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1.	Executive	Summary	
This report describes the findings of the in-depth inspection and load rating of the Brooklyn Queens
Expressway between Atlantic Avenue and Old Fulton Street.   The findings presented in this report
pertain to the Bridge Structures at Joralemon Street.  A companion report describes the findings for the
Cantilever Structures.

In general, the overall structure is in fair to poor condition. The most significant deficiencies identified to
date are the roadway surface, roadway joints, underside of the roadway deck slab and abutments where
there is extensive spalling. The structural steel in the bridge structures was found to be in generally good
condition.  No significant environmental hazards were found.

Of particular note with regard to the roadway is the build-up of asphalt surfacing. In many areas the
asphalt overlay is 3 inches thick, and up to 7 inches where the original 4-inch thick concrete overlay has
been replaced. At the outer edges of the cantilevers, cores have included up to 7 inches of asphalt
overlay.

The compressive strength results for the cores obtained from the bridge structures and flanking
cantilever structures are high, ranging from 4350 to 9690 psi. A core sampled from the deck of the SIB
Bridge over Joralemon Street tested at 8,660 psi. Most cores exhibited type 3 failure, indicating good-
quality concrete with well-segregated aggregate and good cement paste. Very high levels of chlorides
were found in the bridge structures, which is to be expected as they have been subject to the
application of road salts in the winter since they were originally constructed.  The average chloride
concentrations in the top of the bridge decks were between 3.46 and 5.70 pounds per cubic yard. As a
general guideline, corrosion can be expected to initiate in reinforced concrete when chloride content
reaches 1.25 pounds per cubic yard.

The concrete was not air-entrained; therefore, it has poor ability to resist freeze-thaw damage.
Petrography thus far has revealed some damage from freeze-thaw, but most of the samples do not
exhibit it.  As time goes on, more damage will occur to the structural elements. In general, the concrete
in the bridge structures has very low permeability.

. Based on the
inspection and rating analysis, it is recommended that the exposed bottom flanges of the structural
steel girders be cleaned and painted and that the concrete encasement be repaired.  It will continue to
be necessary to maintain the roadway surface and deck underside while any future design planning is in
progress.
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2.	Introduction	
In an Engineering Service Agreement Task Order issued by NYCDOT, it was noted that since opening in
1954, the bridges that carry the Brooklyn Queens Expressway above Furman Street and Joralemon
Street in Brooklyn Heights have undergone deterioration over time, most notably in the form of scaling,
efflorescence, cracking, spalling, and rebar corrosion in the concrete superstructures and substructures.
Parsons Brinckerhoff has been retained by NYCDOT to lead the in-depth inspection, non-destructive
testing, material sampling, laboratory testing, load rating, and fatigue analysis of the double and triple
cantilever and single span bridge structures.

As the prime consultant, Parsons Brinckerhoff was responsible for project management and
coordination, load rating and posting analysis, and statement of hazardous materials. Subconsultants
were engaged to perform additional tasks, as follows:

· WSP was responsible for in-depth inspection and flag reports.
· Lynch Consulting Engineers, DPC, was responsible for obtaining and testing concrete cores, and

analyzing laboratory and nondestructive testing data.
· Echem Consultants was responsible for the assessment of the bridge deck’s reinforcing steel by

means of ground penetrating radar (GPR) testing, followed by linear polarization rate (LPR)
testing of areas of suspected greatest degradation and risk.

· EPM assisted in the task of hazardous materials investigation.
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2.1	Project	Scope	
This report presents the criteria, methodology, and findings of the inspection and load rating of the
Brooklyn Queens Expressway (BQE-278I) over Joralemon Street and over an adjacent abandoned
pumping station building, shown as BINs 2230857 and 2230858 in Figure 1 below.

Figure 1 Project Scope Map

2.2	Description	of	Structures	
The scope of the project that is covered in this report comprises BINs 2230857 and 2230858. Table 1
describes the components that correspond to each BIN.
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Table 1 Section 1 Bridges

BIN Feature
Carried Feature Crossed Structure Type No. of

Spans

2230857 BQE SIB Joralemon Street Cantilevered CIP reinforced concrete
slab, steel girder encased in concrete 1

2230858 BQE QB

Joralemon Street &
adjacent pumping
station

Cantilevered CIP reinforced concrete
slab, steel girder and steel truss encased
in concrete, and steel cross-bracing
encased in concrete

2

TPandya
Sticky Note
Accepted set by TPandya
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3.	Inspection	Description	
The purpose of the non-destructive testing and concrete laboratory testing conducted was to assess
several factors that could impact the long-term durability of the reinforced concrete and concrete-
encased structural steel. Our testing program allowed for the evaluation of the following:

· Conditions that could promote material degradation
· Present rate of material degradation
· Remaining service life span of encased load-carrying steel elements
· Long-term performance of structural elements based on existing levels of contamination, section

loss, corrosion, and delamination

3.1	Hands-on	Inspection	
Each BIN was inspected for factors affecting the overall condition and potential safety hazards in the
pavement, deck slab, superstructure and substructure, and underground and overhead utilities. As
discussed at a kick-off meeting, for the concrete encased members, it was agreed that where the
concrete encasement was in good condition, the encasement would not be removed and it would be
assumed that the encased steel was in good condition. Where the encasement was in poor condition, it
would be locally removed to determine the condition of the steel.

