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PREFACE 

Report l of this series was issued in November 1955 and summarized 

information available as of l July 1955 on the use of plastic and fiber 

glass as reinforcement for concrete. Subsequently, the January and 

February 1958 issues of Highway Research Abstracts carried reports of ad

ditional fiber-glass reinforcement studies made in Russia and Germany. 

Prompted by such reports, on 28 August 1958 authorit~ was Rrovided in the 

third indorsement from the Chief of Engineers to a letter dated 10 February 

1958, subject, "Plastic-Glass Fiber Reinforcement for Reinforced and Pre

stressed Concrete," to reactivate the investigation for the purpose of 

compiling, summarizing, and reviewing developments between July 1955 and 

January 1959, and to publish the results of such a review, together with 

appropriate recommendations, in a second report. This second report was 

prepared as a part of the subproject, "Engineering Studies and Investiga

tion, Ground Mobility Research" (8-70-01-400). 

Report 2 was prepared under the supervision of Mr. Thomas B. Kennedy, 

Chief, Concrete Division, by Mr. Leonard Pepper, Chief, Chemistry Section, 

and Mr. Bryant Mather, Chief, Special Investigations Branch, Concrete 

Division, U. s. Army Engineer Waterways Experiment Station. 

The assistance of the following is greatly appreciated: Mr. Arthur 

W. Van Heuckeroth and Mr. Solomon Goldfein, Materials Branch, U. s. Army 

Engineer Research and Development Laboratories, Fort Belvoir, Virginia; 

Prof. Myle J. Holley, Jr., Department of Civil and Sanitary Engineering, 

Massachusetts Institute of Technology, Cambridge, Massachusetts; Mr. 

Rudolph C. Valore, Jr., Director of Research and Development, Texas 
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Industries, Inc., Dallas, Texas; and Mr. M. W. Ettenson, Marketing Re

search, Owens-Corning Fiberglas Corporation, New York, New York. 

Col. Edmund H. Lang, CE, was Director of the Waterways Experiment 

Station during preparation of this report. Mr. J. B. Tiffany was Technical 

Director. 
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SUMMARY 

Report 1 of this series, which reviewed studies of fiber glass as 
reinforcing and prestressing elements for concrete, concluded that addi
tional work by others, both to develop background data on the properties of 
glass, plastics, and glass-plastic systems, and to develop engineering data 
on: such systems, would be required before it would become possible to 
recommend studies related to specific use of fiber-glass-reinforced 
plastic systems as an alternate to steel for prestressing in important 
prestressed-concrete construction. It was definitely determined that use 
of fiber glass as a reinforcing element would not be advantageous. 

Since 1955 such work has been continued in Russia, Germany, England, 
and the United States. A review of this work revealed that the development 
of fiber-glass-reinforced plastics as structural materials for a wide 
variety of applications has provided much useful background on the combina
tions and compositions of glass and plastic that can be employed. However, 
the tensile strength and modulus of elasticity of available fiber-glass
reinforced plastic systems developed to date are too low to permit the use 
of these systems as prestressing elements in concrete. Additional experi
mental work along lines that can now be described should provide the neces
sary background to permit the specification of fiber-glass-reinforced 
plastic units as an alternate to steel in prestressed-concrete construction. 
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PIASTIC-GlASS FIBER REINFORCEMENT FOR 
REINFORCED AND PRESTRESSED CONCRETE 

SUMMARY OF INFORMATION AVAIIABLE 1 JULY 1955 TO 1 JANUARY 1959 

PART I: INTRODUCTION 

Suitability of Fiber Glass for Use With Concrete 

1. Glass has been considered since 1930 as a possible substitute for 

steel for reinforcing or prestressing concrete. A lime-alumina-borosilicate 
15* fiber glass has been reported to have a tensile strength of 400,000 psi, 

