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PAC'ÍET HAEPU3rEET0HH0ÍÍ ICPEIDi rOPHUX BHPABOTOK 
B COHETAHHH C AHKEPAMH

Pe 3 »Me. npe^jiaraeiOH. iseT o a  p a c ie r a  odJieraeHHog BadptrardeTOHHoa 
Kpena b c o m a m o s  c  aHKepaMH a  rcpHbix BHpaSoioK npoasBOJibHoro n o -  
n ep e r a o ro  cen em o s, acnojib3 0BaHH8 K oiop oro  no3BojiaeT npa npoeKTHpo- 
BaHHH 6 oxee  no.iHo yaasHBaTb ocHOBme ocodeHH ocsa csaSHaecKoft p a d o sa  
3T oi KOHCTpy KHHH. MeTOS 6a3HpyeTCH Ha HCCJieí OBaHHH BSaHMOAeSelBHE 
Kpenn, c j i o h  ñ o p o s , yK psi ij iohhhx aHKepaMH , h MaocHBa ñ op os ksk 3j'SMeH~ 
t o b  e sa n o g  Ae$opMHpyeMoíi cacseM H, n o  n o s so j ia e i  b  h o . ih o 8  uepe h c -  
noJü>30BaTi> Hecymy» cnocodH ocsb M acoasa. lipa p a c m e  yTOTHBaesea: 
BXHHHae HepoBHOGTeg noBepxHOCTH BapaCoTKH na HanpaxeHHoe eoeioHHBe 
Kpena.

B ocHOBy pa3partotaHKoro Melosa noaosteHo aHajtHTHaecKoe peice ¡ose
rUIOOKOñ KOHTaKTHOÜ 3â ,aHH AJLH flByOXOÜHOrO KOJIblja npOH3BOJtbKOÍÍ (JopiíH 
0 HepOBHOOTHMH, annpOKCHMHpyeMHMH rHnOTpOXOHAaJIbHOt KpHBoS, B aeco- 
mo8 jiHHeSHo-Ae^opMHpyeMoa cpese; npa stom eaofi ñopos, yKpenaeHHax 
aHKepaMH, MosejmpyeTca Kan osHoposHKg o npHBeseHHHM noj¡j."eu se$opisa- 
«hh, BeaHHHHa Koioporo onpesexaeTCH Ha ochobc sKcnepHMeHiaabHHx saa- 
HHX»

Mesos 3anporpa¡íiiHpoBaH js fin  9BM EC. OpuBo^HTch npaaepH pacaesa.

B Haeiosaiee BpeMH oshhm b3 nepcneKiaBHHX bbsob KpenJieHM aBxaeíea odaer- 
qeHHaa Hadpa3rdeiOHHaa Kpena b conexamos o aHKepaMH. Ornas npHM6H@BHK ssog 
Kpena noKa3HBaeT, n o  OHa o yonexoM Moxes scnojibaoBasbca He ToabKO b 6aa- 
ronpHHTHKX, ho i a K * e  h b cjiojkhhx ropHO-reoxorHaecKHX ycaoBHax, s son nacae 
-.Ha dojibnrax raydHHax, b BiipadoTKax, noAsepxeHHHX Banana» ohhcthhx pados 
a MaccoBHX B3pHso£. HMesonaeca b n a c í os'nee BpeMH MeiosH p a c m a  Hadpsrarde- 
soHHOg Kpena He b  noaaog Mepe ospaxá»s ocodensocTH «e BsaHMOsegcsBHH c aao- 
ohbom ñopos, n o  csepsoiBaes paemapeHae odaaosa npHM«HeHHJi 3108 3kohomhhho8 
KOHCXpyKIÍHH.

