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WEATHERING AND DECAY TYPE OF RED PERMIAN SANDSTONES
FROM THE FACADE OF THE ST. MARKO CHURCH IN BELGRADE

by
Vesna Matovic*

The St. Marko church has been built according to the appearance of the our most beautiful middle
age monument - the Gracanica monastery and represent the monument of the Ancient Byzantine free style,
made with ferroconcrete constructions. Stone panel of its facade was made as combination of Bele vode
sandstones and red Permian sandstones. In the aim to determine a cause of decay red Permian sandstone
within its facade, detail investigation of state blocks and degree of degradation were done. This paper deals
with causes of decay and existence of different types of damages.
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UpKBa cb. Mapica, H3rpat>CHa jc no yrjie/ty Ha jc/(an Ofl Hamux HajjienmHX cnoMCHHKa cpcflH>0BcicOBHe
cnoxe - I'pa’iaiiHny. To je rpatjCBmia "cTapoBHJaiiTHjcKH CjiOCOﬂHOI’" ciHJia, H3BefleHa Y apM MpanoCicToncKoj
KOHcrpyKitHjm. KaMcHa 06jtora ())acal(c rpaI)CHaje KOMSHHaunjoM "ScjioBojtCKor" h UpBCHOI’ nepMCKor neiu-
napa. Pa/(H yntpljHKaH .a y3poKa nponaMan,a upBcnor nepMCKor ncni'iapa yrpaljCHor y cf>acajty upkBC, H3Bp-
mcHa cy jicraji.Ha iiciiH TiiBaiha CTatta SjiokKOBa h crreneHa ii.hxobc pa3rpaj(H>e. Y pajty Cy npnka3anc pa3liH>tHTc
Bpcrc oiirrehcita n y3pona BpeMCHCKor ripoiia;(aii>a npnciiM X nepMCKHX neui'iapa.

Kjbyque pcm upBCHH nepMCKH nciii'iap, ncTporpa4x;Ka CBOjCTBa, (})H3H*iKO-MexaHH*iKa CBojerBa, pacna;iaH>e.
Bcorpajt.

INTRODUCTION

Red Permian sandstones are traditional building material in Serbia. Reasons for their,
not just local, but wide usage as a building material are their characteristic red to violet
colour, well expressed lamination, excellent possibility for exploitation and workability.
Various objects were built of this rocks (St. Marko church in Belgrade, square infront the
"Politika" building in Belgrade, monument for soldiers from the First World War in the
Paracin town, tunnel portal on the Nis-Pirot motor-way, etc).

*University of Belgrade, Faculty of Mining and Geology, Djusina 7, 11000 Belgrade.



Red Permian sandstone, built within facade and some other constructions, could be
easily ruined in urban poluted city environment due to increased porosity and decreased
resistivity to frost. Petrological and physical characteristics of red Permian sandstones
from the Grza location, near the Paracin town, were investigation for establishing the
cause of decay these rocks, while morphology of their demage were determined on the
St. Marko church facade, that represent the most important building made of mentioned
sandstones.

The church was built from 1931 to 1939, and represent the first building of Byzan-
tine style made of ferro-concrete in our country (Boskovic, 1932). Roofs are also of
ferro-concrete and covered with copper, while walls are of cement-mortar. The church
facade was made of the sandstone from Bele Vode and of red Permian sandstones. Plinth
with outflows, out of walls is facing with granitic rocks from Bukulja Mt.

Total area of the church is 1900 m2, its length is 60 m and height of central's cu-
pola is 52 m. Ground plan of the church is in the form of trefoil with belfry on the par-
vis. Central doma is like eight limb tambour, while small cupolas are located outside of
its central part. The porchs of the church as well as the other part of facade are without
representative sculpture's decor that is typical for parochial architecture (Fig. 1). Trifori-
ums on sidewise facades, are also without plastic decoration. Four castels with small cu-
polas, are connected by arcades (Djurdjevic, 1996).

Fig. 1. The St. Marco Church in Belgrade.
Cji. 1. UpKBa cb. MapKa y EeorpaMy.

Sixty years of atmospheric influence, various physical and chemical factors, left dif-
ferent kinds of damage within stone elements made of red Permian sandstone while stone



blocks made of Bele vode sandstone are better preserved. Since the St. Marko church is
a very important monument, and more and more ruind as the time goes by it is urgent to
protect its facade.

METHODS OF INVESTIGATIONS

The petrographical, chemical and technical investigations were carried out for deter-
mination the decay causes of the red Permian sandstones of the church. 22 samples of
red Permian sandstones from abandoned quaries of Grza were used for petrographical
study. After that the physical characteristics (density, bulk density, absolute porosity, wa-
ter absorption) were determined on four selected samples (according size of grains and
sorting) in accordance to a valid YU standards (JUS B.B8.032, JUS B.B8.010).

The sample salt from sandstone surface built in arcade of northern side facade, was
analysed by X-ray diffraction (Philips PW 1710 - copper anticathodes).

GEOLOGY AND PETROLOGY OF RED PERMIAN SANDSTONES
Geology

Red Permian sandstones build two belts in the Eastern Serbia (Fig. 2). The inner
belt is composed of isolated parts in the area between Mlava and Pek rivers on the north
and Suva Planina Mt. on the south-east. On the eastern side they are overlying Cretace-
ous limestones, while on the western side they represent the foolwall of lower Triassic
and Jurassic limestones. The outer belt of red Permian sandstones build two zones,
Porec-Greben and Stara Planina Mt. (M aslarevic & Protic, 1975).

Among the biggest discovered mass of red Permian sandstone in the inner zone,
extending from Beljanica Mt. to the Paracin on the south, in the area of Grza, sandstones
were exploatated for building purposes (Fig. 2a). From this location sandstones were built
in the facade of St. Marko church.

Red Permian sandstones are mostly arkoses, rarely quartz sandstones. Within the
packages of these sediements, the interbeds of conglomerate, coarse-grained arkose, silt-
stone, clay, rarely dolomite, limestone and marl occur (Veselinovic et al., 1970). The
thickness of red Permian sandstones within the inner zone varies from 50 to 700 m.
They are well bedded (up to 80 cm) or occur as banks, sometimes massive, while hori-
zontal and cross (finer or more coarse) stratification has been noticed occasionaly.

Permian sediments are of characteristic red color with occasional occurrences of col-
orless and gray-colored parts. They are composed of quartz, feldspars (acidic plagioclase,
rarely microcline), mica and rock fragments, which are poorly rounded and sorted and
cemented by contact and/or interstitial hematite, clay, calcite, dolomite and quartz mixture
(Veselinovic et al., 1970).

Study of red Permian sandstones and especially its colorless parts (Protic, 1972;
1978) load to the conclusion that the red color of these rocks is undoubtedly primary and
influenced with the presence of hematite pigment. According to Protic (1972), who in-
vestigated same sandstones exposed on the Suva Planina Mt.: "...characteristic occurences
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Fig 2. Occurrence of red Permian sandstones in the Eastern Serbia (black—eovered; hatched—supposed, ac-
cording Andjelkovic & Protic, from Maslarevie & Protic, 1975).
Fig 2a. Geological composition of the Grza sampling area (¢): P- red Permian sandstones; T, 2 Tri-
assic marly massive limestone; J,—Jurassic marly limestones, J3—Jurassic limestones, K,—Cretaceous
limestone; An—Da—Andesite and dacite, N—Neogene sediments (Maksimovic, 1956).

