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ABSTRACT

This report describes ﬁﬁé'resﬁits oflé field inspection and load
test of three prestressed concrete highway bridges which have a pre-
stressed panel subdeck. The panels, which are precast and pretensioned,
span from beam-to-beam and serve as the bottom form for a cast-in-
place concrete deck. Theﬂbridges_examineq wege;iocated in Grayson
County, Texas, and were opened to traffic in August of 1963.

Crack patterns in the surface of the cast-in-place deck of two of
the bridges were mapped. ‘With only a few exceptions, the cracks found
coincided with a butt joint between prestressed panels. The cracks
were judged to extend approximately halfway through the cast-in-place
deck. No cracks were found in the prestressed panels. :Soundings to
deteet delamiﬁétionrbétwéen prestressedzﬁ5nel and.éasf—iﬁlplace deck
were taken in one traffic lane of one of the bridges. No significant
delamination was found. Core samples were taken from one span of one
bridge, and an.ekamination of these cores revealed no bond failure
between panel and cast-in—place-dedk.

Electrical resistance stfain.gages were placed on a span of one
bridge to measure transverse and longitudinal strains in the prestressed
panel and cast-in-place deck.. The instrumented span was subjected to
both statie and dynamic forces from é.loaded truck. The results of
these tests indicated cqn;inuity Qf.agtion between-prestressed beam,

panel and cast-in-place deck was present.
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SUMMARY

A recent innovation in prestressed concrete highway bridge con-
struction utilizes prestressed concrete panels as bottom forms for
the conventional cast-in~place deck. The precast, prestressed panels
are placed on top of the prestressed beaﬁs, spanning the distance
between adjacent beams. This type of construction is particularly
attractive where placement and removal of conventional form work is
difficult and costly. |

In the design of these bridges, it is assuméd that composite
action between prestressed beams, prestressed panels and cast-in-place
deck is present, causing these three separate elements to act as a unit.

The work reported herein is a field study of three existing
highway bridges constructed im 1963 using prestressed concrete panels.
The study was undertaken to determine the condition of these structures
after seven years of service, and to see if any evidence of a lack of
continuity of action between beams, panels and deck could be detected.
The study included mapping of crack patterns in the cast-in-place deck,
soundings to detect delamination between prestressed panel and cast-in-
place deck, corings and lcad tests.

No evidence of distress or noncomposite action was found in the
bridges studied. Some transverse cracking was found in the cast-in-
place deck of two of the more heavily traveled structures. With only

~a few exceptions, the cracks coincided with transverse butt joints
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between prestressed panels. Core samples showed these cracks to extend

approximately halfway through the cast-ir-place deck.
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IMPLEMENTATION STATEMENT

The research effort reported here is onlj the first phase of a
more thordugﬁ study to be completed 'in August of 1971, and therefore,
an unquélified statement concerning the implemeﬁtation 6f this type
of bridge construction would be premature. However, the results of
this study indicate that the bridges'investigateﬁ are performing
satisfactorily, and their structural behavior agrées with that assumed

" in their design.
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I. 1INTRODUCTION

Some of the more recent prestressed concrete highway bridges have
incérporated a prestfessed panel subdeck into-the'&esigﬁ.' This panel,
which is precast and.prefénsionéd, serves as the bottom form fbr the
cast—in«place concrete deck. Tﬁe eliﬁination of conventional bottoﬁ
forming for fhe cast-in-place élab is a major advantage where form
plééemént and removal ére'aifficult and costly. | |

in the desigﬁ of theée bridges it iS.éSSuméd that composite action
between prestressed beams, prestressed panel and caét-iﬁ—plaée deck i;
presen£, causihg thesg three.sepéréte'elem;nﬁs to act as“a uﬁit. This
composite action.is attainea fhrough the bond of thé.ﬁast—in—place slaB
to ;he prestressed.pénels and.Eeams.. |

A stﬁ&y is currently underwéy.to detérmine the behavibr.of highway
bfiages constructed with prestressed péﬁéls. One pﬁase of this study
included a general visuél inépectioﬁ of three existing bridges énd a
load test.of one to see if'any évidence of distréss o¥ noncomposite
action between panel, slab and beam could be detected. This feport

presents the results of that inspection and load test.
IT.  DESCRIPTION OF BRIDGES

The three bridges examined were located in Grayson County, Texas,
One is an overpass, carrying Farm Road 902 cver U. S. Highway 75, and

the other two are parallel structures carrying U. $S. Highway 75 over



the St. Louis-San Francisco Railroad. - The three overpasses were opened

to traffic in August of 1963.

