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DISCLAIMER

The contents of this report reflect the view of the author, who is responsible for
the facts and accuracy of the data presented herein. The contents do not necessarily
reflect the official views or policies of the Washington State Department of
Transportation or the Federal Highway Administration. This report does not constitute a

standard, specification or regulation.
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EXECUTIVE SUMMARY

Asphalt/membrane protcction of bridge decks, generally applied after
rchabilitating damaged decks with fast setting concrete, has been used extensively in the
past in Washington and continues to play a role in protecting bridge decks from the
corrosive effects of salts. Previous TRAC/WSDOT bridge deck membrane research
evaluated the condition of three concrete decks covered by membrane systems adopted in
thc past. That work cast doubts on the cffectiveness of thosec systems by recvcaling
deterioration bencath the asphalt overlay and around the rechabilitated arecas.
Subsequently, WSDOT developed criteria for asphalt/membrane protection which limited
its application to certain bridge conditions. The research discussed here supplements the
previous research by evaluating the effectiveness of a better quality membrane system
more widely used at present, i.e., the WSDOT System "C" membrane, or hot applied

rubberized asphalt protected with fabric.

STATE OF ASPHALT OVERLAYS

Five bridges were included in the study, four on SR-90 and one on SR-82. The
asphalt overlays were generally in fair condition after six years of service. The major
damage to the overlays was in the form of pattern cracking (interconnecting cracks)
caused by cither concrete deterioration or aggregate stripping in the bottom portion of
the overlay. The latter problem, which ultimately resulted in stripping of the overlay,
was caused by water accumulation on the top of the membrane. Increasing the
impermeability of the overlay by decreasing the air voids in the system, possibly by
more effectively compacting the overlay, and incorporating effective anti-stripping

agents into the overlay mix might alleviate the problem.
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SYSTEM PERMEABILITY

The asphalt overlay/membrane system was effective in preventing chloride
intrusion into the concrcte, although spot chloride lcakage was dctected. The moisture
content of the concrete, however, was relatively high, and its origin could not be
positively determined.  Moisture in concrete might have penetrated through the
membrane, from the environment, or it might have existed in the decks when they were
waterproofed. However, evidence of moisture under the membrane in a few locations
suggested that the installations were capable of water seepage in some areas. Vapor
transmission through the membrane may not be possible, resulting in the moisture being
trapped in the concrete. To provide a more waterproof membrane the writer
recommends avoiding the use of crushed aggregate in the bottom layer of the asphalt
overlay to avoid possible puncture of the membrane. An alternative may be to use a
fine-graded mix such as WSDOT class "G" asphalt concrete in the bottom portion of the

overlay or protection boards under the overlay.

STATE OF UNDERLYING REINFORCED CONCRETE DECKS

Generally, the condition of the concrete decks was not satisfactory. Concrete
deterioration was found around, in the boundary of, and within the patched areas.
Defects in the concrete ranged from simple delaminations to extensive disintegration
associated with asphalt overlay cracking. The latter was mainly detected in the patched
concrete. Visual inspection of cored patched concrete suggested that its inferior quality
had contributed to its extensive disintegration. Deteriorated concrete generally showed
high half-cell potentials, indicating the role of rebar corrosion in the deterioration.
Deteriorated concrete also coincided with wheel paths, indicating the contribution of

fatigue stress to the deterioration. In order to alleviate deterioration in patch material,
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requirements on its strength, durability, and fatigue properties comparable to those for
portland cement concrete are needed.

The pH and alkalinity of patch concrete also need to be taken into consideration
to prevent corrosion of rebar embedded in the patch, in view of the moisture present in
the underlying decks. Another alternative could be epoxy coating the exposed rebar
during rehabilitation, which can prevent corrosion in the patched areas and reduce its

intensity in the surrounding original concrete.

EFFECTIVENESS OF WSDOT MEMBRANE CRITERIA

Among the test sites, those with minimum areas of rehabilitation and original
chloride contamination, in compliance with the present WSDOT membrane selection
criteria (see page 10 for the criteria), showed a minimum of concrete deterioration and
rebar corrosion, indicating the effectiveness of the criteria. - The requirement for
minimum concrete cover thickness in the criteria, however, should perhaps be increased
since rigid overlays are not applied. Further experience should also be used to establish

more accurate quantitative criteria.

CONDITION EVALUATION METHODS

Chain dragging on the asphalt concrete and half-cell corrosion detection through
the asphalt and membrane both proved to be effective tools in determining the condition
of the underlying reinforced concrete decks. Mapping the patched areas during
rehabilitation is strongly suggested in order to better understand possible future

deterioration under the asphalt concrete if distress is detected.
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CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The following conclusions appear warranted based on the discussions presented in

the corresponding sections in Chapter II.

CONDITION OF AC OVERLAYS

° The AC overlays were generally in fair condition after six years of
service. The major damage to the overlays was in the form of pattern
cracking caused by either underlying concrete disintegration or aggregate

stripping in the bottom portion of AC.

PERMEABILITY OF AC/MEMBRANE SYSTEMS

° The AC/membrane systems have been effective in preventing chloride
intrusion into the concrete, although spot chloride leakage was detected.
Moisture, however, was present (varying from 1.8 to 4.8 percent by weight
of concrete with an average of 3 percent) and its origin could not be
positivcly dctermined. Evidence of moisture between the membranc and
the concrcte observed in a few core locations suggested that the

installations were capable of permitting water seepage in some areas.

CONDITION OF UNDERLYING CONCRETE DECKS

) Generally, the condition of the underlying concrete decks was not
satisfactory. Concrete deterioration was detected around, in the boundary
of, and within the patched areas. Defects in the concrete were found in

the forms of delamination under sound AC and severe disintegration,
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causing pattern cracking in the AC. The latter was mainly detected in
patched concrete. Visual inspection of the cored patched concrete
suggested that its inferior quality contributed to its extensive
disintegration.

° Deteriorated concrete generally showed high half-cell potentials, indicating
the role of rebar corrosion in the deterioration. Deteriorated concrete also
coincided with wheel paths, indicating the contribution of fatigue stress to

the deterioration.
MEMBRANE APPLICATION CRITERIA

° Among the test lanes, those with a minor amount of rehabilitation and
original chloride contamination, in compliance with the present WSDOT
membrane selection criteria (see page 10 for the criteria), showed the least

amount of concretc deterioration.
FIELD EVALUATION TECHNIQUES

. Chain dragging AC detected deterioration in the underlying concrete and
in thc bottom portion of the AC without declincating the type of the
dcterioration.  The writer belicves that the ratio between thc dctected
dctcrioration in concrcte and the total deterioration in concrcte depends
on the severity of the deterioration.

° ‘. An excellent correlation was found between high half-cell potentials and
concrete deterioration. The correlation is probably due to active corrosion
occurring at the timec of the tests due to the presence of moisture in the

concrete.
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RECOMMENDATIONS

Based on the discussions presented in the corresponding sections in Chapter II, the

following measures are recommended for improving and enhancing future work if the

measures are different from the Department’s current policies:

IMPROVE THE QUALITY OF THE AC/OVERLAY BY:

compacting the overlay more effectively, possibly by applying pneumatic
compactors, to provide a denser mix and to increase the AC’s
impermeability,

avoiding weak seams in AC construction joints and their coincidence with
wheel paths;

incorporating effective anti-stripping agents into the overlay mix.

IMPROVE THE IMPERMEABILITY OF THE MEMBRANE BY:

avoiding the use of crushed aggregate in the bottom layer of the AC
overlay and instead using a type of aggregate and gradation which can act
as a cushion; WSDOT class "G" mix (fine graded) may be suitable for this
purpose. Another alternative may be use of protection boards under the
AC overlay as practiced in Ontario;

specifying a minimum thickness for the membrane system such as 1/8-inch
(3 mm) (depending on grade and super elevation) and incorporating
practical mcthods of inspecting membrane thickness and quality during

installation.
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IMPROVE THE QUALITY OF PATCH AND CORROSION RESISTANCE BY:

—

° specifying strength, durability, and fatigue properties for the patch
concrete so they will be comparable to those of the portland cement
concrete. Test procedures need to be established to determine durability
under freeze-thaw and fatigue under compression for this purpose;

° specifying pH values for the patch concrete so they will be comparable to
those of the portland cement concrete to prevent corrosion in the patched

arca.
MODIFY THE MEMBRANE CRITERIA (SEE PAGE 10) BY:

° requiring a thicker concrete cover for AC/membrane applications on
existing decks, such as 90 percent of the deck area with a concrete cover
thicker than 1 in. (2.54 cm) and 50 percent of the deck area with a
concrete cover thickness not less than 1.5 in. (3.81 cm);

° incorporating futurc expericnce to cstablish morc accuratc criteria

quantitatively.
IMPROVE FIELD EVALUATION METHODOLOGY BY:

° mapping patched arcas on the bridge decks at the time of rehabilitation
and supcrimposing such data with dcterioration detected by chain
dragging the AC to better understand the nature of problem. If there are
doubts over the origin of the problem, dry coring the AC at a few
locations and sounding the concrete in core locations can distinguish the

deterioration in concrete from that in AC.
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CHAPTER 1

REVIEW OF BACKGROUND INFORMATION AND EXPERIMENT DESIGN

This chapter is a digest of the background information pertinent to the six
bridges chosen as candidates for evaluating the effectiveness of patching and
waterproofing with the AC/membrane system. (After reviewing the information, five
sites were selected for the experiment, as originally proposed.) Included in this chapter
is also a comprehensive program designed for testing the selected sites in conjunction
with the WSDOT Materials Laboratory.

The background information comprises data collected from the WSDOT’s Bridge
and Structures Branch, Materials Laboratory and District 5. Generally, the information
includes pertinent data on the original design of the decks and on rehabilitation
performed on the concrete.

After the information was reviewed, it was summarized, tabulated and plotted so
that it could be evaluated. Subsequently, an experiment was designed to fit the

conditions of the test sites.

INTRODUCTION OF BACKGROUND INFORMATION

The six candidate bridges are listed below, and their location can be found in

Figure 1.
1. Bridge 90/136 S (S. Cle Elum RD OC)
2. Bridge 90/140 S (Yakima River)
3. Bridge 90/141 S (CMTPP RR PEOH RD OC)
4, Bridge 90/145 N (Highline Canal)
5. Bridge 90/145 S (Highline Canal)
6. Bridge 82/20 N (Squaw CR RD OC).
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Somc information on the candidatc sites, such as typc of structurc, propertics of
decks, year of original construction and rehabilitation, are tabulated in Table 1.

REPAIR HISTORY (SR 90 BRIDGES) (DIGESTED FROM CONSTRUCTION

PROJECT DIARY AND OTHER SOURCES)

Bridges 90/136 S, 90/140 S, 90/141 S, and 90/145 N and S were all repaired and
waterproofed under Contract 1594 in the summer of 1979. At that time the bridges were
about 14 years old. The project had been originally scheduled for 1980. However, rapid
deterioration of the decks made it necessary to advance the project to 1979. In 1978
WSDOT cstimated the concrcte repair that would be nceded basecd on a declamination
survey (see Table 2 for cxtent of deterioration) and applied a multiplier of 2. However,
the actual volume of repair in 1979 overran the estimated quantity by 25 percent,
2.5 times what the 1978 delamination survey had detected. Larger and deeper amounts
of deterioration contributed to this occurrence.

Concrete Removal and Repair. Deteriorated concrete detected by chain dragging
was removed by jack hammers. Because of concerns over removing concrete in negative
movement areas around the interior piers of continuous structures, crews considered
concrete removal from only 1/2 of a lane width for 15° (3.8m) on one side of each pier
at a time. Deep deterioration had rarely occurred. Generally, removal exceeding mid-
depth of a slab was not advised.

The contractor used Jet Sct Super X, a prcpackaged, fast sctting concrcte, for
repairing the concrete. Because of its relatively higher initial set period of about 15
minutes, the concrete was well suited to repairing large areas, resulting in better
consolidation, better finishing of the concrete, and the elimination of cold joints
between succeeding repair sections. The patching material had to meet 3,000 psi
(21 mpa) compressive strength in 6 hours as tested in 2 inch (5.1 cm) cubes. Somc test

data from cubes made of a patch placed in the project site showed that after 6 hours the
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Table 2. Pre-rehabilitation/Protection Conditions of Candidate Test Bridge Decks
Relative to thePresent Membrane Selection Criteria.

Bridge Extent of Concrete Cover ADT** ci>2#/icy + Surface
Number Deterioration® | >1" (% of deck (% of samples Compatibility
(% of deck area) tested)
<40%< yes no
90/136 S 11% - - 5,874 80% X
P D P D
5% 17% 67% 100%
90/140 S 7% - - 5,874 73% X
P D P D
6% 7% 63% 86%
90/141 S 4% - - 5,874 60% X
P D P D
2% 7% 57% 75%
90/145 N 4% - - 6,012 50% X
P D P D
0% 7% 25% 75%
90/145 S 5% - - 5,874 - 25% X
P D P D
0% 8% 0% 60%
82/20 N 8% - - 3,792 100% X
P D P D
14% 3% 100% 100%
* Surveyed one year prior to reconstruction in 1978
** Surveyed in 1983
+ Sampled shortly prior to reconstruction and generally at 1-1/2" to 2" depth

Criteria Zone
Passing lane

Driving lane




patch’s strength was 2,400+psi (17+mpa). This was lower than expected and was
speculated to be the result of prematurely applying the curing cover to the patch.
Results from further tests conducted by the WSDOT Materials Laboratory on the repair
material sampled from the job site indicated that an average strength of 4,425 psi
(31 mpa) and 5,017 psi (35 mpa) could be gained in 6 and 24 hours, respectively (see
Appendix A). These tests also indicated that original chlorides did not exist in the
repair concrete (i.e., cl content = 0 percent).

A cover thickness of less than 1 in. (2.54 cm) in the new patchcs was not desired.
Therclore, the patches had to bc mounded to achicve a 1 in. (2.54 cm) cover where the
cxisting cover thickness was insufficient.

A significant loss of edge bond between the repair concrete and the original
concrete occurred after patching despite all the care that was taken during the repair,
such as sawing the perimeter of the area and cleaning the substrate. There was often
obvious shrinkage cracking and delaminations, as evidenced through chain dragging.
Some cores taken from these areas during construction broke between the new and old
concrete while they were being chiseled out. According to the manufacturer’s
description the patch material will not shrink while curing but instead, will show a
slight cxpansion at thc end of 28 days. In the writer’s opinion thc loss of cdge bond
may havc becn the result of cxpansion and contraction caused by thermal cycling.
However, no information pertaining to the matcrial’s coefficient of thermal expansion
and modulus of elasticity is available to define the thermally-induced shear bond. The
resident engineer also speculated that local vibration in the structure due to passing
traffic might have caused the problem. The loose patches were removed and repaired.

AC/Membrane Application. The watcrproofing membrane system was WSDOT

system "C". The rubberized asphalt contained AR4000W asphalt binder with G-274 type

rubber and Califlux extender oil. The polypropylene fabric used over the rubberized



asphalt membrane for its protection was Petromat. WSDOT class "B" asphalt concrete
was paved over the membrane system with a nominal thickness of 1.8 in. (4.57 cm) (see
Appendix A for more information regarding the materials used).

REPAIR HISTORY (SR 82 BRIDGE) (DIGESTED FROM CONSTRUCTION

PROJECT DIARY AND OTHER SOURCES)

Bridge 82/20 N was rchabilitated and waterproofed along with two other bridges
on SR 82 (82/25 N and S) under contract 1481 in 1979. At the time of rehabilitation
the bridge was about 8 years old. The project work on bridge 82/20 N started in May
and was completed in July. A delamination survey made in May of 1978 indicated that
about 8 percent of the total deck area had deteriorated. Additional deterioration,
however, was found during rehabilitation.

Concrete Removal and Repair. Deteriorated concrete located by chain dragging

was removed by jackhammers. The exposed rebar exhibited rust and the surfaces of some
bars were slightly pitted. In places where it was not certain that deeper deterioration
had occurred, crews did not remove concrete below about thc mid-depth of the slab.
Tests with a Swiss hammer in some arcas of questionable concrete integrity indicated the
concrete’s strength to be about 4,000 psi (28 mpa).

Set-45, a prepackaged, fast-setting concrete, was used for repairing the concrete.
Tests conducted by the Materials Laboratory on the repair material sampled at the job
site indicated that a compressive strength of 10,225 psi (71 mpa) and 10,363 psi (71 mpa)
could be reached in 6 and 24 hours, respectively (see Appendix A). No test results were
available on the original chloride content of the patch material. The patch matérial,
because of its relatively faster initial set period at high temperatures, was not well
suited to repairing large areas. This resulted in the development of cold joints in the

repair arca. In some batches ice was used to retard the initial sct time. To climinate



cold joints, the manufacturer recommended using larger batches in a larger, mobilc
mixer located at the patch area.

Loose patches were found in many areas after placement and hardening. One
reason for the patch failure was believed to be the lack of a sufficient quantity mortar
in the mixture, which was not able to thoroughly coat the surface of the old concrete.
With insufficient mortar the aggregate could bridge a small portion of the patch and
prevent the mortar from filling the voids. No bonding agent on the surface of the
concrecte was required with this typc of repair material. The resident engincer observed
that the amount of rock in the mix could be reduced from 30 1b (14 kg) to 20 1b 9 kg)
per bag of Set-45 to coat the surface of the area to be patched. Heat built up in the
patch concrete during the curing period was also thought to cause thermal contraction,
which in turn could have caused the problem experienced, especially in large patches.
Keeping the patch cool during the curing period was thought to be effective for
alleviating the problem. The patches, where they were loose and debonded, were
removed and repaired with the same material.

Fondu fast-setting cement, due to its reputation for a slower initial set period,
was applied experimentally on some areas. The general conclusions were that the
material’s strength gain was slower and that its characteristics were sensitive to its water
content. Based on tests conducted during different trials, in 6 hours the patch’s
strength was 3,000+ psi (21+ mpa). No test results were available on the original
chloride content of the mixture. However, the chemical analysis of Fondu cement as
given in a technical bulletin prepared by the manufacturer does not show any chlorides.
Some small Fondu patches also became loose after placement and were removed and
repaired with the same material.

AC/Membrane Application. A WSDOT System "C" waterproofing membrane was

applied over the repaired deck. The rubber additive for membrane waterproofing was



Atlas. The protective polypropylene fabric used over the rubberized asphalt membrane

was Petromat. WSDOT Class "B" asphalt concrete was paved over the waterproofing

system with a nominal thickness of 1.5 in. (3.81 cm) (see Appendix A for more

information regarding the material used).

PRE- AND POST-REHABILITATION/PROTECTION CONDITION SURVEY
DATA (SR 90 BRIDGES)

The lollowing data were collected:

the results of a delamination survey conducted by District 5 in September
1978 about one year prior to construction (see Table 2 for "Extent of
Deterioration of Deck Area");

the results of a half-cell and chloride survey conducted by the Materials
Laboratory in June 1979, shortly before the construction (data is plotted
and included in Appendix A for five bridges);

the locations of rehabilitated areas in concrete decks mapped by District 5
in the summer of 1979 shortly after the rehabilitation (data is plotted and
included in Appendix A for live bridges); and

the results of electrical resistivity testing conducted by District 5 on
asphalt concrete in August and September 1979, shortly after the
construction; the resistivity values were all higher than 500,000 ohms,
indicating an impermeable system at the time of the testing (on a grid of
8 feet by 5 feet all of the readings showed infinity except for two

readings on Bridge 90/145 N which showed 600,000 ohms).



PRE- AND POST-REHABILITATION/PROTECTION CONDITION SURVEY
DATA (SR 82 BRIDGE)

The following data werc collected on the SR 82 bridge:

the results of a delamination survey conducted by District 5 in May 1978,
prior to the construction (data is plotted and included in Appendix A
undcr "Location of Rchabilitated Concrete");

the results of a half-cell and chloride survey conducted by the Matcrials
Laboratory in Junc 1979 shortly before the construction (data arc plotted
and included in Appendix A); and

the results of electrical resistivity testing conducted by District 5 on
asphalt concrete in July 1979 shortly after construction; the resistivity
values were all higher than 500,000 ohms, indicating an impermeable
system at the time of testing (on a grid of 8 feet by 5 feet all of the
readings showed infinity except for one reading which showed

1,000,000 ohms).