Oohobho8 ooodeHHOCTi» c s a s m i e c K o a  p a d o s n  H a t í p H a r d e i o H H o a  K p e n H  « s a n e s ch 
s o ,  n o  H a d p H s r d e i o H ,  H a H O C H M H S  H a  r o p m a e  n o p o s H  o  n o M o s , ! . »  c s a x o r o  B 0 3 s y x a ,  

H M e e i  c h h m h  H e n p e p H B H u g  K O H S a K S  n o  aceS n o s e p x H O C T H  h  o C p a 3 y e s  Baecse c 
O K p y * a » n H M H  B H p a d o i K y  n o p o s a M H  e s a a y j D  s e $ o p u H p y e K y »  c a c s e M y .  3 s o  n o 3 B o a a e s  

b  noaHog M e p e  aonoab30Basb aecymy» onocodHoesb uaccaBa, y B e x o v u B & m y T O O S  

x a K z e  BoaescsBae H a a a H H H  BOKpyr B a p a d o s K H  c a o s  ñ o p o s ,  y K p e a s e H H H X  a H K e p a a a .  

B u e c s e  c s e a  sohkos H a d p a s r d e s o H B o e  n o K p u x a e  n p a K i a n e c K E  n o B T o p a e s  s ^ o p u y  

n o B e p x a o o T H  B H p a d o i K H ,  * . 8 .  m i s e *  H e p o s s o e s a ,  K o s o p a e  (ocoOesso a p a  S y p o -  

B 3 p H B E 0 M  o n o c o S e  n p o x o s s a )  o o H S M e p H M E  o  ero s o x f f i H H o ü  a  M o r y s  S u r i  n p a n a a o B  

K O H n e i r r p a i i H H  H a n p £ s e a a 8  a p a a p y E eazs K p e n a .
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C uejrbK) 60Jiee nojmoro ynera yxa3aHHUx ocoÖeHHocTeii npn npo- 
e KTHpOBaHHH KOMÖHHHpOBaHHOÄ KpenH M3 Ha6pU3r6eTOHa B COMe TaHMH c 
aHKepaMH b TyjibCKOM noxHTexHiraecKOM HHCTHTyTe pa3paóoTaH MeTOfl 
pacneTa, ocHOBammii Ha paccMOTpeHHH B3aHM0fleñcTBHH Ha<5pH3r6e- 
TOHHoii KpenH, cjioñ nopofl, KpemieHHux aHKepaMH, h MaccHBa nopofl 
Ka« 3JieMeHT0B eflHHOÄ fle$opMHpyeMOñ cHCTeMH c yneTOM bjihhhhh He- 
poBHocTeH noBepxHOCTH BHpai3oTKH h KpenH. ripH 3TOM cjiom nopofl, 
flHCKperao yKpenœHHHii aHKepaMH, paccMaTpHBaeTCH KaK oflHopoflHbiä, 
HMenąHił HeKOTopnii npHBefleHHbiü uopyjib fleçbopMamm E 2 . . OTHomeHHe 

ß> - — ;2 ( ñ i  -  uopyjib fleiopManHH MaccHBa nopofl) MosteT
Öutb onpepejieHO b 3aBHCHM0CTH ot Hecyiqeii cnocoÖHOcra npuMeHne- 
MHX- aHKepOB Pa H njIOTHOCTH HX yCTaHOBKH (hhcko aHKepoB
n a l  iP noBepxHOCTH BnpaóoTKH) no rpa^mcy (pHc. I), nocTpoeH- 
HOMy Ha ocHOBaHHH pe3yjibTaT0B paöora 1 1 1 .

PHC. I. claBHCHMOCTH & = — • OT Pa , fl$
' ' E-1

f&cneTHaa cxeMa npHBefleHa Ha p n c . 2 .  Cpefla S 1 » MOflejin- 

pywqaH Maccmb nopofl c fle&opManHOHHKMH xapaxrepnc tmkbmm £  t ,
)),_ (cooTBeTCTBeHHO uoffyjih fleqiopManHH h KoaqxjjHinieHT Ilyacco- 

Ha nopofl), cjioft tS¿ tojeuhhoB Ai paBHoft flnuHe aHKepoB £0 c
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xapaKTöpHCTHK3MH f 2 , , uoRempywpPi cjioë nopofl, yicpenjieHHHX

atncepaMH, k gjioä tojühhhoh Ají c  xapaKTepncTHicaMM í i , tís ,

MOflempyianKii Ha6pti3r6eTOHHoe noK parae, fle$opMHpyx)TCH coBMecrao,

i . e .  Ha JMHHHX KOHTaKTa L4 , L 2 BunojiHHioTCH ycJiOBHH HenpepHBHoc- 

m BeKTopoB CMeąeHua h noüHKX Hanpaxeioifi.

