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ANALYSIS OF AN EFFECTIVENESS OF
EXPANSION JOINTS IN THE MULTI-FAMILY
BUILDING LOADED BY MINING ACTIVITIES

There are a lot of possibilities to protect theseérg building against the negative
impact arising from conducted or projected minixgleitation. These additional
loads on the mining area are dependent, amongsptinem the effects on the sur-
face from an exploitation of coal. One of the basiethods of protection of
a building is to carry out the distribution of ahject into smaller and regular in
a horizontal section parts, what is called dilatatiin consequence of this treat-
ment the decrease of the effort of supporting efem@dditional loaded by mining
impacts, is expected. The problem is realization pfoper and efficient dilatation
in a complicated plan of an existing building.

The paper contains the results of numerical analgfea model of a multi-family
building with a large and irregular horizontal mdiion, where two systems of ex-
pansion joints were used. The results were comparéige results of the analysis
of a model without taking into account additionalling protection. The different
solutions of the analyzes, where the differentdadioms of mining were included,
are presented. The distribution of forces in tharing walls of the building was
analyzed.

Keywords: mining influence, ground deformation, building @ction, FEM, nu-
merical analyzes

1. Introduction

An extremely densely-populated area of Upper Silesiconstantly exposed
to impacts resulting from operation related to wgd®und mining of hard coal
deposits. As a result of said operation we may reksénter alia, a constant de-
formation of land surface. The determination of tate of such deformation is
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a complex issue, still essential from the pointvidw of ensuring safety of
a building structure. Having known the expecteddotpf mining areas we are
able to assume, as early as at the stage of lyitdincture design, an adequate
method and level of protecting the structure. Ageanf possible solutions will be
reduced in the case of an existing building stmectshich is not resistant to im-
pacts caused by continuous deformation of minirgg.aOne of the methods to
reduce the internal forces resulting from additionming impact on a building is
the division of its horizontal projection into réguparts. Such procedure consists
in implementing an adequate expansion joint withimum alterations of the util-
ity functions of the building structure. Executiohexpansion joints in an existing
building is complex and costly in technical ternngl additionally burdened with
a significant role of residents’ emotions beingalwed. Having regard to the
aforementioned, a profound analysis of the effectiglection of expansion joints
system is justified. Our studies are conducted ainah multi-family residential
building with computer-based numerical method beipglied.

2. Characteristics of the structure and geological-mimg
conditions

2.1.Overview of the structure of the building under thestudy

The subject of the analysis is a load-bearingctitre of the detached three-
staircase residential building built with a usetraifditional method and having
different heights. From administrative point of wighe building structure is

Fig. 1. View of the object
Rys. 1. Widok obiektu
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composed of three buildings the horizontal profttf which isC-shaped. The
building structure is founded on one level (allethbuildings) with a complete
basement (Fig. 1). The particular features of thecture are as follows:

* load bearing system — predominantly longitudinal,
» total length of the building (length ¢f letter) L=43.30m,
« total height of the building (measured from therdation footing) approx.
H=17.90min central part and H=13.80in side parts,
« total broadness of the building B=24.dand 10.85n.
 foundations — made of concrete, on which wideneidkbmasonry walls
60-104cmwide and 40+6@m high rest,
* load bearing walls of the building made of soliitks:
oexternal and internal walls of basement and fimtey being 5mthick,
oexternal and internal walls of higher storeys matidricks being 3&m
thick,
« the ceiling over the basement storey - ceilidS
» wooden ceilings over the higher storeys,
« reinforced concrete lintels, prefabricated,
« reinforced concrete stairs, slab-type, double cdai.

2.2.0Overview of the foundation soil as well as geologitmining
conditions in the area of founding of the buildingunder the study

In the area of the location of the building untlee study the geological
structure is composed of Quaternary and Triasgieréa The Quaternary layers
are composed of boulder clays and sandy deposieseas Triassic is repre-
sented by dolomites and marlstone and limestonesilsp The coal measures
are represented by Ruda, saddle and marginal laljieescoal seams are depos-
ited in regular layers with 2Isouth-west saddle. Mining in this area was carried
out in early 20th century in a number of Ruda sef&gers and saddle layers
deposits. The final mining of hard coal depositktplace in April, 2015.

