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1 - EXECUTIVE SUMMARY
Thornton Tomasetti (TT) has been retained by the City of Nashua to provide a condition assessment of
High Street Parking Garage. The goal of the assessment is to establish the current condition of the
structure, prioritize repairs, provide an opinion of probable repair costs and prepare a maintenance plan
to keep this facility in good condition for the next 20 years.
The parking garage consists of three and a half elevated levels with approximately 335 spaces for City
employees and visiting patrons.
During our visit we noted multiple repairs have been completed in the garage. The last known major
repairs to the garage were completed approximately 10 years ago by National Restoration System.
As part of a comprehensive plan for the parking garage we recommend the following repair priorities
which are further outlined in the ‘Findings and Repair Recommendations’ section of the report:
High Priority Repairs: We recommend that these items be completed in the near future to address the
critical structural supporting elements and life safety concerns. The high priority repairs consist of life
safety items, including knocking down overhead spalls and repairing any tripping hazards, severely
deteriorated concrete repairs, and repairing or replacing leaking joints and drains.
Moderate Priority Repairs: These items are important to prevent further water and chloride infiltration
and the acceleration of on-going deterioration and durability issues. We recommend that they be
addressed in a reasonable time frame, but less urgent in nature than the items listed above. The moderate
priority repair items include repairs such as replacing the joint sealants from the roof down, crack repair,
applying concrete sealer to the deck and installing new drains at areas of ponding water.
Low Priority Repairs: These items are either cosmetic in nature or not critical to durability of the parking
structure. The low priority repairs include items from cleaning the façade, repainting CMU walls, restriping
the deck markings, to adding security fencing at the grade level.
It is our opinion that the present value of the probable construction cost to perform all the repairs
identified during our visual review is approximately $2.6 million. Included in this probable cost are an
assumed 10% contingency and a 20% contractor mobilization/general conditions cost. A breakdown of
the opinion of probable repair costs is presented in Appendix A. This cost does not include the ongoing
preventative maintenance program discussed above. Understanding that funding a large restoration
project is difficult, we recommend phasing the repairs over a period of years starting with high priority
repairs.
Our opinion of the projected repair costs to keep the parking deck in service for the next 20 years is $3.7
million. This includes life cycle estimates for the reapplication and re-repair of certain items that have a
life expectance of less than 20 years. A breakdown of this projection can be found in Appendix A.
Finally, the long-term success of these repairs will be greatly improved with the implementation of a
maintenance plan to protect your investment in the parking structure. This should include:
1. Regular review and cleaning of deck drains and leaders.
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2.
3.
4.
5.

Bi-annual power-wash of the parking structure decks.
Annual joint sealant repair/maintenance budget.
Annual review for concrete spalls and delamination’s.
Assessment updates performed every 5 years.

2 – DESCRIPTION OF STRUCTURE
The High Street Parking Garage is believed to have been constructed around 1978 based on conversations
with City Personnel. The three and a half elevated levels have parking for approximately 335 passenger
vehicles and is bounded by Factory Street to the North, High Street to the South, and parking lots to the
East and West. The garage has an entrance and exit off Factory Street to the North and High Street to the
South, both of which are at grade level. The grade level is primarily dedicated for public parking with the
elevated levels consisting of permit parking only. The garage consists of two bays, both bays consist of
sloping ramps, with two-way traffic and a row of parking each side of the travel lane. A stair and elevator
tower is located at the South-East corner, and a stair tower is located in the North-West corner of the
garage. All stair/elevator towers are constructed with CMU and glass curtain wall.

Figure 1.
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A plan view of a typical elevated level in the garage is shown in Figure 1. The floor decks are composed of
precast double tees (DT) that were fabricated in a plant and shipped to the site. Because these precast
concrete components are joined together in the field, the connections and waterproofing of the joints are
critical to the long-term performance of the garage. Especially vulnerable are the horizontal joints
between adjacent DTs and the joints between spandrels and the ends of the DTs. The DTs are supported
by inverted-tee beams (IT) at the crossovers of the garage, spandrels at the perimeter of the garage and
a shear-wall at the center of the garage. The beams and spandrels are supported by precast concrete
columns and precast concrete shear-walls. The DTs span roughly 65 feet and are typically 9 feet wide. The
decks are enclosed by precast concrete spandrels.
The DTs serve as the driving surface for the vehicular traffic. Protecting the concrete is important to
maintaining the integrity and extending the service life of the parking structure. When the surface
deteriorates, water, chlorides and other elements can infiltrate the concrete and result in corrosion of
the embedded reinforcement and connections. Proper maintenance of the parking deck and joint
sealants help to decrease these effects. Providing a consistent, uniform and sound concrete deck with
adequate drainage will help reduce moisture and chloride infiltration into the concrete.
The exterior views of the North, South, East and West elevations are shown below. See photos 1-4.

Photo 1.

Photo 2.
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Photo 3.

Photo 4.

Photos identifying the garages structural elements are shown below. These include the typical perimeter
and interior conditions identifying the precast concrete DT, spandrel beams, and shear/bearing walls. See
photo 5. Photo 6 shows the typical crossover lane identifying the precast concrete inverted-tee beam and
DT.

Photo 5.

Photo 6.