1. .Fa#ﬁ Roéd.902 Oyerpass: This bridge consisted of four spans;
two énd spans 45 ff..loﬁg.and two 60 ft. interior spans.. Four fyﬁe:B
preétresséd beéms, spaced at.6 ft.-8 in; on center; were uséd iﬁ éaéh
span. The prestressed paﬁels wefe 6 ftf—Z in: long,.h ft.—Oin{ wide.
and 3 in. thick. The.panelxdetails‘and.the érrangemeﬁt of reinforcing
in‘the cast—in—place deck weré similar §6 those used in.the St. Loﬁisﬂ

San Francisco Railroad overpasses.

.2'. St. Louis-San F¥ancisco Railfoad Overpasseé: Figufe 1is a
lvigw of.the two pérallel structﬁreé; With the north;ﬁouna.lane in.
tﬁe forégéouﬁd. The_north;bound and.éoﬁfh—bounﬂ étructures were
identical, with each overpass consisfiﬁgnofﬁfwo 46 ft;.éﬁd spéns énd.
three 50 ft..intérior”spans.as shown inﬁFig;.2. .Six prestreéééd beams,
spacéd.laterélli at 7 ft.;3 in..oﬁ centér.wére used in ali épaﬁs. Typé
B beams were:émpldyed in the‘£wo 40 fﬁ; spéﬁs, ﬁhile Type C beams ﬁefé
used in‘the SO_ft. spaﬁs. | |

.The arrangemenf of prestressed panel,.cast—in—pla;e élab and
prestréssed beam is shown iﬁ Fig..3. Céﬁfiﬁuity between.pénélé, siéb
and beams was provided by the bond of the cast-in-place slab to the
panels and beams, and by mechanical shear connectors embedded in the
uppef face of fhe ﬁanels and the tbp flangé of.the.beamé. The.préstressed
paneis festeﬁ on continuous.fibérboard strips.and ﬁheréfo?e did not beaf

directly on the prestressed beams.



Fom s T ga

Figure 1., g¢. Louig-San

Francisco Railroad
Overpasges,



Figure 2. Span Layout of St. Ldtjis_:—.:srah:_-F:;_c'_t'_hé:isco_?R‘a':ii_i_ls‘_:o:ad_.Ovéfﬁ_assé's.
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The prestressed panels were 6 ft.-9 inl long, 3 in. thick, and
varied in width from 1 ft.-5 in. to 5 ft.—2;in. The arrangemeﬁt and
width of panels used in the 40 ft. and 50 ft. spans are shown in Figs. 4
and 5, respectively. All panels employed 3/8 iﬁ.'diameter, 7-wire
prestressing strands, spaced at 4~1/2 in. on ceﬁﬁer at mid-depth, with
an initial prestress force of 14,000 1bs. per strand. Nuﬁber 2 plain
béfs at 6 in. on cénter wefe layed on the strands to.pfovide transverse
réinforcing for thé panels,;ﬁhile No. 5 deférmed barg'locafed as shqwﬁ
in Fig. 6 were ﬂééd in the cast—in—placé_slab. ‘A degign sfrength of
fé = 3,000 psi wgg used fq# the cdncrété and Fy.= 33;0@6 pé} f§r the._
conventional reinforcing. .Additidnal prestressed paﬁel-defails are

contained in Fig. 7.
III. INSPECTION OF BRIDGES

A visual inspection of the three‘structurgs was first conducte& to
determine their geﬁeral_condition. Based upon thésé éréliﬁiﬁary findings,
more detailed studies; which included mapping of crack pa£terns, soundings
fo detect delaﬁination,_and.cbre-samples were uﬁdert&ken where deemed
aavisable. This portien bf the work was carriéd out by Texas Highway
Départment personnel. . ” |
| The Farm Road 902Loverpass exhibited the least amount of wear. No
significant cracks were found in'fhe cast-in-place deck, nor in the
prestressed panels. For this reéson, the more detailed studies were

limited to the two more heavily traveled overpasses on U. 8. Highway 75.
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1. Mapping of Crack Patterns: Some transverse cracking was