The building structure under the study has beehstt is impacted by the
damage of the structure which cause hindrancegular operation of the build-
ing and which deteriorate its current technicaldibon. Therefore, materials
from our archives which are related to the neareigthbourhood of the building
under the study have been used in this documenthss all records concern-
ing the consequences of mining operations carngdrorecent years. Below is
presented selected information concerning the cpresees of mining in the
area under the study in which the building concgrisdocated as well as sup-
plementary information on ore excavations. Tablgrdsents characteristics of
selected layers.
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Table 1. The main characteristics of exploited deck
Tabela 1. Podstawowe charakterystyki eksploatowappktadow

Distance from the buildin Dee Thickens of the deck| Expl. coef
Deck [ 9 vYears [m]r [ p ;
Done Exploitation
410/1z2 105 1932 380 2,2 (0,8)
414/2 200 1955 485 2,0 (0,8)
416/1z2 230 1964 520 2,3 (0,8)
417 0 1967 535 2,0 (0,2)
418 0 1970 560 2,3 (0,2)
419 0 1977 570 2,3 (0,2)
501/1 240-290 1976-1977540-580 2,3 (0,2)
507 0 1982 720 3,2 (0,5)
414/3 245 1986 520 2,0 (0,2)
507 WD 0 1987 720 2,3 (0,2)
504 WD 0 1988-198D 660 2,4 (0,2)
507 WG 130 1989 710 1,8 (0,8)
414/1 0 1995 475 2,8 (0,2)
419 295 1999-200D0 480 2,75 (0,2)
510 WG 210 2001 710 1,9 (0,7)
504 WG 180 2003 650 3,0 (0,8)
510 WD 265 2005-2006 695 3,0 (0,2)
510 WD 100 2007 705 2,8 (0,2)
510 WD 140 2011 710 2,4 (0,2)
620 440 2014 945 1,8 (0,8)
Design Exploitation
510 WD 155 2013-2017 750 2,4 (0,2)
510 WS 155 after 202D 745 2,8 (0,2)
615 440 2016 895 1,8 (0,8)
510 WG 155 after 2025 745 2,8 (0,2)
414/2 0 after 2030 565 3,0 (0,2)

The geological-mining opinion said that the basididators which charac-
terize the deformation of the area surface in i@latto post-mining are
ema=2.9Mmm/m T=2,6 mm/mand Rni=-27.0km, w=260mm In the case of pro-
jected mining until 2030 the most likely total ingpg& of mining will be charac-
terized by indicators equal #ha=1.4mm/m T=3.3mm/m w=933mm respec-
tively and fall within group 1l of mining area cagery. The opinion also said that
the area under consideration was located withinréaeh of mining tremors
caused by operation of the coal mine. Below igdist record of mining tremors
which took place between 2010 and 2013 and theggneir which exceeded
1-10° J plus maximum likely amplitude of acceleration estted under empiri-
cal relationships. The information contained thedeiad to the conclusion that
in the period under the study several dozen mitri@gors the acceleration am-
plitude of which might have exceeded the value 50 hm/g, took place so it
might have exceeded, according to [1, 2, 3, 4]lilhé& of minor arduousness.
The parameters of mining tremors have been listdcble 2.
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Table 2. The tabulated summary of selected recdrdpdcts during the 2010+2013,
w przypadku ktérych oszacowano przyspieszenie towampowyzej 150mm/3g

Tabela 2. Zestawienie wybranych zarejestrowanycizyg®w w okresie 2010+2013
years, where the value of the resultant acceleratias estimated in excess of
150mm/g

Energy Deck Acceleration

[J] [mm/$]
1 |2010-01-07 21:32:21] 5000 | -340d 2,00E+07| 620 158,0

2 | 2010-01-22 20:23:11] 5130 | -317Q 4,00E+07| 620 358,0
4 | 2010-05-11 13:42:37| 5370 | -337Q 9,00E+06| 620 399,7
5 | 2010-07-3Q 15:36:37| 5000 | -347Q 8,00E+06| 620 300,8
11 | 2010-09-16 05:37:43) 4850 | -347Q 2,00E+07| 620 617,0
13 | 2010-10-0116:49:17| 4900 | -350Q 9,00E+05| 620 273,0
15 | 2010-10-09 03:48:21| 4870 | -353Q 4,00E+06| 620 711,0
16 | 2010-10-1311:01:29| 4860 | -3520 3,00E+06| 620 464,0
17 | 2010-10-1512:39:54| 4930 | -371Q 5,00E+06| 620 394,0
23 | 2011-01-11 23:44:17| 4930 | -358( 8,000E+07 620 1741
25 | 2011-06-03 19:49:33| 5800 | -346( 3,000E+0§ 510 269,9
26 | 2011-06-2917:56:53| 5790 | -345Q 3,000E+0q9 510 208,2
28 | 2011-07-1918:06:39| 5830 | -350( 8,000E+0§ 510 311,6
29 | 2011-09-09 18:08:03| 5860 | -352( 5,000E+0§ 510 301,0
30 | 2011-09-1917:47:08| 5840 | -354Q 4,000E+0q9 510 209,1
31 | 2011-10-08 3:30:06 | 5850| -358p2,000E+0§ 510 220,9
33 | 2012-09-2718:11:16| 5100 | -322¢ 2,000E+07 615 301,8
34 | 2012-10-02 12:43:20| 5290 | -3230 9,000E+0q 615 195,2
36 | 2012-11-21 5:22:35| 5390| -343p6,000E+07 615 310,4
38 | 2013-01-1414:44:17| 5500 | -334Q 5,000E+0§ 615 178,7

