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EXECUTIVE SUMMARY

Walker has completed our condition assessment fojv the River Park
Square Parking Garage in accordance with the scope of semces ;
outlmed in our proposal dated Tune 14 1995

The purpose of the investigation was to observe the general
condition of the parking facility, suggest necessary repair and
maintenance actions, and provide cost estunates for the reqmred
restoratnon work.

Based upon our observations, we believe this structure is at an

' important juncture in its life; a number of factors are combining to

cause the floor slabs to be extremely vulnerablc to corrosxon-related
deterioration. Some of these factors are as. follows '

. The slab thickness of 5° is too thin by current design
standards, resulting in excessive deflections and flexural
cracking. Flexural cracking on the top surface of the floor
slabs provides easy access for salt laden mmsture into the
congcrete. '

«  The concrete strength is below o‘rigij]al‘ design speciﬁcﬁtions;» ‘
" increasing the negative effects of the slab thickness and
resulting in poor durability characteristics.

. The chloride ion concentrations within the concrete at the
level of the reinforcing steel are at or above the level
necessary to promote corrosion of the steel throughout most .
of the garage.

Although our structural analysis of the floor slabs confirmed that

there is adequate structural capacity for the design loads, there still

exists a durability and serviceability concern.

waler
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We found floor dela.minations reéulting from corrosion of the slab

reinforcing totalling approximately 2% of the total floor area,
Based on the conditions stated above, we believe this deterioration
will contite at an ever-increasing rate in the absence of adequate

preventative measures. , , »

- Although previous repairs and maintenance actions have assisted in
 delaying the effects of reinforcing steef corrosion on this structure,

it is nonetheless at a point where more comprehensive repairs and

waterproofing are required. It is assumed that a minimum
additjonal service life of 20 years is desired for this facility..

Structural repaits to the floor slabs and precast 'f'ac_ade pangls are

 Tecommended, as are miscellaneous non-structural and serviceability

items. ‘Three options are presented for deck waterproofing
following repairs, Option C, which includes a traffic-bearing
waterproof membrane system at a total estimated praject cost of

~ $1,420,000 is the recommended approach.

i ~So— il h——
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INTRODUCTION

Authorization

QObjective

Scape of Services

An engineering investigation to determine the physical condition of
the River Park Square Parking Garage was performed in-accordance
with the Walker proposal dated June 14 1995 authorlzed by the
City of Spokane on Aprll 9, 1996. '

The objective of this investigation was to determine the physical
condition of the structural system, and establish the scope and
estimated costs of repairs needed to restore the structural integrity

‘of the structure and preserve it for the intended service life. The

Condition Appraisal brings to your attenﬂon itemms which are in
need of repair. This appraisal does not chscuss specific methods of

~ accomplishing the repair. Preparation of construction documents

will address all aspects of material selection and methods for repau'
of the structural components.

The scope of services for this work is as follows:

1. Review available structural and/or archltectural drawmgs and‘{_ _

specifications, to study detalls of the orlgmal construction.
Review available reports pemumng to the current condltlon of
the River Park Square Parking Facility (the "Facility".)

2. Conduct a field observation of the physical condition of the
Facility and collect samples for testing of concrete. The field
observations will include a detailed visual examination and
thorough chain drag survey of the floor slab areas of the entire
structural systein. | ‘

3. Based on conditions found during the course of Consultant’s
condition appraisal, recommend any repairs that are
immediately necessary for the safety of users or protection of
property.

waller]
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Perform materials testing of ‘concretc core and .powder
samples collected from the Facility. Testing to include:

a.

Petrographic (microscopic) examination to determine
general concrete quality and/or air entrainment
characteristics of the concrete. Representative locations
will be selected for testing. : :

Compressive strength testing of core samples removed
from the concrete floor slab. . Representative specimens
will be obtained.

Chloride ion content testing of powder samples to
determine the extent of potential salt contamination.
Representative high exposure (entrance lane) and light
exposure (parking stall) locations will be sampled.

Evaluate all field observation and material testing data.

