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OnPEAEAEHME nAPAMETPOB PABHOnPOÔHUX KOHCTPYKUM/i 
EETOHHOfi KPEnH CTBOAOB B COMETAHHH C AHKEPAMM

PeąioMe. ripeAAaraeicfi mgtoa onpeAeAenna napaMeTpoB paBHonpouHux 
KOHCTpyKLiyvi Kpenn c t b o a o b  m3 6eT0Ha b  coMeiaHnn c aHKepaMn. MeTOA 
no3BaAHeT nocrpowrB HOMorpaMMy aah  onpeAeAeHna napaMeTpoB aHKepoB:
O TH O C M TeA B H O M  A A U H b l, H e C y W e M  C nO C O Ô H O C TH  H  nA O TH O C TM  MX y C ra H O B K M  n p M  

3 a A 3 H H 0 M  O TH O C M TeA B H O M  T O A U iM H e S e T O H H O M  K p e n M .

OKREŚLENIE PARAMETRÓW RÓWNOWYTRZYMAŁYCH KONSTRUKCJI 

OBUDOWY BETONOWEJ SZYBÓW W POŁĄCZENIU Z KOTWIAMI

Streszczenie. Proponowana jest metoda określania parametrów równowytrzymałych 
konstrukcji betonowej obudowy szybów w  połączeniu z kotwiami. Metoda pozwala zbudować 
normogram do określania parametrów kotwi: długości względnej, nośności oraz gęstości 
rozmieszczenia dla zadanej grubości względnej obudowy betonowej.

EV A LU A TIN G  PA RA M ETERS OF EQ U A LLY  STRO N G  CO N STR U C TIO N S 

OF C O N C R ETE SHAFT LIN IN G  IN CO M B IN A TIO N

Summary. The method o f  determining paramétrés o f  equally strong constructions o f shaft 
lining from concrete in combination with anchors is proposed. Method allows to plot a 
nomograph for evaluating the anchors paramétrés: the relative length, the carrying capacity and 
the density o f their installation at the given relative thickness o f concrete lining.
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IIpH OpOeKTHpOBaHHH KpenH nOA3eMHUX COOpy>KeHHU, B "laCTHOCTH, UlaXTHbIX 

ctbojiob uoaceT 6łitł BbiBBneH pa# paBHonpoiHux KOHCTpyiaiHH, o6jia#aie>mHX 

Heo6xoAHUOH Hecymefi cdocoShoctbio b onpeAeneHHbix ropHo-reonoiH'jecKHX 

ycnoBHJDC. CpaBHeuHe sthx kohcrpyKuafi no TexHHKO-3KOHOHH'łecKHU rioKajaTejrau 
npHBOAHT k Hau6onee3KOHoi<Hiuuu npocKTHuu pemeuHHM.

C 3 toh  ncn tio  b TyntacoM rocynapCTBCHHoii TexHHiecKOH yHHBepcHTeTe 

paapaS oian  ueron pacqeTaoro onpesejienHJi napauerpoB paBHonpoHHbŁK 
KOHcrpyKi^Hu Gctohhoh KpenH ctbojiob b coneiaHHU c aHKepaMH.

BapuaHTU KOHcrpyKTHBHUx pemeHHa paajiHaaiOTCH touu ĥuoh SeroHHofi KpenH, 

ARHhoh h Hecymefi cnoco6HocibK> npHMeH«eMux amcepoB, nnoTHocTbio hx ycranoEKH 
(KOjlHneCTBOM aUKepOB ua 1 M  ̂nOBCpXHOCTH BbIpa6oTKH).

B o c H O B y  u e T O A a  iiojiohccho a u a j iH T H H e c K o e  p e m e H H e  ¡ i j i o c k o h  K O H ia K T H o fi a a  n a  u h  

Wis ABycnoHHoroKpyroBoroKojibua(BHyTpeHHHH cnofi MOAejutpyer 6eTOHHyio Kpenb, 
oapyoKHufi - sony nopofl, yKpenneHHbix aHKepaMH) b jiHHeuHO-Ae<j)opMHpyeMofi 

BecoMofi cpe^e, MonejiHpyiomefi mbcchb nopoA. PacieTHaa cxeMa npHBeAena H a  pHC.l.