3.2	Coring	Program	including	Testing	
Concrete cores were obtained from a number of locations along the bridge structures. A detailed core
plan, including elevations and sections showing core locations, can be found in Appendix J. Cores were
taken from areas of deterioration in order to evaluate existing defects. In addition, cores were taken
from apparently structurally sound areas to determine the air void content and other characteristics of
the as-built concrete and its original mix design.

Compressive Strength Testing (ASTM C42)
The purpose of the compressive strength test was to test the strength of the concrete cores according to
existing ASTM standards, to evaluate both the existing structural integrity of the concrete as well as its
resistance to the strain that can be induced from repair procedures.

Acid-Soluble or Water-Soluble Chloride (ASTM C1152, ASTM C1218)
Since roadway deicing salts can be the primary cause of corrosion in reinforcing steel, the extent of
chloride ingress from deicing salts needed to be measured in order to determine the potential for
corrosion onset as well as the rate of chloride ingress over time. This information was obtained by
testing the concrete cores at various depths and producing a profile of chloride content relative to the
location of the reinforcing steel.

Petrographic Examination of Hardened Concrete (ASTM C856)
Petrographic examinations were conducted to obtain information about the original mix design of the
concrete as well as the characteristics of the deteriorated concrete. The properties of the deteriorated
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concrete are indicative of the extent of the defects present, and in most cases the causes of the
deterioration.

Air Void Distribution in Hardened Concrete (ASTM C457)
Air void distribution is an important indicator of the resistance of the concrete to damage from freeze-
thaw cycles.  ASTM C457 Procedure A: Linear Transverse Method was applied using RapidAir457 to
measure such parameters as total air by volume and air-void spacing.

Freeze-thaw Durability (Modified ASTM C666)
In addition to the air void distribution measurements described above, the freeze-thaw durability of the
concrete was also evaluated by exposing concrete cores free of cracking or reinforcing steel to 25 rapid
freezing and thawing cycles while submerged in a sodium hydroxide solution.

Chloride Permeability (ASTM C1202)
An assessment of the concrete’s ability to resist chloride ion penetration was performed by passing an
electrical charge through the concrete core and measuring its electrical conductance.

Volume of Permeable Voids (ASTM C642)
The volume of permeable voids, which in turn indicates the extent to which chlorides can permeate the
concrete and corrode the embedded steel, was determined by evaluating the density, percent
absorption, and percent of voids in the specimen based on existing data from ASTM C642.

3.3	Non-destructive	Investigation	
The following summary provides a brief explanation of the non-destructive testing procedure that was
used to arrive at the section loss data presented in Section 4 of this report. A detailed narrative of the
corrosion process and the testing protocol undertaken to obtain the section loss data is presented in
Appendix G of this report.

The non-destructive testing program consisted of a number of methods that are listed as follows:

· Multi Array Surface Penetrating Analysis Radar
· Half Cell Potential
· Corrosion Rate Measurements
· Electrical Resistivity

The information collected was used to provide section loss calculations and a durability assessment.  The
objective was to use this information in understanding reduced load ratings now and for a ten year
projection.  This is regarded as a probabilistic approach as statistical degradation models are calculated
based on current conditions, and are affected by deterioration mechanisms going forward. The focus of
the condition assessment work was on the roadway slabs and the exposed concrete on the underside of
the cantilever.

The pavement slabs were surveyed by means of the Multi Array Surface Penetrating Analysis Radar.
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Half-cell measurements were recorded on the soffits on approximately three-foot centers. In addition to
this, Life 52™ models were used to convert half-cell data into potential gradients and subsequently
corrosion rates.  This allows for the determination of reinforcing steel section loss and to then provide
long term deterioration models.

Field measurements of corrosion rates are slow, therefore selected areas are chosen based on half-cell
data to validate the conversion of potential gradients to corrosion rates.  After the gradient data is
produced, an algorithm is used within the Life 52™ model to produce the corrosion rate measurement.

Electrical resistivity measurements of the concrete were recorded at the same time that corrosion rate
measurements were taken to enable a full picture of the corrosion cell.

3.4	Hazardous	Material	Sampling	
A sampling and testing of potentially hazardous materials was performed at each BIN structure.
Specifically, the materials investigated included asbestos, lead paint, and PCB caulks.  Soil sampling and
testing was not performed.  Prior to the field inspections, record plans and biennial inspection reports
were reviewed to determine the potential locations of hazardous materials.  The on-site inspections
included visual inspections, bulk sampling of suspect hazardous materials, and quantification of suspect
hazardous materials.  In addition, inspectors observed deck coring and wall coring to determine if
waterproofing membranes were present.

