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Foreword

historic buildings E\ce>-

~n rain . ground w.

and -ation can inflict da:

ranging from dampened wallpaper and
er :o severe deterioration of struc-

tural components. In extreme c

moisture can jeopardize brick and
stane walls and can threaten building

stability. As serious as moisture p

lems are to historic buildings, it is sur-

prising that there is not more published

information on the topic. This publica-

tion attempts to present sound technical

information for architects, building

managers and others

responsible for the care and mainte-

nance - : ruildings. This report

is taken from a dissertation on mois-

ture problems in English buildings pre-

pared while the author attended the In-

-
. .

-
-

F Yori fori

England in 1979. The current text

addresses similar problems in the 11 5

but because of tfi uifferences in

climate and topography across this

country, has focused on general, rather

than localized, moisture problems
here. It is hoped that this report will be

the basis I i ruture regional and local

:;^t f:.:.:> :: ::~ r'.err er: ::: rr.arer.a!

presented here.

Lee H. XeLfcr -.'.-.

Chief. Preservation .Assistance Division



Introduction
Architects have attempted to control

damage to buildings from excessive

moisture since ancient times. Vitruvius

(1st century B.C.) recommended the

use of cavity walls to minimize rain

penetration, and natural hydraulic ce-

ment stucco to reduce dampness at the

base of exterior walls. 1 Renaissance ar-

chitects likewise understood the value

of cavity walls in reducing moisture,

but, like the ancients, they showed ap-

parently little recognition of the full

range of causes of moisture damage. 2

In the earliest extant buildings in the

U.S. little was done to prevent mois-

ture problems except to deal with cer-

tain aspects of site drainage and to pro-

vide a sound roof. The great majority

of seventeenth and eighteenth century

buildings had no protection against the

moisture damage caused by ground
water, although most urban buildings

by the early nineteenth century were
fitted with gutters and downspouts to

control the rainwater that previously

would have dampened walls and flooded

basements.

Much of the progress made in controll-

ing moisture damage to buildings in the

nineteenth century is attributable to

advances in the technology of site

drainage systems. In the early and mid-
dle years of the century, major east

coast cities such as New York, Boston,

Philadelphia, and Savannah learned to

control excess rainwater through
drainage ditches or street gutters, and
in some places, underground storm
sewers. This technology was well

developed by mid-century. 3

Other advances were made in the nine-

teenth century. Water tables of granite

or dense limestone were increasingly

used, especially for public buildings, to

prevent the upward rise of moisture
within walls, and to direct rainwater
away from the bases of buildings. The
progress made in understanding and
controlling moisture damage can be
measured in The Architecture of Coun-
try Houses, published in 1850 by
Andrew Jackson Downing. Downing
was clearly aware of ground water
problems when he wrote:

. . .foundation walls. . .built of com-
mon lime mortar, will always be

damp, from capillary attraction. . .

common lime mortar offering no im-

pediment to the absorption of the

moisture from the soil, or to its

gradual passage upwards into the

main wall of the house. The remedy
for this is to build the foundation

walls of hydraulic lime mortar,

which completely prevents any such

foundation dampness. 4

He also noted that "in damp soils, the

dampness should be prevented from
the soil into the unbuilt wall, by laying

one course of slate, or of brick, laid in

cement of hydraulic mortar, at the top

of the foundation." 5 The detail he

recommended is now known as a phy-

sical damp proof course (dpc). To pre-

vent problems resulting from rain

penetration through walls, Downing
recommended cavity wall construc-

tion 6 (see figure 1).

figure 1

Patented cavity icall systems recommended
by A. ]. Downing in The Architecture of Country

Houses (1850). Since the walls containing such cavities

appear outwardly normal, they are difficult to

identify without physical probing.



Like Downing, the British writer

Joseph Gwilt also understood that ris-

ing damp resulted from capillary ac-

tion. Gwilt, however, attributed the

problem to damp construction mate-

rials, as the following glossary defini-

tion from An Encyclopedia of
Architecture (1842) demonstrates:

Dampness. A moisture generally at-

tendant on buildings finished hastil-

ly, on account of materials, not be-

ing dry, carrying up the moisture by

capillary attraction. A layer of

powdered charcoal mixed with pitch

or resin and powdered pitcoal laid

over one of the courses of the wall

near the foundations, will prevent

the evil.
7

While Gwilt failed to realize that

porous building materials draw mois-

ture from the earth whether they are

dry or wet, he understood that a hori-

zontal damp proof course would arrest

the problem.

In the second half of the century a

flurry of patented inventions followed,

as architects and builders sought to

capitalize on the newly discovered vir-

tues of damp proof courses. Some
patented courses were made of brick,

fired at high temperatures, and often

glazed, in order to render them imper-

vious to moisture. 8 Other common
damp courses included double courses

of slates; a single sheet of lead or zinc

set in cement; a layer of tar and sand;

or a layer of bituminized building

paper. 9 (Figure 2 shows two examples.)

At the same time, techniques for water-

proofing exterior masonry were tested.

Some builders impregnated bricks and
stone with solutions of animal fat or in-

soluble silicates of lime. 10 (These tech-

niques may have increased, rather than

reduced problems.) Despite failures of

these and other exotic treatments, sub-

stantial progress was made by the end
of the century, including the incor-

poration into local building codes of

some provisions for protection against

ground water." Another practice

during this period was to install rain

leaders or "hidden downspouts" within

masonry walls. However, these were
exceedingly difficult to keep clear.

When they became clogged, extensive

figure 2

Typical physical damp courses.

(a) partially dismantled brick wall with

exposed slate damp course. This Washington. DC
building dates from about 1890. lb) Cavity wall with

the outei brick wythe removed exposing a tar

damp course (note that the tar when poured

overflowed slightly into the cavity)

Photographs Baud M Smith.



interior and exterior damage resulted

(see figure 3).

In the early decades of the twentieth

century the building industry devised

many new dampproofing treatments.

Knapen tubes, shown in figure 4, were

invented in 1911. 12 Inserted in a hori-

zontal line within damp walls, they

were intended to increase evaporation

and thus drying. In these years also a

rash of masonry waterproofing treat-

ments and mortar additives were

patented. Szerelmey's Stone Liquid,

Symentrex, Antihydrine, Liquid

Konkerit and Dehydratine are a few of

these. 13 Between the wars, large-scale

scientific study of moisture problems

such as capillarity and efflorescence

was undertaken for the first time,

yielding a basic understanding of these

phenomena.

With the end of World War II, the

building industry moved into the era of

synthetic materials and high technol-

ogy. Silicones, initially used in con-

struction to waterproof road surfaces,

were used to waterproof masonry
walls. 14 In the 1960's silicones and
silicone latex mixtures were injected in

a horizontal band into buildings in

England and Germany to form a con-

tinuous dampproof layer (see figure 5).

Other new sheet materials like poly-

ethylene, bituminized lead, and
asbestos sheets enlarged the choices of

materials available as damp courses.

Portable chain saws and carborundum
blades made cutting mortar joints for

the installation of such courses easier.

In America chemicals and sometimes
clay were injected into the soil adjacent

to foundations in order to stop the

horizontal migration of moisture

through the soil and into the founda-

tion walls. Electro-osmotic systems

were another European contribution to

the waterproofing field. To preclude

the upward movement of water, these

systems establish an electric field at the

point at which a damp course is in-

stalled. Both "active" systems that sup-

plied a direct current, and "passive"

systems that used the natural electrical

potential between the saline saturated

wall and the earth were installed (see

figure 6).

As was the case with many of the prod-

ucts and methods used during the nine-

teenth century, however, many of the

figure 3

(a) The stain shown here is caused by

overflow from a clogged rain leader (a 4 inch

diameter cast iron pipe set within the masonry wall).

(b) Extensive damage to the interior wall plaster

opposite the rain leader also resulted. Photographs:

(a) Baird M. Smith, (b) Susan Dynes.



treatments developed in the twentieth

century have proven ineffective or in-

conclusive in treating moisture prob-

lems. By the 1970's evidence was clear

that Knapen tubes, which had been in

fairly wide use since their invention,

were not working. 15 Both active and
passive electro-osmotic systems have

been ineffective. 16 Silicone waterproof

coatings have been found in some in-

stances to do more harm than good,

and soil injections have generally

proven ineffectual.

Yet the record is far from totally nega-

tive: polyethylene sheeting and other

"traditional" damp courses, used

extensively in Europe, perform as

absolute barriers to vertical moisture

movement. And a new generation of

water repellant coatings known as

silane shows great promise. The lesson

to be learned from previous attempts

to prevent moisture damage is that

practitioners should be wary of using

methods that have not been extensively

tested. This is especially true for

historic buildings; they should not be

viewed as testing ground for untried

methods.

Before undertaking work to correct

moisture problems in historic build-

ings, those involved in designing

remedial measures must understand

the fundamental types and causes of

moisture damage. They must be able to

make proper diagnoses and to select

appropriate treatments, preferably

conservative ones. This report at-

tempts to provide such a framework
for approaching moisture problems in

historic buildings.
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figure 4

Knapen tubes. They are installed every 18

inches in a horizontal line at the top of the foundation

wall and are intended to increase evaporation inside

the wall and hence, reduce moisture build-up. Their

effectiveness in any but dry climates, however, is

questionable. Drawing: R. T. Gratwick,

Dampness in Buildings.

figure 5

Evidence of an injected chemical damp

course. Each header brick has been drilled, injected,

and subsequently patched. Note that the injected

damp proof course is above an existing damp proof

course of two courses of high fired brick.