3 – DOCUMENT REVIEW
The original construction documents were not available for review by TT. Based on conversations with
City Personnel it is believe the garage was constructed sometime around 1978. Based on this, it is likely
the garage was designed to the 1975 edition of the BOCA National Building Code. The structure was likely
designed for a vehicle load of 50 pounds per square foot (psf) and 2,000 pound point load (lbs). It is not
known what the snow load would have been designed for. TT reviewed repair documents dated
September 2010, which were produced by Desman Associates and labeled ‘Repair and Preventative
Maintenance of the Elm and High Street Garages’. This work consisted of a wide variety of repairs
consisting of concrete repairs, crack repairs, joint sealant replacement, new drain installation, expansion
joint repairs, new traffic membrane at the IT beams, miscellaneous stair tower repairs and more. When
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reviewing these documents onsite and discussing this phase of repairs with City personnel it appears not
all the repairs outlined in the construction documents were completed.
4 – FIELD INVESTIGATION
TT visited the site on March 24, 30 and April 16, 2021 to perform a chain drag of the CIP concrete, take
concrete samples for chlorides testing, and conduct visual reviews of the parking structure components,
façade, plumbing, electrical and various components of the garage. A summary of our observations is
provided in this section of the assessment.
4.1 Precast Concrete Double Tees
Precast DTs form the driving surface for the parking structure. Based on the age of the structure the DT
to DT shear connection likely consists a steel plate with rebar welded to the backside of the plate and
embedded into the DT flange. After the DTs were installed, a steel round bar was field welded to each
steel plate. Sealant installed along the full length of the longitudinal joint protects the steel connections
from direct contact with moisture. Current practice in new parking garages is to use stainless steel plates
and bars for additional corrosion protection.
The DT to DT shear connections serve multiple purposes. One is to transfer vertical load from one DT to
the adjacent DT as a vehicle drives across the deck. Another is to link adjacent DTs together to form
horizontal diaphragms that transfer lateral, wind and seismic, loads to the shear walls. It is not uncommon
to see some of these connection fail over time. When the joint sealants are replaced each of these
connections will be inspected to determine if repairs are required.
DT Joints
Slightly uneven surfaces between the DT flanges on the driving/walking surface were observed at a couple
of locations. Over a ½ inch difference in the surface elevations can create a tripping hazard and the
potential for snowplows to catch the edge and spall the concrete. The raised edges should be ground
down, so it is flush with the adjacent DT edge.
The condition of the joint sealants in the garage is fair. It is clear that some of the DT joint sealants have
suffered from adhesion failure to the concrete surfaces. Joint sealants were inspected randomly
throughout the garage finding many of the locations have become brittle and stiff. The joint sealant is
supposed to be flexible to allow movement when the concrete expands and contracts due to thermal
changes and vehicular traffic causing differential movement between DTs. Once the sealant has become
brittle/stiff it can easily fail and leave the DT connections susceptible to moisture. Leak staining was
observed throughout the garage, indicating locations of previous leaks. Precast joint sealants exposed to
UV rays typically have a life span of approximately 7 years and it has been over 10 years since the roof
joint sealants have been replaced. A joint replacement program should be implemented based on this
useful life span. The joint sealant replacement should start at the roof level and work down through the
garage. When DT joint sealants are replaced, all exposed DT connections should be reviewed, and if
necessary, failed welded connections and deteriorated concrete should be repaired.
We had the opportunity to review the garage during a rain event on April 16th. During this time, we
reviewed the underside of the DT joints and noted a large quantity of leaking joints indicating failures in
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the joint sealants and some cracking around the DT-DT connections. At the roof level, 78% of the joints
were leaking. See photos 7 & 8.

Photo 7.

Photo 8.

DT Flanges
For the age of the garage the DT flanges/drive surface are in good condition. There are few a cracks within
the DTs throughout the parking structure and were likely from the original erection or from the
fabrication, formwork striping or shipping. Non-structural cracks at the driving surface should be routed
and sealed to prevent water infiltration through the flange.
DT Stems
Cracking, rust staining and spalling was observed on the bottom of DT stems at a several locations. See
photos 9 & 10. The deterioration is likely a combination of poor concrete cover over the reinforcement
and leaks from the joint above. The deterioration is typically located close to the end bearings, either side
of column locations. Typically, precast garages have wider flanges than seen in the High Street garage, the
smaller flanges create a poor detail at the exterior columns. In order to fit DTs around the columns, the
DT stems are thinner at either side of the columns, which reduces an already poor concrete cover
situation. These are critical repairs and should receive high priority as further deterioration could affect
the prestress strands and bearing capacity. If the prestressed reinforcing strand is significantly
deteriorated, it can potentially reduce the capacity of the DT and its ability to support vehicular loads.
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Photo 9.

Photo 10.

Deck Expansion Joints
Expansion joints are located along grid line C (West of the shear-wall) at each level and around the stair
towers. Generally, the expansion joints are in fair condition, with the majority of the expansion joints at
the roof level needing to be repaired or replaced. While onsite it was observed that a few of the expansion
joints were filled with sand and debris. See photos 11. The expansion joint should be cleaned quarterly in
order to prevent debris from prematurely failing the joint glands and increasing the chance of leaking.
While walking the garage during a rain event it was noted that leaks were present at the Roof Level and
Level 3 expansion joint along grid line C.

Photo 11.

Photo 12.

The expansion joints at the roof are in poor condition. Due to their exposure to plowing, expansion joints
can be damaged easily if the proper care is not taken. These expansion joints appear to show signs from
plow damage with the glands being cut and torn and the expansion joint header material is spalling along
the length of the joint. See photo 12. The expansion joints are critical to allowing movement in the garage
as well as keeping water from leaking to the level below. We recommend replacing the expansion joints
at the roof deck first and then work down through the garage.
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4.2 Inverted Tee Beam
Spanning from column to column and column to shear/bearing wall at the vehicle crossovers between
ramps, the IT beams supports DTs along grid line C between grid lines 1 & 3 and 8 & 10. A composite castin-place (CIP) concrete topping forms the drive surface over the beams at the crossover and ramp with
traffic membrane coating the topping. Overall, the beams and CIP topping at the crossovers appear to be
in fair condition. See photo 6. A few of the beams at the crossovers are showing signs of cracking, rust
staining and spalling. See photo 13. These areas are critical to keep the garage operational and should be
considered high priority repairs. Some of the IT beams were previously repaired during the 2010 phase of
repairs. These repairs are showing signs of deterioration with cracks and rust staining. These repairs will
need to be monitored and repaired as needed. See photo 14.

