of service in corrosive media. The slope oc of the 
function P -AD is proportional to the stiffness of ring specimens [20, 36], 

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

AD=. EJ 
•0,149rs, 

from whence we get the stiffness of the ring specimen 

£/ = 0,149rs 
&D 

(23) 
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Hg,  56, Schecse for loading specimens vith internal 
hydrostatic pressure 

hydrostatic tests of cylinders (pipes). In many laboratories in the 
USSR and abroad tests are oade with internal hydrostatic pressure using 
wound structures of reinforced plasticss vessels, tanks, pipes, and so on. 
These tests include the following: 

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

rupture tests in which the specimen is brought to failure (in these 
tests used, mainly to estimate the suitability of a material and structure, 
the pressure at whic. failure takes place is vital, and the stresses 
indi-red ia the structure are not determined precisely); 

tests on models to obtain calculation data that can be conducted with 
models of different sizes, all the way to full size (during such tests 
a  large amount of data is obtained on the relationship between stress and 
strains, creep, fatigue, and so on); and 

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

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

Testing with internal hydrostatic pressure is the most 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, 
whose main components are as follows: cT is the normal stress in the t 
tangential dirftction;   cr   is  the normal stress in the longitudinal direc- 

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

walled cylindrical ppecir.aen («'ail thickness t-<(l/lO)r, where r is the 
radi'is) the normfti stresses     „n the radial  direction can be neglected, 
but   the normal stress*? in the tangential and the Jongitudinal directions 
are re^rded ?:•; uniformly distrirmted.    usually tests with internal 
hydrostatic pressure are conducted on thin-walled specimens.    These assump- 
tionr are not applicable to thick-walled cylindrical specimens. 
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In the JISTKf a netbod of testing pipes made of reinforced plastics 
using internal hydrostatic pressure has been standardized. In these tests 
specloens are placed in a water bath where they are theroostatted. The 
specimens axe connected with a pressure source. The pipe  system  and 
the pretest specimens are filled with water or another liquid and hermetically 
closed, file pressure in the specimensis slowly increased until they fall. 
Specimen failure is not permitted sooner than 1 minute after the beginning 
of the tests. Tbe strength is calculated by the formula 

o-^pQ. (24) 

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

übe working length of the specimen between the gaskets at their ends 
(1) mast not be less than 7 D. When this requirement cannot be satisfied, 
the minimum free length of the specimen with outer diameter of 130 nan 
must not be less than 300 mm. For pipe width D >150 mm, when it is impos- a 

slble to comply with the condition 1 >-7JD, the free length of specimens | 
is set by the tester [8>]. | 

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 tbe modulus of elasticity K (E « <*/£ ) 
or with a correction to determine the biaxial deformation: 

where £.  and i.  are the corrected deformations | 

£. and £, are the measured deformations: 
^ lö 

A is Poisson's ratio for material when the stress is 
applied in the axial direction; and 

p.  is Poisson's ratio for material when the stress is 
applied in the transverse direction. 

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

Transverse tension with internal pressure. For this type of test 
(Pig. 37)» a cylindrical specimen with open ends is closed with plugs and 
brought to failure using internal hydrostatic pressure. The use of plugs 
prevents axial loading, so that only normal stresses In the tangential 
direction are set up. The end plugs can be used as pistons transmitting 
the pressure. For this purpose, the specimen is filled with silicone solu- 
tion. Deformations can be determined using resistance strain gauges cemented 
to the outer surface of the pipe wall, 
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K-6« 57• Scheme for tensile testing  Pig. 58. Scheme for testing tubular 
of tubular apecimens using internal   specimens using external hydrostatic 

hydrostatic pressure pressure 

Testing using external pressure (Pig. 58). In this method of testing 
thin-walled pipes the external burst pressure is 

P = 
CT 

1 + 4 *m! 
(25) 

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

r  is the aean radius; and 

E  i° the moduluß of elasticity. 

This equation is valid given the c mdition that p'r /t >■ dj,. 

The following equations are recommended for the determination of 
s esses in thick-walled cylindrical specimens [57js 

the uniform internal radial pressure (longitudinal pressure is equal 
to '-:ero or is equalized by the external pressure) 

r2 -t-r? 

%    I" 

(26) 

- 83 - 



uniform external radial preesure (the longitudinal pressure is equal 

to zero) 

2f2 

the uniform internal pressure in all directions 

and 0'~P^ 

o/^p-r^h-; (2?) 

and 

o^p 4^4; (28) 

uniform external pressure in all directions 

(29) 

(30) 

In equations (26) - (30), <J.  and cr are the normal stresses in the 

tangential and longitudinal directions at the internal surface, p is pres- 
sure, and r and r. are the outer and internal radii. 

'    ou   m 

Thick-walled cylindrical specimens of the following dimensions were 
tested: D - 81 mmj t = 4.3-7.9 mm; and h = 76.2 - 228.6 mm. 

Long-term Tests of Reinforced Plastics 

Short-term static tests of polyoeric 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 capaciV of a material and design with reference 
to the loading time and the liature 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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long-tern corrosion tests. Long-term tests of plastics are conducted in 
several directions. Most often tnese are either "traditiMial'' corrosion 
tests with reference to temperature exposure, or tests for longevity without 
allowing for the effect of a corrosive medium. At the present tiae there 
is relatively little information on tests for longevity with reference to 
loading, corrosive medium, and temperature. It must be noted that the need 
to obtain these data led to expanding experiments on static fatigue  of 
plastics in corrosive media, 

in recent years considerahle improvements have been introduced into 
the methods and techniques of corrosion testa, bringing them cloae to 
actual conditions of the service of articles. 

Corrosion teats. In most cases, chemical resistance of components is 
determined to the first appröximation, as is the resistance of the rein- 
forced plast-'c in corrosive media. However, it must be borne in mind that 
the chemicax resistance of reinforced plastics is sometimes decisively 
affected also by other factors that depend on the technology of fabricating 
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 in 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 textolite is 
unresiatant in acids. However, if as a result of technological processing 
of the material we ensure that the fibers are adequately protected with 
polymeric binder, textolite can become quite acid-resistant. 

Another example. \ve know that furan resins are resistant to caustic 
alkalis, however in several studies [94] data are given on the unsatisfac- 
tory resistance of furan glass-reinforced plastics in sodium hydroxide. 
This can oe explained only by the fact that the alkali acted on the glass 
fiber. 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 composition, an evaluation must be obtained of the 
corrosion resistance 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-!. 

The simplest method of corrosion testing is testing for water absorp- 
tion according to COST 4Ö50-65. Tests are conducted in distilled water 
at normal temperature. Specimens with the dimensions (120 ±2) x {'.*  :t.0«5) 
x (10 4.0.5) ma^ after conditioning at constant humidity and temperature, 
are weighed, and then are loaded into distilled water for 24 boui!5. Then 
the weight change of the specimen is determined. These tests can also be 
conducted in other liquid media. 
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de cbenical resistance of plastics to chemieai reagents is estimated 
fro«-His relative change in the averaged mechanical properties and the 
weight change (COST 12020-«). 

Beiaforoed plastics are mostly classified 
piatttoo. 

in  the group of reaction 

It «äst he noted that the estimation of the chemical resistance of 
plastics based on weight change is mechanically taken from the corrosion 
U^f'vt metals. As a role, it is not a reliable characteristic, especially 
vfaffe the «eight change is measured over some fixed time interval. Different 
prOMAsea develop in various polymeric materials when they are in contact 
wit» a medium. Some swell» absorbing moisture, while in others components 
dissolve, while in still others structuration accompanied by weight change 
t&ßß place on exposure to the medium, and so on. Most often many processes 
al^sxcate in the same material. For example, in a study of polyester glass- 
reinforced plastic in dietfayl phthalate after exposure of specimens for 
62} hours» their weight increased only by 0.02 percent. Based on this 
experiment one could suggest the high chemical resistance of this material 
in diethyl phthalate. Actually, 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 625 hours) the weight increase 
MB 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 plas+ics by weight 
change, it is more correct to trace the kinetics of weight change over 
certain time intervals. As shown by numerous experiments, these investi- 
gations must be conducted on the basis of not less than 50 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 (Pig. 59)» hut stabiliza- 
tion of the process takes place for a 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 tension, bending, or 
compression. In the above presented example with polyester glass-reinforced 
plastic in diethyl phthalate, the bending strength at 625 hours of exposure 
fell by 67 percent and, 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 eijipiloyed at present time. And in this case one must study the kinetics 
of the process for a base of not less than 50 uays. Tests are usually 
conducted in Erlenmeyer flasks or in other vessels fitted with a reflux 
condenser, ühe corrosive medium is poured into the flasks,and the flasks 
themselves are thermostatted in a water, glycerin, or oil bath. After 
certain time intervals (10, 20, 50, and 40 days), some of these specimens 
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Fig, 39. Dependence of ultimate 
tensile strength on time for glaos- 
reinfcreed textolite based on EP- 
32-301 resin after exposure in 

sodium hydroxide at 50° C: 
1 — 1 ^ NaOH solution 
2 — 20 % NaOH solution 
KEYi A — cr., kg/cm2 

- ^ 
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 
T  -—AG and T —Aa,  where T is time, and AG and Aö 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 the material is estimated by the values of these 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 as to the presence of a correlation 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 ■'eits of plastics, one must ensure constant 
composition of the corrosive ..ledium (pH monitoring) and replenishment of 
the medium during the test period. The medium must be stirred to obtain 
more or complete results. 

A    weighty    methodological problem is the question of selecting 
the failure time of specimens after conducting the tet 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 FOB ESTIMATIHG THE CHEMICAL RESISTANCE OF 
PLASTICS 

Hi tcRcaac «eca M 
nn («KcuMTpanom- 
W* no GOS « aenu- 

taaal) a % 

2 
Oqeau zaMavecMt 

CTolKocra 

* • 

J 
npaMCMBH« 

-Q.K-t.+0.7i Orjunna — 

±0,25+±a75 XopoaunS — 

i:%75+±I,5 y«»Jienopa- 
TenbRaa 

'HMeetca onaciiocrb paccn<wiiH«;   < 
Via onemcH nparoAHOcrH rpeoywrca 
fioate AflRTC^bHue HcnuraHiiR 

Cswuie ± 1,5 rbioxa« MaTCpna/i HenparoACH 

KEY: 1 — Weight change in one year (extrapolation from 
600 hours of testing) in % 

2 ~ Estimation of chemical resistance 
3 ~ Remarks 
4 — Excsllent 
5 — Good 
6 — Satisfactory 
7 — About £1.5 
8 ~ Poor 
9 — There is a clanger of exfoliation; longer tests 

are required to estimate suitability 
10 — Material is unsuitable 

must be achieved when their weight reaches a constant value upon drying in 
atmospheric conditions at 18-20 C and a relative humidity of 65 percent. 
(The drying sonditions 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 
medium. 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 ^ssible to 
protect the ends with binder [64j. 

Of corciiderable 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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Pig, 40. Scheme of a device for testing 
tubing for chemical resistance in a flow 

of corrosive media 
1 — tank 
2 — centrifugal pump 
3 — heater 
4 -- tharmometers 
5 — oil pump 
6 — heat exchanger 
7 — manometer 
8 — pipe specimens 
5 — by-pass valve 
10 — coils 

Pig. 40 shows a layout of such a stand. After certain time intervals, 
circular specimens are cut from the pipes and subject 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, producing difierent local drag values, 
one can trace the effect of hydrodynamic conditions on the chemical resis- 
tance and longevity of the pipe^. 

In conclusion, it must be noted 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 conditions. The absence of information on methods of 
estimating chemical resistance poses considerable difficulties when analyzing 
and usinp; 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 rheologic&l 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 room and at elevated temperatures. 
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A mandatory requirement for the determination of Theological charac- 
teristics of strength is the possibility of quite accurately determining 
the stressed state at any moment of time. This r~ .irement is most reliably 
satisfied by testing with uniaxial tension [63]*     is because thus far 
accurate enough rheological theories of bending, tea .on, shear, and the 
lose of the stability of rods made of inhomogeneous anisotrop!c 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 conditions of creep 
with uniaxial tension, though there are other original solutions, and these 
will be given appropriate treatment below. 

When testing laminated plastics for longevity in chemically corrosive 
media under conditions of uniaxial tension, there is the possibility of 
moat fully studying corrosion-absorption processes occurring in them. 
Under conditions of uniaxial tension the "Hebinder 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 
with 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 shows the effect of corrosive media on glass-reinforced 
plastics. 

Tensile stress is imparted to a specimen either directly by means of 
suspended 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 of 
large strains when the cross-sectional area of the specimen changes aacidedly 
during deformation, to retain constancy of stress values special devices 
automatically varying the loading are called for [5, 26]. Installations 
with devices of this kind are quite complicated, therefore in long-term 
tests of materials with large strains experiments are often conducted 
under conditions of constant loading [l2j. 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 teusile stress, special attention must be given 
to the centering of grips so aa 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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Pig. AL Arrangemi,nta 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)S 
1 — g^ipe 
2 — specimen 
5 — weights 
4 — counterweight 
5 ~ lever 
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tests for longevity or separa-tely, we can study creep with the determiiiation 
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 example, Aristov strain gauges and 
clock-type indicators. When specimens are investigated in chemically 
corrosive oiedia, indicators are most suitable, since they can be positioned 
outside the specimen directly on the grips wiuch 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 taken 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 speci- 
nens 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 ehe plotting of longevity curves. Let us assume that a specimen is 
loaded with some tensile force that causes the stress c^. After certain 

time intervals ( ^, t^, f , T 

the specimen is brought to failure. 

A 

cr 
y 

0 ,  and so on, respectively. 

and so on), the load is removed and 

Rupture stresses will be ^l,   ^l. 

If we represent these results graphically. 
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Fig. 42. Analytic-graphiciil uethod 
of determining the longevity of rein- 

forced plisstics 

we will get a curve (Pig. 42) describing the dependence of the reduction 
in strength on time Cf » f (f ) at constant stress & *  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 
cr .    By determining the function cr » f (-r) graphically or analytically, 

we can find the point A and, thus, the time f  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 foatexials in corrosive medit» at different con~ 
centrations and at different temperatures, since acquiring these data by 
the - sual means is fraught with sizeable difficulties. 

The longevity of reinforced plastics, in particular, glass-reinforced 
plastics, can also be determined 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 calculated by the 
formula 

R * a - bp, 

where a and b are constants o" zae  materialj and 
p is the Larson-Miller parameter. 

For glasa-reinfarced plastics, we have 

p - T(C + Igr), 

(31) 

(32) 
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Pig, 43. EaciliV for testing 
reinforced plastics for longe~ 

vity in tension: 
1 — system of levers 
2 — grip collars 
5 — riffled jaw& 
4 --- rubber plug 
5 — set of weights 
6 —- specimen 
7 — special glass vessel for 

thermostatting corrosive 
medium 

8 — frame 
9 ~ clock-type indicator 

H 

is . 

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-terra 
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 appreciable drawbacks associated either with the 
impossibility of ccnducting ehe experiments in chemically corrosive liquids, 
or the limited temperature 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 authors proposed a simple device 
(Fig, 45). This device enables us to test an unlimited nurrber of specimens 
(numbers of the devices can be brought together in an installation with 
a different number of cells) in various media; the atmosphere? water, 
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Pig. 44. Sfecility for testing reinforced plastics 
for longevity with berding: 

1 — lever 
2 — punch 
5 —- specimen 
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 — set 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 sealing 
the specimen in the vessel, and also these experimental techniques are 
given in detail in several reports [74» 7IS 773• 

The report [24] proposes a modificstion of this device with sliding bear- 
ings replaced  with antifriction hearings in order to reduce frictional 
losses, and also with the recording of strsis and the moment of specimpn 
failure automated.  However, as the result of replacing the system of 
two parallel-action levers with a single lever, considerablo difficulties 
aro&e in centering the grips and in eliminating specimen sag. 

A unit for studying long-term static strength in bending has an 
interesting solution [22] (Pig. 44). 
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Of high Interest for practical purposes is obtaining data on the 
behavior in time of articles nade of reinforced plastics in a complexly 
stressed state, which corresponds tc actual service conditions. Analysis 
of the disadvantages of several devices for tests of this type led to 
the building of a more advanced unit [lö] (Fig. 45). 

^ests for Gas-tightness and Permeability, iteterminaiion of Diffusion 
Characteristics 

i Of decisive importance in the functioning of chemical equipment and 
|  .      pipelines often is nox  the total loss of strength and the failure of a 
i material, but a breakdown in its fit, and the loss of the material's 
I gas-tightness and permeability. To study "Wiese effects, we need to conduct 
§ special tests for gas-tightness 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. 

V 

I The simplest test method was developed at the Department of Chemical 
| Equipment Corrosion at the Moscow Institute of Chemical i^uipment Building. 
I Specimens in the form of disks 2-5 "»m thick are tested by this method. 
I Plat 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 
5 that has two suall cavities (A and B). The half-chambers are joined 
with bolts. The test liquid is poured into cavity A. Compressed nitrogen 

I is fed through connecting piece 4. A pressure is built up ir cavity A 
I (usually 2-4 kg/cm^). The specimen is maintained in this condition for        1 
I a definite time interval, but not less than 1 hour. The material is 
I regarded as having passed the test if no traces of liquid are fouad on I 
I the surface that faces cavity B. 

I ' 
I Among  the disadvantages of this method are the following: th-; arbi-       I 
I trary choice of the test duration (even when it is strictly scientifically 
f substantiated, it is difficult to estimate the permeability and gas- 
I tightness of a raaterial from a single point; the kinetics of the process 

nust be studied), and also the impossibility of exactly fixing the moment 
of total passage of the liquid, since cavity B is closed to inspection. 

This nethod 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 all, it is necessary to make it 
possible to fix precisely the moment when the liquid penetrates through 
the specimen thickness. This can be done, for example, as follows. A i 
foil raust be cemented to thf surface of the specimen facing cavity B, and 
two electrodes must be ceniented to the opposite surface of the specimen. 
Then if an electrolyte is poured into cavity A, the moment of totil j 
permeability can be established from tne appearance of electric  current       j 
in the  electrode circuit. The moment of total permeability can also be        | 
determined from the change in the electrical resistance of the foil and 
the glass-roinforced plastic. 
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Fig. 45. Arrangement of stand 
for testing pipes made of rein-* 
forced plastics for longevity 
on exposure to hydrostatic pres- 

sure! 
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 liquid 

Fig. 46, Device for testing speci- 
mens for permeability 
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fy solving this problem, more detailed studies can be made. It becomes 
possible to study longevity (in this case — time to total permeabilily of 
a specimen) as a function of the temperature of the medium (this requires 
thermostatting of the unit), pressure, nature oi 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 tumoff valves. In testing specimens, 
owing to their creep there is some enlargement of chamber A, which requires 
pressure to be regulated. There is also a drop in pressure due to some 
leakage of gas along the lines from the tank to the device. In installa- 

I tions of this type, the pressure drop is sometimes ^-XO percent in 24 hours, 
I This requires manual regulation of pressure. In addition, the presence of 
I a high-pressure gas tank increases the requirements on safety measures in 
I conducting investigations. 

I These disadvantages of gas tanks are eliminated in the hydraulic 
I stand for pipe testing (cf. Pig. 45). This facility also makes it possible 
I 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- 
fe sity in piping walls. The presence of porosity leads to a drop in pressure 
I 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 a medium) can be esti- 
mated from these indications, i.e., we can estimate longevity. The moment 

I of breakdown in gas-tightness can be fixed more exactly. Thus, the tube 
I can be covered externally with foil and the variation in the electrical 
f resistance can be recorded in the event that the wall proves to be per- 
I raeable (Pig. 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 [15, 28, 46]. Difussion processes strongly 
affect the aging  of polymers and plastics bpaed thereon.   Variation 
in mechanical properties and also m the structure of a material depthwise 
is determined mainly by the rate at which the medium penetrates 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. 

diffusion is a process leading to the equalizing of concentrations 
within the same phase. When a liquid penetrates through a plastic, its 
molecules fill the molecular voids of the material, forming macromolecules 
owing to the continuous oscillatory movement 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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Flg. 47, Electrical block diagram for 
recording disruption of the gas-tight- 
ness of pipes made of glass-reinforced 

plastics: 
1 ~ specimen wrapped with aluminum foil 

tape 
2 — self-recording ampere-voltmeter 
5 — commutator mounted on clock mechan- 

ism 
4 — battery 
5 — electric switch 

In most cases, polymeric materials are characterized by the first kind of 
penetration, 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 cm2/hr or cm2/R9c. In addition, 
in studying diffusion characteristic& one introduces the concept of the 
coefficient of permeability. The coefficient of permeability character- 
izes the passage of the vapor of th« medium through a membrane 1 cm in 
thickness and 1 cm2 in area for a pressure difference of 1 torr (l mm Hg) 
per unit time at constant temperature. The coefficient of permeability 
has the dimension g/(cm»hr). 

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 [28J. 
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   Q is the change in the mass of the specimen in grams, during the 
time 7, 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 cm2/8ec; 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 electrolytes, 
since the increment of the specimen in this case is an overall quantity 
and one cannot determine what is the cause of the weight change» penetra- 
tion of the solvent or of a solute. In addition, in a great many cases, 
especially for concentrated acids, no swelling of the specimen is observed, 
since a breakdown of material due to chemical interaction takes place 
simultaneously with the diffusion of the medium. 

The aianoraetric method of letermining the diffusion characteristics 
of polymers Las 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 [78J. 

The coefficient of permeability P is calculated by the formula 

Qd 
SrAp (34) 

where  Q is the amount of the substance in grams penetrating in the time 

r; 2 
S is the surface of the specimen in cm ; 
d is specimen thickness in cm; and 

^p is the pressure difference in torr between the volumes separated 
by the specimen. 

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

(35) 
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wheve p* i» the pressure produced by the vapor in the measuring diamber 
of the instrument, in kg/cm2; , 

V is the volume of the measuring chamber in cor; 
T is temperature in o K; 
R is the universal gas constant in kcal/(kmolr. x deg); and 
ft. is the molecular vei^it of the substance. 

This material exhibits quite hi£) accuracy, but requires complicated 
equipment. Its disadvantages include the fact that diffusion characteristics 
can be determined only for thii? polymer films. 

When the polymer is in contact with a liquid medium, the latter, on 
penetrating 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 for the medium whose perme&bility is under 
study were used to reveal a well-defined penetration boundary« Indicators, 
on interacting with the ions of the medium penetrating into the polymer, 
abruptly change their color. 

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

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

D = i.. 06) 
«T 

This method is quite simple and permits observation of the front of 
medium oenetration and study of the kinetics of its penetration into 
many uoXyraeric mateir jls and plastics based thereon. 

The conditions of indicator interaction vd th the medium can be satis- 
fied in two ways. :Vh-~  indicator can be introduced directly into the test 
polymer (binder) ar a finely-dispersed filler (colorant). In this case 
ions of the medium penetratiijg 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 brittle 
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 ^ore rapidly and the penetration boundary is more clearly 
pronounced. 

The 50-power MBI-5 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. 

I 
§ When studying 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 chang? in the indicator color  with change .In the pH of a 
medium takes place gradually, i.e., the change in indicator color is 
detected as certain pH values. The interval between two xM values foimz 
for each indicator is called the range of transition or the transition 
interval. 

One must select indicators with which 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 compounds. 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 changes somewhat owing to the filler 
added. To some extent this must afr-.ct tK coefficient of diffusion. Th-. 
method of "developing" thin sections ii - iclniiion of indicator eliminatrs 
this disadvantage. In addition, this method does 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 certain .ilass-reinfo?ced 
plastics. It must be noted that when these two methoii were coapared with 
several materials, no appreciable difference in results was uncovere .. 
Pig. 48 presents the penetration depth of hydrochloric acid in ED-5 spoxy 
resin as a function of exposure time. As we can see, the diffusion of 
the acid becomes greater with increase in concentration. The temprrature 
function of the diffusion coefficient is exponential in nature: 

0 = 0^ RT' (37) 
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fig,  48. Exposure dependence of    Pig. 49. Temperature dependence of 
depth of penetration by hydrochloric the coefficients of diffusion of 
acid at different concentrations into 50 percent sulfuric acid (curve 1) 

ED»5 «poxy resin (t ■ 50© G);    and JO percent hydrochloric acid 
1 — 5 ^ HC1 (curve 2) 
2 — 10 % HC1 
3 — 15 %HC1 
4 — 20 ?& HC1 
KEYt    A — Microns 

B — T» hours 

where DQ is the prt-exponential cofactor; 

EJJ is the er?cgy of activation of the diffusion process? 

R is the ui/ersal gas constant; and 
T is the absolute temperature. 

ühis function can he represented with a straight line in the coordi- 
nates lg D - 1/T (Pig. 49). 

The microscopic method of determining the depth of penetration by a 
medium into a polymer we have dercribed enables us using an indicator to 
determine  the    specific front of the specific concentration of 
the medium or to determine the pH at which the indicator changes its color. 
These methods allcw 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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I übe electrocheoical nethod of dxttüBiaa tests can be used to detersdne 
| the coefficient of pexneabiliiy and tie coefficient of diffusion. This 
,1 method is based on oeasuring the change in the electrical resistance of 
1 doubly distilled water separated froa täie test electrolyte by a membrane 
f made of the test oaterial. Hhe electrical resistance of doubly distilled 
| water is (5-7) -., 1CP ohm* 
I ' :\ 
| As soon as the first ions of the medium penetrate doably distilled 
g water, resistance drops off, i.e., electric conductivity rises. The v-v. ve 
I "amount of penetrating electrolyte versus tiaje" has two sections: ab i ? 
I the nonsteauy state process and be is the steady state process of pene" 
|  . c   trstion (Pig. 50)» The section be is linear, and from it we can calculate 

the coefficient of permeability Pi 
i 

where Q is the amount of penetrating electrolyte in g/hrj 2 

S is the area of the membrane in contact with the medium, in cm ; 
d is the membrane thickness in cm; and 
T is the time in seconds. 