a modulus of elasticity in tension of 10.5 X 106 psi, a specific gravity of 

2.55, and a Poisson's ratio of 0.22. "Fibers of glass show neither creep 

nor hysteresis at room temperature. Fatigue, as applied to glass, is dif

ferent from fatigue as ordinarily considered in metals. In the latter, a 

loss in strength occurs due to an internal adjustment to applied loads that 

is described as cold working. In glass, a loss in strength occurs due to 

surface attack by the environment. This is particularly noticeable when 

the glass is under load. By adequate protection of the surface, the 

diminution of strength with time can be reduced to a value approaching 

zero."15 Surface protection of the glass may be accomplished by the use of 

any one of many available plastics. The resultant system will consist of 

fibers of glass embedded in a matrix of plastic, generally referred to as a 

fiber-glass-reinforced plastic system. The tensile strength and modulus 

of elasticity of the system, as well as other physical properties, will be 

less than those of the glass alone, and will be dependent upon the propor

tion of glass to resin • 

. 2. The modulus of elasticity of a material used to reinforce con

crete should be a number of times greater than that of concrete. The 

strain to which the concrete would be subjected while under load would 

thereby be materially reduced. The use of fiber glass as a reinforcing 

element is, therefore, not advantageous, since its modulus of elasticity 

* Raised numbers refer to similarly numbered items in the Bibliography at 
the end of this report. 
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is of the same order of magnitude as that of concrete. However, it is de

sirable that the modulus of elasticity of a material used as a prestressing 

element be low. The amount of prestressing load that would be lost due to 

the shrinkage of the concrete as it hardens would thereby be minimized. In 

this respect, fiber glass would be a better prestressing element than 

steel. 

Background and Scope of This Report 

3. The information available as of 1 July 1955 on the use of plastic

glass fiber reinforcement for both reinforced and prestressed concrete was 

summarized in Report 1 of this series. 16 It was concluded therein that 

"The only present field of considerable engineering promise appears to be 

that concerned-with the use or fiber-glass reinforced plastic rods as 

prestressing elements ••• It appears, however, that considerably more knowl

edge should be acquired before the application of glass-fiber reinforced 

plastic rods as prestressing elements in important construction is pro

posed ••• (It is) suggested that organizations such as Owens-Corning 

(Fiberglas Corporation) do the work necessary to establish (background) 
. f t' 1116 in orma ion •••• 

4. This report summarizes the work that has been reported, since 

1 July 1955, in Germany, Russia, and the United States on the use of 

plastic-glass systems as prestressing elements in concrete. Pertinent in

formation developed in studies of fiber-glass-reinforced plastics is also 

reported. 

Note: While this report was in press, the following comment was noted:* 
"Thin filaments of glass fibre coated and bound together with poly
ester resin are already used for the reinforcement of concrete pipes 
to carry water under pressure, and it is stated that in a U.S.A. 
laboratory fine filaments of this material have been made with a 

* Editorial Notes, "A word is wanted: a competition," Concrete and 
Constructional Engineering (Including Prestressed Concrete), 
vol LIV, No. 9 (London, September 1959), p 292. 

tensile strength equivalent to more than a million pounds per square 
inch." Inquiries are being made to develop more information on this 
reported application. 



PART II: WORK REPORTED SINCE 1 JULY 1955 

Work in Germany 

5. The following is quoted from an abstract11 of the glass-fiber 

work performed in Germany.
1 

"Glass fiber, with an elasticity modulus of 

only 700,000 kg/cm
2 

(10 X 10
6 

psi), is more able to accommodate concrete 

shrinkage without losing prestress than steel. The results are given of 

tests made from 1951 to 1954 on small prestressed beams containing glass

fiber reinforced rods (about 54 per cent glass fiber) with a tensile 

strength of 7,000 kg/cm
2 

(lC0,000 psi) with good chemical stability." 

The German article1 reported that the fiber glass used had a tensile 
2 

strength of 14, 000 kg per cm (200, 000 psi:):, or twice the strength or the 

plastic-glass rods. The rods, which were 6.35 mm (0.25 in.) in diameter, 

were separated at the ends into four to six segments, which were tied to 

anchors, then coated with a polyester resin, and finally embedded in 
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15 mm by 114 mm by 1825 mm (sic) (o.6 in. by 4.5 in. by 72 in.) beams. The 

beams were tested by placing them upon two supports and applying the load 

in increments until approximately half the breaking load had been applied. 

The load was then released and the loading procedure repeated. The prin

cipal loading sequence was continued until the beam broke. The following 

deflections were reported: 

Deflections 
loading Initial-Stage loading Principal-Stage loading 

-EL lb mm in. mm in. 

