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Revised Bridge Deck Core Exploration and Material Evaluation
Southway Bridge
Lewiston, Idaho and Clarkston, Washington
INTRODUCTION
Strata, A Professional Services Corporation (STRATA) is pleased to present this report
summarizing our exploration, material evaluation, and analysis of the Southway Bridge in Lewiston,
Idaho. To accomplish the requested evaluation, we performed ground penetrating radar (GPR), along
with bridge deck coring exploration and laboratory testing to provide opinions and recommendations to
assist the design team. STRATA performed the following scope of service referencing our December 2,
2015 Revised Proposal:
Exploration
1. Coordinated exploration with the City of Lewiston, Nez Perce County, Asotin County, and the City of
Clarkston hereafter referred to as “stakeholders”.
2. Subcontracted traffic control and submit a traffic control plan to the stakeholders prior to exploration.
3. Used ground penetrating radar (GPR) to explore the bridge deck parallel to traffic and assess areas
were further exploration might need to be performed. We shared the preliminary results in a brief
memorandum and reviewed them as part of a project meeting with the stakeholders.
4. After initial GPR exploration, data was analyzed and additional exploration areas were assessed for
both GPR exploration and coring exploration across the bridge deck. Tasks 1 and 2 were repeated
and Exploration Phase 2 was advanced.
5. Acquired photographs and documented each core sample for illustrative purposes.
6. Updated our 2009 surface pavement condition survey referencing the Pavement Surface Condition
Field Rating Manual for Asphalt Pavement (Field Rating Manual), by the Northwest Pavement
Management Association (NPMA).
Laboratory Testing
7. Performed laboratory testing to evaluate select asphalt and concrete characteristics from core
samples including layer thickness and core density measurements.
8. Performed water and acid soluble chloride chemical tests to evaluate the potential penetration of
soluble chlorides into the bridge deck surface.
Analyses & Summary Report
9. Performed life cycle cost analysis to evaluate bridge rehabilitation alternatives.
10. Pending the design team’s review, concepts, budgets, owner objectives, and life cycle cost
analyses, STRATA will perform an asphalt pavement section design based on a 20-year design
life, current traffic loads provided by the bridge owners, and current WSDOT or ITD standards.
11. STRATA will prepare and provide 6 copies of our summary of exploration findings and laboratory
test results.
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PROJECT UNDERSTANDING
Bridge History
The Southway Bridge, completed in 1981, crosses the Snake River and connects Idaho and
Washington. The bridge is approximately 1,700 feet long and has 4 intermediate piers with 4 abutment
located in Idaho and 1 abutment located in Washington. The bridge is a post-tensioned, cast-in-place
segmental reinforced concrete box-girder structure. This bridge type typically requires a waterproofing
membrane and asphalt-wearing surface after the construction of the bridge segments is completed. The
membrane and wearing surface provides a smooth, even driving surface and protects the deck surface.
There can be some variation in top of the deck between each of the cast-in-place concrete segments
after placement and post. This would contribute to an uneven deck surface. A nominal 2-inch-thick
asphalt-wearing surface usually mitigates any minor unevenness in the deck surface. Significant
unevenness is mitigated with a leveling course of asphalt followed by construction of a waterproofing
membrane and nominal 2-inch asphalt-wearing surface. The amount of asphalt used to level the driving
surface will depend on the amplitude and extent of the variation between the cast-in-place concrete
segments that make up the superstructure of the bridge. The coring and GPR results completed for this
project indicates original construction of a thin asphalt-leveling course directly on top of the concrete
deck, followed by a waterproofing membrane and nominal asphalt-wearing surface. The membrane was
paved with approximately 1.5 to 3.0 inches of asphalt pavement. The original bridge pavement has
received crack sealing and chip seal maintenance, but no new asphalt overlays have been constructed.
The original design computations appear to account for a 2-inch-thick asphalt overlay. It is unknown at
this time if original design accounted for additional future overlay thickness beyond the 2-inch-thick
wearing surface. We presume that the original 2-inch-thick overlay was within design load limits, as the
Corps of Engineers, the bridge’s original designer and construction authority, administered it. We further
presume that additional overlay weight is not tolerable and that the existing grades are the maximum
grades allowed.
Previous Exploration
In 2004, STRATA obtained cores that penetrated the asphalt concrete bituminous membrane and
extended into the bridge deck surface approximately 2 inches. Isolated cores encountered and retained a
piece of sacrificial rebar. Cores did not completely penetrate the bridge deck. This concrete was
subjected to both water and acid soluble chloride testing to evaluate available chlorides that may impact
the bridge deck performance. The results of this previous exploration and laboratory testing were
transmitted to Nez Perce County. Five years later in 2009, we returned to the bridge and added additional
exploration data points combined with further laboratory testing and visual placement rating. This data is
relied on and referenced herein as part of this evaluation.
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FIELD AND LABORATORY EVALUATION
GPR Subsurface Exploration Methods
We evaluated the bridge deck by subcontracting Geophysical Survey, LLC (Geophysical Survey)
to analyze the deck using GPR, as illustrated in Photographs 1 and 2 below. In the first phase of
exploration (March 2016), GPR data was collected in 1 direction, parallel to traffic, on 2-foot spacing
across the 4 bridge deck lanes. After the initial GPR data was analyzed, specific areas of potential
corrosion were suspected. However, the undulating bridge deck required significant additional data
processing to normalize and trend the data for usability. Unfortunately, these data manipulations removed
some of the data, and reduced the confidence intervals. The result was high suspected deterioration
along the southern lane of the west-bound lanes. Thus, we recommended the second planned phase of
exploration be advanced. After reviewing the phase 1 data with the stakeholders, we advanced the
second phase of exploration (May 2016), both parallel and perpendicular to traffic. The equipment used 2
Geophysical Survey Systems, Inc. (GSSI) SIR3000 control units and a single 2.6 GHz antenna.
Photograph 1: GSSI Control Units(a)
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Photograph 2: GSSI Control Units(b)