The anount 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 (Pig. 
51) consisting of two glass half-cells, in one of which two platinum 
electrodes with platinum black deposited on them are noldered. A disk 
of the test material is squeezed between the half-cells using polytetra- 
fluoroethylene spacers. Doubly distilled water is poured into the half- 
cell containing the electrolytes, tnd into the other half-cell — the 
test electrolyte whose resistance is being measured. The disadvantage of 
this tnefnod, litiiting its use,is simultaneous diffusion in the polymer of 
both the electrolyte and doubly distilled water. Both diffusion fronts 
are encountered in the polymer;mutual mixing (solution) takes place; and 
the penetration rate is considerably reduced [46]. 

The method of radioactive isotopes [29, 78] gained wide acceptance 
in the study of diffusion characteristics of polymeric materials and 
plastics. This method gives maximum accuracy and is suitable for virtually 
all materials. Unfortunately, the complexity of the experiment and the 
specific details :.S  its enndi+vas limit the ecope of its application. 

Adhesion Tests 

Individual elemertti 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 determined 
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Fig*  30. Time dependence of the 
amount of penetrating electrolyte 
KEY: A — f, hours 

Fig. 31. Bleotroehenloal cell 
for pemeability tests 1 

1 — specimen 
2 — half-cell 
3 — electrolyte 
4 — polytetrafluoroethylene spacers 
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a) b) 

I 
Pig. 52, Arrangement for adhesion 

tests; 
a — in iupture 
b ~ in shear 
c — in tearing 

just as 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 testing of 
plastics (excluding the gravimetric method). 
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SfflffiKSTH AMD ÜECffffOLOGICAL CALCÜLATIOBS OF ARTICLES 
HASE OF REIHFDRCED PLASTICS 

übe absence of tellable engineering methods of calculating the strength 
of cheaicsl equipment and pipelines made of reinforced plastics has to some 
extent slowed  their introduction into industry. In addition, this fact 
has hampered the development of rational designs of articJ^ with allowance 
for the optimal arrangement and distribution of the reinfoxuing material 
and binder. 

The shortage of studies on the calculation of equipment and pipelines 
made of reinforced plastics is due to the sizable complexity of the problems. 
The complexity of calculating shells made of glass-reinforced plastics is 
explained, above all, by the presence of the structural anisotropy of the 
structure of the supporting ffcamework. Additional difficulties arise since 
the materials 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 pressure con- 
tain prerequisites and assumptians that reduce the reliability of the solu- 
tion to the problems posed. Thus, the calculation proposed by Ganal [62] 
on determining the rational 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 the reasons for the variation in 
strength properties. The author of the paper [41] does not take account 
of deformation properties of shells tn his calculations. Binders are pre- 
pared from thermosetting resins (polyester, epoxy, and phenol-formaldehyde), 
therefore the assumption is nado that piping geometry is not disturbed 
upon loading, i.e., the binding angle and the diameter remain unchanged. 
Actually, shells are characterized by creep, which leads to the disruption 
of gas-tightness upon prolonged loading. 

The bearing capacity of a shell made of glass-reinforced 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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rausv also have reliable Methods of caxeulattng tbe strength of shells in 
crd«r to provide for the orlertaticm of glass fiber and its qaantitjr so as 
to ensure the aayjaut strength and stiffness of tbe article. In addition, 
the reliable lining of the internal surfaobs of eqnipaent and piping with 

|      thexmosetting plastics and sealants «Joes it possible to produce absolutely 
I       ^as-tight shells, «hose strength calculations are necessary. 

a fhis work presents several siaplified aetbods of technological and 
strength calculations for shells made of reinforced plaaticn used In the 
induetry and gives a partial analysis of these methods. He sain disadvan-       1 
tages of these calculation taethods include the absence of allowance for the       | 
viscoelastic properties of reinforced plastics and the inadequato eoMidera- 

I       tion given to the time dependence of their stsngth. Tim theory of visco-     v  \ 
I       elastic prehistory more fully describes the behair-or of plastics under load.       j 
I  *    However, at the present stage thus far reliable enough analytic functions 
I       have not yet been derived for the calculation of plastics with allowance 1 
I       for viscoelastic prehistory. To solve the Boltzmann-Volterra relationship        1 
I       in the integral form [9], one must know the elastic lag factor, relaxation 

factor, and relaxation time, übe experimental determination of these co- 
efficients is difficult. Several theoretical problems were solved by using 
the theory of viscoelantic prehistory [9, 51» 65]. Biese relationships 
are in need of further icprovement in estimating the properties of poly- 
meric materials in articles, • 

I A major contribution  to th^ theory of anisotropic laminated shell '' 
f and to the development of the optimal orientation of reinforcing materials        j 
I with feilowance for the action of vavious external loads was made by V. I. | 
% Korolev [56]. This work proposeüi differential   equations for the strength 
§ and stability calculation of cylindrical shells when exposed to concentrated 
I and uniformly distributtd loads, which can be used in calculating chemical 
I equipment and pipelines. 

In most cases existing engineering, technological, and strength cal- ; 
6        culations of articles made of reinforced plastics are based on one of two 

main principles. One assertion (the "smearing" principle) [l] is based on 
.        .Lhe fact that the number of rei forcing elements is quite large and that 

the reinforcing material can V approximately replaced by some quasi-homo- 
geneous anisotropic material. 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, j 

Another principle is the examination of the material with the effect 
of binder disregarded [5?]. Here it is assumed that the fVoe:-  takes the j 
entire load. The orientation and number of required fibers in the material * 
of the article is determined from tne condition that loading is taken si- f 
multaneously by all fibers. Local effects at the boundary of the reia- f 

forcing material and binder are neglected in this case. 
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Approatloate fimetions Used ia Calculating Beactors and Piping Made of 
Beioforoed FXastios 

Mjrlindxioal raaotioo equipaent and pipelines aade of reinforced plas» 
tic» can be thin-ifalled» thick-walled, and with sodexate wall thickness. 

fhs Gliding capacity of carlindrxoal pxessore shells is detendned 
mixüf hjjr the resistance to internal hydrostatic pressort^ which in the 
general case causes the bodsrstressed state of the walls. Of the three 
eoaponents of body-stressed state (normal stresses in the tangential, 
axi*X, and radial directions), the normal stress in the tangential direc- 
tion is the greatest. 

In practice [?l], the following functions are used in calculating the 
largest normal stresses in the tangential direction induced in the walls 
of cylindrical eouipment and* piping when acted on by internal hydrostatic 
pressure p in kg/ov^, 

She lame function is used for equipment and piping with any vail 
thickness (most often, for thin-walled piping) t 

*,=P££; 09) 

where the coefficient k « d/j) « r/B (here d is the inner diameter of the 
shell and D is the outer diameter of the shell). 

The Kessel, Naday, and Barlow formulas are used for ihin-walled equip- 
ment and piping, assuming the wall-thickness stress distribution to be 
uniform« 

d      „ r      „ k (AQ) 

Ot-P^-pl-P^-' (42) 

here       t ie shell wall thickness; and 
d  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 stress values, and Barlow for- 
mula ~ overstated stress 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 calcalat-lon of equipnent and piping Bftde of glass-reinforced plastics 
ty- approziBBte foroalas is stapler than ty the Lsae foroula, therefore they 
are used more often in engineering. But often these approximate functions 
are used vithout cognizance of the limits to their use. It is ioportant 
for practical calculations to know within what limits the approximate for- 
mulas (40), (41)» and (42} give an acceptable agreement with the Lame for- 
BBila. 

Beze it is useful to divide ell equipment and pipelines into three 
groups: thin-walled with 0.95 iS 1c < 1; with mean wall thickness at 0.654: 

I,  1        k ^ 0.95; and thick-walled, for 0<.k <0.65. 
4 

Error analysis showed that all three approximate formulas are suitable 
for tnin-walled pipes, since the deviation of calculation results with the 
Lame formula does not exceed 5 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 stxess values understated by 
less than 3 percent. 

For 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 
reinforcement factor of the glass-reinforced plastic 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 Qylindrical Pressure Shells Made of Glass- 
Reinforced Plastics With Longitudinal-Transverse Lay-up of Reinforcing 
Material 

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

The following main assumptions are adopted! 
The shell is considered as a thin-walled cylinder with bottoms, loaded 

by internal pressure and flexural moment for wall thickness snialler or 
equal to 0.1 D, where 3 is the outer shell diameter; 

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

axial forces in the shell wall are taken completely 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 valuej 
upon loading, there is no shear in the transverse layers of the rein- 

forcing material related to the longitudinal layer; and 
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th» adhesion between the reinforcing aaterlal and the polymer bindet 
is sufficiently high so that both components have the same deformation 
when the shell is loaded. 

Calculation of the structure elements of layers with the  hoop 
lay-up of the reinforcing material (glass fiber yam*) is carried as follows. 

The total force acting on a shell segment 1 cm long is determined in 
the hoop direction* 

P - Pd, (43) 

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

Ibis 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 yam P laid in the circular darectdon for a given shell seg- 
ment ic 

P = 2,V/,S(pn. (44) 

where N is the total number of glass fiber yam laid in the hoop direc- 
0 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 
cp is the strength-use factor of the glasj filament in the yam 

(Table 21). 

Bjy the functions (43) and (44), the following equality is formulated: 

pd = 2ty,Smp. (45) 

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

2Snqr 

In addition, we can write 

**-*&• (46) 

^ = M% (47) 

where i is the number of hoop glass fiber yams in one layer for a 1 cm 
long shell segment; and 

M is the number of layers with the hoop glass-yam lay-up scheme, c 

* [yam = roving] 
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TABU: 21.   CU&HACTESISTKS or GUSS YARK> [50] 
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P 
Cyio« »ryr ,5" dummit mryt   6 

7 3*4 llj 0182 7 %26 14,5 0^94 

10 2,5 20^4 0.94 10 2;38 21.4 0.95 

20 1.23 aas 0175 20 1,13 34,1 ft 88 

60 Q.il 84,2 0170 — — — 

KEY: 1. Number of filament plies 
2. Metric number of yam 
3. Breaking strength of yam in kg 
4. Strength use factor of filament in yam 
5. Dry yam 
6. Cemented yam 

The number of hoop glass yams is 

'*=^. (48) 

where a^ is the distance between axes of neighboring hoop glass yams of 
the same layer (for example, a^ - 0.25 - 0.5 cm for glass yams 
in 30 plies). 

From equality (47) we find 

%^ f (49) 

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

B = ndtg ß, (50) 
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where d is the inner diameter of the shell in cm; and 
^ is the pitch angle of the glass hoops during winding (the 

angle 0 is within the limits 2-3° for longitudinal-trans- 
verse lay-up, and less often — to 8°). 

,,!hen «*.»« ^ 

(52) 
™""" «dtgf» * 

The calculated thickness of the shell wall corresponding only to the 
hoop layers of glass yams is 

th= EL. (55) 
20^9' 

where aou is the tensile strength of the glass filament in kg/om , 

Experimentally, th is determined by the formula 

**>= tyMh. (54) 

where th 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 yam in the transverse 
direction of the shell is 

iJ=PX + ~4r"' v55; 

where K  is the bending moment induced by the weight of the shell con- 
taining the working liquid, in kg . cm; 

J is the moment of inertia of the shell section in cm ; 
d is the inner diameter of the shell in cm; 
D is the outer diameter of the shell in cm; and „ 
F is the cross-sectional area of the shell in cm . 

The moment of inertia is 
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y_n(D«-rf«) (56) 
64 

After inserting the values of ML , F and J, equality (55) becomes as 
follows: ^ 

p-P-T + —m—1F+3S' (57) 

where q . is the wei^it of a shell 1 m in length, in kgj 

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 
cm. 

The overall breaking force of glass y«m laid in the longitudinal 
direction is 

P, = S<p«,V& . (58) 

where N, is the number of longitudinal glass yarn in the cross-sectional 
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 
yam; 

A/i __ "°<P . a±±M .   _ p!* „ . N'»  "-ß^T"1"  200   (D» + d»)5q>rt (^^ 

Setting d RrJ- D, we get 

On the other hand, 

Nlc  = iicMi,,. (61) 

The number of longitudinal glass yarn in a single layer is 

(62) 

where a, is the distance between axes of neighboring glass yarn in the 
same layer; and 

II xd the total number of longitudinal layers of glass yarn. 
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After Inserting into formula (59) the value 

D « d + 2t 

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

th = -IWd-P) + \r\2l2Ad-jgj + m (dP-2/lrf») (63) 
&4 * 

where 

A _ ZXJSynNt, - \57pd* 
la + if (64) 

Experimentally, t. is determined by the formula 

//„-<,%. (65) 

where t is the thickness of a single layer of longitudinal glass yarn in 
cm. 

The total thickness of the shell wall is 

*** = 4, + ^ = '*(% + M^- (66) 

The thickness of the shel] wall, with allowance for the given ratio 
of reinforcing material and binder, can be calculated for the case when 
each shell layer consists of glass yarn impregnated with binder and laid 
parallel to each other. 

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

f-fy-f/y. (67) 

where F, . is the cross-sectional area of the binder in the isolated ele- 
bl 2 ment, in cm ; and 
P , is the cross-sectional area of the glass fiber in cm . 

The cross-sectional area of the glass fibers is 

c, _ _.,_"<  (68) 
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where n.  is the number of unidirectional glass yarn in the element; 

N is the metric number of glass yarn in m/g; and 

^ j is the density of the glass la g/cvr. 

We know that 

W     Ht _   gpjfe (69) 

where V,. is the binder content i.i percent by volume; 

V 1 is the glass content i;» percent by volume; 
g'* 
x ia the content of binder in percent by weight; and 

(;, . ia the density of the binder in g/cm?. 

Inserting in equation (6?) the values of P.. and. P ., from formulas 

(69) and (68), we get 

c-  «t  ft I ** *    \ (70) 

Substituting the values F « a.^t.i    f„T = 2.5 g/cnr, tM   R. = 1.25 

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

tl ~Imfifii \I 'J" m^x) > (71) 

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

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

t^-J— (72) 

After inserting into formula (71) the average value of a. for layers 

with hoop (a, ) and longitudinal (a, ) lay-up glass yarn, the correspond- 

ing values for the shell wall thickness in the hoop t, and longitudinal 

t, layera are determined. 

The total thickness of the Sii 11 wall is determined from the equation 
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'*r='A-f-^. (75) 

This calculation method is simple and applicable for determining the 
calculated technological oarameters in fabricating shells (wall thickness, 
number of layers of reinl^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 ¥y 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 hy longitudinal-transverse wind- 
ing of glass yarn using polyester binder showed some agreement of experi- 
mental data with calculated values (the deviations amount to 13-20 percent), 
This calculation enables us to estimate the short-term strength of an 
article without allowing for its extended service. 

Calculation of the Strength of cylindrical Pressure Shells Made of Glaas- 
Heinforced 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-reinforced plastics fabricated 
by overlapping winding on a mandrel of glass jam 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 jam 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. 

Let 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 represented 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 rfith 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 glm i yam with relatively greater stiffness, therefore high 
stresses in glass yarn here correspond even to relatively small stresses. 
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It can he stated that during the first period of loading, deforma- 
tious axe induced in the skeleton eleoants that are associated «ainly 
with tiie variation in the or^.entation of glitss 7«m acd tdiioh lead to 
their arzangsaent su^i that the eUss yam takes the principal loading. 
Ma soon as the glass yarn is oriented in this «ay, the stiffness of the 
ake-^ton will juicrease shazply and AcriAer variation in the shell diacn- 
sions is governed mainly by the elastic deformation of the glass yam. 
Concidering the significantly greater stiffness of the skeleton compared      } 
with the binder, the etreases in the binder cea be neglected, Ly aesoming     j 
that the glass yam takes the entire load in the shell. 

The modulus of elasticity of polyester resins lies within the liadts 
I 2 • 104 - 4 • 105 kg/tsBTf  Md the modulus oi longitudinal elasticity of 
I the glass yam is of the order of 7 • 105 - 1.5 • 10^ kg/cm^, therefore, 
I  *•       dflformationa of the vail element associated with elongation of glass 
I yarn are extremely hampered. 

| Still, element öefoncativm is possible which occurs without change 
| in th« length 1 of glass jams; this is the deformation corresponding to 
f the ciiange in the angles of the rhombi formed by jlass yarn of neighbor- 

ing layers (Figs. 55 and 54). 

J*: In xhis type of deformation, the diagonals of the rhoabi remain 
I KB3tua21y perpendicular and, therefore, ai?e the directions of the princi- 
I pal deformations [54]. 
I 
| We introduce the notation: 

■ 'h 

I f   = Aa/a is the relajive deformation in the tangential direction 
| in ^; 

8   =* Ab/b is the relative deformation in the direction of the pipe 
y      axis in ^i and 
A a and Ab are the absolute elongations of the semidiagonals of 

■': the rhorabi. 

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

a2 + b* = /*. ^4^ 

It follows from the condition of the nonextensibility of glass yam 

[f, - (-Ab)]* + {a + Aa)* ~ P. ^ 

that 

Equating the left siaes of these equalities to each other and making 
transformations, we get 

s 
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fig,  35« Sleaent of pipe vail» 
a — prior to defoxoBtion 
b —► after defomtion, with length 

of glass yarn unchanged 

fig. 54* Diagram for deriving the 
relationship between deforoations 
in different directions of pipe aad« 
of glass-reinforced plastic fabricated 

by convolute winding 

2A66 + A61 + Ana -J- Aa» = 0. (76) 

9 2 2 
Dividing all terms of the equality by b   - a   ctg ß , we get 

9 Aft , Aft«     0    Aa      ■     Ae*    _0 (77) 

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

For small displacements, the qu^iratic terms in this equation are 
extremely small compared with the linear. Therefore, from the last equa- 
tion we obtain the function 

ex=:~8,ctgsß. (70) 

}Jased on the assumption that the glass yam filaments are inextensible, 
we can derive the relationship between axial and radial deformatloM of the 
wall of a shell made of glass-reinforced plastics. 

Displacements of any point in the shell (Fig. 55) can be characterized 
by two quantities: the radial cisplaoement (a  and the axial displacement 
u. 

üince the hypothesis that glass yam is inextensible has been adopted, 
the quantities 0  and u are interrelated [lO, 42], 

Let us confider the glass yarn length element dl, whose projection in 
the circumferential and axial directions prior to shell deformation are 

- 118 - 

jtuaaU&UicUUiiuiäCiikäuiilK äMliäiS&i9iläUi£&£xUiUaiU^ a'#iti^fff1iii<tffihfiaifl^ 



i- 

■i-«*aSÄäfe»«seg3^^g^': 

I 
i 

Hg. 55. Oalculatian scheae of tte diSFlaceiaeiit of pipe element 
points (a) in the radial direction (b), and in the tangential and 

axial (c) directions witii preasure leading 

equal to as and dx, respectively. After deformation« da and dz are 
transfonaed, respectively, into the quantities 

*• = *{!+-f): (79) 

The new element length dl' is determined from the equality 

WO+£)'+(£)']• (81) 

Since the length of glass yarn filaments remains unchanged, 

Dividing both sides of the equality by dl and considering that 

~-=cosß and  IJ-= sin p. 

we can write 

HI+TL)W(1+[(, + *)'+(^)>„.|). 
After the transformation, we get 
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K+mVn-[«t+{^)'+ 

This equation ezpxeases the relationship between u and a  , where 
the glass yam length remains unchanged. 

Assuming that the quadratic terms in equation (85) are equal to 
zero, this equation becomes transformed as followss 

JL^-tLttfh (04) 

where a>/r » £  is the relative radial defonsation of the sh»ll; and 
'    r 

du/dx « f  is the relative axial deformation of the shell. 

Then 

The magnitude of deformations associated with the elongation of 
glass yarn is extremely snail 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 
yam are inextensible and that the deformations in the direction of the 
rhombal diagonals are uniquely possible. 

As the second principal hypothesis, let us assuoe that stresses in 
the resin are extremely 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-reinforcrd plastics csn be 
considered as inextensible networks with rhombic shells. 

Experience shows that these hypotheses of the inextensibility of 
glass yam elements and the smallness of stresses in resin provide an 
accuracy of the calculation of chemical equipment 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. 36. Scheme of pipe element 
for the determination of the equi- 
librium pitch angle of glass yams 

Determination of the equilibrium pitch angle of glass yarn. Let 
us assume that glass yams are inextensible up to the moment of shell 
rupture [72]. Ve must consider that glass yam can shift with loading, 
by changing the pitch angle ß  (Fig. 56). 

The loads T- and T» are expended not per unit length of the glass 

yam layers. The resultant K of the forces T^ and T-. depends on the 

angle p ; therefore, we mast obtain the ratio T-ZTL as a function of A . 

If we let m stand for the lay-up density of glass yam, the length 
occupied by each glass yam in the direction of he generatrix will be 
1/m cos ^8 , and 1/m sin ^ — in the peripheral di action of the cross- 
section. Per cm of length in the generatrix direction, m cos 0  of the. 
glass yarn of one layer is present, and m sin 6  of glass yam of one 
layer is present in the peripheral direction. 

If K is taken as the load in kg per glass yam, the component of 
this load in the generatrix direction (x eras) is K tin/8,  and K cos 
in the peripheral direction (y axis). 

Therefore, the load T_ of one glass yam layer per cm of generatrix 

length will be 

7V ■-- Km cos8 ß. (86) 

The load on a single glass yarn layer T^ per ca of the peripheral 

direction is 

T0 = 10» sin* ß. (87) 
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Dividing equation (86) ty equation (87)) we get 

¥e know titet when internal pressure acts a^iinst the walls of a 
cylinärical shell, the load ratio T^TQ is 2. »it this ratio is observed 

only for one specific direction of glass yuxn winding (in the case of 
crossover helical winding), when the following function is observedt 

ctg*P = 2. ^ 

Therefore, ctg /J « 1 »4141 and angle ^ » 55 16*. 

Let us call this angle the equilibrium angle. A specific shell 
configuration oust 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 yam tension. If the ?hell is fabri- 
cated with a different angle /3 , then when the internal shell is loaded 
with internal pressure it tends to take on the equilibrium configuration. 
•Rius, internal pressure can be wholly taken by glass yam only if their 
angle of inclination to the peripheral direction, for helical crossover 
winding, will be 35° 16«. 

If we fabricate a shell with a different glass yam pitch angle, 
when subjected to internal pressure the shell will be deformed in such 
a way that the glass yam pitch angle will tend to the equilibrium value. 
If the shell ia fabricated with a glass yam pitch angle greater than 
ßm 55° 16', when exposed to pressure it will diminish (Pig. 57). In 
this case, piping will increase diametrally and become shortened. When 
piping ( ^ > 35° lö^is tested at constant pressure, the pitch angle will 
become less with time (Fig. 58). For an angle smaller than ß  « 35 16', 
the shell will be elongated and smaller in diameter. Therefore in any 
case when the shell will be fabricated with a glass yam pitch angle 
somewhat different from the equilibrium value for service under internal 
pressure, it necessarily will fail in time owing to the disruption of 
gas-tightness. The service life of this equipment or pipeline will be 
determined by the deformation properties of the binder. When shells 
are fabricated from glass-reinforced plastics with a glass yam pitch 
angle close to the equilibrum value, their service life when operating 
under pressure will depend »n the reliability and the condition of the 
adhesive interaction of binder and glass fiber, and also on the glass 
yarn strength. 

Shells with a glass yarn pitch angle of 55° 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 creep. Here practically no change in the glass yarn 
pitch angle is observed. 
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?ig. 57- Äspendence of pitch aagle 
of «lass yarns ß  on internal pres- 
sure ^the solid lines correspond to 
experimental data, and the dashed 
lines correspond to calculated data) 
for piping with inner diameter of 
89 ma and wall thiclciess 4 mm, made 
of glass-reinforced plastics as 

follows s 
1 — with epoxy resin 
2 — with polyester resin 
K^ A — p, ksW 
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K.g. 58. Dependence of pitch 
angle of glass yams 0  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/cm2 

B — f , hours 

condi^Lir: iSuete O?irnsions
1
,;näer inte3mai j—* ^^ 

shifting^f glLs yarn u^! A      r':LD]Ultfe0USly ^^«ted causes, the 
wall wSh LSeaee^in p^sLe    anftr 1 f^f ^^ Up in the 8hs11 

to their increasiL LS^!     ; ^ atretchfeg of S^ss yarn owing 
is laminar in sStä   df; I'lT deVel0^^ in ^ ^ell wall whilh 
glass yarn shifts     ^/^      ?    be pre8ence of Pressure,are the cau8e of 
«lass varn ^Xng-    ^^P^eaent continues theoretically until the 
ToZ fn" e sh linw U ^ZT ^^ ^ ^ ^-ctiL"fLteLal 
shows up to a greater i; W ll^T*1™'  the ^^^^t of glass yarn 
the framework     The latti ?Lt        ^Z^6^1"6 0n the shear ^iffness of 
density of la™ of pi ass varn''^8 "f t0 ^ f0110^'  ^ kind ^ 
number of glas^yarn bearinrl '^^ Stfc1:ural(initial) angles ß ,  the 6 «fa yarn Dearinff x^/ers, and type of binder,  and so on. 

Pipe äiSSiSsf äl^wSTl^r anä the gener81 e^ati- **' 
SSd-A z£^FJF^r™f —~ 
P^sure (r is the ^^tZ^Tj^ ^r/^l^al 
force per unit length; and T 

pr is the tangential (peripheral) force. 
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Prom these equations there follows the ratio T-iT- ■ 2 that is 
representative of thin-walled cylindrical pressure shells. In the 
strength calculations of pressure equipment and piping made of glass» 
reinforced plastics, in determining the namber of layers forming the 
framework, one must allow for the TT»T0 ratio, as well as the structural 

features of the framework, ty introducing the corrective coefficients 
corresponding to them (especially in the case of large wall thickness 
when b>0,1 r). 

With reference to these relationships, one can determine the load 
K taken !;~ the glass yam by expressing it in terms of the tangential 
T-, or axial DL load, density m, and angle ß  from equality (66}t 

Considering that T„, * pr, we get 

■ i K—•>«.£««« R» '91) 

or 

^^Ä' (92) 

where d is the internal diameter of the piping prior to loading in cm; 
m,   is the lay-up density of the glass yam prior to loading in cm" \ 
n and 
1/ is a coefficient. 