.visible on the cast-in-place decks of both the north~bound and south-
.bpuqd'ﬁverpasses.. The positiog_OE those_érgcks which gould be detected
Qéfé detérmingd by ﬁeaéuring their distancé_from one end of a séén and
Ey measufing thgir~iength. - Each span of thé ﬁwo bridges has beeﬁ_
sassigﬁed_fhe identifying numbe?IShown in Fig. 2, and the crack pétterns
tﬁat werefﬁﬁtained are.pfesented.by span ‘in Appendix A. Figure 8:"7.

shows érécks typical of those found in the decks of both structures.

i  2.  Soundings to.Detecﬁ Delaminationﬁ ?Sgrious deterioration and

: deiamination in the:intgfior pértion of a monolithic‘copcretg_slab

caﬁ ﬁsuallylbe:detéctéd-py tap?ing the_surfacé éf tﬁé slab. A Shafp,
éolid-éoﬁnd is.characteristic of sound concrete, whilg a hollow

‘'sound iﬁ&icates the presence of delamination. For the prestressed
panel and cast-in~-place slab construction, a bond failure and delamina-
tion between panel and slab would be perceptible th%ough soundings.

1)%
1 operating on the principle of differences

An electronic device
in sound was used to inspect the right lane of the north~bound overpass.
This dgvice was rolled along the deck and gave a continuous insEection
of a nine inch wide strip of slab.

The results of these soundings were almost completely negative.
Only two small areas of delamination were found; the first occurred
on the north approach to the bridge, a few inches from the end of span
INB, and the second was located adjacent to the center traffic stripe

in span 3NB. No delamination was found in the vicinity of any of the

transverse cracks in the cast-in-place slab.

. *Superscripts refer to entries in the list of references.

11



Cast—-in-place

¢

mn

Typical Tranverse Cracks

Deck

igure 8

F

“12



3. (Core Samples: The north end span of the north-bound overpass
was chosen for coring, gnd four, 4 in. diameter cores were taken at
the locations indicéted in Fig. A.1.

Core No. 1 was taken in an uncrécked region at the'centef of a
prestfessed panel.. The core &ropped.thraugh the deck, fell app:oxi_
mately 5 ft. onto the slqping conérete'abutment below and rollé& to
the bottoh. The sample,.which remained imtact after thé fall, is shown
in Fig. 9;: The visible face of the core is the top of the cast-in-
place deck.

The second and third cores were taken over a joint between two
prestressed panels, at a point where a crack occurred in the cast-in-
place slab. The second core, like the first, fell through the deck.

It broke into several pieces, which were reassembled for the photograph
shown in Fig. 10. The sample split vertically through the crack in the
cast—-in-place slab and horizontally along part of the interface of the
slap and prestressed panel. The bond between these two elements to

the left of the vertical .split remained secﬁre.

The third sample, shown in Fig. 11, lodged in the coring bit and
was broken at the interface of the precast and cast-in-place concrete
when attempts were made to pry it from the coring tool. The concrete
over the face of separation was clean, which indicated a new break, not
an old one.

The fourth core was taken from an area slightly offset from a
crack, and was drilied only through the cast-in-place portion of the
deck. It was broken from the precast panel by a wedge driven into the

cut. The break was clean at the interface of precast and cast-in-place

13
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Core Sample No. 4.

Figure 12.

Core Sample No. 3.

Figure 11.



cocCrete, aed.the_a;ill cperafcrpesci@afeekthat_it tookjabout as much
forée;ta bfeak'i;jas;wasfcia.exﬁctiéﬁtéetéicaeLin breaking out a core
froh.a monoiithic-ﬁccc;:cAc:icepccticaecf chelexposed upper face of the
prestressed panel gave no 1ndlcatlon of an unbondlng or delamination
becweenfslab and panel. .The ‘core eample is shown in Flg 12,

The. a031t10n of the second and third cores over a crack in the .
caetﬂln-place slab permltted an estimate of the depth of . such cracks.
by cbserv1ng the extent of the discoloration ef"fhe.concrefe. Flgure 13rf
shcws core samﬁle No. 2. layed open along.the verclcal crack shown in
Flg. 10 The top surface'of the.deck, v15ible 1n‘Fig; 10, 1a.at the
.top of Fig. 13. It appears that the crack in the cast-in-place slab
extended approximately half way through the slab, based on the depth
of darkened concrete wvisible.