60 130 0.2 o.oc8 0.5 0.020 
180 400 o.4 0.016 1.0 0.039 
300 660 0.9 0.035 1.9 0.076 
410 900 1.6 o.c63 3.5 0.138 
520 1150 3.6 0.142 6.1 0.240 
590 1300 7.2 0.284 8.2 0.323 
630 1390 10.0 0-39 
740 1630 13.0 0.51 
850 1870 17.0 0.67 
s6o 2120 21.0 0.83 

1070 2360 27.0 LC6 
1180 26co 33.0* 1.30* 

* Beam broke. 



The procedure described above was used in order to determine the influence 

of static fatigue of the glass. The apparent rr.odulus of the beam was cal

culated to be 265,000 kg per cm
2 

(3.75 x 106 psi). 
1 6. The report continues: "Further tests indicate that the pre-

stress may approach 60 per cent of the load at failure of the reinforcing 

rods, whereas with load changes, (the prestress) should approach 50 per 

cent of that limit. The attained strength is still insufficient ••• " but 

there are possibilities for improvement since the uncoated rods will fail 
2 at loads of approximately 14,ooo kg per cm (200,000 psi). 

Work in Russia 

7. Research and tests on the llSe nf fiber glass were conducted at 

the Kiev Polytechnic Institute, and were reported in Russian by Biryukovich 

during 1957. 2 An abstract10 and a review, 4 both in English, of the 
2 Biryukovich report have been published. Also, a translation from the 

Russian, made by Prof. Tschebotarioff of the Department of Civil Engineer

ing, Princeton University, was made available for this report. The fiber 

glass used was of aluminum and borosilicate composition with a diameter of 

5 to 6 microns. Tensile strengths of the fibers were 23,000 to 25,000 

kg per cm2 
(330,000 to 360,000 psi), with a modulus of elasticity of 

750,000 kg per cm2 
(10.7 X 106 psi). The alkaline resistance of the fiber 

glass was first evaluated, and it was found that " ••• the fiber used must be 

of a greater diameter (more than 20 microns). Fiber of lesser diameter 

(6 to 7 microns or less) cannot be used as reinforcement for concrete with

out a protective coating (due to the relatively large surface and small 

thickness, the alkali would tend to disintegrate the basic fiber) ••• 

Further experiments with glass fiber (such as reinforcing of concrete) 

were conducted with the fiber having a protective coating in the form of 

thin film of synthetic resins such as phenol formaldehyde, aniline 

formaldehyde, 'and polyvinyl chloride. 112 The weight of the coating equaled 

22 to 25 per cent of the strand weight. " ••• No changes in durability of 

the glass-fiber reinforcement with the protective film were evident in 

tests made at six-, twelve-, and thirty_.month periods. Experimental re

sults indicated that the bond stress of the glass fiber with cement ••• 



(varied) from 30 to 75 kg/cm2 (430 to 1100 psi) ••• Bundles without the pro

tective coatings have less cohesive force than the strands which are cov

ered with synthetic resins. In bundles (sometimes composed of up to 

5,000 - 6,000 uncoated fibers, each 5 to 6 microns in diameter), a certain 

friction of the inner fibers is noticed against the fibers coming into 

direct contact with the concrete. In bundles containing varying numbers 
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of fibers which have been coated with the protective film of synthetic 

resins, there has been no noticeable friction. The highest degree of co

hesion can be obtained using bundles and twisted strands of glass fiber 

that have been prestressed. The prestressing eliminated sharp decreases in 

the diameter of the bundle or the twisted strand •••• "2 

8. "Two groups of tests were made with the glass concrete: one with 

untensioned and another with tensic:med: strand~. 114 Pure- tension- and bending 

were investigated in the first group, using specimens shaped to resemble a 

figure 8 for the tension tests, and slabs and beams for the bending tests. 

"The specimens for tension tests were made in cement mortar {1:3 mixture), 

and cured under pressure varying from 0.5 to 800 kg/cm2 (7 to 11,000 psi). 