Assuming, with allowance for the unevenness of the glass yam that 
K » Kf [f « fiber], let us find the burst pressure for an actual piping 

with number of glass yam layers i« 

*=*^ Id (95) 

When ß* m ßg* Y"  ■'•555, when ß£ ,- Äj, the coefficient has the 

values 2 cos ß   and 4 sin ß , the smaller of which determines the cal- 
culated value p«. 

The overall value of the corrections ia [c] 

(94) 
Icj - IcJ Ic,l Ic3l Ic4l IcJ. 
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These cof actors reflect the effect of the piping wall design, 
fabrication technoloor» and the kind of loading. 

To allow for long-term 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 ns 

P*-*^ w- (95) 

where [c]D « [c] [c/]  [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, corrective coef- 
ficients are introduced that allow for changes in the operating condi- 
tions of an article compared with thin-walled shells [45]« 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. 

The cofactor c. is a function of the angle ß  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 ß  from A   [h = hoop] 

to /5f [f = fiber] (if y5f differs from ßQ  = 55° 16») (Pig. 59). Prom 

the figure it follows that 

jufp6=l-cosß6 ^ 

and 

ndfy= Icosß^ (97) 

Hence 

or 

dM      cospA 

4      —A      C0S ßfr 

Therefore, 
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Fig. 39» Calculation scheme of 
the shifting of glass yarns 

IT   /!f'0o> 

_ COSffc (98) 

Ci = 
cos 43'16'      0,81647 

cosiy, ^sftT' (99) 

where Ä, is the pitch angle of glass yam at the moment of piping rup- 
ture; 

/L is the equilibrium angle; and 

A^ is the pitch angle of glass ^rn prior to loading. 

The correction c« reflects the effect of the thickness of the 

cylindrical wall of piping and its reduction due to inhomogeneity of 
the component glass yam layers; this correction can be separated into 
two cofactors: c' and c". The cofactor c* reflects 'Me  inhomogeneity 

in the loading of the glass yarn layers (from the inUmal to the ex- 
ternal layers), which depends on the number of layers i, internal pipe 
diameter d, and layer thickness t,. 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'Cin kg/cm2). Bence 
by finding the ratio of the tangential stresses of the last a"  and 
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first «T» layers and assuadng the layervise reduction to be approximately 
linear, we can determine 

for rx - r 

for rx « B 

^r7r+^^7r.7r. (ioo) 

^■-^ATZTf; doi) 

0' = 7F=75' 

where r and R are the internal and outer pipe radii. 

Hence, by expressing radii in terms of Clameters, we have 

(102) 

C2==^ = Bi+F' (103) 

where d and B are the internal and outer pipe diameters. 

Expressing D in terms of d, i, and t, and introducing the notation 

5=^ d 

we obtain the possibility of calculating c' for any layer: 

c^       Bi 

i5»+5 + 0.5 • 
(104) 

Based on the equation c^, 
2 ~   i 53   » we can aS8ume to a 

sufficient approximation ft at ci depends linearly on the number of 
layers. 

The coefficient c" allows for the inhomogeneity of the rupture 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-indn.cated load distribution by layers and to a reduction 
in the mean layer strength. 
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This correction is expressed by the equation 

ft «I —i1j(i —I), 

where Ju is an experioental coefficient. 

(105) 

The correction c2 allows for the deformation of glass yam under 
j 

loading when the glass yarn is present in a given structure» 

c« = » + ^ (106) 

where ff is the relative elongation of the glass yam at failure. 

The correction c, reflects the effect of the rupture inhomogeneity 

of glass yam in layer c*, the effect of adhesion, tension» and thermal 

exposure during curing c"» 

«««c^. (107) 

The coefficient c,. allows for the kind of piping loading during 

testing or service; the coefficient c,  allows for the effect of tempera- 

ture conditions when pipes are in long-term service; and the coefficient 
c- 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. Let us determine the cofactor [6] for piping made by 
crossover helical binding of glass yam in 60 plies using polyester 
binder. 

Initial cata. Ihe rupture load for glass yam K„ is 84.2 kg (in 

accordance wi'-.h VTU [Ail-Union Technical Kegulation] 9',"*63); the number 
of layers i is 8; the glass yarn lay-up density m, is 5 cnP; the internal 

pipe diameter d is 8 cm; the pitch angle of glass yarn c'uiing winding 
ß is 50°; and the internal burst hydrostatic pressure for short-term 
loading (experimental value) p. is 370 kg/cuP.    When ß is 50°, the 

coefficient llr is 

ijj ----- 4sin»ß = 4sin?30!> = 1. 

According to function (93)» the calculated value of the internal 
burst pressure is 

P* = * ^ W = I ^f~  W = 421 [c]   kg/cm" 
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Hence, the unknown cofactor can be determinedj 

This method of calculating shells made of glass-reinforced plastics 
fabricated by helical crossover winding of glass yarn does not allow for 
the effect of bending moment, wbich appreciably reduce the bearing 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 axe subject to bending moments. AB  the shell diameter is increased, 
this disadvantage of the suggested calculation scheme is less significant, 
owing to a rise in their stiffness. 

Technological Calculation of Cylindrical Pressure Vessels Made of Glass- 
Beinforced 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. Airing 
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.  Cutwater /sj/ 
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 compared with its 

diamete- i.e., tne internal and the outer diameters are provisionally 
identicfai; 

the reinforcing fibers have identical tension; 
the shearing and display .aent of layers with different lay-up schemes 

relative to each other are iiüpossible; and 
the fibers of each winding structure are continuous. 
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Analysis of the geometry of lay-up and stresses in the vessel wall is 
made separately for the cylindrical section and the end-closures. 

The total thickness of the vessel wall t comprises the wall thickness 
corresponding to longitudinal winding, t. . transverse winding t^, and 

crossover helical winding tg. 

The tension in the wall of a cylindrical vessel can be calculated 
based on two components of stresses induced for loading parallel to the 
vessel axis c. and in the tangential direction <T .    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 
that cr^ .2^. 

bi] 

Since the shell is fabricated by combination winding, when the vessel 
is loaded the hoop stress <r.  is composed of stresses in the layers of 
hoop windings'' 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 exist 

c. ̂ I'tL + Hls!* (108) 

Stresses in the layers of hoop winding OL  are numerically equal to 

the tensile stresses in glass fiber. Similarly, the stress in the axial 
direction is 

„=*-+^ (109) 

or 

at       V/ , V« 
T^-T^-J-' (no) 

where cr' represents the stres.^s in the layers of longitudinal winding, 
which are equal to the fiber strength cr • and 

G    is  the stress component in layers with a helical winding scheme. 

Rrom the definition it follows that 

a; = a; = a. ^11) 
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Pig. 60.    Scheme of stresses «cting in 
fibers with convolute (a) and spiral (b) 

vdnding 

Prom Pig, 60, we can write the following expression based on an ana- 
lysis of two filaments for crossover helical winding 

aodUsina^a, ÜL * '«ssno' (112) 

vhere d- is fiber diameter; and 

Of is the glass fiber winding angle (between the fiber and the 
cylinder axis). 

Hence, 

The analogous component for helical winding is 

Oy^ocos2«. 

Summing up equalities (115) and (I'M), we get 

% + ^/a = 0 (s'n*« + cos» a) —- a. 

(113) 

(114) 

(115) 

This condition is realized in equiloaded fibers, i.e,, in an idealized 
vessel. 

We know that 

Using- the functions (11;>) and (114), we can write 

(116) 
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2^ adding equalities (11?) wsd (116)» we can show that 

(119) 

Using this fimctlon, we can obtain & formula for calculating the total 
thickness of the vail for as ideal vessel fabricated by winding« 

We know that 

a^2^ig-. (120) 

Hence 

2tt< ~ 4«/ • 

Using equalities (119) and (120), we can show that 

0,= 
a 
3 ' 

Then equality (121) car be represented as 

,  3 pD 

(122) 

(123) 

Since tenallt; fiber strength and the allowable stress, as well as the 
working pressure £nd ciiaoeter of the vessel are usually known, it is pos" 
sible to calsulsce total wall thickness. 

It muct be noted that the total thickness of a vessel wall does not 
depend on the thickness of the constituent layers and the winding angle. 
Houever, the thickness of a layer of each winding type and the winding 
angle are interrelated by the fundamental geometrical relationships for 
a cylindrical pressure vessel given the condition that fibers are identi- 
cally loaded in all winding layers. When the thickness of 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.I cylinder under pressure kept constant. 
The function for the thickness of different layers is derived as follows, 

Gonsidering that 0+  » 2cr , and using equalities (11?) and (118) we 

can obtain 

o^ + o^ sin» a = 2crfp -f 2<rfa cos2 a. (124 ) 
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,!J5R=»ft!,*«.«ivi*»-„j: 

whence I 

i 
I 

2        2 Since sin a«« 1 » rod  oc, we g&t 

ScOS'tt 

Subtracting equality (126) from (Ho), let us determine t. . Gsing 

equality (116), we can an-ive at the resulting functions: 

| ^ = -5—/«cw'a; (127) 

I (^^--Usl^a. (128) 

i 
In the particular case when ta « 0 (t, « t/5 and i.h » (2/3 )t), we 

I        get th « 2t, , which is the principal requirement for a vessel that does 

I not have layers with helical winding where all fibers are equally loaded. 

| Thus, these functions enable us to calculate the cylindrical portion 
I of a pressure vessel for optimal conditions by using different coabinations 
I of helical, longitudinal, and hoop lay-up schenies of the reinforcing mate- 
I rial. The total vessel wall thickness depends on the type of lay-up 
I scheme combination and can be calculated for a known vessel diameter, 

known strength of reinforcing material, and required working pressure, 
I The known winding angle enables us tc calculate also several other compo- 
f nents of the total wall thickness. 

J 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 
I bending. With reference to the presence of a central opening, the end- 
l   .     closure section profile is calculated, along with its required thickness. 

Experience shows that longitudinal and helical winding schemes can be used 
in forming an end-closure, and these schemes are successfully used in 

I fabricating the cylindrical shell of a vessel. 

I In the calculation, ar analysis is made of the elementary section of 
JJ, the end-closure situated at a distance r from the vessel axis. The radii 

of curvature of this section in the directions shewn in Pig. 6l are denoted 
by R and K_. Suppose the total end-closure thickness t is composed of 

the thicknesses of the longitudinally and helically laid layers t , and 
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Fig. 61. Calculation scheue of vessel 
with bottom made of glass-reinforced 
plastic using glass filament winding 

t   . Helical winding is unfeasible for end-closures owing to vhe slip- 

page of turns. The helical angle with the meridional direction is  denoted 
by oc i and the angle between the tangent to the elementary section ond 

the vessel axis is denoted by A. The stress components in the section in 
the axial and tangential directions are denoted by cr   and cr  , respec- 

tively. The  end-closure thickness here is 

In the absence of a bending moment in the end-closure, 

(129) 

—eä. 
ft. 

P 

(150) 

We know that 

y?r- cos A ri (131) 

Relating this equality to the cross-sectional area of the end-oiosure, 
we can get 

pnr2 = ae /„t e i0 {2nr cos A) (132) 

or 

-;/-T- = 
0
«?/*

COSJ
4. (133) 

Since the number of longitudinal fibers is constant, 
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. —f- cos a cos a, 
»a 

This equation of a curve describes the relationship between R^ and 

H.j as a function of the thickness 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 

f- = 2-tg^. (159) 

Tension in fibers is deter.aned from the function derived on the 
basis of equalities  (1J1),   (iX)),   (^4), and ^%h 

a~bco%A tye + /„rosacos^T" (140) 

155 - 

where t. is the thickness of layers with longitudinal winding cm the 

cylindrical portion of the vessel. 

Similarly, we can express the thickness of helically wound layers at 
any site on the end-closure at any distance from the axis for a given 
winding angle: 

•—■{Dim- ™ 
Prom the equilibrium condition (11?) and (118), we find 

/eaW„=W, + W,cos8<V» (156) 
and 

(157) 

' Cancelling out cr, , o  , t -, , t _ , ard <*  from these equations, e j.o  e 1  e xo     e oc 
we get the fundamental equality describing the end-closure geometrys 

,     / cos a \ 

^ = 2_J^liiSl. (133) 
1 —Ä. 4. cos a rns n. 
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As we know, often vessels are wound with the reinforcing fiber lay-up 
calculated in accordance with a geodetic curve. This kind of winding can 
also ensure the forming of end-closures in accordance with equation (159)> 

The equality 

r 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: 

rsina^-j-slna; (142) 

this condition is valid also the end-closure. 

Inserting the value of OC from equation (142) into equality (159)» 

we can obtain an expression for the calculated curve of the end-closure 
profile» 

Rr -off. *   V     !rT 045) 

These analytical functions enable us to determine the optimal end- 
closure profile graphically in the first stage, according to equations 
(158) and (145)« Depending on the resultant shape of the end-closure, 
its fabrication procedures are developed. Aa shown by experience, a 
spherical end-closure most fully corresponds to the requirements 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-reinfcreed plastics, we must 
start from the condition that they are subjected to complex exposure to 
the ambient environment, increase tcoperatures, 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]s effect of medium, mechanical stresses, vibrations, 
technological parameters, and so on. 
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Ihe allowable stress is detemined with reference to the effect of 
each factor cm the strength of the glass-reinforced plastic, and this 
stress is then introduced into the calculation. 

Pipe wall thickness is detemined using the formula of the iaerican 
Society of Mechanical Engineers: 

/ Mi-Öfip CM. (144) 

where p • 1.5 P in kg/cm   is the calculated pressure (p is the work- 
P    \ P 

ing pressure}; 
r is the internal pipe radius in cm; 
e is the butt joint factor; and  „ 

[cr] is the allowable stress in kg/cm  , adopted with reference to 
approximations. 

When calculating reactors with sleeving, the shell vail thickness of 
the sleeving is calculated using the formula 

f = PR 
l<h] ' (145) 

•3 

where   p is the pressure of the coolant in the sleeving in kg/cm ; 
R is the radius of the shell (sleeving) in cm; and       „ 

[ O^l is 'fche allowable stress for tiie sleeving material in kg/cm . 

The thickness of the equipment shell wall is determined as follows. 
The maximum allowable pressure p* is assumed to be 

2 * r 
p'-^^y {^y± (146) 

where p' = 1.5 p is the maximum allowable pressure in kg/cm  ; 
E is the flexural modulus of elasticity of the glass- 

reinforced plastic in kg/cm ; 
L is the length of the shell in cm; 
r is the shell radius in cm; 

t. is the wall thickness in cm; and 

/•<- is Poisson's ratio. 

Hence 

/.= 
(py L*r* 

0,807'f« (nV.) 
CM. (147) 

- 137 

fi^^a*ai«Mi*aaigia»iaii^^ 



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 arbitrary and do 
not reflect the significant diversity of existing real external exposures 
and conditions. Strength characteristics necessaxy for calculations based 
on this method axe determined fix» standard or special specimens separately 
exposed to individual external factors during a limited test, often in an 
unstressed state. Therefore, the calculation for strength using approxi- 
mations does not take account of the effect of the combined exposure of 
a number of factors, which introduces an appreciable error into the final 
result. 

However, this calculation method can be used for articles eicployed 
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 expand the scope of application of this calculation method, 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 many 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 method ensiles us to estimate the strength properties of shells 
made of f^l ias-reini'orced plastics with allowance for the main structural- 
operating factors [70]. 

To allow for the effect of the adhesive-cohesive strength of binder 
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: 

- 138 - 

V 



'^■pw- (,48) 

where   t is the shell wall thickness; 
p is the internal hydrostatic pressure in the shell; 
r is the internal shell radius; 

[c] is the allowable rupture stress determined from special tests; 
and 

v  is the coefficient of anisotropy. 

The coefficient cf anisotropy is 

v = 'A (149) 
'A+'/O' 

where t,  is the overall thickness of the hoop layer; and 

t, is the overall thickness of the longitudinal layers obtained 
0 in shell winding. 

The optimal coefficient of anisotropy i» » 2/3, and the most advan- 
tageous ratio of reinforcing layers ensuring the minimum shell weight 
with maximum strength is 

Denoting 

0s_ _ |-V__L 
v 

-fc-K (150) 

we get 

The determination of the optimal wall thickness of a shell made of 
glass-reinforced plastic is r asiderably simplified if expressions (150) 
and (151) are represented g- -tphicaliy (Pig. 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 value of A  on the 
plot t/r = f(A). The plot makes it possible to modify the parameters, 
thus simplifying their choice. 
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Fig. 62, Logarithmic plot for the 
determination of the ratio t/r for 
shells made of glass-reinforced 

plastics [70] 
KEY: A — kg/mm2 

However, this calculation method does not enable us to fully allow 
for a 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 doea 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 o*" '' 
Plastics With Allowance for 1 

ressure Piping Made of Glass-Reinforced 
Disruption of Gas-Tightnesa 

Piping made of glass-rtinforced plastics of domestic manufacture 
intended for service at low pressures (to 3-4 kg/ca^) oan be used in 
industry without an internal sealant layer. In this case the binder must 
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 gas- 
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 pi^ssure. 

Since the experimental points lie near a straight line (of. Fig. 16) 
in semixogarithmic coordinates, we can propose an exponential function 
between tine prior to the breakdown of gas-tightness t and the normal 
stress in the tangential direction cr. The function approximating the 

long-term strength curve can be written as 

Be —nuii (152) 

The coefficients B and m are determined by a statistical treatment 
of results of tests conducted over a relatively short time interval. 
Table 22 presents the values of these coefficients for piping made by 
helical crossover winding for different test conditions [lö]. 

A comparison of the results of testing piping fabricated by cross- 
over helical winding of glass yam, for short-term and long-term loading, 
showed xhat absolute values of the relative deformations corresponding- 
to the moment of gas-tightness breakdown remain identical for each wind- 
ing structure. Uhus, for piping made of glass yam in 60 plies with a 
45° winding angle using polyester binder, the limiting deformations in 
the tangential direction are 0.1-1.0 percent, O.5~0.6 percent in the 
axial direction, and for piping of this kind made of glass yam in 20 
plies, the values are 1.8-2 percent and 0.6-0.8 percent, respectively. 
As shown by tests, the creep cmrres 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. 65): 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 
case equal to zero (the dashed curves separate these sections from the 
others); and sections with increasing deformation rate, within whose limits 
there is ?. breakdown in piping gas-tightness. 

When considering the long-term strength of piping, it is not the 
moment 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 development. This choice of the dangerous 
state is accounted for not only by experimental difficulties in deter- 
mining the moment of breakdown in gas-tightneas, 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 undeforraed or littie-deformed glass-reinforced plastic, since 
deformation localization 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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Pig. 63. Creep curves for pipe made of glass-rein- 
forced plastics fabricated by winding glass yam in 
60 plies with a winding angle of 45° C, incorporat- 
ing polyester binder and tested in water at 23° C 

(T in hours) 
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55 
» 
55 

55 
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27 

KBYs A — Curve number 
B — in kg/cm2 

binder and the 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 to regard the moment corresponding to the end of the steady-state 
creep section as a qualitative transition that raust be evaluated as the 
onset of failure. 

4nalysis 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 f , The 

creep of the glass-reinforcr i plastic at an increasing rate resulting 
from the slow accumulatio ; 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. ])eformation f 

is somewhat Sualler in absolute value than the maximum deformation. But 
since e^ is considerably simpler to determine, by usdng extrapolation 

II 
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TABLE 23. VALÖBS OP THE COEFPICIEHTS K, M, AMD N 

1  ^ "ftnu nowy^ccra ■ laarewiMJMOM ,> npH nomyiecni • aeeMM     | 
*-'         MnpaMeBBB               1 «1 ■ CT/M* MnpaBMia« 

K M s #C M N       | 

55 1900 -A04 262 1000 0,06 —98 
1        110 1100 -A07 256 700 aoe -85 
I       165 500 -a 13 249 600 0108 -75 

440 70 -fll 16 83 90 0.14 "^ 

Senark. Principal stresses in the axial 
direction are equal to half the principal stresses 
acting in the tangential direction. 
KETi A — In kg/ cm'1 

B — For creep in the tangential direction 
C — Por creep in the axial direction 

methods, it can be employed to estimate the time t-- of the reliable 

service of piping in specific conditions. 

As we can see from Pig, 63, the steady-state creep section for piping 
made of glass-reinforced plastics is linear. The time tj- 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: 

4 N *  * 
•11 ==~M       M  Bn» M M (153) 

where     t^  is the relative deformation in percent; and 

K, M and N are constants for piping with given winding structure ai.d 
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 crossover 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 25, 

Experiments showed that the ratios of these coefficients are asso- 
ciated with the normal stress in the tangential directions cr by the 

following functions: 

N b "AT = 00, (154) 

and 

M cadt> (155) 
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where a, bf c, and d «re canstan-; coefficisBts determined i^y tbe least- 
squares nethod froo experisaerital data cbtaim-d in 
short-term tests. 

ihe substitution of the values of j/M and S/M from eouatioos (154) 
and (135) into equaticn {^^)mablea us to obtain a relationship to deter- 
oö.n^ the fcniiaup time of overall deforoation by fee end of tbe steady-state 
period for arty  stress level in pipe walls and, thus, to estimate the 
period of safe service of piping made of glass-reinforced plastic when 

I subject; to long-term loading with internal pressure; 

f  * /^aof-cofe... (156) 

I  • The constant coefficients have the following values for piping made 
I of giasö einforced plastic fabricated by the metfacd of helical crossover 

winding at an angle of 45° C using glass yam in 20 plies and polyester 
* binder for loading with water at 25 C: 

r fl = —I,55I0«,   c = —1.38-10s, 

ft - 1.3,        d=2,47. 

Another equation associating time fcj.- and deformation ^__ directly 

is the equation of the curve of the end points of the steady-state creep 
sections for different stress level in pipe wall?. Observations showed 
that this equation corresponds to the following forms 

iu-f^h ^r> 

where f and g are the constant coefficients determined experimentally 
during a short time period for large pressures. 

Table 24 presents the values of the coefficients f and g for piping 
fab: icated by the helical crossover winding of glass yarn at 45° C, for 
tests made in water at 23° C. 

The combined solution of equations (156) and (157) enables us to 
determine, analytically or graphically, the period of the safe service 
of piping for a specified internal pressure. 
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KSTs A — Method of pipe fabrication 
B —■ Rar oi&sp ia «is tangential dix^ctio» 
C — fte creep i« «» axial directi<si 
D — Wiaöisg jslass yam incorpozatiag pollster 

binder 
B — In 60 plies 
? — In 20 plies 
G •»- Winding glass yam incorporating epoxy 

binder in 60 plies 

Examples of the  Calculation of Has  Suets, Equipsoerit, and Shell Made of 
Beinforced Plastics 

Calculation of ventilation gss ductd by the aethod of approxiiaatiosa 
leij. A gas duct made of glesa-reinforcsd plastic with polyester binder 
is used to remove hydrochloric acid vapor from vesaeis. üftie gas duct- 
vorfc is fabricated by the methiri of wiiyüng glass yam cm a fcandrel. fbe 
working pressure in the gas duct is 1.16 kg/cm2. The vapor teüsperature 
is 98 C. The internal duct radixis r is 2^.4 cm. 

Using the previously obtained exi/erimental data in [81 ]. let us de~ 
terraine the allowable stress. The allowable stress of glass-reinforced 
plastic at i?oom temperature, with referenoe to long-term service in air 
(recommended by the fabricator) [T]  is 652 kg/cm2, ^e allowable stress 
is reduced by 65 percent due to exposure to hydrochloric acid at 9eP C, 
i.e., it becomes 224 kg/cm2. Owing to mechanical factors (vibration, 
impacts, and so on), and also for fluctuations in the parameters of the 
production process, the unknown allowable stress is found to be 99 kg/cm2. 
The duct wall thickness is determined by formula (144): 

pr 1,76-25.4 
[o] e - 0.6p ' 99-0.8 - 0,6-1.75 = 0,57 CM, 

where p » 1.5 pw » 1,5 . 1.16 - 1.75 kg/cm2; and 

e - 0.8 (in the absence of butt joints or with these disregarded, 
e m  i). 
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Pi^. 64. Suspensions of band (a) and trapezoidal 
(b) type used in securing pipe made of giass-rein- 

forced plastics 

rim- m. 
z 

Pig. 65, Cast-on flange Fig. 66. Monolithic attached 
flange 

Then the effect of suspension fixtures (Pig. 64), which can cause 
additional stress in the gas duct walls, is checked. The contact angle 
of the banding with the gaa duct 6  is 180° C for band-type suspension 
fixtures (Pig. 64 a). 

For suspension fixtures with a spacing of 5.043 ta and a gas duct 
diameter of 508 mm, with 1 m of piping weighing 25.8 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 

here the coefficient k is 0.02 - 0.0012 ( 0- 90°) - 0.02 - 0.0012 x 
( 80 - 90) - 0.01. 
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In trapezoiaai-typc suspension fixtures (Fig. 64 b), point contact 
with the dactvork is produced, übe stress in thfe wall is checked by the 
foraula 

vhere b is the equivalent radius of the contact area (b is appraxioately 
0.635 ca). 

This stress in the vail exceeds the allowable stress (99 kg/cm ). 
Therefore we nmst increase the number of suspension fixtures or the wall 
thickness of the gas duct. For a wall thickness t - 0.93 cm, cr'   « 

6Q,5 kg/cm , i.e., less than the allowable stress. 

Then we verify the diaenaions of the planar cast-on flange (Fig. 65). 
Xbe Daxiaum stress in the flange when loaded is determinedt 

0m« = -^7r[- a«,^ ig-g-H-(ff»-l)-HrrFJ- 

Adopting the following flange dimensionss a « 50.93 cm, d » 25.4 cm, 
c ■ 29.21 cm, and I) ■ 5^.5 cmi and calculating the effective force from 
the equation W ■ p (KJ^/q)  (W • 4535 kg), we obtain the maximum stress 
^oax " "^  kg/cm2 (the coefficient ra • 5.3). 

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. Biere- 
fore the stress obtained is beyond the limits of the allowable value. 
The connecting flange is verified (Fig. 66) based on the new allowable 
stress, since the working conditions of the flange differ from functioning 
of the entire gas duct. 

