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This session will focus on understanding the 
rationale and methodology for cleaning 
contemporary and historic stone masonry 
buildings, as well as types of appropriate 
cleaning methods and repairs.  Particular 
attention will be paid to American building stone, 
its geology, and use in exterior and interior 
environments.  Much of what is considered 
visible soiling and/or deterioration can be 
attributed to any number of factors, including the 
ways in which the masonry material was 
quarried, how it was used within the 
construction, associated building materials / 
features, and exposure to weather.  This 
program will provide insight into the more 
common types of soiling and deterioration 
phenomenon, and specific intervention methods 
and materials.

Course
Description



Learning
Objectives

1. At the end of the program, participants will be able to define 
appropriate methodology for approaching repairs to contemporary and 
historic stone masonry buildings, using examples.

2. At the end of the program, participants will have an introductory knowledge 
of American building stone, its geology and use in exterior and interior 
ecclesiastical construction, and ways in which the formation and use in 
construction can affect performance, using examples.

3. At the end of the program, participants will gain insight into the more 
common types of soiling and deterioration phenomenon, and specific 
intervention methods and materials, using examples.

4. At the end of the program, participants will be able to identify types of 
appropriate cleaning methods and repairs for various types of stone, using 
examples.
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Seminar Outline

1. Introduction

2. Historic Stone Masonry 
Properties & Construction

3. Stone 
Properties/Deterioration 

Phenomenon

4. Stone Repair 
Materials/Methods



Architects

Conservator

Building 
owner

General 
contractor

Mason

Engineer

City inspector

Assemble Project Team

Masonry 
consultant



Architects

Review Construction &
Maintenance History

� historic photographs
� original drawings
� site records
� as-built drawings
� maintenance records
� interviews
� field inspection



Architects

Building & Condition 
Survey

� Structural Survey

� Non-Destructive Testing 
(NDT)

� Probes (Destructive)

� Material Condition Survey

� Visually identify 
deterioration patterns. 



Architects

Building & Condition 
Survey

� Structural Survey

� Non-Destructive Testing 
(NDT)

� Probes (Destructive)

� Material Condition Survey

� Visually identify 
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Architects

Understanding of Issues 

� Understand the 
conditions and 
implement a testing 
program to address 
both the source and the 
symptoms.



Prioritize Repairs

Priority 1
� Essential repairs
� Protect public health & safety
� Repair structural deficiencies

Priority 2
� Prevent further deterioration

Priority 3
� Aesthetics



Architects

Testing

� Repair materials and 
methods should be 
tested in the lab and in-
situ on all 
representative types of 
masonry. This will 
ensure that the proper 
materials will be 
selected.



Architects

Construction Documents

� Development of 
detailed construction 
and bid documents will 
aid in refining budget, 
sequencing of work,  
and obtaining 
comparable bids. 



Architects

Mock-Ups

� Large Scale mock-ups 
should be performed at 
the beginning of the 
project to set the 
standard.



Architects

Mock-Ups

� Large Scale mock-ups 
should be performed at 
the beginning of the 
project to set the 
standard.



Architects

Quality Control

� Design team should 
remain engaged and 
manage quality control 
throughout duration of 
project.



Architects

Maintenance

� Develop and execute a 
maintenance plan 
based on recent and 
past repairs.



Building stones are naturally 
occurring rocks of igneous, 
sedimentary or metamorphic 
origin which are sufficiently 
consolidated to enable them to 
be cut or shaped into blocks or 
slabs for use as walling, paving 
or roofing materials in the 
construction of buildings and 
other structures

Geology of Stone 
& Mineralogy 



Classified by the processes in which they were 
created

Sedimentary � Rocks formed in horizontal layers 
(also called strata or beds) as fragments of larger 
rocks are deposited.  

Igneous � Rocks formed from molten magma and 
take their form and characteristics from 
composition of the magma, cooling rates, and 
method of travel through the earths crust.

Metamorphic � Rocks that either begin as 
sedimentary or igneous rocks and are changed as 
a result of tremendous heat and pressure.  

Stone



� Water, ice, and wind play a large 
part in the formation of sedimentary 
rocks through the weathering 
process and transportation and 
deposition of rock fragments.

� Can be formed from very large and 
very small grains, or combination of 
both.