CLASSIFICATION OF CANDIDATE SITES RELATIVE TO PRESENT WSDOT

MEMBRANE SELECTION CRITERION

In WSDOT’s present membrane selection process, an asphalt concrete with a

membrane system may be used when all of the following criteria are met:

1.

Delaminated and patched areas of the deck are less than five percent of
the deck area.

Concrete cover exceeds 1 in. (2.54 cm) over 90 percent or more of the
deck area.

ADT is less than 10,000 and the traffic index is less than 7.5.

Chloride contamination at the rebar level is less than 2 1b/cy (1.18 kg/m3)

or exceeds it for less than 40 percent of the samples tested.
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5. The deck surface must be compatible with the membrane system. A rough
or pocked surface will result in damage to or early failure of the
protective membrane.

Information on the above criteria and the pertinent information on the six

candidate bridges are given in Table 2. In the following pages, the pre-rehabilitation

condition of each deck relative to each criterion is discussed.
EXTENT OF DETERIORATION

As shown in Table 2, three decks satisfied the criteria for deterioration (i.e.,
deterioration < 5 percent of deck area) and three exceeded that. However, certain lanes
in the structures satisfied the criteria regardless of their total deck deterioration. Note
that the delaminations indicated in Table 2 were surveyed about one year prior to the
rehabilitation since it was done to prepare contract documents. The actual rehabilitated

areas, illustrated in Appendix A, were approximately twice as large.
CONCRETE COVER THICKNESS

No information on the concrete cover thickness over the rebar was available.
However, it was evident from the background information that the depth of rebar in
some patch locations was less than I in. (2.54 cm) since the crews were advised to mound

the patches to achieve a 1 in. (2.54 cm) cover.
AVERAGE DAILY TRAFFIC (ADT)

As given in Table 2, all of the sites satisfied this criterion. The ADTs given in
the table, however, are from 1983 and thus are probably higher than those of 1979, the

year of the rehabilitation.
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CHLORIDE CONTAMINATION

Only one deck satisfied this criterion. Five other decks exceeded the criterion
but at different levels. However, certain lanes in two structures satisfied the criterion,
as shown in Table 2. Note that chloride samples were generally obtained at a depth of
1-1/2" - 2" (3.81 cm - 5.08 cm) in the concrete since the depth of the rebar was not

determined at the time.

SURFACE COMPATIBILITY

All of the decks should have satisfied the above requirement since the concrete

removal areas were thoroughly patched and the patches were smoothed.

DESIGNATION OF TEST SITES

Since the current study proposed testing five bridges, with one lane to be
surveyed on a single bridge, one candidate test site needed to be deleted. After a field
trip to the six bridges on April 1, 1985, and careful examination of the past and present
conditions of the structures, the sites given in Table 3 were selected for the testing
program.

The test sites were selected so that they would represent a variety of conditions
at the time of rehabilitation relative to the extent of chloride contamination and
deterioration, WSDOT's two major membranc sclection critcria. This may be noted in

Table 3, where the conditions of the test sites are explained.

EXPERIMENT DESIGN

The following tests were performed on each test site (details of the experiment

design can be found in Appendix B).
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TABLE 3. SELECTION OF TEST SITES

Bridge Number Test Site

90/136 S Passing Lane
90/140 S Passing Lane
90/145 N Driving Lane
90/145 S Passing Lane
82/20 N Driving Lane

General Condition at the Time of

Reconstruction and at the Present*

Previously, contamination and deterioration
exceeding the criteria but not as much as the
driving lane. Present condition of AC is
satisfactory.

Previously, contamination and deterioration
exceeding the criteria and about the same as
the driving lane. Present condition includes
cracking in AC in both lancs.

Prcviously, contamination and dcterioration
exceeding the criteria and much more than
those of the passing lane. Present condition
includes pattern cracking in AC but not in the
passing lane.

Previously, contamination and deterioration
satisfying the criteria and much less than those
of the driving lane. Present condition of AC
is satisfactory.

Previously, contamination exceeding  the
criteria. Deterioration at the time of
reconstruction not known but probably around
the criteria break line. Present condition of
AC is debonded and pattern cracked in some
locations.

*See Appendix A for detailed information at the time of reconstruction.
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Visual inspection of the AC for surface distress,

Chain dragging the AC to find possible delaminations or debonding,

Electrical resistivity of the AC/membrane to find impermeability of the

system,

Dry coring and removing AC/membrane in order to conduct the following

tests (core locations were chosen to coincide with the rehabilitated areas

and original concrete as well):

a.

Determination of bonding and waterproofing propertics of the
AC/membranc system,

Conducting half-cell tests on the exposed concrete to find corrosion,
Conducting a pachometer survey and measuring the depths of the
rebar from the concrete surface,

Visually inspecting and sounding the exposed concrete for distress,
Further coring the concrete and inspecting the cored sample for any

distress,

Determining the water content of the concrete,

Chloride content determination in the areas of pre-rehabilitation testing

and rchabilitated concrcte as well.
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CHAPTER 1I

DATA ANALYSIS AND INTERPRETATION

Chapter II describes the analysis and interpretation of field and laboratory data
collected from the five concrete bridge decks rehabilitated and covered with
AC/membrane systems. The testing generally followed the plan developed in Chapter I
and was conducted by the WSDOT Materials Laboratory. The raw data for each bridge

as obtained in the field and laboratory are included in Appendix C.

CONDITION OF AC OVERLAYS

After six years of service, the AC overlays on the test lanes of the five bridges
evaluated were generally in fair condition. Visual inspection detected local pattern
cracking on bridges 82/20 N, 90/145 N, and 90/136 S, all in the wheel path areas (see
Figure 2). A few longitudinal cracks were also detected on the decks. On Bridge
90/140 S, a concentration of transverse cracks of about 4 ft. (1.22m) long was visible
around a pier in the wheel path area.

Chain dragging and subsequent coring revealed defects (stripped aggregate) in the
AC in the vicinity of the interface, mainly on Bridge 82/20 N, but also on Bridge
90/140 S (see Figure 3). This problem had occurred in the wheel paths and resulted in
pattern cracking.on the AC surface in some areas. On Bridge 82/20 N it had ultimately
caused stripping of the AC in one location (see Figure 4). The pattern cracking of tﬁe
AC on the bridge decks was also caused by spalling and disintegration of the underlying
concrcte. The latter is discussed under "Condition of Reinforced Concrete Bridge Dccks"
in Chapter II.

The average thickness of the AC/membrane system was 1.83 in. (4.6 cm)
(90/136 §), 2.11 in. (54 cm) (90/140 S), 2.07 in. (5.3 cm) (90/145 N), 2.45 in. (6.2 cm)

(90/145 S), and 1.91 in. (4.9 cm) (82/20 N) on the test lanes.
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Figure 2. Local Pattern Cracking in AC Caused by
Underlying Concrete Deterioration.

Figure 3. Stripped Aggregate in the Bottom of ACina Core
Location in the Cracked Overlay (Bridge 82/20 N).
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Pavements on the joints covered with asphalt overlay were generally cracked (see
Figure 5). Damage to the asphalt overlay was minimal when paved next to an

elastomeric expansion device (see Figure 6).
DISCUSSION

Chain dragging the AC in conjunction with a coring operation detected defects in
the AC in the vicinity of the interface. Where the problem had occurred, the coring
clearly revealed that the asphalt binder in the bottom layer of the AC was completely
stripped, resulting in no integrity between the mixture elements or adhesion between
them and the membrane. This phenomenon resulted in the presence of pattern cracking
and depression of the AC surface and, ultimately, stripping of the overlay.

Where the problem had occurred on 82/20 N, an AC construction joint had

coincided with the wheel path. Under this condition water can easily penetrate into the

Figure 4. Stripped AC Caused by Defects in the Bottom of
the Overlay
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Figure 5. AC Deterioration in the Vicinity
of the Abutment Joint.

Figure 6. Present Condition of an Elastomeric Expansion
Device and Asphalt Overlay Paved Next to It.
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AC and accumulate above the membrane. Repeated hydraulic pressure exerted by
traffic action can then strip the asphalt. However, regardless of the presence of a joint,
water can penetratc AC to some extent and accumulate on top of the membrane. This in
turn weakens the bottom layer of the overlay. This was confirmed during coring. Most
of the approximately 65 AC core samples were easily chiseled out along a plane slightly
above the membrane, indicating the existence of a plane of weakness in that depth.

Isolated longitudinal cracking on 90/140 S was found to be limited to the AC.
This type of cracking may have been joint cracking caused by a weak seam between
adjoining spreads. The cracking was not necessarily associated with defects in the
overlay. The transverse cracking detected around a pier of 90/140 S was probably due
to the existence of tensile stresses in the overlay present because of live loading and its
bond with the deck. A membrane generally prevents the occurrence of transverse
reflective cracking originating from the concrete deck (7).

The following measures are believed to be effective in alleviating the problems
associated with the AC overlays:

o} compact the overlay morec effectively, possibly by applying pneumatic

compactors, to provide a denser mix and to increase the AC’s

impermeability,

o avoid weak seams in construction joints and their coincidence with Wheel
paths; and

o incorporate effective anti-stripping agents into the overlay mixture. Anti-

stripping agents are presently used in WSDOT asphalt concrete mixes.

PERMEABILITY OF AC/MEMBRANE SYSTEM

The permeceability of the waterproofing system was judged based on the following

techniques:
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electrical resistivity tests,
dry coring and visual inspection,
measurement of the moisture content of the underlying decks,

a comparison of pre- and post-waterproofing chloride content

Electrical Resistivity Test. The results of the test are given in Table 4.
Most of the waterprbofing arcas on the decks were defective, based on the
generally accepted criteria for the test (resistivity <100,000 ohms is
defective, 100,000-500,000 ohms is questionable, and resistivity
>500,000 ohms is acceptable). Note that the results of the tests shortly
after overlaying were all satisfactory (infinite resistivity).

Coring Program. Dry coring and removal of the AC/membrane system

while pre-wetting the AC surface enabled the testing crew to visually
detect moisture under the membrane on the concrete surface. The results
are summarized in Table 5. Based on these results 25 percent of the total
core locations (15 out of 63) on all five bridges showed the presence of
some moisture under the membrane. Generally, because of a very small
amount of moisture present it was difficult to positively confirm the
existence of the dye mixed in the pre-wetting solution. However, in six
core locations penetration of dye through the AC and in five core
locations penetration of dyc through thc membrane could be positively
conflirmed.

Moisture Content of Concrete. The moisture contents of the underlying

decks are presented in Table 6. A total of 10 measurements were taken
(two mecasurements for each bridge) from 1/4 in. (0.6 cm) to 1-1/2 in.
(3.81 cm) depth. The moisture content ranged from 1.8 percent to

4.8 percent with an average of 3.0 percent.
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Table 4. Results of Electrical Resistivity Test
on Asphalt Overlays
Distribution of Electrial Resistivity Readings
i [ Reading 100,000 Ohms % Reading
Bridge No. | 100,000 Ohms <% Reading<500,000 Ohms |>500,000 Ohms
90/136 S 70 19 N
90/140 S 44 13 43
90/145 N 35 23 42
90/145 S 60 25 15
82/20 N 17 21 62
Table 5. Results of Coring for Presence of
Moisture Under Membrane
Cores Showing Moisture
Under Membrane
Total Number
Bridge No.|| of cores Number % of Total Numben
90/136 S 18 6 33
90/140 S 15 4 27
90/145 N 10 1 10
90/145 S 10 0 0
82/20 N 10 5 50
Overall 63 16 25
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Table 6. Moisture Content of Concrete Decks
Covered by AC/Membrane System

Bridge No. | [ Moisture Content Wt% of Dry Concrete
First Second
Sample Sample Average

90/136 S 4.8 2.7 3.8

90/140 S 3.7 1.8 2.8

90/145 N 2.3 2.6 2.5

90/145 S 3.8 3.3 3.6

82/20 N 2.4 2.2 2.3

Total Average 3.0%

Chloride Content Comparison. Chloride content samples in the current
study were divided into two groups. The first group included resamples of
the pre-rehabilitation chloride test conducted on the concrete which
remained in place after rehabilitation. The results of the first group are
given in Table 7. The second group included samples from the patch
material placed during the rchabilitation. The rcsults of the second group
are given in Table 8. The results from the first group indicated an
average increase of 1.28 Ib/c.y. (0.76 Kg/m?) for five bridges tested. The
increase was found in 47 percent of the samples (10 out of 21).
Surprisingly, the remainder of the samples showed some decrease in
chloride content, which averaged 1.75 Ib/c.y. (1.03 kg/ms). On the patch

material (second group), one sample out of seven had a chloride content of
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Table 7. Resamples of
Pre-rehabilitation/Waterproofing Chloride Tests

Total Number Resamp]es.Sho_wing Increase Avev;age Increase
‘ Resaples . ’: zl - in €1, Tb/c.y.

Bridge No. Number Number

90/136 S 6 1 16% 1.37
90/140 S 6 3 50% 0.97
90/145 N 3 2 66% i 2.35
90/145 S 4 3 75% 0.83
82/20 N 2 1 50% 0.92
Overall 21 10 47% 1.28

Table 8. Post-rehabilitation/Waterproofing
Chloride Content of Patch Concrete

C1 1b/c.y., corresponding
Bridge No.|[|C1 Profile to depth
Depth in. First Second
Sample Sample
0-% 0.20
-1 0.25
90/136 S 1-1% 0. 30
0-% 0.25 0.19
-1 0.26 0.24
S0/180°S 111 1y, 0. 20 0.35
2-? 0.32
5= 0.21
S0/145 N 11 11y 0. 20 2.59
90/145 S - - -
0-% 0.29 0.25
?-% 0.29 0.36
-1k 0.32 0.23
82/20 N ||yop 0.12
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2.59 Ib/c.y. (1.53 kg/m%) indicating thec penctration of a considerable
amount of chloride into the concrcte. The rest of the samples in the
second group, each representing a profile, regardless of location or depth,
contained a negligible amount of chloride ranging from 0.12 Ib/c.y.
(0.07 kg/m% to 0.36 Ib/c.y. (0.21 kg/m3). Note that a chloride test at the

time of patching indicated 0 percent chloride for the patch material used

on the SR-90 bridges.
DISCUSSION

The results of the electrical resistivity test implied that the installations were not
waterproofing relatively large areas of the decks as compared to the satisfactory
readings obtained shortly after their installation. Since the one hour waiting period for
pre-wetting may not have been quite sufficient, the low resistivity of the circuit
obtained may also have been the result of the penetration of the crushed aggregate used
in the overlay mix into the membrane under traffic loading. Circuit resistance would
naturally be lower when the aggregate particles in the asphalt mix were in contact with
the concrete surface. This condition may or may not have provided a permeable
membrane since the punctured holes might have been sealed by the presence of the
aggregate in the membrane. However, the aggregate itself may have provided a path for
moisture and chloride to the concrete. Therefore, preventing this condition would assure
an impermeable system. One alternative to achieve this is to avoid using crushed
aggregate in the bottom portion of the AC overlay and instead use a type of aggregate
and gradation, such as fine grained WSDOT class "G" mix, which may act as a cushion.
Another alternative may be the use of protection boards under AC overlay as practiced

in Ontario (8).
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The moisture under the membrane discovered during the coring operation and
through visual inspection is an indication of the system’s potential for permeability.
The existence of dye in the moisture, however, could only be positively confirmed in a
few cases due to a small amount of moisture present. If the presence of the moisture
under the membrane was caused by concrete perspiration then it must have occurred
uniformly in all the core locations of a particular bridge deck and must not have been
limited to a few locations.

The measured moisture content of the underlying concrete decks averaged
3.0 percent, with a maximum of 4.8 percent, which is a relatively high concentration of
watcr in a concrete deck when compared to a prcsumably waterproofed and dry deck.
Notc that the concrete could have lost some moisture during the sampling process due to
its powdered nature and heat generated by friction between the concrete and rotary
hammer used to take the samples. Studies have shown that the moisture content of
concretes samples from bare concrete decks generally varies from 0.4 percent (dry
condition) to 5.6 percent (wct condition) (1). Studies have also shown that the water
absorption of 2 in. (5.1 cm) diameter and 3 in. (7.6 cm) thick conventional concrete
specimens after being conditioned in a dessicator, heated, and then soaked in water for
30 days, is in the range of 5.5 percent (2). After one day soaking the absorption was
about 4.5 pcrcent and aflter scven days thc concrcte had almost rcached saturation.
Therefore it appears that the average moisture content of the decks (i.c., 3.0 percent) is
about 55 percent of the moisture content at the soaked saturation for a conventional
concrete. The presence of water in the decks may be explained as follows: moisture can
penetrate into the concrete deck from the top through the membrane and from the
bottom from the environment. Penetration from the bottom, however, does not occur
easily in box girder bridges. It is also possible that moisture existed in the decks while

waterproofing them. Although the concrete surface under asphalt concrete reaches high
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temperatures, water vapor transmission may not be possible through the membrane. This
in turn can result in moisturc being trapped in the concrcte.

The results of resampling the chloride content should be studied with care.
Although half of the resamples showed an increcase in the chloride content, the other
half indicated a decrease in chloride content. This may imply a downward movement of
chlorides in the concrete. Howe;fer a few chloride profiles taken from the original
concrete indicated the present trend of chlorides being highly concentrated on the top
and decreasing with depth. This condition rules out the idea of substantial downward
movement of the chlorides in the decks. Furthermore, if the chlorides had moved
downward the chance of an increase in chloride content at the depth of 1-1/2 in.
(3.8 cm) to 2 in. (5.1 cm), or the general sampling depth, would have been more than the
decrease in the chloride content due to a higher concentration of chlorides above that
level. Therefore, it seems that the procedure used to measure chloride content was not
accurate enough to find the change in chloride content which could have been much
smaller than the chloride content itself. The reason for this and potential solutions to
the problem are further explained below.

. Chloride content is highly sensitive to depth. Samples are taken by
drilling a hole to a depth of 0.5 in. (1.3 cm) above the desired depth and
removing the powdered concrete before drilling the additional 0.5 in.
(1.3 cm). The drilling depth is checked periodically by inserting a scale
through the hole until the satisfactory depth is reached. The procedure,
however, docs not guarantec the exact desired depth. A more accurate
alternative is the use of a scribed depth indicator attached to the drill to
insure the proper sampling depth is reached while drilling (for more

information see Reference 1).
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° The procedure requires that extra care is taken not to contaminate samples
at the sampling depth by abraiding highly contaminated concrete from the
sides of the hole above the desired depth. An alternative to overcome this
problem is to reduce the hole diameter when drilling through the sampling
depth.

Chloride profiles taken from patches can definitely identify the chloride
proofing characteristics of the system regardless of the nature of the sampling
procedure. From the results it was clear that a severe chloride leakage had occurred in
only one sampling location. In the six remaining sampling locations, if 0 percent
chloride content of the fresh patch material as obtained from one sample in the previous
tests was considered base data, the chloride penetration would be very small and below
0.36 Ib/c.y. (0.21 kg/m?). However, it should be kept in mind that the concentration of
original chlorides in aggregate and mixing water cén be at the same level. Furthermore,
the nature of the chloride content with depth for these samples suggested that the
chlorides had not penetrated into the concrete in those locations. This agrees with the
tests conducted on the Roza Canal bridge (82/106) in the previous TRAC/WSDOT bridge
deck membrane research (5). That bridge was waterproofed immediately after
construction with a membrane system lower in quality than system (C). After 14 years
of service, tests revealed considerable chloride intrusion only in one location close to the
curb out of seven locations tested. The original chloride content of that bridge was
found to be about 0.3 Ib/c.y. (0.18 ky/m®). The current work, on the other hand,
indicated the presence of a relatively high concentration of water in the concrete. An
explanation is that the AC/membrane system had generally been able to prevent the
intrusion of chlorides into the concrete, possibly by screening the chlorides while some
solutions passed through the AC mix and membrane. For example, concrete and also

some concrete sealers have shown that they can act as a chloride screen, allowing a
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larger proportion of water to pass than chloride ions (3). It may be that the thickness

and density of the AC as well as the thickness of the membrane are important factors in

determining the chloride screening characteristics of the system.

