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I, NOMENCLATURE

Moment of inertia taken ahout centroid.
Clear span of bean,

Total load,

Tension in prestressing element.

tres of concrete,

Ares of fiber glass.,

Modulus of elasticlty of concrete,
Modulus of elasticity of fiber glass.
Moment due to live load.

Homent due to dead load.

Cracking lozd.

Effective depth of beam.

Bceentricity.

Percent of fiber glass to conerete,
deight of beam per foot.

Distance measured from point of supvort.

Distance from bottom and top fiber to centroicdal
axis.

Stress in bottom fiver of concrete.
Stress in concrete.

Stress in fiber glass.

Stresg in top fiber of conorete.

Initial and final stress in boitom fiber of
concrete,



7

Initisl and final stressz in top fibexr of
concrete.

Compressive strength of concrete.
Tensile strength of concrete,
Deflection at first ecrack.

Total chaznge in stress between top and bottem
flange of concrete from initial to final stage.

Ultimate deflection,

Unit rotation at first crack.
Ultimste unit rotation.,
Strain in conecrete.

Strain in fiber glass.



11T, INTR0DUCLION

The Iurpose of the Thesis

The rpuyrpose of this thesls ls threefold, First, to pre-
sent & review of the litersture avallable to acguelint the read-
er wlth the development of the science up to the present date
and 0 give an understanding of the problems encountered in
developing glass as reinforcement for conerete. Second, H0
report the findings of an 1nvestigaticnvfor a suiitable grip
for holding fiber glass rcdsﬁdurlﬁg prestressing, And third,
to discuss the resulits of seversl concrete beams designed as
post tensiocnsd members and tested in flexure to study defleo-~

tion,.

Even though there hos been a great deal of gtudy toward

<

developing a working kunowledge of the properties of fibver

[~ 7

glass reinforced concrete, nmuch remalng to be accomplished
before significent data is available from which sound engi-
neering practice will dictzte the apnlicatlon of such s systen.

Two areas walech reguire investigation are end gripping
devices and developing sound design criterion to check menmbers
for working znd ultimete loads and deflections,

The material presented in this paper will provide the
reader with & background of previous work relating to fibver
glass prestressed concrete and additional data pertaining to

end grips and design criterion.

% The term flber glagss as used in this thesis refers to glass
fibers bonded together with either a polyester plastic or
epoxy materials,



& Brief Mistory of Glassz Helinforcement

[esorear s

It ig known that gless has been considered for use as a

{3 %%
V1) Hovever, with

structural material for over thirty years.
the advent of the second World War the need of a substitute
for steel was realized,
In 1940 a report(g) onn a series of tests conducted in
Ingland showed that glass strips could successfully be used

to replece steel as relunforcement for concrete., UNot only were
the tests encouraging for the possibility of finding 2 substi-
tute for steel bubt there were indications thet the physical |
properiles of glass might azllow the material to replace steel
in wany instances. The tests made 1n England were on rectan-~
gular beams in which strips of glass had been placed verticel-
1y in the bottom half of the beenm thereby replacing the con-

hich normally has little structursl value other than

<

erete
to hold the steel reinforcing rods, It was concluded that
plain sheet glass mey provide sultable reinforcement for con-
crete under static losding but should not be used where impact
loads are encountered,

Between the years 1940 and 1950 most of the work relat-
ing to glass relnforced conerete deslt with solid glass rods
or strips. Hven though this work wes successful it wss
reallzed that the low modulus of elasticity of the glass re-

sulted in an inefficlent member for vraciical structural design.

# Numbers in parentheses refer to the blbliography.
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The Tirst major development in the science of glass re~
inforcement came around 1951 when Professor Ivan A. Rubinsky,
.y
then working at Princeton Uriversity, published an article(4’

in which he steted that the grest tenslle strength of glass

3

b

ogebher with its reletively low modulus of elasticity could
be utilized in prestressing concrete.

Hot only did Rubinsky foresee the possibilities for in-
corporating the physical propertles of glass fiber into the
production of prestressed conerete, but he understood the
econonice envolved ln areas of the world where steel was
elther out of the guestion due to high cost or where there
was lsck of the raw materials from which it is made,

The nmaterials from which glass are mede are found in ale
most all parts of the world in large gquantities, 2Also the
process for making fiber glass of sultable quality was readily
svallable., ¥%hese two Tacts and the fact that fiber zlasse has
a strength to welght ratio ecuzl to the best steel alloys
gvailable would allow fiber glass to compets favorably with
ordinsyy reinforcing steel,

Afber prelianinary investigetions in which Professor Ru-
binsky experimented with fiber glesss in the form of glass rope,
tape, and polyester-bonded fliber glass rods, 1t was concluded(ﬁ)
that, due %o the diffieulty of gripping the fiber glass, tzpes
would be desirable for post temsioning., The tape would eliwmi-

nate the need for an expensive zrip, since it would tend %o
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hold itself as 1t was wrapped arouwad vhe bheam, However, be-

fore serious consideration conld be given to the use of fiber

@

glass for construction 1t would be necassary to develop &
meansg to protest the fibver glass from the effects of humldity
and aliall resction, Algo it 1g¢ necesszary to find 2 method
of increasing boud and anchorage between the fiber glass and
the conerete,

Prowm this begluning the work has been carried on in the
United States under the comblned efforts of the U. 3, Navy
Buresu of Yards and Docks; the Army Engineering Laborstories;
and many of the leadlng universities and glass compzunies.

dowever, interest in the field of fiber glass prestressed
congrete is not confined to the United States., There has been
considerable resesrch overseas especlially in Germany and |
Rassie,.

It 1s interesting to note that all of the work has not
teen confined to laboratory investlgsiion., Beveral instances
tleal application are on record., The flrst use of
her glass prestressed concrete is thought to be in window
1ls for a bullding at Frinceton University, aund recently
there has been a repord that: "Phin filaments of glass fibre
coated znd bouwnd btogether with nolyestexr resin are already
uged for the reinforcement of concrete pipes to carry water

#{6)

under pressure.
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Although fiber glass has been used to nrestress concrete
this should by no means infer that it ls reecdy for acceptance
z8 2 vractlical construction materiasl, There is much to he
learned of 1lts physical properties under varying conditions
over a long period of tine.

Two sehoole of thought exist todsy on the proper approach
toward gathering dats for furthering the science of prestress-~
ing concrete with glass flhers.

A

One school iz of the oviaion thst hefore any constructlve
work ean be accomrlished much research is necessary on the
individual componente comprising the member. These asres the
glass fibers, the synthetic vesin bonding the fibers togsther
end the conerete in whilch the fiber glass is esst,

The other schocl is of the copinlon that more knowledgse
would be derived from research directed to studying sctusl
members prestressed with fiber glass.

Both of these approaches have merlt but the latter may
produce the answers to meny guestlons long before detailed
tests on the separate maberisls. In fact it is entirely
rossible thet glass will come into promlnent use as 2 &uf&ﬁ;
tural material long before extenslive knowledge has been ac~
quired of the physiczl behavior of the indlividual materials

from which & finished structural membey ig composed.



Byen theugh glass hes been censideved ag 2o substitute
for steel only a short time there are many fevorable indica-
tions that glass in the form of fibers will eventually prove
satisfactory as tensile elements in presgstressed conerete,

This thesis preseats a review or the availsble litera-
ture, tie results of an Investigation of end gripring devices,
and the test results of beanms designed as post tensioned con-

crete members having flver glass tension slcouents.

41

Previous work has shown th

[

shyeical properties of fiber
glass o compare favorably with those of prestressing steel.
Plber glass has an elastic modulus from three to four tinmes
less then steel while the tenslle strength and bonéing DTOD-
erty with concrete are reported to e in the same order of
magnitudes as steel,

The development of a practicsl eﬁd grip is one of the
gregvegt single factors preventing the developmesat of fiber
glass presiressed conerete., Althougzh many previous Tindings
were yerified during the investigation, ne aoluﬁieﬁ,has bheen
found to the problem of holding the fiber glass.wiﬁhout Cré=-
mature failure of the rod; & gatisfactory grip must be capa-
ble of carrylug the ultimate tensile str&n&th of the fiber
zlass, |

Although there were only three beams designed and tested

using flber glass as the tension element, the dats collecte



faetors can he chosen,.



Although 1t has besa reported that the use of glass as
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nerete began arcund 1230, much

By

of the worx reported orx 1la thig thesls haes been done since

1950.

The only references t¢ papers prior to 1840 were found
1

in 2 bibliograrhy rublished by the U.3. Army Corps of Engl-
: _

neez*s.(l One of thesge pepers was published by Qraemer‘T)in
the early thlrties dealing with glass reinforcement for con-

. “, 3 8
crete, The other was a paper by Goldstein and Bolaean( )

titled, "Ferfeetion of the production of reinforced glass
conecrete with optimum water content,”

In 1940, reports(z'B)

were published of tests carried
out in Englaand which indicated glass had been successfully
substituted in rlace of steel as reinforcenent for concrete,
The tests were carried out by Mr, 4, W, Soden, Wr, J, A. Lin-
coln and ¥r, W. 8. Marshall, Using glass strips eabedded in
the bottom or tensile reglon of the beams, bending and iapact
testes were made, The results obtained in bending compared
favorably with ordinary steel reinforced céncrete. However,
it wag noted that there were seversl dlsadvanisges, these

(9

belng the sudden failure assoclated with brittle materisls
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and the low resistance to impact loads. Subsequent testing
showed that the bend develoned between glass and conerete was
very goed. It was concluded that glsss should not be used as
reinforcement when impact losds are likely to occur. The
tests performed showed'that for static loading glass would

make a sultable reinforcement for .concrete.

FPiver zlass reinforcement

The first thought of using glass fiber as reinforcement
for concrete appears to have come from Ivan 4, Rubiusky%, who
in 1951 was Working 2t Princeton ﬁniversity, Princeton, Few
Jersey. .

sn article(a) rublished in March 1951, rolnts out that
RubinSKy realized the economic z2s well as the physical advan-
tages of glass flber for prestressing concrete.

Aecording to Rublusky there are many countries which can-
not benefit from the use of prestressed concrete dué t0 the
lack of high strength steel, However, the raw materials for
making glass can be found almost anywhere in the world in
great quantities. This may make the substitution‘of‘glass for
steel advantageous., Other advanteges of glass are its high
tensile strength and the aonparent lack of plasticity. Due to

the high strength to weight ratio of glass, the welight of

* Mr. Rubinsky was an assoclate professor of engineering and
physlcs 2% the America? University, Beirut, Lebanon., He
nolds & Lebanon patent(+)on the use of fiber glass pre-
stressed concrete,

+ Ibld. Ref. (1) p. 42.
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glass in a prestressed conecrete beaun would be one or two per=-
cent of the weight of steel in an equivalent reinforced con-
crete bsan,

Other advantsges of glass fiber are pointed ocul by Rubin-

)

sky 28 being the hligh resistanece to acids and alksiles of some

.

special glasses and the ability to withstand high temperstures.
Therefore conerete with zglass as & prestressing element would
be more resistant to heat than an equivelent member using
steel and imnmune to corrosion hy sait water sad many chemicals,
The article then points out that some of the paysiecal
properties of glass introduce problems which must be solved
before glass can be used in prestressed concrete., Oune of
these 1s the chenge in strength between'wet and dry fibers,
The low strength is stitributed to the effect of molisture upon
the silica gel exposed through surface cracks in the glass,
However, this would be veduced or eliminated in Piber gluss
since the glass fibers are proiected from molsture. Anciher
problem 1s the varying strength as the diameter chenges,
In 1954 RubinskXy vublished an accounbsg his work while
at Princeston University. Here he emrhasizes the high strength
of glags Llvers by referriang to the work of Anderegg, Jurkov,

Aslanova apnd others which lndicate values as high ss 2.0 X

™

10% to 4.0 x lOb pounds per square inch, However, it is
volated out thaet these are only lsboratory tested samples and
that strengths of commercial fibers have been regorded that

average 270,000 pounds per sguare inch.



