PARAMETRIC ANALYSIS OF THE SHEAR RESISTANCE OF MASONRY BUILDINGS

by V.Turndek’ & M.Toma¥evis®

SUMMARY

The basic equations defining the coefficients which are functions of
the parameters affectir®y the seismic resistance of masonry buildings are
developed. These parameters are: the quality and quantity of the masonry
walls, and the design of the building given in terms of the distribution :
of the walls in both orthogonal directions and the distribution of the ver-
tical loading. In the concluding table the seismic resistances of charac-
teristic stone-masonry and brick-masonry buildings, given in terms of Base
Shear Ceofficients, are presented.

1.0 INTRODUCTION

Knowing the parameters of strength and deformability of each particu-
lar wall in the story of a building (from its H-S diagram) and knowing the
expected horizontal inertial force acting on the building (given in terms
of a base shear coefficient - BSC, and its distribution onto particular i
walls, a calculation method for evaluating the safety factor of each parti-
cular wall and hence of the building as a whole can be developed. If the
condition for the stability of a building can be expressed in the form:

% .n () .n () «een (@) ...n @) =1, v

it is possible to define the parameters of the shear resistance of the
building. In the above equation ¢ is a function of the seismic coefficient
K and the safety factor V (which together represent the base shear coeffi-~
cient at failure "VK"), and n (pi) is the coefficient which is a function:
of the parameter p;- ,

2.0 THE SHEAR RESISTANCE OF WALLS

The hypothesis that the maximum principal tensile stress defines the
initiation of diagonal cracks in the wall has been confirmed experimentally.
On the basis of this hypothesis, the following parameters define the cares-
ponding shear stress in the wall Ty at failure: the vertical bearing stress
"o,", the experimentally cbtained tensile strength of the wall material
"on", and the geametrical properties of the wall - factor b, which is a
function of the ratio h/d:

g
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For all cases where St.Venant’s principle is valid, b = 1,5. For wi~
der walls with h/d < 1,5 and simultaneously for larger eccentricities in
the bearing surfacese/d > 2/12, 1 < b < 1,5. Taking into account the same
value of b = 1,5 for every wall in the story, we are on the conservative
side by about 10%.

3.0 DISTRIBUTION OF THE HORIZONTAL SEISMIC FORCE
The distribution of the horizontal seismic force acting in the story

H £ onto the individual wall r is obtained assuming rigid floor diaphragm
agglon. It is proportional to the stiffness of the wall Kr:

K
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Fram Eq. (3) and (4) can be obtained:
1
i S °r o= Beoe
F * r o'n * ¢ o F__*
r = Fy (i) tot
i=1 Frot® %

Denoting the ratio of the cross-sectional area of the walls standing
in the direction of the seismic force to the total cross-sectional area of
all the walls in the story by A, _, and the ratio of the cross-sectional area
of the walls starximgperperﬁlcalarlybyx , the above equation can be wri-
tten in the form:

1

3 = — . W ..o (5)
+ R, £ h

*h

The value of w varies between 0,75 and 1,05. With w = 1 we are on the
safe side. If torsional effects are to be taken into account, then the coe-
fficient w must be multiplied by an estimated torsional factor. In Fig.l the
nondimensional H-§ diagrams are shown and also the calculation of the coe-
fficient w is presented, assuming there to be-an equal mumber of walls in
each group of walls with a ratio h/d < 3. :
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4.0 CALCUIATION OF THE SAFETY FACTOR OF BUILDINGS

The safety factor of a building deperds on the safety factor of one of
the relevant walls. As the relevant walls are denoted those walls which de-
fine the failure mechanism of the building, according to their relatively
greater stiffness and larger number.

_E‘he resistance of the —I !_The cross - sectional area of the
@ |revelant wall | ® |walls standing in the direction
_J of the seismic force
vV = = — -
The total inertial force ['—I'he factor of increasing or decre-
@ |acting in the story !|.@ |asing of the load acting on the
relevant wall _

Substituting for the expressions in the above equation with the para-
meters and symbols listed in the appendix, the following equation for V can

be obtained: 5 .
D [ vl+c_or]‘ ® [¢Ftot A, ]
n

v = cee (8
@ Bd»Ftotnyh (1+?:_¢)]_ @[w]

The vertical bearing stress in the relevant wall Oy Can be expressed
as follows:

g F nf
tot
lo; = yhn + —/—mm— eee (D)
0? C”Ftot Ah

Substituting this expression into Eg. (6) we obtain:

- ) (75) () ) e i ) e
.Y i

If BEq. (8) is squared and solved for the number of stories n, then the
following expression is obtained: )

n= —1 5t (@ z.zv(1+I/1+ ’_ﬁﬁ) cee (9)
s k 2, 7y |
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After normalization of the factor in the curly brackets containing the
parameters Z_and Z_ (the parameters of the structural layout of the buil-

ding) to be 1élqual 8 1 for =0,5and Z = 1, the parametric equation for
failure state can be obtai (see the apgendix for definitions of symbols:
i1 = ... 0
cI).n.n(tk).n(«s;).n(ZhZV) 1 (10)

5.0 THE SEISMIC RESISTANCE OF MASONRY BUILDINGS

Knowing the coefficients of parameters in Eq.10, the base shear coe-
fficient VK, which expresses the seismic resistance of the building, can be
calculated. Because the factor VK appears in the function of the parameters
of structural layout n(Z, Z ) too, the exact value of VK must be obtained

N . - h v
by iteration.