SUMMATION

The discussion presented earlier reveals that the following factors influence the

permeability of AC/membrane systems:

2.

3.

4.

presence of crushed aggregate next to the membranc;
membrane thickness;
AC density, and

AC thickness.

The author suggests the following order of importance for these factors:

Eliminating the presence of crushed aggregate next to the membrane is the
most important factor in providing impermeability for the system.
Suggested measures to achieve impermeability include use of a finely
graded asphalt mix, such as WSDOT class "G" mix, in the bottom portion
of AC to act as a cushion, or use of intermediate protection boards under
the AC overlay as practiced in Ontario (8). The protection boards are
typically 1/8" (3 mm) and are asphalt impregnated (7).

Quality control of membrane thickness ranks second in importance. The
WSDOT membrane application provisions specify the rate of membrane
application as 0.55 + 0.10 gal./s.y. (2.5 + 0.5 lit/mz) but does not specify the
thickness. In order to better achieve quality control, a minimum
acceptable thickness such as 1/8" (3 mm) (depending on grade and

superelevation).is spggested for the rubberized asphalt membrane.
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3. AC density ranks third in importance. The object is to provide a more
impermeable overlay with minimum amount of voids in the system, and
one way to achieve this is through compaction. On bridge decks vibratory
compactors are not allowed and compaction of AC is generally done by
static steel drum compactors. However, pneumatic rollers may be more
cffcctive.

4. An asphalt overlay thickness of more than that used currently (i.e., 1.5" to

1.8") may not be desirable because it adds to the dead weight of the bridge.

CONDITION OF REINFORCED CONCRETE DECKS

Six years after their rehabilitation and protection, most of the concrete decks
were not in a satisfactory condition. Chain dragging the AC detected the magnitude of
the defective areas as 0.7 percent (90/136 S), 0.9 percent (90/140 S), 1.5 percent
(90/145 N), 0.05 percent (90/145 S), and 1.7 percent (82/20 N) of the test lanes. The
coring program distinguished the defects in the AC from the defects in the concrete and
found the latter to be 0.7 percent (90/136 S), 0.8 percent (90/140 S), 1.5 percent
(90/145 N), 0.05 percent (90/145 S), and 0.3 percent (82/20 N) of the test lanes.

Defects in the concrete were found in two forms, delaminations under sound
ovcerlays (see Figure 7), and spalling and scvere disintegration of the concrete associated
with pattern cracking in the AC (sce Figure 8). The latter was mainly detected in the
patched areas. Concrete defects were located around, in the boundary of, and within the
patched areas (see Figures 9, 10, 11, and 12) and were concentrated in the wheel paths.
Figures 13, 14, and 15 illustrate the approximate locations of the patched concrete and
indicate deterioration in bridges 90/136 S, 90/140 S, and 90/145 N, respectively. Note
that the arecas of deterioration in the latter figures are not drawn to scale and are only

symbols. The previous TRAC/WSDOT bridge deck membrane research had revealed
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concrete deterioration around and in the boundary of the patches for bridge 285/10
(Columbia River) eight years after its rehabilitation and protection (5). Those defects
were also located in wheel paths.

Half-cell tests conducted in the core locations found both passive and active
states of rebar corrosion (based on ASTM C876 classification) in the decks, whereas pre-
rehabilitation tests generally detected active corrosion (see Appendix A). In reviewing
the pre-rehabilitation half-cell readings, one should keep in mind that the ground might
not have been satisfactory in those tests. The results of the current study’s half-cell tests
as well as the condition of the concrete in the core locations are presented in Table 9
for each bridge. As shown in the table, these results visually confirmed the location of
the deterioration as described earlier. In Table 10, the half-cell readings for each
bridge deck are classified as non-corroding, questionable, and corroding (ASTM C876
classification) and coincide with the magnitude of the concrete defects found by chain
dragging. As shown in the table, the test lane on bridge 90/145 N (driving lane) with
the highest percentage of corroding potentials also had the highest percentage of defects
in its concrete, whereas the reverse was true for the test lane (passing lane) on bridge

90/145 S.

DISCUSSION

Deterioration of the concrete either originates in the original concrete or the
patch concrete. The first type includes the deterioration around the patches as well as
in the boundary of patched areas. The causc of this typc of dcterioration may be

outlined as follows:
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Figure 7. Concrete Delamination (Patch) Under
Sound AC Overlay and Membrane.

Figure 8. Severe Disintegration of Concrete (Patch)
Associated with Pattern Cracking of AC.
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Figure 9. Concrete Delamination (Original)
Around a Patched Area.

Figure 10. Concrete Delamination (Half Patch, Half Original)
in the Boundary of a Patched Area.
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- Rebar corrosion

- Rebar level stress

Wetness has an important effect on the electrical resistivity of concrete. A
concrete saturation of about 55 percent (the average saturation found in the decks) may
decrease the resistivity of dry concrete from 6 x 10® ohm-cm to about 70 x 103 ohm-cm,

a condition which some consider low cnough for corrosion to be active in the presence

of chloride contamination (4).

intensifying galvanic corrosion) of patches on deterioration in the original concrete will

be higher, as the patches provide large chloride-free areas next to the contaminated

concrete.

Table 10.

The macro-cathodic effects (large cathodic cffccts

Original chloride contamination

Concrete wetness

Macro-cathodic effects of patch

Wheel path traffic impact

Small rigid rebar cover

Classification of Half-Cell Readings on Each

Bridge and Comparison with Concrete Deterioration

F % of Half-Cell Readings Detected deterioration
. % of deck area

Bridge No, Not Corroding [Questionable [Corroding

<l.200 V b2d - .35 | > 138V
90/136 S 39 44 17 .7
90/140 S 73 13 14 .8
90/145 N 18 45 36 1.5
90/145 S 60 40 0 .05
B2/20 N 30 60 10 .3

(1) detected by chain dragging, confirmed by coring
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Repeated rebar level stress induced by traffic impact, especially in the wheel
paths, can propagatc incipient detcrioration initiated by corrosion. The steel in the
concrete may also act as a stress riser. Thicker, rigid rebar covers could possibly
alleviate the intensity of the stress so that the fatigue life of the system could be
prolonged. The concrete around patched areas may have as small a rebar depth as the
patched arcas.

The causes of deterioration originating from the patches and detected in SR-90
bridges within the patched areas may be outlined as follows:

Chloride contamination caused by
chloride leakage
- Rebar corrosion Concrete wetness

Nature of patch material

Wheel path traffic impact
- Rebar level stress

Small rigid rebar cover

- Inferior patched concrete

Coring dcteriorated patch matcrial in a few locations indicated that patch
deterioration was caused by deterioration above the interface rather than debonding.
Corrosion caused by spot leakage of chlorides into the patch material was documented in
one location by both a half-cell test and the presence of rust. Corrosion deterioration in
the patch material was especially prevalent in bridge 90/145 N (see Table 9 for half-
cell results).‘

Another cause of corrosion in patch material may be the nature of its chemistry.
Cement such as the fast setting cement used in these applications may not be as alkaline

or have as high a pH value as portland cement. In the absence of high pH values
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concrete cannot act as a protective environment and rebar may corrode in the presence
of moisture. A wet, cured patch generally is not dry. However, if patches are dry at the
time of membrane application, moisture still may penctrate later from the cnvironment
and be trapped under the membrane.

The strength of the concrete is a determining factor for deterioration. Inferior
concrete material may deteriorate faster in the presence of corrosion or it may
disintegrate under traffic impact even in the absence of corrosion. In determining
concrete strength the focus should be on the durability properties of the concrete in
addition to its initial strength.

The following measures are believed to be effective in alleviating the problem of
concrete deterioration:

. specify  the strength, durability, and fatigue properties for the patch
concrete so that they are comparable to those of the portland cement
concrete. Test procedures and critical values need to be established to
determine durability under freeze-thaw and fatigue under compression for
this purpose;

° specify the pH for the patch concrete so that it is comparable to that of
the PCC to prevent corrosion in the patched areas.

If pH adjustments are not made, epoxy coating rebar is a possible corrosion
prevention technique. However, based on WSDOT’s field experience, when rebar is
epoxy coated the substrate is inevitably coated and hardened prior to placing the patch
material. This can affect the bond between the substrate and the patch adversely. If
the rebar is epoxy coated, epoxy coating the concrete substrate (or coating with other
types of polymers) to provide a tacky bonding material just prior to application of the

path is suggested.
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The procedure for concrete deck repair is an additional factor which may
contribute to deterioration after rehabilitation. Using jackhammers to remove concrete
may cause damage to surrounding concrete. In this regard, hydrodemolishing concretc
may be less harmful. The bond between the repaired and the original concrete should

also be given special consideration in repair procedures.

COMMENTS ON WSDOT’S MEMBRANE SELECTION CRITERIA

The following section concerns the five elements of WSDOT membrane selection
critcria: cxtent of deterioration, concrete cover thickncss, average daily traffic, chloride
contamination, and surface compatibility. More information on the WSDOT membrane
criteria is presented in Chapter I (page 10) under "Classification of Candidate Sites

Relative to Present WSDOT Membrane Selection Criteria."

EXTENT OF DETERIORATION

The WSDOT criteria permit membrane application when less than 5 percent of
the deck area has deteriorated. The extent of deterioration generally influences the
feasibility and economy of the rehabilitation. Usually it is not practical and economical
to patch larger areas using fast setting concrete mixes. In this case application of a
concrete overlay which fills the removal areas at the time of overlay is a better choice.
Othcr items of concern arc the potential for incompatibility between fast setting mixes
and the original concrete, which may result in debonding shortly after application; their
durability regardless of their initial strength; the nature of the protection they provide
to the rebar against corrosion; and quality control’s sensitivity to accelerated
construction. A comparison of Table 2 with Table 10 indicates that the two test lanes

that satisfied the deterioration criteria (passing lane on bridge 90/145 S and driving
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lane on bridge 82/20 N) at the time of rehabilitation show the lowest degree of
deterioration.

It is important to note that the extent of the deterioration should apply to the
rehabilitated concrete. Normally, decisions regarding the type of protection are made at
least one year prior to the rehabilitation. In this case, the detected deterioration should
be increased using a proper multiplier. The multiplier depends on the age of the
deterioration and environmental conditions. In situations where the deterioration is
highly concentrated in one lane, the extent of the deterioration of that lane may dictate

the type of protection for the bridge deck.

CONCRETE COVER THICKNESS

The criteria’s breakline for concrete cover thickness is 90 percent of the deck
area with a cover thickness larger than 1 in. (254 cm). In case of membrane
breakdown, the concrete cover will be the only protective measure against moisture and
salt penetration. The cover also has a structural value against deterioration. Local
stresses in the concrete mass caused by wheel load contact are probably concentrated at
internal cracks and are smaller at deeper locations. If the rebar has corroded prior to
protcction, causing incipient cracking around the rcbar only, then the contribution to
deterioration from a concentration of wheel load stresses at the cracks would probably
be smaller in the presence of a larger cover thickness. Asphalt concrete, because of its
inferior structural properties, may not be able to distribute stresses in the mass as rigid
cement concrete can.

The pachomcter survey results conducted during thc present study lack the
accuracy to judge the effects of the cover thickness of the test bridges (see "Comments
on the Field Evaluation Techniques" in Chapter II). In view of the above discussion and

the results of the previous TRAC/WSDOT membrane research (5), which correlated the
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deterioration with cover thickness, it would be prudent to require thicker concrete
covers for AC/membrane applications. For instance, 90 percent of a deck area with a
cover thickness larger than 1 in. (2.54 cm) and 50 percent of a deck area with a cover

thickness not less than 1.5 in. (3.81 cm) secms appropriate.
AVERAGE DAILY TRAFFIC (ADT)

Under heavy traffic, asphalt concrete overlays normally are not as durable as
concrete overlays. Thus, they sometimes deteriorate rapidly in the presence of large
traffic volumes. The ADT criterion’s breakline is 10,000 ADT and 7.5 traffic index in
order to provide about 10 to 15 years of service. All of the test sites satisfied ADT
requirements. The general conclusion is that the damage to the overlays due only to
traffic wear is negligible at this time. However, as included in the criteria, the ADT
provision does not apply to interstate routes. In this case, because of the importance of
the transportation link, a rigid overlay (latex modified concrete) is applied regardless of
the ADT.

The ADT criteria also consider the effects of heavy traffic volumes on flexible
membrane systems placed on rigid concrete decks. WSDOT is concerned that lateral
forces on curved structures and bouncing or skipping behind rough transitions, such as
expansion joints on high volume routes and on routes with high truck usage, cause
repeated flexing of the AC and the membrane, which in turn causes premature failure

of the membrane.
CHLORIDE CONTAMINATION

Rebar level chloride contamination exceeding 2 l1b/c.y. (1.18 kg/mP%) for
40 percent of the samples tested is the chloride contamination criterion’s breakline,

Studies indicate that the areas with cl »2 Ib/c.y. (1.18 kg/m?) have a greater potential
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for corrosion deterioration in the presence of moisture. Membranes may also act as a
vapor barrier, thus collecting moisture in the concrete. Here again, a comparison of
Table 2 with Table 10 indicates that the magnitude of present corrosion is related to the
extent of original chloride contamination. As an example, the only test lane with no
active potentials (passing lane of bridge 90/145 S) at the pre’sent is the one with

0 pcrcent original contamination as designated in the criteria.
SURFACE COMPATIBILITY

Surface compatibility is a problem when aged asphalt concrete overlays have to
be removed prior to applying new lifts of an AC/membrane system. However, since the
decks were bare and the deteriorated areas were thoroughly patched and leveled, this

item of the criteria does not apply.

COMMENTS ON THE FIELD EVALUATION TECHNIQUES

CHAIN DRAGGING

The results indicate that chain dragging AC can reveal deterioration in the
concrete. However, the results of the previous TRAC/WSDOT bridge deck membrane
research (5) and also results of research conducted by the Ontario Ministry of
Transportation (6) have shown that the procedure is capable of identifying only a
fraction of the concrete deterioration, depending on the progression of the deterioration.
The author recommends the chain dragging procedure when surveying asphalt covered
decks until more effective techniques such as radar and thermography are practiced.
The author also recommends that rehabilitation projects map repair areas on bridge
decks. Superimposing such data over those obtained from chain dragging AC will lead

to a better understanding of problems detected. In places in which there are doubts over
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the origin of the problems, dry coring AC at a few locations and sounding concrete can

distinguish the deterioration in the concrete from that in the AC.
HALF-CELL

An excellent correlation between high half-cell potentials and concrete
deterioration was obtained. The correlation is presented in Table 11 with the overall
half-cell readings classified into three ranges and ranked within each range. As is
recognized by ASTM, the first range (potential less negative than -0.20 v) corresponds to
a 10 percent probability of corrosion. The second range (-0.10 v > potential > -0.35 v)
corresponds to a 50 percent probability of corrosion and the third one (potential more
negative than -0.35 v) corresponds to a 90 percent probability of corrosion. As shown
in Table 11, the results of this work indicate 11 percent, 36 percent, and 80 percent

occurrence of deterioration for the three ranges described, respectively.
PACHOMETER SURVEY ON AC

The results indicate that by using the pachometer the depth of the rebar from the
AC surface can be determined up to 2 in. (5.08 cm) smaller than the actual depth.
Thus, a correction factor needs to bc obtained by mcasuring the actual depth (as
cxplained in Appendix B, "Dectails of Expecriment Dcsign"). However, different
correction factors in one bridge can be obtained, depending on where the rebar is
cxposed. This can lead to a maximum of 0.7 in. (1.78 cm) error in determining the
concrete cover thickness. This error is probably caused by the characteristics of
magnetic aggregate in the AC. The error is also caused by the greater rebar depths when
measured from the AC surface, normally greater than 3 in. (7.62 cm). The latter affects
the accuracy of the instrument, which in normal conditions (0 to 3 in. or 7.62 cm

thickness) is +/- 1/8 in. (0.3 cm) (57). Therefore, the pachometer should be used with
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caution on asphalt covered decks to determine the depth of rebar and at least two actual
measurements of the rebar depth should be made to determine a correction factor. If
the correction factors obtained from these two measurements do not agree, then the

pachometer survey will be of little value on that deck.
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DATE:

FROM:
Phone:

To:

THRU:

' DEPARTMENT OF TRANSPORTATION
December 5, ‘979 INTRA-DEPARTMENTAL COMMUNICATION

l
R.C. Schuster/T\E, Lyon “ZL

sussect: Contract 1594, SR-90, Highline Canal to
Gold Creek, Bridge Deck Repair, 1-90-2(130)5]

W.A; Bulley/T.G., Gray

" R.C, Schuster/K.,E. Wheeler

END OF PROJECT REPORT (CONT.)
A previous installment on the End-of-Pfoject Report was made dealing
exclusively with the special concrete overlay. The following are comments
concerning the remainder of the project. _ . ‘

"This project consisted of repairs and overlays to eight bridge structures -

on SR-30. Three bridges received the special concrete overlay and five

recelved the conventional deck repair, membrane and asphalt concrete overlay. - -
No particular surprises resulted as the work was executed, but a number of
comments are offered for what they may be worth to others. '

The project work was originally conceived to be accomplished in the 1980
construction season. Data for the Design Report was gathered and prepared

late in 1978. The cost-estimate was developed, by using the deck condition
survey from the District Lab. assuming a removal depth of 2} inches to get

a volume, and multiplying by two. Before the 1978/79 winter was ended, it
became evident that deteriorliation of many of the decks was rapidly
accellerating. The project was advanced into the 1979 season and was
ultimately completed in that season. The volume of bridge deck repairs overran
the plan quantity by 25%3that is 2.5 times the original bridge condition

figure and we did the work a year ahead of the original schedule! 1 don't

mean this as a criticism of anvbedy's methods of information gathering or
estimating ability. It is however, an indication of the rate of deterioration
combined with the tendency for the repair areas to ''grow'" when work is performed.
The conclusions | draw are that we need more accurate bridge condition survey
techniques, to make generous allowance for the on-going deteroriation, and

to have uniform direction as to what degree of rusty re-bar and "punky"
concrete removal really Is necessary. The pay volume for the repairs on

five bridge decks was 1694 cu.ft. The area répaired was about 5151 sq.ft.

The average depth calculates to 4 inches.

For the five bridge decks that were repaired with pre-packaged quick setting
grouts, the Contractcr used Jet Set Super X. This material was well suited
for the sometimes large repair areas on these structures. Jet Set Super X has
a retarded initial set period of 15 min. to 30 min. that permits a succeeding
batch to be placed prior to the initial setting of the preceeding batch,
Thereby, partial cold joints are mostly eliminated, more conscolidation of

- the grout into the patch area can be done and better surface finishing can

e accomplished. Some cther prepackaged jrouts have about a five minute

initial set timc, or even less in hot weather. The Contractor took riore

care to compact the yrout and finish the edges than anybody | have seen,

Even so, a significant number of failures occurred where the yrout patch

lost bond with the original concrete within a few days aficr placing. We
L]
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pecember 5, 1979
CONTRACT 1594
PAGE 2

feel that all the right things were done to prepar@ the area to be patched,

by sawing the perimeter of the area, making the sides vertical and scrupulous
cleaning before patching. Why some patches lose edge bond and others stay
tight, | can't explain. Maybe local vibration In the structure due to

passing traffic is part of the reason for loss of bond. The cost in time

and money to repair these areas is significant. The Contractor anticipates

a certain failure rate in his bid. Techniques or materials which significantly,
reduce the failure rate cf patches will surely reduce costs.

