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Introduction

Preserving Cultural Heritage

The Office of Cultural Heritage (CH) in the  
Bureau of Overseas Buildings Operations  
manages a stewardship program for the U.S. 
Department of State’s culturally, historically, and 
architecturally significant properties. Care for the 
collection of buildings, landscapes, architectural 
elements, objects, and other heritage items is 
integral to the U.S. diplomatic mission abroad, 
strengthening communal ties through a shared 
cultural appreciation and preservation. 

To preserve these properties’ cultural  
significance, it is important to recognize that 
historic structures were created using traditional 
methods and materials that require compatible 
maintenance approaches. It is also important to 
note that this manual presents a specific  
perspective typical of contemporary Western  
conservation philosophy, but the U.S. Department 
of State’s global portfolio requires sensitivity to 
diverse regional practices and perspectives.  
Effective preservation requires learning from  
local sources, materials, and methods while  
considering both the physical environment and 
cultural context. Some structures, such as a tukul 
in Ethiopia, carry ceremonial purposes and  
intangible values that must be respected and 
considered in their conservation. 

The CH team, headquartered in Washington, 
D.C., with offices in Buenos Aires, London, Paris, 
and Rome, is available to assist with any questions 
or concerns about the Cultural Heritage portfolio. 
CH conducts site visits and works remotely with 
Facilities Management teams at post along with 
local specialists to preserve, repair, and restore 
heritage sites and structures for their continued 
appreciation and use. 

For daily stewardship, we depend on you. 

The “preservation high five” distills the core principles 
of heritage conservation to five key actions. 

1. Identify and solve the cause of the problem.

2. Consider adverse impacts to heritage materials. 

3. Use the gentlest, most effective method.

4. Use compatible materials and methods.

5. Prioritize retention over replacement.

Thank you for incorporating these principles into  
your preservation projects. 

The Preservation High Five



CAUSES OF DAMAGE TO BUILDINGS
Understand common threats to built  
heritage and measures to prevent damage



Causes of Damage to Buildings

Catastrophic events happen to heritage properties. But more often 
it’s day-to-day factors that affect the soundness of a building. 
Fixing damage after the fact or even staving off damage  
as it is occurring alone is ineffective.
It is essential to treat the cause and find the source— 
and stop it from happening.

Typical causes of damage include: 

And water. More often than not,  
water is the mechanism of decay.

natural and man-made disasters,

inappropriate material choices,

pestS,

neglect or deferred maintenance,

U.S. Embassy
Havana, Cuba

Damage can manifest in a  
lot of different ways. You 
will see anomalies like:

These can be exacerbated by 
well-intentioned but incompatible  
interventions that solve the 
symptoms but not the underlying 
issue, such as painting over stains 
in lieu of cleaning.

staining

cracking

friability

loss

corrosion

Differential settlement



Damage sources generally fall into 3 categories: 

circumstantial  
things like inherent material  
vulnerabilities or poor design

man-made 
things like using incompatible materials 
and deferred maintenance

environmental 
things like heavy rain, pollution, 
or earthquakes

Getting to the root cause of damage is a process of elimination.
��       �Ask: 

Was there a big event, like an earthquake or hurricane? 
Are there other, less sudden, environmental factors, like weathering?  
Is the material itself at fault due to some inherent vulnerability? 
Is there a material incompatibility? 
Is there water around—leaking, dripping, or seeping unseen? 
Was something done inadvertently that set off this problem?

Circumstantial Damage

Sometimes things deteriorate 
because they shouldn’t be 
where they are—or they were 
put together badly.

Sometimes materials are 
subjected to conditions they 
can’t withstand—like marble 
exposed to acid rain.  

The longer a building has been 
around, the more opportunity for 
incompatible maintenance approaches 
over the course of its life that can 
adversely affect performance and 
appearance.

Sometimes the culprit is attempting to modernize 
buildings by using nontraditional methods and 
materials—and in trying to make things better, 
making things weaker and prone to damage.
For example, applying vapor impermeable coatings 
on soft stone or masonry surfaces.



Sometimes materials have inherent characteristics 
that need to be managed or accepted.

Or stone can have inclusions that 
can impact its mechanical and 
physical qualities down the road.  
Or non-potable or salt water  
or unclean sand could have been 
used in concrete, which impacts 
durability.
Sometimes bricks weren’t fired at 
the right temperature or ceramic 
tiles were damaged in the kiln.
Or trees didn’t have an optimal 
growth environment.

For example, stone may have been dynamited when 
quarried and micro-cracking was introduced.

Sometimes there are unseen 
material incompatibilities in 
secondary materials, like  
embedded reinforcement.
Exposure to marine salts, acid 
rain, or even standing puddles 
changes the alkalinity of the 
concrete and creates condi-
tions that can affect the steel 
inside, which might start to 
rust, expand, and exfoliate or 
crack the concrete.

Band-Aid repairs can  
exacerbate the problem  
because they don’t address 
the underlying issue. For 
example, before spalled 
concrete is repaired, the 
corrosion on the surface of 
the rebar inside the concrete 
that is causing the spalling 
must be cleaned and treated.

Sometimes things have poor  
detailing or have been modified.

Man-made Damage

Man-made disasters 
like war happen all too 
often. But more often 
it Can be everyday human 
error that instigates  
deterioration, even if 
well-meaning.

Despite best efforts,  
caretakers too may damage a 
material. Perhaps an intention 
to improve performance  
inadvertently makes things 
worse, like introducing a rigid 
modern mortar into a softer 
historic stone wall. 

Poor decision-making  
can lead to avoidable 
damage such as galvanic  
corrosion, which occurs 
because dissimilar  
metals were put  
together.

Neglect and deferred 
maintenance—often due 
to not enough access or 
limited resources and  
staff—are damage  
culprits as well.

As is using—and over-
using—buildings in ways 

that were not originally 
intended. Events can 
tax building loads. 

And because of their place 
in diplomacy, Department of 

State buildings are affected  
by wear and tear from event 

setup and breakdown, and 
frequent changes in occupancy 

and management, often resulting 
in quick-fix approaches over actual 

repair and regular maintenance.



Though major structural damages happen in places prone to 
natural disasters like earthquakes, it is the inevitable everyday 
forces of nature that most often result in damage.

Caretaking involves thinking about a building’s context— 
the geography, climate, and surroundings where it lives.

Like proximity to the ocean 
or a body of water.

Or exposure to  
hot-and-cold cycles.

Or chemical reactions like 
corrosion being sped up 
by warm temperatures and 
marine environments.

Or biological growth 
because a building is 
always in the shade.

Or nearby trees 
dropping things that 
cause staining or 
clogged gutters.

Or even disruptions below 
ground—like a metro. 

Environmental Damage

Or plants affecting 
drainage or having 
their roots encroach.

Or a building’s  
orientation exposing 
one side to all the 
wind-driven rain.

*Well maintained buildings 
fare better in disasters 
with a higher survivability.

Cultural Heritage buildings are on six continents,  
so natural disasters of every kind may affect them.

earthquakes wildfires tornadoes floodshurricanes, Typhoons,  
and other storms

Hurricanes and typhoons and their 
accompanying wind and wind-driven 
rain and subsequent flooding are the 
most frequent culprits of natural 
disaster damage.

Climate changes can exacerbate 
these problems.

Lightning causes fires and trees 
to fall down onto buildings, as 
well as electrical problems.

*Well-maintained buildings 
fare better in disasters 
with a higher survivability.

NATURAL DISASTERS



Location, situation, and the materials that your building is made 
of all come into play when it comes to pests.

Subterranean termites: 
Look for mud tubes, mud-and-sawdust frass, wings, flying insects, 
holes or channels in wood.
*�subterranean termites eat really fast.

Drywood termites:
Look For pinholes in the wood, frass pellets, wings, flying insects.

Pigeons: 
Look for birds, poop, nests.

Bats:
(can get into walls and attics) 
Look for poop, which can be toxic.

Rodents—including mice, rats, and squirrels:
(can get into really small areas and love attic spaces)
Look for droppings, gnaw marks, scurrying.

Also make sure to look at shipping, both sent and received.  
Crates or contents could have pests stowing away.

PESTS



Structural Damage and Deformation

Settlement and differential settlement: 
Can affect all kinds of materials, though 
brittle and rigid buildings are more  
susceptible to damage than flexible systems

Sometimes things start small but when 
left unmanaged can wreak as much damage 
as a macro source—like corroding I-beams 
or rusting rebar.

Not all cracks are active, problematic, 
or indicative of a structural issue. 
Cracks do however allow water in.  
An engineer can help determine the 
type and severity of cracks.  

Moisture ingress: 
such as rising damp 
being soaked up like 
a sponge into a wall

Poor drainage: Perhaps grading isn’t 
working, so water isn’t being diverted 
from the base of the building, or water 
isn’t routed off the roof because of 
flashing issues or clogged gutters 
or downspouts.

Salts: Introduced from 
the atmosphere or  
construction materials 
like cementitious mortars

Acid rain and other pollutants: 
can cause chemical reactions 
with materials

Cold and warm spots in buildings: 
results in micro-cracking,  
friability, surface loss

Biological: mold, algae, lichens, 
and moss create films on surfaces; 
fungus can eat into or chemically 
alter materials.

Plant matter: Can be both phys-
ically and chemically damaging 
to porous surfaces. They have 
roots and the by-products of 
their growth can be acidic.
Ivy and creeping plants can be 
extremely destructive, and you 
can’t see what’s happening behind 
them, creating blind damage.
Overuse of biocides can add 
salts or create biofilms that  
are resistant to treatment.

People: In our attempts to repair things 
we can introduce incompatible materials.

Loading, thrusts, and failures: a result  
of forces such as compression and uplift
A building’s primary structural elements 
are its walls, which support vertical 
loads (gravity, snow, ponding water) and 
resist periodic loads like wind and  
earthquakes. Walls distribute loads  
to the ground through foundations. 
Secondary load-carrying elements  
are roofs and floors, which distribute  
vertical and horizontal loads to walls.

Thermal and moisture movement:  
Different materials respond differently 
to temperature and moisture. Some expand 
and contract more than others from 
exposure to heat and cold and moisture 
absorption and loss.

Seismic behavior: Shaking from 
earthquakes exerts horizontal 
forces. Heavy or tall buildings are 
more prone to damage from these 
forces than short and lightweight 
buildings. 
Shaking may induce cracking,  
displacement, separation of walls 
and floors or roofs, or collapse.       

MACRO MICRO



Building Enemy No. 1: Water

Water is a heritage structure’s greatest threat. And a steady one.
A building is under constant siege from

Water in vapor forms is problematic, 
too—like relative humidity.

Moisture is the driver for nearly 
all damage and at the heart  
of most every condition issue.  
In short, always look out for  
all the ways water might be  
affecting your building.

Moisture makes paint not adhere to  
substrates and causes wood to rot.
And pests are attracted to moisture.
If water is present, you’re more likely  
to see corrosion, biological growth 
and staining, and damage from salts.
It causes friability on water-sensitive  
or water-soluble materials.
Water instigates chemical reactions 
with pollutants.

In interiors, relative humidity 
fluctuations can crack lacquer 
and boiserie panels and shrink 
and expand wood floors and 
doors and other decorations.

Be vigilant when it comes 
to water. Pay attention to 
drainage and grading, but also 
look out for leaks, puddling, 
or seepage. Water needs to 
be kept out and away from 
buildings.

rain SNOW and hail

irrigation

and every little leak, 
puddle, ponding, or 
seepage.



CLEANING METHODS AND CONSIDERATIONS

Guidance for routine cleaning 
and conservation projects



Cleaning Methods and Considerations

Big doesn’t always mean 
tough. And just because 
something is outside doesn’t 
mean it isn’t fragile and 
doesn’t need special care.

The Malta Ambassador’s Residence,  
1894, is constructed of local  
globigerina limestone.

Tangier legation 
built 1821

A red patina develops over 
time, adding history and 
context to the building.

Cleaning must be carefully 
done to preserve this patina.

The key to preserving patina 
and the visual evidence of 
the passage of time of our  
heritage property collection 
is a minimal intervention  
approach. It means always 
trying the gentlest method 
of cleaning possible first, no 
matter the material or if it is 
located inside or outside.

Consider a building as well as 
its environment. What types of 
things surround it and act on it?

Maintenance is preventative 
and incredibly important to 
help avoid damage and future 
deterioration or loss.



Dry Cleaning

Cleaning without water or wet solvents—called dry cleaning—
should be considered if a building material is really porous, 
there are water issues, or there is a lot of fenestration.

Dry methods, depending on the technique, 
can be used on almost any type of material.

For exteriors, start by removing debris with a brush 
or broom. An electric leaf blower or air compressor 
at low pressure can be used on stable substrates.  
Often, that level of cleaning is enough.  

Other dry cleaning methods requiring professional support and CH input include:

dry microabrasive is an extremely  
gentle version of sandblasting. 
Media include things like precipitated 
chalk (softest), walnut shells, garnet 
powder, or aluminum oxide (the most 
aggressive form of dry microabrasive 
that is acceptable in our heritage  
context). 
It is crucial to select a medium hard 
enough to take off the grime but  
not so hard that it damages the  
substrate material. 
It’s also important to contain the dust  
and debris generated by the process.

Peelable products should only be 
used on substrates that are extremely 
sound. These are sprayed or applied 
with a brush, let sit for a specified 
period, then peeled off. 

Dry ice blasting—an abrasive technique 
that reduces containment requirements—
may also be used on substrates that have 
thicker accumulations or accretions.

Laser cleaning might be employed to 
clean dark soiling off light substrates. 
Both time-consuming and tedious  
because it works at a small scale,  
it is a comparatively expensive option.

Physical forcesThe Right Kind of Cleaning

It’s incredibly important 
to clean the right way. 

Cleaning itself can do  
damage or make existing 
damage worse if improper 
methods and cleaning  
materials are used. 

The first question to  
ask is “What are you 
trying to remove? Is it 
dirt, biological, metallic 
staining?”  
The answer will inform 
the method. 

Being careful, observant, 
and sensitive goes a long 
way, too. Take a little bit 
of extra care with heritage 
architecture.

4 big things to remember that apply to any heritage property:

Opt for dry cleaning 
whenever possible.  
Never let liquid stand 
or pool. Water is one of 
a historical property’s 
worst enemies.  

Be wary of overcleaning 
and don’t try to make it 
look new. Heritage  
buildings honor the  
passage of time and the 
patina of age is part of  
a historic property’s life 
and history. 
Gently clean rather  
than cover up dirt and  
accretions.

Always look first, and 
from as many sides 
as you can. Your best 
tools are your eyes 
and a careful approach 
to recognize damage 
and find its source.

Cleaning is an irreversible 
process. Once you remove 
something during  
cleaning, you can’t put  
it back on. That includes 
patina and sometimes  
pieces of the building  
materials themselves. 
Always use the gentlest 
methods possible.

1 2 3 4

Posts have the option to clean in-house,  
but can also employ a specialty contractor. 
OBO CH and OBO FAC roof and facade program 
are available to help scope large-scale or 
specialized projects. For any major cleaning 

projects that are not routine, CH needs to  
be involved. Cleaning has aesthetic as well  
as conservation implications. Testing and  
mockups should be included in any cleaning 
program before it is implemented.



Projecting elements’ condition dictates 
gentler cleaning. Decoration can fall 
off or be damaged by rubbing, abrasion, 
water, or chemicals. First assess the 
fragility of what you are about to touch. 
Contact CH if anything is in a delicate 
state before attempting even the  
gentlest cleaning regimen.

Cleaning porous surfaces with water 
outside should only be done when  
there is no risk of freezing, which 
can cause cracking as water expands 
within pores.

Water can also introduce 
thermal shock if the water 
is cold and the substrate is 
hot, or vice versa.

Prewet porous surfaces before  
applying cleaning solutions so that 
the water fills the pores and prevents 
cleaning chemicals from penetrating 
and potentially causing damage.

Wetting surfaces too frequently and 
cyclic wetting and drying, like with 
sprinklers, is damaging over time.

