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ABSTRACT 

To estab1ish a rationa1 procedure for deriving maximum interstory drifts that 
shou1 d be a110wed by seismic codes. the experimental evidence on damage distor­
tion re1ations for masonry wa11s is reviewed. Resu1ts of a 1arge number of 
test s on masonry wa11s performed in Mexico for different types of units. mortars. 
reinforcement methods and 10ading conditions are used to propose critica1 wa11 
distort ions corresponding to different 1eve1s of damage. 

A probabi1ity based optimization criterion is suggested to derive a110wab1e 
drifts and quantitative resu1ts are obtained for conditions representative of 
Mexico City bui1dings and design practice. The 1imitations of the proposed pro­
cedure and of the va1ues assumed for some variab1es are pointed out. 

I. Scope 

Low tensi1e strength of masonry makes it very vu1nerab1e to in-plane distortions 
as those caused by lateral disp1acement of bui1dings under wind or seismic ac­
tions and those produced by vertical movements of supports due to differentia1 
sett1ements of the foundation. In facto most economic 10sses in modern construc­
tion subjected to strong earthquakes have derived from cracking of masonry par­
titions or infi11s and other non structura1 damage in medium to high rise bui1d­
ings whose f1exibi1ity has given rise to lateral disp1acements exceeding those 
to1erab1e by masonry. 

In add ition to specifying sets of requirements aiming at attaining adequa te lat­
eral strength and ducti1ity. seismic codes specify a110wab1e interstory drifts 
that shou1d not be exceeded under lateral 10ads equiva1ent to the action of a 
desi gn earthquake. with the purpose of providing structures sufficient1y stiff 
as to avoid excessive non structura1 damage under frequent and moderate earth­
quakes. Code a110wab1e drifts are said to be re1ated main1y with damageabi1ity 
of masonry infi11s, but no quantitative derivation of specified va1ues is known 
to the writer. At 1east in Mexico, there is a widespread fee1ing among structur­
a1 engineers that lateral stiffness requirements of present codes are too 1ax 
and that bui1dings designed according to the code are exposed to non structura1 
damage cost exceeding what most owners are wi11ing to accept. 

A t horough know1edge of the re1ation between in-plane distortion and amount of 
damage in masonry wa11s is needed as a basis of any rationa1 requirements on the 
subject. Significant information on this respect can be derived from tests per­
formed at the Institute of Engineering of the National University of Mexico in 
different research projects, name1y those on the study of seismic behavior of 
different types of masonry wa11s (1,2). and that dea1ing with cracking-distor­
tion relations for masonry and their use in the formulation Df reccomendations 
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about a110wab1e sett1ements in 10w-rise 10ad-bearing masonry construction (3). 

The main objectives of this paper are the gathering and 1nterpretation of re­
su1ts of mentioned experimental programs for the purpose of deriving damage-dis­
tortion re1ations for different types of masonry wa11s. Anattempt is made to 
estab1ish a framework for using this information to derive optimum va1ues of 
a110wab1e drift consistent with the design phi10sophy of present seismic codes. 

2. EXpVLÚnmta! Jtuu.UL. on CJu1.elUrtg-CÜ6toJttion Jte.fa.túJn 60Jt mMoMy 

When a frame is subjected to lateral 10ads, the infH1 wall deforms in shear; 
the damage on the 1atter can be re1ated with in the plane distortion, y, equa1 
to the ratio between interstory drift and story height, as shown in fig 1. The 
state of stresses can be reproduced rather accurate1y if a diagonal compression 
10ad is app1ied to the wa11; this is the test most common1y used to study the 
behavior of masonry infi11 wa11s under lateral 10ads. 

Resu1ts of a series of tests of this kind are reported in ref 3. The inf1uence of 
some variab1es on the distortion that caused first cracking was studied by means 
of about 200 tests on sma11 square wa11s (0.4 m side). The inf1uence of other 
variab1es and the postcracking behavior were studied on 26 2 x 2 m wa11s, as 
shown in fig 2. 

In order to .scertain the inf1uence of strain (or 10ad) rate on the mechanica1 
properties, tests on sma11 assemb1ages were performed at four different strain 
rates; in the fastest tests, failure was attained in few minutes, whereas in the 
slowest Dnes distortion was increased at a constant rate in arder to produce 
cracking Df the specimen in about two months. No significant difference was 
found in the distortion at cracking for different strain rates; slighthy 10wer 
cracking distortions were observed for the slowest rate. Even if strain rates 
for seismic actions are higher than the fastest rates used in these tests, it 
was assumed that a11 resu1ts cou1d be used to eva1uate cracking-distortion re1a ­
tions, irrespective af strain rate. 