Bierefore, the allowable stress [^j - 632 kg/cm   (t = 20° C) de- 
creases by 29 percent under the effect of temperature. If climatic 
conditions are also taken into account, [cr] is reduced by 20 percent 
from its preceding value, ffechanical factors caused a 50 percent reduc- 
tion in the [cr] value obtainea. Finally, with reference to technologi- 
cal parameters (a 10 perce .t reduction in [cr] from its preceding value) 
the allowable stress will be 170 kg/cvP. 

To determine stresses in the flange, the intermediate parameters 
VQ and fL are calculated: 
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f 
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y ss. 2 s=—1 3* 
l^Z + T, [*» (j+0.1l6-t. T,] + IjMO^ +oW| 

Al, « -g-.—— = 

= 86      kg • a/cB. 

Here, for a - 50^001, b - 58.42 cm, d - 61.91 co, h - 1.9 cm, 
t - 1.9 cm, and f »701 » 9.8 cm, ve have 

The longitudinal bending stress in the cylindrical portion that the 
joint with the flange is 

»; = ^ = i*=H3 leg/c2 

The total longitudinal stress in the cylindrical portion far from 
the flaiige is 

The calculated stress will be equal to half <3", i.e., 15 kg/cm . 

the maximum longitudinal stress in the piping (at the external surface 
of the butt section with the flange) is 

^ + -^-=143+15=158   kg/cm2. 

The radial stress in the flange is 

*!=■£+/>- - ~r +1 •75 = ~4'2 ke/cra2• 

The bending radial stress in the flange is 

ci = ^ (Afa- 4- W) = 160        ks/cm2" 

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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0,-f.o^—4,2+ 160 =155,7     Wc» • 

The  tangential stress in the flange is 

the bending tangential stress in the flange is 

^=0;+F_W_^[^(_lSAI(, + 7.5ÄVb) + l,492Vln-f] + 

+ 0,4475V(6»-a*) =120 j^^ 

The maxianm tangential stress in the flange (the stress at the inner 
surface at the side of the connection with the cylindrical portion) is 

o* + o* = 120 + (-22.4) = 97.6  kg/cm2. 

All calculated stress values are below the allowable value, which is 
170 kg/cm2. 

An example 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 d is 30 mm; the 
internal working hydrostatic pressure in the piping for long-term service 
p is 40 kg/caZ; the piping was fabricated by winding with glass yarn 

(h • 50 plies) using PS-J polyester resin. The piping is lined within 
using polyethylene. Sulfuric acid solution is conveyed around the clock 
through the piping. The distance between supports on which the pipeline 
is laid is 3 nu The strength safety margin, with reference to long-term 
piping service, is 10. 

The Gtructural elements ol the piping layers are calculated in 
accordance with the earlier established functions (43) ~ (66)j 

de total number of glass yam laid in the hoop direction per 1 cm 
segment is 

where p « 10 p = 400 kg/ci? ; 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 a, will be as follows: 
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n  10 20 30 40 60 
a.   in cm       (MB-O.l    (U6-a2 0L24-A3   a32-A4 0L4»-a6 

The number of hoop glass yarn in a single layer for a 1 cm pipe 
segment is 

The number of layers with the hoop winding scheme is 

We take H.   » 5» 

The  total number of glass yam ] id in the axial direction is 

The number of longitudinal glass yansin a single layer is 

nd     3,14-5 -, 

where a, » a. » 0.24 - 0.5 cm. 
lo   n 

The number of glass yarn layers laid in the axial direction is 

We take M^ - 5. 

The width of unidirectional tape consisting of glass yam  simul- 
taneously laid in the hoop direction is as follows for the pitch angle 
0 = 2, 3, and 5°» respectively« 

B ■■=■- ndigpt - 3.14-5-0.034 = 0.534 CM; 

B --■ ndig ps - 3.14.50,05 = 0.784 cm. 

5= -^«gP»- 3,I4-50.08  - 1.26  CM. 

The wall thickness of piping corresponding to hoop glass yarn layers 
is 

0, = Wh = 0,057-5 - 0,33 CM, 

where th is the thickness of a single glass yarn layer, taken as 0.06? cm. 

The wall thickness corresponding to the longitudinal glass yarn 
layers is 

//„ - «y/Wfo = 0,067-3 = 0,2 CM. 
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The total pipe wall thickness is 

*hr =- th+ ti,^ 0.33 + 0.2 ~ 0.53 CM. 

Ihe experinental verification of the stzength of the kinds of piping 
when subject to short-term loading with internal hydrostatic pressure 
showed that piping failure occurred at a pressure of 307 kg/cm2, which is 
close to the calculated value p - 400 kg/czP. 

Table 23 presents results of calculating the parameters of pressure 
piping made of glass-reinforced plastics using PIM polyester resin 
fabricated by longitudinal-transverse winding of glass yam in 10, 20, 
30, 40, and 60 plies with an internal diameter of 50 mm for working 
pressures of 16, 20, 24, 40, and 60 kg/cm2; the strength margin is 10. 

Calculation of the strength of pressure piping fabricated by helical 
crossover winding of glass yarn. (Die pipe is made of glass yam in 50 
plies with a pitch angle during winding ßQ ■ 35° 16* using polyester 

binder* The number of glass yam layers i is 8; the glass yam 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)« 

^=^^14 = 1,3331^*0.87 = 400 k^/co2, 

where f is 1.335 for f0 » 35° 16'. 

Table 26 presents calculated parameters of piping made of glass- 
reinforced plastics fabricated by helical crossover winding of glass 
yam using polyester binder. The number of glass yarn layers was cal- 
culated based on function (93) given the condition that the optimal glass 
yam pitch angle was 35° 16'. The strength of glass yarn K- in the cal- 

culations was chosen with refej-ence to its impregnation using polyester 
binder, i.e., higher than the strength of dry unimpregnated yam by a 
factor of 1.6. 

The following initial data are used to determine the calculated 
parameters of piping made of ('-lass-reinforced plastics: 

the calculated thickness of a single glass yarn layer, with allowance 
for the binder, is O.67 mm; 

the lay-up density of glass yam per cm of length is 5.0 - 6.6 (in 
20 plies); 3.5 " 4.0 (in 30 plies); 2.5 - 5.10 (in 40 plies); and 1.6? - 
2.10 (in 60 plies); and 

the breaking force Kf of dry glass yarn is chosen based on Table 21. 
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TABLE 23.    WOBKIHG PARAMETEBS OP FSESSOUE PIPIHG MADE OF 
GUSJS-RBISKKCED PLASTICS 

1 !. 
I 

* 

-I6 

1; 

C 
SWICVMC pMOMTMOro 

il 
«0 WS« 

'•1 
* 

Is 
is 

C 
SMicaM paneraoro 

D £ F 6 H 

»mm 

1> r 
'«A 

16 

10 
20 
30 
40 
60 

18 
IS 
7 
6 
4 

2 
2 
2 
2 
2 

144 
88 
60 
46 
32 

2.0 
2.0 

2.0 
2.0 

24 40 
60 

9 
6 

3 
3 

68 
47 

1 
1 

2.7 

40 

10 
20 
30 
40 
60 

44 
27 
18 
14 
10 

4i348 2 
2 
3 
3 
3 

4.0 
4.7 
5.4 
M 
M 20 

10 
20 
30 
40 
60 

22 
14 
9 
7 
5 

2 
3 
3 
3 
3 

164 
100 
68 
52 
36 

2.0 

2.7 
2.7 
2J 

5 
5 
5 
5 

214 
144 
111 
76 

60 

10 
20 
30 
40 
60 

65 
40 
27 
21 
15 

6 
7 
7 
7 
8 

520 
319 
215 
166 
114 

3 
4 
4 
4 
4 

M 
7.4 
7.4 
7.4 
«10 

24 
10 
20 
30 

28 
16 
II 

3 
3 
3 

212 
130 
88 

2.7 
2.7 
2.7 

KEY:    A 

B 
C 
D 

E 

F 

G 

H 

Internal hydrostatic pressure (effective value) 
in kg/cm2 

Number of filament plies in glass yarn 
Value of working parameter 

Nh 

— ih 

— N, 

— t 
tot' 

in mm 

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 50.5 cm; the effective internal hydro- 
static pressure p is 7 kg/cm2; the vessel was fabricated by winding hoop 
and helical ( OC = JO0) fibers; the glass fiber has ultimate rupture 
strength cr = 10,500 kg/cm2; and the strength safety reserve is 2. 

The required total thickness of the vessel wall is determined based 
on equation (12^), with reference to the fact that for a strength safety 
margin of 2, the calculated stress in the fibers is 

a = 10 500 5250 kg/cm ; 

1       4     a        4  5250  U,U,:> CM- 
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TABUS 26.    «OBEßK PARAM8TEBS OP PfiESSöBE PIPUfG MADE 
OP GLASS-BEMPOBCBD PUSfICS IKOBPQSLäSim PÄ-1 POLY- 

ESTER BESIH 

k 
mSam 

8J 

II 

C 
Saawnre napaiwriM 1 KM* 

m« M/uuerpw i MM 

0 
Saawaae napawerpa 1 » MM AM rpyi 

AaaMCTpoM'a MM 

SB 10 IM ISO 200 »0 300 SO 70 1« ISO 200 SD 300 

8 

20 
30 
40 
60 

2 
2 
2 
2 

2 
2 
2 
2 

4 
4 
4 
4 

4 
4 
4 
4 

4 
6 
6 
6 

6 
6 
6 
6 

6 
8 
8 
8 

1.4 
1,4 
1,4 
1.4 

1.4 
1.4 
1,4 

2.7 
2.7 
2,7 
2:7 

2.7 
2,7 
2.7 
2,7 

2,7 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4,0 

4,0 
44 
44 
44 

16 
20 
30 
40 
60 

2 
2 
2 
2 

4 
4 
4 
4 

4 
6 
6 
6 

6 
8 

i 
8 

10 
10 
10 

10 
12 
12 
12 

12 
14 
14 
14 

1.4 
1.4 
1,4 
1.4 

i.4 
1.4 
1.4 
2.7 

%7 
4,0 
4.0 
4.0 

4.0 
M 
M 
44 

44 
47 
47 
47 

47 
40 
40 
40 

40 
9,4 
9.4 
9,4 

24 
20 
30 
40 
60 

4 
4 
4 
4 

4 
6 
6 
6 

6 
8 
8 
8 

10 
10 
10 
12 

12 
14 
14 
14 

16 
18 
18 
18 

20 
22 
22 
22 

2,7 
2,7 
2,7 
2,7 

Z7 
4,0 
4.0 
4.0 

4.0 
M 
M 
44 

47 
47 
47 
40 

40 
9.4 
9.4 
9,4 

147 
12.0 
12,0 
12,0 

144 
14.7 
14,7 
14.7 

KEY: A 

B 
C 

D 

Internal-hydrostatic pressure (effective value) 
in kg/cm 
Number of filament plies in glass yam 
Value of parameter i for piping with listed dia- 
meter, in mm 
Value of parameter t in mm for piping with listed 
diameter, in mm 

In the absence of layers with longitudinal fiber lay-up, equation 
(116) can be represented as tct 

corresponding to hoop winding is 

t - t. . Then the layer thickness 

4,=4/_(/_/A)sin
so: 0,03 

- (0,03 - th) 0,5*; tf, = 0,0167 CM. 

t - t.   « 0.05 * 0.016? B 0,014 cm.    The same result Hence, toe 
can be obtained by using equality (128); 

21 — 3//,     ___   2-0,03—3C,0iC7 4 Ssin'a 3-0.25 = 0.014 CM. 
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3 

Jig, 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/caP, 
We must calculate equipment fabricated of polyester glass-reinforced 
plastic by the winding method (Fig. 67). 

Based on the operating conditions of the equipment and the above 
presented selection of the allowable stress (of. calculation of ventila- 
tion gas ducts), the value of the latter is 99 fcg/cm2 in the calculation 
of the internal shell. It was experimentally established that the 
flexural modulus of elasticity K     is 4.9 • 10^ 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/cm2, and the 
modulus of elasticity can be taken as 5,6 • 104 kg/cm2. The calculation 
is made by starting from the admissible stress values obtained. 

The wall thickness of the sleeve shell is 

pi?   3.5-17,54 

which is rounded off to / n. 

[Ot] 170 
0,36 c«, 

The shell wall thickness of the 
to the working formula given below« 

V    0.807«/? 

equipment, is determined by referring 

(T^V) 
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where p» - 1,5 p - 1.5 • 5.5 - 5.25 kg/cm ; 
L » 90 cm is the vessel bei^it; and 
p m 0.5 is Poisson's ratio. 

Inserting the corresponding values, we get 

--v s^w.m QJ2cMm 
0^(4.9-1^ (^y 

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 Isotropie technological sample for the given reinfesreement and 
the binder is 90 kg/am»2. The ratio of the length of longitudinal and 
transverse reinforcing layars is 1.2 (i.e., V = 2/5). 

Th« strength of the shell wall in the tangential direction is 

v0=-|-9O=:60   kg/mm . 

—3 
The scale parameter is t/r » 5.7/100 = 37 • 10 . Let us turn to , 

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, v«- =» 60 kg/wm?.    Then we draw a horizontal to the ordinate 
axis on which the allowable internal pressures are plotted on a logarithmic 
scale. 'Hie answer obtained (300 kg/cm2) corresponds quite accurately due 
experimental data. 

It is required to select material and the coefficient of anisotropy 
If   for a shell made of glass-reinforced plastic if the working pressure 
is 240 kg/cm2, the internal diameter is 100 mm, and the wall thickness 
is 5.5 mm. Let us determine the scale parameter: 

r        50 

From the point 70 • 10~v, on 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 strength of the wall 
in the tangential direction. We assume ycT= 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/cm2. Knowing that the optimal coefficient of anisotropy ^ = 2/3, 
we conclude that the glass-reinforced plastics used in fabricating 
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shells must have a strength CT ^ 45 kg/iam . Ait the use of a shell with 
v<y = 30 kg/mP and lower would result in a reduction in the allowable 
pressure or a considerable increase in the shell wall tbicknesi. 

These parameters show that the simplified method of calculation 
enables us to quite accurately solve the main problems confronting 
designers in designing anisotropic shells made of glassrreinforced plas- 
tics with longitudinal-transverse reinforcement scheme. 
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CHAPTER FIVE 

TECHNOLOGICAL FEATOHES 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; 
vacuum-injection molding; and 
filament winding. 

All technological processes of making articles from glass-reinforced 
plastics include the operations of impregnating the reinforciiu 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 impregnation on molds of any configuration. The molds are made 
of wood, plaster, metal, and plastic. In making the molds, close attention 
is given to see that 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 polyisobutylene and wax in gasoline are 
used as mold-release agents. The composition of several mold-release agents 
is given in Table 2^  [6l], 

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 anri 80 percent gasoline. 
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TABLE 2?« COMPQSmOS OF SKPAKASIHC AGERT BASED OK AäKBOOS- 
ÄLCOBQLIC SOLÖTKÄS 

g-: 

I 
I 

1        Ä 
Keaattccimc 

O Co»epmMum Kmrnrnd-.a » % AM         I 
COCl'UMW                                         1 

,        j       u in       1 

IlMaMnMosuS ccapt 10 5 5        1 

i                        5    '                    • 
amaosuä ampt 10 35 40 

l rxtmepsii 5 — 
■"" 

i Boja 75 50 S& 

KEY i A — Components 
B — Content of components in $> for the compositions 

Ustod 
C — Poly^lnyl alcohol 
D — Etiv'l alcohol 
E — Glycerin 
P ~ Water 

When large-size articles are fabricated (baths, trays, gutters, storage 
tanks, boxes, hoods, collectors, and tanks), built-ap molds can be used with 
the contact molding method. 

Articles in molds can be cured at normal as well as elevated temperatures, 

^ie reinforcing material is impregnated with binder by using brushes, 
followed by the use of rollers. 

When it is not possible to fabricate the entire specimen as a whole 
using this method, it is fabricated of individually molded parts, which are 
then cemented. 

The contact molding method requires large outlays of manual labor, and 
the resulting articles are marked by low quality owing to nonuniformity of 
lay-up of the reinforcing material. 

Press molding is the method of fabricating articles on presses under 
pressure (from 5 to 80 kg/cm2) and at elevated temperatures (to 160° C), 
The pressing is conducted in special metal molds which include a plunger 
and a die. Sometimes the lay-out reinforcing material is brought together 
away from the press and is impregnated with binder in advance. More often, 
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in pressing glass laps (XbZhK and KhZhXlt types) aze used as tiw leinforcin^ 
saaterial. The curing time depends on the sise of the article, its «all 
thickness, and the pressing teaperature. It is 2-3 Küutes per an of wail 
thickness. Polyester resin, and diy and liquid phenolic resins are used 
as binders. So avoid varping oi an article, it is best that it be cooled 
in the sold down to 40-50° C. Soall containers for storing and conveying 
corrosive fluids, plates and fraaes of filter presses, blades of fans and 
air-cooling equipaeat. housings for theroal insulation of pipelines, three" 
ply panels, and ^ays-reinforced textolitc  are all prepared by the 
pressing aethod. 

At the pxemnt tiae adding materials of the preaix type are used in 
our country for voiding small- and large-size parts and articles at low 
and ooderate pressures. &is Kaieria.l in the fam of a paste-like mass 
consists of polyester binder and chopped fiber from 5 to 23 mo long, and 
also finely dispersed mineral fillers (kaolin, chalic, and pumice). 

3he main advantage of molding materials is their relatively long shelf 
life — from 2 to 6 monthn and longer. This material can be peiletized, 
which is convenient for Imdlitg purposes. Impellers of cectrlfugal pumps, 
chemically resistant fittings, dampers, bushings, liners, flanges, filter 
press framen, oeariug blocks, plugs, covers, and so on can be made of molding 
materials. 

Ike sprayup method consists of simultaneously depositing of polyester 
binder and chopped glass fiber with ? pistol-grip sprcyer on the mold. The 
sprayer consists of a pistol-grip sprayer, compressor, and tanks for th<' 
resin, initiator*, and accelerator. 

The pistol-grip sprayer has a mechanism fox- cutting glass jam and two 
nozzles connected with hoses to the compressor and the tanks. Loose glass 
yam is used in spraying. When the spx^yer is in operation, glass yam 
unwinding from bobbins are cut into fiJumenta 20-50 mai long, which are 
wetted with the binder and sprayed onto the t-old. The dpraying >\nit and 
tht mold can be blocked together as part of a flowline. When this is done, 
the pistol-grip sprayer is automatically moved on a 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 i^ r^-essed with a rubber 
diaphragm. Ihen the mold containing the article is sent to the heat treatment 
chamber. 

The spraying method is used not only in fabricating large-size articles 
(tanks, baths, and boxes), but also in depositing a layer of anti-corrosion 
protection on chemical equipment. 

By  spraying chopped glass fiber without binder added into a perforated 
mold, uniform-thickness glass fiber blanks of complex configuration can be 
obtained, which are then sent to be impregnated with binder and to be 
pressed. 
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Pressmre-lsag soldin^ consists in using a single rigid balf-aold in 
fabricating articlos, and in eqplogring a xnbber tag as the other half-sold; 
the rubber bag coanzesses a binder-iapregnated stack of reinforcing aateria] 
by pzessoxe or vaeooB* fo accelerate the curing pirooes8t «ax* or hot air  _ 
is fed into the rubber bag. Hie Molding pxessur« range« fro« 1.3 to 4 *e/cm . 
i polyethylene bag can soaetiaes be used instead of the rubber bag. Gutters 
and baths for corrosive liquids, i.e., articles that have curved surfaces 
of coKplex confignzation, axe fabricated by this aetbod. 

fbe filaaent winding aethod consists of winding reizforcirg aaterial 
impregnated tiith a binder on a aandrel with soae degree of tension. Heat 
treataent is carried out cm the aandrel in a hot chaaber. She cured 
articles are taten off the aandrel with a winrli. Oepending on xaqnireaents 
placed on article strength in specific directions, different coabinations 
and aodifications of the lajrmp scbeaes eve used fcr reinforcing aaterial 
on the aandrel during winding« 

When the filament winding aethod is used, articles with increased 
strength can be obtained, since this method pezaits the glass fiber to be 
oriented, which results in nazlaun effectiTeness of its use. Wien asking» 
for exaople, cylindrical vessels functioning under pressure '«here the ratio 
of the normal tangential stress to the longitudinal stress is 2t1f glass 
fibers can be arranged so that a vessel 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 mutual Arrangement 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 bi^i specific 
strength of plastics compared with metals. 

Usually the choice of the winding machine 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 large enough so that it can be 
used in fabricating various article«. At the same time it must be convenient 
for use in winding with a fairly wide fiber tape in order ".o reduce the 
winding time to a minimum. 

In building equipment for filament winding, the main requirement is 
selecting the exact ratio between carriage travel and the nwfcer of mandrel 
revolutions per minute. For example, for hoop winding on a mandrel J.O m 
long with filament tape 6,3 mm wide, 480 revolutions of the mandrel are 
required per carriage pass. But to execute nearly longitudinal winding 
on a 1.2-m diameter mandiel 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 rf the filairent tape is essen- 
tial, i.e., each subsequent tape must be placed in line with tne precedir.0 
tape, therefore the ratio between carriage pass and the number of mandrel 

- 161 - 

ä^ÄSÄs^ÄiÄi^ .^^i^ii^s^is^'täimm^msmmmemMmimiim liT-afllifiiritftirl, 1 i«t«Wia 



revolutions per oiaute aoat be properly chosen. The nacbine oust preserve 
thio zatio for the entire winding process without error accuoulation. 
Otihenise, the presence of voids (olsses) between tape turns or their over- 
lapping entails lowered quality in the finished article. Another japortant 
factor is selecting the required drive for the nacbine. 

A third vital factor is the selection of prograaning devices. Ube 
selection of these devices depends on the complexity of winding configaza- 
tion, operator qualifications, and the presuoed service conditions for the 
equipasnt. 

Hbere are several kinds of filament winding and different types of 
filaaent winding aacbinee [65]. 

Boop or radial winding (Fig. 66} permits a hi^i winding angle and 
cocplete covering of the nandrel to be accoa^>lished in each carriage pass. 
Tha back stroke of the carriage can take place at any tiae, which does not 
affect the winding scheoe. Sisple equipsaent Is required for winding by 
this oethod; even a lathe can be used. 

Polar winding (Fig. 59) is carried out with a small winding angle. 
The filament can lie at different distances from the centers at each end. 
High-speed winding requires 2 sschine 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 (Fig. 70) affords complete covering 
of the mandrel in each carriage pass and, just as in the preceding case, 
can be carried out over individual sections, ensuring local design thickened 
areas which does not distort the overall winding scheae. This winding 
method requires simple equipment that affords the choice of an exact ratio 
of the carriage pass rate to the csandrel rpm.   A large mandrel requires 
a powerful machine and a large number of filament-bearing bobbins. 

Helical crossover winding with a narrow tape for a moderate or large 
winding angle (Pig. 71) requires large number of carriage passes to cover 
the mandrel. A programming ratio between carriage motion and mandrel 
revolution is essential. The change in the direction of carriage motion 
must coincide exactly in time with mandrel revolution. Winding by this 
method is ct-rried out on the machine for helical winding. 

In helical winding with a small pj.v.ch angle (Pig. 72), the filament 
lies around the end of the mandrel in line with the supporting shaft. The 
winding conditions are the sä.« as for winding with a large angle (cf. 
Pig. 70), The filamejit ia not stretched and forms a loop during the back 
stroke of the carriage. During the back stroke of the carriage the fila- 
ment is grouped so that instead of a tape the filament can form a yam of 
circular cross-section. Equipment intended for helical winding with a 
narrow tape is used for vinding by this method. For very small winding 
angles, cross feed of the carriage is necessary. If this is not used, then 
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fig, 68.   Circular windln« Fig. 69. Polar winding 

6 

Pig. 70. Belicai winding with 
vide tape 

Fig. 71. Helical crossover 
winding 

Fig. ?2. Helical vinding at soall 
pitch angle 

Fig. 73. Longitudinal winding 

a seizing device is used for the unatretched filament. To maintain the 
tape in a flat position during the carriage back stroke, a progra&oed 
rotating eyelet can be used, The action of the device to accelerate 
oandrel rotation must be prograraiwd exactly with reference to the carriage 
travel, otherwise the desired filam&nt arrangement will not be maintained. 
When narrov. tapes and winding angles less than 15° are used, the polar- 
winding machine can be employed. 

In longitudinal winding (Pig. 75), the mandrel must remain immobile 
during the carriage travel iiise, and then the mandrel must be rotated by 
exactly 160° while the c&rriage is at rest. A filament must lie in line 
with the axis during the oandrel 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 
the 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 Tig.  73* Simple spherical winding 

tig,  76. Simple oval    fig, 
winding 

77. Strictly spheri- 
cal winding 

fig.  78. Combina- 
tion winding 

Bie remaining requirementi' on the equipment are the same as those imposed 
on equipment used in helical winding. 

Simple spherical winding (Fig. 75) for a specific winding angle er.tails 
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 snail winding argles, cross feed is necessary. If the range 
of the axis inclination is sufficiently large, a polar-winding machine can 
be used. 

The characteristics of simple oval winding (Fig. 76) coincide with the 
characteristics of simple spherical winding, with tue exception that the 
carriage travel function or the cross feed pattern differ. For this type 
of winding, one requires a helical machine with programmed carriagg 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 thickness and uniform strength 
over all sections of the sphere. It is best to use a special machirs 
for this kind of winding. In some cases, the complex wiiiding of all helical- 
winding machine motions is necessary. 

Combination winding (Fig, 78) must be conducted by hand. Her* there 
must be no side slippage of filament from the mandrel surface. In wrder to 
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car^y out winding of this kind with « machine« the nachine mat reproduce 
the ootions of hand winding:. Progiaaaed notions in several axes can be 
required., 

The most coauan kind of oachine is the nachine for helical windln«. 
The nandrel is positioned horizontally on this aacbine. the carriage located 
on the nachine has a reciprocating notion parallel to the longitudinal axis 
of the nandrel. 