Cji. 2. Upbchh nepMCKH neni‘iapH y mctomhoj Cp6itjn: (upHO - 0TKpHBeHe, mpatijHpaHO - npcTnocTaBji.cHc no-
jaBe obhxd CHa, npcMa Andjelkovic & Protic, H3 Maslarevie & Protic, 1975).
Cji. 2a. Feojiomica rpal)a yxcer nojtpy'tia Fpac Oflaioie cy Hecnm'HBaHH ysopuH upbchhx nepMCKHX neuriapa
(*): P- upBeHH nepMCKH neumapH; T,.2 ipHjacKH jianopoBHTH h mschbhh Kpc'iH.ann; J,- jypcKH Jiano-
poBHTH Kpcin,ann; J,-jypcKH Kpc'in.anH; K,- Kpe«HH Kpc’iii.auH; An-Da- aH;tc3HTH h /ohhth; N- HeoreHH
ccjtHMeHTH (Maksimovic, 1956).



of hematite (martite), magnetite, rarely ilmenite as prevailing components (over 75% of
heavy minerals). According to its shape and size we could expect alotigenous hematite
(martite)". Same sediments, beside individual hematite, content also hematite's pigment
that paint them. Part of these hematites are autigenous, formed from Mg-Fe silicates in
certain pH-Eh condition of the sandstone sedimentary environment (Protic, 1972).

Permian sandstones were sedimented in river valleys as well as in lacustrine basins,
during the fast erosion and simultaneously bottom subsidence. Climate was arid and
semiarid with temporary descends during sedimentation, what enabled formation of
autigenous minerals (Veselinovic et al., 1970).

Petrography of red Permian sandstones

Exploatation of red Permian sandstones were done in a few localities within the area
of Grza. Sampling for petrographic and tehnical investigations were done along the local
road Grza-Sisevac (Fig. 2a), on a five profiles (with average length about 45 m), where
local inhabitants still exploatate these rocks.

Alternation of medium-grain and fine-grained sandstone, rarely siltstone with co-
arse-grained sandstones is very characteristics on all five profiles. Sandstones are well
bedded (EP 270/10, 276/30, 220/20), with average bed thickness of about 40 cm, while
horizontal lamination could be observed only locally. Sometimes rounded parts, grey in
colour, up to few cm in size could be seen colourless.

Fig. 3. Medium-grained arkoze, sample 22, N IlI, 50x.
Cji. 3. CpcAH.o-jpHa apKoaa, y3opaK 22, N 11, 50x.

Sandstones are composed of quartz, feldspar, micas, fragments of rocks and cement
(Fig. 3). Quartz is the dominant mineral, present as angular or subangular, rarely sub-
rounded, isometric grains that vary in size from 0.1 to 1.2 mm in weakly sorted sand-
stones, with dominant fraction from 0.5 to 1 cm. In medium sorted sandstones their grain
size is from 0.3 to 0.6 mm, while in well sorted is from 0.1 to 0.3 mm. Grains are ho-
mogenous, rarely they are mosaic aggregates, performed by ferrous material. Sometimes,
secondary growth could be recognized. Quartz made about 50-70% (wt.) of rock, and



according to Dott (1964) - classification about 65%. From feldspars orthoclase and pla-
gioclase are present. Orthoclase is presented as subrounded grains, from 0.2 to 0.4 mm in
size, rarely about 0.7 mm. They are almost always transformed to sericite and kaolinite,
fresh grains are very rare. Plagioclase occur as lamellar, fresh grains from 0.2 to 0.6 mm
in size. Feldspar made about 25-30% (wt) of rock, and according to Dott (1964) - clas-
sification about 35%. Micas made to 2% (wt) of rock and occur as muscovites rarely as
biotites. Orientated micas build laminaes up to 0.1 mm in thickness. Fragments of rocks
are determined as: fragments of volcanic rocks, cherts, quartzites and schists. They are
subangular to subrounded and from 0.3-0.9 mm in size and made to 5% (wt) of rock.
Accessory minerals are metalic minerals (Fe-oxides) and build up to 1% (wt) of rock.
Cement in sandstones built to 10% (wt) of rock and occur as contact-pore filling (fer-
ruginous and carbonaceous or clay) or as thiny coating on detritial grains (siliceous mat-
ter).

According to the Pettijohn (1975) - classification, investigated sandstones were
determined as arcoses, while according to dominant grain size could be distinguished fine
grained (less abundant with grain size from 0.05 to 0.25 mm) and medium grained arco-
ses (grain size from 0.25 to 0.5 mm). According to the sort-degree fine grained arkoses
are well sorted, while medium grained are slightly sorted.

TECHNICAL PROPERTIES OF RED PERMIAN SANDSTONES

The correlation between physical and petrographical characteristics is the base for
determination the decay pauses and for durability estimation of the building stone. The
bulk density, density, degree of density, absolute porosity, water absorption were deter-
minated on four samples of red Permian sandstones (from 1997/19 to 1997/22, Table 1).
The results of former investigations are presented too in the aim to understand their
tehnical properties (Table 1, Fond of Insitute for investigations materials).

Their colour vary from red to violet, due to presence of iron oxides - most strong
pigment in sedimentary rocks. Intensity of color depends from amount and distribution of
iron pigments and stability of minerals which primary content iron in own composite.
Presence of stable iron oxides as pigments (hematite, magnetite, limonite), indicate ten-
able colour of sandstones. According to the bulk density value (Bilbija, 1984) the red
Permian sandstones belongs to the category of medium heavy (samples 1997/19, 20, 21)
and heavy rocks (sample 1997/22).

The value density (2570-2690 kg/cm3 is consistent with the density of minerals while
the degree of density (from 0.888 to 0.957) represents content of solid phase in volume unit.

Porosity of medium grained sandstones is from 4.3 - 5.3% and from 7.6 to 11.2%
in fine grained sandstones. According to the value of absolute porosity (Bilbija, 1984)
the investigated sandstones are between the medium porous (samples 1997/19-21) and
high porous rocks (sample 1997/22, Table 1).

The high value of porosity is caused by the enhaced water absorption. That is in
medium grained sandstones from 1.43 to 1.81% or 2.16 to 3.06% in fine grained sand-
stones. According to the value of the water absorption this sandstones belongs to cate-
gory with notably water absorption (Bilbija, 1984).



The laboratory tests of frost-thaw (on sample 1997/19-22) were not made. Earlier
results have shown that red Permian sandstones are not resistance to the frost. The re-
sults of crystallization test in sodium sulfate solutionand laboratory test of frost-thaw,
show significant weight loss (to 3.55%).

Table 1. Physical and mechanical properties of red Permian sandstones.
Tabejia 1. Textm'iKa CBojcrna upiseHor nepMCKor neui'iapa.