GPR transmits FM frequency electromagnetic energy (EM) into the ground. The bridge deck
asphalt to concrete interfaces are defined by contrasts in dielectric constants and magnetic susceptibility.
These contrasts are collected by the GSSI units receiving the reflected energy back to the GPR system.
The GPR system then measures the travel time between transmitted pulses and arrival of reflected
energy.
Objects in the concrete such as wire mesh, rebar, and conduit can cause the transmitted energy
to be reflected back towards the receiving antenna. The dielectric constant and magnetic susceptibility of
the medium (i.e. asphalt, concrete, and reinforcement) primarily control the velocity of the EM energy.
Values of EM velocities for depth calculations are estimated from recorded measurements, experience in
an area, known buried reflectors, and from knowledge of the subsurface medium. The depth of GPR
investigation is a function of the transmit power, receiver sensitivity, frequency of the antenna, and
attenuation of the transmitted energy due to the medium. The method cannot “see” directly below areas
of highly reflective material because all of the energy reflected.
The evaluation of concrete deterioration is based on the ASTM Standard: Test Method for
Evaluating Asphalt-Covered Concrete Bridge Decks Using Ground Penetrating Radar, Designation:
D6087-08. GPR data is processed using RADAN 7.0 software from GSSI and digitized into XYZ
coordinates to be visualized by reflection amplitudes (dB scale). Lower amplitude reflections are
consistent with deterioration of reinforcing steel. The GPR data attenuates at each end of the bridge; due
in part to the traffic control requirements, and in part to retract variable signal at the end of the GPR runs.
Coring Subsurface Exploration Methods
Based on the analysis of the GPR data from the first phase of exploration, we selected 15
locations and cored to expose underlying concrete reinforcement. Coring locations were established
using Geophysical Survey provided global positioning systems (GPS) to log and record the coring
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locations across the bridge deck. GPR was then used to locate the rebar beneath the asphalt/concrete
and determine the coring location. STRATA staff utilized a trailer-mounted core drill to core into the
asphalt/concrete pavement and expose the underlying reinforcement to observe and document the bridge
deck reinforcement conditions, asphalt thickness, depth to bituminous membrane, and depth of
reinforcement in concrete. Six- and 4-inch diameter core bits were used to core into the asphalt and
concrete. Coring extended from approximately 3.6 to 5.8 inches below the asphalt surface obtaining 15
asphalt/concrete cores and 5 bridge deck concrete reinforcement samples.
Laboratory Testing
We performed laboratory testing on select core samples obtained during our subsurface
exploration to assist classification and assess various engineering characteristics. We performed tests in
reference to ASTM testing procedures. Appendix C presents laboratory test results. Laboratory testing
included:
Asphalt
Compacted Unit Weight, AASHTO T-166
Asphalt Layer Thickness, AASHTO T-148

Concrete
Water-soluble Chlorides, ASTM C1218
Acid-soluble Chlorides, ASTM C1152

FINDINGS
Core Exploration Observations and Laboratory Results
At the time of exploration, each core location was documented using GPS and labeled based on a
continuation of the labeling system adopted in the 2009 exploration. Each lane was consecutively labeled
from north to south as A, B, C, and D. This labeling system of both the current and previous coring
explorations is illustrated on Plates 1 and 2. It should be noted that the 2004 and 2009 core positions were
not tracked as accurately as the recent core exploration, and their locations are subject to variability and
inaccuracy.
The overall asphalt mat appears to consist of 1 to 2 lifts with at least 1 chip seal depending on the
core location. Each asphalt or chip seal layer appeared to have tack-coat between lifts. A bituminous, fabric
membrane was encountered in each of the 15 coring locations and was positioned between lifts of asphalt.
Note that the bituminous membrane was not encountered between the asphalt and concrete. Where the
membrane was measured, only coring B-6 in 2009 did not contain the bituminous membrane. The concrete
cores visually appeared dense, relatively free from voids. The core sample concrete matrix did not exhibit
substantial staining, scaling, delamination, or other evidence of degradation at the aggregate to cement
interface. The concrete reinforcement encountered during exploration did not illustrate visible evidence of
corrosion.
Based on the combined 2004, 2009, and the new 2016 core measurements, a combined asphalt
lane measurements summary is provided below:
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Table 1: Asphalt Core Measurements Summary

Lane #

Minimum
Asphalt
Thickness
(in.)

