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II. l\l'OME1I0LATURE 

- ~qoment of inertia ta.ken about oe:n.troid. 

- Clear span of beam. 

- Total load. 

- Tension in prestressing element. 

- ltrea of' concrete. 

- Area of fiber glass. 

- Modulus of elasticity of concrete. 
- Modulus of elasticity of fiber glass. 

Moment due to live load. 

- Moment due to dead load. 

- Cracking load. 

- Effective depth o:f beam.. 

- Ee centric i ty. 

- Percen·i. of fiber glass to con.cre·te. 

- t-Jeight of beam per foot. 

- Distance measured from point of support. 

- .Distance from. bottom and top fiber to centroida.l 
axis. 

- Stress in bottom fiber of concrete~ 

- Stress ln concrete. 

- Stress in fiber glass. 

- Stress 1n to:9 fiber of cono:rete. 

fbi & fbf - Initial and final stress in bottom fiber of 
concrete. 
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fti & fif - Initial and final stress in ·top fiber of 
concrete. 

~o 

Af 

- Com.-pressi ve s"c rength of concre·t;e. 

- Tensile stre:ngth of t1oncrete. 

- Deflection at first crack. 

- Total change ir1 stress between top and bot'G om 
flange of concrete .from initial to .fina.l stage. 

- Ultimate deflection. 

- Unit rotation at first are.ck. 

- Ultimate unit rotation. 

- Strain in concrete. 

St rain in fiber glass • 
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The purpose of this thesis is threefold. First, to pre-

sent a review Of 'the literature a.vaila.ble to aoquaint the read-

er with the dev·elopment o.f ·the science up to the present date 

a.nd to give an understanding of the problems enoountered in 

developing glass as reinforcement for concrete. Second, to 

report the fin.dings of. an inires'higation for a suitable grip 
-1-f 

for holding fiber glass rods during prestressing. And third, 

to discuss -'che results of several concrete beams designed as 

post tension.ed members a11d test ed. in flexure to study de floe-

tion. 

Even though there has been. a great deal of study toward 

developing a workln.g knowledge of the properties of fiber 

glass reinforced concrete, much remains to l:ie a.ccom:plished 

before stgnificfant data is ave.ilable from. which sound engi-

neering p:ract ice will dictate the application of suah a. system. 

Two areas which. require hnrestlgation are end gripping 

devices f;!.nd developing sound design criterion to cheek members 

for worldng and ultimate loads and deflections. 

The material presented. in this pa.per will provide the 

reader with ~. background of previous work relati:r1g to fiber 

glass prestressed concrete and additional data, pertai:n.ing to 

en.d grips an.d design criteriox.t. 

1~ The term. fiber glass E1s used in this thesis refers to glass 
fibers bonded together with either a polyester plastic or 
epoxy materials. 
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History of Gloss __, .eJ. _...,. ....................... 

It is known that glass has been considered for use as a 

structural material for over thirty years. {l) ~,. However, with 

the adverrt of the second World War the need of a substitute 

for steel was realized. 

In 1940 a report (2 ) on a series of ·tests con<lucted. ln 

England. sh.awed that glass strips could su.ccessfull1 be used 

'to replace steel a.s reinforcement for concrete. Not o:n.ly were 

the tests encouraging for the possibility of finding a substi-

tute for steel but therez were indications the.t the physical 

properties of glass might allow the material to replace steel 

in many instances. The tests made in England were on. rectan-

gular beams in whioh strips of glass had been -placed vertical-

ly in. the bottom half of the bee.m thereby replacing the oon-

cre·te ·which normally has little structural value other than 

to hold the steel reinforcing rods. It wae con~aluded that 

plain sheet glass ma.y provide suitable reinforcement for con-

crete under static loading but should not be used where impa.ot 

loads are encountered. 

Bet·rreen the years 1940 and 1950 most of the work relat-

i:ng to glass reinforced co11crete dealt with solid glass rods 

or strips. I~ven though this work was successful it was 

realized that the low modulus of elasticity of the glass re-

sulted in an in.efficient member for practical structural design. 

'ff Numbers in parentheses refer to the bibliography. 
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The first major development in the science of glass re-

i:nforcem.ent came around 1951 when Professor Iva;n. .A. Rubi11sky, 

then working at Prinoeton University, published an artiole( 4 ) 

in which he stated that the great tensile strength of glass 

togethar vrith its relatively low modulus of elasticity could 

be utilized in prestressing conorei;e. 

l\rot only did Ru.biri.slcy foresee the -oossibilities for in= 

corporating the physica.1 properties of glass fiber into the 

production of prestressed concrete, but he m1dEJrstood the 

economics envolved .in areas of the world where steel was 

either out o:f the qu.estion due to high cost or where there 

wa.s lack o:f the raw materials :from which it is made. 

The materials from i;.(nich glass are made are found in al-

most all pa.1--ts of the world in large qut".ntities. .lls-10 the 

process for making fiber glass of suitable quality was readily 

s.vailable. These two f'~.ots a:nd the fact that :fiber glass has 

a strength to we:lgh·t ratio equa.l to th$ best steel allo;rs 

e,veilable would allow fiber glass to oom:pete favore.bl;r with 

ordinary reinforcing stael. 

After preliminary investigations in which Professor Ru-

binsky experimented wi.th fiber glass in the form of glass rope, 

tape, and polyester-bonded fiber glass rods, it was concluded(5) 

that• due to the difflcu.l'ty of gripping the fiber glass, tapes 

would be desirable for post tensioning. The tape would elimi-

nate the need for an expensive grip, since it would tend to 
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hold itself as '.Lt was Wl"b.p-ped arGund the beam. B'oweve:r, be-

fore serious consideration could be given to the use of fiber 

glass J'or oonstruction it would be necess&.I""J to develop e. 

means to protect the fiber gla.ss from the effects of humidity 

and alkali rea.ction. Also it is necer.'3sary to find a method 

of increasing bond and anchorage between the fiber glass and 

the concrete. 

From this beginning the work has been ce.rried on i:n the 

United States under the com.bined effrn·ts of ths lJ. s. !favy 

'Bu.re.au of Y<".il"'ds and Docks; the Arrrr;y Eng:lneer:tng Laboratories; 

and mai~y of the leading u.nlversitier:i and glass comp&.:nies. 

However, interesi; in the field of fiber glass p:restressed 

concrete i:t~ not ccnt.'ined to the United States. There has been 

considerable resee;.rch overseas espso1al1y in Germa:r.iy and. 

It is interesting to note that t·tll of the work has not 

been con.fined ·&o labo.rator;r l:nveet:tgatio11. s~~ve:ral :tnst.a.r.1.ces 

of prz.ctical a:pplicrn.tio11 are on record. The :first use of 

fiber glass p:r·~stressed concrete is thought to be in window 

sills for a building a.t :Frinci;,l't;un Univer-t:Jity, a.nd recently 

there hs.z been. a report tha.t ~ 11 Thin f:llaments ot· glass fi lire 

coated <:~na bou11d -together with y.1olyester resin e.re already 

u~3ed for the reini.'o;ccemer.rt of concrete pipes to o'&:rry w·2:ter 

·1~ae~ ~-a~ru~~ ~(6) 
~u J. t;J ~;· ~ ~:.>o '""' v • 
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Although fiber glas::.~ hc~s been usud to "Drestress concrete 

this should by no mea:ns infer ·that it is reo.dy for aooeptanoe 

as a pr'1.ctica1 construction 1n;.J.terial. There is much tc) be 

learned: of its ph,ysical properties under varying conditions 

over a long perio.;1 of time. 

Two schools of thought exist today ou the proper s~;prO<lCh 

tm·rard gathe:ri:ng data fo1· furthering the science of :prestress-

ing concrete with glass fibers. 

One school is of the 01:;i11ion ths.t before ar1y oon.structbre 

worlr can be acoom;:lished much resea.rch is neoensar"IJ on the 

individual components com:p:r·j.sin.g the m.embei". 1I'hese are the 

glasEJ fi.ber~, the synthetic resin bon.ding the fibers together 

an.d the concrete in which th~: fiber glass is CB.St. 

The other school is of the opinion thnt more lrnowledge 

would be derived from research directed to studying actual 

members prestressed with fiber glass. 

Both of these approaches h.s.ve merit but the latter may 

produce the answers to many questions long before deta.iled 

tests on the sepe.rate materials. I11 fact it is entirely 

:possible) that gls.ss will come. into prominent use as a struc-

tural :ms,:'cerial long before exten.sive ltnowlsdge has 1Jeen ac-

qutred of the ph .. ysical beha.vior of the indiv:ldu.al materlals 

from wh:loh a. f'inirfr1ed structural member is composed. 
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:E-~n:m though glass h.e.s been considered ar,.,; a substitute 

.for steel only a short time ·there are many favorable indica-

tions that glass in the form of fibers will eventiially prove 

sa't isfactory a.s tensile. eler,1ent z in pre st :cessed concre"t;e. 

1.flhis thesis prese:a:ts a review of the available litera-

ture, the results of an investig~tion of end gripning devices, 

and the test results of beams designed as post tensioned oon-

orete members having fiber glass tension elements. 

l"reviou.s work has shown tho physical properties of fiber 

glass to com.pare favorably ',1:1.th ·those of prestressinfs steel. 

J!'ll'ber glass has an elastic modulus from three to four times 

less than steel while the tensile strength and bonding prop .. 

erty with concrete are reported to be in -the same order of 

magnitude as .steel. 

The development of a practical end grip is one of the 

greatest single factors preventing the development of fiber 

glass prest:res.sed concrete. Although. many previous findings 

were verified during the :l.nvestiga.tion, no solution. has been 

:found to the problem of holding the fiber gla.ss without pre-

mature failure of the rod. A satisfactory grip must be capa-

ble of carrying the ul timata tensile st re:ngth of ·the .fiber 

t~lass. 

Although there were 011ly three beams designed a:nd tested 

using fiber glass a.s the tension element, the data collected 



fiber glass prestrsased concrete. However, a method of cal-

culating uJ.t l:n.ate ] oads mus·t be found before e.dequate se.fety 



Although it has bee~'l reported that the use of glass as 

a mateI•ial for :.reinforcing concrete began around 1930, muoh 

of the work re:portad on in this thesis has bee1'l. done since 

1950. 

The only references ·to papers prior to 1940 were found 

in a bibliography published by the U.S. Army Corps of Engi-

neers. Cl) One of these papers waa published by Oraemer(7)in 

the early thirties dealing wi·th glass reinforcement for con-

crete. The other was a pape1 .. by Goldstein and Bolocan(S) 

ti't;led, ttPer:f'eetio11 of the produotion o:t" reinforced glass 

concrete with optimum water conta:nt. 11 

In 19JiO, reports ( 2 • 3 > were published. of tea·ts carried 

out in England which indicated glass had been successfully 

substituted in plaoe of steel a.s rei11forcement for concrete. 

The tests were oarrled out by Mr. A. irl. Soden, Mr. J. A. Lin-

00111 and Mr. w. s. Marshall. Using glass strips embedded in 

tl1e bot;tom or tensile region of the beams. bending and impact 

tests were made. The results obtained in bending compared 

:favore.bl;r with ordinary trteel reinforced concrete. However, 

it was noted ·that ·there were Si:?Veral disadva.n·tages. these 

being "the sudden failuro associB.ted ;;1th bri;ttlo ina:ter:lals 
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and the low resistance to impact loads. Subsequent testing 

showed that the bend developed between glass and concrete was 

very good. It was oonoluded that glass should not be used as 

rei:nforcem.ent when impact loads are likely to occur. The 

tests performed showed tha.t :for static loading glass woµld 

make a suitable reinforcement for concrete. 

Fiber glass reinforcement 

The first thought of using glass fiber as reinforcement 

for oonorete appears to have oome from Ivan A. Rubinsky*, who 

in 1951 was working at Princeton University, Princeton, New 

Jerse1. 
An article{ 4 ) published in Maroh 1951, points out that 

Rubinsk.jr realized the economic as well as the physical advan-

tages of glass fiber for prestressing concrete. 

Accordin.g to Rubinsky there are many countries which can-

not benefit .from the use of :pre stressed. concrete due to the 

lack of high strength steel. However, the raw materials for 

making glass oan he found almost anywhere in the world in 

great quantities. This may make the substitution of glass for 

steel advantageous. Other advantages of glass are its high 

·tensile strength and the appe.rent lack of plasticity. Due to 

the high strength to weight ratio o.f glass, the weight of 

"~ Mr. Rubinsky was an associate professor of engineering and 
physics at the America~ Vniversity, Beirut, Lebanon. Re 
holds a J..iebanon pate11tl+)on the use or fiber glass pre-
stressed concrete. 

+ Ibid. Ref. (1) p. 42. 
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glass in a prestressed concrete beam would be one or two per-

cent of the weight of steel in an. equivalent reinforced con-

crete beam. 

Other advantr;.ges of glass fiber are pointed. out by Rubin-

sky <H~ being the high res:lstance ta a.aids a.nd alkalies of some 

special glasses and the a.'bility to withstand high temperatures. 

therefore concrete with glass as a prestressin~~ element would 

be more resist;ant to heat th,.'3.n. a.n equivalent member using 

steel and immune to corrosion by saJ:t water and many chcilmlcals. 