Think about if you have a water-sensitive  
substrate or decoration. If you already  
have water issues, introducing large  
volumes of water may not be appropriate.

Building exteriors should be 
cleaned only every 1 to 5 years, 
depending on the location.

Water is heavy. When it fills the voids 
of a porous material, you are changing 
the weight and load of that material.

Contact CH first before any wet cleaning, which involves either water or solvents.

Never use wet cleaning on 
water-sensitive surfaces.

Wet cleaning may be used on most 
exterior materials. The gentlest form 
of wet cleaning is introducing a low- 
pressure, low-volume aqueous mist  
or steam to dislodge accretions.

Sometimes these will fall off on 
their own; sometimes a brush is 
needed once they are loosened.

Next gentlest is water from a hose  
with a garden nozzle attachment. 

What’s in the water matters. It is 
helpful to install an in-line hose filter 
to limit deposition of salts that can 
cause chemical reactions (such as 
sulfates and chlorides) or other  
minerals that can stain or build up 
(such as iron and calcium).  

The addition of a gentle cleaning agent—
detergent, biocide, or other chemical 
agent—is a next step. Always send 
technical and safety data sheets to CH 
first, or CH can recommend appropriate 
site-specific protocols and products.

Poulticing might be used for localized 
staining or accretions. Poulticing  
combines products applied in an  
absorptive inert media such as clay  
or paper. It is applied and left to dry, 
then scraped off with a plastic  
putty knife and rinsed.

Adding water to microabrasives 
is the next level.

Wet Cleaning
Things to Consider

FOR EXTERIORS



Things to Avoid

Sandblasting and power washing 
are generally to be avoided. These 
harsh modern cleaning methods 
are not well suited for delicate 
historic materials. 

Power washing drives 
water deeply into porous 
surfaces, causing surface 
damage including visible 
swirl marks and loss of 
material, introducing  
thermal shock, and  
dissolving salts that then 
move around inside stone. 
It can even drive  
moisture into the inside  
of the building.

Sandblasting can cause  
severe abrasion—think of  
it like exfoliating your skin  
to the point of bleeding.

gloves  
(preferably nitrile)

TARP or Dropcloth

microfiber cloths or clean 
cotton rags

dust mask or N95 mask

vacuum with  
HEPA filter

Goggles

dust brushes with soft, 
natural bristles 

Make sure the handle is soft 
too, so it won’t scratch either.

bannister brush or long, 
flat soft brush

Wrap any metal pieces with 
blue tape or chamois to  

prevent scratches.

Always follow OSHA or local 
safety regulations. 

And Before you start cleaning, 
make sure you have the proper 
tools close at hand to keep 
both you and the objects safe:

brooms  
are okay for 
floors—but 
pay attention 
around painted 
legs of  
furniture  
as paint  
can flake.

White vinyl or kneaded rubber 
erasers for smudge removal 

on nonhistoric finishes

soot sponge or  
cosmetic sponge

metal bristle brush 
(steel, brass, etc.)

Use like metal to clean like, 
i.e., steel bristle to clean 

steel or iron.

colorless 
window 
cleaner  
without 
ammonia— 
to be used 
only on  
window 
glass!

alcohol  
(ethanol and 
isopropanol)

hose and nozzleIn-line Hose filter

whisk broom electric leaf blower soft bristle brush

Distilled  
water

Scouring pad mild  
detergent 
that is ph 
neutral

Confirm  
with CH  

before use.

*Collection 
care kits 
are available 
upon request.

Supplies and Equipment: Interiors

Supplies and Equipment: Exteriors

Avoid the pitfall of 
painting something  
to make it look clean 
and new. 
Not only does paint 
change the behavior  
of a material by  
adding a coating—and  
potentially trapping 
damaging moisture—
but overpainting also 
masks character and 
craftsmanship. 



Direct sprinklers away from 
walls and foundations.

Be aware of clippings and 
rocks that can be flung.

Bleach
Power WaShing  

and sandblasting
Gasoline-powered leaf blowers, 

which can drip motor oil Weed whackers

Do

Environmental factors, 
like pollutants and 
marine climates, will 
determine cleaning  
requirements.

Reach out to CH and  
let us know about your  
environment to help you 
come up with a schedule 
or plan.

Repair beyond routine 
maintenance requires 
the Cultural Heritage 
office’s involvement. 

Or if the scope of 
work is large, please 
reach out to CH for  
a work plan and  
assistance in funding.

avoid

skip fertilizers, which are essentially 
salts and can damage building materials.

Guidelines: Exteriors

Always clean from top to bottom.

For spills, dab, 
never wipe.

If you’re working at heights and with 
ladders, you shouldn’t work alone. 
Get help from a teammate.

Vacuums and dust brushes make a great team. 
Use the soft brush to direct debris into the 
vacuum’s nozzle rather than placing the  
nozzle directly on an object.

Attach cheesecloth or nylon hosiery 
to the opening of the vacuum to avoid 
sucking up loose, small, or delicate 
pieces. Do not use a rotary brush.

If wet cleaning is allowed, apply water 
or alcohol to a cloth, never directly 
onto the object.

Swiffers. They can snag and leave 
residues. Try nylon cloths with 
electrostatic properties instead.

Saturated Mops. Most damage to objects 
happens because of excess water. 

Solvents and commercial cleaners. 
Cleaners like pledge may react with  
surfaces and leave damaging residues.

If you want to use something 
beyond a dry brush or cloth, 
CH can advise if what you 
intend to use is okay or make 
suggestions.

Feather dusters. Feather spines can scratch. 
Synthetic dusters are a better option. 

Magic erasers are mildly abrasive and can 
leave residues that can accelerate aging.  

Do

avoid

Guidelines: Interiors Material specific cleaning methods are included in each material 
section, but the following are good general guidelines. 



Practical and aesthetic considerations 
for maintaining building exteriors

BUILDING ENVELOPES



Building Envelopes

It’s also mportant to  
keep in mind that one roof 
or wall or window or door 
is not equal to every other. 
There are many kinds of 
roof, wall, and fenestration 
systems. 

Components and materials 
often differ. There can be 
regional construction  
differences as well. Some 
places might not have wood 
available to create framing  
or roof shingles, for example.

It is critical to understand how  
roof, wall, and fenestration systems 
function and how each piece of that 
particular system performs based 
on its construction, material, and  
environment.

A building’s envelope, or exterior skin, functions 
as a system with 3 major subsystems that all 
work together. They are roofs, walls, and  
fenestration (or windows and doors).

A problem in one of the 
systems, or even one of the 
parts of one of the systems, 
jeopardizes the whole.



Villa Otium  
Oslo, Norway

There are impacts of adding air 
conditioning or sealing or insulat-
ing your roof to promote energy 
efficiency. Expect that there could 
be moisture condensation forming, 
so be on the lookout. 

Physical forcesRoofs

Materials:  
clay tiles, shingles (wood and shakes), 
Harvey tile, thatching, metal (including 
copper and zinc), slate, mud
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not all systems have 
insulation and vents.

if you install insulation, 
going from ventilated 
to a sealed system can 
trap moisture.

Envelope components serve essential  
functions and are also important character- 
defining features of heritage properties.  
Insensitive interventions can adversely  
impact their performance and appearance. 

Roofs are a priority because  
they protect everything below 
them. Conduct routine  
assessments—ideally every 
month—to make sure everything 
is in good working order.

SHINGLE  
ROOF SYSTEM

THE ROOF SYSTEM  
BREAKDOWN
For sloped wood-framed 
systems

CLAY TILE  
ROOF SYSTEM

There are impacts of adding 
air-conditioning or sealing or 
insulating your roof to promote 
energy efficiency. Expect that there 
could be moisture condensation 
forming, so be on the lookout. 



Things to Look OUt For

penetrations like holes 
drilled in the roof for 
electric or cables

cupping of wood shingles

gutter and downspout  
blockages with leaves or 
ice or bird and insect nests 

*�make sure you know where 
the water goes after it 
leaves the downspout.

breaches, especially on  
vertical-to-horizontal 
interfaces like parapets 
or chimneys or areas 
of change in slope 

corrosion on metal

open seams on metal  
from thermal expansion 
and contraction

missing or loose flashing

water ponding

lifted or missing tiles or slate

excess leaf fall

hazing, chipping, cracking, fading, 
or any discolorations on tiles

Monitor the exposure to  
sunlight. Long-term exposure 
causes materials to bend 
toward sunlight and hardens 
sealants and gaskets.

In areas of substantial 
moisture, nails can rust more 
quickly and iron might stain 
and biological activity can 
increase.

You might want to do additional checks if there has been:

Flat roofs can hold standing 
water, commonly referred to 
as ponding. Adequately de-
signed through-wall scuppers 
and roof drains are critical  
in their protection.

If damage requires anything beyond patching in-kind 
or small repairs, reach out to OBO Facilities Roof 
and Envelope Team and OBO CH to diagnose problems. 

Tile roofs have a lot of nooks 
and crannies for moss and 
algae to grow in…

…And big trees drop  
biological matter.

freezing  
temperatures

2 inches or more 
of snowfall or 
rainfall

consistently heavy 
pollution or acid 
rain

a seismic event a hurricane,  
tornado, or other 
high-wind event

a fire—Including 
nearby forest 
fires, which might 
loft embers



Remove debris like sticks 
and branches with a broom 
or electric leaf blower or 
just use your hands. 

Moss can be 
scraped off 
with plastic 
putty knives. 

Water and mild detergent 
or biocides might be  
necessary for stubborn 
stains or biological growth 
like mold or algae.

Is this safe? 
Do I feel 
comfortable 
working from 
heights? 
Do I have the 
necessary 
personal 
protective 
equipment 
(PPE)?
If you don’t 
know, ask CH.

Also ask 
yourself:

Don’t ever leave standing water.

Sweep or scrape off bird poop. 
Staining and residue might 
necessitate water and a scrub 
brush. Use proper PPE, including 
gloves and eye and respiratory 
protection.

Keep gutters and 
drainage clear.

Check flashings at 
horizontal and vertical 
interfaces.

For atmospheric pollutants or 
dirt, start with a whisk broom. 
If necessary, a hose may be 
used on a low setting with a 
scrub brush.

A little bit of careful 
planning pays off—the 
intervention should 
never do more damage.

 
Can I damage the roof if I walk on it? 
Would accidentally kicking it break 
pieces, like tiles? 

Physical forcesRoutine Maintenance for Roofs

Before You Walk on a Roof, ASK:

This diagram summarizes general 
life cycles for traditional and 
modern roofing systems. 
These life spans are dependent  
on a wide range of factors,  
including appropriate positioning, 
roof slope, environment, material 
quality, installation practices,  
and maintenance.  

Tile (SLate or Clay) 
100–150+ years

Wood (Shingles or shakes) 
20–60 years
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Rolled Roofing 
8–15 years

Asphalt Shingles 
15–30 years

Built-up roofing 
20–30 years

Coal and tar 
25–30 years

Metal tile 
30–45 years

Concrete tile 
35–50 years

Metal Roofing 
(Standing seam) 
40–80 years

Copper roofing 
70+ years
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Wall damage is a symptom,  
but further thought is needed 
to determine the cause.

The wall systems for  
historic buildings are  
typically soft and need  
to allow for moisture 
transport. They are often 
subject to water getting 
into the system and being 
soaked up by the substrate. 
Too much or the wrong 
kind of paint doesn’t allow 
the system to breathe—or 
the water to get out.

While common in modern buildings,  
Portland cement introduces and traps 
salts in brick and stone walls. Cement 
mortars are stiffer than traditionally 
soft historic mortars and masonry 
units, forming stress concentrations 
at joints and damaging softer  
surrounding materials. 

•  �Lack of bonding of stucco 
to substrate. Wall sounds 
hollow when you tap on it 

•  �bulging
•  �differential settlement, 

where one side of a building 
is settling more than the 
other

•  �Racking, where the building is 
hinging at its base and upper 
portion can move left to 
right

•  �Cracking, spalling,  
efflorescence, or fallen 
debris

•  �Rising damp, where water is 
drawn through small voids 
within a material from wet  
to drier areas 

•  �Leaks in horizontal-to- 
vertical interface areas 
and cracks around window 
openings, door lintels, and 
chimney and parapets

•  �Anything that looks out  
of place or different

Look out for the  
following conditions:

Paying Special Attention to Mortar

Materials:  
concrete, stucco, stone and brick  
masonry or veneer, glazed tiles, wood 

Walls are a structural 
system that provides 
support for the floors 
and roof. 

Masonry is a two-component 
system: units (brick, block, 
tile) form the strength and 
mortar (lime, cement, mud)  
adheres them together. The  
unit and mortar need to be 
compatible. Traditionally  
mortars are softer and  
less stiff than the units.

INTERIOR Exterior

or Walls may have embellishments like 
friezes or frescoes. 

Walls may have coatings like renders (most often applied to masonry or concrete).

Sometimes part of that stucco is removed to create a design called sgraffito.

Since interior walls are sheltered from the 
elements, they may be decorated with more 
fragile materials like wallpaper, distemper 
paint, or water gilding.

Unseen behind their finishes, walls might 
have wood lath or metal lath and fiber-
glass mesh for shrinkage control and  
to push the plaster into. 

Stone or concrete walls might have metal 
supports like steel reinforcement bar 
(commonly known as rebar) or I-beams.

�Basements and foundations are 
extensions of the wall system 
that exist below grade.

Physical forcesWalls

scratch coat

MASONRY  
substrate

Brown coat

Finish coat

Scratch coat

Brown coat

Finish coat

Wood or 
Metal Lath

Furring strip

Nail in  
Mortar joint MOrtar joint 

for keying

Paint

Scratch coat

Multi-Wythe 
brick wall

Brown coat

Finish coat

Wood plug 
in joint

Inner 
Wythe  
4”

Outer 
Wythe  
4”

Paint

Mortar

Bed Joint

Head Joint

Brick

Nail



Fenestration, aka Doors and Windows

Materials:  
wood, metals including aluminum 
and steel, lead cames, glass

Support is needed if a wall or roof is 
breached for an opening. Loads need 
to be redistributed with the addition 
of stone, steel, or concrete lintels, 
masonry arches, or wood headers.

Look around the perimeter 
of the window to make sure 
it is caulked, especially at 
the top and bottom. 

Look at the sill. Does it 
have biological growth, 
roughening of wood 
grain, or peeling paint?

Check around door locks 
and hardware. The additional 
holes for these elements 
allow water to creep in. 

Windows and doors 
strengthened for  
security purposes  
can be extremely heavy.  
Heritage buildings  
commonly lack  
sufficient capacity and 
stiffness to support 
these systems.  
Installation of these 
systems is invasive,  
requiring connection  
to the floors and walls. 
Without consideration, 
these can result in  
considerable damage. 
Make a checklist of all 
the considerations and 
evaluate risk to the 
building and consider if 
there are other options.

•  �Confirm your structure is not  
deteriorated or damaged. Look  
for cracks and displacement in  
wall and openings. Areas of  
continued moisture could be  
indicative of interventions.

•  �Make sure your support system 
isn’t Damaged. Cracked masonry 
around openings could indicate 
steel is corroding and pushing 
from the inside, commonly known 
as rust jacking. Or a wood lintel 
might crack at the bottom.

•  �Watch for Broken glass, either  
over time (as in settlement) or  
suddenly (as in an earthquake).

•  �Wood elements can deteriorate  
or become displaced. 

•  �Thermal cycling can bulge 
stained glass.

 Things to look out for:

How to tell if water is getting in

Sometimes walls are freestanding 
and only support themselves.

They might be garden walls,

These walls are more exposed 
to the elements on all sides.

Retaining walls 
are acted on by 
soil and wind and 
can be hit by cars 
or lawn mowers. 

Chimneys and 
parapets can 
fall victim to 
earthquakes 
because of 
their mass, 
height above 
ground, and 
lack of lateral 
bracing.

Opt for cleaning first. If you 
feel like the wall might need 
painting, consult with CH. 

If biological staining (mold, etc.)  
is present, can use a commercially  
available restoration-grade biocide. 
Please contact CH for recommendations.

For large-scale projects 
like whole facades, CH  
will schedule and help  
coordinate funding.

