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SOME STUDIES ON IMPROVING THE PROPERTIES OF EARTH 
MATERIALS USED FOR CONSTRUCTION OF RURAL EARTH 

HOUSES IN SEISMIC REGIONS OF IRAN 

SYNOPSIS 

In this paper the need for research on improving the seismic resistance of earth houses in the 
rural areas of Iran is discussed. Investigations should be carried out in the field of materials, new 
design forms, and methods of strengthening the conventional rural earth houses. 

Recent studies for improving the properties of low-cost earth construction material is descri- 
bed. The effects of adding various additives and stabilizers such as  water, sand, cement, lime, gypsum, 
and straw to the earth materials is investigated. 

It  is found that sun dried adobe bricks made of a proper mixture of sand and clay and with 
an optimum water content can give an appreciable amount of compressive and tensile strength. 
Variation of strength of samples of adobe bricks due to changes in sand-clay ratio and water content 
is obtained. Also, it is found that clay with finer particles makes stronger adobe bricks. 

Additives such as cement and lime or  a combination of them reduce the strength of  soil under 
dry curing conditions while most of these additives increase the strength of soil under moist curing 
conditions. Cement and lime additives generally have beneficial effects on increasing the strength of 
soil against water. 

The use of gypsum as an additive reduces the strength of soil when used in a low percentage, 
but increases its strength when used in higher amounts. 

The mixture of clay and straw has interesring engineering properties, while the addition of 
straw reduces the compressive strength of the soil, it increases its tensile strength and ductility, and 
reduces its brittleness. A clay-straw mix seems to be a promising low-cost construction material for ' 
rural seismic areas of Iran. 

I N T R O D U C T I O N  

During the past decade, in villages and rural 
parts of Iran more than 25,000 people have lost 
their lives, and in excess of 40,000 housing units 
have been destroyed due to earthquakes. The 
great destruction of life and property has been 
caused due to the poor seismic resistance of adobe 
and earth houses, which are very .. popular in rural 
Iran. The type of construction material and methods, 
the architectural form, type of plan and design of 
rural housing, and their behavior under high intensity 
earthquakes have been discussed in References (I) 
through ( 5 ) ,  (8), (9), (10) and (12) where various 
suggestions for improving their seismic properties 
are given. 

methods. Thus, the earth houses will be used i s  
most rural ..parts of Iran for  many more decades t o  
come. 

Under the above conditions investigations must 
be carried out in the direction of increasing the 
seismic resistance of earth houses in such a manner 
that its implementation in rural areas will be econo- 
mically, technically, and socially feasible. I t  is 
unfortunate that with all the damage that earth 
houses have suffered, research on their seismic resis- 
tance has not seriously attracted the attention of 
researchers in developing or developed countries. 
This fact can be seen from the small number of 
papers presented on this subject in past world con- 
ferences on earthquake engineering. 

Investigation on improving the seismic strength Due to the economic condition, the low level of of earth can be carried out in the following -technical skill, and many other traditional and 
social factors prevailing in rural areas, the earth directions. 
houses cannot be replaced quickly with modern type (1) Research on methods of improving the proper- 
houses using modern construction materials and ties of low-cost construction materials, in particular 
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the earth materials. A general line of research in 
this area has been suggested in References (2), (lo), 
and (12). The authors have found only a few papers 
.dealing with this subject in international journals. 
More extensive research should be carried out in this 
-direction especially in the developing countries. 

(2) Research on determinationsf ihe 'optimum 
seismic resistant form and geometry of earth houses 
has not been reported in literature. Observation of 
structural damage resulting from the recent earth- 
.quakes in Iran has shown that adobe structures 
having the form of conical or cylindrical towers, 
and the structures with dome shaped roofs had a 
better resistance.against earthqbake than structures 
with heavy flat roofs. . 

Presently this subject is under study by the. 
authors with the objective to rank the various forms 
-of earth structures according to their seismic resis- 
tance capacity. In this study the behavior of small 
scale models of earth houses of various forms under 
simulated eatthquake vibration is obtained. 

