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Abstract—In the paper the results of calculations of theatyic
response of a multi-storey reinforced concretediug to a strong
mining shock originated from the main region of m@ activity in
Poland (i.e. the Legnica-Glogow Copper Districg aresented. The
representative time histories of accelerations stegéd in three
directions were used as ground motion data in Gioms of the
dynamic response of the structure. Two variants mimerical model
were applied: the model including only structurldneents of the
building and the model including both structurat amon-structural
elements (i.e. partition walls and ventilation duotade of brick). It
turned out that non-structural elements of multrsy RC buildings
have a small impact of about 10 % on natural fragies of these
structures. It was also proved that the dynamipaese of building
to mining shock obtained in case of inclusion dfrain-structural
elements in the numerical model is about 20 % &ndfian in case
of consideration of structural elements only. Thi@pal stresses
obtained in calculations of dynamic response oftirstibrey building
to strong mining shock are situated on the levehlodut 30% of
values obtained from static analysis (dead load).
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I. INTRODUCTION

The confirmation of this fact can be found in many
experimental works [3], [4].

Non-structural elements of buildings can also iefice the
dynamic response of structures to kinematic exoitatlike
earthquakes and mining shocks. Even though Potalutated
in a zone of low natural seismicity there is aneutgneed to
protect engineering structures against mining sh@acurring
in mining activity regions [5], [6]. The evaluati@f dynamic
response of buildings to mining shocks becameladbsecent
studies in Poland, but most papers concern mingigted
influences on low-rise typical residential buildingR], [7].
The recognition of the influence of non-structugldments on
dynamic response of multi-storey reinforced coreret
buildings to kinematic excitation is still insuffant.

This paper presents complex evaluation of the émfte of
non-structural elements on dynamic characteristicenulti-
storey RC building as well as the effect of thelsments on
the dynamic response of the structure to mininglsho

1. DATA OF MINING SHOCK FROMLEGNICA-GLOGOW COPPER
DISTRICT

ON-STRUCTURAL elements of multi-storey reinforced For the analysis of the dynamic response of mtdtiey

concrete buildings, like partition walls or ventitan
ducts made of brick, are usually neglected in nizcakmodels
which are used for static calculations only. They eeplaced
by a linear load of intensity resulting from theithweight. In
dynamic calculations, such simplifications can leaadl
improper determination of dynamic characteristicstyral
frequencies and mode shapes) of these buildings difficult
to predict whether the consideration of non-strtadtelements
leads to an increase or to a decrease in nate@ldncies. On
the one hand, these elements cause stiffeningeo$ttiucture
which results in the increase of natural frequesicien the

building a real mining shock was selected. Thisckhwas
registered in the Legnica-Glogow Copper Districtickh is
one of main mining activity regions in Poland [[].

Time histories of ground accelerations in threeections
are shown in Fig. 1.

In case of calculation of dynamic response ofcstmes to
earthquake a horizontal component of ground maopiarallel
to the direction of wave propagation plays centodé¢. This
component results from the Rayleigh wave propagatither
components are usually found non-essential andateyarely
taken into account in seismic analyses. In caseanioiing

other hand an additional mass tends to the decra@aseshocks the situation is different. As the epicemntiethe shock

frequency values.

In low masonry residential buildings the influenaenon-
structural elements on the dynamic characterigtiosticeable
[1], [2]. But non-structural elements introduced finulti-

is located relatively close to the analyzed stmgctdifferent
types of waves, i.e. P, S and surface waves, ris@cstructure
at the same time. In typical time history of a mgishock
registered in a short distance from the epicentdues of

storey buildings have a smaller impact on the w@hturamplitudes in three directions are comparable. ivart

frequencies of these buildings. In such builditigstendency

amplitudes of ground motion can even be bigger than

to change the damping properties of the structuye Horizontal components.

introducing non-structural elements reveals muchemo
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Fig. 1 Time histories of ground acceleration reaglfrom mining
shock in the Legnica-Glogow Copper District: (aJihontal
direction X, (b) horizontal direction Y, (c) veréitdirection Z

It could be observed in Fig. 1 that the maximal Btonges
of accelerations in horizontal and vertical dirend are
comparable. Hence, all three components of groiim@tions
resulting from this mining tremor have to be coesatl in the
dynamic analysis. The energy of the shock was atoad J
and it was one of the most intensive mining phemone
registered in this region.