If decoratively painted  
(patterned or fresco),  
contact CH for help  
creating a treatment plan.

More Wall Types to Consider

Routine maintenance for Exterior Walls

or parapets,

or boundary walls.



exteriors

A commercial window  
cleaner can be used for 
exterior window panes, but 
it should never be sprayed 
directly onto the glass. 

If you are going to use soap 
and water, make sure that 
openings around the window 
are protected so that water 
doesn’t leak into the interior. 
Use minimal water.

Brush off debris 
from frame before 
wet cleaning.

Metal hardware 
can be treated 
like metalwork 
for lubrication 
needs.

Leaded glass can get mineral 
deposits or streaks. These 
can be removed from glass 
with nylon scouring pads. 
Test an area first to make 
sure the pads don’t scratch 
the glass.

Routine Maintenance for Windows

Interiors

For window frames, defer 
to protocols for the types 
of materials (such as steel,  
painted or varnished wood).

For decorative glass 
or leaded glass, use 
a soft bristle brush 
or microfiber rag.

A commercial window 
cleaner without  
ammonia can be used  
for window panes,  
but it should never  
be sprayed directly  
onto the glass. 

Avoid getting the  
cleaner on the  
surrounding wood  
or metal or draperies.

Only use commercial cleaner on 
glass without UV or security 
films. For windows with films, 
use a water-dampened rag.

old legation
seoul, south korea

Whether roofs, walls, or windows, 
make sure to analyze all the parts 
of the system. 
There might be more components 
involved than what is immediately 
visible on the surface. 

Before undertaking any repairs, 
including locally replacing 
small parts of the system, 
please consult CH.



Material matters: typical characteristics 
and interventions for building materials 
at U.S. Department of State heritage sites

BUILDING MATERIALS  
AN INTRODUCTION



Building Materials —An Introduction

Buildings are at risk from 
hazards and their materials’ 
inherent vulnerabilities. 

Those vulnerabilities are 
sometimes a result of 
stresses introduced by 
where a building lives.

Often they are a result  
of how a building material 
reacts to its environment. 
(For example, metals can 
corrode when exposed to 
marine salts.) 

And very often they are a  
result of how well a material 
and design fit a place. 
(Environmental conditions like 
sandstorms and pollution can 
test concrete, for instance.)

Care and maintenance  
protocols can either help  
or hinder existing conditions.

Understanding building materials and 
their specific qualities helps deter-
mine what is happening to a  
building. This knowledge can also 
help protect and prevent damage, 
rather than just being reactive. The 

following pages break down common 
materials in detail to help determine 
what might be the cause of damage—
and offer  
solutions.

Understanding building materials and 
their specific qualities as well as 
local building methods and customs 
helps determine what is happening to 
a building. This knowledge can also 
help protect and prevent damage. 

The following pages explain  
common materials in detail to help 
determine what might be the cause  
of damage—and to offer solutions 
for preventive care, maintenance,  
and repair.

Chancery Annex  
Office Building  
Bratislava, Slovakia



Considering Position Considering Capabilities

Considering Mixed Materials and Repair Methodologies

Consider where a material is on a 
building. Degrees of exposure affect 
material degradation. 
There is a distinction between interior 
and exterior walls, for example.

To be able to diagnose a condition, it  
is important to understand the inherent 
characteristics of a material as well  
as its strengths and weaknesses. 

For example, Wood frame  
buildings are light and flexible 
so they can bend more easily in 
seismic and high wind events. 

Masonry is brittle, so it is more  
easily damaged in earthquakes,  
but because of their mass buildings 
are often resilient in high winds. 

A material’s properties  
as well as its context will  
determine how it performs.

Stone

Concrete

Glass

Metal

A building is almost  
never just one material. 
Buildings are composites.

And the Department of State’s 
heritage properties are in every 
conceivable environment in the 
world, which means the materials 
are exposed to every conceivable 
mechanism of deterioration.

Responses to damage can make 
things better or worse. Evaluate 
the most efficient and durable 
approach. Doing repairs quickly 
or with improper methods or  
materials sets up problems 
down the road. 

It is also vital to document heritage  
structures with photos and a narrative 
about condition and repairs. 
CH and post should keep records of 
materials used for maintenance, which 
can inform future repairs based on past 
performance. And new staff coming in 
can benefit by knowing what is there. 

Or even at what level a material 
lives. For example, how high or 
low something is on a wall. 

Also think about how far 
something sticks out.

Palazzo Margherita 
Rome, Italy

U.S. Embassy Chancery 
AThens, Greece

Carved ornament and projecting 
elements have more surface area 
exposed to the elements, making 
THEM susceptible to deterioration 
from multiple sides. As a result, 
three-dimensional decoration can 
deteriorate faster. 

 Water causes or perpetuates most 
damaging conditions, and it can  
exacerbate deterioration when  
combined with things like deicing 
salts or reinforced concrete.

Areas close to or below grade  
are often exposed to more 
moisture from the ground, water 
discharging from downspouts, or 
maintenance efforts like irrigation 
and hosing down pavements.  

Taking positioning into account is 
part of a successful monitoring and 
preventive maintenance program.



Step 1: 
assess and document  
the condition.

Step 2: 
Investigate and mitigate 
the cause.

Some general rules for treatments to avoid include:
Patching 

including fills, consolidation, 
and Dutchman’s repairs  
(cutting out the damaged area 
and replacing it with a like 
piece of material of the same 
dimensions)

WHole Unit Replacement Structural repairs

Step 3: 
Scope and hire a specialist 
if needed.

Step 4: 
document the treatment  
process.

Every repair must also be holistic  
and durable—which means addressing  
the source of the problem, not just 
the symptoms, to make sure the repair 
is not going to be undone by an  
ongoing cause.

First, look around. Consider what might 
be causing the damage—for example, is 
that downspout discharging onto the 
buildings, or is a sprinkler hitting the 
exterior wall?

We’re short on time, 
so I’ll cover up this 

dampness.

Taking off paint using heat,  
a flame, or heat gun...

...or a grinding wheel Using harsh cleaning methods 
like acidic solutions

Drum sanding wooden floors

Applications of impermeable 
coatings to porous substrates

Introduction of Portland 
cement to historic wall types

Abrasion using sandblasting Cleaning with a pressure  
(power) washer

If a surface is stable, consider 
cleaning instead of refinishing.

The main repair types that cover most materials are:

Ideally, replacements 
should be made in-kind,  
using the same material  
for infill, as well as take 
into account the historical  
means of construction 
used in the building.

Make sure there is good 
communication between 
materials. They should 
be speaking the same 
language. Selection  
and use of appropriate 
materials ensures  
compatibility. 

Please document the  
materials and methods 
used for repairs. This 
information can inform 
future interventions.

Consider all sequential 
impacts of repairs,  
including vibrations  
induced by tools.

Principles of Repair

Repair and Maintenance No-No’s



Best Preservation Practices

Before beginning any repair, first ask: What exactly is it that I need to do?

Typical steps for a contracted project that includes design and construction:

�Perform a conditions assessment. Identify the areas that need repair.

�Complete performance testing—for example, probes, infared, or paint analysis.

Design the repair.

Contract the repair. 

Do mock-ups.

Monitor the construction.

�Finalize punch list and do a project closeout with documentation.

typical steps for localized or small-scale maintenance and repair project  
carried out in-house:

Identify the areas that need repair. Look from all sides.

�Do you need to extract something, like a broken tile? 

�Before you remove, decide how far the removal area is going to extend  
AND how are you going to put it back together.

�Install temporary protections like a tarp, plastic sheeting, or scaffolding to 
protect surfaces from the work and the elements.

�Double-check to make sure the repair materials match the existing system and 
structure.

�It’s not enough to make sure the materials are the same; you need to make sure 
the repair is the same. Carefully follow installation instructions.

�Remember to always have your access route to the repair and the safety  
systems in place reviewed by post’s occupational safety and health officer  
and have facilities double-check all installation.

�Some materials may be hard to get. CH can help discuss alternate options,  
and in some cases supply a small amount of the material.

CH can’t be everywhere, so staff 
at posts understanding and using 
preservation principles facilitates 
appropriate care of heritage 
properties—particularly when it 
comes to doing no harm.

These checklists outline typical steps 
taken for completing preservation 
projects. CH is always available to help.

If these points—also known  
as the Preservation High 5— 
can’t be addressed on a project  
autonomously, please engage CH.

Locally employed staff 
often the Contracting Officer’s 
representative, directly interfaces 
with the contractor or performs 
the work

Contractor  
Executes the work to meet 
the needs of the client 

At the Department of State,  
5 key team members work  
together on maintenance  
and repair projects:

The core principles of 
preservation boil down 
to 5 critical points.   

1. �Identify and solve the 
cause of the problem.

2. �Consider adverse 
impacts to heritage 
materials.

3. �Use the gentlest  
effective method.

4. �Use the correct  
materials and methods.

5. �Prioritize retention 
over replacement.

CH 
provides technical 
Preservation guidance

FAC 
provides funding and 
some technical support

Facility Manager  
balances the needs and priorities 
of numerous stakeholders at OBO 
and post



                                                 WOODBUILDING MATERIALS



Characterized as either hardwood 
(originating from deciduous trees, 
which generally lose their leaves every 
year) or softwood (from evergreen 
sources), the designation has less  
to do with the actual density of the  
wood itself and both can be used in  
structural and decorative ways. 

Hardwood  
(Deciduous)

Softwood  
(evergreen)

because of its organic nature, 
wood is both resilient—with enough 
flex to withstand high winds—and 
vulnerable—susceptible to attack 
by tiny insects and fungi.

Biological agents, like 
drywood termites, can 
be introduced by shipping 
wood from one part of 
the world to the next.

wood is the building 
material most often 
affected by bug  
infestations. 

But it’s not just bugs; 
some fungi actually eat 
wood, in particular the 
cellulose and/or lignin. 

Teak House, U.S. Embassy compound 
Rangoon, Burma (Myanmar)

Because of environmental  
conditions, it is also a  
highly variable material.
Two trees from the same  
forest will have different 
bugs, different soil, 
different light levels. 
The same species of tree 
from different parts of 
the world will have  
different lives. 

Wood is easy to work with and  
manipulate and lends warmth and  
character to buildings. In certain 
parts of the world, wood species  
is often reflective of place, such  
as in this roof at the historic 
Teak House at the U.S. Embassy  
in Burma (Myanmar).

Wood is often where you can’t 
see it, like floor joists and 
roof beams and other framing 
elements; in fact, it provides 
the majority of flooring and 
roofing support. 

But it is also abundantly used 
for its visual appeal as flooring, 
boiserie paneling, cabinetry,  
decorative doors and windows, 
stair railings and banisters, and 
trim and millwork.  

As a result, wood is 
a common material in 
the U.S. Department of 
State’s buildings. 

Wood

Material characteristics:  
renewable resource, good strength-to-weight ratio, susceptible to moisture deterioration

Things like:  
maple, oak, walnut, mahogany, teak, cypress, fir, pine, cedar

Used for:  
floor joists and roof beams (structural); doors and windows (fenestration); flooring, 
paneling, millwork, railings and banisters (decorative)



Most wood damage stems from 
moisture exposure over the short 
or long term, like a sudden pipe 
burst or an undetected leak. 

Wood takes up water 
parallel to its grain, 
like a bunch of straws.

Wood moves not only in 
response to fluctuating 
moisture levels but  
also to thermal cycling 
and loading. wood  
exhibits permanent  
deformation when  
loaded over long  
durations. For instance, 
old house floor joists 
deflecting.

For decorative millwork and wood floors, ASK: 
Are there stains, fading, or discoloration?
Is there fading or discoloration from UV light?
Is there darkening from aging varnish or accumulated 
debris in wax coatings?
Is there warping or displacement from moisture or 
fluctuating Relative Humidity?
Are there cracks, checks, or widening joints?

Recurring pelletized or 
dusty frass may indicate 
an active insect infestation. 
Bugs eat wood to hydrate.  
Insect activity is often a 
result of wood’s elevated 
moisture content due to 
a sustained high Relative 
humidity or liquid moisture 
source like condensation  
or a leak. 

Brown rot is  
a fungus that  
consumes  
cellulose and 
changes wood’s 
appearance to 
look like little 
cubes.  
Wood becomes 
lightweight and 
loses strength. 

White rot is 
a fungus that 
consumes the 
lignin (strips  
of fibers in  
the wood). 
The wood 
will tear and 
look white or 
bleached.

The way wood is cut and dried can affect  
its performance.
There are 3 ways that a log can be Cut up 
for dimensional lumber:
Plain sawn/flat sawn is down the length  
of the trunk (top of tree to roots); 
quarter-sawn is where growth rings are 
perpendicular to the horizontal cut; and
Rift-Sawn is when boards are cut radially 
with growth rings nearly perpendicular  
to the boards’ horizontal cut.

Where wood comes from in 
the tree also plays a part. 
Heartwood is denser  
and harder. 
sapwood is closer to  
the bark and is more  
susceptible to infestation 
and fungal decay.

The graining and relationship 
to the cut could cause  
inherent vulnerability.

Heartwood

quarter-sawN

rift-sawN

rift-sawN

Plain sawn/flat sawn

sapwood

Wood readily takes in and releases  
moisture, causing dimensional changes. 
Too much or too little moisture is  
problematic largely because of  
swelling or shrinking.  
Moisture fluctuations and resultant  
movement can cause splitting,  
cracking, and other types of damage.

synthetic coatings, meant to 
keep water out, can actually 
trap moisture, causing wood 
to rot.  Traditional finishes, 
like wax and shellac, or stains 
do not trap moisture.

Consider applying preservatives 
such as borates to all cuts, 
notches, and drilled holes prior 
to installation to minimize  
deterioration caused by moisture, 
insects, and biological activity.

Wood can deform if not  
properly dried before 
put into use—timbers can 
twist (like bowing) or 
warp (look wavy instead 
of straight) or shrink. 

Wood is also susceptible  
to UV damage and can  
discolor, crack, or deform 
with exposure to sunlight. 
UV light also affects 
natural and synthetic  
finishes such as wax,  
shellac, varnish, and paint.

Wood is easily abraded or  
gouged, and it wears readily 
with heavy use or exposure. 
In interiors, wood is  
subject to foot traffic.  
Furniture is dragged 
across floors and bumped 
into door moldings. Chair 
legs slam into baseboards.

CH can help with coating selection.

In structural members, prolonged exposure to moisture reduces 
their strength and allows for irreversible displacement such as 
deflection and crushing.   

Fungal growth may present as a crust or a 
film on the surface of the wood. Mold growing 
on a surface can also change color.

Material Vulnerabilities
Things to Look Out For



Interiors
Paneling And Millwork

Remember to work 
from high to low. 
Dust in the direction 
of the grain using a 
soft bristle brush. 
Use a soot sponge 
or makeup sponge 
for smudges.

Frequency of cleaning: 
as needed, likely 1–2 
times a year

varnished
Dry clean as a rule, but 
a damp sponge may be  
used if necessary.

Pay attention to the  
condition of the wood 
itself. Finishes that are 
cracked can trap water. 

Wood floors  
Parquet or decorative inlay 
and original to the house 

Vacuum or sweep debris first. 
May require occasional  
mopping with a damp mop. 
Do not use chemical cleaners.
Do not allow water to pool 
on floors. 

Interior floors may be waxed, 
using felt buffing pads. 
Don’t get overzealous and 
polish or refinish floors 
without CH’s help.

Frequency of cleaning: as needed

painted (interiors)

Okay to use a damp sponge on 
non-historic paint finishes. Test in 
an inconspicuous place first to make 
sure the paint doesn’t come off.

For decorative historic paintwork,  
or tenacious marks, stains, or flaking 
paint, reach out to CH.

Do not be overzealous in your 
maintenance and repaint. You risk 
losing the original character.

Royal sala
bangkok, thailand

gilded (interiors)

Use only soft brushes like 
pony hair or sheep hair, with 
debris directed into a covered 
vacuum nozzle.

Do not use water. It may 
cause gilding on interior 
surfaces to come off. 