(3) Research on suitable methods 'of reinforcing 
and increasing the seismic s-trength of conventional 

-earth houses has been under study for some time. 
Proposals in this direction have been made in Refer- 
-ences (2), (3), (8), (9), (10) and (12). Investigation 
on increasing seismic resistance of kick masonry 
buildings. has received more attention (see for exam- 
ple Reference (6) and suggestions made in Reference 
(8). Some of the results obtained in this field can 
be applied to the earth houses with some modifica- 
tions. Extensive research is also needed in the future. 

In this paper the results of some studies made for 
understandingband improving the properties of earth 
materials are presented. 

.* , 

.Improving the Properties of Earth as Construc- 
tion Materials 

Earth used in construction of rural houses con- 
. sists of various types of soils with different properties. 

Knowledge of soil properties and ways to improve 
-these properties is essential in obtaining good earth 
houses. The more important problems are; (1) 
how can the compressive strength of soils be 
increased, (2) how can their waterproofing capacity 
.be increased, (3) how can the brittleness of soil 
materials be reduced and their ductilitjr be increased, 
-(4) how can the shrinkage of soils which is the 
major cause of cracks be prevented, and (5) how 
can various types of soils and proper additives be 
combined to obtain the required properties ? 

Types of Soils 

As a construction material the soils are divided 
into gravel, sand, silt, clay and organic soils. 
.Granular soils consisting of gravel and sand cannot 
be used alone for building earth houses due to the 
bck of a proper bond between their grains. To 
abtain a proper bond, some additives or stabilizers 

such as Portland cement, lime, gypsum, or clay should 
be added to this type of soil. In earth houses a 
mixture of granular soils and clay are commonly . 
used. Non-granular soils including silts and clays 
are widely used to build earth houses. Silts will 
hold together after drying, but they are not strong 
enough to be used -alone as a . building material. 
Silts absorb water by capillary action, swell and 
become-soft when wetted. Clays are generally very 
sticky soils when wet. After drying they become 
hard and show a substantial amount of compressive 
strength. Various types of clays have different 
swelling, shrinkage, and other properties due to their 
structure and physico-chemical composition. Organic 
soils which are usually top soils are not good for 
use in earth houses. They are hinhlv com~ressible 
and have a very low st;ength. bGayingA organic 
materials continue to decompose for a long time 
leaving a weak spongy soil. . . 

Pl'operties of Clays 

The most important properties of.-clays are their 
fineness, mineral and chemical structure, and their 
plasticity. These are discussed in Reference (7). Fine 
clays have very large Specific-Surface which leads to 

' a considerable contact surface of water and clay 
'particles. This gives the clay different properties 
from silt or gravel. Chemically, clays are "hydrated 
aluminum 01. magnesium silicates" consisting of two 
structural units; silica tetrahedral and aluminum (or 
magnesium) octahedral. 

According to the arrangement of these units 
different clay minerals are formed where each mineral 
has a different swelling, stickiness, strength, cohe- 
siveness, and other physical properties. Plasticity 
of clay is also one of its, important properties. 

Effect of Additives 

In order to obtain soils with proper qualities, 
sometimes the addition of various types of additives 
or stabilizers are needed. Selection of the type of 
additive depends upon the type of the soil and its 
application. In addition, the availability, cost, and 
level of skill in the use of additives must be consi- 
dered. The effects of the following additives are 
investigated : 

Effect of water Content on Soil Strength-Every 
type of soil has an optimum water content, which 
when dried, results. in the highest compressive 
strength. For determination of the range of varia- 
tion of strength with water content for the type of 
soils which are usually used for making adobe 
bricks, a sample of silty clay soil passing the No. 20. 
sieve (ASTM scale) was used. This soil was mixed 
with water in nine different degrees of water content. 
From each of them cylindrical specimens shown in 
Figure (1) was made and compacted according to 
the Proctor method.") The samples were dried - 
for seven days in the shade and seven days in the 
sun. The results are shown in Figure (lj. I t  is 
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seen that the compressive strength.varies 'widely with 
the water content. This shows the importance of 
controlling the amount of water used when making 
adobe bricks. 

