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lOTRODUCTION

In recent years there haa been a great deal of development

in preatressed concrete. This development haa proceeded more

rapidly in Europe than in the United States because of the

econoiTiic factors involved. Prestreased concrete in practice

utilizes the materials to their fullest extent while the amount

of labor and technical skill required la increased. The saving

In material which la realized in prestreased concrete is very

attractive to Europeans because of their limited supply of raw

materials. In the United Statea ordinary reinforced concrete

is still preferred in most instances because of the relatively

high cost of labor in this country. There are other factors in-

volved however, which make prestressed concrete desirable in any

area of construction. In ordinary reinforced concrete a structure

may become cracked and still perform the functions it was

designed for. However, where cracks occur, water claims access

to the concrete and through cycles of freezing and thawing smd

through chemical action the structure is slowly broken down.

In prestressed concrete the cracks are not allowed to develop.

The nrestresaing wires put the concrete in compression on the

entire face of the cross section thus never allowing the cracks

to form. Even in structures which are over loaded and caused

to crack due to th^t overload the cracks close as soon as the

over load is removed and the atructure is not damaged.

Since prestreased concrete has so many good qualities a



method will be found eventually to produce It economically. In

the United States this economy can probably be obtained by

producing tjreatressed -^e-ribers in a factory where the weather

cannot interfere with operations and assembly line methods can

be used. ,1th prestressed concrete being produced in factories

and shipped to the job site the factor of freight enters the

picture. It seems that prestressed concrete could be made more

economical if the weight could be reduced. A reduction in weight

would also be welcomed at the Job site. Because of these factors

manufacturers of prestressed concrete are using, in many cases,

lin;ht weic:ht aggregates such is expanded shale and 'nlca. By

using light weight aggregates the weight is reduced fro-i 150

lb. per cu, ft, to 105 lb. per cu, ft.

Up to the present time very little research has been done

on light weight prestressed concrete. Therefore a need was felt

for investigation of some of the properties of this striictural

medium.

In prestressed concrete the steel reinforcing units are

stretched until the desired prestressing force is attained and

then, by various means, this load is transferred to the concrete

member. The effect is that of an eccentrically loaded column

as far as stresses are concerned. At this point a problem

arises which does not occur in ordinary reinforced concrete.

As the concrete cures it has a tendency to shrink. This shrink-

age of the concrete allows the steel to shorten and cause a loss

in the original prestress force. At the same time plastic flow



or creet) Is taking place, not only in the concrete, but also in

the steel. This creep adds to the loss of prestress already

noted as due to shrinkage. The creep in the steel rnijfit be

called a relaxation of the reinforcing units in which the force

decreases over a period of time for a constant strain.

The factors itientioned above have been investigated by

researchers in ordinary prestress ed concrete, but very little

has been done with light weight concrete.

Rosov (3) has stated that the design prestress shall be

fixed by deducting 30,000 to 40,000 lb. per sq. in. from the

yield point value of the steel. The T^relirninary stress should

be fro'T! 5,000 to 10,000 lb. per sq. in. less tlian the yield

point value. These values indicate a loss froni creeo and

shrinkage of fro-n 20,000 to 35,000 lb. oer sq. in. If the

preliminary prestress Is taken as 170,000 lb. oer sq. in. the

percentage loss due to shrinkage and creep ^would dg from 11.75

per cent to 20.50 oer cent.

According to .Rundlett (4) the design specification of

15 per cent loss in prestresslng as used In bridge design proved

to be insufficient under full scale tests.

Staley and Peabody (5) stated that for steel stressed to

100,000 or 150,000 lb. ner sq. in. the drop due to creep and

shrinkage will be 20,000 or 30,000 lb. per sq. In. In each

case the drop Is 20 per cent. They also showed that for very low

prestresslng forces the loss may be up to 83 per cent after one

year.

Another value for loss in steel due to all factors Is given



by Magnel (2) to be 15 per cent. He also stated that exception

should be taken wnen the concrete Is not of the best quality or

when its stress Is higher than 1440 lb, per sq. in.

The purpose of this paper is to present the results of

research on light weight prestresaed concrete with respect to

shrinkage, creep, deflection and grouting,

DErlNITICN OF NOTATIOI^^

I - Moment of Inertia

Aq - Area of concrete

e - Eccentricity

fg - Design steel unit stress, tension

fc - Design concrete unit stress, co-^pression

S^ - Stress in extreme fibers, top of beaa

Sj3 - Stress in extreme fibers, bottom of beam

w - Weight of concrete per foot of beam

M^ix " Dead load moment

'^dl " ^^^ load stress

TEST SPECIMENS

Twenty Foot Beams

Two 20 foot beams were cast with a cross section as shown

In Plate I, High early strength cement and haydite aggregate

were used as materials in the beams. The two beams were cast

with holes for prestressing steel. The holes were cast by

wiring inflated rubber tubes in the foras and pouring the

concrete around them. The holes were cast as shown in Plate I



1
to form a constant croaa section in the Tilddle one-third of the

besun* The tubes were of a size such as to forii a hole 1 3/4"

In diameter. This area was large enough to hold six 1/4'* diameter

wires for prestressing.