Maximum
Asphalt
Thickness
(in.)

Average
Asphalt
Thickness
(in.)

A
B
C
D

2.0
1.8
2.3
2.5

3.5
3.0
4.0
4.2

2.7
2.5
3.2
3.2

Minimum
Depth from
Surface to
Bituminous
Membrane
(in.)
1.3
1.0
0.8
1.3

Maximum
Depth from
Surface to
Bituminous
Membrane
(in.)
2.5
1.8
1.6
1.7

Average
Depth from
Surface to
Bituminous
Membrane
(in.)
1.8
1.5
1.2
1.5

Based on the total measurements and data analyzed across the total bridge deck, the average
total pavement thickness is 2.9 inches and the minimum depth to the bituminous membrane is 0.8 inches
below the existing pavement surface. See Appendix A for coring exploration photographs and further core
measurement and observation details.
GPR Exploration Evaluation
During Geophysical Survey’s first phase of GPR data, the GPR data was collected with a time
varying gain curve. This curve allows the signal to be processed and analyzed by Geophysical Survey’s
program, GPR-Slice, to analyze the amplitudes and evaluate the subsurface pavement, concrete, and
reinforcement. During Geophysical Survey’s analysis, it was determined that due to the roll and elevation
changes along the bridge deck, and the closely spaced rebar, the GPR-Slice software would not be
appropriate for analyzing the collected data. Geophysical Survey researched and determined that
RADAN 7.0 software would be appropriate for the data collected. In order for the RADAN 7.0 to analyze
the data, a gain restoration trending analysis was applied to the data. Unfortunately, the gain restoration
software did not interface the data adequately and skewed the output on several fronts. To refine the
data, Geophysical Survey proposed the second round of GPR data be collected without utilizing a time
varying gain curve. Collecting the data without the time varying gain curve allows RADAN 7.0 to be
utilized in analyzing the data accordingly.
Based on the second phase of GPR data, asphalt thickness varied from approximately 1.5 to 5.0
inches thick. The deterioration data is illustrated in Appendix B, Figures 10 through 13, showing
approximately 4% of the bridge displaying potential signs of deterioration.
PAVEMENT SURFACE EVALUATION PROCEDURES
Existing surface pavement conditions along the bridge were evaluated with reference to the pavement
surface condition NPMA Field Rating Manual. This manual provides a method for evaluating pavement
conditions through recording visual observations of specific defects and distress features evident at the
pavement surface. The severity and extent of each observed defect or distress type is categorized using
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some basic quantitative criteria, such as crack width, and percent of the traveled segment affected. However,
the overall method provides a qualitative condition rating of the travel surface.
Reiterating our previous pavement surveys for the bridge, we continued to observe 3 main defects or
distress types during our visual pavement survey including 1) rutting and wear, 2) raveling and aging, and 3)
longitudinal cracking. These distress types and observations are described in the following bullets and in
Tables 2 through 5 below.
Rutting and wear are surface depressions in the wheel path. Severity is rated as low (ruts ¼ to ½inch
deep), medium (ruts ½ to ¾ inch deep), and high (ruts over ¾ inch deep).
Raveling and aging are pavement surface deterioration that occurs when surface aggregate particles
are dislodged and asphalt binder is worn from the pavement surface. Severity is rated as low
(aggregate and binder has started to wear away, but the surface appears only slightly rough and
slightly aged), medium (the aggregate and binder has worn away and the pavement surface is rough
and pitted), and high (aggregate and binder has worn away significantly and the surface is deeply
pitted and very rough).
Longitudinal cracks are those that run roughly parallel to the roadway centerline. Severity is
categorized as low (cracks less than ¼ inch wide with little to no edge spalling), medium (cracks
wider than ¼ inch with little or no edge spalling), and high (crack edges are spalled, and pieces are
visibly missing).
Table 2: Summary of Visual Surface Distress Observations for Lane A
Distress Type
Rutting & Wear
Alligator Cracking
Longitudinal
Cracking
Non-Wheelpath
Longitudinal
Cracking
Transverse
Cracking
Raveling/Aging
Bleeding/Flushing
Patching
Corrugation
Sags & Humps
Block Cracking
Edge Condition
Crack Sealant
Condition

Severity
Medium: Measured ruts up to 1-inch deep
Not observed
Low: Cracks show little or no spalling and are less
than ¼ inch in most locations.

Extent
Full Segment Length
Not observed
Not observed

Low: Cracks show little or no spalling and are less
than ¼ inch in most locations.