The oandrel is usually positioned vertically on machines intended for 
polar winding and a rotary lever lays the filament in the polar direction, 
nearly parallel to the long axis of the nandrel. These two kinds of nachines 
are used most frequently. 

The winding method is of considerahle interest for chemical machine 
building, since most technological equipment has the form of bodies of revolu- 
tion. Piping that is intended for technological and ventilation purposes} 
reactors, storage tanks, cisterns, tanks, flues, scrubbers, absorbers, anA 
so on are fabricated by the winding method fron glass-reinforced plastic for 
the chemical industry. At the present time use is made of windig equipment 
for asking articles of glass-reinforced plastic up to 3 n in diameter and 
up to 16 a long. Automatic control of the winding process is provided using 
programmed regulation oi the lay-up scheme for the reinforcing material* 

In molding by the vacuum-injection method, prelaid-out reinforcing mate- 
rial is placed in a build-up mold, which is then hermetically closed. Glass 
lap is most often used as the reinforcing material. The reinforcing material 
is impregnated with binder using a vacuum system that Bimul-ieneously eva- 
cuates the air. After impregnation, the mold is heated to 60-70° C and the 
binder undergoes polymerization. A composition consisting of one part by 
wei^it TGM-5 polyester aciylato resin and three parts by weight TMtiP-ll 
polyester acrylate resin is used as the binder. 

Choice of Starting Material 

Depending on the strength requirements of articles made of glass- 
reinforced plastics, the method of their fabrication, and the conditions 
of their service, fabric or nonfabric materials, or continuous filament 
can be used as the reinforcing materials in the fabrication of chemical 
equipment and pipelines. 

Most often used of fabric materials are the glass cloth types ASTT (b) 
S2, T£-8/*-250, STS-41f arn TU-lG/l

7'. They are made of twisted filaments 
consisting of continuous fiber cf alumina borosilicate composition glass 
using various sizers. These are used as reinforcing materials in structural 
glaas-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)-S2, TS-8/5-250, and TU-l6/l5} and grade A-41 waterproofing- 
edhesive sizer ~ for STS-41 type cloth. The characteristics of these glass 
cloth xypee are given in Table 28, 
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Tn31£ 26.    CHÄiUCaailSTICS OF GLaSii CLOTH 0? VARIOUS üäAlfcS 

1      4 
I               :ic«»atCJia 
1 

Ö SHVICHM BOKaMTfiWC A"* CTCILMTMIira MapOK             1 

i ACTTtN-C, :      TC«flHS» ^CTC-4I tvitm 

0 

Qbqiuui nan s CM 
I 

70; 90; 100 92±2 92±2 70; 80; 90 

Macca 1 J>* a e 380-400 290±7 360* K 308±12 

Jwmvm» a MM Otf 0,23±0t02 013 0.27±0,(ö 

PaapuBRaa  aarpysaa 
DMOCIW naHR pasuepoM 

|25Xl00juc8icr: 
no ocHoae 

|       no yncy 
^275 
5=162 

^255 
^145 

^265 
5=145 

^170 
5140 

K 
AaaMerp aoaoxtu a JMU 6-8 5-7 8-9 5-7 

KEI: A ~ Indicator 
B — Value of indicators for glass cloth of listed grades 
C — ÄSTT0))-C2 

D — TS-8/3-250 
E ~ STS-41 
P — Tü-lö/lJ 
G — Width of cloth in cm 
H — Weight of 1 m2 in grams 
I — Thickness in mm 
J — Breaking load of cloth strip 25 x 100 mm in kg: 

for base 
for weft 

K — Fiber diameter in microns 

Roving fabric of the types TZhS-0.7 and T?bSK-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 
fabrication of high-strength glass-reinforced plastics by the contact 
molding method (TZhS-0.7) or by winding (TZhS-0.5). 

A glass roving is an untwisted yam  prepared from a large number of 
continuous primary glass filaments (60 or 50) 42 tex in thickness. Rovings 
are prepared from filaments consisting each of 200 elementary fibers of 
alumina borosilicate glass; the diameter of the elementary fiber is 9-11 
micro;rjs, 
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TABLli 29.    CHARACTli.IiiTICS OP R0VIH6 FABRIC OP BIPPKRBfiT GRADKS 

/ ^■•«•■■a OMcaMTeaet *•■ TM«»«* mpmi 1 

riOIMMTfcpi 

' TÄC-O.T ^TXCK-O.S 

UIiipxRa vaam » «* 80±2: I00±3 90±2: I00±2 
• TtMUtHBa B JMI a7±ai as 
7Macca 1 «» B e ^900 ^625 
S Paspusaa« Harpy»« namocxa rum 
pa3Mepow 23X !00 jut B xT: 

^ no OCKCS» 3=250 >S50 
/cno ynty 2-300 ^60 

KEY: 1 
2 
3 
4 
5 
6 
7 
8 

Indicator 
Value of indicators for cloth of grades listed 
TZhS-0.7 
T2J1SK-0.5 
Width of cloth in cm 
Thickness in mm 

— Weight of 1 m2 in gram 
~ Breaking load of cloth strip 

in kg 
9 — for base 
10 — for weft 

25 x 100 ma in size, 

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 ZhSR-60 (3) and ZhH10-42 x 60-28 are finished 
using the sizers No 3 and No 28, respectively. Stiff laps are made from 
ZhSB-6 (3) roving. ZhRlO-42 x 60-28 roving is used in making articles from 
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-S, KhZhK- 
600-G-5, and KhMK-1200-A-41 an roll materials consisting of segments of 
glass filament 50 mm long randomly arranged in the horizontal plane and 
held together with an aqueous solution of the S-230 dispersant (KhZhK- 
400-G-S and KhZhK-600-G-S) or by sewing to a backing material (KhMK-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 (KhZhK-400-G-3 and 
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TABLß 50. CHAHACTEHiaTICÜ OF üLAÜb »OVINGS 

/ 
nOKIMICJIR 

3Rm«tiBa nottaMTUict juia ereiummryTO» Mapoic 

3Klll0-«x30a9 ^KCP » (3) ^JKpm-tfxa-M 

PaapioHU Harpy»a ■ KT 
' MIICRO nepsnaux mtei 
8 xryre 
STomunu xryn B «MKC 
YBHX (iMpiu) awiaciiMBa- 

fern 
/oCoxepxaiuie   3aiuc«RBa> 
Ten« 0 % 
//Cosep/Kamie asara B % 

S*30 

30 
12S0   . 

»289 

1.0 «as 

^70 

60 
2500 

M3 

1-1.2 
«0.1 

^70 

60 
2S00 

M28 

1-1,2 
«cu 

KEY:    1 — Indicator 
2 — Value of indicators for glass roving grades 

listed 
5 ~ ZhNI0-42x50-289 
4 — ajSR-60 (3) 
5 -- ZhHI0-42x60-28 
6 — Breaking load in kg 
7 — Kumber 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• CHAHACTERISTICS OF GLASS LAP 

/ 
riOXSJaTCJIH 

SniieiiMii noKasarcJicft A'* xontron mapoK 

-'xjKK-wo-r-c "^cKK-eoo-r-c  J^XMK-IMO-A-« 

IIInpHua B CM 
7Macca I JK' B a 
STCMIUlKHa B MM 

<? CoAepwamie CBHSKH Ann 
cKJicimanHH IIHTCü B % 

90; 125; 160 
400±50 
1±0.2 

5,0± 1.0 

90; 125; 160 
600±50 
l.8±0,2 
5.0± 1.0 

90 
1200± 100 

3,0 

KEY: 1 — Indicator 
2 — Value of indicators for lap of grades listed 
3 — Kh2hK-400-G«o 
4 — KhZhK-600-G-S 
p — KhMK-1200-ji-41 
6 — Width in cm 
7 — Weight of 1 m2 in grams 
6 — Thickness in mm 
9 — Content of binder for cementing filaments in Jo 
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KhZhK-600-G-S) or by the methods of press and contact molding (KhMK-1200- 
A-41) based on polyester naleio and polyester ocrylate resins. I 

Characteristics of glass lap are ßiven in Table Jl. 
< 

KhZhKH type lap composed of continuous glass filaments of alumina I 
borosilicate composition consists of roll material of continuous glass I 
filament with fiber diameter to 16 microns arranged as groups of eight of 
different size and held together with a,binder — polyvinyl acetate emul-        1 
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 nan, the weight of 1 m2 is 500 ±, 50 g, and the binder content 
is 2-5 percent. | 

I 
f 

Use of Combinations of fieinforced Plastics and Other Materials in Making | 
Equipment | 

The use of laminated plastics in chemical equipment making is sometime*;      | 
limited by their inadequate chemical resistance and gas-tightness. Produc- 
ing high-strength gas-tight and chemically resistant glass-reinforced 
plastics for chemical equipment ^s 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 nr 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]. Prom a I 
study of combined copolyroerization 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.                                  i 

Rubber is an effective protective material for glass-reinforced 
plastics in chemical equipment building. Rubber is used in combination 
with the glass-reinforced plastic at the article-molding stage or to line 
molded articles. In the united Kingdom, the PRO, and the United States 
[95] methods of protecting glass-reinforced plastics vessels with soft 
polyvinyl chloride after cementing it to the internal surface of the equip- 
ment are employed. This kind of tank is intended for transport, ng corro- 
sive liquids, for example, hydrochloric acid. 

Also employed are combinations of glase-reinforced plastics with 
metals (seamless steel and titanium) in making piping and equipment. High 
strength, gas-tightness, and chemical resistance of articles is achieved 
in these applications, with the simultaneous reduction in the consumption 
of special short-supply metals [19]. However, building and using ohemical 
equipment made of glass-reinforced plastics with metal liner involves a 
number 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 vessels are used at elevated temperatures, and so on. 

The most promising plastics used in combination with glass-reinforced 
plastics in making chemical equipment 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-shoet polyvinyl chloride involves the following! 

fabricating equipment components (shell, bottom, and connecting piece) 
of polyvinyl chloride; 

strengthening fabricated elements with the glass-reinforced plastic; 
and 

assembly of equipment components using welding and cementing. 

To increase the bonding of the glass-reinforced plastic to polyvinyl 
chloride, the surface of the latter is degrrased 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 aade of glass cloth with 
a 2-2.5 "KB thick polyethylene sheet molded or rolled during the extrusion 
process are used. 

The intermediate glass-fiber material bondring the cladding therao- 
setting plastic with the glass-reinforced plastic can be made in several 
ways. To do this, doubled materials consisting of a layer of the cladding 
thermosetting plastic and the glass-fiber material, glass cloth, or glass 
oat 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 continuous 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 require the use of cement, and 
the resulting material with a higher temperature compared with cemented 
unions. Essentially, the pressing methods consist of molten or softened 
thermosetting plastic diffusing under pressure into the glass fiber mate- 
rial and being fixed in it after oome temperature reduction. 

The periodic pressing method is carried out on hydraulic multi-level 
presses equipped with heaters. The continuous pressing method can be 
carried out 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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I 
fundamental Principles in Safety Techniques, Industrial Hygiene, and 
Fire Prevention - 

I 
I 

Enterprises making chemical equipment and piping using glass-reinforced 
plastics based on PN-1 type polyester resins are classified as dangerous 
and fire-hazardoos production facilities hy 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 aain toxic and fire-hazardous components in the production of 
chemical equipment and 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 curing of polyester 
resins. When 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 peroxide. 
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 attetfkion must be given to see that 
the accelerator is not added to 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 thii  type of storage is not possible, 
peroxides must be stored far from work stations. 

In making articles from polyester gjass-reinforced plastics, the 
following components are fire- and explosion-hazardous. 

Styrene is a readily flammable liquid with a flash point of 31° C. 
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 29.5-65.50 C). Usually solutions of polyester resin in styrene are 
used. Styrene 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 styrene (up to 53 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 0 to +5° C. The 
storage 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 2^0 liters in capacity. The 
internal surfaces of 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 portions of benzoyl peroxide are dried on filter paper at room 
temperature. To avoid explosion, benzoyl peroxide must net 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 a rule, isopropylbenzene hydroperoxide is stored in the dark. 

With reference to the toxicity of components, all production opera- 
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 machining of glass-reinforced plastico is 
also dangerous, therefore its maximum allowable concentration is 3 mg/l. 
Water or oil cooling of the cutting tool is used in the machi::ing of 
glass-reinforced plastics. 

Epoxy resins have also found wide use in the fabrication of chemically 
resistant articles made of glass-reinforced plastics. The Ministry of 
Public Health of the USSR, with the participation of the Institute of 
Industrial hygiene and Occupational Diseases, drew up sanitary 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, 5?]. 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 canifested near the eyes. General symptoms include 
headaches, dizziness, and fatigue accompanied by gastrointestinal dis- 
orders, followed by vision disorders. In very mild cases emollients can 
help. In 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 volatilesi 
not allowing large amounts of the toxic substances exceeding the 

current production requirement to be present at a work station; 
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preventing possible direct contact with the substance by using pro- 
tectitre creass, and, if necessary, protective clothing and protective 
gloves, kasning oust be done using only water and soap; the use of sol- 
vents in vasbing (acetone or dichloroethane) is forbidden, since they 
cause cracking of skin; 

leaking aandatory the safest method 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'-ti^t devices. 

Operation such as heating of epoxy resin and preparing its blettds 
with cisxing agents are unfavorable from the hygienic standpoint. Vhen 
epoxy resin is blended with curing agents, volatile toxic substances are 
given off, which cakes it necessa*? co have multiple air changes in the 
working quarters. 

When epoxy resins are heated to 60° C, volatile substances are given 
off, whose composition includes epichlorohydrin and toluene. The largest 
quantity 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 volatiles that are given off. These vola- 
tiles exhibit toxic action on the nervous system and the liver. For this 
reason, oaxinaim allowable standards for the vapor concentration of volatiles 
are specified. 

In addition to hygienic requirements, sanitary regulations also 
establish requirements on technologiccl processes and equipment intended 
for processing epoxy resins and glass-reinforced plastics based thereon. 

quality Control 

Fabricating reinforced plastics and equipment made iherefrom is 
carried out mainly simultaneously, therefore physicomechanical properties 
of the material can be checked only after articles have been built. 

Defects of the material in articles can be divided into external and 
internal. External defects (unevenness of surface layer, flaws and cracks 
in it, and the exposure of the glass fiber texture at the surface) only 
slightly 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 (exloliation, 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 initial coepooents in the cooposilion; 
oonitoriag of the observance of the technological process in article 

fabrication; 
issonitoriEg of iästerial qtiallty in finished articles and unions; and 
deteredsation of the basic phyaicoaechanical chracteria tics of the 

ostezial and unions, 

Monitoring the quality of the starting aaterials involves analyzing 
the binder (determining viscosity, gel formation tiae, and isothens 
ssaximm),  aj^lyzing curing additives, and checking the quality of the 
reinforcing saterial (moisture content). 

Monitoring observance of the correctness of the technological 
process is done operation by operation, including the determination of 
temperature and humidity in the working area, curing time of articles, 
consumption of binder and reinforcing material, and also the correctnesc 
of the preparation of rigging, accessories, and the carrying out of 
technological operations. 

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 

nonitoring equipment; 
the wall thickness of the article is measured; and 
physicomechanical characteristics of the material is determined on 

specimens cut from articles. 

Special eqaipnent is available fov finding internal defects [60]. 
Defects in a material at a depth of not more than 6 mm are determined 
with the 2IK-1 impedance flaw detector that permits monitoring from the 
most accessible side in an article. Using this device, air inclusions 
and exfoliation covering an area of not less than 20 car  are revealed in 
glass-reinforced plastics and unions, and the boundaries of defects are 
also determined. The monitoring method consists in moving the trans- 
ducer over the surface of the equipment and  watching   the signal 
lasp. If when the transducer is being moved the signal lamp goes on, 
this means that a defect has been detected. 

Defects lying at depth from 4 to %  mm are discovered and estimated 
using the DTJK-12 ultrasonic flav detector, ihat permits monitoring with 
access to the article from one side. The instrument makes it possible 
to measure the thickness of a glass-reinforced plastic article to 30 mm. 
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 tmiversal 
measuring devices and feeler gauges. To make measurements of the wall 
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I   f| thicJotes« at sites located far fron edges and that axe inaccessible to I 
I   | aeacureffient with an oxdimxy aeasaring device, the TBI-1 instzuaent is | 
I   | used M»t p&rtBits neasttzenent of «all thickness to a precision of up tc *■ 
I   I ^ 5 percent within the oessureoent range 0~20 and 20-40 Mi. I 
^   p I 

i PiljrsiccKBechanical properties of aaterial in an article are deterained f 
to verily their corre^onderse with calculated values« Speciaens for 
these tests are cut froa articles or special allowances on articles. 

|        Here determinations are asd« of the ultiaate tensile strength, the ultl-       t 
| sate static bending strength, the tensile modulus of elasticity, density,       f 
|  (     percent content of reinforcing aaterial and binder, end water absoxptioa, 

and a qualitative and quantitative aicrostractorsi analysis is made. The 
|        qualitative oicrostructural analysis can be made using series-produced 
|        equipoent, iMM~2 model instruments that permit a magnification in trans* 
|  *     Bitted and reflected light from 0.3 to 20. 
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CHAPTER SIX 

PIPIMG, EtiülPKEKT, AKD PIPBLIHFS 

Technical and Operating Characteristics of Piping Ka^e of Glaas-Beinforced 
Plastics 

Operating characteristics of piping Gjarie of reinforced plastics 
depend heavily on the tjpe of binder, pipe and orientation of reinforcing 
material, kind of priraary-glass filament sizer ensuring adhesive bonding 
of the binder and the fiber, and also the kind of material used in the 
gas-tight coating. 

Experience shews that glass-reinforced plastic piping based on glass 
roving with "paraffin emulsior." sizer without the use of an internal gas- 
tight coating malfunctions owing to a breakdown in gas-tightneps. The 
breakdown in gas-tightness shows up by liquid penetrating into existing 
and lorming pores and cracks of the heterogeneous material of the pipirg 
under the effect of loading, and the liquid penetrates the surface in 
the fern of small drops, that is, the piping as it were "sweats". Later, 
the "sweating" is transfcrmsd into profuse effusion of drops. The cause 
of this phenomenon has not yet been adequately studied. It was established 
[41] that the nature of the binder, its curing regime, and the orienta- 
tion of the reinforcing material in pipe fabrication affect 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 as the initiation in piping 
walls of cracks and defects of critical size. In this case the bearing 
capacity of piping will be determined by the loads corresponding to the 
limiting state of piping as io ^as-tightness. 

Piping made of glass-reinforced plastics produced without internal 
protectior; [4] can be used at working pressures to 4""6 kg/cwZ.    The array 
of these pipe types is shown in Table 52. 

The time nature of the breakdown cf gas-tightness of unprotected 
pipe niade of tlass-reinforced plastics has been confirmed by a test made 
of pipinf fabricated by helical crossover winding with glass roving in 
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?.1BLS 52.    EAIiCfi OF GWSS-BSIÄFOßCBD PLASTIC PISK FiBHICAüED 
wrraoöT isrsafii. SEAUäP 

lia*m!t» »ma 
^ TMWUU 
«nrma »MM 

Blf> »|NeAHIlft 
Utattttp a MM cwmui 

• Mt 

70 
80 

5 
10 
15 

m-i.n 110 
120 

5 
10 

125   '• 135 
145 

5 
10 

I   60 10         n 5 
9 

14 
i                  » 
i                           90 

ISO «•• 160 
170 

S 
10 

i   M 
5 

10 
300 »•» 310 

320 
5 

10 

Beoarkst 1« Pipe length is 6 t. 0.5 o (pipes 9-12 m long 
csv  be eanufactuxed cm special order). 

2. ¥sli thicknesB deviation is allowed within the limits 
±,  1 OBI« 
KEft 1 — loner dianeter in san 

2 — Cuter diameter in mm 
5 — Wall thickness in mm 

TABLE 33- SERVICE LIFE OP PIPING MADE OJ? GLASS-fiEIHPOHCED 
PLASTICS WITEDUT ISTERNAL SEALÄHT WHEH EXPOSED TO HYDSOSTATIC 

PBESSÜBE 

/ 
HrpmjitiMoe !i.iiij»it- 

xeiiKe » TanrcM- 
UHSAbcoM HMtpaant- 

HHH ■ KfjCM' 

Bpc«« XM njipyuii'HK« rtpaemiKOCT« • « n^tt reuacparypv 
cpexu s •C 

23                                 35 « 

1200-1300 io~a 2-1 0^8-0,6 

900-1000 80-50 15-9 4.5-2,5 

600-700                  800-500 90-60 25-15 

200-300 10 000—8000 1000—700 250-150 

KEYs 1 — Normal stress in tangential direction, in kg/cm* 
2  — Time to failure of gas-tightress in hours at 

temperature of medium listed, In 0 C 
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60 plies with a winding angle of 54° 44» using PH-1 polyester biMder [iß]. 
For short-terra loading with internal hydrostatic pressure, the breakdown 
of gas-tightness of an experimental batch of pipes took place at normal 
stress values In the tangential direction cr. « 1600 - 2000 kg/cm2. The 

life expectancy of piping with long-tern loading using water is shown 
in Iteble }5. 

Experiments show that when there is a breakdown in gas-tightness, 
the mechanical strength of glass-reinforced plastics remains quite high» 
ftierefore when a protective gas-tight coating is present, the existing 
strength margin of the piping material permitst in spite of the presence 
of the microdefects, a preservation of the bee ring capacity of piping 
for relatively long time periods. 

Glass-reinforced piping with gas-tight layer made of high-pressure 
polyethylene is also produced. "Phe pipe length is up to h m. The strength 
margin with reference to long-teris service at temperatures from -50 to 
+60° C is 10. The piping is intended for conveying checically corrosive 
media to which high-pressure polyethylene is resistant, at working pres- 
sures of 6 and 16 k^/cm2, 

Physicomechanical characteristics of polyester glass-reinforced 
plastic (the material used in this piping) are as follows« 

2 
Hupture stress in kg/cm in tension: 

in the tangential direction 2500 - 3500 
in the axial direction  „ 1250 - 1?50 

Modulus of elasticity in kg/cm in tensions      ,. ,. 
in the tangential direction LS'^O - 2.10' 
in the axial direction 0.7-lO^ - 1'105 

Relative temperature coefficient of linear 
expansion in deg"1 10« 10"° - 25--10-6 

Coefficient of thermal conductivity in 
kcal/(nvhr'deg) 0.2 - 0.5 

Pipes are connected into a pipeline using monolithic glass~reinferced 
plastic flanges molded cf ÄG-4S molding compound, and flanges are cemented 
at the pipe ends. 

The most favorable conditior for reliable service life of piping 
fabricated by helical crossov r winding of glass roving is exposure only 
to internal working pressure without the application cf additional bending 
moments. Therefore a pipeline assembled of pipes of this type rauat be 
placed on an increased number of supports ur in gutters. 

Biplastic pipes (gl^sa-reinforced plastic-thermosetting plastic) 
are presently fabricated by longitudinal-transverse winding with glass 
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o 
Short-terai strength of pipe in kg/cm ±1,  tensions 

in th© tangential direction 5000 - 4000 
in tbe v-iax direction  2 1500 » 20OO 

Modulus of elasticity in kg/ca   in tensions    _      » 
la the tangential direction       150*10^ - 250»105 

in the axial direction 75»103 - 12$«1{K 

To estiiaate their efficiency in service conditions, hiplastic piping 
was subject to long-term tests to failure using cocbined exposure to 
internal hydrostatic pressure, corrosive medium, and increased tempera- 
tures, Toats results are represented by longevity curves in logarithmic 
coordinates (Pig. 79). 1S»e longevity curves (1, 2, 5) were plotted for 
hiplastic piping with internal diameter of 44 am, total wall thickness 
4»5"5 ram, and 2 nsas-thick gas-tight layer. 

Using the extrapolation t<f  longevity curves shown in Pig. 79» we 
can determine without referronce to the aging of the material the assumed 
longevity of hiplastic piping for relatively moderate loads, Por example, 
the assumed longevity of hiplastic piping when exposed to internal hydro- 
static pressure produced by water at 20-22° C is one year at a pressure 
of 40 kg/cm2, 5*5 years at 50 kg/cm^, 7 years at 25 kg/cm2, and 19 years 
at 20 kg/cm2. 

At a 60° C water temperature, the assumed Icr.gevity is 1 year at 
a pressure of 15 kg/cw?, 7 years at 10 kg/cm2, 11.5 years at 9 kg/cm2, 
and 25 year? at 8 kg/cm2. 

Tests showed that at water temperature of 80° C the longevity of 
trnV-;tic piping is 5 times lower than at 60° C. 

/jng-term static strength of hiplastic pipes is strongly effected 
by ti,e action of moisture at their external surface, Por example, the 
assumed longevity of pipes subject to external exposure to water at 
20-22° C is as follows! 7 rnonths for a pressure of 20 kg/cm2, 1,5 years 
at 15 kg/cm2, 3.5 years at 10 kg/cm2, 7.5 years at 8 kg/cm2, and 16 years 
at 6 kg/cm2. 
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yarn in 30 plies nsing PS-1 polyeater binder, ^hin-walled piping in «ri« | 
light series otade of hlgb-density polyethylene is «aed as the gas-ti0it * 
layer. | 

.- - ■■    " ;-- ""> '.                    .' I 
The pipes are intended for transporting corrosire cedia to vMch | 

hi^j-density polyethylene is stable at teiig«rsti»e3 froe -50 to -t60o 0, i 
5he strength 'ssrgin of glaas-ieinfaroed plastic «ith reference to long- • 
teca pipe service 18 10. An advantage of this ^pe of pipe is its oapa- I 

I          ciiy to take additional bending noiaents, which makss it posBible to use > 
a smaller nmhjx of supports and brackets in pipeline iestallati«». | 

s 

'           Heehasieal properties of hiplastic pipes are as follows» I 
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Fig. 79» Service life curves for pip- 
ing «aade of glass-reinforced plastics 
(with intemfil gas-tight liner) when 
exposed to internal hydrostatic pres- 

sure: 
1 — based on glass yam and PN-1 

polyester resin at 20° C (air 
is external) 

2 — based on glass yam and Plf-1 
polyester resin at- 20° C (water 
is external) 

5 — based on glase yam and PN-1 
polyester resin at 60° C (air 
is external) 

&.  — made by Dow-Smith Corporation 
(United States), at 65° C (air 
is external) 

5 — raada of glass-reinforced plastic, 
at 65° C (air is exöenial) 

KKY: 
— F. 

m 

hours 
kg/cm* 

Jig. 80. Dependence of pressure 
ratio PT/P27o c 

on temperature for 

piping made of glass-reinforced 
plastics incorporation polyester 
binder, fabricated by centrifugal 
molding (Pibercast Company, IS) 

The low longevity of biplaatic 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 PN-1 polyester resin used 
for these pipes, and also to the use in their fabrication of glass roving 
not treated with adhesion-waterproofing sizers. 

