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CHAPTER |

1.0 INTRODUCTION

The demand for bridge deck repair and replacement is at an ahigmand at the same
time longer time for bridge closures is unacceptable due tontederence with the
traffic flow. Out of the 597,851 bridges nationwide, almost 144,314 (i.e. 24@0) a
structurally deficient or functionally obsolete (www.betterroads.@f@7). Bridges in
major metropolitan and rural areas would benefit from improved methodslofbridge
construction. In order to tackle this problem new and innovative methedweaded for
bridge repair and construction that are able to provide cost-effettivg-lasting and

rapid systems.

The American Association of State Highway and Transportatidici@$ Technology
Implementation Group (AASHTO-TIG) has made numerous efforts to peooms# of
prefabricated bridge elements and systems among individua degartments of
transportation (Ralls, et al. 2004; Ralls and Tang 2003). According todrétighway
Association (FHWA) prefabricated concrete bridge elements sysiems provides
various advantages, such as safe work zone, improved quality of coostrimivering

environmental impacts with least disruptions to the traffic f[BMWA 2004). Use of



prefabricated bridge elements reduces the amount of equipnagiieckon the project
site, eliminates the need to place piers in stream crossingsteduces the amount of

emissions produced by delayed traffic which in turn lessens the environmentdal impac

The bridge element that directly resists the wheel abrasidrhas the most exposure to
the environment is the bridge deck; hence improved construction methoddiagies
attracted the attention of several researchers. Conventional liette construction
techniques are very linear or dependant on the previous task loenpdeted before the
next can begin. Also, bridge deck construction often involves a langeirg of wood
formwork to be erected and then removed once the bridge deck hasdd¢he desired
strength. This work is very labor intensive and can pose sorety sesks to workers as
they are required to work at an elevated height. Hence theredsfarethe development
of a bridge deck system that provides an improvement in economy, dyraitit speed

over current construction techniques.

Precast bridge deck systems provide a very effective cotistrdechnique which can be
implemented for the rehabilitation of existing highway bridgessvall as new bridge
construction. The development of a satisfactory system has pbtentmprove safety
and speed of bridge construction (Maher 1997; Breger 1983, Rall2604). Several of
the recommended precast bridge deck systems have been inveéstigatever, none of
them have been widely implemented because they were not alalistg ghe following
challenges: () difficulty with adjustments to thestem to meet construction

tolerances; (ii) inability to provide a smooth final riding suefasithout extensive



grinding or an overlay; and (iii) expense due to specialized equtporematerials
required to construct the system. In spite of these challsaygesal systems have shown
the ability to increase the speed of construction but with a oo#tet durability and

economy of the system.

The scope of the current study is to develop a bridge deck systerapair or new
construction that addresses these previously mentioned challengesongteictability
and the structural behavior of a prestressed precast bridge detlangy is investigated
under static loading. The proposed system utilizes individual prpaasts that are one
half of the final bridge deck thickness to be used in the interiorsspad an innovative
precast panel that has a full depth and half depth section to dénube overhangs and
the first interior span (Fig.1.1D). These panels serve as ststay in place formwork,
working surface, and support for the screed rail. A 4” topping oficgdtace reinforced
concrete is placed to tie the structural systems together awvitigrthe final riding
surface for the bridge deck. The investigation entails a ddtalvaluation of the
prestressed precast bridge deck overhang system under etatingl to verify the
following concerns about the system: (i) serviceability and fanatity of the proposed
bridge deck overhang system; (ii) compatibility of the proposetesyas compared to
traditionally used cast in place (CIP) bridge deck overlsysgem; and (iii) effect and
adequacy of the adjustable haunch form system on the behaviodgé ldeck overhang.
To accomplish these objectives, a full scale load testing is dpsenulating the load

area of an AASHTO HL 93 truck that is increased until failure.



1.1 Background Information

It is common for construction to utilize members that are faledcaff site and then
transported to the jobsite for construction. Typically these mendrersnade up of
prestressed concrete that can be constructed in a plant thatteasjbality control then
at the bridge site. These precast elements are typicsdly to increase the durability and
speed of a construction project but can also increase the econamaigifificant number
of elements are needed or if the form-work needed can be gredtlged. For bridge
construction it is quite common to use beam elements that ardnatad and it is

becoming more popular to use prefabricated elements for bent caps.

1.1.1 Partial Depth Bridge Decks

One bridge element that was recognized in the 1970s that coultly dreaefit from
precast construction is the bridge deck. This element is vergitedgpe and is quite costly
to construct due to the labor required for: formwork construction destruction,
construction of the needed reinforcing cage, placement of theetermnd providing
adequate curing. Some state DOTSs started using partial deptrepsed precast panels
as stay in place formwork in the interior portion of the span riha¢ives some mild
reinforcing as well as cast-in-place concrete in theyel870s (Merril, 2002). With this
system the cantilever portion is conventionally formed and overhacgdis are used as

both formwork and a work platform. This system is shown in  Fig.1.1B.



This system was tried in several states and has had clesllelg to: slow speed of
overhang construction, obtaining the correct elevation of the finistied) isurface, and
inadequate amount of support under the panel during construction which caused
serviceability problems. There was an extensive amount of reéseautbis system by the
Texas DOT (Bieschke and Klinger, 1982; Buth et al., 1972; Furr and J&¥3, This
research found that this system was able to provide an economage loieck system

with a large amount of reserve capacity. Currently, sevaatdssuse this system as their
standard method of bridge construction because of the improvements yn sadetomy

and speed over conventionally formed bridge deck construction.

1.1.2 Full Depth Bridge Decks

Beginning in 1985 several DOTs (Texas, Louisiana, New York, Nagey, Vermont)
started investigating the use of full depth precast bridge destkmsy (Freeby and Ley,
2005; Badie et al., 2006). Typically these bridge deck systems tohsisck concrete
planks that run the entire width of the bridge deck that are placed on the beams below. An
example of one of these systems is shown in Fig.1.1C. These cqnlargte are heavy

and are not easy to transport or place. Once these elemenits place they are
connected with reinforcing steel and some cast in place groohorate. Some systems

are then post-tensioned to attempt to minimize the amount of cracking in the brikdge dec
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Fig.1.1: Display of various precast and conventional bridge deck systems.

There has been a flourish of recent research over this topavealsstates continue to
investigate these systems (Scholz et al. 2007, Badie et al., 2006he@efd that these
systems have over the partial depth deck panel system is thattheye the need for
the conventional forming used in the overhang construction. These sygpecadiyt use

very little cast-in-place concrete or grout and require theotiseveral leveling bolts to
obtain the correct geometry and riding surface of the bridge decke WWbse grade bolts
are very useful they have proven to be challenging to provide adeauabdifl to meet
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the large number of different geometries required for a biggk. Furthermore, due to
differential camber between prestressed concrete beams thiesesslgave been found to
only be useable on steel girders. This attribute has lintiisdsystems use. It is often
necessary to provide an asphalt wearing surface or grind the softheedeck elements
where the concrete planks interface to obtain the correct sdirigce. An example of an
unsatisfactory riding surface provided by one of these full depthl gangons can be
found in Fig.1.2. While the full depth precast section has shown an improvenspeed

of construction it has also shown an increase in the cost of cdr@irg8cholz et al.,

2007; Hyzak, 2008). This increase can be attributed to large shippiglgtsvencrease in

crane size, and additional wearing surface or grinding.

Fig.1.2: A wooden stick placed at the intersection of two full depth prest panels

showing the difference in panel height to be almost ¥4”.



1.1.3 Partial Depth Bridge Decks with Precast Overhangs

While reviewing the benefits and challenges of the full depth andalpdepth bridge

decks it was realized that the systems could be combined ibrad lsystem. These
reviews lead to the creation of the system shown in Fig.1.1D vehprecast overhang
member is used that has a full and partial depth section. Thiasprpanel in the

overhang removes the need for forming or a work platform as thddpth section can
provide it. On this platform a screed rail is attached that allthe bridge deck to be
finished to provide the desired riding surface. The grade boltsnooiy used in the full

depth bridge deck systems can be used to adjust the overhang surface.

Because the partial depth panels are used in the interior $gadedk surface can be
easily adjusted to meet the desired profile and provide the catesot cover on the

reinforcing steel by adjusting the height of screed and thdeaattiwith the grade bolts.

In the current system a 4” topping of reinforced concrete is placed on thet pavals.

1.2 Research objectives

The basic aim of the current research project is to developgirbddge deck system
with the least amount of form work which will enhance safety invtbek zone along
with fast and high quality construction technique to construct a bddgk. To achieve
this objective a precast bridge deck overhang system whichresglilice the form-work
required for construction of a bridge deck overhang for partial deptge deck system

(stay in place form system) used by several DOTs. As per aforementioned



requirements the hybrid overhang system was developed and tsgdtic loading as
per AASHTO LRFD. To make this system work and eliminate teaddiantages of full-
depth bridge deck system there was need to develop innovative haunch $em sy
which will reduce the critical job of adjusting haunch height espigarghen precast
girders are used with the proposed precast bridge deck system. theneayas need to

develop adjustable haunch form system.

Haunch form-work was neglected during the development of precdgelmteck system
in the past. The haunch is the gap between bridge girder and deakhstalplays a vital
role for smooth finished surface of bridge deck using prgzastls. Chapter 2 focuses
on the development of adjustable haunch form work system. This systkes tee
process of adjusting haunch height simple and provides smooth finishilagestor
bridge deck overhang. Investigation of this system was donestayget for several load

cases which it will see during construction.

Chapter 3 discusses about the development of precast bridge declhgwerstam. This
system totally eliminates the need of form to construct bridgk deerhang. Chapter 3
focuses on the load testing of the proposed bridge deck overhanglfes33¢TO LRFD
and comparison of the behavior of proposed system with traditionalllycase-in-place

(CIP) bridge deck overhang system.



CHAPTER Il

2.0 DEVELOPMENT OF ADJUSTABLE HAUNCH FORM

2.1. Introduction

Precast bridge deck systems provide a very effective cotistrdechnique which can be
implemented for the rehabilitation of existing highway bridgessvall as new bridge
construction. The development of a satisfactory system has pbtentmprove safety

and speed of bridge construction (Maher 1997; Breger 1983, Ralls et al. 2004).

One area that has not been addressed in previous precast bridggdenis is the role
of the haunch in the construction of a bridge deck. The haunch, the spaeerbthe

bridge girder and deck (refer fig. 2.1), is used as an area of adjustmeetié¢he bridge
girders and the deck to provide the correct roadway profile and bdieigle thickness.
Determining the height of the haunch can become especially chaliewghen

prestressed concrete beams are used as the camber can barplile between the
bridge girders of the same design depending on how long the girdestoeed before

use (Kelly et al. 1987).

10



There has been several precast bridge deck systems developed intthe destades and
implemented by various DOTs that have realized that adjustmemteded to meet
construction and grading tolerances. However previously developednsystave
largely ignored the impact of this adjustment on the haunch and ofpeiner@orkers go
back under the bridge once the geometry is established to manuafiietothe forming

of the haunch (Tadros et al. 2006; Sullivan 2007).

SHEAR CONNECTOR
POCKET

CAST IN PLAC GRADE BOLT FULL DEPTH PRECAST
DECK PANEL \1 DECK PANEL

ADJUSTABLE
H HAUNCH FORM

SHEAR
HAUNCH CONNECTORS
‘ ‘ (STUD) HAUNCH

CAST-IN-PLACE PRECAST DECK

Fig. 2.1: Location of haunch for Cast in Place (CIP) and precast bridge declkstem.

While these approaches appear to have been satisfactory forlaasmbeér of projects,
the performance of precast deck systems can be improved addramplementation of
the technology would be expected if a forming system is useddeatnot require work
to be completed under the bridge deck. This would require a fgrsystem that is able

to resist the lateral pressure from the fresh concreteooit graterial filling the haunch,

11



allow for an easy adjustment of the system, and not require wdkeverk under the

bridge deck for either installation or removal.

Location of haunch for Cast in Place (CIP) and precast bridge averhang is shown in
fig. 1. It also shows the proposed adjustable haunch form for prbodge deck

overhang along with the shear connector pocket, shear connectoradedgits. Grade
bolts are used for adjustment of haunch height while shear connaxtarsed for shear

transfer from bridge deck to the girders.

In this chapter packing foams are investigated to be used ag & §ikace adjustable
haunch form for the precast bridge deck construction that is attagttend without
adhesive. The foam adhesive combination is easily compresseahgateld, and does
not absorb water. Several tests were designed to simulgierfoemance of the packing
foam and adhesives in different phases of bridge deck construction. @adleel results
of testing, recommendations were given for using foam as arfgrmiaterial for an

adjustable haunch form for precast bridge deck construction.

2.2. Materials

2.2.1 Packing Foam

Based on conversations with foam manufacturers two different typbsseid-cell foams
were investigated. These foams were chosen for their higharesgsto water absorption

and durability. A polyethylene (PE) and a cross link (CL) foanditierent densities

12



were investigated. The PE foam is produced by polymerizatiothgleae and trapping
air bubbles within the matrix. This material is typicallytraded into sheets. These
sheets can be laminated together to build up different thicknesdes.CL foam is
similar but different specialized polymers are used in combimatiith cross linking
reagents. By adding these cross linking reagents the phpsagsrties of the foam is
greatly altered and the density of the material is incremdedh greatly impacts the
strength and stiffness of the foam. The CL foam is alfm@sd and can be laminated to
form different thicknesses. Both foams are commonly used asngaédams for
computer components, are economical and also widely available. ebifféensities of
the PE and CL foam were investigated as they have a signifrogiaict on the foam

properties.

A summary of the foam properties from technical literatgrgpriovided in Table 2.1.
These properties are typically specified when foams are used asgatkierials and are
commonly available from distributors. Foam one through thre@&ribams and foam
four and five are CL foam with different densities. Typicalyg, a foams density

increases so does the elastic modulus and tearing resistance.

13



Table 2.1 — Summary of the manufacturer reported foam propertiefPXL, 2003;

Pregis, 2005).

Foam Number Test Methop
Property 1 2 3 4 5 ASTM
Type of Foam PE PE PE CL CL -
Density (Ib/ft) 1 1.2 1.7 2 4 D-3575-W|
Stress for a given deflectign
(psi) D-3575-D
25% 3 5 5.5 5 9
50% 6 10 12.5 14 19
Increase in deflection
from a sustained load (% D-3575-B
2hrs 30 30 34 - -
24hrs 24 24 20 - -
Increase in deflection for afl
psi load (%) 12 5 3 - - D-3575-BB
Tensile strength (psi) 20 38 26 54.5 84 D-412
Elongation capacity (%) 75 75 59 237 311 D-412

14



2.2.2. Adhesives

Next adhesives were identified that were compatible with bothrenand the foam.
Three types of adhesives investigated including: (A) syntleé&stomer liquid, (B) two
part epoxy, and a (C) aerosol adhesive. In the remainder of thissiat each adhesive
will be referred to by its corresponding letter. Table 2.2 stawsmary of the adhesive

properties provided by manufacturers.

15



Table 2.2 — Summary of the manufacturer reported adhesive propées (Lord 2002,

3M 2002, 3M 2005).

Test
Properties Type of adhesive Method
A B C ASTM
Color Light amber Blue syrup Blue -
Coverage (ft?/gal) 308 320 213.3 -
Viscosity (cps) 175-275 N/A N/A -
Work Time @ 75° For 24° C
(Hrs.) 0-1 1-2 8 -
Tensile strength (psi) - 2490 - D882-83A
Elongation at break - 31% - D882-83A
Coefficient of thermal expansior] - 365 X0 - -

(mm/mm°C)

2.3. Experimental Methods

The values in Table 2.1 are useful to the packing industry and valuesble 2.2 are

useful for general use of adhesive but do not provide all of the informadieded to
determine if the foam and adhesive would act as a satisfactancthdorm material.
Because of this, tests were developed to evaluate how packing dodndifferent

adhesive combinations would perform as a haunch form for precakjebdeck

construction.

16



These tests investigate the ability of the foam adldesive combination to resist late
pressures that may occur from concrete or groulifyalo resist elongation that me
occur if the foam isglued in place and then the system is adjusted uhwand ¢
combination of upward adjustment or elongation #meh subsequent lateral presst
Several other tests were also included to investiglae robustness of the system
changes in temperatuead at the joint. These tests also investigatartbmory of foan

specimens.

2.3.1 Test specimens

Each test used a specimen that was prepared stdmdard method. The specimen \
3" in height by 1.5” in width with a length of 10.5A typical specinen is shown in Fic
2.2. The 3" height was chosen as it was a reasengiper bound of a typical brid
haunch. Aheight to widtl ratio of 1:2 was chosen as it was a typical aspat. The
specimen length df0.5” waschosen as it met the size okthvailable testing equipme
and it was long enough so that the foam behaviatdcbe evaluated at the center ¢

edge related behavior could be minimi:

Fig.2.2: Dimensions of foam Specimen used for tesy.

17



The test specimens were prepared according to the follgwowedure and as shown in

Fig. 2.3:

1.

The foam was cut into planks that are 10.5” x 3" x 1.5” as shown ir2 Agvith

a table saw.

Concrete blocks with dimensions 18" x 3" x 3” were made of 5000 psretenc
with 1/2” nominal size aggregate.

A wooden jig was used to support the specimen to ensure thatatieptank
remained vertical.

First a concrete beam is placed in the jig and 10 grams ofieeliespplied to
thoroughly cover the trowel finished surface of the concrete b&agn 2.3a).
This is done to simulate the top surface of the precast bearhaNeam plank is
placed on the glued covered surface. Ten grams of glue is theedajgpthe top
surface of the foam in the same manner (Fig. 2.3b). Finallfotheed surface of
the concrete beam is placed on the foam to mimic the formedcsunfathe
precast panel (Fig. 2.3c). Ten grams of glue was chosenvas the amount of
material needed to thoroughly cover the interface between thest®mdock and
the foam surface.

This setup is then allowed to set under gravity load while supportbe jig for

the one day. (Fig.2.3d).

While preparing test specimen it was important to ensure thatface was used on the

concrete blocks that is similar to the surface used in thelattuature. For this reason

18



the foam was glued to a troweled concrete surface to simtlatéop surface of the

precast beam and to a formed surface to represent the bottom of the precast panel
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() (d)

Fig.2.3: Step wise procedure to prepare test specan; a) Applying adhesive or
trowel finished surface of beam, b) Placing foam plank on glued stace and
applying adhesive on foam plank, c) Placing of conete block on the foam, d)

Specimen allowed setting under gravity loa
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2.3.2 Test Methods

Three major tests were carried out to investigate the diffe@nbinations of foam and
glue. These tests specifically investigated the abilityttd foam and adhesive
combinations to provide sufficient lateral pressure resistancagaion and memory.
The lateral pressure tests were further modified to invastigpmbinations of elongation
and lateral pressure as well as investigations with no adhesive @ffects of curing

temperature on strength.

2.3.2.1 Lateral Pressure Test

This test is designed to investigate the ability of the faaoh adhesive system to resist
the lateral pressure that results from the fluid pressure of groabncrete. This is
achieved by examining the capacity of a foam strip gluedtomop and bottom to a

concrete block with one of the previously mentioned adhesives.