Not observed

Not observed

Not observed

Medium: Binder at surface has worn away in wheel
paths and across the bridge deck
Not observed
Patches not observed
Not observed
Not observed
Not observed
Not observed

Not observed
Not observed
Not observed
Not observed
Not observed
Not observed

Crack sealant observed

Full segment length
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Table 3: Summary of Visual Surface Distress Observations for Lane B
Distress Type:
Rutting & Wear
Alligator Cracking
Longitudinal
Cracking
Non-Wheelpath
Longitudinal
Cracking
Transverse
Cracking
Raveling/Aging
Bleeding/Flushing
Patching
Corrugation
Sags & Humps
Block Cracking
Edge Condition
Crack Sealant
Condition

Severity
High: Measured ruts up to 11/2-inch deep
Not observed
Low: Cracks show little or no spalling and are less
than ¼ inch in most locations.

Extent
Full segment length
Not observed
Not observed

Low: Cracks show little or no spalling and are less
than ¼ inch in most locations.

Not observed

Not observed

Not observed

Medium: Binder at surface has worn away in wheel
paths and across the bridge deck
Not observed
Patches not observed
Not observed
Not observed
Not observed
Not observed

Not observed
Not observed
Not observed
Not observed
Not observed
Not observed

Crack sealant observed

Full segment length

Full segment length

Table 4: Summary of Visual Surface Distress Observations for Lane C
Distress Type:
Rutting & Wear
Alligator Cracking
Longitudinal
Cracking
Non-Wheelpath
Longitudinal
Cracking
Transverse
Cracking
Raveling/Aging
Bleeding/Flushing
Patching
Corrugation
Sags & Humps
Block Cracking
Edge Condition
Crack Sealant
Condition

Severity
Medium: Measured ruts up to 1-inch deep
Not observed
Medium: Cracks show little or no spalling but are
larger than ¼ inch in most locations

Extent
Full segment length
Not observed
Periodic throughout
full segment length

Medium: Cracks show little or no spalling but are
larger than ¼ inch in most locations

Periodic throughout
full segment length

Not observed

Not observed

Medium: Binder at surface has worn away in wheel
paths and across the bridge deck
Not observed

Not observed

Patches not observed
Not observed
Not observed
Not observed
Not observed

Not observed
Not observed
Not observed
Not observed
Not observed

Crack sealant observed

Full segment length
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Table 5: Summary of Visual Surface Distress Observations for Lane D
Distress Type:
Rutting & Wear
Alligator Cracking
Longitudinal
Cracking
Non-Wheelpath
Longitudinal
Cracking
Transverse
Cracking
Raveling/Aging
Bleeding/Flushing
Patching
Corrugation
Sags & Humps
Block Cracking
Edge Condition
Crack Sealant
Condition

Severity
Medium: Measured ruts up to 1-inch deep
Not observed
Medium: Cracks show little or no spalling but are
larger than ¼ inch in most locations

Extent
Full segment length
Not observed
Periodic throughout
full segment length

Low: Cracks show little or no spalling and are less
than ¼ inch in most locations

Not observed

Not observed

Not observed

Medium: Binder at surface has worn away in wheel
paths and across the bridge deck
Not observed
Patches not observed
Not observed
Not observed
Not observed
Not observed