Effect of Specific Suvace (fineness) of. Soil on its 
Strength-A sample of clayey soil is used for testing. 
A part of this sample was passed through the No. 10 
sieve, the other part through the No. 20 sieve. For 
nearly the same water content, specimens were made 
from each part in a similar manner as in preceding 
para. The test results are shown in the following table : 

T v P ~ . ~  Soif Passing - Water Compressive 
Specmlen Sieve No. Content Strength 

% ( K g l m ' )  
1 10 20.10 21.92 

2 20 '20.65 37.90 

I t  is seen that the compressive strength of the 
finer soil (passing No. 20 sieve) is much greater than 
that of the coarser soil. Specimens were made 
immediately after preparing the mud as is usual. , , 

In order to obtain a high strengfSi adobe, water 
should come into contact with all clay particles. To  
obtain such a condition the soil clods must be broken' 
down into pieces as small as possible. This can be 
done by repeated mixing or by letting the soil-water 
(mud) mixture remain for a period of time before 
using it for making adobe bricks. As told in some 
old stories, in the old times a part of the pay of 
adobe making labourers was thrown into the mud, 
s o  that they were forced to pass all the mud through 
their fingers so as to find the coins. In  this manner 
all the clods were braken and the mud was mixed 
with water properly. 

. . ;.. Emin Diambtet : Peri-ottage - . f iner  
.. ..(mm) ; . . .  . .. (by  weight) 

,.. 2-38 . ., ., , . , ; ioo-00, 
,( . . ' - .- 2.00. , . : . . .  - .  . 9960. 

. . . . 
, ..:, 0.84 , .  . . 33.80 

0.495 4.60 . 
. .  0,2485 1.10 . 

0.1500 0.56. 
0.0740 0;34 " - , 

Four skts of specimens having sand-clay ..I;;dpor- 
tions of S,C,, SICl, .SIC,, .and S,Cl. (where S ic l  
shows that the i part of the mix (by weight) is _sand 
and the' j part of it is clay) and optimum water 
content -of 12'1, -15'4,. .16-7, and .22'5 respectively, 
were made. Each set of specimens consisted of a 
5 cm. cubic sample and a cylindrical sample whose 
dimensions are given.in Figure (1). 

All specimens were dried for. seven days in. the 
,shade and. seven days in the sun in a room environ- 
ment. The specimens were tested with a constant 
strain rate of.0'30 inches per minute. The results of 
the compression. .test ' for cubic and cylindrical 
samples are~shown as curves marked as having no 
additive in Figures . (2) and (3) respectively. I t  is 
seen that as the clay content of the mix increases, 
the compressive strength also increases. The maxi- 
mum strength is obtained for the SIC, (75% clay 
plus 25% ., sand) mixture,. (46'6 Kg/cm2 for cubic 
samples,. 21.6 Kg!cm2 for cylindrical samples) which 
is more than that of pure clay. I t  is also seen that the 
compressive strength of the cubic specimens are much 
higher than those of the cylindrical specimens. 

:The stress strain curve is obtained for a represefi- 
tative cubic sample of SIC, sand-clay mixture. This 
curve is shown in Figure (4). The breakage is found - - 

Effect of the Proportion sand Clay-In to be sudden, brittle, andan a conical form as in the 
.order to improve the strength and shrinkage proper- Concrete samples. The modulus of elasticity is 
ties of clayey soils with high clay content, sand can around 3000 Kg/cme- 
be used asgn additive. Also, to improve the plas- A similar set of tests were carried out to obtain 
ticity and strength of sandy and granular soils, clay the tensile strength of the afore-mentioned mixtures 
ean be used as an additive. of sand and clav. The results are shown in Figure 

The effect of various proportions of sand and 
clay in a sand-clay mix is investigated by an exten- 
sive series of tests. In these tests clay samples were 
abtained from an area east of Shiraz. There was 
some amount of silt in this clay, which is common 
for most clay deposits. The properties of the clay 
samples were as follows : 

Specific gravity 2-75 
Liquid limit 30.0 
Plastic limit 20.6 
Shrinkage limit 19.9 
Plasticity index 9.4 

The samples of the sand used had a specific 
gravity of 2'67, and its grain size distribution is 
given in the following table : 

(5). Here als6 it is seen that the SIC, mix Zves 
the highest tensile strength (7 Kg/cm2). 