Rubinsky further polnis outl that otatle fatigzue is an
isportant vproperty of filver glass. It was found that the
duration of load haé = relstion to the ultimate sirength.
However, he was unable to deteranlne whether the effect of

statlic fatligue was due

e

;0 the properties of the
itself or to creep withia the bondiang material.
Among tue mzjor problems, found by Bubinsky, retarding
the development of fiver glass reinforcement is that of ef-
fecting the transmlssion of tenalon from the reinforcemernt
to the concrete. TPreliaminary studles have ghown that the
trausmission of tenslion mey Ye sccomplished in the following
WayS:
1. Divect bond to concrete
2. Jzw grip
Ze Winding cord zround web of besn
4, DBondilng glass to grip with adhesive
In the same year that Rubinsky's work was renorted, Wr.
rogentad o summary of laformation on ths
application of fibver glass in the desizgn of preshiressed con-
crete sitrugtures,
This paper, 1t wag stated, was to point out several
problems of coaserm in the applicatlon of fiver glass to nre-

sbressed connrete,

p
<P
¥
ja
s
C'L'

Mr, Qrepps polnts oul du2 to the low modulas of

glaeazs 1t shouid be desirsbdle az 2 maeterlal for »nrestressing
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concrete, The low modulus would largely reduce the loss of
prestress experienced in conventlonal deslgn due to shrinkage
and flow 1n conerete,

Among the desirable propertles of fiber glass, revorbed
by Crenpe, were high tensile strength znd the rellsbility of
reproducing high strength strands in the productlon of com-
merctal fibers, 4lso the stress strain curve is, for =1l
pragtical purposes, a streight line. The materliel, unlike
steel, experlences no yield nolunt or yield strength.

The report further states that relnforced plastic rods
uslug parallel glass fibers glve tensile strengths per unit
area which are only slightly lower than the combined strength
of tue indlvidual fibers, Although strengths of 210,000
rounds per scuare iuch have been obtained, most rod stock has
& strength around 130,000 pounds per square inch. The nodulus
of elagticity wmey vary between 4 x 105 and 7 x 10° pounds per
sguare inch,

Although floer gless has several desirable properties
Crepps outlines several problems which need further investiga-~
tion,

One of these problems is finding a sultable grip for hold-
ing the fiber glass during the stressing operstion. The grip
should hold the fiber glass so that all strands are equally

stressed to prevent fallure before ultimate strength is
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attained., 4lso, due 1o the low nodulus of fiver glass, any

Rel
]
D
{
ot
H
®
4]

sing system should be capable of three to Five tines
the movement encountered with steel,
Another problem discussed by Crepps is the guestion of

durability of glasgss fibers exbhedded in portland cenmesnt con-
: 2 ;

o

rete, This concern 1s due to the fact that hydration of

03—3

ortland cement occurs at s pH of about 12 and a pd of =ight
or nine 1ls undesirable for some glasses. However, there are
many coumnpositions of glass, some superisr to others in the
presémca of alkslies. In the case where glass fibers are
enbedded inzlide a plsstie, as in fiber glass, this nproblem 1is
greatly reduced since several plastics zrye resistant to alka-
lies to at lsast a 2H of twelve,

In 1952 Xenneth ¥, Keane(lo)

concluded a study of fiber
glass as e prestressing element in conerete., This study was
a. contlnuation of the work begun by fubinsky st Princeton in
connection with a ¥Navy contract.

Puz to the difficulty, which Rudlasky encountered, of
finding an end grip for holding the fiver glass, Xeane devoted
most of the study tc an investigation of dlfferent types of
grips., The zrips used were of %two basic tyrpess mechanical
zrips whlech relled on frictlonm developed by compressive foree
to tronsfer tenslon in the fiber glass to the grip, and grips
nsing cold sgetting resins to elther transfer the tension by

direct bond or by wedge action.
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Eeane found that of the mechunieal grips, the bolted
vlate grip gave a meximum stress iz the rod of 123,000 pounds
per sguare iunch, However, the compressive force required to
properly hold the rods eaz2used pvarflal fallure within the grip

glegz was gubjeeted to tension. his led to

The grips tested using ceold setting rezia to bond the

oy 5 \ B ey
fiber glass the grl

3
o}
)
<}

e most promising resulis The
nighest ultimate quick strength reported was 217,000 pounds
per sguare inch.

Keane alsgo investigated several of the physiecal prover-
tles of flber glass and concluded that creep &ld occur., This
is countrary to earlicr reports py f[ubinsky. 4Another properiy,
that of static fatigue, is explained az the result of creep

within ths bonding matrix., The creep relieves stress within
the matrix and rvedlistributes it to the glass fivers. This
redistribution results in the glaess fibers on the outside
belng overstresszed causing fzilure.

Muech of the work done at Princeton by Keane arnd others
kad besn supervised by Horman J. sollenberger.(ll) In 1953
Sollenbsrger reported on the development of an e¢nd grip be-
liceved to be sstisfactory for determining the propertles of
1/4 inch diameter filber glass rods. The grip was patterned

sgfter & Stendard Roebling Strand Sockel,



Sollenberger further reported the modulus of rupture of
1/4 inch diameter rod, having 54 ner cent glass by volume, 0
be 150,000 Lo 200,000 pounds per sguare inch and the tensile
strength o be 100,000 to 120,000 vounds ver square inech,

Tae sllowable working stress was revorted as one-half the ul-
timate quick tensile syvrength,

Following Keane's work at Princeton, John Maximillian
Weis, working under the supervision of 3Sollenberger, revorted
on the effects of repetitive loading on fiber glass rods in
prestressed councrete eonstructicn.(lQ)

Hhen sﬁudying the effeet of fatigue, Wels utilized cone
crete beams designed so that the tension in the fiber glass
rods could be essily computed., A repetitional loading mechine
was used to load the beams. The cyele of loading remained
constant snd the load was varied between 300 and 780 pounds,

The resulis of tests made by Weis indicate that the en-
durance limit for fiber glass rods 1s approximately 52 per
cent of the ultimate stress. The tests also showed that ex-
cesslve {lexure in beawns should be investigated.

Work continued at Princeton snd in 1960, Frank J. ¥aguire,
working on a master's degree, wrote a report(lﬁ) that sumpa-
rized the work done at that university. In thils thesis
Magulre reviews each phase ¢f the work done at Princeton giv-
ing dstails of methods used for testing the fiber glass and

the prestressed concrete menbers,



Among the findings reported by Maguire are that epoxy
leminated fiver glass rode are superior to others in short
time tests. The epoxy laminsted rod has shown short time
gstrengths as high as 224,000 pounds per square inch. Also
the vhenonenon of static fatigue was found to exist in glass
fivers when exposed to molsture, but creep, at stress levels
low enough to avoid static fatigue, was not thought to be
nresent,

Maguire also reported on developments of holding devices
and coatings to incresse bond.

The holding device found to be best for msking tensile
tests on fiber glass rods was & concrete end block approxi-
mately two and one~half feet long, one foot wide, and three
inches deep. 4 tensile spscinen made with thig end grip
welghs zbout 250 pounds and is therefore good only in the
laberatory. Another grip using bakelite resin to form s
wedge inslde =z pilpe gave ultimate guick strengths averaglng
184,000 nounds per square inch.

To improve the bonding propexrty of concrete to filber
glass HMaguire rerorts thet coating the rods with an abrasive
material works satisfactorily, However, the coating used to
bond‘the abrasive to the rod 1s sometimes adversely affected

by elongation of the fiber glass rod under working stresses.
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While the work at Princeton was in progress a paper(la)
was published in Russias by K. L. Blryukovich dealing with
glass flber reinforcement for concrete., The author investi-
gated the use of glass fiber in the form of woven rope and
plastic coated bundles for reinforcing conerste.

It was reporied that to protect the glass from alkali
reaction, strands with dlameter in excess of 2 x 1@"6 inches
are regqulred, Smallsr fibers are dissolved unless coated
with synthetic resin filas,

Tests made by Blryukovieh on fiber glass indicste & maxi-
wum bond strength of around 410 pounds per szguare inch., This
was obtalned by applying prestress to the fiber glass before

rlacing the concrete,

=it

The most difficult prodblem found by Blryukovich was de-
teruining the proper smount of nrestress due to the effect
of static fatigue, It is noted that nrevious findings indi-

cate that étatic fatigue occurs ot losds srproximately 63
per‘eeﬁt of the ultimate gulck strength., But, the tests re~
ported were insufficlent to solve the guestion of rermisgible
gtress.

The only other work found relating to fivber glass pre-~
-stressed concrete was reported in the Magszine of Concrete
lﬁeseareh. This artiele,(15) written by Dr., Ing 3., Kejfassz,
presents test resulte of twelve beems designed as prestressed

wembers using glass fiber cord as a tension element,



Dbr. Kajfasz usged an inverted tee cross-secctlion, z2ud the
beams were cast in two sectlons., Tensloning was accomplished
by wedgling the two sectlons apart,

The results reported by Dr. Kajfasz show several inter-
ezting faets,., Plest, the expecied nrestress force never de-~
veloped in the glass fiber tendon, Secondly, it was observed
that as cracks developed in the berm the moment varied and in
gome cases the permanent deflectlion inmcreased after each crack,

In conclusion, Dr, Xajfasz stetes that the low initisl
stress which could be pizecsd on the glass fiber cords caused
unfavorable results when comparved with steel prestressed beams.,
In his opinion, before glass fibers ocan be utillized satislaec-
torily not only must the initizl siress be increased but a

better vond must be developed between the conerete and glass,

Properties of flber glass

As investigsiions continued to indieste that fiber glass
might be feaslble as reinforcement in prestressed concrete,
questions arose as to the physieal charaéteristics of glass
fibers and how these properties wmight affect its use as rein-
Fforcement in concrete,

-~ molecular structure --

fany of the nhysical znd chemiczl propertiss of glass

and glass fiber are best undsrstood by studying the moleculer

structure.
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(16)

fccording to Cameron glags is composed malnly of sili-

ca% which 15 most commonly found in the form of hexagonal
guaitz., In thlis state the molecule is formed by 2 silicon
atom, Tig. 1, surrounded by z tetrahedron of oxygen stoms.
When the guaytz is welted the atoms reavvange Into & less or-
derly or randem structure forming silica glass,

In the random structure, Pig. 2, 211l of the moleculeg ave
shown connecited, However, In reality many of the oxygen atoms
are not comnseted direectly to 2 silies atom., This forms, sec-
cording %G'Gamercn. 2 terminal structure wilth voids which may
be filled with ioms, Plg. 2, such as sodlum or potassium, The
terminal strueture affects the vhysiecal properties of zlass
fiver,

If & gluass having a terminal structure has sodium lons
in the voids these ionsg asre not bound strongly to the siliea
gtructure. 3Since glass fibers are cooled very rapldly the
molecular structure is frozenm in an expanded stzte corresvond-
ing to the structure =2t some higher temperature., In this ex-
panded state the sodium ions are sublect to attack by moigtufe
which enters the voids of the teruinal structure. Thus the
sodium reacts with water forming a gel whlch expands and weak-

ens the glass.

