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FIELD TESTS ON A PRESTRESSED CONCRETE
MULTI-BEAM BRIDGE

by

A, Roesli, &; &mislova, C, E. Ekberg, Jr., and ¥W. J. Eney

A condensed version given by
€. B, Ekberg, Jr., at the
Anmmial Meeting of the Highway
Reseerch Board on Janumry 20,
1956, at Shereston-Park Hotel
in Washington, D,C.



INTRODUCTICHN

The bridge test'&esétiba&'in this report 18 a part
of an extenaivé resefrech program on prestressed conerete
bridge members being carried on at Lehigh University,

The general purpose of this research program is to
check the validity of the design assumptions, deternmine
the effect of static end repeated loads, end to furnish
data that may aid in the preparation of design apaeificaxians.

Where multiabeam Briégea are concerned, the main
problem to be invegtigated is the interaction of the beans
and the determination of the portion of the tetal live
load sach beam must carry. The overall problem has been
divided into three phases, nemely: theoretical studies,
laboratory tests, and fleld tests on actual bridges,

This report covers the first of several planned field tests;
SLIDE ¥o,1 | '

The test bridge 1a\shown in the first slide., It is
loéated at the west end of the town of Centerport in Berks
County, Pennsylvenia., The bridge beams were manufectured
in November 1951 by the Conerete Froduets Company of America
at their FPottatown plant, and erection took place in Dece
. ember 1952, The bridge was tested in July 1954,

A £§b~1nch'layer of bituminous materlal covers the
top snrfaéea of the nine préfabrioated, pretensioned cone-
~ crete beams. An eight-inch high precast curb 1s provided
on each side of the rosdway. The steel guard rails vere
bolted in the field to the outside beams.
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SLIDE NG,2

This is & view showing the nine beams in plan, The
bridge has a clear roadway width of 25 ft. L in., and a
clear span of 32 fte A single aheé—inch’diameter mild ‘ste’e’l
bolt, approximately 27 ft. long, passes thx'oug,h two-inch
precast holes in the beams to tie the bridge together
laterally at midspen., This bolt is not under eny app.re‘eu
1able tension and is ungrouted, | o
SLIDE NO,3 |

The top view is a longitudinal section showing the
extent of the hollow portion of the beams., The "hblléma» 8w
tend the total length of the beam except for a two-foot
s0l1d section at each end end & 10-in. solid section at the
center of the gpan where the lateral tle rod passes through.

‘The bottom view 1s & eross-section showing two cire
cular hollows in each beam, The ﬁ.e rod ié seen to pass
through the beams at mid-aepth. axid the shear keys are
visible between the beams just above mide-depth,

The bridge was erectsd by placing the beams side-by-
slde on the aebutments, using a large truck crane., The
beams had two vertical 2-1/2 in, diameter precast holes in
each end and these wers used to align a atar drill to make
corresponding holes | in the abuﬁmenb. Finally, 3/ by 26-in/
anchor bolts wers inserted and grouted to tie down all b_éama
to the abutments,

‘This slide shows the detsils of an individual beam
which has & secticn approximately 36-in, wide by 2l-in, deep,

It can be seen that the shear key voida, formed when



the besmg are placed side by side, have a‘wiathkvnryiﬁg
from 3/4~in, at the top to 1~1/2 in, near the bottom.
These volds extend vertically to 9 in, below the top fiber |
and are eamplétely.falled with non-shrinking mortar, |
1nitialiy the 1/li=in. strends were prestressed to
mgg,ﬁoé psl with a twenty percent loss assumed for shrinkage,
plastic flaw, and elastic sharﬁeniﬁg¢
Thé concrete apecifieamioha‘ﬁaquired a cylinder
strength at release of prestrese of 3300 psi and a strengﬁh
at 28 days of 5000 pasi. |
The design live loed i3 &n 320»316 truck with 30 per=
cent impact, ’Eaeh beam was dedlgned to earry L0 percent of
the lane loading,

This slide. shuWS the location of‘ths static end ay»

namic test equipment that was used.

| The purposge ar the static tests was to determine the
percentage of live load carried by each beam of the bridge.
This was accomplisghed by measuring the deformed ghape of the
‘bmdge loaded with two different types of trucks to be des-
emibed later. The loeding of the bridge was perravmﬁd by
. positioning these trucks auaeésaivaly at the quarter-point
end midspan in both the edge and center traffie lanes,
Thi?ty»nine dial gages, indlcated by the small cireles, were
used to measure the verticel deflections, Of secondery im-
portance during static loading was the measurement of the
transverae‘reﬁazian of three of the beams, The positions
of the level bers used for this purpose are shown by the

semicircular symbols. Conerete strain measurements were
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made with Whittemore gages, but proved too inconsistent to
be of use, ' _ _

The dyna.mic tests were intended to provide a little
information régarding the behavior of the hridge due to a
- moving .tmék._ These tests included deflection measureﬁents
at three oritical points on the bridge while the truck was
first driven on an unobstructed path, and later while the
truck was driven over a plank placed flatewise across the
bridge at midspen,  Dynamic deflections were measured at
the points synbolized by the double cireles.
SLIDE No,6 |

_ The left-hand photograph shows the simple timber

ﬁcaffolding to provide an independent supporting atructure
for the gages, ,

The right-hand view sghows the Wlﬁttemore_ gege, the
Ames dial deflection gage, and’ cm the extreme right, a
getup for measuring dynamic deflection,
SLIDE NO,7

The trucks shown here were used to apply various live
loads on the bridge, , |

The tetal waighﬁ of the scale truck shown 6n the left |
is 37,900 1b, This truck wes used only for atatic tasting{.—,