The above tests signify the importance of the 
choice of the earth materials of proper proportions. 

Efect of Cement Additive-This additive can 
be used with sandy soils; however, the use of it in 
rural areas has the following disadvantages : 

(a) Portland cement works well only with gra- 
nular soils while cohesive soils are often 
'used for earth houses, 

(b) Cement is expensive and is not readily avail- 
able in most rural parts, 

/ 

(c) Its proper use needs special skill, knowledge, 
.and care often not available in rural areas, 
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(d) Portland cement stabilizer needs a long 
curing time (at least seven days). During 
this period the stabilized adobe must be kept 
moist and protected from drying. This needs 
constant supervision which is difficult to 
obtain in rural areas. 

The effect of Portland cement as a stabilizer 
under unknown curing conditions has been reported 
in Ref. (ll), where it is found that its application 
increases the strength of the soil. A summary of the 
results obtained in this reference is given in Table I. 

In the present work the effect of stabilizers on 
soil was studied under dry curing conditions consis- 
ting of seven days drying in the shade and seven 
days drying in the sun and at room temperature and 
humidity. The authors believe that the chosen dry 
curing condition represents a more realistic condition 
in rural areas than the moist curing condition which 
is not practical in the present situation of rural 
areas. For three proportions of sand-clay mixture 
(Sac,, SIC,, and SIC,), cement was added in two 
proportions (2'5% and 5% by weight) and the 
samples were made and tested in a similar form as 
discussed earlier. The results are shown in Figure 
(2) for cubes and in Figure (3) for cylinders. I t  is 
seen that the use of stabilizers under dry curing 
conditions reduces the strength of the soil instead of 
increasing it. For 5% cement the strength is more 
for SIC, and S,C, mixes than for SIC, mix. For 
2'5% cement the strength increased as the clay con- 
tent increased. The strength of the cubic samples 
was more than that for the cylindrical ones. In 
Figure (5) similar results are shown for tensile 
strength of the specimens having cement additives. 
From this figure it is seen that an increase of the 
clay content increases the tensile strength of the spe- 
cimen. Also, it is seen that the increase of cement 
from 2'5% to 5% does not have an appreciable effect 
on the strength, and the addition of the cement 
additives reduces the tensile strength of the speci- 
men. 

Effect of Lime Putty Additive-Lime is a good 
stabilizer for cohesive soils. It  is cheap and is avail- 
able in most rural areas. I t  increases the water- 
proofing capability of soils, mixes easily with the 
soil, and breaks down the clods of eart l~. '~ '  How- 
ever, its curing period is very long and it may take 
about two months to obtain its full strength. During 
this time it should be protected from rapid drying. 
A mixture of soil and lime putty called "shefteh" is 
used commonly as foundation material under walls 
in most small city masonry buildings in Iran. 

The properties of lime as a stabilizer under 
unknown curing conditions is given in Table I taken 
from Ref. ( l l) ,  where it is shown that the addition 
of lime alone decreases the strength of the soil. But 
its addition together with the cement increases the 
soil strength. 

A set of tests similar to those for cement addi- 
tives were carried out for the lime additives under 
dry curing conditions. The results are shown in 
Figures (2), (3), and ( 9 ,  where it is seen that under 
dry curing conditions the lime additive reduces the 
compressive and tensile strength of the soil. 

Effect of the Mixture af Lime Putty and Cement 
Additive-A set of tests similar to those for cement 
additives alone was carried out for a mixture of 2'5% 
cement and 2'5% lime additives. The results are 
.shown in Figures (2), (3), and (5). 

Effect o f  Gypsum Additive-Compression tests 
were carried out on 5cm. cubic samples made of  
SIC, soils (one part sand to three parts clay) with 
various amounts of a gypsum additive. The results 
are shown in Figure (6). I t  is seen that the addition 
of a small amount of gypsum reduces the strength of 
the sample, but an increase in the percentage of 
gypsum causes an increase in the strength of the 
samples. 