Ten Foot Beams '^"

Two 10 foot beams were cast with cross sections as shown in

Plate III. The same materials were used in the 10 foot beams

that were used in the 20 foot beams. Bronze ^ge plugs were set

in opposite sides of the beams and 1 3/4 inch holes were cast

down the center of each beam.

TEST PROCEDURE

Twenty Foot Beams

With the beams cast as shown In Plate I the following

values were calculated: *^

Net I of concrete - 6453»9 in^

e - 5

Ac - 146.42 in2

fs - 145,000 lb. per sq. In.

I'q s 2,000 lb. per sq. in.

Using 3lx 1/4" diameter wires per hole the total area of

steel was 18 x 0.049 = 0.882 sq. in. The total force on the

beams would be 0.882 x 145,000 = 127,890 lb.



EXPLANATION OF PLATi NO. I

A cross section and side view of the 20 foot

prestressed beams tested.
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EXPLANATION OF PLATE NO, III

A croaa section and side view of the 10 foot

beams used in determining shrinkage and creep.
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S* = -Z + lis. = - 127. Boo + 127.8Q0x5x10 = +118 1j. Der sq. In,
A I 146.42 6453.9

Sb = -P-M£ = -127.890 - 127,890x5x10 = -1,864 lb. per aq. in.
A I 146.42 6453.9

Mdl = 4i

w = 105x146.42 = 106.5 lb. per ft.
144

Hfli = 106.5x400x12 = 64000 In. lb..

S^l = 64000x10 = 99.2 lb. oer aq. in.
6453.9

Net streaaea when the beam is supported at the ends is aa

followa

.

S^ = 118 - 99.2 = +18.8 lb. per aq. In.

Sb = -1864 + 99.2 = -1764.8 lb. per aq. in.,

The 20 foot beama were to be loaded aa calculated above or

as nearly so aa posaible. After the loads were applied to the

beams they were laid on their a idea and loaded againat each

other at the third pointa as indicated in Plate II. The force

applied at the third pointa waa 13,300 lb. The loading device

conaiated of two jacks and two calibrated apringa. A conatant

load waa maintained through keeping the deflection of each

apring aa nearly conatant aa poasible. With the loada thus

applied meaaurements were taken periodically to determine the

center deflection and the loss in steel atress in the preatressing

wires.

Some difficulty waa encountered in getting the preacribed

load of 145,000 lb. per aq. in. in the steel. Consequently the

final loada differed from the original calculated figurea aa ahown
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In plates V to X,

In holes 1, 2, and 3 the prestreaa loads were 46,000,

42,000, and A2,600 Iba. reanectlvely. nlth eccentrloltiea of

holes 1, 2, and 3» 2,5 Inches, 5.0 Inches and 7.5 inches re-

atjeotlvely the final stresses were found to be • 107 lbs, ner

aq. In, at the ton of the beam and - 1«Q3 lb. ner so, in, at

the botto- of the beam.

In the other 20 foot beam the final stresses were - 139 lb.

per sq. in. ^t the ton of the beam and - 2065 lb, oer aq, in,

at the bottOTj of the benra, laese figures do not differ appre-

ciably from those calculated.

Ten Foot Beama

The cross section of the 10 foot beama Is shown in Plate III.

Both beams had an Identical cross section. One was loaded, that

la prestreased, with an axial load, and the other had no loads

ftOT^lied, With gage plugs on either aide of each bean readings

could be taken to determine the strain in each case. For the

un-prestreased beaii this strain or shortening would be caused

by shrinkage of the concrete alone. In the prestresaed beam

the shortening; would be a result of shrinkage and creep combined.

The results of the testa would ahow how much of the totnl

ahortening waa caused by shrinkage and how much was caused by

creep. At the same tlTie readings were to be taken on the steel

in the nreatressed bearn to determine the losa in atress in the

steel.



14

RESULTS OF TESTS ON TWENTY FOOT BEAMS

Center Deflection

At zero days before loadinp; at the third points the de-

flection was - 0,37 inches. The negative deflection indicates

that the beamp were bowed slightly toward each other as a re-

sult of the ores tressing force. Immediately after the apnlica-

tion of the loads the deflection was measured and was found to

be + 0,23 inches. The total deflection due to the third ooint

loads at thia tl-ne was 0,60 inches. This deflection can be

assumed to be elastic.