The following bulk sampling protocol was used for each type of suspect material:

Asbestos Survey

The sampling strategy for suspect asbestos-containing materials included the delineation and grouping
of homogeneous suspect materials. The delineation of homogeneous areas at the site was based on
several criteria, including material type and location.  Materials suspected of containing asbestos were
identified for the areas inspected. When suspect ACMs were found, representative bulk samples from
the homogeneous material group (material which is uniform by color, texture, construction application
date, and general appearance) were collected. Three bulk samples were collected per homogeneous
material group from miscellaneous materials (such as caulking, mastics, etc.).  No surfacing materials
(such as plaster) and no thermal system insulation materials were identified for bulk sampling.  If these
materials are encountered at a later time, then the appropriate AHERA protocol will be used for
sampling.

Lead Paint Survey

A visual inspection was conducted to identify any suspect lead-containing painted surfaces.  The visual
inspection was used to design an effective sampling strategy.  Sample locations were selected to
accurately represent all areas and/or components with the potential to be affected or disturbed as a
result of the anticipated work.  The delineation of homogeneous areas at the site was based on color of
paint and location.  One sample of suspect lead-containing paint was collected from each homogeneous
area.  In accordance with ASTM Designation E 1729-05, “Standard Practice for Field Collection of Dried
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Paint Samples for Subsequent Lead Determination”, a 2.5 cm x 2.5 cm template was used to collect the
paint samples.

PCB Survey

The sampling strategy used for suspect PCB-containing caulks was similar to that of suspect asbestos
sampling whereby a representative of three bulk samples from the homogeneous material group
(material which is uniform by color, texture, construction application date, and general appearance) was
collected.  The laboratory was instructed to combine equal portions of the three sub-samples per
homogenous group into one composite sample for analysis.
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4.	Inspection	Findings		

4.1 BIN	2230857	–	BQE	over	Joralemon	Street	

4.1.1	Pavement	Evaluation	
Above the roadway, the deck joints have been paved over and most locations exhibit transverse cracks
and isolated rough patches. The wearing surface shows isolated areas of rough patches with rises and
depressions up to 1”.

Photo 1 in Appendix B shows current conditions observed at top of deck during inspections.

4.1.2 Deck	Slab	Evaluation	

4.1.2.1 Non-destructive	Evaluation	
The Joralemon Street Bridge deck was surveyed using MASPAR. The detailed non-destructive evaluation
results are shown on a color contour map on drawing X109 with a statistical analysis on X191, in
Appendix H.

The section losses that were calculated based on the measurements taken from the span surveyed are
summarized in Table 2. The reinforcing steel loss estimates indicated an average section loss of 11%
over 20% of the deck area surveyed. The average section loss will grow to 22% in 10 years, provided that
the overlay is maintained, when it is anticipated that the structure will be rehabilitated or replaced. The
loss estimates were consistent with the corrosion rate measurements.
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4.1.2.2	Concrete	Coring	Results	
The testing results indicate that the concrete for BIN 2230857 is in fair to good condition, with some
corrosion of the steel reinforcement. One deck core from BIN 2230857 has been tested in the laboratory
for concrete strength.  Deck core 857-J1DO1 had a compressive strength of 8660 PSI, which is more than
double the design strength of the bridge of 3000 psi.

Very high levels of chlorides were found in the deck of the bridge structure, which is to be expected as
they have been subjected to the application of road salts in the winter since they were originally
constructed.  As a general guideline, corrosion can be expected to initiate in reinforced concrete when
chloride content reaches 1.25 pounds per cubic yard. The extent of chloride ingress observed in the top
of the BIN 2230857 deck cores was between 910 and 1500 parts per million, or between 3.46 and 5.70
pounds per cubic yard.

The concrete deck core that was subjected to petrographic examination was comprised of Portland
cement and crushed dolostone-dolomitic limestone aggregate and was not air entrained. The core had
corrosion-induced fractures occur at the bottom of the rebar. This cracking was likely due to a
combination of damage induced by freeze-thaw cycles, shrinkage cracking, and slight alkali silica
reaction (ASR) between micro-crystalline quartz within the dolomitic coarse aggregate and available
alkalis in the concrete.

The deck core showed dedolomitization of the dolostone and dolomitic limestone aggregate.
Dedolomitization is commonly associated with alkali carbonate reaction (ACR), which causes expansion
in certain dolomitic limestone aggregates. In this case, there was no evidence in the structure or
specimens to indicate expansion.

For concrete exposed to deicing salts and traffic, the volume of permeable voids should be
approximately 12 percent or less to provide resistance to chloride penetration.  In the deck sample
tested, the percent of voids was 11 percent, indicating good permeability, consistent with the results of
the rapid chloride permeability testing.

The yield strength and ultimate tensile strength of the steel reinforcing bars were tested according to
ASTM E8-15a. The test results, which are presented in Appendix J, indicate that the yield strength of the
reinforcing bars ranges from 43 ksi to 46 ksi, and the ultimate strength ranges from 71 ksi to 72 ksi.
These results are in agreement with ASTM A-15, Standard Specification for Billet Steel Bars for Concrete
Reinforcement, 1911-1966, which specified a minimum yield strength of 40 ksi and ultimate strength
between 70 ksi and 90 ksi for Intermediate Grade bars. Based on these specifications and the test
results, a yield strength of 40 ksi was assumed for the as-built load rating of the BQE reinforced concrete
structures. It should be noted that the rebar tested was taken from spans adjacent to BIN 2230857.