Frequency of cleaning:  
Carefully sweep dust into a 
vacuum as needed to remove 
abrasive debris before it can 
be ground in.

Exteriors All wooden building elements started as 
trees. But without their natural defenses, 
wood elements need protecting. 
In exterior contexts, priorities are keeping 
wood dry and keeping debris off them.

Do not refinish or fill  
in chipping paint without 
CH’s support.

Water and a mild pH 
neutral detergent  
may be used on finished 
exterior woodwork.

Don’t flood with water 
when rinsing or saturate.

Routine Care for Wood



Repair Protocols

 
Try cleaning before refinishing.
Always test before diving in. 
Work with local experts. 
Contact CH for assistance.  

Tips for refinishing wood:

Minimize sanding. It can remove 
too much wood. Traditional 
finishes can be stripped with 
an appropriate solvent— 
alcohol for shellac and  
mineral spirits for wax.
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New Sister  
reinforcement New Splice 

end repair
New scarf 
joint repair New Support

Synthetic coatings must be  
removed mechanically by sanding 
using an orbital or rotary sander 
with a finer grit. Do not use belt 
or drum sanders—they are too 
aggressive!   

Paints and varnishes on wood are 
both decorative and protective. Be 
careful selecting the type of finish.

Trapping moisture is a concern when  
coating wood. Natural wax or oil finishes 
or water-based stains are preferred. They 
offer protection while allowing water to 
evaporate out. Traditional, oil-based paints 
are also acceptable for windows, doors, 
and trim. Finishes, especially on exteriors, 
need to be meticulously monitored and 
maintained.

Before stripping paint from 
wood, contact CH to determine 
whether a paint analysis for 
documentation is needed.

Cosmetic Repair

Roof, wall, and floor systems are the “bones” 
of a building and are part of the heritage fabric.

Structural distress can be due to material  
vulnerabilities, poor detailing, and construc-
tion methods. With its many species, wood  
has considerable variability in its material  
characteristics. Older wood commonly has 
tighter grain and as a result more strength  
and durability than modern species. Species, 
grade, and durability are important consider-
ations in framing systems and their repair.  

Splice, Scarf, Sister, and re-Support are  
a few framing repair concepts to explore.  
In situ repairs preserve material, minimize  
invasiveness, save time, and reduce cost.  
Often, shoring isn’t needed.   
Splices repair localized end deterioration 
when placed on both sides of the original 
member. Splices are constructed of solid 
sawn or engineered wood, steel plates, and 
fastened with nails, screws, and/or bolts.
Scarfs are good options if there is a desire 
to utilize historic timber framing methods. 
Temporary support is required. Scarfs are 
constructed of wood matching the original 
and connected with tight joints and  
hardwood pegs.
Like splices, sisters are longer side-mounted 
members used to increase strength and  
stiffness of an existing deteriorated or 
undersize member.
re-Supports can be added to further assist 
wood framing, including ledgers at bearing 
ends or posts midspan. These keep the  
original member in service.

 
Look at ends of wood members near 
vertical to horizontal interfaces 
where moisture collects. Rot can 
lead to loss of material.

Tips for Wood Framing Repairs:

Structural Repair

Sometimes architectural interventions 
will complement or need to precede a 
framing repair.

Wood is easy to work with 
and forgiving. These qualities 
are true for its repair too.

Common wood repairs that a skilled 
carpenter should perform include:
Consolidation—adding acrylic or 
epoxy resins that restore wood’s 
integrity
Patching—filling holes, voids, or 
losses. done with epoxies, putties, 
or glue-and-sawdust mixtures  
Dutchman—in-kind repairs where new 
wood is set into an existing member
Unit replacement—localized 
replacement of a piece damaged 
beyond repair, ideally with the same 
kind of wood

Architectural Repair

Wood subfloors 
contribute to floor 
stiffness and  
distribute loads.



                                                  METALSBUILDING MATERIALS



Not all architectural metalwork  
is decorative, like spiked 
wrought-iron gates or sparkling 
brass balustrades. 
Some of it is functional and  
infrastructural, like flashing  
or fountain pipes or rebar  
embedded in concrete. 

Cast iron is poured, is harder and 
brittle, so it can’t be worked  
mechanically.
Wrought iron is forged and as a 
result is malleable, or workable.
Steel, a material seen in later  
buildings, tends to perform better 
in compression and tension.

Metals

Material characteristics:  
Metallic minerals found in ores in the earth’s crust.  
Minerals are often mixed together or with other  
elements to achieve specific properties.

Things like:  
wrought iron, cast iron, steel, bronze, brass, lead

Used for:  
gates, railings, roofs, window and door hardware, and 
leaded windows, plus unseen infrastructural elements  
like I-beams and rebar

Ironwork

All iron-based, or ferrous, metals 
are susceptible to corrosion when 
exposed to air because oxygen steals 
iron’s electrons; Water exacerbates 
the reaction. Salts, especially  
chlorides, accelerate the process.

But coatings can become cracked, 
chipped, or worn away and let air  
and water in, resulting in corrosion 
of the metal underneath.
Routine observation and maintenance 
are critical.

So ferrous metals must be protected 
in some way: commonly using paint or 
galvanizing (adding an electro-coating 
of zinc). Metals may also be oiled, waxed, 
or passivated, a process of treating 
and stabilizing.



Copper Alloys Lead

Copper alloys are combinations of 
copper with other metals. The most 
common are bronze (copper and 
tin) and brass (copper and zinc).

Lead is the softest of the  
common metals and is malleable 
at ambient temperatures.  

Sometimes lead is used for 
roofs, gutters, flashings, and 
downspouts. And lead cames 
are crucial elements of leaded 
windows and stained glass.

Lead is also often in places 
you can’t see. Look out for 
lead in connections.

These are often used for hardware  
and fasteners, for fixtures in kitchens 
and bathrooms, or for ornamentation  
on gates and railings.
Because of their malleability and relative 
resistance to moisture-based corrosion 
compared with less noble metals, copper 
alloy metals are also used in drainage 
systems, in cladding for roofs, and for 
sculptural elements on buildings—such 
as finials and weathervanes.

Atmospheric conditions will 
affect a copper alloy metal’s 
color, turning their surfaces 
shades of red, green, or black.

Copper alloys also discolor because of  
oxidation. These patinas are stable oxides 
that actually help protect the underlying 
metal. Well-developed patinas are often 
desirable for aesthetic reasons and  
reflect the age of the architecture,  
so they should often be preserved.

Bronze’s brown patina 
usually has to do with 
exposure to oxygen.

Metals’ Lesser Qualities

Metal pipes such as iron or copper 
can carry ions that can deposit 
onto and discolor porous surfaces.

Rainwater leaders and gutters 
are particularly susceptible.

There are a lot of health implications 
if lead is ingested or inhaled.

Anytime you have water in contact with 
metal, especially slightly acidic or  
alkaline water, it accelerates the metal 
being robbed of its electrons, resulting 
in corrosion and loss of material.

Things to Look Out For

Note the color and texture of a metal’s  
patinas to make sure they are stable:
Corrosion on steel is rust.
Copper alloys can corrode in different colors, 
but most often shades of black or green.
Lead most often corrodes in shades of white.

Check for any discoloration, pitting,  
flaking, patina loss, or holes.
A break in metal is often due to corrosion. 

Look for water pooling around 
embedded metal railings. These can 
corrode and cause problems to 
both the metal and the material it 
is in contact with.

Rust results in loss of cross  
section and can exert stress  
in adjoining materials because of 
volummetric expansion, commonly 
referred to as rust jacking.

Corroding metal reinforcement 
inside concrete can cause it to 
discolor and crack.



If hardware, 
such as hinges, 
need to be  
lubricated,  
use a graphite  
lubricant. Avoid 
lithium or  
WD-40.

Interiors

Exteriors

Don’t leave standing 
rinse water to puddle  
on metalwork. After final 
rinse, blot with paper 
towels or a cotton  
terry towel. 

Regularly brush debris off of metal 
surfaces. If needed, wash stable metal 
surfaces with filtered water from a 
hose mixed with a few drops of free 
and clear dish soap.  Scrub with a 
soft brush and rinse thoroughly.

Make sure objects are not 
in the path of sprinklers or 
wet and rewet in any way.

The majority of iron metalwork 
in an architectural context is 
painted because exposed  
ferrous metal will corrode. 

If the surface is waxed, 
it can be buffed with a 
microfiber cloth. 

For unfinished surfaces, 
reach out to CH to see if they 
should be waxed, varnished, 
or otherwise protected. 

Frequency of cleaning:  
as needed, probably once a year

If polished brass or bronze has 
oxidized, or darkened, use a  
commercial polish or polishing 
compound specifically intended  
for use on brass or copper alloys.

Apply according to label.

Contact CH to discuss before  
addressing any of the following 
conditions, particularly for  
decorative metalwork.

Oxidation

Corrosion

Polish residue must be completely 
removed using ethanol or  
isopropanol on either cotton 
balls or a microfiber cloth. 

Make sure to use 
like metal with like 
metal. For example, 
for bronze and 
brass, use a bronze 
or brass bristled 
brush. 

Active corrosion  
of metalwork needs 
to be abrasively  
removed with a  
metal bristle brush. 

Work with a specialist 
as care should be taken 
not to damage the 
underlying patina or 
substrate. 

Can use scouring pads 
or sandpaper with any 
of the types of metals.

If iron or steel, once  
all loose rust has been  
removed, use rust  
converters to stabilize  
and treat against further 
corrosion, a process  
called passivating. Tannic 
and phosphoric acid  
solutions are often used. 
Check with CH for materials.

Once you have a clean, stable 
surface, iron or steel objects 
must be repainted to prevent 
further corrosion. 

First prime with a corrosion-inhibiting 
primer, then put a topcoat on. 
Use paints specified for ferrous  
metal surfaces. 
Protect adjacent surfaces while 
painting.
Match existing surface color or reach 
out to CH for recommendations. 

Never paint on a 
loose, flaky surface. 

Localized Repainting iron or steel

How to Maintain Metalwork



NOTE: Structural repairs must be 
designed by a qualified engineer. 
Calculations must be provided 
with their design.

Repair Protocols

Steel tends to deteriorate with 
limited air movement when encased 
in masonry or concrete where 
moisture and salts are present.

Superficial Corrosion
Horizontal surfaces of 
I-beams collect water and 
commonly develop corrosion. 
Because webs are thinner than 
flanges, they exhibit holes 
from corrosion often where 
the two meet. Superficial rust 
can be mechanically removed 
to sound steel and coated 
with a rust-inhibiting primer.  

�Load Demands
Building changes can increase 
load demands. Reinforcements 
effectively increase beam depth to 
increase strength and stiffness. 
Approaches include welded tees, 
built-up sections, and trussed 
beams. 

Top Flange

Bottom 
Flange

Web

NOTE: Structural repairs must be 
designed by a qualified engineer. 
Calculations must be provided 
with their design.

Corrosion is the primary  
deterioration mode for metals,  
but metal features can also crack 
or deform in response to stress.

Some common metal conditions  
and corresponding repairs include:
�Mechanical removal and chemical  
passivation of corrosion product
Replacement of lost or damaged  
components
Addressing distortions like  
twisted, bent, or warped elements
Infilling cracks, pitting, or losses with 
composite repair materials or new metal

Keep in mind, metal objects may need to  
be deinstalled and treated offsite for  
comprehensive paint removal and repairs  
requiring heat such as brazing or welding.  

Architectural Repairs

Structural Considerations

Steel framing is common in early 
“fire-proof” construction. An I-beam 
is engineered to be light, strong, 
stiff, and efficient.

Metal is versatile and malleable 
and can be chemically complex.
Because metal is a reactive 
substrate, it should often be 
treated by a specialist. Beyond 
spot repairs or application of 
wax, CH should be involved.

Coatings on metal are both  
decorative and protective.  
Regular observation can help 
identify deterioration early. 
Routine maintenance will ensure 
coatings and substrates remain 
in good condition. 

Decorative architectural brass, 
bronze, or copper are often  
polished or patinated. Their 
surfaces can be protected with 
wax or lacquer, which require 
periodic reapplication.

When paint on metal begins to  
crack or flake, localized areas  
of corrosion can develop. Removal 
of damaged finishes and corrosion 
from the substrate is needed before 
repainting. Stripping paint from metal 
substrates can be done using specific 
chemical or abrasive processes.  
If stripping paint off metal, doing  
a paint analysis first is critical.

Substrates require finishing, 
such as priming and painting, with 
coatings intended for metal. 
Coating types and application 
methods are specific to metal 
type and context.

Surface coatings

Loss of Cross Section
Section loss must be quantified.  
Repairs are intended to restore  
original capacity at area of loss. 
If a web is deteriorated, apply steel 
plates to both sides. If a flange is 
deteriorated, add a plate to it. If both 
web and flanges have loss, install 
channels or bent plates. Make repairs 
symmetrical and avoid single-sided 
repairs. 
There are two methods of attaching 
steel repairs: Bolts and Welds.  
Connection type can be interchangeable. 
Selection is dependent on  
constructability. Bolts are more 
straightforward but access is critical. 
Welds are quicker and stronger but 
require testing to confirm feasibility 
and temporary protections against 
heat and fire.

Steel beams can be repaired  
and reinforced instead of replaced. 
Common examples include:



MORTARS,  
RENDERS,  
AND PLASTERS

BUILDING MATERIALS



Historic masonry enemy #1:  
Portland cement 
While commonly used in 20th c. buildings, 
Portland cements introduce new salts 
and trap existing salts because of their 
density and lack of permeability. Their 
relative stiffness compared with  
traditional mortars often initiates  
additional forms of deterioration,  
like cracking of masonry units.

Mortars are used for bedding, 
setting, and joining masonry 
including brick and stone and 
concrete and tile.

Though its composition is simple, mortar has 
myriad uses. In this room, for example, it is used 
in construction of the walls, assembly of  
decorative stone elements, and applied finishes.

To do this job, 
mortar must be as 
porous or more  
porous than the 
masonry units or 
decorative finishes 
like tile it surrounds.

If mortar is too  
rigid in comparison 
to the supporting 
masonry and water 
can’t penetrate it, 
moisture will move 
into the surrounding 
masonry units, which 
can create damage 
like friability, spalling, 
and efflorescence—
and eventual failure.

More than an  
adhesive agent,  
mortar absorbs the 
damaging water and 
salts introduced into 
masonry wall systems. 
When mortar is  
replaced periodically 
as intended, this  
sacrifice keeps the 
wall system intact.

But mortar is not just for 
piecing together. 
Stucco, also called render, 
is a type of mortar applied 
to surfaces on exteriors.

It is called flat plaster when 
applied inside to walls and 
ceilings. Plaster can also be 
cast or molded or sculpted 
for decorative moldings or 
ornamentation.

Though the particulars of their 
ingredients may vary, at their core, 
mortars, grouts, stuccos, renders, 
and plasters are composed of the 
same 3 essential components: 
an aggregate, a binder, and water. 
There are infinite recipes and each  
changes the material’s properties.

Mortars, Renders, and Plasters Mortars

Material characteristics:  
abundant globally, Porous, inorganic, plastic 
when wet and hard and brittle when dry

Things like:  
Bedding and pointing mortar, stucco,  
decorative plasterwork

Used for:  
Masonry wall construction, covering walls 
and ceilings, cast or molded decoration

Mortar is made of:

usually sand or  
stone, tile, or brick  
dust depending on  
local traditions.

Historically, slaked lime, 
hydraulic lime, gypsum, and 
natural cement; today, most 
often Portland cement.

Sometimes hair or plant 
fibers are added to help  
prevent shrinkage.
Other materials may be  
added to improve workability.  
For example, eggs are added 
to traditional mortars in 
Algiers.   
Mortar can be different  
consistencies. It can be  
thick and troweled on or  
thin and injected, such as  
a fluid grout.

a binder An aggregate  and water

Villa Montfeld
ALgiers, Algeria



Renders

Inspect mortar joints routinely to assess condition.  
Mortar joints will require periodic repointing with a  
compatible mortar.  
CH can help complete a mortar analysis to inform repairs.     