We were not initially impressed with the type of expansion joint seal
specified for use on Brs. 90/141S and 90/145 N&S. The seal used was an Acme
Strip Szal. This seal consists of a downward folding rubber strip held between
steel bars. We did not specify that the seal extend up the curb. The

butt joint between the seal and the existing rubber filler will always be
poor. Some winter problems were predicted by Maintenance personnel who
observed the installation. Theilr apprehensions will be tested through the
coming winter. Due to the heavy use of sand on this roadway, it was felt

that sand will be held Into the down-folded rubber seal strip by ice and as
the bridge works, the sand will grind on the rubber. The second polint concerns
the skews of these three structures, of 46° to 53° right, which approximates
the argles of a snowplow blade. It was feared that the blade could catch

in the joint opening where the seal folds downward. | had occasion. to look

at the Transflex joint seal installed about three years ago when BR 90/141N
was repaired and overlaid on CT-0294. This seal appears to be doing an
excellent job. It does not leave an opening over the expansion joint and

has the bulk and stiffness to make a butt seal at the curb line. We specified
the Transflex seal with the PSEE but a change to the Strip Seal type was

made by Headquarters with an explanation that the FHWA did not approve the
Transflex type. To my observations, the Transflex joint seal Is a superior
installation to the flexible strip we just installed.

As a comparison of scme testing techniques to actual reroval cf unsound concrete
we have diagrams of some of the bridge decks. The results of half-cell
electrical potential, chloride test and actual reroval are all superimposed,

I have cross-hatched the areas actually removed In red. The areas abow® 0.35
volt electrical potential (active corrosion?) are cclored green. Values of
chlcride tests arg shown but no contours of intensity are shown, A chloride
test of 2.0 Ib/ft? Is considered by some to be the threshold of active corrosion.
The point | am making with these drawings is that no correlation, between the
two types of tests and actual concrete removal appears evident. The one thing
that can be seen is that the potential for further deck deterioration, in

areas where concrete was not replaced but Was high chloride content, is large,

| can't see that we can keep the concrete sufficiently dry to ctcp corrosion,
During winter, atmospheric rcolistura canm enter the underside cf the deck:

Can't sufficient moisture collect from condensation on :he underside of the
membrane, until the moisutre evaporates from the concrete sometime in the spring,
to resume the corrosion process? Ca the reinforced approach slabs, there is a
-onstant source of molsture from the underlying soil to Le trapped ayainst the
membrane. C
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FORM 350071
REVISED10/77

07045

T WASHINGTON STATE

DEPARTMENT OF TRANSPORTATION
REQUEST FOR APPROVAL OF MATERIAL SOURCES

/-

i

MATERIAL LABCRATORY

Date .

June 27, 1979

it No. ___ 1594 F.A.No. __I-90-2(130)s1 City/County or S.R.No.__90
ction Gold Creek to Highline Canal
s DESCRIPTION OF MATERIAL SQURCES OF suppLY a
lo. Local Supptier Manufacturer's Brand or Pit No, Action *
4 | Bridge Deck Repair
Grout Dicon Supply Jet Set Super X —
CR Watts Set 45 L—
Curing Compound United Constr. Supply | Horn Clear Seal 150 2
5 | Epoxy Resin Macon Supply Probound ET 150g PR
Proter Industries
Dicon Supply
6 | Membrane Waterproofing
Asphalt Binder Chevron USA, Inc. AR 4000W L
Husky 011, o
U.S. 011 & Refinery —
Rubber Arizona Refining Co. G-274
Polypropylene Fabric Phillips Fibers Corp. Petromat e
Extender 011 Arizona Refining Co. Califlux —
7 | Waterproof Expansion Device .
Seal ACME ACME Strip Seal AS400 -
Anchor Bolts Cascade Contractors Molly Parabolts [
Supply Inc.
| Northwest Bolt Diamond [
L United Constr. Supply Phillips RedeHeads i

ontractor: Submitted by:
- 275 L
~S V2 ﬁa»/
——— u ARTMENT OF TRANSPORTATION MATERIALS LAEOR:TORY USE ONLY
1, b il a S 7 28 , have d the above items and { ) concur, { ) do not concur (attach comments)
- Project Enpqnv .
V .

wrces of supply for all items chacked () in approval column are approved for use on the abo
#cifications. Action on items indicated by number in the approval column is identified per the follo
Source Approved. Approval for Change of Source must be secured from the Office for Constructid
Approval withheld: submit samples for preliminary evaluation,

Approval withheld: submit brand name, name of manufacturer, or treating plant,
Approval withheld; submit Transportation Department pit number (if known) and legal descriptiol
Approval withheld; please submit catalog cuts and/or shop drawings.
Aparoval withheld;

- 7
Dist Engr J Z

%

I

Departa.:rt
o

Wing pade s (s

O

1. L
In and Materials per Soc
(r——— 2 e

07F "y

w913

the comply with al

f the Construction Manual.

= R B
s File by +5¢— Project Engineer wiil pubmit cohtrol samples of material:
W rile X Maus Engr 5 Phone No. .F =2, 34-2/£3 Sy covered tmComrdetion Manual, Chapter 9,
A !
| Engr _pL#o = A1 R. \_/.IL:cqm
itie tmsp Office ___X ials Eng -
Date J‘_/Z -?, 2 é 8y (4

SEE REVERSE FOR INSTRUCTIONS
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FoR.d 350-071
aT

REVISERNo ) WASHINGTON STATE MATERIAL LAso?z ORY
: 0701 g DEPARTMENT OF TRANSPORTATION
: REQUEST FOR APPROVAL OF MATERIAL SOURCES Date _ APTil 20, 1979
1-90-3(41)117 & /
nt. No, ___ 1481 F.A. No. __1-82-1(49)10 Citv/County or §.R.Na,__90 & 827 ]
. ]
ction SR 90 & 82 BRIDGE DECK REPAIRS B ,4’ 2"
::‘ ; DESCRIPTION OF MATERIAL SOURCES OF suppLY A
i0. : Local Supphier | Manufacturer's Brand or Pit No. | Action *
i
&"S Aggregates to be combined with Yakima Sand & Gravel PS-E-141 e
Set 45 Chemical Action Concrete
—
7 Membrane Waterproofing Fabrick Phillips Fibre Petro Mat
Rubber Additive for Membrane Crafco N. W. Atlas —
Waterproofing

Cepaitmeat of Lyi:ays
rts

e, APR 23 1979

~
-_

ontractor: Submitted by:

YAKIMA CEMENT & ASPHALT PAVING co

;
DEPARTMENT OF TRANSPORTATION MATERIALS LABORATORY USE QNLY
1, Q’W‘E‘R 31 , have revi

V72 d the above items and (%) concur, () do not concur {attach comments)
Project Enzﬁnﬁu B
+

Approval withheld: submit samples for prehiminary evaluation,
Approval withheld: submit brand name, name.of manufacturer, or treating plant,

Approval withheld; submit Transportation Department pit number (if known) and legal description
Approval withheld; please submit catalog cuts and/or shop drawings.

Approval withheld;

tis File D/

it Engr S L Heviewaea by e Project Enginesr will submit cohirol samples of matarial:
WEie X by Eng S e €. L2392/ 53 <. coverad in Construction Manual, Chopter 9.
wene _Lyom (D o

R /Z;_afgz,

SEE REVERSE FOR INSTRUCTIONS

R. V. LeClerc

Materials Engincer




. e =7
_]T FONM 350 074

REVISEDI0/7 WASHINGTON STATE MATERIAL LABORATORY
g 0921 DEPARTMENT OF TRANSPORTATION
REQUEST FOR APPROVAL OF MATERIAL SOURCES Date _ApTil 16, 1979
1-90-3(41)117 &
nt. No. _&?l‘_\ F.A. No. _1-82-1(49)10 —— City/County or §, R. No. 90 & 82

Local Supplier Manufacturer's Brand or Pit No,

ction SR 90 & 82 Bridge Deck Repair : !
;?c':l |I DESCRIPTION OF MATERIAL SOURCES oF SUPPLY
‘. . “ Ac

& 10 Paving Asphalc AR-4000 W and Chevron or

Same
! Asphalt for tack coat U. s. 011 Same
Lo Asphalt Concrete Class B Yakima Sand & Gravel| PS-E-14]
( aggregates
& 5  Chemical Action Concrete Charles R. Watts Set 45
! Chemical Action Concrete Costles Concrete Special Jet Set Super
| Coatings
» ! Epoxy Resin Charles R. Watts Sikastix 370

———

Deparim it vt Hltweys

|
|

Red &M 3 1979

i‘

|
‘ontractor:

YAKIMA CEMENT & ASPHALT PAVING co

- T xg'_namsur OF TRANSPORTATION MATERIALS LABORATORY Ustg
l, : e AL . have reviewed the above items and (%) concur, () do not concur (attach comments)
= Project Enginoer

t ided the ials deli comply with al

Submitted by:

Approval withheld: submit Transportation Department pit number (it known) and legal description.
Approval withheld; please submit catalog cuts and/or shop drawings,

;’;:/:::'_w';:;“,/ @ Contes )/ _gn/)/ ‘4‘-, ara:u? S o~ /y,,/

s File 4:@:;: ,,.s ~—— Roviawed by

— Project Engineer will submit cohtrol samples of materials

NEMe X Mty Ena ST PhonaNo. _ EJ_JM\ 4 covered in Construction Manual, Chapter 9,
vene Lo, (3 R. V. LeClerc

Materials neer
ttie 1np Office .. _X___ terials Enginge

Date Cald o, By

SEE REVERSE FOR INSTRUCTIONS






WSDOT
LABORATORY TESTS ON PATCH CONCRETE
USED FOR
CONTRACTS #1594 AND 1481

(BRIDGES 90/136 S, 90/140 S, 90/141 S,
90/145 S AND N, AND 82/20 N)






-/N‘g 2 635 05 WASHINGTON STATE HIGHWAY ComMmIssion Lab. No, M

MATERIALS LABORATORY DEPARTMENT OF HIGHWAYS Pit No.

1655 So. 2nd Avenue Organization Code - 30
Tumwater, Washington 98504 Place CLLE NS RUR( Date J;?'_JL Contract No. | & Sje)- 2

CSNo. g R. No./Gosiy. L__ F.A.No. Tae 0wy, Contractor 3 Y

Section Cea & G200 T 131G L pLE CANAL . BRINGE ICCE Repa, £ Sub. Contr.

Forwarded by: _C .N4 .C Control Sample No. . %x
. o BranddETNET- sy p. No.___ Quantity Represented IMLWPN
Sampled by L_qu\_hl Date s, 2=2% 0% Sampled at M—lk
————— . Stpl. No. ———————— . Usedat: Sta, - toSta. —_—
Stockpiled for: i ifutwre ___ ysein Pit No. _ _  Date Tested —_—
Field: (A ) (Rej ) based on —_—_— —
Material held pending laboratory report ——————————— Aggregates: washed — .scalped _____ :neither —_——
ASPHALT ROAD MATERIALS mu out all columns) Mix Design Desired

CERTIFICATE NO N | PLACE RECEIVED [STA __STA.

ASPH. MIX cL ———— base __ i leveling : wearing
Field Test Results —— Report all scresns used:
Screens

s course. Asph 1n myx: plan

MISCELLANEOUS

Fracture: Fine
Sand. Equiv.
Other Sieving:

Remarks:

FORM 350-056 (H.F. 26.81)
HWY REVISED 10/74
White Copy with Sample
Yellow Copy for Proj. Files

Ldo. 1vo...

TESTOF ot Gt Coper XC -
Srsted vl HO A TR o A

(e.on/_vrr.:‘_{'/'lc ,.(/rr/‘,/,-,fl,/s K

& /{r:_ 24 Hos
4225 19¢<o
#5020 Sivc
Lse 19
Averane= 4470 2T
CL "‘—-1 I3 6770

Distribution of Report Marerrav:

Mat'l Files
Gen'l Files ... Y% .
Dist. Engr.

R. V. LECLERC, P.E.
Materials Engineer

Proj. Engr. .. VT >
FHWA. oot By -/ /m&'&u
HWY Form 353 03 n ¢ ‘4—45

Revised 5




)

Lo.No. 7V ) S
Pit No.
i D420,

WASHINGTON STATE HIGHWAY COMMISSION
DEPARTMENT OF HIGHWAYS

N? 215708

MATERIALS LABORATORY

1655 So. 2nd Avenus Organization Code

Tumwater, Washington 98504 Place CLACNSBBUIKY Do - 2%, G Contract No. _ _.___,gy ﬂ

CSNa. —  SA.No/Gomd. IOV EZ.  fFa no. m"“;_‘ Contractor YA ¢

Section SR GO € €76 (L2 inif- DECK RKEPA K Sub. Contr.

Forwarded by: _O. I (* Control Sample No. __1___ QLL‘-\ALALAL].“:M_L’.&Q“ H
Brand VA~ 1.0. No. Quantity R

s. by 1o Lacay Date Sampled 4= 24 -15 o at - JOf < [§

— .Stkpl. No. : Used at: Sta. to Sta.

N for: i i s future susein Pit No. Date Tested

Field: (A ) (Rej ) based on

Material held pending laboratory report _______ Aggregates: washed i scalped ; neither

ASPHALT ROAD MATERIALS (Fili out all columns) Mxx Design Desired

ERTIFICATE NO. UCK/CAR NO. |__DOA

L I

ASPH. MIX CL. ; base :leveling wearing icourse. Asph.in mix: plan %; ext. %.
Field Test Results ____ Report all screens used:
Screens [ ' MISCELLANEQUS
% Pass | | Fracture: Fine % Coarse %
Spec’s. [ | Sand. Equiv.
Other: Sieving: wet [] dry (]
Remarks: | PAC OF ACCREEATC e yAS  PeR
APPKOYAL CF_MAT'L ¢ |0GA]
HWY RRCT 2055 [ e Project Engoewr “LLE Uiy [ o(5e 1
White C 1th Samp!
Vellow Copy for bror. Fies Phone No. APR 30 1979
Lab. Nol). 3
TEST OF
Lbr () 7 AN A T

. St

24 hr (f-mv-/i ©, 363 pa '

 Z A,:J)

MATERIAL:

Distribution of Report

S s e

Mat'l Files ............

Gen'l Files
Dist. Engr.

Proj. Engr. ..

FHWA.

HWY form 350-034 H ¢ 26 a1
Rev sed 5.73

X

Date

ST .2

72 oy Yl /fdé(/, .

R. V. LECLLERC, P. E.
Materials Engineer




LOCATION OF REHABILITATED CONCRETE
AND RESULTS OF PRE-REHABILITATION HALF-CELL AND CHLORIDE
TESTS ON CANDIDATE TEST BRIDGES

(BRIDGES 90/136 S, 90/140 S, 90/141 S,
90/145 S AND N, AND 82/20 N)






Bridge 90/136S "S. Cle Elum Rd. OC"
(Continuous Concrete Box Girder )
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Deck (1979)

Pre-Rehabilitation Data (Summer, 79)

Half-cell Readings (volts)

Chloride Test Location

®

Active Half-Cell Potential Contour

Pre-Rehabilitation Chloride/Half-Cell Data

and Location of Concrete Repairs on Bridge

90/136 S.
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Bridge 90/136 S - continued*

Sample Number Chloride Content, lb/cy**
1l 6.04
2 5.29
3 6.18
4 6.58
5a (1" - 1 3/4" depth) 6.58
5b (1 3/4" - 2 1/2" depth) 8.07
6 3.60

Driving Lane
Passing Lane

7 2.47
8 2.37
9a (1" - 1 4/5" depth) 6.32
9b (1 4/5" - 2 1/5" depth) 4.80
10 1.98
11 2.03
12 1.34

* Note that the reported longitudinal grid spacing of 8 1/2
is modified to fit the length of the bridge.

* % Sampling depth is 1 1/2" - 2" unless otherwise noted.
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390°

Bridge 90/140/S "Yakima River"
(Continuous Concrete Box Girder)
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Half-cell Readings (volts)
Active Half-Cell Potential Contour
and Location of Concrete Repairs on Brid

Chloride Test Location

Pre-Rehabilitation Data (Summer, 79)
90/140 S.
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Bridge 90/140 S - continued*

Sample Number Chloride Content, lb/cy**
1 7.81
2 0.40
3a (1" - 1 3/4" depth) 4.50
3b (1 3/4" - 2 1/4" depth) 3.07
4 6.04
5 1.88
6 9.05
7 7.07
8 0.79

Passing Lane
Driving Lane

9 4.55
10a (1" - 1 3/4" depth) 4.30
10b (1 3/4" - 2 1/4" depth) 2.03
10c (2 1/4" - 3" depth) 0.59
11 1.73
12 6.83
13 5.54
14 5.34
15 7.52

* Note that the reported longitudinal grid spacing of 8 1/2°'
is modified to fit the length of the bridge.
** Sampling depth is 1 1/2" - 2" unless otherwise noted.
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Bridge 90/141 S - continued*

*

%* %

Sample Number

Chloride Content, lb/cy**

1 10.19
2 3.86
3 1.31
4 5.34
5a (3/4 " - 1 1/4" depth) 4.35
5b (1 1/4" - 2 1/4" depth) 2.37
5¢c (2 1/4" - 3 1/4" depth) 0.89
6 2.03
7 4.75
8 1.39
Driving Lane
Passing Lane
9 3.02
10 0.89
11 3.81
l12a (? depth) 5.29
12b (? depth) 1.14
12c (? depth) 0.79
13 1.09
15 0.49
14 3.37

Note that the reported longitudinal grid spacing of 8
is modified to fit the length of the bridge.
Sampling depth is 1 1/2" - 2" unless otherwise noted.
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Bridge 90/145 N “"Highline Canal"
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Bridge 90/145 N - continued*

Sample Number Chloride Content, lb/cy**
1l 4.95
2 v 2.23
3a (1" - 2" depth) 0.20
3b (2" - 3" depth) 0.20
3c (3" - 4" depth) 0.20
4 6.83

Driving Lane
Passing Lane

5a (3/4" - 1 1/4" depth) 0.59
5b (1 1/4" - 2 1/4" depth) 0.20
6 0.20
7 0.74
8 6.53

* Note that the reported longitudinal grid spacing of 8 172!
is modified to fit the length of the bridge.

*% Sampling depth is 1 1/2" - 2" unless otherwise noted.
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Pre-Rehabilitation Data (Summer, '79)

Bridge 90/145 S “Highline Canal”

(Simple Span Prestressed Conc. Beams)
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Bridge 90/145 S - continued*

Sample Number Chloride Content, lb/cy*=*

1 0.49

2 0.84

3 0.49

4a (3/4" - 1 1/4" depth) 1.58

4b (1 1/4" - 2 1/4" depth) 0.54

4c (2 1/4" - 2 3/4" depth) 0.25
Passing Lane
Driving Lane

5 9.89

6 4.95

7 1.98

8a (3/4 " - 1" depth) 5.74

8b (1" - 1 3/4" depth) 0.99

8c (1 3/4" - 2 1/4" depth) 0.25

* Note that the reported longitudinal grid spacing of 8 1/2°
is modified to fit the length of the bridge.

* % Sampling depth is 1 1/2" - 2" unless otherwise noted.
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Bridge 82/20 N - continued*

*

* %

Sample Number Chloride Content, 1lb/cy**

1l 4.39

2 3.54

3 5.39
Driving Lane
Passing Lane

4 3.70

5 5.89

6 2.54

Note

that the reported longitudinal grid spacing of 8
is modified to fit the length of the bridge.

Sampling depth is 1 1/2" - 2" unless otherwise noted.
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APPENDIX B
DETAILS OF EXPERIMENT DESIGN






APPENDIX B

EXPERIMENT DESIGN

The following are the activities of the testing program:

A. GRID LAYOUT

Repeat the original grid pattern used in pre-rehabilitation testing for cach site

for easier comparison of "before" and "after" data.

B. CHAIN DRAGGING
Chain drag the AC to find possible delaminations or debonding. Map and outline

the areas of distress.