Komypn Li h i2 nuera:

HepoBHOCTH, annpoKCHMHpyeuHe 

ranoTpoxoHflajibHoii KpHBOü, n a -  

paMeTßfJ KOTOpOÍi -  HHCJIO He- 

poBHOcTeíi íli tí hx  aMnjiHTy^ 

(cpeflHee oTKJioHeHHe o t  

npoeKTHoro rJiaflKoro KOHTypa ) -  

uoryT 3aflaBaTbCH Ha ocHOBe 

CTaTHCTHtieCKOË OÖpaÖOTKH flaH- 

HHX HaiypHHX H3MepeHHÄ um co- 
rjiacHo /  2 / ,  cooTBeTCTBeHHO 

KaK nojiOBHHa othoubhhh ao th h  KOHTypa noneperao ro  ceqemiH k p a e -  

CTOHHHM Mestfly KOHTypHHMH UHypaMH H HOJIOBHHa flOUyCTHMOË HOJMH Oe- 

peßopa. Ha 3HaqeHne napaiieTpoB HepoBHOCTeü HaimaffiiBaiOTCH orpaHH-

«öhhh ( r u jL l y 1
7ŁR r- cpeflHHü paflayc BHpaÖoTKH.  ̂ j  ^

B vßmx y^ieia cjiyyaüHoro xapaKTepa pacnpefleJieHHH nepoBHO- 

CTeii noBepxHocTH BHpaÖOTKH pejiecooßpa3Ho npoH3BOflHTb pac tie T flBaK- 

flbi -  KaK npH noJioaaiTejibHOM 3HatieHHH S , cooTBQTCTByicqeM xam- 
qffio BnaflHHbi B BepXHeË TOtnce cBOfla, Tau h npa OTpm;aTejibhom 3Ha- 

tieHHH S' , cooTBeTCTByianeM Ha-raranio BHCTyna, a  flJia npoBepicH npcra- 

HOCTH KpenH HCn0JIb30BäTb OrHÖaKIiQriO sniop HOpäajIbHHX TaHTeHpHaJIb- 

HHX HanpaseHHü, nojiytieHHHX H3 flByx yKasamaoc pac tie to b .

B oÖ^acTH tSj + k) 2 HMeeTca HatiaübHoe rio-ne Hanpínemtó, 

oßycjiOBJieHHoe coßeTBeHHHM BecoM nopofl:

rzf/-o. ( 2 )

Phc. 2 .
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OfleCb Jf -  QÔ'iBMHrlPi Bec nopofl, H - r^yÖHHa 3a>T0)KeHHH BiipaÖOT- 
KH, X " K03$$HflHeHT ÖOKOBOrO flaBJIÖHHH B HSHapymSHHOM MaCCHBe, 

o¿*~ KOppeKTapyraipriś mho kk Te jib, BBSfle’æm ft ppm yneTa OTCTaßanHH 
KpenjieHHa ot npoxoflKM BHpaßOTKH, onpefleraeMii no foprçyue / 3  /: 

o¿'= exp (-1,5 -Ç) , ( 3 )

rfle I  - paccTOBHiie ot MecTa, rfle HaHOCHTCH Ha6pH3r6eT0H, flo
3aöoa, R - cpeflHHü pafluyc BHpaöoTKH,

HeoßxoflHMO rems ywruBaTb, hto paccTOHHae i- flo 3a<5oa (h,
cjieflosaTöjrbHo, seran raa oL* ) florano 6htb orpamraeiio ycnoBHeM,
htoöh ne npoH30irao pa3pynßHKH nopofl flo HaneceHua HaöpH3rÖeT0Ha /4/