Photograph: Baird M. Smith.
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figure 6

A passive electro-osmotic system. The

thickened mortar joint holds the copper strand,

which is grounded to the earth. In theory, an electrical

potential difference is established that halts the

migration of moisture above the copper strand. In

practice, however, there is little proof that the

passive systems work. Active systems do work, but

are subject to rapid corrosion of system parts and

hence are not considered appropriate for long-term

moisture problems. Photograph: Baird M. Smith.
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For if the moisture has no means of getting out
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Repair and Electric Wiring of Buildings. . . in
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Chapter 1:

Fundamentals

of Moisture

in Walls

Primary Sources of Moisture

Moisture is always present to some
degree in building materials. It does not

necessarily damage them. The point at

which moisture becomes excessive

moisture, and therefore, the point at

which damage will occur, varies from

one material to the next. Moisture in

building materials becomes excessive

moisture only when a condition of

"dampness" exists. The Building

Research Establishment in Great Britain

reserves the term "dampness" for

conditions under which "moisture is

present in sufficient quantity either to

become directly perceptible to the

senses of sight and touch, or to cause

deterioration in the decorations and

eventually to the fabric of the build-

ing." 1 For a porous material to reach a

moisture content level at which

damage can occur, moisture must

generally be introduced into the

material from an outside source.
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The common sources of excessive build-

ing moisture are rain, ground water,

and condensation. Building design

defects and poor maintenance will ex-

acerbate problems. A familiarity with

these sources is important for an ac-

curate understanding of moisture prob-

lems and as an aid to proper diagnosis.

Rain

Light rains followed by periods of sun

normally do not cause moisture prob-

lems in buildings. Both brick and stone

figure 7

Driving Rain Index for the U.S. The

likelihood of rain penetration can be guaged by

combining the values for (a) annual precipitation and

(b) wind pressure as shown on these maps. The likelihood

of rain penetration is severe where annual precipitation

is 30 in. or over and wind pressure is 30 psf or over;

moderate where annual precipitation is 30 in. or over,

and wind pressure is 20 to 25 psf, and slight where

annual precipitation is less than 30 in. and wind

pressure is 20 to 25 psf, or where annual precipitation

is less than 20 in. Illustration: "Moisture Control in

Brick and Tile Walls, " Technical Notes on Brick

Construction 7C. Brick Institute of America.
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figure 8

Annual mean wind speed and direction. Illustration: Climatic Atlas of the U.S.

U.S. Department of Commerce.

draw in some rain, which then evapor-

ates during a period of dryness. Mois-

ture penetration from light rains is

deeper in some materials than in

others, but this moisture also normally
evaporates during a drying cycle. On
the other hand, heavy or wind-driven
rains force moisture deeper into mate-
rials and subsequent drying may not be
complete. The most serious penetra-

tion occurs at the interface between
brick and mortar where pointing has

deteriorated. Minute cracks are quite

efficient at drawing moisture deep into

walls. 2 Thus, the penetration is

through the joint, not through the

masonry. The likelihood of serious

problems from rain can be gauged by
plotting the driving rain index, which
combines wind pressure and annual

precipitation (figure 7). It should be

assumed that fain penetration is a

possibility in buildings located in areas

with heavy rainfall and winds.

In some locations prevailing weather

patterns dictate that wind and rain

tend to originate from the same direc-

tion. In these places rain is likely to

affect only one facade. Figure 8, taken

from Climatic Atlas of The United

States, an invaluable aid, indicates pre-

vailing annual wind direction and

mean speed for many points across the

U.S. (This information should be taken

only as a guide, since it is an average of

the yearly wind condition. Moreover,

12



figure 9

Typical interior staining from rain penetration. If rain penetration is occurring,

staining should be uniform across the entire wall surface. If it is localized at a window

or construction joint, then a construction fault would be the cause. Naturally, if

rain is the source, the wetness will coincide with heavy rains, with drying occurring

alternately. Photograph: Baird M. Smith.

for most localities, there is no prevail-

ing weather pattern.)

However, in reality most historic

masonry walls are of such thickness

(generally 9 inches or more) that rain

rarely penetrates entirely through the

wall to the inner surface. Hence, rain

penetration is not easy to detect.

Patch-like staining on an interior wall

is a sure sign of rain penetration (see

figure 9). If there is no interior

evidence, and if the mortar joint is in

good condition, then it is very unlikely

that rain penetration is a problem. On
the other hand, if the mortar joint is

weathered, then moisture is entering

the wall and creating the conditions for

damage to the masonry and mortar

alike.

Rain also causes problems at the base

of a building if allowed to splash back

at the building or to form puddles

against walls. Splash-up from side-

walks, roadways and other hard sur-

faces commonly adjacent to buildings

can nearly saturate the walls, giving

the appearance of ground water prob-

lems on both the exterior and the in-

terior.

Ground Water

Ground water is another source of

potentially damaging moisture. In

13
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figure 10

Typical horizontal tide mark. The efflorescence gradually disappears

above the tide mark. Photograph: Baird M. Smith

some locales, ground water levels (i.e.,

levels of complete water saturation) are

only a few feet below the surface.

These levels are marked by the sub-

terranean water table, which rises and
falls with seasonal changes of rainfall.

During heavy rains, the ground from
the surface down can become com-
pletely saturated; at these times the

level of the water table can coincide

with the ground surface. 3 When the

rain ends, the upper portions of the

ground lose this moisture and the point

of full saturation is lowered to the level

of the water table.

Suction of ground water into porous

building materials is always a likeli-

hood in structures built on ground that

is damp from either a high water table

or continually heavy rainfall. A
broken water main, damaged storm

pipe, or clogged drain can create similar

conditions. This suction, or capillarity,

occurs both vertically and horizon-

tally; in fact, moisture travels twice as

far horizontally as vertically. 4 The
moisture will reach the maximum ex-

tent of its vertical and horizontal flow

when it reaches equilibrium, 5 a

precarious balance between the supply

of moisture and its evaporation from

exposed wall surfaces. Gravity is an

added constraint on the vertical rise of

moisture in the wall (see figure 10). The
system is like a wick: the more mois-

ture, the higher the rise; the more eva-

poration, the lower the rise. This

mechanism is known as rising damp. It

14



b.

c.

d.

Dry Bulb

75 °F

75

75

75

EXAMPLES OF USE OF THIS CHART

Wet Bulb

75 °F

73

71

63

RH

100%
90

80

50

Dew Point

75 °F

72

69

55

2. Assume RH is designed for a specific room temperature. At intersection of 35% RH & 68 °F Dry

Bulb read horizontally to find Dew Point or cold surface temperature at which condensation will occur

—

40 °F. At same intersection read 53 °F Wet Bulb room temperature.

3. Know
a. Wet & Dry Bulb Temperatures

b. RH & Wet Bulb Temperature

c. RH & Dry Bulb Temperature

Obtain

RH, Dew Point & Vapor Pressure

Dry Bulb Temp., Dew Point & Vapor Pressure

Wet Bulb Temp., Dew Point & Vapor Pressure

4. Vapor Pressure Scale. Assume that a black roof had been installed at a temperature of 72 F with

moisture vapor in or under the roofing exerting a pressure of .4 P.S.I. A. Temperature of a black roof in

service can be as high as 160 F. The 88 F gain in temperature would induce a 4.3 P. S.I. A. or 619 P.S.F.

gain in vapor pressure. This is the reason for rapid and easy growth of blisters in roofing once they have

started.

NOTE: Outdoor air temperature will not ordinarily be the indoor surface temperature

of doors and windows and their frames. Their indoor surface temperatures may be warmer

by an amount sufficient to avoid condensation.

NOTE.
For definitions & explanatory notes, see first two pages m this group

Lawrence Conde. Frost Associates, Architects. New York, New York

£ C Shuman, P E . Consulting Engineer. State College, Pennsylvania

figure 11

Psychometric chart. Using this chart, the dew point can be determined if two of the

following variables are known: wet bulb temperature, dry bulb temperature, relative

humidity. Chart: Joseph N. Boat, ed.. Architectural Graphic Standards, 6th ed.
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Inferior

Warm, moist

air

Pore in section

Interstitial condensation (vapor

condenses to a liquid within material)

H-
Wall temperature decreases toward exterior

figure 12

Surface and Interstitial Condensation. Note that a

dew point can be reached within the body of the

wall.- Drawing: Baird M. Smith.

is generally identifiable by a horizontal

stain or "tide mark" on the wall. The
tide mark is formed at the point where
equilibrium has been reached between

capillarity and evaporation, thus leav-

ing large, visible accumulations of cry-

stallized salts, called "efflorescence."

Below the tide mark, moisture is rising

through capillarity. This area often ap-

pears damp. Efflorescence is unusual

below the tide mark because the high

moisture content retains the salts in

solution, although there is continual

evaporation. Above the tide mark, the

moisture content in the wall can vary

as the equilibrium changes with the

weather. In this transition area, the

moisture content is sometimes high

enough to support capillarity; at other

times only water vapor is present. In

the transition area, salts are brought to

the surface, leaving a band of salt crys-

tals above the tide mark.

Condensation

Condensation occurs when moist air

reaches its dew point, that is, when

moist air is cooled to the point at which
the water vapor (a gas), changes state

into water (a liquid). This can occur on
the surface of materials, on glass or at

the base of cool walls, for instance, or

within porous materials. Using the

psychometric chart (see figure 11) dew
point temperatures can be predicted

when air temperature and relative

humidity (RH) are known. Thus, it is

possible to avoid condensation by con-

trolling air temperature or relative

humidity.

On impervious materials such as glass

or heavy-bodied wall coverings, con-

densation will occur on the surface, in

very noticeable droplets. This water

can collect on window sills or wooden
baseboards, and over time (3-5 years)

could damage paint coatings or cause

the wood trim to rot. In porous mate-

rials, such as plaster or masonry, con-

densation will occur within the material

where the temperature is low enough

to create a dew point. This moisture

content could build to levels sufficient

to cause deterioration of the plaster or

mortars or the ends of wooden joists or

beams embedded in the wall. In extreme

cases, at temperatures well below

freezing, this condensed, frozen mois-

ture could cause exterior brick or stone

to spall. Figure 12 illustrates condensa-

tion within porous materials, known as

interstitial condensation (differentiated

from surface condensation).