Prepare a report which will document all work performed in
field observations, materials testing and analysis of data, and
description of alternative restoration programs and their
associated service lives.. o
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BACKGROUND AND METHODOLOGY

Structure Description |

The River Park Square Patking Garage is a seven-level concrete

- structare located on the north half of the blocks bounded by Main

Avenue and Spokave Falls Boulevard, Lincoln Street and Wall

Streat. The facility, which spans over Post Street, was constructed
*-in 1972-74. Desigoed by John Graham and Company Architects,

Planners and Engineers, the garage contains parking for 750 cars,
as well as grade-level and basement level retail space of .
approximately 44,000 square feet, ‘

‘The structure itself consists of conventionally reinforced cast-in-
- place concrete columns, beams and floor slabs. Large post-

tensioned transfer girders distribute the load of the structure above
to columns which straddle Post Street. The typical parking level -
framing consists of 5* thick floor slabs spanning 19'-8 between

"+ floor beams. The floor beams are typically 24" wide by 30" deep,

spanning 55'-0 and providing column-free parking ramps. The
floor beams frame into the columns or the longitudinal girders
between columns. ’ '

Lateral load resistance is provided primarily by shear walls along
the center column line in the east-west direction and the end walls
in the porth-south direction. There are no expansion joints in the
parking deck except those isolating the stair/elevator towers from -
the main structure. o

The functional design is a triple threaded helix, with two upbound
circulation paths and one downbound circulation path. Traffic flow
is one-way with angled parking. Entry/exit access is provided from
both Post Street and Lincoln Street.

The basic footprint of the structure measures 115'-0 by 357'-0, and

the total area of supported structure is approximately 280,200
square feet.

oafler
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Previous Repairs

' ‘The facade is comprised of a combination of architectural exposed-

ageregate precast concrete panels attached to the reinforced concrete
frame, and brick veneer (primarily on the west elevation and the
stair/elevator towers. ' S '

Vertical circulation of pedestrians is provided by two stair/elevator
towers Jocated along the south elevation near the east and west ends
of the structure, and by two additional stairtowers at the northeast -
and northwest corners. ' e

A review of the original design drawings revealed the following
items pertinent to this study: R :

. The design strength of the concrete floor slabs is 4000 psi.

The typical floor slab thickness is 57; with'3/4" concrete
cover provided over reinforcing steel. .

. Although no expansion joints exist in this relatively long
structure, slab closure strips were incorporated at the third
points of the structure. These slab strips were not poured
until after all post-tensioning of the main girders was
completed nor less than six weeks following placement of the
concrete floors on each level. This served to reduce forces
imparted into the structural frame due to shrinkage, creep, and
elastic shortening of the concrete. S

The following information concerning previous rep?i_rs was
provided by Mr. Terry Goebel of Goebel Construction, whose firm
bas performed the structural maintenance in the garage in recent

- years.

.Approqdmately fen years ago, a MAjor Tepair project was undertaken

pursuant to the recommendations contained in a condition appraisal
completed by Wiss, Janney, Elstoer Associates. Major items of
work in this project included floor deJamination repaits, precast
spandrel repairs, floor slab crack routing and sealing, silane sealer
application to floors and precast spandre] panels, and repairs to the
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Appraisal Procedure

asphaltic overlay on the lower levels. The cost of this work was in
the range of $300,000-$400,000.

Since that time, several rounds of repairs and miscellaneous
waterproofing work has been performed, including repairs to the
asphaltic overlay, additional floor patching, and additional
applications of silane sealer. Mr. Goebel estimated that -

_expenditures have been in the range of $50 000-$100,000 every

other year, Reportedly there have been no repairs undertaken in the
past two or three years.

‘Floor repairs were accorplished with an epoxy-modified concrete

patching material. Some of the floor patches were coated with a
urethane traffic bearing membrane. ”l"he ortgmal asphaltic overlay'
system was a product called "Rubber Road", consisting of a fluid
applied membrane overlayed with approximately 2% thick -
rubberized asphalt wearing course. Some of the more recent repairs
to this system were made with an asphalt surface mix, as the Rubber
Road product is no longer available.

On April 8 through April 11, 1996, a field surveyv was bonductéd_
“at the facility by Walker restoration engineering staff "The

following specific tasks were comp}eted

»  Visual inspection of all structural elements including concrete
floors, ceiling surfaces, columns, and perimeter slurry walls.

+  Visual inspection of the lighting, parking functional layout,
A.D.A. compliance, and other miscellaneous items.

. Chain drag survey of the floor slabs to determine extent of
surface delamination. Sounding of overhead surfaces by
hammer tapping to locate and quantify delaminations.