The mortar joints are the element that allows tile  
floors to move with temperature and moisture-based 
expansion; therefore, the grout needs to be less stiff  
than the tiles so it can be elastic and act as a shock  
absorber to prevent the tiles from cracking.

Rendering is the process of covering  
an exterior wall with a layer of mortar. 
A render’s purpose is to make a surface 
uniform. It can also keep water off the 
structural portion of the wall,  
protecting the underlying substrate.  

But renders may also include artistic  
embellishments, like frescos or sgrafitti.

More texture or relief 
on the substrate wall 
increases the surface 
area and helps with the 
render’s adhesion. Giving 
it a tooth, as it is said.

Often renders are coated with a 
limewash to help keep moisture out 
and for aesthetic purposes.

Pay special attention to the 
sides of the building that 
are more exposed to damage 
instigators, like driving rain.

Because they are horizontal 
and get more wear and tear, 
pavers require more frequent 
mortar review.

In marine climates or climates 
with seasonal storms like  
typhoons or hurricane season, 
check mortar at the end of  
heavy rainy cycles.

Review mortar after any natural 
or man-made hazard event.

Renders in a historic context include 
lime binders—such as hydrated lime, 
lime putty, or natural hydraulic 
lime—natural cement, or clay.

In addition to aggregate, Sometimes 
things like plant fibers or hair were 
added to help with shrinkage and 
cracking during curing. At times, 
horse hair, donkey hair, goat hair,  
or the hair of highland cattle—not 
often human hair. In contemporary 
products, fiberglass threads  
replace hair. 

Things to Look Out For

U.S. Embassy
Ljubljana, Slovenia



Plasters

Renders don’t last forever and 
have to be reapplied periodically, 
maybe every few decades.

challenging environmental conditions,  
incompatible repairs using Portland cement, 
poor drainage, and impermeable coatings 
like many synthetic paints that trap  
moisture in walls all can lead to failures.

Some signs of moisture damage 
are bubbling, delamination, or 
chunks detaching.

Plastering typically refers to the 
process of covering an interior 
wall. Like renders, flat plaster is 
also applied in layers. 

In historic buildings, plaster is often 
applied to wood lath or lath-like 
supports or sometimes directly to 
masonry. In later buildings, plaster  
is applied to wire mesh.

The binder in traditional plaster is most  
often lime putty or gypsum (plaster of 
Paris), or a mix of the two. Hairs and fibers 
can be incorporated to help with shrinkage. 
Finish plaster can be sanded or unsanded.

Historically, most interior plaster was finished with  
a traditional paint like oil, distemper, or limewash.
The majority of plaster surfaces are now coated 
with acrylic paint. If only a few coats are applied, 
then moisture can still move in and out. But when 
applied thickly, acrylic paint becomes a problem. 

Decorative interiors can include 
ornamental plaster cornices, 
moldings around doors and 
windows, and molded plaster 
paneling on wall surfaces or as 
rosettes around light fixtures.

Plaster moldings are 
often applied to a wood 
support in layers, then the 
finish plaster is created 
with a profile that is run 
along the surface to shape 
and smooth it for con-
tinuous molding around 
things like chair rails and 
cornices. These are called 
running molds.  

Plaster can also be sculpted 
in place or cast and applied 
as ornamental units—like 
dentils or floral motifs.

Movement of the building—like  
earthquakes or settlement—can  
cause cracking, spalls, and losses.

Mortars, renders, and plasters 
are applied in layers, sometimes 
called “coats” or “lifts.” 

scratch coat

Substrate

Brown coat

Finish coat

Rinsing a render down with a hose 
or mild soap and water is generally 
all that is recommended.

Unfinished renders should 
be cleaned like stone.

Limewashes are generally 
intended to be renewed 
every 5 to 10 years. In the 
interim, surfaces can be 
cleaned if dirty and  
discolored.

If the layers are applied too 
thickly, a render becomes too 
heavy, takes a long time to dry, 
and can fall off the wall.

Things to Look Out For

How to Clean Renders



Things to Look Out For
Repair Protocols

Plaster is sensitive to  
water—including from 
sources like poor drainage, 
leaking pipes, leaking fire 
suppression systems, or 
leaders leaking inside walls.

Nail or anchor holes 
or damage from  
moving furniture  
happens frequently.

The pieces of plaster that 
extend through the lath, 
called keys, can break 
over time—especially on 
ceilings not helped by 
gravity—leading to  
plaster detachment.

If paint is applied too 
thickly and in multiple 
coats, it will mask detail, 
and it can limit operability 
of moveable items such 
as doors, windows, and 
shutters.

Trapped moisture can 
cause the finish to bubble.

Might see cracks where the building is moving 
or after seismic and hurricane events.
Might see loss from impact damage.
Water can cause chunks of plaster to fall.
Molded plaster that gets cyclically wet and 
dry will start to melt, especially if it includes 
water-sensitive gypsum.
Rosettes around light fixtures are often 
nailed into the ceiling and those nails can  
corrode and fail with movement of the  
building, water, or if the fixture has frequently 
been installed or de-installed.

Mortar is intended to be  
periodically replaced. Begin by 
conducting a visual and hands-on 
assessment to determine if the 
existing mortar is friable or  
detaching. If so, repair or  
replacement is likely necessary. 

Inspection

REPOINTING MORTAR JOINTS

Joint removal

vacuuming

Wetting

Repointing

striking the joint

Controlled drying/CUring

The sand or aggregate included 
in a mix imparts both mechanical 
and chemical properties, and also 
affects the way it looks. Make sure 
to match color and grain size. 

Compatible mortars are free from 
salts. Portland cement binders are 
not appropriate for buildings that 
predate the 20th century. They are 
not compatible with traditional  
masonry materials because of their 
relative strength, rigidity, and  
density. These differences cause  
serious problems that are not  
easily resolved.  

See section on finishes for 
applied coatings on masonry. 

Mortars should dry 
slowly to prevent 
shrinkage and cracking.

If notes are not available, CH can 
specify an appropriate mix or provide 
an analysis to inform repairs. 

Search for records on the building’s 
construction or maintenance history 
for notes on original mortar mixes. 
staying as close as possible to  
original recipes—including similar 
materials as well as similar ratios 
of each—ensures that repairs are 
compatible. 



BUILDING MATERIALS STONE



There are 3 
classes of rock:

 ...and sedimentary. 

igneous 

...metamorphic

Magma

*granite, tuff, basalt *marble, gneiss, slate, quartz, schist *sandstone, limestone, travertine

Heat

Pressure

Pressure

Uplift to surface

Burial and sedimentation

extrusive  
igneous rock

Erosion transportation

intrusive  
igneous 
rock

Stone

Material characteristics:  
naturally occurring and highly varied, commonly porous and brittle, strong in compression  

Things like:  
limestone, marble, travertine, sandstone, granite, slate

Used for:  
walls, floors, arches, columns, corbels, fireplaces

sedimentary rock is made up of  
layers of sediment that under 
heat and pressure become fused 
together. Because of those fused 
layers, it is susceptible to exfoli-
ation and scaling—often driven by 
the presence of moisture. 

Some stone is composed of calcium 
carbonate—such as limestone, travertine, 
and marble—which is susceptible to acid 
rain and dry pollutants like car exhaust. 
Chemical reactions between sulfurous 
deposits and calcium in the stone can 
result in the formation of unsightly and 
damaging black gypsum crusts.

Stratified layers must be 
placed horizontally so that 
water is less likely to seep 
between layers and cause 
them to slough off.

Stones with small, tightly 
packed grains and high  
porosity, like many  
limestones and sandstones, 
will readily draw up water 
through capillary action. 
Moisture from the ground 
traveling upward through 
walls via capillary action  
is called rising damp,  
commonly seen in basement  
and foundation walls.

Department of State 
heritage properties 
feature all types. 
Often local materials 
quarried near building 
sites are used.  
Sedimentary stones  
like limestone and 
sandstone are well-
known and widely  
used because of their 
availability and ease  
to quarry and cut.
Stone is so prized,  
often render is cast 
to mimic its appearance.    

hôtel de talleyrand
Paris, France



don’t forget to assess walls, 
floors, ceilings, stairs, doors, 
windows, and decorative  
details such as fireplaces, 
corbels, balustrades, and 
carved column capitals.
If any of these are showing  
signs of wear or damage, 
please contact CH so that  
we can involve a conservator 
or specialist. CH can fund  
conservation for these  
smaller, discrete projects.

The degree of dirt, grime, and 
damage is often less in stone 
interiors because the degree of 
exposure is less, but there can 
be additional kinds of damage.

Interiors
Signs of Damage—And Their Source

Efflorescence: 
When water carrying 
salts evaporates out of 
a porous stone, the salts 
can crystallize and expand, 
creating a white bloom on 
the surface. Can also cause 
friability, scaling, or spalls.

Biological growth or biological 
film: Fungi and algae can cause 
discoloration or staining— 
including brown, green, red, and 
often black—which can also be  
acidic. Also look for lichen, 
moss, or vegetation. A plant 
growing out of a crack or joint 
means water and roots are 
inside, and it will continue to 
expand and grow. 

Scaling and exfoliation:   
Peeling and surface 
loss of stone often 
caused by weathering, 
salt crystallization, 
abrasion, or thermal 
cycling. 

Erosion and friability 
(or disaggregation): 
Often characterized  
as a stone feeling like 
sugar. This indicates  
a breakdown of the  
substance keeping the 
stone grains together.

Cracking:  
Could be caused by  
thermal stress from 
freeze-thaw cycling,  
or mechanical stresses  
from movement like 
settlement, vibration, 
expansion of corroding 
anchors, improper loading, 
or even impacts from  
construction activities  
or heavy equipment.  

Spalling:  
A spall is a potato  
chip-like chunk that 
pops off parallel to the 
surface of stone as a 
result of expansion from 
corroding embedded 
anchors, salts, thermal 
cycling, or improper 
pointing of mortars. 

Trapped moisture:  
Because it is porous, stone 
takes up moisture and needs 
to breathe. Some applied 
coatings, like acrylic paints 
and silicone-based water  
repellents, can trap  
moisture and degrade  
stone from the inside.



Pay attention to Soiling  
patterns in heavily touched  
areas like doorframes, railings,  
and around doorknobs or 
light switches. These areas 
accumulate soiling and damage 
from grime, body oils, and 
excess wear.

ceilings are susceptible to roof 
and plumbing leaks.

Cracking in interiors can 
occur from structural 
settlement, displacement, 
or movement from natural 
hazards such as earth-
quakes or hurricanes.Abrasion and loss can happen 

more readily on floors due 
to wear and tear from foot 
traffic and sliding furniture. 
Mortar joints wear more 
quickly, too.

Though interiors are  
climate-controlled, they 
can be affected by exterior 
environmental conditions. 
HVAC systems can make inte-
riors too dry or introduce 
moisture and condensation. 
Over-conditioning interiors 
can pull in excess humidity 
from outside.  

Efflorescence and associated 
conditions like friability and 
erosion are common on basement 
walls and floors since they are 
exposed to additional moisture 
belowground.

Additionally, debris falls,  
dwells longer, and accumulates 
in greater quantities on a  
horizontal surface. 

And water sits and  
absorbs more readily.

Mats or carpeting 
might be useful for 
protecting floors.

Things to Look Out For
Routine Care for Stone (Unfinished or Unpainted)

Interiors

Remove debris like cobwebs and  
dust by brushing away or vacuuming.

For smudges, spills, or grime, 
try a sponge dampened with 
water. Spit on a Q-tip is also 
appropriate for small areas. 

Stone floors require vacuuming 
before applying a damp mop. Do 
not allow water to pool and 
avoid acidic cleaning agents.

Frequency of cleaning:  
Once a year. More frequently for horizontal 
surfaces like mantels and floors

Exteriors

Remove organic debris like leaves, 
grasses, or dirt with a whisk broom 
or stiffer bristle brush. 

Do not overpaint.

Power washing 
or sandblasting 
are generally too 
aggressive and can 
introduce damage. 

Limit the use of water if there 
are open joints or mortar or 
grout losses or any evidence 
of efflorescence.

If you have a flaky or  
easily crumbled surface, 
avoid scrubbing even with 
a soft brush. 

Frequency of cleaning: 
As needed



Repair Protocols

Common stone repairs that a conservator or mason should perform include:

Embedded metals, such as handrails,  
often corrode and damage stone and  
other masonry. Corrosion expands  
and exerts tension in brittle masonry  
materials—commonly called “rust  
jacking”—resulting in spalls and  
displacement that require reattachment 
through anchoring or dutchman repairs.

PINNING and ANCHORING straddle the 
realms of architectural and structural 
interventions.

PINNING
Stabilizes cracks or developing spalls or joins pieces  
of stone together. Pins should be made of an inert  
material with properties complementary to those of  
the stone—commonly threaded stainless steel, fiberglass, 
or alumina ceramic seated in grout or adhesive. Pin  
diameter and embedment depth are proportional to  
the size of the repair. Aim to use the fewest number  
of the smallest sized pins necessary.

Anchoring
Engineered systems for reattaching large or heavy  
elements. Commonly made of stainless steel, anchors 
derive their capacity through mechanical or adhesive  
connections to the substrate. Repairs need to be designed 
by a licensed engineer based on calculations. Exploratory 
probes and testing may be required. Numerous types of 
anchors are available, each with specific applications— 
contact CH for support.

Cleaning is the most common and 
frequent maintenance requirement for 
stone. Cleaning is irreversible and can 
be damaging if done incorrectly. Always 
test before diving in. Work with local 
experts and contact CH for guidance.  

Exterior cleaning can often be 
accomplished with water alone.

But some substrates are sensitive and 
require special methods. CH can help 
establish appropriate methods for 
cleaning, maintenance, and repair.

Consolidation:  
Conservation-grade products 
may be applied by specialists to 
restore cohesion between the 
grains of friable or “sugaring” 
stone.

Superficial (or surface) treatments

Architectural repairs

Desalination: If substrates are 
laden with salts, their removal 
using water compresses may be 
required prior to completing 
other repairs.

Rust Jacking

Replacement   
localized replacement 
of a complete unit of 
dimensional or carved 
stone using the same 
or a compatible type 
of stone

Bonding/adhering  
a chemical adhesive join 
where two fragments 
or pieces of stone are 
glued together using 
a conservation-grade 
adhesive 

Patching   
composite fills for 
holes, voids, or losses 
done with mortars or 
conservation-grade 
resins often bulked 
with stone dust

Repointing   
replacement of  
mortar in joints using 
a compatible mortar 
that’s softer than  
the stone. Installation 
depth usually about 
twice that of the 
height of the joint 

�Dutchman   
in-kind repairs where 
new stone matching 
the existing is cut to 
fill the specific size 
and shape of a loss

Cast stone, like this facade of 
Palacio Bosch in Buenos Aires,  
can behave like natural stone.  
And can deteriorate in similar 
ways, so treatments are similar.



BUILDING MATERIALS BRICK AND  
ARCHITECTURAL  
CERAMICS



Clay is a chameleon, an architectural 
material with an incredible breadth  
of appearances and uses.
It may be Dried, baked, or fired, 
glazed or unglazed. 

Clay building materials 
have ancient origins.

Industrial production of 
fired bricks dates to the 
early Roman Empire and  
terra-cotta even earlier.

The use of ceramic floor tiles 
goes back to the 4th millennium 
B.C.E. in the Middle East and Asia.

Tile is historically common as 
flooring and roofing in Central 
and South America. 

in Western Europe, masters in Delft and Portugal set a standard 
for craftsmanship and glazed decoration.

among its many uses, Clay can be 
formed into sturdy rectangular 
masonry bricks for walls, curved 
into arced roof tiles, or become 
tiny ceramic pieces to place just 
so to create decorative mosaics. 

Terra-cotta can be 
extruded or cast into 
ornamental elements.