Technical properties of stone Year of investigation (rojimia HciiHTinsaita)
(TCXIIH'IKa CBojcrna KaMOHa) 1959 1967 1968 1968 1997/19 1997/20 1997/21 1997/22
dry (cyBo) 123 153 1 178 - - -
JUS B.B8.012
1 Compressive strength water saturated 107 104 156 140
(MBpcroha Ha npnTHcaic) (BOfIOSaCHh'cH)
(MPa) after freezing
(nocjie Mpada) 112 100 133 147 - - - -
JUS B.B8.015
2 Abrasive resistance (cm350cm2) 16.84 2092 16.16 1547 - R R R
(o-mopHocT Ha xa6aH>e)
JUS B.B8.032
3 Bulk density 2470 2420 2510 2440 2380 2390 2380 2530
(‘janpcMHHCKa Maca ca nopaMa a uiynjbHHaMB)
(kg/m3
JUS B.B8.032
4 Density (kg/m3) 2570 2630 2650 2650 2660 2690 2650 2660
(3aiipeMHHCKa Maca 6e3 nopa a uiyiubHHa)
5 JUS B.B8.032 43 8.0 5.3 7.6 105 11.2
Porosity (nopo3Hocr) (%) ' ' ' ' ' ' 102 49
JUS B.B8.032
6 Degree of density 0957 0920 0947 0924 089 0.888 0.898 0.951
(KoecfjHUHjeHT 3anpeMHHCKe Mace)
JUS B.B8.010
7 Water absorption 143 2.98 181 2.16 2.87 3.06 271 152
(yriHjaite BOfle) (%)
‘]L_"S B.B8.001 NoO pass no pass No pass
8 Resistence to frost Pass T HenocT. HenocT. ) ) . ]
(nocrojaHOcr Ha Mpa3y) nocr. 0.25 029 0411
(weihgt loss, ry6HTaK TexHHe y %)
JUS B.B8.002 no pass
9 Resistence to frost (Na2504) } no pass NO pass .- .- i ) ) _
) . . HeilOCT. HenocT. '
(liocTojaHocr Ha flejcTBy Mpa3a (Na2S04) 355

(weihgt loss, rySirrak Te>KHHey %)

Investigations data of mechanical properties (compressive strength - dry, water satu-
rated, after freezing, abrasive resistance, Table 1) imply that red Permian sandstone have
equable quality. According to the value of compressive strength (vary from 123 MPa to
178 Mpa) this sandstones belong to the category of medium high and high compressive
strength. Abrasive resistance is from 15.47 to 20.92 ¢cm350 cm2 and they belong to the
category of hard stone (Bilbija, 1984).

According to the value their tehnical properties, medium grained sandstones are dif-
ferent from fine grained. Slight sort of medium grained sandstones caused less porosity



Fig 4. Decay type of red Permian sandstones: a- breaking; b- exfoliation, c- granular desintegration and
flaking; d, e- scaling; e- efflorescences.

Cji. 4. 06jihhh pacna/(an>a npneHor nepM CKor nenriapa: a- KOMajtacTO pacnaliaii.c; b - cjiojeBHTo-jtycicacTo;
C- 3pHacra, tjjHHOJBycnacra ;icnnnTcrpaunja; d, e- njio'tacTo-jtycnacro pacnal/(an.c; f- ecjMiopecnennHja.



and water absorption, larger degree of density and larger resistance to the frost. These
data indicate that the medium grained sandstones are better building material and more
resist to weathering.

DECAY TYPE OF RED PERMIAN SANDSTONES
FROM THE FACADE OF THE ST. MARKO CHURCH

The stone elements of red Permian sandstones from facade of the church were ob-
served and established different destruction contours which are caused by physical fac-
tors. Some elements of sandstones are very damaged, especially on the southern and on
the eastward side of facade. Deep destruction appears on the elements that are located in
the lower parts of facade i.e. in first bed over bilding plinth.

The following kinds of destruction were found on the very damaged elements (Fig.
4): breaking (cracking), exfoliation and scaling. Moreover the efflorescence was observ-
ed on sandstone surfaces.

Breaking. A higher degree of decay appers on the most stone elements from the
lower parts of facade. The first bed from red sandstones is overlaping on plinth with
projecting part (thickness about 20 cm), where rain and snow can be collected during
winter time. Breaking and granular desintegration (deep to 10 cm) were observed on
stone elements in this zone, (Fig. 4a).

Exfoliation. Is dominated shape of decay on the southern and on the eastward side
of facade, along forming inner sheets (Fig. 4b). The primary surface of most elements
was completly destroyed, and sheets are separating from the stone element paralelly to
layering. New opened surface underwent granular desintegration and flaking beside clear
prominence of more durable cement-mortar of joints (Fig. 4c).

Scaling. In the upper parts of facade, especially in the southern side, build's type of
triforium caused less ventilation of stone elements and longer retain of moisture what
cause a higher degree of decay i.e. scaling. Convex form of thin plate, is forming about
3 mm in thickness in the first stage of degradation produce (Fig. 4d). Due to retaining-
moisture beneath superficial hardening crust, inner part of stone is going to desintegrated.
After the sheet detachment, granular desintegration and blistering continue and surface of
stone becomes friable and sanding (Fig. 4e).

Previously mentioned type of decay are followed by granular desintegration and
blistering.

Efflorescences. Soluble salts as efflorescences occur on the surface which aren't ex-
posed to weathering influence (in arcade’s portchs). Efflorescences generally happen at
the border between wet and dry zones of wall. Salts appear as white margines which rep-
resent upper limit of rising moisture in the wall, or occur as white precipitations (Fig.
4f). The X-ray difraction data of salt samples from surface sandstones, show the pres-
ence of thenardite (NajSOJ and mirabilite (Na2SO4XI0 H2, Fig. 5). Unfavourable ef-
fects of efflorescences are aesthetic but isn't failure effect in the future. These salts are
produced from air pollution or from the cement-mortar of joints as possinbe sources
(Winkler, 1994).



Fig. 5. Diffractogram of sample salts from northern side of facade (Q- quartz, F- feldspar, T- thenardite,
M- mirabilite). 1- magnitude.

Cji. 5. "Htjjpak TorpaM y3o0pKa cojih ca ceBcpsie 4)aca«e (Q- Knapi;. F- 4>gjiflcnaT, T- TeHap«HT, M- MMpa-
BhJWT). |- HHTCMJHTCI .

CONCLUSION

Parts od stone facing from facade of the St. Marko church, built from red Permian
sandstones, show marks of deep degradations during the period of 60 years under atmos-
pheric influence. Character and velocity of weathering depend from mineralogical compo-
sition, texture of sandstones, their physical properties, atmospheric influence i.e. water as
the most important factor as well as temperature exchange, climate position of element in
facade too.

The red Permian sandstones are medium- and fine grained porous arkoses with notably
water absorption and aren't resistant to frost. Porosity and water absorption are most
important factors for the estimation durability of stone. The value of these properties for red
sandstones indicate that they are enough porous to take and keep-in water.