Resu1ts of tests on sma11 assemb1ages are summarized in table 1. Masonry units 
tested inc1uded solid hand-made c1ay bricks, perforated extruded bricks with a 
10w void ratio and different types of ho110w bricks, p1us a sand-1ime brick. 
Three mortar dosifications of cement, lime and sand were used to bui1d the sma1l 
wa11s. It can be seen from tab1e 1 that the distortion at cracking is rather var­
iab1e, being higher for solid than for ho110w units; the same resu1ts in the av­
erage were obtained for 1:0:3 and for 1:1:6 cement, lime, sand mortars; for 
1:2:9 mortars this property was in the average 78% of that in the former cases. 
Bricks with 1arge ho1es have 1itt1e area of contact with mortar, and bond be­
tween both materia1s is poor due to the smoothness of the surface of units; both 
situations give rise to premature bond failure a10n9 joints. For very rough sur­
faces and for bricks with sma11 perforations, the mortar penetrates into the 
brick producing shear key action and good bonding, fai1ure being governed by t en­
si1e strength of mortar or of brick itse1f, for stresses and deformations hig her 
than those corresponding to ho110w units. 

In tests on fu11 sca1e wa11s the same types of units and mortars were used, the 
rate of strain was such that fai1ure was reached in about three weeks and the 
main variab1es studied were wa11 reinforcement and vertical load. A very thin 
concrete frame surrounded each wal1s in arder to simulate the confinement pro­
vided in actua1 bui1dings by e1ements as f100r slabs and transverse wa11s. In 
some tests a thicker concrete frame was used to reproduce the influence of a 
confining frame; vertical reinforcement was also placed in the hollow units of 
some walls. 
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Some results are shown in table 1ó the following conclusions are reached . Crack­
ing strength was consistently 80% and cracking strain was in the average 72% of 
those obtained in small specimens. Oifferences are attributed to higher confine­
ment provided by the loading setup in small tests, thus increasing tensile 
strength. For solid units bonded with good mortar, the distortion at cracking, 
Yo' was slightly higher than 10-' rad ó for hollow unit masonry y was about half 
tnis value . o 

lhe strain at cracking was significantly increased by vertical compressive load 
(about twice for a stress of 0.36 Mpa )' Yo was also slightly increased when walls 
were rendered with cement or gypsum plaster ó in both cases when a crack was ob­
served in plaster it always penetrated into masonryó this finding was contrary 
to a previous belief that gypsum plaster would be more brittle than masonry and 
woul d crack first. 

lhe size of boundary frame and the interior reinforcement did not affect y , but 
significantly modified postcracking behavior . o 

As a measure of amount of damage, the widths of the largest diagonal cracks were 
mea sured; as seen in fig 3, a linear relation was observed between crack width, 
w, and distortion, y, 

UI = ex(y - yo) 

where ex is a constant depending on type of unit, vertical load and reinforcement. 
lhe crack width increases faster for holTow than for solid units and vertical 
load reduces the rate of growth of crack width. 

lhe load-deformations curves of fig 4 show that strength continously decreases 
after diagonal cracking ó the capacity reduction was greatly delayed in walls 
with interior reinforcement ar with strong boundary frame . Oamage in boundary 
frames occured for distortions above approximately 3 x 10-' rad ó less than 50% 
of the lateral strength was left for a distortion of 10-2 rad. lhe behavior 
shown in fig 4 was peculiar of tests with sustained load or with distortion 
increasing very slowly along several weeks . In tests under short term load a 
much less brittle behavior was observed. 

In another research program aimed at finding reínforcement configurations lead­
i ng to improved ductility and energy absorption capacity, 15 full scale walls 
similar to those previously described were tested under alternating lateral load 
(ref 2). In table 2 average distortion at cracking , Yo' for hollow brick and 
concrete block walls is reported along with maximum dlstortion at which cracking 
strength could be sustained . Values of Yo are very similar to those obtained in 
tests under slowly increasing distortion. (yo; 0.5 x 10-' for hollow units). 
Neve rtheless , postcracking behavior was much more ductile than in previously 
described tests ó in walls with boundary frame and interior reinforcement a dis­
tortion of al most 20 times y could be sustained before load decreased below 
diagonal cracking strength . ~ax imum distortion in walls with only interior rein­
forcement was considerably lower . 