%

Silicon dloxide, S10p, is commonly referred to as sllica.
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FIG.7
SILICA TETRAHEDRA

siicon atom - @

oxygenatom-_)

Three dimension sketch of
silica 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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~- produgtion of the fiber --

Altnougk there zre two methods used in forming glass
fibers, the staple fiber process and the continauous fiber
process, the latter will be describzsd here,

ihen forming continuous gless fivers, bulk glass in the

Tore of marbles iz melted in s platinum crucible, The cruci-

3

ble has 2 nozzle through which 204 fibers of glass thread
(17)

may be drawn,. When the glass 1lg heated to melting tempera-~
ture 1t beglns to flow through the nozzle, The threads are
then'wound on rotating drums, The speed of the drum deleyr-
mineé the diameter of the glass fibver. Usually all 204 fi-

bers are wound together to form a single thread,

-= £iber strength --

Glass fibers have been produced in the laborstory with
tensile strengths over 1,000,000 pounds per square inch, It
is reported that commerclal fibers are mass proeduced having
gtrengbhs over 500,000 rounds per squere inch.(a)

The strength of bulk glass is muech less than the strength
of glasg fiber. This iz explained by Gameron%. as the result
of two effects., Flrst, the fiber structure and second the
small number of flaws found in small volumes.

fhe structursl difference between bulk glass and gless

fiber 1s due to the rapid cooling of the fiber during

# Ibid, reference (16), n.6
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production, 4s the giass ig heated the molecular structure
rearvranges itself from a crystalline form to 2 liguid form.
“hen the fiver is drawn the glass cools from its melt tempera-
ture to room temperature in the order of 10*5 seconds.” This
rapld eo0ling results in the glass flber having =2 stracture

similar to that of glas:

153

st a higher temperature where the
strueture 1z expanded. Cameron suggests that anything whieh
increcses the distance between the silleca snd oxygen atoms
azy ilncrease the strength of the glass fiber, This is due to

the fact thet when glass is in the expanded state the 2lkall

eresent in the volds hag less effect on the surrcunding mole-
euleg, BSlnee glass fibers are in the expanded state, this

acgounts for the increase in strength., Also, glass fiber in
fiber xlass ig nrotected from the effeet of molsture which
protects the strength of the fibers,

dnother structural difference is caused by the effect of
drawing the fiber. Drawing the fibver tends ts orient the
strongest bonds bebween atons in a direction perallel to the
axig of the fiber and this results in an increase in strength.

FPiver strength is also related to the size and number of
flzws In the glass., 4nd, since the flaws in glass are related
to voluwe it can be shown that as the flber diaweter decreasges
g0 does the aumber of flaws, This results 1in an inerease of

strength,

% 1bid. Teference (187, v.7
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The shrength of zlase Fiver 1z 2also related to the tem-
persture of the melt from which the fiver is formed and the
time of goollng., If the melt temperature is inereased before
drawlng the fibters, any alir bubbles in the molten glass can
be removed easily theredby reducing the interior flaws, The
only other flsws that ey oceur are on the surface, Thess

-

surface flsws or erscks are formed whewn rroducing bulk glsss

sl

However, in forming gless fibver the extreme rerid coocling

causes the glass to bharden before surface crscks can form.

Propertiecg of glass plastlic paterials

Awong the first vapers studled was s rEport{lg) by the
Rattelle Memorial Institute on high temnerature and creep
rupture propertiss,

The investigations reporied in this paper are a contlnu-
ation of a study of elevated and room temperature properties
of seversl plastlic snd resin-glase leminetes., 7The study in-
cludes tensile and cowmpressive creep studles and some shovrt-
time teuslile testing.

Although meny of the resulis were scattered and prevented
2 specific concluslon, the report points out one impertant
fact. The tests show thet short-time tensile tests glive ap-
progimately the ssme strength relstionship, for the meterlals

- tested, as 40 the normsl creep rupture teste., The repord



states thel this msey ludlicste short-~-tine tensile tests conld

provide valuavle informstion previously requlring years of

In 1934, ¥r, Solowmon Goldfein bhegsn publlighlinz revorss
(13, 20, 21) dealing with predlciing long-tems test results
from short-time tegts at elevsted tewmperatures,

Ty using the Larscn Miller pereamed (?t #oldfein found.
that short time statle tests lesting svorozimeiely two min-
utes gave satisfectory results for teste lasting as long 28
20,000 hours. It was slso found thst creep propartlies, both
tensile and flexursl, of flber gless lsmlustes could be come

puted Irom modulus of elzsilelity dsta obtained =zt high tem-

Ag investigatlons contliaued on the provsvties of fiber

b
glass laninates there were landicatlons of deterioration of

the plaﬁtic natrix under conditiong of prolonged stress. It

2

were subjset to stress crzcking,
{23
gl

2

A repord issued in 1957 from the Ploatinny Arsensl

states thet glassepolyester lanmlinates would not stress crack
when used in a sgtressed conditloa in an ordianary sir stmos-

vhere.

Bren though stress cracking did not appesr as detvimental

: "

a8 at flrst belleved, other problems such a2s shear withian the
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mebriz required study. The effect of shear within the plastic
(5)

matrix of fiber glass has been reported by Rublnsky and

{
Maguir@‘lj)

as & cause of static fatigue. However, no solu-
tion to the problem of determining the effect or magnitude of
shear was available,

In 139%9, P, M. Goldfarb reported on methods belng studled
for determining the shear modulus of glass reinforced plastic
1aminates.(24) Three wethods were reported to have been found
which gave comparable resulis,

The last paper studled with respect to fiber glass was
an artiele by ¥Hr. Goldfein.(ZS)

My, Goldfein, invesgiigating & formuls for oreep and Tus-
ture stiresses, glveg supporting data for his previous work
and develops 8 parameter for use in predicting rupture and
greep properties, Thig parameter was used, with other data
from tests on different plastics and fibver glass material, to
plot magter curves from which creep and rupture properties
were predicted. The predlcted properties were for time veri-
ods from 0.0l seeconds to 40,000 hours, High accuracy was ob-

talned by thls method for the materlals investigated.

Concluslions

Prom the papers reviewed the followlng conclusions are

drawns
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1. The high shrength to welght ratlio, low eslastic modu~

lus, and the avallabllity of raw materials Justify {he study

c:}'

of fiber glas regtressed councrete.

o]
i

Q

b

-

iber glazss rods bonded with synthetic resin sre
superior to other products. The parallel fibers provide more
even distribvution of stress and therefore a stronger element
than such products as woven rope or tape., Also the resin pro=-
tecets the glags fibers from molisture,

3., oufflcient bvond cen be developed between conerete
and fiber gless vods to transfer stress from the rod to the
conerete, However, more research is neceded to develop an
econoulecal end grip capable of stressing the rodsg to their
ultimate short time strength.

4, The propexrty of static fatigue reguires study to
finéd how it occurs and the stress level below which it will
not occur, should cne exist, This study is necesszry since
the stress zbove whlch statlc fatigune oceurs willl dictate the
zllowable design stress., Iundlestions are that & stress of
less then 50 rer cent of the ultimate short time strength will
be necessary to slinmlnate static fatigue. ILven 50, the high
strength to weight ratio should allow competition with modern
steels,

5. BSuitsble end grips must be developed bhefore cone

gidering fiber glass prestressed concrete as a competitor with
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conventlonal prestressed concrete, To be sultable & grip

]

miuet be capable of producing tensile

s

forces within the fidber

k!

valeh oxeeed the tensgile force at unltimate load,

. L% im necessary to determine relizble criterion by

wrieh membere can be designed. Iimits must be set on allow-
able worklng stress, load faetors, snd deflection - both at
first crsck and ultimste load,

T. The use of short time tests for predicting such
properties as creer and runture nay provide answers to many
gquestions previously unsnswered. The limits on long time
ultimate strength of flber glaes and the loss of prestress

due 0 ereen are the two nmogt imporbtant velues &t this tine,



Purcosgse ¢f investigation

| This luvestligation was conducted to determine 1f there
were aﬁy practicazl gripring devices available which would pro-
vide sufflcilent anchorage for use in orestressing concrete with
fiber glass,

The investigation was not intended to be an intensive
study as t0 the best method of gripping fiber glass for pre-
stressing. However, 1t was designed to aid in choosing a
practical grip for use in prestressing beams analyzed in a

later portion of this thesis,

At the pregent tlwe nmost of the end grips avallsble are
o

the concrete by

compression and shear forces scting within the jew assewbly.
£lthough =many types have been tried, few are capsbls of nprace
ticel asprlicstlon to Tiber glass prestressed concrete because
of slze, weight or ccst. The most prosisging excention to this

is 2 grip, develored by fenneth W.'Keane% using a synthetie
resin to bound the fiber gzlass to the metal.

Therefore end grips employing bond actlion between metal
and fiber glass have been studlied as well as devices used by
the steel p?estfessing industry and the electric power indus-

try for holding wire strands,



fhe grips ere evalusted on th

sile teste. The teusile specimens w

& heeis of results of ten-

ere tested in the Uaterizls

Texting Laboratory of Virginla TPolytechnic Instltute, The tests

were run ai atwmosvpheric condltions

with the losd appiled a2t &

rete of etrain of 0,05 inches ner minute.

Due Lo the time invelved only

usged Lo evaliuate the grivs, This

short time btegts have bsen

should glve sccurste dats

since the witimate long tinme effectivencss is believed to de-

pend on & critlcal stress level ra

ther bthan the mechsnism

holding the strend., However, iu the case of an end grip using
& bondivg meterliald the stability of the meterial under long

time losding will be an important

gidered in the present ivests,

Materisls

-- Hupreme strand chuek no, 70 --

The Bupreme Strand Ohueck Fe. 780, TMg. 3a, is a grip com-

nonly used in prestressing sgteel ¢

were glvea by the Bupreme Producis

Uslunmet Avenue, Chisgago 16, Iilino
This prip consisis of an ouls

conigal jaw sssesbly. 4 spring lo

-

able., Three of the grips
Carporation, 2222 South
ia,

side barrel which holds a

aded ecsy forees the jaw as-

sembly asround the presiressing sitrend thus holding it until

load is apnlied. J4ny tensile fore

to tighten the Jews,

2 anpliad to the strand tends
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PIG. 3
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-
a, Supreme strand chuck b. Reliable strandvise

¢. Tapered dowel

VA

d, Rellable squeeze sleeve e. Fanngrip
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strandvise no. 5102 —-

<

The 3trandvise is a grip used in the electric power in-
dugtry for holding cable. It 1is couwposed of a coaical steel
shell inside of which ig = spring lozded jaw assembly.

To fasten the grir to the fiber glass rod the end is
forced into the end of the grip. ¥When the rod enters the jaw
asaeubly 1t 1s held firm by the wedge zctlon of the gpring

londed Jaws,

The Strandvise is deslgned to hold 10,00C pounds,
~a taperegd dowel --

This grip is feshioned after similar grips made at Frince-
ton University. The grlﬁ is wade from a steel dowel., The
dowel is driiled through the center znd then the inslde is
tavered to form 2 conical shaped interior.

