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Y,0,K 719:725.94:552.513 OpHi'HHajiHH Hay>iHH pafl

y3PO U H  PACnAAAIbA II nPEAJIOr 3AUITHTE IIEIU4APA 
y rP A  BEHOr y CnOMEHHK "OCJlOEOtfHOIJHMA EEOrPAtfA 1944.M

ofl

BecH e MaTOBiih*, H eH ajia BHJi6nje** h BpaHKa MBOBHha *

y  L(H.iby VTBpljHBaH>a y3poKa nponafla fta  cnoMeHHKa "OcJTo6ojHoqHMa Beorpana 1944.". H'irpat)eHor o/i 
neuiMapa, H3BpmeHa cy fleTaJBHa HcnHTHBaH>a cTaH.a GjiOKOBa H CTeneHa H.HXOBe pa3rpajjH>e. K0HCTaT0BaH0 je 
nocT o jafte  pa3JiHiHTHX BpcTa ouiTeheH>a Koja cy npHKa3aHa y pajty H naT npejiJior Mepa 3a H>HXOBy 3amTH-ry o ji 

BpeMeHCKor nponajjaH>a.

K i.vmic pcHii: neuiMap, 4>H3HHKa CBojcTBa, pacnajiarbe, ancopnuHja, 3auiTHTa.

YBOA

CnoMeHHK " Ocjio6oflHou;HMa Beorpafla 1944." Hajia3H ce Ha yrjiy Py3BejiTOBe h 
IlpepaflOBHheBe VJtnne. CBenaHO je oTBopeH 20. OKTO6pa 1954. rojj. h npep(CTaBJba npBii 
MeMopiijajiHH KOMnjieKC vpaljcii y Beorpajiv nocjie II cb. paTa. FjiaBHH npHJia3 je H3 Py3- 
BejiTOBe yjiHHe.

npeMa npojeKTy H3 1953. rofl., noBepeHOM apxirreKTH B. Eohv, flyrariKH yjia3HH cjipoirr 
npejiCTaBJi.a MOHyMeHTaJiny Kannjy paBHirx JiHHiija iisp.e/ieiiv y KaMeHy ca 6apeJi,er|)iiMa. 
l jiaBHH nopTaji je o6jiHKa 3H/(aiie KaMeHe Kaiiiije (jiv'/Kiine 41 m h BHCHHe 5 m) h cacTojn ce 
ofl ueTOHJiaHor yjia3a ca 6ohhhm hickhm 3iijioiiiiMa y Koje cy yrpal)eiiii eiapeji.ctfm. Hop raji 
je H3BefleH y ji.hiiikom iiennapv (KaMeHOJioM Ocoje koji Jlnii a), a 6apeJbec|)H oji 6pa'iKor 
Kpe'in.aKa no njiejn Bajapa P. CTaHKOBiiha. npiiJia3HH iuiaTO ca CTeneHiuuTeM n npoxoj|He 
noBpnuiHe cy nonjio'iane jbiiiiiKiiM neiu'iapoM. Y  nopTaji je yrpaJ)eno 459 iiiijiji,iiii!ix 6jioko- 
Ba pa3jiii'iirnix liejiii'iiina. Y  TOKy ipal)en,a Hiije ce i'.ojiHJio pa'ivna o Ha'iHiiv nocTaBJbaH>a 
nce'iennx 6ji0K0Ba. Hajie>Kyhe noBpiuniie cy napajiejiHe hjih ynpaBHe noBpniHMa cjiojeBH- 
tocth . OBaj iia'uui nocTaBJbaiba h pvc ni'ina ofipajia noBpiiniHa (niTOKOBaibeM) cy npoy3po- 
KOBaJie pa3JiHTiHTe Bpcre cjiiriii'iKe ,ri,ecTpyKniije yi patjeiiiix ejieMeHaTa.

yHyTpamibH (napKOBCKH) Jieo ciioMeiiii'iKor KOMnJieKca ce j|o6po oijp>Kap,a. HoBp- 
niHHe noj| KaMenoM h rjiaBHii nopTaji ca 6apeJbec{)OM cy 3ariyniTeHH n npenyuiTeHii ”3y- 
6y BpeMeHa" Te cy npiiMeTHH KaKO cf)ii3iiHKa pa3rpafliba KaMennx ejieMeiiaTa TaKo h

t PynapcKO-reo.JiouiKH c})aKy.iiTeT. TDvrunna 7, 11000 Eeorpafl. 
ttjToMe PocaHHHha 42,11000 Beorpaji.

OxpHflcKa 7 .11080 3eMyH.
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" K pu 'ia iha" y caMoj KoncTpvKHHjn. CnoMeHHK He MO)Ke j(a ce 3aniTHTH oji fiejioBaH .a 
aTM Occf)epnjiHja, a j ia  a,iieKBa-n ia  c a n a n n ja  h K o iicT airrno  o,i4p>Kaiian>e M ory y  3H3THoj Me- 
p n  fla v c rio p e  n p o n e c  p a ^ rp a j jrb e . Y to m  HHJby cy H3BpmeHe eK cnepiiM eiiTaJiH e npoSe 
XHApo4)o6H3aHHje jta 6 h  ce  jjoK a3ajra  MoryhHocT 3auiTHTe n e m n a p a  ojj H en0B 0JbH 0r 
/(e J io B a ita  Bo^e h M pa3a.

Mi:i(>;U HCIIMTMBAIbA

I leT porpacfjC K a, p e ii iu  encK a h re x iiir iK a  HcnHTHBaiba ofla6paHHX y 3opaK a H 3Bpm e- 
na cy y hh ji.v VTP.phriBan.a y3poKa p ac ria jia ii .a  ireiri'iapa yrpai)eHor y cnoMeHHK.

McnHTHBarr,e cf)H3HTiKHX CBojcTaBa (3anpeMHHCKa Maca 6e3 nopa h mynJbHHa -  rycTHHa, 
ca iropaMa rr myrrjbiiHaM a -  3anpeMHHCKa r"ycTHHa, ancojryTtra h pejraTHBHa noposHOCT h 
choco6 hoct ynHjarba h KpeTarba Boj(e) H3BpmeHO je y cKJiapry ca ojiroBapajyhHM jyrocjroBeH- 
ckhm cTarijiapflHMa (JUS.B.B8.032. JUS.B.B8.010). E[0p03H0CT je MepeHa h >khbhhhm nopo- 
3HMeTpoM 36or oflpehHBarba Bejui'irirre h 3acTynjbeHocT nopa.