Fig. 2 shows the frequency spectrum of three corapbof
the mining shock from the Legnica-Glogow Coppertibis
The amplitudes show maxima at the dominant freqgeenaf
about 7 and 20 Hz.
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Fig. 2 Frequency spectra of acceleration of mirsingck
in the Legnica-Glogow Copper District: (a) horizaindirection X,
(b) horizontal direction Y, (c) vertical directiah

I1l.  NUMERICAL MODEL OFMULTI-STOREYRC BUILDING

A detailed analysis of the dynamic response tomgishock
registered in théegnica-Glogow Copper Distriavas performed
for a 7-storey reinforced concrete building of aelskon
structure. The essential dimensions of the invatid) building
are as follows: the length - 45.61 m, the widtl0-58 m, the
height - 21.67 m. The main structural elements aiemns
with the dimensions of 30 cm x 30 cm and downstaeams
with the dimensions of 30 cm x 45 cm. Load-bearirdjs are
made of concrete with a thickness of 30 cm. Rea#dr
concrete slabs separating each floor are 15 cnk.thibe
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reinforced concrete foundation slab 80 cm thicksmead (5 variant A:
beneath the whole building. The numerical modeluites Ground floor
also footings of columns and slabs of balconiesdata of the
geometry and material constants were taken from the
documentation of the object. The material datdhefdtructure
are summarized in Table I.

TABLE |
MATERIAL DATA OF ANALYZED BUILDING
Elasticity Poisson’s Mass
Part of the structure modulus ratio density
[GN-m?] [-] kg - m9] _
(b) Variant B:

Concrete columns 34 0.2 2500 Ground floor
Garage floor sle 32 0.2 250C
Upper floor slabs 31 0.2 2500
Concrete wall 30 0.2 250C
Foundation slab 32 0.2 2500
Non-structural brick walls 3 0.15 1800

and ventilation duc

A finite element model of the multi-storey reinfect
concrete building is presented in Fig. 3. For modeland
calculations of the building the ABAQUS program wesed —
a general-purpose system for calculations of emging
structures based on FEM.

Fig. 4 Ground floor of the building: (a) Variant-Atructural
elements only, (b) Variant B - structural and ntmxural elements

(a) Variant A:
Top floor

(b) Variant B:
Top floor

Fig. 3 Finite element model of the multi-storey B@lding

Two variants of the numerical model of building wer
prepared: Variant A — the model of building thatlided only
structural elements, i.e. the frame structure amel lbad- ) o )
bearing walls, Variant B — the model of buildingtfincluded ~ F19- > Top floor of the building: (a) Variant A trsctural elements
all additional non-structural elements, such astitn walls only, (b) Variant B - structural and non-structueidments
and ventilation ducts made of brick. The thickne$snon-
structural walls was 12 cm.

Fig. 4 shows the ground floor, whereas Fig. 5 - tihye The evaluation of natural frequencies and modes of
floor of the building in two analyzed variants. Tloeation of ~Vibration was the first step of the dynamic analysi
the non_structura| e|ements was assumed accordjng]a Flg 6 ShOWS ﬁrst three mOdeS Of Vibration. Thetfand the
documentation of the bu||d|ng It could be obserfreun F|gs second mode of natural vibration are translatiottza, third

4 and 5 that there is a significant density of stmictural Mode is torsional. These mode shapes are simifaibdeh
elements in the structure. Variants A and B of the numerical model.

