SHAKING-TABLE STUDY OF A FOUR-STOREYED
MASONRY BUILDING MODEL
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SUMMARY

The behaviour of a four-storeyed masonry building model subjected to
simulated earthquake loading has been studied. Apart from shaking-table
tests, mechanical properties of selected model masonry have been determi-
ned on three types of wall specimens. The response of model to ground mo-
tion has also been calculated. Four DOF lumped mass system with storey cha-
racteristics, evaluated on the basis of experimentally obtained mechanical
properties of model masonry, has been used for calculation. Sufficiently
good correlation between the measured and calculated response has been ob-
tained, although simple biiinear elasto-plastic and trilinear stiffness-
-degrading, origin oriented hysteretic rules were used for modeling the non-
linear behaviour of model as first approximation.

INTRODUCTION

In tnis paper, the experimental study of a four-storeyed masonry buil-
ding model subjected to simulated earthquake loading, recently carried out
at the Institute for Testing and Research in Materials and Structures (ZRMK),
will be discussed. By means of this study, an attempt has been made to ve-
rify the already proposed numerical method for calculation of earthquake
resistance of masonry buildings (Ref.1) as well as to define a suitable ma-
thematical model for prediction of earthquake effects on masonry buildings.

DESCRIPTION OF TESTS

Model Materials

According to the limited capacity of the earthquake simulator at dis-
position at ZRMK, the 1:7 modeling scale was selected as the most suitable.
Special model bricks, as shown in Fig.1l, made of fuel ash, perlite, clay
and corundum dust, burned at 815°C (compressive strength 1.4 MPa, specific
mass 1100 kg/m3) and model mortar, composed of quartz sand and clay (com-
pressive strength 1.6 MPa), were used for model construction. Aluminum wire
of 1.0 mm diameter was used as horizontal reinforcement, placed in each se-
cond horizontal joint for improving the ductility of model masonry.
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Wall Specimens and Test Set-Up

In order to determine the mechanical properties of model masonry, the
following types of wall specimens have been tested:

- type V (five specimens 142 x 318 x 42 mm - see Fig.2) for determination
of compressive strength f_ and elastic modulus E - compression tests;

- type S (four specimens $42 x 173 x 42 mm - see Fig.3) for determination
of tensile strength fy and shear modulus G - shear resistance tests at con-
stant vertical and cyclic horizontal loading;

- type F (three specimens 142 x 318 x 42 mm - see Fig.2) - flexural resis-
tance tests at constant vertical and cyclic horizontal loading.

For type S and F tests a special test set-up has been designed which
keeps constant vertical Toad and parrallel support planes during testing.
Horizontal displacements have been programmed and corresponding horizontal
forces measured by means of load cells. Uplifting of the upper support has
been measured for correction of horizontal displacements of walls.

Four-Storeyed Masonry Building Model

The model was composed of two wall panels in the direction of motion,
pierced by window and door openings and stiffened by transverse walls at
the corners. The dimensions of model in plan were 712 x 427 mm, the height
of the model was 1392 mm. Four 30 mm thick reinforced concrete slabs were
prefabricated. They were placed on the walls during construction process
at each 348 mm storey height level. Four lead bricks (total mass 40 kg)
were fixed to each floor slab as additional mass.

In order to prevent overturning of model during testing, the model was
vertically prestressed into foundation slab by means of steel knitted ro-
pes of 1.5 mm diameter, symmetrically placed on both sides of walls. All-
together 20 ropes were prestressed in pairs. Soft springs on the top floor
slab were used for controlling the prestressing forces, equal to 1 kN per
pair of prestressing ropes.

The dimensions of model and the position of prestressing ropes are
shown in Fig.4.

Earthquake Simulator, Measurements and Testing Procedure

The earthquake simulator was composed of a two-way acting programmable
actuator Schenck Type 250 DL, connected with the steel. rail-guided plat-
form, onto which the foundation sTab of the model was fixed.

Earthquake motion was programmed in the shape of E1-Centro 1940 N-S
component ground displacements, with the increased intensity of motion in
each successive test run. However, because of the Timited capacity of the
actuator, the ground accelerations, recorded during: testing, are not in
correlation with the E1-Centro ground accelerations. Moreover, the shapes
of their time-hystories are considerably different in each successive test
run.

Displacements of model, relative to the foundation slab, and accelera-
tions of model at each story level have been measured. Simultaneously, dis-
placements and accelerations of the shaking platform have been recorded,too.

Before shaking tests, as well as after each successive test run, first
natural frequency and damping were evaluated by hiting the model with a
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wooden hammer at the top floor level. First natural mode shape in the ela-
stic range has been determined by shaking the model at resonant frequency
with a very small amplitude of motion.