Information on each core, including asphalt cover thickness, depth of rebar, length of core, and test
results, is available in Appendix J.
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4.1.3 Deck	Underside	Evaluation	

4.1.3.1	Hands-on	Inspection	Findings	
The underside of the cantilever exhibits a pattern of deterioration with spalling and hollow-sounding
concrete along the joint. The area between girders exhibits deterioration in the form of spalling with
exposed reinforcement along the joints.

Photo 2 in Appendix B shows a general view of the cantilever underside.

4.1.3.2	Concrete	Coring	Results	
The extent of chloride ingress observed in the bottom of the BIN 2230857 deck core was 250 parts per
million, or 0.95 pounds per cubic yard.

4.1.4 Superstructure	Evaluation	
The concrete encasement of the girders along Joralemon exhibits minor deterioration with hairline
cracks in isolated locations. The girders have the bottom flanges exposed by design. No other areas are
exposing the structural steel. The exposed bottom flanges of the two girders exhibit warped plates due
to pack rust. There is very minor section loss present, less than 5%.

4.1.5 Substructure	Evaluation	
The begin and end abutments exhibit minor deterioration showing isolated areas of spalling and hollow-
sounding concrete.

The concrete encasement shows minor deterioration with hairline cracks and minor spalls in isolated
locations. No exposed structural steel was noted in the areas inspected.

Photos 3 through 5 in Appendix B show general views and conditions observed on the exterior of the
walls during inspections.

One wall core from BIN 2230857 has been tested in the laboratory for concrete strength. Wall core 857-
F1SW had a compressive strength of 6040 PSI, which is more than double the design strength of the
bridge of 3000 PSI.

The extent of chloride ingress observed in the top of the BIN 2230857 wall cores was 770 parts per
million, or 2.93 pounds per cubic yard.

Information on each core, including depth of rebar, length of core, and test results, is available in
Appendix J.

4.1.6 Underground	and	Overhead	Utilities	
There is a traffic light attached to the left reinforced concrete cantilever controlling traffic along Furman
Street and it is in good condition at this time.
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4.2 BIN	2230858	–	BQE	over	Joralemon	Street	

4.2.1 Pavement	Evaluation	
Above the roadway, the deck joints have been paved over and most locations exhibit transverse cracks
and isolated rough patches. The wearing surface shows isolated areas of rough patches.

Photo 6 in Appendix B shows current conditions observed at top of deck during inspections.

4.2.2 Deck	Slab	Evaluation	
The results indicate that the concrete for BIN 2230858 is in fair to good condition, with some corrosion
of the steel reinforcement.

Very high levels of chlorides were found in the deck of the bridge structure, which is to be expected as
they have been subjected to the application of road salts in the winter since they were originally
constructed.  As a general guideline, corrosion can be expected to initiate in reinforced concrete when
chloride content reaches 1.25 pounds per cubic yard. The extent of chloride ingress observed in the top
of the BIN 2230858 deck core was 970 parts per million, or 3.686 pounds per cubic yard.

The concrete deck core that was subjected to petrographic examination was comprised of Portland
cement and crushed dolostone-dolomitic limestone aggregate and was not air entrained. The core had
corrosion-induced fractures occur at the bottom of the rebar. This cracking was likely due to a
combination of damage induced by freeze-thaw cycles, shrinkage cracking, and slight alkali silica
reaction (ASR) between micro-crystalline quartz within the dolomitic coarse aggregate and available
alkalis in the concrete.

For concrete exposed to deicing salts and traffic, the volume of permeable voids should be
approximately 12 percent or less to provide resistance to chloride penetration.  In the deck sample
tested, the percent of voids was 14 percent, indicating fair permeability, consistent with the results of
the rapid chloride permeability testing.

Information on each core, including asphalt cover thickness, depth of rebar, length of core, and test
results, is available in Appendix J.
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4.2.3 Deck	Underside	Evaluation	

4.2.3.1	Hands-on	Inspection	Findings	
The underside of the cantilever exhibits a pattern of deterioration with spalling and hollow-sounding
concrete along the joint. The enclosed space exhibits deterioration in the form of spalling with exposed
reinforcement along the joints.

4.2.3.3	Concrete	Coring	Results	
The extent of chloride ingress observed in the bottom of the BIN 2230858 deck core was 400 parts per
million, or 1.52 pounds per cubic yard.

4.2.4 Superstructure	Evaluation	
The concrete encasement of the girders along Joralemon exhibits minor deterioration with hairline
cracks in isolated locations. The girders have the bottom flanges exposed by design. No other areas are
exposing the structural steel.

The exposed structural steel is in good condition with minor areas showing paint deterioration with
minor corrosion. The exposed bottom flanges of the two girders exhibit warped plates due to pack rust.
There is very minor section loss present, less than 5%.

Photos 15-19 in Appendix B show general views and current conditions observed in the superstructure
during inspections.