Brick and Architectural Ceramics

Material characteristics:  
clay based, made from a natural earthen  
material, comes in a variety of sizes and shapes,  
can be brittle and break under impact, porous

Things like:  
brick, terra-cotta, glazed or unglazed tile

Used for:  
roof tiles, inner wythe or infill for stone or 
rendered walls, vaulting bases (structural); 
floors, walls, ceilings (decorative)



Some Ceramic Tile Types

Strength Considerations

Brick is Stone’s more manageable  
(and less expensive) cousin because 
it comes already formed in hand-
size pieces. brick is a workhorse 
when used for exterior walls. It 
can be used to form a structure  
or as a veneer. 

Clay products can also 
be behind-the-scenes 
structural: brick or  
terra-cotta can become 
the inner wythe and infill 
for walls or form the 
base of vaulting. 

Clay Products can also be 
ornamentally structural: 
Tiles create interior floors 
and walls, and terra-cotta 
can be fired into hollow 
blocks to form exterior 
courtyards. 

But architectural ceramics really 
shine as decorative details, where 
the options are nearly endless 
because the material is so easily 
sculpted or cast. 

The minerals inherent in the clay mix are 
responsible for the chemical reactions that 
occur during firing. They also influence both 
appearance and performance when in place. 

Iron oxide provides the typical red color  
of terra-cotta, for example. 

At high temperatures, calcium carbonate 
breaks down to provide a source of calcium 
oxide, which improves the mechanical and 
chemical strength of the clay and reduces 
shrinkage from firing.

Silica (present in all clay minerals) vitrifies, 
or melts, filling the voids in the clay body.  
It hardens when it cools.

Firing a ceramic both hardens  
it and creates a dense outer skin—
or at extremely high temperatures, a 
glassy skin—helping fend off water 
absorption in the naturally porous 
material and making it more durable 
and weather resistant. Glaze also 
forms a glasslike coating that can 
further help tiles resist water.

Firing imparts strength and 
cohesion, but also brittleness, 
so brick, tile, and terra-cotta 
are easily damaged by direct 
impacts.

Unglazed:
Quarry tiles are cut from slabs of clay. They are machine-made 
using the extrusion process, which creates desired shapes by 
pushing the material through dies.
Terra-cotta pavers are a cruder, thicker version of quarry tile 
made generally by pressing clay dust but sometimes by extrusion. 
Encaustic tiles are pressed clay dust of different colors inlaid 
into the surface during fabrication to create designs.

Glazed:  
Most ceramic tiles are  
decorated with a glaze  
that’s either brushed onto  
the surface or added by 
dipping the tile into it before 
firing. Glazes are made with 
metallic oxides and pigments 
that impart color when fired. 
Though even glazed tiles  
remain somewhat porous. 

Mosaic: 
Mosaic tiles, also known as  
tesserae, are very small and  
can be square or cut into 
shapes. Either glazed or  
unglazed, mosaics can be  
used to create patterns or 
sometimes images. (Tesserae 
can also be made of stone  
or glass.)

Contemporary bricks are generally denser, 
harder, and more uniform as a result of greater 
consistency among raw materials, standards of 
manufacture, and higher firing temps. 

Hand-pressed brick (historic)  
is softer than extruded  
(contemporary) brick.

Floor tiles are often thicker  
and harder than wall tiles  
because they are fired longer  
and/or at higher temperatures.

*The word “tile” refers to its use 
as a finish—not its material  
composition. Not all tiles are 
ceramic. Some are cement and are 
cured rather than fired and need 
to be cared for as concrete.

Inconsistent firing affects performance, 
as do poor raw materials in the clay mix or 
inclusions that can make the material more 
prone to the effects of external factors.



After firing, brick and ceramics retain a 
porosity that can make them susceptible 
to moisture-driven damage, like freeze-
thaw cycles. 

A brick’s outer fireskin is denser than  
the more porous material just below it. 
Salt crystallization and freezing water 
exerts pressure within pores, which can 
cause the fireskin to spall or delaminate.

Some glazes can become pitted 
or powdery with age, or can 
crack, flake, delaminate from the 
clay body, or craze—which means 
develop a network of cracks, 
like shattering without breaking. 
Crazing can trap dirt or increase 
moisture absorption of the tile.

Unglazed tiles are readily  
absorptive, so pores can 
get clogged and unsuitable 
coatings can’t be removed.

Cementitious mortars are troublesome 
because they are denser and stronger 
than brick or terra-cotta, so damaging 
water will move preferentially into the 
brick or terra-cotta. Loose, cracked, 
broken, or unbonded tile or terra- 
cotta can result. 

Polluted environments also introduce 
acidic salts. When salts dissolved in 
water are absorbed into a brick’s pores, 
they can dry and recrystallize, causing 
pitting, disaggregation, friability, and  
efflorescence. 

Brick and ceramic materials hold up 
if taken care of, but because they 
are brittle, they are prone to chip 
and break due to vibration, impact, 
freeze-thaw cycling, and structural 
displacement. 

Look for:
atmospheric soiling
discoloration
biological growth
efflorescence
spalling or glaze loss
Failing joints

Inherent Vulnerabilities Routine Care

Things to Look Out For

BRICK Interiors

Remove debris like cobwebs 
and dust by brushing away 
or vacuuming.

Frequency of cleaning:  
as needed

Brick Exteriors

Remove organic debris 
like leaves, grasses, and 
dirt with a whisk broom  
or stiffer bristle brush. 

Do not paint.

Power washing and sandblasting 
are generally too aggressive 
and can introduce damage. 

Limit the use of water if there 
are open joints, mortar or 
grout losses, or any evidence 
of efflorescence.

If you have a flaky or 
easily crumbled surface, 
avoid scrubbing even with 
a soft brush. 

Frequency of cleaning: 
As needed; Floors more often than facades

Think about what is being rolled 
over top of floors and be careful 
of dropping tools or slamming 
ladders.

Weathering and wear  
on floors can be uneven 
due to traffic patterns.



Repair Protocols

For traditional buildings, consider if 
the materials were sourced locally, 
and if those heritage materials are 
still available.

Proper maintenance of  
mortar joints helps prevent 
damage to brick and tiles.

To preserve the original material 
(or to avoid unit replacement), 
surface losses and cracks can 
often be patched to match.  

Most often, repairs will involve 
treating mortar joints rather 
than the ceramic unit itself.
Keeping up with the mortar will  
help circumvent the need for 
replacement of ceramic or 
tiles. 
Remember joint materials are 
sacrificial and should be less 
stiff than the tile.

Since most ceramic floors are protected 
by a fireskin or glaze, an additional  
protective coating is generally not 
needed. The addition of a coating often 
increases maintenance requirements and 
costs. Penetrating sealers or  
impregnators for unglazed tiles should 
be evaluated by CH before use.  

Missing or broken units may 
need replacing. Work with CH to 
study the existing materials and 
source compatible restoration 
materials. Specialists can be 
retained for repairs.

If cracks are formed in bricks and 
mortar joints, it may be necessary  
to stitch the crack together again  
either by toothing brick or using 
stainless steel dowels across joints.

Running bond English bond

American or Common bond

Flemish bond

Brick and tile floors

Sweep or vacuum first to remove 
dust, dirt, and debris. 
Only use a vacuum after carefully  
evaluating the condition of the 
floor to ensure loose fragments 
won’t get sucked up and lost.  

May require mopping. Use a damp  
mop only if necessary and don’t 
allow water to pool on floors. 
If soap is needed, use something 
easy to rinse. Do not use acidic 
cleaners or degreasers. 

Don’t polish or refinish 
floors without CH’s help. 

Frequency of cleaning: 
Could be swept up to every day to get abrasive 
dirt off surface before it can be ground in.
A maintenance check should be done twice a 
year during shoulder seasons.

Same as Brick.

Cannot be cleaned 
abrasively. Abrasives 
will deteriorate the 
material and increase 
losses to ceramics 
and their glazes.

Let CH know 
if there is any 
cracking or  
flaking of tiles 
or deterioration 
of mortar joints.

tilework and terra-cotta

BRICK PATTERNS



  BUILDING MATERIALS CONCRETE



Concrete

Concrete is incredibly versatile 
due to its molding abilities and 
the fact that it is a completely 
engineered system. 

Impressions can be put in it 
for aesthetic purposes.
It can be cast into structural 
elements, pavers, or blocks.
Or it can be curved into 
elegant shapes around rows 
upon rows of windows.

It can be exposed and 
create the architectural 
look of a building. Or a building might have 

a concrete structure 
covered in stone.

It can be self-supporting, 
like cantilevers.

Or create curved  
architectural elements.

As such, concrete is a bit of a shape-shifter.

Material characteristics:  
Man-made, durable, high compressive 
strength, moldable because it goes from  
a fluid to a solid

Things like:  
Mass concrete, reinforced concrete,  
tabby, terrazzo

Used for:  
Foundations, columns, beams, joists, floor 
slabs, roof slabs, whole buildings; cast as 
finials, lintels, and decorative elements

Casablanca conference
1943

Villa Mirador, Casablanca
1920s



Concrete’s Properties

In modern times, concrete usually 
has steel reinforcement to provide 
tension resistance against forces 
like bending, as in horizontal  
spanning systems like floors.

It can be poured into forms and cast in place 
or cast in molds to create discrete units. 
Beams and slabs can be prefabricated and 
shipped to building sites. however, transport 
and vibrations can cause damage. Prefabricated 
concrete connections can be more finicky than 
cast-in-place construction.    

When steel reinforcements are added, concrete 
elements can be made even smaller and thinner 
for unique architectural features. Steel also 
helps reduce cracking as concrete shrinks 
during curing and under thermal cycling.

Concrete is a composite of mixed 
materials.

The basic recipe:
a binder  
(historically  
lime, more  
recently cements)

a small aggregate  
(sand)

a large aggregate  
(sharp, hard pieces  
of stone)

water

The binder and water create  
the cement paste, or matrix,  
around the aggregate. 

Terrazzo adds in chips of  
granite, marble, or glass.

Concrete recipes are  
adjustable for strength and  
durability. Decide first what  
the concrete needs to do,  
then design the mix.

Although ancient mixes differ 
considerably from contemporary 
concrete, ancient structural 
forms like arches, vaults, and 
columns are employed in modern 
buildings.  

All concrete cracks.  
Movement joints, such  
as expansion and control 
joints, are incorporated 
so that it cracks in  
designated places.
Concrete can crack as it 
shrinks because of water 
loss during curing or 
from thermal expansion 
and contraction. 

Concrete gains strength 
through a chemical reaction 
called hydration. 28 days 
is the general curing time 
required to reach a con-
crete’s specified strength, 
but the curing process 
continues over time.

Concrete is a  
relatively heavy 
building material. 
Reinforced concrete 
allows for thinner 
members and  
improved structural  
performance. 

Fresh concrete has a high alka-
linity. Concrete’s high pH creates 
a passive oxide layer on the steel 
rebar inside, protecting it from 
corrosion. Concrete’s pH is  
lowered through a process called 
carbonation—when atmospheric 
carbon dioxide reacts with the 
calcium hydroxide in the cement 
paste to form calcium carbonate—
starting at the concrete surface 
and progressing inward. Over time, 
the protective oxide layer is lost, 
enabling steel to corrode.

When advanced corrosion expands 
and exerts pressure on brittle 
substrates like concrete, it’s 
called rust jacking, and it results 
in cracks and spalls. 

Concrete, while robust, deteri-
orates from exposure to salts 
and acids from pollution, acid 
rain, soils, marine environments, 
deicing products, pool chemi-
cals, and fertilizers. These can 
reduce the pH of the cement 
paste and exacerbate corrosion 
of embedded metals.

Since concrete is mixed,  
the means and methods 
influence the final  
product.
Additives to the mix or 
too much water to make it 
more flowable or to slow 
the curing process down 
can introduce weaknesses 
by altering physical and 
chemical properties.

Up to about the 1890s or 1900s, 
concrete was “plain,” used for its 
excellent compressive strength, 
or resilience against squashing.



Repair Protocols

Watch for: 
Iron oxide staining
cracking
or Cracks getting bigger 
Cracks will be followed by spalls
diagonal cracks, which may mean 
a wall or column is rotating or 
settling
Movement, potentially bigger 
gaps between connections

Be diligent about cracks and 
notify an engineer. One method 
to determine whether a crack is 
widening is to draw a straight 
pencil line perpendicular to the 
crack and record the date.

Concrete is quite durable, but 
that doesn’t mean the material 
has an infinite life cycle. 
Concrete structures need  
watching and routine maintenance, 
such as cleaning. New conditions 
should be addressed right away 
to prevent progressive damage. 
Do a full once-over every year 
And after any natural or  
man-made hazard event.

Generally, clean concrete 
as you would stone.

Water from a garden hose filtered 
with inline filter, a natural bristle 
brush, and a mild detergent are 
acceptable for exteriors.

Start by removing debris 
with a brush, broom, or 
vacuum (depending on if 
interior or exterior).

No power washing 
or sandblasting. 

Avoid acids when scrubbing stains.  
Acids change the pH of the concrete 
locally. Acids can also damage  
concrete by dissolving cementitious  
or calcareous compounds.

For iron oxide stains, 
call CH to help.

Each concrete mix is unique 
and the recipes for concrete 
are constantly changing. 
Know and document the mix. 
And pay attention to what 
the contractor is creating.

Specialists may repair holes 
or cracks by injecting grout 
or epoxy. CH can help design 
repair methods and materials. 

Stitching larger cracks together 
with stainless steel bars or carbon 
fiber may get the sides of the crack 
to talk to each other again.

Pins can be installed to provide a 
mechanical bond for new concrete 
repairs. Relying on mechanical bonds 
rather than a chemical bond alone  
is encouraged.

Cracks and spalls usually occur 
because something has moved  
or a bar inside is corroding. 
Concrete should be removed 
back to sound material. Once the 
metal is exposed and cleaned of 
all rust, apply a rust inhibiting 
primer. Patch with a compatible 
mortar to match in-kind.
Contact an engineer if corrosion 
of rebar is extensive.  

Synthetic bonding agents can 
impede moisture transmission. 
Use of bonding agents should 
be evaluated with CH.

Remember to identify and  
remedy the cause of damage  
as part of a repair effort.

Things to Look Out For

Routine Care of Concrete

Rust results in loss of cross  
section and can exert stress  
in adjoining materials because of 
volumetric expansion, commonly 
referred to as rust jacking.



  BUILDING MATERIALS PAINTS, COATINGS, 
AND FINISHES



Villa Åkerlund
Stockholm, Sweden

Paint both protects and  
decorates, and it is the most 
common coating in Department 
of State buildings. 

Though if used improperly, 
too frequently, or in too 
many layers, it can also 
be incredibly damaging.

Paints are made up of 3 components:

pigments provide color (historically 
earth, minerals, or salts; today synthetic).

binders hold the pigments together and 
attach them to the substrate.

solvents (such as water, turpentine, or 
other organic solvent) thin the mixture 
of pigment and binder so that it can be 
applied, then they evaporate as the paint 
dries and forms a film.

Paints, Coatings, and Finishes

A moment to ponder paint

Material characteristics:  
can be organic or inorganic; degree of permeability and solubility varies 

Things like:  
paint, varnish, wax, gilding, textured wallpapers and wall coverings

Used for:  
decoration and surface protection

limewash—a thin suspension of lime 
(calcium hydroxide) in water—is highly  
permeable and compatible with lime 
stuccos, plasters, and stone and other 
masonry. Limewash can be pigmented. 
Other mineral-based finishes beyond 
limewash are commercially available. 

Finishes that might be in your Department of State building

carnauba waxes,  
using plant-based 
ingredients from a 
palm tree, are used 
to protect floors 
and provide shine. 

Distempers—chalk paint 
pigmented and bound with 
animal glue—are used only  
in interiors because of water  
sensitivity. Highly permeable 
and alkali resistant, they 
are appropriate for coating 
lime plaster. Later versions 
include a small amount of 
boiled linseed oil, which makes 
them more durable but still 
highly permeable.

alkyd resins (polyesters  
chemically reacted with drying  
oils) are a faster-drying option  
to traditional oil paint. a multitude 
of synthetic resin paint options  
are available, including epoxies,  
urethanes, rubbers, and the  
ubiquitous acrylic and vinyl  
emulsions such as latex paint. 