MeTOflOM peHflreircKe flHcfjpaKHHje npaxa (Philips tip PW 1710 -  6aKapHa aHTHKaTojja) 
anajiir;iipann cy y3opii;H neim apa, cojih na'i'ajio>KeHHX rra 6apeji>ecj)riMa h upinix Kopa ca no- 
Bpmrma 6jrc)KOBa rieiu'iapa Koje rrncy 6ruie ii3Jio>KeHe jnipeivnroM vTHirajy aTMOccjiepHJiirja

EKcnepHMeHTH xeMHjcKe 3amTHTe cy rrsBcjreiiir TpeTtiparbeM  npo6Htix T ejia  p a3 - 
jiruur riiM xeMirjcKHM cpejicTBHMa rra 6a3n cHJtHKOHa (Prevosil specijal, Rain stop)1 h  no- 
jrriM epa y oprarrcKOM pacTBapaTry (Ever clean)2, a npoBepa h .hxobc  ecjrnKacnocTH MeTO- 
jiom  aircopirnrrje Bojie nojj hh ck hm  npHTHCKOM (PIPE METHOD).

nETPOrPAOCKE KAPAKTEPHCI MKE

i leui'iap je c.Mcije jio CHBe 6oje ca MecTHMiuuro H3paaceHHM py>KiuiacTHM toho- 
BHMa. XeTeporeHor je H 3rjrej(a , cjrojeBHTe TeKCType. Y nojejjHHHM yrpa^eHHM ejreMeH- 
inMa 3aira>Kajv ce HHTepriH TeKCTyprm o6jthhh -  JiaMiraaHHja, K0HB0JiyHHja (0 6 p a jto -  
Biih, 1967; cji. 1 h 2) 33thm iiyKOTHHe h npcjiHHe napajiejme npHMapHHM c~noBpmiiMa. 
;I,V>i< obiix HpejHicnoHirpaHHx noBpmrr 'icc tc  cy nojaBe cjia6i[je hjth jane jihmohhth- 
3aHHje. Ha eKCTepHHM HOBpmiraaMa HeKirx 6ji0K0Ba npncyTHe cy ijiviiji.hiic rracTajre hc- 
nrrparbeM cf)HH03pHHjer MaTepnjajia (<0.05 mm), a nojejtHHe ce KapaKTepHiny Jbycnac- 
thm pacnaflaraeM,

Y rp a lje im  n e m n a p  irs rp a tjcn  je  ojj KJiacTa KP.apna, cfiejijicnaTa, jnicK yna h ojuioM aKa 
cTCtra. A K necopH tr cac'rojrrir cy anaTHT, nnpK oii, TypMaJiHH h  M eTajiiuiiin MHHepajrH (M ar- 
lieTHT H Fe-CyjIcf)Hjm)- Be3HBO je  IlpeJICTaBJbellO CepHU,TITCKO-XJIOpHTCKHM MaTpHKCOM H 
KajlHHTCKO—CHJIHHHjCKHM HeMeHTOM.

Kuapu (55,82 v o l.%  CTeHe), je yrjiacTHX jio cy6 y rjiacT irx  h cy63ao6jbeHHX cJropMH 
jUiMCHSHja 0.1-0.3, p e l)e  j(o 0.8 rnrn. < I>e.i^ciiani (17.33 vol %  CTeHe) cy npejiCTaBJbeHH 
K-(peAdcuauioM  (opT oic jrac , m h k p o k jth m ) h  UAavuoKJiacoM . K jracTH  cy  cy 6 y rJ iacT iix  jio  
cy63ao6jbeHiix cjropMir, HeKH cy canyB ajrH  npirM apaH  npH3MaTH'iaH o 6 jth k . BejiHHHHa hm 
Bapirpa ojr 0.1 jio 0.5 m rn, n a j 'tc m h e  o k o  0.3 m m . YrJiaBHOM cy jicjiom  h jih  'iaK noTiiyHo

1 Prevosil specijal je cpeucTBo 3a HMnepMea6H.nH3aiiHjy na 6a3H ojmrocHJioKcaHa y opraHCKOM pacTBa- 
,jawy (White cnnpHT h cji.). Rain stop je epe/icTBo Ha 6a3H CHJiHKOHa y opraHCKOM pacTBapaMy. no CBojHM cBoj- 
cTBMMa ojimcko Prevosil specijalu.

" er clean je cpejjcTBO Ha 6a3M no.nHMepa y opraHCKOM pacTBapaMy.
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Cji. 1. Ca>ryBaHH KOHBO.nyTHBHH o 6.t h u h  y yrpal)eHOM neurMapy. 
Fig. 1. Relicts of convolution in built sandstone.

C ji. 2. JlaMHHartHja Ha noBpuiHHaMa cctchhm ynpaBHo Ha cJiojeBHTOcrr.
Fig. 2. The lamination on the surfaces of blocks cutting perpendicular to layering
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cepHHHTHcaHH h  KaojiiiHHcaHH. I IeifiM cii.eH a 3pHa K -c})ejiflcnaTa noK a3yjy M iiKponep rHTCKa 
iTijIiiajan.a. ( );i o^jioM aK a c r e n a  (15.42 vo l.%  CTeHe) npiicyTHH cy p()>i<Hanii, K B apnirni, 
cepiiHHTCKO xjiopHTCKH iuKpiiJbHH, ByjiKaHHTH ii i'paHHTH. BejiH ’iH iia c})parMeiiaTa B apnpa y 
iipoceK y ofl 0 .3 5 -0 .5  rnni, pe t)e  j(0 1.5 nim. O p a rM e irn i ByjiKaHHTa h  rpaHHTa cy qecTO cep n - 
HHTHcaHii. . I i ic k v h h  -  m v c k o 6 u u i u duouiuui ip a jje  5.02 vo l.%  cTeHe. JIncKe cy iip o ce 'iiio  
J|v>i<HHe oji 0.1 jio  1 nnn, p e lje  1.25 m m , pe/jon iio  cy /lecjjopM iicaiie -  HcaBiijaHe h jih  y6paH e. 
I) h o t h t  je  iicjiom  jjo  n0T nyH 0 X Jiop irracaH , iio je jim ie  jiHCKe cy H cnpaH e h jih  j ih m o h h th -  
c a n e . \K u c c o p ii i i  anaTH T, HiipKOH, TypMaJiHH, MeTajiii'iHH MHiiepaJiH rp a jie  0 .2  vo l.%  c tc -  
ne. BeJiH'iHiia 3pna  p.apnpa oj( < 0.1 jjo 0.15 m m . Auaiuuiu n  i^upKOH cy Hj|noMopcj)Hiix hjiii 
cy63ao6jbeHHX jio yrjiacTHX c|)opMH h  noneK aji c e  H ajia3e h  Kao HHKJiy3Hje y cliejijjcnaTiiMa n 
6noT’iiTy. TypMcuiuH je  3ejieHKacTOMpKe 6 o je  yraacT H x o6jiHKa. MemaauHHU Mumpcuiu 
(M ameTHT, I 'e -c y jic |jn ji ii j  cy  /(ejioM  /io n0T nyH 0 jiHMOiiHTHcaHH.