C. LOCATION OF CORES

Lay out the core locations on the test lane as indicated in Table B-1.
Adjustments, however, may be made in the field for the most appropriate location. Also,
distribute more core locations on the distressed areas, as indicated by chain dragging or
other means, until the total number of corecs are 18, 15, 10, 10 and 10 for bridges

90/135 S, 90/140 S, 90/145 N, 90/145 S, and 82/20 S, respectively.

D. PRE-WETTING CORE LOCATIONS

Pre-wet the core locations by spraying water mixed with a wetting agent and dye.
Repeat the wetting of the sites in series to allow ample time for the moisture to

penetrate. Also, pre-wet the electrical resistivity test sites as explained in item G.

E. VISUAL INSPECTION

Map and photograph the AC surface condition, including cracks of all types,
ravcling, patching, ctc. When possible, record and photograph the decck from below to

reveal conditions such as cracks, seepage, cfflorescence, spalling, ctc.
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F. EXPOSE REBAR FOR GROUND

Provide a ground for the electricallrcsistivity and half- cell tests by exposing the
rcbar. The number of grounds will depend on the number of joints and the continuity
of the rcbar and Iength of the bridge deck. Usc the data form given in Figure B-1 to

record the necessary data.

G. ELECTRICAL RESISTIVITY TESTING
Conduct the electrical resistivity tests in accordance with astm D3633 using the
grid pattcrn with a minimum of 5’ between the adjacent test sites and 2’ between a test

site and the curb.

H. CORING OPERATION AND ASSOCIATED TESTS

Obtain core samples through the AC and the membrane by dry coring at the
locations determined for this purpose (see item C). If the concrete is to be cored, the
core location should be chosen to avoid drilling through the rebar. Clean the remainder
of the membrane from the concrete if some of the membrane is left in place. Conduct
the tests as follows and record the information on the data form given in Figure B-2.

1. Determine the bonding and waterproofing properties of the AC/membrane

system by visually inspccting it.

2. Conduct half-cell tests on the exposed concrete in accordance with ASTM
C876.
3. Conduct a pachometer survey on the AC and measure the thickness of the

AC/membrane system to find the concrete cover thickness.

4. Visually inspect and sound the exposed concrete surface(sounding in this
case may not necessarily reveal distress).

5. Core the concrete in the locations determined for this purpose and inspect

any distress in the cored sample.
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Project: WSDOT/TRAC Bridge Deck Research, Membrane
Date:

Bridge No.:

Weather Condition:

Ground No.:

Ground Location

Distance from curb, ft:

Relevant longitudinal grid no.:

Pachometer reading conducted over AC.

Converted pachometer depth conducted over AC, in. (a)

Measured AC/membrane thickness, in.

Actual rebar depth measured from AC surface, in. (b)

Average correction for every inch depth measured by
pachometer over AC, in. (b-a)
a

Figure B-1. Data Form for Ground
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Project: WSDOT/TRAC Bridge Deck Research, Membrane
Date:

Bridge No.:

Weather Condition:

Core No.: Defective as sounded by chain over
AC: Yes No

Core Location

Distance from curb, ft.

Relevant longitudinal grid no.:

Bond® Moisture Dyed Moisture

Presence+ Presence+
i - k= f<— —
Fabric —— - ol il
Rubber-Asphalt . - -
Concrete ; ! < < <

° Mark the plane of separation when core is being
chiseled out and indicate interface bond as appli-
cable as low, moderate or high (L, M, H)

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H).

Concrete Surface Appearance: Sound Scaled Spalled

Result of Sounding Concrete Surface: Sound Delaminated

General Comments:

Figure B-2. Data Form for Coring Operation
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Bridge No.:

Core No.:

Half-cell reading, v

5 Reading

Q ©

+

QO

Eg=< Converted rebar depth, in.

£ T

O Cw . . )
293 Adjusted rebar depth, in. (a)

Measured AC/membrane thickness, in. (b)

Concrete cover thickness, in. (a-b)

Drawing and comments on distress in concrete if
cored:

Figure B-2. Data Form for Coring Operation (Continued)
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I. WATER CONTENT DETERMINATION

Select two core locations on each bridge, preferably those with signs of water
penetration. Take powdered concrete samples from a depth of 1/4" - 1-1/2" at each
location and keep the sample in a container so that the moisture in the sample will not
evaporate. Determine the percent of water content by weighing the sample wet and dry

and dividing the difference by the dry weight.

J. CHLORIDE CONTENT DETERMINATION

1. Resample the concrete for chloride content in the relevant core locations
(see Table B-1) using the same depth (see Appendix A). On bridge
82/20 N, however, sample concrete at 0 - 1/2", 1/2" -1", 1" - 1-1/2", and
1-1/2" - 2" at each previous chloride test location. This is to determine the
nature of the sampled concrete (if it is original concrete or patch concrete)
before comparing the results with "before" condition data.

2. On the cored areas known to be located on patches (see Table B-1) sample
the concrete at 0 - 1/2", 1/2" - 1", and 1" - 1-1/2" for chloride content
determination. On the driving lane of bridge 90/145 S, take chloride
samples in the concrete from two locations known to be patches (120 ft.
from EPS and 15 and 18 ft. from the curb) at depths of 0 - 1/2"

1/2" - 1"and 1" - 1-1/2".






APPENDIX C

STUDIES’ RAW DATA COLLECTED IN FIELD
AND LABORATORY






COLLECTED DATA ON BRIDGE 90/136 S
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Project: WSDOT/TRAC Bridge Deck Research, Membrane
Date: 5-28-85

Bridge No.:9¢//36 S

Weather Condition: fartly gunny (o5 F

Ground No.: |\

Ground Location i

/
Distance from curb, ft: 3

)
Relevant longitudinal grid no.: ~o.al+\

Pachometer reading conducted over AC IY

Converted pachometer depth conducted over AC, in. (a)] a5~

Measured AC/membrane thickness, in. .87
Actual conc.
Actual rebar depth measured from AC surface, in. (b) 387 Cover=).7
Average correction for every inch depth measured by .
pachometer over AC, in. (b-a) o.do 7/
a

C-9






Project: WSDOT/TRAC Bridge Deck Research, Membrane
Date: S-28-8S5

Bridge No.: 99//3¢ S

Weather Condition: Partly Sunny éa;f'

Core No.: |\ Defective as sounded by chain over
AC: Yes X No

Core Location
v
Distance from curb, ft. a

Relevant longitudinal grid no.: rO Y+ 3

cL %y.
- Moisture Dved Moisture
Bond Presences Precences Pre- Post- DePTh
r \
AC H ._T b— e
f \
Fabric —— :/L_ :\/M-v -: .9-‘17 '37 /2,
Rubber-Asphalt "—/L -—\/L—P -
Corcrete | [ “— —
s—/v__

® Mark the plane of separation when core is beira
chiseled out 2nd indicate interface nore as aocli-
cable as low, moderate or high (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H)

Concrete Surface Appearance: X _ Sound Scaled Spalled

Result of Sounding Concrete Surface: X __ Sound Delaninated

Gener21l Com-~erts:

L bind berween membrane ond Concreve {nY\ig cafe .«\A.cq"rc; Twat

membrane was Peela off by hemd
~> IndicaTe £1:9htN Toward Tie adja«nr Caﬁdug

Half-cell reading, v -—'//a

N .

s Reading 33
VO 4
6§39 | Converted rebar depth, in. 2.5
£ 0 n

vecaw y)
aS3 Adjusted rebar depth, in. (a) 3.57
Measured AC/membrane thickness, in. (b’ Q”
Concrete cover thickness, in. (a-b) lu‘)"" '

Drawing and comments on distress in concrete if
cored:




Project: WSLCCT/TRAC Bridge Deck Research, Membrane
Date: §-2 8- 85

Bridge No.: Q0//36 S

Weather Condition: Partly !’"’"‘3, (ao; F

Core No.: & Defective as sounded by chain over

AC: ___ Yes _X VNo
Core locaticn
/
Distance from curb, ft. 7.5

’
Relevant longitudinal grid no.: AJo. 10 -1.§5
clL 'b/:‘y,

Bond*® Moisture Dved Moisture
Presence+ Presence+ Pre- Post- DebPt,
AC ! I ._,? — — - s ”
Fabric —— [~ VL :fl"‘ - - 2.37 3.74 Yy —2
Rubber-Aspmalt —— |, - -
e | -— —
Corcrete A

® Mark the plane of separation when core is beira
ch:seled out 2nd indicate interface nors as aoprli-
cable as low, moderate or high (L, M, %).

+ Incdicate moisture presence as applicable as low,
moderate or high (L, M, H).

Concrete Surface Appearance: X Sound Scaled Spalied

Result of Soundina Concrete Surface: X Sound Delaninatec

Gerer2l Com~arts:

Half-cell reading, v -3
- Readin

ie 9 3
[RYNE] ]
535 | Converted rebar depth, in. 26
£ 0

vECcw

& 53 | Adjusted rebar depth, in. (a) | J.Lu4”
Measured AC/membrane thickness, in. (b} f.ésl'

Concrete cover thickness, in. (a-b) l‘"" !

Orawing and comments on distress in concrete if
cored:

C-1



Project: WSCOT/TRAC Bridge Deck Research, Membrane
Date: S-28-8S
Bridge No.: ?0//36 S
(-]
ion: \
Weather Condition: Partly Sum\g}go‘/‘:
Core No.: 3 Defective as sounded by chain over
AC: X_Yes __ No
Core location
Distance from curb, ft. 9

’
Relevant longitudinal grid no.: NOIQ-1S

?
Moristure, wt/

Bnd” | Brelences | hrecencer | Post Depth
AC ! ._\/L .(_\/H - b 27 y"_'l/”
Fabric ——— |- - - ) t- e
Rubber-Asphalt T___— | ‘ﬁ_ | -
Corcrete - “— -l
-——:\,__

© Mark the plane of separation when core is beinn
chiseled out 2nd indicate interface nordg as aocli-
cable as low, moderate or hign (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H).

Concrete Surface Appearance: X_ Sound Scaled Spalleq:

Result of Sounding Concrete Surface: Sound % Delaninated

Gerer21 Com~onts:

Half-cell reading, v -273
s Reading I3

o

VL0 2
Eg= Converted rebar depth, in. a.s

F -

veCcaw

2832 Adjusted rebar depth, in. (a) 3.5

Measured AC/membrane thickness, in. (b /.8,'

b

Concrete cover thickness, in. (a-b) f'7” ’

Drawing and comments on distress in concrete if
cored:




Project: WSCOT/TRAC Bridge Deck Research, Membrane
Date: $-28. 85
Bridge No.: 70//3‘ S

 Meather conaition: Partly Sunny, 60 F.

Core No.: Lf Defective as sounded by chain over
AC: Yes ¥ _ No

Core Location
Distance from curb, ft.

Relevant longitudinal grid no.:

5 Moisture Dved Moisture
Bond Presence+ Presence*
r ,
AC L— — L
P S T v
Fabric —— [~ - -
Rubber-Asphalt ‘—fM - -
potee ' el —
Corcrete .
~_¢V._

° Mark the plane of separation when core is beina .
chiseled out and indicate interface nord as aouli-
cable as low, moderate or high (L, M, H).

+ Incdicate moisture presence as applicable as low,
moderate or high (L, M,

Concrete Surface Appearance: X  Sound Scaled Spalled

Result of Sounding Concrete Surface: X Sound Delaminated

Gener21l Com—erts:

Two membraneS overlapPed \'n Yl Core [ocaTion-.

Half-cell reading, v —-48
to Reading go
prapy

[V “
Eyux Converted rebar depth, in. 26
£L£ O

veco . ) “
aS3 Adjusted rebar depth, in. (a) 3. 4
Measured AC/membrane thickness, in. (b} (. 8S”

Concrete cover thickness, in. (a-b) 1.7¢"

Drawing and comments on distress in concrete if
cored:




Project: WSCOT/TRAC Bridge Deck Research, Membrane
Date: S-2 §-8S

Bridge No.: %//36 S

Weather Condition: fr#hy !‘”"‘3,60} F

Core No.: § Defective as sounded by chain over

AC: Yes x No
Core Location
/
Distance from curb, ft. 7

’
Relevant longitudinal grid no.: NOo.IS-3 .5

cL bz,
N Moisture Dved Moisture
Bond Precence+ Presences | Pre- Pos 1~ DePtly
( ) ——
AC .—\/L n—ﬂ. - p— K
. !___.' _ - - 12.50 0- '/z,
Fabric o—— |- - - PR
Rubber-Asphalt T___— | \/L | - 7.63 1y =1
Corcrete A - “ — 5.64 Vi Y

° Mark the plane of separation when core is beina
chiseled out and indicate interface norn2 as aocii-
cable as low, moderate or hign (L, M, 4).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H)

Concrete Surface Appearance: " _ Sound Scaled Spalied

Result of Souncing Concrete Surface: x® Sound Delaninatec

According To The backgreund inferwmaTion Tha Core 1's locate d

on a Patch , Howeutr Yo Color of CancreTe im Wu hole dvifted

for C8 7§ Aray I'ke norwmal Pe (ontreTe aual moT byown:th

aof dark ke The TyPical PaTcl ConcréTe ufed on YThajte bridjafe

Half-cell reading, v --20606
Reading 36
Converted rebar depth, in. 2

Pachometer
conducted
over AC

Adjusted rebar depth, in. (a) 3.36"

Measured AC/membrane thickness, in. (b I.8"

Concrete cover thickness, in. (a-b) ). 56"

Drawing and comments on distress in concrete if
cored:




Project: WSLCCT/TRAC Bridge Deck Research, Membrane
Date: §-28-85

Bridge No.: 70//36 S

Weather condition: fartly Sunngjbo.s F

Core No.: S" Defective as sounded by chain over
AcC: X Yes __ No

Core location
/
Distance from curb, ft. /o

’
Relevant longitudinal grid no.: AO.[&-2

- Moisture Dved Moisture
Bond Presence+ Precence+
[ .
AC ' - pe—
S
Fabric ——— '_-\fL :\/m

Rubber-Asphalt

I TI7T

‘—ﬂ e

-

Corcrete

——=
‘I

s—av__
® Mark the plane of separation when core is beina

chiseled out 2nd indicate interface ~ors as aprii-
cable as low, moderate or hign (L, M, ).

+ Incdicate moisture presence as applicable as low,
moderate or high (L, M, H).

Concrete Surface Appearance: X _ Sound Scaled Spalied

Result of Souncdina Concrete Surface: Sound X Delaminated

Gerer21 Com—erts:

Half-cell reading, v —-320

Reading 35

Converted rebar depth, in. 2.5

Pachometer
conducted
over AC

Adjusted rebar depth, in. (a) G-SI/

’
Measured AC/membrane thickness, in. (b} -8

Concrete cover thickness, in. (a-b) ’-7"

Drawing and comments on distress in concrete if
cored:

ConcreTe Cored;

The nature of ConcreTe (s origi nal . Two (ayers )5
of delawminations were detecred Unte Cdre Sawmble
which became free after clr:ll.'ng e PerimeTey
of e Core. Ya Jde laminated ConCvre¥e Cawe sut
(n Tie Coring bore.

C-15




Project: WSCOT/TRAC Bridge Deck Research, Membrane

Date: 5-26-85
Bridge No.: 96 //36 S

-
Weather Condition:Tart'y sumny oS E

Core No.: 6 Defective as sounded by chain over

AC: ___ Yes
Core Location

Distance from curb, ft. (,/

X Ne

’
Relevant longitudinal grid no.: No_ 7] + .S

AC

Fabric ——0rH -
Rubber-Asphalt "—fL

Corcrete ;_,v__

cL, '%.y,
-~ Bond® Moisture Dved Moisture
Presence+ Presence+ Pre- Post- DePH.
: | b=V
H ‘ L—V L h— — "
— [ N 743 o- V.
L b— 8 ; ) “ 4
- I .S /;’ )
| e — ,’ I'
' ¢“.15 i,
® Mark the plane of separation when core is beinn
chiseled out 2nd indicate interface nord as aocli-
cable as low, moderate or high (L, M, H)
+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H)
Concrete Surface Appearance: X  Sound Scaled Spalied
Sound Delaninated

Result of Souncding Concrete Surface: X

Gerer21l Com—errs:

Actordinyg To Tae bac KJround (n€orwaation The Coye 1§ locaTed
on a Patch. /Jaueufr, J%e aPPetronte of Yty con(reTe a S Seen

jn Te hole drilled for a2 ;s Quest.onable

P‘r‘h ) .

Half-cell reading, v -.205
~ Readin

23 : S 1
LIRS ]

S39< | Converted rebar depth, in. 2.3%
£ 0 .

veEc e

282 Adjusted rebar depth, in. (a) 3.2,7."
Measured AC/membrane thickness, in. (b’ ].65%
Concrete cover thickness, in. (a-b) |- 57"

Drawing and comments on distress in concrete if

cored:

(.e, or g nal or



Project:

WSLCOT/TRAC Bridge Deck Research, Membrane
Date: 5-28-85
Bridge No.:90//36 S

Weather condition: Partly Sunny 0% F

Core No.: ‘7

Core location

Defective

AC: X _ Yes

/
Distance from curb, ft. 7.5

’
Relevant longitudinal grid no.: AMO./8+2

as sounded by chain over
No

bePti.

cl, 'y,
- Moisture Dved Moisture
Bond Presence+ Precsence* Pre-
— \
AC L — l— L
Fabric ——m— "“/L - '-_-/;. .32
Rubber-Asphalt L VR - L 4. 80
fo— | e
Corcrete -
._/v._.
° Mark the plane of separation when core is beina
chiseled out and indicate interface rord a3 aocli-
cable as low, moderate or hign (L, M, H).
+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H

Concrete Surface Appearance:

Result of Souncding Concrete Surface:

Gereral

Com~erts:

X Sound

Scaled

Spalied

Sound K Delaninated

tle Plane of delaw.. nation coypd be feoon r'n The hole drilled
for < in Tt ConcreTe, & S abouT 0.5” below ConcreTe
gurfate o-ot ,s manly toward EPS.

Half-cell reading, v ""7‘3/
Ly Reading “o
-~ o

RYyS) L]
Eu< Converted rebar depth, in. a3
£ O

vecae .

« 33 |Adjusted rebar depth, in. (a) | J22"
Measured AC/membrane thickness, in. (b} [.65'
Concrete cover thickness, in. (a-b) 1.57”

Drawing and comments on distress in concrete if
cored:

T
7] "
-2



Project: WSLCOT/TRAC Bridge Deck Research, Membrane

Date: S5-28-8S5
Bridge No.: 70//36 <

Weather Condition: Par'r‘g ‘S“""“s,Gos.F

Core No.: A& Defective as sounded by chain over

AC: Yes
Core location

/
Distance from curb, ft. 8

4 No

Relevant longitudinal grid no.: AJO QS

Moisture

Bond® Presence+

Dved Moisture
Presence*

ac | | 1-

Fabric —0—0on88— -
Rubber-Asphalt "—\/H

FrTTT

T TITT

Corcrete
s——N—_—

® Mark the plane of separation when core )
chiseled out and indicats interface nord as aocli-

cable as low, moderate or hign (L, M, 4).

is beira

+ Incicate moisture presence as applicable as low,

moderate or high (L, M, H)

Concrete Surface Appearance: bl Sound Scaled

Result of Souncding Concrete Surface: X__ Sound

Gerer21l Com~erts:

Half-cell reading, v - 26
t o Reading 36

-~

U O

Eux Converted rebar depth, in. 2.u"
£ 0O

vew . L
282 Adjusted rebar depth, in. (a) J.36
Measured AC/membrane thickness, in. (b} K 6S°*

Concrete cover thickness, in. (a-b)

171"

Drawing and comments on distress in concrete if

cored:

Spalied

Delaninated



Project: WSLOT/TRAC Bridge Deck Research, Membrane
Date: 5-28-85
Bridge No.: ?0//_?6 S
°
W ion: \
Weather Condition: Paytly Swnwmy, G o F.
Core No.: 7 Defective as sounded by chain over
AC: LY. Yes No
Core Locat:ion
4
Distance from curb, ft. /0.5

. /
Relevant longitudinal grid no.: AJO. L8+

N Moisture Dved Moisture
Bond Precence+ Presence*
r ,
AC K b — T be— b
g Vi N |
Fabric c——— [~ [ -
Rubber-Asphalt . | \/-L - l
Corcrete | - “— —
Cr
._lv__

® Mark the plane of separation when ccre is beina )
chiseled out and indicate interface ~ord as aocli-
cable as low, moderate or hign (L, M, 4).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H).