Examples: 

� Sandstone
� Limestone

Sandstone (www.usgs.gov)

Limestone (Smithsonian)

Limestone (Smithsonian)

Sedimentary 



� Most igneous rocks are 
comprised of silicate 
minerals such as 
feldspars, micas, 
quartz as well as other  
minerals.  

Examples:

� Granite
� Basalt
� Obsidian

Columnar Basalt (www.wikipedia.org)

Igneous 



Limestone: (a sedimentary rock) is changed into marble 
under great heat and pressure.  The rock is still comprised 
of calcium carbonate but the process has changed the 
physical properties of the stone such as its crystalline 
structure and porosity. 

Metamorphic rocks can themselves be changed into 
different types of metamorphic rock through continued 
metamorphism.

Shale: (a sedimentary rock, formed from clay minerals and 
quartz) 

� Under low pressure is transformed in to slate.
� Under moderate pressure is transformed into schist
� Under high pressure is transformed into gneiss
� Under extreme heat and pressure (magma) and 

upon cooling becomes granite.

Slate (www.geology.com)

Schist (www.geology.com)

Gneiss (www.geology.com)

Granite (www.geology.com)

Metamorphic 



Deterioration/Repair

Calcareous Stone (Calcium Carbonate)

� Limestone
� Marble

Siliceous Stone (Silica)

� Sandstone
� Granite
� Slate



American Building Stone

Predominant 
U.S. Building Stone 

� Limestone
� Marble

� Sandstone
� Granite
� Slate

� Regional Stone



Building Construction



Philadelphia City Hall (1871-1901)Load bearing construction, Modern 
Practical Masonry, 1929

Load Bearing Construction - Stone



Victoria House, Cornice detail(E.G. Warland, Modern Practical Masonry, 1929)

Steel Frame Construction



1890’s

Veneer Systems



1920’s 1950’s

Veneer Systems



1980’s

Veneer Systems



Rain Screen Systems

Veneer Systems



Deterioration

“Great architecture 
has only two natural 
enemies: 

water and stupid men”
- Richard Nickel
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A Hydrophilic Surface

O- O-

H+             H+

or

Water � Molecular Attraction
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Water Attraction by a Hydrophilic Surface



Water Attraction by a Hydrophilic Surface

Water Attraction by a Hydrophobic Surface



Capillary Rise (Rising Damp)



Capillary Rise (Rising Damp)



Capillary Rise (Rising Damp)



Capillary Rise � Soluble Salts 
(Efflorescence)

(Torraca, Porous Building Materials, 1982)



(Torraca, Porous Building Materials, 1982)

Capillary Rise � Soluble Salts 
(Efflorescence)



Efflorescence � Soluble Salts



Higbbridge Materials (2010)

Thermal Expansion (Freeze Thaw Cycle)



Thermal Expansion (Freeze Thaw Cycle)



Each type and subsequent severity is directly 
associated with environmental conditions 
(interior vs. exterior)

� Intrinsic – Deterioration being caused 
by internal forces either characteristics 
of the material as a whole (i.e. its 
overall structure, composition or 
characteristic of a particular 
component ) 

� Extrinsic– Deterioration being caused 
by an outside force which effects the 
performance of the material.

� Man-made – Deterioration being caused 
or exacerbated by some type of human 
intervention/activity.

Types of Deterioration/Conditions



Stone

� Natural flaws in material 
composition. (scaling, 
staining, etc.)

� Damage due to quarrying 
or shaping process

Intrinsic Conditions



� Surface debris
Dried, peeling paint
Bird guano
Trash
Biological Growth
Biological Material

Types of Extrinsic Conditions



� Surface debris
� Surface deposits

Man Made Conditions 
Paint
Varnishes
Waxes
Previous Repairs

Types of Extrinsic Conditions



� Surface debris
� Surface deposits
� Surface soiling

Atmospheric Soiling
Gypsum Crusts

Types of Extrinsic Conditions



� Surface debris
� Surface deposits
� Surface soiling
� Subsurface conditions

Mineral Staining
Organics/Oil
Graffiti on porous 

surfaces
Structural factors

Types of Extrinsic Conditions



Stone Conditions



Efflorescence � Soluble Salts



Efflorescence � Mineral Deposit



Detachment of large planar elements in uneven layers, usually of uniform 
thickness, occurring in striplike patterns, creating contoured depressions 
parallel to the material surface.  The scales can be very thin (1-2mm) single 
scale (2mm to several cm thick), or multiple scale (up to several cm thick.) 