Below are presented data 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        | 
| glass-reinforced plastics, by the centrifugal method, for transporting; 
I corrosive media under oil field conditions. The pipes are lined within 
t with a protective coating based on a conposition consisting of synthetic 
f resins. The pipe length ranges from 4 to 6 ■• They are supplied with 
I smooth ends, with flanges, couplings, and also with threaded ends. Pipes 
I are produced ranging in diameter from 60 to 220 mm. 

Tbble 54 gives dimensions, working parameters, and the ultimate 
strength of pipes with external diameter of 114 on produced by the Fiber- 
cast Corporation (United States). 

Pipes made by the Fibercast Corporation (United States) fabricated 
with epozy binder are recommended to be used at tes^eratures from -40P C 
to 150° C, and those fabricated using polyester binder — from -4O0 C to 
+65° C. Fig, 80 presents the dependence of p^/pgyO „ on temperature for 

pipes made of polyester binder (where p_ is the working pressure 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 physicomechanlcal properties of the material are presented 
below: 

Density in g/cnr  1.9 

Water absorption in mg/cm   5.5 

Adsorption in mg/cm   for 1 hour of boiling . . 10 

Maximum working temperature in 0 C ..... . 155 

Ultimate strength in kg/cm in tension: 

in the tangential direction  4922 

in the axial direction    2460 
2 

Modulus of elasticity in kg/cm in tansion ,- 
in the tangential direction   2.46«10'' 

Modulus of elasticity in kg/cm in torsion , .  7*10 

The dependence of internal burst hydrostatic pressure on diameter 
and wall thickness for given pipes is shown in Pig. 81. 
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Fig. 81. Dependence of internal 
burst pressure p on inner diameter 
d of piping made of glass-, einforced 
plastics, for different wall thick- 
nesses h (Permali Corporation, 

United Kingdom) 
KEY: A ~ kg/cm2 

Pig. 62. Dependence of working pres- 
sure P for piping made of glass- 

reinforced plastics using epoxy bin- 
der on wall thickness h for different 
diameters (Bristol Aeroplane Plastics, 

United Kingdom) 

The Bristol Aeroplane Plastics Corpoiation (united Kingdom) produces 
pipes from glass-reinforced plastics using epoxy binder ranging in diameter 
from 100 to 400 mm. 

Pig. 82 presents the recommended values of the working pressures for 
pipes, dependent on their diameter and wall thickness. 

Dow-Smith Corporation (United States) produces pipes from glass-rein- 
forced plastics using epoxy binder. Depending en 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. 
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TABLE 55.    CHäHäCTÜRETICS OP 1RESSÜRE PIPES MÄHE OP 
REIHPOECBD PLASTICS USING EPOiKY BINDER 

I 

/ 
T«nTpytf 

II. 

i 

11 £|3 

9 • _ 

1 tu 
Is si 

1. 

11, 1 ^ hi 

RTP-70 

50 «u 1.8 016 21 * 84 175 u 
78 88.9 1.8 ft» 14 56 140 2.7 

102 114.9 1.8 1.19 IftS 42 84 2,9 

1S2 168,2 1.8 3.52 IftS 42 87 3.3 

RTP-HO 
RTP.I90 

50 62,2 2,8 ft74 35 112 252 2.5 

SO 89,6 4.8 1.8 84 168 385 2.5 

Remarks: 1. Length of fabricated pipes is 7«6-9 nu 
2, Piping is tested with hydrostatic pressure, with 

an exposure 1 min. 
5. Maximum pressure upon the disruption of gas- 

tightness is determined at a loading rate of 70 kg/caß 
per minute. 

4. Distance between supports is determined on the 
basis of the sizing of piping (12-25 mm) under its own 
weight. 
KEY: 1 — Model of piping 

2 ~ Standard diameter in mm 
3 — Outer diameter in mm 
4 ~ Wall thickness in mm 
5 — Weight of 1 m in kg „ 
6 — Maxiurum working pressure in kg/cm   at 65° C 
7 — Pressure in testing in kg/cm^ 
8 — Maximum pressure with the disruption of gas- 

tightness in kg/cwP 
9 — Distance between supports in m 

Specifications of these pressure pipes are given in Table 35. The 
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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TABUS 36. INDICATORS OP THE HBCHAMICAL PHOPERTIR. OP 
PSPING MiUQE OP GLAS3-REINP0ECSD PLASTICS AT 220 C 

1             / £ SNMeniie noKataiemU juia rpyft rana     | 

RTP-70. RTP-UO RTP-IW 

i 3 
ITpeau npMMcni B KT/C«1 jip« pa* 

| eraxeiiaa: 
if B OCCBOM ManpWMRBI 
f B nRrentMMbWM aaapaBMHU 

630 
2800 

2690 

i 
i 

j ^npeNM iifamwxn B KTIUP npB OM- 
TW« 

945 1900           | 

^Moxyjit ynpyrocn B KT/CII»: 
8 npR pacmcema 
^ npa cxanH 

8-10* 19.10* 
MIO«        | 

I 
/O OniocRTMbHoe yAUHHCHHe npH pas* 

puae a % 
2,0 2.1             j 

BoxonorjiouteiiHe sa cyncii a % — 0.118 

Remark. Pipes esiiiMt long service life (cf. Pig. 79) 
KEY» 1 — Indicator 

2 — Values of indicators for piping of models listed 
3 "— Ultimate strength in kg/cm2 in tension 
4 "-" In axial direction 
5 — In tangential direction  „ 
6 — Ultimate strength in kg/cm in compression 
7 — Modulus of elasticity in kg/cm2 

8 — In tension 
9 —- In compression 
10 — Relative elongation at rupture in $ 
11 •— Water absorption in 24 hours in ^ 

The mechanical properties of these pipes are given in Table 3^. 

Based on the data of the report [91L glass-reinforced plastic pres- 
sure pipelines can serve underground. Their stiffness ~ El, 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 thicknesp tnco  1.9 

Length in m  to 18 

Wei^it of 1 «a of pipe ir- kg  2.2 

Internal burst pressure in kf/cm   ........ 20 
n 

Ultimate strength in Ke/cm of piping in tension 
in the tangential direction 1050 

Ultimate strength in kg/cm in compression in 
the tangential direction  2940 

Stiffness El for piping with wall thickness 2.8 mm 418 

I Range of vorkif.g temperatures in 0 C Erom -40 
I to +120 

I 
I 
| In Finland, pipes are produced from glass-reinforced plastics serving 
c various purposes. The company name of the glass-reinforced plastics is 
| Corrodvr. 
I 
1 
I Corrodur-T with polyester binder js used in making pipes serving et 

temperatures from -4° to +70° C. 

Corrodur-N based on isophthalic polyester resin is used in fabri- 
| eating pipes serving in weak solutions of acids and alkalis with pH to 
I 10 at temperatures from -40 to +120° C. 

s 
I Ccrrodur-S with polyester binder based on bisphenoi is used in 
I making pipes serving in the chemical industry at temperatures from -40 
I to +140° C. 
I i 

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 acid and alkali at tem- 
peratures from -40 to +70° C. 

The pipes are made with a diameter range of 27 to JOOO mm, 5 m in 
length, and the wall thjokness is as ordered. 

Physicomechanical properties of these pipes are as follows: 
i 

2 
Ultimate strength in tension in kg/om      1100 - 5000 j 

Ultimate strength in compression in kg/cm   1200 - 2400 5 

Modulus of elasticity in kg/cm2        60«105 - 200«105 t 
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Coefficient of thermal conductivity In lccal/(m.hr«deg)  0.2 - 0,5 

Relative temperature coefficient of linear expansion    /-       ,- 
in der1 15« 10^ - 30« 10^* 

Shaped Pipeline Farts 

The diversity of shaped parts of pipelines made of reinforced plas- 
tics makes it difficult to devise and improve mechanized technology of 
their manufacture. 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 are used. Stiff cores are fabricated, for example, of plastic, 
easily melted alloy, and so on. The cores are removed by fracturing or 
melting 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 continued 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 
{pv  ^ 100 kg/cvP),  moderate strength (p » 64 kg/cm2), and low-strength 

(pw ^ 24 kg/cm2). 

Depending on the fittiiig 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. 

Combinatiai glass-reinf^-ced plastic based on glass cloth and 
chopped fiber is used in making moderate-strength fittings. In this 
dry state, initially 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 a 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/cm2 and for 
temperatures to 60° C. 
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Fittings were developed for pipelines made of gl.iss-reinfoiced plas- 
tics of various functions (RTP-70 and ECP-IIO types}* Ihey axe prepared 
frcm a conpoond based on epoxy xesin reinforced with glass fiber. The 
connecting surfaces of fittings are adapted for ceoenting. the conical 
section or the threading is used for this purpose. 

Basic Rules in the Assembly, Vesting, and Operation of Pipelines 

Pipes made of glass-reinforced plastics can serve in closed quarters 
as well as in open air on trestles year rounc^ in any climatic conditions. 
Pipes made of glass-reinforced plastics are assembled simultaneoifCy with 
the installation of process equipment, metal structures, and all necessary 
metal pipelines passing near or parallel to the glass-reinforced plastic 
pipelines. Glass-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: 

i 

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; j 
installation of support fittings; I 
fabrication of sections of 2-3 pipes in length with their layinff-out i 

and fitting; 1 
placement of sections on support fixtures and their connection; j 
checking of the line and tightening of collars; 
placement of end fittings; { 
hydraulic testing of the pipeline; and j 
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        j 
in order to prevent plugging must be taken into account, and the inclina- 
tion is provided for toward the side of liquid flow, iöie allowed devia-       | 
tion in marked   axes in the horizontal plane must not exceed ±. 5 m™ 
per each 10 m of route length. The minimum inclinations of pipelims I 
made of glass-reinforced plastics per m of length in transporting water, 
acids (ILSO-, HC1, and HNO,) and petroleum products is 5.5 and 12 mm, 

respectively. \ 

When 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 m; it is 53 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 mra. 
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150 200 
1.8-3.0 2.4-5.6 
300 400 
5.5-5.4 4.5-b.O 

The distance between supports in the installation of pipelines made 
of glast-reinforced plastics, according to the data of the Bristol Aero- 
plane Plastics Corporation (united Kingdom) is taken as follows: 

Internal pipe diameter in mm 100 
Distance between supports in m 1.2-1.8 
Internal pipe diameter in mm 250 
Distance between supports in m 3.0-4.5 

The Fibercast 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 the medium being transported on the condition of maximum 
sag of 13 am (Figs. 85 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 rauot have sufficient 

thickness (3-4 mm) and must permit a temperature 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 of glass-reinforced plastics 
on suspension fixtures without collars. Here is also desirable to in- 
crease the area of pipe contact with the suspension fixtures by using 
rubber spacer; and 

protective gutters or liners must be placed under the pipelines over 
passageways, work stations, pnd 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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Fig. 85. Dependence of distance 
between aupports on temperature and 
outer diameter for piping made of 
glass-reinforced plastics with epoxy 
resin, fabricated by centrifugal 

molding: 
60 mm 
75 mm 
89 mm 
144 nun 
168 mm 
219 mm 

A ~ Distance between supports 

1 — for D 
2 — for D 
5 - for D 
4 — for D 
5 - for D 
6 — for D 
KEY: A — 

j i_l |     • ; j j ; 

IM ll   THl I 
MT 11 | Tflsl 1 1 1 1 1 i M 1 ! 

■ V 

C:^ ''iw-29-18-y  4 'i 27 38 49 SO 'C 

Fig. 84. Dependence of distance 
between supports on temperature 
and outer diameter D for piping 
made of glass-reinforced plastics 
with polyester binder, fabricated 

by centrifugal moldingi 
1 — for D - 60 mm 
2 — for D ■ 89 mm 
5 — for D >114 mm 
KEYt A — Distance between supports 

TABLB 57. DISTANCE BETWEEN SDPPORTS FOR 
PIPING MADE OP CORRODDR GLASS-HEIHPORCED 

PLASTICS 

1 / 
BiiyTpemiHfl 

SiinwoTp Tpyo 
* MM 

PatcTomu» Me*Ay onopa-1 
MH » ji npii rpaticnopTM 
2           posKe 

3 »MÄKOCTH ^ r«ja     | 

50 2.0 3.0 

[        100 2.5 4.0     | 

200 3.0 5.0 

KEY:  1 
2 

5 
4 

Inner diameter of piping in mm 
Distance between supports in m 
during the transporting of 
material listed 
Liquid 
Gas 
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Glass-reinforced plastic pipelines can be laid in unfilled trenches. 
Here the immobilization is achieved with metal bracket» oounted in the 
walls or the base of the trench. Concrete slabs overlap these txenches. 
In ordei to provide for observation of the condition of the pipelines 
during their service time, inspection wells are provided at a distance 
of 5~6 m from each other and in the location of fittings. It is not 
mandatory to keep these pipelines warmed. 

When there is not enough support column, rigid flooring made of metal 
beams 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 number of factors. Most important of these is the 
quality of the pipes, cladding layer, shaped parts, and kind of connec- 
tions. Bie strength margin for pipe material is taken to be 10-fold 
with allowance for long-term service at elevated temperatures. We know 
that the design of the connections strongly affects the bearing capacity 
of a pipeline. Permanent connections (unions and banding) permit higher 
temperatures i.. the pipeline compared to removable connections (flange 
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 allowed. 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, 
temperatures, and corrosive media. Pipes 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 
during winter, must be entirely cleared of liquid when production stops. 
Since 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 
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accuailates on pipe walls. Utatlo electricity muat bo removed in this 
case via a current-conductive layer of varnish or paint. The layer in 
applied on the surface of the pipes over-their entire length with a brush 
in one or two lines about 5 nan in width. Bubber spacers at the connec- 
tion points are wrapped with a st<*ip of aluninum 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 

when the temperature of pipelines made of glass-reinforced plastics 
varies, the pipelines are undergo thermal elongation. The elongation of 

§  ,       a pipeline section with length 1, with a rise in temperature from t  to 

t is determined by the formula m * 

i b=a(tM-t)lMM, 058) 

where  a is the relative temperature coefficient of linear expansion 
(a ■(10.0-29.Q) x lb"6 deg"1 for glass-reinforced plastics); 

t    is the operating temperature of the pipes in 0 C; and 

| t     is the external air temperature in 0 C. 
t 

ex 

The thermal elongation of a pipeline made of glass-reinforced plas- 
tic 1 tn long ?.s 1.0-2.5 mro per each 100° C 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" - Ef kg/cm2, (159) 

where E « (1.5-5)*10 is the modulus of elasticity in kg/cm 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 tn the pipeline 
length to its initial length. 

The calculated thermal stress must 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-<yF«E«Pkg. 

This same force will be transmitted to the supports. 

The limiting calculated temperature difference, above which it is 
required to use compensatory devices for glass-reinforced plastic pipe- 
lines, is determined as follows; 
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i4iere [O"] - 300-400 kg/cm is the allowable tensile (conpxessive) 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 
100° C. 

When there is a large temperature drop, it is desirable that compen- 
sators be installed [33]* Ordinary 17 -shaped, length, and bellows com- 
pensators are employed for these cases. The pipeline can be designed 
with allowance for Its self-compensation based on the f*-shaped scheme 
(Pig. 8i> a), with the angle between pipe axes from 90 to 160° 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 90° and 
with different ratios of the length of straight sections (Pig. 85 b). 

Self-compensation is calculated by determining the maximum stresses 
Induced in pipelines due to thermal strains. For the f-shaped scheme 
we have 

1.5/ , i , « + 3  «\ A£rf 0-^("+1+F+ls",P)-ir-  Wcm2   (160) 

^•.  *  """ accrued operating time-' 

A 
d is the inner pipe diameter in cm. 

In the particular case when the pipe axis is rotated by 90° (P - 0 ), 

<W~l,5(n-fl)i*l    kg/cm2 (161) 

For the Z-shaped scheme, 

0m»x 

A    -   '.5(4«»+ 3/1+I)     AEd        kg/cm2; (162) 

aB   -oc   -'.5(8«»+ 3)   &nd      kg/cm2. (165) 

when n ^> O.63, Om»x; 

-   194   " 



iz±=l A 

VC 

h'lt 

b) 

Fig. 85. Compensatorst 
a — /'-shaped 
b — Z-shaped 

In /'"shaped schemes with straight sections of considerable runs 
(greater than 15~20 m), with pipes placed on sliding supports, the actual 
compensating ability is smaller than the calculated value owing to the 
frictional resistance of the supports. The frictional forces in the sup- 
ports can be neglected if in the area of the turn angles used for self- 
condensation the pipes are placed on ball-type supports. This makes it 
possible, when calculating self-compensating/7- and Z-shaped schemes, 
to assume in all cases that the length of the straight section are equal 
to their geometrical length. 

I 
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CHAPTER SEVEN 

METHODS OF COHNEWING STRUCTURAL 
MEMBERS OF SQUIFMEFi' AID) PßELIHES 

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 connections 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 equipment 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; flange connections 
for pipes and equipment; and connections with elastic ceiling members in 
the form of collar seals, rings, and bushings. 

When connecting pipes made of v^inforced plastics with threaded 
bushings, the latter are made of meial or pressed plastic and cemented 
at the pipe ends. 

A special threading profile is recommended for these connection 
types. These connections can function at pressures to 40 kg/cm** for 
pipes fabricated on the üsais 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. 

- 196 - 



Flange connections have several depign solutions« using installation 
flanges and slip-on flanges and crimped bushings. 

Wig.  86 shows a connection with monolithic flanges. The flanges 
are secured with ceaent or with threading at the pipe ends. Übe flanges 
are made of metal or plastics (asbovoloknit [asbestos-reinforced fiber- 
filled molding compound] or glass-reinforced plastic). 

flanges made of glass-reinforced plastics are fabricated by pressing. 
The compositions of four pressing compounds are as followst P1M polyester 
resin of 40, 40, 33» and 33 percent, respectively; chopped glass fiber — 
15» 25, 30, and 35 percent; and powdext-d mineral filler (alumina) -"-45» 
35» 35» and 3^ percent. 

After fabrication, the flanges at the cemented connection are 
installed oh the pipes, whose ends are machined helically along their 
outer surface. 

The connection of pipes made of glass-reinforced plastics can be 
made in two modifications by employing crimped bushings and slip-on 
flanges. If the shoulder on which the slip-on flange rests is molded 
during the fabrication oi  the pipes, in this case the pipes are con- 
nected with detachable metal slip-on flanges. For the uniform distribu- 
tion of the longitudinal loading on the shoulders, sometimes an elastic 
spacer is placed between them and the slip-on flange. 

i If the shoulders are made separately and cemented to the pipe, in 
I this case a flange (Fig. 87) connection is used. 

I Use is made also of coupling connection similar to the connections 
I of asbocement pipes. This type of connection consists of a coupling 
I with two circular shoulders along its edges; rubber sealing rings fitted 
I at the ends of the pipes being connected are installed in the coupling. 
I Owing to the shoulders, the sealing rings do not fall out of the bushing 

in the functioning of the pipeline. The  inner and outer diameters of 
I the rings are correspondingly somewhat smaller than the outer diameter 

of the pipe and larger than the inner diameter of the bushing. 

Permanent 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 
rosina. 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-.d-reinforced 

plastics s 
1 ~ pipe 
2 — flenge 
3— r»-l)ber spacer 
4 — cement layer 

« S 

Fig. 87. Flange connection of 
piping made of glass-reinforced 

plastics with shoulders: 
1 — piping 
2 — shoulder 
3 — flange 
4 — spacer 
5 -- cement layer 

/             2 
1       1 

3 
1 

pa uL, 
1 

■ 

vl 
Fig. 88. Bellmouth connection 
of pipes made of glass-reinforced 

plastics» 
1 — ball 
2 — resin containing glass fiber 
3 — pipe 

Of interest is the bellmouth connection made by the Bristol Aero- 
plane Plastics Corporation (united Kingdom), The cement in this connec- 
tion cures when heated with an electric spiral installed in the bellmouth 
during the fabrication of the glass-reinforced plastic pipe. Biis 
connection is mounted as follows: the end of the tube without the bell- 
mouth is inserted into the bellmouth and the connection is wrapped 
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TABLS 36. ELECTRIC HEATING 
BEGEC FOR CFMEKTED JOISTS 
OF PIPING MASS OF GLASS- 

BEINFOBCED PLASTIC» 

"1 1: 
ill 

AmycTK- 
Bpem ur- Mecamwc- 
pcMsJuatnwMKpa- 
3             mmtf 

IOC 

"   150 

65 

70 

10 

10 

45 

SO 

200 90 12 65 

250 85 19 65 

300 110 20 80 

400 115 20 85 
fiemark. Time of heating 

for minimum allowable voltage 
is 15 minutes. 
KEY» 1 — 

2 — 
3 ~ 
4 — 

Inner pipe diameter 
in mm 
Voltage in volts 
Time of heating in 
minutes 
Allowable voltage 
drop in volts 

I  i 

2    .3 

Pig. 89. Permanent sleeve joint 
of piping made of glass-reinforced 

plastics: 
1 —■ pipe 
2 — sleeving 
3 — cement layer 

Pig. 90» Sleeving made of glass- 
reinforced plastics 

- 199 - 

^HM 



TABLE 59. DIMEBSIOSS OP CWLIHG SLEEVING IK mm 

/               | 1    D, o. Oi D* - L Maeca • at  1 

50 70 80 60 ISO 0.5 
80 100 no 90 ISO a7 

100 130 120 no 300 1.5 
I2S 147 1SS 137 300 1.9 
ISO 173 180 163 300 2;3 

Remark. Taper ^» is 2°. 
KEY: 1 — Weight 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. Tl-e resin cures during heating, which ensures strong 
joining of the pipes being connected. 

The heating regime presented in Table 58 is maintained durfng the 

cementing period. 

The c »mented coupling connection is the most widespread. The design 
of this connection provides for its construction in two typess using a 
straight coupling and a coupling with a bevel surface on the inner and 
outer sides (Pig. 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 pipes. The dimensions of the couplings are given in Table 59« 

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 EIGBT 

EXAMPLES OF KtUIPMENT AND PIPELINES 
MADE OF BEINFQRCED PLASTICS 

Equipment Made of Glass-Beinforced 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 employing reinforced plastics 
in chemical equipment, we present a number of typical cases of their 
fabrication using glass-reinforced plastics. 

Equipment made of glass-reinforced plastics is used in diverse 
chemical lines of production. It is extensively used in storing all 
kinds of petroleum products (at temperatures to IJO0 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 vessels up to 
76 m3 In capacity, tanks, air lifts, and cisterns up to 50 m^ in capacity, 
storage containers up to 200 m3 in capacity [104], and columns up to 5 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 ccvsrs and bottoms; and oval with flat electrical 
spherical covers. 

Three types of equipment are produced in terms of manufacturing 
execution: seamless-nolded, 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 and glass cloth 
as reinforcing materials. Here mandrels made of light metals (fusible) 
and 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 service under pouring condi- 
tions, since the tensile ultimate strength of these glass-reinfarced 
plastics is in the limits 700-1200 kg/cm2. 

Equipment fabricated by contact molding using glass lap is usod in 
capacity sizes up to 4 m^ for service without pressure (the strength of 
the glass-reinforced plastic is 1500-2000 kg/cm2). Stronger equipment 
units are made of glass cloth of linen, satin, and cord weave with dif- 
ferent binders (the strength of the material is ^000-4000 kg/cm2). 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 operations. In addition, the indus- 
trial section must be organized for the continuous fabrication of mandrels. 

These equipment units are used for storing solutions 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 [l03j. 
The industrial process of nnlding 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 radiator:;. 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 materialsj only tensile forces are transmitted to 
the fibers of the shell and the bottom. The ultimate tensile strength of 
glass-reinforced plastic, depending on the kind of binder used, varies 
from 8000 to ",6,000  kg/cm2. In the fabrication of the equipment, glass 
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fIlacents arc laid   along geodesic lines [5?]. ft** mandrels arc atädc 
of fus.'.tle oetals. Thus far it has not been found 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 used to 
store liquid and gaseous media at high pressures — to 20 kg/car. 

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. 

I 
I Prefabricated equipment is mainly cylindrical in shape, but rectangu- 

lar and spherical shapes are also found. When putting the equipment 
I together, the shell fabricated by the winding method is cemented to the 
| roof and bottom produced by pressing. The connecting pipe, batches, 
I supports, and other structural members are fabricated by pressing and 
I are assembled with the body using cemented connections. The seam;! 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 

I equipment in making shells, hatches, connecting pieces, supports, and 
| other structural members. Prefabricated equipment, like cisterns, can 
I a]so be put together 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 strengthen shells made of glass-reinforced plas- 
S tics, their outer surface can also be wrapped with high-strength steel 
§ wire. 

Use of Equipment 

Column equipment. Adsorbers and scrubbers made of glass-reinforced 
plastics are fabricated mainly by the methods of winding or contact 
molding of individual shell elements. Shell elements 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 losses in heat to the ambient 
environment are undesirable. Column equipment functions in solutions of 
salts, alkalis, and inorganic acids. The allowable working temperature 
in equipment made of polyester glass-reinforced plastics, with long-term 
exposure to corrosive media is up to 40° C, and 60-70° 0 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 acid 
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vapor; the scrubber 1.5 m in diameter and 4*8 m in height made of pc y- 
ester glass-reinforced plastics functions with exposure to vapor of 
hydrochloric acid and ammonia. 