The article then points out that some of the P4Vs1cr..;,l 

properties of glass introduce problems which must be solved 

before glass can. be used :in prest reseed concrete. One of 

these ts the change in. strength between wet a.ncl dr:v fibers. 

The low strength is attributed to the effect o1.' moisture upon 

the s111ca gel exposed through surface oracks in the glass. 

However, this would be reduced or eliminated in fiber glass 

since the glass :fibers are protected from moisture. .Another 

problr~m. is the varying stre11gth a.s the cliameter cha.ngen. 

In 1954 R.uhinsky published an accoun-J 5dt his work while 

at; Prl:nceton University. Hore he emphasizes the h:i.gh strength 

of glas~3 ft'be:;:-s by referring to the work of Anderegg, Jurkov, 

1lslanova and others whlch indicate values as high as 2.0 x 

106 to J.'•.o v io0 d i ~ T "'" poun · s per square nc!1. Howev·er, it is 

poln:ted ou.t the.t these are only laboratory tested samples and 

th@,t strengths o:f' commercial fibers ha.Ye been recorded that 

average 270,000 pounds per square inch. 
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~Rubin.sky furthe:-.· poLuts out thDt static fatigue is an 

l:mporta.nt property of fiber glasfi. It was found that the 

duratiot1 of load had a relation t;o the ultimate strength. 

However, h0 wa.s unable to determiJ1e whether the effaot of 

static :fatigue was d.u.e ·to the -pro~oerties of the glr ... ss fiber 

it self or to creep within thn bo11dinc; mc:<J.te:-ial. 

Amon.g the major problems, found by Rubin.sky t retarding 

the d.e-relopm.c:n.t of fiber glass reinfo:ccement i.s that of ef.-

t '.) the ci)ncrete. ?reLlminary studie~ ht?'\"8 sh'.J'[.'11. th.st the 

transmission of tension may be accomplished in the follow:tng 

wz,ys: 

1. DiI·ect bond to concrete 

2. .Jaw grip 

3. ':ii:nding co.rd around. web of beam. 

4. Bonding glass to grip with adhesive 

In the. same year that. Rubin.sky's trnrk was :re;1o:rted 1 Mr. 

:Ray B. 0repps( 9 ) proeentBd a summary of l:n:f."or::ne:tian 0~1 ths 

application of fiber glase ln the design of preetressed con-

orete structures. 

Th.is paper, lt was stated, war~ to J:·Oint out i:ieveral 

stressed concrete. 

Mr. Crepps points out that due to the low modulus of 
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concrete. The low modulus would largely reduce the loss of 

prestx-ess experienced in conventioru:-1.l design due to shrinkage 

and flow in concrete • 

.ti.mong the desirable properties o:f fiber glass, :eeported 

by Crepps, were high tensile strength and the reliability of. 

reyiroducing high strength st r&.:nds in the production of com-

mercial fibers. Also the stress strain curve is, for .all 

practical purposes, a straight line. The material, unlike 

steel, e:{perlences no yield. point or yield st :rength. 

The report further states that reinforced plastic rods 

usln5 parallel glass fibers give tensile strengths per unit 

area whlch are only slightly lo·frrer tban the combined stren.gth 

of the individual fibers. Although strengths of 210,000 

pounds per square inch have been obtained, .:uost rod stock has 

a strength around 130.000 pounds per squu.re inch. The modulus 

of ela.st icity -r!.la.y vary between 4 x io6 a11d 7 :x: 106 pounds per 

square inch. 

ll-lthough fiber glass has several desirable properties 

Crepps outlines seve1"al problems which need further investiga-

tion. 

One of these problems is finding a suitable grip for hold-

ing the fiber glass du.ring the stressing operation. The grip 

should hold the fiber gle.ss so that all strands are equally 

stressed to prevent failure before ultimate strength is 
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attained. Also, dUF) to ths low modulus of fiber glass, aiv 

prestrescing system should be capabl·~ o.f three to five times 

the move·:n{~nt encountered with st eel. 

Another problem dtscus~ed by Orepps is the question of 

durabili t~r of glass fibers embedded in port land ci3ment con-

cretea Thla concern is due to the fact that hydration of 

:portland cement or.:curs at a pH of ~.bout 12 8.nd a pll of eight 

or nine is undesirable for name glasses. However, the re are 

i.nany compo;3it lons of glas:s, some superior to others in the 

prese~:ice of alluilies.. In the case where glass fibers are 

embedded inside a plastic, as in fiber glass~ this problem is 

greatly reduced since seYerul plastics are resistant to allra-

lies to at least a :aTI of twelve. 

In 1952 Kenneth w. Kea.ne(lO) oo:ncluded a study of fiber 

glass as a. vrestresBing element in concrete. Thi.a study was 

a con·t;inuation of the work begun by nubln~~ky at :Princeton in 

conneation with a. ~favy contract. 

Du.e to the difficulty, ·~-.rhich H.u.binslc-jl' ern~::rnnte:red., of 

finding an end grip for hold.tng tb.f! fiber glass, Keane devoted 

most of the study to an investigatj_on of different types of 

grips. The ;.::rips u~rnd ·were of two bazlc types: me(:hanlcal 

grips which relied on friction developed by compressive force 

to transfer ten.si1?n in the fiber glass to the grip, e.nd grips 

using cold setting rezlns to either transfer the tension by 

direct bond or by wedge action. 
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Kea.no found that of the mechanical grips, the bolted 

plate grip gave a m;:1.xirn.u.m. [3t:rer~s h1 the rod of 123,000 pounds 

per sque.:ca il:tCh. .Eot~·ever, the compressive force required to 

properly· hold th~; :rods cau.Be<l part:u:.l.l failure within tht:: grip 

before the fiber glass was subjected to tension. This led to 

the oonclusion that c\ grip which transferred the load by di-

:cect bond ;r.1.ay prove sat isf'act ory. 

The grips tested using cold setting resin to bond the 

:fiber glass ·to the grip ga.ve most promising resul·ts. The 

highest uJ.tim.ate quic1c strength reportetl was 217 ,ooo l)O'Ul'l.ds 

inch. 

Ker:.n0 also iuvo.stigated scvera.l of the physical proper-

ties of fiber glass and concluded that creep did occur. This 

is contrary to eax·liG.r reports by Ru.binsky. Another property, 

that of static fatigue, ls explaine(l as the r0su1·t of creep 

w·ithin the bo.nd.:ln.g matrix. The areep relieves stress within 

the matrix and red.is-tributes it to the glass fibers. This 

:redis"tribi.<.tior1 resv.lts in the glass fibers on the outside 

being overstressed causing failure. 

Mu.oh of the work done at Pr1uoeton by Keane and others 

had oesn su.:pe:cvised by :lliorm.an J. Sollenberger. (ll) In 1953, 

Sollenberge:c reported. on the development of an end grip be-

licved to be s:::tis.factor.r for dete:cmining the properties of' 

l/ 1.1. inch diame't er fiber glass rods. The grip -i;-.;ra,s pat terned 
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Sollenberger further reported the modulus of rupture of 

1/4 inch diameter rod, having 54 per cent glass by volume, to 

be 150,000 to 200,000 pounds per square 1noh and the tensile 

strength to be 100,000 to 120 1 000 poun.ds per square inch. 

The allo·•rnble working stress was reported as one-half the ul-

·t im.a:te quick ten.sile strength. 

Following Keane's T-rork at T'ril1oet on, John Maximillian 

Weis, working under the supervision of Sollenberger, reported 

on ·the effeots of repetitive loading on fiber glass rods in 
(l?" prestressed concrete construction. _, 

~lhan studying the effect of fatigue, Weis utilized oon-

cre·t;e beams designed so that the tension :J.n the fiber glass 

rods could be easily computed. A :repeti.tional loa.ding ma.chine 

was used to load the beams. The cycle of loading remained. 

constant .s.n.d the load was varied between 300 an.d 780 pounds. 

The results of tests made by Weis indicate th~.t the en-

durance limit for fiber glass rods 1s approximately 52 per 

cent of the ultimate stress. The tests also showed that ex-

cessive flexure in bearo.s should be investigated. 

Work continued. a.t Princeton a.nd in 1960, Frank J. Maguire, 

worlting on a master's degree, wrote a. report (l.3) that summa-

r1zed the worlr done at that university. In this thesis 

Maguire reviews each phase of the work done at Princeton giv-

ing details of methods used for testing the fiber gle.ss and 

the preatressed concrete members. 



23 

Among the findings reported by Maguire are that epoxy 

laminated fiber glass rods are superior to others in short 

t im.e tests. The epoxy laminated rod has shown short time 

strengths as high as 224,000 pounds per square inch. Also 

the !)henomenon of static fatlgue was found to exist in glass 

fibers when exposed to moisture, but cree;p, at stress levels 

low· enough to avoid static fatigue, was not thought to be 

p:cesent. 

Maguire also reported on developments of holding devioes 

and coatings to increase bond. 

The holding device found to be best for making tensile 

tests on fiber glass rods was a oonorete end. block approxi-

mately two and one-half :feet long, one .foot wide, a.nd three 

inches deep. A tensile specimen made with this er.1.d grip 

weighs about 250 pounds an.d is therefore good only in the 

laboratory. Another grip using bakelite resin to form a 

wedge inside a pipe gave ultimate quick strengths averaging 

18l~,ooo pounds per square inch. 

To improve the bonding property of concrete to fiber 

glass Maguire reports that coating the :rods w·ith an abrasive 

material works satisfactorily. However, the coating used to 

bond the abrasive to the rod is sometimes adversely affected 

by elongation of the fiber glass rod under working stresses. 
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While the work at Princeton was in nro.gress a paner(lli.) 
•• ~) ro ~ 

was pl.tblished in Russia by K. I,. Bi:ryukovioh dealing with 

glass fiber reinforcement for concrete. The author invest!-

ge.ted ·the use of glass fiber in the form of woven rope and 

plastic coated bun.dles for reinforcing concrete. 

It was reported that to pro·tect the glass from alkali 
t,:; reaction, strands with d.1.ameter in excess of 2 x 10-u inches 

are requ:l.red. ~~ma.ller fibers are dissolved unless coa.ted 

with synthetic resin films. 

Tests made by Biryukovich on fiber glass indicate a maxi-

mum. bond strength of around 410 pounds per square inch. This 

was o'bta.ined by applying prestress to the fiber glass before 

placing the concrete. 

The most dif.fi.cul t :problem found by Biryu1rnv1oh was de.-

termining the proper amount of prest:ress due to the ef:fect 

o:f static fatigue. It is not ed. that ·p :reviotts findings lndi-

cate that s·ta.tic fatigue occurs ut loads a:pproxlmately 63 

per oent of the ultimate quick st1~ength. .But, the tests re-

ported were insufficient to solve the questiQn of permissible 

stress. 

The only other work found relating to fiber glass pre-

· stressed concrete wi~.s reported in the t4ags..zine of Concrete 

·:; h Th. · t i l ( l S ) it . b D - "" ~,,. . f .tt.esearc • :i.s a.r . c e. wr -cen y . r. !ng ::.. aeq .asz, 

presents teS't results of twelve beams designed as prestressed 

members using glass fiber cord as a tension element. 
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Dr. Kajfasz used an inverted tEJe cross-section. and ·the 

beams were oast in two sections. Tensioning was accomplished 

·by wedging the two seotions ap<":..rt. 

The results reported by Dr. Kajfasz sh.ow several inter-

esting facts. First, the expected preatresa force never de-

veloped i:n the glass fiber tendon. Secondly, it was observed 

that as cracks developed in ·the be1am the m.oment varied and in 

some oases the permanent rleflec·l.;iou increased after each oraolr. 

In conclusion, Dr. ICajfasz states that the low initial 

stress which could. be placed. on the glass fiber cords caused 

unfavorable results when eompi:~red w:tth steel prestres~rnd beams. 

In his opiniont befo::."G glass f.1.be:rs can be utillzed satisfa.c .. 

t orily not only must the initial stress be increased. but a 

be·tter bond m.ust be developed between the co11orete and glass. 

Properties £?.! fiber glass 

As investigations continued. to indicate ·that· fiber glass 

might he fea.slble as reinforcement in pre st reseed oonorete, 

questions arose as to the physical charB.cteristics of glass 

fibers and how these properties might affect its use as rein-

forcement in concrete. 

-- molecular structure --
Me.ny of the })hysical an.d chemical properties of glass 

and glass fiber are bes·t uriderstood by studying the molecular 

structure. 
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Accordi:o.g to Cameron (l6 ) gls.ss is composed mainly of sili-
-;:t-

ea 1~hl•.lh is most ocmraonl.y fo11nd in 'the form of hexagon.al 

qua!'tz. In this sta.te the molecule is formed by a silicon 

a.tom, :f!ig. 1, surrounded by e, tetrahedron of oxygen atoms. 

When the quartz is melted the atoms rearrB.11ge into a less or-

derly or ra:ndom structure forming s:ll.ica. glass. 