At the end of 121 days the deflection had increased as in-

dicated on Plate IV to a value of + 0.895 inches. This gave

a total deflection at this tine of I.265 inches and the curve

was definitely leveling off. The deflections as read were the

total deflection of the two beams, therefore it can be reason-

ably assu-ned that each beani deflected a total of O.6325 inches

in 121 days.

Loss in Steel Stress

The steel stress loss In the 20 foot beams is shown in

Plates V to X. The loss was -noasured in each hole as indicated.

The first ooint recorded was the force necessary to stretch the

wires sufficiently to slip the plates behind the loading head.

The second point recorded at zero days was the load on the wires

when the plates were seated. This load is thus the actual nre-

stresslng load. The first point recorded at 4 days was the
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amount of original prestreasing force left after 4 days of

ahrinkage and creep. The second point recorded at 4 days la the

force in the wires inraediately after application of the third

point loads.

The average drop from prestreasing force to seating of the

plates vja3 13,33 per cent. The average dron, after 125 days,

froTi the seatin"; force was 21, l6 per cent. The average drop,

at 125 days, fro-n the load im-nediately after third point loading

-.vao 18,2 r>er cent. These nercentage drops were the result of

shrinkage and creep in the concrete as well as the creep in

the steel. Hole no, 6 was omitted in calculating per cent drop

from seating force and hole no, 3 was omitted in calculating per

cent drop from third point loading. The plates at the and of

the beams in these two cases were badly deformed.

Breaking Load

At 132 days one of the 20 foot beams was subjected to a

failure test. It was loaded at the third nointa with the total

span being 19 feet 0,3 inches. Immediately before the test the

modulus of runture and comoressive strength of the concrete was

obtained from 3 by 4 by I6 inch control beams. These values

were 800 lb, per sq, in. and 4490 lb. per sq. in. respectively,.

The weight of the beam itself was 108 lb, per ft. and the

weight of the loading device was 608 lb. The loads on the pre-

stressing wires at the time of loading were as follows j hole no,

4, 27,900 lb,; hole no, 5, 35,000 lb,; and hole no. 6, 33,200 lb.

With these values the cracking load was calculated to compare

with the actual test. The calculated crickin?^ load was 38 259
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lb. The actual load at which cracks occured waa 33»^60 lb.

The ultimate load was 44,000 lb.

At 141 days, the other 20 foot beam with wires grouted

waa subjected to the same load teat. The calculated cracking

load was 39,470 lb. The actual load at which cracks occured

was 34,230 lb. The ultimate load was 59,910 lb.

RESULTS OF TESTS ON TEN FOOT BEAMS

The results of tests on the 10 foot beams are shown In

Plates XI, XII, and Xill. Plate XI shows the shrinkage on

the un-prestressed beam. This plate shows a value of 0. 00068

inches oer inch at 116 days. Plate XII shows the creep and

shrinkage of the pre-stressed beam. At 116 days the value

recorded is 0,00122 inches per inch, Plate XIII shows the

loss in ateel stress in the prestreased beam. This plate

shows a drop in steel stress from the seating stress of 35.8

per cent. The three plates indicate that the loss in steel

stress can be broken down as 14.7 per cent due to shrinkage

of concrete, 11.6 per cent due to creep of concrete, and 9.5

per cent due to creep of the steel.

IWTERPJffiTATION OF RESULTS

Inflection

The A.I.3.C. specifications (5) state that for beams and

girders supporting plastered ceilings, the deflection due to

live load should not exceed I/36O of the span. For a twenty
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foot beam this value would be 0.6? inches. The deflection tests

of the 20 foot beams show a aaxiuiura vnluo at the end of 121 -lays

of 0.^325 Inches, This amount of deflection indicates that this

pronerty of prestressed concrete merits so-ne consideration if

the beaTis are to be used In buildings or other places where

deflection la a critical factor.

Loss In Steel Stress

In the 20 foot beams the average loss In steel stress from

the seating force wa^ 21. 1^^ ^^er cent. In the 10 foot beams tho

comparable figure was 35.8 per cent. The large beams more

nearly approximate the actual load condition. The average

stress in the steel was 154,136 lb. per sq. In. In the 10 foot

beams the steel stress wag 125,510 lb. per sq. In. Since there

is a greater per cent drop in the wire with a low initial stress

there is a possibility that better results may be obtained by

using a steel stress close to the ultimate value.

