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Strength of Materials 

EFFECT OF TEMPERATURE ON THE MECHANICAL PROPERTIES OF UNIDIRECTION¬ 
AL FIBERGLAS REINFORCED PLASTIC 
Y.V. Bi I ida 

(Presented by F.P. Byelyankin Academician of the UknSSR Acad. Sei.) 

The effect of temperature on the mechanical properties of 
unidirectional fiberglas plastics has not been illustrated in 
literature because of methodological complications in determin¬ 
ing tensile strength. 

Fig. 1. Specimen for elongation 
in the shape of two semicircles. 
Joined by parallel linear bars. 

Fig. 2. Elongation of circular specimen by two half-disks: 1) Lug 
for measuring leg; 2) indicator; 3) half disks; H) circular speci¬ 
men. 
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Piberglas with longitudinal fiber direction is characterized 
by high elongation resistance perpendicular to the fiber direction, 
and finally by very low resistance tangent to the stresses in 
planes parallel to the fiber direction. Therefore, by an increase 
«K*- fi"63 cross section of heads of the specimen, we cannot 
obtain the necessary adhesion strength in shear and the destruction of 

not af a r’Jlo> ^ the testing machine clamps and doe 
thï, ze íheAt,nit strength of the material. In 
crüo ^onnecti°n, to determine the strength limit, we use specially 

thpPwor.uPHClrnenS iiCh make lt: P°sslble to destroy the specimen in 
? frea- These include specimens in the shape of two semi- 
Jo-ned by parallel linear bars. These specimens are put 

under tension by two half disks (Fig. 1). ^ 

Tht s^fte stress in the parallel zones is uniaxial, but 
the production of the specimens is fairly labor-consumin • and re¬ 
quires complicated technical equipment. uonsumin , ana re 

bv Produce are circular specimens which can be tested 
f al^P? SSUre a?d in tenslon by two half disks (Fig. 2). The 

tensioning (elongation) method of a circular specimen by internal 
pressure is complex and is used only on specimens of large diame- 

stateTofSfh2lnS b? half disks is easy# Nevertheless, the stress 
state of the specimen is complicated by a bend in the clearance 

ba^fen theah?íf dlsks and by frlction between the surfaces of the 
specimen and the half disks. Specimen bending can be neglected if 

ïnteïnaî1*3 h? °f ?\\half dlsks is not much Wrent ??om the 
internal radius of the specimen, i.e., at r/rd < 0.05. The friction 

arïnïïuaîitî^f"^ ^ 3Peclmen surfaces during tension produces 

prod^es deformations?3” 8 the s^imen hence 

P _ can be easily calculated from the formula 
- i'o e 7, which gives the angular force P as a function of the 

seizure angle a and coefficient of friction f At f * n 5 

including friction^°t0^ elonfatlor of a circulír specimen, 
lus of elafticiîv fon ?rm alongatlon 18 °-86- Thus* bhe modu- 
bv two f the circular specimen in tension produced 

nn înf f^uïndetermined ^ 

0,86nPttr 

where ilj and iZp are the readings of the left and right Indica- 
tors. 

chara^tflS^fníM!31'8 ^ P°?slble determine the elastic 
ff taf ff f thf ">aterlal without bending because of the ef- 
«a L fK whlch Produce tensile stresses. Nevertheless 
the streneth^ímf^h0^* it:.does not appear possible to determine 

+• limlt because tne specimen breaks in the clamos of 
the testing machine. To strengthen the specimen ïn tL c^s Üf 
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Fig. 3. Flat specimen with looped 
heads: 1) Specimen; 2) clamps; 
3) double-wedge attachment; 4) 
steel insert. 

Fig. 4. Tensometer with contact electric heater: 1) Thermal insula¬ 
tion; 2) heating elements; 3) indicator; 4) specimen. 
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Fig. 5. Relative change in strength limit, modulus of elasticity 
and relative elongation in tension as a function of temperature: 
1) Relative strength limit; 2) modulus of elasticity; 3) relative 
elongation under tension. 

the machine, we can use a flat specimen with looped heads (Fig. 3). 

As can be seen from Fig. 3, specimen 1 is mounted in clamps 
2 by means of double-wedge device 3 and steel insert 4 in the 
looped end of the specimen. Such mounting of the specimen in the 
clamps prevents Jumping in the double-wedged device, and the latter 
reduces the force acting on the looped end of the specimen, thus 
reducing the probability of a break of the specimen in the loop. 
It should be pointed out that the use of a looped head also prevents 
^ur^rUC^°n th® operating part of the specimen at normal tempera- 

Flat specimens with looped heads are properly used for the 
purpose of determining the mechanical properties of materials at 
increased temperatures when contact heating of the operating part 
of the specimen is used. Contact heating insures even heating of 
the specimen at the given rate and makes it possible to destroy 
the specimen during testing precisely in its operating part. For 
the purpose of measuring deformations on electric contact heating 
we developed a special tensometer (Fig. ¿4). However, for this pur¬ 
pose one can also use well-known devices for measuring deformations 
at increased temperatures. 

Thus, flat specimens made of unidirectional fiberglas are 
properly used for the determination of the elastic properties of 
materials. In tests at elevated temperatures with contact heating 
such specimens can also be used to determine the strength limit under 
tension. ' 

Cir®ular specimens are properly used to determine the strength 
limit and modulus of elasticity for fiberglas in the direction of 
gj/ass-fiber distribution at reduced, normal and elevated tempera¬ 
tures . 

The effect of temperature on the mechanical properties of uni¬ 
directional fiberglas with epoxyphenolic binder 3«t>B-ilM was investi¬ 
gated on circular specimens: diameter 80 mm, width 10 mm and thick- 
ness 1 mm, and on flat specimens with looped heads measuring 300x 
xiu X ¿ imi. 
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Circular specimens were heated in a thermostatic chamber, 
and flat specimens were heated by contact electric heating. 

Tests were conducted on a universal "Emery Baldwin" machine 
with a constant load rate of 4000 m/min per specimen. The results 
of experimental decermination of the relative change in the strength 
limits, modulus of elasticity and relative elongation in tension 
are cited in Fig. 5. The curves show that temperature has signifi¬ 
cant effect on change in the strength limit, less on the modulus of 
elasticity, and virtually none on the relative elongation under 
tension. 

At all experimental temperatures the elongation patterns are 

practically linear to rupture. 

Institute of Mechanics Submitted to the 
UkrSSR Acad. Sei. Board of Editors 

September 27, 1966 

Manu¬ 
script 
Page 
No. 

Transliterated Symbols 

2 fl ■ d ■ disk “ disk 

2 Ji * 1 ■ livo » left 

2 n = p - pravo ■ right 

Summary 

BricI analysis of various methods of determining major mechanical characteristics 
of high strength unidirectional glass plastic during extention is given. Temperature ef¬ 
fect in the range from 293* K to 473* K on the tensile strength, modulus of elasticity, and 
elongation to break of gtass plastic ' jth epoxyphenollc binder of 34>B-4M type have 
been investigated. I ; 
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1 ARSTRACT 

1 (I) The mech4 properties of class fiber-reinforced plastic 
I having fibers oriented in one direction and made with epoxy 
1 resin, -EPB-4M, were studied by stretching at 293-475 degrees 
1 K. Witn increasing temp, the elasticity modulus and, in a 
I iiK.re prononounced manner, the tensile strength of the plastic 

decreasea, while the elongation at break remained practically 
unchanged. 
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