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Abs tract - On the basis of the results of two single story masonry building 
mo del tests the suppositon of the ma themati cal model for the calculation 
of the story H-é diagram has been ver ified - the supposition of the distri­
bu t ion of the story shear to individual, separately t rea ted walls, according 
to the ir individual stiffnesses. Good correlation between the calculated and 
me asured displacements and forces has been obtained, in the proportional 
range and up to the limit, failure state as well. 

1. INTRODUCTlON 

When calculating the resistance of masonry buildings to seismic loading we 
ge nerall y have to know: 

- the distribution of horizontal inertial forces over the height of the buil­
din g; 

- the distribu t ion of horizontal story shear to individua l walls in t he cri ­
tical story, in the proportional range and up to the ultimate, fai lure sta­
te as well. For this aim we must know both the flexural and the shear resis­
tance of walls to horizontal loading as well as their deformability charac­
teri stics; 

- the distributi on of bending moments over the h2ight of indiv i dua l walls in 
the cri ti cal story; 

- the failure mechanism of the building as a whole. 

In this paper, the prob lems of distribution of lateral l oad, i.e. the hori­
zontal story shear to individual walls in the story will be discussed. 

Whe n distributing the lateral load onto the walls, the suppos ition of the 
rig id floor diaphragm action, which causes uniform deformations of all the 
wal ls in the story considered, and the supposition of distribution of the 
stroy shear to individual walls according to their stiffnesses, are usuall y 
used. 

The first supposition is us ually satisfied by means of monolithic floor 
structures. On the other side, an insight into the possible distribution of 
the story shear to individual walls, according to their deformability cha­
rac te ristics, can only be obtained experimentally: 

- on the basis of tests, ca rried out on wall elements under combined ~ert i ­
cal and horizontal load conditions, the idealized H-é diagrams can be calcu­
la ted . By means of H- é diagrams, which should take into account both extreme 
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cases of failure of wall elements, the construction of the story H- c diag­
ram becames possible. 

- on the basis of the subsequent failure of walls of one- story masonry buil­
ding models, subjected to the programmed cyclic horizontal displacements, 
the supposition of treating the walls of L and T shape as being disconnected 
at vert ical joints in both directions, can be verified. 

2. IDEALIZATIDN DF THE H-c OIAGRAMS DF HALLS 

2. I The suppasitions 

Hhen calculating the idealized H- c diagrams of walls, the following suppo­
sitions are taken into account: 

- the wall is considered to be a beam élement. In the case of slender walls 
(the walls with the height to width ratio hj d • 1.5) this supposition is 
acceptable, in the case of wider walls the con tributi on of the flexural part 
of deformation is rather small; 

- the height af the moment inflection point is supposed to be at midheight 
of the wall. The analytical studies have shown [IJ that in the case of shear 
failure of wall elements, which is typical for the buildings up to 5 stories 
high, the height of the moment inflection pOint is very close to the midhe igh t 
of the wall; 

- the infl uence of the vertical joints between the orthogona l walls is ne­
glected, i.e., the walls af L ar T shape are treated as being disconnected 
at vertical joints in both directions. This suppositon can be accepted be­
cause the shear part of deformation~ is preva lent . 

~.4 The strength and deformability characteristics of walls 

By means of vertical load carrying capacity tests on walls the compressive 
str~ngth "6" and the deformation modulus of the wall "O" are obtained. 

êy means of combined vertical and horizontal load tests on walls the H- c 
gl~grams (Fig.l) are abtained, which define the strengtn and deformability 
gªrác teristics of walls, subJected to lateral load; with: 

Ko - initial, elastic stiffness of the wall, 
Co - deformation at the idea l ized elastic limit, 

- the resistance of the wall to horizontal load, 
deformation when the resistance of the wall H is reached, max 

cmax - deformation at the failure of the wall. 
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~ - Idea1ization of an experimenta11y 
obtained H- o diagram 

On the basis of these experimenta11y obtained data, taking ioto account the 
boundary conditions (both ends of wa11 remain parra11e1 during the test), 
the va1ues of the shear modu1us "G" and the tensi1e strength of the wall 
"an" can be eva1uated, using equations (1) and (2): 

G = Ko 
l. 2 h 
-F-

Ko l. 2 h 1 2 
1 - r TI (~) 

( 1 ) 

(2 ) 
T 2 ( 1 ) 

a a [ (1,5--.9.) + 0,25 - 0,50J n O ao 

( 1 ) 
Equation (2) is va1id for wa11s with the height ot width ratio h/d .1.5 . 
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.. here: 

F - cross -sectional area of the .. alI, 

ao 
TO 

- the average norma l stress in the .. alI due to vertical loading, 
- the average shear stress in the horizontal cross-sectional 

area of the .. ali at failure. 