I:n the r0.ndom structure, :Pig. 2, all of the molecules are 

shown. connected. However, in reality many of the oxygen atoms 

are not comwoted directly to a silica. atom. This forms, ao-

cording to Cfa.meron, a i;ermina.l structure with voids which may 

be filled with tons, Fig. 2, such. as sodium or potassium. The 

t ermirHJl st ru.ctu.re affects the 9hysioal prope.rt ies of glass 

flber. 

If a gl~ss having a termi.nal structure has sodium 1ons 

in the voids these ions a.re not boand strongly to the silica 

structure. Since glass fibers are cooled very rapidly 'i;he 

moleoi.1la.r structure is frozen in an expanded etate corref.rpond-

ing to the structure at some higher t;emperatu1·e. In. thls ex-

panded state tne sodium ions are subjecrt to attack by '\J.10isture 

whlch enters the voids of the terminal structu.re. Thus the 

sodium reacts with water forming a gel which expands and weak-

ens the gla.ss. 
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FIG.1 
SILICA TETRAHEDRA 

silicon atom - • 

oxygen atom-Q 

Three dimension sketch of 
s iii ca tetrahedra. 

Two dimension sketch of 
silica structure. 
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FIG. 2 
OPEN STRUCTURE OF GLASS 

Open or random structure of glass. 

Terminal structure showing sodium 
ions in voids. 
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-- production of tbe fiber --

Although there are two methods used in forming glass 

fibers, the staple fiber process and the continuous fiber 

process, the latter will be described here. 

When forming coxltinuous gle.ss fibers, bulk glass in t;he 

form of marbles is melted in a platinum cru.cible. The cruci·-

ble has a nozzle through which 204 fibers of glass thread 

ma.y be dra:l'm. (l7) W'nen the glass ls heated to melting tempera-

tu.re it begin.s to flow 'thr>)ugh the :nozzle. The threads are 

then wound on rotating drams. The speed of the drum deter-

mines ·the dia.metar of the glass fiber. Usually all 204 fi-

bers are wouad together to form a single thread. 

fiber st:renr.{th --

GlB.ss fibers have been !,)!'Oduced in the laboratory ',·rith 

tensile strengths over l,000,000 poun.ds per square inch. It 

is reported that com.i11ercie.l fibers a.re mass produced ha.vi:n.g 

strengths over 500,000 pounds per squ.e.re inch. <4 > 

The strength of bulk glass is mu.oh less than the ritren.gt.h 

of glass fiber. This is explain.ed by Oa.:meron·~7 , a.s the result 

of two effects. Firstt the fiber structure and second the 

small number of flaws found in small volumes. 

The structural difference between bulk glass and glass 

i':i.ber is due to the :rapid cooling of the fiber during 
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product :lon. As the glass is heated the molecular struc~tu.re 

rear:n.lnge~i ltself from a crystalline form to a liquid. form. 

When t.he f'tber is drawn the glas8 cools from its melt tempera-
1 , 0-5 .. 1t tu.re to room temperature n the o·r.-der of _ · secono.s. This 

ra.pid eool:Lng results in the elass fi be:r hav-:tng a structure 

si:milci.r to trust 0f glass at a hi(~her tE:mperature where the 

structure ics expanded. Oa~n.eron ~;ug;gests ·that anything which 

increa:SEH3 the di::::tance between the silica. s.nd o::<ygen atoms 

may inor<-Ha~se the strength of the glass flber. This i.s dne to 

t }le fact ·that when elass is in the expanded state the alkali 

p:r-esent :ln the voids has less effect on th•? ~:n1rrounding mole-

cules. Si:noe glass fibers are in the expan.dod state, this 

accounts for the incrisase in strength. Also, glass fiber in 

fiber glass is ~n:·otected fTorn. the effect of moisture which 

protects the st re:ngth of the fibers. 

irnot;her structural difference is caused by the effect of 

drawing the fiber. .Dre.wing the fiber tends to ortent the 

strongest bonds between atoms in a direction parallel to the 

axis o:f th1.:; fiber and this results in an increase i.n strength. 

lriher strength is also related to the size and number of 

flaw·s ln the glass. .And, since the flaws in glass are related 

to volume it can be shown that as tb.e fiber diameter decreases 

so doez tho uumber of fl<Z>.:iH3. Thts ~'.'esults in a.:n incrE.Ha.se of 

strength. 

~o·--1-
4 • 
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The mtrongth of gla3s fiber ls also related to the tam-

pers.ture of th·~ melt fro1n wh~.ch t:t.Le fi1;;.:n-• is formed and the 

time of cooling. If the melt tc1np,::ra.ture is irwreased before 

draw:i.ng the :fi.bers, any aJ.r bubbles in the: molten glass can 

be r,amoved. eas:i.ly thereby reduci.ng the interior flaws. The 

only other fla--..rs t ri::::.t m.a.y occur are o::a t ha surface. '.fbe::scy 

However~ in :'orroi:ng gltiSs fi ter the ext remE: r6.pid cooling 

causes the gl.ass to ha.rden before r:;urface cracks oan form • 

.l::r.21l~J:~..1~ 2f. .tlllfi .121A~ .t.9.. rg,_~e rial~ 
Among the first papers studied was {18) a report by the 

Battelle Memorial Institute 011 high terrrperature and creep 

rupture properties. 

The inver.~tigations reported in. this paper are a continu.-

13.tion of a study of elevated a.nd room temperature properties 

of seve :cal pl a.st ic and res1n-glass 1£>.mint':t. es. The Btud.y in.-

eludes tensile a11d CO".rrpressive creep studles and. some short-

time tensile testing. 

Although m.fU'"l,,y o.f the results were scattered and preve1".1ted 

a specific conclt.mion, the report points out one important 

proximately -the same strength rel<.:ttionship, for the materials 

tested, as do tl".l.e nornml. creep rupture tents. The report 



JLL'O":rid•':: ·1ral uable in.fo:n:n.at i.011 prev:tously requ:t r:i.ne; yo a rs of 

{19, 2 . .., 01' _v, ~~. dealing w!th predicting long-term test results 

fx-om short-time te::ri:::; at eli:~v&ted ·(;emp,~ratures. 

l).y using the la,rscn 1vf1.ller p2.:ra:mete:r ( 22 ! Gold~~e:tn fou.nd 

that s:b.o:ct t.L-.r.e static tJ~~s'ts lasting approzb1ete1y two min-

utes gave satisfE1,ctory results for tests. lr::.st:tn.g G.s long as 

20, 000 h·:>urs. It 1-ra.s el so found t he,t creep properties, bo·th 

tensile and flexural, of fiber glass laminates could be com-

·putecl ft'om !·:1odulus of elasticity data obtained z,.t hlgb. tem-

pe rat uretJ. 

Ls i:n:1n::stigations continued on the properties of fib•::r 

glar:is l<'.!::nillS'ltes 'there \1ere indications Of deterloration Of 

the pla~it lo matrix tmd~)r co.udi tions of prolonged ot ress. It 

were subject to stress cracking. 

A report; ( 23) issued i:n 1957 from thE; ])icatin:ny Arsenal 

states that glass-polyester laminates would not stress crack 

phere. 

t.1.S at fJ.rst believed, o·ther problems SU(1h as shear within the 
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matri:ir requ.lred stt1dy. The effect of' shear within ·the plastic 

matrix of fiber glass has been reported by Rubinsky(S) a11d 

J,\ifaguire(l 3 ) as a cause of ste:tic fatiguet. However, no solu-

tion to ·th.e p:roblem of determining the effect or magnitude of 

shear was available. 

In 1959, P. M. Goldfarb reported on methods being :::rtudied 

for determining the shear modulus of glass reinforced. plastic 

laminates. {24 ) Three nH.;thods were reported to have been found 

which gave comparable results. 

The last paper studied. with respect to fiber glass was 

an article by Nr. Goldfein. ( 25) 

Mr. (}oldfeln, invest;igati:ng a formula for creep and rup-

ture stresses, givea supporting data for his previous work 

and de.r"'lfelops a parameter for use in predictine; :rupture and 

creep properties. This pe,rameter was used, l:rith oth~r data 

from tests on different plastics and fiber glass material, to 

plot mar;ter curven .from which creep and x·u.pture :properties 

were predicted. The predicted properties were for time :peri-

ods from 0.01 seconds to 40,000 hours. High accuracy was ob-

talnad by this method for the materials imrest;lgated. 

From ·t;he papers reviewed. the following conclusions are 

d:rawn: 
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l. The high strength ·to w·eight ratio, low elastio modu-

lus. and. the availability of raw mate:rial:J justify the st·1,4a.y 

Of fiber glass prestressed concrete. 

2. .Fiber glass rods bonded with synth0tio resin are 

superior to other p:rod.uots. The parallel fibers provide more 

even distribution of stress and therefore a strone;er element 

than such products as woven rope or tape. Also the :resin pro-

tects the glass fibers from. moisture. 

3. Sufficient bomi can 'be developed between concrete 

and fiber glass rods to transfer stress from the rod to the 

concrete. However, ·more research. is needed to develop an 

economical end grip c2.pable of s;tress:'l.ng the rods to the1::r. 

ultimate short time strength. 

4. The property- of statio fatigue requires study to 

find. how· it occurs and the stress level below which it will 

not occur, should one e;xist. This study is necessary since 

the stress above wh:tch. static fatigue occurs w1ll dictate the 

rt.llowable design stress. In.d1cations are that a stress of 

less ·then 50 per cent of the ultimate ,short time strength will 

be n.ecessary to eliminate static fatigue. Even so, the high 

strength to weight ratio should allow com.petition with modern 

steels. 

5. Suita'ble end grips must be developed before con-

sidering fiber glass prestressed concrete as a competitor with 
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oonVfJ:ntlo11a.l i'.)rest:r.essed concrete.. To be suitable a. grip 

must be capable of pl"Oclucing tensile forces within the fiber 

glass 1'1"htch oxceed the ten$ile fox·ce at nlt'.lme.te loe.d• 

6. It is naoessary to determine relie.ble criterion. by 

wh::toh nh:;mbers can be deaig11ed.. Limits must be set on allo·w-

able W1)rking stress 11 loa.d factors, a.nd deflection - both e,t 

first crack B.nd. ultimate load.. 

7. The use of short t:lm.e tests for predicting such 

properties e.s creep a.nd ri.:rpture may provide answers to ma.ny 

ques·tions prev1.ou.s1;r u.na.nswered. 'l'he limits on long tim.e 

ultimate strength 9f f'ibe:r glass and the loss of prestress 

due to cree1) are the two most lmportant values at this time. 
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Jlu:c-poae £! ;tnves·tigati2p,. 

This 1nvestig.~tt1on was conducted to determine 1f there 

were any practical gripping devices available whioh would pro-

vide sufficient anchorage for use in prestressi:n.g concrete with 

fiber glass. 

The in:vestigation was not intended to be an intensive 

study as to the best method of gripping fiber glass t'or pre-

stress1ng. However, it was designed to aid in choosing a 

practical. grip for use in prestressing beams analyzed in a 

later portion of this thesis. 

Plan of e.xnerimentation ---- -- .................................................... .... 
i~t the pre~eni; t. ime most of the end gr:i.ps available are 

designed to tr~ms:f'er tension in the rod ·to the concrete by 

oompreasion and shear forces acting within the jaw assembly. 

~.lthough m.<:1.ny types have b(Hln tried, few are capa.ble of prao-

tical application to fiber glass prestressed oonerete because 

of ::'3ize • weight or cost. The most 1Yromising exceptlon. to this 

is a grip, developed by Kenneth W. Keane.- using a syxtthetio 

resin to bond the fiber gltiSS to the meta.l. 

Therefore end grips employing bond action between metal 

and .fiber glass have 'been studied as well as devices used by 

the steel p1"estressing industry a.nd the electric :power 1ndus-

·try for holding wire strand.s. 
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sile tests. The te:nBile spce:tmeus were testc~d in th{;:I Materials 

Testing Latorato:cy of v·1r·gi11ia I'olyt0c1:m.:i.c Irrntl.tu.te. The tests 

r:::otz of strain of 0.05 inches per n;inute. 

l)t:i.e to the time involved only ~1hG:ct time ter::its hav·e been 

use:di to ev1;;.luate the grips. ~fhirs should. give &.ocu.rr,,,te de.ta 

slnco the t;.l t lma:t.~: 1o:ng t ~.me effect.1 v·eness is bf~lieved ·to de-

pend on r.;. cr:i. t lc:sJ. st:ce::>s l cvel re/&lH1:r tha.n the mecha.n.ism 

e. bonding m.ateri8,l the st&-blJJ.ty of the material u.nde1~ lo7lg 

time loe.cU.ng <:·d.11 te ~ .... r:.. important fnctor whtch is not eon-

sldered in the present tests. 

-- supreme st.r~in.d chuclr 210, ·7eo ···~ 

were g1ven ty the Suprem.e Products Corporat;ion, :?.222 So"L1th 

Of.3.J.umet .Avem.ie, Chica.go 16, Illinois. 