Concrete Surface Appearance: Y Sound Scaled Spalied

Result of Souncina Concrete Surface: Sound % Delaninated

Gener21l Com~erts:

Half-cell reading, v —J140

Reading 31

Converted rebar depth, in. 2.t

Pachometer
conducted
over AC

- 4
Adjusted rebar depth, in. (a) J~3Q'

Measured AC/membrane thickness, in. (b} Q.17

Concrete cover thickness, in. (a-b) -3 Al

Drawing and comments on distress in concrete if
cored:




Project: WSLCOT/TRAC Bridge Deck Research, Membre;ne
Date: 5-28-85

Bridge No.: 90 //76 S

Weather Condition: Partly Sum\m(po}F

Core No.: q-, Defective as sounded by chain over
AC: X Yes No
Core location
7
Distance from curb, ft. 7 p
Relevant longitudinal grid no.: AJO.3| -1\

Bond® Moisture B'\'vd Maigsture
on Presence+ Presence*

s i -t — VM

Fabric —m—

FTIrT

Rubber-Asphalt T——— | v L
Corcrete —A— - “— - ]
° Mark the plane of separation when cnre 14 beina
ch:seled out ond ind'cate antertace nort ay aurla-

cable as low, moderate or high (L, M, 4).
+ Indicate moisture presence as applicable as low,

moderate or high (L, M, H)
Concrete Surface Appearance: X _ Sound Scaled Spalied

Result of Souncding Concrete Surface: Sound X Delaninatec

Gererzl Comwerrts:
foncreTe Auvfale aPPeavanle Suyyes7s
Parch mraTeccal.,

Half-cell reading, v -248

Reading 3q

Converted rebar depth, in. 2.37

Pachometer
conducted
over AC

Adjusted rebar depth, in. (a) J.2

Measured AC/membrane thickness, in. (b} V.6

Concrete cover thickness, in. (a-b) Lk

Drawing and comments on distress in concrete if

cored: .
Concrete Cored ; : | s >
\ .5” be\
He concreTesr nature s Patel , qarker /' color «1'% E ﬁ %'.e—"
U’““"“.“‘) o wWiHe frngr a3)reyate. tlee delaminated rmore Sean. A
Pavt Was freed while corn seed Came N Tha Paten AT el Underneatt,

oring bsre . Fuwo Planes of delauimations can be
detected. mowPatcle waterial s le€t ,'m Place ’nd atng
delawimations net de bondina. Mt Pafcl waateral
lookS i'nfer.'or ('n quial'ty o-sl St reng7 . After M remacnder
Of Tl Concrete /'n place was chiselod out ,7wo lon g, tudnal rpboy
Could be S@en /n rte cove location . Mo Corvosion on Tle ‘ong. rebar
Could be Visually detected . Extenfion of He Plane of delawr |5 visible
N the Creuwmterente of T Core. M
C_20 ExTension EFS

of Plane of
detama,



Project: WSCOT/TRAC Bridge Deck Research, Membrane
Date: 5.29_85
Bridge No.:96//36.5
Weather Condition: \ ¢
. Heather Condition: Partly cloudy ¢4 SF

Core No.: [0 Defective as sounded by chain over
AC: Yes X No

Core location
Distance from curb, ft. %

Relevant longitudinal grid no.: A6, 33

CL 7 I&/C-Y.
- Moisture Dved Moisture
8ond Presence+ Presences Pre- Post- Deptly
r )
AC H l be— L u_‘/m - "
[ SN vi | 0.20 o- Yy
Fabric ——— I~ — _ "

T - "

Rubber-Asphalt —— L /iy - - o5 o=
! o
Corcrete A - — - 0.30 - s

® Mark the plane of separation when core is beinn
chiseled out and indicate interface nord as aocli-
cable as low, moderate or hign (L, M, H)

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H)
Concrete Surface Appearance: ¥  Sound Scaled Spaliled

Result of Sounding Concrete Surface: X Sound Delaninated

Gener21l Com-mercts:
ConCrate Suvrface qPPParante PaTtl. widalev.al ,
davk brewn'gh fn color-

Half-cell reading, v — 1%

Reading R |

Converted rebar depth, in. 2-3"

Pachometer
conducted
over AC

. ’ ‘l
Adjusted rebar depth, in. (a) 3J.2v

Measured AC/membrane thickness, in. (b} 2.0”

Concrete cover thickness, in. (a-b) I.Z,L"

Drawing and comments on distress in concrete if
cored:

c-21



Project: WSDOT/TRAC Bridge Deck Research, Membrarne
Date: §-249-8S
Bridge No.: 70//36 S
-
Weather Condition: Part\y cloudy ¢ o F

Core No.: || Defective as sounded by chain over
AC: X Yes No

Core location

7

Distance from curb, ft. O

Relevant longitudinal grid no.: No, . 3S- 3.8

°
Morsture , wt /
- Moisture Dved Moisture
Bond Presence+ Presence+ Pos1- D¢ Pth
r ,
AC M e — — 2
S S R 4.8 Vo1
Fabric c—nu—r |~ —VL - g4~
Rubber-Asphalt T | \ﬁ_ L \fL -
Corcrete . [ “— -
s—~_

® Mark the plane of separation when core is beina
chiseled out znd indicate interface nor< as aocli-
cable as low, moderate or hiqn (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H).

Concrete Surface Appearance: X _ Sound Scaled Spalied
Result of Sounding Concrete Surface: Sound X Delaminated
F'S
Gerner21 Com~earrs:
“
A 03" ek Surbace layer of ConcCrete wag &5 cs”:c‘“;:ﬁ N
N N . rave .
Partially SeParaTed (n the Core locaTion ne Wt d
To Te hole dvilled 'n Yo conteeTe {or Mmoisture

Content, ) EPs Mole drilled for
Mo.:?m\ Conteny
“‘"’Q‘Uun‘u‘“r

Half-cell reading, v -2 8%

t s Reading “£?3

-~ o

Ve 1,

Eyu=< Converted rebar depth, in. .27

£ O

vCcuw ) »

2832 Adjusted rebar depth, in. (a) J.08"

Measured AC/membrane thickness, in. (b [. §”

Concrete cover thickness, in. (a-b) '.2.8,'

Drawing and comments on distress in concrete if
cored:

C-22



Project: WSLOT/TRAC Bridge Deck Research, Membrane
Date: S5-24-85

Bridge No.: ?0//365

Weather Condition: *

MWeather Condition: Part\y cloudy, Go's F

Defective as sounded by chain over

AC: Yes Y No

Core No.: )&

Core Location
Distance from curb, ft. (¢

/
Relevant longitudinal grid no.: AJO.J7- 3.5

C‘L . ,b/cy-

R Moisture Dved Moisture
Bond Presence+ Presence+ &e— Past- DePily
AC l— L n o w
.48 o. W, -2
Fabric '-\/L - \/L F‘—' 71 7o
Rubber-Asphalt L ﬂ_ L_ ﬂ L
Corcrete _4_“___,,_A_”J‘,; D

plane ot separation when core is beina
chiseled out 2nd indicate interface nord as aocli-
cable as low, moderate or high (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H)

Concrete Surface Appearance: %, Sound Scaled Spalied

Result of Souncing Concrete Surface: X__ Sound Delaninated

Gerer21 Com~errs:

Half-cell reading, v -.268

Reading 2 S

Converted rebar depth, in. Q.al'

Pachometer
conducted
over AC

Adjusted rebar depth, in. (a)> 3.?2"

Measured AC/membrane thickness, in. (b! 2.3%

b

Concrete cover thickness, in. (a-b) |. 62"

Drawing and comments on distress in concrete if
cored:

C-23



Project: WSCOT/TRAC Bridge Deck Research, Membrane
Date: 5'-?.4—85

Bridge No.: 70//3(: S

Weather Condition: Partly ctouéy)(,o’g F

Core No.: )3 Defective as sounded by chain over
AC: Yes M _ No
Core Location

/
Distance from curb, ft. 2’

'
Relevant longitudinal grid no.: AJO 7%

0
CL, b/c.y.
. Moisture Dved Moisture
Bond P?;gex:g‘ ) Presence* Pre- Post- Pefily
f | p)
AC [ b— 1 h— b LYo
N | 2.03 (.\q Yy -2
Fabric c—07> [~ VL [ v L
Rubber-Asphalt | YH L h—
Corcrete : [ - [
B h—ly__

® Mark the plane of separation when core is beinn )
chiseled out 2nd indicate interface norns as aocli-
cable as low, moderate or high (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H).

Concrete Surface Appearance: M. Sound Scaled Spalied

Result of Sounding Concrete Surface: prd Sound Delaninatecd

Gener21 Com=errs:

Half-cell reading, v ~13%
. Reading 22
-~ o

go= “
[ Converted rebar depth, in. 2.9
£ O

v Ccw

< 53 | Adjusted rebar depth, in. (a) Y.006
Measured AC/membrane thickness, in. (b 2-8gs*

9,
Concrete cover thickness, in. (a-b) l.av”

Orawing and comments on distress in concrete if
cored:

C-24



Project: WSLCOT/TRAC Bridge Deck Research, Membrane
Date: §-294-85
Bridge No.: 70//365
Weather Condition: Payt! %
 Weather Condition: Partly cloudy ¢eJF ..

Core No.: 'L.|. Defective as sounded by chain over

AC: X Yes No

Core locat:ion
Distance from curb, ft. |[’

/
Relevant longitudinal grid no.: No, “2 -l

- Moisture Dved Moisture
Bond Presence+ Presence*
ac f | |- L L
Fabric —0non0 '—‘/L :\/M -
Rubber-Asphalt "'(L - ‘/ -
Corcrete - “— » —
' ——

° Mark the plane of separation when core is beirn
chiseled out and indicate interface nornd as ao:r
cable as low, moderate or hign (L, M, H).

-+ Incdicate moisture presence as applicable as low

moderate or high (L, M,

Ti-

.

Concrete Surface Appearance: ¥ Sound Scaled Spalied
Result of Soundinag Concrete Surface: Sound X, Delaninatec
Pateh

Gerer21l Com~ernts: or:Jinal

cencrete aPPearance dark hrowni¢h

Ve Patcll M“fgf.'*‘anvé weS . WwP$ EF_s

toward EPS or g nal Concrete -

Half-cell reading, v _.377
E,__, Reading 28

P ”

6 5= | Converted rebar depth, in. Q-5
£ o .

veEc o . K P
& 53 | Adjusted rebar depth, in. (a) | 3.§%

Measured AC/membrane thickness, in. (b’ [,5"’

Concrete cover thickness, in. (a-b) a" ‘

Drawing and comments on distress in concrete if

cored:

L'”
(onCreTe cored: < s
T delawainated was Preed while clv:(\.‘-\a Q_V‘ \"1 VEZR
arel Cawre out in Tla €oring bore. fte 3
Plant of delaw extends Prow. Mee ar.9'nal 7 n'v;?
Con Crete rate 1Tt Pqtch Jetting Cloger s Patch 2 (")
The Surface. vaaterial
C-25 More Patri.
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Project: WSLCOT/TRAC Bridge Deck Research, Membrane
Date: §.-29-85

Bridge No.: qyl}‘ Ky

Weather Condition: Paytly cloudy,po's F

Core No.: IS Defective as sounded by chain over
AC: Yes X No

Core Location
Distance from curb, ft. I0/
Relevant longitudinal grid no.: NO L6 ..\(’
cL, Ibjy,

5 Moisture Dved Moisture
Bond Presence+ Presence+ Pre- Post- Deptlv
r )
AC -vel — Vi - - v
. l———J | | .34 0.59 Vi 2
Fabric —m0n00 - - -
Rubber-Asphalt T__—— | /4 - \/L. -
o L P L—
Corcrete
u+
° Mark the planec of separation when core i5 heina
chiseled out and indicate intertace nord as avpli-
cable as low, moderate or hign (L, M, 4).
+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H).
Concrete Surface Appearance: X Sound Scaled Spalied

Result of Souncding Concrete Surface: X Sound Delaninated

Gener21 Com~erts:

Half-cell reading, v --238

Reading 30

Converted rebar depth, in. T4

Pachometer
conducted
over AC

Adjusted rebar depth, in. (a) | 3.36"

Measured AC/membrane thickness, in. (b 128"

Concrete cover thickness, in. (a-b) Zn”

Drawing and comments on distress in concrete if
cored:

C-26



Project: WSDCOT/TRAC Bridge Deck Research, Membrane
Date: §-249- 8S
Bridge No.: ‘1°/I36 S

| Weather Condition: PAYt\Y cloudy, goSF

Core No.: ) §-\ Defective as sounded by chain over

AC: X_ Yes No
Core Location
/
Distance from curb, ft. |2

’
Relevant longitudinal grid no.: ,Uo‘\-y:} + 5

Bond® Moisture Dved Moisture
Presence+ Precence*
A} | b-vi vV L
Fabric —— |~ - -
Rubber-Asphalt ;\/L L VM -
1 L . -
Corcrete A

® Mark the plane of separation when core is beina ]
chiseled out 2nd indicate interface nor3 as aocli-
cable as low, moderate or high (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H)

Concrete Surface Appearance: X. Sound Scaled Spalled

Result of Souncing Concrete Surface: Sound X _ Delaminated

Gerer2l Commernts:

Half-cell reading, v —‘364

o Reading 31

-~ o

LR RS ) .

§S5< | Converted rebar depth, in. 2.4

£ o n

vcCc e .

2832 Adjusted rebar depth, in. (a) 3.36"
N

Measured AC/membrane thickness, in. (b] [.&S

Concrete cover thickness, in. (a-b) (Bl o

Drawing and comments on distress in concrete if
cored:

c-27



COLLECTED DATA ON BRIDGE 90/140 S
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Project: WSDOT/TRAC Bridge Deck Research, Membrane
Date: 5-30 -85

Bridge No.: qo/ /40 s

Weather Condition: Partly croudy ¢o'sF

Ground No.: ! -

Ground Location

Distance from curb, ft: ki

/

Relevant longitudinal grid no.: ap. 25 +2.5

Pachometer reading conducted over AC. 28

Converted pachometer depth conducted over AC, in. (a) 2.6"

Measured AC/membrane thickness, in. Q457
Actual Conc.
Actual rebar depth measured from AC surface, in. (b) .5 cover = .05
Average correction for every inch depth measured by 3
pachometer over AC, in. ,b-a 0.73
( a ) . &
Ave. Correction for Core 4 G, bot . Jgs-2G" 048 *,
Z-6"
AVe. Corvection Fox cove f 7, ba . fl._’:ELj_"_ - 0.5z,
N A
Ave. Cocrection for core % & /2:5.6_, J80-2ze’, 0.%¢ 7,
26"

ToTAL Ave.—p 0.55 */,

C-37






Project: WSCOT/TRAC Bridge Deck Research, Membrane
Date: §- Jo-8S
Bridge No.:90 /40 S
Weather Condition: Partly cloudy, (,,;F
Core No.: | Defective as sounded by chain over
AC: ___ Yes X __ No
Core Locat:ion

Distance from curb, ft. /o/

’
Relevant longitudinal grid no.: AJO.7 ¢ 3

cL, 'bry.
Moisture Dved Moisture

Bond® Presence+ Presence+ Pre- Post-

AC ! L- V1 :\/H 2.8 4.3

Fabric e

|
FTTTT

Rubber-Asphalt . fM l
Corcrete — -
+

® Mark the plane of separation when core is beina ]
chiseled out and indicate interface nornd as aocli-
cable as low, moderate or hign (L, M, 4).

+ Incicate moisture presence as applicable as low,
moderate or high (L, M,
Concrete Surface Appearance: _Y Sound ___ Scaled ___ Spalied

Result of Souncing Concrete Surface: Sound X Delaninated

Gerer2l Com~erts:
M bond between mermbrane awel concrete vn TWs cale
ind:cates that naews brane wa s Peeled off by hawd .-

Half-cell reading, v ""77

Reading 27

Converted rebar depth, in. 2.6

Pachometer
conducted
over AC

Adjusted rebar depth, in. (a) Lf-l)_}"'

Measured AC/membrane thickness, in. (b’ I-"I‘"

Concrete cover thickness, in. (a-b) 2.63” |

Drawing and comments on distress in concrete if
cored:

C-38
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Project: WSDOT/TRAC Bridge Deck Research, Membrane

Date: 5-30-85

Bridge No.:906/140 S

Weather condition: Partly cloudy | ¢, °F

as sounded by chain over

_K_No

Defective
AC: Yes

Core No.: [
Core Location
4
Distance from curb, ft. S.S

Relevant longitudinal grid no.:rJO.T-le

N Mogisture Dved Mnisture
Bond Precence+ Precence+ Pre-
— '
AC ! L— e— b
: L_ VL L VH | o.4o
Fabric e——— [~ [ L
Rubber-Asphalt "‘/M - -
Corcrete - “— -
_.av_

¢ Mark the plane of separation when core is beina
chiseled out 2nd indicate inte-face nord as aocli-
cable as low, moderate or high (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H)

Sound _____Spalied

X Sound

Concrete Surface Appearance: X Scaled

Result of Souncing Concrete Surface: Delaninated

Gerera2l Com-ernts:

-J33
Reading 23
2.8”

Adjusted rebar depth, in. (a)- “.3%

Half-cell reading, v

Converted rebar depth, in.

Pachometer
conducted
over AC

”
Measured AC/membrane thickness, in. (b} L-\S

/.89

Concrete cover thickness, in. (a-b)

Drawing and comments on distress in concrete if
cored:

C-39
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Project: WSDOT/TRAC Bridge Deck Research, Membrane
Date: §-306- 85

Bridge No.: Qo/1406 §

Weather Condition:Partly C(oud*j/(,o:; F

Core No.: 3 Defective as sounded by chain over

AC: ____ Yes X No
Core Location
’
Distance from curb, ft. (0,§

Relevant longitudinal grid ne.: AO,(b

cL.,'bty.
- Moisture Dved Moisture
Bond* Presence+ Presence+ Pre- Post- DePtty
r \

AC L— v — 7Y L ‘ ”
- | Vi | 0.25 o- "%

Fabric re—oun- - _‘_ - v

Rubber-Asphalt ‘_(H L - 0.206 ‘/L"

pote | — L4

Corcrete [ 0.20 ) _“/;"'

® Mark the plane of separation when core is beira )
chiseled out and indicate interface nors as aocli-
cable as low, moderate or hignh (L, M, 4).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M,

Concrete Surface Appearance: ¥ Sound Scaled Spalied

Result of Soundinag Concrete Surface: x Sound x Dela=inated a,uui.'on.[,lg?

Gerer2l Commenrs:

Con u.n'gg a Ppeavante SuygesTS Patch watevial.

Half-cell reading, v --Iso

Reading T ¢

Converted rebar depth, in. N

Pachometer
conducted
over AC

Adjusted rebar depth, in. (a) I

Measured AC/membrane thickness, in. (b} ’.ZS,'

Concrete cover thickness, in. (a-b) 2.4

Drawing and comments on distress in concrete if
cored:

C-40



Project: WSCOT/TRAC Bridge Deck Research, Membrane
Date: §-30- 85
Bridge No.:90/l40S
| Weather cCondition: Partly cloudy, ¢os F
as sounded by chain over

X _No

Defective
AC: __ Yes

Core No.: U
Core location
[
Distance from curb, ft. 2.

’
Relevant longitudinal grid no.: MO.J7- 3

cL, Ibsey.
B Moisture Dved Moisture
Bond Presence+ Presence* Pre-
— ,
AC - VH — V1 - /.88
Fabric c—— [~ - - )
Rubber-Asphalt T ‘-fH- - -
Corcrete - “— —
._v_—

® Mark the plane of separation when core is beina
chiseled out and indicate interface cord as aocli-
cable as low, moderate or hignh (L, M, H).