The model was subjected to the increased intensity of earthquake moti-
on in 11 testing phases. However, the collapse occurred when the model was

subjected to sinusoidal ground motion, tracing the decaying natural frequ-

ency.

The general view of shaking test is presented in Fig.5.

ANALYSIS OF TEST RESULTS

Mechanical Properties of Model Masonry

The results of vertical compression tests(walls type V) are given in
Table 1. Elastic moduli were
. evaluated at 20% and 30% of the

Table 1 Vertical Compression Tests

Cross-sectional| Ultimate|Compressive | Elastic modulus - €| compressive strength.
pally  arte R - I IR The results of shear resi-
(md) (é) (16a) (pa)’ | (wa)’ | Stance tests (walls type S) are
] 5364 7880 T.32 375 780 given in Table 2. Shear moduTi
v 964 a720 T 2% 30 w2 | were evaluated at 30% of ulti-
A 5964 790 1.7 2702 580 mate horizontal load and at di-
v, 5964 7360 1.25 905 56 splacement level, obtained du-
v 5964 7990 134 638 20 ring first natural mode shape
determination test. Typical hy-
Table 2 Shear Resistance Tests Table 3 Flexural Resistance Tests
Cross-sectional|Vertical|Ultimate|Tensile | Shear modulus - G Cross-sectional| VerticalfUltimate
Wall area load |[hor.load{strength [at 30% ft at 0.T2Z R Wall area load |hor.load
A v H, f, A v H,
(mn?) ) () | (Pa) | (wa) | (wpa) () M m
52 5964 120 | 752 | 0.117 74 - 2 5964 1420 | 450
53 5964 1120 | 743 | 0.115 141 78 F3 5964 1420 | 523
>4 5964 1120 | 801 | 0.128 143 90 Fq 5964 1420 | 516
S5 5964 1120 | 720 | 0.110 107 87

steresis Toops obtained during shear resistance tests as well as the cor-
rected hysteresis envelopes are shown in Figs. 6 and 7. Typical failure
mode is shown in Fig.7b.

The results of flexural resistance tests (walls type F) are given in
Table 3. Typical hysteresis loops as well as the corrected hysteresis en-
velopes are shown in Figs.8 and 9. Typical failure mode is shown in Fig.9b.

Figs.6c and 8c show changes of the equivalent viscous damping ratio
with the increased displacements for walls type S in F, respectively.

Dynamic Characteristics of Masonry Building Model

Taking into account the experimentally obtained mechanical properties
of model masonry, storey horizontal force-deformation relationships have
been calculated (Ref.1). The idealized hysteresis envelope for the first
storey of model is presented in Fig.10. Taking into account the calculated
elastic stiffnesses, the natural frequencies and mode shapes have been de-
termined, assuming the model to be four DOF lumped mass system. First mode
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values are compared to the measured ones in Table 4.

The changes of dynamic characteristics of model, such as fundamental
frequency and equivalent viscous damping of the tested structure, are gi-
ven in Table 5. In Table 5, the values of peak ground accelerations and
maximum first storey drifts, recorded during the subsequent testing phas-
es, are also presented.

During Test No.6, vertical cracks occurred at vertical joints of cor-
ner walls and at corners of window openings. During Test No.8, shear cracks
became visible in window pier, and subsequently, a combination of shear and
flexural cracks occurred in neighboring walls. The model collapsed after
the middle window pier disintegrated at very large amplitudes of vibrati-
ons at resonant frequency.

In order to calculate the response of model to ground motion, the mo-
del was idealized as a four DOF lumped mass system. Linear acceleration me-
thod was used for integration of differential equations of motions at time
intervals of 0.002s. Two simple story hysteresis models were compared in
the calculation: clasical bilinear elasto-plastic and trilinear stiffness-
-degrading, origin-oriented model. Hysteresis envelopes, as presented in
Fig.10, have been taken into account. Typical response is presented in Fig.
11 for Test No.8.

CONCLUSIONS

The following general conclusions can be drawn when analyzing the test
results:
- accurate values of storey force-deformation relationship (stiffness, re-
sistance, ductility) have been obtained by calculation, what confirms the
assumptions of the already proposed numerical method for calculation of
earthquake resistance of masonry buildings.
- sufficiently good correlation between the measured and calculated respon-
se has been obtained, although simple bilinear elasto-plastic and triline-
ar stiffness-degrading, origin-oriented hysteretic rules were used for mo-
deling the nonlinear behaviour of model.

However, the formulation of more accurate hysteretic rules is under
way, and the results of this study will be reported in the near future.
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Fig.4 Dimensions of Four-Storeyed
Masonry Building Model

Fig.5 Set-up of Shaking Table Test
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