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ABSTRACT

Two methods for creating impervious membranes in existing adobe
walls were investigated.v They were the injection of chemical grouts
and installation of a metallic membrane. Chemical grouting was
unsuccessful because of the low permeability of the tested adobe
materials. The metallic membrane did prevent the migration of moisture
in the adobe underneath the membrane, weakening the adobe. Further,
soluble salts migrated to the surface of the wet adobe. Alternative
methods for protecting adobe structures from ground water and runoff
water are discussed, ihcluding the installation of effecfive drainage

systems and upgrading the foundations.
Keywords: Adobe building materials; chemical grouts; damp course

membrané; metallic membrane; permeability; preservation

technology.
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1. INTRODUCTION

The upward migration of ground water in adobe walls is a major factor
in the processes by which water erodes and undercuts adobe structures,
It can be a serious problem in the preservation of historic adobe
structures because often they do not have waterproof foundations or
damp course membranes to prevent the rise of water by capillary action.
Usually the ground water rises in the walls to above the ground surface to
a height which depends on the equilibrium between several factors including
the rate of evaporation of moisture from the wall surface. If the ground
water has a high salt content, salts may be deposited behind the surface of
the adobe wall as the water evaporates. This can result in the undercutting
of the wall by spalling of the surface layer [1,2]. In addition, a high
moisture content can severely reduce the compressive strength and other

mechanical properties of adobe [3].

The purpose of the present study was to determine the feasibility
of creating damp course membranes in existing adobe walls by either the
injection of chemical grouts or by the insertion of metallic membranes.
In addition the effects of creating or inserting an impervious membrane
on the stability of existing adobe walls was investigated. Results

of this study are given and discussed in this report,

2. ADOBE WALLS
2.1 Adobe Soils

Adobe soils were obtained from Escalante Ruin and Tumacacori
National Monument, which are located in Arizona. Escalante Ruin is
the remains of the dwellings and other buildings of a prehistoric
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Indian farming community, constructed from earth, located along the
Gila River. This site was occupied for several centuries between 900
to 1500 A.D. The adobe material from Escalante Ruin was taken from
the wall of a dwelling unit.

Tumacacori National Monument consists of a mission church, San Jose
de Tumacacori, and service buildings. These structures were constructed
from adobe under the direction of Franciscan priests in the early 19th
century. The existing buildings at Tumacacori are being preserved
in their present condition and adobe samples in the needed amount could
not be removed from them. Therefore, test materials, believed to be
similar to the materials used by the Franciscans, were taken from the
grounds of the site.

The adobe soils were shipped to the facilities of the National
Bureau of Standards at Gaithersburg, Maryland, in sealed drums and upon
arrival, all of the material from each site was homogenized using a
blender. Then the soils were fractionated using a 1/4 inch (6.35mm)
sieve. The material passing through sieve was used in the preparation
of test specimens,

The physical properties (Table 1) of the test materials were mea-
sured following the methods given in reference No. 4. The mineralogical
compositions of the test materials have been previously reported [5],
and are summarized in Table 1. The soil from the Tumacacori area is
richer in silt (267%) and clay (24%) than that found in adobe samples
from the church at Tumacacori (silt, 8 to 12%; clay, 8 to 12%) [5].

Therefore, sand was added to the soil to simulate the adobe in the



Tumacacori church. Graded sand, meeting the specifications of ASTM
C-109 [6] was added to and blended with the Tumacacori soil on an
equal weight basis. The silt and clay contents of this mixture were

18 percent and 31 percent, and this mixture is termed "Tumacacori and

Sand"” in this report.