Be3HBO (6 .39  v o l.%  CTeHe) je  CepHHHTCKO-XJIOpHTCKH MaTpHKC KOHTaKTHOT THIia H 
KaJIIJHTCKO—CHJIHHlljCKH HCMeHT KOHT3KTHO—nOpHOT THna.

IIpeMa KJiacHcf)HKanHjH P e t f i j o h n - a  (1975 ) iicnnTHBaHH iie m 'ta p  np im afla  cy6apKO- 
iaMa, a no  j(()MHiiHpajyhoj Bejni'iiiHH 3pna  (0 .2 5 -0 .5  m m ) cpejH tospHiiM  iie iiriapnM a.

Ta6ejia 1. <t>M3MMKe K a p a K re p M C T M K e  yrpal>eHor neruqapa 
Table 1. Phisical characteristics of sandstone

3 a n p e M M H C K a  M a c a  6 e 3  nopa H uiymtHHa 
(rvcTHHa) JUS B.B8.032. 

(density)
2.46 g/cin3

3 a n p e M H H C K a  Maca ca nopaMa h uiyn.TbHHaMa 
( ian p e M H H C K a  rycTHHa) JUS B.B8.032 

(bulk density)
2.38 g/cm3

KoecJjMUHjeHT 3 a n p e M H H C K e  Mace
JUS B.B8.032 

(degree ol’ density)
90.15 %

AncojiyTHa nopo3Hocr 
JUS B.B88.032 

(absolute porosity)
9.85 %

PeJiaTHBHa nopo3HocT 
JUS B.B8.032 

(relative porosity)
5.46 %

ynHjaH>e Bofle (%  Mace) 
JUS B.B8.010 

(water absorption % by mass)
2.25

ynHjaH.e Bose (% 3an.) 
JUS B.B8.010 

(water absoiption % by vol.)
5.46

Il0p03H0CT (>KMBHH n0p03HMeTap)
Porositv (Hg porosimeter) 16 %

(DH3HHKA CBOJCIBA

<t>H3ii'iKe oco6HHe y KopejiaijiijH ca neTpoipac})CKiiM KapaKTepncTHKaMa ocnoBa cy 3a v’i'Bp- 
(jHJiaii.e y3poKa npoiia/iaii.a  v ip a l jc i io r  KaMeHa Kao h  3a  nponenv  ii.eroBc BpeMeHCKe TpajHocTH. 
y 'I'om ijiuhv  HciiH nniane cy 3anpeMiiHCKa M aca 6e3  n o p a  h  m yiubinia (iycTTina), 3anpeMiiHCKa 
Maca ca nopaM a h aiynjbHHaMa (3anpeMHHCKa rycTHHa), a iico jivn ia  h  pejiaTHBHa nopo3HocT, ynn- 
iaibe Bojie h nopo3HQCT MepeHa >khbihhim nopo3HMeTpoM (T a6ejia  1).
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BpejjHOCT 3anpeMHHCKe M ace 6 e s  n o p a  h  u jy n j t i in a  ce  noKJiana c a  rycTHHaMa mii- 
n e p a jia  HcnHTHBaHor n e iiiH ap a  h  Kao cf)H3HTiKa KapaKTepncTHKa HOcpejiHO cjiy>KH ia  ojl- 
p e ^ ira a ib e  BpeflHocTH ancojiyT H e nopo3H0CTH KaMeHa.

IlpeM a Bpej^HOCTH 3anpeMHHCKe Mace ca nopaMa h  m y n jb H H a M a  nem nap ca iio jj- 

pyqja JbHra iipmiaj^a KaTeropnjH cpejjme TeuiKHX creHa (B ilb ija , 1984).
Koec|)HU,HjeHT HdiyibeH0CTH K a M e n a  b3H0CH 90.15 %.
AncojiyTHa nopo3H ocT  jbHiuKor n e n i 'i a p a  je  9.85% h Ha rpaHiinii je  H3Me!)y jio c ra  

nopo3HHX h H3pa3HTo nopo3H iix  cTeHa (B ilb ija , 1984).
Pa3JiHKa H3Mei)v pejiaTH B iie nopo3HOCTH (jiecj)HHHiue ^ e o  n o p a  H cny iteH  bojjom  n p n  

H 0 p M aJiH 0 M  aTMOccJjepcKOM npHTHCKy) h ancojiyT H e n0p03H0CTH o fija u if ta B a  ce  B ejn i'iii- 
h o m  h  M e ^ y c o 6 H H M  H eK O M yH H U ,npaibeM  n o p a .

r io p o 3 H o c T  je  M epeH a h  >khbhhhm  nopo3H M eTpoM  i u t o  je  HCTOBpeMeHO jim jio no - 
jjaTKe o BejiHiHHH h  npoueH TyaJiH oj 3acTynJbeH ocTH  n o p a  (Ta6ejia 2). B eh H H a n o p a  y 
n e iu Tia p y  n p n n a jia  K aT eropnjH  KanHJiapHHX n o p a  Bejni'iHH e oji 1-10 (j.m. B n c H iia  h 6 p  iii- 
Ha neu>aH>a Bone y n e m i a p y  je  o jipe ljeH a  juipeKTHHM M epe& eM  npeK o npH3MaTH'iiiHX 
npo6HHX T ejia  K oja cy  CTajaJia y luijin jio MOMeHTa Kajra je  KanHJiapHO n e ib a ib e  n p e c ra -  
jio . B iic iiH a  K an iu iap H o r n e ib a ib a  je  H 3H oci«ia 4 cm 3 a  96x. ripHcycTBO  oBaKBiix n o p a  
Koje M ory jia npiiM e n  3 a f lp x e  bo jiv  y r p o * a B a  nocT ojaH ocT  y rp a t)e H o r  n e iu i a p a  n iio b c - 
haB a onacHOCT ojj H en0B 0jbH 0r jfe jioB aiba M pa3a.

Ta6e.ua 2. Cap*aj nopa npeMa bcjihmhhh. 1 -  v'iopaK cbokci' rieuiMapa; 2 -  y3opaKpacnanHyror neurtapa.
Table 2. Contents of pore according to size. 1 -  umveathered sanrple of the sandstone; 2 - \veatliered sarnple 

of the sandstone.

BeJiniHHa nopa (size of pore) 
( |im )

1
(%)

2
(%)

0.01-0.1 19.3 24.2

0.1-1 22.0 19.1

1-10 46.1 44.7

10-40 12.6 12.0

Pa3JiH K a H 3M e^y a n co J iy T H e  nopo3HocTH h nopo3Hoc™  MepeHe >kiibhiihm nopo'ui- 
MeTpoM je BepoBaTiio nocjiejum a Majior 6poja iicniiTHBaHHX y 3 o p a K a .

Tafiejra 3. OH3HiKa cBojcTBa nenriapa H3 KaMeHonoMa Ocoje (B ilb ija  i S p a s o je v ić ,  1959).
Table 3. Phisical properties of the sandstones from the Quarry Osoje (B ilb ija  i S p a s o je v ić ,  1959).