The lateral pressure on the foam is applied using an aiwhady is monitored with a
pressure gauge and a regulator valve to adjust the pressure. Gingesgeare supported
on their side on a wooden table over an air bag while the concrete htecksed to the
table using clamps.  The test setup is shown in Fig. 2.4. Catebmteken to insure
that the air bag applies pressure uniformly. This was done byglthe specimen over

central region of the air bag as shown in Fig. 2.5. Deflectionsgagee used in the test
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to measure the deflection at 0.25” from the edge and at the céntee specimen (1.5”

from the edge); detailed drawing is shown in fig. 2.4.
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Detail A

Fig. 2.4: Experimental setup for Lateral Pressure Test.
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Fig.2.5: Test Specimen placed over air be

This test was conducted at either one or two déyslbesive curing. The deflection
the foam specimens were measured at regular itndesterting at 1.5 psi and increas
by 1 psi until 6.5 psi was reeed. At each pressure interval the loading was
constant for 1 minute to allow the deflection of ystem to stabilize. The value of
psi was chosen because it was the capacity ofitHeag equipment used in the test
and is also a reasonahlpper bound on the amount of pressure that onetragghfronm
fresh concrete or grout. This would roughly copeesd to 6.5’ of concrete head or 7

of grout head. An example of a failed specimerm®s in Fig. €

Three specimens were tested for eresult. For each individual test, the lateral pues

at failure and specimen deflections at the diffelead steps was recorde



MNaflantian (Yatige
LJCIICCLIOII \Uduges

Lol
U
T
¢
C:
-
o
[
[

Fig.2.6: Lateral Pressure test specimen at failur

Several modifications to the lateral pressure veste made and ey are discussed

Section 2.3.2.1.1t02.3.2.1

2.3.2.1.1 Elongation and Resistance to Lateral 8ssure

The lateral pressure test was modified to investigize ability of the foam and adhes
combination to resist lateral pressure after it baen elongated. This was done
simulate if a form was glued in place and then stéjg upwards after the glhad gained
strength and then subjected to lateral pressutee cbmbination of tension on the gl
and then a subsequent shear from the horizontabpre was thought to possibly

critical. This was evaluated by comparing therkdteressure capac of the foam and
adhesives after a specimen had been elongated2by. OA value of 0.25” was chose¢

for the elongation as none of the foam and glueltoations failed at this elongatiol
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After a specimen was placed in the testing setughasvn in Fi. 2.7 small screw jack
were used to elongate the specimen by 0.25". TPeeisen is then clamped to t
testing table and a lateral pressure is applied. déflection at different lateral pressu

was completed in a similar manner to the lateresgre test.

Fig.2.7: Picture showing intermediate stage of el@ating test specimen using scre'

jacks for elongation and resistance to lateral presire test

2.3.2.1.2 Lateral Pressure Test with No Glt

This test was conducted to observe performancearhfused as a haunch form with
the application of adhesive. Foam specimens waighed by 0.25”, 0.50”, 0.75” and
and then subjected to lateral pressure to exarhmedpacity of the friction beeen the

concrete specimens and the fos
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2.3.2.1.3 Lateral Pressure Test on specimen cured at’45

In this test, specimens where cured atF5nstead of the ?F used in the other testing,
to observe the effect of temperature on curing of adhesive. Specieemsured at 4%
for one day and where tested for lateral pressure capagscingen preparation and test

procedure was same as that of lateral pressure test.

2.3.2.1.4 ateral Pressure Test at a Foam Joint

After conducting Lateral Pressure Test on full length foamisyet it was decided to
cut the specimen so that a joint was in the center as showg.?h8F This allowed the
performance of the haunch foam to be investigated at a joint. eff@nder of the test

procedure is the same as the lateral pressure test described previously.

0
1. =] T OOTTACUIT
COHCRETE ELOCE {—fe=- 0
3"
COHCEETE ELOCE, ——8=- Ey

13"

Fig.2.8: Specimen used for joint test.
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2.3.2.2 Elongation Test

This test focuses on the elongation or tensile strain capaditye dbam and adhesive in
combination. This test was designed to simulate a situation weenatuinch form has
been installed and then an adjustment is made to the geometry winsels ¢he foam to
be elongated. The ability to allow for an adjustment of tleegst panel height is crucial

to the constructability of a precast bridge deck system.

In order to simulate this, a specimen was placed in a Univémsiais Olson Machine
after different durations of curing. The specimen was then paped at a rate of 10
Ib/minute this rate was used as it was easy to observe the load on the sEetdimeas at

a similar rate as might be expected to occur in the figlde specimens are prepared as
described previously and then clamped to steel plates thakedetd the load heads of
the machine. A level was used to insure that the specimen taakeat with minimal
eccentricities. During the testing two deflection gages wesed to monitor the
deflection of the specimen. The test assembly is shown in Fig.ar8.was taken to
insure that the foam height was 3” before a specimen was intedtigh was necessary
to do this to insure that the height of the foam was not inadverteinéigged while

securing the specimen.
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Fig.2.9: Experimental setup for the tension test.

The specimen was loaded until a tear was observed in the foalhesige bond that was
wide enough for grout to pass through (about 1/16”). Observation of theefaias easy
to witness if a light was used behind the specimen so that thegteaould be
highlighted. The load is then stopped and the deflection readingseogages were
recorded. Elongation of specimen was measured at failure upltowath a 0.005”
precision. If the specimen does not fail at 1” elongation theretiteMas stopped and an

elongation of 1” was reported. The value of 1” was chosen bedawss the range of

28



deflection gauge used in testing and is also a reasonable upper bdabhadatoount of

elongation that one might see during adjusting the height of precast overhang panel.

A single tension test consisted of the average of three individual spscime

Failure of Bond

Fig.2.10: Failed adjustable haunch specimen during tension test.

2.3.2.3 Memory Test

A test was conducted to evaluate the ability of a foam to réuts original height after
being crushed by 50% of its original height. This ability to retto the original
geometry after a loading event is referred to as the meofotlye foam. This test
provides an estimate of the amount of height change that is expextethe foam if a
precast panel is initially placed directly on the foam and thesed upward with grade

bolts. If the system is raised upward after the adhesivegfiagd strength then the
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adhesive and foam could be placed in tensionhisfgeometry change occurs before
adhesive has gained strength then the foam wiltl neeadjust upward to remain
contact with the panel above. This information tenuseful to eluate adjustment

restrictions on raising panel during constructic

For this testing an unglued foam specimen was edidietween two concrete block
Each specimen was crushed to 1.5” or 50% of thgirai height of the foam specim
using pipe clamps as shown ilFig. 2.11. Two sets of specimen were investigated,;
set was left for one day and the other for severs.daach set consists of three individ
specimens. The height of each specimen was measiedrelease and then at

minute timeintervals until one hour, then 1 hour intervals evased until 4 hours. Tt

final reading was taken after 24 hot

(a) (b)

Fig.2.11: Showing stages of memory test: (a) Foarpeximen crished to 50% (1.5")
of its height, (b) Foam specimerjust after release (i. One day crushing, ii. Seve

days crushing)
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2.4.Results

Different combinations of packing foam and adhesives were evalu#tethe previous
tests to investigate the ability to resist lateral pressalengation, elongation and
resistance to lateral pressure, and some slight modificatiotisesé¢ tests in order to
simulate the performance of the haunch at different phases dbengonstruction of

bridges.

The results for memory test, lateral pressure test withdhesive, lateral pressure test,
elongation and resistance to lateral pressure test, and elongatiare summarized in
Table 2.3. In Table 2.3 the average of air pressure at whidrsge was failed and
standard deviation is presented for three replicate tests. nmih@mum pressure
investigated in the lateral pressure and elongation and latesslupeetests was 6.5 psi.
If a specimen exceeded this capacity then the value vpasted as > 6.5psi. If a
standard deviation is reported as zero then this means tlsggteallmens had the same
result. The foam adhesive combination in the different testsrwastigated with a cure
time of either one or two days. This was done to evaluate howttbegth of the

adhesive changed with time.
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Table 2.3: Summary of test results for memory test, lateral pesure test with no adhesive, lateral pressure test, elongatiand

lateral pressure test, and elongation test.

Memory Test® Lateral Pressure » | Cure Lateral Pressure Elongation and Lateral Elongation
E Day 1 Day 7 [[est-No Adhesive*® % Time Test*** Pressure Test*** Test

= |AHG| G |AHG| © AAP (4] = AAP | © Deflection {in.) AAP| © Deflection {in.) AFE G
(%0) | (%0) | (%) | (%0) (psi) (psi) < (Days)| (psi) | (psi)| Top |Center|Bottom| (psi) | (psi)| Top |Center|Bottom| (in) (in)
11750l 01611 00 25 0.0 A 1 55 00 |0.102|0.340 | 0.089 | 5.6 | 1.2 |0.129]| 0.335 | 0.134 | 0.908 0.130
A 2 »6.5 | 0.0 |0.135|0.435| 0.139 | >6.5 | 0.0 (0.130| 0.423 | 0.160 | 0888 0.0%0
2 |75.0] 0.0 | 598/ 0.1 25 0.0 A 1 4.8 0.6 |0.085|0.342| 0092 | 3.5 | 0.0 |0.114] 0.307 | 0.145 | 0363 0.050
A 2 =65 | 0.0 | 0108|0401 | 0.113 | 6.2 | 0.6 |0.125( 0.243 | 0.116 | 0.825 0.230
3 093.1| 0.0|59.0] 0.0 32 0.6 A 1 6.1 06 |0.089|0.322 | 0.100 | »6.5| 0.0 |0.097| 0.295 | 0.089 | 0.364 0.020
A 2 6.3 0.0 |0.106|0.317 | 0.101 | =»6.5| 0.0 |0.095| 0.336 | 0.108 | 0.6%6 0.280
4 375! 00708] 00 45 0.0 A 1 =65 | 0.0 [0.059|0.243 | 0.066 | »6.5 | 0.0 |0.057| 0.177 | 0.060 | 0.754 0.220
A 2 - - - - - - - - 0.661 0.300
s (972 01 |83.3]16.7 55 0.0 A 1 5.8 12 |[0.051)|0.216 | 0.053 | 6.2 | 0.6 |0.043| 0.241 | 0.087 | 0.310 0.030
A 2 »65 | 00 |0.054|0.122 ( 0.055 | 62 | 0.6 (0.078| 0.131 | 0.069 | 0.3%96 0040
- ) i i i B 1 4.5 00 |[0.018|0.183 | 0.046 | 3.5 1.0 |0.013| 0.092 | 0.013 | 0.324 0.150
B B 2 45 | 0.0 [0.019]|0.181 | 0.050 | - - - - - 0.327 0.050
5| ) ) C 1 38 | 1.2 |0.038|0.182 | 0.063 - - - - - 0.318 0.180
B C 2 48 | 0.6 [0.141|0.338 | 0.099 - - - - - 0.309 0.080

o :Standard deviation.
AHG: Average height gain.
AAP: Average air pressure.
AE: Average elongation.

*Results of memory test presented represent the average perdeiglof gain when foam Specimen crushed to 50% of its height
after 24 hrs.

**Results of Lateral Pressure test with no glue represent the air pressure at fatare crushed by 0.75".

*** The maximum pressure investigated in lateral pressure test andjaiom and lateral pressure test for any specimen was 6.50
psi if all specimens the exceeded this capacity then the result was reported as “>6.5".



Not all combinations of foam and adhesive were investigated fortekisyg. From
preliminary testing adhesive A appeared the most practicalaaenstructability and
economy. Adhesive A is easy to apply as compared to other adhesivas ite applied
by paint brush. Because this adhesive appeared to be the mostpractas used to

evaluate the performance of the foams as a haunch form.

In order to make a comparison between adhesives, foam 2 was iatexbtigth all three
adhesives A, B, and C to investigate the impact on the physiopknies of the

specimen.

In Fig.2.12 the memory or average percentage height gain of diffeil@nt specimens
after release after being compressed for either 1 or 7 degfsowen. The solid line
represents the data of specimen after release at one day &ed ldod data after
compressing for seven days. And Fig.2pt@vides the capacity of the foam to resist lateral
pressure when there is no adhesive at different levels of cesmmel he results presented in
the Fig.2.13 are average of air pressure at which specimerfailed$ and standard
deviation is presented for three tests. The maximum pressustigated in this test was

6.50 psi.

33



Height of foam after release (in.)

29 ——

Time (hrs.)

Solid line: Data for one day testing
Dotted line: Data for seven day testing

Fig.2.12: Graph showing gain of height by foam in memory test.
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Fig.2.13: Graph showing results of lateral pressure test with no adhesive.

In the aforementioned chart data for foam 1 and 2 are almost thats why the lines

representing data got overlapped for foam 1 and 2.
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Results for lateral pressure test on specimen cured & d@d lateral pressure test

carried out at the joint of foam are tabulated in Table 2.4.

Table 2.4: Results for modified lateral pressure test.

Lateral Cure AAP G Deflection
Pressure Foam |Adhesive| Time (psi) (psi) (im.)

Test (Days) top center | hottom
Cured at 45°F 2 A 1 45 0 0.0928 | 02893 | 0.1160
Tested at joint 1 A 1 517 0.58 0.0908 | 03198 | 0.0797

Normal 1 A 1 55 0.0 0.102 0.340 0.089
2 A 1 48 0.6 0.085 0.342 0.092

o :Standard deviation.

AAP: Average air pressure.

2.5. Discussion

The performance for the foam and adhesive combinations will basdisd in terms of

the results from each test.
2.5.1 Lateral Pressure Test

The lateral pressure test investigates the ability of enfaad adhesive combination to
resist the lateral pressure from the fluid grout or concretterrabused to make a
connection between the precast members. The results for thigotdst be considered
conservative as failure of the foam and adhesive combination abeeysed at the ends
of the foam members or where the glue was terminated as shawg.2.6. The area

where the glue was terminated likely saw not only shear sgrésam the airbag but also
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bending stresses as the bag was not confined outside the letigghfodam. While this
test setup does not exactly mimic the loading condition thatbeilused for a haunch

form it should provide a conservative estimate of the available strength.

From Table 2.3 it can be seen that after two days of cuoagn 2 and adhesive A can
resist 6.5 psi while foam 2 and adhesive B can resist 4dnddbam 2 and adhesive C
can resist 4.8 psi lateral pressure. Since it is desiralplotide as much lateral pressure
resistance as possible to resist a form failure, adhesive fhbhaest performance of the

three adhesives.

Comparing the results for samples cured for one day and two dagamvesee that
adhesive A and C gain some strength on second day while adhesives@&@eastrength
on second day. From this we can infer that it would be ideal totlsarbeaunch for two
days before the grout or concrete is placed. However, the haaalkchstill be used at
one day as it provides 4.8 psi of lateral pressure resistance.is Hugsaivalent to 4.8 of
head pressure from a concrete or 5.8’ of head pressure from grout pour (ashattimg
unit weight of the concrete as 144 IBAind grout as 120 Ib/jt With conventional

gravity feed methods of placement the pressures would not be expected to dea:xcee
2.5.1.1 Elongation and resistance to lateral pressure test

A modification to the lateral pressure test was made to shelpehavior of haunch
system after elongation of the foam by 0.25”. An approximateB6 2@duction in
strength was measured for foam 2 and adhesive A and foam 2 ant/aedhesen the
results of this test are compared to the lateral pressire H®wever, the strength of the

rest of the foam and adhesive combinations were not significanplgciied. This result

37



suggests that the foam and adhesive combinations should be allowedasdok by
0.25” after the glue has cured. This finding allows the contractors ftexibility during

the construction of the bridge deck to insure the proper geometry is obtained.

2.5.1.2 Lateral Pressure Test- No Adhesive

In this test foam specimens were tested with no adhesive @pplthem. This testing
was done to investigate the need for the adhesive between the ridatheaconcrete.
From the results shown in Fig.2.13 it can be inferred that as s#ffoiefoam increases,
the resistance to lateral pressure also increases.rebedtis show that foams 1, 2, and 3
has a low lateral pressure resistance in the absence of adhidswever, foams 4 and 5

show lateral pressure resistance of 4.50 and 5.50 psi respectively at 0.75” cammpress

These results suggest that with CL foams it may be possibigetonly a foam without
using an adhesive to resist the lateral pressures of ol gr concrete. This could be
advantageous as this is one less step in the construction procesgveHdwnay be
difficult to insure uniform loading of the foams by the panelshmm field especially if
their geometry is adjusted by grade bolts. Also, it is likelgessary to use some glue to
insure the panels stay in the correct location. The use of adiessecially necessary
if the precast panel is to be raised to adjust the systethedareeded roadway profile and
bridge deck thickness. However, these results do provide some assina@nseme
lateral pressure resistance would be expected if an inadeguatent of glue was used

during construction.
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2.5.1.3 Other comments from modified lateral pressure test

Besides the aforementioned tests, adhesive A showed no changenieath@ed strength
when cured at 45° F for one day. Also a haunch system was tegea j@int added to

the center of the test setup and there was no difference strémgth or failure mode of
the system. This suggests that the performance of the gheot affected at least at a

temperature of 49 and 73 F.

2.5.2 Elongation test

This test results provides limitations for raising panels wduilgisting roadway profile.
From Table 2.3 we can see that minimum elongation of 0.30” was faamdniy
combination of foam and adhesive. Test results also show that st#ftiess of the foam
increases the resistance of the system to elongation decréasecombination of foam 1
and adhesive A shows very effective performance for thisatebis able to elongate up
to 0.90” while foam 5 was only able to resist 0.30” of elongation. uBeeof foam 1 and

adhesive A would allow greater flexibility during construction.

2.5.3 Memory test

This test evaluated the capacity of a foam to regain heightrafease after it has been
crushed to 50% of its original height. From Fig. 2.12 we can thidrthe instant height
gain of foam 1 and 2 is about 65% of its original height after oneotlayushing and
about 75% of its original height after 24 hrs. While for foam 3ndl & an instant height
gain of 64%, 74% and 87% respectively of its original height afterdageof crushing
and height of 93%, 87% and 97% respectively of its original height a#ehrs.
However, after seven days of crushing there is no initial mefoorfpams 1, 2, and 3.
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Whereas, foam 4 and 5 shows very small amount of memory after daysnof
crushing. From this we can infer that as the stiffness ohfimereases the capability of
the foam to regain height also increases. This suggests thadthytene foam does not
have a high memory; however, this foam did show promise in the elomgast and

would still be deemed to be satisfactory.

These results suggest that a precast bridge deck system shodjddtedawithin 1 day
of the panel installation if possible. If adjustments are mdide @ days of being
compressed then the adhesive and foam combination would have ldgst@alglongate

before failure then if the adjustments were made after 1 day.

2.6. Synthesis of results

The memory test data suggests that, if a precast bridge deekipaaised beyond 0.4”
using PE or 1.41” using crosslink foam as forming material &fteally being crushed
to 50% of its original height (i.e. 3”) then we need to attach faapreécast panel using

adhesive so that there is no gap between foam plank and precast panel.