Results of tests showed that the percentage of reinforcement should not ex

ceed 0.0012 and the minimum bond length is 20 diameters."4 "Even under 

these conditions a fissure ••• occurs when the stress on the bundle is rela

tively small--2800 to 3200 kg/cm2 (40,000 to 46,oco psi). Beyond this, in 

stressing the bundle at 4000 to 4800 kg/cm2 (56 to 68 x 103 psi) a bursting 

of the fibers results--although this stress equals only 20 per cent of the 

stress withstood by the basic fiber. The early appearance of the fissure 

is explained ••• by the low rr.odulus of elasticity ••• of the reinforcement 

and ••• by the rigidity of the fibers in the bundle. 112 "It has been found 

during bending tests that the initial straightening of strands results in 

150 per cent increase in strength. No cracks were observed in the test 

beam prior to its failure, deflection being 1/70 of the length of the 

span. 114 

9. Two types of prestressed beams were tested, both having spans of 

150 cm (5 ft). The first type was an inverted T section, the base of 

which measured 30 mm by 140 mm (1.2 in. by 5.5 in.) and contained two rows 

of nine cables each. Each cable was made of 40,0CO strands (5-6 microns 

in diameter) of fiber glass. The leg of the T section was 100 mm by 
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150 mm (4 in. by 6 in.). The second type of beam tested was a rectangle 

having the dimensions of 40 nun by 95 mm (1.6 in. by 3.7 in.) and containing 

one row of four cables, each containing 40,000 strands. The T beams 

failed when the cable stress reached 17,000 to 17,200 kg per cm2 (240,000 

to 245 ,000 psi) and were " .•• characterized by the instant rupture of all 

the fibers at the moment of (the) appearance of the fissure in the center 

of the span."2 The rectangular beams gave early signs of impending failure 

at cable stress of 5200 to 6000 kg per cm2 (74,ooo to 85,000 psi). When 

subjected to stress of this magnitude, " ••• the stressed zone of the beam 

showed fissures. When the load was increased, the fissures grew larger, 

and when the ropes reached a stress of 14,800 to 15,000 kg/cm2 (210,000 to 

213,000 psi), there was either a crumpling of the concrete in the com

pressed part of the beam or an instability oi' the entire beam ma.king 

further loading impossible. In individual instances, there was a tearing 

of the fibrous ropes during stress. 112 

10. The Biryukovich report2 concludes " ••• that the use of continuous, 

high-resistance glass fibers in reinforcing concrete is quite feasible, and 

requires further study .•• Of the types examined, the most effective rein

forcement is achieved by the prestressed glass-fiber type, in which the re

covery of the margin of safety constitutes 0.6 to 0.7 of the strength of 

the basic fiber. 

"Determination of the effective amount of prestressing of the 

glass-fiber reinforcement requires further research ••• (as does determina

tion of the glass fiber's) ••• fatigue point in concrete when under static 

load. 

"The degree of tensile strength of glass-fiber reinforcement 

depends on the uniformity of prestressing to which the basic component 

fibers are subjected. 

"The maximum strength of such reinforcement can be attained 

only through a condition in which an equal amount of stress will be trans

ferred to each fiber. 

"In bulk, the glass used in the preparation of fibrous glass 

reinforcement may comprise only 1/15 of the amount of steel used in prep

aration of ferro-concrete. 
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"The perspective* (sic) drop in the cost of fibrous glass, as 

well as the methods (now under development) to obtain it from quartz glass, 

whose strength should exceed 35,000 kg/cm2 (500,000 psi), will considerably 

boost the economic effectiveness of this type of reinforcement. 

"Adaptation of fibrous glass for reinforcement will lower trans

portation costs of hauling the heavy steel reinforcement; it will also 

release a considerable amount of high-grade costly steel for the needs of 

heavy industry. 

"Adaptation of fibrous glass for reinforcing concrete (even if 

the economical effect is small) is expedient if only for the reason that it 

solves, to a considerable degree, the problem of conservation of steel." 

Work by Owens-Corning Fiberglas Corporation 

11. The use of fiber glass for prestressed concrete was discussed 

on 8 December 1958 by Mr. M. W. Ettenson of the Owens-Corning Fiberglas 

Corporation and Mr. Bryant Mather of the U. S. Army Engineer Waterways Ex

periment Station. Current study on the subject by the Owens-Corning 

Fiberglas Corporation involves both fundamental research work at Newark, 

Ohio, and applied research work at Ashton, Rhode Island. Mr. Mather 

reported17 that Mr. Ettenson believes "that the 'fiber-glass reinforced 

plastic' products previously used in studies such as those done at Prince

ton prior to ••• (l July 1955) ••• which were essentially fishing-rod stock 

containing of the order of 30 per cent glass, were not proper products for 

such studies ••• sincP they contained an uneconomically large plastic content 

and were not designed to produce the readily attainable mechanical proper

ties appropriate to prestressing elements. He (Mr. Ettenson) appears to 

regard a high-glass-content (80 to 90 per cent glass) element with a suit

able plastic protective coating--perhaps epoxy resin--as most promising. 