3anpeMHHCKa rycTHHa 
(bulk density) 

gr/cm '

rycTHHa
(density)

gr/cm3

CTenen rycrHHe 
(degree of density)

%

nop03H0CT
(porosity)

%

n0CT0jaH0CT Ha flejcTBO Mpa3a 
(resistence to the frost)

2.38 2.64 90.30 9.70 nocTojaH

n o  KJiaciicfiiiKaiuijH K aM ena npeM a y nnjaH >y p.ojie jbH m K ii n e ii i 'ia p  c e  najia3H  y Ka- 
T e ro p n jH  KaMeHa yM epeH or ^ o  o c e T iio r  y m ija ib a  B ojje  ( B i l b i j a ,  1984). y n iija H > e  BOfle je 
2.25 %  M ace  h  5.46 % . san p eM im e . n e m ia p  j e  j50B0 jbH 0  n o p o 3 aH  jja  npHMH h  3ajjp>KH 
bojiv  y n o p a M a  K o ja  y TOKy Mp>KU>eiba n p e j i a s n  y 'iBpcTO  a r p e r a T H o  c T a ib e  (jien ) h  np ii- 
TncKa 3HJ10BC n o p a  H 3a3H B ajyhn  jieKOxe3Hjy H3Mel)y 3 p n a  h  i iv u a ib e  KaMeHa j(y>K no- 
B puiH  peajiH H X  H JiaH apa. ,[l,o6Hjeiin pe3yjiTaTH  yK 33yjy j(a j e  rJiaBHH yspoK  jie rp a jia n iije  
uem iapa y rp a l? e H o r y cnoMeiiHK j^ e jio B a ib e  M pa3a.
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HcnHTHBaibe nocTojaHocTH KaMeHa Ha /(cjctbo Mpa3a nnje BpmeHO. flocaflaniH.H 
pe-{yjrraTH HcnHTHBaHba y JiafiopaTopnjn cy noKasaJiH fla je OBaj ncui'jap nocTojaH Ha 
^ejcTBo M pasa (B ilb ija  i S p a so je v ić , 1959; TaSejia 3).

FIocjic 42 roflHHe oji nocTaBJbaita cnoMeHHKa jejiaH neo yrpat)eHiix ejieMCHa_i'a no- 
Ka3yje iiiaKe jaKe cjiiniriKe pa3i pajiii,e, jiok Hpyrn inuiejia Bpjio CBe>K ihto HMHJiiiniipa 
cji0>KeH0CT ou,ene BpeMencKe TpajnocTH Kpos Jia6opaTopHjcKa iiciiHTHBaiha.

BPEMEIICKE 1IPOMEHE HA y rP A IiE H O M  IIElIIHAPy

O flpei)eH ii 6 p o j e jieM en a 'ra  n e u m a p a  HaJia3H c e  y c}>a3H HHTeH3HBHe H erp a flan iije  
uito  yrpo>KaBa hc  caMO ecTeTCKe BpejjHocTH B eh h H HTerpiiTeT u;ejiiiHe cnoMeHHKa.

y cuoM eniiK  (yjia3HH nopTaJi) yrpaf)eH O  je 459 BHflJbHBHX 6ji0K 0B a ( c j i . 3); 94 ejie- 
Menra cy jaKO ouiTeheHH (20, 5% ), 136 ejieMeHaTa cy Mano h yMepeHO oniTeheHH 
(29,6%) h 229 e jieM en a 'ra  cnajja y rpyny 6e3 Bii/iJhiiBHx ouiTeheiba (49.9 %). M ajio h 
yMepeno ouiTeheHH eJieMeirra HMajy CHTHe npcjiirae o6hhho no npaBii,HMa jiaMHHaHHje. 
JaKo oiureheHH ejieMeHTH cy rijiohac'ro- ji.yc11a c to , KOMajjaero n JbycnacTO-3pHacTO 
pacnaflHyrrH ( c j i . 4, 5, 6). J^y6oKa pa3rpajjiba ce noce6HO jaBJba Ha 6ji0K0BHMa rfle je 
iipHMapria noBpiuiraa pa3opena na je HOBa 3axBaheHa JbycnacT0-3pHacTHM pacnajjaibeM 
( c j i . 6 ) .  y  0By rpyny cnajjajy h ouiTeheiba rjje ce Ha npBH norJien He BHfle 3HaHir cJ)H3iFiKe 
pa iipajiibe, ajiir iicpKVTiipaibeM je yiBp})eHO jia ce cJiojeBii'i'o-iuio'iac'ni jieo ojjBojno oji iiejiiine 
6jioKa m jja je caMO rarraibe BpeMeHa Kajra he o rnacTir ca n.era, I lojcjiniiii 6jiokobii iieni'iapa cy 
jaKo ourreheHH na he 6 ii th  ncnpe6HO jja ce 3aMeHe hobhm ejieMeirnrMa.

i i i m a  2 m  3

Gn. 3. CKima cnoMeHHKa ca pa3JimHTHM crenenoM ouiTeheiba SnoKOBa. a) JH crpaHa cnoMeHHKa. 6) C3 crpaHa cno- 
MCHHKa. JlereHjia: 1. HeonrreheHH Ojiokobh; 2. Majio h yMepeHo ourreheHH Sjiokobh; 3. JaKO ourreheHH
CjlOKOBH.

Fig. 3. Sketcli of the Monument with different daniage degree of blocks. a) South-east side of the Monu- 
ment. b) Noith-west side of the Monunient. Legend; 1. Undanraged blocks; 2. Less damaged blocks; 
3. More damaged blocks.

H a ' i i n i  p e 3 a i b a  iieu rH ap a  yT irae Ha o 6 j i h k c  cjrasH 'iKe p a 3 rp a jjH > e  6ji0K 0B a. Ha e j i e -  

MeiiTHMa K JiecaH H M  ynpaB H o Ha cjiojeB H TocT up n cv T iie  cy nyKOTHHe napajrejrH O  iioB pu in  
cJiojeBHTocTH. H a c y n p o T  TOMe k o j i  6 j i 0 K0 B a ca  noBpuiHHOM pe3aHOM n a p a jie jiH o  c jio je -  
b h t o c t h  " c j io je B H T a "  p a 'ii p a jiiiia  je  H3pa3HTHja n p n  'ieMV ce  o jip .a jan .e  luio'iacTH .v k o -  

M a jja  BpiuH c a  u e jie  h j i h  jjeJiO B a n o B p u iH H e  6noK a (cji. 4).
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Cji. 4. nJi04acT0-JbyciiacT0 pacnaflaiie neuiMapa napajiejiHO cjiojeBHTocTH. 
Fig. 4. Exfoliation of sandstone parallel to layering.