As per lateral pressure test with no adhesive a crosslink (filmam 4 and 5) or a foam of
a similar stiffness may be able to be used as a haunchwithmut applying adhesive.
But, one should be aware that there could be problems with the Useseffbams as it
might be difficult to crush them with the self weight of thecast panel or insure
uniform compression due to field differential height of the panels.s Would require

that the foam be cut to a height that is close to the final haunch height.
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One important foam parameter is the ability of the mdteyibe compressed by the self
weight of the bridge deck system. While this parameter is noushed directly the
information can be inferred from the compressive stiffness infeamatontained in
Table 2.1. If a foam is very stiff then the self weight of the precast deckmpageot be
able to cause the foam to deflect downwards. Of the foams igatest foam 1 has the
lowest compressive stiffness and so it would provide the mostbifigxi during
construction. While buckling of the foam may also become an igswasinever seen

with the 1:2 aspect ratio used for this testing.

In all of the testing the combination of foam 1 and adhesive A shgaed performance
including the highest lateral pressure and elongation capacifbgeHeis recommended

to use this combination for construction of adjustable haunch system.

Another parameter that is not considered in the data predausttedso is important is the
aesthetics of the foam as may be used on the exterior tiittgee and so in a visible
location. The foam manufacturer creates foam in a distinctl@ so that it is clear to
the customer the properties of the foam. The typical coldiofon 1 is a gray which is

similar to concrete and so would not cause an aesthetic problem for the bridge.

2.7. Suggested Construction Sequence

The following is a summary of the suggested construction method aidstable

haunch forming system:

e The surface of the precast beam where the foam is to be plemdd be thoroughly

covered in adhesive.
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e The foam should be cut to height that is approximately 1” higher thagstheated

haunch.

e Next the foam should be placed on the adhesive and held in place until it sticks.

e Just before the precast panel is placed the top of the foam shoutdrbaghly

covered in adhesive.

e The grade bolts in the precast panels should be adjusted to pravadasmeh depth

that closely matches that required for the bridge deck before the panekd.pla

e The panel should be placed and then adhesive should be allowed to cardafpr

before adjusting.

e After the glue has cured the height of the panel can stibwered using grade bolts

but should not be raised more than 0.25".

e The haunch is now ready for grout or concrete placement

2.8. Conclusions

Several combinations of packing foam and adhesive were investigatedusedes a
haunch forming system for precast bridge decks. These sygtemde a large number
of advantages over other conventional forming systems as they allorgcast deck
panel to be adjusted during the construction process and do not require wmek to
performed under the bridge for installation or removal. This inesedle safety,

constructability and economy of these systems.
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Packing foam 1 and adhesive A combination has been identified to becaptable
candidate to be used as a haunch form. This system showed thetabéiist a lateral
pressure over 6.5 psi or approximately 6.5 of concrete ramtbagation of 0.9”
before failing. It also showed satisfactory performance wheasaghwas cured at 45
and also when tested at joint of foam. Besides this the foamufawdurer creates this
foam in a gray color that is similar to concrete which doesréate any aesthetic

problems for the final bridge.

While this testing was completed with specific sizes of hauanihd other heights and
configurations could be estimated based on the data presented irrefiud.
Furthermore, while the focus of this paper has been on providing thgfpsystem for
haunches of bridge girders the same concepts could be extended to be invdetigatd

in several other applications involving precast elements.
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CHAPTER IlI

3.0 FULL SCALE TESTING OF BRIDGE DECK OVERHANGS

3.1. Introduction

There is need to develop new innovative bridge construction techniquel whic
minimize the impact of traffic and the impact on the surrounding @mvient.

Prefabricated bridge elements have shown the potential to meet these needs.

The use of prefabricated bridge girders and bent caps has bec@oeeptable method
of precast construction. But, another element which has attraotedttention of
researchers is the development of prefabricated bridge deeknsy3ihe development of
such a system would be very advantageous as the bridge deck oftenemttiet needs
first maintenance and ultimately replacement. A system #tlaived for rapid

construction or replacement would be very helpful.

Several attempts in the past have been made to develop precast deadgsystem.
However these systems have not been widely adopted as they hieegesaproviding
a smooth riding surface without grinding while also being constrectibHowever,
partial depth bridge deck systems have been used since the 19¢@asn Missouri, and

lllinois. These systems have been shown to improve safety, economy and speed over
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conventionally formed bridge deck construction. While these sydtanesbeen widely
adopted in several states they can still be improved as the ogerbastruction is still
largely constructed with wood forms and cast in place concreteer Chiallenges include
obtaining the correct elevation of the finished riding surface. €llbesige decks are
somewhat challenging to provide adequate cover on the reinforcth@raradequate

riding surface.

In 1985, attempts were made to eliminate the problems in the phetitd bridge system
by introducing the full depth bridge deck system (Freeby and 2@§2; Badie et al.,
2006). Typically these bridge deck systems consist of thick conueetks that runs the
entire width of the bridge deck that are placed on the beams bElosvsystem has
shown potential over partial depth bridge deck system by removing #t fae the
conventional forming used in the overhang construction. But, still piledlem of
obtaining the smooth finished riding surface was not corrected.ofteaa necessary to
provide an asphalt wearing surface or grind the surface of the Wenkrds where the
concrete planks interface to obtain the correct riding surface.tAése full depth bridge
deck panels are heavy and are not easy to transport or pRagghermore, considerable
construction labor is needed in erecting the construction forms faréaebetween the
precast panel and the prestressed girders. This areamsreferred to as the haunch.
This dimension often varies with the construction geometry duarntder in the girders

and the change in the bridge deck profile.

After reviewing the pros and cons of the full depth and partiathderidge decks it was
realized that the systems could be combined in a hybrid systesihybiid system is
composed of a precast overhang member with a full and partial depth sectiqnedédnst
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panels for proposed bridge deck system are one half of thébfidge deck thickness to
be used in the interior spans and an innovative precast panel thduhatepth and half

depth section to be used in the overhangs and the first interioresgaectively. These
panels serve as structural stay in place form-work, workinigesirand support for the
screed rail. A 4.25” topping of cast-in-place reinforcement comaseplaced to tie the

structural systems together and provide the final riding surface for the bedige

This proposed system has not been investigated previously for stréigth. the
behavior of the proposed system is unclear due to the use of pragtrgsands in the
compression zone. The current chapter is dedicated to the stdictdsting of the
proposed precast bridge deck panels by mimicking the AASHTO HL 8% tand

studying their behavior.

3.2. Design and Fabrication of Prototype Bridge System

3.2.1 Prototype bridge system details

A full-scale two-lane, full-depth overhang and partial depthriat span bridge system
was constructed. These systems were designed to tgflexzl reinforcement ratios that
are used by US DOTs. The precast concrete panels wegaetkdor transverse flexure
with conventional mild steel reinforcement and standard prestresgiagds in
accordance with the current TxDOT deck design provisions for slagndegh the main
reinforcement perpendicular to traffic flow. A layout of thet tgsecimen is shown in
Fig.3.1. The prototype bridge was 8’ in the longitudinal direction and ii8the
transverse direction. The bridge deck was constructed on 3 girdetsathét center to
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center spacing with typical 3’ overhangs. The bridge decks igaéstl were 8.25” thick
with 2.25” of cover from the bridge deck surface to the top reinfodearg One exterior
span and cantilever was built with a precast overhang panel sgastethe other side of
the deck system was built using a 4” precast panel and a convdgtionaded 8.25”

overhang. By constructing the specimens in this manner it alloweedapacity of the

two overhang systems to be compared using a single specimen.

Conventional Overhang Precast overhang
| L ] [ o | :8.25”
| | |
] ] || ] ] ]
| i i
I‘\ I‘\ I‘\
|| | || g
1] 1] 1]
| [ u n
L[ L L
3'! ' ! 0’ ! 3

Fig.3.1: Arrangement of precast concrete bridge deck system componsent
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Precast concrete panels were installed on the concreegggadd made fully composite
with shear connector pockets and high strength threaded rods withrefetsfig.3.2).
The girders used in this testing had a top flange width of 12” amd #4” in height and
rested directly on the ground. While this specimen configuratios wlotedirectly reflect
the performance in practice it does provide a conservativeatstiof the performance of

the bridge deck system.
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i Jﬁ"w:-— - GRADE BOLT
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Fig.3.2: Details of shear connector pockets.

3.2.2 Fabrication of specimen and reinforcement details

Specimens of bridge deck where composed of three basic elemedisventional

bridge deck, ii. Partial depth precast panels, iii. Precast angrpanel. These three basic

elements are shown in Fig3.1. Fabrication and reinforcement dataildiscussed in

detail in following sections.
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3.2.2.1 Conventional bridge deck

For conventional bridge deck, a cast-in-place (CIP) full depth overfwaghgpartial depth
concrete topping with reinforcement and partial depth precast phieil act as a stay-
in-place form are used. Conventional overhang was 3’ from the aa&ntiee girder and
8.25” in depth. The concrete strengths for specimen 1 and 2 arescepoiitable 3.1 and
Grade 60 steel was used for longitudinal and transverse reinfemteansverse deck
reinforcement consists of straight #5 bars at 6” spacing itofh&ayer and # 4 bars at 9”
spacing for specimen 1 and 18" spacing in the bottom layer. Longitugimglerature
and shrinkage steel were also provided using #4 bars at 9” spatireggtop layer and #5
bars at the bottom layer. The bottom longitudinal reinforcement #ith bars was
provided in three rows; first row was at 2” from the edge efdherhang, second was at
3” spacing from the first row and third was at 1’ spacing friiv@ second row for
conventional overhang. For partial depth concrete topping transvergercement
consists of straight #5 bars at 6” spacing and longitudinal textyperand distribution
steel was provided using #4 bars at 9” spacing. The clear coverheveopt layer was

2.5” while the bottom layer had a clear cover of 2” (refer fig.3.3).

The aforementioned reinforcement was tied after installing tbeapt overhang on the

other end and intermediate panels on the interior bays. The spsaiveee cured with

wet burlap for 7 days.
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The deck slab was designed as a beam in flexure supported birdées gising the
AASHTO Service Load design provisions using HL 93 loads for consemvalixDOT's

bridge deck design requirements limit the calculated streeireinforcing steel jfto

24,000 psi and the concrete stregpt( 1,600 psi using a modular ratio (n) of 8 (Merrill

2002).
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Fig. 3.3: Reinforcement details for cast in place (CIP) bridge deck overhgn

3.2.2.2 Partial depth precast panels

Partial depth precast panels are used for both conventional bridge detkiatmms
method as well as construction of precast overhang system foorirggansFor testing
on this project standard partial depth precast panel developed byTTwef@ used for

intermediate span of bridge specimen. Partial depth precads pegre of 8’ x 5’-8” x
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4", The strength of concrete for specimen 1 and 2 are mentionkbia 3.1, Grade 60
reinforcing bars were used for longitudinal reinforcement and G2&0estrands were
used for transverse reinforcement. Transverse deck reinforcewmmesists of the 3/8”
strands at 6” spacing located at mid-depth in the 4” thick pamelwere prestressed to
16.1 kips. Longitudinal temperature and distribution steel were alsedptbusing #3
bars at 6” c/c. These panels have a 3” strand extension thatngoeke connection

between the girders and the bridge deck (refer fig.3.4).

These partial depth panels are generally casted in 8’ widagésds ranging from 350’
to 500’ in length using self-stressing forms. The required constezagth is 5000 psi,
but most fabricators use a high-range water reducer alangTwype 11l cement so that
the concrete reaches 4000 psi in about 14 hours for strand releasalloMmsspanels to
be cast in a given bed every other day. The panels were giveora bnish to aid in the

development of bond between the panel and the cast in place concrete topping.

Partial depth precast panel designs are highly standardized, andréh@ytended to
follow the AASHTO Bridge Design Specifications. Service Loaign is used but
ultimate strength is checked at mid-span. The panels alone stippatead load. The
panels are generally not wide enough to develop larger strands, saitheiddased on

the amount that can be developed rather than full development (Merrill 2002).
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Fig.3.4: Reinforcement details for partial depth precast panel (stay inlpce form).

3.2.2.3 Precast overhang panel

The precast overhang panels are used in place of conventional rgerfidese are
hybrid panels composed of precast prestressed panel in the bayemwith a 4.25”

reinforced concrete topping.

Full depth precast overhang panels were 8 x 8-8" and of varyapghd It was having

depth of 8.25” until 5’-6” in the longitudinal direction and then 4” depth foraiamg
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length. And also depth of panel was 4” at offset of 8” on both sideardl starting from
1' in the longitudinal direction till 5-6” in the same direction. ihoffset was
intentionally kept to make connection of two panels in transversetidimemonolithic
using G bars (shown in Fig.3.5). Each precast overhang panel consists ofshiaae
connector pockets of 10” x 7” and three grade bolts to adjust roadwéie p6Ehear
connectors are used to generate monolithic connection between prechangvesnel
and bridge girders. Layout of shear connector pockets and grader bshsws in
Fig.3.2. The strength of concrete for specimen 1 and 2 are giverble 34, Grade 60
reinforcing bars were used for longitudinal reinforcement in bottayer and for
longitudinal as well as transverse reinforcement for top layeéiGrade 270 strands were
used for transverse reinforcement in bottom layer.

Construction of the precast overhang panels were done in twosstagge 1 was
construction of precast prestressed bottom layer panel of 8'84% 4” and stage 2 was
construction of precast reinforced concrete layer on the top of ppreasressed bottom
layer panel upto 5’-6” in the longitudinal direction with 4.25” depth. Cetmtg of stage
2 was done with 4” margin in longitudinal direction so as to cover thex8nsion of
strands on the overhang side. Construction of stage 1 was simiheat tof construction
of partial depth precast panel except for addition of U bars fffictrail reinforcement
and Z bars (see Fig.3.6). Construction of stage 2 was done ondeatagasating stage 1.
Top reinforcement was tied as mentioned above and concrete was poured to construct ful
depth overhang panel. Care was taken to keep three shear connektis @mopty

during the construction of both the stages and also to place @@te(coil) in specified
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position as shown in Fig.3.5. For reinforcement detail of stage ltagel 2 refer fig.3.6

and 3.7 respectively.

Transverse deck reinforcement consists of straight #5 barscat @1 the top layer and
the 3/8” strands at 6” c/c located at mid-depth in the 4” thick pamelis prestressed to
16.1 kips in the bottom layer. Longitudinal temperature and distributemt were also
provided using #4 bars at 9” c/c in the top layer and #3 barsdt &i the bottom layer.
The clear cover over the top layer was 2.5” while the bottom ke clear cover of 2”

(refer fig.3.8).
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Fig.3.5: Dimensions of the precast bridge deck overhang panel.
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Fig.3.6: Reinforcement detail for stage 1 of the precast bridge deck overhang pn

56



#5 Bar rer
See Span
Sheet for
Details
Elevation
~ 14 Spa :
s T T
%
A I N N N A N I A O 0 O 8 ar
_| = 1 1 ! 1 1 ! 1 1 ! 1 1
; % I
N Y o TA / !
1
I Lo~ it
I — — |,
|= :| L:I /i
i t
Imn B I
. _ | |
2§ |
- |
T |
s &=
1 1
I I I
I I I
| |
1 1
I I
o

Plan
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Fig.3.8: Reinforcement detail for precast bridge deck overhang.

To ensure the composite action between the precast overhang pahélsdge girder,
the haunch was filled using SikaGrB{it 212. SikaGrout 212 is a non-shrink,
cementitious grout with a unique 2-stage shrinkage compensatingmen (SikaGrout
212, 2003). Mixing of grout was done with 0.17 water grout ratio and wasafédie

haunch. Filling of haunch was done by pouring the grout mixture through shear connector

pockets.

A summary of the concrete and grout mixtures is provided in Taflealong with the
relevant material properties. All mixtures were represemtaif bridge deck concrete.
The grout used in the haunch did not contain coarse aggregate. Thenloda¢ire each

mixture was used in the specimen is shown in Fig.3.9.
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Table 3.1: Summary of the average material properties of the mixtes used in specimen 1

and 2.
Stage | Stage Pocket Partial Depth
Specimen Test CIP I Il |Grout | Concrete Panel
Compression, psi| 6976 | 9098 | 7096 | 8137 4085 8475
1 (MPa) (48) (63) (49) (56) (28) (58)
660 729 620 544 524 693
Tension, psi (MPa) (5) (5) 4) (4) (4) (5)
Compression, psi| 5371 | 9151 | 6857 | 6287 4881 8475
2 (MPa) (37) (63) 47) (43) (34) (58)
514 774 550 600 458 693
Tension, psi (MPa) (4) (5) (4) (4) 3) (5)
Cast-in-place concrete . Pmcast overhang stage II

| 1L — AF?__'

T T ) I O -
L 1T T T T 1T 1 | | .|
L T T T 1T I T T T T 3 T T T
L 1T T T T T 1 | . | .|
o o o o T T T T T T T

ITT Pocket concrete

Partial depth precast paflel Highly flowable grout

Precast overhang stage I

Fig.3.9: Locations of materials used in Specimens 1 and 2.
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The reinforcing used in Specimens 1 and 2 were as per TxDOT 44AQSid A 615

grade 60 requirements.

3.2.3 Placement of panels

Installation of the adjustable haunch form was done for the precabiagepanels prior

to the placement of panels i.e. foam was glued down on the bridipr girleast a day
before placement of panels. Application of top layer adhesive on ve@sndone just
prior to the placement of panels. Panels were placed on desiierisoaith the help of a
crane and the height of grade bolts were roughly adjusted equaltieigfme of haunch.
Fine adjustment to the height of haunch was done using grade boiextraay after the
placement of panels so that adhesive achieves the targetlstiEmgiprecast panels were
adjusted in such a manner that it provides a minimum haunch of aboun® mctaeves
straight roadway profile. The locations of the grade bolts on gaobl were deliberately
chosen so as to maintain the stability of panels before filhegoockets. Once desired
roadway profile was achieved then Z bars of the full depth overhangwwarebent and
welded to R bars of bridge girder. This was done for safety purpose and also taureake s
that panel does not rotate or move from surface. All adjustmertteetpanel height
should be made before the Z bar is welded to the R-bars. Baitaonventional
overhang and sides of full specimen were formed using plywood. Concpgtieg of
4.25” on partial depth portion of bridge deck and 8.25” slab on conventional side was
poured once reinforcement was tied as per TXDOT specificationsvidie bridge deck
was then cured with wet burlap for 7 days. Grouting of the poeketsdone on the next

day using SikaGrout 212. The process of applying the grout consistedttofgwtae
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concrete surfaces, mixing, and placing the grout in the pockets. @asuirst poured in
the center pocket until it flows toward the adjacent pocketaitgvas poured in the next
pocket once the center pocket was half filled. All pockets wdesl fdnd vibrated until
the grout filled the haunch. The next day the remainder of the paeeetilled with

concrete.