He expects to supply such material in the spring for further work at 

Princeton. Princeton is looking for an element with 200,000-psi tensile 

strength.ul7 

* The word intended here probably is "prospective." 
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12. In a subsequent letter to Mr. Mather, Mr. Ettenson suggested5 

the following revisions to Report 1 of this series. 

"(iii, Synopsis). Glass has been produced that has a tensile 

strength of more than 1,000,0CO psi. Glass normally has a modulus of 

elasticity of 9 to 13 million psi. Refer to Glass Engineering Handbook 

by Shand, McGraw-Hill, 1958. 14 

"The current estimated cost of Fiberglas reinforced plastic rods 

is about 2 times that of steel per pound. 

"(Page 22, Mechanical Properties of Fiberglas). Please correct 

values for work done by Aslanova: The highest experimental value of 

2 million psi for fused silica fibers of 3.1 microns. 

"The highest stresses obtained with glass fibers are 600,000 

_to 900~000 psi.-.-~Ultirnate tensil-e -strengths ••• range from 250,000 to 

300, 000 psi. 

"Page 28 ••• the amount of glass fiber required would be equal by 

volume and about 1/3 by weight of that of high-strength steel. We (at 

Owens-Corning Fiberglas Corporation) believe the above to be a correction 

of a serious misconception that had existed. With the specific gravity 

of Fiberglas 1/3 that of steel, there is a direct relationship with costs 

and material requirements."5 

13. Mr. Ettenson's letter further states that the Owens-Corning 

Fiberglas Corporation has "initiated a research program at our Newark, 

Ohio, laboratories· to determine the compatibility of glass fibers and con

crete taking into account various composition cements and various fiber 

diameters. We are also verifying the conclusions and results as set forth 

in the Russian paper2 which we have had translated •••• Our investigation ••• 

leads us to believe mainly in two-candidate Fiberglas products for pre

stressing concrete. They are either a Fiberglas reinforced plastic rod or 

a coated bundle of parallel continuous glass strands called 'roving. ' 

"Property requirements which our product meets are: 

a. Ultimate tensile strength of 250,000 psi. 

b. No creep. 

c. Protection against alkaline attack can be provided by 

CC?atings. 

d. Good mechanical bonding to concrete. 
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"Advantages of Fiberglas reinforcing over conventional materials: 

a. Corrosion free. 

b. High fire rating - retains strength at high temperature. 

c. Specific strength is 2.3 times higher. 

d. Specific gravity 1/3 that of steel - cost saving in 

proportion. 

e. Lower modulus of elasticity - reducing stress loss to 1/3 

the loss occurring with conventional materials."5 

Work by Texas Industries, Inc. 

14. A limited number of tests have been conducted on the use of 

fiber glass as reinforcing in concrete masonry uni:ts by Texas Industries, 

Inc. The fibers were added to a concrete mixture being used to form units 

that were to be subjected to high-pressure steam-curing in an autoclave. 

The objective was to improve the green strength of the block so as to re

duce brealmge of uncured units when being removed from the molds. "The 

small amount of work that we have done indicates that the fiber glass is 

consumed during autoclave curing and, therefore, has no permanent value. 

Even during low-pressure curing or at some later time the effectiveness of 

fiber glass in the finished block would probably disappear. 1118 

Work at u. S. Army Engineer Research and 
Development Laboratories 

15. Mr. Arthur W. Van Heuckeroth, Chief, Materials Branch, u. S. 

Army Engineer Research and Development laboratories, comments with regard 

to the subject of glass-reinforced plastics for concrete reinforcement 

" ••• long-term stresses can cause sufficient creep to possibly undo the ef

fect of prestressing. The papers6'7,S I have inclosed will indicate how 

these effects may be calculated as well as (results of) our experiments 

with prestressed reinforced plastics. 