C ji . 5. KoM ajiacTO pacnanaH>e SjiOKOBa. 
Fig. 5. Cracking of blocks.
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Cn. 6. JBycnacT0-3pH acT0 pacnanaH.e. 
Fig. 6. Flaking and granular disagregation.

Oi. 7. "T a M H a  Kopa" nacrajia Tajio>KeH»eM ^Bpcrira "tecTHita H3 aTMOc(J)epe, E({).TiopecL(eHqHja nyx  cnojHHua 6ji0K0Ba. 
Fig. "Dark cmst" caused by atmospheric pollution. Efflorescences along the m ortar joints.
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I ImpeSHO je HCTahH jja noBpiUHHCKa o6pajp  fuioKa Ha3y6jbeHHM ’icKiiheM xaKoi)e 
neraTHBHO y 'nrie  Ha OTnopnocT KaMeHa. OBaj iia 'iin i o6pajje CTBapa iiobc MHKponvKoniHe 
M cn.ajvhii n0p03H0CT cT ene a noBpunma nocTaje oceTJbHBiija Ha xeMiijcKo ;iejcTi>,o ar- 
M()cc|)epiiJiHja. Ociim Tora Ha TaKO of)paI)eHoj noBpimiHH 3HaTHO Jiam ie ce 3aj_ip>KaBajy xe- 
MHjcKH aKTHBHe 'iecTHne a'rMoccjicpe Koje cy HCTOBpeMeHO jiofipn KaTajmsaTopii 3a okcii-

flamijv S 0 2 y H2S 0 4 (A le s s a n d r in i  et a l.,  1979; Z e h n d e r ,  1979).
H a noB pim m aM a SjiOKOBa, Koje cy  saK Jiom eH e o«  fle jioB am a KHme, c{x)pMHpajy ce 

"□;pHe Kope" rrajio>KeibeM  HBpcTHX 'ie cT im a  H3 aTM occjiepe (nai), npam im a i i t j i .) n rinica. 
K jio6y iaibe K ope h  iio to m  ibeHO "n ep y T a ib e"  y3poKyjy f la jbe  p a s a p a ib e  noB pim iH e 
KaMCHa (cji. 7). "H pH e K ope" cy  ie c T  o 6 ji iik  pacnajiaH >a KaMeHa y yp6am iM  cpeM iinaM a.

K aM en je  npnpojiHHM nponecH M a naTHHHpao n 3 a jio6no  hobv 6ojy . B eh im a  (viokobh je  
ciiBKacTe jio oKepacrr<) - m<vhK acre 6 o je  ca MpKHM n  py>KH'iacTHM TOHOBHMa. I Ioiuto  je  ripn- 
MapHa 6 o ja  n e im ia p a  6 m ia  CHBa OBa npoM ena je  iioc jic jinna  c jim iriK o r h xeMHjcKor pa3a- 
p a m a  Hapo'iHTO JiiiMOHHTH3aHHje cjrono jiHcnepi ()BaiiHX Fe-OKCHfla h cyjicj)iijia.

KapaKTepiicrH'iaii o 6 jih k  BpeM encKor nponajjaiha neim iapa je h  nojaBa ecjiJiopecneii- 
Hiija (Hcu,BeTaBaibe cojiii) KOHCTaTOBaHa jw>k cnojinma 6ji0K0Ba. PeHjjreHCKOM anaJiii30M 
oB or M aTepnjajia K0HCTaT0B3H0 je  npHcycTBo: xajniTa -  NaCl, 'reHapjnrra -  Na2S 0 4, acjrni- 
TajiHTa -  K2N a(S 04) h  rnrica C aS04 x 2H20 .

PacTBopjbiiBe c o jih  cy no3HaTe Kao Ba>Kiin arencn  cf)H3H'iKor p a 3 a p a ib a  K a M e n a . 

H )H xobo nopeK Jio  jo m  yBeK n n je  n 0 TnyH0  p a3 jam ib eH o  (A r n o ld , 1976; C h a ro la  a n d  
L e w i n ,  1979). M ory ce nahn y KaMeny Kao ireroii npnpojjnn cacTojaK h jih  ce Mory j(eno- 
HOBaTH H3 3aral)eH e aTMoccj)epe y BHfly aepocoJiHHX TecTHija. MaJiTep, 6 h o jio iu k h  areHCH h 
B Jiara  H3 TJia cy TaKoI)c H3BopH cojiii. Y HOBiije BpeMe cMa'ipa ce jia je  3acoJbaBaibe v jih h h ik  
noBpimma y 3Hmckom nepnoj^y TaKofje Moryhn H3Bop cojih (B i lb ij a ,  1977).

XajiHT KOHC'raTOBaH y c iio jn im aM a njio 'ia yrpat)ennx y nJiaTo n c n p e ji cnoM eiiHKa 
(cji. 8 ) H ajBepoBaTH iije je  npH iieT  ca  yjuiH e y 3iim ckhm  MeceHHMa. A(|)THTa.iiiT n renap- 
j i i i t  H3 y3opaK a y3eTiix ca  6apejbecjDa (cji. 9) cy BepoBaTHo nocJiejjHHa pacT B apaiba  
MajiTepa KopnmheHor y TOKy 3iijiaiba. rn n c  je  KOHCTaTOBaH y ysopKy TaMHe K ope ca 
HOBpmiiHe 6jiok3 (cji. 10) H i i o t i i t c  h jih  H3 M ajiTepa KOjHM cy  CIiajaHH 6 jio k o b h  h j i i i  je 
npHHeT H3 a riM occ[)epe Kao a e p o c o jm a  'ie c r im a .  HeHOBOJbHH ecj)ei<'rn K p n cT aJ iin au n jc  
n aB ejie iu ix  c o jih  cy  ecTeTCKe a y MaibeM CTeneHy jiecrpvK TiiB H e iipnpojie.

IlpeMa TOMe BpeMeHCKe npoMeHe (tokom 42 rojiime ojj k3ko je KaMeH vipatjen y cnoMeHHK) 
Ha ejieMeHTHMa cy BeoMa jaKe 36or 'iera je Heoiixojuio ihto npe H3Bpmimi canan.njy cnoMeHHKa.

3A K JI>yM A K

McHHTHBami nem nap yrpai)eH y cnoMemiK "Ocjio6ojiHOHiiMa Eeorpajja 1944." iipn- 
najja rpym i cy6apK03imx nem napa, ajiH o63HpoM Ha orpam iieH H  6poj HcmiTHBaHHX V3o- 
paK a (je jm a  M ojiajm a aHaJiH3a) He Mo>i<e ce  c a  C H rypnom hy  t b p j i h t h  jra je  n p ri rp a t)e ib y  
K opH m hen HCKJbyniBO nem nap KaMeHOjioMa O coje.

