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For threé quarters of a century, researchers have investlgated
the field oflfeinforced-concreteor Although there is still much to
be learned, numerous tests und structures-ha&e proven it to be a
sound construction material. 4 new type of concrete, namely; pree
stressed concrete, now appears in its infancy in the U,S. &«nd much
research will be necessary io solve all of its idiosyncrasies.

In preparation fbr repetitive load tests on full_scalelssﬁ
pretensioned snd'posttensionéé, prestressed cohcrete bridge members,
a seriés of pilot tests were conducted’durihg the past yéar at Le~
high University, The first pilot test involved the cdnstruction and
'tesﬁing of three beems whose elevation end cross-section appear on
Figs 1. A regulerly reinforcéd, a posttensioned prestressed and a
pretensioned prestressed‘conérete besm were tosted for the primafy ‘
"purpose of comparing physicsl properties. All beums were 8"x12"x12",
They were poured according to essentially.the same mix design and
were tested by spplying 1oéds to the third points of an eleven foot
tesf Spahe

The normually reinforced beém wué'a bulanced design conforming
to the étrbight line theory. 7The design of_the posttensioned pre-
 stressed concreté besm appearé on Fig. 2. The dead load and desired
live los=d moments were 18,200 and 422,500 in. 1b. respectivelyo Lnd
thrust and eccentricitﬁ were computed Dy solving two simultaneous

equations involving the principles of zero stress in the top fiber



with @Pesureas pius deaa load and zeile si;ess in the bottom fiber with
preStreés.plus dead load plus dﬁaign live load, Tﬁe solution of the
two equations yielded a required eccentricity 6f‘2918“ aﬁd a reyulred
‘end thrust of 105,600 poundsh.VWorking design stresses for concrete
and steel were 2200 and 105,000 psi respectively. Allowing 20% for
creep and flow, initisl stresses of 2640 and 125,000 psi respecmely
for concrete and steel'wére considered satisfactory., The beum was
designed for a concrete ﬁorkihé stress of 0.4fg which required a mix
design for 5500 pound concrete. |

The design'midspan stress patterné for final presﬁress appear
at the bottom of Figo 2. They are from left to right, prestress plus
daéd load, liQe load; and prestréas plus dead plus live load stresses,

Nexzt, Fig. 3 shows.the posttensioned beam in testing position,
Variszbles considered on all beams were deflections; ultimate atrengthé,
casting difficultics, stress v:riations snd adcuraéy of design pro-
cedures, %hen sn end thrust of 84,000 1bs. had been applied to the
beam’SRe4 strain gages indicated a top fiber tension of 640 psi and
because of danger of a premature tension failure jacking was dis-
continued. Thus the strunds were stressed to only 84,000 psi.

Fig. 4 shows the pretensioned besm prior to pouring. So that
an adeyuate comp:rison could he made between the pqsttensioned and
pretensioned beams, the pietensioned beesm's strands were jacked to
the point where they also ylelded an end thrust of gpproximaﬁely
84,000 ibso inste:d of the design value of 105,000 1lbs, Only 63%
of the design steel area was used but it was stressed to about
135,000 psi.

‘ Figo‘s shows the pretensioned beem in the testing machine after
fellure. rrimery csuse of fuilure was diagonal tension. The beam
contaihed no.diégonal.tensioh reinforéemento

Measured and computed stresses at the midspan cross-section for

both the posttensioned und pretensioned and prestréssed concrete beams



appear in rFig. 6.

Two slight errors in_the fabricatién of the posttensioned beum
could have ciused the 105,600 1b. design end thrust to be limited
to 84,000 1lbs, First, beczuse of its stiffness the strand tended to
follow a pursbolic path instesd of the designed 3'strsight line path.
Thug the eccentricity could easily heve becn in error by 1/4 inch,
resulting in an e ® 2,43" instecd of 2,18", ©econd; the catenary
effect probably resulted in en uplift pattern more of the type
"shown in Fig. 6 instead of the 1/3 poin% conceﬁtrated load uplift
used in the design. ,

Assuming that tﬁe loading wes as shown in the top left diagrem,
the computed midspen stresses would be as shown, The measured stresses -
for the live loads of zero; 10,0003 20,0003 and 30,000 1lbs, appearvas
the top group. The‘corr63ponding computed values»appeér as fhe lowef
group. " | | |

The figure at the top right shows the forces on the pretensioned
beam. Tbhe initial end thrust was sbout 85,500 lbs. It was assumed |
.shrinkage, creep and plsstic flow reduced this to 78,000 lbso at the
end of 14 duys. The midspan computed and measured values of stress
for the ssme live loads appeer below this diagram.

The first figurs tabulates the reéulﬁs of the tests. In order
of normal, posttenaiénéd and pretensioned bezsms the results are (1)
first visible crack--4000; 25,0005 snd 1900 1bs.; (2) meximum de-
flection OuéS; 0,95 and 1,75 inches (3) fuillure load--36,750; 39,300;
and 41,000 1bs.; (4) primary failureufsﬁeel, concrete and diagonal
tension. ', ’

" Last July a no eccentricity, pretensioned beum was tested and

in December a final pilot test was mede on snother 8"x12"x12' pre-

tensioned beam cont:ining épproximately 90 SR-4 strain gages. A
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view of this beam under test apoears in Fig. 7. A view of the beam
after faiiuré sppears in Fig. 8, Bond Tests are being conducted

in conjunction with the beam tests, We hope that with good fortune
we will hive our 38 ft. Desms under repetitive tests within the"

next three months,
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FIG, 4, PRETENSIONED , BEAM PRIOR TO POURING

FIG, 5, PRETENSIONED BEAM AFTER FAILURE
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FIG 6- STRESSES AT SECTION a-a
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