No. Data Time X Y

3. The system of expansion joints of the building inalding
numerical equivalents

The determination of the most efficient divisiontbe building structure
with expansion joints being applied was precededianalysis of the results
acquired in the course of numerical calculationthai use of the finite element
method FEM) [6, 7, 8]. The method provides for the creatiéeredible models
of the building with the following being considerestructural components [5],
loads (including mining loads) and expansion jo{ats a modification of contact
between the walls).

3.1.Expansion joints adopted

The implementation of an expansion joint is ainsdreducing internal
forces caused by inter alia impacts of mining origihe areas with mining op-
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eration in progress need specific principles opsimthe joints [1, 2, 3, 4]. The
building under the study has a cle&""letter shape in horizontal projection.
Considering the difference in the heights of buitdiwings and its central part
a division of the building structure into three fgdnas been proposed (Fig. 2b).
Such operation results in the emergence of onetateiwith a prolonged pro-
jection and two smaller ones. The solution may halifred by dividing the
building structure into four parts (Fig. 2d), exexlias a result of supplementary
(as compared taB" option) division of the central part into two farAs in ad-
ministrative terms the building structure is congubsf three buildings one sug-
gested division options includes the layout whiaflects such situation
(Fig. 2c¢). The result ofC" option will be the reduction of the central segrme
length. Seeking the opportunity to compare the wadrktructures of the expan-
sion joints systems being presentdd 'model free of protections (the absence
of expansion joints - Fig. 2a) has also been studipplication of traditional
Budzianowski's approach led to the conclusion thatbuilding structure with
no expansion joints does not have Il category sitance; hence reinforcement
and modernization actions are required.

a) gE b) g&
m 1T ]
i T i i
A 5
c) T d) jE
| | | |
HH I %H i
© o

Fig. 2. Expansion joints adopted
Rys. 2. Zastosowany ukfad dylatacji

The systems of expansion joints as referred hel@inot cater for all possi-
bilities of their application in the building undére study. However; every time
expansion joints require to be formed at the erfteight of the building struc-
ture as well as a load bearing wall to be ereabetbtm the completion of the
part being expanded by joints.
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3.2.Description of numerical model being applied

Numerical models of the building have been madé wactual dimensions
of the structure being maintained and with a udeE#l [5, 6, 7, 8]. The models
include window and door openings in the load bepwalls of the building. The
models consider direct foundation on the soil dbedrunder the vertical modu-
lus of subgrade reaction according to [1, 2]Cas20 MN/n?. The load bearing
walls with various thickness have been describednasonry walls made of
bricks with lime-cement mortar. The ceiling abokie basement has been mod-
elled as concrete slab with the ceilings made obdvdrhe work of materials
considered in the model is described by lineartielaslationship. Details con-
cerning material parameters adopted for calculatiame contained in Table 3.
The building models being applied did not inclubde structure of wooden roof
due to its low stiffness as compared to wall congpds. The load per roof struc-
ture was juxtaposedybo—=4.7 kN/nf) and brought to linear load of external walls
of the building structure. The calculations congédevariable loads applied on
ceilings.

Table 3. Tabulated summary of material parametioptad in the calculation
Tabela 3. Zestawienie parametrow materialowychjpraywanych w obliczeniach

Material | p [kg/n] E [GP4 fc [MPa] ft [MPa] v
Masonry 1900 2,1 2,1 0,4 0,20
Concrete 2400 30 16 1,6 0,16

Numerical analyses have been conducted with @fusEM with a division
into finite elementsKE) of the structural part into 4-node square shelinents
with a side equal to approx. tén (Fig. 3b). The division resulted in approx.
170 O00FE to which adequate material and geometrical parasetere at-
tributed. The expansion join has been considereddpropriate modelling of
segments (Fig. 3a), followed by application of lateral ties providing for the
transfer of compression forces between parts.