The tractor traller truck on the right had a rear
axle welght of 47,700 1bs, for the static tests, In all
static tests, except where this truck waéuseé in combination
with the scale truck, the rear axle loading was applied to
_ the bridge by & pair of jacks, For the dynamic testing 1t was
necessary to remove the iron blocks showm, and thus reduce
the resr axle load to 33,700 1lba,
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SLIDE KO, 8

This is the first of a seriss of slid@e showing the
elastic surfaces that were obtained for & few typicel load
positions. The deflection values are given in thousendths
of an inch and are plotted upward, This slide depicts the
inverted elastie surface for the scale truck with rear
axles centered at midspan in the middle lene, In this case,
the middle beam carries from 15, to 16,9 percent of the
“truck i‘ﬁmm on' the basis of independent calculations for the
center gage line and each of the three lateral gage 1inéa‘
to the left.
SLIDE N

This slide deplcts the elastic surface with the rear
axles of the scals truck centered st midspan in the cutisde

lane, Calculations show that ,‘tk:iej"ﬁouwmg beam receives
20.8 percent of the truck 1@&&!’0# this casge, |
SLIDE NO,10 o o
. This slide shows the elastic surface for the case

with the trucks back to back in the center lane,
SLIDE NO,11

The twe_ trucks, back«to~back in the édge lane pro-
duced the greatest deflections of all the static tests
performed, The maximum deflection was 0,087 in., in the edge -
beanm, |
SL.IDE NO,12 | |

In this loading position, the tractor trailer truck
is in the middle lane end the entire axle load is e;mcain;
trated at midspan on the middlse bridge beam by means of hy-
draulie jacks,




| Here the tractor traller truck is iIn the cutside lane
and the axle load i& trensmitted tﬁraugh Jacks to the secend

‘end third besms from the. outside,

gﬁ)l&l EO,;&

These figures show the_independently.meaguréa_de-
flections and rctatiana of the beams at mlidspan for the load-
ing aaaea of the 1ast twa slides,

Three level bar readings are plotted %o seale in each
d&agram, and it can,ba geen that the rotations closely coin-
clde with the slopes of the trangverse deflection curves,
This would tend to indicate that there is practically no
relative movement between adjacent beams,

This figure shawé the percentage of an axle lcad that
is carried by each beam for any longitudinal truck position
in the center lane. The upper and lower curves, designated
by galid lines, give the maximum end minimm velues observed,
The broken line that ls connected to the maximum value curve
gives resalts which occurred when the rear axle of the
tractor traller truck was jacked against the middle beam.

The heavy solid line represents the average velues obtained
from ell tests, exolusive of the jack loadings on the
middle beam, |

conéidering the middle beam which carrles the lergest
pereantége of the load, 1t can be seen that the load distribu-
tion factor is 16,0 percent on the average and 16,9 percent
as a maximm, The percentage inereasea to 20,5 for the case

where the axle loed 1s coneantrated on the middle bean,




SLIDE NO.16

The percentage of an axle load that is carried by
s&ch beam for any truck position in the edge lane is shown
here, The upper and lower solid-line curves give the maximum -
| and minimum values observed. The broken line that is connected
to the maximum value curve at uppor left gives results which
occurred when the rear axle of ﬁhé tractor traller truck was
jacked egalnst the second and third besms from the left, The
heavy s0lid line represents the avérage values cbtained from
‘all tests, exclusive of the jack loadings. |

Considering the edze beam, it can be seéﬁ that hhe
load distribution faetor is 2@.6 percent on the average end
22,6 percent as a maximnm For the cases where the jacks
were used to concentrate the 19&& from the ﬁraotor trailer
truek, a meximumm value of 23.9 percent was obtained for the
gecond beam, |
SLIDE NQ,I:Z

The upper figure is a time Vs, deflection piot of the
midpoint of bridge as the tractor trailer truek moves acrosa
at 25 mph in the centerlane, It“waa.éhawn for this‘caaa,
that the static deéflections of the bridge at midgaint wére
inereased by 13.9 percent, | |

The lower figure is a time-deflection plot for the
- bridge midpoint as the truek moves in the middle lane at 25
mph and strikes a 2-1n, by lﬁ-in.:plénk.laid flatwise across
the bridge at midspen, An impact effect of 106 percent was
reached when thé rear axle of the tractor struck the plank,

The lower figure is a similar plot for midspan def-

lections of the adge beam as the truck moves in the outside
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lane and strikes the plenk at midspan. The largsst impact
effect was 200 pgrceht. |

CONCLUSIONS

The results of the tests juét deszcribed sre smimmarized
as followst
1.,  For a truck in the centerlane the load carried by the
middle beam did not exceed 20,5 percent of the lane load,
even if the entire axle load was concentrated directly
against the mlddle beam, | | |

24 For a truck in the edge lane, the maximum load carried
by any beem did not exceed 2l percent of the laneé losding.

3. On the basls of the dynamic tests, it was found that
the most severe condition occurrred with the truek'mgving at
25 mph in the outside lane, >For the ca#e where the path of
the truck was unobstructed, 1t wes found that the static def-

- leetion of the edge beam at midspen was inereased by 23 per-
¢cent, When %he.truck passed over a 2-in, by 10-in, plank,
laid flatwise across the entire lane, the static deflection
of edge beam was increased by 200 paroent; )

e The overall behavior of the bridge seemed to appreach
that of a homogeneous plate,

In closing, I would like to acknowlesdge the sponsors of
the Lehigh Prestressed Goncrete Roesearch Frogram; namely, the
Pennsylvenisa Department of Highways, Buresu of FPublic Roads,
Amorican Stesl & Wire Co,, Joln A, Hoebling'!s Sons Corp., Conc-
rete Produets Co, of America, and the Reinforced Concrete

Research Council,
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