Photo 13.

Photo 14.

Of all of the precast concrete structural components in the garage, the IT beams are most susceptible to
leaking and deterioration due to the quantity of joints around the beams, the CIP topping over the beams
and the location of the beams is the heaviest-travelled areas subject to the impact of turning and braking
vehicles. The CIP concrete topping over the IT beams and DTs is generally of a lower quality than the
precast concrete and thus more susceptible to deterioration. This vulnerable location is at further risk if
the field-placed CIP topping does not provide adequate cover over the large quantities of reinforcing steel
that are typically found at the top of the IT beams. The delaminated CIP topping should be removed and
replaced. Traffic membrane installed at the crossovers is deteriorating, and will need to be
recoated/replaced when the topping is repaired.
4.3 Spandrel Beam
The garage has load bearing spandrels (LBS) running North-South (along grid line A & E and grid line B
between grids 9 & 10) and non-load bearing spandrels (NLBS) running east-west (along grid line 1 & 10
and grid line 9 between grids A & B) in the garage. The LBS span between columns and support the DTs at
each elevated level. The NLBS enclose the end of each level but do not support any vertical loads from the
DTs. Both types of spandrel beams serve as barriers for vehicles and pedestrians. Overall, the spandrels
appear to be in good condition. A few spandrels have small shear cracks, these cracks are a low priority
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repair but should be routed and sealed. See photo 15. While it is currently considered a low priority repair,
spalling lifting pockets on the top of the spandrel should be repaired as needed.

Photo 15.

Photo 16.

4.4 Columns
The precast concrete columns are in good condition. At a couple locations cracking/spalling was present
at the column, these areas will require concrete repairs but are considered low priority repairs due to the
size of the spalls. See photo 16. It was noted that the perimeter sealant did not run up the face of the
columns at most of the columns. When the joint sealant is replaced in the future, the sealant should be
extended up the face of the column to prevent water from leaking to the level below. See photo 17.

Photo 17.

Photo 18.

The spandrel beams are connected to the columns with an exposed steel connections above the DT, and
supported by a corbel at the exterior face of the column. The exposed connections are hot dipped
galvanized and appear to be in good condition with little signs of corrosion. See photo 17. The corbels
appear to be in good condition, with a minimal amount of cracking. See photo 18.
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4.5 Wall Panels
It is our assumption that the existing precast concrete shear walls provide lateral wind and seismic load
resistance in the North-South and East-West direction of the garage. The shear-wall running in the NorthSouth direction along grid line C between grids 3 & 8, support DTs with a ledge. The East- West shear walls
are located along grid lines 2 & 9 between grid lines A & B and D & E. See Figure 1. It is common for precast
concrete shear-walls to have openings within the panels to provide increased visibility, ventilation and
light into the garage, however there are no openings in the walls. See photo 5,6 & 19. Overall, the shearwalls appear to be in good condition. There is little to no visible deterioration at the shear-walls. The DTs
are connected to the shear-walls with exposed, hot dipped galvanized steel connections. The DT to SW
connections are critical to the lateral stability of the structure. These connections are in good condition
with no visible rust staining or sections loss. See photo 20.

Photo 19.

Photo 20.

4.6 Cast-In-Place Foundations
The only exposed foundations are the retaining wall separating grade and the elevated levels and the
retaining walls around the perimeter of the garage. The retaining walls were observed to be in good
condition. We noted some vertical cracks in the foundation walls throughout the garage. The cracks are
likely the result of shrinkage and temperature variations. Generally, these cracks are small in width and
show no signs of delamination in the surrounding concrete. While it is not currently a concern, these
cracks should be monitored. See photo 21 & 22.
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Photo 21.

Photo 22.

4.7 Barriers
At each level, the perimeter is enclosed by precast concrete spandrels that act as barriers for vehicles and
pedestrians. Maintaining the structural integrity of these is important to ensure that the barrier has
adequate strength to resist the impact of a vehicle. As stated in section 4.3, the spandrels are in good
condition, with some low priority repairs to be completed.
At the roof level, precast concrete caps top the walls along grid line 9 between A & B, along grid line 1
between D & E and along grid line E between 1 & 2. The majority of the mortar joints have deteriorated
and have fallen out and been replaced with sealant which has also failed. These precast caps should be
removed and reset. See photo 23.

Photo 23.

Photo 24.

4.8 Drainage
Adequate drainage is critical to the long-term durability of any parking structure. Most damage and
deterioration to a garage can be traced to moisture infiltration. Removing water from the decks quickly
and efficiently is the key to reducing maintenance costs and extending the life of the structure.
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The parking decks have drains located along the exterior perimeter and along the center wall along grid
line C. During a walkthrough of the garage during a rain event, it was noted that a few of the drains and
drain leaders were leaking directly to the level below. See photo 25. Water is directed to the drains
through the slope of the deck and with the help of the CIP wash perimeter of the spandrels and the
perimeter of the shear wall along grid line C. The CIP wash is visibly deteriorated throughout the garage
and will require repairs in order to quickly and efficiently remove water from the deck. See photo 24.
Several of the deck drains were clogged with debris and should be cleared. See photo 26. It was also
noted in the past that vandals had thrown the drain grates over the side of the garage to the ground
below. It is recommended that when the drains are replaced the drain grates be installed with tamper
proof locking grates.

Photo 25.

Photo 26.