Water and frost are major causes of damage. The shape and type of decay are
caused and by location of elements in facade, too. Deep degradation of sandstones ap-
pears in the lower part of facade where projecting part of plinth enables collecting rain
and snow, thus stone remains very wet for significant periods and may be exposed to
aggressive cycles of freeze-thaw activity. Due to porosity, sandstone could capillary ab-
sorbe water and freeze. By time event enable further this sanding and destruction of sur-
faces of stone till the depth of water penetration.

Physical degradation appears on elements that are built in the upper parts of facade,
where water couldn't be collect. Rain, fog and humidity are main causes for scaling of
these elements. Water penetration in stone cause mechanical break-down i.e. weakness of
idee rock fabric by simultaneously formation of inner crust. The temporary crust enables
reservation of moisture in porous and its failure attack. After the splitof crust, new
opened surface also will be exposed to weathering.
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PESNME

BPEMEHCKO NMPOMNALOAHKE N BPCTE OLUTEREHA
UPBEHOI MEPMCKOI MEWYAPA ¥YITPADEHOI
Y ®ACAQY UPKBE CB. MAPKO ¥ BEOIPALY

YBO/,

LIpBEHM MEPMCKM Mewwyapu Cy TpaguumoHanHu rpaheBnHckn matepujan Cpbuje. 360r
KapakTepncTUUHe LpBeHe A0 /bybuyacte 60je, 4O6pe YyCojeHOCTH, MOBO/bHE eKcnioaTauuje
1 obpage, ocUM 3a NoKanHy ynoTtpeby, kopuwheHn cy n 3a u3rpagwy Behux rpaheBuHa
(upkBa CB. Mapka y beorpafy, nnato ucnpeg 3rpage "lMonntuka", cnomeHuk nanum 6op-
umma 13 Mpsor ceeTcKor patay MapahuHy, noptanu TyHena Ha nyTy Huw-MupoT utg,).



LipeeHn nepmcku newyap yrpaheH y acage wam KOHCTPYKLUMje pasinyuuTUX Ha-
MeHa, 360r nosehaHe NOPO3HOCTW W CMaweHE OTMOPHOCTW Mpema [enoBaky Mpasa, Y
ypbaHoj, 3araheHoj atmocepun rpagosa noanexe npouecuma pacnagamwa. Pagm ytephu-
Batba Y3poKa pacnajara McnuTaHa cy NeTposiowka v M3mMyka CBOjCTBa Ha y3opuuMma
LIPBEHOr NMEPMCKOT Mellyapa fokanHocty 'p3a kog MapahuHa, a Mopgonorunja pacnaga-
tba YTBpheHa je Ha KaMeHUM efleMeHTUMa (hacaje LpKBe CB. MapKo, Kao Haj3HauyajHujem
006jeKTy y Koju je yrpaheH "rp3aHcku” netuyap.

Lipksa cB. Mapko y beorpaay rpaheHa je og 1931. o 1939. rog. v npBa je UpKBeHa
rpaleBuHa BU3aHTMjCKOI CTUNA U3BefeHa y apMUPaHOOETOHCKO] KOHCTPYKLMWjU Y HALLO]
3em/bu (Bo8koylc, 1932). KpoBoBM LpKBe CYy 0f apMupaHor 6eToHa NoKpMBeHU 6akpom
[OK Cy 310BM paheHn y LieMeHTHOM ManTepy. ®acafa LpkBe usrpaheHa je og "6enosogckor”
W UpBeHOr nepMmckor newdyapa. MogHoXHK nojac rpahesuHe (COKn), ca MCNYCTOM U3BaH
MOBPLUMHE 3UA0BA 06/10XKEH je "OYKOBUUYKMM™ TPaHUTOM.

YKynHa nospLunHa Lpkse je 1900 T 2 ayxuHa 60 T, a BUCUHA LeHTpanHor Kybeta 52 1.
OcHoBa LpkBe je 06/MKa ynMcaHOr KpcTa ca 3BOHMKOM Haf npunpatom. LleHTpanHo ky6e
LIPKBE je Y 06/IMKYy OCMOKpakor TaMmbypa, 4OK cy Mawa KybeTa nocTas/beHa BaH LieHTpanHor
npocTopa. ¥Ynas y xpam 1 octanu efnemMeHTr (acage cy 6e3 penpeseHTaTMBHOr CKY/NTOPCKOT
[eKopa KapakTepuCTMYHOT 3a LpKBeHY apxuTekTypy (cn. 1). Ha 604HuM nogy>Hum dha-
cajama cy Benvku Tpudope 6e3 nnacTuuHe gekopauuje 40K Cy YETUPU NPU3MALaHe Kyne Koje
Hoce Mana Ky6eTa noBe3aHe apkagHum TpemoBuma (Bjurgjeyje, 1996).

HakoH 60 rogmHa U3n0XeHOCTU (pacaje arpecCMBHOM AefoBaky aTmocepunuja, Ha
KaMeHUM efleMeHT1Ma LipPBEeHOT MepMCKOr Mellyapa KOHCTaToOBaHW Cy pa3inunTu BUL0BU
owTehewa M3a3BaHU fefioBakbeM (PUINUKUX U XeMUjCKUX (hakTopa. KameHun enemeHTH
nsrpaheHun og "6enoBOACKOr", BpEMEHCKM NOCTOjaHMjer newyapa, cy 6e3 uam ca He3Hat-
HUM owwTehewuma. 360r M3PaXKEHOr BPEMEHCKOT nponajaka yrpaheHor LpBeHOr neL-
Yyapa, NOTPeOHO je LWTO Mnpe 3aWTuTK hacagy NPecTOHMYKOr XpamMa - 3Ha4vajHOr crome-
HMKa Haller LpKBEHOT rpagmTesbCcTBa.

METOJAE NCTMTNTUNBAHA

MeTporpadcka, TeXHMYKa U peHAreHCKa UCNUTKBarba 04abpaHmx y3opaka U3BpLUEHa Cy
y unby yTBphMBaka y3poka pacnajara newyapa yrpaheHor y upksy cB. Mapko. 3a netpo-
rpadcka McnuTMBama Y3eTo je 22 y30pKa LPBEHWX MEepMCKUX Mewyapa U3 HanywTeHuX
majfaHa 'p3e. HakoH neTporpatckux UCnuTrBama, Ha 4 ofabpaHa y3o0pka, (CenekrosaHa Ha
OCHOBY pas3/inKe y BENIMUYMHMW 3pHa U COPTUPaAHOCTU) UCMUTMBAHA Ccy PU3MyKa cBojcTBa (3a-
NMpPeMUHCKa Maca ca nopamMa v LWynsbrHama, 3anpemmnHcka Maca 6e3 nopa v LWyn/buHa, nopos-
HOCT 1 ynujare BOAe) 1abopaTopmnjckum MeTogama npema 3axTeBuma jyroc/i0BEHCKUX CTaH-
fapga (JYC b.68.032 nJYC b.58.010).

MeTogom peHareHcke guppakumje npaxa (Phllpx Mp P\Y 1710 - 6akapHa aHTWKa-
TOfa) aHanM3MpaH je y3opak ConM y3eT ca MoBpLUMHE NeLyvapa y apKajHoj HULWK CeBepHe
thacaje LpKBe.