"The little work which we did here indicated that the modulus 

of the reinforcement was the controlling factor. The tensile strength had 

little or no effect, since beams always failed due to excessive bending or 
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slippage of the reinforcement. A higher-modulus material is indicated un-
. . f d 1 t• . d ,,l9 less an excessive amount of glass-rein orce p as ic is use • 

16. The papers referred to above by Mr. Van Heuckeroth were written 

by V.ir. s. Goldfein, Chief, Plastics Section, Materials Branch, U. S. Army 

Engineer Research and Development Laboratories. The first paper
6 

reported 

the results of an investigation " ••• to determine whether the flexural 

properties of polyester-glass fiber laminates can be improved through pre

stressing. It was found that, in the direction of prestress, the flexural 

strength increased in proportion to the extent of the prestress, with in

creases up to 50 per cent recorded; the flexural breaking strengths in

creased up to 68 per cent; data on flexural modulus were too scattered to 

indicate definite trends •••• Prestressing appeared to have a greater effect 

on laminates with high percentages of glass than on those with low per

centages of glass. After aging for periods of 7 to 19 months the laminates 

lost as much as one-third of their gains due to prestressing." The speci

mens were fabricated from various combinations of either glass cloths or 

fibers with four different resins. The flexural strengths of s·pecimens 

with unstressed elements ranged from 38 x 103 to 90 x 103 psi. The flex-

ural ffiodulus, calculated from 0 to 50 per cent of the ultimate breaking 

strength, ranged from 2.4 x 106 to 6.0 x 106 psi, and calculated from 50 

to 100 per cent of 

to 4.8 x 10
6 

psi. 

6 the ultimate breaking strength, ranged from 1.5 x 10 

7 8 17. The other two papers ' reported the "development of a method 

of determining the creep properties of glass-reinforced plastic laminates 

by short-time or static tests of their properties at temperatures up to 

500 F. ,,8 11 

The extensive time and temperature dependence of glass-

reinforced plastics were not realized early. When design engineers at

tempted to use data obtained by means of short-time static tests using 

criteria established for metals, no correlation was obtained between the 

results of the tests and the service life of the material."7 The method is 

based on the theory that " ••• the creep properties of a glass-reinforced 

plastic laminate may be calculated from its tangent modulus properties at 

elevated temperatures."
8 

The available data were used to calculate creep. 

"A large majority of the tests indicated excellent agreement between the 

observed results and those obtained by calculation. The results appeared 



to be equally good for both polyester and epoxy laminates, wet and dry, 

when tested either in tension or flexure. 118 It should be noted that the 

observed creep, at room temperature, varied from approximately 1 to 2 per 

cent at stresses between 21,000 and 39,000 psi. 

Other Work Currently in Progress 

18. Work on fiber-glass-reinforced plastic systems and products of 

11 

a wide variety of types is and has been going on in many places. Some of 

this work has yielded information that will certainly be found to be 

relevant to the properties and use of such systems as prestressing elements 

in concrete when additional studies related to this use have been prose

cuted to the point where such relevance is indicated. This work is 

described briefly in the following paragraphs. 

National Bureau of Standards 

19. At the National Bureau of Standards work is being done in con

nection with Project No. 0707-12-3893, entitled "Design Criteria for Glass 

Fiber Reinforced Plastics," which is described as a study of fiber-glass

reinforced polyester plastics. Five thicknesses of plastic reinforced with 

five fiber-glass reinforcements made by four fabricators are being in

vestigated. Tests for a large number of properties are being made in four 

laboratories. 

Purdue University Engi
neering Experiment Station 

20. At the Engineering Experiment Station of Purdue University, 

Project C-151, "Thin Shells of Fiber-Glass Reinforced Plastics, 11 is being 

conducted under the direction of Prof. J. L. Waling. 12 The stated primary 

objective of this project is the study of the mechanical properties of re

inforced plastics to determine the best system for structural use. Prof. 

K. B. Woods of Purdue has advised that Mr. Avinoam Libai has been working 

on this project under Prof. Waling and Prof. J. E. Goldberg. The work has 

included accumulation of information on the properties of fiber-glass

reinforced plastics, experiments in the use of such plastics for shell-roof 

construction, the construction of a small model of a hyperbolic paraboloid 

shell of fiber-glass-reinforced polyester resin, and selection of a 
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theoretical problem in structural mechanics of thin shells for further 

study. 