Fig 5 shows shear-distortion curves for walls tested under monotonic lateral 
load (ref 4). Walls with only interior reinforcement suffer drastic reduction of 
l oad capacity for distortions exceeding 5 x 10-' rad, whereas walls confined by 
boundary frames can withstand distortions of 10-2 rad before having their load 
capacity significantly reduced . 

From the point of view of behavior under seismic actions, what matters is the 
damage that a wall can suffer under repetitions of alternating loads and the 
progresive degradation of load capacity that can occur under such cyclic 
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10ad. From the resu1ts of tests reported in ref 1 and 4 it can be conc1uded that 
wa11s bui1t with ho11 0w units suffer much more degradation than those bui1t with 
solid units, due to crushing and spa11ing of the she11s of the units after a 
diagonal crack is formed. In f ramed wa11s bui1t with solid units, significant 
degradation starts when a diagonal crack penetrates into the co1umn as a resu1t 
of the concentration of shear that occur in the corners of the frame after diag­
onal cracking of the wa11s . Neverthe1ess, if the shear strength at the ends of 
the co1umns is 1arge enough to avoid propagation of diagonal cracks into the 
corner, very 1itt1e deterioration is shown for very 1arge distortions; in fact, 
the 10ad cou1d be raised to practica11y the initia1 maximum capacity after more 
than 50 cyc1es of distortion exceeding 30 x 10-' rad . Fig 6 shows some cyc1es of 
shear-distortion curves for wa11s of ho110w units with interior reinforcement 
and of solid units with weak and strong boundary frame; it can be appreciated 
that in the first case 1arge degradation appears for r = 3 x 10-'; in the second, 
degradation is not 50 1arge for r = 5 x 10-', and that the wa11 with strong 
frame cou1d sustain a distortion of 15 x 10-', with on1y moderate degradation. 

From the resu1ts discussed in previous paragraphs some characteristic va1ues 
determining cracking-distortion re1ations for masonry wa11s when subjected to 
short-time diagonal compression can be proposed (tab1e 3). Solid units are dis­
tinguished from ho110w ones, a11 0wab1e distortions being 1arger in the former 
case. Oistortion at cracking is greater for wa11s subjected to vertical 10ads; 
different va1ues are given for wa11s with in t erior re i nforcement or with 1ight 
boundary frame , for infi11s in a strong frame and for unreinforced wa11s . lhe 
characteristic points of cracking-distortion re1ations are: distortion at first 
cracking (ro)' slope of the curve re1ating crack-width with disto r tion curve (a) , 
distortion causing s tructural damage in interior reinforcement ar in boundary 
frame or in units (r $) and di stortion corresponding to major 10ss of lateral ca­
pacity of the wa11s (ru) ' 

3. ObhC'AVa.tW.u, 06 dama.ge .út a.c.tua.f. build.útgh 

Measurements or re1iab1e estimates of lateral disp1acements experienced byactua1 
bui1dings and their re1ation with non structura1 damage are scarce . In few cases 
the disp1acements cou1d be determined from records of acce1erographs 10cated in 
upper f100rs of bui1dings; in spite of 1ack of accuracy of estimating disp1ace­
ments from doub1e integration of acce1erograms , there are c1ear indications that 
interstory drifts up to 0.002 or 0.003 times the story height did not produce 
damage in masonry infi11 wa11s. 

Indirect information on damage that can be produced by lateral disp1acements dur ­
ing an earthquake can be obtained from measurements of sett1ements and for the 
damage they cause in bui1dings; neverthe1ess, great difficu1ties have been en ­
countered when trying .to corre1ate interbay measured sett1ements with wa11 dam­
age, due main1y to 1ack of an initia1 point of reference; some rough index of 
overa11 distortion, as the differentia1 sett1ement between center and corner of 
a bui1ding divided by the distance between these points was found better corre-
1ated with bui1ding damage. A survey of sett1ements and damage in 10w rise 10ad 
bearing masonry wa11 construction is reported in ref 3; there it was found that 
for the same sett1ement, damage diminished with the 1eve1 of vertical 10ad on 
wa11s, corroborating what was found in laboratory tests. From these surveys of 
differential sett1ements it has been concluded that in general damage in masonry 
wal1s starts when distortions exceed 3 x 10-' rad . 