This grip consists of an c1utsi!ie bu:rrel wh:tch holds a 

aonloal jaw assembly. A spri.ng loaded cap forces the jaw as-

sembly arounc.l ·the pre stressing strand thus hold.lug :l:t u11til 

loa.d i8 applied. .!liry tenstltJ :force applitld to the st rand te:;1ds 

to tighten ·the jaws. 
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FIG. 3 

u 

o . Tapered d·ow l 

11abl squ, eze sl ev 

b. Re11 bl strandvise 

e .• lanngr1p 
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-- rBliabla strendvisa no. 5102 --

The :3-t:rand.vise is a grip used in the electric power in-

dustry :for holding cable. It is composed of a co:n.ical steel 

shell inside of which is si.. spring loaded jaw assembly. 

To fasten the grip to the fiber glass rod the end is 

forced ir.rto the end of the grip. Wh.en the rod enters the jaw 

assembly lt :l.s held firm by the wedge ~1ction of the spring 

loaded. jaws. 

The Strandvise is dt;rnlgned to hold 10,000 pounds. 

~ .... tapered dowel --

This grip is fashioned after similar grips made at 'Prince-

ton University. The grin is made from. a steel dowel. The 

dowel is drilled through the center s.n.d then the inside is 

ta-peretl to form a co:nica.1 shaped interior. 

The fiber glass rode were split into four sections, 

Pig. 4, for a length of a.pproximately two fJ:nd a half inches. 

~rt.1.e sections we:re then wedged apa.rt w:tth short pieoes o.f ·wire 

and the expanded end ·thus formed was bonded to the conical 

shaped grip using an epoxy resin. 

Two 'types of resins we.re used during the tests: 

1.. Hy~Jol Epoxi-Patoh Kit, p1'od1rned by Hysol 

Corp., Olean, Uew York. 
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FIG. 4 
PREPARATION OF TAPERED 

DOWEL END GRIP 

wire wedge 
..,..____,,___, 

fiber glass rod 

pull to seat 
wedge 

Before bond After bond 

resin 
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2. Marson' s G-15 .bi'poxy Resin, produced by 

Marsons Corp., Revere, Mass. 

reliable squeeze sleeve --

The Reliable Squeeze SleEr'te is made by the Reliable Elec-

tric Company. The sleeve is copper hav.ing an inside diameter 

slightly larger than 1/4 inch. The 1ns1de of the sleeve is 

ooated ·,,;ith a flne abrasive to improve the holding capacity 

of the sleeve. Inside the sleeve is a center s·top which was 

removed by drilling before being used. 

The gr:t_p is fastened by plz~cing the rod inside and 

squeezing ·the sleeve. 

-- fanngrip --

1'1anngrips are made by the Fanner Manufacturing Oo., 

Brookside 1'.:lark, Olevela.:nd 9, Ohio. The Fann.grip is normally 

used as a dead end for wire cable. 

This grip is formed of pre-formed high tensile ~rteel 

wires, Fig. 3e, whlch are wound irt the shape of a helix. The 

wires are so shaped that wheu wound around each other they 

form a hollow cable. The inside surface of the cable is 

coated ·with a fine abrasive. 

The Fanngrip is fs,stened to the fiber glas~i by wrapping 

the two end::; around the fiber glass rod. 
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-- fiber glass 

Fiber glass rods used in these teats were produced by 

the Columbia Products Oom;:iany of Columbia., Bou.th Oaroli:na. 

11he rod stock was 1/4 inch diameter by ten feet long. All 

tensile specimens were cut from these ten foot lengths. 

The glass fiber in the rods is ~ade of boro silicate 

glass wb.ich is low in alkali content. The individual fibers 

are arn1rox:imately 0.00036 to 0.00040 inches :i:n diameter and 

are wound in a twelve strand roving. A11 801 sllane type 

binder :ls sprayed on the fibers to help bo:nd the glass and 

epoxy resin.(l7) 

Shell Epon 828, epoxy resin, cured with Shell a.gent nz 11 

is used to bond the glass fibers forming the rod. 

After the rod is moulded it ls wrapped in cellophane and 

cured at 2000F for fou..r hours. 

The f.lnished product; oontEins 75 per cent gla.ss by vieight 

o:r 50 by volume and is repo:cted to have an ultimate strength 

of 150,000 pounds per square inch. 

Procedure fillll results 

A.11 of the end grips were tested in the same manner, the 

only difference being the method of nlaci:n.g the grip on the 

fiber gl&,ss. 
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After fastening the grips to the fiber glass the speci-

mens were :placed in a testing ma.chine and loaded in tension 

until failure. The load was applied at a standard rate of 

stra1n< 26 > of 0.05 inches per minute. 

Sinoe the tests were all conducted using the same type 

fiber glass and. at the same rate of loading the onl7 other 

variables influencing the strength of fiber glass were tem-

perature and humidity. However, this should give results ap-

proximatiil;g field conditions since these two factors a.re not 

normally controlled during construction. 

Results of tests on the various end grips ·are discussed 

in the following paragraphs. 

-- supreme strand chuck no. 780 --

In all of the tests oonduoted on this grip failure oc-

curred within the jaw assembly as a result of crushing and/or. 

cutting caused by the serrated face of the jaw assembly. Due 

to the type of failure some tests were made using a soft cop-

per slee~e to cover the fiber glass to protect the surface. 

The oopper sleeves were made of standard copper pipe 

with a section cut out so that a tight fit would be obtained. 

Before placing the sleeve on the rod a fine coating of ear-
I borundum powder wa.a placed on. the surface of the rod to im-

prove the resistance to slippage. A small amount of Du.co Oe-

m.ent was used to hold the carborundum :powder in place. 



.Although this procedure improved the ca:pa.oity of the grip, 

:failure ot111 occurred due to crushlng ar1d/or eu:tting action 

of the serrated face on the jaws. 

Examination of i;he failures showed that the leading edge 

o:f the jaw s.sse:m.bly had been fo:coed into the rod. ~ao elimi-

nate this the jaw·s were a.lte:red to prmride a more even bearing 

surface. 

Al·terations 'l;o the jaws were made by removing the ia.H:rth 

on the l<:3a.ding edge, I~ig. 5, and remoYing the ou·te:.r face :f'or 

abou:t 1/2 inch. These changes moved the centroid of the com-

pressive force toward JGhe back of the grip, therefore reliev-

ing part of the pressure on the forward edge. As a further 

precaution, ·the fiber glass wa.s coe.ted with carborundum and 

fitted with a oopper sleeve. 

This revised grlp held a tensile .force of 4,750 pounds. 

However, failure occurred within the grip itself. Failure 

was du.e to crushing of the fiber glass. 

strandvise no. 5102 

Since thl:s grip has a jaw assembly much like the Supreme 

Strand Chuck, a soft cop_per sleeve was used to p:roteet the 

fiber glass. The Strandvise will hold strands 3/8 inch to 

11/32 inch in diameter. Therefore, there was sufficient 

clearance for placing the sleeve arl.nmd the fiber glass rod. 

In all of the tests with this grip the fiber glass rod 

slipped out of the sleeve. 
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FIG. 5 
JAW ASSEMBLY 
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The 1is..pored Dot,rnl was made from one-inch diameter rod 

stock. 1J..1wo three-inch l~ngths wer12; ,cut and drilled with & 

o.261 inch hole to allow free pass~:,ge of the 1/4 inch fiber 

glass rods. Xhe inside of the grip was "tapered to form a 

wedge for securing the end of the fiber glass. 

Jl,.fter the fiber glass rod was prepared b;y· splitting the 

end and wedging the sections apart, the epoxy adhesive was 

placed in the grl:p, 3?ig. 6, to form the completed grip. 

The speoimen was then placed in a speo:lal ;Jig for cur-

ing. Speaimens were allowed to cure not less than 24 hours 

at room ·temperature. 

The fir·st test gave 'tensile strengths over 51 000 pounds. 

However, failure oocur:red within: the grip. This indicated 

that full tensile strengths were not being developed. In all 

cases .failux·e was sudden. .Examination of the g:rip showed the 

point of failu1~e to be wh~:n.:'e the taper began. To eliminate 

this thG grip was reamed to form fa smooth transition from 

taper to the centerhole. 

Tests performed on this revised grip indicated no appar-

ent i:mp:;.~ovement ov,9r :previous tests. 

Due to thG brittle .fracture noted in the Hysol Epoxy, 

which was used on the -previous tests, a different epoxy wa.a 

tried. This was d.one to determine whether the bonding ma.ter.1-

al influenced the strength of the grip. 
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FIG. 6 
TAPERED DOWEL GRIP 

AND 
CLAMP 
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Tapered dowel grip 

sea le: 1·~ 1" 

---18" -----<-i II -j 3.. ~fo stove bolt 7 = ~ tN -~ 
-1 ...... ~ .... 1_,__ ____ ..... :t~J.---1--~(\J-'---r,- ITTI 
,__.-=------.a=.-~ ' 

Clamp 
1 II scale: Y's= 1" 



\~e.rson • s G-15, epo;.cy ·resinr wc:1.a mixed in the proportion 

of foa:r parts resin to on.e part hardener. .Before pl:=t.cin.g the 

epoxy ir:'Go the grip heat was s.p:plied using an infared la.mp. 

The resin wsts then po11red into the gri9 s.n.d heating was con-

tinued urrcil ·the epoA.y beg~.,,r .. to sei~. 

Two tests 1·rere :performed using the G-1:; e-i;:oxy. Tensile 

st.re:ngths of 8,625 pounds ;;:~:na 9,·~·00 pounds '(>-J'ere reoord~d. 

~l.1he test hc;vi.ng the smaller streneth. was ma.de befora complete 

curH o.f.' the r·esin. Thlr~ wa,s done through e.n error in mixt:ng 

the mater·i.e;ls which caused s. slow cure. The second ·test wa:i.s 

the first to a;pp:roaoh t.he ultimate short time tens:tle strength 

of the fiber glass rods. 

-- e:po:xy and. squeeze $}leeve 

Du.e to the good results, obtained '19':1.th the ta-per~d dowel, 

using the G-15 epoxy, sev~3ral tests were m1:l.de using the e:poxy 

to bond a B.eli~'ble Squ.er~ze Sleeve. In these tests the sleeve 

w·as no·t crimped. 

1'!.ft e~.., :pls.oing the sleeve over the fiber glass, the G•ul5 

e·poxy 1d"a::o1 r;.cu.red in-to the open space ~.nd cured es descr:tbed 

for the tapered dowel. 

The specimen was plaoed in the testing machine .and loaded 

urrtil failure. Failure occurred at Ss 580 ·pounds as e, result 

of ·the rod slipping out of 'the grip" 



fanngrip 

The Fe.nngrip was placed on the fiber glass rod by wrap-

ping the helical strands around the rod. To wrap the st.rands 

the rod is })lEu:·:ed inside the loop. Then the ends are pulled 

away from the rod and at tt1e se.me tim.e twi(-ited in a clockwise 

direction. This forms a closely wound steel \·!ire cover which 

tends to tighten around the fiber glass rod vrhen tension is 

applied. 

When applying the grip care must 'be exercised to keep 

the wire strands awa.y from the fiber glass. Otherwise, the 

abrasive coe,ting will cut the outer su1·face, thereby reducing 

the strength o:f 'the rod. 

Du.ring the test the load. WF..s observed to increase steadi-

ly up to 6,200 pounds. At this load surface oraoks appeared 

to be progressing longitudinally along the rod. Failure oc-

curred a.t a load of 6,400 pounds and was acoompanied by a 

sudden Bhattering of the rod. Examination of ·the specimen 

showed th£lt some damage to the rod had resulted while fasten-

ing the grip. 

pis2Jlssiqn. 2;t: results 

All of tht~ various gripping devices can be d.iv1dad 5.nto 

three d:'t:fferen.t group a with respect to the method employed 

to tra.ns:fer load on the grip to tension in the rod. These 



groups are: comp:r.er.rnion a:nd ~hear, dLl"'eot bond, and wed.ge 

~,rJtlon. Results of the tfmts c;,re l:'i.sted in Te,bla I. 

-- compression ~1d shear --

The g·r:J.p~) included 1.n thls oo.tegory are the Sn.1n:·e::ime 

Stri;tn.d Ohu.ok,. the St!'8.rnlvise,, and the Panngrj.:p. Of thest:i 

gr:tps the :Fa11ngrip proved most suocef.rnful !' prov:tf.U . .wg ~i. ten-

s:ile r::trm:1g-th of 6•1+00 pound;:<a, for a 1/4 inch :fiber gl!'.l.SG rod. 

J~lthough the te:ns:lle strength was within the :r;,; .. :ngf,; of 

tension axpeotad in the prestreesed beams. this grip was not 

conE'liderEid for 1U3e dne to the f1:-tot that pecf;le.ne:nt danmgc 'iifft:5i 

done t 0 the fi be:c gJ.aBr.5 Whi.1.e E~pplying "!;hf; gr:tp e 

Ji:v(;ln though the J!a:n.:ngri:p was not u.sed in further tests 11 

thls if,:1 no-t ln·l;o:nd~~d. to i:udic:at '~ the gr:i.p :1.e u.nsu1:tab1~~ for 

use -:;-ri th f:l. bE~r glass~ The · ~irc.~rrn.gri:9 :1. B i-1 st mp lo, eas1.ly ap-

plied £;ri.p oa1:a,ble of' trr:u1sferr:Lng tensile forces as IP'Bt).t or 

gn~e"te:r. then ony other 'J}.COhanio.s,l grlp known to l':u?..VE: bE:en lUsed 

on fiber glass rods~ If this grip were produced with a finer 

the sleeve was split it could only develop friction to hold 



51 

Table I 

End Grip Strength 

Test Load 
Number!_ __ _!~y~n-e...,...o~f-.....G_r_i.p.._~------__,--_...,,,.....;.;.,;.......,,__ __ --i..-..-.-.---Failure (lb,} 

1 Supreme Strand Chuck 

2 Supreme Ohuck & Sleeve 

3 Strandv1se No. 5102 

4 Supreme Chuok & Sleeve 

5 Supreme Ohuck 

6 Tapered Dowel, Hysol 

7 
8 

12 

13 
14 

15 

16 

ti u 

ll tt 

Epoxy & Squeeze Sleeve 

Tapered Dowel, Hysol 

, G-15 
lf , G-15 

Fanngri.p 

* See Appendices :f'or details of each test. 