«  Sampling of in-place concrete as follows:
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Concrete core samples were extracted for. v1suaJ
examination, concrete strength tesung, and petrographlc
examination. Petrographlc examination is used to

determine - basic durability characteristics of the
concrete.

Concrete powder samples were taken from the floor slab
at numerous Iocatlons thrcmghout the facmty for
chloride ion" testing.” The results of this testing
establishes the amount and depth of penetration of
chloride ions within the upper portion of the floor slabs.

Temihology The review and evaluation of cbn;:rete deterioration requires the use
of specific termjnology to identify observations and record results.
Appendix 1I-D contains definitions of this terminology.
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CONDITION APPRAISAL AND DISCUSSION

Visual Observations  Floor Slabs -Supported level floor slabs are exhibiting a substantial
- amount of cracking, The cracks ate predominantly oriented over
~and parallel to the underlying floor beams, and typically extend
from the middle of the ramp outward to the quarter points of the
ramp. Many of these cracks are located and oriented such that they

-are likely a result of flexural (bending) stresses in the slab due to
the normal loading of self-weight and vehicles. Others appear to be
related to shrinkage of the concrete,

Extensive cracking was also observed on the underside of the
supported level floor slabs.  This cracking follows a different.
pattern, primarily being diagonally oriented across the corners of
slab panels (panel being defined as 2 section of floor slab the full
width of the ramp and between two successive floor beamns). This
cracking is a result of a combination of shear and flexural stresses
in this conventionally reinforced floor siab. The diagonal
orientation results from the fact that there are floor beams in the
longitudinal direction along each edge of the ramp, causing bi-

- directional bending, -

Although the transverse cracks observed on the top side are
typically not full depth cracks, the diagonal eracking at the panel
corners in many cases is. Throughout the garage, there is evidence
of water and oil having leaked through these cracks. In the
reserved parking areas on the lower levels, temporary visqueen tents
have been installed to contain or divert drippings from over the tops
of parked vehicles. ’ '

Cracking of reinforced concrete does not of itself indicate structural
failure. We have checked the original design of the floor slabs,
based upon the information provided on the As-Built Drawings, and
found it has adequate structural capacity for the anticipated loads.
The cracking is more of a serviceability concern than a structural

wajker
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one. It is related to the deflections of the giabg under loading.
Interestingly, the design slab thickness of 5° is well below the
recommended minimum for its span length as prescribed in the ACT
318-71 building code requirements in effect at the time of
construction. Increased cracking and deflections would be the
expected result, and this is what we observed. Driving the ramps,
there: is a noticeable “roller coaster” effect. .

Stab cracking has the undesirable resuls of providing a path for
moisture and, more importantly, chlorides from de-icing salts to
enter the concrete. The resulting increase in the rate of COrTOSion

of embedded reinforcing stee! causes deterioration of the reinforced

been treated at all,

Our chain drag survey of the flogr slab surfaces enabled ug to locate
and determine the extent of floor delaminations. We found there o
be a moderate amount of delaminations throughout the garage. Our
of a total of gver 280,000 square feet of floor area, we found
approximately 4,700 square feet of delamninations. Thig represents
less than 2% of the total floor area. These delaminations, as
previously mentioned, are a result of corrosion of the reinforcing
steel within the floor slabs. '

The likelihood of corrosion related spalling and delaminations in
slabs is directly related to the depth of the reinforcing steel below
the surface. The drawings indicate a depth of concrete cover pver
top reinforcing of 3/4", which was typical at that time (current
design practice calls for 1-1/2" of concrete cover). As would be
expected, floor delaminations are occurring over the tops of floor
beams where siab reinforcing is Jocated near the surface. This type
of deterioration can uitimately lead to loss of bond between steg]
and concrete, resulting in a compronise to structyral integrity.

| — . - — R
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Although the tota] area of deiaminations is relatively small, it js not
Insignificant. The occurrence of corrosion-related delatminations
tends to be an ever-increasing phenomenon, once the necessary
conditions supporting the corrosion are present, :

Overall, the condition of the slab Surfaces appears to be good.

