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SUMMARY

This paper contains the results of diagonal tension test carried out on
29 brickwork panel specimens of three different dimensions, namely 1.10x1.10
m, 0.90x0.90 m and 0.50x0.50 m approximately, made with hollow or solid clay
bricks; some panels were reinforced with steel bars.

The results indicate that the effective width of equivalent diagonal
strut is about an eighteenth of its length, for square panels. The diagonal
stiffness of the square panels results, on the average,of 600 N/mm 2 (related
to one millimeter of shortening of diagonal strut and one millimeter of panel
thickness) and do not depend on the dimension of the walls.

Curves are plotted to show the relation between the diagonal loading and
the masonry deformations.

For reinforced panels, the width of equivalent diagonal was similar to
that one of non-reinforced masonry.

INTRODUCTION

In modern buildings, it is frequent the case where a brick wall is built
in a reinforced concrete frame and the infill is not integral nor bonding
with the frame.

The design of such buildings to resist earthquake forces can be based
on the assumption that an infilled frame subjected to lateral loads may be
approximately represented by an equivalent frame in which the infills are re-
placed by diagonal struts (Fig. l).

In this case the knowledge of the stiffness and strength of the infill
becomes imperative.

The problem of the infilled frames has received much attention in recent
researches.

Smith (Ref. 1), describes tests on unframed mortar panels loaded along a
diagonal between steel blocks. The Author concludes that, assuming the diagonal
load to be entirely applied near the cornmer of the panel, the effective width
of the equivalent strut, w, varies from d/4 for a square infill to d/11 for
an infill having a side ratio of 5 to 1 (d being the diagonal lenght).

Later, for infilled frames, Smith (Ref. 2) finds that the width of the
equivalent strut varies as function of a parameter:

(I) Associate Professor of Earthquake Engineering, Civil Engrg.Dept., Univ. di
Firenze, ITALY.

(II) Associate Professor of Strength of Materials, Civil Engrg.Dept., Univ. di
Firenze, ITALY.

839



4
A =1 Ect (I)

4EJ1!

in which E., t and 1 are the Joung's modulus, tickness, and length of side
respectively, of the infill, and E, J and 1', are the Young's modulus, second
moment of area, and length of the side of the frame.

Mainstone in an experimental research on infilled frames (Ref. 3) obtai-
ned the following formula:

w=0.175 d (A)704 )

About the behaviour of brickwork panels filled within structure frames
there are other researches besides the ones mentioned above.

Neither the quoted papers, nor the many others recently published, give,
in the Authors' opinion, a satisfactory and complete answer on the behaviour
of brickwork panels infilling structural frames.

To increase the knowledge on the mentioned behaviour, an experimental
research was performed concerning the brickwork panels only (and therefore
with orthotropic material organization) of square shape.

We assumed as variable parameters: the length of the side, the thickness
of the panel, the brick type and, for hollow bricks, the ratio /A between
the area of the holes and the whole area of the cross section of’a grick. The
influence of a reinforcement put within the holes is also considered.

EXPERIMENTAL PROGRAM

Test Specimens

Tests were carried out on brickwork panels; overall dimensions of the

panels and the bricks are described in table I.
The mortar used was 1:3 (cement: sand, by volume); the yield stress of
the reinforcement bars was 517 N/mm%

TABLE I - SPECIMEN CHARACTERISTICS

Specimen Panel Brick
name dimensions Reinforcement dimensions Brick type AH/A G
(m) (cm)

1PA, 2PA,3PA, 4PA, 1.11x1.11%0.12

5PA,6PA,7PA,8PA,9PA | 0.51x0.52x0.12 non-reinforced 24x12x6 solid 0.00
10PA,11PA,12PA,13PA 0.86x0.88x0.12

1FB, 2FB, 3FB, 4FB 1.11x1.11x0,12 ey | 0+25
5FB,6FB,7FB, 8FB, 0.51%0.53x0.12 non-reinforced 24x12x6 0.21
9FB,10FB,11FB,12FB | 0.86x0.88x0.12 0.21
LFC 8.6, 2FC 8.6 1.13x1.13x0.165 24%16.5x12

1FD 8.6, 2FD 8.6 1.12x1.12x0.165 so16 24x16.5x18 0.42
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Test setup

The walls were tested by a diagonal compressive force. As it can be seen
in figure 2, the panels were set diagonally in a MTS Load Frame 211.21, and
were loaded between two steel V-support of two different dimensions (I and II)
(Fig. 3). The V-support set on a cylindrical hinge specially designed (Fig. 4).

Tests were carried out controlling the diagonal relative displacement
of the two hinges. Most panels were tested with a costant relative velocity
of 3,75 x 10~3 mm/sec (Fig. 5¢); for three specimens the displacement histo-
ry shown in Fig. 5,a or b was used.

Measurements

The load cell set in the MIS apparatus, was used to measure the load.

The relative displacement between top and bottom hinges was measured
by a linear voltage displacement transducer that was integral with the piston
of the hydraulic actuator. The horizontal relative displacement between late-—
ral corners was measured by a W 50 Hottinger transducer. Moreover principal
strains in several points of the two diagonals of the panel was measured by
inductive extensometers, Hottinger D1 (Fig. 6). All measured values were re-—
corded on a graphic data recorder.