In northern climates condensation oc-

curs most often in the colder times of

the year when the outside walls are

cooler. Moisture generated through

cooking, laundering, bathing and other

activities condenses on the interior sur-

face of walls. These activities can often

raise interior relative humidity by 15 to

30%, creating the conditions for con-

densation to occur." The problem is ag-

gravated when windows and vents are

closed, leaving little ventilation to

reduce the moisture content of the air.

It is even further aggravated if a build-

ing is only heated during part of the

day so that the outside walls never

warm up. They remain cold and recep-

tive to condensed moisture. Energy

conservation measures such as tighten-

ing windows, which reduces air move-

ment, and reducing heat compound
condensation problems.

In southern climates, the problem is

reversed. Where a building is air-
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figure 13

Typical evidence of maintenance-related moisture problems. When inspecting the

outside of a building for moisture-related problems, all staining, patches of

efflorescence, location of gutters and downspouts, special brick or stone details.

and the general condition of the roofing and flashing should be noted.

Photograph: Baird M. Smith.
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figure 14

Annual mean relative humidity. Detailed information on major cities is kept by

the U.S. Weather Service. Illustration: Climatic Atlas of the U.S.,

U.S. Department of Commerce.

conditioned, the warm, moist outside

air condenses on cooled exterior sur-

faces. Uninsulated wood frame walls

and windows are the most susceptible.

Exterior paint failure is often a result.

Identifying condensation requires con-
tinual monitoring of interior wall and
window surfaces for water droplets.

Also, measuring interior levels of rela-

tive humidity with a humidistat should
serve as an early warning of potential

condensation. Condensation can occur

in every occupied building in cool

northern climates except where there is

adequate heating and extraction of

warm, moist interior air to the outside.

Building Design Defects and
Maintenance Problems

The most frequently encountered
causes of excessive moisture accumula-
tion are building design defects and
lack of maintenance. Poorly designed

roofs, for example, may not drain

properly; parapets may lack proper

cap flashing, or improperly installed

basement concrete slabs may fail to

preclude damp. Architects and builders

occasionally try to cut costs, or save

time, and sometimes use poor quality

materials or use materials in ways in

which they were not intended. These

and other design and construction

errors can be difficult to correct.

Moisture problems stemming from

lack of maintenance can also be quite
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destructive. More common than build-

ing defects, these maintenance-related

problems are normally easy to remedy.

Clogged or broken rainwater pipes,

leaky roofs, deteriorated flashings, or

loosely fitting window frames result

from lack of maintenance (see figure

13). In other cases improper mainte-

nance practices cause problems. These
practices include using excessive water

to clean floors, and planting flowers

and shrubs adjacent to walls and
watering them too often. Additional

related problems can be caused by
earlier repairs or alterations. Pressure-

grouting weak masonry walls can

bridge existing damp courses and fill

purpose-built wall cavities. Changes to

site landscaping, roof alterations or

extensions, and blocking in basement
doors or windows with masonry can

also cause serious moisture problems.

Lastly, improperly used or malfunc-

tioning heating, cooling and other

mechanical equipment can cause or ex-

acerbate moisture problems. Poorly

controlled humidifiers, for example,

can lead to excessive humidity levels

and to serious condensation problems.

Humidity levels must be controlled.

Simple, inexpensive humidity gauges

should always be a part of a humidifi-

cation system. Whenever humidity

rises above 35% in the winter, the

humidifier should be turned off.

Higher humidity levels will lead to

serious condensation problems.

Movement of Moisture in Masonry

Once excessive moisture has been intro-

duced from any of the sources discussed

above, inherent properties of building

materials promote the migration of this

moisture. Porosity and permeability

are key characteristics of this moisture

movement.

Porosity

figure 15

Water and water vapor movement in a pore.

In a greatly enlarged cross-section of porous masonry,

water is drawn upwards by capillarity through

the pores. Simultaneously, water vapor from

moist outside air is drawn to cooler,

salty areas within the masonry.

Drawing: Baird M. Smith.

The porosity of a material is the ratio

of pore space of a material to the total

volume, normally expressed in percent.

Thus, it is the percentage of the volume
of the material that is not solid. 7 Light,

soft brick, for example, has a relatively

high porosity of 55%, and is therefore

much more likely to absorb moisture

than dense, hard granite, which has a

porosity of about 1%.

19



Permeability

The extent to which the pores in a solid

are interconnected determines the per-

meability of the material, or the extent

to which liquids can pass through it.
8

In brick, most of the pores are inter-

connected. It is thus a highly permea-

ble material. Limestone, although of

low porosity (about 15%), can also be

quite permeable because there are

numerous tiny interconnected pores

that allow paths for moisture migra-

tion.

Permeability is measured in perms. A
perm is the rate of vapor transmission

of 1 grain (0.002285 ounce) per square

foot per hour per inch of mercury
pressure difference. The higher the

perm value, or permeability of a sub-

stance, the more likely it is to transmit

moisture. The perm values for some
common building materials and sur-

face coatings are given below. 9

Building Materials

Perm
Value

figure 16

Aluminum foil 0.0

Polyethelylene 0.08

(4 mil.)

Brick (4 in.) 1.1

Wood (fir, 3/4 in.) 2.9

Plaster on metal lath 15.0

(3/8 in.)

15-Ib. tar felt 18.2

building paper

Gypsum wall board 50.0

(3/8 in.)

Perm
Applied Surface Coatings Value

Hot melt asphalt 0.5

(2 oz./sq. ft.)

Paint— 3 coats (exterior) 1.0

Oil on wood
Paint— 2 coats (interior) 1.5

Enamel on plaster

Primer, flat oil on 3.0

plaster

Polyvinyl acetate latex 5.5

(4 oz. sq. tt.)

Typical freeze damage to brick. Since the damage has

occurred at the base of the wall, rain splash-up -would

be suspected as the source of the moisture. Damage
from freezing moisture in porous materials is

very common. Photograph Baird M. Smith

Moisture Content Levels

The concentration of moisture in build-

ing materials often determines the ex-
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tent of migration and the degree of

damage. Three stages of moisture con-

tent, ranging from higher to lowest,

are: saturation, critical water content,

and hygroscopic moisture content.

Saturation

A material has reached saturation

when every pore, or more specifically

every interconnected pore, is filled

with water. 10 At this point water can

literally flow through the material.

Fairly porous brick is saturated when
the moisture content reaches 30% by
volume. While saturation of masonry
walls would cause considerable dam-
age to mortar and excessive exterior

and interior staining, few walls above
ground ever reach the saturation point.

Burst water pipes or clogged down-
spouts are exceptions that can result in

saturation.

Critical Water Content

If the moisture content of a saturated

material is reduced to the point at

which capillary movement is just possi-

ble, the point of critical water content

(cwc) would be reached. Below this

moisture content level, transport of

water is not possible. 11 Vapor move-
ment is possible, but not liquid move-
ment. The cwc can range from 6% in

low porosity brick to about 20% in

high porosity brick. Therefore, in walls

affected by rising damp (caused by
moisture rising through capillarity),

the moisture content must be at or

above the cwc. Staining of decorations

and damage to structural members oc-

curs when the moisture content exceeds

the cwc.

% '

Hygroscopic Moisture Content

The point of hygroscopic moisture

content is that point at which the only

remaining traces of moisture are held

by tension in the smaller interstices of

the pores. 12 This level is dependent on
the moisture content of the surround-

ing air (the relative humidity) and is

considered to be the natural moisture

content of the material (see figure 14).

Thus, materials are rarely absolutely

dry:

. . . dampness is something that can

never be entirely removed from a

*S
r

figure 17

Freeze damage to granite. Granite is a very hard stone

and generally very durable, but internal pressure from

freezing water within the very tiny pore structure

of the stone can cause fracturing.

Photograph: Baird M. Smith.
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house structure, nor is it desirable

that it should be. . .The moisture

content varies widely according to

the type of material involved, the

content varying from under 1% in

the case of plaster to up to 20% in

the case of timber. A certain level of

natural moisture content is therefore

necessary for the correct condition

of the building. 13

Materials do not deteriorate or show
signs of damage at the hygroscopic

moisture content level. Thus brick at a

moisture content of about 1% and
limestone at about 4% would be at

their natural moisture content levels

and stable.

The table below compares these

aspects of moisture for some common
building materials. 14 (Where values are

missing, they are unavailable.)

The table indicates that the density and

porosity of a material must be known
before an appraisal of exact moisture

content is meaningful. For example, at

a RH of 65%, the hygroscopic moisture

content of limestone is 10%. This high

moisture content might wrongly be at-

tributed to rising damp, for instance,

when it was actually just the natural

moisture content of the material at that

humidity.

It is important to understand moisture

content levels in materials to diagnose

the source of moisture properly. Sev-

eral hand-held moisture meters and
laboratory techniques (described later)

facilitate measurement of moisture con-

tent levels. To diagnose rising damp
accurately, and to differentiate it from
damage caused by condensation, the

moisture content at the surface and
within a masonry wall should be deter-

mined. Higher moisture content at the

^^*•»*

figure 18

Damage to sandstone from freezing. Porous

sandstones can withstand some internal pressure from

freezing water, but those sandstones with a very tiny

pore structure are quite susceptible to damage from

freezing. Photograph: Baird M. Smith.