Not observed
Not observed
Not observed
Not observed
Not observed
Not observed

Crack sealant observed

Full segment length

Full segment length

GEOTECHNICAL OPINIONS AND RECOMMENDATIONS
Asphalt Surface Conditions
As stated in our previous report provided to the City of Lewiston (dated July 6, 2009) and remaining
true for our most recent exploration, the bituminous protective membrane was encountered across the
majority of the bridge deck. The only location the membrane was not encountered was core B-6 performed
in our 2009 exploration. Based on our exploration and experience, it is likely the membrane will be less
prevalent at asphalt penetrations and at the asphalt mat edges due to construction difficulties. Based on the
previous density testing in 2004, density and asphalt content testing performed in 2009, and the current
asphalt density testing, test results are representative of a nearly 40-year-old asphalt mix that has
subsequently been chip sealed in several areas. The asphalt binder likely comprises AR-4000, a common
emulsion utilized in the 1970’s, 80’s, and early 90’s before performance-graded oil became prevalent. The
chip seal is reported by Nez Perce County to have occurred in or around 1998 and likely used performancegrade emulsions.
Based on the results of our visual pavement surface evaluation, it is our opinion the asphalt
pavement travel surface on the bridge is in relatively good condition considering its age. The asphalt’s
condition speaks to the stakeholder’s maintenance efforts over the last 4 decades of service. Today,
medium to high severity rutting and low to medium severity cracking and aging are the primary
deteriorations that plague the travelling surface. From visual core inspection, asphalt aggregate does not
exhibit excessive stripping from the binder matrix.
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After analysis of the corrected GPR data from May 2016, various areas along the bridge deck
displayed potential areas of deterioration. These areas are suspect for potential delamination caused by
reinforcing corrosion or irregularities in the concrete surface. From the data collected, we estimate
approximately 4% of the of the bridge deck pavement area is suspect to varying levels of delamination;
these potential areas are illustrated in Appendix B, Figures 10 through 13.
Concrete Conditions
Previous explorations and a review of bridge reinforcing plans confirm the reinforcing steel in
Southway Bridge is not epoxy-coated rebar. Water-soluble chlorides are mobile and capable of infiltrating
the concrete surface to attack rebar and aggravate the delamination process. Therefore, water-soluble
chloride content is a critical laboratory test method to evaluate the reinforcing corrosion potential. Chloride
test results are tabulated in Appendix C. Please note that there is some variability in the chloride test results
depending on the actual cement content of the in-place concrete mix. The Corps of Engineer mix designs
(previously supplied by Nez Perce County) report concrete mixes for the bridge vary from 13.2 to 18.5%
cement content of total mix. Laboratory-reported values calculated chlorides using 13.2% cement, which
should represent values that are more conservative (see Note 3 on 2016 Laboratory Results). This data is
used in the laboratory calculations to achieve the water-soluble chloride contents.
The American Concrete Institute (ACI 318-11) Table R4.3.1 Chloride Limits of New Construction
(adapted from Table 3.1 of ACI 222R) suggests maximum water-soluble and acid-soluble chlorides in dry, in
service, and reinforced and stressed concrete should not exceed 0.15 and 0.20% by weight of cement,
respectively. As one can see from the Southway Bridge laboratory test results, water-soluble chloride
content varies from less than 0.01 to 0.06% and acid soluble-chloride content from less than 0.01 to 0.06.
Therefore, the locations tested are substantially below the ACI tolerances for water- and acid-soluble
chlorides. Further, these results suggest a relatively low potential for corrosion impact from salts.
REHABILITATION SUMMARY
A variety of factors must be considered when selecting a rehabilitation or maintenance alternative
for the bridge. More often than not, budget will be a decisive factor, although design life and maintenance
requirements are especially important factors given the unique stakeholder situation this bridge provides.
Below are general considerations for the rehabilitation options. Note that each rehabilitation option will apply
different loading conditions to the bridge deck during and post construction. Rehabilitation options that
increase pavement section thickness beyond that which currently exists will increase dead loads.
Conversely, options reducing pavement thickness will reduce dead loads. Each option requires different
equipment that will impart varying live loads to the bridge deck. In addition, every option must be considered
with respect to the bridge’s structural capacity during and post construction. All options assume similar traffic
conditions into the future will have less than 2% growth.
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Do Nothing
If J-U-B and the stakeholders determine that the best option is to leave the bridge pavement as
is, we recommend crack maintenance be accomplished on all pavement surfaces every 1 to 2 years to
reduce future raveling and cracking. A routine maintenance schedule should be implemented to help
reduce the risk of pavement deterioration occurring and being left unaddressed. Damage to the
pavement, if left unattended, can lead to other more rapid pavement deterioration, reducing the usable
life expectance of the pavement. Based on the current pavement’s thickness and condition, we estimate
the roadway has an additional service life of approximately 3 to 4 years. In our opinion, the continued
serviceability of the bridge deck will be a function of rutting, which continues to degrade the travel
surface.
Mill and Protect Membrane
Milling the asphalt takes careful evaluation of the grinding equipment and equipment’s grinding
accuracy capabilities in order to protect the membrane during this process. The total asphalt thickness
varies between 1.8 inches to 4.4 inches thick with 0.8 inches to 2.5 inches of asphalt over the membrane
where it was encountered. For the minimum grind depth, the minimum asphalt cover over the membrane
that we encountered was 0.8 inches. A grinding process exceeding 0.5 inches will pose risk to the
membrane. Please note that such a grind thickness will not fully remove ruts. Since the minimum overlay
is likely 1.5 inches, this would require evaluating if the load due to greater asphalt thickness is within the
structural capacity of the bridge. Currently there are roughly 3 inches of asphalt contributing to the weight
on the bridge, which is 1 inch beyond the design weight of 2 inches of asphalt. We anticipate this option
will provide an additional 15 to 20 years of serviceable life.
Mill Full Asphalt Pavement Depth
The average asphalt total depth to the top of the concrete deck is estimated at 2.9 inches. We
recommend 3 inches be used as an estimating basis for a total grind with caveats that 4 or more inches
are possible. From the latest GPR data, the potential areas detected with some potential delamination are
estimated at about 4% of the bridge deck area. We note that the rebar witnessed in cores illustrated little
if any visual evidence of deterioration. For estimating purposes, we recommend 5% of the total area be
used as a basis for estimating costs for hydro-demolition or equivalent repairs. Following the milling
process and prior to replacing the bituminous membrane, the deck should be inspected and any damage to
the concrete bridge deck be repaired. After inspection and repairs, a leveling course should be constructed
to reduce ponding on the membrane due to surface irregularities in the bridge deck. If an overlay with the
same asphalt life is constructed and typical maintenance is followed, we estimate the pavement should have
a minimum 20-year design life. However, various fiber reinforcement additives can increase design life of
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the pavement by 30 to 40%.1 Discussions with fiber reinforcement manufacturers suggest this product
typically costs approximately $10 per ton of asphalt. Other options include paving fabrics, which can act
as a sealing barrier, stress relief, and apply adhesion bonding with the pavement to help reduce wear and
deformation. As the current pavement has shown, good maintenance can easily extend the life 30 or more
years. It should be noted that if full-depth milling to remove all asphalt and evaluate the bridge deck is
specified, milling contractors must be apprised of the membrane, which can affect milling equipment
performance.
Mill and Silica Fume Concrete Overlay
Milling through the asphalt pavement, membrane, and into the bridge deck surfacing, and then
subsequently reconstructing the deck surface with latex or silica fume concrete should provide a serviceable
life of 40 to 50 years. During our exploration, the minimum cover encountered over the reinforcing steel in
the bridge deck was approximately 1.5 inches. We recommend not milling into the bridge deck more than ¼
to ½ inch to maintain original strength of the existing bridge structure. The concrete overlay will not only act
to protect the existing bridge deck, it also will act compositely with the bridge and provide additional strength
and offset any loss of strength due to milling and removal of the concrete deck (once the rehabilitation and
repairs are completed). This option will also slightly reduce the net dead weight by removing the thicker
asphalt and replacing it with a thinner silica fume concrete overlay. Note that in our WSDOT and ITD
representatives discussions in 2009, they expressed the preferred method bridge deck rehabilitation is to
hydro-mill the concrete deck and to pave back with a latex or silica fume modified concrete mix less than 1.5
inches thick. The curing of this overlay material is potentially the most critical part of construction which will
determine the final quality and long-term performance of this overlay. Curing can be very challenging in this
region given the climate, and must be diligently addressed before and during construction.
Mill and Polyester Polymer Concrete (PPC) Overlay
Milling through the asphalt pavement, membrane, and then subsequently reconstructing
delaminated localized areas of the deck surface (approximately 4% of the total deck area) with PPC,
followed by shot peen deck surface preparation and applying a 1.5-inch nominal thickness of PPC, should
provide a serviceable life of 40 to 50 years. Both WSDOT and ITD have had successful performance with
PPC overlays. Compared to epoxy overlays, a PPC overlay is better suited for long continuous span bridges
like the Southway Bridge. It has excellent bonding characteristics with the concrete deck. It is also a leveling
course to fill dips in the deck. This option has the added benefit of greatly reducing the amount of concrete
deck removal, which maintains the current strength of the bridge and reduces the overall dead weight
supported by the bridge. We originally considered an epoxy overlay as an option. After further study and
discussion with WSDOT and ITD, we have eliminated an epoxy overlay for the reasons discussed above.