The diagonal load and the vertical displacement recorded continuosly by
an xy recorder were used to check the progression of the tests.

TEST RESULTS AND DISCUSSION

A summary of the results of the experimental investigation is given in
table II.

This table shows the ultimate (maximun) value of the load P , the maximun
vertical displacement Ayu (Fig. 7), the maximun vertical strain Yat the center
of the panel €_ (measured between two points, 200 mm spaced) the maximun ho-
rizontal extension Ax (measured as upon), the particular load story
(Fig. 5), the V-support type (Fig. 3), the failure mode. Moreover in the table
are shown the ideal maximun main tensile stress o__ = 0,52 P;;/1t calculated
according to Frocht (Ref. 4) for elastic isotropic material (in which t is the
thickness of the panels), the ultimate average shear stress Ty, = P /V/21t and
the ultimate average compression stress under the V-support o,y = P /at (for
a, see Fig. 3). Finally in the last four columns the diagonal stiffness k
and the effective width w of the equivalent strut, the w/d ratio and
its mean for every specimen set are shown.

Failure

The tests have shown that for diagonal compression, four modes of failure
are possible:
a) crushing of the loaded corners (that usually happened when employing type
I of V-supports and hollow bricks (Fig.8);
b) tension crack along the loaded diagonal (Fig.9);
c) sliding along a mortar joint (Fig.10);
d) combined sliding and diagonal crack (Fig. 11).
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Typical behaviour

The behaviour of the panels is quasi-linear until the failure; figure 11
shows the relation between the applied load and the displacement of the loaded
corner.

The collapse is always brittle-type, i.e. the load has a sudden decrease
(remember that the tests were displacement—controlled).

Walls with steel reinforcement, show a behaviour similar to that of non-
reinforced panels;in particular, reinforcement does not change the cracking
load.

After first cracking, load abruptly descreases as in non-reinforced pame-
ls, but the reinforcement prevents the separation of the various pieces.

Figures 12 and 13 show the relationship between diagonal load and internal
strains.

Deformations

In figure 13 strains measured from three different specimens, at load
level of 82.00 kN , are shown. In the AQ and BC sections, the diagrams of €
measured at the centre and at 1/4 of the loaded diagonal are reported. The”
diagrams of ey and e, strains for the OD section are also reported.

The dashed parts of diagram indicate sections in which experimental mea-
surements were not sufficient to allow a sure interpretation.

The trend of these diagrams, obtained from very reliable experimental
measuraments agrees qualitatively with the results, in terms of strains and
stresses, of theoretic analysis carried out by other Authors (Ref. 5) on pa-
nels with isotropic material structure.

The maximun value of strains at the centre of the panel, varies between
0.50x1073 and 0.90x10~3 approx; smaller values were found when the failure
happened with crushing of the loaded corners.

Ultimate load

Tests, carried out for three different size specimens , pointed out that
the failure load P, is proportional to the length of the side of the pamel; in
figure 14 is reported the trend of P for two different type of brick (solid
and hollow).

Stiffness and equivalent strut

In every test the diagonal compression stiffness in the panel (at level
of P ), was directly determined; because of the linearity between P and A_,
the Stiffness does not depend significantly on the load. The value of the’spe-
cific stiffness k does not seem to depend significantly either on the dimen-
sions of the panel or on small differences in the hole-ratio.

To calculate infilled frames, it seems possible to assume k = 600 N/mm

approximately. ]
The width of the equivalent strut was calculated with the formula:
Pud (3)
W= —
EA_t
m yu
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in which E is the Joung's modulus along the holes, determined by tests of uni-
axial compFession on three brick small pillars. The mean values (w/d), pertinent
to every group of specimens , vary from 0,041 and 0,063; therefore in square
panels, the width of the equivalent strut may be considered,on the average,
equal to one eighteenth of the diagonal length; this result may seem in con-
trast with that one obtained by other Authors (some of which tested with homo-
geneous and isotropic materials) who give, for (w/d)a, values equal to 1/10

of the length of the diagonai.

This difference is due for the most part, to the fact that the diagonal
load on the panels, is applied along a direction at m/4 with that one along
which Ej has been calculated; along the load direction the modulus E is con-
siderably smaller.

Because of the difficulty to determine experimentally E,, while E can be
determined by easy standard test, we preferred to give formu%as in whiCh the
latter modulus appears.
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Fig.l: Infilled frame (a) and eqﬁivalent structure (b). Fig.2: Model test. Panel
in MTS load frame.
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Fig.3 : Steel V-support Fig.4: Cilindrical hinge to support the walls.

on the corner of the panel,
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a) ») €)
1PA panel 3PA and 1PA panels  All other panels
Fig.5: Load and displacement histories. Fig. 6 : Inductive

extensometers.

Fig.7: Indication of the Fig.8: Crushing failure, Fig.9: Crack along the
displacements. loaded diagonal.

Ay

Fig.l0: Sliding failure. Fig.1l: Combined failure. Fig.12: Load P versus disp-
lacement Ay(typical plot).
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Fig.13: Internal strains along diagonals. Fig.l4: Relationship between the

ultimate load and the side length
of the panel.
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