Some abrasion wear of the slab surfaces was noted in the turning ]

arcs at the ends of the ramps. The abrasion of vehicie tires' has

caused some loss of the concrete surface, exposing aggregate o
varying degrees. N

A limited amount of smal] surface defects on the roof tier were
noted, These small quarter-sized craters are called aggregate
Popouts, which are result of freeze-thaw action on certajn
absorptive course aggregate in the concrete. o '

A small, isolated area of the floor slab js exhibiting heavy surface

- scaling. This was located in one of the closure strip pours, and
probably is a result of Inadequate air entrainment of that particular
batch of concrete, |

Portions of the lower tiers have been overlayed with an asphaltic i
material wear course over an elastomeric waterproofing membrane.

The areas with this surface treatment are primarily. those over. .

~finished retail space. The overlay/membrane system is in good
condition, with some limited areas identified as delaminated or
otherwise deteriorated. In the inbound lanes near the control gates,
it appears that a second overlay of asphalt may have been placed in
the drive lanes, perhaps to repair heavily worn areas. There is also
some indication of subsequent efforts to waterproof the boundaries

of the system where it abuts walls,

The undersides of supported Jevel floor slabs were relatively free of
corrosion-related spalling.

Beams, Columns, and Walls - The remainder of the structural

framing system appears to be in good condition. There was some
routine flexural cracking noted in the floor heams, however crack

g




1-12

Condition Assessment, River Park Square Garage

widths were small and there was no unusual dlsplacement noted.
Cracking was also observed in the shear walls on the interior
column line. This cracking also is cons:dered to be normal for
structure of this type and poses no parucu]ar threat structurally or
from a durability standpoint.

One large spall was noted on the top of a wall on the roof tier, This

- was'a result of corrosion of embedded steel, and is an isolated

occurrence. Very little other corrosion related spa]lmg of structural

- members was noted.

Drainage - Due to the predommance of slopmg ﬂoors in ﬂns tnple
threaded helix garage, overall drainage is excellent, Trench drains

- which extend across the entire ramp are located at the exposed roof
tiers. Area drains have been installed at the end bays of all levels.

These drains appear to have been installed after completion of the
floor slabs, because they are located in grouted block-outs in the
slab. The perimeter of the blockouts are woled and caulked, and
the condition of the sealant was noted to be poor. ‘Drainage piping
is cast iron, and has been insulated and wrappe.d wlth elecmc heat
tape to prevent freezing of honzonta] runs

"There are a few isolated locauons where pondmg is occurnng

These were generally on the upper levels m the end bays

ngiztmg ~ Parking area ]ighting is pmvided by»8'~0 1ong single

lamp florescent fixtures. These fixtures are surface mounted to the
underside of the floor slabs, The typical slab panel has four
fixtures, with two groups of two fixtures end to end . - Condition' of
the light fixtures was good. Electrical conduit is embedded within
the slabs, :

Genperally, lighting levels in the garage seemed uniformi and
adequate. Lighting levels were measured at nighttime with a

“handheld light meter. Readings taken at the floor near the middle of

the ramp averaged approximately 4.0 footcandles, This is slightly
below current design standard (TESNA) of 5 fc average.

"R e “E— “— “— “Tiulymy
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Roof tier lighting is provided by pole mounted high pressure sodinm -
fixtures. Lighting levels were more variable, ranging from 0.5 to
3.3 fc, with the lower readings occurring at dark spots in the |
vicinity of fixtures which were presently not working properly.

Striping - The basic striping layout consists of 8-6" stall widths at
a 60 degree angle. Striping paint is yellow, and is poor to fair
condition. ’ - '

Stall quantities and layouts for handicap parking are not cohipliant'
with current A.D.A, requirements. For example, handicap van

- spaces are provided on the roof tier, in spite of vertical clearance
restrictions making the roof tier inaccessible to vans,

Stair/Elevator Towers - The stair towers and elevator lobbies were

. generally well-lighted, and ventilated. -

Some evidence of water damage was noted a the top tiers of the
northeast and notthwest stairtowers. Leakage from around the roof
scuppers is penetrating the concrete block walls, resulting in freeze-
thaw damage, staining, and corrosion of the metal stair components.
Repairs to the scupper are needed, and the outside of the block
walls should be painted with a waterproof coating to prevent fuwre
water infiltration. o