3.3 Test Setup and Instrumentation

The test setup was designed to incorporate the conditions prevalent in theichadestrs
well as in the type of the imposed loading. A reaction frame esidspecimens were
mounted on the strong floor using post tension bolts. The center giddiridge deck
were fixed with the help of post tension bolts to restrict ratabf the center girder
during testing. The cross section of the strong floor, loadimgefrand the bridge deck
slab are shown in Fig.3.11. The loading points for Specimens are shdwg3.10. For
each test a 10” x 20" steel plate was used to represent a ¥AKBITO HL 93 tire
patch. The center of the tire patch was placed 11” from the efdtjee exterior beam.
Two different load cases were investigated. In specimen 1 a {dad anidspan of the
cantilever was applied and in Specimen 2 the load was platiee @rner. This loading
condition was chosen to simulate an HL 93 truck traveling at theedsyg of the guard
rail away from the edge of the panels and at the location veherielge deck terminates

such as at the approach slab.
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Fig.3.10: Load points investigated for specimen 1 and 2.
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Fig.3.11: (a) Cross sectional front view of the test setup for 3’ bridge deck ovemng

testing, (b) cross sectional side view of the test setup for 3’ bridgeateoverhang

testing.
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A hydraulic ram was used to load the bridge. The loading waddrests to the bridge
deck from the hydraulic cylinder using steel plate of 10” x 2@/dddcal was applied on
the surface of the bridge deck at the location of testing befaoengl the steel plate to
make a level surface and to insure an even distribution of pressure contact areas of

the slab surface.

The structural response of the specimens was evaluated withesuléseec strain
readings with 4.014 microstrain accuracy and by deflection measuots using linear
variable displacement transducers (LVDTs) with 0.0005” accuracy. eThgstems
provided flexible and accurate methods to investigate the perfornasdiritbe overhang
systems. 51 demec points were used to measure surface straih\dd@Hwere used to
measure deflection while loading at midspan of the overhang and 4¢ gemés and 9
LVDTs were used to capture response of bridge deck while loadiraprners. The
response of bridge deck was monitored and recorded continuously uziegeaftioned

tools at interval of 8 K.

Demec readings were taken at each load increment and contowveltetsreated. For
this purpose the demec point stations were arranged in the famecotangular grid of
approximately 7.75” x 7.75”. It was intended to have different mesjutaipr overhang
testing at center and at a corner due to the location of tedBing.slight differences in
the demac point grid for CIP overhang and precast overhangl tesie due to the
inadvertent change in the orientation of the tire patch during teStivegFig.3.12, 3.13,

3.14 shows the orientation of the tire patch and layout of demec patiohstalong with
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the details of mesh such as distance of first line of the defrao the edge of overhang

and size of the grid.

26 000 Bridge deck overhang

-—20.000—— e

.

//
13.L00
18.000 Steel plate (10”2 207

— 7 750 7 ’__(_.,Demec point station [
f : : : : IO.FOO 365.000
7750 I

\

Eridg g Girder

Fig.3.12: Orientation of tire patch and layout of demec point stabns for CIP

overhang tested at center.
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Fig.3.13: Orientation of tire patch and layout of demec point statios for prestressed

precast overhang tested at center.
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Fig.3.14: Orientation of tire patch and layout of demec point statins for CIP and

prestressed precast overhang tested at corner.

3.4 Results

The full scale prototype bridge deck overhang system was tesitedhe same surface
area of the AASHTO HL 93 truck at center of overhang and akec®1(fig.3.10). In the
entire test cases, the load was applied in regular increrardtstopped every 8 or 16
kips to record surface strain, deflection and for inspection of tidgeodeck overhang.
At each loading interval the following were measured: load, suréa@in, deflection,
and crack pattern. The surface strains recorded during teséngresented in the form
of contours which are plotted considering lateral strain. Therecaigide of reasons for

considering only lateral strain for comparison of both system tanlying the behavior
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of bridge deck under static loading as per AASHTO. Firsdgults inferred from the
contour drawn on the basis of longitudinal strain and laterahstreere same. Secondly,
Von Mesis method which is used to combine both the longitudinal and |steials and
represent the surface strain in the form of resultant is nettefé for the current layout
of Demec stations as averaging of the surface strain hesriginal location of the
surface strain measured during testing. And also the ultinratefahe current study to
compare different bridge deck system is satisfied throughai@wars drawn on the basis
of longitudinal strains as both the systems are having same bowmhalijions and load
cases. The contour graphs are plotted using Minitab software. Térenéaliate data
points on contours are interpolated considering linear relationship detihe actual

recorded data points.

Test results are summarized in table 3.2 for comparison ofrcpiice overhang (CIP)

with precast overhang with respect to cracking moment, maxinpoied moment and

loading location for test specimens.
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Table 3.2: Summary of test results for bridge deck overhang.

Specimen Tvpe Loading | Cracking moment | Maximum applied | Max. deflection at | Max. deflection at Saftev factor Failure
position (kip-in) moment (kip-in) | service load (in) |max. applied load (in) | (max. load / 16 K) Mode
1 Cast in place | Centre 1008 1872* 0.0055 0.0530* 6.5* -
Precast Centre 864 1296* 0.0035 0.1220* 4.5* -
2 Cast in place | Corner 720 1008 0.0070 1.2190 35 Punching shear
Precast Corner 720 1440 0.0130 0.5880 50 Punching shear
Cast in place®* | Corner 720 1152 - - 4.0 Punching shear
Precast** Corner 864 1296 - - 45 Punching shear

* The maximum loads for these specimens were lirbitélde loading equipment and do not reflect thealcstrength of the specimen.
** The test results mentioned for these specimass weported for corner testing conducted aftetitgscorner for first time at farthest end of samwerhang.




First four tests listed in table 3.2 are discussed in detail in the followingrsect

3.4.1 Cast in Place (CIP) bridge deck overhang center testing

Flexural cracks were formed at 56 kips loading and at the tefleaf 0.0105 in. Three
cracks were observed at this stage, one above the bridgeajosier to the interior edge
of the bridge girder and of the remaining two one was at theanfgmnel and other was
on overhang near the exterior edge of bridge girder. Duringuteessive loading stages
it was observed that the first crack above the girder closdretonterior edge of the
bridge girder was widening until another crack was observed atpg2wkiile the first
crack at interior panel and on overhang remained same. Other ofasdved during
successive loading until maximum load was reached are mappetilnrdég.3.15. The
numbers next to the crack denotes the loading at which the respaettks were first
noticed. The rectangular shape represents the orientation ofABEITFO HL 93 tire

patch. The support girder is shown as a dotted line.

70



Fig.3.15: Crack pattern for the cast in place (CIP) overhang tested at center.

Figure 3.16 shows the location of the deflection gauges with regpédloe steel plate
(AASHTO standard tire patch for HL 93 truck) and load deflectwaph for CIP
overhang tested at center. The dotted line in the graph représehtading at the first
crack. The load deflection graph shows the bilinear relationshipengtémess of the
bridge deck decreases after the first crack. Decreasdfiress is observed by the drastic

increase in the deflection of bridge deck after first crack.

The failure pattern of the bridge deck was not able to cladsiBdoading was stopped at
104 kips due to limitation of the loading frame and hydraulic jack. Magimum
moment applied (refer table 3.2) at this point was almost 6.5 tineedesign loading.
Result of this test suggests that current bridge deck is hawing potential than it was

intended for.
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Fig.3.16: a) Load deflection graph for CIP overhang tested at center, b) Location of

deflection gauges with respect to the steel plate.
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3.4.2 Prestressed precast bridge deck overhang center testing

The bridge deck first cracked at the load of 48 kips and at a tieflexf 0.0150 in. This
first crack was observed over the bridge girder. At a lodgbdips this crack extended
to the edges of the bridge deck. At the next loading stage of 64hidpsitial crack at
the corner of the bridge deck closer to the exterior edgkeofjitrder connected with a
new crack on the overhang next to the exterior edge of the bridbgr.giThis cracking
suggests the development of a flexural crack near the exéely@r of the bridge girder.
Crack mapping of other cracks at several loading stages wasetethphd is shown in
fig.3.17. The numbers next to the crack in below figure denotes theadgpatiwhich
respective cracks were observed and the rectangular shapenéptbe orientation of
the AASHTO HL 93 truck tire patch. Also the dotted lines dethietedges of the bridge

girder.
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Fig.3.17: Crack pattern for the prestressed precast overhang tested at cent

The locations of the deflection gauges with respect to thedttel (AASHTO standard
tire patch for HL 93 truck) and load deflection curve are showigif.18. The loading
at the first crack is shown using dotted line in the graph. The |déettlen graph for
prestressed precast bridge deck overhang showed the biliné@netlg which is same
as that for CIP bridge deck overhang. This system also showeckdbetion in the
stiffness after the first crack. This bridge deck showed rdefiection than that of CIP

bridge deck overhang.

For this case also it was not possible to classify the éagattern as loading was stopped
at 72 kips due to some technical difficulties. The maximum mogplied (refer table
3.2) at this point was almost 4.5 times the design loading. Thegegseks showed that

this system is having lot of reserved potential before first cracking arailtille.
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Fig.3.18: a) Load deflection graph for prestressed precast overhang tested ahts,

b) Location of deflection gauges with respect to the steel plate.
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3.4.3 Cast in Place (CIP) bridge deck overhang corner testing

First crack was observed at the load of 40 kips and at actiefileof 0.0515 in. The first
crack emerged at this time was almost at an angle “db4fe bridge girder indicating
the development of shear crack. It showed the widening of thecfisk until the
specimen was broken at 56 kips with development of the new crack sAintla failure
was brittle failure and looking toward the cracking pattern whiak at 48angle to the
bridge girder it was categorized as punching shear failure fig8.19 shows the crack
pattern for the CIP bridge deck tested at corner. The loadingpieh wrack emerges is
noted next to the crack in below figure and the rectangular shegmesents the
orientation of the AASHTO HL 93 truck tire patch. The bridgelgiris denoted by the

dotted line.

Fig.3.19: Crack pattern for the cast in place (CIP) overhang tested at corner.
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The locations of the deflection gauges with respect to thettel (AASHTO standard
tire patch for HL 93 truck) and load deflection curve are showigi3.20 for CIP bridge
deck overhang tested at corner. The dotted line in the grapheetsréise loading at the
first crack. The overall behavior of the CIP bridge deck teatecorner is similar with
respect to the load deflection curve for bridge deck overhatgdt@t center. For this

specimen also we can observe the reduction of the stiffness after fikst crac

Failure of the bridge deck was classified as punching shéarefaince the cracking
pattern showed the inclination of 4®ith the bridge girder. The maximum moment
reached at this point was almost 3.5 times than that of dedigmeidg (refer table 3.2).
Results indicate that corner is the weakest part of the bdéelge overhang but still the

current system showed some reserved potential beyond service load.
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Fig.3.20: a) Load deflection graph for CIP overhang tested at corner, b) Location of

deflection gauges with respect to the steel plate.
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3.4.4 Prestressed precast bridge deck overhang corner testing

The cracking load for this test specimen was 48 kips and aleftextion of 0.0525 in.
Couple of cracks emerged at this time with inclination to bridgéegshowing presence
of punching shear cracks. This bridge deck showed presence of ombemof cracks
than that of CIP bridge deck with emergence of a new craclalfoost every load
increment. Punching shear failure was occurred at 80 kips loadiigalmost 48

inclination to the bridge girder. Some other minor cracks wereotiserved at this time

which is mapped in detail in the following figure.

Fig.3.21: Crack pattern for the prestressed precast bridge deck overhangsted at

corner.
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The load deflection curve showed the similar bilinear behavionatsof previous tests
with decrease in stiffness of bridge deck after first créckstressed precast overhang
showed the less deflection as that of CIP overhang tested at.c®he maximum
deflection for the prestressed precast overhang was almosthaalbf CIP overhang

tested at corner. The first cracking load is shown by the dotted line in fite gra

Observing the failure of the bridge deck at an inclination tdtltge girder this failure
was categorized as punching shear. The maximum moment reat¢hediate of failure

was almost 5 times that of design loading (refer table 3.2)n Kbe results it can be
inferred that prestressed precast overhang is having lot reseeved potential to carry

load beyond service load as compared to the CIP bridge deck overhang.
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Fig.3.22: a) Load deflection graph for the prestressed precast bridge deck okang

tested at corner, b) Location of deflection gauges with respect to theest plate.
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Both the systems showed the ability to strain significantlgrdfte initial cracking. This
is the performance that is consistent with the ductile behaviostmicture. For
comparative study of the generalized behavior of the bridge dedkgduarious load
cases and loading stages; graphs for load versus microsteaplotted (see fig 3.23,

3.24).
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Fig.3.23: The load verses surface strain for the precast and contemal overhang

for the center loading of specimen.
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Fig.3.24: The load verses surface strain for the precast and contemal overhang

for the corner loading of specimen.

3.5 Discussion

The previous tests show that both the systems evaluated providefactaty capacity
well beyond the design load. Furthermore, it was also verifigdbtith systems satisfies
the service limit state, fatigue and fracture limit state] strength limit states as per
AASHTO. Also as per AASHTO LRFD 2007 section 9.5.3 it is not necgdsatest
concrete bridge deck for fatigue performance as the lager of safety encountered
indicates that the service level stresses are expecteddw.bemit states for specimens
tested as per AASHTO LRFD 2007 are listed in table 3.3. Besidest was also
observed that corners were the weakest portion of the bridge deo#tiiothe systems.
However both systems showed satisfactory performance with a safetydiaétd for the
precast overhang and 3.5 for the CIP overhang at the weakest portion of the écidge d
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Table 3.3: AASHTO LRFD 2007 limit states for tested specimens.

Check Limit state AASHTO LRFD 2007
Section
1. Service limit state Deflection should be 952

> 1/1200 i.e. 36/1200=0.03 in

2. Fatigue and Fracture N.A 9.5.3
limit state
3. Strength limit state First crack loading should be 954

> 16 K (service load)

3.5.1 Cast in Place (CIP) bridge deck overhang center testing

The maximum deflection of 0.0055 in. was observed at service load (16 Kips
deflection corresponds to L/6545, which is less than the specifiedHA®Slimit for
serviceability of L/1200. For the tested system with 3’ overh#img,AASHTO limit
(L/2200) will be 0.03 in. The overall behavior of the CIP overhang was outstanding under
service load because no cracks were detected. The firktweascobserved at the 56 kips
loading which is 3.5 times of the designed service load. The redsidtsndicate that the
system performance satisfies all of the requirements oficeability and ability to
transfer the loads. The large factor of safety encountered teslitzat the service level
stresses are expected to be low, which would indicate satigfdatayue performance

for the system in service.
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The load-microstrain graph shown in fig.3.23 signifies the brittle \behaf the cast in
place (CIP) bridge deck overhang tested at centre. The draggase in surface strain
i.e. loss in load carrying capacity after first crack (rdfgr3.23) for CIP bridge deck

overhang tested at centre closely resembles the brittle behaviarabiistr

Figure 3.25 shows the development of surface strain during aphthges of loading.
Dotted line on the contour plots represents the location of the bridder gind the
rectangular hatched portion represents the orientation of tireh phiring testing.
Residual strains (i.e. surface strain after the releaséanfing) clearly show the
development of the flexural failure of CIP bridge deck overhang. gimmomenon is
supported by the load deflection curve (fig.3.18) showing very litteat decrease in the

deflection form the loading point toward the edge of the overhang.

3.5.2 Prestressed precast bridge deck overhang center testing

The maximum service load (16 kips) deflection for this systexa mecorded as 0.0035
in. This deflection corresponds to L/10286, which is far less than tiedisgeAASHTO
limit for serviceability of L/1200. For the tested system witlo@rhang, the AASHTO
limit (L/1200) will be 0.03 in. This system showed outstanding performdoc load
testing beyond the service load with no evidence of cracking until 48viknosh is
almost 3 times that of service load as per AASHTO strelngihstate for HL 93 truck.

This system also satisfies all the limit state requirements set AR TO.

From fig.3.23 it can be observed that this system shows signifie@asiic deformation

after first cracking until loss of load carrying capaciteurs; this behavior infers that
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precast bridge deck overhang system posses more ductility tharf @i& bridge deck

system.

Cracks due to construction joint between full depth and partial depth poftiondge
deck is clearly visible at the interior span of the bridge dekis dracking should not be

the issue as it emerged at 72 kips which is about 4.5 times the service load.

The contour plots for prestressed precast bridge deck overhaed) aésenter during the

later stages of loading (i.e. 48 kips) infers that this systbows the uniform load
distribution throughout the edge of the girder. This phenomenon is cibastyated by

the orientation of contour plots parallel to the edge of the girdechmimplies that
precast prestressed bridge deck panels are having capabdiistribute load uniformly
throughout the panel. But, the pattern of residual surface strainsatesliche
development of punching shear failure. This phenomenon is also supported by the
behavior of the bridge deck observed in fig.3.18. From fig.3.18 it islgleaen that
gauge 2 had deflected about 30% more than that of remaining two gduges 6)

which are closer to the edge and same behavior is observed in e¢hef ggaige 1 with

respect to gauges 3 and 5; which implies the development of the localized failure.

3.5.3 Cast in Place (CIP) bridge deck overhang corner testing

This system has shown the maximum deflection of 0.007 in. at theestyaat (16 kips)
which corresponds to L/5143. This is far less than the specified AASHiit L/1200
(i.e. 0.03 in.) for the system tested with 3’ overhang. First craak observed at 2.5

times the factored service loading as per AASHTO HL 93 trudlis implies that
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current system performs satisfactorily under service loadspasses some potential to
resist loading beyond the service load.

Figure 3.24 shows the graph of load versus microstrain plotted for spetasted for
static loading as per AASHTO LRFD at corner. This graph attarizes the ductile
performance of the structure. From the aforementioned graph weedhat CIP bridge
deck overhang system shows the sudden loss of load-carrying gegdémitfirst crack
(i.e. after elastic limit of structure) which implies thdP®ridge deck system shows the

brittle behavior.

As per load deflection curve (refer fig.3.20) almost all defbectjauges showed no
deflection until 32 kips loading and after 32 kips deflection gauge 7 shavegimum
deflection throughout the loading. This implies that there wasitechfailure near the
location of deflection gauge 7 (i.e. near the edge of gir@gck map (refer fig.3.19)
clearly shows that first crack originated near the locadiodeflection gauge 7 and also
from surface strain contours it can be clearly seen that thenr@mear the deflection
gauge was strained more as compared to the other region undeabbsewrhich gives
another evidence for beginning of localized failure. Throughout thenliggzhases after
first crack it was observed that there was growth in thedrexck until the brittle failure
of bridge deck at 56 kips with emergence of second crack. Thaceusfrain contours
also provide the evidence for load path during testing. From figure 3.2fnveee the
surface strain was high at the inclination of #5the bridge girder which represents the
orientation of the first crack. During the later stages of lgatie load transfer through

the first crack was observed with the growth in surface strawnd the region of first
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crack until the brittle failure at 56 kips with emergence exfosid crack. The localized
failure with load transfer through only one path and then suddeuarefadlosely

characterized the behavior of brittle i.e. less ductile material.

3.5.4 Prestressed precast bridge deck overhang corner testing

For prestressed precast bridge deck overhang corner testingaiimum deflection of
0.0130 in. was observed at service load (16 kips). This deflection corredpdi@369,

which is less than the specified AASHTO limit for servicégbiof L/1200. For the

tested system with 3’ overhang, the AASHTO Iimit (L/1200) vio# 0.03 in. The
performance of prestressed precast bridge deck overhang durmgr d¢esting was
outstanding under service load as it showed no cracks before deadcél6 kips). The
first event of crack was noticed at 48 kips loading which is 8dithat of the designed
service load. Form the aforementioned results it can be inferrédthisa system

performance satisfies all of the requirements of servicealilid ability to transfer the
loads. With all this norms the proposed system satisfies dihtitestate requirements as

per AASHTO.