Fig. 1. Designed achane 
Rys. 1. Schemat obliczeniowy

C p c f la  , M O flenH pyK im aa m h c c h b  n o p o f l ,  x ap aK T cp H 3 y eT ca  MOAyneM aetJiopM auH H  E j  

h  K034>(J)HUHeHT0M I ly a c c o H a  V0 . 3 o H a  n o p o A , AHcacpeTHo y K p e n n e H H a s  aHKepaMH, 

H M d o m a a  lo m a H H y  A i,  paB H yio  a h h h c  aH K epoB  ia, p accM axpH B aeT ca b pacncT H ofi 

c x e u e  KaK O A H opoA H ufi cn o fi S j c  npHBeAeHHbiM MOAyneM Ae<j>°pMalt HH E j, 

onpeA eim eM biM  b oaBHCHMocTH o t  MOAynn «e<J)opM auHH n o p o A  E g, Hecymefi 

Cn0C06H0CTH aHKCpOB Pa H nJIOTHOCTH HX yCTaHOBKH n s Ha OCHOBe
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3KCnCpHMCHTaJIbHUX pC3yjIbTaT0B, nOJiySCHHUX B p a 6 o T C  [I] , H K03(|)(j)HUHCHT0H

I l y a c c o H a  V j =  V q . B H y T p eH H H H  c h o h  K O J ib u a  S 2  t o j i u i h h o h  A2=  R p R 2 (R i>R2 '

CO OTBCTCTBCHUO p a /IH y C b l C T B O Jla B npO X O flK C  H B C B C T y) C ac ÿ O p M a U H O H H U M H  

x a p a K T e p H C T H K ä H H  E 2 , V o M O fle n H p y e T  6 e T 0 HHyK> K p e n b .

C p e a a  S 0 h  cjioH  KOJibua S p  S 2 a«j)opM H pyK >T ca c o b m c c th o ,  t . c .  Ha j ih h h h x  

KOHiaKTa L q  , L | BbinOttHHlOTCH yCJIÖEHH HCnpCpblBHOCTH BCKTOPOB CMCmeilHH H 

noJIHUX IlanpH>KCHHH. BHyTpeHHHH KOHTyp L 2 CBo6oaCH OT aCHCTBHH BHCU1HHX CHil. 

ÜCHCTBHC COÖCTBCHHOrO BCCa nopoa MOaeJIhpyCTCH TaaaHHCM B OÓaaCTH Sq+S j 

H a ia J ib H o ro  n o n a  h a n p a a c c H h h

ra e  A.- K o a ^ x J jH U H e H T  ö o K O B o r o  a a a a e H H H  nopoa b H e H a p y m e H H O M  MaccHBe; y - 

y a e J i b H b i ä  B e c  nopoa; H  - rayöaHa p a c c H H T b i ß a e M o r o  c e n e H H a  c T B O J ia ;  a *  -

KOppCKTHpyiOUlHH MHO>KHTCJIb, BBCACHHtJH AJIH npHÓjUDKCHHOrO yqCTa BJIHHHHH 

OTcraBaHHH bo3bcachhh KpcnH ot saöoH CTBona, onpcacJiH CM U H  n o  (JjopM ync [2]

l  -  O T c r a B ä H u c  c o o p y a c a c M O H  x p c n «  o t  3 a 6 o a  C T B o n a  ( n p H  c n o c o 6 c  npo x o aK H  n o  

C O B M e m e H H O H  T C X H O J IO r H 'ie C K O H  C X C M e  U p H H H W a C T C J i p a B H U M  a n H H C  3 a X 0 a K H ) ;  R ę  -

n p O H H O C T b  BM C U iaiO lU H X  C T B O a n o p o a  H a  O K a T H C .

O l M C T H M ,  H T O  B x o p o c  3 H a n C H H C  B ( j jH ry p H U X  C K O Ö K a X  B 4 > O p M y j IC  (2)
O Ö y C J IO B J IC H O  T p c Ö O B a U H C M  C O X p a H H O C T H  n O B C p X H O C T H  C T B O J ia  a o  C O O P JO K C H H H  KpCDH.