TABLE 1., PHYSICAL PROPERTIES AND MINERAL COMPOSITIONS OF ADOBE SOILS

Progertiesl Tumacacori Soil Escalante Adobe
Soil color name Dark grayish brown Pinkish gray
Munsell color notation 10 yr 4/2 7.5 yr 7/2

Particle size distribution:

Gravel (>2mm) 27 -—
Sand (.02-2mm) 247 18%
Silt (2ym-20ym 267% 55%
Clay (<2ym) 467 27%
Liquid limit 36.5% 32,9%
Plastic limit 20.77% 21.8%
pH 8.75 8.19
Mineral Compositions2
Sand Feldspars>quartz>mica Quartz>feldspar>calcite
Silt Quartz>feldspar>mica Calcite>mixture of other minerals

predominantly illite,
quartz and feldspars

Clay Quartz>illite>montmorillonite Calcite>mixture of other
minerals, predominantly
illite and quartz

1 Properties were measured using the methods given in reference No. 4.

2 From reference No. 5.



2.2 Adobe Brick

Adobe bricks of dimensions 2 x 4 x 8 in (51 x 102 x 203 mm) were
prepared from the adobe soils. The water to soil ratios used in making
the bricks were 0.30, 0.15 and 0.25 for Tumacacori soil, Tumacacori and
Sand, and Escalante adobe. The soils and water were mixed in a tilting
drum mixer having a 1 ££3 (.035 m3) capacity, for about 5 minutes. The
fresh pastes were placed in wooden molds which had been lightly oiled
with 20-30 weight motor oil to facilitate removal of the adobe brick.
The bricks were removed from the molds after they appeared to have
dried sufficiently to retain their shape. Then the bricks were
allowed to dry in laboratory air at 70°F (21°C) and relative humidity

near 30% for an additional month before being used.

2.3 Construction of Test Walls

Adobe wall sections were constructed using dried adobe brick and
fresh mortar having the same composition as the brick. Joints were about
5/8 in (16 mm) thick., The dimensions of the wall sections were nominal
12 x 12 x 10 in high (305 x 305 x 254 mm). Test walls were laid on two
porous concrete patio blocks (8 x 16 x 1-1/2 in (203 x 410 x 38 mm))
resting in stainless steel rectangular pans. A schematic of a test wall
is given in Figure 1. The concrete blocks allowed the upward migration

of water while providing a firm base for an adobe test wall.

3. CAPILLARY RISE OF WATER IN TEST WALLS
The capillary rise of water into two test walls constructed from
Tumacacori and Sand and Escalante adobe brick was measured. Two adjacent

vertical faces of each wall were covered with a 0.5 in (13 mm) layer
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FIGURE 1, SCHEMATIC OF AN ADOBE TEST WALL



of portland cement mortar. The mortar had a composition by
weight of 1 part portland cement, 2.75 parts of sand, and a water
to cement ratio of 0.45.

Specimens were removed from the walls after two weeks of testing.
Their moisture contents were obtained by drying them to constant weight
at 221°F (105°C). The data are listed in Table 2.

An analysis of the data indicates that:

(1) The mortar had little effect on the amount of rising water
accumulated in the adobe brick immediately above the concrete
block.

(2) The moisture content was relatively constant through each
brick tier,

(3) Capillary water rose in the Escalante adobe at a much higher
rate than in the Tumacacori and Sand brick.

These observations should not be taken to represent the response
of an adobe structure to ground water because of the small size of the
test wall and the short test period. However, they clearly indicate
that a large difference exists in the capillary behavior of the two

materials.,

4, PERMEABILITIES OF ADOBE MATERIALS

The permeabilities of the adobe soils to water were measured to
determine if they could be made less permeable to ground water by the
injection of chemical grouts., Permeability of a soil is that property
which allows the flow of a fluid through it [7]. The permeability of a
soil determines if it can be grouted and the type of grout which can be

used,



TABLE 2., AMOUNT OF WATER IN ADOBE TEST WALLS AFTER TWO WEEKS

Moisture Content

Percent1

Wall Brick

Material Tier Mortar Facez’3 Center of Tier Adobe FaceS

Tumacacori

and Sand 1 22 18 26
2 13 14 13
3 8 N.MA 3
4 3 N.M. 4

Escalante

Adobe 1 20 N.M, 26
2 21 22 21
3 20 19 17
4 20 N.M, 17

1 By weight of dry adobe., The moisture contents of dried adobe bricks prior
to making the walls were between 2 to 3 percent.