As per fig.3.24 prestressed precast bridge deck overhang sgbiamed significant
inelastic deformation before failure. This shows the charactsrist the ductile behavior
of the structure. This increased ductility for the prest@ssecast bridge deck overhang
system as that of CIP bridge deck system is predicted dhe wmnhfinement of material

because of the prestressing force at the bottom of the proposed panels.
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Prestressed precast bridge deck overhang system testednat sbowed uniform
distribution of load on the edge of girder until the first crackuoed at 40 kips loading.
This behavior can be clearly illustrated form the contour plotsudéee strains (refer
fig.3.26). Load transfer path which was along the edge of thergmia to the first

crack was changed after first crack at 48 kips loadmbveas at inclination to the
bridge girder along the crack. This crack acted as a hingeal the load transfer was
observed along this hinge or crack until second crack or hinge fornvedi®mbserved.
Several cracks were observed in succession during load increntemast of the load
transfer was observed through the nearest crack to the loadindi@oirgdistribution of

load was observed due to emergence of new cracks). Failure of bridge dec&dwatrr

ample warning before breaking of bridge deck.

3.5.5 Comparison of CIP and prestressed precast bridge deck overhang

Form load-microstrain curve for both the systems tested aecdigt3.23) it can be seen
that both the systems shows the same stiffness until 32 kips wshialice the service
load. But, the proposed bridge deck system shows more flexibility than of
conventionally used CIP bridge system before cracking. Also fdgérdecks tested at
corner, proposed bridge deck system showed more ductility throughout thagloa
phases with 16% increase in first cracking load (refer fig.3.24).

Furthermore, first cracking load for proposed system was sand&ikips) regardless of

the location of loading point; this is expected due to the behaviohi®fsystem to
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distribute load uniformly which is characterized due to ductdityhe proposed system.
Whereas, for conventionally used CIP bridge deck system firskingaload for bridge
deck tested at centre was 56 kips and at corner was 40 kips.ethistion in first

cracking load when bridge deck tested at corner is expected due to itshbtiitie.

Both the systems showed satisfactory performance under factored seadies lper

AASHTO LRFD and posses the reserved potential to transfer load beyond the servic
limit. But, the proposed prestressed precast bridge deck has shown the outstanding
performance with more ductility over the performance of conventionally @#e bridge

deck overhang. This can be clearly seen from the figures of first crackimgint and
maximum moment attended by both the systems under different load casesljtefe

3.2). Also, the data for deflection and surface strain for both the loading cases stiows tha
the proposed prestressed precast bridge deck overhang system is less prone to the

cracking with enhanced ductility.
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Fig.3.25: Comparison of surface strain of Cast in place (CIP) and precast lolge deck overhang tested at centre.
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Fig.3.26: Comparison of surface strain of Cast in place (CIP) and precast lige deck overhang tested at corner.
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3.6 Conclusions

Based on the experimental test results for both loading dhgefllowing conclusions
can be drawn:

1. Both bridge deck systems demonstrated an acceptable structuralobevigwout
any cracking under service loads.

2. The deflection for both the system under both load cases testedughdaower
than the AASHTO limit for serviceability.

3. For the overload case (i.e. loading beyond service load), both thenskake
shown reserved potential to transfer load beyond service loading. Lookmagot
the deflection at service load and first cracking load, it magdssible to utilize
this reserved potential by extending the length of bridge deck overhang.

4. Proposed bridge deck system has shown excellent performance as compared to
the conventionally used CIP bridge deck system in all respect for both the load

cases.
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CHAPTER IV

CONCLUSIONS AND RECOMMENDATIONS

The prime objective of this research thesis is to develop thespitawdge deck overhang
construction technique. This construction technique will enhance safsiglerate
construction, simplify construction, and decrease costs. Severapttthave been made
in the past to accelerate bridge deck construction by implememntindepth and partial
depth panels, but each of them have some limitations. The proposed isyd@mloped
in such a way that it will address these limitations and drakgbaicthe past bridge deck

construction techniques.

The research in this thesis focuses on two prime objective$ \ahgécnecessary to make

the proposed system implementable:

a. Development of an adjustable haunch form for precast bridge decks.

b. Full scale testing of a precast bridge deck overhang.

The haunch plays a vital role while using precast elementsthi®rbridge deck
construction as it consumes significant amount of time and labarhieve the correct
road alignment. Adjustable haunch form will reduce the time and remmssary to form
the haunch. The ideal material for an adjustable haunch form will adjust iresitiee
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geometry of the precast overhang is adjusted. The combination dfifigeent foams
and three adhesives were tested for their suitability usingrdegés. These tests were
specially designed to examine the performance of proposed adjubtaloheh form

during several different phases of bridge deck construction.

The implementation of precast bridge deck overhang systernsamdliderably reduce the
time and labor for construction of bridge decks with enhanced woekysand quality.
The proposed bridge deck system was tested for static load tyapaaer two different
load cases. The performance of the proposed bridge deck systesor@aared with the
conventional cast-in-place (CIP) bridge deck system with respettte surface strain,

deflection and cracking.

4.1 Conclusions:

a. Development of an adjustable haunch form for precast bridge decks.

1. The combination of packing foam 1 and adhesive A has been idemdtifteel an
acceptable candidate to be used as a haunch form. This systeed shewability
to resist a lateral pressure over 6.5 psi or approximately 6.5 ofetenand an
elongation of 0.9” before failing. It also showed satisfactorygoerdnce when
adhesive was cured at%5and also when tested at joint of foam. Besides this the
foam manufacturer creates this foam in a gray color thaim#as to concrete

which doesn’t create an aesthetic problem for the final bridge.

106



2. While this testing was completed with specific sizes of haumechmd other
heights and configurations could be estimated based on the data prés¢higd
report. Furthermore, while the focus of this research prograsnbeen on
providing this forming system for haunches of bridge girders d@hgesconcepts
could be extended to be investigated for use in several other appbcat

involving precast elements.

Full scale testing of a precast bridge deck overhang.

4. Both bridge deck systems demonstrated an acceptable structurabbetithvout
any cracking under service loads.

5. The deflection for both the system under both load cases testedushdaower
than the AASHTO limit for serviceability.

6. For the overload case (i.e. loading beyond service load), both thenskake
shown reserved potential to transfer load beyond service loading.

7. It may be possible to utilize the reserved capacity bynextg the length of
bridge deck overhang.

5. The proposed bridge deck system has shown excellent performarma@aed

to the conventionally used CIP bridge deck system in all redpedioth the

load cases.
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4.2 Recommendations:

1. More data should be collected for adjustable haunch testing so @s¢oup with
generalized behavior of foam and adhesive to resist lgiszasure due to fresh
concrete or grout. This would help to model and design the adjustable haunch
form under various circumstances.

2. From the current evaluation and the failure pattern of the bdeégk overhang
tested at corner it is observed that punching shear failuredsmneant for the
case of bridge deck overhang. It might be useful to studyndehanism of the
bridge deck along the cross section so as to develop strut anddie for

designing the bridge deck overhangs.

3. As per AASHTO LRFD 1.3.2.5, statically ductile but dynamically non-ductile
response characteristics should be avoided. Examples of this behavior are shear
and bond failures in concrete members and loss of composite action in flexural
components. Hence it is recommended that proposed system should be
investigated for the response of dynamic loading due to moving vehicles on the

interface between cast in place topping and precast panel.
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APPPENDIX A

TEST DATA FOR ADJUSTABLE HAUNCH TESTING
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Lateral Pressure Test (Foam 1 and Adhesire A)

One Day curing sirenght.
Date 42272008
Type of foam 1
Amouni of glue 8 gn
Adhesire 15 psi 25 psi 3s psi 45 psi
top cenire | hottom top centre | hotiom top centre | hottom top centre | hottom
slip deflection| slip slip |deflection| slip slip |deflection| slip slip |deflection| slip
A #l 0.105 00945 [ 00195 | 00455 | 01905 | 00465 | 00825 | 0.2705 | 0.0805 0.114 0.3435 n.11
A H2 00195 0.112 0.025 0.037 0.193 00425 | 0.0655 | 0.2925 0.064 fail
A #3 00155 0.103 00193 0.037 0.1%2 0.035 00635 | 0.2335 | 0.0425 0.093 03235 0.063
Glue 55 psi 65 psi 75 psi 85 psi
top cenire | hottom top centre | hotiom top centre | hottom top centre | hottom
slip deflection| slip slip |deflection| slip slip |deflection| slip slip |deflection| slip
A #l 0.146 0.4025 0.139 fail
A F2
A #3 fail
One Day curing sirenght.
Date /2872008
Adhesire 15 psi 25 psi 3s psi 45 psi
top centre | hotiom top centre | hottom top centre | hottom top centre | hottom
slip deflection| slip slip [|deflection| slip slip [deflection] slip slip [deflection] slip
A #l 0.044 0095 0.017 0755 0135 00295 ) 0.18325 | 0.3125 00481 fail
A #2 00335 0091 00195 | 00715 0174 0.039 0.1245 | 03675 0072 fail
A #3 0.028 00235 [ 00435 0076 0.135 00525 0.129 0.2485 | 0.1045 fail
Adhesire 55 psi 65 psi 75 psi 85 psi
top centre | hotiom top centre | hottom top centre | hottom top centre | hottom
slip deflection| slip slip [|deflection| slip slip [deflection] slip slip [deflection] slip
A #l
A F2
A #3




Vit

Two Day curing shrenght.

Date 47252008
Adhesire 15 psi 25 psi 35 psi 45 psi
top centre | hottom top centre | hottom top centre | hottom top centre | hottom
slip deflection| slip shp |deflection| slip slip |deflection| slip slip |deflection] slip
Al 00135 00535 QoOL35 | 00335 | 01685 | 003435 0054 02535 Q05265 | 00735 0317 007535
4 2 0.0153 01035 002135 0.03% 0.1953 0.047 0.062 0.204 0.0545 0.0=9 0.3795 | 0.1115
A H3 0.0055 0.077% 00155 | 00145 | 04375 | 00345 0.04% 0.2185 | 0.0595 0.07% 0.2745 | 0.0215
Adhesire 55 psi 65 psi 75 psi 85 psi
top cenire | hotiom top cenire | hottom top cenire | hottom 1op cenire | hottom
slip deflecon| slip shp |deflection| slip slp |deflecton] sl slip |deflection] =lip
A HL 0.095 m3EI5 0.102 0121 0.4445 0.131
A 2 0.128 0.4 0.138 fail
L) 0,122 3455 0116 0167 0.413 0.148
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Lateralpressure Test (Foam 2 and Adhesive A)

One Day curing sivenght.
Daite 2197008
Type of foam 2
Amount of glue g am
Adhesive 15 psi 25 psi 35 psi 45 psi
top centre | hottom top centre | hottom top centre | hottom top centre | hottom
slip deflection| slip slip |deflection] slip slip |deflection] slip slip |deflection] slip
A #1 00315 01095 | 00275 | 00615 | 02165 | 00360 [ 0.1095 | 03445 | 0.1195 fail
A H2 0.0230 01150 | 00120 | 0.0420 | 02280 | 0.0360 | 0.0660 | 03005 ) 00450 | 0.0930 | 03975 | 0.0520
A H3 00195 00280 | 00345 | 0.0340 | 01240 | 00650 [ 0.0520 | 02840 | 0.1030 fail
Adhesive 55 psi 6.5 psi 75 psi 85 psi
top centre | hottom top centre | hottom top centre | hottom top centre | hottom
slip deflection| slip slip |deflection] slip slip |deflection] slip slip |deflection] slip
A #1
A #2 fail
AH3
Two Day curing strenght.
Date 272072008
Adhesive 15 psi 25 psi 35 psi 45 psi
top centre | hottom top centre | hottom top centre | hottom top centre | hottom
slip deflection| slip slip |deflection] slip slip |deflection] slip slip |deflection] slip
A #1 0otvo 00710 | 00135 | 0.0395 | 01420 | 0.0310 | 0.0605 | 02405 | 00445 | 0.0845 | 03010 | 0.06035
A H2 00145 00980 | 00135 | 0.0320 | 01740 | 00275 | 0.0515 | 02550 | 00440 | 00725 | 032325 | 0.0650
AH3 00085 00710 | 00165 | 0.0195 | 01340 | 00375 | 0.0345 | 02075 | 00655 | 0.0530 | 02870 | 0.09635
Adhesive 55 psi 65 psi 75 psi 85 psi
top centre | hottom top centre | hottom top centre | hottom top centre | hottom
slip deflection|  slip slip |deflection| slip slip |defleciion| slip slip |deflection| slip
A #1 0.10&0 03620 | 0.0780 fail
A H2 00955 03805 | 00795 | 01175 | 04210 | 00935
A H3 00735 03520 | 01285 | 0.1010 | 04125 | 0.1645
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One Day curing sirenght.

Lateral pressure Test (Foam 2 and Ad hesire B)

Date 2726 2008
Type of foam 2
Amount of glue 10 zm
2l hesive 15 psi 25 psi 35 psi 4.5 psi
top centre | hottom top centre | hottormn top centre | hotiom top centre | hottom
slip defleciion] shp slip |deflection] slhip slip |deflection] slip slip |defleciion] shp
B #1 0.0035 0.067 0016 0.007 01185 | 00305 0014 0.17% 0.05 fail
B #2 0.002 007 00135 0.003 0.127 0.0zy 0.011 0.1%9 0.0435 fail
B #3 0.0085 0.06%3 0.0095 0o17y 01185 0023 0.0275 | 0.1805 | 0.0425 fail
Adhesive 55 p=i 65 psi 75 psi 8.5 psi
top centre | hottom top centre | hottormn top centre | hotiom top centre | hottom
slip deflection] slip slip |deflection| shp slip [deflection| =slhp slip |deflection] shp
B #1
B #2
B #3
Twwo Day curing sirenght.
Date 2727 2008
Adhesive 15 ps=i 25 psi 35 psi 4.5 psi
top centre | hottom top centre | hottormn top centre | hotiom top centre | hottom
slip deflection] slip slip |deflection| shp slip [deflection| =slhp slip |deflection| shp
B #1 0.0085 00535 0013 0o1e 01z 00305 | 00335 0186 0.053 fail
B #2 0.0z 0.06% 00155 | 00045 | 01375 0036 0.0085 | 02045 0.059 fail
B #3 0003 00333 0.0 0.00&3 AR 0.0zl Q.013 0151 0.03%8 fail
2l hesive 55 psi 65 psi 75 psi 8.5 psi
top cenire | hotiom top cenire | hotiom top cenire | hotiom iop cenire | hotiom
slip deflection] slip slip |deflection| shp slip [deflection| =slhp slip |deflection| shp
B #1
B #2
B #3
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One Day curing sirenght.

Lateral Pressure Test (Foam 2 and Adhesive C)

Date 6/19/2008
Type of foam 2
Amount nfElue 18 Zm
Ad hesire 15 psi 2.5 psi 35 psi 4.5 psi
top centre | hottom Top cemire | hotiom top centre | hotom Top cenire | hotiom
slip deflection| slip slip deflection| skip slip |deflection| slip slip deflection| slip
C #l 00la 0.1045 | 0.0275 fail
C 2 0no1z 0.096 00225 0024 0.138 00505 | 00465 | 02025 | 00775 Fail
C #3 00165 0.0845 | 0.0295 0.0z9 0.145 00515 | 0.03505 0233 0.083 fail
Ad hesire 25 psi 0.5 psi TS psi 8.5 psi
top cenire | hotiom top cenire | hottom top cenire | hotom top cenire | hottom
slip deflection| slip slip |deflection| slip slip |deflection| slip slip |deflection] slip
C #l
C #2
C #3
Two Day curing sivenght.
D ate TA2008
Adhezire 15 p =i 25 psi 3.5 p s 4.5 ps
top centre | hotlom top centre | hottom top cenire | hotlom top centre | hottom
shp deflecHon| shp slip  |deflection] shp slip  |deflection| shp slip  |deflection] slp
C #l 0.002 00815 | OO18S 0.0t 0153 0.044 0.0405 0.23% 0.0735 fail
C#2 00185 0.0845 0.018 0.033 0.1425 0.03% 0.05635 0227 0.067 0.1055 0358 0114
C #3 0.0275 01025 | 00205 | 00625 | 04025 | 00525 02746 041 0.1045 fail
Adhesire 55 psi 6.5 psi .5 psi 8.5 psi
top centre | hottom top cemire | hotiom top centre | hotom top cenire | hotiom
ship deflecton]| slip slip |defleciion] slip slip |deflection| slip slip |deflection] slip
C #l
C #2 fail
C #3
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Lateral pressure Test (Faom 3 and Adhesive A)

One Day curing strenght.
Date 3172008
Type of foam 3
Amount of glue 8 an
Adheswre 15 psi 25 psi 35 psi 45 psi
top centre | hotiom top centre | hottom top cenire | hotiom top cenire | hotiom
slip deflection slip slip |deflection| slip slip |deflection| slip slip |deflection] slip
A #l 0.0055 00455 0005 | 0.019 0115 | 0.0245 | 00355 | 0.1745 0039 0.053 02445 [ 0.0615
A #2 n.oog 00565 0.0105 | 00205 | 01055 | 0.0235 0.036 0.165 0.0365 0.056 0.2 0055
AH3 0.0095 00435 0.0145 | 00245 D0EE 007 0.047 0.1465 0043 00685 [ D195 | 0.0575
Adheswre 55 psi 65 psi T8 psi 85 psl
top cenire hotiom top centre | hottom top centre | hottom top cenire | hottom
slip deflection slip slip |deflection| slip slip [deflection| slip slip |deflection] slip
A #l n0ga 033325 0.1025 fail
A #2 00845 03075 00835 | 0.128 0.4005 0.124
A #3 0.01 032625 0.077 0.1465 0347 | 0.1085
One Day curing strenght.
Date 52008
Adheswre 15 psi 25 psi 35 psi 45 psl
top cenire hotiom top centre | hottom top centre | hottom top cenire | hottom
slip deflection slip slip |deflection| slip slip [deflection| slip slip |deflection] slip
A #l 0.0005 00065 0.001 0.009 0045 0009 00225 | 00965 | 00215 | 00435 | 01575 | 0.0395
A #2 0.00925 00685 00195 | 00235 0125 | 0.0395 | 00455 | 02095 0064 0.062 02645 0087
A #3 0.0075 0.0%85 0.027 0.021 0.161 0.0505 | 0.0405 0.25 0.0785 | 00635 | 03595 | 0.1185
Adhesire 55 psi 65 psi ] psi 85 psi
top centre | hotiom top centre | hottom top centre | hotiom top cenire | hotiom
slip deflection slip glip |deflection| slip slip |[deflection| slip glip |deflection] slip
A #l 0066 02195 00575 | 0.085 0.2g1 00E5
A2 fail
A #3 fail
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Two Day curing sirenght.