KpoMc T o r o ,  (Jjopwyi10“ (2) npcaycMaipHBacrca b  ja n a c  nponHoem KOHCTpyicnHH

P e m e H H e  o n n c a H n o H  a a a a m  n o n y q e H O  b a a u x u y T O H  ( p o p u e  [3], npH 3 to m  y c H J iH H  b 

c e n e H H a x  xpenn - HsrHÖaiomHe n o u e H T U  M  h  npoaoabnue c h j i u  N - onpeaejunoTca no 
4 > o p ł i y j i a u :

o x(0)=CTy (0) = A.y H a * , ( I )

(2)

a*3; 0.15.

(A+0 2 PX I- Ot) A22¿

M  = À yH a*;
12 [ p 2 B (c q - l ) + p C + A ( l - c 2 )  ]

(3)
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( 3+ c2)(A +a2ß)( 1 - C2 ) A2 b

N = À y H a * .
2 ( l - c 2)[ß 2 B(c0 - l ) + p C + A ( l- c 2) )

cq = (1 + 4 /R,)2; c2 = (R 2 /Ri)2;p= Ej/Eo; û2=co - I + 2(1-vi);

Eo(1+ v2)
A =  (1 - 2vi)(co-l). B = ( 1 - 2 v2 +C2)-----------------------  ;

E2(1+vo)

C "  (c0- 1)[ 1 - c2 +( 1- 2v|)B] + 2 ( 1 -  v ,)(  1- c2+B). b=  1 m.

r a e  R bc - p a c u e m o e  c o n p o T H B n c H H c  6 e T O H a  o k u th io , n o c n e  n o a c r a H O B K «  (ßopuyn (3) 

npHxoanu K BUpa>KeHHK>, nosBonniomeMy onpeflenflTb Heo6xoaH»iyio OTHOcHTenbHyio 

m i H H y  a u x e p o B

O iu eT H M , n o  o n p e a e n a e M u ä  ( ß o p u y n o ä  (6 ) C e s p a ju e p H u È  n a p a u e T p  T  <ßaj<- 

T H iecK H  »B Jw eT cs H eK oiopoH  o 6 o 6 m eH H oä xapaxT epH C T H K oä GeTOHHoä KpenH h  

O K p y aca io m e ro  M a c c H B a  n o p o a ,  co cT aa jw io m H X  e a jiH y io  ne<})opM npyeM yio CHcreM y.

npHHHMaji bo BUHMaHHe 3KcnepHMeHTajibHue AaHHue [ 1], cornacHo KCToputi 

yBejiHucHHe M onyjw  A ^o p u a u H B  nopoa b yKpenjieHHOH aHKepauH 30He aocTHraeTca b 

np c flc jia x  1 ÿ: ß ¿ 3.5 , Ha ocHOBaHHH (ßopMyjibi (5) mo>kho cacnaTb BbiBoa. u to  b 

ycnoBHBX, Koraa T í  1, paccMaTpHBaeMaa Kpenb MoaceT npHMetuiTuca 6 e3 aHKcpoB, a 

npH T ¡: 32  ycTaHOBKOB amcepoB hcbo3mo>kho oßecneum b ueoöxoaHMyio Hecym y»

H c n o u u y a  ycnoBHe npoHHOCTH [2]
2M

N < A2 b Rbc ( 1 -   ) , (4)
NA2

(5)

3aecb

3 (3 + 02f  XyHa* 
T _ 8 ( 2 + c ?) R h*c

(6)
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CnOCo6HOCTb KOHCTpyKUHH. TaKHM o 6 p a 3 0 M , 3(£(})eKTHBHOe npHlICHCHRC âHKepOB 

o rp a H H q H B a e ic a  ycnoBHHMH, K o rfla  1<T<32.
B iicnax n p aK T R y ecK o ro  n p o eK T H p o B aa aa  KpenH c t b o h o b  hü 6 e r o u a  b coaeTaH H H  c 

aHxepaiiH y f lo 6 a o  H c n o jn .3 0 Ban> Houorpauuy auk onpçaeneHiw napauerpoB amcepoa 

(p«c2), npasaa yacTb KOTOpoá nocrpoeHa c HcnoxbSOBauHeu ( jso p u y m j (5), a neaaa - 

a a  OCHOBC 3KcncpHU6HTajibHux pesyjibiaioB p a 6 o i u  [ 1], I locK onL K y A n a  6cToHa mo>k 

HO npHHHTb V2= 0 2 , a AIIH ÔOHbUlHHCTBa rOpHUX HOpOA Vo= Vl=0.35, CyiCTOM  K03(j)- 