Additional drains should be added at areas of ponding water though at some locations this may be difficult
to accomplish because of the drain lines below impeding in the vehicle clearance heights. See photo 8.
We will work with the City on potential new drain locations. It is recommended all drains be cleaned of
debris, including sediment buckets and water tests be performed to confirm that they are free flowing. If
the drain leaders are clogged, the leaders should be snaked to remove any debris. Also, it is recommended
to install cleanouts at each level to provide better access and maintenance of the drain and leaders. A biannual maintenance program should be implemented by the City to clean out the drains and leaders. A
weekly program should be implemented to ensure drain grates are not clogged.
4.9 Stair Towers
The garage has a stair/elevator tower located at the South-East corner (see photo 27) and a stair tower
located at the North-West corner (see photo 28). See Figure 1. The stair/elevator towers are constructed
out of CMU with CIP concrete landings, steel stringers and steel tread pans filled with CIP concrete. All the
stair/elevator towers are in fair condition. At the North-West stair tower, the steel risers and pans have
significant rust staining and sections loss. The CIP concrete treads and cast in noising’s are also heavily
deteriorated. See photo 29 & 30. These concrete deterioration can pose a tripping hazards to pedestrians
and require repairs which include installing a new tread covers. At some point in the future the stair risers
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and tread will have to be replaced due to corrosion of the steel but until then installing tread covers will
minimize the current hazards. At the lowest landing of the North-West stair tower there is a concrete spall
on the landing that poses a tripping hazard and is considered a high priority repair.

Photo 27.

Photo 28.

At both stair towers, the majority of the window gaskets have become dislodged. These gaskets should
be temporarily reset, until a larger phase will replace the gaskets. A cracked window in the South-East
stair tower was observed at the top level. This window should be replaced. See photo 31 & 32. Lower
priority repairs that will need to be addressed in the future including crack chase at stair landings,
replacing sealant around windows and stair landings, replacing door frames and repainting the interior of
the stair tower.

Photo 29.

Photo 30.
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Photo 31.

Photo 32.

Per conversations with the City and the Stanley Elevator Company representative, the elevator is original
to the garage. The Stanley representative indicated a major modernization will be required within the
next couple of years.
4.10 Façade
The facade consists of precast concrete spandrels with a stone finish at the elevated levels and the grade
level consists of a CIP retaining wall with architectural cast stone veneer. In general, the façade is in good
condition, and although not a high priority, the precast concrete and veneer elements will need to be
pressure washed and cleaned in the future to remove staining. See photo 33 & 34. The masonry at the
stairs should have a masonry sealer applied to limit moisture absorption into the masonry. It is common
in parking garage stair towers to see peeling paint at the interior CMU because of moisture drive through
the masonry.

Photo 33.

Photo 34.
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4.11 Signage and Wayfinding
The double ramp with two-way traffic is typically an easy system to navigate. Level identifier signage can
be improved in the garage to help patrons navigate the garage. The shear-walls at grid line C had painted
level identifiers at each level, however there is no corresponding level identifier at the stair/elevator
towers. See photo 6 & 35. It would be beneficial to paint the exterior of the stair/elevator towers and
doors/frames the same color as the shear-walls with level identifiers along with numbered level
identifiers. Signage may not be as critical at the upper levels of the garage due to permit parking users
being more familiar with the garage.
Both entrances to the garage have exterior ‘headache bars’ with a max clearance of 7’-4” indicated for
the pedestrian vehicles though the headache bars are installed behind the exterior spandrel and will not
let oversized vehicles know they are too large for the garage which may be too late as they will hit the
spandrel. See photo 1, 2 & 36. It would be beneficial to move these ‘headache bars’ to the exterior
spandrel.

Photo 35.

Photo 36.

4.11 Lighting and Electrical
The perception of safety is greatly increased with the amount of light and the elimination of dark
areas. While we only reviewed the garage during daylight hours we were not able to see how the lights
performed. With this garage serving the public who are likely unfamiliar with the area it is our opinion
that user comfort could be greatly increased by increasing the number of fixtures within portions of the
garage and lowering the existing light from the underside of the DT surface to being in line with DT stem
to allow the light to be unblocked by the DT stems. See photo 37 & 38. This would require installing down
rods to the existing light fixtures and adding additional fixtures to supplement the existing. It was also
noted during our meeting that there have been some customer complaints about dark areas in the garage
where an increase in lighting would benefit safety and security of the garage.
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Parking area lighting is provided by LED fixtures mounted to the undersides of the DTs between the DT
stems. The lighting had been retrofitted with the LED fixtures in 2016. The garage generally consisted of
two rows of lights. With increased light at the corners and around stair towers. At the roof level light
poles with LED fixtures are secured to the top of the shear-wall along grid line C.
We observed corroded and deteriorated conduit throughout the garage. See photo 35. It is recommended
that the existing metal conduits be replaced with PVC to prevent corrosion of the conduit. All the exposed
wiring should be installed in junction boxes or encased in conduit. Installing electrical outlets with lockable
boxes at the stair towers would benefit City personnel when performing maintenance in the garage.
Currently there are outlets only located in the storage rooms adjacent to the North-West stair tower and
during our site visit one of the outlets was not functional. The City noted that they have had to remove
electrical boxes in the stair towers because people were using the outlets to charge their cell phones and
other electronic devices.

Photo 37.

Photo 38.