A mixture of gypsum and earth materials such a s  
clayey soils is used as mortar and as plaster. Its 
compressive resistance is high; however, its resistance 
against water is very poor. Therefore, they are.often 
used in the dry locations. 

Eflect of Straw Additive-A mixture of clay and 
straw locally called "kahgel" is used as plaster and 
waterproofing cover for exterior walls and roofs. 
The existence of straw in clay prevents shrinkage 
cracks. I t  can carry a limited amount of tension and 
has a large amount of ductility. 

The ductility of the clay-straw mix is obtainect 
from a series of tests on 5 cm. cubic specimens. The 
resulting stress-strain curve is shown in Figure (4). 
For comparison, the stress-strain curve of a sample 
of sand-clay mix SIC, is given in the same diagram. 

I t  is-seen that while the strength of clay-straw i s  
small its ductility is very large compared to the sand- 
clay mix. This property of clay-straw mix makes 
this material a very interesting prospect as an earth- 
quake resisting construction material for rural areas. 

Another series of tests was carried out on 20cm. 
cubes of clay-straw mixes having various percentages 
of straw. The results are shown in Figure (6). I n  
this diagram the variation of compressive strength, 
specific weight, and percent decrease in the volume 
of the samples (shrinkage) after drying with various 
percentages of straw is shown. I t  is seen that an in- 
crease in the amount of straw decreases the strength, 
shrinkage and the specific weight of the mix. 

From testing a rectangular beam made of a clay- 
straw mix, the flexural tensile strength of the sample 
is found to be 4.1 Kg/cm2 or one-third its compress- 
ive strength. The failure of the beam was ductile 
and with a large deflection, which is very similar t o  
the failure form of under-reinforced concrete beams. 



Resistance Against Water Effect CONCLUSIONS 

In order to study the resistance of the aforemen- 
tioned soils and additives against water effect, a set 
of immersion and spraying tests were performed on 
selected 5cm. cubic specimens. These specimens were 
made as discussed earlier. The immersion test was 
carried out by soaking the specimens in water a t  
25°C. The spraying test was carried out by spraying 
water on the specimens with a sprayer under uniform 
conditions. The reaction and the time required for 
disintegration of various specimens were studied 
and recorded. The results are summarized in 
Table 11. 

The following conclusions were obtained : 

(a) Adobe bricks consisting of a mixture of sand, 
and clay alone are very weak against water. 
They disintegrate quickly in water and are 
also weak against water spraying. Clayey 
soils have a slightly better performance 
under spraying. 

(b) The cement additive in higher quantities 
produces a mild waterproofing property, 

,while in lower quantities it does not have a 
considerable effect. 

(c) Lime in higher quantities works very well 
with sandy soils, but not with clayey soils of 
the swelling type. A low quantity of lime 
does not produce a considerable water- 
proofing capacity. 

(d) The 'combination of lime and cement 
additives even in low amounts gives a very 
good waterproofing property to all types of 
soils. 

I t  is seen that lime is one of the best soil stabili- 
zers against water effect. Somewhat similar results 
have been obtained in Ref. (1 l) ,  and a summary of 
them is given in Table I. 

(1) During high intensity earthquakes poor seis-- 
mic resistant earth houses are the major cause of 
damage to life and property in rural areas of-Iran. 
Research on methods of improving the seismic 
strength of these types of structures is necessary, 
because, due to economical, technical, and social 
reasons, they cannot be replaced quickly with 
modern type houses. 

(2) Improving the strength and durability o f  
earth materials for earth housing can be achieved by 
selection of proper soils, water content, and addi- 
tives. 

(3) For each type of soil there is an optimum 
water content which leads to the strongest adobe. 

(4) Mixes of sand and clay at various ratios 
give different strengths. For each type of sand and 
clay there is one ratio which gives the highest 
strength adobe. 

(5) The addition of additives such as Portland 
cement, and lime in percentages not more than 5% 
of the weight of soil under dry curing conditions 
reduces the strength of soil. Additives have different 
influences on soils with various ratios of sand and 
clay. 