> (“i-jtè r V 
, . ,t\ i+ /  KV P K'
Í > 7 ~Tn7i)ö " 2{H ( 4 >

R

3flecb Kynp- K03$œüLvneHT, B3efleHHïïii flan yueTa ynpouHHioqero fleii- 
CTBHH aHKepoB, ycTäHaBJiHBaeMHX flo HaHeoeHHH HaöpH3r6eTOHa, onpefle- 
raeMHü 3KcnepHMeHTaffi>HHM nyTeM ara no rpagmity, npaßefleHHOMy Ha
puc. 3  (ecra ycTaHOBKa aæcepoB np0H3B0flHTca nocne HaHeceraiH na-
ßpKsröeTOHa, to npuHHMaetch Kynp = 1)* %c ~ npoHHOCTb nopofl Ha 
csarae.

Ü3 fyopuym (4) HMeeM: ÍU l J I R
j  *•s / ■W &  1 R
*  '  2 JH  u  (nt - i ) ö ' ( 5 )

R
y^HTHBaH, HTo fl.ua npoHHHX nopofl, rfle bo3mosho 6ojn>iuoe OTCTa- 

BaHHe Kpenn ot 3a6oa, MHOKHTera oL -* 0, penecooöpa3HO b 3anac 
npoHHocTH KOHCTpyKiyra npHHHMaTb Ci *= 0 ,1 5 .

Pe c. 3
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TaEHM o6pa30M, KoppeKTHpykî üh mhosjraeab oi *" onpeflejuiepcH:

,  (»,-nS , ‘
OÍ*- /»O! 6 )

I /Ç '

ÜocTaBJieHHaH 3aflatia peinena aBTopaMU c Kcnojib30BaHM6M TeopMH 
aHajiííTimecKHX (lymapii KOMiuieKCHoro nepeMeHHoro, annapaTa KOHäopM- 
Horo oTOÖpaaceHHH h komitjiokchhx paflOB. 

IlocJie npeflCTäBJieHHfl üojihhx nanpsaeHnii b BHfle cywM Haqaüb- 
HHX H flOnoaHHTeaBHÍJX HanpSSeHHH, BH3BaHHHX IipOXOflKOM BHpaÖOTKH,
- KOMmieKCHHX IIOTeHpHaJIOB %(2) , ty (2) ( Ł = 1 , 2 , 3 ) ,

peryjiapHbix b cooTBeTCTByiaąKX oÖJiacTHX S ¿ h oópaąaiciąfficCH b
H yxb H a óecKOHeHHOGTM, rp a m w H H e  ycxoB H H  nocTaBJieHHOîs 3 a f la y n  ¿pía 

onpefleJieH H H  flonoxHHTejiBHHX HânpfflKeHHîi HMeioT BHfl /  4  / :

HcL 2 ( ö  )

[ *s W 3

+ %(*)= V ( 9 )

3 f le c b  Jt¡ - 2 .(1 f ))L) * ^  '  3 4 1)¿ ( /  =  I ,  2 ,  3 ) ,  ZŻ ,  y,

uoflyjiH fleiJopManHH h koa|x|)imnehth HyaccoHa MaTepMaxoB cpefl k> t 

( i  = I ,  2 ,  3 ) .

nycTb 2 = u)(¿,) - papKOHaabHaa qyrncpHa, ocymecTBJiHiaąaH koh- 
$opM H oe OTOÓpaaeHHe b h o h ih g c th  O K pysnocT H  p a ^ a y c a  R¡ 4. I  Ha 

BHemHOCTb OÖJiaCTB, 3aHHMaeM0ił KOJIbpOM U ep eflO iî TaKHM 0 6 p a3 0 M ,

ąTOÓH eflMHHHHaa oKpyaHOCTb F  nepenuia b juihhio KOHTaKTa L 1 ,
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Taaoe OToôpaæeHM e noflynaeTca b  flßa 3Tana. CHaqafla onpefleflHHrca 