2 Side covered with portland cement mortar.,
3 Taken from within one inch (25.4 mm) of the surface.

4 N.M. indicates moisture contents not measured.



Permeability of a soil is expressed in terms of the coefficient
of permeability (K) by the equation [7,8];
Q = AKI
where
Q is the volume of flow per unit time; K is the coefficient
of permeability; and I is the hydraulic gradient,
The higher the value of K, greater are the chances of successfully
grouting a soil. The permeability of a soil depends on several factors
including particle size distribution, porosity, pore size distribution

and the mineralogical composition of the soil [7].

4,1 Measurement of Permeability to Water

The coefficients of permeability to water of adobe soils were
determined by the falling-head permeability test method. This method
is similar to the constant-head permeability test described in ASTM
D 2434 [9]. 1In the constant-head method, the quantity of water flowing
through a soil specimen is measured for a given time while the head
is kept constant, The falling-head test is conducted in the same
manner, except that the head of water is not maintained constant
but is permitted to fall., The apparatus used for carrying out the

falling-head test is shown in Figure 2.

4,2 Results of Permeability Testing

No measurable flow of water was collected from the outlet tube
of the permeability test apparatus when samples of Tumacacori soil,
Tumacacori and Sand and Escalante adobe were tested. The soil specimens
slaked and separated as water slowly migrated to the top of the
specimens. The slaked soils then appeared to reconsolidate into wet

9



Figure 2, Falling Head Test Apparatus
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masses which were highly resistant to further water flow. The
coefficients of permeability for the soils were estimated to be

less than 10_6 cm/sec. In general, if the permeability of a soil

is less than 107° cm/sec, the groutability of that soil is questionable
[71.

The permeability of a soil also can be estimated if its particle
size distribution is known, The relationship between effective par-
ticle diameter and the coefficient of permeability is shown in Figure 3.
The effective diameter (dlo) is the maximum diameter of the smallest 10
percent, by weight, of the soil particles. Values of le were obtained
for several materials using the data given in reference No. 5 and are
listed in Table 3. Then the K values for these materials were estimated
using Figure 3. Another empirical estimate of the chemical groutability
of a soil is that if more than 20 percent, by weight, of its particles
pass through a 200 mesh sieve, there is little probability of successfully
permeating the soil with any grout [7]. Such data are also presented
in Table 3. Note that the estimated values of K are below 10_6 cm/sec
for all tested adobes and that more than 20 percent by weight of their
particles pass through a 200 mesh sieve. Therefore, it appears
unlikely that effective impervious membranes could be created in the

tested soils by injecting most types of chemical grouts.
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PERMEABILITY, K

10 1 10-1 10-2 10-3 10-4 10-5 10-7 cm/sec
1 | 1 1 | | |
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EFFECTIVE GRAIN DIAMETER, d1o
Gravel | Cs.sand | md.sand | Fisand [  cssit | Md. Silt | Fi. Silt | Clay
Clean Gravels Very Fine Sands
—_— »l | -———- |
Clean Sands | Silts, organic & inorganic
| ——o - | |~ |
Coarse Fine

Sand-gravel Mixtures, Till Varved Clays, etc.

- ———
Horizontal
S R

_§§n§_-5ill-€lay Mixtures, Till»w

Cohesionless except for Cementation

Variable Cohesion Cohesive

Excessive water
yields. wide
spacing

Large dia. wells.
wide spacing
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narrow spacing

Vacuum systems.
low yields
narrow spacing

Vacuum plus
electroosmosis

Loss of compressed air /

/

Electroosmosis, electrochemical stabilization

POSSIBLE DEWATERING METHODS

p Sand-cement

Cement ——— -

Suspensions

Bentonite

Freezing possible throughout

Colloidal Grouts —-

Polymers, Resins

Bituminous Grouts — —— .. AM-9 - Grouting in fissures only;

grouting usually not required

Chrome-Lignin-— -- -
Silicates. Joosten - —

Colloidal Solutions

Figure 3.