Date 341242008
Adhesire 15 psi 25 psi 35 psi 45 psi
top centre | hottom top cenire | hottom top centre | hotiom top centre | hottom
shp deflection slip slip [deflection| slip slip |deflection] slip slip [|[deflection| slip
A il 0021 00485 0.o11 0.0435 | 00985 002z 00223 | 01725 [ 00535 | 01305 | 02353 | 00823
A #2 oo12 0.047 00008 | 0.025 00955 | 0.0205 | 00435 [ 01515 | 00365 | 0.06355 0.214 00358
A #3 0ot 0.0495 00085 | 00265 [ 0.1035 0024 | 00465 0.141 0.0435 0.072 02218 0.065
Adhese 55 psi 65 psi TE psi 85 psi
top cenire hotiom top centre | hotiom top cenire | hottom top centre | hottom
slip deflection slip slip  |deflection] slip slip |deflection| slip slip  |deflection] slip
A #l fail
A#2 00285 0.276 0.0%81 0.114 0333 | 0.1045
AH3 0.107 03032 00945 fail
Twe Day curing sirenght.
Date 5842008
Adhesire 15 psi 25 psi 35 psi 45 psi
top centre | hottom top cenire | hottom top centre | hotiom top centre | hottom
ship deflection slip shp [deflection| slip slip |[deflection] slip shp [|[deflecton| slip
A#l 0.00535 0.033 0.0l 00265 | 00815 0.026 0.033 0.107 0.028 00495 | 01675 0058
A #2 0.0073 0.055 00235 | 00165 | 00955 | 0.0415 | 00315 | 01565 0.069 0.051 0235 0.1015
A#3 0.00&3 00465 0.1y 0.01& 0.0925 0.037 00295 | 01515 0.065 00435 | 02115 0.094
Adheswre 55 psi 65 psi 75 psi 85 psi
top cenire bhotiom top centre | botiom top cenire | hottom top cenire | hottom
slip deflection slip slip  |deflection] slip slip |deflection| slip slip |deflection] slip
A#l 0.0765 02605 0.074 0.09% 03475 0.1
A #2 0.0755 0.266 00845 | 01045 0355 0.11%
A H3 0.0653 02445 0.079 0.0845 0306 [ 0.1053
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Laieral Pressure Test (Foam 4 and Adhesie A)

One Day curing sirenghi.

Date 3L2008
Type of foam 4
Amount of glue 8gm
Adhesive 15 psi 25 psi 35 psi 45 psi
top centre | hottom top centre | hotiom top centre | hottom top cenire | hotiom
glip |deflection| slip ghp |deflecHon| shp glip |deflection| slip glip |Jdeflection] slip
A#l 0.0015 0.023 0.001 00045 0.05%5 | 0.0063 000w 00925 0015 0.015 0.125 00235
A #H2 0.0a9 0.0325 0.008 0.01% 0.064 0.015 0.03 0.1035 0.0245 | 00495 0.173 0.0445
A#3 0.008 35 00215 00055 | 00155 0.0405 | 00125 | 00275 0.0845 0022 0.04 0.121 0.053
Adhesive 25 psi 63 p s TS psi B85 psi
top centre | hottom top centre | hotiom top centre | hottom top cenire | hotiom
slip deflection| slip ship deflectHon| shp slip deflection| slip slip deflection| slip
Al 0.02135 0.1%05 0.0325 | 00295 0.2313 0.0435
A#H2 0063 0.212 0055 00755 0279 0.08%
A#Z 0057 0.1705 0048 0.073 0.2175 0.0635
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Lateral Pressure Test (Foam 5 and Adhesive A)

One Day curing strenght.
Date 6552002
Type of foam 5
Amount of glue 8azm
Adhesive 1.5 psi 25 psi 35 psi 45 psi
top centre | hotiom top centre | hotitom top centre | hoitomn top centre | hottom
slip defleciion| slip slip |deflection] slip slip |deflectiom] slip slip |deflection] slip
A #1 0.01 00415 | 00005 | 0.0175 | 00763 0.00g 0028 01235 noLs 0.03595 0.173 nols
A #2 00115 003285 0.009 0.0255 | 00775 | 00215 0.036 0.127 0.0445 fail
A #3 0003 0.035 00095 0.00m D0&a25 | 00205 0018 0.10% no3s 0.0275 ] 0.1515 0.047
Adhesive 5.5 psi 65 psi 75 psi 8BS psi
top cenire | hotiom top centre | hottom top cemire | hottom top cemnire | hottom
slip defleciion| slip slip |deflection] slip slip |deflectiom] slip slip |deflection] slip
A #1 0.051 0.22¢ 00275 | 0.0635 0.275 0.037
A#2
A3 00385 0.197 0042 0052 02445 | 00785
Twa Day curing shenght.
Date 6/11./2008
Adhesive 1.5 psi 25 psi 35 psi 45 psi
top cenire | hotiom top centre | hotiom top cenire | hotiom top cenire | hotiom
slip deflection| slip slip |defleciion] slip slip |defleciiom| slip slip |defleciion] slip
A&l 0.006 00165 0.0035 0013 0.035 0.013 0.0215 0.056 00215 | 0.0305 ) 00795 003z
A #2 0.006 0.015 0.003 0.0115 | DOZES | 00095 | 00185 0.044 00165 0.028 0.047 003235
A H#3 0.0av 00163 | 00045 | 0.0135 0.031 0ot11s 0.0%3 0.048 0.0205 0.052 0. 086 0.02835
Adhesive 5.5 psi 6.5 psi TS psi 8BS psi
top centre | hotiom top centre | hotitom top centre | hoitomn top centre | hottom
ship deflection| slip slip |deflection]| slip sip |deflectiom] slip slip |deflection| slip
A #l 00415 01045 | 00435 | 0.0545 | 01365 0.062
A #2 0.04 0.094 00335 | 00515 | 01185 | 0.0465
A#3 0.0435 00885 | 00435 0.055 0112 0.0575




Elongation Test (Foam 1 and Adhesive A)

Type of foam 1
Amount of adhesive 8 gm
Loading rate 10 Ib/min
One day curing strength.
Date 4/22/2008
Adhesive Pull (in) | Pull (Ib)
A 0.6615 110
A DNF -
A 0.935 130
Date 5/13/2008
Adhesive Pull (in) | Pull (Ib)
A 1 170
A 0.854 150
A 1 180
Two days curing strength.
Date 5/14/2008
Adhesive Pull (in) | Pull (Ib)
A 0.789 150
A 0.91 160
A 0.9635 160

Note: DNF stands for specimen did not failed until 1” of elongation.
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Elongation Test (Foam 2 and Adhesive A)

Type of foam 2
Amount of adhesive 8 gm
Loading rate 10 Ib/min
One day curing strength.
Date 2/20/2008
Adhesive Pull (in) | Pull (Ib)
A 0.379 40
A 0.3985 40
A 0.312 -
Two days curing strength.
Date 4/16/2008
Adhesive Pull (in) | Pull (Ib)
A DNF -
A 0.4205 90
A 0.697 120
Date 5/14/2008
Adhesive Pull (in) | Pull (Ib)
A 0.875 160
A 0.96 170
A DNF -

Note: DNF stands for specimen did not failed until 1” of elongation.
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Elongation Test (Foam 2 and Adhesive B)

Type of foam 2
Amount of adhesive 10 gm
Loading rate 10 Ib/min
One day curing strength.
Date 2/26/2008
Adhesive Pull (in) | Pull (Ib)
B 0.368 60
B 0.4465 90
B 0.157 20
Two days curing strength.
Date 2/27/2008
Adhesive Pull (in) | Pull (Ib)
B 0.386 70
B 0.279 60
B 0.316 70
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Elongation Test (Foam 2 and Adhesive C)

Type of foam 2
Amount of adhesive 18 gm
Loading rate 10 Ib/min
One day curing strength.
Date 6/3/2008
Adhesive Pull (in) Pull (Ib)
C 0.341 60
C 0.4 60
C 0.5695 80
Date 6/19/2008
Adhesive Pull (in) Pull (Ib)
C 0.369 50
C 0.097 10
C 0.132 20
Two days curing strength.
Date 7/2/2008
Adhesive Pull (in) Pull (Ib)
C 0.404 60
C 0.259 20
C 0.2645 20
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Elongation Test (Foam 3 and Adhesive A)

Type of foam 3
Amount of adhesive 8
Loading rate 10
One day curing strength.
Date 4/15/2008
Adhesive Pull (in) Pull (Ib)
A 0.3485 70
A 0.361 70
A 0.382 80
Two days curing strength.
Date 4/16/2008
Adhesive Pull (in) Pull (Ib)
A 0.39 100
A 0.5233 150
A 0.5685 120
Adhesive Pull (in) Pull (Ib)
A DNF -
A 0.421 90
A 0.697 120
Adhesive Pull (in) Pull (Ib)
A 0.8185 150
A 0.263 70
A DNF -
A DNF -
A 0.9785 190

Note: DNF stands for specimen did not failed until 1” of elongation.
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Elongation Test (Foam 4 and Adhesive A)

Type of foam
Amount of adhesive
Loading rate

One day curing strength.

4
8
10

Date 3/5/2008
Adhesive Pull (in) Pull (Ib)
A 0.7155 220
A 0.631 200
A DNF -
Date 3/4/2008
Adhesive Pull (in) Pull (Ib)
A DNF -
A 0.4485 120
A 0.729 250
Two days curing strength.
Date 3/5/2008
Adhesive Pull (in) Pull (Ib)
A DNF -
A 0.541 350
A 0.443 140

gm
Ib/min

Note: DNF stands for specimen did not failed until 1” of elongation.
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Elongation Test (Foam 5 and Adhesive A)

Type of foam 5
Amount of adhesive 8 gm
Loading rate 10 Ib/min
One day curing strength.
Date 6/6/2008
Adhesive Pull (in) Pull (Ib)
A 0.3365 170
A 0.308 80
A 0.284 60
Two days curing strength.
Date 6/11/2008
Adhesive Pull (in) Pull (Ib)
A 0.4355 440
A 0.405 320
A 0.347 120
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Elongation and Lateral Pressure Tesi (Foam 1 and Adhesive A)

One Day curing strenght.
Date 652008
Type of foam 1
Amount of glue 8gzm
Adheswe 15 psi 25 psi 35 psi 45 psi
top centre | hottom top cenire | hottom top centre | hottom top centre | hottom
slip deflection| slip slip  [eflection| slip slip Heflection| slip slip  Meflection| slip
AEl 00205 0.081 0.0155 0.044 0.157 0.044 00795 0.254 0.0785 | 01115 0.326 0.1085
A H2 00195 00778 0.007 0.042 0.153 0.0215 | 00755 0.244 0.044 0.1055 0313 0.0705
A HI 0.037 00825 0.0145 0.077 01615 | 0.0335 0.129 02555 0.053 fail
Adheswe 55 psi 65 psi 75 psi 85 psi
top cenire | hottom top cenire | hotltom top centre | hottom top centre | hottom
slip deflection| slip slip {eflection| slip slip Heflection| slip slip  Meflection| slip
A El 0.1605 0.4195 0.1595 fail
A H2 01455 03855 0.10635 fail
A H3
One Day curing strenght.
Date 6172008
Adhesire 15 psi 25 psi s psi 45 psi
top centre | hottom top centre | hottom top centre | hottom top centre | hottom
slip deflection| slip slip [{eflection| slip slip Meflection| slip slip Meflection| slip
Al 00215 D.0EES 0.037 00545 | O.1835 0088 00785 | 032495 0.136 0.10% 0323 0.1695
A H2 0.026 00585 0.0345 | 003545 | 01205 | 00715 | 00995 | 02085 0.12%8 fail
A K3 0.028 00685 0.0395 | 00555 | 01375 0078 00895 | 02045 | 01205 0.125 02855 0.173
Adheswe 55 psi 65 psi 75 psi 85 psi
top centre | hottom top cenire | hottom top centre | hottom top centre | hottom
slip deflection| slip slip Mfeflection| slip slip Heflection| slip slip Heflection| slip
A#l 0.1445 0.411 0.2205 fail
A H2
A HI 0.153 0.339 0.2075 019 04045 | 0.2525
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Onec Day curing strenght.

Duaie a1 22003
Adhesire 15 psi 25 psi 35 | 45 psi
Tap cextrr | hotrom top centre | bottom top centre | hottom top centre | hottom
slip deflection| slip glip  Meflecdon) slip glp Meflechon slip shp Peflecon slip
Al 10155 0.05% 002235 0.033 | 01125 nn4g CO35 | 01905 | 00615 ) 008785 | 02615 | 00845
A H2 o001 1.004% | 0.0.75 ) 00225 | 01565 | 00305 [ CO0405 | 0236 | 00535 | 0.062 0312 n.02
A H3 J.014% 10935 | D.O265 N.1:3 | 02725 [ O.0O555 fail
Adheswre 585 ps ) psi TS psi RS p=i
ep centr® | hotom top centre | bottom top contre | hobom top centre | hottom
slip deflection|  slip alip Mcflecdon| Slip alip  Meflechon| slip shp  Hoflecton| slip
A b1 Lail
ANZ 0.09< 0.39% 01265 fall
AH3
Two Day curing sireaght.
Date 0f5A 008
Adhesire 15 pA 25 p=i 35 pi 45 pei
ep cextre | hoirom top centre | bottom top centve | hottom top centre | hottom
alip deflection|  slip alp Mcflecdon) Slip alp Mcflechon slip ship Pcflection) slip
A #l 10105 0.05% 0.01% 0053535 | 01455 0055 CO485 | 02015 | 00855 | 00795 0223 01335
ARl 10205 0.06% 0.017 0.038 0.12435 | 00343 1.054 01795 | 00355 0.053 0.:3 0085
AHE3 0.0zl 007z 0.00& 1.04 o.l4l5 0.0ls C.O395 0Lers 00525 0087 02735 0.035
Adhesire 55 psl i p=i TE p=i ] psi
tep cextre | hoion top cenire | boiltom top cenire | hobtom top centre | hottom
slip deflection|  slip slp Meflecdonl slip slp Meflecdon slip slip Heflecdon| slip
Al 0.0z 035z 0.16%3 n.i.9 039 0.1905
A 2 11195 M 5% Mnins<4 nits N 455 n1=a%
A 53 0.:.1s 0.32% 0.0765 0.144 03914 0..0z3
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Ebngation and Lateral Pressure Test (Foam 2 and Adheswe 4)

One Day curing stvenght.
Date 2222008
Type of foam 2
Amount of glue 8 am
Adhesire 1.5 psi 25 psi 35 psi 4.5 psi
top cenire | hottom top centre | hottom top centre | hotiom top centre | hotiom
slip defleciion| slip slip [deflection] slip slip |deflection] slip slip |deflectiony slip
A #l 0.017 0.0s1 0.014 0077y 01925 0.041 fail
A H2 0.021 0.10%5 | 00435 | 00875 | 0.29635 0.166 fail
A3 0.0345 0.1005 | 00345 017 04305 0228 fail
Adheswe 5.5 psi 6.5 psi 7.5 psi 8.5 psi
top cenire | hottom top centre | hottom top centre | hotiom top centre | hotiom
slip deflection] slip slip |deflection] slip slip |defleciion] slip slip [deflectiond slip
A #1
A #2
AH3Z
Two Day curing sirenghi.
Date 20232/.2008
Adheswe 1.5 psi .5 psi 35 psi 4.5 psi
top cenire | hotimm top centre | hotbom top centre | hottom top cenire | hottom
slip defleciion] slip slip [deflection| slip slip |deflection] slip slip |deflectiony slip
Al 0.0175 0.05%5 0.033 0.0a2 0.104 0.033 0.09:2 0.1a8 0.062 01605 [ 023745 | 0.1075
A H2 0.014 0.0s1 0.007% 0033 0.0%65 0.025 0.056 0.1545 0.039 00875 0.232 0.0565
AH3 0.00%5 0033 0.007% 0oLe 00775 | 00235 | 00295 | 0.1195 | 00395 | 00465 | 0.1865 0.043
Adhesire 55 psi 6.5 psi 7.5 psi 8.5 psi
top cenire | hottom top centre | hottom top centre | hotiom top centre | hotiom
slip deflection] shp glip |[deflection] slip glip |deflection] slip glip |deflectiond s=lip
Al fail
A H2 0.1225 013 0.1235 fail
A H3 0,068 02735 | 00933 0oz 0.324 olle
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Elhnzralivn and Lalesral Fresswe Tesl (Foam 2and Al hesive H)

One Day curing staenght.

Daic 272008
Type of foam 2
Amouni of glue 10 g
Ad hesive 15 psi 25 psi 35 psi 4.5 psi
tip rentre | hottom tnp reutrr | hatinm tap renire | hattnm mp rentre | hotinm
=hp Jlefleriing  <hin glp  |defleriinm| <hp slip  [dAeflertinm| =<hp slip  Meflererinn]  =hp
B+l 0005 Q0BS5S § COD4S fail
B #2 0.0152 0.0432 C.O0GS | 1.0.65 | 0.1023 g.01e fail
B 3 d.00& 00305 0.004 0.017 g.CE5 g.014 0.033 0.153 0.025 fail
Ad hesive 55 ps 65 psi 75 psi 8.5 ps
top cenire | hotiom top cenire: | haotiom top centre | hotiom wop cenire | hotbm
sip |defleciiod slip slip |deflecibn] slip slip |deflection] slip slip Meflection] slip
B #1
Bi2
B i3
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One Day curing strenght.

Elongation and Lateral Pressure Test (Foam 3 and Adhesive A)

Date 6 M/2008
Type of foam 3
Amount of zlue 8zm
Adhesira 15 psi 25 pEi 35 p=i 45 psi
top centre | hotiom Top cenire | hottom top centre | hotiom top cenire | hotiom
ghp |deflection <lip shp Meflection| slip shp [Mefleciion slip glip  Mefleciion slip
A #] 0.0L53 0.047 0.0135 0.023 0.052 0.02035 0.042 0.134 0.0345 | 00755 | 02375 | 0.0595
A2 0.014 00515 0.011 0.024 0.093 0.0285 | 0.048% 0.138 0.047 0.073 0234 0069
A3 0008 0032 00025 0022 0845 R 0.037 0.134 00375 | 00533 | 01985 | 00365
Adheswe 55 psi 65 psi T5 psi 85 psi
top cenire | hottomn Top centre | hottom top centre | hotiom top cenire | hotiom
shp |deflection] slip shp Meflectiom| slip shp Mefleciion slip slip  Mefleciion) slip
A#l 0.1035 02945 | 00835 fail
A2 01125 0315 0.1005 fail
AH2 00735 0274 0.0825 fail
Two Day curing sirenght.
Date 5872008
Adheswe 15 psi 15 psi 35 psi 45 psi
top centre | hottomn top centre | hottom top centre | hottom top centre | hottom
shp  |deflection] slip shp Meflection| slip shp Heflection slip slip Heflection] slip
A #l 0.0095 | 00335 o.0ar 0.023 0715 | 00185 | 00365 | 01195 | 0.0315 | 00555 | 01945 | 0.0535
A g2 0.0L15 | 00405 | 0.0135 0.023 007335 0.02 0.037 0.134 042 0.038 02085 [ 0.0643
L) 0.00z2 0.0335 0.01 0.01=5 | @O7135 0.0z 00315 | 01155 0037 00485 | 01725 0052
Adhesire 55 psi 65 psi 75 psi 85 psi
top cenitre | hotiom Top cenire | hottom top cenire | hotiom top cenire | hotiom
ship |deflection slip shp Meflection slip ship Mefleciion slip slip Mefleciion) slip
Al 0.074 02605 0.074 0.087 0.34735 0l
A2 Q0755 0248 00243 | 0.1045 0335 olle
AH2 00635 | 02445 0.07% 0.0845 0306 0.1055
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Elbnzation and Lateral Prescure Tect (Foam 4 and Adheswre A)

One Day curing strenghi.