Critical

Water Hygroscopic Moistun! Content

Density Porosity Saturation Content % vol . at RH «Df:

lbs/ft 3 % vol. % vol. % vol. 40% 65% 95%

Wood 48 12-20 10 15 26

Brick, medium grade 108 33 10 6 1

Brick, soft 92 55 35 19

Limestone 114 5-25 11 2 4 10

Slate 162 0.1-0.5 Trace Trace
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surface would point to condensation as

the source of the problem, whereas
higher levels within the wall would
suggest rising damp. Also, if the

moisture content is not at the cwc or

above, then capillarity is not occur-

ring, and, hence, rising damp is not

present. Again, condensation is prob-

ably the source.

Lastly, it should be understood that the

moisture content levels in materials do
not change through these extremes

with great regularity or rapidity. It can

easily take several years for the

moisture content of a masonry wall to

drop to the level of hygroscopic

moisture content after having been
nearly saturated. Even after remedial

treatments, therefore, such as the inser-

tion of a damp proof course, it can take

several years for the full beneficial

results to be realized.

Moisture Movement and Salts

As a liquid (water) and a gas (water

vapor), moisture is constantly in mo-
tion. As a liquid, it moves by capillary

action through pores (farther in pores

of small diameter than in pores of large

diameter and from points of lower to

higher salt concentration). 15 Water
vapor moves from warm to cold spaces

in a pore, from fresh to salty condi-

tions, and from smaller pores to larger

ones. 16 Figure 15 illustrates moisture

movement in a representative pore. As
a liquid, the moisture moves up the

pore by capillarity until restrained by
gravity, while water vapor moves
down the pore from a warmer point to

a cooler one.

These movements occur with relatively

small temperature differences. How-
ever, when the differences in the tem-

perature and relative humidity are

great between the interior and exterior

(as is usually the case in northern

climates), the moisture is driven from
the inside out, through porous wall

materials because of the differences in

vapor pressures. Thus, interior mois-

ture will be drawn into and through

porous wall materials.

When water freezes in a pore, it ex-

pands. The pressure exerted by the

expanding ice increases greatly with

each degree the temperature drops
below freezing. 17 These forces can

figure 19

Close-up view of efflorescence (scale:

approximately full size). Identification of the

types of salt in a patch of efflorescence by sight or taste

is unreliable. Laboratory tests should be considered

to identify the type of salt, and therefore,

possibly the source of the moisture.

Photograph: Baird M. Smith.

become great enough to overcome and
fracture even apparently strong mate-

rials (see figure 16). This process is

known as spalling. Damaging from
freezing is quite common in parts of the

U.S. where heavy daytime rains can be

followed by nighttime freezing. The
masonry, partly saturated from the

rain, has no time to dry before the

freeze occurs. Serious spalling is the in-

evitable result (see figures 17 and 18).

Exposed parapets or garden walls, and
other walls that receive no heat from a

building interior are susceptible to this

form of moisture damage, which can

be severe.

Moisture present in building materials

always carries soluble and insoluble

salts. These salts include numerous
chlorides, sulfates, and carbonates.

The most common salts are sodium
chloride, calcium sulfate, calcium car-

bonate, and magnesium sulfate. 18 They
come from the materials themselves

(especially from mortars and most
limestones), from air and rainwater,

from salt-charged ground water, and
from sodium and calcium chloride used

to melt ice on sidewalks and stairs.

When the water in a saline solution

evaporates, salt crystals are formed.

This process is known as efflorescence

(see figure 19). As the salts crystallize,

they expand. This increase in size does

not normally create a problem when
the efflorescence is on the surface of the

material. But it also occurs within the

porous material (in which case it is

known as subflorescence), where ex-

pansive forces can overcome the inter-

nal strength of the material and cause

spalling. 19 Figure 20 illustrates the for-

mation of efflorescence and subflores-

cence.

Since water and water vapor move
toward areas of evaporation and
higher salt concentration, freshly salt-

charged ground water will continuously

move by capillary action toward wall

surfaces, and will deposit fresh salt

crystals on those surfaces through

evaporation. Thus, the salts are con-

tinuously left at the points of evapora-

tion, causing increased efflorescence

and subflorescence through the passage

of time. Figure 21 shows the measure-
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figure 20

Efflorescence and subflorescence in a

pore. As watei evaporates salt crystals form on both

the exterior and the interior of the brick.

Drawing: Baird M. Smith

merit of salts at various points in a wall

which has been suffering from rising

damp for well over half a century. The
concentrations of chlorides and
nitrates are very high at the wall sur-

face (the wallpaper) and nearly nonex-

istent in the center of the wall. Ef-

florescence is a problem only in a zone

at the surfaces of materials, rarely

deeper than half an inch. The cores of

materials are largely unaffected by
salts.

Some evidence suggests that the move-
ment of water toward higher salt con-

centrations causes moisture to rise

higher in a wall over time by drawing
more moisture from the ground. This

phenomenon is called an "osmotic

head." 20
It helps explain why rising

damp reaches higher in buildings

where the dampness has remained un-

treated for many years.

An additional characteristic of some of

these salts, notably sodium chloride, is

that they are hygroscopic. That is, in

their crystalline state they absorb mois-

ture, or more precisely, draw moisture,

becoming re-hydrated. Thus, in highly

salt-charged plaster or wallpaper, it is

not uncommon during periods of high

humidity for the walls to absorb more
moisture, becoming very damp, some-

times nearly to the saturation point.

With a drop in the relative humidity,

the salts give up the moisture and the

wall surface dries.

The hygroscopic characteristic of salts

in walls also adds greatly to the

amount of moisture held in the wall in

its own natural or hygroscopic mois-

ture state. Figure 22 charts the theoreti-

cal increases in moisture content of a

wall with different sodium chloride

(NaCl) concentrations at varying levels

of relative humidity.

As the chart demonstrates, the moisture

content of a wall with sodium chloride

salts can easily be doubled or trebled

during periods of high humidity. The

periodic increase in moisture content in

walls with high salt concentrations can

lead to inaccurate diagnoses of mois-

ture problems. Readings of the mois-

ture content, therefore, should be

made on several occasions throughout

the year to rationalize the differences in

relative humidity and hygroscopic

moisture content.
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Wallpaper—16%

Tide mark

Finish plaster—2.0%
brown coat—1.5%

figure 21

Salt concentration in a wall. This illustration

shows the percentage of chloride and nitrate salts in a

brick wall with 80-year old rising damp. (Drawing:

Baird M. Smith after that in Building Research

Station. "Rising Damp in Walls: BRE
Digest No. 27." p. 1.)

Moisture Conditions: Conjectural

Models

In order to summarize the previous in-

formation about moisture movement
in materials and as an aid to proper

diagnosis of moisture problems, the

following discussion presents four con-

jectural models that simulate typical

moisture conditions. They are general-

ized illustrations of common situations

rather than precise descriptions of

actual occurrences. (Detailed investiga-

tions at one historic site in the south-

west do support these findings, how-
ever). 21 The four models illustrate un-

related cases. The wall remains the

same throughout: three wythes of soft

porous bricks, laid with lime mortar.

Only the ground floor portion of the

wall is considered.

Model I

In the first model, excess moisture from

the ground, from rain penetration and

from interior condensation results in

severe dampness, with pronounced ef-

florescence, staining and damage to in-

terior wall decoration. Figure 23 illus-

trates this case after a heavy rainstorm

and after some drying. Damp rises to a

point where equilibrium is reached.

Below this point in the wall, indicated

by the tide mark, the moisture content

is at or above the critical water con-

tent, 6% to perhaps 20%. The moisture

content immediately above the tide

mark or point of capillarity is at a tran-

sitional level; this level decreases until

it reaches the hygroscopic moisture

content. This transitional level is con-

tinuous throughout the center of the

wall. Both rain and interstitial conden-

sation contribute to the transitional

moisture content there. Efflorescence

forms in large quantity at the top of the

capillary rise and to a lesser degree at

other points along the inside and out-

side of the wall. Subflorescence results

internally in areas of transitional or

hygroscopic moisture content. Evidence

of damage from freezing is apparent

just above ground level, since the brick

is saturated with moisture from ground

water.

Model II

Model II shows the effect of adding in-

terior heat or a dehumidifier to the

moisture problem shown in Model I,
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figure 22

Hygroscopic moisture content of brick at

varying concentrations of NaCI and different levels of

relative humidity. Because 'NaCI is hygroscopic, it

draws more moisture into the brick. The higher the

salt content, the greater the capacity to hold

moisture. Illustration: B. H. Vos and E. Tammes,
"Moisture and Moisture Transfer in Porous

Materials," Rept. Nr. B 1-69-96.

Institute for Building Materials

and Building Structures TNO.

with no other remedial efforts under-

taken (see figure 24). The supply of

moisture from the ground, from rain,

and from interior condensation remains

unchanged. Increasing interior heat or

dehumidification increases evapora-
tion on the interior surface, and there-

by reduces the height of the rising

damp. The increased evaporation,

however, would draw additional salts

from the inner portions of the wall,

thus causing extreme efflorescence and
subflorescence on the interior surface

of the wall. In the summer, the same
result would be expected from the

addition of air-conditioning, since it

effectively dries interior air.

Model III

In Model III, an attempt is made to

solve the existing problems present in

Model I. Moisture from the ground,

rain and interior condensation has left

efflorescence and staining along the

outside ground floor wall. In an effort

to improve the appearance of the

building, and in an attempt to reduce

the rain penetration, the owner applies

an impervious coating of cement stucco

to the exterior ground floor wall.

Figure 25 illustrates the results. With
evaporation of the existing wall mois-

ture precluded on the exterior, evapor-

ation is increased on the interior; ef-

florescence and subflorescence result,

and the tide mark occurs at a higher

point. Therefore, all damage is now-

shifted to interior wall coverings.