FEONOTIMIA NMETPOIMPA®NIA LUPBEHMNX MEPMCKWMX MELUIYAPA
Meonoruja

LipBeHn nepMcKM newyapu y uctouHoj Cpbuju rpase fABa nojaca, yHyTpallkbu u cro-
N3awsn (cn. 2). YHyTpawwy nhjac. YUHe M30M10BaHe MapTuje OBMX CTeHa Koje ce y ce-



BEPHOM feny jaB/bajy uamehy Mnase u Neka, a npoctupy ce fo Cyse lNnaHuWHe Ha jyro-
-NCTOKY. MepMCKM CefMMEHTU YyHYTpalhber nojaca Cy Ha MCTOYHOM 0604y HaBy4eHU
NPeKo KpeLHUX Kpeyraka, 40K Cy Ha 3anafy NoAuvHa Kpeywaunma forer Tpujaca v jype.
Crosballkby nojac LUpBEHUX MEPMCKUX Nellyapa YnHe age 30He, Mopey-I'pebeH n Ctapa
nnaHvHa (MablareY1C & Prollc, 1975).

Y HajBehoj OTKpMBEHOj Macu MepMCKMX Melivyapa yHyTpawe 30He, oh bemanuue
Ha cesepy fo MapahuHa Ha jyry, y nogpyudjy 'p3e, Bpwinna ce ekcnjoaTauunja newyapa
Kao rpaheBumHcKor kameHa (cn. 2a). Mewyap ca oBOr nokanuTeTa yrpaheH je y thacagy
Lipkse cB. Mapko.

LipBeHn nepmcKku newlyapu cy no cacrtaBy apkose, pefje KBapuHuW newyapu. Y na-
KeTuma OBMX CTeHa jaB/bajy Ce MPOCnojun KOHrnomepara, KpyrnHO3pHUX apkosa, anespo-
nuTa, rMuHaua, pehe gonomuTa, Kpeuwaka u nanopaua (Ye$ellnoYic el al., 1970).
[eb/mbrHa nepMckmx nelyapa y yHyTpawboj 30HM Bapupa o 50 go npeko 700 w. Jo6po
Cy ycnojeHn go 6aHKoBUTK (ged/buHe 4o 80 ¢T), NOHeKaZ MacuMBHU AOK CYy XOPU3OHTaIHa
(dbuHa 1 rpy6a namMmmMHaumja) n Koca CNojeBUTOCT, PETKE.

MepmcKM ceUMeHTU Cy KapakTepucTUUHe LpBeHe 60je ca TparoBnma o6e3bojaBara u
MeCTVMUYHUM M0jaB/bMBarbeM CUBMX MNewivapa. 3rpaheHu cy of keapua, pengcnara (Kuce-
NOr niarnoknaca, peTko MUKPOK/MHA) MNCKYHA 1 0A4/I0MaKa CTeHa Koju cy ¢nabo 3a06/beHn
M COpTUpPaHK. LIeMeHT je KOHTaKTHOT 1 NOpHOr TUna n3rpaheH of MellaBuHe XeMaTuTa, rium-
HOBWTE MaTepuje, KanuuTa, gonomuTa nkesapua (YesellnoyJc e1 al.,1970).

MpoyyaBawem LpPBEHMX MEPMCKMX Mellyapa, HapouMTo nojasa 06e3bojaBara y Hbu-
Ma, Proc (1972, 1978) uctuue fda je 60ja newyapa HeCyMbMBO npumapHa 360r nur-
MEHTHe XeMaTuTCKe MaTtepuje. MicnuTuBarem LPBEHNX NepMCcKMX nellyapa ca Cyse nna-
HWHE UCTW ayTop Y pagy u3 1972. roguHe HaBoAM: "...KapaKTepMCTUUYHO MOjaB/buBaHbe Xe-
mMatuTa (MapTuTa), MarHetTuTa u pehe unmeHuTa y gommHupajyhum konununHama (npeko
75% wmehy Tewkum MuHepanuma). C 063upomM Ha hopMy 1 BENUYMHY, OBAe 61 ce Hajnpe
pagunio 0 anoTUreHOM XemMaTUTy OLHOCHO MapTUTy". VIcTu ceiMMeHTW Nopes UHAWUBUAY-
anucaHor xematuTa cajpXe M XemMaTUTCKWM MUTMEHT Koju 60ju oBe cegumeHTe. [eo xe-
MaTuTa je CBakako W ayTWreHor mopekna, Hactao o M8-Pe cunukaTta npu ogpeheHum
pH n Eh ycnoBuma cpeiHe Y KOjoj ce BPLUUO Tanoxekwe newyapa (Profllc, 1972).

MepmMcKM CeAMMEHTU TaslOXEHU Cy Y PeyHUM AONUHama U jesepckum baceHuma, y
ycnosrumMa 6p3e epo3nje 1 y3 UCTOBPEMEHO cnyllTawe AHa. JeTpuTUUHK cacTojum cy pe-
NaTUBHO Mano TPAHCNOPTOBAHW W [eN0M HOLIEHW BETPOM. Tanoxewe je 06aB/bEHO Y
apuiHoj u ceMuapuaHoj KnumMmu (ca NoOBpeMeHUM najaBuMHamMa) LWTO je YCNoBUIO CTBapa-
ke ayTureHnx muHepana (YexellnoyJc eC al, 1970).

MeTporpadcKa cBojcTBa LPBEHUX NEPMCKUX Hellvapa 13 nogpydja Mpse

Y nogpyujy p3e Ha Bule nokanuTeTa BpLUIMAA Ce eKcnioaTauuja LpBeHOr nepm-
CKOT Meluyapa. Y3umare y3opaka 3a netporpaf)cka n TeXHUYKa UCNunTUBarwa U3BpLIeHo
je pyx nokanHor nyta p3a-CuceBal (cn. 2a), Ha neT OTBOPEHMX npoduna (npoceyHe
OyXVHe 0KO 45 T) rae v gaHac ekcnioaTaunjy o6ae/ba 10KanHO CTAHOBHULLTBO.

Ha npotwunvma je KapakTEPUCTUUYHO CMEbMBae CPefhO3PHUX U CUTHO3PHUX MeLw-
Yyapa, pehe aneBponuTa U KPynHO3pHUjux newvapa. CnojeBUTOCT Mellyapa je n3paxeHa
(EM 270/10, 276/30, 220/20). CnojeBn cy npoceyHe aeb/bmHe 0Ko 40 CT U NIOKANHO ce 'y
HMMa 3anaXka XOpn3oHTanHa namuHaymja. MecTMMMYHO ce 3anaxajy nojase ob6e3bojasa-
tba, OKpyrnacTor 06uka, cmee 60je, BENMYMHE L0 HEKOINKO CT.