Grip 3,000 

Grip 3,755 
Grip 75 

Ctrip li., 750 

Grip 2,,700 

Grip 5,125 
Grip 6,550 
Grip 5,475 

Grip ·5,580 
Grip 5,420 

Grip 8,625 

Rod 9,400 

6,440 
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if the coefficient of friction between the sleeve and fiber 

glass was low, sli:ppage would occur when the tensile force 

in the rod overcome the friction force in the grip. 

The Supreme Strand. Chuck, like the Strandvise, uses a 

j<:'I'' LsBembly to hold a t.ensj_on element. All of the tests per-

formed on this grip resulted in failure due to crushing the 

rod. T'h:L"l sub st ant iates the .findir.:gs of Ru_binsky, Crepps, l?.nd 

Keane. 11. reYl.ston of the jr:!w assembly increased the lo2d 

carry:Lng ce.pac:I.ty J.,750 pounds. F1o":rnver, this wes still in-

suf flcient for use in rre st re~rned be a ins. 

-- direct bond --

Only one gr5.p ~·las testE1d which used G:trect bond of fiber 

glaes to a metal1tc gr:1.p. ~:his was the Squeeze Sleeve bonded 

G-15, epoxy resin. 

Th:ls griJ) p:rov:i.ded adequs.te st:cength to stress the ftter 

glass over 110,000 pounds per square inch before failure. 

Failure resulted from loss of bond. 

It is ev:i.dent th:J.t the load capacity of this tyr,)e griJ) 

is a function of surface area over which bond occurs. There-

fore, increased loads could. be attained by using a longer 

grip. However, the stability of tbe grip over a period of time 

will derie:nd on the properties of tbe bondirn~ material. 

If the bonding material is subject to creep or ,1astio 

flow under working loads, a complete loss of J~restress could 

occur. 
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Witb this in . .mind, ·plt1s the fact that yielding ·~re.s ob-

served during tests, this grlp was not considered for use in 

:prestressing. 

-- wedge action --

The tapered dowel and grip, designed after a similar de-

vice developed. by tTohn Weis at Princeton University~ utilizes 

wedge action and bond to hold the .fihor glass. This grip em-

ploys the desirable properties of. both thg epoxy bond a.nd. t;he 

wedge action :f'otmd in the je.w aass:mbly of. most meohanioal 

grips. 

Due to the oonstruotion o.f ·the grip, failure by crushing 

is eliminated. and loss of prestress due to creep of the bond-

ing materla.l is reduced. 

'.res·t results, Table I 0 indicate good tensile stren.gths 

can be achieved using this grip. Oompa:r:i.ng results of tests 

using I-Iysol epoxy with tests using Ma,rson 's, G-15, the l~ltter 

appears to form. a s·u:perior grip. Grips using G-1.5 as a bond-

ing m~:rterial will hold approximately 9,000 pounds, an inorease 

of almost 60 per cent over grips formed with fl.ysol epoxy-. 

An explanation for the difference in strength is the 

hardness of the epoxy. The Hysol epoxy, when llard, is e, very 

brittle rri.a.teriaJ.. On the other hand, the G-15 forms a hard., 

tough material when cured properly. The result of this dif-

fere11oe is the,t the G-15 will allow an. even <l:ts·tribution of 



load while the Hysol e:ooxy causes stress concentrations an.d 

therefore :premature failure w·i thin the gri:p. 

Before this type of grip can be evaluated properly a 

study should be rn.a.de using many different bonding materials. 

There are several disadvantages to the tapered dowel 

grip. These include the time factor involved in _preparing 

the grip and the grip is not recoverable. 

The most significant advantages of the grip are its re-

liability ln reproducing results, the high tensile strength 

obtained, and the fe,ct that little de.mage is done to the 

fiber glass rod -:;·rlle:n applying the grip. For these reasons 

the tapered dowel grip was selected for use in prestressing 

test beams. 

Concl.gsion.§. 

1. The development of a practical end grip is one of 

the largest slngle factors preventi11g the development of 

fiber glass prestressed concrete. 

2. Although relatively few tests were conducted to 

determine the existence of a practical gripping device, in-

dications are that nop.e of the grips tested .are suited for 

use. It can generally be said the.t the grips e.re unsuitsJ)le 

because they do not provide adequate tensile strength. Also, 

the economics involved. in production rule against tt.ei:r use. 
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3. ;.nth respect to the mechanical grips employing a 

j:.3 .. W ei.sseu1bl.y, the c:om.bi11a .. tion of coD1p1--essi .. ve a11d teris·ile 

stresses cause premature failure within the grip. If a 

mechan.ical grip were desie;ned, givi:ng or.:n'efu.l ati;ention to 

the distr'.'Lbution o:t comp.z·essive forces acting on 'the fiber 

gl.ass, an effect :t ve end grip :may resu.lt. 

4. The most effective grip tried with regard to hola-

lng s·i.;rength, t:lme ami ease of application, and cost, ls the 

Ji1;;n111grip. This grip hus all of the desi1"'able properties not 

found i:n. o"~tHH' mechanical g.rlps. The load :ts transferred 

from grip to fiber glass gradually so no highly stressed por-

tion will crush the rod. Also the compressive stress is min1.-

mized du.I':; to the fa\'.'~t th~J,t; no ini tia.l compressio11 is recp . .t:i:red 

to hold the fiber glass. 



56 

Although there 1:13:1re beeyi_ te,::;ts conducted on fiber g.lass 

prestressed concrete beams, most of the testing has been di-

rected toward studying fatigue in the fiber glass and study-

to check the adequacy of design concepts, presently used for 

oonventlona1 steel pre st ·ressed concrete, as 2,p:plied to fiber 

ftlass. 

'.rl1is investigat1.on is made to detsrmi:tH:i if current design 

procedure is acceptable for fiber glass prestressed conoreta. 

The tests wrzre to be performed on simply supported beams 

loaded at the third points. Measurements of strain were to 

be taken on the top and bottom flange of the concrete and also 

on the fiber glass. 

Since the beam was designed using; conventional steel pre-

stressed oonorete procedure, the test results should correspond 

to the calculated stress if the theories are valid. 

Before a design could be m.ade, th<:i r;::hysios.l properties 

of the fiber glass had to be determined. The ;;wst important 

properties, ultirnz~te short-time strongth and elastic modulus. 
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were determined. dtJ.:ring 'the study of a suitable end grip. Al-

though other -;;n .. operties such as bond strength, creep, a.nd 

static :t'at:tgue 8.re o.:f concex·n, these were essentially elimi-

nated when the post-tensioned beam was selected. 

By post-tensioning the beam. the elastic movements i:)f both 

concrete and fiber glass ~ould be completed during the stress-

i:ng opt-::ration. ifi1is eliminates loss of prestress due to elas-

tio movem;.0nts. The problem o.f bond was avoided by leaving 

the open duct ung.routed& &.nd since ·the duct was straight the 

losses due to friction were negligible. Creep and static 

f&tigue were also neglected since all of the .available data 

.:t11dioi:i,te these to be of no concern when stresses are 1rnpt 

helow 50 per cent o.f ultimate. 

~ro dei;ermine the elastic propert-;ies of 'the Columbia~~ 

fibe1" glass :cods stress strain dai:;a were recorded during ten-

sile tests. Due to the high strain to stress ratio post 

yield strain gages were placed~ Fig. 7a, on the fiber glass 

to record strain. The gages used were PA-3, special purpose 

gages. They were fastened to the specimen with post yield 

cement No. 1031'73. .Both the gage and the cement a.re products 

of the J3aldwin ... Lima.-mnn1lton Corporation. 

i:· The fiber-glass- rodsused for post-tensioning beams were 
su:p~p11ed by Columbia Products Company, Columbia, s. 0. 
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IG. 1 

• Po t Yi ld G e on Speci e 

b. Setup for tensile Te t 
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The tensile specimens were piaced in the testing machine, 

Fig. 7b, and. loe,ded at a. uniform rE'~te o.f st rain equal to O. 05 

in.ch.er.; per minute until failure. Tests Sa through 5d, Table 

II, were made using a mechanical strain indicator coupled to 

an automatic recording device. Values for elastic modulus of 

these tasts were calculated from the recorded graph. 

All of the stress strain data shaw linear relationships, 

Fig. 8, throughout most of the curve. However, Test 1110. 15, 

-.-rhich was the only test where stress strain data. were recorded 

above a stress of 110,000 pounds per square inch, shaws a 

non-lines,r relation ship in the upper region of the curve. 

An average va.lue of elestie modulus is 6.68 x 106 p.s.i. 

and tho ultimate short-time tensile stress is tal-cen to be 

around 180,000 pounds per square inch or higher. 

The beam was designed by selecting a cross-section, Fig. 

9, and checking the initial and final stress conditions. The 

final design was a seven foot "r» beam designed for a clear 

span of six feet to be loaded at the third points. 

A design crac1dng lo&od was calculated as 321.~2.6 pounds 

when using a prest res sing force of 5000 pounds. Values of the 

compressive and tensile stre:nr;th of concrete were determined 

from laboratory tests. The method of oalcula.tion may be found 

in the appendices. 
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Table II 

Ta.ble of Ultimate Stress e.nd. Elastic Modulus 
for 1/4 Inch Diameter Fiber Glass Rod 

Grip 1500 
II 2700 6.11.t· 
!l 1100 6 .. 1~5 
It 1500 6.80 
H 5l.t~75 113,000 1.10 
tf 1500 82;000 6.15 
l~ 8625 164t000 6.43 

Rod 9400 180~000 7.10 

Gt·i:p 5·425 104-, 800 6.45 
, ___ -....--

----~ ...... ~ 

x 106 

x 106 

x 106 

x 106 

x 106 
..,.. 106 ..i::t.. 

){ 106 

x io6 

------~ 
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FIG. 8 
TYPICAL STRESS STRAIN CURVE 

TEST NO. 8 

I 

I 
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I 
I 

E- un'it stres s_ 113,000 
- unit strain - 0 .016 

E= 7.06 x 106 

o..._~~~..__~~~--~~~---~~~---~~~--
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STRAIN IN INCHES PER INCH (x 10- 3 ) 



FIG. 9 
CROSS SECTION OF BEAM 
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Pabrication 

Concrete beam•, Fig. lOa, were made in a form, Pig. lOb, 

designed so that two members could be cast at one ti~•. 

The open duct, through wh1ch the tension element was 

placed, was formed with paper tubes. The tubes, donated by 

Virginia Prestress Concrete Oor~orat1on, were the type used 

to break bond on nrestressing strands, and they were coated 

with paraffin tor protection against moisture. A number three 

steel reinforcing bar was placed in the open tube while pour-

ing concrete. This was done to insure that the opening re-

mained straight. 

The concrete mix used tor the beams was taken from a 

book< 27 > nubl1shed by the Portland Cement Association. The 

following proportions were used for a cubic toot ot concrete: 

water - 12.4 pounds 

cement, Type III (AE) - 27.2 pounds 

limestone sand - 54.8 pounds 
limestone aggregate, 3/4 down - 54.8 pounds 

When the concrete was placed it was vibrated, with an 

electric vibrator, to reduce hone7oomb. The beams were then 

covered with polyethylene sheeting to cure tor three days. 

Arter curing, the forms were removed and the beams were stored 

at atmospheric conditions until testing. 
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J)u.e to the $UCCCSS Obt8i:ned. \·Tith the tapered dowel end 

grip, ttd.s grip wa.s used to post-tension the test beams. l.\ 

t;e:nsioning device, J.illg. lla, ~.vhich includes the end grip was 

designed to stress the post-tensioned members. 

~rb.e fihe1" glass rod '<las stressed by tu:cning, Fig. llb, 
K· 

the te11slo:n.·· :n.u:t. This forces tlle end. grip away from the 

member 8J.1d plc~.ces tl1e fiber glass in tensi1;n. 

On the end opposite the tension device a tension indi-

cc:;.tor, Flg. 12, ·1·ras pla.ced to· record tension in the fiber 

glass during the initial stressing and also du.ring the tests. 

~:he tension ind.ice.tor"'" w~.s oom.posed of e. load cell and an 

e:nd grip. The end grip was threaded to fit inside the load 

cell. The lo.s.d cell was· then fastened to a frame which .fit 

on 'the end o.f the beam. 