Simultaneously, moisture migration in

the winter caused by vapor pressure

difference is inhibited by the exterior

stucco, and subflorescence can occur at

the interface between the brick and the

coating. The subflorescence will, in

time, cause the coating to become dis-

lodged. The base of the wall remains

susceptible to freezing, creating the

potential for further deterioration of

the coating.

If in a different case the impervious

layer (perhaps paint or dense plaster)

were placed on the interior rather than

the exterior, the reverse would occur;

the evaporation would take place on
the exterior, driving the tidemark

higher. In cases where a dense water-

proof coating has been applied to the

inside of a damp basement wall, the

result is often to drive the moisture up
to the first floor where it damages
wooden joists, flooring and decorative

finishes.

Model IV

Model IV illustrates what happens

when land drains are placed adjacent

to the footings of the wall (see figure

26). The drains are effective in extract-

ing water, which percolates down
through the soil from each rainstorm

or is present in ground water, thus

removing significant quantities of

water normally available for suction

into the wall. A new equilibrium

would be reached in the wall and the

tide mark of efflorescence would drop.

However, the extent of the drop would
be hard to predict. 22

The simulations provided in the four

models shown here indicate the need

for careful diagnoses of moisture prob-

lems. The models also demonstrate the

need for accurate decisions regarding

treatments. In some cases, as in Model
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figure 23

Model I: A case of complex dampness problems resulting from unwanted moisture

from the ground, rain and condensation. An equilibrium is reached between

the supply of moisture and its evaporation. Severe damage would be likely.

Drawing: Baird M. Smith.
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figure 24

Model II: The results of the addition of extra heat to the interior of the damp

building shown in Model I. Excessive efflorescence and subflorescence would result

on the interior. Drawing: Baud M. Smith.
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figure 25

Model III: Cement stucco has been applied to the building's exterior. This treatment

will exacerbate the problems it is intended to remedy, especially on the interior.

Drawing: Baird M. Smith.
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figure 26

Model IV: This case illustrates that the addition of footing drains will reduce, but

not eliminate ground water problems. Drawing: Baird M. Smith.
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Typical Damage to Materials

from Excessive Moisture

Common building materials differ markedly in their ability to resist damage from mois-

ture. A moisture level that might cause slight staining or other tolerable minor damage

in one material may produce severe staining, decay or spalling in another.

Wood

When the moisture content of wood exceeds 20%, mold growth and decay set in.

Timbers anchored in a damp wall could be seriously weakened, and decorative skirting

boards, chairrails, and cornices could become so damaged that replacement would be

necessary.

Brick

Moisture does not necessarily damage brick. In fact, most brick could remain sub-

merged for decades and not be affected. Damage does occur, however, when the expan-

sive forces of subflorescence and freezing exceed the strength of the brick, resulting in

spalling or cracking. Efflorescence, or surface salt crystallization, does not adversely af-

fect brick. But, wherever there is efflorescence, there will also be subflorescence, so its

presence indicates potential for damage. Damage from subflorescence, however, takes

many years, and often decades to result. Freeze damage, on the other hand, can occur

overnight if the conditions are right.

Sandstone. Limestone. Mortar, Stucco, and Plaster

Like brick, these materials can adversely be affected by the expansive forces of sub-

florescence and freezing. (Like brick also, these materials are not damaged by efflores-

cence beyond the resultant visual blemish). Since these materials (with the exception of

some varieties of sandstone) contain calcium, they are susceptible to damage from con-

tinued contact with water. Both calcium carbonate and calcium sulfate will precipitate

out of the material, leaving a weakened physical structure and often an intractable en-

crustation." Weaker materials, e.g., plaster and lime mortars, can be seriously damaged
from this action because they dissolve and begin to crumble. Durable stones, on the

other hand, require hundreds of years of continued moisture saturation before their

strength is seriously weakened.

Iron, Steel, Tin. and Zinc:

These materials are quite susceptible to deterioration from any contact with moisture

and they must be properly painted or protected to preclude moisture contact. Rusting or

corrosion are the undesirable results of prolonged moisture contact.

Wall Coverings

Paint, whitewash, wallpaper and other surface coverings can become stained from
dampness or efflorescence. This can be a nuisance and can require unplanned repainting

or repairs. But the resultant damage is primarily visual, not physical. Subflorescence,

however, is more troublesome. Permeable paints and other coatings are normally not

affected by subflorescence to any greater extent than the base material. Impervious
coatings, however, will often become separated from their base because of subflores-

cence (see figure 27). 2 " The expansive forces of freezing could affect either permeable or

impermeable surface coatings if the base materials were saturated and a hard freeze

occurred.

figure 27

Damage to paint from salt subflorescence. As the

crystallizing salts expand, the paint blisters and

separates from the wall. Photograph:

Baird M. Smith.

II, efforts undertaken to improve

climate controls in buildings, such as

the addition of dehumidifiers, com-
pound moisture problems. In others,

insensitive remedial work worsens the

situation, as in Model III, where stucco

coatings hastened deterioration from

excessive dampness.
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Chapter 2:

Diagnosis:

A Procedure

Diagnosis involves two processes: first,

the identification of a problem, in-

cluding its nature and extent (e.g.,

identification of a typical problem
might be: "Severe break-up of plaster

in ceiling of attic bedroom, next to the

west dormer; about 10 square feet in-

volved"); second, diagnosis provides

an assessment of the cause of the prob-

lem (e.g., identification of the source of

the above-noted attic plaster problem
might read: "Examination of base

flashing at dormer revealed severe rust-

ing; obvious point of water entry").

Diagnosis thus identifies both the cause

and the effect of each problem, and it

usually starts with identification of the

effect because this is the most notice-

able aspect of the problem.

After careful diagnosis of each
moisture problem, specific treatments

are chosen. While the choice of ap-

propriate treatment will be influenced

or even determined by practical con-

siderations such as cost and technical

feasibility, it is essential to have an ac-

curate diagnosis before informed deci-

sions on treatments can be made. In-

accurate diagnosis can lead to the selec-

tion of ineffectual or even harmful

treatments.

In undertaking a diagnosis of moisture

problems, it is important that the in-

vestigator not be biased in favor of

possible solutions. The diagnosis

should be conducted by an indepen-

dent professional rather than a damp
proofing firm, especially where an im-

portant historic resource is involved. If

there is a bias present, it should be for

the protection of the historic building,

rather than for the use of a product.

The following methodology for the di-

agnosis of moisture problems is an

outline only. It is assumed that in-

dividuals will modify this system to

suit the exigencies of particular

moisture problems.

A basic premise of the methodology is

that the investigation and the gathering

of data become increasingly detailed as

the moisture problems become more
complicated. Thus, straightforward

moisture problems, such as common
maintenance-related problems, can be

identified early in the process. How-
ever, severe or complex moisture prob-

lems require more detailed exam-
ination, often including measurements

of the moisture contents in the mate-

rials, as well as of temperature and
humidity.

Diagnosis of moisture problems in his-

toric buildings begins normally at one

of two points. Either the building own-
er has noticed evidence of dampness
and has called in someone to treat a

problem, or an architect seeks to verify

the presence of moisture problems as

part of a larger preservation effort.

If the latter is the case, the diagnosis

procedure should begin early in the

process so that the urgencies of the

building rehabilitation do not shorten

the time necessary for a careful diagno-

sis. Generally several weeks are re-

quired to diagnose moisture problems

in small projects. Steps one, two, and
three listed below should suffice in

these cases. However, if the building is

very large, or if the moisture problems
are complex, accurate diagnosis may
require all six steps listed below, which
may take up to a year to complete.

Step 1: Background Information

Before remedial efforts of any kind are

begun, it is essential to identify build-

ing elements and materials important

in defining the character of the historic

building. Repairs contemplated or un-

dertaken must not impair these fea-

tures. Additionally, it is important to

understand the record of past efforts in

treating dampness problems at the site.

This should include reroofing, painting

or site improvements. Also, patterns of

recent building use should be known,
especially the degree of heating, cool-

ing or humidification. Lastly, charac-

teristics of the local climate should be

noted or researched, including winter

and summer design temperatures; aver-

age winter and summer relative humid-
ity; patterns of prevailing wind and
weather; and driving rain index.

Often, this information can be ob-

tained through interviews with the

owners or research into original draw-
ings, past account books, or other

records.

Step 2: Building Inspection

Inspect the building, noting all

evidence of dampness, and the extent

and nature of each problem. To ac-

complish this, the following tasks

should be undertaken: 1

a. Beginning on the inside of the

building, identify and record evidence

of dampness (normally by means of a

room-by-room inspection). Bathrooms,

kitchens, laundries, and other potential

sources of unwanted moisture should

be noted.

b. Interior temperatures and relative

humidity should be identified and rec-

orded. Many hand-held temperature

and humidity gauges are available, in-

cluding even wristwatches that make
instant readings of air and surface

temperatures.

c. Evidence of dampness on the exteri-

or should be identified and recorded.

Verification of the proper functioning

of the roofing, gutters and downspouts,

and related roof items is a must (see

figure 28).

d. The presence or absence of a damp
proof course at relevant points around
the building should be noted. (Physical

probing may be necessary.) The height

of the ground floor relative to the earth

outside at relevant points around the

building should also be recorded, along

with a determination of site drainage

patterns.

e. The exterior air temperature and
relative humidity should be recorded.