Mewyapw cy usrpaheHn of KBapua, hengcnarta, IMCKYHa, Of/0MaKa CTeHa U Be-
3uBHe MaTepuje (cn. 3). KBapy, je Haj3acTyn/beHMjU cacTojak y CTeHW. JaB/ba ce Yy Yr-
nactum fo cybyrnactum, peTko cy63a06/beHUM, M30OMEeTpUYHUM 3pHUMa. Kog cnabo
COpTMpaHUX newlyapa BenMyMHa 3pHa Keapua sapupa o4 0,1 go 1,2 w T ca JOMUHAHTHOM
thpakymjom og 0,5 go 1 ww. Kog cpegte coptupaHmx je og 0,3-0,6 TT, a Kog fobpo
coptupanmx 0,1 go 0,3 TT. 3pHa cy xomoreHe, pehle Mo3anyHe rpahe, 4ecTo 06aBMjeHa
reoxxhesnToM Matepujom. MoHekas ce 3anaxa CeKyHAapHO HapacTake. 3aCTyM/beHOCT
KBapua Bapupa of 50-70%, a npema Ooll-0B0j (1964) kKnacuhnKaLMoHoj WeMN - OKO
65%. PengcnaTn cy NpeacTaB/beHM OPTOKIACOM U naarnoknacom. OpToKnac ce jaBmba 'y
cybyrnactum fo cy63aobsbeHum 3pHuma BenuumHe 0,2-0,4 ww, pehe go 0,7 TT. 3pHa cy
PETKO CBeXa, Hajuewhe genom A0 NOTNYHO CepuuuThCaHa WKW KaonuHucaHa. lMnaruo-
Knacw ce jaB/bajy y namenapHo 6/vKkbeHUM, CBEXMM 3pHMMa BenmdnHe og 0,2 go 0,6 L.
Cagpxaj pengcnata sapupa of 25 go 30% opHocHo 35% npema Ooll-0B0j (1964) kna-
CU(IMKALMOHO] WeMKn. JIUCKYHWN cy 3acTyn/beHn Ao 2% W npefcTaB/beHN MYCKOBUTOM,
pehe 6uoTUTOM. OpMUjeHTUCAHE NIMCKE MYCKOBWUTA rpaje famuHe gebmsuHe go 0,1 TT.
Opnomum crema cy IUTOKNACTU YrnacTux A0 MNony3aob/beHUX (opmMu, BenUYMHE Of
0,3-0,9 TT. MNpeacTaB/beHn cy o4/0MLUMMa ByKaHUTa pehje poXKHaua, KBapuuTa u LWKpu-
/baua. 'pase o 5yol % cTeHe. AKLLECOPHU cacTojum cy npeAcTaB/beHN MeTaIMYHUM MU-
Hepanuma (okcuamma reoxha) urpage 1o 1yol % creHe. Be3uBo (8o 10% yol. cTeHe) je
KOHTAKTHU U MNOPHU TBOXNEBUTO-KaNIUMTCKMU LEMeHT, JOK ce pefje 3anaxka LEMEHT
HapacTawa (CUANLNJCKN LEeMEHT) U rBOXHeBUTO-TIMHOBUTHU LLeMEeHT.

Mpema knacuukaymju Pelll john-a (1975) ucnutueaHu newyapu npunagajy apko-
3ama, a npeMa AOMUHMPajyhoj BEIMUMHU 3pHA Pa3NNKYjy Ce Mare 3aCTyn/beHe CUTHO3P-
He apko3e (0,05-0,25) n cpefrwo3pHe apko3se (0,25-0,5 wT). MNpema cTeneHy copTupa-
HOCTMW, KOHCTaTOBaHO je Ja Cy CUTHO3pHe apko3e L0OpO copTupaHe, JOK Cy CpPefHO3pHe
cnabo Ao fiolle copTUpaHe.

TEXHNYKA CBOJCTBA NMEPMCKNX MELWYAPA

®du3nyKa CBOjCTBA Y KOpenaumju ca netporpackMM KapakTepucTnkama OCHOBa cy
3a yTBphMBame y3poka nponafjarwa KaMeHa 1 3a NpoLeHY Herose BPEMEHCKe TPajHOCTH.
Ha y3opuuma LpBeHNX NepMCKUX neliyvapa ncnuTaHe cy 3anpemMmHCKa Maca ca nopama u
Wwyn/buHama, 6e3 nopa v Wyn/bUHA, NOPO3HOCT U ynujawe Boge (1997/19 po 1997/22,
Tabena 1), a pagn NOTNyHM]jer carnefaBawa TEXHUYKNX CBOjcTaBa OBUX CTEHa MpUKasaHu
Cy W pe3ynTaTu paHujux ucnutusamwa (Tabena 1, doHg VNHCTUTYTa 3a MCNUTUBAKE Ma-
Tepujana).

Boja upBeHMX NepMCKMX Neluyvapa Bapupa of LpBeHe A0 /bybuyacTe 360r npucycrsa
okcuaa reoxha - Hajjayer NUrMeHTa y celUMeHTHUM cTeHama. NIHTeH3UTeT upBeHe 60je
3aBUCK O KO/IMUMHE W AUCTpubyumje nurmeHTa rsoxha Kao M CTabUIHOCTM MUHepana
KOju cagpke reoxhe y cBojoj CTpykTypu. MNpucycTtBo cTabunHmMx okcupa rsoxha kao
6ojuTe/ba LPBEHMX NEPMCKMX newyapa (XemaTtuT, MarHeTUT, IMMOHUT) yKa3dyje fda je
HUX0Ba 60ja BpeMeHCKM nocTojaHa.

Mpema kaTeropmsaLmnju kKaMeHa Ha OCHOBY BPeAHOCTY 3aMpPeMUHCKe Mace ca nopama
n wynn.mHama (BIhJ ja, 1984) ucnutusaHe cTeHe nNpunagajy KaTeropmju cpeire Tewkor
(y3opuw 1997/19, 20, 21) n Tew Kor KameHa (y3opak 1997/22).

BpegHocTun 3anpeMmnHCKe Mace 6e3 nopa u wyn/buHa (2570-2690 k§/cT3) y cknagy
Cy ca ryctMHama MuHepassa UCnMTUBaHUX NeLuyapa.



KoeuuujeHT 3anpeMmnHCKe Mace, femHULLEe eafpXaj uBpcTe (hase Yy jefUHULN 3a-
HpemuHe, 1 Bapupa og 0,888 no 0,957.

MopO3HOCT UPBEHUX NEPMCKUX newyvapa Bapupa of 4,3-5,3% (Kof cpef03pHUX
BapujeteTa) fo 7,6-11,2% (Kof CUTHO3pHUjUX BapujeTeTa). MNMpema kKaTeropmsaunju Ka-
MeHa Ha 6a3n anconyTHe nopo3HocTu (BLUnja, 1984) ucnutmMeaHu newyapu npunagajy
rpynu m3pasuTo Nopo3Hux cTteHa (ysopak 19, 20, 21) LO yMepeHO MOpPO3HMX CTeHa (y30-
pak 22).