1 Fiber-Reinforced Asphalt Concrete Mixtures - Structural Numbers and Pavement Design Considerations. Kaloush,
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Furthermore, it is our opinion that the epoxy overlay option would require milling the low points of the bridge
deck to fill with a concrete leveling course (as the epoxy is not well suited to fill the low points). This adds an
intermediate layer between the original deck and the new epoxy overlay, creating uncertainty of the
performance of the deck and overlay. This is due to having 3 dissimilar material characteristics and
behaviors that may give rise to debonding and overlay failure.
LIFE CYCLE COST ANALYSIS
After reviewing the Southway Bridge Alternative Analysis Report: Preliminary Design for the
Southway Bridge dated July 6, 2016, prepared by J-U-B and electronic correspondence dated July 21
and August 16,2016, we provide the following life cycle cost analysis (LCCA) to assist J-U-B and the
stakeholder’s evaluation of alternatives for rehabilitating the bridge deck. We evaluated 5 primary
alternatives analyzing the net present value (NPV) over a 40-year planning horizon and analyzing the
equivalent uniform annual cost (EUAC) over a 25-year planning horizon. J-U-B provided the estimated
total investments of each alternative and associated annual maintenance per lane mile. We estimated a
total of 1.63 lane miles, which includes the bridge length with the approach slabs (4 lanes) and the
northeast on-ramp (2 lanes). Table 6 summarizes the estimated construction cost of each alternative and
its expected future annual maintenance.
Table 6: Summary of Cost Estimates
Construction
Cost

Alternative
1. Do Nothing
2. Thin Asphalt Overlay
3. Full Depth Asphalt Overlay
4. Silica Fume Overlay
5. Polyester Overlay

$0
$989,898**
$1,701,436***
$2,834,872
$4,226,712

Annual
Maintenance
Cost per Lane
Mile
$5,900
$3,850
$1,800
$500*
$500*

Lane
Miles
1.63
1.63
1.63
1.63
1.63

Estimated
Annual
Maintenance
Cost
$9,650
$6,300
$2,950
$815
$815

*Although J-U-B assumed no maintenance cost would be associated for the concrete overlays, we estimated a small maintenance
cost applies to the concrete overlays.

**An additional chip seal cost of $75,000 will be added in year 8.
***An additional chip seal cost of $75,000 will be added in year 13.