Daic Ia00s
Typeul fvam crusslink 41
Amount of glue 8gm
Adhesive 15 psi 25 psi 35 psi 45 psi
op cemire | hottom 1op cemire | hotiom top centie | hotom top centre | hotlom
gip ([deflection| slp shp |[deflection| slip slip |deflection| slp shiy |deflection| shp
A #l 0.co45 n.0als 0.0075 | 00125 1.0445 0016 0.0% 0.c71s 0.0255 | 00335 0.10a 0.037
A H#2 0.L035 | 0.0laZ | 00035 | 00055 0038 0.013 00135 | 0.CA05 0.0z L2 O0ET 00285
A H3
4 dhesive 55 ps 6.5 psi i) psi ) psi
np centre | hattom lop cemtre | hotiom top centre | hottom togp centre | hotlom
dip deflertion| =<l shp deflertinn|  <lip sl drflertinn]  <lp =hp drflertiny <lp
| 0.14% 0.142 00125 0075 0.203 C.OVES
A2 0.C20s 0.1L7E 00Oz75 | 003:s 1150z n.o47
A HI
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Ebngation and Lateral Pressure Test (Foam 5 and Ad hesive A)

One Day curing sireng hi.
Date 682008
Type of foam 5
Amount of glue 8gm
Ad hesive 1.5 p si 25 p=i 35 psi 45 psi
top cenire | botiom top cenire | hottom top cernire | hottom Top cenire | hottom
slip defleciion| slip slip |deflection] slip slip |deflection] slip slip |deflection] slip
A #l 0.0035 0.043 0.a09 0014 0.082 DO01% 0.0215 | 01255 | 00275 0.031 0.171 0032
A #2 0.003 00425 | 00165 | 00165 | 00915 | 00295 | 00285 0.13% 0.0445 0.041 019 0.0505
A #3 0.003 0.043 ooty 0.00%3 | 00875 0.04 0.00%3 | 01405 | 00705 | 00125 0.213 0.131
Ad hesive 5.5 psi 65 psi TS psi 85 psi
top centre | hottom top centre | hottom top centre | hottom top centre | hoitom
shp deflection| slip slip |deflection] slip slip |deflection| slip slip |deflection] slip
A f#l 0.0445 0.223 0.03 fail
A H2 00565 0.243 00755 0071 02865 00E9
A #3 fail
Twe Day curing shrenghi.
Date 6/11/2008
Ad hesive 1.5 psi 25 psi 35 psi 45 psi
top centre | hottom top centre | hottom top centre | hottom top centre | hoitom
shp deflection| slip sip  |deflection] shyp slip |deflection| shp slip |deflecion] slip
A #l 0.007 00163 | 00033 0.014 0.032 oot4 0.0323 0.034 0.027 00335 | 00785 | 0.0455
A #2 0.004 0.014 1] 0.0165 | 00375 | 0.0095 0.031 0.066 0022 0.047 00945 | 00355
A #3 0.00%5 0.027 00105 | 0.0165 0.043 0.02% 0.0305 0.06%9 0.0435 0.044 0.099 00585
Adhesive 5.5 psi 65 p=i 75 psi 85 psi
top cenire | hotiom top cenire | hotiom top cenire | hotiom 1op cenire | hotiom
slip defleciion| slip slip |deflection] slip slip |deflection| slip slip |defleciion] slip
A #l 0.077F 0.104 0.06 0.103 0.1335 | 008235
A #2 0ar 0.1345 | 003525 | 0.0245 0.159 0.0645
A #3 fail
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Memory test for #1.0 Foam

Start Date 5/28/2008

Release Date 5/29/2008

Foam Used #1

Duration under load (days) 1

Original Height (in.) 3

Crushed 50%

Time (Hrs) Height of foam after release (in.) PercentagePercentage

Height Height
Sample 1| Sample 2 Sample 3| Average| SD | Loss Gain

0.00 2.0 1.9 1.9 1.9 0.1 35.44 64.56
0.17 2.0 1.9 1.9 1.9 0.1 35.44 64.56
0.33 2.1 2.0 1.9 2.0 0.1 3333 66.67
0.50 2.1 2.0 1.9 2.0 0.1 33.33 66.67
0.67 2.1 2.0 1.9 2.0 0.1 33.33 66.67
0.83 2.1 2.0 1.9 2.0 0.1 33.33 66.67
1.00 2.1 2.0 1.9 2.0 0.1 33.33 66.67
2.00 2.1 2.0 1.9 2.0 0.1 3333 66.67
3.00 2.1 2.1 2.0 2.0 0.0 32.00 68.00
4.00 2.2 2.1 2.1 2.1 0.1 29.22 70.78
24.00 2.3 2.3 2.2 2.3 0.1 25.00 75.00
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Memory test for #1.0 Foam

Start Date 5/28/2008
Release Date 5/29/2008
Foam Used #1
Duration under load (days) 7
Original Height (in.) 3
Crushed 50%
Time (Hrs) Height of foam after release (in.) Percentage Percentag
Height Height
Sample 1| Sample 2 Sample 3| Average | SD Loss Gain
0.00 1.5 1.5 15 15 0.0 50.00 50.00
0.17 1.7 1.6 1.6 1.6 0.0 45.14 54.86
0.33 1.7 1.6 1.6 16| 0/0 45.14 54.86
0.50 1.7 1.6 1.6 16| 0/0 45.14 54.86
0.67 1.7 1.7 1.7 17| 0J0 43.75 56.25
0.83 1.8 1.7 1.7 17| 0/0 43.06 56.94
1.00 1.8 1.8 1.8 18| 0,0 4167 58.33
2.00 1.8 1.8 1.8 18| 00 41.67 58.33
3.00 1.8 1.8 1.8 18| 00 4167 58.33
4.00 1.8 1.8 1.8 18| 00 4167 58.33
5.00 1.8 1.8 1.8 18| 00 4167 58.33
6.00 1.8 1.8 1.8 18| 0/0 40.28 59.72
24.00 1.9 1.8 1.8 1.8| 0J0 38.89 61.11

e
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Memory test for #1.2 Foam

Start Date 11/3/2008
Release Date 11/4/2008
Foam Used #1.2
Duration under load (days) 1
Original Height (in.) 3
Crushed 50%
Time (Hrs) Height of foam after release (in.) Percentage | Percentage
Sample| Sample | Sample Height Height
1 2 3 Average| SD Loss Gain
0.00 2.0 1.9 2.0 2.0 01 34.67 65.33
0.17 2.1 2.0 2.1 2.1 01 30.44 69.56
0.33 2.1 2.0 2.1 2.1 0/l 30.44 69.56
0.50 2.1 2.0 2.1 2.1 0J1 30.44 69.56
0.67 2.1 2.0 2.1 2.1 0/l 30.44 69.56
0.83 2.1 2.0 2.1 2.1 0/l 30.44 69.56
1.00 2.1 2.0 2.1 2.1 0/l 30.44 69.56
2.00 2.1 2.0 2.1 2.1 0/l 30.44 69.56
3.00 2.1 2.0 2.1 2.1 0/l 30.44 69.56
4.00 2.1 2.0 2.1 2.1 0/l 30.44 69.56
24.00 2.3 2.3 2.3 2.3 0,0 25.00 75.00
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Memory test for #1.2 Foam

Start Date 10/29/2008
Release Date 11/4/2008
Foam Used #1.2
Duration under load (days) 7
Original Height (in.) 3
Crushed 50%
Time (Hrs) Height of foam after release (in.) Percentage | Percentage
Height Height
Sample 1| Sample 2 Sample 3| Average SD Loss Gain
0.00 1.5 1.6 1.6 1.6 01 47.11 52.89
0.17 1.6 1.8 1.6 1.7 01 4433 55.67
0.33 1.6 1.8 1.6 1.7 0/l 4433 55.67
0.50 1.6 1.8 1.6 1.7 0.1 4433 55.67
0.67 1.6 1.8 1.6 1.7 0/l 4433 55.67
0.83 1.6 1.8 1.6 1.7 0/l 4433 55.67
1.00 1.6 1.8 1.6 1.7 01 4433 55.67
2.00 1.6 1.8 1.6 1.7 01 4433 55.67
3.00 1.6 1.8 1.6 1.7 0/l 4433 55.67
4.00 1.6 1.8 1.6 1.7 0/l 4433 55.67
24.00 1.8 1.9 1.8 1.8 0/1 40.22 59.78
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Memory test for #1.7 Foam

Start Date 7/1/2008
Release Date 7/2/2008
Foam Used #1.7
Duration under load (days) 1
Original Height (in.) 3
Crushed 50%
Time (Hrs) Height of foam after release (in.) Percentage | Percentage
Height Height
Sample 1| Sample 2 Sample 3 Averag SD Loss Gain
0.00 1.9 1.9 1.9 1.9 0.0 36.81 63.19
0.17 2.0 2.0 2.0 2.0 0.0 3333 66.67
0.33 2.0 2.0 2.0 2.0 0.0 3333 66.67
0.50 2.0 2.0 2.0 2.0 0.0 3333 66.67
0.67 2.0 2.1 2.1 2.1 0.1 30.56 69.44
0.83 2.1 2.1 2.1 2.1 0.0 29.86 70.14
1.00 2.1 2.1 2.1 2.1 0.0 29.86 70.14
2.00 2.1 2.1 2.1 2.1 0.0 29.86 70.14
3.00 2.1 2.1 2.1 2.1 0.0 29.17 70.83
4.00 2.1 2.2 2.2 2.2 0.0 27.78 72.22
24.00 2.8 2.8 2.8 2.8 0.0 6.94 93.06
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Memory test for #1.7 Foam

Start Date 5/29/2008

Release Date 6/9/2008

Foam Used #1.7

Duration under load (days) 7

Original Height (in.) 3

Crushed 50%

Time (Hrs) Height of foam after release (in.) Percentage Percentag

Sample | Sample Height
1 2 Sample 3| Average SD Loss Height Gain

0.00 1.6 1.6 1.5 1.5 0.0 48.67 51.33
0.17 1.6 1.6 1.6 1.6 0.0 46.67 53.33
0.33 1.6 1.6 1.6 1.6 0,0 46.67 53.33
0.50 1.6 1.6 1.6 1.6 0,0 46.67 53.33
0.67 1.6 1.6 1.6 1.6 0.0 46.67 53.33
0.83 1.6 1.6 1.6 1.6 0.0 46.67 53.33
1.00 1.6 1.6 1.6 1.6 0,0 46.67 53.33
2.00 1.6 1.6 1.6 1.6 0/0 46.00 54.00
3.00 1.7 1.7 1.6 1.7 0.0 44.44 55.56
4.00 1.7 1.7 1.6 1.7 0,0 44.44 55.56
5.00 1.7 1.7 1.6 1.7 0/0 4444 55.56
6.00 1.7 1.7 1.6 1.7 0.0 44.44 55.56
24.00 1.8 1.8 1.8 1.8 0/0 41.00 59.00




Memory test for CL#1 Foam

[474"

Start Date 3/9/2009

Release Date 3/10/2009

Foam Used CL#1

Duration under load (days) 1

Original Height (in.) 3

Crushed 50%

Time (Hrs) Height of foam after release (in.) Percentagé Percentage

Height Height
Sample 1| Sample 2 Sample 3| Average | SD Loss Gain

0.00 2.3 2.3 2.1 2.2 0.1 26.39 73.61
0.17 2.4 2.4 2.4 2.4 0,0 20.83 79.17
0.33 2.4 2.4 2.4 2.4 0.0 20.83 79.17
0.50 2.4 2.4 2.4 2.4 0,0 20.14 79.86
0.67 2.4 2.4 2.4 2.4 0,0 18.77 81.23
0.83 2.4 2.4 2.4 2.4 0,0 18.77 81.23
1.00 2.5 2.5 2.5 2.5 0.0 16.67 83.33
2.00 2.5 2.5 2.5 2.5 0,0 16.67 83.33
3.00 2.5 2.5 2.5 2.5 0,0 16.67 83.33
4.00 2.5 2.5 2.5 2.5 0.0 16.67 83.33
24.00 2.6 2.6 2.6 2.6 0,0 12.50 87.50
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Memory test for CL#1 Foam

Start Date 3/3/2009

Release Date 3/10/2009

Foam Used CL#1

Duration under load (days) 7

Original Height (in.) 3

Crushed 50%

Time Height of foam after release (in.) Percentage Percentage

Height Height

(Hrs.) | Sample 1 Sample 2| Sample3 Average SD Loss Gain
0.00 1.9 1.9 1.8 1.9 00 38.19 61.81
0.17 1.9 1.9 1.9 1.9 0,0 36.12 63.88
0.33 1.9 1.9 1.9 1.9 00 36.12 63.88
0.50 1.9 1.9 1.9 1.9 0,0 36.12 63.88
0.67 1.9 1.9 1.9 1.9 00 36.12 63.88
0.83 2.0 2.0 2.0 2.0 00 33.33 66.67
1.00 2.0 2.0 2.0 2.0 0,0 33.33 66.67
2.00 2.0 2.0 2.0 2.0 0,0 33.33 66.67
3.00 2.0 2.0 2.0 2.0 00 33.33 66.67
4.00 2.0 2.0 2.0 2.0 0/0 33.33 66.67
24.00 2.1 2.1 2.1 2.1 0/0 29.17 70.83
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Memory test for CL#2 Foam

Start Date 11/3/2008

Release Date 11/4/2008

Foam Used CL#2

Duration under load (days) 1

Original Height (in.) 3

Crushed 50%

Time (Hrs) Height of foam after release (in.) PercentagePercentage

Height Height
Sample 1| Sample 2 Sample 3| Average | SD Loss Gain

0.00 2.6 2.6 2.6 2.6 0,0 13.11 86.89
0.17 2.9 2.9 2.8 2.8 0.1 5.67 94.33
0.33 2.9 2.9 2.8 2.8 0.1 5.67 94.33
0.50 2.9 2.9 2.8 2.8 0.1 5.67 94.33
0.67 2.9 2.9 2.8 2.8 0.1 5.67 94.33
0.83 2.9 2.9 2.8 2.8 0.1 5.67 94.33
1.00 2.9 2.9 2.8 2.9 0.1 4.89 95.11
2.00 2.9 2.9 2.8 2.9 0.1 4.89 95.11
3.00 2.9 2.9 2.8 2.9 01 411 95.89
4.00 2.9 2.9 2.8 2.9 01 411 95.89
24.00 2.9 3.0 2.8 2.9 0/1 278 97.22
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Memory test for CL#2 Foam

Start Date 4/8/2009

Release Date 4/15/2009

Foam Used CL#2

Duration under load (days) 7

Original Height (in.) 3

Crushed 50%

Time (Hrs) Height of foam after release (in.) Percentage | Percentage

Height Height
Sample 1| Sample 2 Sample 3| Average | SD Loss Gain

0.00 2.0 2.0 2.1 2.0 01 3194 68.06
0.17 2.0 2.3 2.3 2.2 01 27.78 72.22
0.33 2.0 2.3 2.3 2.2 01 27.78 72.22
0.50 2.3 2.3 2.3 2.3 0,0 25.00 75.00
0.67 2.3 2.3 2.3 2.3 0,0 25.00 75.00
0.83 2.3 2.3 2.3 2.3 0,0 25.00 75.00
1.00 2.3 2.3 2.3 2.3 0,0 25.00 75.00
2.00 2.4 2.4 2.4 2.4 0.0 20.72 79.28
3.00 2.4 2.4 2.4 2.4 0,0 20.72 79.28
4.00 2.4 2.4 2.4 2.4 0,0 20.72 79.28
24.00 2.5 2.5 2.5 2.5 0/0 16.67 83.33




APPPENDIX B

ANALYSIS OF CAST IN PLACE BRIDGE DECK OVERHANG
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APPPENDIX C

EFFECT OF E AND | ON CAMBER OF STANDARD TxDOT BRIDGE

GIRDER

155



Effect of E and | on camber of TxDOT standard bridge girders

We know midspan deflection, = (5/384)*(wl'/EI)

This means that deflection/camber is inversely proportionalandd. In this chapter we
will study how E and | will vary as per change in strength ofcoete and area of steel

respectively.