Fig. 3. Numerical model of the object: a) divisioto parts, b) FEM mesh
Rys. 3. Model numeryczny obiektu: a) podziat ngscz b) siatka MES



206 D. Mrozek, M. Mrozek, J. Fedorowicz

b
[ y=0°-90° v
| P
v
| -
| 7
C L) ] 5
e
=T = 1"

Il
|
g I
I
I

Direction of Exploitation

: 1

Fig. 4. Analyzed directions of a mining exploitatim view of the object

Rys. 4. Analizowane kierunki prowadzenia eksplgaggrniczej wzgtdem obiektu

The impact of mining operation on the buildingusture has been consid-
ered by the impact of a convex subsidence basiheofadius equal tB=12 km,
corresponding to the impact at the level of uppmaitlof 1l category of mining
area. The studies covered three directions of minmiarked in Fig. 4. They were
referred to the described axes of the buildingcstime: in accordance withax-
is, in accordance with axis and ai=45° angle. The process of applying mining
load consisted in introduction of defined functminground displacement which
corresponds to the first stage of convex basisdition.

4. Selected results of the study of expansion jointystem

The effects of implementing expansion joints hawerb observed by
changes in the values of stresses and deformatiowall components. Moreo-
ver, the influence of applying expansion jointstiva form and values of natural
vibrations have been checked.

4.1. Static response

The studies resulted in the values of deformadiod stresses. The bench-
mark (base solution) was determined to be the statived in the model free of
expansion jointsA) — Fig. 2a, expressing the values acquired irother mod-
els as the percentage share. The selected rebulitues of vertical stresg),
contact stresso(12), main deformatione(y) and shape deformations {2) have
been contained in Table 4. The images of deformalistribution of wall ele-
ments have been presented in Fig. 5.
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Table 4. Tabulated summary of impact the expanaiothe effort of the load-bearing walls
Tabela 4. Zestawienie wptywu dylatacji na gagniescian négnych obiektu

+6.668e-04

+2.000e-05
+0.000e+00

Model

(D)

Radius —R=12km on the directionx — ¢=0°
Model o2 | Percentage oi2 |Percentage & |Percentage &» |Percentage
kPl | [ |kPd| (%W (%] | (W | (%] | [%
A 706 100 486 100 0,419 100 0,555 100
B 666 94 412 85 0,390 93 0,471 85
C 49 7 58 12 0,038 9 0,067 12
D 166 24 128 26 0,100 24 0,147, 26
Radius —R=12km on the directiony — ¢=9(°
Model o2 | Percentage oi2 |Percentage & |Percentage &2 |Percentage
kPl | [ |kPd| (%W (%] | (W | (%] | [%
A 326 100 126 100 0,160 100 0,144 100
B 66 20 43 34 0,058 33 0,049 34
C 290 89 108 85 0,102 64 0,119 82
D 67 21 40 32 0,050 31 0,046 32
Radius —R=12km on the directionxy — ¢=45°
Model 02 | Percentage| oi> | Percentage| & |Percentage &- |Percentage
(kP4 [%] (kP4 (%] [%o] (%] [%0] [%]
A 1360 100 546 100 0,66p 100 0,624 100
B 439 32 379 69 0,313 47 0,434 71
C 150 11 50 9 0,080 12 0,087 14
D 178 13 106 19 0,104 16 0,121 19
&1 [m/m]

Fig. 5. The distribution of main strain: a) modelb) modelD
Rys. 5. Rozktad odksztalegtownych: a) moded, b) modelD
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Considering the largest decrease in structuretatfoeived in the study for
efficient selection of expansion joints, the madlicent model isC — Fig. 2c.
There is one prerequisite, namely mining may natdreducted in Y direction as
this model gets the worst results as comparedemther models. The division
of the building structure with expansion jointslime with administrative divi-
sion seemed the most convenient; still not the bestas the results of the dy-
namic analysis show. Nevertheless, in the worse cas with Y direction min-
ing, the decline of effort reaches the level of @h®0%. This means that such
expansion joints system might be applied if it wir® most convenient from the
point of view of consequent use of the buildingisture. Another possibility for
this expansion joints system is to assume a spetiifection of mining. In the
event the direction is unknown or variable and segto obtain better results in
effort reduction, the expansion joints system repnéed byD model should be
applied. This division results in four parts of thglding structure - Fig. 2d. It is
efficient regardless of the direction of mining ogt@n and the value of effort of
wall structure of the building including expansioints measured with the rates
of analyzed stresses and deformations accordirfg $ystem is by over 70%
lower as compared t& model, i.e. the model with no expansion jointsngei
applied in the building.