The fibver glass rods were split into four sectlons,

Pig. 4, for 2 length of anproxiumately two and & hslf inches,
The sectlons were then wedged apart with short pleces of wire

and the expsnded end thus formed was bonded to the coniecal

(3

shaped grip using an epoxy resin,
Two types of resins were used during the tests:
1. Hysol Broxi-Tateh Kit, preduced by Hysol

Gorp., Qlean, Hew York.
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FIG. 4

PREPARATION OF TAPERED
DOWEL END GRIP

wire wedge
fiber glass rod

epoxy resin
\_/é:

6

\Eg/pull to seat \u/

i wedge

Before bond After bond
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2, MNarson's G-15 Epoxy Resin, produced by

Yarsons Corp., Hevere, Mass,
-- reliable sgueeze sleeve --

The Belisble Squeeze Sleeve is made by the Relisble Elec-
trie Company. The sleeve is copper heving an inside dizmefer
slightly larger than 1/4 inch. The inside of the sleeve ig
coated with a fine abrasive to0 improve the holding caracity
of the sleeve, Inside the sleeve 1s & center stop whlch was
remnoved by drilling before being used.,

The grip is fastened by plscing the rod inside and

o

squeezing the sleeve,
-= fanngrip --

Faungrips are made by the Fanner Manufacturing Co.,
Brookside Park, Clevelsnd 9, Ohio., The Fanngrip is normslly
used as a dead end for wire cable,

This grip 1g formed of pre~-formed high tensile steel
wires, PFlg. 3e, which are wound in the shape of a helix, The
wlres are so shaped that when wound arcund each other they
form a hollow cable. The lanside surface of the cable 1is
coated with & fine abrasive. |

The Panngrip is fastened to the flber glasss by wrapring

the two ends around the fiver glass rod,



-~ fiber glass ==

Fiber glass rods used in these tests were produced by
the Columbia Products Cowunany of Columbia, South Caroline,
The vrod stock was 1/4 inch dlameter by ten feet long. 411
tensile specimens were cut from these ten foot lenpgths,

The glass fiver in the rods is nade of boro silicate
glags which is low in alkeli content. The individual fibers
are approximately 0.00036 to G.00040 inches ia diameter and
are wound in a twelve strand roving. £n 801 sllane type
binder is sprayed on the fibers to helpr bond the glass and
e1VOXYy resin.(17>

Shell Epon 828, epoxy resin, cured with Shell agent "2"
is used to bond the glass fivers formlng the rod.

After the vod is wmoulded it is wrapped in cellophane and
cured at 200°F for four hours,

The finished product conteins 75 per cent glass by welght
or 50 by velume and is reported to have &n uliimate strength

150,000 pounds per sguzre inch,

Frocedure and resulis

All of the end grips were tested in the same manner, the
only difference belng the method of placing the grip on the

el d "
fiver glass,.
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After fastening the grips to the fiber glass the specl-
mens were placed in 2 testing machine and loaded iIn tension
until feilure, The load was apnlied at a standard rate of
(26)

strain of 0.05 inches per minute,

Since the tests were all conducted using the same type
fiber gless and at the same rate of loading the only other
variables influencing the strength of fiber glass were tem-
perature and humidity. However, this should glve results ap-
proximating fleld conditions since these two factors are not
normally controlled during construction,

Results of tests on the various end grips zre dlscussed

in the following raragraphs,
-~ supreme strand chuck no, 730 --

In all of the tests conducted on this grip feilure oec-
curred within the jaw assembly as & result of crushing aand/or.
cutting caused by the serrated fzce of the jJaw assembly. Due
to the type of fallure some tests were made using a soft cop-
per sleeve to cover the fiber glass to proteect the surface,

The copper sleeves were made of stendard conper pipe
with a section cut out so that a tight it would be obtained.
Before plzecing the sleeve on the rod a fine costing of car-
borundum powder was rlaced on the surface of the rod te im-
prove the resistance to slippage. A small amount of Duco Ce-

ment was used to hold the carborundum nowder in plsce,



Ady

Although this procedure improved the capacity of the grip,
faillure sfill oceurred due to crushing and/or cutting action
of the serrated face on the jaws.,

Ixzmination of the fallures showed that the leading edge
of the jaw assembly had been forced into the rod. %o elinmi-
nate thisg the jJaws were altered to provide s more eveun besring

urface.

Alterstions to the Jjaws were made by removling the teeth
on the lesding edge, Flg., 5, and rewoving the ouber face for
about 1/2 ineh, These changes moved the centroid of the com-
pressive force towerd the back of the grip, thevefore reliev-
ing part of the pressure on the forward edge. 4s & further
precaution, the fiber glass was costed with carborundum and

fitted with = copper sleeve,

3
NGe

revised grip held a tensile force of 4,750 pounds,
However, fallure occurred withln the grip itself, Failure

was Que to crushlng of the fiver glass.

-= Strandvise no., 5102 --

Since thls grip has a& jaw assembly nmuch 1like the Supfeme

\/

Strand Chuck, & soft copper sleeve was used to protect the
fiber glass, The Strendvise will hold strands 3/8 iach to
11/3%2 ineh in dismeter. Therefeore, there was sufficlent
clearance for placing the sleeve around the fiber glass rod,.
In 211 of the tests with this grip the fiber glass rod

slipped out of the sleeve,
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FIG. 5

JAW ASSEMBLY
SUPREME STRAND CHUCK
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ww papered dowel ==
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fhe Tapered Dowel was made fronm 0ne~inch diameter rod
stoek, Iwo threc-inch lengihs weres .cut and érilleﬁ Wwith &
0.261 inch hole to allow free passage of the 1/4 inch fiber
glass rods. The luside of the grip wes tapered to form a
wedge for securlng the end of the Tlber glass,

After the fiber glass rod was urenafeu by Qpil%uln$ the
end and wedging the sectionsg apart, the epoxy asdlheslive was
placed in the grip, Fig. 6, to form the completed grip.

The specimen was then plzeced in a special jlg for curw

(l'J

ing. BSpecinmens were allowed to cure not less than 24 hours
at room tewmperature.

The first test gsve tensile strengths over 5,000 pounds.
However, failure occurved within the grlp. Thig indicated
that full tenslile sirengths were not belng developed, In all
cases rallure was sudden, Examination of the grip showed the
point of failure to be wheve the taper began., To eliminate
this the grip was resmed to form z smooth transition frowm
tacer tc the cenverhole,

Tests performed on this revised grir indicated no esppar-
ent lmprovemeni over vrevious tests,.

Tue to the brittle fracture noted in the Hysol Epoxy,

which was uged on the previous tests, a different epoxy was

ot

ried. This was done to determine whether the bonding materi-

al influenced the strength of the grip,
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TAPERED DOWEL GRIP
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Yerson's G-15, eroxy vesin, was mized in the proportion
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art herdemer, Before placing the
epoxy into the grip heat was sprlied using an infared laump.
The‘regiﬁ wes then poured into the grin and heating was cou-
tinued until the er»oxy begmen Lo sst,

Two teste were performed using the G-15 evoxy. Tenclle
shrengths of 8,625 pounds =nd 9,400 pounds were recorded.
The test koving the smaller strength was made b@foré complete
cure of the resin. This was done through en error in mixing
the matericls which czused & slovw cure., The second test was
the first tc anproach the nltimate short time tensile strength

of the fiber glass rods.
-= 2POXY and sguceze sleeva ==

we to the good vresults, obtalned with the tapered dowel,
using the G-15 epoxy, soveral tests were made using the enoxy

to bond a Relisble Squesere Sleeve, In these tests the sleeve

Lfver plaeling the zlecsve over the fiber glazss, the G-15
2poxy was poured into the open spzece znd cured as deseribed
for the tapeved dowsl.

The speclumen wazs placed in the tezting machine and loaded
until fallure., TFallure oeccurred at 5,580 vounds as & result

of the rod slipping out of the gripe.
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-~ Tonngrip ~-

The Fazungrip was nlaced on the fiber giass rod by wrap-
T

ving the helical st

i

andg around the rod. o wrap the strands

ob

he rod is nlaced inside the loop, Then the ends are pnlled
awey from the rod and at the seme time twisted in & elockwise
Girection. This forms 8 closely wound steel wire cover which
tends to tighten around the fiber glass rod whnen tension is
applied,

Yhen applying the grip care must be ezercised to keep
the wire strands away from the fiver glass., Otherwise, the
abrasive ecsting will cut the outer surface, thereby reducing
the strength of the rod,

Daring the test the load wss observed to increase stesdi-
1y up to 65,200 rounds, 4t this load surface cracks eppeared
to be progressing longitudinally along the rod, Fellure ce~
curred at a load of 6,400 pounds end wes accompanied by a
sudden shattering of the rogd. Fxsminetion of the specinmen
showed that some demsge to the rod had resulted while fasten-

ing the grip.

2

Discusgion of results

f;‘b
o

1 of the varlous gripping devices can be divided inte
three different groups with respect to the method employed

to trensfer load on the grip to tension in the rod. These
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groups are: coumpression and shear, direct bhond, and wedge

e

setion, Results of the ts =re listed in Teble I,

74
o

(S35

L

- gonpression and sheayry -

The grips included in this category are the Suprene

Strand Chuok, the Strandvise, and the Fanngriv. Cf these

2

grips the Fenngrilyp proved megi successful, vroviding = ten-

z =

sile strengbh of 6,400 pounds for s 1/4 inch fiber glass rod.

Altroush the tensile strength wes within the range of
tenglon expected in the prestresssd beamg, this gri 6 1ot
considored for use due to the f that permanent denage wad

Bren thowgh the Farngrip was uot used in further tests,

this is not inbtended to ilndicate the grip is unsuliabvle for

plied grip ecsveble of transferring tensile forces =g greet or

grester than any other wechaniczl grip known t6 heve besn ussd
on Tiber gilass rodg, If this grip were produced with a finsr

greined z2brasive the damage to the rod during zprlieation

would be rasduced snd the ultimate strength incrsased,

Teat results indicate the Hrendvise grip 414 not pro-

vide sufflclent tenslle szbtreugth to be conasideved for further
tegte. This mey hRave been due 50 the type slseve used,

the sleeve waes 8plit 1% conld only dsvelop frleiiocm to hold

the rod through compregsion in ths jaw sssembly. Thersfore
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Table 1

BEnd Grip Strength

Test Load
Humbep# Type of Grip Tailure {ib.)
1 Supreme Strand Chuck Grip 3,000
2 Suprewe Chuck & Sleeve Grip 3,755
3 Strandvise No, 5102 Grip 75
4 Supreme Chuck & Sleeve Grip 4,750
5 Supreme Chuck Grip 2,700
6 Tapered Dowel, Hysol Grin 5,125
" ¢ i Grip 6,550
8 " " " Grip 5,475
12 Bpoxy & Squeeze Sleeve Grip 5,580
13 Tapered Dowel, Hysol Grip 5,420
14 " "o, G-15 Grin 8,625
15 " ", 6-15 Rod 9,400
16 Fanngrip - 6,440

¥ 3ee Arpendices for details of each test,



it the coefficient of friction between the sleeve and fiber
glass was low, slippage would ocecur when the tensgile force
in the rod ovevcame the friction force in the grip.

The SBupreme Strand Chuck, like the Btrandvise, uses a
sesembly te hold a tension element, ALl of the tests pere
formed own this griy resulted in fzilure due to crushing the
rod, This substazntlates the findlngs of Rubinsky, Crenps, and
Keane., A revision of the Jsw zssembly increased the lozd
carrying cepacity 1,750 pounds., Hovwever, this was still in-

sufficient for use in »restressed beans,
-~ dlirect bond w-

Only one grip wes tested which used direct bond of fiber
glams $o & mebellic grip, This was the Squeeze Zleeve bonded
with Marson's, G-15, evoxy resiu,

This grip provided adequete strength to stress the fliber
glags over 110,000 pourds per sguare inch before feilure,

Failure resulted from loss of bond,

.

It is evident that the loed czpaclty of this tyne grivp

(=

is a funchion of surface 2vea over which bond occurs. There-
fore, increased leoads could be attsined by using a2 longer
grip, However, the stebility of the grip over a period of time
will depend on the proverties of the bonding asterisl,

IFf the bvonding materisal is subject to creep or »lastle
flow under working losds, & complete loss of prestress could

oceur,



With this in mind, nplus the fact that ylelding was ob-
served during tests, this grip was not considered for use in

presbtressing.
-~ wedge action --

The tapered dowel end grip, designed after a similar de-
vice developed by John ¥Wels at Princeton University, utilizes
wedge sction and bond to hold the fiber glass, Thils grip enm~
ploys the desirable properties of bhoth ths epoxy bond snd the
wedge action found in the jJew assenbly of wmost mechanical
grivs,

Due to the construetion of the grip, fallure by crushing
is elinminated and loss of vprestress due to creep of the bond-
ing materisl is reduced.