Eacade - The north and south facades consist of precast concrete
- panels with an exposed aggregate exterior face. The panels are
fabricated to a "curved L" shape, with the bottom Jeg of the "L"
bolted 1o the floor and edge beam, and the vertical leg forming the
guard wall. On many of the panels, the top surface of this bottom
leg is exhibiting scaling. This sealing is a result of freeze-thaw
‘cycles acting on the concrete, and probably indicates less-than
desirable durability characteristics of the precast concrete. In some
cases, it appeared that the concrete was not properly consolidated,
leaving multiple air pockets at the surface, This provides access for
moisture into the concrete, thereby increasing the effects of freeze-
thaw cycles.

oafler
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In addition to the surface degradation, there were some locations
where corrosion of embedded stee] has occurred, causing cracking
and spalling of the precast concrete. Where this occurs jn the

- vicinity of the connection hardware holding the panel in place, the
~ swbility of the panel can be compromised. There wete 1o situations

noted requiring immediate action, however it would be prudent to
inspect these panels at least twice annually to prevent ongoing
deterioration from creating a hazardous situation. Some repairs and
waterproofing protection are needed at this time.

Scaling of the precast concrete was also noted at the tops of the

- walls, again indicating poor durability characteristics of the
concrete. The exterior faces of the facade panels appeared to be in -

generally good condition., -

- At the curb face of the pangl, a cove of urethane sealant protects th_é
~ Joint between precast panel and cast-in-place floor. In many

locations, this sealant is debonded or otherwise failed, In locations
where new panels have been installed, the cove sealant was usually
not replaced. Anywhere the cove sealant is missing or failed, there
exists a point for moisture to reach the steel connection plates and
anchor bolts which hold the panel in place. These need to be sealed
to prevent corrosion of these important components.

The butt joints between panels are sealed to a point at about the
mid-point of the curved transition between horizontal and vertical
legs. This 1" joint + was generally found to be in good condition.

The open space between spandre] panels and the next tier floor
beam is closed off by galvanized chain Jink fencing. No problems
were noted relative to the condition of the fencing or its connection
to the structure, '

The west facade consists of brick veneer over cast-in-place concrete

~ shear walls, The brick veneer appears to be in good condition.
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Materials Testing Program

Concrete core samples were extracted on April 8,1996 by Drilling -
and Sawing Service Co., for use in performing compressive
strength testing and petrographic examination. Samples were taken
from Jocations selected by Walker to provxde a representative
sampling of the structure.

Walker personnel extracted powder- sam;)lés from ‘t'he floor slabs on

© . the same date, for use in testmg the chlonde ion content of the

' concrete.

Eight concrete cores of 3" diameter (norinal) were cut full depth
in the floor slabs. Lengths of the cores (i.e. depth of the slab)
ranged from 5" to 5% ", with one core measuring 4%". - Visual

‘examination of the cores revealed well-f:onsohdated wel]—graded ‘

concrete with maximurw aggregate size of % ".

Bmmmmaa Petrograph:c (mxcmscoplc examination)

was performed on four concrete core samples, designated as Cl1,
Cd, C6, and C8, from Levels 3,4,5, and 7 respectively. All cores
were obtained in what appeared to be typical, sound concrete. See.
Appendix II-A for exact core locations.

Testing was performed in accordance with standard procedure
ASTM C 856-83, "Petrographic Examination  of Hardened -
Concretc Detailed results are. mcluded in . Appcndlx 1-B..
Highlights of the findings are discussed m the paragraphs that

follow. '

The water-cement ratio was interpreted at 0.43 to 0,47 in Cores Cl
and C8, 0.48 to 0.52 in Core C4, and 0.45 o 0.50 in Core C6.
These values exceed the recommended maximum water-cement
ratio of 0.40 per ACI 363.1R-94, "Guide for the Design of
Durable Parking Structures”. '

Paste-aggrepate bond is moderately weak in all cores. This
characteristic is directly related to the mechanical strength and other
physical characteristics such as porosity, permeability, absorption,
and abrasion resistance,
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Depth of carbonation was measured at 0.02" to 0.22" from the top
surface of the cores, and 0.16" to 0.48" from the bottom surface of
the cores. Typically, well consolidated and cured concrete will
carbonate to a depth of 0.25" in a period of 10 years. Within a
parking structure environment, vehicular exhaust increases the
levels of carbon dioxide. Carbonation. lowers the pH of the
concrete, making it more acidic and thereby increasing the potential -
for corrosion, should the depth of carbonation approach embedded

steels. Carbonation decreases surface permeability by reducing pore
volume as these pores fill with the reaction products. '

Light superficial rust js present on the underside of a No. 5 rebar
which is located approximately 0.6" from the bottom surface of
Core C$. Corrosion is attributed to carbonated cement paste
reaching the level of the reinforcing steel.