4.2.5 Substructure	Evaluation	
The concrete encasement of the columns at both begin and end abutments shows areas of spalling
exposing the reinforcement. Hollow sounding of the encasement is also noted in several areas. The only
area where the structural steel is exposed is a small area (about 5 square feet) at the top portion of the
right side column at the outer face of the begin abutment.

The exposed steel at the top of the right column exhibits minor to moderate corrosion, with the rivets
exhibiting section loss of up to 50%.

Photos 21, 22, and 26 through 29 in Appendix B show general views and current conditions observed on
the walls and columns during inspections.

The extent of chloride ingress observed in the top of the BIN 2230858 wall cores was 3200 parts per
million, or 12.16 pounds per cubic yard.

One concrete core from the wall of BIN 2230858 was subjected to petrographic examination and was in
generally good condition. It exhibited only slight cracking in the near surface region and a mass loss of
3.8 percent due to freeze-thaw, which is slightly higher than the 3 percent limit. These results were
expected as the air void analysis showed that none of the concrete samples showed that air
entrainment was implemented at placement.  The core was comprised of Portland cement and crushed
dolostone-dolomitic limestone aggregate.
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Information on each core, including depth of rebar, length of core, and test results, is available in
Appendix J.

4.2.6 Underground	and	Overhead	Utilities	
There are conduits attached to the begin face of the end abutment that show a good condition at this
time. There is an abandoned electrical junction box near the top of the begin abutment at the begin face
with the cover missing, exposing electrical wires. It is not a safety hazard since the box is about 25’
above ground level.

	



Brooklyn Queens Expressway (BQE-278I)
Inspection and Load Rating Report

2. Bridge Structures
________________________________________________________________________________________________________

_____________________________________________________________________________________
23

4.3 BIN	2230858	–	BQE	over	Joralemon	Pumping	Station	

4.3.1 Pavement	Evaluation	
Above the roadway, the deck joints have been paved over and most locations exhibit transverse cracks
and isolated rough patches. The wearing surface shows isolated areas of rough patches.

Photos 7 through 10 in Appendix B show general views and current conditions observed at top of deck
during inspections.

4.3.2 Deck	Slab	Evaluation	

4.3.2.1 Non-destructive	Evaluation	
The bridge deck was surveyed using MASPAR. Detailed non-destructive evaluation results are shown on
a color contour map on drawing X104 with a statistical analysis on X143, in Appendix H. It should be
noted that this span was recorded as span D1 of BIN 22684498.

The section losses that were calculated based on the measurements taken from the spans surveyed are
summarized in Table 3. The reinforcing steel loss estimates indicated an average section loss of 7% over
35% of the deck area surveyed. The average section loss will grow to 16% in 10 years, provided that the
overlay is maintained, when it is anticipated that the structure will be rehabilitated or replaced. The loss
estimates were consistent with the corrosion rate measurements.
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4.3.2.2	Concrete	Coring	Results	
The results indicate that the concrete for BIN 2230858 is in fair to good condition. The bridge deck cores
often exhibited cracking at the top layer of steel, and sometimes came out of the deck in three or four
pieces. The concrete compressive strength varied from 4440 to 8860 psi.

While the chloride permeability test results were very low to moderate, the average acid soluble
chlorides at the top of the deck were 3.69 pounds per cubic yard, well in excess of 1.25 pounds per cubic
yard, which is associated with the initiation of corrosion.

4.3.3 Deck	Underside	Evaluation	
The underside of the cantilever exhibits a pattern of deterioration with spalling and hollow-sounding
concrete along the joint.

Photos 11 through 14 in Appendix B show general views and current conditions observed on the
cantilever underside during inspections.

4.3.4 Superstructure	Evaluation	
The structural steel superstructure and the underside of the interior deck slab could not be inspected as
access was impeded by the brick wall shown in Figure 4 below.

4.3.5 Substructure	Evaluation	
Photos 20 and 23 through 25 in Appendix B show general views and current conditions observed on the
exterior of the walls during inspections.

The enclosed space could not be inspected due to the presence of a brick wall, shown on the left-hand
side of Figure 4 below.

The wall cores appeared to be in good condition and were extracted in one piece. The concrete
compressive strength varied from 4350 to 8150 psi.

While the chloride permeability test results were 11.05%, the average acid soluble chlorides at the top
of the wall was 2.59 pounds per cubic yard, exceeding the threshold of 1.25 pounds per cubic yard,
which is associated with the initiation of corrosion.