CJrouting

Groutlnr of the wires in the beam appears to improve the

atrenjrth in bending. The greatest improvement appears In the

ultimate strength where the grouted beam was 3tronfl;er by 36 per

cent. This could be contributed to the fact that the steel acts

as ordinary reinforcing steel after the cracking load has been

exceeded. The grouting evidently provides a bonding action

which makes the steel work as ordinary reinforced concrete steel

does. The increased strength due to grouting may be compared
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with the 18.5 ^er cent gain as reported by Rundlett (4).

CONCLUSION

The results of these teats were not Intended to be con-

clusive, but only to determine aoiie factors which need invest-

igation* They must be compared with results obtained in ord-

inary prestressed concrete as very little is yet available on

li^ht weight prestressed concrete. This research should not

be applied to ordinary nrestressed concrete.

As has been pointed out the factor apolied to the loss in

steel stress varies from 15 to 25 per cent in ordinary pre-

stressed concrete. The results of this test show that to be

safe a factor of at least 25 per cent should be considered in

li^t weight concrete where nothing is done to remove the creep

in the concrete and steel before loading. The creep in the

concrete mi,^t be largely overcome by first applying a partial

prestressing force and, at a later date, applying the final

prestressing. The creer) in the steel c'?.n be removed, as sug-

gested by r-agnel (1), by aonlylng an excessive stressing force

for about two minutes before actu«?l prestressing of the beam.

These two suggested methods should be tested before use to

determine the amount of creep each method removes. The pro-

cedure Just mentioned may have contributed to the difference in

drop in steel stress in the 10 and 20 foot beams. Some diffi-

culty was encountered in aprtilying the prestress force to the

20 foot beams and in the process the wires were subjected to an
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exceedingly high force. This high stress evidently removed

some of the creep in the steel.

The deflection should be investigated in cases where a

large deflection could cause injury to the structure. In

cases where deflection is not too important the ability to

crack and then recover when the overload has been removed is

very desirable.

The effect of grouting was well demonstrated in the

ultimate load tests. The greater safety factor provided by

grouting is, of couree, very desirable in all structures.
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The purpose of this paper was to deterrnlne some of the

characteristics of prestressed concrete containing light weight

egi^regate, and to determine what factors need further Invest-

igation, There has been some research on ordinary prestressed

concrete, but very little on light welc^t prestressed concrete.

The research as reported In this paper was not extensive enough

to establish any set rules or facts, but only to point out some

properties which need Investigation, The main points of tae re-

search dealt with the loss In prestress due to shrinkage and

creep of the concrete and creep of the steel, and the deflection

of 8 full scale beam, under load, with tlrae. The effect of grout-

ing the prestresslng wires on the ultimate strenf^th of the beam

was elso investlftated.

Two full scale twenty foot beams and two ten foot beam.s of

rectanp:ular cross section were cast usins^ light weight concrete.

The two twenty foot beams were prestressed and loaded against

each other to produce the effect of actual loading. The loads

were kept as nearly constant as possible and the loss in steel

stress along with deflection were measured periodically. After

approximately four months these beams were subjected to a fail-

ure test, one with the prestresslng wires grouted and the other

not grouted.

The two ten foot beams were cast with identical cross sec-

tion and one was j restressed with a direct axial load. These

beams were not loaded as beams but were only used as an attempt

to separate the three quantities; shrinkage in the concrete,

creep In the concrete, and creep in the steel. The ten foot



beam which was not prestressed was measured for shrinkage alone.

The prestressed ten foot beam gave the shortening due to shrink-

age and creep of the concrete. At the sane time the loss in

steel stress was being recorded.

The results of the teats in moat cases were very clear cut.

The average loss in steel stress In all wires in the twenty-

foot beams was about 21 percent. The loss In steel stress in

the ten foot beam was about 36 percent. The average original

prestresslng force In the twenty foot beams was l51i,13& lb.

per 80. In, while In the ten foot beam the prestresslng force

was only 125,^10 lb, per sq. In, The Indication here being

that In order to reduce the loss In steel stress a prestresslng

force near the ultimate strength of the steel snould be used.

There Is evidently an optimum value to use In prestresslng.

The results of the deflection test showed that this

factor should be investlciated in cases where deflection Is

critical, VJhere the amoxmt of deflection Is not critical the

prestressed beams should be satisfactory.

The ultimate load, according to this test, was Increased

^y 36 percent by grouting the prestresslng wires. This la a

significant value even for one test.

The results of the tests on the ten foot beams showed that

the shrlnVage In light weight concrete is approximately the same

as in ordinary concrete. Of the 35.9 percent loss In steel stress

in the prestressed beam It was determined that ll^,? percent was

due to shrinkage of concrete, 11,6 percent was due to creep of

concrete, and 9.B percent was due to creoi of the steel.