Carnegie Institute of Technology 

21. Mr. Gary D. Jones, Department of Civil Engineering, Carnegie 

Institute of Technology, in February 1959 stated that he was making a 

literature review concerning the feasibility of fiber glass as a tension

ing material for prestressed concrete. The results of this review are not 

yet available. 

Libbey-Owens-Ford Glass Fibers Co. 

22. Libbey-Owens-Ford Glass Fibers Co. conducted studies of various 

aspects of fiber-glass products. This company has now become Johns

Manville Fiber Glass, Inc., and work is being continued. Graham9 has re

ported on properties and costs of fiber-glass systems, particularly in 

connection with their use to reinforce bituminous coatings for underground 

pipes. He gave the following comparison of the properties of the fiber 

glass on which he was reporting and other glasses: 

Pro~erti Window Glass Fiber Glass Pyrex 

Softening point, degrees F 1200 1280 1508 

loss after 1 hr immersion in boil-
ing water, % 11.1 2.0 o.8 

Loss after 1 hr immersion in H
2
so

4
, 

1 N, % 6.2 4.3 o.8 

loss after 1 hr immersion in 
NaOH, 0.1 N, % 20.0 6.4 4o.o 

British Plastics Federation 

23. Twenty-two papers were presented at the Reinforced Plastics 

Technical Conference conducted by the British Plastics Federation.3 A 

number of these papers presented information that may be relevant to the 

use of reinforced plastics as prestressing elements in concrete. Glass 

fibers having improved strength properties are anticipated. A suggested 

ideal material would contain fibers that are protected from surface attack 

by a suitable finish, and would not anneal with the passage of time. The 

resin used would act principally as a spacing agent. 
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PART III: DISCUSSION AND CONCLUSION 

24. The information pr~sented in the foregoing paragraphs suggests 

the present availability of fiber glass possessing the mechanical charac

teristics necessary for a prestressing element. However, fiber glass 

cannot be used as a prestressing element without adequate protection from 

surface attack by the environment. "The real problem is that no one has 

yet learned enough about them (fiber glass). It is clear that the surface 

condition of the fibre is of the utmost importance--perhaps more important 

than the diameter--and further research is clearly needed to maintain the 

phenomenal properties of glass fibres which may be realized in a vacuum ••• 

Its (i.e., glass fiber's) obviously high intrinsic properties can be ex

tremely valuable in reinforced plastics, and the practical use of the very 

high theoretical strength is a problem that has still to be solved. 

Fatigue and creep seem to be now one phase of investigation of glass/resin 

laminates that is showing some encouraging signs ••• 1113 
25. The available fiber-glass-reinforced plastic systems do not 

possess the mechanical characteristics necessary for a prestressing element. 

The tensile strengths of the available systems are 50 per cent or less of 

the tensile strength of the fiber-glass component, and of even greater im

Portance is the reduction of the modulus of elasticity in tension of the 

system (5 X 106 psi or less) as compared to the fiber-glass component. The 

information summarized in Part II herein has also indicated that the creep, 

or fatigue, of the fiber-glass-reinforced plastics is still a problem. 

Reinforced plastics are not homogeneous materials. The glass and resins 

make dissimilar contributions to the system. Compromise will be necessary 

to develop the optimum condition for any given property. 

26. As a result of the present survey of information available as of 

1 January 1959, it is concluded that the conclusions reached in Report 116 

are still valid. Again it is suggested that organizations such as Owens

Corning, or others that are engaged in the manufacture of reinforced 

plastics such as Minnesota Mining and Manufacturing Co., do the work 

necessary to develop and produce a fiber-glass-reinforced plastic system 

possessing the mechanical characteristics necessary for a prestressing 

element. As stated in Report 1, when such an element is available along 
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with background data, 11and (when) the engineering studies (of that element 

are) completed, it would then be practicable to specify the use of glass

fiber reinforced plastic units as an alternate to steel in a prestressed

concrete construction job. It is not believed prudent to suggest doing 

so, however, until the results (of such engineering studies) are available. 

"Valuable work has been and is being done ••• to develop the 

necessary data. It appears, however, that considerably more knowledge 

should be acquired before the application of glass-fiber reinforced plastic 

rods as prestressing elements in important construction is proposed. 1116 
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