Tho end grips were placed on the fiber glass 24 hours 

before testing. 

!m nrocedufit 

Since the purpose of testing the hea.ms is to check the 

design caloula.tious against test results it was necessary to 

record stress a.nd strain datl:. during the post-tensioning of 

the mer11ber as well as during the test. 

·l& Details ofthe°. ten.sion device are shown in Fig. 23. 
+ Details of the tension. indicator s.re shown in Fig, 24. 



PIG. 11 

a. Tensioning Devioe 

b. Method of Tensioning 
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FIG. 12 

Tension Indicator 



of the top 2.nd bot-J; om flange. A nt 2aln g,·1g0 was also fastened 

to the fiber glass rod~ 

A:..:i the beams were st re-£>3ed d~l'ta. we:ce ~cecorded to sho·vr the 

tension in tha fiber glass end strain ~n the concrete. dhen 

the tension in the fiber glass reached tb~ design value the 

post "."'tension o~qerat ion -:.-ras oo:m,:;ltrt e. Th0 beams ·were then 

placed ln the testing machine. 

Ths equip~ent setup for recording data during the ~ost-

JGe:n.sio:n ope:r·ation n;1d the beam test a:ce shown in ]"ig. 13a and 

13b, res·r;ecti7;~ly. 

i:2creme:nt9. Eleadings of total load, center line deflection, 

concrete strain, and fiber glass strain were recorded at each 

load increment until the member cracked. 1~.ft er the beam 

craclccd ths rmly zigniflc~tnt data were de.fleet.ion, floer glass 

strain 1 and totF.tl lofad. 1'heze dat2, were recorded until failure 

of the beam. 

When designing a prestressed member the load and deflec-

tion are often imnortant depending on its type and function. 

Sever:s~l :J;:nporta:nt ste.gss ln 1021.c.l:ng a beam are the d1esign 

load, the cracking loa.d, and ultimc..te load. Berth 1::>21.d a,nd. 

deflection should be checked against allouable valuese 
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FIG. 13 

a. Equipment setup for Post-tensioning 

b. Equipment Setup for Beam Testa 
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Since there was no :reason to believe the design or work-

ing load and deflection would be different from values calcu-

lated for an equivalent steel prestressed member, it is as-

sumed that a similar procedure could be used in each case. 

However, as a beam approaches the ultimate load the situation 

is quite different from that of an equivalent steel prestressed 

beam. 

As a steel prestressed beam reaches the ultimate load 

the steel cable is stressed to yielding. This allows the de-

signer to calculate the compressive area of concrete and the 

ultimate moment. Knowing the ultimate moment the ultimate 

load can easily be calculated. 

I-C has been shown that fiber glass has no yield point. 

Therefore, when trying to calculate the ultimate load, the 

designer does not know the stress in the fiber glass. As a 

result of this unknown the ultimate moment cannot be deter-

mined. 

Calculations of deflection at ultimate and cracking load 
(28) a.re taken after the work of George a. Ernst. Two equations 

were developed after revising the first and second moment area 

theorems.* These equa.t ions are: 

deflection at craok,Ll0 

ultimate def~ection,6u 

= 23/216 ¢cL2 

3: (~ + 2- ¢ )12 
27 72 u 

.J~ The revised moment area. theorems and the development of 
the two basic equations is shown in the apJ)endices. 
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d > +~ where: ~o = rotation a.t first orack = <..'ct.-.9-..-.... 

-- ultimate r1,tation ~!}J! 
dpfg 

d 

To arrive at a working eq_utition for deflections the 

equations for ~c and 6u uere ::rewritten • 

. Rewriting the expression for unit rotation: 

ti Af 
'f'c - .E a c 

In this equation E0 is ·t;he mod.ulus of concrete an.d b.f is the 

total change in concrete stress between bottom £tnd top flange 

and from initial prestrese to the load condition for which 

the deflection is desired. 

~;i:nce all of the quantities required to calcul~1.te 6f are 

k11ow.n dt1ring the design, the deflection at first oraok can be 

fou.nd. .Assumlng the modulus, ];tP to equal one thousand times 

the com.p:ressive strength of 'the concrete, the deflection at 

first orf~ck is: 

6.c = .-22.___ 12 
216505 d'f0 t M 

Using the se.me procedure the eque,tion for u.ltime.te deflec-

tion is re~ritten as: 
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In this equation the value of C 0 is the failure strain of 

oonorete and may be assumed to be 0.003 inches per inch. 

This leaves one unknown term, the stress in the fiber glass 

at ultimate load. Due to the low modulus of elasticity of 

the fiber glass, suffiaient yield should occur in an unbonded 

post-tensioned member to cause a compressive failure in the 

conorete with only a sms,11 increase in. fiber glass stress. 

For this reason only a slight error is introduced if tb.e 

initial post-tensioning stress is used in the deflection 

equation. 

The equations developed for deflection a.re for short 

time loads. Deflections under long time loading can be oe.1-

cula.ted by substituting o.85 r 0 • for f 0 ' in the expression 

for ultimate rotation and substituting 500 f 0 • for the modu-

lus of concrete in the expression for rotation at first 

crack. The ultimate deflection is then: 

Discussion ,2! results 

The results obtained in the tests correspond well with 

the oaloulated values of cracking load and deflection. Data 

recorded duri11g the test were: 
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Beam rn1iTa1 d'ra.oking , De fleCt 1. on~.t ILl-~'h':\lo'....--

Ultime.te 
N-o. :Pre stress Load Cracking Load Deflection 

M_.i.lb ! ) 'qo ( lp .• } { j.}J.C h~s ) (i;nphes) 

I lt570 2000* 0. 01~5 1.,23 

2 5620 3400 0.055· --+ 

3 5585 3400 0.060 1.25 

If the mea.sured v::1.1ue for in.1 t ial p:r.est ress is used tn the 

de£11:lgn calculation the following theoretical values are 

Beam Craclc1ng Deflection at Ultime.te 
No. Lo&.d First Ora.ck Deflection 

{lb,) ~inohes) _!inches) 

1 1957 0.037 1.46 

2 3100 0.059 1.56 
3 3190 0.066 1.57 

Comparing the above results with design VBlues above, the 

design deflection is about 25 per cent higher. This is due 

to the use of the initial post-tension force in calculating 

the fine,l .fiber glass stress. Since the initial stress is 

the lower, the calculated deflection is larger than it would 

be if the a.ctual value were used. Using beam No. 3 as an 

• This beam not loaded to failure • 
.;~ Beam .No. 1 was cracked during fabrication. The oraclting 

load was measured when the crack first became visible. 



example, and. substl·tuti:ri,g the actus.1 f:ln~.l fiber glass stress, 

123,000 psi, into -the ultimate defl~rntion eq_u.ation, the de-

fleotion. is 1.31 inches. This is within 10 per cent of the 

measured deflection. 

The test results indicate that fiber glass post-tensioned 

concrete members may be designed by ex1st:tn.g theories except 

for finding ultimate loads. 

A plot of load and deflection, Fig. 14, shows that after 

the post-tensioned member cracks, very little inarease in 

load occurs before failure. A.ft er the first oracle deflections 

increase rapidly. 

Due to the apparently small safety factor between crack-

ing and ultimate loads a suitB-ble safety factor n1ust be found 

wh:lch would insure against era.eking. ~his may be accomplished 

by designing according to seot ion 205. 2 of the present oode. ( 29 } 

Conclusions 

Oonsiderl:ag test results of beam.s designed by presently 

acceptable theories,. t.he follo·wing cr.:m.clusions s,re made: 

1. :Design concepts used with conventiona.l !'Jteel pre-

stressed concrete are adequate for fiber glass post-tensioned 

concrete, up to the cracking load. There is also no indica-

tion that fiber gla.ss prestressed concrete will require 

changes in design procedure. 
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2. E:;s:r:wssive deflection w·111 not become a IH'Oblem as 

long .s.::: trrnrJr:'.ln.g loads .'3..re maiuta:tned tielcn-r the c:;:•aokLng load. 

3. De.f'l~ctiona ccimp11ted acoordin:~ to 'the revised moment 

area theorems eppear to correlate well with actual deflec-

tions. However, th~se equations sho11ld he checked w:'l.th many 

different de:?,igns to deterYn:lne 'their adequacy. 

4. A. method of ca.1cule.tin.g ult1.:mate loads 'UUSt be 

studied before reliable safety factors can be chosen to in-

sure against failure. 



T! 

iJI. .APPl?.UDIOES 

teats of standard cylinders and flexural beamu~ fhe beams 

d o~i·a~.· lo~~ ~-~ 0t.~e~r ~ :,.ii · ~J.l ..... ~ :..J.. ....-L.l \J.. o •.A ,1- \.) -...;. follo·ws: 

Stress in concrete, 
re !_eq 1\f '"'~-·~ ... ... MLO f c ::: - .±.. t _,, .LJU 
.&c +- .,.---I I I 

The t>eam pro:portles ere shown in Fig. 15, and 

also the method of loading. 

The moments Mn and Mr, taken at the centerline are: 

Mn = l/8 wL2 ::: 734.4 :i.11. lb. 
p .... -x 
2 

= 12 P in. lb • 

Using T = 5000 lb., the equation for oonorete 

stress in the top and bottom flange respectively 

become: 

ft ·- 4' 327. 5 - 0. 537 p - 32. 84 

fb = - 1110 + 0.55P + 33.67 
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FIG. 15. 
BEAM PROPERTIES AND LOADING 
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J:1mr if the limit values t"'f' f' t ·' ... -·a 

load, P0 , is found to be: 

p ·- 3242.6 lb. '"Q -

·"' + 2J4. 7 1 tl ·-

f bi :;::: -1076.3 
ftf 1'-~45. 6 . -· 

f bf -- .{• 707 .. 1 

ft' are sub-

:Deflectlor.i.s are calculated by eq_uatlon.s d.ev-eloped 

from the revised moment area theorems. These 

equations are: 

A C :;: 2"" t,2 
~ --..::-... ~ Af • ;;;.n.d 

216000 dfc' 

::: (-.~! "'T + 5 Co f~ ) L2 
27000f 0 72 p fg d 

from preyious na.lm.:i.lat1o:ns. Substituting the 

proper values the design deflections are: 

.6. c ·- 0 .. 063 inche~ 

.6u - 1.61 inches 



A method of com.put ing deflect ions wa.s taken s.fter the 

work of Geo:r.ge 0. :illrr.1.st ( 28 ) who revised the moment a.rea 

theorems to derive ultimate slone and deflections. 

'.~he revised theorems are: 

l. The change :2.n slope between a:rl,.y two points 

is equal to the smi1:: of. the area of the unit 

rotation dis.gram and the angular y1el(l of 

plast ia hir1ges between the two point$. 

2. ·The deflection of one point on the elastic 

curve to a te;ngent to the cur.ire at some other 

point is the statio moment of the area of the 

unit rotation d.iagram a.nd the first moment of 

the angular yield of plastic h111ges between 

the two points, taken with respect to the 

point for which deflection is desired. 

3. l'he slope at an.y point is the shea.e at ths,t 

point of .an imagi:na.:r·y end-supported beam 

loE,,ded wi·t11 the unit rotation diagram co:m-

b:lned with the angular yield of plastic hiuges 

as concentrated loads located at their respeo-

·ti ve points of development. 
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4. The deflection at any point is equal to the 

moment at that point of an imaginary end-

supported beam landed i;,;rith the unit rota.tion 

diagram combined with the angular yields of 

plastic hinges as concentrated loads located 

e,t their respective points of development. 

Considering a short section of beam, Fig. 16a, the rate 

of change of slope ls 

d9 = (c o:ct) ds, 

ari.d therefore ¢ = gg = {g+[t (1) 
ds d 

For a concrete beam, that is under-rei:nforced, Fig. 16b, 

an expression for unit rotation is developed thusly: 

From statics it is known that C ::::: T and therefore, 

(2) 

where p = Ag/bh and k = a/h. If a :plane section remains 

plane after loading the following expression results: 

L.. 
1 - k 

now by combining (fll.a.tion (2) and (3) 

Co + ft Jc fav 
p f g 

( 3) 

(4) 
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FIG. 16 

a. CURVATURE GEOMETRY 

~b~ f c 

a c 
N.A. 

h 

0 l T 

b. FORCE DfAGRAM 



and sinoe ¢d :::: [ 0 + et, 'the unit rotation at .first 

crack and at ultimate load e,re: 

and 

:By using the revised moment area theorems. deflection 

equations are developed for a simple supported beam. Fig. 17, 

loaded at third poin·ts. 

The deflection at f.irst Qraok is the moment of the left 

side o.f the oonjugate beam a.bout the center line: 

or 

Likewise ultimate deflection is the moment of the :r.igll'I; 

side of the oonjuga:te beam about the center line. 