Core sample Ne. 1 waSvaﬁbjected'fo a direct shear test(z) to detef;':
mine an average bond stress between prestressed panel and cast-in- place
slab. Two forces, parallel to the interface betWeen slab and panel |
(see Fig. 14) were applied until separation quthese two elements
occurred. . A force of 3600 lBsleas required, Which divided by the

cross -sectional area of the core gave an average bond stress of 285 psi.
IV. LOAD TESTS

A load test was performed on span 2NB.of the U. §. Highway 75
overpasé'to further determine the extent of composite action between
beams, panels, and cast-in-place slab. This span was chosen because it

was moreeeasily accessible for the installation of instrumentation and

16



Figure 13. Discoloration of Concrete at Crack in
Cast-in-place Deck.
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Figure 14. Shear Test of Core Sample.

18



the frequency of cracks in the cast-in~place deck was typical of the
other 50 ft.-0 in. spans. The instrumentation consisted of electrical
resistance strain gages and two.dial gages. The strain gages were
arranged‘in two similar patterns, as sﬁown in Fig. 15. The locations of
the gages within each pattern are shown in Figs. 16 and 17. Wherever
possible, pairs of gages were_used; one on the top of the cast-in-place
deck and aﬁother directly below it on the underside of the prestressed
panel. |
The position of each gage was determine& by measurements from ther
edge of the curb and from the expansion joint at the end of the.span.
The concrete surface beneath the gage was cleaned with acetone and a
'sfiff bristle brush. A layer of polyester resin; just thick enough
td;provide a- smooth surface for the gages, was then brushed onto the
cleaned area and allowed to harden. The strain gages were attached to the
resin surface using Eastman 910 contact cement, and a waterproofing com-
péﬁnd was placed over the gages. Figure 18 and 19 shéw typical strain
gage installations.
In addition.to the gages used in patterns No. 1 and 2, strain gages

_were mounted on the walls of core hole No. 1, to measure strains through
tﬁe depth of the slab, and dial gages were positioﬁed on the underside
of the bridge to detect differential movement between elements of the
structure. Six strain gages wére placed in the core hoie at the loca-
tions shown in Fig. 20, to measure strains in both the iongitudinal and
transverse directions. The dial gages used were sensitive to 1/1000 in.

and were placed near midspan of 2NB. The gage shown in Fig. 21 measured
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Figure 17. Location of Strain Gages in Pattern No. 2.
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Figure 18. Typical Strain Gage Installation on Top
of Cast~in-place Deck.

Figure 19. Typical Strain Gage Installation on:
" " Underside of Prestressed Panels. h
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Figure 22. Dial Gage Installation to Detect Relative
Displacement Between Two. Adjacent Prestressed. Panels..
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slip between prestressed panel and beam, and that shown in Fig. 22
was used to measure relative vertical movement between two adjacent
prestressed panels.

A set of static readings were taken from the strain gages in
patterns No. 1 and 2, core hole No. 1, and froem the dial gages mounted
under span 2ZNB. The loaded dump truck shown in Fig. 23 was used as the
test vehicle. The truck had a total weight of 71,800 lbs., and the

~wheel 1oads.and axle spacings indicated in Fig. 24. The wheel 1oads

.were detalned by we1gh1ng each wheel 1ndependently.t Straln readlngs
. were taken from each gage pattern w1th the two rear Wheels adjacent

- to the gages, as shown in Fig. 25. Fot readlngs from the gages 1e.the
Th:core hole, the truck was‘p051t10nea to the west.of the hole," and Wlth
its rear»most axle even with 1t. “The distance between the outside
'11ne of wheels ‘and the edge of the hole wes approx1mately 12 1n. _The%
two dial gages were monitored while the truck was allgned Wlth gage
pattern No. 2.

