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Consulting Engineers & Geologists

245 So. Cascade Ave. Montrose, Colo. 81401
(303) 249-6828 FAX (303) 249-2768

ENGINEERING EVALUATION OF EARTH-FILLED TIRE CONSTRUCTION
DENNIS WEAVER RESIDENCE
RIDGWAY, COLORADO

Introduction

In the same traditioh as the thick adobe walls
southwestern Indians built centuries ago, the walls of this
massive solar home are designed to keep the interior cool during
the day by absorbing the sun's rays until nightfall when the
energy begins to penetrate the walls and heat the home.
Non-traditional, however, is the use of tires to support the
adobe walls. These tires are packed with adobe earth and stacked
flat in a brick-1ike manner. A sand, straw, and adobe mix is
then used as mortar between the tires and as a plaster to cover
the wall surface. The walls serve an ecological purpose by
providing a use for otherwise discarded tires and an economic

purpose in creating the needed mass for passive solar heating and

energy conservation.
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Purpose

The unique building methods and materials have made it
nécessary to determine the walls' structural integrity. Tests
were conducted to determine the tire-to-tire friction,
tire-to-earth friction, resistance to failure through sliding,
resistance to overturning, and theoretical distribution of soil
pressures under a tire wall. A1l testing was conducted at the
bdi]ding site using actual construction materials and conditions.
Two samples of the adobe ﬁ]aster were also collected and

laboratory tested to measure basic strength parameters.

Testing Procedure

The walls are constructed by placing the tires flat,
hand filling with moist earth and packing with a sledge hammer.
To determine the lateral stability of the wall, two tests were
conducted. First, the tire-to-tire coefficient of friction
between packed tires was experimentally determined and secondly,
the coefficient of friction between a packed tire and the ground
typical of the work site was found. The attached photographs
(Appendix A) show how the tire walls are constructed and some of

the apparatus used in field testing.
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Tire-to-Tire Testing

A wooden frame pulley and cable apparatus was used for
the field testing. The frame served to transfer a known vertical
load into a horizontal force on the tire. Two bags of cement
whose weight was known to be 94 pounds each and two plastic
five-gallon buckets filled with water in one-gallon increments
were used to apply the vertical load. The load was gradually
increased until movement between the two tires was induced. This
experiment was performed on two typical tires, one 14.1nches and
one 15 inches in diameter. The tires were handled, filled, and
compacted using the same methods and procedures as were being
used for the actual construction. No mortar or adobe plaster was
used between the tires to imitate a worst-case scenario. The
coefficients of friction determined from these tests ranged from

0.728 to 0.877 as shown in the following table.

TABLE 1
Weight Tire-To-Tire
Size Tire Load (Fm) of Tire (N) Coef. of Friction (Ms)
15" 282.0 1bs. 350 1bs. .806
15" 254.8 1bs 350 1bs .728
14" 263.1 1bs 300 1bs .877
14" 229.7 1bs 300 1bs .766
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Tire-to-Earth Testing

A hand winch and spring scale were used to measure the
horizontal force necessary to initially move two different
14-inch tires. The tires were filled and compacted in a typical
manner on a level area of soil that was similar in composition
and consistency to the foundation soil at the residence. The
winch was then used to exert a measured horizontal force on the

tire until movement occurred.

The coefficients of friction determined from the two
tests were 0.485 and 0.651. These coefficients are significantly
less than those measured in the tire-to-tire tests. This shows
that it is the properties of the underlying earth rather than the
properties of the tire that govern the tire-to-earth frictional
resistance to s1iding at the Weaver site. The following table
sﬁows typical values for coefficients of friction between various
dry surfaces. The tire-to-tire and tire-to-earth coefficients of
friction determined in these field tests appear to be reasonap1e

in comparison with these typical values.
. t .
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TABLE 2

Approximate Values of Coefficient of Static Friction for Dry

Surfaces for Comparison*

Metal on Metal 19 = 60
Metal on Wood 2l = HU
Metal on Stone .30 - .70
Wood on Wood ;25 = 50
Stone on Stone A0 = 478
Earth on Earth <20 = 1.0
Rubber on Concrete 60 ~ .80

*Vector Mechanics for Engineers, 5th Edition, F.P. Beer, E.R.