It seems c1ear that the distortion capable of producing damage in masonry wal1s 
of actua1 bui1dings are significant1y 1arger than those found harmful in dia~­
onal compression tests. lhe difference is attributed mainly to small gaps eX1st­
ing between structure and wal1s, which allow the structure to experience some 
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drift before making contact with the infill, as seen in fig I, and the wall to 
rotate with respect to its basis. Oistortions reported in the previous chapter 
were obtained from measurements of deformations within the masonry wall (from 
the changes of length of both diagonals). When the distortion were obtained as 
the ratios of displacements at the top of infilled frames to story heights in 
cantil ever tests. much larger values of Yo were found. For instance. in a series 
of tests of this kind, Esteva (ref .5) measured average cracking distortions of 
2 x 10-' rad for solid brick infills and 1.5 x 10- ' rad for hollow blocks. 

From the point of view of evaluating allowable interstory drifts in buildings, 
distortions should include relative movements between frame and infi11; in arder 
to take into account this effect it is suggested to add a constant value of 
1 x 10-' rad to distortions obtained from direct tests of the infill as those 
presented in table 3. This addition will affect mainly the value of Yo and is 
consistent with the assumption of an initial gap between frame and inf,ll and 
also with the difference between measurements made in the infill and in the 
frame. 

Wit h this modification the values of table 3 can be used as the basis for ob­
taining damage-distortion relations for structures with infilled frames; never­
theles s many more direct measurements in buildings are needed to obtain more re­
liable figures. 

Earthquake resistant design provisions of most building codes require calcula­
tion of interstory drift from an elastic analysis of the structure subjected to 
the same set of equivalent lateral forces used to verify structural strength. 
Calcula ted drift should not exceed allowable values; in arder to evaluate latter 
provi sions, several aspects of the seismic design must be remembered. Equivalent 
lateral forces specified by codes are much lower than those that would be gener­
ated by the design earthquake if the structure responded within its linear range 
of behavior; it is admitted that a part of the energy induced by the earthquake 
can be dissipated by inelastic behavior, and therefore the required strength is 
small er for ductile than for brittle structures . Oesign forces specified by codes . 
are reduced proportionally to the ductility factor that the particular structur­
al system is assumed be able to develop before failure. Nevertheless, maximum 
lateral displacement that the structure would suffer under the design earthquake 
is not that calculated with these reduced forces; if the behavior is elasto-plas­
tic displacements would be approximately those calculated by elastic analysis 
with reduced lateral forces multiplied by the ductility factor implied. 

It must also be remembered that what codes are trying to avoid ar to limit by 
thi s kind ar requirements is non-structural damage for earthquakes of inten­
sit ies much lower than that of the design earthquake . For simplicity sake, drift 
veri fications are made for the same design earthquake used to check structural 
strength, instead of specifying a different "service earthquake" with lower de­
si gn forces; therefore, allowable drifts established by codes are higher than 
those intented not be exceeded under moderate earthquakes and are usually larger 
than those that produce damage in masonry walls. 

Allowabl e drifts specified by different codes show large variations. Mexican 
codes state that calculated interstory drift (multiplied by the ductility factor) 
should not exceed 0. 008 times the story height when masonry infills ar partition 
are not properly separated from the main structure. An interstory drift from 0.010 
to 0.015 times story height is allowed by ATC-3 code in USA depending on the im­
portance of the building . On the other hand, New Zealand code states that twice 
t he calculated drift should not exceed 0.0006 times the story height, otherwise 
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partitions should be separated from the main structure . lt is evident that 
rather different considerations underlie such unlike allowable limits . 

Drift limitations do not usually govern earthquake resistant design of load bear­
ing masonry structures, where ductility reductions allowed by codes are very low 
and the area of walls needed in each direction to withstand story shear forces 
gives the structure sufficient stiffness to meet drift requirements. Dn the 
other hand, drift limitation is generally a governing factor in the design of 
medium to high rise house buildings in zones of high seismic risk, where sizes 
of column and beams must often be i ncreased beyond those required for strength 
purposes, in arder to provide enough latera l stiffness. 

A rational criterion to set allowable drift must balance cost of increasing lat­
eral stiffness of structure with consequences of earthquake intensities that 
could produce cracking of partitions and other non structural damage . A commonly 
accepted criterion of optimization in this sense involves minimizing the sum of 
construction cost plus expected monetary losses due to damage. 