$H3HHKa cBojcTBa yKa3yjy jja je  nem nap H3pa3HT0 nopo3aH y3 yMepeHo yrmjaibe 
Boj^e. C o63HpoM Ha KapaKTep nopa ocTaje cyMH>a y H>eroBy 0Tn0pH0CT npeMa jjejio- 
Ban>y Mpasa, Mafla je cTaHflapnHHM tc c to m  Mp>KH>eiba h KpaBJbeiba riem 'iap (Ta6ejia 3) 
oijeibeH Kao nocTojaH mTO je y necKJiany ca craibeM nem napa y o6jeKTy.

Ha jiaiiaiim.H irirjiejj h CTaibe noBpmHHe KaMeimx 6jt0K0Ba yTimajiH cy c^aiaopn 
c}3H3HUKe h xeMHjcKe npirpofle: Boj^a, npoMena TeMnepaType, jjejcTBo Mpa3a h 3aral)eHa 
aTM()ccj)epa yp6ane cpejiiine.
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Cji. 8. JHH(J>paKTorpaM y3opKa n e m ia p a  ca nJioMHMKa Hcnpea cnoMeHHKa. H-xaJiHT. 
Fig. 8. D iffractogram  of sample of sandstone taken froni tlie plarfom i slabs. H -h a lite .

A

C.n. 9. J],H(})paKTorpaM y3opKa cojih ca 6ape.ibe4)a. A-a(jjTHTajiHT; T-TeHapjjHT. 
Fig. 9. Diffractogram  of salts from b as-re liefs . A aphtitalite; T -tenard ite .

G G GOG o

G G

0 20 40 60 20°

C j i . 10. ^ H (} )paK T orpaM  y 3 o p K a  "TaM H e K o p e " . G-ninc.
Fig. 10. Diffractogram of sample of "dark-crust". G —gypsum.
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r ip e M a  pe3yjiTaTH M a iiciiH TH B aita rjiaBHH p a 3 J io r  (j)H'jH'iKe pa3rpajiH >e je  flejioBaite 
M p a sa  h  Bo/ie. KaKO je  Ha raaBHOM n o p T a jiy  o k o  20 %  ejieM eH aT a y jaK oj cfiHSH'iKoj p a3 - 
i p a ji ib n ,  y r p o * e H  je  He caMO H3rJiei( cnoM eHHKa K ao n e jn n ie  Beh h  H irrerp H T eT  3Harr a o r  Jiejia  
KOHCTpyKTHBHHX ejieM eH aT a. y3poMHHH,H p a c n a jia n .a  (jjeJioBau.e K iim e h  M pa3a) ce Ha >Ka- 
Jio cT H e  M ory  eJiHMHHiicaTH, a jn i c e  n e rp a j ja n H ja  MO>Ke 3HaTHO ycnopH TH .

,5 a  6 h  c e  o 6 aBHJia caH aH H ja cnoM eH H K a n o T p eG H o  je  H3BpuiHTH liiu iih eH > e , 3 a n iM  
K oncojiH jjaH H jy , noB pm H H C K y 3aiiiTH Ty h  peKOH CTpyK Hiijy. PaflH y c n eu iH o c T H  o b iix  iio c -  
i y n a K a  H eonxojjH O  je  H en p eK H jin o  ojjp>KaBaii>e cnoM eH H K a.

E K cnepH M eH T H  3 a u iT H T e  n a  6a3H  CHJiHKOHa n n o jiH M e p a  cy H 3Bpm eH H  v u h jb v  cM a- 
H>eii.a m T e T iio r  j ie j io B a i ta  B o jje , Tj. j^a 611 c e  n o c T H rjia  XH jipoc[)o6 iio c T  KaM eHa k o j h  je  nci 

n p H p o jiH  XHj(pocj)HJiaH. riocTynaK j e  H3BejieH PIPE MeTOflOM, Tj. M e p e ite M  KOJiHHHHe a n -  
c o p 6 o B a H e  i«)j(e  h o jj  h h c k iim  npHTHCKOM Ha o j ip e t je n o j  HOBpmiiHH nopo3Hor M aT ep n ja J ia  
3 a  o j^p e^eH O  B peM e ( T a 6 e j i a  4 ).

Ta6e.na 4. AncopOunja Bofle. 
Table 4. Absorbtion of water.

3aTHM ce npiiCTynHJio ripeTMany noBpmiiHa y 3 o p aK a  cpejicTBHMa Ha 6a3H ciu iiiK O H a 

(Prevosil specijal. Rain stop) h  nojiHMepa y opraH C K O M  p a c T i’. a p a ' i v  (Ever clean). OBa c p c j i -  
cT B a ciipe'iaBajv i ip o j iH p a n .e  BOjje y  y H y 'rp a iH H ,0 C T  nopa h  THMe HenoBOJbHO jiejiop.an.e Mpa- 

3a, 0M0ryhyjyhn HCTOBpeMeHo ,,jnican.e” KaMeHa (Ever Clean nopeji Bojjoon6 ojHocrrn  ne fl03- 
BOJbaBa iieiieipnpaibe yji>a y  vnvipamibocT K aM ena). Ta cpencT B a u r ra T e  ra h  oji y j r ip a -  

B ito J ic T H o r 3pa>ieH>a, ciipe'iaiiajv j ie K O J io p a m ijv  h  e c j) jiy o p e c n e H H H jy  h  pa3Boj ih d k h x  6 iu t.aK a  
(M iiK p o c j) jio p e )  Koje CBojoM aKTHBH0iiihy v t h ' iv  Ha pa3ipaj[ii,y, Hiicy cj)H JiM orcTia h hc  c n p e -  
H aB ajy  jincj)y3H O  K peT aib e  bojiciic nape.

P e3 y jiT aT H  M e p e ib a  y  CBa T pn eKcnepHM eHTa c y  noK a3ajiH  jja  c e  iiiibo  B ojje  y  poKV 
o jl 1 1 Hiije cnycT H O  iih  3a 1 m m  ih t o  yK a3yje j |a  c y  3 am T H T iia  B ojioo jjfio jna  c p e j ic ia B a  
o 6 a B H J ia  c B o jy  c[)ynKniijy Tj. j ja  c y  T peT iipaH e n o B p m m ie  n o c T a jie  XH/(pocj)of)iie.

M cro iT H B aib a  n o K a 3 y jy  j^a y rp a i) e i iH  n e m xi a p  im je  n o c T o ja H  Ha jie jcTBo Bojie h Mpa-  
3 a  h jia  c e  y c n e m n o  mo>kc 3aniTHTH xeMiijcKHM B ojiooji6ojiinM  cpejiCTBHMa.