- c!s + 5 ¢u)L2 
27 72 
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FIG.17 

h 
¢c I Z--------4. 4 ~. ¢u 

~~~~+~~ 
at first crack i ultimate deflection 

a. UNJT ROTATION DIAGRAM 

~ ~~----'-~-'-+------'------'------. I ~~ ~'(YV¢c)~ t 
at first crack ultimate deflection 

b. CONJUGATE BEAM 
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Date i J~·-9-62. 
Type of Grip ; $t1p re·m.e St rand Ohuck 17'.7 80. 
Specimen: Avg. dia. = 0.251 inches; lemgth 18 inches. 
Test Machine: Tinius Olsen.·- 60 1 000 lb. cz,p.,, 7if45659. 

f:.ipecl.men loaded at rate of 0.05 in./min. (strain). Load 

increased at steady rate until failure. Fe.ilure occurred at 

load of 3000 pounds. This corresponds to a unit stress of 

63,200 :psl computed OYEn" the gross a:r.sa. of the rod. 

Fa.ilu.re occurred. in top grip by cu~tting of the rod with~ 

in the jaw assembly. Rod failed after being cut• by shatter-

ing a.long verticr:~l planes. Examination of' rod indica.ted an 

uneven bearing in the grip. 

Note: Try placing protective cover between rod and grip. 



il;o,s·~. Nq, _2 - Inveii'~ti&"ation _of Suitable .@ri12 
' ~~·· 11!1 Ui ~::.l.1$- .. 

Date: 4-9-62. 
Type o.f G:r1p: Sn.prem.e Strand Ohuck /f.780. 
Specimen: Avg. dia. == 0.251 inches; length 18 
W t W '• M• • . ·. 01 ~Q (QQ l"b .1:es r:i.aes.D.ne: '.U.ni.us sen - o , ) .· ·• cap., 

inches. 
1145659. 

SpGcimen coa.ted with fine cHrborundum powder an<l El 

copper sleeve l/32 inch thtck was :fitted over the end to 

sleeve ·r.:rn,s made from st.2.nda:r.d copper p:lpe t ~rnlit an.d 

formed. around c:nd of rod., 

Sp8c:tmen was loe,0.ed fat rate of st~ca.i:n of 0.05 i:a .• /min. 

until .fal1u.r-e~ .Load 1ncreaJ3ed 8.t tu1ifo:rm rste to 3,755 

pounds ~~t which t im.e :f'a1.1u.:r.e occu.~cred.. This corresponds 

Of rod. 

w:rine~ ini·tial stage of loading slippage occurred in 

the top grip. Test wa.s stopped a.nd the grip tightened • 

.Before tightening, load was removed. After co:rreo·tion 

the test was co:c1tinued. 

Failure occurred due to crushing within grip. 'E'lxami-

nation of rod indici,;:,ted uneven bearing as cause of failure. 
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Datei 4-·9-62. 
Type of Grip:. ;telia.ble St :candvise #5102. 
Speairaen: l~vg. dia. :::= 0.251 inches; length 12 inch.Eis. 
Test I"I<:.ch:l.ne: Tinius Olsen - 60,000 lb. cap., #45659. 

Specimen coated. wl-t;h flnt~ carborundum :powde:c tUJ.d covered 

1'dth a copper sleeve 1/16 in.ch thick. Copper sleeve was made 

from standard copper p:tpe • split and fox·med arom1d end of rod. 

Specimen was loaded at st:raiu rate of o.o5 in./min. 

Slippage occurred in bottom grip at a load o:f 75 pounds. 

This could not 1e oorreoted during test. 

Rod. was examined and no apparent d&Jrta.ge had occurred. 

Notas Sinoe slippage has occurred in previous teats 

using sleeve, try softer copper or lead. l'his may cause 

plastic flow of "the sleeve with less load, and gri·pping 

~i.ction may take pl~we sooner • 

.May also try revising ji:iw· <:1.si:\embly of grips to el:im1-

nat e cru.sh.ing. 
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Date: 4-13-62. 
Type of Grip: Supreme St:rGJ:td Chuck 11780 (revised). 
~~:p~::cim.en: Avg. dit~ .. :::: 0.251 inchos; length 9 inches. 
Test Machine: Tinius Olsen = 60,000 lb. oa.p., 1/1}5659• 

in Fig. 5. The low·er [JOrtion of es;ch section was removed for 

a distance of <:me-ht;lf i:nch zo that bearing would take place 

bi the upper half' of ·tb.e grip. The teeth on the inner surfaee 

~ho ends of ·the rod were coated with c0.rborundu.m powder. 

This was done by first applying e, thin OOP.i,t o:f duco ceme11t 

and rolling the rod over a sheet of glass on w·hlch the powder 

had been spread. The rod also had a copper sleeve 1/32 inch 

thick placed over the ends. 

til fa'.l.lure. li'a.ilure occurred at load of 4, 750 pounds. 'l1hi.s 

oorresponds to a unit stress of 97 11 000 psi com:puted over (~ross 

area. 

Failure wa.s oauruecl by m.isalig:runent of gri:os. Examination 

of rod showed that bearing within the grip wzi.s much improved; 

howev-er, somE.~ local crushing did occur before failure. 



Characteristics £.! Fiber f:'ilas_§. ~ 

Date; 4-2G~~62 .• 
Type of Grip: As noted. 
S:peoi.T.1=.n: .Avg. dia .. :: o.251 ~.-ncl'le~; length 15 inches. 
Test Mochi11e: Tinius Olsen - 60,000 lb. cap., ;¥45659. 

'.fhis test iEi to provide prel.imtnarJ data of tht? str·ess 
t . s :rc.:111 of tb.E: fiber gl<Jss r·'.:l(iS used 

Fmxr type0 cf g:rip were enrployed.. These arc as follows: 

2. Supreme Strand chuck ;if.7fYJ (Beviaecl) no sleeve. 

3. Stre:r.idvise 5102 ·with lead ~gleeve. 

!1. Crimped copper :pipe. 

cal recording device cc.~upled with the testing machine • 

.A .. 11 of the s:pecime:ns tested showed a characteristic 

straight line stress zt ra.in :rslationGh.ip throughout; the r&.nge 

of load applied. Several specimens were subjected to three 

or more loa.d cycles and each indicated :perf'eot elastlo proper-

ties. 



5 - ( c o:nt ' d ) 

D8.tf:!. 

Grip Ulti-::uai;e Load st1"'er.::s StrEi:n )Yf.oclulu.s of 1~la.sticity 
_.;____(lbs. l-.. -·-·==--~•(..,.t'.!-~.._:J,_.l_ .. __ ~J ;\.n :.lYl.,;.c..""') ---·-.. -... _..JwP;;..:;S:;.;:!~L...._ ... _. ___ _ 

1 1500 

2 2700 55700 0.0826 6.74 <r 106 ·"' 
.,, 1100 :; ·;;v;300 o.031-t6 6.45 x 106 __ c., \. 

4 1500 
c 

30380 o.o4!t5 s.a x 10° 
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Da.t e: 4-14-62. 
Xype of Grip: Tapered Dowel. 
Speclmen: .A1rg. die. = 0.251 inches; length 12 inches. 
~eest Mach:1.n(H Tinius Olsen - 60,000 lb. cap.• f.Jb,.5659. 

1liti.d grips were made using 7 /8 1.noh diameter srteel dowel. 

The dowel l>nae drilled through cen.ter with e, drill sl1ghtl;r 

larger th~u1 1/1!- inch for a snug fit around glasEi rod. One 

end was then tapered 8.S sho"W"L\. ir. Fig. 4. 

The grips were placed in. a ala.mp viith the fiber glass 

then split into Ql:tarters ustng a knife blade e.11.d. the sections 

wedged apart us ins small sections of meta.1. The :fi be:t> gle,ss 

was th.en bonded to the grip ;,·ifith an epoxy adhesive* a11d a.1-

lowed to cu.re :for 33 hours at room tempi.$re'.l:ture. 

strain re::te of 0.05 1:ncb.es per m.lnute. Los,d and strain in-

creased e.aoo:rdi11g to a straight line until e:t; a loa,d of 1500 

pounds, t1rnn some deviation was noted.. Slippage occurred in 

the top grip a.t 3l.l50 r)ounds. Loe.ding w·as continued hut load 

dropped off. Slippage in bottom grip noted at 2000 pound.s. 

Load oontinued until failure at 5125 pounds. This corresponds 

to stress of lOi-1-,600 psi oom;pu.ted. on. gross area of the rod. 

The large strain observed during first of test is attri-

buted to low modulus of epox1 or possibly the grip not being 

filled completely thus allowing slippage. 

* Hy sol Epoxi-:Patoh Kit produced by Hy sol Oo:r:p., Olean, ~r. Y. 



Sui table 9Xil2 

Date: 11.-18-62. 
~·ype o:e Grip~ Tapered .Dowe1. 
S1)eoimen$ .Avg. dia. .. = 0 .. 251 lnches; length 12 inches. 
'J!e:)rrt Mnch.'l.ne: Tinius Olsen - 60,000 lb. cap., l/.l'r5659. 

the rod which had been split were wedged a.pa.rt ~tith short 

pieces of wire. The rd.re -was ou't so that the rod. would be 

forced against the s1des of the steel grip. 

The svecimen was loaded at the standard rate of strain 

of' 0.05 i:n./mi:n. Slight slippage occurred at lead of 5250 

pounds but load wa:::i eo11t1nued since there was no app~.re:nt 

damage to rod • 

. F"ailurl'$ of spec3.men oocu.rred at load of 6550 :pound.a 

which corresponds to appro'.limately 133,900 psi computed over 

the gross a:tt~a. o:r the rod. 

Exami:n.s.tion :of ·the failure indicated dia,gonaJ. shear 

t'ailu:re occurred at the point of intersection of the taper 

and the drilled hole. 

1·t i~~ proposed to change the grip used by eliminating 

the sharp breaking point believed to have caused the failure. 
' 
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Date: 5-~~-62. 
TY1Hi~ of Grip: Tapered Dowel. 
Specimen: Avg. dJ.a. ::: 0.251 inchE:fq length 12 inches. 
i"!est Ha.chine: Tinius Olsen - 60,000 lb .• cap., #li.5659. 

for fest No. 7, but the inside taper was revised to eliminate 

the shs.rp transitio11 :fro.m. center hole to ts.per. 

i'he specimen was prepared in the samG manner as those 

for Tests No. 6 and No. 7. J., post yield. strain IV'i.ge. type 

PA-3, was placsd 011 the fiber glass rod .for recording stre.in 

data. 

Spaaim.en loaded at standard' rate of strain of o.os 1n./ 

min. Slippage noted at load of 5525 pounds. After sl1ppag$ 

the loed fell off and then reoovered until failure at load 

of 54-75 pounds. 

Xhe results of this test indicate ultimate short time 

strength of 1131 000 psi computed over gross area.. Ultimate 

st rain 0.t failure was o. 016 in<H1e a per 1:nch. The e last ie 

modulus calculated from data t<r:;i.s 7 .1 x 106 psi. Fig. 10 

shows stress st rain curve. 

It appears that this grip will giire good service up to 

100,000 psi or better4 



9·4 

TJ:.u:i specimen for this test was prepared e'.GcordJ.ng to 

and turned down to 60 per cent of its original diameter. 

:PA-3, f&.sten$d to th'~ necked down portion of the speciEtGn. 

Spcctmen loaded c:t standard re.tc of strain, 0.05 lu./ 

min. 
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~ Nos lQ. - Calibration .2.! ~ Qill 

Date: 5-15-62. 
Tes'l; Machine: Tinius Olsen - 60,000 lb. cap., #1+5659. 

The load aell to be u.sed in measu.rin.g the post-tension 

force ~'l·:i.thin. the fiber glass did not have a xmme plate ·with 

data. Therefore, before loads could be determined the load 

coefficient had to be determined for the load cell. 

The load coefficient was determined in the follow·ing 

manner. After plaoing the load cell ill the testing machine 

and connecting the proper electrlca.l strain recorder, the 

load cell was subjected to three repetitions of load. During 

the load cycles, readings of strain m1d load were recorded 

at 1000 pound intervr;ds. Using the recorded data a oa11-

bra.ti on. carve was drawn, :Pig. 19, so truo.l.t loads could be 

determined from strain readings. The load coef'fioient, k, 

is the load divided by ·the strain. Therefore loa.ds above 

those on the curv-e can. be calculated by mul·tiplying strain 

by the load coefficient. 

k ::: load 
strain 



"'"" 
0 

8 
~ 

x -
l/) 
0 z 
:::> 
~ 
z 
_J 
_J 
w u 
z 
0 
0 
<{ 
0 
_J 

5 

4 

3 

2 

1 

97 

FIG.19 
LOAD CELL 

CALIBRATION CURVE 

TEST NO. 10 

0 .....____.....___,,~_._~___.._~--~--~~~--~-----
0 2 4 6 8 10 12 14 16 18 20 

STRAIN IN INCHES PER INCH (x10- 4 ) 



98 

Date: 6-4-62. 
Type of Grin: .Heliable Saueeze Sleeve. 
S~pecimen: Avg. dia. = o.250 inches; length 15 inches. 
Test MB-chine: Tinius Olsen. - 60,000 lb. cap., 1%45659. 

The sleeve was placed over the end of tb.e specimen and 

epoxy hysol cement was used to bond the fiber gla~s to the 

metal. 

Speoimen loaded at standa.rd strain rate of 0.05 ln./min. 

u.ntil failure. Failure occurred at a load of 5580 pounds, 

corresponding to a stress of 116,000 psi. The failure oc-

curred within the grip by the rod slipping ou.t of the sleeve. 

Slippage resul tea. from loss of bond 11etween epo.xy and 

fiber glass. Before .failure occurred yielding was observed 

in the speci!flen. Since there were no indications of yield 

within the fibt~r glass it is assumed that this occurred 

within the grip. 
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Test No. 1.2 - Investigation 2! Suitable ~ 