Granite Scaling



St Marks Church, Philadelphia (Ingraffia 2009)

Sedimentary Delamination



Detachment of large planar elements in uneven layers, usually of uniform 
thickness, occurring in striplike patterns, creating contoured depressions 
parallel to the material surface.  The scales can be very thin (1-2mm) single 
scale (2mm to several cm thick), or multiple scale (up to several cm thick.) 

Sedimentary Delamination



Sedimentary Delamination



� Ability to be quarried

� Ability to be transported

Portland CT Brownstone Quarry 1990

Portland CT Brownstone Quarry 1890

Performance vs. Availability



Surface planer discontinuities that have become partially separated from the 
parent stone (usually in association with folliation)

Incipient Spalling



Incipient Spalling



Localized stone loss greater than 2 square inches in area and at least ½ 
inch in depth as measured in plane with the surrounding stone surface. May 
or may not be in association with spalling

Dimensional Loss



Degradation due to various natural processes.  When the cause is known, 
one can also use terms such as erosion by abrasion or corrosion 
(mechanical causes), erosion by corrosion (chemical or biological causes), 
erosion by use (human activity).

Disaggregation/Erosion - Sedimentary 



Disaggregation/Erosion - Calcareous



A masonry fracture or fissure of < 0.2 mm width and variable length that may
indicate movement potentially constituting structural failure or weakness.
However, hairline cracks are most often the resultants of minor stresses.

Hairline Crack



Quarrying Techniques 



duPont Blasters Handbook, 1938

Blast quarrying (Edward Burtynsky 2006)

Quarrying Techniques 



Anderson Open Sided Planing Machine (E.G. Warland, Modern Practical Masonry, 1929)

Carving and Shaping Techniques 



� Computer Numerical Control (CNC) Milling

CNC Milling (Scantech, 2012)

Carving and Shaping Techniques 



A fracture or fissure in the masonry of > 0.2 mm width and variable length
that could indicate movement of adjacent parts, potentially constituting
structural failure or weakness.

Minor/Major Crack



Surface Debris



Biological Growth



Biological Growth



Biological Growth



Biological Growth



� Silca Rich Stone
� Ionic and Covalent Bonds

+  +  +  +  +  +  +  +

- - - - - - - - -

Atmospheric Soiling



� Calcareous Stone – Gypsum Crusts

Atmospheric Soiling



� Calcareous Stone – Gypsum Crusts

Atmospheric Soiling



Alteration characterized by random or localized pigmentation of the
surface, related to the presence of corroding metallic elements

Staining - Iron
Extrinsic                                                    Intrinsic 



Staining - Iron



Extrinsic                                                                Intrinsic 

Staining - Copper



Previous repair endeavor incorporating a material that is mechanically and
aesthetically inappropriate.

Previous Repairs



Subsurface Conditions



Subsurface Conditions - Previous Repairs



Subsurface Conditions � Original Detail



Aggressive Cleaning

� Coarse Abrasives 
� Chemical 

Previous Repairs



Staining/Differential Weathering



Any coating on masonry not original to construction, including paint and/or 
clear coatings.

Coatings - Paint



Bituminous or elastameric material (likely from roof repairs) on the masonry 
surface as manifested in splashes, drops or other forms of inadvertent 
deposits

Coatings � Bitumen/Elastomeric



Interior Soiling



Build-up of wax coating on the surface of a given material. The wax coating 
often contains particulates of soiling and in areas where the wax has been 
exposed to copious amounts of water these locations appear as a hazy white 
film.

Coatings � Waxes/Urethanes/Epoxies



Coatings � Silicones



Staining - Moisture



1. materials
2. design
3. construction
4. service
5. maintenance

Building Failure Types



Masonry Cleaning 



BIOLOGICAL GROWTH

COATINGS 

ATMOSPHERIC SOILING

GYPSUM CRUSTS

MINERAL/MOISTURE STAINING

Masonry Cleaning 



Why?

Improve the appearance of 
the building by removing 
unattractive dirt or soiling 
materials,

Retard deterioration by 
removing soiling materials that 
may be damaging the 
masonry; or

Provide a clean surface for 
repairs

Masonry Cleaning 



How Dirty is Dirty?

How Clean is Clean?