(The daily weather report will provide

the exterior data.) 2

This report has assumed throughout

that excess moisture affecting materials

leaves some visible evidence such as

staining, salts, or corrosion. However,
this is not always the case. The mois-
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ture content of a material may be high,

but not yet high enough to result in

visible damage. Thus, an aid to com-
pleting the visual inspection is to mea-

sure invisible moisture using a hand-

held moisture meter, also known as a

"resistance" type meter. 3 Such a device

measures the electrical resistance be-

tween two points in a material. The
more moisture, the greater the resis-

tance. The meter has two stainless steel

probes, about 3/4 in. in length, sepa-

rated by 1/2 in. By pressing the two

probes into a material, in the case of

wood, or against the material, in the

case of brick or plaster, the surface

moisture content at that point can be

determined. Measuring at several points

along a wall or in a wooden joist, for

instance, can help establish areas of

high moisture content, which would
not otherwise be visible. These read-

ings should be taken for both exterior

and interior materials as an aid to iden-

tification and diagnosis.

Properly recorded data will always re-

pay the extra time involved. Sketch

floor plans and supplementary note

sheets are normally used to record the

location, extent, and nature of the evi-

dence discovered during the inspection. 4

Step 3: Preliminary Diagnosis

At this point the experienced in-

vestigator would have enough infor-

mation to make an accurate diagnosis

of straightforward problems like those

resulting from a lack of maintenance.

Comparing interior dampness with ex-

terior evidence, for example, might

point to clogged downspouts or earth

piled against the building as the source

of the harmful moisture. Once the

sources of these problems have been

determined, remedial treatments can

be selected confidently.

For the problems where the source of

moisture is not readily apparent, fur-

ther work is necessary before a diagno-

sis can be made. For example, a hori-

zontal tide mark may be very apparent

but the source of the problem (rising

damp, rain splash-up or condensation)

cannot be identified without further

detailed examination.

figure 28

Typical evidence of moisture problems.

Investigation would record location, extent,

and nature of moisture staining and condition

of all metal gutters, downspouts, and flashings.

This would in turn be correlated with evidence

collected during interior inspections to

determine if water is gaining access.

Photograph: Baird M. Smith.
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Step 4: Detailed Examination

To identify the cause or causes of com-
plex moisture problems, it may be nec-

essary to undertake selected physical

examinations, tests, or long-term mon-
itoring. The goal is to differentiate be-

tween condensation, ground water or

rain penetration as sources.

tion of mortars, stucco, or plasters.

Detailed paint layer examination can

help determine if coatings are acting as

vapor retardants or breathable layers.

Lastly, laboratory identification of ef-

florescent salts can both identify

sources of moisture or chemical reac-

tions causing the salts and verify their

hygroscopic nature.

Condensation (interior or exterior)

could be dismissed as a likely source of

unwanted moisture if it can be ascer-

tained that conditions of temperature

and humidity do not normally reach

the dew point. Using the psychometric

chart, this can easily be determined.

Rising damp from ground water could

be eliminated if ground water levels are

well below the foundations. 5 Consulta-

tion with a city engineer or soils testing

could establish known ground water

levels. If tests have not been made,

then soil borings could be undertaken.

If foundations are only a few feet be-

low grade (presumably the case of most

one-to three-story buildings), it is also

possible to dig small test pits or 6 in.

diameter post holes to at least the

depth of the base of the footings. If

ground water is encountered, or if

water seepage fills the hole, then rising

damp could be occurring. If no ground
water is encountered, then the source

of the moisture problem is probably

limited to rainfall and attendant prob-

lems such as poor site drainage, pud-

dling at foundation walls, or splash-

up. Rain penetration in masonry walls

can be dismissed as a cause of moisture

problems if there is a cavity in the

walls, or if the walls are over 13 in.

thick. (It is unlikely that rain penetra-

tion can occur in walls over 3 wythes
thick.)

Step 5: Follow-up Examination

For problems that remain unresolved a

follow-up examination may be neces-

sary. If so, the detailed examination

described in Step 4 should be repeated

in six months and perhaps again in 12.

This will rationalize the contribution of

moisture that occurs during periods of

high humidity or unseasonably heavy

rainfall. Further examination also per-

mits monitoring of the effects of treat-

ments undertaken after steps three and
four.

Step 6: Final Diagnosis

The information gathered in previous

steps should permit the investigator: 1)

to understand the precise sources of the

moisture problems; 2) to identify the

extent or severity of the problem; 3) to

determine the relevant construction

features of the building and its rela-

tionship to site conditions; and 4) to

identify moisture problems that might
remain unresolved and require further

investigation. Diagnosis is complete
when the exact nature and extent of the

moisture problems have been identi-

fied. Appropriate treatments for each

problem can then be selected.

Other tests can be conducted to narrow
.further the possible sources of mois-
ture. If it is unclear whether condensa-
tion is occurring, then a hygro-thermo-
graph can monitor temperature and hu-

midity levels over an extended period
of time, preferably through a winter
and a summer. 6

Additional physical probings should be
done to verify, for example, exact wall

configuration, presence of a damp
proof course, foundation wall condi-

tions, basement slab details, and condi-
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Chapter 3:

Treatments
For Common
Problems

Basic Considerations in Treating

Moisture Problems

Cautious Intervention

It is best to be cautious in treating

moisture problems in historic build-

ings. Such structures have become
adapted to the physical environment.

While obvious maintenance-related

problems, such as damaged down-
spouts, clogged drains, and damaged
roof flashings should receive imme-
diate attention, reckless intervention in

other situations can upset the sensitive

balance between environmental forces

and building responses. The addition

of excessive heat, extensive structural

modifications, extreme humidification,

or rapid drying have been found to

damage historic buildings.

Proper diagnoses can take up to a year

(through a full season of weather). It is

often good practice, furthermore, to ad-

dress each problem systematically, and
to monitor its full effects before treat-

ing another problem. This also takes

time. Finally, it also takes time for

treatments to work properly. A very

damp wall can take several years after

remedial treatments have been intro-

duced to dry to the point at which
damage would no longer occur. There
are even cases of buildings in Venice
that took twelve years to dry out from
rising damp after the installation of a

proper damp course. 1 Patience is there-

fore of prime importance in the diagno-

sis and treatment of moisture problems.

Proven Materials and Techniques

Historic buildings should not be the

testing ground for untried materials or

techniques. History has shown that

many materials that were the most
modern and the most promising, like

sheet zinc, concrete, Knapen tubes,

and active and passive electro-osmotic

systems, have all failed to some degree

to cure moisture problems. Up to thirty

years of use have been necessary to

demonstrate that some materials were
not performing as intended.

Primary Consideration to

Preservation of Materials

The goal of preserving historic

buildings is to protect and preserve

these examples of the nation's heritage

well into the future. First priority must
therefore be given to conserving build-

ing fabric and contents. In many situa-

tions there is no clash between building

conservation and human comfort, but

this is not always the case. Adding heat

to a previously unheated building, for

example, could cause increased efflo-

rescence to the masonry and possibly

unwanted wood shrinkage and check-

ing. In the event of such a conflict, con-

serving historic building materials

should come before increasing the

comfort of building occupants to an
unnecessary degree.

Practical Considerations

With the information supplied by fol-

lowing the diagnostic procedure out-

lined in Chapter 2, appropriate treat-

ment or treatments can be selected. If

multiple treatments must be under-

taken because the moisture problems

are complex, then treatments for rain

and condensation problems should be

undertaken before addressing damage
from ground water. Measures taken

against rain and condensation may suf-

ficiently change the moisture equilib-

rium in a wall to produce a correspon-

ding reduction in absorption of ground
water.

Before a treatment program is devised,

however, it should be kept in mind that

successful treatment may not be possi-

ble for all moisture problems. Treat-

ment of some problems in some histor-

ic buildings may be too expensive, or

impractical. In a building with very

thick or irregular stone walls, severe

rising damp may not be fully treatable.

In some cases walls may be constructed

of materials poorly suited to the ex-

posure they receive. Because they are

historic, however, drastic measures

such as rebuilding walls or foundations

or wholesale demolition are not recom-

mended. In these instances, the ex-

cessive moisture can be reduced and
some of the damage repaired, but ar-

resting the problem may be beyond the

capabilities of present technology. The
proper "treatment" for intractable mois-

ture problems may be to select a new
use for the historic building, a use that

is compatible with a higher moisture

content. A building with a moisture

content level that is intolerable for a

museum collection or art gallery, for

example, may function very well as of-

fice space.

At the other end of the severity scale,

very minor damage may have to be tol-

erated. It may be better to live with the

odd stain, the patch of efflorescence, or

other slight blemishes to the building's

appearance and to address the problem
with periodic cleaning or repainting,

than to go to the trouble and expense

of major repairs. The costs of fully

arresting the problem may be too high

when compared with minor inconven-

ience or slight impairment of the

building's appearance. Performance,

durability, cost and practicality must
enter into the treatment selection

process. 2

Common Treatments: Ground
Water/Rising Damp

The following presents a general as-

sessment, rather than a definitive ap-

praisal of the common treatments for

moisture problems in American build-

ings. It provides the practitioner with a

beginning point in choosing appropriate

treatments. For information about in-

stallation techniques or more detailed

information about the treatments,

readers should consult the literature

cited in the reference notes.

Footing Drains (French Drains)

For residential or other small-scale

buildings, perforated 4 in. (100 mm)
plastic, ceramic, or concrete pipe is

normally used around the periphery

(see figure 29). It is laid in a trench, at

the level of the footings if possible,

with 12 in. (300 mm) of sand above to

filter particles of clay or organic mat-

ter.
3 Newly developed synthetic net-

tings can be used in lieu of the sand as

filters. The drains will collect rain

water falling within the catchment area

or lower the ground water level, thus

reducing the quantity of water affec-
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figure 29

Footing drains (French drains). Perforated pipe is

placed opposite the footing to drain both ground water

and excess water from periodic rain storms. Such

drains will reduce, but not necessarily

eliminate rising damp in a wall.

Drawing: Baird M. Smith.

ting the wall. The collected water must
then either drain or be pumped to near-

by storm sewers.