Johnston, Jr., McGraw-Hill Book Co., 1988.

Tire Weighing Procedure

Both a 14-inch diameter and a 15-inch diameter tire
were filled and compacted using the typical methods and
procedures of construction. The tires were then weighed one at a
time via two 200-pound spring scales set in parallel. The

14-inch diameter tire was found to weigh 241 pounds while the

15-inch tire weighed 378 pounds.
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Sources of Error

Any error inherent in the spring scales would have
created error in both experiments. However, the scales were
tested against the known weights of the cement sacks and were
found to be within 3 pounds. It is therefore concluded that the
scales were of sufficient accuracy for the intent of the
experiment. The weight of the hand winch and scales was
estimated at 5 pounds. This amount was added to the load applied

during each experiment as compensation for the apparatus.

Small errors may have been introduced by friction in
the pulley, weight of the stand, force from pouring the water in
the five-gallon buckets, and small inaccuracies in measuring the
water and cement bags. These possible errors are considered
irrelevant in view of the inherent variability of the
construction method. That is, irregularities in the tires and
inadvertent sand or dust between the tires would cause larger
variation in friction values then would errors resulting from the
testing procedures. No attempt was made to quantify these
possible variations. Since the tires were “constructed" using
the same procedures and methods as employed in construction of

the Weaver home, it is felt that results of the tests are

representative.
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Stability Calculations

After the weights and frictional properties of the
tires had been determined, two sets of calculations were made to
evaluate the stability of a tire wall. These calculations are
attached hereto as an appendix. The first set analyzed a free
standing wall constructed of earth-filled tires stacked in
overlapping tiers, like britks?‘ The wall was assumed to retain

an earth bank on one side but no lateral bracing was provided on

the other side. The second set looked at a similar wall with the

.addition of lateral bracing at the top, such as would be derived

from a roof system, and vertical bracing at each end of the wall,

as would be provided through an intersecting wall or a wall

-

return.

The first set of calculations quantified the basic
properties of a tire stacked wall in its simpﬁest form. While
walls of this type are not used in the Weaver house, the analysis
has merit for several reasons. It provides a basis of comparison
for understanding the method of analysis, it emphasizes the
advantages of Tlateral bracing and the inherent weaknesses of the
free standing wall, and it provides a quantification of the soil
bearing pressures beneath the wall that are also applicable to

the laterally braced wall system.
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The second set of calculations is based on a wall
system braced horizontally at the top and vertically at the
ends. This represents the conditions at the Weaver house.

\

Prior to making the stébi]ity calculations, the
effective width of the tires was determined. This entailed
reducing the tire diameter to allow for tread wear and side
taper, and then subtracting the fillets between adjoining tires.
The net result was a simulated square tire with a width of 18.85
inches for 14-inch tires and 20.42 for 15-inch tires. The
weights of the tires were also adjusted to a value expressed in
pounds per foot of height per linear foot of wall. The adjusted
weight of a 14-inch tire was found to be 123.9 pounds/foot of

height/1inear foot and the 15-inch tire was 181.4.

Free Standing Tire Wall

Two mathematical models of & free-standing tire wall
retaining earth on one side have been established. The models
represent equilibrium petween active earth pressures behind the
wall which act to cause the wall to overturn or slide, and the
forces of gravify and friction which cause the wall to resist the
sliding and overturning forces. The results of the calculations
are shown as curves in Figure 1. The curves represent the amount
of lateral earth pressure, expressed as a fluid equivalent, that
will just cause a wall of the corresponding height to overturn or

slide. It was found that walls under 5-feet high made of 1l4-inch
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tires will fail by sliding while walls over 5-feet in Height are-
more apt to overturn. Walls made with 15-inch tires hold the
same relationship but the crossover height is about Glfeet. The
lateral earth pressures developed by soil can be determined by a
soils testing laboratory. They can vary considerably with a
general range of 25 to 30 pounds per cubic foot (pcf) for coarse
sand and gravel to over 75 pcf for soft silts and clays. The
curves of Figure 1 show that a l4-inch tire wall would generally
be suitable for a height of up to 4 feet while a wall constructed

with 15-inch tires may be stable to a height of 6 feet.