K 03$$m pieH T H  p a i^ iO H a jb H o ii cjfcyHKipoi

2  =  * > ( £ , )  =  Z  * , 4  '  +  a n + , <  ,  ( I 0 )

peaflH3yjaneii KOHt&opMHoe oToópaaenae BHemHocra eflHHHHHOii oKpymoc- 

TH Ha BHenHocTb BHyTpeHHero KOHTypa Z ¿ nonepeqHoro ceqeHiia 

upena, HMesqero nf = n + I  HepoBHOCTek c aMnjiHTyflOH (OTKJioHe- 

HHeti o t  npoeKTHoro Kom ypa) S  = anr1 . IlepBoe cjiaraeMoe 4yHK- 

ipin (1 0 ), coflppsanee pafl c KoafxîiHLiHeHTaMH Ûy ( y = I  

ocyiqecTBJîHeT OToßpaseiüie BHemHocTü eflHHnqHoü oapyscHocm Ha BHem- 

HocTb BHyTpeHHero npoeKTHoro ( rflHflKoro ) KOHTypa Li ceqem ta 

Kpeim; ¿pía flocTmeHna flocTaToqHoä to h h o g tk  b npaKTiraeckkx pejiax 

MoscHo orpaHHHHTbCH iïl = 5 .  BTopoe cjiaraeMoe OTpasaeT Hafluque 

HepoBHOCTeä, cjiyqaMHoe pacnpeflejiemie h airaaHTyflH KOTopax annpoK- 

CHMHpyiOTCH rimOTpOXOHflOii.

TaKttM o6pa30M, èyHKpnfl (10) HMeeT BHfl

H- 2 *,</■' (II)
1 = 0

rfle at = o npH y = m  +i, m  + 2 ,..., n
3  pe3yjibTaTe npeoÓpa30BaHna ( I I )  KOHTypaM Z ,  a b 

njiocKOCTH nepeMeHHoro î  Ôypyi cooTBeTCTBOBaTb OKpysHOCTH Ff 
H b njiocKOCTH Ł, f , paflaycH KOToptix F *  f R*  onpefle-
jihotch M3 peiaeHHH ypaBHeHHH n + I  CTeneHH BM.fla 

ntl

Z ~ n-0+1 „
* =• o flü)‘yV rtf

rfle tfy
Æy, npM y = 0, 2, 3  /Z + I,

â , - ( P ,  + A + S ) ,  nPH  ̂ = I.
3flecb Z, - paccTOHHMe ot Haqaaa KoopflMHaT flo BepxHeü tohkh
BHyTpeHHero npoeKTHoro KOHTypa nonepeqHoro ceqeHHa apena,

flaa onpeflefleHHH R . ,
Axa onpeflefleHHH n 2 ,

(13)
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A t , À 2 - TOJHHMHH COOTBeTCTBeHHO KpeiIH H CJIOH n o p o f l ,  y K p e n -  

jieHHHX aH K epaM H .

y p a B H e im e  ( 1 2 )  pem aeTC H  flBaæflH , u  K aK fluü p a 3  b  K aq ecT B e R* 
mm K* Ö e p e T c a  eflHHCTBeHHKÄ, ÖojibiiMH eflHHHm¿ fleviCTBHTejibHtiñ

K O peH b.

ßßüiee ocyqecTBJiHeTCH npeoöpa30BaHne, npn KOTopoM OKpy&HOCTb 
eflK H iraH oro  paflHyca R b iuiockocth nepeMeHHoro C nepexoflHT 
b OKpysHocTB paflnyca K1 b ruiocKOCTH nepeueHHoro Ć, t , npn 
3TOM OKpyîKHOCTM paflHyCOB R¿ , I nepeiłflyT COOTBeTCTBeHHO B
OKpyKHOCTH paflHyCOB

P  - R -  —— ■
K* 'T ;  ’ 5 r;  ( 1 4 )