Test results, Table I, indlcate good tensile strengths
can be achleved using this grip., Comparing results of tesits
using Hysol epoxy with tests using Marson's, G-15, the latter
appears to form a superior grir. Gripe using G-15 za2s 2z bond-
ing materizl will hold approximately 9,000 pounds, an increase
of almost 60 ver cent over grins formed with Hysol epoxy.

An explanstion for the difference in strength is the
hardnegs of the eroxy. The Hysol epoxy, when hard, is & very
brittle material, On the other hand, the G-1% forms a hard,
tough material when cured proverly. The result of this dif-

ference is thet the G-15 will sliow an even distribution of



load while the Hysol epoxy cesuses stress concentrations and
therefore premeture failure withian the grin.

Before this type of grip can be evaluated nroperly &
study should be made using many different bhonding materials,

There are seversl disadvantages to the tapered dowel
griv. These include the time fsctor involved in nreparing
the grip and the grip is not recoversble.

The npost significant advantzges of the grip are its re-
liability in reproducing results, the high tensile strength
obtained, snd the fact that 1little demage 1is done to the
fiber glass rod when applylng ithe grip. For these reasons
the tapered dowel grilp was selected for use in prestressing

test beams.,

Coneclusions

1. The development of 2 practical end grip is one of
the largest singie factors nreventing the development of
fiver glzss prestressed concreté.

2., Although relatively few tests were conducted to
determine the existence of a practicel gripping device, in-
dications are that nope of the grips tested are suited for
use, It can generally bve szid thet the grips are unsuitable
because they do not provide adequate tensile strength. Also,

the economics involved in production rule against thelr use,



Ze With respect to ths mechanical grips employing s

f eonpressive and tensile

Q

jaw assembly, the combination
stresses oause premature fsilure within the grip., If a

p were designed, giving carveful atiention to
on of cowmpressive forces scting om the fiber
zlags, an eifective end zZriv nay resulv.

4, The most effective grip tried with regard to hWold=

oo

ng sitrengbh, time and ease of spplicstion, a2nd cost, 1s the

;e desirable properties not
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Yanngrip., This
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3

'fsund in other mechanical grlps. The load is transferred
from grip to flver glass graduzlly so no highly stressed por-

tion will ecrush the rod, Also t

mized dus to the fact that no initizl compression is required

to nold the fiber glass,
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Decign and Investicstion

T M B A A R AT s

Purnose of investlegation

AR . N e

Altnough there have been tests conducted on fiber glass

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

rected toward studying fatigue in the fiber glass and shudy-
ing rrestressing systeans, Few, i any, tests nave been made
to check the adegquacy of design concents, presently used for
conventional steel prestressed concrete, as enplied to {iber

21588,

Thia investigation is made to determine if curvent design

{:

procedure 1s acceptable for filber glass prestresssd concrete.
Plzn of experiment

The tests were 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 wag designed using counventlonal steel pre-
stressed ceuncerete procedure, the test results should correspond
to the caleulated stress 1L the theories are valid,

‘Before a design could be made, the physicsl propertises

of the fibver glass had to be determined., The nost important

progeriies, uitimste gshort-time strength and elastic modulus,
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3
hh

were deternined during the study of =z sultable end grip. Al
though other properties such aé bond strength, ecreep, and
static fatlgue are of concern, these were essentially elimi-
nated when the post-tensioned besm wes selectad.

By post-tensioning the bezn the elastie nmovewents of both
concrete and flber glass would be completed during the stress-
ing operation. This eliminates loss of prestress due t0 elas-
tic movemsnts., Ihe problem of bond was avolded by leaving

the open duct ungrouted, znd since the duct was stiraight the

[

osses due to frictlion were negligivle. Oreer and statie
fatigue were a2lso neglected since all of the avallable data

indicate these 1o be of uno comncern when stresses are kent

velow 50 per ceat of ultimate,

Provertieg of fiber glass

the CJolumbia®

=y

To determine the elastic »nroverties o
fiver glass rods stress strain date were recorded during ten-
sile tests., Due to the high stralm to stress ratio nost
yield strain gages were plasced, Flg. 7a, on the flber glass
to record straln, The gages used were Pa-3, special purpose
gages., They were fastened to the svecimen with post yileld
cement No,., 103173, Eoth the gage and the cement are products

of the Beldwin-Lima-Hesmilton Corporation,

# The fiber glass rods used for post-tensioning beans wers
supnlied by Columbia Products Company, Columbia, S5.C,



a, Post Yield Gage on Specimen

b. Setup for Tensile Test



59

The tensile specimens were placed in the testing machine,
Pig. Tb, and loaded at a wniform rate of strain equal to 0.05
inches per alaute until fseilure., Tests 5z through 54, Table
II, were mode uslng a mecharical strzin indicstor counled to
an automatic recording device, Values for elastic modulus of
these tesis were caleulated from the recorded graph,

411 of the stress strain dats show linear relationshiops,
Pig. 8, trvoughout wmost of the curve. However, Test ¥o, 15,
winlch was the only test where stress strain dsta were recorded
above & stress of 110,000 vpounds per sguare inch, shows s
non-linesr relationship in the upper region of the curve,

in sverage value of elastic modulus is 6.68 x 166 P.S.1.
and the ultinate short-time tensile stress 1s taken to be

around 180,000 pounds per square inch or higher,

Desipgn of rogt-tension beaz

nConmy

The beam was deslgned by selecting & cross-section, Fig.
9, snd checking the initial and final stress conditiouns. The
final design was a seven Ffoot "I" beawm designed for a clear
span of six feet to be loaded at the third points.

ae

s

ign cracking lo=d was calculated asg 3242.6 pounds

43

when using a prestressing force of 5000 pounds, Values of the
compressive and tensile strength of concrete were determined

from leboratory tests., The methed of calculation may be found

in the aprendlices.



Teble of Yltimste

BStress and Blastiec Modulus

for 1/4 Inch Dismeter Fiber Glass Rod

Test Failure Ultimate Ultimate Flastic
__Nos Logation Load (1b.) Stress (psi} Modulug {psi)
5a. Grip 1500 o e
5b " 2700 -~ 6.74 x 105
5e " 1100 - 6.45 x 10°
54 " 1500 - 6.60 x 10%
8 L 5475 113,000 7.10 x 100
9 “ 1500 82,000 6.15 z 10°
14 " 8625 164,000 6.43 x 106
15 264 9400 180,000 7.10 x 105
15 a3ty 5425 104,800 6.45 x 106
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FIG. 8
TYPICAL STRESS STRAIN CURVE

TEST NO. 8

p-unit stress_ 113,000
“unit strain = 0.016

E=706 x 10°

1 1

5 10 15 20 25
STRAIN ININCHES PER INCH (x10°3)
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FIG. 9

CROSS SECTION OF BEAM
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Fabrication

Concrete beams, Flg. 10a, were mede in a form, Fig. 10D,
designed so that two members could be cast at one tinme,

The open duct, through which the tension element wsas
placed, was formed with paper tubes, The tubes, donated by
Virginila Prestress Concrete Oorporation, were the tyre used
to break bond on nrestressing strands, and they were coated
with paraffin for protection against moisture, A number three
steel reinforoing bar was prlaced in the open tube while pour-
ing concrete, This was done to ihsure that the opening re-
mained straight,

The concrete mix used for the beams was taken from a

(27)

book mublished by the Portland Cement Assoclation. The

following proportions were used for a cubic foot of 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
Ahen the concrete was placed it was vibrated, with an
electric vibrator, to reduce honeycomb, The beams were then
covered with polyethylene sheeting to cure for three days.
After curing, the forms were removed and the beams were stored

at atmospheric conditions until testing.



a, Test Beam

b. Beam mould



Due to the success obbaimed with the tapered dowel end
grip, this zrip was used to post-tension the test beams., 4

tensicaing device, Pig., lla, which includes the end grip was

it A A A S N ~ ey - TR oy 7
The fiver glass vod was stressed by turning, Pig. 11lb,
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member znd nlaces the fibver glasg in tension,.

te Lthe tension device & tensglon indi-

[ld

On the eng oprosg

end grip. The end grip was threaded o fit inside the load

cell. The losd cell was then fastened to 8 frame walch £it

The end grips were placed on the fiber gless 24 hours

3ince the purpose of testing the beams is to check the
design calculations sgalnst test vesults it was necesszaxy 1o
record stress and straln date during the nogt-tenzionling of

the mewver as well as during the test.

# PDeteils of the tenmsion device sre shown in Fig, 23,
4 Detalls of the tension indiestor ave shown in Fig, 24,



2. Tensioning Device

b, Method of Tensioning
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FIG. 12

Tension Indicator



Ta record data, atraln zrges were fastened to the eenfer
9% the top and boitom flange, A straln g%ge was also fastened
to the fiber glass rod,

A3 the beamg were shressed deta were recorded to show the
teasion in the fiber glass aad strain in the counecrete, dhen
she tension in the fiber glass reached the design value the

post-tension operstion was complete, The beams were thean

Tha eguipment setup for recording dats during the vost-

tests the lozd was aszplied la 200 »nound
increments, deadlngs of totsl load, ceanter line deflectlion,
conecrete strain, and fiber glass strain were recorded at each
iosd inecrement until the member cracked, A4Lfter the bhean
cracked the only szignificant data were deflection, fikher glass
straln, and total losd, Theze data were recorded vntll fallure

of the neam.

Critical loasds and defleetion

When designing & prestressed wmember the loed and deflec~
tion 2re often important dervending cn its type snd function,
Severzl laportant steges in lozding & beam sre the design
losd, the cracking load, and ultimste load., BBoth load and

deflection should be checked ageinst allowable values,
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FIG. 13

b. Equipment Setup for Beam Tests
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Since there was no reason to believe the design or work-
ing lozd end deflection would be different from values ecalcu-
laoted for an equivalent steel prestressed member, it is as-
sumed that & 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 ylelding. This allows the de-
slgner to calculate the compressive area of concrete and the
ultimate moment, Xnowing the ultimate moment the ultimate
load can easily be calculated,

It has been shown that fiber glass has no yleld point,
Therefore, when trying to calculate the ultimate load, the
designer does not know the stress in the fiber glass., A4s a
result of this unknown the ultimate moment canunot be deter-
nined,

Calculatlions of deflectlon at ultimate and cracking load
are taken after the work of George C. Ernst.(aa) Two equations
were developed after revising the first and second moment arez

theorems.¥* These equations are?

deflection at erack,), = 23/216 ¢0L2
ultimate deflection,A, = (Jo & 5 g )12

#* The revised moment area theorems and the development of
the two basic equations is shown in the appendices.



where! ¢c = rotation st first orack ::éﬁ_iéi

d
fu

iy
ultimate rotation zéémgﬂz

dp fg

il

To arrive at a working equatiocn for deflectiors the
equations forA, andélu were rewritten.