The petrographic examination indicated that the concrete was not air entrained and evidence of alkali
aggregate reaction was observed.
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4.3.6 Underground	and	Overhead	Utilities	
There are conduits attached to the begin face of the begin abutment that show a good condition at this
time.
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5.	Load	Rating	&	Posting	Summary	

5.1 Design	Criteria	

5.1.1	Materials	
The material properties used in the load rating are tabulated in Table 4 below, and were defined based
on the following references:

· AASHTO Manual for Bridge Evaluation Tables 6B.5.2.3-1, 6B.5.2.4.1-1
· Record Plans Contract #3D sheets 30 through 45, presented in Appendix A of this report
· Engineering News-Record, May 27, 1948, pp 78-81, New York Builds an Expressway on Shelves,

presented in Appendix D of this report
· The Municipal Engineers Journal Vol. 34, 1948, Paper 229, Development and Construction of

Brooklyn-Queens Connecting Highway, E. J. Clark, presented in Appendix D of this report
· Concrete strength and reinforcing steel yield strength results obtained from testing of concrete core

field specimens, presented in Appendix J of this report

5.1.2	Datum	
All elevations used in the analysis model were defined with respect to a datum of 2.56’ above mean sea
level at Sandy Hook, as established by the US Coast and Geodetic Survey and used by the Brooklyn
Highway Department.

5.1.3	Design	Loads	
The load rating analysis models considered the load cases described in detail in the following sections.

5.1.3.1	Dead	and	Superimposed	Dead	Load	
Dead load is composed of the self-weight of the structure and non-structural attachments, utilities, and
existing and future wearing surface. The following weights were used in the dead load calculations.
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Table 5 Dead Load Weights
Description Weight

Concrete, plain or reinforced (kip/ft3) 0.150
Structural Steel (kip/ft3) 0.490
Loose Sand, Earth, and Gravel (kip/ft3) 0.100 – 0.120
Concrete Pavement (kip/ft3) 0.150
Utilities (kip/ft2) Varies
1’-7” Safety Shape Concrete Fascia Barrier (kip/ft) 0.465
Metal Railing at Fascia (kip/ft) 0.150
	
5.1.3.2	Vehicular	Live	Load	
Vehicular live load was considered in accordance with the AASHTO Manual for Bridge Evaluation, section
6B.6.2. The following cases were evaluated:

· HS-20 Truck: Total weight of 72 kips configured as shown in Figure 5 below, where W = 40 kips and
V is variable from 14 ft to 30 ft.

Figure 5 HS-20 Truck Load
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· HS-20 Truck + Lane Load: Uniformly distributed 0.64 kip/ft lane load, in addition to a concentrated
load of either 18 kips for moment or 26 kips for shear, placed for maximum effect.

Figure 6 HS-20 Truck + Lane Load

· H-20 Truck Load: Total weight of 40 kips configured as shown in Figure 7 below.

Figure 7 H-20 Truck Load
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· Typical Legal Posting Loads: Typical legal loads, shown in Figure 8 below, were used in the load
rating.

Figure 8 Typical Legal Loads for Posting

· NYSDOT Permit Vehicle: Applied to a single lane concurrently with HS-20 load applied to all other
lanes, in accordance with the NYCDOT Blue Pages, Article 3.6.1.2.4a.
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Figure 9 NYSDOT Design Permit Vehicle
Under NYSDOT permit vehicle loading, as stipulated by AASHTO Standard Specifications 3.22.5, the D/C
ratio was evaluated according to combination 1B shown in Table 6 below.
Table 6 Load Combinations for Permit Vehicle Overload Rating

5.1.3.3	Pedestrian	Load	
Where pedestrian or bicycle traffic exists simultaneously with vehicular loads, a pedestrian live load of
0.85 ksf was considered in accordance with AASHTO Standard Specifications clause 3.14.1.3.
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5.1.3.4	Load	Factors	
Load factors were applied in accordance with AASHTO Manual for Bridge Evaluation 6B.4 and AASHTO
Standard Specifications clause 3.22.1.

5.1.4	Concrete	Cover	
The minimum clear concrete cover to reinforcement was taken as follows, unless otherwise noted in the
record plans.

Table 7 Concrete Cover
Description Cover (in)

Deck Top Reinforcement 1.5 in
Bottom Reinforcement 2.0 in
Substructure Reinforcement 2.0 in

5.2 Structural	Analysis	
For the analysis of the structure spanning over the Joralemon Street Pumping Station (BIN 2230858), the
steel girders and trusses were modeled using 2D elements in GT STRUDL, and the concrete cantilever
was modeled using 3D finite elements in CSiBridge.  The truss dead loads were analyzed using a
simplified 2D transverse model of the superstructure similar to the Lever Rule. The deck slab was
modeled as a cantilevered beam supported on two point supports representing the truss and the girder.
Live loads were distributed using a similar Lever Rule-derived transverse model to the dead loads. The
dead and live loads computed using the transverse model discussed above were applied to a 2D simple
span truss model using Intergraph GT STRUDL software. The model was composed of plane truss
elements, which are capable of transmitting only axial loads. Each element was assigned the actual
cross-sectional area and material properties of the steel section alone. The properties of the concrete
encasement were conservatively neglected.

The distribution of dead loads to the girder used a simplified 2D transverse model of the superstructure,
similar to the distribution of dead loads to the truss. Live loads were distributed to the girder using the
same Lever Rule-derived model as was used in the truss analysis.  The girder was analyzed using a 2D
line girder analysis.

The concrete deck overhang was analyzed for dead load as a cantilever beam on a per-foot basis. Dead
load moments and shears were calculated using spreadsheet calculations.