Knowing the compressive strength "s" and the tensile strength "a " of the 
wa ll it becomes possible to calculate the resistance of wall to nhorizontal 
1 oadi ng, exp ressed in the form of the 50 ca 11 ed i nteract i on di agrams [1], [2]. 
An example of interaction diagram is presented in Fig. 2, .. here both the 
fl exural and the shear resistance of wall to horizontal loading (ordinate) 
as a function of vertical loading (absc issa ) are plotted in a nondimensional 
formo 
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The flexural resistance of wall is defined by mean s of the flexural inter­
action diagramo A nondimensional coordinate system is used for the conveni­
ence : the abscissa (a I S) represents the vertical load and the ordinate 
(aw/ B) the horizontal °load. The flexural resistance of wall is expressed by: 

(3) 
M 6 

u 
FdB 

Supposing the moment inflection point to be at midheight of the wall, the 
shea r force, causi ng fiexural failure, is given by: 
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(4 ) 

where 
t - thickness of the wall . 

In the case of the shear failure the ultimate shear 

(3 ) 

causes the bending moment at the lower boundary of the wall: 

( 4 ) 

In equation (3), the average shear stress at failure is defined by: 

( 5 ) 

where the coefficient "b" represents the ratio between the maximum and the 
average shear stress in the cross-section of the wall and is depending on 
bo th geometrical characteristics of wall (height to width ratio h/d)and load 
conditions (load eccentricity to width of the wall ratio e/d): 

b 1.5 forthe h/d ;.1 .5, , (6) 
b = 1.54 - 0.48 (~) for the h/d = 1. 

00 

The value of the bending moment depends both upo n the valu " of the shear 
"Hs" and its arm "h a", i .e . upon the height of the moment inflection po­
int (coeff-icient "a" defining its position) . 

The shear resistance is expressed in a nondimensional coordinate system 
(o /0 ) and (, /0 )s. The ordinate, the shear resistance can also be defi­
neS w~th a benSinª moment caused by the ultimate, failure shear at the 10-
wer boundary of the wall: 

(7) 
° s (21.) s 

s 
MS 6 'o °n 

= r-:T - = (-) (-) 
F u S 0 n B 

6 a , 

whi ch represents the shear resistance of wall in the coordinate system of 
t he flexural interaction diagram. If the abscissa of the shear interaction 
diagram (o%n) is transformed to: 

0"0 °0 °n 
(8 ) (T) = (o) (T) , 

n 

the shear and the moment resistance can be plotted together in the same 
diagram. 

The tests carried out on 5 different groups of wa11s have shown [1] that t he 
ratio s between the shear and deformation modu1i G/D as we11 as the ratios 
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between the tensile and compressive strength 0n/S of the walls are practi­
cally contant: 

G/D " 1/10 , 0n/S " 0.06 - 0.07 . 

31 H-6 diagrams were evaluated statistically in order to obtain the ductility 
ratios 6 /6 and 6H /6. The tests have shown that there is no significant 
differen~ªx b~tween max o the 52groups of walls , even when the quality of 
morta r widely varied (2 - 24 N/mm ) : 

6H /6 2.4 (standard deviation 0.54), 
max o 

3.2 (standard deviation 0.71). 

For the strength and deformability characteristics of models of masonry bu­
ildings, the following values were obtained: 

2 °n"0.1 5N/mm, 

G " 650 N/mm2 , 

0/6 " 0.065 , 

G/D" 1/10, 
6 /6 "4 .6, and max o 

6H /00 " 3. 5 
max 

3. TESTS OF SINGLE STORY MASONRY BUILDING MODE LS 

3.1 Description of 1:2 scale models 

The proposed numerical method for cons truction of the story H-6 diagram has 
been experimentally verified on two single story masonry building models, 
subjected to constant vertical and dynamic horizontal load. 

The models represented the ground floor of a 5 story masonry building. The 
models were cast of normal format bricks accordi'ng to the laws of model si­
milarity. 1:2 modeling scale was used as the most suitable for the testing 
equipment at disposition in the Institute . 

Vertical load of the upper 4 stories was substituted by means of vertical 
prestressing, and the horizontal load was programmed in the shape of sinu­
soidal displacements of the floor slab. During the tests, both relative 
displacements between the foundation and floor slab and the reactive total 
story shear were measured. 