Paraffin wax, distilled from petroleum, is often used 
to coat wood. Exposure to UV can initiate cross- 
linking and change its properties, like solubility.  
Microcrystalline is a refined type of paraffin wax.

Wallpapers, usually applied 
on top of a lining canvas 
or lining paper, are popular 
decorative coverings.

Gilding, or applying thin  
metal finishes like leaf  
or powders to surfaces,  
is used decoratively.

Oil paints are historically  
composed of pigment (often lead), 
turpentine or white spirit, and a 
drying oil (most often linseed oil) 
that react with ambient oxygen to 
form a continuous and flexible film.

A Primer of Paints and Coatings

varnishes—consisting of hard natural resins from 
plants (such as copal, dammar, or rosin)  
or insects (such as shellac from the lac beetle)—
are widespread, most often for coating floors 
and millwork. They Sometimes have pigments  
added to help resist UV degradation.  
Contemporary varnishes include  
urethane coatings like spar varnish,  
which is still UV sensitive.    
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U.S. Consulate
Barcelona, Spain

Coatings need to be compatible 
with the surface on which they’re 
applied, allowing for vapor 
transmission and movement of the 
substrate. Be wary of elastomeric 
coatings, which are flexible but 
can introduce problems because 
they lack permeability.

No matter what you coat 
a material with, water 
will always find a way in...

Modern coatings are often designed 
to be impermeable. Or if they are 
applied too thickly or in too many 
layers, they become impermeable. 
Then when water gets in, it can’t get 
out, and causes deterioration of 
the substrate, making it difficult for 
finishes to adhere.

The most common pathways for water are: 

• �Micromovements cause coatings  
to crack or open along joints. These  
fissures allow moisture in.

• Rising damp 

• �Poor water management from improper 
drainage or excessive hardscaping  
contributes to ponding and ingress.

A general rule of thumb is, the glossier 
the paint, the less permeable.

Paint applied in 
multiple successive 
coats (such as from 
frequent make- 
readies) results in 
thick applications 
that mask ornament 
and decoration.

In addition to moisture 
damage, cracking,  
delamination, and  
embrittling of finishes, 
organic coatings can 
also be eaten by roaches 
and become moldy.

Wallpapers were  
historically installed  
using an animal hide glue, 
which is water-soluble.
Leaks will cause it to  
come away from the wall.  

detachment of papers 
also occurs because of  
cyclic relative humidity 
fluctuations or sustained 
relative humidity above  
50 percent. 

Silverfish love wallpaper.

Elevated RH will attract 
insects, like silverfish  
as well as roaches, that 
eat the glue.

Walls can also be  
covered by fabrics, 
which are adhered 
by a glue or tacked 
with little nails 
that can fail.

With wool and silk 
there is always the 
possibility of moths.

Gilding on interiors— 
applied to plaster or 
wood or metal—is often 
water-gilded, so it is 
water sensitive. 

When the surface is  
wetted, the gilding  
will come off.

Even if gilding is  
varnished, it still  
needs monitoring  
and protecting.

Watch out for:
cracking
bubbling
blistering
discoloration
staining
Peeling

Things to Look Out For



white vinyl or kneaded Erasers 
can be used to reduce smudges,  
scuffs, and fingerprints on 
repainted surfaces. Do not  
use erasers on historic or  
decorative finishes.   

A damp rag can be used only  
on non-water-soluble painted 
surfaces in case of spills.

Don’t default to repainting. Opt for 
cleaning first. If you feel like the wall 
might need painting, consult with CH. 
Walls with too many paint layers 
are unsightly, lose definition, can’t 
breathe, and trap moisture.

Use a light hand, 
as wallpapers 
can scratch.

Flat, vertical wall surfaces  
require only infrequent dusting. 
For decorative work, use a pony 
hair or hake brush to get dust 
out of crevices.

Do not get paper and  
fabric wall coverings wet!

Contact CH in the event  
of a spill, leak, or tear.

Wallpapers or fabric 
wall coverings only 
need dusting about 
once a year with a  
wide bannister brush.

Textured wallpapers 
may require more  
frequency. 

Routine Care for Wall Coatings

When planning repairs, consider 
the research needed to inform the 
project. Analysis should often 
precede material selection, removal, 
or treatment. Existing finishes and 
conditions need to be documented  
to guide maintenance or restoration. 
Removal of finishes without docu-
menting them first destroys vital 
evidence about a building’s past life.    

Finish removal—whether 
chemical or mechanical—
mustn’t cause damage.  
Testing is often required  
to establish optimal  
methods. Appropriate  
substrate preparation can 
be determined with CH.

Select repair materials for their  
appropriateness and compatibility.  
The properties of a coating will  
affect its performance as well  
as the durability of the substrate. 
Matching the properties of  
maintenance materials with those 
used in the original construction 
often results in more compatible  
repairs. Most contemporary  
coatings lack the breathability, 
flexibility, or both of traditional 
coatings—and they differ  
aesthetically. A different approach 
may need to be considered for 
historic surfaces already repainted 
with contemporary paint coatings.

Interventions on original  
historic surfaces, murals,  
or other integral artworks 
should be evaluated and  
treated by a conservator.

Paints, coatings, and other finishes 
contribute to a building’s character 
and significance. Their study can  
provide important information about 
the history, evolution, and past  
appearance of a space or surface.  

Repair Protocols



Applied Technology Council, assessments following earthquakes (ATC-20), windstorms and floods (ATC-45)  
https://atcouncil.org/training-info1

Architecture of Diplomacy: Building America’s Embassies (2nd edition)  
Jane Loeffler, New York: Princeton Architectural Press, 2011

Association for Preservation Technology International, Practice Points   
https://www.apti.org/practice-points

Canadian Conservation Institute, Notes and Publications  
https://www.canada.ca/en/conservation-institute.html

Getty Conservation Institute, Publications and Resources 
https://www.getty.edu/conservation/publications_resources

A Glossary of Historic Masonry Deterioration Problems and Preservation Treatments  
compiled by Anne E. Grimmer, Washington, DC: National Park Service, 1984 
https://www.nps.gov/orgs/1739/upload/book-glossary-masonry-deterioration.pdf

Historic Building Facades: The Manual for Maintenance and Rehabilitation 
New York Landmarks Conservancy, New York: Wiley, 1997

Historic England, Technical Guidance 
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DISPLACEMENT: temporary or permanent movement of an element from a preexisting 
position, typically due to stresses from loading or environmental fluctuations

DISTEMPER: historically used water-based paint composed of pigments typically bound 
with animal glue or casein, a protein found in milk

DRY CLEANING: cleaning that does not involve a liquid, such as dusting or vacuuming

DUTCHMAN: commonly used in wood and stone, a repair method that replaces a small 
area of damage by cutting it out and replacing with a matched material

EFFLORESCENCE: white powdery or crusty salts occurring on the surface of a porous  
material as a result of salts solubilizing in water, migrating through pores, and then  
the water evaporating

ELASTOMERIC: containing elastomers, or synthetic polymers with elastic properties  
similar to rubber 

EXFOLIATION: similar to delamination, a term often used to describe peeling, flaking,  
or sloughing of natural stone often along bedding planes  

EXTRUSION: the process of moving a material through a mold to form a shape over  
a continuous length

FACADE: exterior face of a building, often referring to its architectural front

FENESTRATION: the arrangement of windows and doors on the exterior faces of a building 

FERROUS: containing iron

FILLS: a type of repair, often cosmetic, that includes patching or using materials to fill 
cracks, voids, or other losses to make them flush with the surrounding surface

FLASHING: thin, impervious sheets of material, usually metal, placed at junctions where 
building components meet at differing angles, used to facilitate drainage and prevent 
water penetration

FRIABILITY: the quality of a material being friable, or crumbly and powdery 

FRIEZE: the central band of a classical entablature or a decorative band in a stringcourse

FRESCO: a mural painted into fresh, still wet lime plaster 

GALVANIC CORROSION: an electrochemical reaction between two dissimilar metals in 
which one corrodes preferentially in the presence of an electrolyte, usually water

GALVANIZED: a metal, often ferrous, having a sacrificial layer of zinc applied to protect  
it from corrosion

GILDING: a decorative finish of metallic leaf, often gold, applied to a metal, wood,  
or other material 

HERITAGE BUILDING/HERITAGE PROPERTY: a structure or site with historical, cultural, 
natural, educational, or artistic significance  

I-BEAM: a beam, most often metal, that in cross section looks like a capital “I” and  
provides tension and compression forces needed to resist bending across distances

ALLOY: in metals such as copper, a solid mixture of two or more metallic elements 

ANCHORING: securing materials to a substrate to maintain stability

BIOFILM: staining or discoloration caused by the presence of fungi, algae, lichens, or other 
plant material often found on porous outdoor surfaces; a biocide is commonly used to treat  

BRICK: a rectangular unit made of dried or fired clay, sand, iron oxides, and other  
components

BUILDING ENVELOPE: the exterior components and systems comprising a building’s enclo-
sure, including the walls, roofing, and fenestration

CAPILLARY ACTION: the movement of liquid, typically water, through the pores and  
capillaries of a solid surface caused by the attraction of the liquid molecules to each other 
and to the solid material  

CARBONATION: a reduction in the pH of concrete caused by atmospheric carbon dioxide 
reacting with calcium hydroxide in cement paste to form calcium carbonate

CEMENTITIOUS MORTAR: a mortar that is bound by cement

CHARACTER-DEFINING: prominent or distinctive attributes, features, or elements that con-
tribute to the physical character of a place and its significance   

COMPRESSION: forces pushing on an object from all sides, resulting in the object getting 
smaller (opposite of TENSION)

CONSOLIDATION: applying a chemical binding agent to a porous substrate like wood, ma-
sonry, or concrete to reestablish cohesion between friable fibers or grains

CONTROL JOINT/EXPANSION JOINT: a designated gap in construction materials or systems 
that allows for movement and volumetric changes

CORROSION: the degradation of metal due to reactions with its environment resulting  
in a more stable oxide (like rust); acids, bases, and salts can accelerate reactions 

CRAZING: a network of numerous, irregular, thin superficial cracks producing a crackled  
or hazy appearance

CURING: a physical or chemical change that occurs in a material to produce a finished product

DEFLECTION: the natural vertical or horizontal displacement of a spanning structural  
member under a load

DEFORMATION: permanent displacement of a material or system due to an imposed force 
or action  

DELAMINATION: the separation, peeling, scaling, or loss of layers often resulting from 
weathering and exfoliation along the bedding planes of sedimentary stones 

DIFFERENTIAL SETTLEMENT: permanent displacement of a building commonly due to poor 
underlying soils, excessive applied stresses, or deterioration to foundations, often resulting 
in floor and wall movement and cracking

DISAGGREGATION: the breakdown of a material into smaller fragments and grains,  
sometimes referred to as sugaring
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PASSIVATING: a chemical treatment that renders a material, often metal, inert to in-
crease its corrosion resistance; rust conversion is a form of passivation that involves 
chemically treating rust to convert iron oxides into a more stable compound

PATCHING: a discrete repair that involves filling a loss in a substrate with a compatible 
material

PATINA: the accumulated surface layer on a material formed by aging, wear, chemical  
reactions (oxidation), or biological activity; it can be protective and aesthetic, reflecting 
history and authenticity

PINNING: a method of joining two or more objects or systems together with dowels, 
usually to provide stability

PONDING: the accumulation of standing water on horizontal surfaces of buildings such 
as flat roofs or terraces because of improper or clogged drainage

PORTLAND CEMENT: a modern hydraulic cement of high compressive strength, high 
stiffness, and low permeability that is too hard for use with historic masonry and is 
prone to damaging it

POROUS/POROSITY: having microscopic spaces or voids through which air or liquid can pass

POULTICE: an absorbent, often pasty substance moistened with water or a specific  
solution and applied to a substrate for the purpose of cleaning, such as for stain or  
accretion removal 

PPE (PERSONAL PROTECTIVE EQUIPMENT): safety equipment utilized by all workers to 
reduce exposure to injuries and exposures to damaging environments, including hard 
hats, safety glasses, ear protection, masks or respirators, gloves, reflective vests, and 
harnesses

PREVENTATIVE (PREVENTIVE) CARE/MAINTENANCE: measures and actions aimed at 
avoiding or minimizing future deterioration; preventive care typically includes indirect 
measures such as environmental or risk management

RACKING: the permanent deformation of a building out of vertical plumbness—i.e.,  
a lean—usually a result of loss of stiffness or damage to a lateral force-resisting system 
in an earthquake or high wind event 

REBAR: a reinforcement rod, commonly of steel and round, inserted into plain concrete 
to improve its tensile, shear, compressive, and bending capabilities

REINFORCED CONCRETE: a composite material utilized globally since the 19th century 
that combines the compressive strength of plain concrete and the tensile strength of 
embedded steel reinforcement (typically round bars or mesh) 

RELATIVE HUMIDITY: the amount of water in the air relative to the ambient temperature

REPOINTING: removing and replacing deteriorated mortar in masonry joints

RESIN: an amorphous organic material, either naturally derived (like rosin and shellac) 
or synthetic (such as acrylic, epoxy, and other polymers); when cured, forms a rigid solid 
used in coatings, adhesives, and plastics  

RETAINING WALL: a wall that supports an unbalanced level of soil on either side, relying 
on its own weight—sometimes combined with the soil weight or additional supports—
to resist overturning and sliding

IMPERMEABLE COATING: an applied membrane that prevents moisture, either liquid or 
vapor, from passing through

INCOMPATIBLE INTERVENTION: attempted repairs or alterations using inappropriate or 
unsuitable methods or materials that potentially cause damage   

IN-KIND REPAIR: treatment of damage or deterioration using materials and methods of  
the same type and quality of the original 

INTERFACE: where two or more pieces abut and may be joined mechanically or chemically 

LATH: a surface, often made of strips of wood or expanded metal mesh, onto which plaster 
can be applied to form a mechanical connection

LIMEWASH: also called whitewash; a traditional paint made principally of water and 
slaked lime

LINTEL: a structural beam supporting masonry, typically over an opening in a wall such as  
a window or door

LOAD: a force applied to a building’s structure either permanently (dead load) or  
transiently (live load)

MALLEABLE: the ability of a material, often a metal, to be worked, hammered, or pressed 
into shape

MATERIAL PROPERTIES: intrinsic characteristics of a substance—such as density, melting 
point, hardness, color, conductivity—that inform its behavior   

MASONRY: a construction assembly utilizing individual units commonly made of clay, 
stone, or concrete

MECHANICAL: a physical, rather than chemical, connection or cleaning method

MECHANICAL PROPERTIES: characteristics of a material under applied stress, including its 
resistance to tension or compression, its flexibility or stiffness, malleability, brittleness, and 
hardness

MECHANICAL ANCHORS: embedded connections within a substrate using physical rather 
than chemical adhesion

MINIMAL INTERVENTION: a tenet of contemporary Western conservation theory that  
promotes minimal interference in the physical treatment of materials and the use of  
preventive conservation measures for preservation

MORTAR: often a mixture of lime or cement, sand, and water that sets to form a hard solid 
material; mortar joints, the space between masonry units such as bricks or stones that are 
filled with mortar, help walls breathe and are intended to be replaced periodically to  
preserve the masonry units

ORIENTATION: the direction or position of the bedding planes or foliation formed by  
layers of sedimentation in sedimentary and metamorphic stones

OXIDATION: a degradation process in which a material chemically reacts with oxygen to 
form an oxide; oxidation reactions often form a deposit or discoloration on the surface  
of a material such as metal

PARAPET: an extension of an exterior or interior wall above or through the roof

Glossary of Terms Continued



RISING DAMP: the upward rise of moisture within a porous building material, often  
starting in basements or at grade (see CAPILLARY ACTION)

ROUTINE MAINTENANCE: performing regular, recurring, preventative hands-on  
activities to maintain performance and extend life cycles of materials and systems

RUST JACKING: the expansion of corrosion of a ferrous element; if embedded, the  
increase in volume can exert significant stresses, often resulting in cracking and  
displacement of the surrounding material 

SCARF: a joinery method that commonly marries two shorter pieces end to end to form  
a longer member; used to repair damaged timbers while keeping existing sound material 
in place

SCUPPER: an opening through a parapet that drains water from a horizontal surface,  
such as a roof or deck, to the exterior of a structure, preventing ponding

SEISMIC BEHAVIOR: the response of a structure to earthquakes

SETTLEMENT: the downward vertical movement of soil or the ground surface, typically 
because of increases in applied stress or softening of soils due to exposure to moisture  
or deterioration to foundation systems 

SGRAFFITO: a decorative technique where a surface is scratched through to reveal a  
different color layer underneath 

SISTER: the marrying of two or more timber structural members to increase cross-sectional 
area, strength, and stiffness

SPALLING: detachment of irregular-size fragments from stone, brick, or concrete, often 
induced by freeze-thaw action, salts, or corrosion of embedded metal 

SPLICE: the marrying of two or more timber structural members similar to a sister, but 
shorter in length; used to address a deficiency locally and without significant strength  
or stiffness increases

STRUCTURAL REPAIR: a repair that addresses deterioration and deficiencies to the vertical 
and lateral load carrying elements of a construction above and below grade, such as the 
exterior walls, columns, beams, and roof and floor framing

SUBSTRATE: the base material upon which another material is applied or built

TENSION: the act or force of pulling an object away from another or itself  
(opposite of COMPRESSION)

THERMAL CYCLING: the repeated processes of exposure to temperature extremes  
throughout the life cycle of a material or system; resulting expansion and contraction can 
induce stresses, often leading to cracking or buckling of brittle and or stiff materials

VITRIFY/VITREOUS: to convert something into a glassy substance typically with exposure 
to heat; vitreous is a descriptive term for materials with glasslike characteristics in their 
appearance or composition 

VOLUMETRIC EXPANSION: see RUST JACKING

WATER SENSITIVE: describes a substance that can react with water

WATER SOLUBLE: describes a substance that can be dissolved in water

WYTHE: a section of wall construction measuring one masonry unit thick 
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INCLUDED IN CAUSES OF DAMAGE TO BUILDINGS

U.S. Embassy Havana Chancery, 1953, Havana, Cuba. Designed by Harrison & 
Abramovitz.