Aggregate in Cores Cl, C4, and C6 is well graded to a nominal
maximum size of %", and 3" in C8. A larger aggregate size
would allow an increase in aggregate volume and a reduction in the
total water Tequired to obtain given slump. Larger aggregate also

" decreases drying shrinkage.

No evidence of deleterious reactions of other indication of processes
of chemical interaction and related deterioration were detected.

Estimated total air content (entrapped plus entrained) was 3 to 4
percent in Core C1, 4 t0 5 percent in Core C4, and 6 to 7 percent
in Core C6. The range of optimum guideline values established by
the American Concrete Tnstitute (ACI) for resistance t surface
scaling and other freeze/thaw deterioration is 6 % 1.3 percent for
copcrete with maximum size aggregate of %" . The observed air
content varies from below minimum for Core C-1, to low end of
scale for core C-4, 10 normal for Core C6. Marginal air content
can have potential adverse affects on long-term durability. All
concrete specimens were judged to be air-entrained, based upon the

presence of evenly distributed, small spherical voids, characteristic
of purposely enirained air.
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Core Cl was tested in accordance with ASTM C 457-90, |

"Microscopical Determination of Air-Void System in Hardened

Concrete”.  The air content of Core €8 was measured at 3.8
percent. Other parameters which are measured under this test

procedure include air void frequency {air voids per inch), specific
surface (surface area of the voids), and spacing factor (average

maximum distance from any point in cement paste 1o edge of

nearest void).

Although Core C8 had an ajr content below recommended
minimums for durable concrete, all other parameters of the air void
System meet industry-recommended values for resistance to freeze-

thaw damage. Of the four tested air-void parameters, air content

Is considered t be the least significant indicator of durability.

Chioride Ion Congent - Concrete powder semples were taken from

~ mine different slab locations in both drive aisles and parking é_talls,
and tested for chioride ion content (road salt) contamination, Water
soluble chloride ion concentrations were determined in accordance

with”  Federal Highway 'fAdmihisftrdtioﬁ - Report  No.

FHWA-RD-77-85, "Sampling ‘and Testing for Chloride Ton in.

Concrete”. Powder samples were removed at {-inch increments
from Q"o 3"depth at each sjab location to establish the chioride jon
content as a function of depth. A sample was also extracted from
a wall in. the depth increment of 0 to 2 inches to determine a
baseline chloride jon concentration for concrete not likely to be
exposed to dissolved road salts.

Chloride testing aids in evaluating the permeability of the concrete
as indicated by depth of chloride jon benetration and in determining
the susceptibility of embedded reinforcement to corrosion. Elevated
levels of chloride jons in concrete can be a result of high
concentrations in the original mix constituents, After hardening of
the concrete, chlorides can be introduced by application of de-icing
salts in the garage or salt-laden drippings from cars parking in the
garage, :

walier
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Concentrations of chloride jons ranging from 280 to 410 PPM or
greater (along with the presence of moisture and oxygen) are needed
to sopport corrosion of mild steel remforcement in concrete,
Therefore, the chloride ion concenirations at the level of
reinforcement is of particular lmportance '

| Sample CL10, the baselme sample conmmed 46 PPM chlonde jons.

From this we conclude that the ongmal concrete: dnd not contam
excessive levels of chlorides, :

Six of the nine floor slab samples had concentrations above the
threshold values of 280 to 410 PPM in the 0"-1" depth range. Of
the three samples with low concentrations, Sample CL6 was taken
in an area where it has been protectcd by the original asphaltlc
overlay and membrane syster, and Samples CL5 and CL9 were
taken on upper levels which receive.the Jeast amount of traffic.” The
chloride jon contents are shown graphlcally in the charts on the
following pages.

With the top layer of reinforcing steel Jocated just %" below the
surface, it is clear that the steel is vulnerable to corrosion
throughout the garage, but pa.rtlcularly on the lower levels. It is

~ important to prevent moisture from penetrating the floor slabs given

these levels of chloride jon concentrations. Past applications of
silane sealer may have been "too little, too late” to prevent the

- intrusion of chloride; into the slab,
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