Dynamic strain readings were taken from the gages in patterns No. 1
and 2 with the test vehicle moving at approximately 20 mph., along the
path indicated in Fig. 25. All strain traces were recorded by a Honey-
well Visicorder oscillograph and amplifier system, capable of recording
the output from 12 gages simultaneously. Thus, four passes with the
test vehicle were needed to record the strains from all gages. On a
single pass, all top or all bottom gages in one of the patterns were
read. The left lane of the north-bound overpass remained open to

traffic during the load test and on several occasions cars passed over
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Figure 23.. Test Vehicle.
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the bridge &hile”readings were being takgn..-prever, predadfions were
taken to see“thét no trucks.crqgsed the bridge during these times.

The strain_feadingskfrom tﬁe static:and dynamic load tests are
presented in Appendix B. The stréins recorded from each péir of top
and bottom gages in a pattern are plotted against the estimated truck
position,u;elati§%.to these gages. Th?eé-reference lines, labeled: A,
.B, and C, have been included on each plot and correspond tq the reia—
tive truck positions shown in Fig. 26. 'fhe ﬁorizontal dashed lines on
each graph are the strains recorded during the static test.

One set of sfatic readings was téken from ﬁhe gages mounted in
core hole No. 1. The test vehicle waé positionéd ag shown in Fig. 26,
truck position C. The resulting strains are shown in Fig. 20. No
dynamic strain readings were taken from these gages. |

There were no differential movements between prestressed panel and

beam, or between adjacent panels :éCOrded by'either of the dial gages.
- V. DISCUSSION

‘With only a few exceptions, the.cracks found in the cast-in-place
deck c¢oincided withmtfanévé}sé butt joints between prcétfesséd pancls.
They occurred between prestressed beams, usually along the path of the
wheels of a vehicle in.ghe fight traffic lane. Thelcrécks were more
numerous in the shorter, end spans, and in all spans were more frequent
towards the ends of the span. Based upon the core samples taken, the
cracks appeared to:extgnd approximately halfway.thrpugh thg‘ggste;nn

place slab.
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The prestressed subdeck panels had the effect of controlling the
spacing of transverse cracks since these cracks occur almost exclusively
over the joints between adjacent panels. The predominant panel width
in the bridges under investigation was 4 ft.-0 in. It is of interest
to compare this frequency of tramsverse cracking with that occurring in
-decks of comparable bridges constructed with monolithic slabs. A recent
surveycs) of the general conditioq of all bridge decks in the state of
Texas reports that for bridges-with préétreésed.séams";na monelithie
cast-in~placé sléb; 6§.percentlhad transverse cracks at average intervals
of 4 ft.-0 in. or less. | -

There was no evidence.of service bond failure at the interface of
precast concrete“and_cast%infplacé.concreté. Thé B£Eék3'that occurred in
the cores were due to impac;"from falling or from a hammer and wedge.

In each core, the finishing marks in.the concrete at the interface
between slab~aﬁd panel were.well defined. 1If slippage along this inter-
face had occ@rfed, fhese projéctions would probably have been ground
smooth. Some discoloration was noted on the interface of core No. 3,
possibly from oil or curing compound present on the top face of pre-
stressed panel prior to pouring of the cast-in-place.slab. This may
have contributed to thé ﬁartial'éép;ratian of.the'core along this
interface. The one core sample which was removed intact and subjected
to a direct shear test exhibited substantial bond strength.

The strains recorded by the gages in patterns No. 1 and No. 2,
and presented in Appendix B of this report, were taken to test the
continuity of gction between prestressed panels and cast-in-place slab.

Only qualitative results were sought from these tests because of the
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inherent inaccuracies involved in measuring small strains in concrete
structures in the field under rapidly fiuctuating temperatqre'conditions.
The rapid temperature fluctuations in this test resulted from inter-
mittent clouds briefly shading the bridge surface from the sun, gnd

from gusts of wind blowing over the deck. - It was anticipated that a
lack of continuity between prestressed panel and slab would be reflected
by a sudden jump or discontinuity in the strain trace from one or more
gages. A similar result was expected from those gages measuring trans-—
verse strains on either side of a panel joint if the transfer of wheel
loads between adjacent panels was uneven. No such jumps or discontinuities
were found in the strain traces recorded.