MoBuLweHe BpefHOCTM MOPO3HOCTM OApasuie cy ce U Ha nosehaHo ynujawe BOJe.
Cper03pHM BapunjeTeT UMajy ynujarwe soge of 1,43 go 1,81%, a cuTHO3pHUjK of 2,16
[0 3,06%. Mpema kaTeropusauuju KameHa LpBEHM MEPMCKMU Nellvapu ce Hanase y Ka-
TEropuju KaMeHa OCETHOT [0 YMEPEHOT ynujarwa Boje.

Mcnutnearwe nocTojaHoOCTU (Ha y3opuuma 19-22) Huje BpLUEHO, jep pe3ynTaTu pa-
HUjUX MCMUTMBAHA NOCTOjAHOCTM Ha [ejCTBO Mpa3a yKasyjy [fa cy LpBeHU NepMCcKy neLwu-
Yyapu HenocTojaHW. OnNuTUMa TpeTuparwa PacTBOPOM HATPMjym cyndaTta v HaKOH npomnu-
caHor 6poja uMKnyca MpXHeta M oTanmawa, KOHCTaTOBaH je 3HadvajaH rybuTtak mace
newyapa (o 3,55%).

BpefHOCTM MCNUTMBAKbA MEXaHWUYKUX KapakTepucTuka (4Bpctoha Ha nputucak y
CyBOM BOjJO3acvheHOM CTawy W nNocne fejcTBa Mpasa UM OTNOPHOCT Ha Xxabawe
6pywemem) ykasyjy fa Cy LpBEHV MEePMCKM Mewyvapun yjefHadeHor keanuteTa (Tabena
1): uBpcToha Ha HpUTMUCaK Yy CyBOM CcTawy Bapupa of 123-178 MPa (tabena 1) u
npunagajy KaTeropuju KameHa Cpefte BWCOKe U BUCOKe 4BPCTOhe Ha NpUTUCAK:
OTMOPHOCT Ha xabawC 6pyllewem Bapupa of 15,47 po 20,92 ¢1350 cT2 v npunagajy
Kateropuju TBpaor kameHa (BMMja, 1984).

Ha oCHOBY pe3ynTtata UCNUTKBaHA LIPBEHMX MEPMCKUX Mellyapa jacHo ce 3anaxa fja
y30pLuM CpeLwO3pHUX BapujeTeta Mo BpefHOCTMMA (PU3NYKO-MEXaHUYKUX CBOjcTaBa
OACTYNajy of CMTHO3pHMjuX BapujeTeTa. Cnaba COpTMPAHOCT OBUX BapujeTeTa yTuuana
je Ha Mawy NOpPO3HOCT, Make ynujarwe Bofe, BEhU Koe(ULLMjeHT 3anpeMuHCKe mace, Behy
MOCTOjaHOCT Ha [ejcTBO Mpasa, ma ce ca curypHowhy moxe pehu ga cy cpefrb03pHU
BapmjeTeTn Kao rpalleBMHCKN KaMeH 60/bU 1 BPEMEHCKW MOCTOjaHUju.

Ob/Inun PACNMAJQABLA LLPBEHOT NMEPMCKOT MELLIYAPA
Y ®ACAON LUIPKBE CB. MAPKO

Mpernegom KaMeHux enemeHata yrpaheHor LUpBeHOr neluyapa KOHCTATOBaHW cy
pasnnunT 06anuKM pasrpaghte n3asBaHu NPBEHCTBEHO (M3MYKMUM (akTopuma. Mojegm-
HV eNleMeHTK ce Hanase y ha3nm MHTEH3UBHE Aerpajauinje NocebHO Ha jy)KHOj U UCTOYHOj
CTpaHu hacafie. Y OAHOCY HA BUCUMHCKW MOM0Xaj KaMeHWX efleMeHarta jauya pasrpajma ce
3anaxka y HWKuM fenosuma pacaje, HapoumTo Y MPBOM CNOjy M3HAL coKna rpahesuHe.

lMpoMeHe Ha KameHy M3a3BaHe AefioBawbeM aTMochepunnja MaHUGecTyjy ce pasnu-
ynrum obnunumma hnsnyke pasrpagwe (cn. 4): KOMagacTo, C/10jeBMTO-/bYCKacTo, U No-
4yacTo-/byCHACTO pacnagarwe. Ocum HaBefeHMX 06/MKa 3anaXkeHa je u edpiopecueHLmja
Ha NOBPLUMHN KameHa.

Komagacto pacnajawe. [lyb6oka pasrpagrwa 3axBaTuna je BehuHy enemeHaTta y
MBMYHUM Jenosuma (acage. MpBu cnoj usrpaheH of LpBEHOr newyapa Hanexe Ha nog-
HOXHUM nojac rpafljeBUHe ca UCMYCTOM WKpuUHe oko 20 ¢T wWTo omoryhasa ayxe 3agp-
aBake BOAE W CHera y 3MMCKOM nepuogy. Ha kaMeHUM efnemeHTUMa OBe 30He 3anaxa
ce KOmMagacTo (hparmeHTMparwe npaheHo 3pHAcTUM pacnafarem Koje LOCTMXKe AyOuHY U
fo 10cT (cn. 4a),



CnojeBuTo-/bycKacro pacrnafame (ekconujaumnja). Ha jy>KHOj U UCTOUYHOj CTpaHu
(hacage fJOMUHaHTaH 06/IMK pasrpajme je CNojeBMTO-/bYCKACTO pacnajare y3 o6pa3osa-
He YHYTpawmwux kopa (cn. 4h). NpumapHa NoBpLUMHa BENMKOT 6poja eneMeHTa je noTny-
HO pa3opeHa, a fa/be pacfiojaBarbe ce BPLIYW MO NnpasLuma CnojeBUTOCTM. HOBO OTBOpEHe
MOBPLUMHE MOAMIEXY 3PHACTO] M (PUHO/BYCNACTO] LE3MHTerpauuju y3 jacHO WCTULAHe
OTMOPHMjEr LLeMEHTHOT ManTepa y cnojHuuama (cn. 4c).

MnoyacTo-/bycHACTO pacnafarbe. Y BULWIMM AenoBuMa (hacaje, HApOUMUTO JyXKHe CTpa-
He, TMN rpagke Tpudopa ycnosmo je cnabuje NnpoBeTpaBakbe KaMeHUX enemMeHaTa gacage u
JYXe 3afip>KaBame Bnare, a TMMe U MHTEH3UBHY pa3rpajiby enemMeHara y 06/11MKy nioyacTo-
-/byCnacTor pacnafamwa. Y npsoj (hasu ferpajaumje obpasyje ce TaHka Kopa UCnynyeHe
thopme, aebrbmHe oko 3 raT (cn. 4cl). 360r ayxer 3afpXxaBakbe Bnare Mcnoj noBpLUMHCKE
"ugpLuhe™ Kope, YHYyTpalky Aeo KaMeHa ce fesuHTerpuwe. OfBajabeM NOBPLUMHCKE JbYCKe
HacTaB/ba Ce Aa/be 3pHacTa U (IMHO sbycrnacTa Ae3vHTerpaumja, a NoBpLUIMHA KaMeHOr efe-
MeHTa je TPOLUHa, Xpanasa v MeckosuTa (Cn. 4e).