Correlation of Effective Diameter, d;, and Permeability ([7].
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TABLE 3. ESTIMATE OF COEFFICIENT OF PERMEABILITY, K

Weight Percent

1 leZ/ K3/ Passing Through
Material mm cm/sec 200 Mesh Sieve
Tumacacori Adobe >.002 >1070 47
Tumacacori Soil >.002 >1076 92
Tumacacori and Sand >.002 >1070 46
Escalante Adobe >.002 >1070 52
Fort Bowie Adobe >.002 >1070 28

1 Obtained from data in reference No. 5.
2 Maximum diameter of the smallest 10%, by weight, of the soil particles.,

3 Estimated using Figure 3.
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5. CHEMICAL GROUTING

The types of chemical grouts commonly used for different soils
are given in Figure 4. The acrylamide base material appears to be
representative of the type of material most capable of penetrating
adobe materials with low coefficients of permeability. Therefore, we
attempted to grout adobe wall sections and individual adobe bricks
with it. In addition, another chemical grout with a formaldehyde
base was studied.

A grouting contractor performed the grouting application. Test
walls were constructed using brick made from Tumacacori soil, Tumacacori
and Sand, and Escalante adobe. Both chemical grouts were injected under
pressure into adobe walls at the slowest possible flow rates and at
higher rates, with the injection tube being located in the center of the
top face. The grouts did not penetrate into the adobe brick but flowed
out through small shrinkage cracks in the mortar and started to erode
the mortar joints.

In a subsequent study adobe walls and individual adobe bricks were
partially immersed in chemical grouts mixtures which had gel times1 in
excess of 8 hours. The grouts appeared to penetrate the adobe to a depth of
less than 1 inch (25.4 mm). After the grouts had been allowed to harden for
48 hours, water was poured in the steel pans (Figure 1) until the bottom
treated portions of the adobe walls were slightly immersed. The water
resistance of the treated brick were tested by the same method. Within

a few minutes the upward migration of water was observed in both the

1 Time beyond which the viscosity of the mixtures had increased so they
would not move in the pores of the soil.
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treated walls and bricks, at a rate comparable to the rise in untreated
adobe. Examination of treated adobe indicated that the grouting mate-
rials were not absorbed by the soils and did not rise in the soils by
capillary action. Clearly, it is not likely that the soils tested in
this study can be grouted using conventional methods. It is possible
that ionic chemical grouts could be made to migrate some distance in
these soils under the influence of an applied electrical field, e.g.,
electrochemical methods. Further work should be carried out to determine
if electrochemical methods could be used to sufficiently increase the
depth of penetration of chemical grouts into adobe soils so that

effective membranes could be formed.

6. METALLIC DAMP COURSE

A technique has been developed by Abotomey [11] for inserting a
damp course membrane into the walls of an existing building. This
technique involves cutting a slot through the fall thickness of a wall
and inserting a metal membrane into the slot. The membrane is the
same thickness as the slot and on insertion it becomes load bearing,
thereby reducing the amount of settlement.

The effect of using a metallic damp course membrane for preventing
the upward migration of ground water on the stability of adobe walls

was evaluated in the present study.

6.1 Test Procedures

A sheet of aluminum metal 1/16 in thick (1.6 mm) was coated on both
sides with epoxy paint to prevent its corrosion. Then it was placed
between the first and second tiers (Figure 1) as the adobe walls were

16



constructed. Walls were built using Tumacacori and Sand brick.

The mortar was allowed to dry for one month. Then water was poured
into the steel pans until the concrete patio blocks were immersed
to a depth of 3/4 in (19 mm).

The effect of the water rising to the height of the metallic
membrane or the stability of the test walls was determined. The
heights of the membrane above the patio block at the four corners
of the test walls were periodically measured using a steel ruler

with 1/32 inch gradutions (0.8 mm).

6.2 Observations

After a test period of four months it was found that the moisture
content of the adobe below the aluminum membrane had increased from
about 2 percent to about 20 percent. This was accompanied by a measurable
amount of settling in the adobe (Table 4). In addition, soluble salts
in the concrete and the adobe brick had migrated within and to
the surface of the adobe (Figure 5). As previously mentioned, the
deposition of salts behind the surface of adobe walls can result
in spalling of surface layers. These observations suggest that placing
an impermeable membrane (whether metallic or other) above the foundation
in an adobe structure can result in the settling and weakening of
the adobe below the membrane. When an ample supply of ground water is
sufficiently close to the ground surface to readily migrate up the
walls, e.g., Tumacacori church, the value of such a damp course membrane

is questionable.
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TABLE 4, SETTLING OF ADOBE TEST WALLS WITH ALUMINUM MEMBRANE