For live load, the concrete deck overhang was analyzed with two independent approaches:

1. First, the distribution of live load was approximated using AASHTO LFD Equation 3-17: E = 0.8X +
3.75. This equation specifies the width of the cantilever slab over which a single wheel may be
distributed (E), as a function of the distance from the wheel to the point of support (X). No
limitations on the width or geometry of the overhang were specified in the code. Please see
Appendix D for further details regarding the distribution of wheel loads using the approximate
method.
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2. Since the overhang is unusually long and has variable section properties, the validity of the
approximate AASHTO equations is uncertain. Therefore, a 3D hybrid stiffness / finite element
model was created using CSiBridge analysis software to verify the forces in the cantilevered slab.

For the analysis of the Joralemon Street Bridge (BINs 2230857 and 2230858), the structure was modeled
entirely in CSiBridge, using 2D beam elements for the steel girders and 3D plate elements for the
concrete slab.

The results obtained from these analysis models were then exported to in-house Excel spreadsheets for
the load rating calculations. For a detailed description of the structural analysis performed for each BIN,
refer to Appendix D.

5.3	Load	Rating	Summary	
A Level 1 load rating of the bridge structures was performed in accordance with NYSDOT EI 05-034. A
summary of the controlling HS-20 load ratings is presented in Table 8 through Table 10, by BIN, span,
structural component and time period.
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Ratings were performed on the members and sections shown in Figure 10 through Figure 18. These
locations were chosen based on their potential to govern the ratings as a result of the combination of
their structural capacity and load effects. Slab ratings were calculated at each of the transverse sections
shown in Figures 12, 13 and 16. The transverse slab moments are relatively constant throughout the
span while live load moments are greatest at the edges. It should be noted that the slabs have
significantly heavier reinforcement near the deck joints to resist this additional live load. The
longitudinal rating locations were chosen near the reinforcement transition area. Capacity at this
location was conservatively based on the lighter reinforcing. Since this conservative assumption yielded
slab ratings greater than HS20 for all locations and time periods, a more refined analysis of the
reinforcement transition area was not performed (as was done in the Cantilever Structures Report).

As previously stated, each member was rated for As-built conditions, 2016 As-inspected conditions, and
2026 Predicted conditions. As-Built Ratings are based on the condition of the structures at the time of
completion of construction. Information defining this condition was obtained from the original design
plans, historical records and material strength testing for the concrete and reinforcing steel. 2016 As-
Inspected Ratings include additional dead load currently on the structures, the condition of structural
steel members and reinforcement section loss as measured by NDT methods previously discussed in
Section 3.3. Reinforcement loss amounts were obtained by using the MASPAR Contour Condition Maps
provided in Appendix H. These maps were generated by averaging the tightly spaced readings to
produce a color coded contour plan that provides the average reinforcement loss percentage in a given
area of the span. Loss percentages were extrapolated from surrounding spans and areas where readings
were not taken. These percentages were then applied to the section capacities and rating calculations at
the transverse deck sections shown in Figure 12, Figure 13, and Figure 16. 2026 Predicted Ratings
include an increase in reinforcement section loss predicted to occur in the next ten years based on
corrosion progression models discussed in Appendix G. Both an Inventory and an Operating Rating were
considered for each of the following truck loads: HS-20, H-20, Type 3, Type 3-S2, Type 3-3, and NYSDOT
permit vehicle. All HS and H ratings include both the equivalent H and HS truck and the total load in
tons. The full load rating report and all load rating calculations are available in Appendix D and Appendix
E.
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Figure 12 Section Key for Cantilever Load Rating

BIN	2230857	&	BIN	2230858	–	Joralemon	Street	Bridge	
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5.4	Load	Posting	Summary	
A load posting analysis was performed in accordance with NYSDOT Engineering Instruction EI 05-034,
Load Rating/Posting Guidelines for State–owned Highway Bridges, Section 5. The analysis was
performed for the As-Inspected condition (2016) and the 10-year Predicted condition (2026). Load
Posting is required if the Safe Load Capacity (SLC) for a given span is less than the H Equivalent rating of
the Legal Load as defined in the guidelines.

Table 11 through Table 14 present the results of the posting analysis. In all cases the Safe Loading
Capacity (SLC) for controlling main members is greater than H Equivalent Legal Load. Therefore Load
Posting is currently not required and is not predicted to be necessary within the next decade.
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6.	Flag	Reports	
No flag reports were issued.
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7. Hazardous	Material	Investigation	Results	
The following bulk samples were collected during the on-site inspections.  At the conclusion of the
inspections, these samples will be submitted for the appropriate laboratory analysis.

BIN 2230857:  BQE Staten Island Bound over Joralemon Street

Asbestos Survey

Bulk samples were collected from various suspect materials and submitted for laboratory analysis as
follows:

· Black joint filler observed within abutment stem wall vertical joint – Not asbestos containing.
· Light gray caulk observed within abutment stem wall vertical joint – Not asbestos containing.
· Brown joint filler observed within top of deck, west curb joint at centerline – Not asbestos

containing.
· Light gray soft caulk observed within top of deck, west curb joint at north abutment – Not

asbestos containing.