Baths. Baths and other vessels are made of glass-reir Corded plastics 
in one piece and fabricated of separate sections 1.62]• V^sself of small 
and moderate size are made in one piece, and large vessola art made 
prefabricated. In the first case the articles are produced by the con- 
tact method of lay-up on positive molds, using glass clotn 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 0.75; and 4.93 x 5.0 x 0.75« 
This method is extremely convenient and facilitates the fabrication of 
entry openings and partitions in vessels. Lateral planes of a bath are 
strengthened by the placement of stiffness ribs made of sheet iron or 
angle-bars. The edges are crimped to increase stiffness. 

In the sectional oethod, 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 lesistant glass-reinforced plastic 
based on epoxy or fUran resin, and the exterior part of the bath con- 
sists of a glass-reinforced plastic using polyester or epoxy resin. This 
makes it possible to obtain strong inexpensive vessels with higji chemical 
resistanr.e internally. Sheets 3.2 mm thick (for example, based on furan 
resin and glass fiber), which are cemented with glass-reinforced textolite 
angle bars, are used in  constructing the internal layer. Additional 
mechanical strength is imparted to the article by strengthening it with 
an external layer of glass-reinforced plastic based on polyester resin. 

Baths made of glass-reinforced plastics are used in storing picklinä 
and galvanic 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 making electro- 
lytic baths is their total inertness to solutions, as a result of which 
the appearance of blotches and o -colors is avoided. 

For example, a sectional bath 18,200 liters in capacity, 2.5 m deep, 
and 4.5 n in diameter, made of glass-reinforced plastic, is used for 
sodium sulfate solutions (pH =■ 3)> the process takes place with conti- 
nuous boiling at 115° C [62]. A bath for electrolyte, 100 liters in capa- 
city and made of individual sheets of glass-reinforced plastic connected 
with "Arzamit" cement and B^D-ö epoxy resin, function under production 
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conditions for 2 years. 'She oaxiaum bath temperature was ^60°  C. T):e 
nickel electrolyte consists of nickel Sulfate, boric acid, and sodium 
chloride; the solution acidity had a pH 4.5-5.2, 

On comparison vith 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 (20-50 percent by weight) is 
used as the reinforcing material, and polyester resin is the binder. 
After curing at normal temperature, additional heat treatment is carried 
out. The baths are intended for service in the electroplating industry 
(w.-dth 0.7 m, depth 1 m, and length 5 m) and in the cellulose industry 
(width 1.15 m, depth 0.6 a, and length 3 m). Bath wall thickness is 
5-9 mm, and the strength safety margin is 6. To increase structural 
rigidity, structures acting as backing parts around the edges of articles 
are installed in severei modifications: steel pipes with inner diameter 
of 25 and 36 nm» No 6 steel angle-bars, 3 * 5 cm wooden beams, and shaped 
angle bars made of polyester gless-xeinfcreed plastic. Stiffness ribs 
made of wooden beams partially justified themselves, for after the bath 
had been 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 Shells 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 diriension. 

For example, a cylindrical vessel 3 m in diameter and 3 m in height, 
made of polyester glass-reinforced plastic, is intended for the neutralisa- 
tion of aulfonated oils with vigorous agitation at 71° C. 

A cylindrical vessel 5.6 m in diameter and S1 ni in height, made of 
polyester glass-reinforced plastic, is used to store products containing 
hydrochloric acid and gasoline at 50-80° C. 

- 205 - 



Alun boilers operated at S6-1200 C are pane of glass-rfMnforoed plas- 
tic [23]. The evaporation cycle in these containers i:; 6-fi hours for 
alum solution acidity with pH • 2.5. Earlier, containers made of steel 
were lined with sine or acid-resistant brink. In addition, alum boilers 
were successftilly tested for use with a 38 percent sulfuric acid solution 
for 10 charges. 

A storage tank for corrosive liquid, made of glass-reinforced plastic 
by the vacuum molding oethod using stiff glass-reinforced lap with a poly- 
ester aerylate binder, has a capacity of 1000 1. It can be used for long 
periods of time to store hydrochloric acid solutions undör variable condi- 
tions from a vacuum of 550 mm Hg to a pressure of 0.7 kg/cm2, with a 
working temperature up to 100° C. 

A 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 ßt and its height is 5 m. 

Cisterns. Cisterns made of glass-reinforced plastics have several 
advantages over metal   cisterns. Capital outlays in fabrication are 
lower; 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 arc vound on the internal and external sides 
at the joint of the  shell and the bottom to strengthen the connection. 

The Buerger Eisenwerk Corporation (PHG) manufactures cisterns and 
vessels built of glass-reinforced plastic, 0.8-30 m3 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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The TsN Bittle Plastics Corporation (united Kirv^om) makes truck 
tanks using glass-reinforced plastics in the capacity range 1,9, 5.8, 
4*3» %3» 10, and 15 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 tiie glass filler. 
This glass-reinforced plastic is resistant to acetic acid, formic, hydro- 
chloric (to 53 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 
25.5 tons, inner diameter 2.3 m, length 1? m, and height 4.6 m. The 
cisterns are 9 tons lighter than steel cisterns, and 50-30 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 1.3 m), and the length is 1? m. The wall thickness is 
9 mir. 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      j 
of valuable wood break down in 2-5 months. Cast iron plates and frames 
are very heavy and their chemical resistance is low. I 

i 

i 
The manufacture of plates and frames of filt'.x: presses, bodies of 

drums, and drum filters using glass-reinforced plastics somewhat facili- 
tates their matutenance 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/cm^ were tested in the       j 
production of intermediates and dyes. The product for filtration, heated      i 
to 80° C and consisting of a mixture of acids (hydrochloric, sulfuric, 
and nitric) with various organic impurities (toluene and aniline) was fed 
under a pressure of 3.25 kg/cm2. The plate thickness was 5.2 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 usinp 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 1 
impregnated with binder are successfully laid on the surface to be pro- J 
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 I 
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lining, the cistern can function successfully to store water at 70-00 r. 
for a year. 

This is a relatively simple method of restoring old vessels made of 
carbon steel used with weakly corrosive media. 

Glass-reinforced plastics are used as lining materials also to protect 
the hottoms of tanks in which oil is stored. To avoid corrosion under the 
coating, the bottom and walls of a tank must be cleaned ahead of time with 
sand blasting to a height of several centimeters from the bottom. Then 
a coating consisting of hot coal-tar resin is applied on the clean surface, 
after which the glass mat is laid out; and then also a layer of molten 
resin. All layers nelt together and form a strong protective shell. Re- 
inforcing with glass fiber imparts strength and some elasticity to the 
coating. 

A rectangular bath 5 x 4 m in size, made of carbon steel, was lined 
with polyester glass-reinforced plastic. It is used for saponification 
at 73° C. After a 5~year check of its operation, its internal surface 
was found to be in a good condition. 

A steam scrubber 0,9 m in diameter and 4.5 m in height, coated with 
polyester glass-reinforced plastic, showed no damage after exposure to 
hydrogen fluoride vapor for 4 years of service. 

The  flat plating of a reactor for chlorinating magnesia, 4.2 m in 
diaaeter, was in a good condition after 3 years of service. 

Storage tanks and gas ducts lined with polyester glass-reinforced 
plastic serve at 95° C. After /) 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 thp gaseous products 
of radioactive decay. A check after 1.5 years of service showed that 
there v/ere no signs- of wear. 

Gas Ducto, Ventilators, and Smokestacks 

Ventilation systems at chemical enterprises are often exposed to 
corrosive vapors and gases. For example, in the production of phthalic 
anhydride the entire forced-rh.aft system is made of corrosion-resistant 
steel 1Kh18N9T, 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 are connected in two ways: fla)i|?e and cement 
aethous. 

A hood 6.6 m in diameter and a fan 1 m in diameterf made of polyester 
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 0.37 >n in diameter, made of polyester plastic, 
was installed in place of a gas duct made of raonel metal that had served 
for only 2 years. The new gas duct successfully functioned for 5 years 
with exposure to the vapor of 50 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 netal-plating 
baths, was in good condition after 5 years of duty. 

A smokestack 0.71 tn in diameter made of polyester glass-reinforced 
plastics functions in an environment of 4-15 percent nitric acid vapor 
at 46° C. Inspection after 3 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 a mixing chamber. 

All materials previously used for these purposes did not give good 
results. Steel became unsuitable for building the chamber and the smoke- 
stack owing to intense corrosion; the use of lead coatings posed diffi- 
culties due. to an increase in the weight and creep of lead. 

Aluminum piping malfunctioned after 5 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 5 years, during which there was no cracking of the 
resin. 

The gas temperature in the middle of a pipe 1914.4 ram in diameter 
was 154° C, and 40° C at a distance 95»4mrafrom the pipe walls. I 

The smokestack was made of glass-reinforced plastic based on poly- I 
ester 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 I 
that polyester glass-reinforced plastics are the moat 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 5 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 

- 209 - 

mmmmmmmammammmmmmmmmmmmsammm mmä 



failure under these conditions after 6 years of duty. The cost of the 
ventilation system consisting of glass-reinforced plastics based on 
polyester resin is 30 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 upkeep is equal to the initial cost of the entire 
system« 

A smokestack made of glass-reinforced plastic using polyester binder 
by the method of helical crossover winding using glass yarn successfully 
functioned for several years, the internal surface of the pipe had a 
protective layer of asbestos and phenolic resin. The height of the pipe 
was 9 B, diameter 2 m, and weight 4*3 tons. Internally it was exposed to        I 
sulfuriu acid vapcj.% A steel pipe malfunctioned due to corrosion. | 

Purifying equipment for evacuating a 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 1.5 x 0.9 mm were 
produced in segments 1.2 m long, made of polyester glass-reinforced plas- 
tic, and clad internally with 2 ram 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 59*5 m in hei^it and 1.65 m in diameter were made 
of polyester glass-reinforced plastic. Their specific strength is 5 times 
greater than steel smokestacks. The sections were fabricated by Iha 
method of winding using polyester binder. The smokestacks are intended 
to carry off furnace gases at 345° 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 iranufacture of pipes made of glass-reinforced plastics 
is increasing year by year. Favorable experience in their use by the 
chemical industry is on record. 

The main problem in the chemical industry is corrosion. For this 
reason the most serious difficulties in the functioning of pipelines arise 

- 210 - 

9£ 



in basic chemical processes, synthetic fibers, chlorination, 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. Bdmisten [84» 92] studied the stressed state of glass- 
reinforced plastic pipes tested in 580 typical corrosive media. Analysis 
showed that at 26 C the pipes were'resistant in 320 media, in 284 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 of pipes made of gl «ss-reinforced plastics compared to 
steel pipes is compensated by a reduction in the outlays 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 hydrochlci io 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 
continuous 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. i 

The considerably savings afforded by pipes made of glass-reinforced j 
plastics when introducsd into lines conveying corrosive products is gra- i 
phically illustrated e/perience of the Sunray and Oil Company (United | 
States) [102], A company replaced some of its carbon steel pipes with I 
pipes made of glass-reinforced plastics in long-run lines of its isomeriza- | 
tion facility transporting hydrochloric acid and its vapor, and also pipe- I 
lines in its alkylatic. facility transporting weak sulfuric acid, as well | 
as in its bauxite-filtr ing unit. Steel pipes in these conditions serve I 
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for only 3 months, while glass-reinforced plaetic pipes function for 
upwards of 4 years without signs of failure. 

The U. S. Borax Corporation (United States) has replaced about 
2400 D of pipe made of copper-aluminum alloy transporting slurries in the 
production of potash with glass-reinforced pipes (ranging in diameter 
from 76 to 2%    *)*   ^he cost of the pipelines made of glass-reinforced 
plastics is one third below the cost of the metallic pipeline replaced. 
Here 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 glass-reinforced plastics found successful use at petro- 
leum refineries [81J. 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/cm^; with inner diameter of 203 and 505 mia for a pressure of   2 

21 kg/cm*; and with an inner diameter of 387 nun for a pressure of 11 kg/cm . 
Ihe pipes are delivered in length of 6 m with a standard set of tees, 
elbows, and flanges. At the enterprise the fabricated pipes are tested 
with a hydraulic pressure equal to double the working pressure. A strength 
safety margin is 4 for these pipes. The pipes are connected with flanges 
and bands. Special portable equipment 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 to use these pipes in the facility making styrene monomer. The 
ends of the pipes can be smooth, threaded, or can te shaped with a bell- 
mouth configuration. Flange, threading, and cemented connections are 
used in joining the pipes. 

The Bristol Aeroplane Plastics Corporation (United Kingdom) has suc- 
cessfully used its pipes for 2 years at an ammonium sulfate plant [Si], 
Two 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 ml and a free ammonium content of 10 g per 
100 ml in the temperature range 70-100° C at pressures to 1 kg/cm , 

An unsaturated ammonium sulfate solution was transported in another 
line. Traces of arsenic, aluminum, lissapol [a surfactant], sodium chloride, 
and also sulfuric acid at a concentration of 0.35 g per 100 al were present 
in the solution. The working temperature of the solution vat SO« C; its 
pressure was 1 kg/cm2. These experimental sections function satisfactorily 
for 2 years. 
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The coaipany also installed ^"lass-reinforced plastic pipes for tran:;- 
porting {jas ~ sulfur dioxide containing traces of hydrocarbons and fine 
coke particles. This line operated at temperatures from 20 to 25° C. 
Lead pipes that were formerly used for these lines required frequent 
replacesnent. 

i 

An experimental section of glass-reinforced plastic piping using 
enoxy binder with flange connections was installed to transport sodium 
chloride brine containing gaseous chlorine. The temperature of the csedium 
was 80° C and its pressure was C,56 kg/cm^« Tests on experimental pipe 
section proceeded satisfactorily. Pipelines made o* oorrosion-resistant 
steel previously installed at the plant rapidly malfunction due to corro- 
sion. 

The Amerkote Corporation (United States) manufactures 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 solutions of caustic so^ . [86], The working conditions of 
the pipeline were as follows; pressure 7 kg/cm"-; 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 5218 m in length to transport chlorine and 
caustic soda at an enterprise producing chlorine. Th<5 pipeline system 
functions at a temperature 80° C, a pressure of 6,5 kg/cm^, and a trans- 
porting speed of 2-3 m/sec for the medium conveyed. Ttoe 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 
glass-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 /:cerican corporations, pipes made of 
glass-reinforced plastics using polyester binder were employed to trans- 
port chlorinated water, and hydrobromic and hydrochloric acids in combina- 
tion with organic solvents. The pipeline system has now functioned for 
6 years, while pipelines madr of nickel and rubberized steel functioned 
for a maxirautn of 12-14 months. The positive feature of the system is its 
resistance to flame. 

The Hooker American Corpor ition successfully used pipes made of 
glass-reinforced plastics to convey heated saturated solutions of potassium 
and sodium used in the electrolysis of hot benzene. 
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A system of pipelines aade of glass-reinforced plastics for hoi. 
brines and the vapors of hydrochloric acid and chlorine proved to be more 
econoioically advantageous than a system of steel pipelines. 

The Swedish Bochanas Corporation uses glass-reinforced plastic pipes 
as sevage pipes for transporting corrosive liquids and also to remove 
mine waters, and so on. The use of these pipes proved effective and 
econmically advantageous. 

The Hochanas Corporation manufactures pipe in length of 3 and 10 m 
with inner diameter of 50, 80, 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 Hbchanas Corpora- 
tion is a pipeline laid in a new cellulose plant. This pipeline, 1.6 kn 
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 saturated solutions of 
sodium chloride and potassium chloride at 78° C were successfully trans- 
ported through a pipeline upwards of 5200 m in length and from 50 to 350 
mm 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 5~6 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) at pressures to 7 kil/or£, 
and aljo by chemical reristance 3.n concentrated minpral acids, toluene, 
and trichloroethylene at 70° 0. Pipes using epoxy binder are useti 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 70° Cj 
in addition, they are resistant to salts and mineral acids at elevated 
temperatures, and to certain oxidizing media. 

It has been reported [95jth£t 7 years of experience has been accumu- 
lated in the installation and operation of pipelines made of glass-rein- 
forced plastics with epoxy (about 6,7 km) and polyester (about 3*6 km) 
binders. The pipe diameter incorporating epoxy binder varied from 50 to 
812 mm, and pipe diameter incorporating polyester binder ~ from 50 to 
200 mm. The pipelines were oprrated to supply solutions of sulfuric acid 
at 25 percent concentration a^d the following salt solutions: zinc sulfate, 
sodium sulfate, weak solutions of sodium sulfide, and the condensate of 
spinning- and bleaching solutions at temperatures to 102° G and pressures 
to 7 kg/car. The pipes are washed with 30 percent hydrochloric solution 
and 10 psrcent caustic soda solution at 65° C, Pipes made 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 systerrs. 
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7ns pipes used for the above purposes vere laminated iii structure; 
the inner reinforced layer was 0.25-0.5 ran thick with a high resin content, 
a chemically resistant layer not less than 2.5 mm thick with a glass 
content 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 manufacturing method. The best binder for oxidizing media was a resin 
consisting of blsphenolA and fttmaric acid. Of considerable interest are 
the chlorinated polyester resins — products of the condensation of glycols 
and phthalic acid with high chlorine content. Later are successfully used 
in fabricating pipes used tp divert gases containing acid vapors. These 
pipes exhibit high corrosion resistance and flame resistance (especially 
when 5 percent antimony trioxide is added). The best combination of 

i I 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 a serious 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       i 
higher makes it possible to avoid the thermal failure of the pipes. An 
advantage of pipes made of glass-reinforaed plastics of this design is J 
the fact that they do not require thermal insulation at temperatures from 
-18 to 55 C, and also the fact that almost no condensate forms on them. 

Approximately 500 m of pipe 450 and 580 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.        j 
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        j 
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 5 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 curing        I 
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 I 
vibration and shock loads. I 
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CHAPTER UBS 

TBCHHICAIr-BCOtfOMIC ERECTIYEHSSS OF THE APPLICATIOH OF 
GUSS-HEIHFQRCSD PLASTICS »   CHailCAL MACHDE BUILDIHG 

the use of glaas-reinfarced 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 made of these 
metals. 

TSxe use of glass-reinforced plastics sharply reduces outlays in 
setting up capacities to produce materials for the needs of chemicb1 

machine building. 

Among the advantages of glass-reinforced plastics compared with other 
materials are low density, high specific mechanical strength, 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 other mate- 
rials is that their properties can be predetermined in advance, by modify- 
ing ~ with wide limits — the technological parameters of the fabricating 
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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^ rough calculation will be made of the cost and price of 1 rnettr 
of pipe length or other equipment as a function of the kind of reinforcir^ 
materials 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 
made of reinforced plastics with corresponding articles made of traditional 
materials. 

For example, we have [l, 2] an approximate calculation of the cost 
1 and price of pipes made of glass-reinforced plastics with allowance for 
I their adaptation for production. The calculation assumed the following* 

I the costs for the starting material and supplies was calculated in 
I prevailing prices; 
I losses in starting material and rejects amounted to 10 percent of 
I the total output of articles; 

the cost of processing was determined roughly with reference to 
experience at existing enterprises; 

in calculating prices, a 10 percent accumulation over costs was 
allowed; 

I the costs of pipes made of glass-reinfoirced plastics protected 
I 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 1:1 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 
various materials [l]. The variety of pipes in the table was selected 
for pressures to 8 kg/cvP predominating in chemical facilities. Aa 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 disadvantageous. 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 Cox several media, with reference 
to the seivice conditions, it is economically advantageous to replace 
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TABLK 40 

«■TOM-" 

■"»TW* 

ß Una 1 M TtTfM • W«.  W IIMr|HU«M                                        | 

Cmumuue* 
naanruM 

6 

80 1—14 0-4» 0-58 6-06 

W 2-16 1-46 11-69 1-67 6-7» 

100 a-as 1-66 16-12 2-50 10-61 

125 8-4» 2-12 16-85 a-so — 

ISO 7-08 2-74 27-48 5-05 19-18 

200 10-06 4-46 50-62 9-60 22-14 

2S0 15-18 6-06 111-72 — — 

300 20-16 7-60 — — — 

Hhe piping is hot-rolled, seamless. 
KKY: A — 

B — 

C 
D 
E 
F 
G 

Inner pipe diaoeter in mm 
Cost of 1 m of pipe in rubles made of the listed 
material 
Polyester glass-reinforced plastics 
Carbon steel* 
Grade 1 Kh18N9T stainless steel* 
Polyethylene 
Riolite 

carbon and stainless steel pipes with glass-reinforced plastic pipes. 
Pipes made of glass-reinforced plastios 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 maij cases the use of glass-reinforced plastic 
pipe instead of polyethylene 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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TABLE 41. COST AND SERVICE LUE OP PIPIBG MADE OP DIPPERBHT 
MATSBIALS WITH STAKDABD DJÄMETHR OF 89 BUD 

/ 
Twttm 

2 
OrMoncM- 

■«■ cwMocni 
erxM* «po- KsuyasMt 
tpy«aj|MiM- 

pu 

OrMontak-^ 
■Ml tpom 

tMfmOm no 
cpaMcwuaeo 

aauaooMW- 
■OMcarwy»- 

WMa% 

+ 
nprnnnmaMMNa 

■a erpea 

5- 
CrauMiMacnaMme m tone 

cwMMCMsynaitM, pMcwmi- 
OK M XIMCBM » 14 KT/af 

«k«0 100 

'i 
AjaommmMtmt 10145 26 Kopposm 

7 
KkXBue 14,70 74 

9 
Koppoiu 

PewROBue (auuim) laso 21 PupyuwHae or 
MICOKOTO    MBM- 

/o 
Hs yrmpoAHcroA craiii: 
/' MexTpocupHue 
' ? uejibHornHytue 
'3 c ranuwHonoKpunKM 
/4 C »nOKCHAHUM nOKpHTRCM 

27,20 
19.60 
31.85 
10,10 

9.1 
15,3 
11.1 
32;0 

Kopposiu 
KoppOSRS 
Koppoaax 
KopposR« 

Ha HepwaeeiomeA craxu: 
/^MapKH 304-40 
f7i»pKH 316-40 

81.90 
107.80 

31.3 
34.2 

KopposH« 
KopposH« 

/gili mjimnmnxxopw. 
/ftiapKH 40 

^oxapKH 80 
36^80 
40120 17.2 

10* 
Paspymeuxe or 

BUCOKOTO   Aaue- 
HHX K TexnepaTy- 
pu 

^Ha acOoueweHTa: 
22 iiapKH C-100 
23 uapKH C-150 

11.30 
14,78 

23,7 
19,5 

8 
Kopposna 
KopposBa 

[KEY to TABLE 41 is given on the following page.] 
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KEY [to TABLE ^11 on preceding page]» 
1. Piping 
2, Belative cost with allowance for service life of piping 

in dollars 
5. Relative service life compared with glass-reinforced 

plastic piping using epoxy resin in i> 
4. Reasons for malfunctioning 
5. Glass-reinforced plastics calculated for pressures to 

14 kg/cm2 

6. Aluminum 
7. Copper 
6. Corrosion 
9. Rubber (hoses) 
9a. Eailure due to hi#i pressure 
10. Made of carbon steel 
11. Electric welded 
12. Seamless drawn 
13. With galvanic coating 
14. With epoxy coating 
13. Made of seamless steel 
16. Of grade 304*40 
17. Of grade 516-4O 
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 S-100 
23. Of grade S-150 

As noted in the preceding chapter, glass-reinforced plastic pipes 
are used extensively in making ventilation systems and gas ducts. As a 
rule, pipes of industrial manufacture with wall thickness more than 
3 mo 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 mm ILO). 

The development and investigation of flexible roll type glass- 
reinforced plastics conducted in the Ail-Union Scientific Research Insti- 
tute of Glass-Reinforced Plastics and Glass Fiber (VNIISPV) and the 
Moscow Institute of Chemical "iquipment Building, with participation of 
the authors, (based -- KhZhKN glass lap made of continuous 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 purpose for a wall thickness O.5-I.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 

/ 

• • 

MMMM jMMMctyMi • JM (• pMwn M HO 41 T|qr6oap»- 
2                          «wl 

n IS Ml 10 urn 

•3 CiauouMcrmMMt 
inanccn cralnt 

ion 1836 3006 SMS 3967 

4'Cmmuiuiammm a» mo 1600 MOO 9667 8003 
weMol Bpowocra 

5H» wmamnmH CTMM 
MapKM 31640 

900« S936 37» 5836 8366 

^ Hs ynKjxwKTol CTMH 
ryMHipOHKHIM 

1877 2048 2758 3669 4948 

Beoark. The cost of piping, connecting elements, and 
fittings, installation, insulation, and catbodic 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) 

— Olass-reinforced plastics, chemically resistant 
— Glass-reinforced plastics with increased strength 
— Made of grade 316-40 seamless steel 
— Hide of carbon steel, rubberized 

3 
4 
5 
6 

cross-section with any diameters can be fabricated from flexible roll type 
glass-reinforced plastics, using various cements or chemical welding to 
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-reiriforced plastics are 
three-four limes 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 the necessity of employing appropriate combinations of 
various reinforcing materials and binders. The principal requirements 
from economic standpoint must be regarded as the production of articles 
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with maximum technical cbavracteristics at minioum 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 
were proposed in the form of "dunmy" 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 1 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. 
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COHCLUSIOHS 

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 a 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 c^n 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. 

?. 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 stresses 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 
equipment, 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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precisely for  these conditions, and the literature 3<akes available- «xt'-n- 
sive data on the mechanical properties of plastics. It must be rfimamhennl 
that to ensure reliability and longevity of a strucuture as a whole, wc 
need information on properties of the cladding layer made of thermosettintf 
plastics — its resistance in a given medium and its protective proper- 
ties (permeability). 

3* A plastic serves as a structural material for the fabrication of 
internal elements of equipment 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 medium, mechanical loads, 
and temperature. Therefore, the parameters for estimating its service- 
ability include longevity and creep in the given medium at different 
tenderstmres and mechanical loads. 

4. 5he 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. Here 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 approximate 
service conditions. 