Effect of change in concrete strength on modulus of concrete-E

Tablel: Effect of change in concrete strength on modulus of concrete

Modulus of Elasticity of Concrete {E
Fc Normal High strength
Concrete concrete
4000 3.60E+06 3.53E+06
5000 4.03E+06 3.83E+06
6000 4.42E+06 4.10E+06
7000 4.77E+06 4.35E+06
8000 5.10E+06 4.58E+06
9000 5.41E+06 4.79E+06

Fig.1: Effect of change in concrete strength on modulus of concrete
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5.50E+06 -

5.00E+06

Normal Concret
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== «= High-Strength
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4000 5000 6000 7000 8000 9000 10000
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We can observe that as the strength of concrete increasegd@ffpsi to 9000psi there
is drastic chance in modules of elasticity (E). In case of abouoncrete percentage
increase in E is 49.99% while that for high strength concrete it is 35.83%.
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Effect of change in area of steel on | of TxDOT standard type 1V bridge girder

%E
a5
8 B
al T
13
1l
:
et :
. II o D
11 _Spo at g'l
TYFE _I% HMW
IAAFHTD TYPE 1Y BWO
No. of Concrete Strand Y' Y' Y'(tr) I I
Layers
strands| Area| Y(top) A*Y(top) | Area | Y(top) | A*Y(top) | Concrete Steel | Transformed Concrete| Transforme
L-1 12 788.40 29.25| 23060.70 1.84 52.00 95.47 0.05 22.[70 29.30 82602.88550.04
L-2 24 788.40 29.25| 23060.70 3.67 51.00 187.27 0.10 21,65 29.3b 82602.80331.03
L-3 36 788.40 29.25| 23060.70 5.51 50.00 275.4( 0.14 20,61 29.39 82602.88957.08
L-4 46 788.40 29.25| 23060.70 7.04 49.138 345.78 0.18 19,70 29.43 82602.88358.91
L-5 54 788.40 29.25| 23060.70 8.26 48.3F 399.63 0.20 18.92 29.45 82602.88591.05
L-6 60 788.40 29.25| 23060.70 9.18 47.78 438.16 0.21 18,27 29.46 82602.86700.98
L-7 64 788.4Q0 29.25| 23060.70 9.79 47.5D 465.12 0.22 18,03 29.47 82602.88823.34
L-8 66 788.4Q0 29.25| 23060.70 10.1047.32 477.84 0.23 17.84 29.48 82602.0885857.55




Fig.2: Change in Y’ (tr) with change in area of steel for type IV beam

No. of strand V/S Y'(tr)
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Fig.3: Change in | (tr) with change in area of steel for type IV beam

No. of strands V/S I'(tr)
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Here, we can observe that after increasing the steel in Nydseam layer there is
increase ing In the case of Type IV BM it is 2.76%.
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Effect of change in area of steel on | of TXxDOT standard type C bridge girder

'I"I'H'l'\
FRARE

L2 i
I i
a 17 i
i i e
w o =
w i
e
Efiiiiiiic)
L rl.l:ll:ul.i.un!ltl
|':| e i .F"'l
TYPE Pl
Lavers No. of Concrete Strand Y' Y' Y' I I
y strands| Area| Y(top) A*Y(top) |Area| Y(top) | A*Y(top) | Concrete| Steel | Transformed Concrete| Transforme
L-1 10 49490 22.91| 11338.16f 1.583 38.00 58.14 0.05 15.04 22.96 82602.80949.32
L-2 20 49490 22.91| 11338.16f 3.06 37.00 113.22 0.09 14,00 23.00 82602.88205.76
L-3 30 49490 22.91| 11338.16f 4.59 36.00 165.24 0.12 12.97 23.08 82602.88381.26
L-4 38 49490 22.91| 11338.16f 5.81 35.16 204.42 0.14 12111 23.0b 82602.88464.33
L-5 44 49490 22.91| 11338.16f 6.783 34.45 231.92 0.15 11,39 23.06 82602.88486.48
L-6 48 49490 22.91| 11338.16f 7.34 33.92 249.11 0.16 10,85 23.07 82602.88479.22
L-7 50 49490 22.91| 11338.16f 7.6 33.60 257.04 0.16 10,53 23.07 82602.88462.90




Fig.5: Change in Y’ (tr) with change in area of steel for type C beam

No. of strands V/s Y'(tr)
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Fig.3: Change in | (tr) with change in area of steel for type C beam

No. of strands V/s I(tr)
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From graph we can observe that after increasing the stdglpa C beam layer wise
there is increase i In the case of Type C BM it is about 0.62%.
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APPPENDIX D

DATA FOR BRIDGE OVERHANG DECK TESTING
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Data of surface strain for Cast-In-Place bridge deck overhang center tasg

Load
Demac
Points 0 8 16 24 32 40 48 56 64 72 8 8 9 104
1 80 76 77 82 80 80 80 72 60 58 66 64 58 51 38
2 87| -294| -292| -290| -289| -286| -275| -235 -28 91| 191| 277 370| 427 -52
3| -144| -151| -148| -148| -150| -146| -146| -145| -144| -145| -153| -160| -149| -149| -166
4 63 69 71 75 78 83 98| 199| 249| 308| 377| 424 478| 516| 214
5 8 5 1 5 12 14 12 1 -4 -7 -6 -9 -10 -15 -19
6| -105| -103| -105 -95| -100 -91 -69 44 92| 149| 217| 276| 336| 374 50
7 62 68 73 74 85 87| 105| 115, 355 461| 574 669| 756| 825| 312
8 74 78 76 78 80 82 81 72 70 73 74 69 70 70 72
9 130| -114| -113| -112| -109| -105| -101 -78| 145| 269| 384| 465| 576| 616| 116
10 -28 -22 -19 -13 16 13 20 33 24 21 19 18 19 17 -9
11 -60 -56 -56 -49 -52 -37 -20| 183| 260| 345| 425| 503| 618| 645 191
12 -4 -4 -1 5 11 21 38| 231| 307| 380| 464| 532| 644, 671 228
13| -375| -371| -369| -372| -372| -368| -364| -370| -145| -380| -386| -382| -389| -384| -392
14 32 36 40 49 52 64 79| 131| 366| 477| 600| 681| 804| 841 295
15 -27 -17 -14 -9 0 8 28 77 298 413 530 612 732 771 243
16 31 33 34 38 34 43 47| 138| 188| 237| 301| 346| 413| 426| 161
17| 235| 239| 242 247 250| 254| 263| 347| 386| 411, 443| 464 51| 708| 351
18 -40 -40 -37 -30 -28 -24 -12 75| 101| 123| 150| 180| 221| 239 70




791

19| -183| -191| -183] -169| -165| -166| -159| -71| -33 22 92| 142| 200| 225| -48
20 0 2 5 7 21 23 34 75| 290| 401| 507| 594| 696| 744| 246
21| -166| -182| -174| -160| -164| -165| -164| -164| -167| -466| -163| -162| -164| -162| -168
22| 494| 493| 488| 487| 487| 488| 487| 489| 490| 485| 486| 474| 483| 472 492
23| 124 125| 125| 128| 128| 127 125| 129| 140] 161| 1/3| 181| 200| 204| 173
24| -93 -93 96| -92 -92 O] -92| -96| -95| -94| -95| -91| -93| -90| -89
25| -142| -144| -149| -148| -148| -147| -148| -147| -147| -150| -149| -146| -148| -146| -147
26| 1035| 1016| 1016| 1016| 1016| 1015| 1033| 1014| 1033| 1015| 1026| 1044 | 1021| 1037| 1045
27| 238| 233| 231| 227 227| 231| 239| 250 271| 271| 278| 288| 291| 265| 237
28| -65 -64| -66| -66 -66| -65| -67| -59| -54| -60| -63| -62| -65| -66| -67
29| -440| -401| -436| -441| -441| -448| -456| -466| -467| -524| -514| -520| -505| -524| -460
30| -121| -123| -125| -120| -120| -120| -127| -134| 191| -152| -161| -174| -170| -182]| -129
31| 226| 236| 209| 208 208| 199| 198| 214| 218| 234| 227| 212| 206| 184| 203
32| 108| 122| 120| 105| 105| 107| 114 122 127| 120| 130, 128| 134| 136| 129
33| -14| -16 53 -2 -2 -5 -4 -10 -2 -2 -5 -8 -4 1 10
34 25 21 21 20 20 18 29 35 43 42 42 42 40 42| 37
35| -221| -237| -235| -229| -229| -229| -229| -224| -212| -212| -212| -224| -216| -224| -214
36| -368| -384| -387| -380| -384| -372| -383| -378| -375| -379| -385| -400| -397| -404| -380
37 8 4 8 16 12 11 12 -4 -/| -10| -20| -26| -45| -38 -9
38| -53 -79 -54| -55 -52| -47| -59| -88| -62| -70| -70] -70| -66| -70| -61
39 68 69 68 68 67 68 61 61 60 61 56 51 46 491 90
40| -185| -187| -192| -189| -189| -191| -190| -195| -143] -197| -200| -207| -206| -213]| -190
41| -455| -471| -457| -357| -335| -330| -316| -324| -318| -329| -339| -353| -331| -356| -319
42| 416| 413] 410| 426| 420 421| 409| 410| 399| 394| 394| 402| 393| 398| 400
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43| -390| -403| -413| -390| -393| -387| -389| -386| 403| -395| -397| -385| -395| -386| -390
44| 1593| 1579| 1606| 1569| 1571 1570| 1570| 1578| 1612| 1611| 1609| 1572 1602| 1560| 1611
45 82 90| 351 65 63 68 67 68 70 73 77| 75 75 70 73
46| -248| -255| -241| -250| -248| -255| -245| -241| -255| -258| -255| -262| -273| -262| -258
47 70 54 79 67 66 67 66 67 63 31 63| 58 53 55 61
48 -6 -2 -2 0 4 8 12 8 9 7 9 10 15 17 7
49| 339| 339| 341] 338| 341] 346| 362| 392| 603| 715| 835| 896| -1002| 1039| 572
50| 302] 300] 300| 300| 303| 305| 316| 406| 449| 511| 579| 618 681 697 | 437
51| 130] 131] 132 131 135] 139| 153| 224| 250 271| 301] 326| 367 380 228




Data of deflection for Cast-In-Place bridge deck overhang center testin

991

16 3 40 48 56
Deflection Before | After | Before | After After | Before | After | Before | After | Before | After | Before | After
1 0 -50 75 -50 =75 00 073 a75 70| 973 973 030 | 1010 ( 1040
2 0 5 -10 5 -10 =23 -3 -15 -15 40 43 60 1201 -230
3 0 0 1] 0 0 -5 0 20 -15 -35 30 40 L0 -110
4 0 1] -13 0 -13 220 0 3 3 220 20 -33 160 | -230
5 0 5 25 5 25 45 0 20 20 40 40 50 140 | -153
i) 0 0 1] 0 0 0 0 1] 1] -15 -15 23 63 -130
64 T2 58 24 104 0
Deflection Before | After | Before | After After | Before | After | Before | After | Before | After

1 1130 1173 1215 | 1290 1465 1570 | 1603 1673 1690 | 1693 1090

2 250 200 200 | 405 403 425 440 490 480 | -540 110

3 193 -233 280 | 403 403 590 | -623 683 675 | -680 -183

4 240 280 285 403 403 405 | 420 430 435 | -503 240

5 250 310 310 | 410 410 480 | -513 560 330 | -530 180

i) 130 1300 <130 -130 -130 130 -130 130 130 | -130 130
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Data of surface strain for Precast bridge deck overhang center testing

Load

Demac pts 0 16 32 48 56 64 72 0
1 -28 -31 -34 -33 -34 -33 -37 -37
2 223 227 225 215 217 218 204 212
3 576 581 568 553 552 552 560 566
4 14 11 10 15 18 19 20 19
5 52 52 44 45 53 53 52 29
6 12 21 14 15 15 21 -9 14
7 -785 -789 -788 -770 -771 -769 -784 =777
8 737 731 727 706 700 701 714 735
9 320 314 307 292 290 299 300 316
10 1434 1421 1405 1376 1373 1365 1392 1366
11 -357 -364 -360 -361 -372 -370 -372 -361
12 13 10 1 -18 -12 -15 -20 51
13 76 71 62 37 27 16 12 14
14 -223 -230 -235 -239 -243 -243 -248 -239
15 707 681 680 691 688 685 340 684
16 -41 -39 -45 -61 -57 -66 -36 -44
17 -5 -6 -8 -6 -8 -3 -7 3
18 -12 -14 -20 -17 -19 -20 -22 -7
19 45 43 39 34 31 25 22 57
20 -35 -36 -34 -43 -61 -49 -46 -23
21 -198 -270 -192 -213 -288 -214 -212 -175
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22 61 45 46 50 50 50 48

23 -938 -944 -947 -965 -959 -974 -957 -948
24 -95 -87 -88 -90 -98 -102 -100 -91
25 -111 -112 -119 -144 -119 -118 -116 -105
26 -48 -43 -46 -41 -42 -40 -38 -34
27 -41 -36 -32 -18 9 39 52 6
28 -70 -67 -68 5 40 73 82 -15
29 297 301 310 346 399 422 430 342
30 -445 -469 -488 -488 -481 -293 -302 -315
31 -13 -6 1 4 11 19 27 1
32 110 126 137 231 267 301 308 190
33 -9 -2 2 39 95 130 143 51
34 -18 -15 -15 -3 -2 -4 -2 -8
35 0 6 15 20 17 17 12 3
36 -86 -74 -64 36 77 119 128 -2
37 131 143 153 195 255 286 294 192
38 1593 1595 1594 1632 1630 1629 1598 1599
39 276 225 209 253 241 295 289 268
40 21 28 48 78 121 148 165 62
41 213 219 234 333 379 428 435 286
42 -208 -191 -203 -160 -141 -117 -111 -148
43 -167 -163 -138 -40 0 54 62 -179
44 -237 -230 -226 -196 -157 -135 -125 -205
45 67 71 74 72 71 71 73 59
46 897 900 914 914 938 958 984 917
47 329 348 375 437 475 516 542 416
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48 429 437 442 477 503 525 551 476
49 44 49 47 45 47 45 53 45
50 -347 -364 -358 -246 -338 -321 -319 -352
51 -105 -116 -99 12 70 119 140 -12
52 -248 -240 -230 -185 -178 -162 -152 -208
53 -100 -93 96 -86 =77 -68 -60 -74
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Data of deflection for Precast bridge deck overhang center testing

Deflection 0 16 32 48 56 64 72
Before | After | Before | After | Before | After | Before | After | Before | After | Before | After
1/ 0 -35| -315| -330| -340| -420| -465| -475| -485| -520 -350| -350 -36
2| 0 -10| -35 -15| -75 -195| -415| -520| -605| -740 -1570| -1560| -1880
3| O 0| -10 -10| -95 -125 10 25 10 -5 -15| -115 60
4| 0 -20| -15 5 60 140 285 375| 445 555 1150, 1140 1335
5/ 0 0 0 0 0 0 0 0 0 0 5 5 5
6| 0 -25) -20 -15| -15 -80| -185| -220| 260| -335 -555| -545 -580
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Data of surface strain for Cast-In-Place bridge deck overhang corner tesii

Demec Load .
0 16 32 40 48 56 Breaking

1 -692 | -639| -645| -606/ -606 -622 -621
2 298 289 306 278 273 290 298
3 138 139 138 133 135 135 135
4 -72 -85 -71 -63 -69 -79 -69
5 136 135 151 142 150 155 151
6 73 66 78 78 78 87 93
7 18 13 21 17 22 17 13
8 -263 | -263 | -268| -265/ -246 -226 -217
9 -6 -12 44 197 320 385 320
10 -250 | -257 | -212 -7 -146  -275 -231
11 62 -61 -48 -48 -49 -46 -35
12 81 79 49 73 63 70 76
13 148 147 138 139 142 -349 -4961
14 -3 -4 -7 -2 0 -3 -18
15 10 12 11 7 3 1 -705
16 -56 -59 -61 -69 -66 -502 -4418
17 247 2 2 2 5 2 196
18 168 185 184 116 173 167 -2061
19 60 41 40 31 46 26 80
20 15 21 1 202 445 565 571
21 42 62 56 369 72 136 8
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22 9 -18 -36 -17 -15 -415 -2095
23 441 -457 -358 -174 -125 296 179
24 307 -352 -325 -131 -3 60 27
25 300 -308 -284 -294 -261 -289 -288
26 -57 -56 79 386 612 701 489
27 -664 -600 -680 -579 -614 -616 -616
28 -598 -571 -574 -545 -499 -498 -435
29 -428 -429 -430 -428 -419 -404 -391
30 -57 -66 -24 -17 4 40 1092
31 -239 -231 -194 -173 -108 -109 -75
32 -34 -14 -41 -27 77 146 161
33 162 159 170 177 250 304 318
34 924 1111 1054 1039 1061 111 116
35 -114 -131 62 350 559 602 255
36 156 165 174 180 237 301 321
37 47 53 52 58 65 36 41
38 225 221 228 231 229 227 227
39 -23 -47 -13 -22 -24 -27 -36
40 -2 6 56 188 340 363 331
46 -76 83 73 85 74 88 15
47 48 -44 -41 -44 -50 -48 -35
48 -258 238 239 213 192 212 229
49 -196 173 178 185 155 161 145
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Data of deflection for Cast-In-Place bridge deck overhang corner testing

Deflection 16 32 40 48 56 Breaking
Before | After | Before | After | Before | After | Before | After | Before | After
1 45 45 75 80 95 85 85 55 -30| -270 -990
2 0 0 0 0 0 0 0 0 0 0 -420
3 0 0 5 5 0 0 0 0 95| -260 -895
4 -70| -220 -210| -205 -95 -55 80 145 345 530 645
5 0 -35 -65| -100 -210| -240 -250| -405 -570| -930 3370
6 65 130 110 120 25 0 -90| -125 -300| -435 445
7 -60| -185 -230| -220 -630| -690 -955| -1045 -1285| -2125 9045
8 40 100 155 155 445 480 700 765 990| 1600 7420
9 40 90 95 95 45 50 -40 -55 -220| -235 -390
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Data of surface strain for Precast bridge deck overhang corner testing

Demec Load -
0 16 32 40 48 56 Breaking

1 -692 | -639| -645| -606/ -606 -622 -621
2 298 289 306 278 273 290 298
3 138 139 138 133 135 135 135
4 -72 -85 -71 -63 -69 -79 -69
5 136 135 151 142 150 155 151
6 73 66 78 78 78 87 93
7 18 13 21 17 22 17 13
8 -263 | -263| -268| -265 -246 -226 -217
9 -6 -12 44 197 320 385 320
10 -250 | -257 | -212 -7 -146 27" -231
11 62 -61 -48 -48 -49 -46 -35
12 81 79 49 73 63 70 76
13 148 147 138 139 142 -349 -4961
14 -3 -4 -7 -2 0 -3 -18
15 10 12 11 7 3 1 -705
16 -56 -59 -61 -69 -66 -502 -4418
17 247 2 2 2 5 2 196
18 168 185 184 116 173 167 -2061
19 60 41 40 31 46 26 80
20 15 21 1 202 445 565 571
21 42 62 56 369 72 136 8




SLT

22 9 -18 -36 -17 -15 -415 -2095
23 441 -457 -358 -174 -125 296 179
24 307 -352 -325 -131 -3 60 27

25 300 -308 -284 -294 -261 -289 -288
26 -57 -56 79 386 612 701 489
27 -664 -600 -680 -579 -614 -616 -616
28 -598 -571 -574 -545 -499 -498 -435
29 -428 -429 -430 -428 -419 -404 -391
30 -57 -66 -24 -17 4 40 1092
31 -239 -231 -194 -173 -108 -105 -75
32 -34 -14 -41 -27 77 146 161
33 162 159 170 177 250 304 318
34 924 1111 1054 1039 1061 111 116
35 -114 -131 62 350 559 602 255
36 156 165 174 180 237 301 321
37 47 53 52 58 65 36 41

38 225 221 228 231 229 227 227
39 -23 -47 -13 -22 -24 -27 -36

40 -2 6 56 188 340 363 331
46 -76 83 73 85 74 88 15

47 48 -44 -41 -44 -50 -48 -35

48 -258 238 239 213 192 212 229
49 -196 173 178 185 155 161 145




9T

Data of deflection for Precast bridge deck overhang corner testing

Deflection 16 32 40 48 56 64 72 Breaking
1265 1265 2430 2430 3055 3055 3665 3665 4275 42715 4886 4886 3497 5497 6100

1 20 -5 -10 65 -90 -160 -300 -15 -305 -335 -320 -380 -325 -415 -450
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -5
3 0 -25 -60 -105 -145 -200 -235 -270 -250 -330 -265 440 -455 -540 -885
4 0 5 5 5 5 0 0 0 0 0 0 0 0 0 0
5 0 0 -75 -145 -220) -385 -480 -535 -625 -765 -825 -905 -1035 -1140 -1635
] 65 -120 -210 -225 270 -195 -295 -310 440 475 -585 610 -845 -935 -2865
7 -75 -105 -285 -345 -465 585 -835 -890 -1100 -1200 -1420 -1480 -1720 -1810 -2050
8 0 0 0 0 0 -35 -105 -140 -270 -315 -540 -580 -965 -1045 5125
9 130 -460 -350 -350 -235 695 695 695 695 695 650 695 505 455 -4310
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