Masonry Cleaning 



Pressure Washing

� Work within a safe psi:

� Low 18-30 psi
� Medium 30-100 psi
� High 100 + psi

� Ensure you are using a clean or filtered 
water source.

Pressure Washing



Biological Growth



Quaternary Ammonias

� D/2 Biological 
Solution

� Simple Green

� Revive (Biowash)

Biological Growth



Before Treatment During treatment                        After Treatment                           (Ingraffia 2004)

Biological Growth



Efflorescence

WET/CHEMICAL METHODS

� Acidic
� Peroxide
� Detergents/Surfactants

WET & MECHANICAL 
METHODS

� Poultice
� Vacuum/Brush

WET METHODS

� Soaking



Efflorescence

WET/CHEMICAL METHODS

� Acidic
� Peroxide
� Detergents/Surfactants



Efflorescence
Poultices

� Kaolin Clay
� Paper Pulp



® Paint Strippers

Coatings - Paint



Coatings - Paint



Safe Strip Pro Peel Away 7

Coatings - Paint



Coatings - Paint



Infrared (IR) Paint 
Remover 

� Radiates at about 
380-580°.

� Paint is only heated 
to 200-400° with the 
Speedheater�  used 
20-60 seconds.

Coatings - Paint



WET/CHEMICAL METHODS

® H20 MISTING
® STEAM
® ACIDS/BASES

WET/MECHANICAL METHODS

® JOS/ROTEC

DRY/MECHANICAL METHODS

® SPONGE JET
® DRY ICE
® LASER

DRY/MECHANICAL-CHEMICAL 
METHODS

® LATEX/POULTICE
® SOOT SPONGE

Atmospheric Soiling



� Silca Rich Stone
� Ionic and Covalent Bonds

+  +  +  +  +  +  +  +

- - - - - - - - -

Atmospheric Soiling



� Calcareous Stone – Gypsum Crusts

Atmospheric Soiling



ACIDS, BASES, & ANIONIC DETERGENTS

� Chemicals used to either dissolve the soiling or in most cases 
dissolution of the stone surface.

� Most common ACIDS used in proprietary masonry cleaning products:

� Hydrochloric Acid
� Hydroflouric acid (muriatic acid)
� Hydroxyacetic Acid (Glycolic Acid)
� Phosphoric Acid
� Ammonium Biflouride

� Most common BASES used in proprietary masonry cleaning 
products:

� Sodium Hydroxide
� Calcium Hydroxide

� Most common ANIONIC (non-ionic) DETERGENTS used in proprietary 
masonry cleaning products:

� Triton X-100
� Sodium Lauryl Sulfate (SLS) 

Atmospheric Soiling � Wet Chemical



Proprietary Cleaning Systems

Atmospheric Soiling � Wet Chemical



Organic Solvents

� Acetone

� Denatured alcohol 
(ethanol)

� Toluene

� Xylene

� Mineral Spirits

Applied Coatings � Wet Chemical



Poultice w/ Chelating Agent

® Ammonium Citrate - Buffered with Ammonium Hydroxide to balance pH
® EDTA  (Ethylenediaminetetraacetic acid)

Mineral Staining � Wet Chemical



Proprietary Chemical Systems

® Ferrous Stain Remover (Prosoco)
® Iron Out (Summit Brands)

Mineral Staining � Wet Chemical



� Nebulizing spray heads with articulating arms allow spray to be focused 
and readjusted on specific areas of decorative architecture.

� Wet/Dry Cycles promote the dissolution and mechanical separation of 
soiling and gypsum crusts from the stone substrate. 

Atmospheric Soiling � H20 MISTING



Atmospheric Soiling � H20 MISTING



Atmospheric Soiling � H20 MISTING



� Heated H20 loosens the atmospheric soiling and the pressure of the 
steam coming out of the spray head assists in removing the soiling 
from the surface.

Atmospheric Soiling � Steam



Atmospheric Soiling � Steam



Aquila TC 302 REC

� Hot water pressure washer. Equipment 
collects, filters and recycles water for re 
use

Atmospheric Soiling � Hot Water



Surface Accretions/Mastic
Dry Mechanical



® Surface Tooling

® Diamond Pads / Honing Pads

® Micro-Chisels / Scalpels

Surface Accretions/Mastic
Dry Mechanical



DRY ICE

® medium is accelerated in a pressurized 
air stream to impact a surface to be 
cleaned or prepared. Dry ice cleaning 
uses soft dry ice, accelerated to 
supersonic speeds, to lift the 
undesirable contaminant off the 
underlying substrate.