K o ji OBaKBHX 'ra n o B a  n e u i 'i a p a  im aK  H aj6oJbii HaHHH 3 a  oneH y BpeMeHCKe rpa j- 
h o c th  je  HcniiTHBaH>e n o H am a ib a  h cT aiba  KaMeHa n a  OTBopeHHM H3flaHiiiiMa, rj. n p e  rio- 
HeTKa H>eroBe eK ciuioaTaH H je, a 3aTHM rbiKOBO n o p e t)e ib e  ca  pe3yjiTaTHM a no6njeHHM  
HCiiHTHBaibeM v rp a f)c H iix  eJicM ciiaT a y c r a p e  o6jeK T e.

BpeMe
(time)
(min)

3anpeMHHa aucopfioBaue Bo/te 
(Volumen of absorbed  vvater)•S

cm

5 0.2
10 0.3
15 0.35
30 0.4
60 0.5

24 h 2.y
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CAUSES OF DECAY AND PROTECTION PROPOSALS 
OF THE SANDSTONE OF THE MONUMENT 

"OSLOBODIOCIMA BEOGRADA 1944."

by

V esna M ato v ić  , N enad  B ilb ija  and B ranko  Ivo v ić

The detail investigation of block's state and their destruction degree were made in the aini to estab- 
lish the causes of the sandstone decay that builts the Monument "Oslobodiocima Beograda 1944.". The 
different types of the damage and proposed protection against vveathering are presented in this paper.

Key vvords: sandstone, physical properties. đecay, absoiption, protection.

INTRODUCTION

The Monument "Oslobodiocima Beograda 1944" is located on the comer of the Ruz- 
veltova and Preradovićeva street. It was opened on 20. of Oct. 1954 and represents the 
first memorial complex that was builts in Belgrade after second World War.

According to the project of arch. Bon (1953) the long entrance represents thc monumen- 
tal portal of straight lines constructed of the stones vvith bas-reliefs. The main portal (41 m in 
length and 5 m in liight) consists of five entranees and of lateral lovver vvalls vvith bas-reliefs. 
The portal is build of the block's sandstone from the quarry Osoje near Ljig while bas-reliefe 
are of Brac marble (Stanković, sculptor). The platforms and steps in front of the Monument 
are flagged of sandstone’s tiles. The portal consists of 459 visible sandstone blocks vvhich are 
different in size. The constructors did not take into account the vvay of putting during the buil- 
ding. This way of construction caused the underlying surfaees parallel or normal to a surface 
layering. The style of construction and rustic vvork by the bushhammer caused the different 
kinds of the destruction.

Interior pan of the Monument eomplex (park) is vvell maintained. The main portal vvith 
bas-reliefs is weatliered and it is causing the degradiition of blocks and "moving" in construction.

Faculty ofM ining and Geology, University of Belgrade. Djušina 7, Belgrade.
Torne Rosandića 42, 11000 Belgrade.
Ohridska 7, 11080 Zemun.
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I ■ van thc Monument can not be prolecteci from weathering, some way of the trailmenls of conserva- 
lion and constant maintenance can slovv down the dcgraclalion processes. In tlie aim protection 
sandstone from the intluence of vvater and frost the teitment of chemical protection was made.

METHODS OF INVESTIGATIONS

'fhe petrographical. chemical and technical investigations were carried out for deter- 
mination Ihc decav causes of the building stones of the Monument.

The physical characteristics (density. bulk density. degree of density. absolute and 
relative porosily, water absorption) vvere determinated in accordance to a valid YU stan- 
dards (JUS B.B8.032. JUS B.B8.010). Pore size distribution of the stones were determi- 
nated by means of the mercury preassure porosimeter.

The samples of sandstone, salt from bas-reliefs and "dark crust” from surfaces of 
blocks were analysed by X -ray diffraction (Philips PW 1710-copper anticathode).

The treatmenl of chemical protection made by different means was based on silico- 
nes (Prcvosil special. Rain stop) and polymers in organic solvent (Ever Clean)2. The ef- 
fectiveness of these means were examined by the vvater absorption under the low preas- 
sure i.c. PIPE-method.

PETROGRAPHY

The sandstone is brovvn to gray in colour, partly with pink shade. It is of heterogenous 
character and ii is layered. Some building elements are characterized by intemal structures as 
limiination and convolution (O b rad o v ić . 1967; Fig. 1 and 2) and by cracks ancl fissures pa- 
rallel to the s-surfaces. Lovv and liigla limonitization appeare along these surfaces. The appear- 
ing of cavity on the some exlemal surfaces of blocks is a consequence of the washing out of 
the fine graincd material (< 0.05 mm). Some of these surfaces are characterized by the flaking.

The building sandstone consists of the clasts of quaitz, feldspar. micas and fragments of 
rocks. Accessories are apatite, zircon, toumialine and ore minerals (magnetite, Fe-sulfide). The 
matrn is of sericite-chlorite and the cement is of calcite-siliceous.

Qunrtz (55.82 vol. %) is angular to subangular and subrounded. 0.1-0.3 mm rarelv 
to 0.8 mm in length. Feldspars (17.33 vol. %) are K-l'eldspar (orthoclase, microcline) 
and plagioclasc. They are partly sericitized and caolinized. The fresh grains show mico- 
perthitic streak. Fragments of rocks (15.42 vol. %) are quartzite"s, sericite-chlorite 
schists. volcanic and granitic rocks. The last tvvo are sericitized. Micas (muscovite, bioti- 
tc) are deformed and make 5.02 vol.% of rock. Biotite is partly or total chloritized; some 
flakes are colourless or limonitized. The ore minerals are partly limonitized.

The matrix makes 6.39 vol. % of rocks and it is of contact or contact-pore type.
The examined sandstone is subarcoze while according to grain size (0.25-0.5 rnm) it 

belongs to medium grained type (P e ttitjo h n . 1975).

Prevosil special is niean on hase oligosyloxane in organic solvent (Wliite spirit). Raiu stop is mean on 
base silieone in organic solvent.

Ever cleau is niean on base polymer in organic solvent.
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PHYSICAL PROPERTIES

The correlation betvveen physicai and niineralogic-petrographical characteristics ts base for 
the detemiination the decay causes and for the durability estiniation of the building stone.

The density, bulk density, degree of density, absolute and relative porosity, water ab- 
sorption and porosity by Hg-porosimeter were also determinated (Table 1).

The valuc density is consistent vvith the density of minerals from the sandstone. 
From the value of density and bulk density absolute porositv is calculated.

The sandstone of Ljig belongs to the categorv of hard rocks according to the bulk 
density value (B ilb ija . 1984).

The degree of density is 90.15%.
According to the value of absolute porosity the investigated sandstone is betvveen the 

porous and high porous rocks (B ilb ija . 1984).
The difference between absolute and relative porositv’ can be explained by pore size 

and their out of relation.
The porosity was also determinated by means of mercury pressure porosimeter. In 

the same way the size and the volume of pores vvere determinated. According to tlie size 
many pores of the sandstone belong to the category of capillary pores (size 1-10 |arn). 
The height and climbing speed of water in the sandstone was determinated using Ihe 
prismatic bodies. Tlre samples were immerse in vvater during 96 h. After that time Ihe 
climbing of water stoped. l ’he height of capillary climbing was 4 cm. The presence of 
capillary pores, vvhich can take and keep-in water imperils the durability of sandstone 
and increases the danger from the adversely influence of frost. Laboratory test of frost- 
-thaw  was not done. The difference between the values of absolute porosity and porosilv 
determined by Hg-porosimetar can be explained by small number of samples.