OTOöpasaKtnaH ĄyHHipiH (II)  npHHHMaeT bh,ę

Z = u ) (Z )  = R ( i  + Z  4  *) » ( 1 5 )
/

rfle R = - I 2“  ’ h  - - ^ r 1------  ( ÿ = ¿ Æ >•A 3 «O
ß  o T o6pa?sax iqeíi ćbyHKiiHH ( 1 5 )  oT öpouB H  HJieH bjihhícihhíí 

joim b Ha n o jio x eH H e Hanajia KOopfiHHaT. B c iie  ßCTBHe CHMMeTpmt k o h -  

TypOB OTHOCHTCJIbHO BepTKKäJIbHOii OCH Ox BCe K03$ÇHpHeHTH OTO- 

ópasaioąeń $yHKiflHH BeiqecTBeHHH.

rpaHHHHHe ycjiOBHH ( 7 )  -  ( 9 )  b  n p e o 6 p a 3 0 B a H H o ii o ö jib c t k  n o c j ie  

o n e p a n H K , aH aJioruH H H X  n p u B e fle hhhm  b  p a ß o i e  /  4  / ,  n p H O ô p e T a ro

BiW - 1 - f)

sM h  t , [ ^  m w ] '  m  W ’ w ,

fRsR w h  %i í) ,  <I6)

K ' — //p j

t, m * ) ‘ w ) i -  f j f y  ( I7 )

7
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3flecb BBefleHH 0Ö03HanemiH: t¿ = , d. = d ^.l+1
1 + *i«

a -  E i t l ( i+ r , )  , l ¡  = I  -</. , J - -  I  -  ^  ( ¿ = I,- 2),
Ą- ( 1 + M

ff -  e ¿-6 _ TOqKa  eflHHHHHOÜ OKpyjKHOCTH F  .

nuMnjieKCHue no Te Hunami ( ¿ = I ,  2 ,  3 ) ,  onpe-

flemKąae HanpaaceHHoe cocTOHHHe cpeflH h Koaep, rojiOMop$HH b co - 

OTBeTCTByKHfHX OÖJiaCTHX H MOryT ÜHTb npeflCTaBXeHH B BKfle pHflOB 

JIopaHa / .5 /

% d ) = z C i)( \ i Ć )lV  m z ć 2T+ZcMV  

e r a r i o ,  ( /  - 1 ' 2 * 3)

IloflCTaBHB (1 5 ), (19) B ycjioBHs (16) -  (1 8 ), KaK 9T0 cflejia-

Ho b p aö o ie  /  o / ,  yflaeTca npHflTH k ÖecKOHetiHoü CHCTeMe jnraeii- 

HHX ajireßpamecKHX ypaBHeHHSi othocHTejibho , c j 2̂  ( V = I
•••f OO )•

Ilocjie pememiH cHCTeMH (yicopoqeHHoií po 60 ypaBnemni) u Ha- 

xoscfleHHH KopHeíí CyJ)(f\  j  = I , 2; ]¡ = I , . . . , 3 0 )  Ha ocHOBe no -

JiyweHHHX cooTHomeHMÍi onpepejiHiOTCH koadxjixpxeh th  ( j = I , . .

4 ;  ¿ = 2 , 3 ) h no iJopMyaaM KoaocoBa -  f^cxejmniBHjiH /  6 /  -  na

npase huh b ofijiacrax S¿ ( i = I ,  2 , 3 ) .

IIoJiyneHHoe pememie 3anporpaMMnpoBaHo flan EC 33M. Huse npx - 

bo,>ptch npm æp pacneTa HaÖptrarßeTOHHot Kpenn Bupaóovm  CBOffiaro 

ro  nonepérao ro  ceneHua bhcotok 2 ,8 2  m h imipHHOü 3 ,0  m npn cjie,ąy 

íOj.nx HGXOflHHX flaHHLix t 1 = 9700 ¡ t ía ,  V, = ^  = 0 , 2 5 ,

= 29000 i l la ,  = 0 ,1 5 , vi = 0 ,3 3 , A¿ = 0 ,0 7  m; nap a - 

¡.ieTpH aHKepoB: ta = 4 ,  = 1 ,5  m, ^  = 1 0 0  kH, = I .  B c o o t  

BeTCTBMH c puc. I, ß  = 1 ,8 5  h, cJieflOBaTejibHo, = I7945í®a. 
lipa pacneTax paccMaTpxBajiHCb HepoBHOCTH noBepxHocTH BsrpaöoTKK 

c napaweTpaMH nf = 6, ¿T = 0 ,1  m.
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Ha pac. 4 cnJiomHiJMH m m m m . noKa3aHn pacneTHHe sroape (b pa3-