Date: 6-11.-62. 
Type of Grip: Ta.pered Dowel, with Ma.rson's eyJoxy. 
Specimen: .Avg. clia.. :::: 0.25 inches; length 15 inches. 
Test M2:.chi:ne1 Tinius Olsen - 60.000 lb. cap., #45659. 

'.rhe grip in this t e ert; is the same as used i:n Te st No. 8, 

with the exception of the :t. .. es1n. The resin was Marson' e G-15 

The epoxy was mixed. four parts resin to 011e part hardener. 

Whe11 mixing 'the epoxy too much hard.aner was used and the 

m.ix did not he.r<len properly. The specimen was OtU"'EHl for 

seve.n da.ys at room temperature and atmospheric pressure. At 

the time of testing the epoxy was st.111 not hard. 

Speoimen loaded at sts.nd.ard rate of strain of 0.05 in./ 
min. No slip observed until failure whioh occurred at r:t load 

of 5l~20 pounds. This corresponds to a stress of 110,800 psi 

computed over gross area of the rod. 
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Test li!?..s. li - Investige.tion £! Ultimate Str.~J.lSih 

§!!!! Stress Strain Oharaoteristias 

De,te: 6-7-62. 
Type of Grip: '.J:apered Dowel. 
Specimen: Avg. die.. = 0.259 inches; len.gth 18 inches. 
Test i"L?..chi11e: Tinius Olsen - 60,000 lb. cap., ff.lf.5659. 

Specimen prepared as in Test !fo. 13 a.:n.d a post yield 

strain ga.ge, PA-3, w·e.s used to record strain. data .• 

Specimen loaded at standard rate of o •. 05 in • ./mil1. until 

failure. F.aiJ.ure occurred at a load of 8625 poun.ds or a. 

stress of 164.,ooo psi figured on gross area of the rod. 

Strain readings ·were recorded until a load of 5650 pounds 

at which time the meter ran of.f the scale. The data recorded 

to this 11oint indicate, Fig. 20, elastic stress strain rela-

tion.ship and an elastic modulus of 6.42 x 106 psi. 
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FIG. 20 
STRESS STRAIN CURVE 
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snd Stress strain Characteristics 
~ ................ - -

Da.t :;! : J5rot recorded. 
Type of Grip: '.tapered Do'i1·e1 ·~d th ~1Iarson 1 s epoxy. 
Specimen: .Avg., dia. = 0.258 i11ohes; length 18 inches .. 
''''e·~1-. <·J:~,ch~,1 ,,,. 'i1 ·i,1~''·.:1 n1,~'"',,1. ·- ,::;,n f'.J'nr: lh Cf:i" &A5f1r.;:) .,&. ......... "oJ ..L • • ..__, -~~J~...i. v ... .,_ ...-.t..,,, • ..i.. \.I.:. i,,.; v _. -· - - ,_~ ··~ ' .... ,,.. ...-~ v •. ""'' ~~ • J i:' 1 - ...; ,_/ ~ 

1Ihis spGcirne:n we.s ta.1t.:en from <:l section or the rod. used 

in tensioning baan number two. The end grips were prepared 

as in Tsst N0. 14. 

ovor a wider range a vnriable resistor was placed in the 

circuit. 

Data reco:r.ded sho·4 th<>t the specimen had an ultimate 

st.reng,"th of. 9400 poun.dm or J.80,000 psi and an. el:r:i,EJtic mod.u-

lus o:f 7 .1 x 206 computed -over i;he straight po:rtton of the 

curve, Fig. 21. 

Failure in this test occurred in. the rod itself. The 

failure was very sudden, much like an explosion, ;rith glass 

and :plastic dust filling the air. 

The slight devl::?.tion from the straight line relation 

of stress strain noted on the curve may be due to yielding 

in the epoxy bonding material within the grip. 
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FIG.21 
ST RESS STRAIN CURVE 
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!~t ~S'~!. 1§. - lrn...e:tJ..~~ljiJ:Qn 9f !I1~J:mat~ Zttren~.h 
~ §..].J'.'£? §.I fu~ Q.~1ara9t §:.I.i:.fil.12§. 

D~~tei 6~,14-6<.?. 
Typ~ 01· Grip: Heliable Squeeze Sleeye bo:ncled ·with N.arson' s 

€rpoxy·. 
Spechnen: .iw·g. dia. = 0.25'7 ir.whes; length 18 inches. 
iest M&ohlne: Tinius Olsen - 60,000 lb. cap., f45659. 

The specimen was prepared by placing Re1:1.Bble Squeeze 

Sleeves on t.he end of the fiber glass x·od .:uJ.d fl.11ing the 

void with lfa:rson' B G-15 epoxy. The grips "'rere cu.red as in. 

Test No. 14. 

In order the.t strain readings cotild 1/e recorded a PA-3 

post yield strain gag~ was fastened to thr:; specimen. 

'.l1he specimen vriis loaded. at a rate of strain of 0.05 

in./min. FailuTe occurred &.t a. loa.d of 5425 pou:nds snd \J'O.S 

due to slippage within the grip. 

Date. was recorded and a stress strain curve, Fig. 22, 

drawn. ±'o:r the fiber glass rod. 
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FIG. 22 
STRESS STRAIN CURVE 
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Date: 9-22 ... 62. 
Type of Grip: Jlle,nngrip. 
:Spoc:tmon: .Avg. dta. = 0 .. 258 inohr.is; length l~. O feet. 
:rest; KLc:u:;Iiine ~ Tinius Oloe:n - 60,000 lb. oap. • ffL}5659. 

The specimen was :prepared by wrapping the ends of the 

.Panngrip £:<.bo~1t the fiber glass rod. To wro.p the rod the ends 

of the grip a.r.e pulled awair frorn the fiber glass and wrapped 

with a clocJ<..·wise :m.otio:n. Since the inside of the grip is 

coated :dt;h B,n aln·asi Ye, c1:1re mu.st be 'taken not to damage the 

fiber glass. 

'.I'he speo:lmen was placed. in the testing ma.chine and 

loaded at G.t r;;;i.te of strain. of 0.05 in./min. until failur·e. 

J?ailun~ ocou.rred at a lol'r:.d of 6440 pounds. Th:ls corresponds 

to a r.rtJ:·e~:;s of 123,500 :pn1, computed ove:r the gross 2.rea of 

the fiber glass. 

Investigation of specimen after failure i:ndiea.ted possi-

ble dv.me.ge ·to flber glass ''i'thile plecing ~~rip 011 rocl. 
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Beam tests _, ___ ~ 
general 

Three :precast beams were made for porforming flexural 

tests. After the concrete had cured the fiber glass pre-

stress:lng rod was inserted :l.nto the mewber through a pre-

formed duct. Special designed grips were then fastened to 

the fiber glass before the et:r.essing opers.tton, li1i.g. 23. 

To measure the tensile stress in the fiber glass rod 

two .'.J1e-thods were employed. iL post ;yleld strain gage PA-:s 
·N·s.s fast01rna. -Co the rod before placing ln the member for 

recording stress changes. .Al.so a 10E1d cell, Fig. 24, wgs 

fastened to one o.f the end grips in such a we..y that tensile 

forces could be measured. The load cell wae used as a check 

ag.s-oinst the c:tr:;dn gage c.nd to provide measurements in oa.se 

of failure of the gage. 

Str2in measu.rements within the concrete 1H;:re made using 

.A, ... 9 strain gages faE:tene11 to the top and bottom flange at 

th.e raid poin:t of" tl1e bea~m. 

Du.r:i..n.g t es't ing :re&. dings were tair.en simu.1taneo~.rnly of 

toto.l loc.d, deflection, concrete strain., and :fiber glass 

The beams T"rere post-t.t::.:nsio:n.ed in the concrete laboratory 

rrnd then carried to the materials testing la.borator;.v, in an. 

adjoining room~ for testing. 
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FIG. 23 
DETAIL OF TENSIONING DEVICE 
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TENSION INDICATOR 

load eel I 

lock nut 

end grr p 

SECTION A-A 

SECTION B-B 

B 
-4 

A. 
~ 



110 

t.Lm.e a.::: th:;:: bE:H?dil test to obtain actu.a.l compressive and flex-

·:.ira1 strengths. Tah1e III sh.owz the VDJ.uo oft.he compressive 

s"G:c'c:ag'th f :. f1.nd flexur<:'.1 strength ft' for ea.oh of the specimens. ,, 

Th~~ beam used in this test was broken in half du.ring the 

·post-tansioning operation. '..t?he end grip :fastened to the lo.ad 

cell slipped releasing the 3000 pound. c.rnm:prei:H1ive force ex-

erted by the fiber glass. This release of ane:rgy snlit the 

concrete beam. 

'.e11e epoxy :resin being used for bond when th~ bead.'J. broke 

waa I\ysol .i1'po:~i-Patoh Kit. Thi}ll ws.s repJ.~1.oed with Marson' s 

li-15 epoxy resin. iw.rson' s epoxy resin appears to have su.-

perior quali'l;ies ove:r tl1.e Hysol. 

After replc::~cin.g the end grips the member was again post-

tensioned. Due to the crack only 4570 pounds ot tensile force 

was applied to the fiber glass. 

Since th.e member was cracked no strain ga.ges were placed 

on the concrete, but f» post yield gage P.A-3 was placed on the 

fiber glass rod and a load cell was fasten3d ~o one grip to 

measure the prestressing :Coroe. 

Duri:ng the test readings were taJten of total load, de-

fleetion and fiber glass stress. 

Table IV shows the 'tt;tbu.lated test data. 



Oompr~ssJ.ve and Flexural S·trength of Concrete 
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6B7.8 
5,060 

633.L~ 

4,575 

684.3 

611.~.o 

4t0#0 

4,325 

·i>:· All comp:tei:H-:::1.ve test cylinders we1:e made acccn:-ding 
to p:cocetiurf~ sta'tad in AS~l.'M 031~44 w'i'th the exoep-
tion t1f curing. Spec:i.i0ens \':rere cured 8,t ntmospheric 
cond:i.tons as ·were the p:eece.st beams. 

1l11exure ·test specinwna were taken from the end o.f 
the preoe .. st memb0rs used for beam tests. 
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beam no. 2 ---

This beam was tested in flexure having load applied at 

the third points. The recorded teat data included total load, 

deflection, fiber glaes strain, concrete strain and tension 

on load cell. 

The beam ·was post ... te:nsioned with a tensile foroe of 

5,620 pounds which for the rod diameter of 0 .. 259 inches cor-

responds to a stress of 107,000 pounds per square inch. 

Load was applied until the top flange began to fail :l.n com-

pression. The load w·as then removed and readings were taken 

during recovery. 

Table V lists the tabulated data and calculated concrete 

stresses in ·the top and bottom flange. The :post-tension force 

·w·a.s determined by the use of a PA-3 strain gage fastened to 

the fiber glass rod. Concrete strain was measured with A-9 

strain gages fastened a.t the center line of the flange. Jl.J.'l 

a.mes dial wa,s placed e.t the mid point of the beam for record-

ing deflection. 

The beam was loaded at a uniform rate with data recorded 

at each 200 pound increment of load. Loading was continued 

until compression in the top flange caused spauling. The load 

was removed a:nd a tina.1 deflection rea.ding was taken. 
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-- be9.m no. 3 --

This beam we,s -oost-tensioned wi·th a force of 5585 pounds 

and tested in the same manner as beam no. 2. Table VI shows 

the tabalated test data. 
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A.bstra.ct 

FIBER GLASS PRESTRESSED ommRE'TE 

by 

Taylor F. Turner Jr. 

The use of glass :reinfo~cceillent in oonorete was conceived 

over thirt;y years a.go. However, it has been within the past 

ten years that t.h€: advanta.ges of glass fiber over ste0l for 

use in prestressing have beoome known. Pa:;,st research shows 

that, even though the physioe,l :properties of glass fiber in 

the form of lamins,ted rod.s are desirable for prest:::-essing con-

crete, the material presents several problems. '.!:'he most dif-

ficult problem is ·that of gripping the fiber e;lass rods. 

Other problems are creep e.n.d. developing adequate design 

ori terion. 

~ihe present :investigation confirms many of the previous 

f1nd.:tngs ~,ti.th respect to gripping devices and presents data 

on tensile tests performed on modified oo:mmercia.1 grips. The 

Fanngrip is the most promising oommerclt.:'.l g.r:tp investigated. 

Pos·t-tensioned bea,ms a.re des:tgned ancl tested. in flexure. 

The recorded tei:rt data j_~~ comparecl wl th the design data to 

verify existing design criterion. Present design fo1~aulas 

provide reliable results up to tho o:rs.cki:ng load. Deflections 

a.re ceJ.culated with sufficient accuracy by empiric~d equations; 

however, a method of flnd.i:ng tlltimate load re1ie .. ins ,,i;;o be :found.. 
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