Coatings � Dry Mechanical



® SPONGE JET

§ Imbedded aggregate in 
sponge material 
mechanically removes the 
soiling from the stone 
surface.

§ Sponge material allow the 
aggregate to make longer 
contact with the surface 
and remove the soiling in a 
more sensitive manner

§ Useful for soiling on 
durable stone and in areas 
that may require 
treatments where water 
should be limited.

Atmospheric Soiling � Dry Mechanical



Atmospheric Soiling � Dry Mechanical



® SPONGE JET

Atmospheric Soiling � Dry Mechanical



EXASTRIP® (Sensi-Clean)

® Micro-Abrasive cleaning system in which 
Soft/spherical particles are propelled with 
compressed air at a shallow angle onto 
the masonry surface. (precipitated 
calcium carbonate)

® Useful for soiling on durable masonry and 
cleaning that requires delicate mechanical 
cleaning without introduction of water.

Atmospheric Soiling � Dry Mechanical



® EXASTRIP® (Sensi-Clean)

Atmospheric Soiling � Dry Mechanical



® IBIX

§ Micro-Abrasive cleaning system. 
The workable PSI ranges from 15 
– 125 (1 – 8 bar). At 15 PSI, when 
combined with their patented 
HELIX nozzle and appropriate 
cleaning media, you can now 
clean very delicate surfaces 
without causing any harm.

Bi-Carbonate, Walnut, Mineral Garnet, Soda 

Atmospheric Soiling � Dry Mechanical



® Quintek-Rotec JOS

§ Micro-abrasive cleaning system in which 
interchangeable nozzles projects a low 
pressure swirl of air, water and an media 
powder to clean surfaces. Can reach 

Atmospheric Soiling
Dry/Wet Mechanical



® Quintek-Rotec JOS

Atmospheric Soiling
Dry/Wet Mechanical



® Laser

§ Removal of contamination 
and soiling layers with 
bundled light. 

Atmospheric Soiling � Laser



Atmospheric Soiling � Laser

120 Watt Laser 1000 Watt Laser



Atmospheric Soiling � Laser



Atmospheric Soiling � Laser



Atmospheric Soiling � Laser



Latex

� Removal of contamination and 
loosely adhered soiling though 
mechanical and chemical 
dissolution.  EDTA is the most 
common chemical used to 
chelate and loosen soiling 
layers.  Cured latex physically 
grips soiling and separates it 
from the substrate.

Atmospheric Soiling � Latex



Atmospheric Soiling � Latex



Atmospheric Soiling � Latex



Atmospheric Soiling � Latex



Atmospheric Soiling � Latex



� Threaded Rod
(Stainless Steel)

� Supplier: McMaster/Carr & Various

� Ceramic Rod
(98.9% & 99.9 Alumina)

� Supplier: McDaniel Ceramic

� Orthopedic Bone Screws 
(Stainless & Titanium)

� Supplier: Diverse Surgical

� Fiberglass Rod
� Supplier: Conserv Epoxy

Mechanical Fasteners



Mechanical Fasteners





� Helifix & Heliforce
One-piece stainless steel helical tie 
requiring no grouts, resins or mechanical 
expansion.

� Hilti
Many types of anchor bolts, consisting of 
a threaded end, with an expansion tip.

� Cintec
Injecting a proprietary cementitious fluid 
grout into an anchor surrounded by a 
fabric sock, which has already been 
placed in an oversized drilled hole

Mechanical Fasteners



Cintec System (www.timberwise.co.uk)

Cintec System (www.timberwise.co.uk)

Cintec



� B72 dissolved in acetone in a 1:1 solution 
(weight/volume). Bulked with ultra-fine calcium 
carbonate at 40% by weight of the resin-solvent 
solution.