According to the value of the vvater absorption this sandstone belongs to those vvith notablv 
water absorption (B ilb ija , 1984). The value ol' the absorbed water is 2.25 mass % and 5.46 
vol. %. This sandstone is enougli porous to take and keep-in vvater that vvill be in vvintertime 
frost and cause decementing of fragments and cracking of stone along surfaces of layering.

The data suggest that the main cause of degradation of the building sandstone was Irost.
The laboratory t.est of frost-thavv vvas not made. Earlier results show sandstone resis- 

tance to the frost. During the period of 42 vears one part of building elements shovv stg- 
nifrcant hard degrađation while the other part looks fresh. This suggest that estimation of 
weather-durabilility through laboratory test of frost-thavv is very comlicated.

VVEATHERING OF TIIE SANDSTONE

The delennined number of highly destructed sandstone blocks imperils the aesthetie 
feature ol' Monument as vvell as the stability of construction.

The visible 495 blocks (Fig. 3) were build in the portal of Monument. The 94 ele- 
ments are very damaged (20.5%), the 136 are less damaged (29.6%) and the 229 ele- 
ments are sound. The less demage stones have small cracks parallel to the lamination.

Represents the part of pores filled by vvater under normal atrnospheric pressure
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The follovving kinds of destruction were found on the very damaged blocks: exfoliation. 
cracking and flaking-granular disagregation (Figs. 4, 5. 6).

IJecp destruction appears on the blocks vvhere the surface-crusts is separated. The 
nevv opened surface underwent to flaking and granular dissagregation (Fig. 6). To this 
group of damages belong also blocks vvhich surface looks sound but percussing on it pro- 
vides evidence that the undersurface part (parallel to layering) is separated, and it is a 
matter of time vvhen it will be split.

Some blosks of sandstone are very damaged and t.hey must. be replaced with the nevv
ones.

The manner (style) of sandstones culting gives also rise to degradation. The fractures 
appear parallel to the layering if the blocks vvere cut perpendicular to layering. As a con- 
sequence of the cuting parallel to layering the exfoliation occurs (Fig. 4).

Damages ol' sandstone caused by use of bushhammer is quite evident.. Bushhammering 
resulted in an increasing ol' total porosity due to prođucing of new microfractures and the 
surface has been part.icularly predisposed to the subsequent. degrading action (wat.er atack, frost 
effect, atmospheric pollution) On this surfaces the air pollutions concentrate easily and became 
good catalyzer for oxidiition S 02 to H2S 04 (A le ssa n d rin i et a l, 1979).

()n the blocks surfaces which are not exposure to rain influence "dark crust" are 
formed. They are composed of gypsum mixed vvith soot particles. Blistering and peeling 
off crust causing desintegration of stone surface (Fig. 7). "Black crusts" are. typical 
weathering phenomena on buildings in urban area.

The stone patinated by natural process and got a new colour.
The particular type of deterioration of the stones is the appearings of efflorescences 

along the mortar joints. The data of X -ray diffraction shovv the presence of halite (NaCl). 
thenardite -  Na2S 0 4, apht.it.alite -  K2N a(S04)2 and gypsum -  C aS04 x 2H20 .

The soluble salts are knovvn as important agents of weathering of the building stones. 
Their origin is discused in many publications (Arnold.  1976; Charo l a  and Lewi n .  
1979). Salts generated partially from stone itself or produced from air pollution. The mortars, 
biological agents and moisture lrom ground are mentioned as possible sources too. The salts 
from streets in vvinter time can be a posible source of soluble salts (Bi lbi j a .  1977).

Halite was determineted in the sample of crust taken from surface of the platform 
slabs in l'ronl of the iVlonument (Fig. 8). It is gained from the street in vvintertime. Aphti- 
talite and tenarđite detected in the samples from bas-reliefs (Fig. 9) originate from mor- 
tar used in buikling. Gypsum occurs in the sample of "dark-crust" and originates from 
the mortar or air pollution (Fig. 10).

13uring the period of 42 years weathering of sandstone is very hard. This suggest 
that conservation of sandstone is necessery.

CONCLUSION

I'he investigated sandstone which is build in the Monument "Oslobodioeima Beog- 
rada 1944." is classified as subarkoze but due to limited number of samples can not be 
determined that the building sandstone is only from the quarry Osoje.
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Physical properties of this sandstone suggest higli porosity with moderate absorption ot 
water. Character of pores makes a doubt about its resistance to the frost. The sanđstone is es- 
timated as steady by the standard frost-thaw test (Bi lbi ja and S t ano j ev i c .  1959. Table 
3). This is in a disagreement with the state of the sandstone build in the Monument.

The physical and chemical activity of water. temperature exchange. the frost effect 
and atmospheric pollution in urban area caused present state and look of the sandstone 
blocks build in the Monument.

The obtained results suggest that the main causes of sandstone decay are water anu 
frost. About 20 % elements are very damaged imperiling the image of the Monuments as 
well as its construction. Causes of weathering can not be eliminated but the processe of 
degradation may be slow dovvn in a considerable degree.

The method of sandstone conservation build in the Monument is based on cleaning. 
consolidation, surfacc protection and reconstruction. After that the continious maintenance 
of the monument is necessery.

Experiments of stone impregnation with silicone and polymers are made as a try of 
sandstone protection from water attack and other physical and chemical influences.

Using the PIPE-method we determined the volume of absorbed vvater under lovv 
pressure on defined surfaces of porous materials for a definite time.

After that. asamples of sandstone vvere impregnated by silicones (Prevosil special. 
Rain stop) and by polymer in organic solvent becouse this means prevent penetration of 
water inside pores, unfavourable effect of frost, and make possible "breathing" of thc 
stone. After treatment by this means, stone is protected from UV radiation. decoloration. 
efflorescences and development of microflora which cause degradat.ion of the stone. This 
means are not filmy and they do not prevent difuselv moving of vvater vapour.

The results of measuring for all tliree samples shovv that the level of vvater in 1 hour 
did not drop not even for 1 mm . It shows that impregnations means made their function.

Investigation shovv that builđing sandstone is not resistante to vvater and frost influ- 
ence and that it may be protected by impregnations means.

For such types of sandstones the best way for the durability estimation is actually 
the investigation of the behaviour and the features at the outcrops, i.e. before thcir 
exploatation. Also, it is inportant to compare such data with the results obtained by the 
study of the built elements in old buildings.

Translated by authors
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