PCB Caulk Survey

Bulk samples were collected from various suspect materials and submitted for laboratory analysis as
follows:

· Light gray soft caulk observed within abutment stem wall vertical joint – no PCBs detected.
· Black silicone observed at base of abutment (sidewalk) – no PCBs detected.

Lead Paint Survey

Bulk samples were collected from various suspect materials and submitted for laboratory analysis as
follows:

· Green/light gray paint observed on structural steel girders – no lead detected.
· Green paint (over orange) observed on top of deck railing – lead containing.
· Green/light green paint (over orange) observed on west fascia girder – lead containing.
· Green/light green paint (over orange) observed on top of deck railing – lead containing.
· White road paint observed on roadway asphalt – no lead detected.
· Yellow road paint observed on roadway asphalt – no lead detected.

BIN 2230858:  BQE Queens Bound over Joralemon Street

Asbestos Survey

Bulk samples were collected from various suspect materials and submitted for laboratory analysis as
follows:

· Light gray soft caulk observed within northeast wingwall vertical joint - Not asbestos containing.
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· Light gray soft caulk observed top of deck at north abutment and safetywalk joints - Not asbestos
containing.

· Black road tar observed  top  of  deck  at  north  abutment  and  safetywalk  joints  -  Not  asbestos
containing.

· Gray caulk observed top of deck at west curb joint at north abutment - Not asbestos containing.
· Black joint filler observed  top  of  deck  at  west  curb  joint  at  north  abutment  -  Not  asbestos

containing.

PCB Caulk Survey

Bulk samples were collected from various suspect materials and submitted for laboratory analysis as
follows:

· Light gray soft caulk observed within northeast wingwall vertical joint – no PCBs detected.
· Light gray soft caulk observed top of deck at north abutment and safetywalk joints -no PCBs

detected above RCRA limit.
· Gray caulk observed top of deck at west curb joint at north abutment - no PCBs detected.

Lead Paint Survey

Bulk samples were collected from various suspect materials and submitted for laboratory analysis as
follows:

· Green/light gray paint observed on structural steel girders – no lead detected
· Green/light green paint (over orange) observed on top of deck railing – lead containing.
· White road paint observed on roadway asphalt – no lead detected.
· Yellow road paint observed on roadway asphalt – no lead detected.
· Green/light green paint (over orange) observed on west fascia girder – lead containing.
· Green/light gray paint (over red) observed on top of deck railing – lead containing.

Summary of Findings:

Asbestos Survey

Based on the laboratory analysis results and EPM’s assessment, no asbestos containing materials are
present in the bridge structures.

Lead Paint Survey

Based on laboratory analysis results and EPM’s assessment, all of the BIN structures have paints that
contain detectable levels of lead.

Impacts to lead coated surfaces, as a result of this rehabilitation/reconstruction project will need to
include OSHA Lead In Construction Standard (29 CFR 1926.62) requirements, Resource Conservation and
Recovery Act (RCRA) requirements, as well as general health and safety issues with regard to protection
of employees and the general public.  Any contractor who performs future demolition/rehabilitation
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would need to establish their means and methods for protecting the employees and the general public
during  demolition.   In  addition,  lead  removal  shall  be  in  accordance  with  Section  832  of  the  NYCDOT
specifications.

PCB Survey

No caulks with PCBs detected above the RCRA limit were identified during the investigation at any of the
BIN structures.
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8. Fatigue	Evaluation	

8.1	Fatigue	Evaluation	Criteria	

8.1.1	Structural	Steel	
Fatigue load has been checked for infinite fatigue life as per AASHTO Evaluation Manual Section 7.2.4.
Only bridge details that fail for infinite-life are subject to the more complex finite-life fatigue evaluation
(Article 7.2.4).

· Rp = the multiple presence factor, calculated as described in Article 7.2.2.1
· Fatigue Dynamic factor = 15%

8.1.2	Reinforcement	Steel	
Fatigue for reinforced concrete is as per AASHTO Standard Specification 8.16.8.3.
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9. Recommendations	
In general, the overall structure is in fair to poor condition. The most significant deficiencies identified to
date are the roadway surface, roadway joints, deck underside and abutments where there is extensive
spalling. The structural steel in the bridge structures was found to be in generally good condition, as
evidenced by the live load ratings presented herein.  No significant environmental hazards were found.

The concrete deck core had a compressive strength of 8660 PSI and the wall core had a compressive
strength of 6040 PSI, well above the design strength. The deck concrete is highly contaminated with
chlorides, greater than 3 pounds per cubic yard, which is excessive, but with low permeability and no air
entrainment. It is noted that the continued maintenance of the asphalt overlay will allow oxygen to
reach the reinforcing steel and that depending upon the duration of the exposure, the reinforcing steel
rate of section loss may be accelerated from that reported in the analyses.

Based on the inspection and rating analysis, the structural steel was in generally good condition. It is
recommended that the exposed bottom flanges of the structural steel girders be cleaned and painted
and that the concrete encasement and spalls be repaired. It will continue to be necessary to maintain
the roadway surface and deck underside while any future design planning is in progress.

	 	




