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Abstract

This paper will present findings from ground penetrating radar (GPR) surveys of two historically significant
masonry churches in Westchester County, NY the Church of St. Barnabas in Irvington (by Sands & Renwick) and
Christ Church in Bronxville (by Bertram Goodhue). Conventional investigations and GPR surveys were conducted
to gather information on moisture infiltration, and to provide guidance for restoration and remediation. In both
cases, multiple attempts had been undertaken, prior to the investigation and GPR surveys, to resolve chronic
water infiltration issues including repointing, and repair or replacement of roofing, flashing and roof drainage
systems with little or only partial success. Although wall construction differed significantly in the two examples,
one common type of wall configuration was noted to be particularly vulnerable, that is, a continuous wall in which
the upper portion is exposed to the exterior on one or both sides (for example, a tower, parapet, or clerestory wall)
and the lower portion is interior with arched openings (for example, crossing tower arches, or arches that
separate nave from side aisle). Water is apparently absorbed into the wall from the exterior and makes its way
down through channels or voids in the mortar, causing staining or plaster damage at the head of the interior
arches. Long periods of exposure to moisture cause the gradual deterioration of historic lime mortar, leaving sand
and voids in place of solid mortar between the masonry units. At the Church of St. Barnabas, a thorough
restoration of the tower parapets (including flashing, lead weathercaps, removal of impervious parging on the
inboard face of the parapet, repointing and injection grout) eliminated visible water damage at the interior arches,
but did not completely eliminate high moisture readings in the interior masonry behind the plaster. At Christ



Church, a suspect eave and gutter detail is believed to be chronically saturating the upper clerestory walls during
rain and ice-melt conditions, and parapets with limestone copings have sustained long-term internal damage not
addressed by surface repointing. The GPR surveys revealed a surprising finding in both of these case studies, that
is, a similar pattern of voids that appear to increase in number and size in the lower sections of the walls. The
paper will explore several possible mechanisms by which moisture can move through a wall, patterns and causes
of mortar deterioration, and a theory that entrained water may develop a hydraulic head that aids its downward
movement through a masonry wall.7
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Abstract

A number of techniques exist for evaluating the condition of steel frame masonry clad buildings. These
techniques provide information on various issues with the building but do not address corrosion, one of the main
factors in the durability of the building.

When evaluating buildings using typical techniques such as visual inspection, infra red, ground penetrating radar,
sounding and moisture content information is gathered and assessed accordingly. These techniques do not
enable the Engineer to scientifically determine the condition and are generally based on experience and the skill of
the site technician. This kind of survey data does not allow the Engineer to determine the condition of the
underlying steel frame but only the condition surrounding the steel. In the majority of cases high moisture content
will be evident and only variants of this moisture content will be detectable. In addition to this some of the survey
data may identify voids in the infill material where water could accumulate.

In all these instances we have not addressed the actual condition of the steel frame nor have we identified how it
is behaving in its environment. To enable us with some accuracy to determine the effects the steel frame
corrosion will have on the building, we have to evaluate the rate at which it is currently corroding. Linear
Polarization Resistance, an electrochemical method which determines corrosion rates, provides the potential of
the steel, the corrosion rate, and from the potential testing, saturated conditions and voids. The rate of corrosion
is directly related to Faraday s Law of metal loss, and the amount of steel loss can be directly converted to the
amount of iron oxide that will form on the surface of the steel.

From the calculations of metal loss and the formation of oxide, time to cracking or failure can be predicted. The
resistivity of the masonry also plays an account in the calculations as does the masonry infill. Other conditions
effecting corrosion in historic masonry clad buildings, such as increased moisture, oxygen, chlorides, and
carbonation can be included in these calculations. Testing and calculations will be discussed in detail.

Both authors have been involved on various projects where traditional, visual and hands-on investigations provide
only a small amount of data necessary to determine the underlying causes of building failures. Personal



experience on projects will be used for case studies with examples of test data, and project specific challenges
and finding.7
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Abstract
Active Interrogation Techniques
For Non-Destructive Investigation of Historic Structures

By: R. Edward Minchin Jr. , James Baciak , Alireeza Haghighat

ABSTRACT

Every year, millions of dollars are spent nationwide in the rebuilding, repairing, re-engineering, and maintaining of
historic buildings, buildings in the midst of their service life, and all manner of civil structures, both historic and
those still in full use. For instance, the presence of water is very destructive to buildings and civil structures. The
ability to identify pockets of water, or even high moisture content within a structure would be very beneficial.

Another need for those who would preserve historic buildings or monitor the health of civil structures is the ability
to ascertain the exact contents and the condition of the contents of the structure. For instance, the City of St.
Augustine has identified several historic buildings, many from the 17th century, in dire need of maintenance.
Obviously no as-built plans exist for these buildings, so those who would come to the aid of the structures only
know that reinforcement metal is within the structure if a fragment of the structure has fallen away, revealing a
bar. However, there is no proof of the existence of reinforcement, nor of the condition of the reinforcement in any
part of the building which is still intact.

A very useful tool for the preservationist would be one that allowed one to see inside the structure to verify the
existence of the reinforcement metal, identify the metal, gauge the depth / location of the metal, and measure the
condition of the metal.

Through active interrogation techniques, a research team from the University of Florida is involved in the
development of a system to both locate harmful elements such as water or salt inside a structure, and to verify,
identify, gauge, and measure all facets of the contents of the structure. The ultimate goal of this research is to
develop the technology through which a system may be developed that will make it possible to peep inside
buildings, bridges and other civil structures.

This research will examine innovative nondestructive methodologies based on neutron activation followed by
gamma ray spectroscopy, neutron back-scattering, and/or transmission. It is envisioned these methodologies
will ultimately provide the means of developing portable sensors, which can identify target isotopes in orders of
minutes.

The proposed technique uses a combination of neutron sources of various spectra (through the use of different
source types and different neutron moderation thicknesses) and detection systems. Neutrons, because they are
not charged, can penetrate materials, and therefore provide valuable information about material compositions
through by-products of their interactions with nuclei of different elements and isotopes. For instance, if the
search is for water, the technique relies on the detection of hydrogen, the main constituent of H20.

The proposed paper and publication will discuss the progress made in the research up to the time of the
conference.?