Two different models have been tested : 

- model I (Fig .3), composed of two T-shape walls . The cross sectional area 
of the walls in the direction of horizontal forces represented 32% of the 
total cross sectional area of all the walls in the story. Vertical load was 
uniformly distributed ont~ the walls, the vertical stresses in the walls 
amounted to ao " 0.38 N/mm . 
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Fig.3 - Model I. during the testing Fig.4 - I~odel 11. during the testing 

- model II (Fig.4), composed of four L - shape walls. The cross sectional 
area of the walls in the direction of horizontal forces represented 45% of 
th~ total cr?ss sectional area of the walls in the story. Ver tical l oad was 
un lformly dlstrlbuted onto the walls, the vertical stresses in the walls 
amounted to 00 = 0.40 N/mm2. 
3.2 Calculation of the story H-é diagrams 

For both models, tested up to the failure, the story H- é diagrams have been 
ca lculated as the summation of the H-é diagrams of individual walls of each 
model, taking into account the experimentally obtained values of the strength 
and deformability characteristics, as given in chapter 2.2. 
The theoretical values of the story H- é diagrams are presented in Tables 1 
and 2 for models I and 11., respectively . 

Tab le 1 - Calculation of the story H- é diagram for model I. 

Wa 11 s in the Walls perpendicular 
Parameter Unit direction of of the direction of 

hori zonta 1 horizontal force 
force 

2 wa11s 2 wa 11 s 

Cross sectional area - F mL 0.1700 0.3625 

Height to width ratio - h/d - 1 .81 9.80 
I 

Ver tical stress - °0 N/nvn2 0.38 0.38 I 
= HS 30 .6 

I 
Shear resistance - Hmax kN -

u 
Flexural res i s tance -H = max Hf 

u kN - 12 . 7 

Initial stiffness - Ko kN/mm 59.0 16.0 

Idealized elastic 1 imi t - éo 1001 0.40 0.79 I 

Deformation at H - éH max max 
nvn 1.40 -

Ultimate deformation - émax 1.84 -



Tabl e 2 - Calculation of the story H-á diagram for model 11 . 

Walls in the Wa lls perpendicular 
direction of to the direction of 

Parameter Unit horizontal hori zonta 1 force 
fo rce 

4 walls 4 walls 

Cross-sectiona l a rea - F m< 0.3100 0.3725 

Height to width ratio - h/d - 1.9 9.8 

Vertical stress - ao N/mm< 0.40 0.40 

Shear resistance - Hmax = HS kN 59.0 -u 
Fl exura 1 resistance - Hmax = Hf 

u kN - 14.0 

Initial stiffness - Ko kN/mm 103.0 16.0 

Idealized elast i c 1 i mi t - á 
O 

mm 0.75 0.88 

Deformation at H - á mm 2.00 -
max Hmax 

Ulti mate deformation - á max mm 2.68 -

3.3 Comparison of the results 

As it can be seen in Figs.5 and 6, shear failure of the walls in the directi­
on of horizontal loading occurred in the case of both model tests. 

Fig. S - Fai l ure of model I. Fig .6 - Failure of model 11. 
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The observed phenamenan was canfirmed with calculatian alsa , as it can be 
seen i n Tabl es 1 and 2. 

The test results are presented in the shape af t he stary H- é diagrams for 
each af the twa madels tested in Figs .7 and 8. In the same Figures, the ex­
per imentally abtained H- é diagrams are compared t o the calculated ones, ab­
t ained as the summation of the H- é diagrams of indi vidual walls of each mo­
del (see Tables 1 and 2). 
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As it can be seen, a satisfactory correlation between the experimental and 
t he calculated results has been obtained, especially in the case af model 
I . The correlation is very good in both cases, comparing the experimentally 
obtained and calculated values of the ·story resistance, but is not t he best 
i n the case of model IJ., comparing the deformability characterstics . 
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4. CONCLUSIONS 

With the described model tests, the supposition of the distribution of the 
story shear to individual walls has been verified: the supposition of trea­
ting the walls of L ar T shape as being disconnected at vertical jOints in 
both directions and the supposition of distribution of the story shear to 
individual, disconnected walls according to their stiffnesses. 

Taking into account this suppositions, a rather simple method for verifica­
tion of the seismic resistance of masonry buildings can be elaborated, based 
on the superposition of the H-ô diagrams of individual walls in the critical 
story.Of course the method - which is an ultimate state method - can only be 
used in the case when the shear failure of individual walls defines the fa i­
lure of the building as a whole. 
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