We estimated an inflation rate of 1.8% based on the National Highway Construction Cost Index
(NHCCI) over the past 6 years. The NHCCI is based on the national highway construction costs and can
be found on the United States Department of Transportation Federal Highway Administration website. We
then assumed market interest rates of 4% and 2% (for comparison purposes) and calculated the
associated real interest rates based on factoring in the estimated inflation rate. We assumed each
alternative will provide its expected minimum estimated life span; thus, the Do Nothing option will last 3
years prior to requiring additional rehabilitation, the Thin-asphalt Overlay option will last 8 years, the FullK. Arizona State University. March 2012.
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depth Asphalt Overlay will last 13 years, and the concrete overlays will last 40 years. A chip seal is added
to the end of the Thin-asphalt (#2) and Full-depth (#3) overlays life cycle providing an additional 7 years
of life. The alternatives that do not have a life span of 40 years are assumed to require an additional
rehabilitation cost (replacement) in order to achieve the 40-year planning horizon.
Assumptions were made about the replacement rehabilitation option associated with alternatives
that do not have a life cycle long enough to span the NPV or EUAC planning horizon. Below is a bulleted
summary of the various numbered combinations of alternatives that were analyzed for the both the NPV
and the EUAC. Analysis results are summarized in Tables 7 to 10.
1.2 Do Nothing – The do nothing option is estimated to last 3 years. At the end of 3 years, a thinasphalt overlay with an 8-year life will be constructed. At the end of the 8 years, a chip seal will
be applied adding another 7 years of life for a total 15-year life cycle. The thin-asphalt overlay
with chip seal will be reconstructed every 15 years.
1.3 Do Nothing – The do nothing option is estimated to last 3 years. At the end of 3 years, a fulldepth asphalt overlay with a 13-year life will be constructed. At the end of the 13 years, a chip
seal will be applied adding an another 7 years of life for a total 21-year life cycle. The full-depth
asphalt overlay with chip seal will be reconstructed every 21 years.
2.0 Thin-asphalt Overlay – The thin-asphalt overlay option is estimated to last 8 years. At the
end of 8 years, a chip seal would be applied adding an additional 7 years. At the end of 15 years,
another thin-asphalt overlay with chip seal will be constructed every 15 years.
2.3 Thin-asphalt Overlay – The thin-asphalt overlay option is estimated to last 8 years. At the
end of 8 years, a chip seal will be applied adding an additional 7 years. At the end of 15 years, a
full-depth asphalt overlay will be constructed lasting 13 years with a chip seal applied at the end
of the 13 years, creating an overall life of 21 years. The full-depth overlay will be reconstructed
every 21 years.
3.0 Full-depth Asphalt Overlay – The full-depth asphalt overlay option is estimated to last 13
years. At the end of 13 years, a chip seal will be applied adding an additional 7 years. At the end
of 21 years, another full-depth asphalt overlay and chip seal will be constructed every 21 years.
3.2 Full-depth Asphalt Overlay – The full-depth asphalt overlay option is estimated to last 13
years. At the end of 13 years, a chip seal will be applied adding an additional 7 years. At the end
of 21 years, a thin-asphalt overlay will be constructed with a chip seal applied creating an overall
life of 15 years, which will be reconstructed every 15 years.
4.0 Silica Fume Overlay – The silica fume overlay option is estimated to have a design life of 40
years.
5.0 Polyester Overlay – The polyester overlay option is estimated to have a design life of 40
years.
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Table 7: NPV Cost Summary at 4% Market Interest Rate (40-Year Horizon)
Rank
1
2
3
4
5
6
7
8

Alternative
1.2 Do nothing, then thin-asphalt overlay (Alt. 2) in years 4, 20, and 36
2.0 Thin-asphalt overlay, then replace with same in years 16 and 32
1.3 Do nothing, then full-asphalt overlay (Alt. 3) in years 4 and 25
2.3 Thin-asphalt overlay, then full asphalt overlay (Alt. 3) in year 16 and 37
3.2 Full-depth asphalt overlay, then thin-asphalt overlay (Alt. 2) in year 21 and
37
3.0 Full-depth asphalt overlay, then replace with the same in year 21
4.0 Silica Fume Overlay
5.0 Polyester Overlay

NPV (Cost)
$1,729,168
$2,011,435
$2,219,206
$2,463,620
$2,507,993
$2,567,438
$2,851,003
$4,242,843

Table 8: NPV Cost Summary at 2% Market Interest Rate (40-Year Horizon)
Ran
k
1
2
3
4
5
6
7
8

Alternative

NPV (Cost)

1.2 Do nothing, then thin-asphalt overlay (Alt. 2) in years 4, 20, and 36
2.0 Thin-asphalt overlay, then replace with same in years 16 and 32
1.3 Do nothing, then full-asphalt overlay (Alt. 3) in years 4 and 25
4.0 Silica Fume Overlay
3.0 Full-depth asphalt overlay, then replace with same in year 21
3.2 Full-depth asphalt overlay, then thin asphalt overlay (Alt. 2) in year 21 and
37
2.3 Thin-asphalt overlay, then full-depth asphalt overlay (Alt. 3) in year 16 and
37
5.0 Polyester Overlay