IV. DYNAMIC CHARACTERISTICS OFBUILDING
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Fig. 6 Modes of natural vibration: (a) first modéranslational,
(b) second mode - translational, (c) third modersional

Table Il summarizes the natural frequencies obthifoe
Variant A and Variant B. On the basis of the calted
differences it is easy to note that the inclusibnan-structural
elements increases the natural frequencies. THeralices
reach 20 %. This means that the increase in thé&dibgi
stiffness caused by non-structural elements hasterénpact
on the dynamic characteristics than the increaghanveight
of the building.

It should be pointed out that the first three nraltur
frequencies are located within the range of the idant
frequencies of the mining shock registered in thegrica-
Glogow Copper District (see Fig. 2). Hence, the kfioation
of the building vibration may occur due to resoreaffect.
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TABLE Il
COMPARISON OF NATURAL FREQUENCIES OF TWO VARIANTS CBUILDING

Frequency [Hz]
Difference

[%]

Frequency

no. Variant A — structural Variant B — structural and

elements onl| nor-structural elemen
1 7.125 7.849 10.16
2 8.184 8.931 9.14
3 10.028 11.254 12.21
4 17.393 20.644 18.69

For further dynamic analysis a model of Rayleigmpang
was assumed:

[c]=atm]+ K] (1)

Rayleigh damping coefficienta and 3 were determined
from the following relations:

a
28, = —— + B 2
& 2K, B ! @
a
28, =——  + (R [2rtf 3
& 21 LK, B 2 3

where &, &, are critical damping fractions referring to
frequenciesf, and f, respectively. The critical damping
fractionsg;, & were assumed as 5 %. Asn formula (2) the
first natural frequency of the building equaled281Hz was
assumed. Ad; in formula (3) the natural frequency of the
second mode of vibrations equaktg4Hz was specified.

V. INFLUENCE OFNON-STRUCTURAL ELEMENTS ONDYNAMIC
RESPONSE OBUILDING

In order to evaluate the influence of non-strudtetaments
on the dynamic response of the building to thectetbmining
shock calculations of dynamic response were pesddriior
both Variants A and B of the model. For further aic
analysis maximal and minimal principal stressessame
representative points of the structure were caledlan Table
[l the location of the selected points is desatibe

TABLE IlI
LOCATION OF REPRESENTATIVE POINTS SELECTED FOR ANABYS
Point no. Location
P1 Central point of roof
P2-Pe€ Centra pointsof floor slab:
P7 Central point of ground floor
pe Centralpointof basement floc
P9-P1t Corneis offloor slab:
P17 — P20 Corners of foundation slab

Figs 7, 8, 9 and 10 present of time histories okimal as

well as minimal principal stresses calculated ahgsoP1, P3,

P7 and P15, respectively. Continuous line refergadant A
of the model (structural elements only), whereaedoline
pertains to Variant B (structural and non-strudtetfaments).
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Fig. 7 Comparison of (a) maximal and (b) minimahpipal stresses
at point P1 for variant A (continuous line) andiaat B (dotted line)

Fig. 9 Comparison of (a) maximal and (b) minimahpipal stresses
at point P7 for variant A (continuous line) andiaat B (dotted line)
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Fig. 8 Comparison of (a) maximal and (b) minimahpipal stresses Fig. 10 Comparison of (a) maximal and (b) minimahgipal stresses
at point P3 for variant A (continuous line) andiaat B (dotted line) at point P15 for variant A (continuous line) andamt B (dotted line)
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The decrease in both maximal and minimal principal the dynamic response was increased by the resonance

stresses could be observed in Figs 7-10 due tmthesion of effect. Hence, the calculated principal strességinated
non-structural elements into the numerical modebufding. from the mining shock reach a relatively high lewdl
For comparison of the dynamic responses of bothefsodith about 30 % of stresses resulting from dead lodte T
and without non-structural elements the decreasexireme extreme values of principal stresses in all analyzeints
values of principal stresses obtained for Variant irB do not exceed 0.2 MPa.