HeM KOHType n o n e p e n H o r o  ceneHHH KpenH n p n  HajoniHH BnaflKHH ( k p h -  

Bas I) u BHCTyna (KpHsan 2) b BepxHeü TonKe CBOfla; nymcTHpHOft 
jm H H eił -  Te m  H anpaæ eH H H  n p n  oTcyTCTBHH HepoBHOCTeü aoBepxHocra 

BHpaÔOTKH.

eM ynpomieHHH oKpysaKEpix nopofl c noMoąbio TawnoHasa cKpenœncapî- 
MH pac TB opaMH, a nporpaMMa .ęjih 3BM no3BOJiHeT npoH3B0fiHTb oiÆex- 
THBHHe MHorOBapnaHTHbie pacneTH c yneTOM reoMeTpjraecKHX pa3MepoB 
KpenH u  ynponHeHHoft 30h l j .

jmiEPAiypA
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OBLICZANIE OBUDOWY Z BETONU NATRYSKIWANEGO WYROBISK GÓRNICZYCH 
W POŁĄCZENIU Z KOTWIAMI

S t r e s z c z e n i e
Proponowana Jest metoda obliczania lżejszej obudowy z betonu natry

skiwanego w połęczenlu z kotwiaml, dla wyrobisk górniczych o dowolnym 
przekroju poprzecznym. Zastosowanie tej metody w czasie projektowania 
pozwoli na pełniejsze uwzględnienie podstawowych właściwości statycznej 
pracy tej konstrukcji. Metoda oparta Jest na badaniach oddziaływania 
obudowy, warstwy skał wzmocnionych kotwiaml i calizny Jako elementów 
wspólnego odkształcanego systemu, co pozwala w pełni wykorzystać noś
ność górotworu. Przy obliczeniach uwzględniono wpływ nierówności po
wierzchni wyrobiska na stan naprężenia obudowy. Istotę opracowanej me
tody stanowi analityczne rozwlęzanle płaskiego kontaktowego, zadania 
(lub zagadnienia Herza) dla dwuwarstwowego pierścienia o dowolnym kształ
cie, z nierównościami, eproksymowanymi przez krzywę hipotroidalnę, w 
ważkim liniowo-odkształcanym środowisku! przy czym warstwa skał, umoc
nionych kotwiaml modelowana Jest Jako Jednolita, przy zastosowaniu współ
czynnika odkształcenia, którego wielkość określans Jest na podstawie da
nych doświadczalnych.

Opierajęc się na przedstawionej metodzie opracowano program kompute
rowy na EMC Jednolitego systemu. Załęczono przykłady obliczeń.

THE CALCULATION OF SHOTCRETE LINING OF HEADINGS 
IN CONNECTION WITH ROCKBOLTS

S u m m a r y
The authors propose a method of calculating lighter linings made of 

shortcrete in connection //ith rockbolts, for leadings of any shape of 
their cross-section. The application of this method will make it possib
le to take into consideration the fundamental properties of the static 
behaviour of such a construction. The method is based on investigations 
concerning the Interaction of the lining, the layer of rock reinforced 
by bolts and the undisturbed rock-uass, all of them being elements of the 
same strained system. Thus it becomes possible to make full use of the
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bearing capacity of the rock mass. In these calculations the effect of 
irregularities in the surface of the heading upon the stresses in the 
lining has been taken into account.

The essence of the method ie the analytical solution of a plane contact 
problem (or Herz s problem) for a double-layer ring of any shape with 
irregularities approximated by a hypotroidal curve in a weighty linearly 
deformed environment. The stratum of rock reinforced by bolts has been 
modelled ae being quite uniform, applying a coefficient of deformation 
the value of which had been determined experimentally.

Basing on this method, a computer program for a uniform EMC system has 
been set up. Examples of calculations have been presented, too.