Rewriting the exvpression for unit rotation:

i
B

tx
Q

In this equation £, is the modulus of conerete and Ap 1s the
totzl change in concrete stiress between bottom erd top flange
end fromw initial rrestress to the load condition for which
the deflection is desired,

Slvee 3ll of the qguantities required to caleulste AT are
known during the desipgn, the deflection at first crack can be
found., A4Assunming the nodulus, Bes to egual one thousand times
the compressive strength of the conerete, the deflection at
first erzck is:e

2
N, = 23 L~
¢ " 316000 T For °F

Using the seme procedure the eguastion for ultimate deflec-
tion 1s rewritten as:
Au = (...méi....... $ 5 69 fc' ) ég

27000 fo" 750 g d
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In this equation the value of £, is the failure straln of
concrete and may be assumed to be 0.003 inches per inch,
This leaves one unknown term, the étress in the fiber glass
at ultimate load. Due to the low modulus of elasticity of
the fiber glagss, sufflecient yield should occur in an unbonded
post-tensloned menber to cause a compressive fallure in the
concrete with only & smell increase in fiber glass stress.
For this reason only & slight error is lntroduced if the
initial post-tensloning stress is used in the deflection
equation,

The eguations developed for deflecticn are for short
time loads., Deflectlions under lonz time loading cen be cal-
culated by substituting‘c.es fo' for f,' in the expression
for ultimate rotatlon and substituting 500 fc' for the modu-
lus of concrete in the expresslon for rotation at first
cerack. The ultimate deflection is then:

& &J—gﬁéch') .Iig

Ay = (355
b c 7 pf, a

Discussion of results

Thue results obtained in the tests correspond well with
the calculested values of cracking load and deflection., Data

recorded during the test were:
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Beam Inltial Cracking Deflection at Tltinmste
Ko, Prestress  Load Cracking load Deflection
{1b,) {1b.) {inches) (inches}
1 4570 2000% 0,045 1.23
2 5620 3400 0.055: -
3 5585 3400 0.060 1.25

If the measured value for inltlael prestress is used in the
design caleculation the following theoretical values are

obtzined:s

Bean Cracking Deflection at Ultimate
Yo, Load First Oraek Deflection
(1b) (inches) (inches)
1 1957 0.037 1,46
2 3100 0.059 1.56
3 3130 0.066 1.57

Comparing the above results with design values above, the
design deflection 1s about 25 per cent higher., This is due
to the use of the inltisl post-tension force in caleculating
the final fiver glase stress. Since the 1lnitial stress is
the lower, the caleulated deflection is larger than it would

be if the sctuzl value were used., Using beam Ho. 3 as an

+ This beam not loaded to failure.
# Beam No, 1 was cracked durlng fabricstion., The cracking
leoad was measured when the crack first beecame visible,
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example, and substltuting the sectusl final fiber glass stress,
123,000 nsi, iato the ultimate deflection egquaetion, the de~
fleetion 1z 1.31 inches, This is within 10 per cent of the
neasured deflection.

The test results indlezte thet fiber glass post-tensloned
concrete members may be designed by existing theories sxcept
for finding ultimate lozds,

A plot of load and deflection, Fig. 14, shows that after
the post-tensioned member cracks, very llbttle increase in
load occurs before fallure, After the first crack deflectlons
increasge rapldly.

Due to the apparently small safety factor between erack-
ing and ultimate loads a2 sultable safety fzetor must be found
whieh would insure agalinst cracking, This may be accomplished

{29)

by desligning zecording to seectlon 205.2 of the present code,
Conclusions

Considering test results of bezus designed by presently
acceptable theories, the Tollowing eoneclusions are wade:

1, Design concepts used with conventionasl steel pre-
stressed concrebte are adequate for fiber glass post-tensioned
concrete, up to the cresckling losd. There ig 2lso no indlica-
tion that flber glass prestressed concrete will require

chbanges in design procedure,
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zeesslve deflaction will not bacome a problem as
long as working loads are amsiutalned helow the eracking load,

3, Deflesctlons computed sccordiny to the revised moment
area theorems ayppesr o correlate well with actuzl deflec-
tions. However, these eguations should be checked with many
different desligns to deteranine thelr szdequacy.

4,

s

\ metho

o,

jo]
-

of ezl

Q

uleting ultinete loads must be

@
0)

studied veforz reliable safety factors can he chogen to in-

sure agsinzt Tfailure.



Degsizn of PFost-feuslion Bean

¥opr the design of a smeamber it was necessary to know the
velus of £,' sad £.', fthese values were determined from
flezural bdbeams, The boanms

bad the gane crossesecticon as the actu-

;...
1oy
-
©
s

uned to determlz
al mexber, Tha valuez used for deslgn purposes were!
£, = 4,341 psi and £, = 645 pei
The bean was dasigned by choesing e cross-sectlon and
cheekling ths stress at vavious load sisges. Calculsilon of

degign load and stress are as follows:e
u

e i B e
Stress in concrete, f, = - = 4 EEE Pk %&9
ie” 7T ¥T T

The bean properties sre chown In Plg. 15, and
also the method of losding.
The moments ﬁD znd My, taken at the centerline are:
Mp = 1/8 wL* = 734,4 in, 10,
P

Hy = E}t = 12 P in., lb.

Using T = 5090 1lb., the equation for concrete
stress in the top and bottom flange respectively

hecome ¢

it

£ = +327.5 - 0.337P - 32,84

fy

it}

-~ 1110 4 Q. 55-¢ 4 3 067
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BEAM

FIG 15.

PROPERTIES AND LOADING

d= 7125"

O
>

o0

A.=1308 sq.in.

Ag= 0.052 sq.in.
4

I =8869 In

p = 000398

;=395

—

”n

3175

e ©

—— Cpy = 405




Wow 1f the linit values of £,' =nd £,' are sub-
titubed into ths above zjustions, the crscking
losd, Py, is found to be:
Pc = 3242.6 1b.
Faines for the initial stress at zsvo load aud
Tianl stress at cragking load are found 1o hes

Lo = i ok *' 7 . £, -
ii.;). = & .?4..’1 g T
fi0 = «1076.7% : fbf =

Defisctlons are calculsted

from the vevised moment areza theorenms.

squations are!
Ne =23 . 12 A,
¢

E?OOOfQ 72 p T

Where AT

-

foi 7 Fop * Tor

from previous caloulatiorns.

pyrever veliues the design de
Ne = 0.083 inches
Ay = 161 inches

e 3.’-'3'&5 A

L

”~

k%]

To7.1

0

by equations developed

These

y L?
d

g

- fy3 1s obteined
Substituting the

flectionz sre:



A method

work of George ¢, Lrus

Ris)

Developuent 2f Deficotion Equations

from Revlised Momeni Areus Theorsms

e T

of computing deflections wes taken after the

t\QS) who revisgsed the moment ares

theorems to derive ultinate sione and deflections.

The revised theorems ared

i.

2

R 4

The onange in slope between any two poinits
15 egual to the sum. of the ares of the unit
rotatlon disgram and the angular yleld of

piastic hinges vetween the two points,

The deflection of one polnt on the elastle
curve 10 8 tangent to the enrve st socme other
»oint is the static moment of the ares of the
unit rotation disgram znd the flrst moment of
the angular yleid of plastic hinges between
the two points, taeken with rvespect to the

point for which deflection is desired.

The slope at any poiant ls the shezar at thst
point of sn imaglanary end-supported beawm
losaded with ths uwalt rotation dlagram cowm-
blned with the sngular yleld of plastic hlages
as concentrated loads locsted at their respec-

tive polnts of develonment,
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4, The deflection et any point is equal to the
moment at that point of an imaginary end-
supported beam loaded with the unit rotztion
dizgram combined with the sngular yields of
plastic hinges azs concentrated loads loecated

&% thelr respective points of developnent,

Considering a short sectlion of beam, Pig. 16z, the rate

of changs of slope 1is

+E
a9 = (C:'Q'E"E)ds,
and thereforse § = %g = Cetlt (1)
5 d

Por & conerete beam, that is under-reinforced, Mg, 16b,

an exprvession for unit rotation 1is developed thusly:
From statics it is known that C = T and thevefore,

where p = ﬂg/bh and k¥ = a/h. If a plane section remains

plane after loading the following expression results:

Ce .k (3)
g - &

now by combining guation (2) and (3)

£o + & Lo Tay (4)
Y fg
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FIG. 16

)

a. CURVATURE GEOMETRY

N.A.

-—b—

a
|

[

b. FORCE DIAGRAM
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and since ¢d = €+ €y b he unit rotatilon at first

erack and at ultinmste load asre:

- e 4 Cy
po a
and
¢u-=<f0 fe
¢ p fg

By using the revised woment area theorems, deflection

equations are developed for & simple supported beem, Fig., 17,

loaded at third points,

The deflection at first ersck is the moment of the left

side of the conjugate beam zbout the center line:

Aeg = QSCLQ ¥ 5 ¢cI’2 - ¢CI’2
72 108

or
2§, 52

Likevise ultimzte deflection is the moment of the right

216

gide of the conjugste beam about the center line.

Au = Q‘Cfﬁ“ Slggn + {fy + ¢o)“‘”‘ (P + séc.:
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FIG.17
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at first crack | ultimate deflection

a. UNIT ROTATION DIAGRAM

il ILH\D\N .

| Ak B:(@,+ 2. )
at first crack ultimate deflectlon
b. CONJUGATE BEAM
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Test Data

Test No, 1 ~ Investigstion of Sultasble Grip

Dates 4-9-82,

Type of Grip: Supreme Strand Chuek #780.

Specimens Avg, dia, = 0.251 inches; length 18 inches,
Test Machime: Tinlus Olsen -~ 60,000 1lb. cap., #45659,

Specimen loazded zt rate of 0.05 in./min, (strain)., Load

-

inereased at steady rate until failure. Fallure cccurred ab
load of 3000 pounds, This corresponds to ¢ unit stress of
63,200 psi computed over the sross area of the rod.

Fallure occurred in top grip by cubtting of the rod with.-
in the jaw assembly. Rod feiled after being cut, by shatter-

ing slong verticzl planes., Examinatioan of rod indicated an

uneven bearing in the grip,

Netes Try placing proteetive cover between rod and grip.
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egt No, 2 - Investigetion of Sultsble Grip

Type of Grip¢ Supreme SJtrand Ubhmek #780.

Speciment Avg, diz, = 0,251 lnches; length 18 inches,

Test Hachine: Tinius Olgen - 60,000 lb. cap., #45659.
Specimen costed with Pine carborundum powder snd a

copper sleeve 1/32 inch thick wzse flited over the end to

protect glas

bisd

raed frow the jaw

o

The capper

gaenubliy .

sleeve was nade from sterdard copver nine, split an

fol)

formed sround end of rod.

Spacinen was 1loaded st rate of strain of 0.05 in./min.

.

until feilure, Load inereased 2%t unilform rate to 3,755
pounds &b which time failure occurred. This correspords
1o 2 unlt stress of 756,500 psi, Tiguved over grogs area
of rod,

Puring initial stage of loadling slippage occurved in
the top grip. Test wes stopped and the grip tightened,
Before tightenicg, i0ad was remeoved, After correction
the test was continued,

Pailure occurred due t¢ c¢rushing withian grip., Exami-~

nation of rod indiczted uneven hearing ss cause of fallure,



Test No, 3 - Investization of Suitsble Grip

Bd«te‘ 1‘5”(}}“62. . N g

fype of Grip: Jeliable 3trandv1sa #5102,

Specimen: Avg. dla. = 0.251 inchess lengih 12 inchss,

Test ¥s ciire. Tinius Glsea - 60,000 1b. cap.s #45659.,
Speeimen oated with flne carborundum powder snd covered

with o copper sleeve 1/16 ineh thick., Copper sleeve was made

from standsard copper pipe, split and fowmed sround end of rod,
Specimen was loaded at ebtraln rate of O G) in./min.

8lippage sccurred in bottom grip at a load of 75 pounds.

This coulid not e corrected during test,.

Hod wes ezamiuned and no spparent danage bad occurred.

Hotes Since slippage heg oceurred in previous tests
using sleeve, try softer copper or lead, This may cause
plastic flow of the sleeve with less load, and gripoing
actian'may take plzce sooner,

Hay else try revisling jaw essembly of grips to elimi-

nete crushing.
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Test No, 4 - Jlovegtigation of Suitable Grip

._.'-

é}te b4 !'!"“#—5"62
Iype of Crip: Supreme Strand Chuck #780C {revised).