The City expressed interest in possibly providing electric vehicle charge stations in the garage. This is likely
feasible but an electrical engineer would have to be consulted to determine if there is electrical capacity
available in the garage or if it would have to be upgraded. We have been seeing a large amount of interest
in many parking garages in the Northeast expanding their capacity of electric vehicle charging stations.
4.12 Snow Removal
A snow melter is located at the South-West corner of the roof level of the garage. See photo 39. It is
believed that it is original to the garage. City personnel noted the snow melter received a considerable
amount of repairs for it to be operational again. There is a concern due to the age of the snow melter at
some in the future either parts will not be available or it will become too expensive to repair and will have
to abandoned. There is a high initial cost for new snow melters and can cost between $500k to $1 million.
This is a unique situation because if the snow melter were to be replaced the structure would likely have
to be modified to accommodate a new snow melter if a similar style and type are no longer available.
When the snow melter is no longer useable, the City will need to compare the costs and complications of
dumping the snow over the side of the garage to the City owned parking lot to the west of the garage or
if the investment in a new snow melter is worth it.
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Photo 39.
We recommend closely monitoring the stockpiling of snow since excessive quantities can overload the
DTs. Stockpiling should be a temporary condition until the snow can be safely removed from the roof
deck. Stockpiling can also increase the chances of leaks in the joint systems and increase the risk of freezethaw damage by saturating the deck.
We also recommend that these additional winter restrictions be followed:
 A snow removal plan must be in place and posted, describing proper plowing technique, addressing
issues of speed, blade angle, blade type, skid plates and down pressure.
 All plow blades and skid plate covers must be made of plastic or rubber.
 Mechanical removal of frozen snow or ice build-up is prohibited. Proper snow melting equipment and
deicing materials can be used to resolve problem areas.
 Deicing chemicals shall be limited to calcium magnesium acetate (CMA). Sodium chloride (rock salt),
calcium chloride or magnesium chlorides is not recommended as it contributes to deck deterioration.
 Deck drains must always be kept free and clear and additional drains should be added at areas of
ponding water.
 All horizontal surfaces shall be kept clean of sand and debris by power washing or vacuuming a
minimum of twice yearly, once in the spring and again in the fall.
4.13 Patron Security
Security is a significant topic in parking structure design. The perception of these facilities as unsafe has
been facilitated by the media but, you are more likely to be a victim of a crime in your home then in a
parking structure. We provide the following information to increase your awareness of the potential
security issues and to update you on the current industry security issues.
Security cameras were observed throughout the garage and were reportedly installed 5-6 years ago. They
are installed mostly at the interior and exterior of the stair towers. No emergency call boxes were noted
in the garage. See photo 5. The City may want to review the need for emergency call boxes in the garage
which could benefit the security of garage patrons though can be prone to vandalism and false emergency
calls.
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Access to the garage after hours has been a concern for the City and currently there is no way to
completely close the garage to pedestrians and vehicles. The City does hire security to make rounds in
the garage during off hours. Security of the garage afterhours could be increased by installing overhead
rolling doors at the vehicle entrances and installing fencing at the lower level of the garage. Fencing can
be designed so that it better blends in with the garage architecture and could potentially be used as
decorative element rather a standard galvanized chain link fencing. See photo 40 & 41, examples of
security fencing. City personnel have stated they have had vandalism issues in the past in the garage along
with homeless people sleeping in the stair towers. Controlling access, especially after hours, may appear
to be a significant initial investment but it could be a long term savings for the city by minimizing vandalism
and reducing security patrols.

Photo 40. (Photo not from High St)

Photo 41. (Photo not from High St)

Lighting around the security cameras has been an issue as some of the lights “blind” the cameras and are
therefore not functional. The lighting should be modified/adjusted so the cameras are operational. As
noted above in the Lighting section there have been customer complaints about dark areas in the garage
and recommend additional lighting at those locations.
4.14 Maintenance
Maintenance is the key to the longevity of any structure, but it is even more important in a parking garage
that is open to the natural elements and susceptible to the de-icing salts and water brought in by vehicles.
There are many maintenance items that can be regularly completed without shutting down the entire
facility. A weekly walk through the facility to ensure that all the drains and lines are operating correctly, a
review concrete spalls, overhead and deck, and any leaking joints. We recommend that the drains be
regularly inspected, as eliminating water from the decks is important to extending the use of this
structure. During our review of the facility we noted several locations where the drains were impeded by
debris. Regular inspections can also be made for cracks in the concrete decks, leaks in the joint sealants
and membrane wear. Effective waterproofing of the decks is crucial to minimizing internal corrosion,
which can lead to future structural issues. The parking structures should be swept and be pressure washed
bi-annually to remove de-icing salts and debris from the deck surface.
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4.15 Traffic Membrane
Traffic membranes were observed at the cross overs above the IT beams and DTs. The traffic membrane
is in fair condition with a few locations worn away and delaminated. See photos 42 & 43. In order to
protect the CIP concrete from deterioration, the traffic membrane will need to be re-applied at these
locations and maintained yearly. We recommend that you budget for re-coating or replacement of the
membranes every 5 years, especially in these high traffic areas. We would also suggest considering more
durable system when the existing system needs to be replaced.

Photo 42.

Photo 43.

4.16 Miscellaneous
In order to better maintain the garage by washing the decks down, water spigots could be added at each
level. The system should have the ability to be drained and shut down in the colder months.
We performed a visual review of the elevator cab and rode it several times and it appears the elevator is
in good condition. We are awaiting feedback from the City on when the elevator has last been overhauled.
Elevators in parking garages generally have a lifespan of 15-20 years before having to be modernized. This
lifespan can vary greatly depending on use and since the elevator is in an unconditioned space and is
greatly exposed to elements such as thermal changes and moisture in the air you might see the life span
of certain components be less than that of an elevator inside a conditioned building.
Currently permit parking is controlled by rear view mirror window tags. This could be replaced by gated
access to the permit parking areas, which could reduce the need for someone to review each vehicle to
confirm they have the appropriate tag. The public parking at the lowest level is controlled by pay by phone
and pay by station parking with an associated parking space number. The City indicated that this system
has worked well.
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5 – TESTING
As part of our assessment of this structure we performed a series of tests to establish a base of the current
condition and potential for future deterioration.
5.1 Chloride Ion Content
Chloride ion content testing was performed to determine the potential for reinforcement corrosion. The
testing was performed at different locations throughout the East and West parking garages. As part of our
assessment of this structure we collected powder samples from 3 locations for testing. At each location
we removed a powder samples at depths of 0 to 1”, 1” to 2” and 2” to 3”. This method provides an
indication of the depth of chloride penetration into the precast concrete. Each of the powder samples
were sent to a lab to test for chloride content.
Although chlorides are commonly thought to be the sole instigator of corrosion, it cannot act alone. The
concrete pH, water, the amount of oxygen getting to the reinforcement and the presence of voids around
the reinforcement all contribute to the rate at which the reinforcement corrodes. The establishment of a
chloride content that will initiate corrosion or the “threshold” is very difficult to define. ACI recommends
that the chloride content of new concrete be limited to 0.06 percent and 0.15 percent by weight of
cement. They also state that “it is generally believed that the corrosion threshold is a chloride ion content
of 0.2 percent by weight of cement”. This equates to approximately 1.1 pounds/cubic yard (lbs/cy) of
concrete.
From the testing results outlined in the table below, there are a couple of areas where chloride levels have
exceeded the threshold. However the majority of these are occurring within the first inch of concrete
where typically reinforcement will not be present.
Table 5.1
Chloride Content
Sample
CL-4