The weight of a tire wall and the overturning moment
imparted to the wall by lateral earth pressures create a load on
the soil beneath the wall. These soil bearing pressures héve
been calculated for a free standing wall and are shown in Figure
2. Two curves are shown for both 14-inch and 15-inch tires.

They represent the maximum pressure under the outside edge or toe
of the tire wall and the average pressure under the wall. Both
curves assume that the lateral earth pressures are at a maximum
for the various wall heights shown. Therefore, they represent
the upper range of values to be expected under stable walls. The
safe bearing pressure of a soil can be established through field
and laboratory testing. At the Weaver house, the safe bearing
pressure is over 2500 pounds per square foot (psf). However, it
can vary in the Ridgway area from as little as 500 psf for soft

silts and clays to as high as 5000 psf for gravels and dense soi%

mixtures.
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Laterally Restrained Tire Walls

The mathematical models developed for the free standing
walls were modified to incorporate the additional resistance to
s1iding and overturning afforded due to lateral bracing. The
Weaver house has horizontal lateral bracing from the roof system
and vertical bracing from the wall curve at the back of the
U-shaped cells and the wall return at the corners of the two
outermost walls at the open ends of the U's. This lateral
bracing is transferred through the tire wall via the tire-to-tire
friction developed through the overlapping tiers of tires. That
is, in order for the wall to fail, movement must occur at each
tire between the area of lateral bracing and the point of
failure. Therefore, the frictional forces along each of those
planes of movement must be overcome. This adds dramatically to
the strength of the wall as shown in Figure 3. It can be seen
from the curves of Figure 3 that the laterally braced walls of

the Weaver house will not slide or overturn.

Although both 14-inch and 15-inch laterally restrained
walls are more likely to slide than overturn, it would take
lateral pressures in excess of 80 pcf to move a l4-inch tire wall
and pressures of over 120 pcf to cause failure of a 15-inch tire

wall. The active earth pressures at the Weaver site are expected

to be in the 30 to 40 pcf range.
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As stated earlier, the soil bearing pressures developed
for the free standing tire wall are considered representative for
the Taterally restrained wall system. The only difference is
that the roof contributes an additional axial load to the wall
which causes an increase in the sqil bearing pressures. At the
Weaver house, the full live and dead load to be added would vary
from 353 pounds per linear foot of wall for a 10-foot wide cell
to 635 pounds per linear foot for an 18-foot wide cell. These
loads added to the loads applied through the tire wall are well

within the safe bearing pressure of the soils at the Weaver site.

Adobe Plaster

The final analysis conducted at the Weaver house was
the sampling and testing of the adobe plaster which was being
used to fill the gaps in the tire wall. This plaster consisted
of a mixture of native soil (sifted through 1/4" hardware cloth),
an equal amount of sand, and about 2 handfuls of straw per wheel
barrow load. The dry adobe was found to have a cohesive strength
of over 2000 psf. However, the cohesion of the saturated plaster
was only about 150 psf. When dry, the plaster can increase the
strength of the tire walls by adding up to 21% to the effective
tire width. However, should the adobe become wet, the plaster
will probably fail under its own weight and all of its strength
benefits will be lot. It is recommended, therefore, that no

structural strength be assigned to the adobe plaster.
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CONCLUSIONS

Based on the tests conducted for this analysis and the
calculations performed, it is felt that the rammed earth-filled
tire walls used in construction of the Dennis Weaver residence
near Ridgway, Colorado, will provide safe and dependable support
for the structure. The laterally braced walls have sufficient
strength from their massive structure and internal tire-to-tire
friction to resist the sliding and overturning pressures imparted
to the walls from the outside. Additionally, the loads applied
to the foundation soils have been found to be well within the

estimated safe bearing capacity of the undisturbed soil at the

site.

Respectfully submitted,
April 30, 1990

| A

Thomas E. Griepentrog, P.E.
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Typical Completed Wall.

Typical Wall Before Mortar Application.



Frame With Weights.

Close-up of Tire Being Tested.
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