Staff Residence, The Hague, 1921, The Hague, Netherlands. Designed by F. de Bock.

U.S. Embassy Athens Chancery, 1961, Athens, Greece. Designed by Walter Gropius and 
partners at The Architects Collaborative. 

U.S. Embassy Cairo Deputy Chief of Mission Residence, Villa Alaili Bey, 1925, Cairo, 
Egypt. Designed by Michel Liberman. 

U.S. Embassy Lisbon Ambassador’s Residence, Casa Carlucci, 1861, Lisbon, Portugal.

U.S. Embassy Pretoria Deputy Chief of Mission Residence, 1945, Pretoria, South Africa. 

Mitsui Housing Compound, 1981, Tokyo, Japan. Designed by Harry Weese & Associates. 

U.S. Embassy Helsinki Ambassador’s Residence, 1940, Helsinki, Finland. Designed by 
Harrie T. Lindbergh.

U.S. Embassy Seoul Ambassador’s Residence, Habib House, 1976, Seoul, South Korea. 
Designed by Zo Zayong, Shin Young Hun, and Stuart L. Knoop.

INCLUDED IN CLEANING METHODS AND CONSIDERATIONS

U.S. Embassy Valetta Ambassador’s Residence, Villa Apap Bologna, 1894, Attard, Malta.

Tangier Old Legation, gifted to the United States in 1821, Tangier, Morocco.

Grand Staircase in the Mel Sembler Building, U.S. Embassy to the Holy See, 1924, 
Rome, Italy. Designed by Ugo Giovannozzi.

U.S. Embassy Algiers Deputy Chief of Mission Residence, Villa Oued El Kilai, ca. 1700, 
Algiers, Algeria.

U.S. Embassy Tokyo Ambassador’s Residence, 1930, Tokyo, Japan. Designed by Harold 
Van Buren Magonigle and Antonin Raymond.

U.S. Embassy Seoul Ambassador’s Residence, Habib House, 1976, Seoul, South Korea. 
Designed by Zo Zayong, Shin Young Hun, and Stuart L. Knoop.

U.S. Embassy Vienna Chancery, 1903, Vienna, Austria. Designed by Ludwig Baumann. 

U.S. Embassy Havana Ambassador’s Residence, 1941, Havana, Cuba. Designed by Paul 
Franz Jaquet, Leland W. King Jr., and Frederick Larkin for U.S. Department of State 
Office of Foreign Buildings Operations.

INCLUDED IN BUILDING ENVELOPES

U.S. Embassy Pretoria Ambassador’s Residence, Hill House, 1940, Pretoria, South  
Africa. Design attributed to Vivian Rees-Poole. 

U.S. Embassy Paris Ambassador’s Residence, 1852, Paris, France. Designed by Louis 
Tullius Joachim Visconti and Félix Langlais.  

U.S. Embassy Oslo Ambassador’s Residence, Villa Otium, 1911, Oslo, Norway.  
Designed by Henrik Bull.
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U.S. Embassy Dublin Chancery, 1964, Dublin, Ireland. Designed by John Johansen and 
Michael Scott. 

U.S. Embassy Copenhagen Ambassador’s Residence, 1885, Copenhagen, Denmark. 
Designed by J. Vilhelm Petersen.

U.S. Embassy Pretoria Deputy Chief of Mission Residence, 1945, Pretoria, South Africa. 

Staff Residence, The Hague, 1921, The Hague, Netherlands. Designed by F. de Bock.

Seoul Old American Legation, 1883, Seoul, South Korea. 

Rangoon Teak House, U.S. Embassy Rangoon Chancery Annex Office Building, 1933, 
Rangoon, Burma (Yangon, Myanmar).

U.S. Consulate General Quebec and Consul General Residence, 1949, Quebec, Canada. 
Designed by Mathers & Haldenby.

Gilded Chinese lacquer panels in the Pontalba Salon at the U.S. Embassy Paris  
Ambassador’s Residence, early 18th century. Salvaged from the Hôtel D’Havre and 
installed in the Hôtel de Pontalba, 1852-1876. Paris Cultural Heritage Collection.

Murals by Darius Vilas i Fernandez, ca. 1920, at Torre Godó Eguia, U.S. Consulate  
General Barcelona. Barcelona Cultural Heritage Collection. 

U.S. Embassy Algiers Deputy Chief of Mission Residence, Villa Oued El Kilai, ca. 1700, 
Algiers, Algeria.

U.S. Embassy Helsinki Ambassador’s Residence, 1940, Helsinki, Finland. Designed by 
Harrie T. Lindeberg. 

INCLUDED IN BUILDING MATERIALS: AN INTRODUCTION

U.S. Embassy Bratislava Chancery Annex Office Building, Bratislava, Slovakia. 

U.S. Embassy Bangkok Sala Thai and Royal Sala Pavilions, 1951 (reconstructed 2010), 
Bangkok, Thailand.

U.S. Embassy Cairo Chancery, 1989, Cairo, Egypt. Designed by Andre F. Houston.

Former U.S. Embassy Colombo Chancery, 1984, Colombo, Sri Lanka. Designed by Victor 
Lundy. Demolished 2023. 

U.S. Embassy Rome Chancery, Palazzo Margherita, 1886, Rome, Italy. Designed by  
Gaetano Koch for Prince Boncompagni Ludovisi.  

Rangoon Teak House, U.S. Embassy Rangoon Chancery Annex Office Building, 1933, 
Rangoon, Burma (Yangon, Myanmar).

U.S. Embassy Athens Chancery, 1961, Athens, Greece. Designed by Walter Gropius  
and partners at The Architects Collaborative. 

Regency-style boiserie, ca. 18th century, in the library of Villa Petschek, U.S. Embassy 
Prague Ambassador’s Residence. Prague Cultural Heritage Collection.

U.S. Embassy Montevideo Chancery, 1969, Montevideo, Uruguay. Designed by I.M. Pei.  

INCLUDED IN WOOD

Rangoon Teak House, U.S. Embassy Rangoon Chancery Annex Office Building, 1933, 
Rangoon, Burma (Yangon, Myanmar).

Tea Room, U.S. Embassy Tokyo Ambassador’s Residence, 1930, Tokyo, Japan. Designed 
by Harold Van Buren Magonigle and Antonin Raymond.

U.S. Embassy Lima Ambassador’s Residence, 1945, Lima, Peru. Designed by Paul Franz 
Jaquet and Leland W. King Jr. for U.S. Department of State Office of Foreign Buildings 
Operations. 

Library at Villa Petschek, U.S. Embassy Prague Ambassador’s Residence, 1929, Prague, 
Czechia. Designed by Max Spielmann and Alfred Breslauer.  

Spanish decorative pine ceiling in Byne House, early 18th century, U.S. Embassy Madrid 
Deputy Chief of Mission Residence. Madrid Cultural Heritage Collection. 

Gilded Chinese lacquer panels in the Pontalba Salon at the U.S. Embassy Paris  
Ambassador’s Residence, early 18th century. Salvaged from the Hôtel D’Havre and 
installed in the Hôtel de Pontalba, 1852-1876. Paris Cultural Heritage Collection.

U.S. Embassy Bangkok Royal Sala, 1951 (reconstructed 2010), Bangkok, Thailand. 

Ballroom at Palacio Bosch, U.S. Embassy Buenos Aires Ambassador’s Residence, 1912, 
Buenos Aires, Argentina. Designed by René Sergent.

INCLUDED IN METALS 

Spiral staircase in the Rathausstrasse Apartments, 1882, Vienna, Austria.

U.S. Embassy Oslo Ambassador’s Residence, Villa Otium, 1911, Oslo, Norway.  
Designed by Henrik Bull.

U.S. Embassy Madrid Deputy Chief of Mission Residence, Byne House, 1885, Madrid, 
Spain.

Bronze door at Villa Åkerlund, U.S. Embassy Stockholm Ambassador’s Residence, 
1930, Stockholm, Sweden. Designed by Knut Perno.

Bronze door lock in the shape of a fish at the Seoul Old American Legation, 1883, 
Seoul, South Korea.

Decorative window grilles at the U.S. Embassy Tokyo Ambassador’s Residence, 1930, 
Tokyo, Japan. Designed by Harold Van Buren Magonigle and Antonin Raymond.

INCLUDED IN MORTARS, RENDERS, AND PLASTERS 

U.S. Embassy Algiers Deputy Chief of Mission Residence, Villa Oued El Kilai, ca. 1700, 
Algiers, Algeria.

U.S. Embassy Ljubljana Chancery, 1897, Ljubljana, Slovenia. Designed by Alfred Bayer.  

Plasterwork in the entryway of the Rathausstrasse Apartments, 1882, Vienna, Austria.

Louis XVI Salon at the U.S. Embassy Paris Ambassador’s Residence, 1852, Paris, France. 
Designed by Louis Tullius Joachim Visconti and Félix Langlais.  
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INCLUDED IN CONCRETE

U.S. Consul General Residence Casablanca, Villa Mirador, 1935, Casablanca, Morocco. 
Designed by Jean Balois. 

U.S. Embassy Dublin Chancery, 1964, Dublin, Ireland. Designed by John Johansen and 
Michael Scott. 

Former U.S. Embassy Colombo Chancery, 1984, Colombo, Sri Lanka. Designed by Victor 
Lundy. Demolished 2023. 

U.S. Embassy Athens Chancery, 1961, Athens, Greece. Designed by Walter Gropius and 
partners at The Architects Collaborative. 

U.S. Embassy Panama Ambassador’s Residence, 1943, Panama City, Panama. Designed 
by Paul Franz Jaquet for U.S. Department of State Office of Foreign Buildings  
Operations. 

Stair Hall at the U.S. Embassy Madrid Ambassador’s Residence, 1955, Madrid, Spain. 
Designed by Alan Jacobs with Garrigues & Middlehurst.

U.S. Embassy Lisbon Chancery, 1979, Lisbon, Portugal. Designed by Fred Bassetti and 
Company.

Breeze-block screen wall at Roosevelt House, U.S. Embassy New Delhi Ambassador’s 
Residence, 1962, New Delhi, India. Designed by Edward Durrell Stone. 

U.S. Embassy Montevideo Chancery, 1969, Montevideo, Uruguay. Designed by I.M. Pei. 

U.S. Consulate General Fukuoka, 1960, Fukuoka, Japan. Designed by George T.  
Rockrise with Clark & Beuttler (Associated Architects).

INCLUDED IN PAINTS, COATINGS, AND FINISHES

Marouflage ceiling mural in the Stair Hall at Villa Åkerlund by artist Kurt Jungstedt, 
ca. 1930, U.S. Embassy Stockholm Ambassador’s Residence. Stockholm Cultural  
Heritage Collection. 

Spanish decorative pine ceiling in Byne House, early 18th century, U.S. Embassy Madrid 
Deputy Chief of Mission Residence. Madrid Cultural Heritage Collection.

Murals by Darius Vilas i Fernandez, ca. 1920, at Torre Godó Eguia, U.S. Consulate  
General Barcelona. Barcelona Cultural Heritage Collection.

Gilded Chinese lacquer panels in the Pontalba Salon at the U.S. Embassy Paris  
Ambassador’s Residence, early 18th century. Salvaged from the Hôtel D’Havre and 
installed in the Hôtel de Pontalba, 1852-1876. Paris Cultural Heritage Collection.

Chinese hand-painted wallpaper, mid-18th century, at Winfield House, U.S. Embassy 
London. London Cultural Heritage Collection.

INCLUDED IN STONE

George C. Marshall Center, Hôtel de Talleyrand, 1769, Paris, France.

U.S. Embassy Belgrade Deputy Chief of Mission Residence, 1934, Belgrade, Serbia. 
Designed by Grigorije Samojlov.

Grand Staircase in the Mel Sembler Building, U.S. Embassy to the Holy See, 1924, 
Rome, Italy. Designed by Ugo Giovannozzi.

The American Cemetery, Tripoli, Libya. 

Limestone and verde antico marble fireplace surround at Byne House, ca. 1617, U.S. 
Embassy Madrid Deputy Chief of Mission Residence. Madrid Cultural Heritage Collection.

U.S. Embassy Baku Chancery, 1912, Baku, Azerbaijan. Designed by A. Polyakov. 

U.S. Embassy Buenos Aires Ambassador’s Residence, Palacio Bosch, 1912, Buenos  
Aires, Argentina. Designed by René Sergent. 

INCLUDED IN BRICK AND ARCHITECTURAL CERAMICS

Delft tile fireplace surround at Van Heukelom House, date unknown, U.S. Consulate 
General Amsterdam, 1913, Amsterdam, Netherlands. 

Glazed Ottoman-period tiles at Villa Montfeld, U.S. Embassy Algiers Ambassador’s 
Residence, 1863, Algiers, Algeria.

Glazed azulejos adorning the Lion Fountain, 18th century, at the U.S. Embassy Lisbon 
Chancery. Lisbon Cultural Heritage Collection.  

U.S. Embassy Copenhagen Ambassador’s Residence, 1885, Copenhagen, Denmark. 
Designed by J. Vilhelm Petersen.

U.S. Embassy Pretoria Deputy Chief of Mission Residence, 1945, Pretoria, South Africa. 

Swimming pool mosaic by Vicente Manansala, 1965, at the U.S. Embassy Manila  
Ambassador’s Residence. Manila Cultural Heritage Collection.  

Mosaic tile floor depicting Neptune in Villa Oued El Kilai, date unknown, U.S. Embassy 
Algiers Deputy Chief of Mission Residence, Algiers, Algeria.

Glazed tile floors at the U.S. Consulate General Naples and Consul General Residence, 
1953, Naples, Italy. Designed by George Howe and Mario De Renzi. 

U.S. Consulate General Quebec and Consul General Residence, 1949, Quebec, Canada. 
Designed by Mathers & Haldenby.

Delft tiled stove at Villa Åkerlund, early 18th century, U.S. Embassy Stockholm  
Ambassador’s Residence. Stockholm Cultural Heritage Collection. 

Tangier Old Legation, gifted to the United States in 1821, Tangier, Morocco.
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