When properly installed and sized,

footing drains perform well. They will

positively drain water from the catch-

ment area, reducing, but not eliminat-

ing moisture problems resulting from
ground water or site drainage. Drains

can last indefinitely, but periodic in-

spection and clean-outs are required to

ensure that silt does not build up and
that tree roots or animals have not

damaged the piping. 4

Footing drains are most practical for

rural sites or others where the entire

periphery of the building is readily ac-

cessible and positive drainage is possi-

ble (i. e., pumping is not required). Ur-

ban sites can pose several complica-

tions: the inaccessibility of the build-

ing periphery to trenching; the inabili-

ty to estimate the quantity of ground
water; difficulties in establishing prop-

erty boundaries and limiting liability

for damage to adjacent properties; and
inability to establish positive drainage

of collected water (pumps are often

required). 5

For both rural and urban sites, two
notes of caution must be struck. First,

buildings on pilings or wooden foot-

ings can be severely jeopardized with

an alteration of ground water condi-

tions. For all but the simplest of such

buildings, therefore, hydraulic or civil

engineers should be consulted before

drains are installed. Second, within the

context of historic buildings, any dis-

turbance of the ground should be un-

dertaken in such a way as to protect

and identify archeological resources.

The use of a footing drain system must

be carefully weighed against alterna-

tives and against the physical condi-

tions of the site. However, since the

cost of these systems can be low, they

may be a first choice, especially if site

drainage is an additional problem.

There is no guarantee that the drains

will arrest rising damp, but the slight-

est change in the moisture equilibrium

could reduce a rising damp problem
substantially. After installation, the ef-

fect should be monitored by taking

moisture content readings.

Physical Damp Courses

Many damp course materials available

in Europe have yet to be introduced

here. Those that are available are listed

as "flashings" or "waterproofing mate-

rials" in product listings such as

Sweet's Catalogue."

Roofing slates are a readily available

damp course material. They can be in-

stalled in an existing wall by removing

two courses of brick (or one course of

stone) and inserting a double layer

(lapping one over the other) through

the entire thickness of the wall. 7

Generally slates are installed in work
widths of about three linear feet, while

supporting the masonry above, and

working in alternative work areas

along the length of the wall. Some
building settlement can result, but

modern nonshrinking mortars almost

eliminate the problem.

Another type of physical damp course

involves the use of damp proof

("flashing") materials inserted into a

cut-out mortar joint. The flashings

generally come in three-foot wide rolls

(which are then cut down to the width

of the wall) and consist of semi-rigid

sheets of bituminized felt, impregnated
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figure 30

Masonry saw with dust extractor. This saw is used to cut a narrow slot in a continuous

masonry joint to allow the insertion of a physical damp course. When it is accessible

from both sides, a wall up to 13 in. thick can be cut with this equipment.

Photograph: MDC Services, Inc.

fiberglass cloth, or copper, lead or

aluminum sheets coated with tar or

rubber. The metallic sheets should be

used on multi-story buildings where
the compressive loads on the wall are

great.

A technique developed in Europe, but

yet to be introduced here, is to cut out

existing mortar joints using a high

speed carborundum mason's saw or an
adapted chain saw. Hand saws are

used at points where the power tools

cannot reach, such as at corners or

chimney masses. The masonry must be
regularly coursed so that there is a con-

tinuous horizontal plane and the walls

must be basically stable. As with the

insertion of slates, work is normally

accomplished in alternate work widths

(in this case up to six feet), and the joint

packed with nonshrinking mortar.

Limitations of power saws restrict the

use of this insertion method. In Europe,

chain saws can cut a wall up to 26 in.

thick when both sides of the wall are

accessible. The resulting slot is about
3/8" thick. The carborundum masonry
blade has a cutting depth of SVi" (or

10" if cut from two sides). The
resulting slot is only 3/16" thick, mak-
ing the carborundum blade the most
suitable for narrow jointed brickwork.

Hand sawing, or the method of remov-

ing brick courses, does not have these

limitations, but as the walls get thicker,

these systems involve more time and

expense and require precautionary

measures. All systems create some dust

and inconvenience, but modern dust

extraction devices (for the power saws)

greatly reduce the inconvenience factor

(see figure 30). These systems can gen-

erally be installed by skilled builders or

masons, but it is almost inevitable that

some damage will occur to the masonry
units as a result of the saw blades. In-

stallation for residential-scale jobs can

be completed in a few days.

When properly installed, physical

damp courses form impervious barriers

to moisture passage. They will abso-

lutely block the vertical rise of mois-

ture in a wall, and hence, can be ex-

pected to perform very satisfactorily.
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figure 31

Chemical injection process. Solutions are injected under pressure into pre-drilled holes.

The process is complete when the brick surfaces appear wet. The chemicals then

cure into a waterproof horizontal zone. Photograph: 5PI Chemical Injection Inc.

The wall area below the damp course

will continue to suffer subflorescence

or freeze/thaw problems, but with per-

iodic maintenance on ten-to-twenty-

year intervals, mortar and possible

brick repair can be addressed.

Damp course materials are generally

chemically inert and have little poten-

tial for decay. Some have been in ser-

vice for over one hundred years and

new ones can be expected to last the life

of a building. To assure the greatest

durability, the type of damp course

material should be selected to fit

building conditions, especially the load

bearing requirements.

Physical damp courses should be

strongly considered, as they will arrest

rising damp for most ordinary building

types with walls up to 26" thick. Where
installation is practical, or possible,

they have the best all-around perfor-

mance and durability and the extra

cost should be acceptable when the

long-term conservation benefits are

considered.

Chemical and Electro-Osmotic

Systems

Several treatments for ground water

are readily available in Britain or

Europe but have not yet been intro-

duced here. One type, the Massari sys-

tem, named after its Italian inventor,

creates a physical damp course by us-

ing polyester resins to form an imper-

vious layer. The system requires drill-

ing a horizontal row of 1 1/2 in. dia-

meter holes (overlapping each other

slightly) through the width of the
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wall. 8 The holes are then injected with

the resin, which solidifies on curing

into a hard, continuous layer. The sys-

tem works best on very thick walls of

irregular stonework. It is, however,

quite expensive. The visual impact of

the large drilled holes upon the char-

acter of the historic building may or

may not be acceptable, depending

upon the design and materials of the

building.

Chemically injected damp courses,

common throughout Britain and
Europe, provide effective and low-cost

protection against ground water and
their introduction into the U.S.cannot

be far off. In Europe, these damp
courses are normally installed by fran-

chised specialists, using materials sup-

plied by national manufacturers. Prod-

ucts fall generally into two categories:

aqueous solutions of siliconate, and

spirit solvent solutions with silicone or

aluminum sterate. To inject, holes are

drilled two to a brick (approx. 5 in., 125

mm, spacings) where the brick (or

other wall material) is reasonably

porous. If the wall material is fairly

non-porous, or of low permeability,

then the mortar joint is drilled. Injec-

tion is either by low pressure or by
gravity feed (the latter is known as the

transfusion method). 9 Injection (or

transfusion) is considered complete

when the operator observes that the in-

jected fluids have saturated the brick in

a continuous band and have begun to

exude from the surface. Successful in-

jection, and thus, successful establish-

ment of a damp proof barrier, is nor-

mally dependent on the skill of the

operator to recognize full saturation

(figure 31).

Other systems utilize the principles of

chemical injection through proprietary

installation procedures. In one, the

silicone is frozen and installed as a stick

into pre-drilled holes. In another,

silicone is mixed with mortar and then

is injected into holes.

In Britain, where the technology is

highly developed, successful chemical

injections can be accomplished in

almost any wall, regardless of

thickness, materials, coursing or con-

struction details. However, there are

some exceptions: 10

1. Very damp walls (that is, with a

moisture content around 20% or

above) present problems to suc-

cessful injection. The invading

chemical fluids do not seem to be

able to displace the moisture and dif-

fuse through the material.
Therefore, for very damp walls,

chemical injections may not be

successful. 11

2. Wall materials must have a basic

minimum porosity or permeability.

Materials such as flint, granite,

many limestones, and some hard-

fired brick may not be successfully

injected.

3. Thick walls with unknown voids

or fissures present problems, not

necessarily insurmountable, but

complex enough occasionally to

make injection systems unacceptably

costly and time-consuming. Before

injection, the voids need to be

grouted, which can prove to be a

cumbersome procedure.

In these cases, additional injections at

selected points can produce a con-

tinuous damp course if the initial treat-

ment has proven only partially suc-

cessful. However, in the following

cases, successful chemical injection

may not be possible:

1. Walls that are subjected to

hydrostatic water pressure, such as

basement walls, cannot be injected,

because even a successful injection

would not arrest the horizontal flow

of the water.

2. Some mortars are so alkaline that

the injected chemicals will not cure

properly. Similarly, if the ground
water is detergent-filled, curing will

be incomplete. These cases are rare,

however.

These materials have been used in

Britain for about twelve years; while

they should last well into the future,

their long-term durability remains un-

proven. 12

By contrast, passive electro-osmotic

systems have generally proven ineffec-

tive (see Introduction for more infor-

mation); they cannot be recommended
for historic buildings. 13

Common Treatments: Rain Penetration

Rain penetration is not normally a

problem in older masonry buildings. In

walls over 3 brick wythes in thickness

or with cavities, penetration is very

unlikely. There must be evidence of in-

terior staining before penetration can be

suspected. In the rare cases of severe

penetration, few treatments have been
found to be successful without unde-

sirable side effects. As a general rule,

when rain penetration occurs in

masonry, it penetrates the mortar joint,

not the masonry unit. With that in

mind, treatments must focus on the

joints.

