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ABSTRACT
The effect of vertical component of earthquake on the behavior of sliding foundations is studied here.
The superstructure is considered as a rigid block, which can be a representative of short masonry buildings, regarding complication of the problem and in order to focus better on the main subject. Recent research studies show that the value of coefficient of friction is not constant, and depends on instantaneous
frequency and amplitude of the vertical vibration which change during an earthquake. These instantaneous parameters can be calculated by WAVELET transforms. Both horizontal and vertical components
of earthquakes as well as the variation of friction coefficient are considered in this study. The results for
five different earthquake records show that the applied acceleration of the block rises by considering the
vertical earthquake, however variable frictional coefficient, compared with the constant one, decreases
the acceleration. Considering the influences of both vertical earthquake and variation in friction coefficient causes having more sliding in the block in most cases.
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1- INTRODUCTION

To have resistant buildings against earthquakes,
the story drifts are controlled mostly by increasing
the structural stiffness. However, this may lead
to increasing the base and story shear. Therefore,
supplying base isolation is known as an optimum
method to control the story drift as well as having
low base shears. There are many technologies for
base isolation, among which sliding base is one the
best, regarding high efficiency and low costs.
Many research studies on sliding bases are in the
literature, most of them have assumed constant values
for friction coefficient during vibration and ignored
influences of vertical components of earthquakes [14]. Despite, Liaw et.al. [5] have shown that vertical
components of earthquakes have considerable effects
on the behavior of sliding bases and they cannot be
ignored. Takahashi et. al. [6] and Iemura et al. [7] have
also focused on the influence of the vertical earthquake
on sliding bases experimentally. However, they
concluded that the influence of vertical earthquake is
ignorable on the frame maximum displacement.
Khoshnoudian and Haghdust [8] have studied
the influence of variable friction coefficient on a
single degree of freedom building. They concluded
that assuming constant values for friction coefficient
leads to error in estimating the structural response; it
overestimates the maximum shear but underestimates
the maximum displacement of the base, compared
with real case, having variable frictional coefficient.
In this research, Mokha and Constantinou formula [9]
was applied for estimating the frictional coefficient.
In the present study, Chowdhury and Helali
formula [10, 11] is applied for calculating the friction
coefficient during earthquakes. The formula is based
on some experimental test results and gives the friction
coefficient as a function of instantaneous frequency
and amplitude of the vertical displacement history as
well as the relative velocity of the sliding surfaces.
Schematic diagram of the experimental setup is
shown in Fig. 1. This is a pin-on-disc machine, i.e.
a pin which can slide on a rotating horizontal surface
(disc). In this setup a circular test sample (disc) is to be
fixed on a rotating plate (table) having a long vertical
shaft clamped with screw from the bottom surface
of the rotating plate. The direction of vibration is
perpendicular to the sliding direction of the pin. More
information are in references 10 and 11. The vertical
movement of the test can be regarded as vertical
displacement of the ground in earthquake, which can
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Figure 1. Schematic diagram of the experimental setup
[10]: (1) Load arm holder. (2) Load arm. (3). Normal
load (dead weight). (4) Horizontal load. (5) Pin sample.
(6) Test disc with rotating table. (7) Computer. (8) Belt
and pulley. (9) Main shaft. (10) Motor. (11) Speed control unit. (12) Compression spring. (13) Upper plate
with ball. (14) Lower plate with V-slots. (15) Height
adjustable screw. (16) Base plate. (17) Rubber block.

be calculated by Wavelet transform functions. The
instantaneous frequency and amplitude of the vertical
seismic vibration is required to estimate the frictional
coefficient, regarding Chowdhury and Helali study
[10, 11].
In this study behavior of a rigid block, representing
a one story masonry building, on a sliding base is
studied, regarding influences of variable friction
coefficient and vertical component of earthquakes.
For this, the friction coefficient is calculated by
Chowdhury and Helali formula, by calculating
instantaneous frequency and amplitude of the vertical
vibration, calculated by Wavelet transform functions.
Among the functions, sym2 is selected for this
calculation, since displacement records is almost
smooth.

2- METHODOLOGY

Regarding Fig. 2, the governing formula of a
block on the ground is as follows. The block starts
sliding if:
(1)
Where m b , Xg and Yg are the mass, horizontal
acceleration and vertical acceleration of the block
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4- CONCLUSIONS

Figure 2. A rigid block on the ground

and µ is coefficient of friction between the block
and the ground, calculated by the proposed formula
of chowdhury and Helali [10, 11] for mild steel.
The block acceleration in sliding is as follows,
cause just by the friction force:
(2)
Where X g and X b are velocity of the ground and
the block, respectively.
A code has been prepared for time history analysis
of the block for constant as well as variable friction
coefficient. Five earthquake records with considerable
vertical component is chosen for this study.