- 224 - 



REPERBICES 

1. A Ji b n e p N H B. M. a xp. Tlptumumu cmuumMemam s xnnneotol' 
npoMUUMeNHocm ■ OOCP n u pyßemm. B c0. «Conocmmesuuie ofiMu>u no or- 
jnuuum npoH3MMcn«M XHMHWCKOA npoMuumeiiROCTii», awn. Jm i, M., 
HMHT9XHM. 1968, ctp. 3. 

2. AjiknepiaB. M., Bjiacosn.B.. TpHropbeaH. CGMpoioi* 
xoe caenMBHe npaaaonen* » npaiieHe»«« rpyfi u craMOMäcm»». B dJ. ^oao* 
ciaaMTeaMiue ofisopu no oniMbHUM npoassoyicnMii xaMmecKoft npoMUsi^eBHOcnn, 
am. 9k «. M., HHHT9XHM. 1969, crp. 6-20. 

3. AxfpeA T. MexaaNwcaae caoAcraa aucoKOBwiHiiepoa. M., Hw-ao 
Maocrp. JiBT., 1952. 

4. A a A p e e a r. H. a xp. HaroroajieMae creiuoiuiacTMMwux rpyC. Xapb- 
aoa, Hsx. Xry. 1964. 

5. AHApeeacKaa T. fl. BucoxonpmHue opaeRTMpoBJBHue crexao* 
iuucTHKM. M., cHayxa», 1966. 

6. A c .a a H o a a M. C. EimaHMe paanaqHHX QaKtopoa «a Mexamraecxae 
caoAcraa crexAXHHUx BOJIOKOH. «Cremio a xepaiiMxa», i960. M 11, crp. 10. 

7. B a p T e H e aT. M., 3 v e a K). C. npowocrb a paspymeuae auooxo- 
Macnnecxax ManpHMoa. M,—Jl„ CXMMHX», 1964. 

8. BapreNear. M. Onpapoxeaucoxoft npcnnocTHcreKnanaux aoaoxoa. 
«riaacTMaccu», 1980, fh 1, crp. 21—24. 

9. B e A a H x H H 4>. M., jl u e n K o B. <!>., A u 6 e H K o T. H. Mexanaiec- 
xae xapaKTepHCTHKH MacrHxa flCn., KHCB, H3ä. AH VCCP, 1961. 

10. B a x e p M a H B. JI. K pacnery xpanmecxoft cRopocnt xaieHaa naeaMa- 
THiecxofi UIBHU. TpyA« HHHUJn, c6. >ft 3, M., rocxaMBajurr, 1957, crp. 65—66. 

11. BOJIOTMH B. B. OcaoBHue ypaaficiiH» reopHH apMHpoaaHBUx cpex. 
«MexaHHX2 nonHMcpoa», 1965, M 2, crp. 27—37. 

12. B o x u a it x a a H. A.. K i a H o a H. ^. CraTaqecKaa ycr&noerb nswia- 
amnena a NaOH a H1SO4. B c6. «Kopposaa xaMHiecxoA annaparypu. IIOA pe«. 
H. H. lOiHHOBa (Tpyw MocxoBcxoro HHCTHTyra xaMBtccxoro MaiuHHocrpoeuHfi, 
T. 28), M., «MauiiiHocrpoeHHe», 1964. 

13. B o p H c o B B. M. MCTOA onpeAeneHxa K<»i))4muHeHTa jwfäyam arpec- 
CBQHOA WBAKOCTB a n^acTBiecxHe Maccu. B cö. fflpoBsaoAcrao B nepepaflorxa 
nJiacTMacc, cBHTeTBiecxax CMOJI B creKfiaHBUX BCUIOKOB». (TexHHiecxa« M »KOBOMB- 
lecxaa KH^opMauaa Ni I), M., HSA. HHWIM, 1966 r., crp- 37—39. 

14. Bpuara^BB r. H. Hexoropue aonpocu noasyiecra xoHcrpyxuBOB- 
HUX njiacTMacc. HoaocBOHpcx, 1964. Aarope^wpaT ABCcepraiiBB m ooacxaBBe 
yqeaofl crcncHH xaHAHAara TexBBtecxBX Bayx. 

15. B M p ;i a •! 3. 9., A o M a in B e a A. Ä BaaaBBe TonmaBM xjiea H npx- 
poAU BanoflHBTe/ia na npoinocTb B croAxocrb x^eeaux COCABHCHHA meraaaoB a BOAG. 
«XBMBiccxoe B negmiHoe MauiBnocrpoeBHet, 1967, Mr 1, crp. 32—34. 

16. B 4 a c o a n. B., M o A o x a B o a A. B. HccnexoBaHae repMennBocnt 
Tpy8 B3 creKSon/tacTBXoa. «XBMH'iecxoe H Bajn-aaoe MaiuaBOcrpoeHae», 1965. M 5. 
crp. 10—12. 

17. Bjiacoa n. B. H ap. Ouenxa xBMHiecxoA CTOAXOCTB rpyfi na crexao- 
njiacraxoa no mmmmin HX acecrxocTB. B c6. cXaMBiecxoe B HawiKHiosBO-Oyuaac- 
Hoe MauiHHocrpoeBBe*, M., UHHTHXHMHE<I>TEMAIU. 1965, Ni 6, crp. 19—21. 

18. B a a c 0 a n. B. a AP- HccieAoBaBBe aecymeA cnocofiBOcra a ne^opua- 
KBOHBUX CBOACTB Tpvtf R3 cKSJimxacmKOB paaaBtBoA xoBcipyxiuiB. «Mexaaaxa 
fHwiHMcpoa», 1967, M 6, crp. 1082—1088. 

- 225 - 



19. B A a c o B a K. H. R xp. CTemioiuacniKR, apHMpoBaitnuc neraJwioM. 
trUacmaccH». I9&*. to 10. crp. 44. 

20. B o p o H ■ a M. H., n e T p y x H H H.A. CraTHtecxaii R ÄHiiaMRiecKa« 
npMHOCTb HaiKMIKHRUX lUtBCTMaCC. cIlpHMCIieHHe njIBCTMaCC B HaiUHHOCTpOCHHH». 
C6. xpyAOB MBTV nu. BaynaHa M.. Ha*. MBTV. 1964, J* 4. crp. 29-39. 

21. roAXKHrB. XBMHII H rexROflorHa nanHMepHux narepHaJioB. M., roc- 
xamaAar, 1963. 

22. rjiKKitaiiJI. JI., BepRmTeflHB. A. HcnuraRHti creuoiuiacniicoB 
Ra juiRTUibHyw npOTHOcn. H najisytecn» npn IHGTOM HaraCe. «3aBojicKa« Jiafiopa» 
Topam. 1962. M 4. crp. 471-480. 

23. ropaaaosaA. B. CTeaJionJiacraKa B maiuHHocrpoeHHR. M., Mauiras, 
1961. 

24. r c Ji b ä in T e A a H. H., Ill p e ft 6 e p F. K. K Bonpocy 06 HCCJitaoBaHaa 
MRTejibHoft crarHHecKoA npoqaoorH crewioiMiacniKOB B He^yraaux cpexax. «Mexa- 
aaica ncMHiiepoB», 1965, Ni 4, crp. <51. 

25. Fyiib B. E. Flpoqaocn, nojiaMepoa. M., IXHMHH», 1964. 
26. F y JJ b B. E., K y Ji e 3 a e B B. H. Ctpyicrypa a HexaaaqecKae cBoflcTBa 

noaanepoB. M., Bucmaa uiacuia, 1966. 
27. AmrrejiHRaa npoqaocn» H noaayMecrb creiuionjiacTKKOB aaa cyÄ«rrpoHTMb- 

BUX MarepaajioB. C6. rpyxoB UHHHM*, aun. 53, Jl., «Mopcaoft TpaacnupTi, 1963. 
28. flojiexceji B. Koppoaaa nnacnraecKüx MBCC a peaan. M., cXauHfl», 

1964. 
29. JI b n i e a K o O. P., P e a a B. A. AH^yaaH KHCJIOT a BOAU B nJieHKH 

xauatecKH croftKax jiaKoxpaanaux MarepaaJioB. «/laxoKpacoqaue MaTepauu a 
HX npHMeneuae», 1966, Nt 3, crp. 44. 

•30. Eropoa H. T. a «p. TeMnepaTypaaa saBHcaMocrb MOAyna ynpyrocra 
OTsepxcACHHUx cBasyiomax cteicnonjiacTHKOB. «Mexanaxa noARuepoB», 1966, M 6, 
crp. 823. 

31. EHrajiuieBC. A.. CyxapeaM. T. AaajiHSnpHÖJiHÄeHHUx 4»p- 
My/i, npHMenneMux npu paciere Tpy6. B c6. «Ap» apoBaaHue njiacTHXH». Tpyw 
^MH. Jl., 1966. Ni 55. crp. 114-124. 

32. )K y K o B A. M., B a JI y x R H a C. A- Mexammecicae cBoftcTsa aewio- 
njiacTHKOB npa xoMHarHofl TCMneparype. «HnMceHepauli »ypnajii, 1962, M*> 2, aun. 4, 
crp. ?30-336. 

33. H B a H o B E. A., UJ e n e A e B A. B., JI a JI a a E. B. Tpy6onpOBOÄH 
B xMMHiecKoft npoMMiwiCHHOCTH. M., MamiHS, 1963. 

34. Kacejiee B. A.. OcaJioiuia rniKK. M., TocxaMHaxaT, 1961. 
35. K Ji a a o B H. R., JletiHH A. H. llJiacTMaccw a XKHHHCCKOM Mauiaao- 

crpocHKH. M., MauirHS, 1963. 
36. K o p o JI e » B. H. CjioHcrbie anHSorponKue luacTHHKH a OCKMIOHKH as 

apMHpoBamihix nflacTMacc. M., «MaiuHHOcrpocHHe». 1965. 
37. K o 3 JI o B n. M. npHMeaeHHe nojiHMepuwx MarepaaJioB a KOHcrpyKuaax, 

paöoraiouiHx IIOä HarpyaKofl. M., «XaMaa», 1966. 
38. K o n u JI o B B. T. HcnbrraHMe a BHeApeHKc annaparypu n Tpy6 H3 CTCK- 

JionjiacTiiKOB. (XKMHMCCKan npoMuuuieHHocTb», 1967, J* 4, crp. 305—309. 
39. KoMiuiexc noxasareaeft AJI« «"weaepKoro paciera ACCTKHX njiacimacc. 

«rbiacTMaccu», 1963, M 3. 
40. KameJiea 11. *., MaxMyroa H. M., CrenaiiHneB E. H. 

O craTHiecKHx HcnuraHHHx aa pacrameHHe creKJionjiacrHKO» rana Ar-4C. 
«FIjiacTMaccur   1963, to 4, crp. 66. 

41. KyJiHKOB H. B. Bnmme yrjia HaMOTKH BOJIOKOH na rcpMCTHiHOCTb 
rpyö H3 creKJionjiacTHKOB. tllJiacTMaccH», 1963, to 5, crp. 28—32. 

42. Jl a n a H A. A. PesHHo-Kopaoaue O<5OJIOHKH xax ynpyrac a CHJiosue 
sjieMeHTw waiuHH. R c6. «Pacierw ynpyrax ajiCMeHToa MSUIHH y npaöopoB», MBTV 
HM. BayMaiia, M., 1952, crp. 13, 

43. Jl e n e T o B B. A. K pacicry npoeirrHHX KOHcrpyKUHM pesüHODhix rex- 
HHiecKax HSACJiafl. TpyÄW MMTXT. BMn.6, M., FocxaMusÄaT. 1956, crp. 141-158. 

44. JI a n. 3. H «p. IloJiHs'pHpHbic cMojiu. B c6. «npoasBOACTBO H nepepaöoTK» 
njiacTMacc, caarerafecKax c? m a CTCKJI^HHMX BCMOKOH». (TexHawcKaa a SXOHOMB- 
iccB.a Hf^opMauiis}, to 4, M., Max- HMHOM, 1965, crp. 16-23. 

- 226 - 



45. JlasTMaiiB. H.. PedMUiepn. A. Kapnemcor. B. BJBUMHC 
nowpxHocmo-aimisnix cpex HS npoaeccu ae4>opMatuiH mrniAo». M., Ha«. AH 
OOCP. 1954. 

46. vl o 61 R o B K>. £.. Ul T e p e H s o E A. ^1. 00 s^emre toanMOAHtcrsaa 
soau a aneKTpojiRTa npa acrpeviofi «a^ysHa ax a aomntep. tJlno%pacoHmtie 
MarepaaJiu n ax npHueHCHKO, 1966. M 5. crp. 42—44. 

47. JI b B o a E. C. a Ap. HsMCHCRHe itwsHKo-MexaHaMeaaix csofictB na-njARp- 
HMX creiuionJiacTHKOB nox AeäcTBHeM BOSHOH cpeau. «TLiacTMacctn, 1962. Ht 9, 
crp. 16. 

48. M o m a H c x K ft H. A., 3 o ;i o T H H a K H A H. M. rLiacmaccu a CHH- 
TCTHHCCKHe CMOAU  B  npOTHBOKOppOSHOHHOli TeXHKKC.  M.,  CTpofiHSJUT.   1964. 

49. M y p o B B. A.. UI e B <i e n x o A. A., K .i H M o B H. H- O npHüCHeKRH 
HHAMKaropHoro MeroAa onpeA&ncHHa r.iy6Hnu RK^ysHH MHHepajibHux KHcaot 
B nonHMepKux n-ieHxax. fJIaRoxpacoHHue MarepRajiu H ux npnueiieHKe». 1970, >6 2, 
crp. 62—64. 

50. HenpepuBiioe creiuiHHiioe BOJIOKHO. floa pea. M. V. MepHaxa, M. IXHMHB», 
1965. 

5l.OrH6a.noB 11. H., Cysoposa K). B. MexaiiHxa apMapoaaiiHUX 
n.iacTHKCB. M., HSA. MPV, 1965. 

52. n a K e H A. H. 3noKCHARue coeaHH«HHa H SROKCHAHI»« CMOIIU. M.. Toe- 
XHMH3,iaT.  1962. 

53. n e p p H T. A. CicneHBaH' J apMHpoaaHRUx anacraKOB. Jl.. eCyaocrpoe- 
HH», 1962. 

54. n o ii o M a p e B C. JX. H Ap. PacHcru aa npoinocrb B MauiHHOc:poeHHH. 
T. II, M., «MamrKS», 1958. 

55. PaÖHHOBHHA. Jl. 06 ypaBHexuax CBR:H npH n.iocxoM uanpaweHHOM 
COCTOJIHHH HexoTopHX apMHpoaaHHux noiiHMepoB. TpyAU M<t>TH, M.f H3A. MOTH, 
1962. Ms 9. 

56. PoMaHCBKOB  H.   r,   AöatllHASe P. C.   B/IHflHHe KÖHUCHTpaUHH 
lacioinbix pacTBopoB na (j>H3HKo-xHJiHiecKHe caoAcrea creiuionjiacTHKOB. «luacr- 
Maccu», 1964, Ni 11, crp. 39—41. 

57. P o c a T o ß. B., T p o B e K- C HaMorxa creioioHHTWo. M., tMauiKHO- 
crpocHHe», 1969. 

58. C e a a a Jl. H,, JI H n. 3. O BJIHJIHKH creneHH no.iHKOHaeHcauHH HeHacu- 
meüiiux no.T!ritj)HpoB Ha BOAocroÜKOCTb HX cono/iHMcpon cocTHpcwiOM. «n.iacTMaccu», 
1964, Xt 7, crp.  10—15. 

59. CHIITCS KfohOMepoB an* naiyneKH« n^aciMacc H apyrnx cHiireTHqecKHx 
CMO.1 H3 fyypfyypoAa. M., PocxHMHaaaT, 1959. 

60. C M :i p H o a B. H, M e m e p H K o B B. B. HcnHTanHe H Kourpo.ib cyAo- 
CTpOHTCILHUX CTeK.IOn^aCTHKOB. JI., fCyAocTpoeHHe»,  1965. 

61. C o p o i H lit ii H A. P. CrcK.ion^acTHKH. M., PoccTpoflHsaar, 1964. 
62. CreK-ion^acTiiKii. Floa pea. *. M. Moprana. M., WSA-BO iiHocip. AUX., 

1961. 
63. CreK.ion.iacTMKH K CTeiüioBO.noKHo   aa pyoewoM. M., UHHHTJIH, 1956. 
64. C y x o B C. H., Jl e B H H A. H. CTeK^ion^acTHKH, nJiaKiipoeaHHwe XHMH- 

MffcxH CTOAKHKH TepMon.iacTaMH. MeToau no^ysenHs K rexiio^orHa HsroTOB-ieHH« 
xiiMiiiccKofl annaparypu. «n.iacTMacchi», 1964, .Vs 5. crp. 33. 

65. Tap Hono.i bCK i! ft K). M., CKyapa A. M. KoHCTpyKmtoHKaH 
npomiocTb H ae4x)pMaTiiBH0CTb creK.ionJiacTHKOB. PHra, «SHiiatHe», 1966. 

66. T a p H o n o .i b c K a ii 10. M., K H H u H c T. H. 0 MexaHHKe nepeaaMH 
ycK.nm'i npii a«|)op\«ipoBanHH opueHTHpoBaiiHux cTeK.ion^acruKOB. «MexaHHxa 
no-iHMepoB»,  1965, J\s 1,  cip.   100—110. 

67. T a p H o n o .i b c K H ft 10. M. P o a e A. B., PI o -i H K o B B. A. PlpH- 
•rcowcHiie tcopiiH MMOFOCIOHHUX cpea K myvemm creiuonJiacTHKOB. «MexaHHKa», 
Has. AH CCCP. 1965, K» 2, cip. 131-134. 

68. T H x o M H p o B a H. C, K o T p e ^ e B B. H. B^UHBHC arpeccHBHUx 
(})aKTopoB na aw^tysHK) BcmecrB B no;iHMepax. «riflacTMacchi», CÖopHHK rpyaoB 
HHHOM, M., .XHMH«», 1970, crp. 268—275. 

69. XHMHiecKaa oöpaöorKa creKJisHuoro BMOKHa. Floa. pea- M. C AcnauoBofl, 
M., «XHMMH», 1966. 
204 

- 227 - 



70. U u n A a K o B O. F. ynpotnesnuft MCTOX paciera Ha npowRom atoAottK 
is cnxjioiuiscrmvM, ntxoAnmnxcs no* v'tyrpenafni «MCHH«!. «rUiacniaccii». 
1964, St 3. crp. 53—56. 

71. H a a u x A. E.. B a c e H M ■ P. M. Hcca^xosaHHe xixtx^ysnn it cHcrcMe 
nomaotiyrueH — paciBopmeas ximep^epeHüMOHHiäM MHKpOMeroAOM. ilAH CCCP. 
1965, T. 181, M 5. crp. 1146-114«. 

72. Ill a a u r a H B. H. Ttopn» ynpyroro $opMOBaHHii nSÄe-iHü as apHHpo- 
saHNux crauionaacniKOfi. B c6. «ApNaposaHhue luactHKa» (TpyAu JIMli), Jl-, 
1966, Hi 55.  crp.   132-142. 

73. lUeaHCHKo A. A., B .1 a c o a FI. B. CTCK-ion.iacruKK a SHMMHCCKOSI 
KauiHHOcrpoeiiMR. M..  UHHTHXHMHEOTEMAU1.   1965. 

74. IU c a "i e H K o A. A , K A M ii o a H. fl. O aAHttAbitok npcHiocm crex-io- 
naacniKna npK BosxefirraKH arpeccRBiioä cpejiu H TemnepaTypu. «n.iacTM3ccH», 
1962, Jfc II, crp. 41-43. 

75. Ul e B q e H K o A. A. K TexHHxe onpcjcJiciüia ä.IHTC.IJ.HO8 npomiocrH H 
nass)""««™  creiwon.iaenixoB 8  arpeccHBHofl  cpeae.  cSasoacxan ^aöopaTopHa», 
1963, tb 10, crp. 1249. 

76. UI e B i e H K o A. A, B o K ui H ax a a H. A. O Meroaax xoppoaHOHHux 
HcnwraHHA n.iacrvacc. B c6. cKopposaa XHUHMCCKOA annaparypu. HOA pea. 
H. H- K.iHHOoa {TpyAU MocxoBcxoro HHcrHTyra XHMHiecxoro MauiiiHocrpocHHa, 
T. 28),    cMaiuHHocrpoeHHe». 1964. crp. 232—238. 

77. Ul e B v c H x o A. A. TcMnepaTypiio-BpeMeHHaR aanHCHMOCTb npoiHOCTH 
crexAOMacniKOB u iiCKOTOpux arpeccHBiiux cpefia,x>. B c<5. tKopp03Ks XKMHiecKoft 
annaparypu». floa pe«. M. Jl. K-iHiioaa (TpyAw Mocxoecxoro Hii-ra XHwunecKoro 
MaiDHHOCTpoeiiH«. T. 28). «Maiut!HocTpoeHKe>, 1964, crp. !G5—183. 

78. Ul T e p e H a o H A, Jl.. Jl o 6 a H o B K). E., K O H O B a ^ O B a C. O. 
ripOHHKHOBeHHe     KOHUeHTpHpOBaHHUX     paCTBOpOB   3HCtnpO.1HT0B   «lepeS   (jJTOp^OH. 
tBhicoxoMoneKv^apHue coeaHHe'iM«», 1964. Ni 9, crp. 1668 — 1676. 

79. lUep 6a KOBB. M, M as y pC. B, F K H 36y p r/I. H. nposHOCTHwe 
CBoAcrsa creK.'ion.'iacTHXOB. npoMiiocrb H yiipyrocrb crex^on.iacrHKOB npn Bosacfl- 
CTBHH craTHiecKHx H y^apHbix Harpysox. fn^acrviaccbi», 1362. Si 4, crp. 33. 

80. 51 p u c B B. P., K y -T H K o a H. B . M a T B e e a a E. A. HenpepwBHue 
cnocoöhi nponsBOACTDa Tpy6 H3 crex-ion^acrHKOB. B CO. tHpHveHeHne naiHMepHhix 
uzrepuanoH n MaujHHocTpoeHiiii». M., 1962, crp. 244. 

8!. A r n d t F. W. Applying Reinforced plastics in corrosive environments 
of the process industry. «Corrosion», v.  16,  1960, Nil. p.p. 14—24. 

82. B a rn e t t RE., Anderson T. F. Polyester Fiber Glass Equip- 
ment.   tCorrosion», v. 15, 1959. N 12, p.p. 29—35. 

83. Book ASTM  Standards.   Part  26, 27, U. S. A., Baltimore, 1967 
84. B o K R s H. D.. Edmisten E. D. Service life and Relative Cost Data on 

Reinforced   Epoxy   Pipe.   «Corrosion», v.  !4. 1958, N 5, p.p. 114—115. 
85. Glass fibre tanks for underground petrel storage. «Reinforced Plastics», 

v. 9, 1964. N 4, p. 104. 
86. Glass-fibre version of regasus sailing dinghy. «Reinforced Plastics», v. 10. 

1966, N JO, p. 290. 
87. Go I d f e i n S. General formula for creep and rupture stresses in pla- 

stics.  «Modern  Piastits», v. 37. 1960, N 8, p.p. 127—132. 
88. G. R. P. Road tanker for scott bader «Reinforced Plastics», v. 10. 1%6. 

N 8, p. 222. 
89. G. R. P.. Gas scrubbers for fertilizer manufacturers. «Reinforced Pla- 

stics», v. !0, 1966, N 9, p. 249. 
90. Hathernware reinforced plastics chemical plant. «Reinforced Plastics», 

v.  10, 1966. As 12, p. p. 343-352. 
91. Jones H. L. Ea:tli loading characteristics oi glass epoxy pressurized 

pipe. «Modern Plastics», July, 1966, pp. 125, 126. 
92. Kays D. D. Hendlins Mixed Epoxy well Tubing and Line Pipe. «Corro- 

sion», v.  17, 1961, N 3. p.p.   ■ -11. 
93. Laue E. W. Glasfaserverstärkte ungesaztigte Polyester. «Plastver- 

arbeiter», 1961, N U. S. 155. 

-  228 - 

b £ 



9*. Levy R. M. Cfuracteristiet. testing and «ome design considerations 
Applicable to glass reinforced Plastic Pipe. tCorrosion», v. 16. 1300. N II. p. 33. 

95. M a 111 n s o n J. K. Reinforced Plastic Pipe: A User's Experiences. 
«Cbem. Eng.», v. 72. 1965, N 26. p.p. 124-134. 

96. N i e d e r s t a d t G., Ein Prüfverfahren zur Beurteilung fon Korro- 
sionswirkungen an Behiltern aus glasfaserverstirkten Kunststoffen, f Kunststoffe», 
v. S3. 1962. N 4, ss. 181—133. 

97. O u t w a t e r J. O.. S e i b e r t W. I. Strength degradation of filament 
wound pressure vessels. cModern Plastics». IS64, may, pp. 151—188. 

98. P s c h o r r F. E. Effect of hardener composition on the chemical resi- 
stance of epoxy resins. «Corrosion», v. 17, 1961. N 11. p. 104—106. 

99. Severance W, A., Reinforced Plastics for corrosion control. «Corro- 
sion», v. 19. 1958, N 10. pp. 29-^2. 

100. S h a r p W. H.. Weber M. K.. Effect of water on strength of water 
on strength cf structural   Plastics.  «Corrosion*, v. 12. 1956, N 12, p. 27. 

101. Strength and Service Characteristics of Glass Reinforced Epoxy Oilfield 
Pipe. «Corrosion», v. 13. 1957, N 9, p.p. 117—120. 

102. Van Boskirk R. L., News of industry and interpretations. «Modern 
Plastics», v. 40, 1963, N 12. p. 41. 

103. Wedemever D. Raketen- und Plugzeugbau mit Glasfaserkunst- 
stoffe. «Plastverarbeiler», 1963, N 2, s.S. 77—79. 

104. Werner Schulte-Huermann.Glasfaser-verstärktePolvester- 
barze in Behälterbau. «Piasterarbeiter», 1961, N II, ss. 512—518. 

105. Wirtschaftliche Rundschau «Kunststoffe»,  1963, N 3. s.S. 200-204. 

- 229 - 