4+ Indicate moisture presence as applicable as low,
moderate or high (L, M,

Concrete Surface Appearance: Scaled Spalied

¥ Sound
_X__ Sound

Result of Souncding Concrete Surface: Delaminated

Gerer2l Commerts:

Half-cell reading, v -6
t o Reading J"(
-~ o

WO

E3< | Converted rebar depth, in. 2"
£ 0

vcw . - b
292 Adjusted rebar depth, in. (a) 3.7
Measured AC/membrane thickness, in. (b! ’L.\ f
Concrete cover thickness, in. (a-b) k"

Drawing and comments on distress in concrete if
cored:

C-41
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Project: WSLCOT/TRAC Bridge Deck Research, Membrane

Date: 5-30-85
Bridge No.:qo/1M08
Weather Condition: Partly ctleud

Core No.: -] D
A

Core location

Distance from curb, f

Y,6osF

efective as sounded by chain over

C: _x_Yes

. &

No

,
Relevant longitudinal grid no.: N0.18—|

Bond*

Moisture
Presence+

Dved Moisture

Presence= Pest-

AC ! | 1
Fabric c———0u10o [~ Vi
Rubber-Asphalt T ___— | \/i_

VL

FTTTT

-

.

h—

3.7

Corcrete
-—V——

° Mark the plane of separation when core is beinn
ndicate interface rord as aorli-
cable as low, moderate or higqn (L, M, 4).

+ Indicate moisture presence as applicable as low,

chiseled out and i

moderate or high (

Concrete Surface Appearance:

Result of Sounding Concrete Su

Gerer21 Com—erts:

L, M, H)

¥ __ Sound Scaled Spalied

rface: Sound

Ac cove SamPle Cractured.
concrete’s Surface was gPafled while FamPling
for waoistuve ConTent by c‘vfl(-‘nj Tlnrougla.‘

X_ Delaninated

Half-cell reading, v

- 315

s Reading o
-~ o

LTRSS ]

Eux< Converted rebar depth, in. 2-6"
£ 0w

vCcw

& 53 | Adjusted rebar depth, in. (a) 03"
Measured AC/membrane thickness, in. (b} 2.3 ”

Concrete cover thickness,

in. (a-b)

1-73*

Drawing and comments on di
cored:

stress in concrete if

C-42
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Project: WSCOT/TRAC Bridge Deck Research, Membrane
Date: §_-30-9S5

Bridge No.: 96/(405S

Weather Condition: Paytly cloudy, ¢osF

Core No.: § Defective as sounded by chain over
AC: Yes X No

Core Locatiocn

’
Distance from curb, ft. /0.§

’
Relevant longitudinal grid no.: AJo./q. Y
L.y,
. Moisture Dved Moisture
Bond Presence+ Precence* Pre- PosT-
—
AC | - VL — VM -
Fabric F— h— — o.19
—— [ - —
Rubber-Asphalt *—V/-H - | o.M
Corcrete —— - - - 0.3S

© Mark the plane of separation when core is beinn
chiseled out and indicate interface ~or3 a3 aorii-
cable as low, moderate or hign (L, M, H).

4+ Indicate moisture presence as applicadble as low,
moderate or high (L, M, H)

Concrete Surface Appearance: X _ Sound Scaled Spalied

Result of Souncing Concrete Surface: X__ Sound Delaminated

Gener2l Com~erts:

concrete’s aPReavante Svyyests FaTh iwaTeral.

Half-cell reading, v -:|S§
te Reading 34
-~ o

WO

SS< | Converted rebar depth, in. 2l
P -IN N

9s? s /,
=82 Adjusted rebar depth, in. (a) 3.7
Measured AC/membrane thickness, in. (b} 2-.3¢ 7%

Concrete cover thickness, in. (a-b) "37" ‘

Drawing and comments on distress in concrete if
cored:

c-43
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Project: WSDOT/TRAC Bridge Deck Research, Membrane
Date: 5_30-8S5
Bridge No.: 40/1t0 §
@
Weather Condition: Pguf\g ((‘“4‘5/60 s F
Core No.: G Defective as sounded by chain over
AC: Yes X No
Core location
’
Distance from curb, ft. 7. S

Relevant longitudinal grid no.: AJO. 27}

CL) Ib/c'Y.
- Moisture Dved Moisture
Bond Fresence+ Presence+ Pre- Ps1- DePtty
f \
AC ' k— T be— p— n /"
S . .So My -2
Fabric e—nn [~ Vi :l//‘-’l - 9.05 3-S £
Rubber-Asphalt —— — | ﬂ_ - -
Corcrete . - “— [—
s—lv.__

° Mark the plane of separation when core is beina
chiseled out and indicate interface nord as aocli-
cable as low, moderate or high (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M,

Concrete Surface Appearance: X _ Sound Scaled Spalied

Result of Souncding Concrete Surface: ) Sound Delaninated

Gerer21 Com~erts:

Half-cell reading, v ~l4s

Reading 8

Converted rebar depth, in. LG

Pachometer
conducted
over AC

Adjusted rebar depth, in. (a) | M\.p3”

Measured AC/membrane thickness, in. (b) 2.3 5"

Concrete cover thickness, in. (a-b) \-(98/'

Drawing and comments on distress in concrete if
cored:

Rebar h't= D 1.5" Prown come. Surbface wh.fe Sampling
for chiorcde.

C-44



Project: WSLCOT/TRAC Bridge Deck Research. Membrane
Date: 5_30-65
Bridge No.: 90 /{405

()
Weather Condition:Parily cloudy, ggs5F

Core No.: 7 Defective as sounded by chain over

AC: Yes bY4 No
Core Location
/
Distance from curb, ft. /O

/
Relevant longitudinal grid no.: ANJO 28 + |

Cz;, lbsey .

N Moisture Dved Moisture
Bond Precsence+ Precenca+ Pre- Zg!f-
f
ac ! LVL — VM -
. — | - - 7.07 6¢.BG
Fabric ——00r - - -
Rubber-Asphalt ——— ""\//"' - -
Corcrete - - -
.__¢\,__
° Mark the plane of separation when core is heinn
ch:seled out and indicate interface ~or+ as avcli-
cable as low, moderate or high (L, M, 4)
+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H).
Concrete Surface Appearance: ¥ Sound Scaled Spalied

Result of Sounding Concrete Surface: % Sound X Delaninated ‘9-,(4.(;)“-60\‘5‘-:"7

Gener2l Commerts:

Half-cell reading, v -ol‘?’?

Reading 26

Converted rebar depth, in. z.0"

Pachometer
conducted
over AC

Adjusted rebar depth, in. (a) | H.12%

Measured AC/membrane thickness, in. (b) Z-\4*

Concrete cover thickness, in. (a-b) 1.74"

Drawing and comments on distress in concrete if
cored:

e bar h:tD 1.7 frows tontrete Luv Lace
wWhile gumr\:“} Qov clhatord,.
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Project: WSCOT/TRAC Bridge Deck Research, Membrane
Date: $5-30-85
Bridge No. :QO/No s
: \ e
Weather Condition: Payt\y c‘ouehj,(,c $F

Core No.: 7_\ Defective as sounded by chain over
AC: Y Yes No
Core Llocat:ion

Vs
Distance from curb, ft. 8

/
Relevant longitudinal grid no.: A0, 3[— 3
s Moisture Dved Moisture
Bond Fresence+ Presence+
r \
Ac | L-VL — VM —
Fabric —— }- — -
Rubber-Asphalt —____ ““/L - ‘/L -
Corcrete | - “— [
-__Jv..~

° Mark the plane of separation when core is beinn
chiseled out and indicate interface nord as aorli-
cable as low, moderate or high (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M,

Concrete Surface Appearance: X Sound Scaled Spalied

Result of Souncding Concrete Surface: Sound X Delaminatec

Gerer2l Com-erts:

Half-cell reading, v -4 S"*
L Reading 36

- O

IR NS

Ey= Converted rebar depth, in. T
L O n

ocaw . .
&832 Adjusted rebar depth, in. (a) 3.7

Measured AC/membrane thickness, in. (b)] +.2" ‘

Concrete cover thickness, in. (a-b) \. S ,

Drawing and comments on distress in concrete if
cored: )
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Project: WSLCOT/TRAC Bridge Deck Research, Membrane
Date: §_-30-8S

Bridge No.: 96/ 0 S

Weather condition: Pavt\y cloudy , go% F .

Core No.: B Defective as sounded by chain
AcC: X Yes No

Core location
/
Distance from curb, ft. (/.S

’
Relevant longitudinal grid no.: A0 .32-\4.§

over

Moisture Dved Moisture

Bond® Presence+ Precence*

AC

-—\/L -(-—\/M

Fabric

P 1TTTT

Corcrete

L
e—— [~ [
Rubber-Asphalt "—\/L. -‘—-\/M
L P
_zv-_

° Mark the plane of separation when core is beina
chiseled out 2nd indicate interface nrord as aocl
cable as low, moderate or high (L, M, H).

+ Incdicate moisture presence as applicabdle as low,
moderate or high (L, M,

Concrete Surface Appearance: X Sound Scaled

Result of Souncina Concrete Surface: Sound 1% Delan

Gener2l Comments:

Corete /n Core locaT.on ParT.ally Patri_
waler al ool Parrially o yinal.

Half-cell reading, v - 429

Reading 30

Converted rebar depth, in. 2.6

Pachometer
conducted
over AC

Adjusted rebar depth, in. (a) ~.03"

Measured AC/membrane thickness, in. (b} ‘L~\h

Concrete cover thickness, in. (a-b) \.qs"

Drawing and comments on distress in concrete if
cored:

Concrete cCored:

conrrete was delawinated aosl was eally freed
by dvilling aof brvoke in Pieces. tee Larce
analercal «was feaTley odped /nrt.'s tocalvon .
Af1er revevong Mo rewacnder of Tte concreTe by
Ch-S¢ | Cwrainly or-9:nal Conctrete /'m Tt debtl ),
Transvevir rebar cvas expssed hoveng rugt
all ov-eyx . ,

Rebar actuaty D 3.8" €row Ac Surface,
actual cownc. Cover WavcKhness 23.8% 2.4 =1 7%
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Project: WSLCOT/TRAC Bridge Deck Research, Membrane

Date: 5-3p - 8s
Bridge No.:90 /(“t0$
Weather Condition: Paytly € loudy, Gos F

Core No.: q Defective
AC:

Core location

/
Distance from curb, ft. 8.5

Yes

as sounded by chain over

X o

Relevant longitudinal grid no.: AJ0,3 7

3
Moigture, wt/,

Fabric o—— 0

Moisture Dved Moisture
Bond® Presence+ Precences fost- DefHy
[ ,
AC i ! -—V/L «-/u h— ”
- - - 1-8 Va"- Y
P L

Rubber-Aspmalt T—— [~
L

Corcrete
+

© Mark the plane of separation when core is beina
chiseled out 2nd indicate interface nord as aopli-
cable as low, moderate or high (L, M, ).

+ Indicate moisture presence as applicable as low,

moderate or high (L, M, H)

Concrete Surface Appearance: X Sound

__Scaled ____ Spaliled

Result of Souncdinag Concrete Surface: X Sound Delaninated

Gerner21 Com~errs:

[ong tud nal (vack on A¢ Surface a Fuy| dePrty
Crack 1'n Ac Cove Sau~pPle. Concre SawPle Qor
vrodSture was Maken, however T4e (ore location
a3 €xPosed ahbsut 2 hvs. before o Pling.

Half-cell reading, v -|sz
to Reading 3'

~ o

W0

Evu< Converted rebar depth. in. 2.7
£ O .

veE o

2932 Adjusted rebar depth, in: (a) 3. 86"
Measured AC/membrane thickness, in. (b)] 2-0S”

Concrete cover thickness, in. (a-b)

) 83" |

Drawing and comments on distress in concrete if

cored:
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Project: WSDOT/TRAC Bridge Deck Research, Membrane
pate: §-30-85
Bridge No.:To//40 S

| Weather condition: Party ctoudy, Go §F

Core No.: (0 Defective as sounded by chain over

AC: Yes ¥ No
Core Location
4
Distance from curb, ft. £.5

Relevant longitudinal grid no.: AJ0.39

cL, 'bey,

B Moisture Dved Moisture
Bond Presence+ Presence+ Pre- Pos1- pepi.
— ,
AC i I"\/‘—- re— - ”n
. _ L | 0.79 2.03 V-2
Fabric ———on - -
Rubber-Asphalt . |} L -
[ e
Corcrete “ —
._~_
° Mark the plane of separation when core is beinra
chiseled out a2nd indicate interface -ord as aocli-
cable as low, moderate or high (L, M, ).
+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H).
Concrete Surface Appearance: % Sound Scaled Spalied
Result of Souncinag Concrete Surface: X _ Sound Delaminated

Gener21 Com~erts:
Long,tudinel cvack on Ac Surface was
fun dePttc crack 'n  Ac core fawaple.

Half-cell reading, v __.,sﬂ.',
Reading 38
Converted rebar depth, in. 2.4

Pachometer
conducted
over AC

Adjusted rebar depth, in. (a) | 3.72"

Measured AC/membrane thickness, in. (b} 2.p "

Concrete cover thickness, in. (a-b) 1-72”

Drawing and comments on distress in concrete if
cored:
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Project: WSCOT/TRAC Bridge Deck Research, Membrane
Date: §- 30 -85

Bridge No.: ‘!0/(*—405

Weather Condition: Part\y cloudy Goj.F

Core No.: (0" Defective as sounded by chain over
AC: X Yes No
Core location

/
Distance from curb, ft. \\

’
Relevant longitudinal grid no.: No (-5

. Moisture Dved Moisture
Bond Presence+ Precence*
r
AC l L — L
Fabric —m 0 - — -
Rubber-Asphalt " | L -
— v _ [
Corcrete
—V—

© Mark the plane of separation when core is beina )
chiseled out 2nd indicate interface nord as aocli-
cable as low, moderate or hignh (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M,

Concrete Surface Appearance: Sound Scaled Snal‘led(.s.o-e be(ew)

Result of Souncding Concrete Surface: Sound X Delaninated

Gerer2l Com~erts: ‘_L—*
Core was dvilled beyond wmebrane (ATo ConcveXe s ”

. i ' EPs Al/uienn, PN
freed Yo Aclavminated ContveYe aal /% came put inTegratly e
Wi RC mol wenbvane o Tot delawinated (ontnere 1y " Patci, 5"
PArCl waXev al bygwwish ¢n color (dark) el w twu Eineyr I S<p
a33regaTe. more PaTch waterial (outd ‘o fven Under Mae I:E P(e“‘“.
delamingtion in teo Coce locqTtion. Ang

Half-cell reading, v --'qo
t e Reading 3606
-

[N ]

Eg= Converted rebar depth, in. Z.ﬂ—"
£ O n

veCcw

& 83 | Adjusted rebar depth, in. (a) 3.2
Measured AC/membrane thickness, in. (b} 7—-,"
Concrete cover thickness, in. (a-b) LGz

Drawing and comments on distress in concrete if
cored:

C-50



Project: WSCOT/TRAC Bridge Deck Research, Membrane

Date: 5.30- 85
Bridge No.: qQ0/140§

| Weather Condition:Part\y cloudy, ofF

Core No.: || ' Defective

AC:
Core Location

Distance from curb, ft.

Yes

/

l

as sounded by chain over

_X_ o

Relevant longitudinal grid no.: NO.MS _\*/

Bond®

Moisture
Presence+

Dved Moisture
Presence+

AC ,'r [ VL — V24

Fabric ——w 0 -
Rubber-Asphalt L vL

T T

Corcrete
s—;V....

° Mark the plane of separation when core is beina

chiseled out and indic

ate interface nond

cable as low, moderate or hignh (L, M, H)

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H)

Concrete Surface Appearance: %, Sound

Result of Sounding Concrete Surface:

Gener21 Com—erts:

_____ Sound

Core locaTion IS FeeT away Pvows op area
desgnated a¢ defective by clain du:)-‘-\_) Ac.
Concretes aPPeavauce Suyye(rs Patrl wiaTeral.

Half-cell reading, v

—.184

L. Reading 2,7

- v

LR RS

gE9= Converted rebar depth, in. 2-¢6 %
£ 0w

veEcaw

282 Adjusted rebar depth, in. (a) “Wo3

Measured AC/membrane thickness, in. (b} 2'“(5'('
Concrete cover thickness, in. (a-b) \. 58"

Drawing and comments on distress in concrete if

cored:

Concrefe cored !

Af ter Coviny contreTe was not Freed . choplauot hamvey

hal 1o be used To SepavaTe rte Core Sauwnple hor.gontally,
l'nd-'t“f"na no delam:natons. tha nature of ConCrete v's

Patcle urater al . more Pattlc waaTerial cdaf left dndernearty
Whitl Was rowroveld by Chisel exXPosiny e rebar. Sound of
delam. o n Cone. Surbace waghy have Welonged Tote adjacent dmlam, conc.

Frbay actuatly © 3.76” frews Ac Surtace,
ALTtual Con. (over th:ck hegg = 3. 70" 1 M§¥=).2 £ "] on rebar touid baSeen
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Project: WSCOT/TRAC Bridge Deck Research., Membrane
Date: §_-36 -85

Bridge No.: 0/l46 S

Weather Condition: Paytly cloudy (,o‘SF

Core No.: 2 Defective as sounded by chain over

AC: _X Yes ____ No
Core Location
Distance from curb, ft. 7’
Relevant longitudinal grid no.: AJO_‘-\Q,-Q-LS/

Bond® Moisture Dved Moisture
on Presence+ Presence+*
r ,
AC L— VI — L
Fabric —0 [~ - -
Rubber-Asphalt ‘__fL_ . /m -
pote o —
Corcrete
s—ov-__

° Mark the plane of separation when core is beina )
chiseled out and indicate interface rord as aorli-
cable as low, moderate or high (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H).

Concrete Surface Appearance: ¥_ Sound Scaled Spalled

Result of Souncing Concrete Surface: x Sound X Delaninated d—,u-es‘)‘fn\a,blt?

Gerner21 Com~erts:

AC Surtace Pirred co ¥ 2° diamaTer r'n core locaton,
ComPletely £Te:9Pud 099re9ale ;'p Yo bottown of
Ac Cove SamDle . Pey 7 pPleyd a3y /n Fa bottom
of cove locat'on acted Iike a drasn Gqdf £ /1ed e
core Lacation w .ty dyed woater. pu.g (ayer way
Prebably e caule o€ Wwollow Sound.

Half-cell reading, v ...z,[?-
t Reading 29
-~ O

R S) [/
6 5< | Converted rebar depth, in. 2.7
£ O .

vECcaw

292 Adjusted rebar depth, in. (a) H.o3

Measured AC/membrane thickness, in. (b) 2.6$%

Concrete cover thickness, in. (a-b) 1-48"

Drawing and comments on distress in concrete if
cored: )

Contrete Cored:

Contrete wast nor Freed by (,r.',.J tee PeviueTer

ool chisel ool hanamer were wsed €or Nerigoaal EPS
tetaration. Pebay Was ex PoSed owol mo rust courd

beVviswally devected .

Rebar dePt frowa Comc. Surtale was wrasared (,qb‘
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COLLECTED DATA ON BRIDGE 90/145 N
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Project: WSDOT/TRAC Bridge Deck Research, Membrane
Date: 5-2a-85

Bridge No.: 9o/145 N

Weather Condition: Fertly Suwny ,7o;f

Ground No.: ]

Ground Location

/
Distance from curb, ft: 6
/

Relevant longitudinal grid no.: ~o.5 +6-S

Pachometer reading conducted over AC. 25

Converted pachometer depth conducted over AC, in. (a) 97"

Measured AC/membrane thickness, in. 1.9 "
Actual rebar depth measured from AC surface, in. (b) 425"
Actual conc.
Average correction for every inch depth measured by . cover=2.35"°
pachometer over AC, in. (b-a) 057 /¢
a
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Project: WSDOT/TRAC Bridge Deck Research, Membrane
Date: 5- 2a-85

Bridge No.: 96/i4SN

Weather Condition: fart\y Sunny | ?ogF

Ground No.: A -

Ground Location

!
Distance from curb, ft: &
/

Relevant longitudinal grid no.: Aolb +3.S

Rebar sPlce 1n core locaT on, Pachoneter Feall adqacent to The Core.