CL-5

CL-6

Depth
(in)
0-1
1-2
2-3
0-1
1-2
2-3
0-1
1-2
2-3

% Sample Weight
0.114
0.003
0.045
0.056
0.003
0.056
0.007
0.003
0.004

lbs/cy*
4.5
0.1
1.8
2.2
0.1
2.2
0.3
0.1
0.1

Threshold
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1

Exceeds
OK
Exceeds
Exceeds
OK
Exceeds
OK
OK
OK

Location
Roof Level - Between
grids C & D and 8 & 9.
Level 3 - Between grids
D & E and 5 & 6.
Level 2 - Between grids
D & E and 7 & 6.

5.2 Chain Drag
Chain dragging is performed by dragging a chain across the concrete decks to determine areas of concrete
delamination. Historically we have not seen significant delamination’s in precast/prestressed concrete
decks because of the high density and quality of the concrete. Concrete delamination’s were found in all
the CIP toppings over the IT beams and at the CIP wash, which indicates that there are delaminations
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between the rebar and concrete and should be replaced. We did not note any other significant
delaminations in the flanges of the DTs other than those observed around the deteriorated connections.
6 – FINDINGS AND REPAIR RECOMMENDATIONS
Overall, we found the garage to be in fair to good condition. There are numerous durability issues that we
recommend repairing in order to address existing structural issues, stop further water infiltration through
the garage and prevent future structural problems. We would recommend tackling all of the high priority
repairs within the first year, and then start a phased approach working from the roof level down. We have
prioritized the recommended repairs into three categories as follows:
High Priority Repairs: We recommend that these items be completed in the near future to address the
critical structural supporting elements and life safety concerns.
 Knockdown all loose overhead spalls.
 Repair all severe cracked/spalled DT stems, and IT beams.
 Grind DT-DT joint tripping hazards.
 Replace deteriorated joint sealant at locations with severe leaking.
 Repair tripping hazard at North-West stair tower landing.
 Replace deteriorated conduit and exposed wiring.
 Replace deteriorated/leaking drains and leaders.
 Clear clogged drains.
 Verify drain and leaders are clear of debris to sewer at street.
Moderate Priority Repairs: These items are important to prevent further water and chloride infiltration
and the acceleration of on-going deterioration and durability issues. We recommend that they be
addressed in a reasonable time frame, but less urgent in nature than the items listed above:
 Replace all joint sealants following a top to bottom phased approach.
 Repair/replace broken DT connections.
 Repair spalled DT joint edges.
 Rout and seal precast DT non-structural cracks.
 Apply concrete sealer to DT deck surfaces.
 Repair CIP topping at IT beams & washes.
 Re-apply traffic membrane at IT Beams.
 Repair overhead spalls.
 Install new drains at areas of ponding water.
 Install new clearance head bangers.
 Replace deteriorated doors and frames.
 Replace expansion joints.
Low Priority Repairs: These items are either cosmetic in nature or not critical to durability of the parking
structure.
 Clean the façade.
 Clean the underside of the decks to remove staining.
 Repoint deteriorated masonry joints.
 Seal masonry.
 Restripe all deck markings.
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Paint stair interiors/exteriors including walls and steel.
Install tread covers at stair risers.
Stair tread/riser replacement.
Replace stair tower glazing gaskets.
Replace sealant around stair tower curtain walls
Paint CMU walls.
Install security fencing at perimeter of garage at grade level.
Add additional lighting and relocate existing light to underside of DT stems.
Replace existing metal conduit with PVC.
Reset/repair bird deterrent.

Early identification of potential issues is important to extending the service life of the parking garage and
reducing the quantity and cost of future repairs. The above repairs are recommended in addition to and
not as a replacement of the preventative maintenance program. The maintenance program includes
preventative tasks completed on a daily, weekly, monthly or yearly basis such as sweeping/washing the
decks, cleaning floor drains, inspecting the expansion joints and many other items.

7 – OPINION OF PROBABLE REPAIR COSTS
It is our opinion that the present value of the probable construction cost to perform the repairs identified
during our visual review is approximately $2.6 million in Year 1. Included in this probable cost are an
assumed 10% contingency and a 20% contractor mobilization/general conditions cost. A breakdown of
the opinion of probable repair costs is presented in Appendix A. This cost does not include the ongoing
preventative maintenance program discussed above. The cost and extents of these repairs are not
uncommon for the condition and age of the parking structures.
Twenty Year Plan
In preparation of the Opinion of Probable Costs, the City has requested that all of the work outlined above
be broken out into a 20 year project. We have also provided an annual estimated budget to address
miscellaneous maintenance and repair items that might occur in the garage (e.g. plow damage, spall
knockdowns, floor drain/line maintenance, paint/coating repairs) in conjunction with repeat repairs that
occur every 6-9 years (e.g. traffic membrane recoat, concrete deck repairs, joint sealant replacement)
8 – CLOSING
We trust that this report addresses your concerns regarding this facility at this time. We recommend that
every five years that a garage structure review, condition assessment and cost estimate update be
performed so that we can track and evaluate how the garage has performed over its lifetime and how you
can prepare for the remainder of its lifespan. If you have any questions regarding the contents of this
report, please do not hesitate to contact us.
It has been a pleasure to work with City of Nashua on this project and we look forward to working with
you to plan for the restoration of this facility.
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Appendix A
Opinion of Probable Costs
Project:

High Street Parking Garage

W.O.:

P21444

Date:

07/27/21
Discount Rate (%)

5

Year

Repair Location/Description

Costs

1

Knockdown overhead spalls

$5,000.00

2021

Grid DT joint edge

$1,425.00

Clean floor drains and leaders, water test

$10,000.00

Subtotal

$16,425

10% Contingency
20% Mobilization/equipment

1

$1,643
$3,285

Year 1 Total

$21,353

Year 1 Future Cost

$21,353
$17,500.00

Design Fee

Thornton Tomasetti design & construction administration fee to provide services
for Year 2 - 2022 - $15k-$20k (Construction/Bid documents estimated to be
completed Fall 2021)

2

Joint sealant replacement - Roof only

$54,000.00

2022

DT-DT connection repairs - Roof only

$2,750.00

All Levels

Concrete deck and joint edge repairs, crack repair - Roof only

$4,250.00

Repair CIP topping & traffic membrane over CIP topping at crossovers - Roof only

$9,150.00

2021

Apply concrete sealer to DTs - Roof only

$17,250.00

Drain body and leader replacement - Roof only

$22,500.00

Repair cracked/spalled DT stems

$65,000.00

Repair cracked/spalled IT beams/spandrels

$25,000.00

Elevator modernization -$221k estimate from Stanley Elevator Company dated 5/21/21
Subtotal

$424,900

10% Contingency
20% Mobilization/equipment

2
2022
Design Fee

$225,000.00
$42,490
$84,980

Year 2 Total

$552,370

Year 2 Future Cost

$579,989

Thornton Tomasetti design & construction administration fee to provide services
for Year 3 - 2023 - $12k-$18k (Construction/Bid documents estimated to be
completed Fall 2022)
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$15,000.00

3

Joint sealant replacement

$27,750.00

2023

DT-DT connection repairs

$6,250.00

Level 3

Expansion joint replacement

$33,250.00

Concrete deck and joint edge repairs, crack repair

$6,000.00

Repair CIP topping & traffic membrane over CIP topping at crossovers

$22,300.00

Apply concrete sealer to DTs

$35,250.00

Drain body and leader replacement

$42,300.00

Subtotal

$173,100

10% Contingency
20% Mobilization/equipment

$17,310
$34,620

Year 3 Total

$225,030

Year 3 Future Cost

$248,096

4

Joint sealant replacement

$55,500.00

2024

DT-DT connection repairs

$6,250.00

Level 2

Expansion joint replacement

$33,250.00

Concrete deck and joint edge repairs, crack repair

$22,300.00

Apply concrete sealer to DTs

$35,250.00

Drain body and leader replacement

$45,000.00

Subtotal

$203,550

10% Contingency
20% Mobilization/equipment

5
2025
Level 1

$6,000.00

Repair CIP topping & traffic membrane over CIP topping at crossovers

$20,355
$40,710

Year 4 Total

$264,615

Year 4 Future Cost

$306,325

Joint sealant replacement

$55,500.00
$6,250.00
$33,250.00

DT-DT connection repairs
Expansion joint replacement
Concrete deck and joint edge repairs, crack repair

$6,000.00

Repair CIP topping & traffic membrane over CIP topping at crossovers

$22,300.00

Apply concrete sealer to DTs

$35,250.00

Drain body and leader replacement

$45,000.00

Subtotal

$158,550

10% Contingency
20% Mobilization/equipment

$15,855
$31,710

Year 5 Total

$206,115

Year 5 Future Cost

$250,534
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6

Clean façade

TBD

2026

Install security fencing at grade level

TBD

Misc

Add additional light and relocate existing lighting

TBD

Replace metal conduit with PVC

TBD

7
2027

Subtotal

$0

10% Contingency
20% Mobilization/equipment

$0
$0

Year 6 Total

$0

Year 6 Future Cost

$0

Preliminary budget for miscellaneous repairs ($15k-30k) e.g. plow damage, overhead spall
knockdowns and repairs, floor drain and drain line maintenance, joint sealant repairs,
pedestrian/vehicle barrier repairs, paint/coating repairs
Subtotal

$20,000

10% Contingency
20% Mobilization/equipment

8
2028
Stairs/Elev

$2,000
$4,000

Year 7 Total

$26,000

Year 7 Future Cost

$34,842

Stair repairs, including tread & riser replacement,
painting CMU, door frame replacement, replacing
joint sealants, window gaskets and crack chasing
Subtotal