In Fig.2 the tabulated values of the parametric functions n(rk) , n(¢),
and n(Zh Z ) are presented. From the tables the influence of the individual
parametersvc'an be seen clearly.

In Fig.3 the calculated values of VK, the base shear coefficient at fa-
ilure, are presented for two different types of masonry buildings:

- stone-masonry buildings: extreme cases of structural layout have been cho-
sen fram a large number of analyzed buildings with a wall thicknessfSO to
60 cm. In the case of old stone-masonry buildings there is no great diffe-
rence in resistance between buildings with good and poor structural layout,
the essential element of their shear resistance is the quality of the wa-
11s, which can be improved by injecting them with cement grout.

- clay-brick masonry buildings: the structural layout of old buildings with
walls 45 am thick is considered adequate (Zh = 0,45); a structural layout
with a'value 2, = 0,30 is still acceptable, whereas the so-called "tunnel"
type of constr%}cﬁon cannot be accepted. The third example represents a
modern building with walls 20 cm thick, constructed with a mortar of good
quality (nominal campressive strength = 50 or 100 kp/cmz) .

Fram a comparison of the calculated values the fellowing can be clearly
seen '

1. In seismic regions with an earthquake intensity of degree IX according
to the MSK-64 scale (realistic values of the BSC are~0,30 g) the failu-
re of existing stone-masonry buildings is to be expected.

2. The walls of stone-masonry buildings can be strengthened to an adequate
degree of safety by the injecting of cement grout. Thus the revitaliza-
tion of stoné-masonry buildings is possible.

3. Clay-brick masonry buildings - if properly designed and constructed — can

be built up to 5 stories high in regions with a high expected earthquake
intensity.
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LIST OF SYMBOLS AND FORMULAS NOT EXPLAINED IN THE TEXT:

- height of the wall,

- length of the wall,

- shear modulus of the wall,

- deformability modulus of the wall,

F;® - cross-sectional area of the wall,

Fe:t- total cross-sectional area of walls in the story

Q
r

n

?

- weight of the floor structure (dead load + liye lbad),
- volumetric weight of the wall,
- number of stories,

- ratio of the cross-sectional area of the walls
supporting the floor structures to the net-area
of the story,

- part of the floor structure area which is supported
by the walls standing in the direction of the
seismic force,

- net-area of the story,

- ratio of the cross-sectional area of the wails
standing in the direction of the seismic force to
the total cross-sectional area of walls in story,

- ratio of the cross-sectiona area of the walls
standing perpendicular to the direction of the
seismic force to the total cross-sectional area
of the walls in the story,

ratio of the cross-sectional area of the walls
supporting the floor structures and standing in
the direction of the seismic force to the total

cross-sectional area of the walls in the story,

- correction factor for the distribution of the
total seismic force to individual walls.

n(ﬁ):%—
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APPENDIX
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.. function of the quality of

the wallis

function of the porameter of
the ratio of the area of
bearing walls to the net-area
of the story,

. function of the number

of stories,

parameter of the distribution
of the total seismic force onto
the walls standing in the
direction of the seismic force,

parameter of the distribution
of vertical load onto the
walls standing in the
direction of the seismic force,

. function of seismic load , given

with the seismic coefficient
K and safety factor V [base
shear coefficient at failure)

structural layout of
the building
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FI1G.2 VALUES OF THE COEFFICIENTS OF THE
PARAMETRIC FUNCTIONS

CONDITION OF :
STABILITY E—-—:}—'n(‘f)-n('ék ) n(Z,.2,) =1
1
nH’) T — ) = 2
Y ; Th = SMp/m
Thy
o ~F | o006 [0os [ ow |oms |02 |03 | ow
0.400 | .43 50 56 .65 n 79 .83
0.500 38 4L 50 60 67 75 .80
0.600 33 40 45 56 .63 Vi 77
0.700 30 36 42 52 58 68 74
n(®.) = Bk Ph = SMp/m?
k ¥h
By | 10 | 1S 2 5 10 15 20 25 [Mp/m?
n(&,)| .20 .30 40 1 2 3 4 5
, W 9ViK2
+ + 2
nZ, . Z,) = Zn.2, Z2¢ .22
0.25 1+ [ 1+ 36V2K2
Q f
A 1+ Fhe K
Zh - T ZV
w 1+
he
7~2hl 050 | 045 [ 040 | 035 | 020 {025 | 020 | 015 | 040
1 .00 | .83 | 68 | .54 | .42 | .3 .23 a5 M
0.80 | -85 | .70 58 | .47 ¢+ .37 | 28 | . 24 .10
''ned | 70 | 80 | .50 41 33 | .25 19 12 .09
0.40 | 57 | 49 | %2 | 35 | 28 | 23 | 17 | 12 .08
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