(J)HUHcHTa ycJiOBHH p a G o i u  KpcnH ym= 125 , xa* 3 i o  npuHHio b [2], ScopasM cpH U B  na- 

p a m c r p  T onpcACJDicTCH no «jjopjayjic:

T  =

0.527 K (3  +  C2)2+ 1.125(c2 - I) ( c 2 + 2 )  E2

_ (7)

TAC

( c 2 +0.6)(c2 +2) 

K =  Xy H  a *  !  R bc

l^/R, = 0.1 0 IS 0.2 0 Î  0.4 0.50 6 0 8
1.0 

1 2

Fig. 2. Nomograph for evaluating the anchors paramétra 
Ryi. 2. Nomogram do okraalaniapai ainetrow kotwi

PaccMOTpHM n p H u e p  HcnojiuoBaHHH H o u o r p a u u h i  c p en t»  npeAeneHHa na- 

p a u e x p o B  aH x q jo B .
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I ly c r t  BepTHKaJiKHuä c t b o h  A HaM expoM  b cB ex y  8 ,0  m ( R 2=  4  u )  H u eex  K peni, 

t o j d u h h o ö  A 2 =  0 .4  u  H3 Geroua ic a a c c a  B 1 5  c x ap ax iepH C T H K auH  R bc =  6 .5

M lla , E 2=  2 3 0 0 0  M lla , jcoxopaa ycx aH aB JiH B aex ca  ua paccxoaH H H  1= 2 ,5  m o r  3a

6 o fl. PaccMaTpHBaeica ce^eHHe Ha rnyÖHHe H = 7 0 0  u; BiiemaiomHe n o p o a t i  - ap- 
rHHUHTw n p o H H O c ib w  R ,.=  24  M l l a  - h m o o t  w o f ly n t  n « } )o p iia u H H  E q =  14000  M IT a  h

y flen tH U H  B e c y =  2 5  kH /m3. K o a ÿ ÿ a iiH e H X  G oK O B oro ;ia a J ie H n a  b H enapyiueHHOM  

« ac c H B e  X  -  0 .5 .

IIopa^oK pacaexa:

-B U H H C n a io T c a  b &j ih h h h u

C 2= ( 4 /4 .4 ) 2=  0 .8 2 6 ;

24
a *  =m ax{ exp(-1.3 *2.5/4.4); (1-_____________ ); 0.15}= 0.48;

2*0,4*25*10"3* 700

0.5*25*IQ-3 »700*0.48 
K =  6.5 = 0.646;

-  onpeA enaeT C H  n a p a u e x p  T n o  ÿ o p w y j i e  (7 ):

0.527*0.646 *(3+0.826)2+1.125*(0.826-l)(0.826+2) 23000
T=    = 1.81;

(0.826+0.6)(0.826+2) 14000

- n o  H O M o rp a u x e  (pH C.2) H ax o A a x c s  n a p a x e x p u  BapnaHXOB p a B H o n p o iH u x  

KOHCTpjKUHH, K o x o p u e  npH B em enij b l a G j m y e i .  H a ochobbhhk tcxühko-3 kohomh- 

a e c K o r o  cpaB H eH H u 3 i h x  B a p a a n x o B  h o k c t  G u x t  B u G p a n a  o n i a x a n t H a a

KOHCTpyKllHJI.

B 3 a K i Q o q e H H e  o t m c t h m ,  « i t o  o i m c a H H a a  M e T o a H K a  onpeaeneHH» napaweTpoB 
paBHOnpOHHbJX KOHCTpyKUHH KpCtlH CT BOU O B  H3 OCIOHa B COaCiaHHH C äHKCpaMH 
B K J IIO H C H a  B HOpMaiHBHO-ICXHHaCCKHH flOXyMCHX [4].
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Table )

BapHajcru pa&HonpoqHux KOHcrpyKpai

NN •a,*" Pa kH n . . aHłcep
5 y

1 5.28
200 0.25
150 0.69
100 1.27

2 4.4
200 0.31
150 0.8
100 1.40

3 3.S2
200 0.21
150 0.98
100 1.83

4 3.08
200 0.46
150 1.1U
100 2.10

5 164
200 0.58
150 1.27
100 3.00
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