3pHacTa u MHO /bycnacTa Ae3uHTerpaumja npate NPeTXO4HO HaBefeHe 06nuke
pacnafara.

EdiopecueHunja. Y apkagHuUm Huwama v genosuma hacafe 3aKN0HEHUM 0f fefo-
Batba aTMocepunnja, Ha NOBPLLUMHAMA KAMEHUX efIeMeHaTa HUCY 3anaxeHu o6nuum gu-
3MYKe pasrpafhe, anu je KoHcTaToBaHa e@iopecueHunja. McupeTaBawe COMM jaBba ce
Ha NOBPLUMHW KaMeHa Ha rpaHuun m3mehy BNaXHUX M CyBUX 30Ha WAU Ha MPOBaXMU-
BaHUM MOBPLUMHAMA Y TOKY UcyLIuBaka. MaHupecTyje ce kao 6ev py6boBU KOju MapKu-
pajy HMBO KanuiapHor nekwawa Boje Unun kao 6enu tanosu (cn. 4r).

PeHAreHCKOM aHa/iM30M y30pKa COMu y3eTe ca MOBPLUMHE LPBEHOr MepMCKOr neLw-
yapa y apkKajHoj Huwu cesepHe (acage (cn. 5) KOHCTATOBAHO je NMPUCYCTBO TeHapauTa

(Ha"60J n mupabunuta (Kakb04X10HAD). HenoBo/bHU ehekTU KpucTanusaluje Hase-
LEeHNX CONU Cy eCTeTCKe MPUPOoAe, anu HUje UCK/bydYeHa MOFYRHOCT HUXOBOT AeCTPYKTUB-
Hor fenoBawa y 6yayhHocTU. MuUpabunuT U TeHapAUT BEPOBATHO MOTUYY U3 LLleMEHTHOT
mantepa unu atmocgepe (\\*nkler, 1994).

3AK/bYYAK

KameHa o6nora thacage upkse cB. Mapko, nsrpahjeHa 4enoM Of LpBEHOT NEPMCKOr
neluyapa, HaKoH LUECT AeleHunja U3L0XKEHOCTU aTMocepunnjama nokasyje y ogpeheHmum
[ienoBuma 3Hake jake (usnuke pasrpafgwe. Kapaktep u 6p3uHa npoueca BpemMeHCKOr
nponajara 3aBMCK Of, MUHepPanHOr cacTasa, CTPYKTYpe U (PU3NUYKMX CBOjcTaBa MeLuyapa
Kao W genosawa atmoctepunuja Tj. BOLe Kao HajsHadvajHujer akrtopa y3 yTuuaj Tem-
nepaType, KAMMe v nosoxaja yrpaheHor enemeHTa y acagy.

LipBeHN nepMcKuW newuyapu Mo cactaBy U CTPYKTYpU CYy CUTHO- [0 CPefO03pHe
apkose, a npema (U3NMYKMM CBOjCTBMMA npunagajy v3pasuTo 4O YMEPEHO MOPO3HUM
CTeHama Cca OCeTHUM [0 YMepeHUM yrnujaremM BOLe, M HEMOCTOjaHU Cy Ha [ejcTBO Mpasa.
Mopo3HOCT ¥ BOLOMPONYCT/BUBOCT, Kao HajBaXKHMja (hM3MUKa CBOjCTBA 38 BPEMEHCKY
TPajHOCT KameHa yKasyjy fa Cy MCMWTMBAHMW Mewlyapyu cnocobHu fga y cebe npume u
3agp>xe Bogy.

Bopga.n mpa3s cy rnaBHu yspouyHuuuM (M3UYKe pasrpafkhe LUpBeHMX newrvapa. Ha
(hOpMYy M MHTEH3UTET pacnafara yTuye BUCUHCKM HMBO U NONOXaj yrpaheHnXx KameHux
enemMeHara. Jaka kKomajacta v 3pHacTa epo3uja newyapa jaB/ba Ce y HajHKMM JenoBmma
(hacage rae ucnyct cokna Lpkee omoryhaea fyXe 3ajp)aBarwe KULIHWULE W CHera, nep-
MaHeHTHO BflaXKeHE U U3N0XKEeHOCT newyapa arpecMBHOM LUKIYCY Han3MEHWYHOr CMp-



3aBakba U oTanawa y 3MMCKOM nepmogdy. Mopo3HOCT newyapa omoryhaea npogvipase
BOJe, a MPUTMUCAK HAcTao hEeHMM CMpP3aBareM y nopama n3asnsa MeXaHuuKy AesuHTerpa-
UMjy BesmBa M paszapare NOBPLUIMHe KaMeHa (KoMafacTo-3pHacTo M Jbycnacto pacnaja-
He) f0 Ay6mHe npogmpara Boge.

du3myka pasrpafa KOHCTaTOBaHa je 1 Ha eneMeHTMMa yrpaheHumM y BuLle fenose
(hacafie rge Hema fy>Ker 3afpxaBawa Boge. MnovacTo-/bycnacTo pacrnajakbe 0BUX efe-
MeHaTa Mpoy3pOKOBaHO je aTMOC(EPCKOM Bnarom (KULIHWLA, Marna, BIaXXHOCT Ba3fy-
xa). MpoAnpawem Boje Y YHYTPALLIHOCT MNelluyapa pasapa ce CTPYKTypa KaMeHa y3 UCTo-
BpeMeHO hopMuparse crnosbHe /bycke. MNpuBpemeHa "3aWwTMTHA" obnora (cnosbHa fbyc-
Ka) omoryhaBa 3afpxaBare Bnare y nopama v eHo LeCTPYKTUBHO [e/0Bawbe Ha KameH.
HakoH HeHOr ofBajata HOBO OTBOpPEHA MOBPLUMHA je TPOWHA WM NOANOXHMWja La/beM
npouecy BPEMEHCKOT nponajarba.

Ha ocHoBy neTporpackux aHanusa, U3NUYKMUX CBOjCTaBa U CTaka newyapa Moxe
ce 3ak/byunTun fa he ce pasrpafa KameHa CBe BuLUe pas3BujaTu Wy pornegHoj oyayh-
HOCTW NOjaBUTK jow u3pasnTuja owTehewa. [a 6m ce cayyBao MHTErpuTeT dacage un yc-
MoOpMOo TOK BPEMEHCKOT nponajara HeONXOA4HO je caHMpaTh 1 3alTUTU KaMeHe efleMeH-
Te. MoBpWKNHCKOM Xugapodobusaumnjom newyvapa (CUNMKOHCKAM CpeAcTBMMA) CMpeyno
61 ce [OTOK Bofe (Bnare) U eH pasopHM yTuLaj, Npe CBera Ha HUXMM TemnepaTypama.
[yb6okuM neHeTpuparweMm XuapopobHOr cpeactsa 3HATHO 6 ce Cmarwuia NOpPo3HOCT
newyapa n Tume obesbeguna (y3 KOHCTaHTHO OAp>KaBare) AyroTpajHa 3awTuTa (pacaje
1 cayyBasia apXUTEKTOHCKa BPeLHOCT MPECTOHUYKOT Xpama.