$2,328,438
$2,533,126
$2,789,843
$2,857,167
$2,995,199
$3,035,063
$3,266,415
$4,249,007

Table 9: EUAC Cost Summary at 4% Market Interest Rate (25-Year Horizon)
Ran
k
1
2
3
4
5
6
7
8

Alternative
1.2 Do nothing, then thin-asphalt overlay (Alt. 2) in year 4 and 20
2.0 Thin-asphalt overlay, then replace with same in year 16
2.3 Thin-asphalt overlay, then full-depth asphalt overly (Alt. 3) in year 16
1.3 Do nothing, then full-asphalt overlay (Alt. 3) in year 4 and 25 4
3.2 Full-depth asphalt overlay, then thin asphalt overlay (Alt. 2) in year 21
3.0 Full-depth asphalt overlay, then replace with same in year 21
4.0 Silica Fume Overlay
5.0 Polyester Overlay
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Table 10: EUAC Cost Summary at 2% Market Interest Rate (25-Year Horizon)
Rank
#
1
2
3
4
5
6
7
8

Alternatives
1.2 Do nothing, then thin-asphalt overlay (Alt. 2) in year 4 and 20
2.0 Thin-asphalt overlay, then replace with same in year 16
2.3 Thin-asphalt overlay, then full-depth asphalt overly (Alt. 3) in year 16
3.2 Full-depth asphalt overlay, then thin asphalt overlay (Alt. 2) in year 21
1.3 Do nothing, then full-asphalt overlay (Alt. 3) in year 4 and 25
4.0 Silica Fume Overlay
3.0 Full-depth asphalt overlay, then replace with same in year 21
5.0 Polyester Overlay

EAUC
$90,018
$98,893
$122,234
$126,735
$139,975
$146,018
$150,350
$217,309

Based on our NPV and EAUC analyses, the asphalt options are preferred to the concrete
alternatives. The option to do nothing initially, then perform a thin-asphalt overlay (Alt. 1.2) has the lowest
overall estimated cost over a 40-planning horizon, compared to the more initial cost intensive silica fume
and polyester concrete overlays, even though the asphalt rehabilitation would be implemented 3 separate
times during the same design life. Such intensive cyclical maintenance should be considered by the
stakeholders given the unique governance of this structure and the difficulty in implementing such
construction for a primary transportation route between the communities.
Additionally, it should be understood that these analyses results are subject to the assumed
market interest rates (and the inflation rate), as noted by the difference in rankings seen between Tables
7 and 8. For instance, if the assumed market interest rate is reduced to near the inflation rate, the silica
fume overlay (Alt. 4) becomes nearly comparable in NPV cost in relation to the asphalt alternatives.
Further, if the rate is reduced to near 0, both the concrete options become more economically viable from
a NPV perspective. While normally a 0 rate is not practical, when the majority of funds for this project may
originate from grant sources, a 0 interest rate could be argued to be more realistic in this analysis.
STRATA developed Excel® files for this analysis and can provide them on request to J-U-B if other
assumptions for any of these factors need to be investigated. Further, we are happy to investigate other
economic scenarios as necessary.
ADDITIONAL RECOMMENDED SERVICES
Geotechnical Design Continuity
We base the information herein on our exploration, site observations, and laboratory results. We
recommend J-U-B retain STRATA to provide geotechnical continuity during final design and if an option is
advanced to construction, then for construction observation and testing. These continuity services will
include reviewing final geotechnical-related project documents to verify the plans and specifications are
commensurate with our recommendations. It has been our experience that having consultants from the
design team review the construction documents prior to bidding helps reduce the potential for errors, and
also reduces costly changes to the contract during construction.
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EVALUATION LIMITATIONS
Our deliverable is prepared to assist the planning for the rehabilitation of Southway Bridge in
Lewiston, Idaho and Clarkston, Washington. Our authorized scope does not include site civil design,
bridge-loading evaluation, structural design, retaining wall design, stormwater management, erosion
control design, shoring or earth retention system design. Our services comprise professional opinions
and recommendations made in accordance with generally accepted engineering principles and practices,
as they exist at the time and in the area of this report. The life cycle cost analysis comprises various
assumptions and estimates. It relies on cost data provided by others. The results are not a prediction of
actual investment or construction costs.
The recommendations provided herein are based on the premise that STRATA will be retained to
provide continuity throughout final project design stages and validate the assumptions we were required
to make given limited project details at this time. This acknowledgement is in lieu of all express or implied
warranties.
The following plates and appendices accompany this report:
Plate 1:
Plate 2:
Appendix A:
Appendix B:
Appendix C:

West Exploration Map
East Exploration Map
Core Sample Summary
May 2016 GPR Mapping
Laboratory Test Results
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