� Sika

� Hi Mod 31 � Two Part Paste Epoxy
� Hi Mod 35 � Two Part Low Viscosity Epoxy

� Hilti

� 150 Max � Two Part Paste Epoxy (5-10 Min)
� HIT RE 500 � Two Part Paste Epoxy (12 hr)

� Redhead

� C6 Fast Curing - Two Part Paste Epoxy 
� G7 High Strength -Two Part Paste Epoxy

Epoxies



Instron 4206 Electro-mechanical Testing Apparatus



Commercial Cement/Lime Based Grouts

� Cathedral Stone Injection Grouts

� Jahn M30 & 31 � Crack & Void 
� Concrete & Hard Stone)

� Jahn M40 Crack & Void

� Edison Coatings Injection Grouts

� Pump X53i � Voids
� 11G, 11Gi - Cracks

� Conproco Injection Grout

� Presstec Injection Grout

� Used exclusively with Cintec Anchors

Repair Injection Grouts



Commercial Epoxy & Polyurethane Grouts

� Sika Construction Products

� Sikadur® AG Grout
� Sikadur® LT Grout

� Parex Epoxy Injection Grout

� An epoxy crack injection grout comprising 
a base component containing solvent-
free epoxide resin plus a low viscosity 
liquid hardener

� BASF Masterflow 647 R Repair Grout

Repair Injection Grouts



Masonry Coatings



Breathable Masonry Coating



Water Attraction by a Hydrophilic Surface

O- O-

O- O-

H+ H+ H+ H+

Breathable Masonry Coating



Water Attraction by a Hydrophilic Surface

Water Attraction by a Hydrophobic Surface

Breathable Masonry Coating



Breathable Masonry Coating



Breathable Masonry Coating



Breathable Masonry Coating

� Film Forming- Produces 
a layer that sits on the 
surface of the masonry 
and may also be designed 
to penetrate the surface.

� Non-Film Forming
(Penetrating) � Coating 
that is absorbed into the 
surface of the masonry 
and forms a chemical 
bond within the material.



� Ammonium Oxalate - Ammonium 
oxalate produces a layer of calcium 
oxalate on the surface of the stone 
that is less vulnerable to acid 
exposure than calcium carbonate. 

� HCT - Hydroxilating Conversion 
Treatment creates a conversion layer 
on calcareous stone that improves 
resistance to weathering and 
improves the adhesion of ethyl 
silicate consolidants.

� Barium Hydroxide � Ability to 
convert calcium sulfate dihydrate into 
barium sulfate, which is generally 
insoluble. 

mcc-monument-conservation.com

Conversion Treatments



� Ethly Silicates 
� polymers based on a silica lattice which 

are not water repellent

� Silanes
� Small molecular size & high vapor 

permeability. Form a permanent chemical 
bond to the substrate and produce no 
surface film .

� Siloxanes
Film-forming & have excellent initial 
beading effect. Low water absorption.

(Clifton 1998)

Consolidants & 
Hydrophobic Coatings



Dutchman & Unit Replacement



Dutchman & Unit Replacement



Dutchman & Unit Replacement



Repair Mortars



� Lime/Cement-based

� Jahn (Cathedral Stone Products)
� Lithomex (St. Astier/DeGruchy

Limeworks)
� Heritage Repair Mortar (US Heritage 

Group)
� Martix (Conproco)

� Acrylic Modified Lime/Cement-based

� System 45 (Edison Coatings)
� Mimic (Conproco)

� Zinc-based Oxychloride

� Lithos Arte (Remmers-FTB)

Repair Mortars



Repair Mortars



� Silicate Mineral Paints

� Limewash

� Lime Paints

� Lime Renders

� Urethane coatings

Aesthetic Coatings and Renders



Aesthetic Coatings and Renders

� Alkalinity

� Efflorescence. 

� Water and Moisture. 



� Most common version is a 
potassium silicate based 
system in which the coating 
produces a chemical bond with 
the silica rich substrate.

Silicate Mineral Paints



Aesthetic Coatings and Renders



� Limewash
� Pure Slaked lime in water

� Lime Paints
� Traditional casein bound lime 

wash or white wash that 
contains no latexes or acrylic 
additives

� Lime Renders
� Traditionally a thin coat of 

lime plaster with fine 
aggregate 

Aesthetic Coatings and Renders



Repointing



Mortar Analysis



This concludes The American Institute of Architects 
Continuing Education Systems Course. 

At this time the course participants are free to ask 
questions

Conference for Catholic 
Facilities Managers (CCFM)

Andy Guljas
765.269.4625

IMI � International Masonry Institute

Roy Ingraffia
202.215.8390

ringraffia@imiweb.org