comparison to Variant A were calculated for all lgped

points. Table IV summarizes the results of carriedt REFERENCES

comparisons for selected points located in diffepemts of the [1] A. Kowalska, “Analysis of the influence of non-sttural elements on
structure (see Table IlI). dynamic characteristics of buildings,” PhD Thegisacow University

of Technology, Cracow, 2007 (in Polish).
[2] E. Machg, K. Kuzniar, “The influence of non-structural elements on

TABLE V natural frequencies of vibrations of precast baii,” Engineering and
THE DECREASE IN MAXIMAL AND MINIMAL PRINCIPAL STRESES OBTAINED FOR Constructions, no 10, 1993 (in Polish).
VARIANT B IN COMPARISON TOVARIANT A AT SELECTED POINTS [3] B.R. Ellis, A.J. Bougard, “Dynamic testing and fstéfss evaluation of a
Point Decrease in maximal Decrease in minimal six-storey timber framed building during constroaoti’ Engineering
principal stresses [%] principal stresses [%)] Structures, vol. 23, 2001.
[4] B.R. Ellis, T. Ji, “Dynamic testing and numericalodelling of the
P1 24.: 224 Cardington Steel Framed Building from constructtoncompletion,”
P3 18.3 18.7 The Structural Engineer, vol. 74, 1996.
[5] R. Ciesielski, “Dynamic surface effects of undergrd copper ore
P4 5.9 25 mining in the Legnica Copper District, Poland,” Bngineering
_ Geology of Underground Movements. Proc. of the 23rd Annual
P7 16.4 74 Conference of the Engineering Group of the Geological Society,
P11 18.7 19.8 London, UK, 1988, pp. 435-444.
[6] S. Lasocki, “Probabilistic seismic hazard analyfsis mining-induced
P1t 15.¢ 17.4 seismicity,” in Controlling Seismic Hazard and Sustainable
Pl 19.F 16.£ Development of Deep Mines. Proc. 7th International Symposium on
Rockburst and Seismicity in Mines, Dalian, China, 2009, pp. 59-72.
P17 4.1 114 [7] T. TataraAn influence of surface mining-related vibration on low-rise
buildings, Scientific Notebooks of Cracow University of Tedtogy,
P2( 10.4 3.2 no. 74, Cracow, 2002, pp. 61-70 (in Polish).

Open Science Index, Civil and Environmental Engineering VVol:6, No:3, 2012 publications.waset.org/10156.pdf

[8] G. Mutke, K. Stec, “Seismicity in the Upper Silesidoal Basin,
Poland: Strong regional seismic events,” Rnoc. 4th International
Symposium on Rockbursts and Seismicity in Mines, Cracow, Poland,

In the paper the results of calculations of the atfic 1997,
response of multi-storey reinforced concrete bngdio strong Pp. 213-217.
mining shock originated from the main region of m@q
activity in Poland (i.e. the Legnica-Glogow Coppgistrict)
are presented. The numerical model including stratt
elements only as well as the model including batbcsural
and non-structural elements of the building weuelistd.

The following conclusions and general remarks for
engineering practice could be formulated:

1. Non-structural elements made of brick introduiredhulti-
storey RC buildings have a small impact on the na&tu
frequencies of vibration of these structures. Twedase in
values of natural frequency of about 10 % could be
noticed.

2. The presented comparisons of principal stresew that
the dynamic response obtained in case of inclusiaron-
structural elements in the numerical model (VariBhtis
smaller than the dynamic response obtained in odse
consideration of structural elements only (Variakx
Additional stiffening of the model leads to the dEase of
about 20% in the calculated principal stresses.

3. It should be pointed out that the analyzed mginshock
belonged to the group of the strongest phenomeea ev
registered at the Legnica-Glogow Copper District.
Moreover, the band of the dominant frequencieshef t
shock included first natural frequencies of theldnog so

VI. CONCLUSIONS
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