[

Pachometer reading conducted over AC 25
Converted pachometer depth conducted over AC, in. (a) Q7"
Measured AC/membrane thickness, in. a.15"
Actual rebar depth measured from AC surface, in. (b) He5"
Actual conc
Average correction for every inch depth measured by v, |Cover=a2.5
pachometer over AC, in. (b-a) v‘1734{
a
Avevage correction for Qrounds po. | ceed d (0-57"'0~72)/9. 0.65 ”/

(4
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Projeét: WSCOT/TRAC Bridge Deck Research, Membrane
Date: 5-z2-85

Bridge No.: 90/I45nN

Weather Condition: Partly sunny, 705 F

Core No.: | . Defective as sounded by chain over
AC: Yes X No
Core location

Distance from curb, ft. /R
’

Relevant longitudinal grid no.: AVO.Y -—|

Bond® Moisture Dved Moisture
Presence+ Presence*

r ,
AC ! k—
Fabric r—— -
Rubber-Asphalt i~ | \/H
—

rncr :
Corncrete A
° Mark the plane of separation when core is beina
chiseled out and indicate interface nhord as aocli-
cable as low, moderate or high (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H)

T TT T
TTTTT

Concrete Surface Appearance: X__ Sound Scaled Spalied

Result of Souncding Concrete Surface: X_ Sound Delaninated

Gener21l Comments:
One Plece of qlfregate from Conc. Surface Cawme out ¢ Ha
te Ac cCore Sauple,

Half-cell reading, v - 2R
t o Reading 390
o

Eox “
Eg Converted rebar depth, in. - N
£ O &

veE o R L
o832 Adjusted rebar depth, in. (a) 4.3

Measured AC/membrane thickness, in. (b} Q"

Concrete cover thickness, in. (a-b) a.3'

Drawing and comments on distress in concrete if
cored:
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Project: WSDOT/TRAC Bridge Deck Research, Membrane
Date: §-22-85

Bridge No.: 90/I4S N

Weather Condition: Part'y S‘“\"‘jl '70;F

Core No.: |—] Defective as sounded by chain over
AC: X Yes No

Core Location
/
Distance from curb, ft. (7.5

/
Relevant longitudinal grid no.: Ay0.5 + Q.5

conse | feiziurs, et roistor
ac [ i._4 [ o
Fabric ——— |- VL - Vi —
Rubber-Asphalt ______ . V'H - =
Corcrete - “ [—
—w—_

° Mark the plane of separation when core is beina
chiseled out and indicate interface nord as aocli-
cable as low, moderate or high (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H)
Concrete Surface Appearance: X Sound —__Scaled ____ Spalied

Result of Sounding Concrete Surface: X __ Sound Delaninatec

Gener21 Com~errts:

H bond inthis care indcaTes that rrembrane coas
Peeled of{ by cth.rel ool hawo!.

-~ i/ndsecates SLghTly Toward Tt adqacent caTefory.

Half-cell reading, v —*378
s Reading 36
- Q

Eox “
EQ Converted rebar depth, in. a4
£ 0

vEcw . 1
28z Adjusted rebar depth, in. (a) 4.
Measured AC/membrane thickness, in. (b /-85"
Concrete cover thickness, in. (a-b) a.1s’

Drawing and comments on distress in concrete if
cored:
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Projeét: WSLCOT/TRAC Bridge Deck Research, Membrane
pate: 5-22-85

Bridge No.: 90/i14S~

Weather Condition: Partly 5‘“‘"‘;\,70‘5 F

Core No.: &Q Defective as sounded by chain over
AC: Yes X No

Core location
Distance from curb, ft. J

Relevant longitudinal grid no.: AJ0. &
°
Mo sture, Wt /,

- Moisture Dved Moisture

Bond Presence+ Presence+ Post- DePH.

r \ - -_—

AC h— A b — " U

l ! . Yo -\ V2

Fabric ——— [~V -Vt r— 2-3 A=\
Rubber-Asphalt . | _ \/H - -
et | — o

Corcrete )
 aa

* Mark the plane of separation when core is beinna .
chiseled out 2nd indicate interface pord as aocli-
cable as low, moderate or high (L, M, H).

+ Indicate moisture presence as applicadble as low,
moderate or high (L, M, H).

Concrete Surface Appearance: X Sound Scaled Spalied

Result of Soundina Concrete Surface: ¥  Sound Delaminated

Gerer2l Com—erts:

Half-cell reading, v - 0‘07j
Reading 9*1
Converted rebar depth, in. A

Pachometer
conducted
over AC

Adjusted rebar depth, in. (a) I_f.s"

- "
Measured AC/membrane thickness, in. (b} &.35

Concrete cover thickness, in. (a-b) }-95

Drawing and comments on distress in concrete if
cored:
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Project: WSLOT/TRAC Bridge Deck Research, Membrane

pate: 5-2z2-85
Bridge No.: 9o/I45 N
Weather Condition: fZ&rtfy 5¢(nn9’70°5F

Core No.: 3} Defective as sounded by chain over
AC: Yes X No

Core location
15

Distance from curb, ft. 9

Relevant longitudinal grid no.: Ao

A

cL, by,

N Moisture Dved Moisture
Bond Presence+ Presence+ Pre- Tost-
— \
ﬂC H M — be— oo
S - - 03a
Fabric c——m—r [~ [ [
Rubber-Asphalt T~ | /o bond k- L 0.t
Corcrete 4 — - — _0-20
© Mark the plane of separation when core is beina
chiseled out and indicate interface pord as aorli-
cable as low, moderate or high (L, M, H).
+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H)
Concrete Surface Appearance: X Sound __ Scaled ____ Spalled

Result of Sounding Concrete Surface: Sound Delaninated dyuejf,'anab'ﬂ

Gener21 Com~ents:

concrete afPéarance Suygests Fatch mater.al «

"
Half-cell reading, v - 346
t o Reading 35
-~ T
OU: "
EQ Converted rebar depth, in. 24
£ 0w
vCco . n
2832 Adjusted rebar depth, in. (a) ‘1~
Measured AC/membrare thickness, in. (b a-3"
o
Concrete cover thickness, in. (a-b) 177

» =39 when tead directly abeve The chioride sawple hole ,

Probably due 1o lack of Surface Contact.

Drawing and comments on distress in concrete if

cored:
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Projeét: WSDOT/TRAC Br'idqe Deck Research, Membrane
Date: 5-22-85

Bridge No.: Jo//45 N

Weather Condition: Fartly Sunny, 7o:(F

Core No.: & Defective as sounded by chain over

AcC: X Yes No
Core Location

’
Distance from curb, ft. /8

Relevant longitudinal grid no.: ~aI +f/

Cl-—; lbi.\'~

DePtiv

Moisture Dved Moisture
Bond® Presence+ Presence+ Pre- Post-
[ | -
AC H --1 be— e
~
S Y o R P & 259
Fabric —0—0— - - i
Rubber-Asphalt e L -
poe e p—
Corcrete :
uﬁ_

° Mark the plane of separation when core is beinn )
chiseled out 2nd indicate interface nord as aorli-
cable as low, moderate or high (L, M, H)

+ Indicate moisture presence as applicable as Tow,
moderate or high (L, M, H).
Concrete Surface Appearance: X Sound Scaled Spalled

Result of Souncding Concrete Surface: Sound % Delaninatecd

Gener21 Com~erts:

Ac Surfate cracked n Thes aree .
Concrete affearantc S«yyests Parch maTergl.

Half-cell reading, v -"{07
to Reading 35
-~ O

K x=) 14
Eg< Converted rebar depth, in. o’
£ 0 .

v W

a 035 | Adjusted rebar depth, in. (a) Yy
Measured AC/membrane thickness, in. (b} &I,'
Concrete cover thickness, in. (a-b) .'??

Drawing and comments on distress in concrete if
cored:

Fee cored - £EPS

\->1.5"

The TOP layer of Concrete came ou¥ /n The Coring bore

|‘n4{(_q‘\'\'n8 delawination . concrete 1S PaTch maTer.ql ) 5"
darcer 'n color oot waiyel L. Ho t ey a39rv9ate

e maTerial Jo€S not Seem To be very Strony when coer T‘
asS het by chesgel . A reddrsh j'ra-'n,s-ijn of revreS. on

1S ViSi b€ jn tte bottom o€ “re <lamingted Piece 1'n Transverfe
direction, Te rew’-\-'-\d Concrete in core 1S alfo POl water.al -
Extensoa of Tee Plane of delam v. s ble In Me Circumference of ot core .
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Project: WSDOT/TRAC Bridge Deck Research, Membrane
pate: §-22-85

Bridge No.: 70/"*5’\’

Weather Condition: Fartly suwey 70 SE

Core No.: 4—/-—' Defective as sounded by chain over
AC: X __ Yes No

Core location
’
Distance from curb, ft. (§

’
Relevant longitudinal grid no.: No.ld + 3.5

Bond® Moisture Dved Moisture
Presence+ Presence*
Ac | | k- L L
. —-— po— Sund
Fabric [ qupememsncmd :_ L L
Rubber-Asphalt . | . -
[ L Y4 - LV M
Corcrete |
;.—ov._._

® Mark the plane of separation when core is beina
chiseled out 2nd indicate interface nord as aorli-
cable as low, moderate or high (L, M, H).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H

Concrete Surface Appearance: Sound Scaled X _ Spalied

Result of Souncing Concrete Surface: Sound Delamninated

Gener2l Comments:

AC Surbate Cracked ;'n This area . When (A.'J'e/:'no out Ac/mambrane (ore

SamPle a /ayer of Surface Conlrexe L. Hva way. Ticeuess of .\/:_" Came out

‘nfegrally w v Ko core Sawple. FE1¢ a Pateh mater-al oud has smaiied aol disinteg-

raled I'n Yo Cove (ocation « After (orind dirTdsimegrated froun) PaTch waaTer:al))
Came out of the Crackes (n AcC Suckate o~k around The coring location,

Half-cell reading, v -+ 389
L Reading 35
Qo
[T XS] 9
Eyu= Converted rebar depth, in. 2
£ 0O &
vcow . "
& S3 |Adjusted rebar depth, in. (a) .
Measured AC/membrane thickness, in. (b 1.85"
o“
Concrete cover thickness, in. (a-b) a.15 }

Drawing and comments on distress in concrete if
cored:
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Projeét: WSLOT/TRAC Bridge Deck Research, Membrane
Date: §_-2:-8S

Bridge No.: f-]o/ltfs N o

Weather Condition: Part'y Sunny 755 F

Core No.: S A Defective as sounded by chain over
AC: Yes X No

Core location
/
Distance from curb, ft. &

[
Relevant longitudinal grid no.: A6.1\4 -
cL, /b/t.y_

N Moisture Dved Moisture
Bond Presence+ Presences Pre- Post- Deptily
| ) ’
AC i ! o — ’ el — l" ¢ 2,
. -V L VH —~ 0.20 . 1o
Fabric c——— [~ _;_‘/ :_ E" 17 ke
Rubber-Asphalt | v H - -
Corcrete A - “— [—
® Mark the plane of separation when core is beira )
chiseled out and indicate interface nord as aocli-
cable as low, moderate or high (L, M, H).
+ Incicate moisture presence as applicable as low,
moderate or high (L, M, H)
Concrete Surface Appearance: X Sound Scaled ____ Spalied

Result of Souncing Concrete Surface: X_ Sound Delaminated

Gener21 Commerts:

Half-cell reading, v -8
5o Reading as
-~

[T RS ) "
gEu< Converted rebar depth, in. 2.7
£ 0 W

VCco . "
2332 Adjusted rebar depth, in. (a) 9.5

Measured AC/membrane thickness, in. (b} 9_.‘;:,

4
Concrete cover thickness, in. (a-b) 2.35 ’

Drawing and comments on distress in concrete if
cored:

C-66



Project: WSDOT/TRAC Bridge Deck Research, Membrane
Date: S-22-§5%

Bridge No.: 90/I14S N

Weather Condition: fartly 5‘“’“"3l 70}F

Core No.: S'—l Defective as sounded by chain over
AC: .S Yes No

Core Llocation
]
Distance from curb, ft. |4

Relevant longitudinal grid no.: ANO |

eona™ | Bopsiurs, reg rorstore
Ac | ;._ n |
Fabric c—vu |- VL :‘/"”"’ -
Rubber-Asphalt i | \/M . -
Corcrete | [— “— —
-—.ﬁ__

® Mark the plane of separation when core is beina
chiseled out and indicate interface nord as aocli-
cable as low, moderate or high (L, M, ).

+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H).

Concrete Surface Appearance: X_ Sound Scaled Spalled

Result of Sounding Concrete Surface: »__ Sound Delamninated

Gerner21 Com~erts:

Half-cell reading, v —+383
s Reading 35
~ o
LR AS ) U
§5=< | Converted rebar depth, in. -y’
£ 0 n
vecow A n
2383 Adjusted rebar depth, in. (a) 4,
Measured AC/membrane thickness, in. (b)] &. "
y
Concrete cover thickness, in. (a-b) 1.4

Drawing and comments on distress in concrete if
cored:
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Projeét: WSDCOT/TRAC Bridge Deck Research, Membrane
Date: §_22-85

Bridge No.: QO/l\-&S N

Weather Condiﬁi_on: Parrty Sunny 701"F

Core No.: (o - Defective as sounded by chain over
AC: Yes > _ No
Core location p
Distance from curb, ft. 17

Relevant longitudinal grid no.: NO©.20

él,’ééw.

-]

sonee | pesurs, Pregrinre] pn T n pesn
AC H e — —

SEENE L O u 233 546 ))"."

Fabric ——— - [ L +
Rubber-Asphalt T | (L L VM —> -
Corcrete [ “— —
_~_~

® Mark the plane of separation when core is beina
chiseled out and indicate interface nord as aocti-
cable as low, moderate or hignh (L, M, 4).

+ Indicate moisture presence as applicadle as low,
moderate or high (L, M, H).

Concrete Surface Appearance: ¥ Sound Scaled Spalied

Result of Sounding Concrete Surface: o Sound Delaminated

Gerera2l Com~ernts:

Half-cell reading, v —'375
te Reading 28
-~ o

[ RYES) o
Eu< Converted rebar depth, in. 2.6
£ T .

vECc o . )
a2 Adjusted rebar depth, in. (a) “H.3
Measured AC/membrane thickness, in. (b) 9-~|"
Concrete cover thickness, in. (a-b) 3'3*"

Drawing and comments on distress in concrete if
cored:
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Project: WSLCOT/TRAC Bridge Deck Research, Membrane
Date: S-2t- 85

Bridge No.: 90//45 N

Weather Condition: Partly Sunny, 703'F

Core No.: 7 Defective as sounded by chain over

AC: _X Yes ____ No
Core Locaticn
Distance from curb, ft. /@ /

/
Relevant longitudinal grid no.: AJO.3-0 + 7

CJ—; /b/C-y.
5 Moisture Dved Moisture
Bond Presence+ Presence* Pre- Post- dePHy
AC L_J L L L e N
Fabric —— -Vt Ve - H.95 I -
Rubber-Asphalt T —— |/, L -
Corcrete 4 - “— [—
® Mark the plane of separation when core is beinn
chiseled out 2nd indicate interface cord as aorclis
cable as low, moderate or high (L, M, H).
+ Indicate moisture presence as applicable as low,
moderate or high (L, M, H)
Concrete Surface Appearance: ¥ Sound Scaled Spalied

Result of Souncing Concrete Surface: Sound X _Delaninated

Gerer2l Com~erts:

Half-cell reading, v --244
t e Reading 29

-~ @

[TRYNS) h
Eg= Converted rebar depth, in. .6

£ 0w

vE w

S92 Adjusted rebar depth, in. (a) l—{.3"
Measured AC/membrane thickness, in. (b)] 2.\ "

Concrete cover thickness; in. (a-b) l-b"

Drawing and comments on distress in concrete if
cored:
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Project: - WSDOT/TRAC Bridge Deck Research, Membrane
Date: s-22-8S
Bridge No.: Qo/I4SN

 Weather Conaition:Pur?ly Sunny, 7o { F

Core No.: 7—-[ Defective as sounded by chain over
AC: X Yes No

Core location
Distance from curb, ft. IQ’ py
Relevant longitudinal grid no.: AJ8.Q0+ 9.5

- Moisture Dved Moisture
Bond Presence+ Presence*
r \

AC L— — L
g -
Fabric e——b [~ [ T
Rubber-Asphalt . | - -
——— | e —

Corcrete
._'w_

¢ Mark the plane of separation when core is beinn
chiseled out 2nd indicate interface nord as aocli-
cable as low, moderate or hign (L, M, H).

+ Incdicate moisture presence as applicable as low,
moderate or high (L, M, H).

Concrete Surface Appearance: Sound Scaled Spalied

Result of Souncding Concrete Surface: Sound Delaminated

Gerer21 Com=erts: Ac Surtace cracked (n Tuis area aof dePressed .

Cered only for PcC through AC . After coring §1:3htly Thyouyty

Pcc (wet Coring )  rhe 707a/ Sample l"’tiu.,lc't\# Ac broke soTe Pieces amel
was separated ‘mdicating Contrate SPasing . Tae natuve of Concrete

13 Patch wmaTev al, e Cewia’ning contrave (Patch) was dixinTegraTed
and fJreund /'a Ve Core (pCaton piof A Cone Shafe Parci waaTer.al
was lef+ in Center.

Half-cell reading, v - 328
- Reading

-~ U

WO

Eyg< Converted rebar depth, in.

£ 0w

LvCcw .

253 Adjusted rebar depth, in. (a)

Measured AC/membrane thickness, in. (b}

Concrete cover thickness, in. (a-b)

Drawing and comments on distress in concrete if
cored:
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COLLECTED DATA ON BRIDGE 90/145 S
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Defective area as /nd.caved.
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srigge yus145 5 "Highlne Canal”

. Beams)

’

(Simple Span Prestressed Conc

Joint to Joint SPacing
17925

8.

104.25°

75’

BENT

®
o

)
<+

Electrical Resstivity on Ac

(\vo0 Ohung)

S -22-8S
() o7
19 x X X X X X x X X
68 loo
i~ X b4 X X X X x X b
To looo
40 b X X ‘X X X X X X X
86 1,070
4o X X X X X X X X X
95 175
41 X x X b3 X X X X b4 X
loo ), 600
1= X X X X X x X x X x
135 \AOO
44 X x X x x X x X x X
6o 1,700
419 X x X X X X X x X X
9 20
1Y b x X X X X X X X x
l6o
4 P 7; X X x X X X X X
0
419 X x x q% x X X X X x
] 85
< x b 4 x X X X x x X X
17 a5
© x x x X X x x X X x
o 13 o0
& X X x X X x X X X X
17 700
3 X x x X X X X X X x
1R &o
4 x X X X X X X X X x
s
X X X X X x x X
2 x X X x X X
w
0 ¥
<X ﬁ X X x X
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3 3 3 3 325 =
"u : Vel lad > W X
2 =
x <
Q
325 3 L 3 3 3 . 3 325
lal - lal G lal Lol N
15.25° 21.25°

36.5"Roadway
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Project: WSDOT/TRAC Bridge Deck Research, Membrane
Date: 5-23-85

Bridge No.: 90/145 §

Weather Condition: Partipy cloudy , 605 F

Ground No.: ) -

Ground Location

/
Distance from curb, ft: 3

Relevant longitudinal grid no.: NoT+6

Pachometer reading conducted over AC A7

Converted pachometer depth conducted over AC, in. (a)] a.65°

Measured AC/membrane thickness, in. A.65”

Actual rebar depth measured from AC surface, in. (b) H4.65"

Average correction for every inch depth measured by
pachometer over AC, in. (b-a) b. 75 9:
=) .
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