Wall

No. Time

1 4 Months
2 4 Months

1 Measured at the four

Change in Height Between
Membrane and Patio Block1

Percent
1 2 3
0 +2.2 -8.3
-2.2 0 -2.1
corners of the test walls (Figure 5)

18



Figure 5. Adobe Test Walls With Aluminum Membrane.
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7. DISCUSSION

Results of this study suggests that it is not feasible nor desirable
to create an impervious damp course membrane in adobe walls by injecting
a chemical grout. Two commonly used chemical grouts would not adequately
penetrate the adobe tested in this study, when injected by normal pressure
techniques. While the insertion of a metallic membrane can prevent the
rise of ground water above it, water accumulating beneath the membrane
could probably lead to the undercutting of the adobe wall and a reduction
in its comprehensive strength.

Steen [12] suggested that in many cases adobe walls could be adequately
protected from both ground water and rain water accumulating at the wall
base, by the construction of drainage systems. He recommends the digging
of trenches around adobe walls and filling them with gravel of sufficient
size to prevent the rise of capillary water. However, if the ground water
is constantly present at a high level, as in the case of the Tumacacori
church [13], other solutions need to be identified.

The waterproofing of the foundation, if existing, or the underlying
soil by chemical treatment could be at least as difficult as grouting adobe
walls because of the large amounts of silt and clay present in many of the
soils. It is the opinion of the authors that only by allowing a chemical
grout to slowly infiltrate the pores of such soils is there any chance of
success. Even though the chances for success may be low, this approach
appears worthy of some evaluation using field test sites. The process may
require several days, therefore, the chemical grout must have a long gel
period. In addition, the work by Fenn [14] suggests that in general a water

thinned system is preferred to an organic solvent thinned chemical grout.
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Haapala [15] has suggested that the foundations of old adobe
walls can be upgraded by placing concrete footing walls along each
side of the existing walls. Then the concrete walls can be waterproofed.
However, the effects of excavating and the settling of the foundations
on the adobe structure should be detemined before proceeding.

The above discussion has been concerned with possible methods for
preventing the capillary rise of ground water in adobe walls. It is
conceivable that in certain circumstances the rise of ground water
should not be completely prevented. For example, soluble salts in
adobe structures may only be harmful if the moisture content of the
adobe is fluctuating sufficiently so that the salts are being dissolved
and recrystallized or phase changes in their hydrates are occurring.
Therefore, if adobe walls are heavily laden with soluble salts, their
moisture contents possibly should be kept as constant as possible as
long as the adobe walls have adequate mechanical properties. Further,
if adobe walls have a high moisture content because of capillary water,
severe drying shrinkage could take place if the migration of ground
water is completely stopped. Clearly, further work needs to be performed
to determine the effects of changing the moisture contents and patterns

on the durability of adobe walls.
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8. SUMMARY AND CONCLUSIONS

The feasibility of creating impervious membranes in existing adobe
walls by the injection of chemical grouts was investigated. For this
purpose, the coefficients of permeability to water of Tumacacori soil,
Tumacacori and Sand, and Escalante adobe were measured by the falling
head method. Their permeability values were all less than 10"6 cm/sec.
This is less than the water permeability valve of 107 cm/sec, which is
usually taken as the lower limit for groutability. Calculations based
on the analysis of the particle size distributions of these materials
also indicated that there is little probability of successfully grouting
them.

The grouting of adobe wall sections and individual bricks with
two commonly used chemical grouts was attempted. Two application
methods were investigated: (1) injection of the grout under pressure
into adobe test walls; and (2) soaking test walls and brick in the
liquid grouts. Neither method was successful in creating an impervious
membrane in the test specimens.

The effects of inserting metallic damp course membranes on the
durability existing adobe wall were also investigated. It was found
that settling took place in the adobe walls below the membrane. In
addition, efflorescence due to the migration of soluble salts to the
surface of the walls was observed. Therefore, the results of this
study suggests that it may not be feasible nor desirable to create an
impervious damp course membrane in adobe walls whether by injecting

a chemical grout or by the insertion of a metallic membrane,
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