Repoin ting Mortar Joints

When rain penetration occurs, it can be

attributed to defective or weathered

pointing and treatment requires the

rather sizeable job of repointing. Care
should be exercised in matching the

strength of the pointing mix to that of

the existing mortar and the masonry. 14

After a passage of time, if the repoint-

ing has not been effective in stopping

the rain penetration, then more drastic

measures could be taken, but only in

cases where the rain penetration is so

severe that staining or damage still oc-

curs. Three courses of action are possi-

ble. None is wholly satisfactory, as will

be apparent, but one or the other could

work in certain special cases.

Water Repellent Coatings

The first possible course of action in-

volves applying some form of water

repellent coating to the exterior of the

masonry or stone. Currently, clear

solutions including either silicone or

silane have shown limited success,

primarily because they allow some
moisture migration. 15 Either material

should be tested in place. They have an

expected service life of under ten years;

hence, reapplication at a later time

would be necessary. In some cases,

however, these coatings trap moisture

and salts within the wall, creating con-

ditions for damage from freezing.

Hence, they should be thoroughly

evaluated before use.

Waterproof Coatings

A second treatment is to apply an ex-

terior waterproof coating such as
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asphaltic or aluminized paint. Gen-

erally, because these are impermeable

to moisture passage, they soon fail

because of internal pressures from

freezing water or from salt crystalliza-

tion (subflorescence). Furthermore,

they may not be compatible with the

character of the historic building. As
with water repellant coatings, water-

proof coatings have major shortcom-

ings. They can damage the substrate,

and probably have a service life of only

5-7 years. However, in some special

situations of extreme rain penetration

they might be considered, but only

after serious evaluation.

Stucco, Slates and Wall Coutings

There is historic precedent for the appli-

cation of roofing slates, tiles, or cement

stucco to an exterior wall that has suf-

fered extreme weathering and rain pene-

tration. These materials can be con-

sidered, but they should be mounted
free from the wall on battens. This

creates an inner cavity to reduce mois-

ture penetration and reduces the poten-

tial for damage to the new coatings

from freezing water or subflorescence.

This approach is extreme and should

only be considered in rare cases where
the addition of such materials will not

drastically change the appearance of

the building.

Excessive rain penetration is usually

treated through repointing and repair

of exterior flashing (at windows and
doors or other construction joints). Ex-

terior coatings have only limited appli-

cation and should be considered only

in rare cases.

Common Treatments: Rain Splash-up

Rain splash-up and puddling can be a

problem, especially with urban build-

ings or wherever there are hard pave-

ments or materials adjacent to the base

of walls. Good building practice assures

that roof run-off be controlled with

proper gutters and downspouts, and
that the use of hard surface material at

the base of a wall be avoided. It is best

to assure that the paving material does

not contact the building. This is done
by creating at least a 2 in. (50 mm) gap
so that surface water will not puddle. If

space or conditions allow, a gravel

strip 20 in. (500 mm) wide can be

created next to the building (see figure

32). The gravel reduces splash-up and
helps to drain water away. Rain splash-

up or puddling at the base of a wall

should be avoided in all situations.

Common Treatments: Interior

Condensation

Condensation occurs when moist air

contacts cool materials like windows
and walls and results in staining or

mold growth. 16 To eliminate the mold,

the moisture content of the interior air

should be reduced by installing extract

fans (at the sources of the greatest

moisture, e.g., the kitchen, the laundry

and the bath) or by using a dehumidi-

fier. Improving air circulation by
natural or mechanical means also helps

to equalize the humidity and air tem-

perature, thereby avoiding isolated

trouble spots in a building. Assuring

that the building is properly heated is

another preventive measure. These

steps can increase the cost of yearly

building operation, but the reduction

in damage to the building should pro-

vide a counterbalancing benefit.

To reduce condensation damage further,

attention should be paid to surface

finishes. Hard and impervious surface

finishes (enamel or waterproof paints,

for instance) aggravate condensation

problems. 17 Absorbent finish plaster

and emulsion-type paints, on the other

hand, allow moist air to be drawn into

the walls, avoiding stains and disrup-

tion to the decoration finishes.

Common Treatments:

Encrustations

Salt

Efflorescence and subflorescence seem

to occur with every moisture related

problem. Treatment of such problems

usually entails masonry cleaning, or,

on interior walls, redecorating or

replastering.

After successful treatment of a primary

moisture problem, such as rising damp
or rain penetration, walls begin to dry

and efflorescence is the unavoidable

result. Since problems from salts are

always the by-products of treatments

for dampness problems, the key to

treating salt problems is to assure that

the efflorescence occurs in a controlled

way, without causing further damage.
The following treatments are discussed

in order, from most acceptable to least.

Each discussion assumes that the interior

wall surface is covered with plaster,

and damaged from salts.

Dry Brushing

The first technique is quite effective for

typical salt-charged walls. It minimizes

potential damage from salts and is not

very expensive, but can cause consider-

able inconvenience to building occu-

pants. First, remove interior salt-

damaged plaster to a point at which
sound plaster is reached. For instance,

for a wall suffering from rising damp,
damaged plaster should be removed to

bare brick in a horizontal band to a

point about 12 in. above evidence of

former salt damage. For walls (both in-

terior and exterior) suffering from
severe condensation or rain penetra-

tion, the majority of interior plaster

may have to be removed. The walls are

then left exposed until dry. (A rough

rule of thumb is one month of drying

for each inch of wall thickness.) During
this period, often a year, efflorescence

will appear on the interior and the ex-

terior as the wall dries. This should be

brushed off or vacuumed thoroughly,

rather than washed, to removed all

salts. The use of water in this instance

will cause the salts to go back into the

wall, and then to effloresce as drying

occurs. At the end of the drying

period, the interior walls should be

cleaned completely with a soft brush

and then replastered where appro-

priate. Salt problems should have been

all but eliminated.

Absorbent Plaster Coats and Poultices

A second approach is more expensive

than the first, but involves much less

inconvenience to building occupants.

In this scheme, salt-damaged interior

plaster is removed. After an initial

period of surface drying (about one

month) obvious efflorescence should

be removed. A layer of absorbent,

weak plaster is then applied, solely as a

sacrificial layer. This plaster, when dry,

could be painted with one coat of

emulsion-type paint and left during the

rest of the wall's drying period. The
plaster becomes salt-charged after a

couple of years. Damaged portions are

subsequently removed and replaced. A
permanent wall finish can then be ap-

plied. This treatment may be prefer-

able in cases where the inconvenience
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Building face

Cut a slot (approx. 50mm) and
add gravel

—

M

a. Possible treatment with existing pavements.

-^

Building face

Provide 500mm wide gravel strip

T
^&_

b. Preferred treatment where conditions permit.

figure 32

Treatments for rain splash-up and puddling. Drawing: Baird M. Smith.
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of bare brick or stone could not be

tolerated, as in certain living spaces or

public spaces like museums or art

galleries. This treatment is more expen-

sive and troublesome than the treat-

ment discussed above, but it is equally

effective in reducing potential salt

damage.

A more direct system of salt removal,

desalination, may have to be under-

taken in severely salt-encrusted walls. 18

A common approach is to apply a

damp clay poultice to the bare brick or

stone. Upon drying, the poultice draws

moisture and salts from the wall. The
poulticing is repeated as necessary until

salt content is sufficiently reduced to

permit redecorating.

Non-absorbent Plaster or Stucco Coats

Applying hard, non-absorptive plaster

or stucco coats over heavily salt-

charged walls is not a treatment that

should be undertaken. Such coatings

trap salts within walls where they can

damage the masonry materials and dis-

lodge the plaster through the expansive

forces of subflorescence. Other treat-

ments to avoid include plaster addi-

tives and aerated plasters that sup-

posedly reduce salt problems. 19 One
such additive is advertised in Britain as

a salt "neutralizer." There is, however,

no effective way to neutralize salts ex-

cept by adding an acid in solution,

which would adversely affect both

plaster and masonry. Aerated plasters,

on the other hand, allow water vapor

to pass through the plaster, and thus

allow the walls to dry, but trap larger

molecules such as salts.
20 The trapped

salts can damage the masonry and the

plaster.

Interior Wall Lining

Some products, such as impregnated

paneling or wall coverings, merely

cover up moisture problems or salt

encrustations. They do nothing to treat

the source of the problem, and can in-

crease the damage in several ways. The
wall linings reduce evaporation from

the covered wall and increase it on the

opposite side. In addition, the cover-up

layer is a slight thermal barrier and

tends to block the interior heat from

reaching the wall. With cooler wall

temperatures, the wall is more suscepti-

ble to condensation on the interior and

frost damage on the exterior. For these

reasons, wall linings are inappropriate

for use in historic buildings.

Proper consideration for treatment of

salt-charged walls is an absolute neces-

sity in dealing with moisture problems.

Efflorescence must be controlled and
treated, not sealed into the wall. This

only disguises a problem that is bound
to re-occur. When dealing with historic

buildings, treating salt-charged walls is

as important as treating the original

moisture problem.

Conclusion

Most moisture problems can be diag-

nosed and treated. While some situa-

tions may require examination by
highly trained experts, most situations

can be treated by architects and other

building professionals by applying the

diagnostic and treatment techniques

discussed here. In the past, treatment

decisions concerning moisture prob-

lems in historic buildings were often

dictated by product salesman or by
those undertaking the treatment work.

Greater familiarity with the subject

will help put such professionals in a

better position to address dampness
problems, thereby reducing the likeli-

hood of inaccurate diagnosis and in-

correct treatment. The need for archi-

tects, builders, and owners to become
better informed on moisture problems

in historic buildings will almost cer-

tainly become greater as more and
more old buildings are rehabilitated to

serve new uses, are made tighter

against the weather to save energy or

are improved to meet rising standards

of comfort. This study has attempted

to meet that need.
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