In general, those gages mounted on the top of the cast-in-place
slab exhibited a greater semnsitivity to changing wheel position, as
evidenced by the five distinct peaks in the strain traces corresponding
to the passage of each of the five axles of the test vehicle. The strain
readings from those gages attached to the bottom of the prestressed
panels tended to peak only at the two instances where the pairs of
vehicle trailer. axles passed by the gages. With the exception of gage
- 10 in pattern No. 1, only compressive strains were recorded by gages
mounted on the top of the cast-in-place slab.

Among those gages reading strains in the transverse direction
{gages 1 through 5 in both patterns), sevéral.trends were observed.
Therstrain traces from gages located on either side of a panel jeoint
(gages 1 and 2, and 4 and 5 in both patterns) show a smooth transfer of

wheel loads from panel to panel. These gages recorded strains befq:e
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a vehicle wheel came in contact with the panel to which they were’
attached, and after all wheels had péssed beyond the panel. The traces
had similar shapeé; as seen'fromTCOmparihg Figs. B.1l and B.2, B.4 and
B.4, B.11 aﬁd B.12, and B.14 and B.15.

' Gages 6 through 10 in patterns No. 1 and No. 2 measured longi-
:thdinal strains. With the exception of the top gage number 10 in
pattern No. 1, all top gages fgcbfded only compressive strains through-
out the test. The longitudinal gages on the bottom of the panels,
however, fluctuated between tension and'compression, with approximately
E‘edual'maximum values of each. The strain traces from the 6 in. gages
~ (numbers 6, 7, and 8) appear to be more uniform than those from the
0.5 in. gages (numbers 9 and 10).

The six gages mounted in core hole No. 1 provided strain profiles -
thfough the slab énd'panel, in both the transverse and longitudinal
" directions. As expected, the strains in the longitudinal direction
were all bompressive,‘with the largest value occurring at the top of
the céSt—in—place glab and decreasing almost linearly with depth. The-
strains in the transverse direction varied from compressive in the top
of tﬁé slab to tension at the bottom of the panel, with approximately .
zero atmmid-depth.

A rough calculation was run to determine the expected static
strains for transverse gages 1 through 5 in gage pattern.2. The
.calculations assumed that complete continuity of action between pre-—
stressed panel and cast-in-place slab was present so the two elements

behaved as ‘a monolithic slab of equal thickness.: A transverse-strip .-
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Figure 27.
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of slab whose width was equal to one and one-half panel widths (52 in.)
was assumed to carry the loads froﬁ fﬁe wheels of the two rear axles.
Figure 27{$hqws the position_of“the.wﬁeel;ioads relative to the strip.
The sum of the thd.éxlé”loéds (approximately 17,000 1bs.) was assumed
to be distributed transversely ovér_a ZO;iﬁ. wide strip as shown in
Fig. 28, 'The resulting'transverée:moﬁent}at midspari, assuming each
end of the slab to be fixed,'was.SZ k—in;. Using a slab strip width of
72 in., a thickness of 6 in. and a modulus of elasticity of 5 millions
psi. for the concrete gives a computed midspan transverse strain of

24 micro-inches. This cdmpa;esifavorably'with the value of 21 micro-
inches obtained from averaging the top and bottom static strain readings

from gages 1 through 5 in pattern No. 2.

VI. CONCLUSIONS

Based upon the results of the inspection and load tests performed,
the following conclusions have been drawn_regafding the condition and
performance of the_threg bridges studied:

1. No_éracking or distress is prééen;linithé preétresSed_panelsﬂ

2. A seéure bonélBe£w§en preétréséed §anel.aﬁd cést;in—place

slab is present,.céusing these two elementé'to-aét'QS'é
unit,

"3. The bridgésjaré in sound conditiqn and show no signs of dis-

tress. |

4. In view of the observed'éffect df,paﬁei width on' transverse

crack spaéihg;'g:éater panel widths would be desirable.
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Cracks in Cast-in-place Deck, Span 1NB.

Figure A.l.
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Cracks in Cast-in-place Deck, Span 15B-

N

Figure A.6.
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APPENDIX B

LOAD TEST STRAIN READINGS
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