3- DISCUSSION AND RESULTS

The obtained results show that vertical
component of earthquakes cannot be ignored. For the
variable frictional coefficient, the results are shown
for Bam earthquake in Fig. 3; acceleration of the
block is decreased by assuming constant value for
the coefficient of friction. The same is true for other
considered earthquake records. A firm conclusion
cannot be drawn for the displacement of the block
relative to the ground, because it may be increased
or be decreased by assuming constant value for the
coefficient of friction, depending on the selected
record of the analysis.

The obtained results of the present study shows
that supplying sliding base is beneficial for low
masonry buildings, especially in severe earthquakes
with high PGAs.
Assuming constant friction coefficient leads to
base shear overestimation, which is conservative.
Despite, this assumption cannot be used for evaluating
the displacement of the block relative to the ground.
It is because; the displacement may be increased or
decreased by assuming constant frictional coefficient,
depending on the earthquake record. For the
displacement of each step of analysis, the variable
friction coefficient should be calculated and applied
in the governing formula.

5- REFERENCES

[1] Mostaghel, X.; and Tanbakuchi, J.; “Response of
Sliding Structures to Earthquake Support Motion”,
Earthquake Engineering and Structural Dynamics,
Vol. 11, pp. 729-748, 1983.
[2] Fan, F. G.; Ahmadi, G.; and Tadjbakhs, I. G.; “Base
Isolation of a Multistory Building under Harmonic
Ground motion–A Comparison of Performances of
Various Systems”, Tech. Report NCEER-88-0010,
National Center for Earthquake Engineering, State
University of New York, Buffalo. 1988.
[3] Jangid, R.; “Seismic Response of Sliding
Structures to Bi-Direction Earthquake Excitation”,
Earthquake Engineering and Structural Dynamics,
Vol. 25, pp. 1301-1306, 1996.
[4] Shakib, H.; and Fuladgar, A.; “Response of PureFriction Sliding Structures to Three Components of

Figure 3. Results of the analyses for Bam earthquake
AJSR - Civil and Enviromental Engineering, Vol 48, No. 2, Summer 2016

53

Pure Sliding Bases, Considering Variable Friction coefficient and Vertical Component of Earthquake

Earthquake Excitation”, Computers and Structures,
Vol. 81, pp.189-196, 2003.
[5] Liaw, T. C.; Tian, Q. L.; and Cheung, Y. K.;
“Structures on Sliding Base Subjected to Horizontal
and Vertical Motion”, Journal of Structural
Engineering, ASCE, Vol. 114, pp. 2119-2129, 1988.
[6] Takahashi, Y.; Iemura, H.; Yanagawa, S.; and
Hibi, M.; “Shaking table Test for Frictional Isolator”,
Proceeding of 13th World Conference on Earthquake
Engineering, Vancouver, Canada, 2004.
[7] Iemura, H.; Taghikhany, T.; Takahashi, Y.; and Jain,
S.; “Effect of Variation of Normal Force on Seismic
Performance of Resilient Sliding Isolation Systems
in Highway Bridges”, Earthquake Engineering and
Structural Dynamic, Vol. 34, pp.1777-1797, 2005.
[8] Khoshnoudian, F.; and Rezai Hagdoust, V.;

54

“Response of Pure-Friction Sliding Structures
to Three Components of Earthquake Excitation
Considering Variations in the Coefficient of Friction”,
Scientia Iranica, Vol. 16, No. 6, pp. 429-442, 2009.
[9] Mokha, A. S.; Constantinou, M. C.; and Reinhorn,
A. M.; “Verification of Friction Model of Teflon
Bearings under Triaxial Load”, Journal of Structural
Engineering, ASCE, Vol. 119, pp. 240-261, 1993.
[10] Chowdhury, M. A.; and Helali, M., “The effect
of amplitude of vibration on the coefficient of friction
for different materials”, Tribology International, Vol.
41, pp. 307-314, 2008.
[11] Chowdhury, M. A.; and Helali, M.; “The
frictional behavior of materials under vertical
vibration”, Industrial Lubrication and Tribology, Vol.
61, No. 3, pp. 154-160, 2009.

AJSR - Civil and Enviromental Engineering, Vol 48, No. 2, Summer 2016