(6) Addition of gypsum in small percentages 
reduces the strength of clay, but in higher percent- 
ages increases its strength. 

(7) The addition of straw to clay reduces its 
compressive strength. However, the ductility, energy 
absorbing capacity, and tensile strength of the clay- 
straw mix is increased. A clay-straw mix seems to 
have the properties necessary for seismic resistant 
rural housing; however, more research on this type 
of material is needed. 

(8) Water is the worst enemy of earth houses. 
Additives such as lime and cement increase the 
waterproofing resistance of adobe. 
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TABLE 1 
THE SUMMARY OF TEST RESULTS ON PRESSED BLOCKS OF sons 

WITH AND WITHOUT ADDITIVES [ FROM REF. (ll).]. 

Block ' Age in Compressive Resis- Spraying Immersion 
No. Days Description tance Kg/cm2 Test Test 

1 50 Plain soil with no additive 15.59 Poor Very Poor 
2 35 5% Cement 
3 40 15% Lime Putty 

37.48 Good Good 
14.24 Good Good 

4 50 20% Lime Putty. 12.29 . Excellent Excellent 

5 33 2.5% Cement+ 5% Lime Putty 34.18 Fair-Good Fair-Good 

6 33 2.5 % Cement+ 10% Lime Putty 26.23 Good Good 
7' 35 5 %Cement+ 5% Lime Putty 46.75 Very Good Very Good 

8 35 5 %Cement+ 10% Lime Putty . 43.17 Excellent Excellent 

Notes : Ccmposition of soil used ; 36% clay and 64% sand. 
Curing Condition : Plain soil blccks were protected from weather after casting. All other blocks 

were subjected to rather severe weather ccnditicas including rain, snow freezing, and fair weather. 
Some of the blocks were immersed in tanks of water. 

TABLE 11 
RESULTS OF SPRAYING AND IMMERSION TESTS ON VARIOUS CUBIC 

SAMPLES OF SOIL WITH DIFFERENT SAND-CLAY RATIOS AND 
VARIOUS AMOUNTS OF ADDITIVES. - 

No. Sand-Clay Water . Spraying Immersion 
Ratio Description Content % Test Test 

No Additive 

9, 9 ,  

5% Cement 

7 9, 

5% Lime 

,9 >, 

2.5% Cement+ 
2.5% Lime 

39 ( 9 ,  

2.5% Cement 

9 9  9 ,  

2.5% Lime 

12.1 Bad 

15.4 7 9  

16.7 Poor 
22.5 9 )  

12.1 Medium 
19.0 3 9  

19.0 9,  

12.8 Excellent 
16.6 $ 9  

23.4 Bad 

11.6 Excellent 

Good 

, , 
Poor 
Bad 

Medium 

9 ,  

Bad 
Bad 

Bad 

9 ,  . 
Good 

Medium 

3 7  

Excellent 

9 ,  

Bad 

Excellent 
Very good 

9 ,  

Medium 
Medium 

Poor 
Good 
Poor 
Bad 

- 
Notes : Bad disintegrates in less than 10 minutes, Poor disintegrates within 10 to 60 

minutes, Medium disintegrates within one to four hours, Good disintegrates 
within 4 to  12 hours, Very Good does not disintegrate but loses a part of its 
edges, Excellent does not disintegrate a t  all. 
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Fig. 3. Compressive strength of. cylindrical samples of various soils 
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Fig. 4. Stress-strain curve for 5 cm cubic specimen of straw clay (kahgel) 
mixture and SIC, sand clay mixtures 
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Fig. 5. Variation of tensile strength of samples of various soils having 
different additives a t  dry curing condition 
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Fig. 6. Variation of compressive strength of 5 cm 
, cubic samples of S1 C, soil ( 2  clay 4 sand) due 

to various % of gypsum additive 

o i i j i S 6 i a  
PERCENT STRAW IN CLAY I %  BY WEIGHT 

Fig. 7. Variation of compressive strength, specific weight and 
percent decrease in volume of 20 cm cubic samples of 
straw-clay (kahgel) mix due to variation of straw content 
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