Let us assume that process of occurrence of earthquake motions at the building 
site is such that a certain measure of earthquake intensity, i, is related to 
average annual rate of exceedance , v, as follows (ref 6) 

_ 1 
= Av r (1) 

r is found by fitting curves as eq 1 to statistical data; for data in the range 
of very low frequency of occurence, r is generally found to be around 2.5; in 
the range of more frequent moderate earthquakes r is generally around 1. 

lt can also be assumed that a measure of seismic action (seismic coefficient ar 
spectral ordinate for a strucutre of given period and damping) is linearly rela­
ted to i; furthermore, if displacements are calculated by means of a linear an al ­
ysis, the maximum relative interstory calculated drift will be proportional to 
the seismic coefficient; thus, 

_ 1 
y • av r (2) 

This equation gives the story drift that is exceeded in the average at an annua l 
rate v. 

According to the adopted optimization criterion, monetary losses should be as­
signed to damages produced when the maximum drift in a building exceeds that 
initiating cracking of a partitions . Ref 3 describes an attempt to obtain a rela ­
tion between distortion and damage by taking photographs of walls that were ca r­
ried to different leveIs of damage corresponding to different values of distor­
tion; these photographs were shown to engineers specialized in cost estimation 
for building construction, who where asked to assess costs of the repairs re­
quired to restablish the initial condition of the walls . Average repair cost 
were expressed as fractions of costs of building new walls and are shown for a 
particular case in fig 7; in order to take into account costs associated with 
troubles inflicted to building tenants, a twofold increase over repair cost was 
considered. A typical curve obtained according to this criterion is shown in 
fig 7; it cao be expressed as follows: 
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o = o 
o = 0o(Y/Yo)n 
o = o M 

if Y < Yo 
if Y $ Y $ YM 
if Y > YM 

(3) 

where O is the ratio between cost of damage and cost of rep1acement; n was found 
to 1ie between 1.5 and 2. 

Oamage can be expressed in terms of expected frequency of exceedance, v, through 
eq 2, 1eading to a relation as shown in f i g 8. The expected damage per unit time 
corresponding to an intenisty with an exceedance rate, v, equa1s the product 
O(v)dv; hence, the expected va1ue of damage per unit time is the area under the 
O vs v curve of fig 8. 

Vo 
E[ Ou] J O(v)dv (4) 

o 

Costs of damage occuring at different times during the expected life of a build­
ing must be transformed to present values by considering a rate $ as the differ­
ence between interest ra te and rate cf increase in construction cost; thus, the 
present value of the expected cost of damage is 

E [O ] = ~-$L E[ ° ] = L' E [O ] (5) 
T ~ u u 

where L is the expected life of the building. 

The cost of construction can be separated in a part independent from lateral 
sti ffness and another that decreases linearly with the allowed lateral drifts; 
from this assumption , 

Y 
C = C (q + P ...2.) 

O Yo 
(6) 

where Co is the cost of construction of the building if the structure is de­
signed so that its calculated distortion, YO' under the design earthquake equals 
Yo; p is the fract ion of cost that is independent from lateral stiffness and 
q = 1 - p. 

Establish i ng as objective to minimize the sum of total cost plus expected damage, 

The optimum structure is that for which the drift calculated under the design 
earthquake satisfy the condition 

Solvi ng eq 8 for the conditions set i n eqs 2 to 7, the following result is 
found 

(7) 

(8) 
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where 

1 
( P ) 1 +r L'Bv rK 

O 

BOM/CO ratio between maximum damage to non structural elements and 
total cost of buildings 

~ 0M/Oo ratio between maximum damage and damage at first cracking 
K = _1_ r1-r/n - 1 

r/n + n/r-I) ~ 
~ 

(g) 

lhe following values were considered representative of Mexico City typical build ­
ings and of local code requirements . 

vO' 
L , 
~ 
B 
~ 

n 
r 
p 

expected frequency of exceedance of design earthquake 
expected life or building 
effective interest rate 
relative cost of non structural damageable elements 
0M/Oo ; from fig 7 
for lnfills in a strong frame 
exponent of eq 1 
fraction of cost dependent on lateral stiffness 

0. 02/year 
50 years 
0.03 
0.20 
133 
1.8 
1.5 
0 . 1 

For these assumptions, the optimum value of YO/Yo is 2.5. lhis means 
drift calculated under design earthquake should not exceed 0.005 for 
infills and 0. 0037 for hollow unit infill walls . 

that the 
solid unit 

It must be mentioned that results are rather sensitive to changes in some of the 
variables, and some af those variables cannat be stated with good accuracy. For 
instance, if the design earthquake specified by the code has a return period of 
250 years instead of 50 years, a twofold increase in allowable drift would be 
obtained. On the other hand, optimization method described does not take in ac­
eount, for instance, uncertainties in values af variables involved. Former 
values of allowable drifts were derived on the basis that no further safety 
factors are taken in the design; actually, some conservatism ;5 involved in the 
way lateral stiffness and equivalent load are defined; thus, allowable drifts 
could be higher and nearer to values of the present code . 