2029

$300,000.00

$300,000

10% Contingency
20% Mobilization/equipment

9

$20,000.00

$30,000
$60,000

Year 8 Total

$390,000

Year 8 Future Cost

$548,769

Potential Snow Melt System Replacement $500,000$1,000,000

TBD

Subtotal

$0

10% Contingency
20% Mobilization/equipment

$0
$0

Year 9 Total

$0

Year 9 Future Cost

$0
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10

Joint sealant replacement

$54,000.00

2030

DT-DT connection repairs

$2,750.00

Roof

Concrete deck and joint edge repairs, crack repair

$4,250.00

Repair CIP topping & re-apply traffic membrane over CIP topping at crossovers

$9,150.00

Apply concrete sealer to DTs

$17,250.00

Drain leader replacement

$5,000.00

Subtotal

$92,400

10% Contingency
20% Mobilization/equipment

$9,240
$18,480

Year 10 Total

$120,120

Year 10 Future Cost

$186,346

11
2031

Joint sealant replacement

$27,750.00

DT-DT connection repairs

$6,250.00

Level 3

Concrete deck and joint edge repairs, crack repair

$4,250.00

Repair CIP topping & re-apply traffic membrane over CIP topping at crossovers

$22,300.00

Apply concrete sealer to DTs

$35,250.00

Drain leader replacement

$5,000.00

Subtotal

$100,800

10% Contingency
20% Mobilization/equipment

$10,080
$20,160

Year 11 Total

$131,040

Year 11 Future Cost

$213,450

12

Joint sealant replacement

$55,500.00

2032

DT-DT connection repairs

$6,250.00

Level 2

Concrete deck and joint edge repairs, crack repair

$4,250.00

Repair CIP topping & re-apply traffic membrane over CIP topping at crossovers

$22,300.00

Apply concrete sealer to DTs

$35,250.00

Drain leader replacement

$5,000.00

Subtotal

$128,550

10% Contingency
20% Mobilization/equipment

$12,855
$25,710

Year 12 Total

$167,115

Year 12 Future Cost

$285,823

13

Joint sealant replacement

$55,500.00

2033

DT-DT connection repairs

$6,250.00

Level 1

Concrete deck and joint edge repairs, crack repair

$4,250.00

Repair CIP topping & re-apply traffic membrane over CIP topping at crossovers

$22,300.00

Apply concrete sealer to DTs

$35,250.00

Drain leader replacement

$5,000.00

Subtotal

$128,550

10% Contingency
15% Mobilization/equipment

$12,855
$19,283

Year 13 Total

$160,688

Year 13 Future Cost

$288,572
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14
2034

Preliminary budget for miscellaneous repairs ($15k-30k) e.g. plow damage,
overhead spall knockdowns and repairs, floor drain and drain line maintenance,
joint sealant repairs, pedestrian/vehicle barrier repairs, paint/coating repairs

$20,000.00

Subtotal
10% Contingency
15% Mobilization/equipment

$20,000
$2,000
$3,000

Year 14 Total

$25,000

Year 14 Future Cost

$47,141

15

Replace all expansion joints

2035

Subtotal

$99,750

10% Contingency
15% Mobilization/equipment

$9,975
$14,963

16
2036

$99,750.00

Year 15 Total

$124,688

Year 15 Future Cost

$246,873

Preliminary budget for miscellaneous repairs ($15k-30k) e.g. plow damage, overhead spall
knockdowns and repairs, floor drain and drain line maintenance, joint sealant repairs,
pedestrian/vehicle barrier repairs, paint/coating repairs
Subtotal

$20,000

10% Contingency
15% Mobilization/equipment

17
2037

$20,000.00

$2,000
$3,000

Year 16 Total

$25,000

Year 16 Future Cost

$51,973

Preliminary budget for miscellaneous repairs ($15k-30k) e.g. plow damage,
overhead spall knockdowns and repairs, floor drain and drain line maintenance,
joint sealant repairs, pedestrian/vehicle barrier repairs, paint/coating repairs

Subtotal

$20,000.00

$20,000

10% Contingency
15% Mobilization/equipment

$2,000
$3,000

Year 17 Total

$25,000

Year 17 Future Cost

$54,572
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18

Traffic membrane recoat at crossovers

$40,000.00

2038

Miscellaneous concrete repairs (washes, crossovers)

$25,000.00

Subtotal

$65,000

10% Contingency
15% Mobilization/equipment

$6,500
$9,750

Year 18 Total

$81,250
$186,226

Year 18 Future Cost
19
2039

Preliminary budget for miscellaneous repairs ($15k-30k) e.g. plow damage,
overhead spall knockdowns and repairs, floor drain and drain line maintenance,
joint sealant repairs, pedestrian/vehicle barrier repairs, paint/coating repairs

Subtotal

$20,000

10% Contingency
15% Mobilization/equipment

20
2040

$20,000.00

$2,000
$3,000

Year 19 Total

$25,000

Year 19 Future Cost

$60,165

Preliminary budget for miscellaneous repairs ($15k-30k) e.g. plow damage, overhead spall
knockdowns and repairs, floor drain and drain line maintenance, joint sealant repairs,
pedestrian/vehicle barrier repairs, paint/coating repairs
Subtotal

$20,000.00

$20,000

10% Contingency
15% Mobilization/equipment

$2,000
$3,000

Year 20 Total

$25,000

Year 20 Future Cost

$63,174
Anticipated Total Cost For Completing Repairs

$2,595,383

Future Total Cost For Completing Repairs

$3,674,223
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Dr. David Lee Gress, Ph.D., P.E.
Consulting Engineer
14 Sewall Road
Portsmouth, New Hampshire 03801
Phone 603-661-0121 david.gress@unh.edu
April 14, 2021
Adam T. Sampson, Project Engineer
Thornton Tomasetti
14 York Street, Suite 201
Portland, ME 04101
Project: High Street PG
Project Number: P21444
Dear Mr. Adam Sampson:
The testing for chloride contents 9 samples from three (3) from your High Street project has
been completed. Testing was done as per ASTM C 1152 Standard Test Method for AcidSoluble Chloride in Mortar and Concrete. The data are expressed in percent by dry weight of
the powder samples. The data are presented in Table 1.
If you have any questions lease let me know.
Respectfully submitted,

Dr. David Gress, PH.D., P.E.

Table 1 High Street Powder concrete sample Chloride Contents.
Sample
Location
TC #4

TC #5

TC #6

Depth,
inches
0 to 1
1 to 2
2 to 3
0 to 1
1 to 2
2 to 3
0 to 1
1 to 2
2 to 3

Chloride
Content, %
by dry wgt.
0.114
0.0028
0.045
0.056
0.0030
0.056
0.0072
0.0033
0.0036