3pecimcn, Avge. iz, = 0.251 inches; length 8 inches,.
Test Mzeouines Tinlus Olsen = 60,000 1be 02p., #45559,

O
o

Por this test the conleal Jays wers revised as shown
in Pig., 5. The lower portior of each section was removed for
2 distance of one-helf lnch so thet bearing would teke place
in the wpper heli of the grip., %Yhe teeth on the inuer suriace
were algo removed.

The ends of the rod were coabed with carborundun powder.
This was doae by Lfirst applying e thin coai of duco cement
and rolling the rod over & sheet of glass on which the powder
had been spread., fThe rod alss had a coprer sleeve 1/32 inch
thick placed over the ends,

Svecimern was loeded at strain rzte of 0.05 in./min., us-
t1il failure. ¥Feilure occurred at load of 4,750 pounds. This
corresponds to a unlt stress of 97,000 psi compuled over gross
area.,

allure wes caused by nisaligament of grios. IExemination

s—..ﬂ

of rod showed that bearing within the grip was much lmproved;

however, some loesl orushing did ocenr before failure,



Test Vo, 5 - Prelimizery Study of Strese Strain

PRYCL LR TS

Charasecterigtics of Fiber Glass Rod

Dates & *2?“‘{:?0

Tryoe of Grips As unoted.

Specimens Avg. dia, = 2,251 lnchesg; length 15 inches
Test Mochine: Pinius Olssn - 60,000 1lb., ¢ap., hkg@ﬁ?.

Thisz test is te provide preliminary data of the stress

straln properties of the Tiber glssz rods used in the teeis

Pour typez of grip were employed, These are es follows:

3 o g v o " o ey £ £ pap ® T
1. Saprene Ftrand chuck #TRD {Revised) with

2., SBupreme Strand chuck #7800 (Revised) no slseve,
3. Strandvise 5102 with lesd sleeve.
de Grimpsd copper plpe,

Specimens ware loaded at strain rate of £.0% in./min.
unbil fallure. Siress gtrein data were recorded using mechani-
cal recording device coupled with the testing maschine.

&

‘_—?
;.-J
<
by
ot
-
o3
16

apeclimens tested gshowed & characteristic
stralght line stress sirain relationehip throughout the range

of load applied., Seversl specimens were subjected to three

r'I*

or more load g¢ycles and ezch indiecated perfeect slastie proper-

ties,



i 3 ww
PTest Ho,

Grin Ultimste Ioad Stres St rain YModulus of ¥lastieity
' {1bs) {rsi {in./in, psi)
1 1500 307230 - -
2 2700 55700 0.0825 5.74 x 100
3 1100 22300 3.0346 5.45 = 10°
4 1500 30380 G.0445 6.8 x 10°




Detes 4»1& 62,

Type of CGrip: ”ﬁpoyed Towel,

”3eefwmﬁ° bvg, 6ilz, = P.»wl ¢zoh=9; length 12 inches,
Hoehines Tinius Oleen - 60,000 1b, cap., #45659.

Bnd eripe were nade using 7/8 ineoh diameter steel dowel,
The dowel wae drilled through certer with & drill glightly
lzrger then 1/4 inch for s snug Tit around glasg rod. One
end wae then tapered =s shown in Pig, &,

he gripe were plsced in a elamp with the fiver glass
rod iveevted into the end as shown in Plz, 1. The rod was
ther selit into guarters using & knife blade and the sections

wedged apart using emell sections of metal, The fiber glese

was tunen bonded to the grip with an evoxy adhesive® and al-
lowed to cure for 33 hours at room temnere auie
Srecimen wes plocsed in testing machine and loaded st &

strein rete of 0,05 laches per minute, Losd and strain in-
ereased according to & straight line until at a2 load of 1500
pounds, then some deviatlon was noted, Slippage occurred in
the fop grip 2t 3430 pounds, ILoading was contlauved bub load
dropped off, Slippage in Lottor grip noted at 2000 pounds,
Load continued until failure at 5125 poundg. This corresponds
to stress of 104,500 psi computed on gross srea of the rod.
The large strain observed during first of test is attri-
buted to low modulus of epoxy or possibly the griv not helung

filled conmpletely thus allowing slippage.

* Hysol BpoxXi-batoh Rit rroduced by Hysol Corp., Clean, H.Y,
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Test He, - Investigation of Suvitable G

Dates 4~18-62,

Type of Grip: Papered Dowel.

Sp@ci*ﬁn: Lvges dim. = 0.251 inch@s;
0

ength 12 inches,
Test Machine: Tiniue Olsen - 60,00

%b. ClDes #15659,

Sreclmen prepared a& in Test Yo, 6, however, the snds of
the rod which had been gplit were wedged apart with short
pleces of wire., The wire was cut so that the rod would be
forced against the sides of the steel gripe.

The speclmen was loaded =zt the standard rate of strain
of 0.05 in./min. 8light slippage occurred at lcad of 5250
pounds but load was contiaued slnce there was no appsrent
dansge o rod.

Failurs of specimen occurred at load of 6550 pounds
which corresponds to approximately 133,900 psi computed over
the gross area of the rod,

Examination of the fallure indlczted dlagonal shear
fallure occurred at the polnt of intersection of the taper
and the drilled hole,

It is proposed to change the grip used by eliminating

the sharp bresking point believed‘ta have c¢aused the fallure,

’
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gt Ho, 8 - Investigetion of Suitable Grip

a—oreci———

3

Dates 5-2-62,

Iype of Grip: Tepered Dowel.

Specimens Avg. dla. = 0,251 Inchesy length 12 inches.
Pest Hachlnes: Tinlus Olsen - 60,000 1b. cab., #45659,

The grip used Tor this tesf wags the same as that used
for Taéﬁ Fo. T, dbut the inside ftaper was revised to elinminste
the sharp tran&i%iom from center hole to taper.

fhe specimen was prepared in the same manner as those
for Tests No. 6 and Wo, 7. 4 post yield strain gage, type
PA-3, was placed on the fiber glass rod for recording strain
data, |

Specimen loaded at standard rate of strsin of 0.05 in./
min., &Slippage noted at 16&& of 5525 pounds. After sllppage
the load fell off and then recovered until fallure at load
of B4T7H pounds.

The results of this test indicate ultimate short time
strength of 113,000 psi computed over gross area, Ultimste
strain ot fallure was 0.016 inches ver inch, The elastle
modulus caleulated from detz was 7.1 x 100 pel., TFig. 10
shows stress straln curve,

It appears that this grip will give good service up to

100,000 psi or better,



Tesgt ko, 2 - Imvestlastion of Ultinmstc SBitrensth
and Stresg Strain Charascteristics
Dates H-2-82,
Type of Grips Supreme Straud Chuck,
Bpeclment Avg., die. 0.2%21 inehes; leaghth 15 inches,
Teet Mzghiznes Tinius Olsen - 62,000 1b. 2ap., F45659,

ih

@

specimen for this test was prepared scceording to
Pederal Test Methed Standard No, 4056, MHethod 13ll, with the
exception that the tempersture sud hunidlty were not controlled,
To prepare the specimen 1t was vlseed in 2 metzl lathe
snd turned dowzn to 60 per cent of its originasl diameter,
sbrein was measured using v post yield strain gage,
Ya-3, fustened to the necked down porition of the speclmen,

Specinen loaded at standard rete of strain, 0.05 in./

Stress strain curve is showm in Pig. 18.
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FIG.18
STRESS STRAIN CURVE

TEST NO. 9
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Tegst No, 10 - Calibration of Load Cell

e

Date: 5-15-62,
Test Machine: Tinius Olsen - 60,000 1lb. cap., #F45659,

The lozd cell to be used in measuring the posti-tension
foree within the fiber glass did not have a name plate with
data. Therefore, hefore loads could be determined the load
coefflcient had to be determined for the load cell,

The load coefficlent wag determined in the following
mnanner. After placing the 1ozd cell in the testing machine
and connecting the proper electrical strsin recorder, the
load cell was subjected to thres repetitions of load. During
the lozd cycles, readings of strain znd load were recorded
at 1000 pound intervals., Using the recorded datz a esli-
bration curve wes drawn, Fig. 19, so that loads could be
determined from strzin resadings. The load coefficlent, k,
is the load divided by the strain. Therefore loads above
those on the curve can be cslculated by multiplying strain

by the load coefficient.
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FIG. 19
LOAD CELL

CALIBRATION CURVE
TEST NO. 10

4 L L A |

O
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Iegt No, 12 -~ Investigetion of Sultsble Grip

Dates 6-4-062,

Type of Grip: HRellsble Squeeze Sleeve,

Specimen: Ave. dia. = 0,250 inches; length 15 inches.
Test Machine: Tinius Olsen - 60, 000 1b. cap., #45659,

The sleeve was placed ovey the end of the specimen and
epoxy hysol cement was used vo bond the fiber glass to the
metbtal,

Specimen loaded at standard strain rate of 0.05 in./min,
until failure, PFallure oceurred at a load of 5580 pounds,
corresponding to @ stress of 116,000 pnsi, The fallure oc~
curred within the grip by the rod slipvlng out of the sleeve.

Slippage resulted from loss of bond between epoxy aud
fiber glass, Before failure ocourred yielding was obgerved
In the specimen, $Since there were no indieations of yield
within the fiber glass it 1s assumed that this occurred
within the grip.
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Iegt No., 13 -~ Invegilsstion of Suitsble Grip

Date: 6-4-62,

Type of Gript Tapered Dowel, with Marson's epoxy.
Sreclimen: Avg. dia. = 0.25 inches; length 15 inches,
Test Mschizes Tinius Olzen - 60,000 1lb., cap., #45659,

The grip in this test is the same ag used in Test No. 8,
with the exception of the resin. The resin was Merson's G-15
epoxy resln produced by Harson Corporation, Revere, #Hass,

The epoxy was nixed four perts resin to one nart hardener.

When mixing the evoxy too much hardener was used and the
milx dld not harden properly. The speclimen was cured for
seven days at room temperature znd atmospheriec pressure., A4b
the time of testing the epoxy was still not hard.

Specimen losded at stsndard rste of straim of 0.05 in./
min, No glip observed until failure which occurred at a load
of 5420 pounds. This corresponds to a stress of 110,800 psi

conputed over gross ares of tue rod.
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Test No. 14 - Investizstion of Uliimete Strensth

and Btress 3train Characteristlcs

Type of Grip: Tapered Dowel. ,
Specimen: Avg. dlz, = 0.259 inches; length 18 inches,
Test Machine: Tinius Olsen - 60,000 1b., ocap., F45659,

Speelmen prepared as in Test ¥o. 13 znd a post yield
strain gage, PA-3, was used to record strainm data.

Specimen loaded at standard rate of 0.05 in./min., until
fallure, Fallure occurred at 2 load of 8625 pounds or a
stress of 164,000 vsi figured on gross area of the rod,

Strain readings were recorded until = load of 5650 pounds
at which time the meter ran off the scale., The data recorded
to this point indicate, Pig., 20, elastic stress strain rela-

tionship and an elastic modulus of 6,42 x 106 rsi.
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FIG. 20

STRESS STRAIN CURVE
TEST NO. 14
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15 - lavestirstlon of Ultimate Strenath

. 3 X ‘
-0 AR I S A S p-s-Y T

and Stress Strein Charscteristics

Datetr FWot recorded.

Type of Gring Tapsred Dowel with Marson's epoxy.
Specimen: ivg. diz. = 0.258 vacbes; length 18 inches.
Pest Hechine: Tiniues Glaen - 60,000 lb. ¢sp., #45653,

This specimen was taken frow z sectiom of the rod used

in fensioning bhean anumber two. The end grips were prepared

In order that the strain readlings could be recorded
over s wider raange a varlable reslstor was placed in the
cireuit.