4.2.Dynamic response

With reference to the results obtained in statialgsis,A andD models
have been adopted for the second stage, i.e. dgreamalysis. An impact of ex-
pansion gap application on the forms and valuasatdral vibrations frequency
has been analyzed. They were compared with the Imeideout expansion
joints considering bending shapesyoaxis (1), onx axis (.) and torsion shape
(w3). The values of natural vibrations of modé&lsandD are contained in Ta-
ble 5, and the primary shapes of natural vibratiohsiodelsA andD are pre-
sented in Fig. 6. When comparing the shapes ofalatibrations frequencies of
numerical models, the value of natural vibratiorejfiency in modeD is by
33% lower as compared to the model without expangmts. In the event of
calculations under response spectrum analysispplyiag a master spectrum of
the specific area, lower values of forces are obthi

Table 5. Tabulated summary of values of the nafeeguiency of the analyzed models
Tabela 5. Zestawienie wafto czgstotliwosci drgar wkasnych analizowanych modeli

Shape of a natural | @ Shape of a natural | @
Model
frequency [HZ] frequency [HZ]
bending on the axis| 3,27 bending on the axis| 2,20
A | bending on the axis| 3,56| D bending on the axis| 2,69
torsion 4,70 torsion 5,16

Model
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Fig. 6. The comparison of the first shape of thieirzd frequency: a) modél, b) modelD
Rys. 6. Por6wnanie postaci pierwszychstatliwosci drgar wkasnych: a) modeA, b) modelD

5. Summary

Economic profitability of protecting the existingiitding structure against
mining impacts with a use of expansion joints dejsempon the shape, dimen-
sions of horizontal projection of the building stture and significance of the
building structure for its owner. The results ohlyses conducted in the study
lead to the conclusion that with respect to stmeceffort:

» under any division of the building body into smalparts with simpler hori-
zontal projection and equal heights, the efforstficture elements is lower
than in the case of non-divided building — everupyto 70%,

» the most efficient system of expansion joints ia tase under the study is the
division described as modBl In this case the efficiency measured by the de-
cline of the intensity of stress and deformaticatestin structure elements is
noticeable regardless of mining operation in reflatio the location of the
building structure,

* the application of expansion joints each time rtesuin considering the build-
ing structure to be resistant to the activity afdtegory of mining area,

* the system conforming tb model resulted in the reduction of natural vibra-
tions frequency by 30%.

Conducting the process of protecting a buildimgcttire requires different
directions of mining operation in relation to tleeation of the building structure
to be considered. In such case the nearest planimg operation presented in
geological-mining opinion may not be solely andlesively taken into account.
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ANALIZA EFEKTYWNO SCIl UKLADOW DYLATACJI W BUDYNKU
WIELORODZINNYM OBCI AZONYM WPLYWEM EKSPLOATACJI
GORNICZEJ

Streszczenie

Istnieje szereg nuiwosci zabezpieczenia istnigiego budynku przed negatywnym wpty-
wem wynikajcym z prowadzonej lub prognozowanej eksploataajnigaej. Te dodatkowe ohgi
zenia na terenie gérniczym zalem.in. od skutkéw eksploatacji Zdvegla kamiennego na po-
wierzchni. Jeds z podstawowych metod zabezpieczenia obiektu buateego jest przeprowadze-
nie podziatu bryly budynku na mniejsze i regulawnezucie poziomym cgci, czyli jego dylato-
wanie. W wyniku takiego dziatania oczekiwane jesinejszenie wyzenia elementéw rimych
konstrukcji, obcizonej dodatkowo wptywem gérniczym. Problemem jestalirowanie prawi-
dtowej i efektywnej przerwy dylatacyjnej w Zlonym rzucie istnigjcego budynku.

Praca zawiera wyniki analiz numerycznych modeluyblid wielorodzinnego o rozlegtym
i nieregularnym rzucie poziomym, z zastosowanieradn uktadéw jego dylatowania. Rezultaty
obliczen poréwnano z wynikami analizy modelu bez uwdglienia dodatkowego zabezpieczenia.
Dokonano zestawienia rozygian z uwzgkdnieniem r@nych kierunkéw prowadzenia eksploatacji
goérniczej pod obiektem. Analizie poddano m.in. tadksit wécianach nénych budynku.

Stowa kluczowe eksploatacja gérnicza, deformacje padiozabezpieczenie budynkéw, metoda
elementdéw skaczonych
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