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1. INTRODUCTION

In Third World countries considerable loss of life caused by earthquakes 

occur in earthen buildings. The scientific and technical communities of these 

countries can significantly contribute to control the problcm by finding ways to 

increase the strength of this traditional building material and disseminating the 

improved construction techniques among the bu ilclers. lhe majority of whom do 

not have any mcans to clevelop the necessary know-how. 

2. BACKGROUND AND OBJECTIVES

I t was only in the l 970's that consciousness was raised in Pcru abo u t the 

need of studying the problem of seismic strength of adobe buildings. Initially. 

rescarch at thc Catholic University of Peru (PUC) was orientecl towards the study 

of el ifferent typcs of reinforcement using rural materials ( 1-4) and the effect of 

some additives to the mortar (5 ). 

In 1979, PUC and the National Autonomous University of Mexico ( UNAM) 

cleveloped a Joint Research Project to study the strength of adobe masonry. Dif­

ferences of about 500 º/o in the strength of adobe wall specimens made with 

adobe bricks of similar strength were detected. The cause of such high diffcrence 

in strength was not understood at the time (6). 

Most of the research pcrformcd on adobe masonry w_�� based on study of

relationship bctween properties of the materials u sed and thc strength of the adobe 

brick (7) and little or no attention was paid to the soil mortar us�d to join the 

adobe bricks. 

The objectives of this work wcre. first, to study the soil characteristics fun­

damental to the seismic strength of adobe masonry ancl. second, to investigatc the 

effect of adclitivcs and construction techniques for improving !he strength of thc 

masonry. Another objective was to develop strategies for dissemination of the 

rcsults obtained. 

Ali lhe information gcnerated during thc research is containcd in reference 

8, which includes detailcd descriptions of the techniques used and the results 

obtained. This paper prescnts only the most important conclusions and recommen-

dations. 
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3. SELECTION AND ANAL YSIS OF SOILS

Six zones of Peru where adobe construction is traditional were selected for 

th is stu dy. Soil sam ples from these are as were collected in order to correlate their 

physical, chemical and mineralogical characteristics with the seismic strength of 

adobe masonry made with these soils. 

The physical properties of the soils were studied by the evaluation of their 

granulometric characteristics and Atterberg Limits. A number of tests were perfor­

rned to determine the chemical composition of the soils and of water samples 

brought from each location. The mineralogical characteristics of the clays present 

in each soil were evaluated by X-Ray diffraction analysis performed at the Univer­

sity of California. Berkeley. 

Results of physical and mineralogical tests on six selected soils are shown 

in Tables 1-3. 

4. SPECIMEN C'ONSTRUCTION AND MECHANICAL TESTING

In order to avoid a large variation in the test results between individual 

specimens, a soil mixer was used to make the soil -water mixtures, and all masonry 

specirnens were made by the same technician. The workability of ali soil rnortars 

was maintained at a standard level. controlled by means of Vicat Apparatus, which 

is commonly used for testing the consistency of cernent paste. The apparatus was 

rnodified by welding a srnall steel ball to the tip of the needle. and is shown in 

Fig. 1. The individual adobe bricks as well as rnasonry specirnens were dried in the 

shade in order to prevent cracking due to drying shrinkage. 

The diagonal compression test was used as a criterion for the evaluation of 

the seismic strength of the adobe masonry (Fig. 2). A simpler indirect tension test 

was devised for preliminary studies or for cases when a limited quantity of material 

was available (Fig. 3). The strength of the individual adobe bricks was evaluated 

by compression test on cubes. Test results are presented in Table 4. 

5. FACTORS CONTROLLING THE STRENGTH OF ADOBE MASONRY

a. Material Properties

The characteristics of the soils which had the greatest intluence on the

strength of adobe masonry are those related either to the drying shrinkage process 

or the dry strength of the material. 
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No correlation was found bctwccn thc chcmical composition or thc �oil::, 

or thc ,, atl'r ami thc strcngth of adobe masonry. 

X-Ray diffraction 111i11eralogical analysis of thc clay fractions n�vcalecl that

adobe masonry slrcngth rclated bcllcr to the amount than to tllc typc of clay 

mincrnls prcsent in lhe soils. 

As cxpccted. granulornetric propcrtii:s or thc �oils werc round to be Vl'ry 

important with regard to thc microcracking or thL' rnortar and strength or adobe 

masonry. 

Soils w1th high clay content gencrnlly lwd high dry strength . .i� mcasured 

by compression test. Adobe masonry madc with thesc soils had. howcwr. poor 

strength. since high leve!::, or mi1.:rocracking due to drying shrinkage or mortar w,1s 

causecl by lhe prcsence of largc amount of clay in the morlar. This phcnomcnon 

is apparcnt in Fig. 4. which shows a sccrningly ncgativc corrclation bclWL'Cn thc 

compressivc strength of adobe cubc� ami the diagonal comprcssion strL'l1)lth of 

rhc adobe masonry. 

Thc prescnce or clay in soils is. howe\'er. fundamental to adobe construc­

tion. sincc clay provides for the soil the dry strength. adhcsion anti plasticity. 

No definite relationship was found between the strength of adobe mason­

ry and the silt or sand contents of the soil. Coarse sand content. however, shows 

a better correlation with strength. due probably to the restraining effect of coarse 

material, which reduces mortar microcracking dueto drying shrinkage. 

A standard mortnr consisll.'ncy ( or workability ). corresponding to I O mm. 

penetration in the modil'icd Vicat apparatus. was maintained throughout thc 

research. lt was observcd that in general. strongcr masonry requircd less water in 

thc mortar in order to rcach thc standard consistency. The water contcnt ror 

standar consistcncy was thcrcfore a clrnracteristic paramcter or thc soil. This pa­

rameter. which evaluakd the plasticity of the soil and was also a measure of 

the aclhesion bel ween mortar and brick. dicl not show good correlation with lhe 

ability to rcstrain microcracking due to drying �hrinkage. which was govcrncd by 

the umount of coarsc material present. 

Attl'rberg Limits ,m: uscful for �tandard soil cla:,sil'ication. Unfortunatcly, 

thcy are not goocl indicators of thc strcngth of adobe masonry. ror inslancc. thc 

Plasticity lndcx is rnmpull.'d using only lhe soil fraction smaller than No. 40 mesh. 

ancl not with ali lhc soil: thcreforc its valuc docs not ncccssarily n:llcct thc actual 

plasticity or lhL' soil uscd l"or adobe construction. 
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TABLE 1 

SIZE FRACTION ANALYSIS (º/o) 

Total Total Total Coarse 
SOIL 

Sand Silt Clay Sand 

CAJAMARCA 39 33 28 8 
cuzco 41 50 9 20 
HUANCAYO 52 20 28 15 
HUARAZ 53 25 22 30 
PISCO 59 29 12 1 1 
PUC 35 20 45 1 1 

TABLE 2 

ATTERBERG LIMITS AND SOIL CLASSIFICATION 

SOIL LL PL PI SL CLASSIFICA TION 

CAJAMARCA 28 11 17 9 CL 
cuzco 19 15 4 16 CL-ML
HUANCAYO B. 16 14 2 15 ML
HUARAZ 27 18 9 14 CL
PISCO 21 13 8 14 CL
PUC 27 15 12 14 CL
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FIG.13 SHEAR TESTS ON FULL SCALE WALLS 
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