6 . Conchu,,wn.l> 

Some information has been presented on the cost of the damage that can be ex­
pected in masonry walls when subjected to in plane distortions. Oata based on 
laboratory tests are rather extensive and conclusive; nevertheless, in actual 
buildings masonry walls seem to be able to afford larger distortions without dam ­
age . Careful damage evaluations and analyses of buildings after earthquakes are 
needed ;n arder to better quantify such discrepancies. 

A crude optimization method has been used to find the allowable drifts that 
should be specified in accordance with present design methods in seismic codes . 
It is found that values are lower than those specified at present by Mexican 
codes; nevertheless, results are very sensitive to the values assumed for some 
variables. and rather arbitrary assumptions were made for some of them; the 
consensus of different specialists must be obtained in order to set more ade­
quate values . One of the objectives of this paper is to arise interest in 
studies aiming at finding more rational solutions to the problem. 
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TABLE 1. RESULTS OF DIAGONAL COMPRESSION TESTS 

Small Sp-ecimens Full Scalle Walls 

Unit Mortar(l) v;2) (3) ReinforJ4 ) Yo 
cement 

Solid Clay I O 3 0.46 1.1 Ii 
Brick 116 0.40 1.1 

129 0.38 0.9 Ii 

Lobsan9 103 0.46 1.0 I 
Celled Clay 1 I 6 0.40 1.1 
Brick 129 0.31 1.0 I 

Honeycomb 1 O 3 0.82 1.6 I 
Celled Clay 1(0 = 0.37) 
Brick 1 2 9 0.37 1.0 

I 

Perforated 1 O 3 0.95 0.9 I 
Clay Brick 116 0.77 O.B 

129 0.44 0.7 I 

Round 103 0.41 0. 7 I 
Holed 103 1(0 = 0.78) 
Brick 1 O 3 III 

1 I 6 0.35 0.8 

129 0. 30 0.6 I 
129 1(0 = 0.36) 

Square I O 3 0.55 1.4 I 
Holed 1 O 3 11 
Brick 103 III 

129 0.23 0.4 

Sand Lime 1 O 3 0. 66 0.5 
Hollow Brick 129 0.39 0.3 111 

(1) Mortar dosification by vo lume; cement:lime:sand 

(2) Shear stress at crackin9, Mpa 

(3) Oistortion at cracking (x 10') 

v (2) 
o 

0.35 

0.35 

0.54 

0.27 

0.54 
0.75 

0.37 

0.82 

0.64 

0.33 
0.56 
0. 41 

0.23 
0.45 

0.32 
0.23 
0.28 

0.42 

Y (3) 
o 

1.6 

0.5 

1.3 

0.4 

1.3 
2. 0 

1.0 

0.5 

0.8 

0. 4 
0.9 
0.3 

0.3 
1.0 

0.6 
0.6 
0.3 

0. 8 

(4) Reinforcement I: Light confining frame (70 mm width); li: Strong confining 
frame (150 mm width); 111, Light confining frame plus vertical reinforce­

ment in three holes 
o = vetical stress, in Mpa 
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TABLE 2. CRITICAL OISTORTIONS FOR WALLS TESTED UNOER SHORT TIME LOAO 

Type of Wall 

Hollow brick with 
boundary frame and 
interior reinforcement 

Hollow brick with 
interior reinforcement 

Concrete block with 
interior reinforcement 

0.7 

0. 5 

0. 5 

13.2 

2.9 

4.8 

TABLE 3. CRITICAL OISTORTION FROM DIAGONAL COMPRESSION TESTS 

Yo 
Type of Unit <J = O <J > 0.2 a Ys 

Unrein -
forced 

Solid 1.0 1.5 1.1 3 3 

Hollow 0.5 1.0 1.4 3 3 

Y distortion at first diagonal crack in rad x 10-' 
o 

y distortion for beginning of structural damage 
5 

y distortion for structural failure 
m 

a constant of equation w = a{y - Yo) 
w crack width, in mm 

YM 
Interiorly 
Reinforced 

---
6 

a compressive stress due to vertical 10ad on the wall (Mpa) 

Ligth 
Frame 

15 

10 

Strong 
Frame 

30 

20 
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