Mata recorded show that the specimen had an ulitinate
strength of 3400 pounds or 180,000 psi znd an elastle modu-
lus of 7.1 x 100 computed over the strsight portion of the
curve, Fig., 21,

Failure in this test occurred in the rod itself, The
failure was very sudden, much like an exvplosion, with glass
and plastic dust f£filling the air,

The slight devistion from the straight line relation
of stress strain noted on the curve may be due to yilelding

in the epoxy bondiug material within the grip.
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FIG. 21
STRESS STRAIN CURVE

TEST NO.15

L
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5t No. 16 - Investigution of Ultimzte Strength

and Stress Strelwn Chsracteristics

Dotes H=14-62,

Iype of Grip: Belizsble 3queeze Sleeve bonded vith ¥arson's
EROXY .

Speclument Avg. dis. = 0,257 inchesy length 18 incﬁaﬁ.

Test Machine: Tinlus Clssn - 60,000 1b. cap., 45653,

The specimen was prepared by plsciung Relisble Squeeze
Sleeves on the end of the Tilbver glass rod and filling the
vold with Macson's G-15 epoxy. The grips were cured as in
Test No, 14,

In order that straim readings could be recorded & PA-3
post yield strein gage was f{sastened to the spscinmen,
ihe specimen was loaded at a rate of gtrain of C.05
in./min. TPailure occurred st = load of %425 pounds and was
due to slippage within the grip.

Data was recorded and = stress strain curve, fig. 22,
-]

drawn for the Tfiber glass rod,
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FIG. 22
STRESS STRAIN CURVE

TEST NO.16
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Tegt Mo, 17 - Invegtloation of Sultsble Grip

Fanngrip.
dia. = 0.258 inches; legngth 4,0 feet.

BFiniung Olsen ~ 53,000 1o. can., 745659,

The specimen was prepared LYy wrapping the sads of the
Fanngrip about the fiber glass rod. %o wrap the rod the ends
of the grip sre pulled away from the fiber glass and wrapped
with a clockwise motlon, Hince the inslde of the grip is

coated with en abrasive, care muat be baken not to damage the

The specinmen was nlaced in the testing mechine and
loaded at & rate of strain of 0.05 in./min, until failure,
Failure ccourred at & losd of 6440 pounds. This corresponds
to &

gtress of 123,500 psl, computed over the gross area of

Inveostigation of specimen after fallure indicated possi-

ble damage to fiber glass while plecing grip on rod.
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%
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Bean te

*d
~= genersl

Three precast beams weyve made for performing flezursl
tests., &sfter the concrete had cured the flber gless pre-
stressing vod wes inserted into the mewber through & nre-

t
formed duct. Speelsl designed grivs wevre then fastened to

the fiber glass before the stressing overation, Pig. 23.

To meacure the tensile stress in the fiber glass rod
twe methods were employed., & post yield strain gage PA-3
was fastened to the rod before »nlzging in the member for
recording siress change Algo a losd ecell, Pig. 24, wes
fastened te cne of the end grive in euch 2 way that teuslle

Torces could be measured. Thz lozd cell was used a8 2 chenk

egeinst the strein gage snd to »rovide measurenments in csse

Strein measurenments within the concrste were wmade using

4.0 straln goges fastened to the top and botitom flange at

the Bid nolunt of the beam,

During testing resdlngs were ftaken simultansously of
total lozd, deflectlion, concrete strain, and fiher glass
strain,

The beams were posi-tsnsioned in the conerete lzboratory

and then carried to the materisles testing lsboratory, in an

adjoining room, for testing,
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FIG. 23
DETAIL OF TENSIONING DEVICE
._._.._A
| N
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2
! 3
4 N
7
! 5 —R ]A
6e—f 7~
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A SECTION A-A
Scale: 34=1"
1 End Grip 4 4 Adapter
2 Tensioning Nut 5 Thrust Bearing

3 Compression Collar 6 Bearing Plate
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FIG. 24
TENSION INDICATOR
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Jonoerete ftegt eylindeors end flexuval speclimens were made

for eapnh member tested, Thege tezts wers vade at the sane
time an the beam btest to obltain actual compressive and flexe-

ural strengihs, Table IIT shows the value of the compressive

streagth f£! and flexural strength ff for each of the specimens.
c 4

= DEOH N0, 1 e

The bean used in this tegt was broken in nalf during the
post~tensioning operation., The end grip fastened to the loasd
cell slippred relessing the 3000 pound compressive force exX-
erted by the fiber glass., This releage of energy s»lit the
gonerete beaswnm,

Lhe epoxy resin belng used for bond when the beawm bhroke
was Hysol Epoxi-Pateh Kit. This was replaced with Marson's
$-15 epoxy resin. Harson's epoxy resin sppears o have su-
perior guailtles over the EBysol.

After replaocing the end zrips the nmember was agsin post-
tensioned. Due to the erack only 4570 pounds of tensile force
was applied to the fiber glass.

Blnce the member was cracked no strain gages were placed
on the conerete, but a2 post yield gage PA-3 was plazced on the
filbver glass rod and & load cell was fastened to one grip to
measurg the pregtressing force,

During the test readings were tzken of total load, de-
fleetion and fiver glass stress,

Table IV zhows the fabulated test data.
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Table TIT

Gampressive and Flexzural Strength of Concrete

at Tine of Testling Besns

Spseimen Tacen rrom fé'“ T -
Ho. Bean ilo, (081 {ngi)
1 1 - 607.8
2 1 5,060
) 2 823, 4
4 2 4,575
5 3 684,
& 3 674.0
7 3 4, QU0
& % 443525

* ALL compressive test eylinders were made according
L0 procecure stated In ASTH G31-44 with the excep-
tion of curing. 3Spreclwens were cured a2t stmospherie
conditons =g were the precsst beawns,

¥lezure test specimens were taken from the end of
the precaest nembers used for beam tests.



Test Date Resm Ho, 1

Losd Deflectlon Pogt-tengion Hemarks
(1b.) {in.) Force {(1b.)
35 0.000 4870 Begin test

200

400

500

800
1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
2000
3200
3200
3400
5500
36500
5710
28060
750
3960

$.002
0.00G
0,011
C.0l4
0,018
G024
0,028
D e 055
C.036
0,045
C.051

0,058

\Jad‘fﬁg
\, .\_J g‘?
S. 1 /6
3,108
0 02‘5'55
G0.3227
Do 445
0.539
0.671
D.7Th
3595

1,228

4570

500
4600
4810
4570
4640
4700
4750
4850
4930
5150
5270
5460
5600
3750
6000

(Vote ig

Beg
Vislible

Failure

= 0.0510
5.757

EVE e

i

i

erack in

- COompres

% 106

vaiue)

gion

failure in tep Tlange

of mem

ber.
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- beam N0, 2 ==

This besn was tested in flexurve having load azpnllied =2t
the third points., The recorded test dsta inecluded total load,
deflection, fiber glass strailn, conecrete strain and tension
on loasd cell,

The beam was post-~tensioned wlth & tenslle force 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 fall in com=
pression, The load wes then removed and readings wére teken
during recovery.

Table V lists the tabulated datz and caléulated eoncrete
stresses iz the top and bottom flange. The post-tension force
was determined by the use of a Pi-3 strain gage fastened to
the fiber glass rod. ~Concrete sirain wss measured with A-9
strain gages fastened at the center line of the flaznge, 4n
ames dlal was ploeed st the mid point of the keam for record-
ing defleection,

The beam was loaded at a uniform rate with dats recorded
at each 200 pound lucrement of load, ILoading was continued
until compression in the top flange caused spauling. The load

was removed and a flnal deflesction reading was takeu.
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Teble ¥

FTegt lnta Beam Ho, 2

Total ifogst-tengion Def., Concrete Strain Salcuiszited I Remarks
Loag Gaze Cell (in. Top %ottom Bottom Top
(1be) (b} (Ab.) x 10-=3) (vsi) {psi) (psi) (psid
0 5520 5500 0.0 100 220 -1199 +331
00 5 80 -190
400 6.5 75 -180
£00 9,8 50 =165
800 12.5 40 =140
1000 B644 5500 15.5 15 «130 ~652 «205
1200 5520 18.9 0 -110
1400 22,0 w20 -20
1600 24,9 <35 -80
1.800 28.9 -60 ~55
2000 31,5 =75 -40
2200 586560 34,9 100 -20 +2,3 -848
2400 3.0 =120 -5
2600 40,1 <135 +#20
2800 43,9 =155 35
3000 47,0 <175 60
3200 50,1 =190 TO
B4G0 54,8 <220 100 Crack heard
2600 H681 5520 60.0 =235 115 +771L.2-1593Crack visible
3570 5790 5570 119.0  ~- - 2 1/3 vt,
3700 5840 5500 159.,0 VLBLdng
3800 5820 5600 L74.0 1/16" crack
3900 5910 5610  199.0

3950 5040 5650 280.0

4000 6090 5575  307.0 1/8" erack
4050 6HB200 5720 3760
4100 5280 5800  451.0 1/4" orack
4110 6510 5925 625,0

0 - - 53,0 Permanent

Lef]@ction




beam wes nosi-tensicned with

in the same manner ag beam no.

vbad test data,

2]

fe)

farae of 5585 vounds

2. Tzble VI shovws
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rost-tension Del, Gongrete Stroain

L IR I H b e Y 1ol
Jolouiated . Zomarks

Liond Moree Top Top Botton

{ib,) (1be) (ins) . (psi] {pzi){psi)
O 558% 0.0 +3335 2 =325

400 0.006 45 <280

500 G.Q12 5 230

500 0,012 5 =220

1000 5598 0,015 =203 20 205
1200 0,019 ~45 <175
1400 0,022 ~50 =155
1500 0,026 -85 125

1800 5612 0,030 H32 «-105 =110

2000 0.0358 -130 ~-80

2200 0.036 =150 50

2400 0.G40 -170 -30

2600 5625 0,044 1061 ~200 )
2800 0.048 =220 425

3000 2.052 ~240 50

3200 0.055 =265 75

3400 5630 0,060 -1490 -285 100  Craok 1/3
3380 5742 1.102 vt. ylelding
3500 5794 0.205

3600 ek ad 3 [] 7506

3700 5399 0.412

3800 6003 0.519

350 5107 0.624

3000 5160 0.728

3950 L2648 .833
4000 £316 0.938

4050 6395 1.040

3920 5447 1.250 Faillure
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Abstract
FIBER GLASS PRESTRESSED CONOHETE
by

Teylor P, Turner Jr,

The use of glass reinforcement in concrete was concelved
over thirty years ago. However, it has been within the past
ten years that the advanteges of glass flber over steel for
use in prestressing have bhecome known, Pazt reseazrch shows
that, even thcough the physicel proverties of gless Tiber lun
the form of laminsted rods are degirable for prestressing con-

crete, the material presents several problems., The most dif-

i

8 th

?-3‘

m

ficult problen b of gripping the fiber glass rods.
Other preoblems are ereep end developing adequate design
eriterion,.

The present investlipgatlon confirms meny of the previous
findings with respeect to grinplng devices aznd presents data
on tensile tests performed on modified commercial grips. The
Panugrip is the most promising commereizl grip investigated.

Pogt-tengioned beans are deslgned and tested in flexure,
The recorded test dats is compared with the design data to
verlfy existing design criterion., Present design {formulas
provide relliable results up to the eorscking load, Deflections

are ealeulated with sufficlent accuracy by smpiriecal eguations;

however, a method of finding ulitimate load remeins to be found,
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