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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISED
Tpyau TAMMCKOrO nOMTEXHMECKOTO MHCTMTyTA

c EHH A N? 278 1969

Id.M.Aape, O.E.H^HypuYM 624.072

3AKPMTMECKOE EIOBEBEHME IMACTHHOK HPM CÄBMTE
H M3PMEE

I, B b ei e h h e

Upu HccJieaosaHHH paöoTbi thÖkiix naacnim nocjie noiepii

ycToftqusocTH ot casHra h aariada, äJih ynpomeHHH pacqeia qac-

to npHHHtiaeTCH [l] f qio kpomkh naacTnmtM npn BHnyqHBaHMH
OCTaBTCH npHMOJIHHeŽHMMH, HO MOryT CBOÖOfIHO CÖJIHacaTBCH.KpO-

M 8 Toro, aeaaeica aonymeHMe, qio ao BunyqaßaHHH casHraioipie

HanpHÄSHHH r pacnpeaejiHioTCH pasHouepao no BceM kpomkom
njiacTHHKH, a zarnÖHue HanpaseHHa, ecan ohh aeöcißyiOT co-
BMBCTHO CO CaBMPaiDmHMH HanpaSBHHHMH, H8 H3MBHHJOTCa, OaHaKO
TaKoM noaxoa ne snoane cooTBeTCTByei aettcTßHTeaßHbui ycao-
BHail paÖOTH CTBHKH ÖaJIKH,

B aacToamefl ciaite HsaaraioTca pesyatTaTH TeopeTaqecico-
ro accaea ob anna noiepa ycToflqMßocTH thÖkhx naacian KaK
qacTH CTBHKH öaaKH, c yqeTou aeöcTßaieaßHoro pacnpeaeaenaa
HanpaseHHfl,

B pacqeie npeanoaaraeica, qio Kpaa naaciHHU CBoÖoano
onepiH na noaca h peöpa, KOTopne b nponecce BbinyqHßaHHH He

HCKpHBaaBTca, ho HMeioT onpeaeaeHHy» zbctkoctb na osame
= 0,25-^0,50).

llocTaßaeHHaa saaaqa pemaeTca b nepeMeaeHHflX b Heaimea-
hoK nocTasKe.
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nepeaemeHüH cpeflHHHofi nosepxHOCTH u , v h w onpeflanst-
kjtch H 3 penieHHH CHcieMH ÄHssepeHUHajii>HHX ypasHeHHfi paßHOße-

chh nnacTHHKH;

tfu 4+ju D 2 v
_

üw 9V \-ji öw dV
üx2+ 2 9y2 +

2 'öx'öy
“

9x Hx 2 T~ öx "öy 2
_

_
4+/J öw ö 2 w

2 'Dy öxöy ’

Ö 2 v i-ju 92v i+ju özv Öw ö2 w l-ju Öw 5V
öy*

+ ~T~ ö72 +T~ öxöy
=”üy öy"l “

i ty öx2

<+>J öw ö*w
(2)

D , , E ("Du t>v i/9w\ 2 JU/BwVl *lw
Tv v Jip. LöT^ly + l(d+ t(wJ +

Ef ÖV ÖU 1 /DvA 2 n /9w^2
] ö2 w

E rDu öv öw Dw_] ö2 w
+

i-hjj [öy +

öx
+

öx öy J öxöy (3)

2. Pernenne saaaqa

Ha*meii co cjryqaa, Korja cboöosho onepiaH imacTHHKa narpy-
acena caßHra»ipMH m HarwöHMMH nanpHseHUHMH (sar. I).

(*)

c = [-¥('--5-) +ft < s>

W Q- 3n
,

=

"ÕF oi ““J7‘



Khk yxe CKaaano, pacciiaTpMßaeM njiacTMHKy, mapHnpHo onep-
Tyio no Komypy laKmi oöpasoii, qio kpomkh * =o,a; y=o, ö
OCTaBTCH npHMOJIHHBÖHHMH f HO HM6BT flBsopiiaHHH, paBHHB A6~

peöep. CjieaoßaTenLHO, Kpaesbie ycjiOBWH mmobt bhä:

. ') x -°.°; w = m,.0 ; £
n
;= £; ; ; (6)

t)y = o,b; w=Hy = 0; £- t ; ; £-0.
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nepeuemeHHH cpefIHHHOÄ noßepxHocTH u
,

v a w onpeaana-
BTCH HS penieHHH CHCTeMH ÄHSSepeHUHaJIBHUX ypaBHBHHÖ paßHOße-
cmh nnacTHHKH;

djj rfu up dz v dwd\/_i-/j dw dV
öx1 ' 2 Dy 2 +

2 'öx'öy Dx Dx 2 2 Dx Dy 2

I+/J Dw D2 W
2 Dy DxDy

’

D 2v i-jü 92v I+ju ö2v Dw D2 w i-p Dw g\v
Dy 2

+ ~1~ W 2 + 2 DxDy
”

~ "Dy Dy 2
~

2 Dy Dx 2

<-+ju Dw DV
rrwy’ (2)

Di, £ ftu Bv ((Bwll ju/BwW D*w
Tvv w “ JZJyi lw äy + TIW +t!By) JW *

1-yj2 L Dy 2\gyj 2 \Dx / J Dy 2

E [Du Dv öw Dw D2 w
+ LDy" 4" DxDy" (3)

2. Pememie sajaga

Haqneii co cnyqaa, Koraa cboöoäho onepiaa imacTHHica aarpy-
Kena CÄBHraamHMK m asraÖHtiMH aanpaxeHnaMH (<Jwr, I),

■ Jc ~11, (�)0,1 cr.(i+R) 0 j

+ (5)

rae
CC =r A. ft _ 2". --

M T .ot ’ 1 at ’

J X



Kau yxe CKaaaHO, paccMaipMsaeM njiacTHHKy,mapHnpHO onep-
Tyio no KOHiypy Tannil oöpaaoii, qio kpomkh * =0,0; y=o, b
OCTaiDTCfI npHMOJIHHGÜHUMM, HO HM6BT P3BHHB ÄB-

- pedep. CjieaoßaTenßHO, npaeßae ycjiOBHH niieioT bhä;

0X- O,D ; w = M x = 0; t“- eJ ; —=o; (g)

2)y = o,b; w= M y =0; £™
= gj; 1~7 =0 ’

* * ox 7 (7)
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Mh yÄOBJisTBopeHHH ycjiOßKÄ (6), (7), Hsorny-
TyK) noBepxHOGTB njiacTHHH npeaciasHM b bhäs

3 3
• n-ixx ■ nxy • xx ■ sry

w=2: 2. w mn sm = w„sm -=- sm +

m=i n=i ü 0 u o

-+- w2) sin sin +• • • sin^- sln - •

(8)

noxcTaßJiafl w b npasHe qacTM (I) h (2), nojiyqHM aimel!-
HU6 ypaBH6HMH

i-ß 92u ] +ju fl 2v
t)xz 2 Dy 2 z My ~

= tsSin^co (9)

"Õ2LI , 1 —jU Õ*V I+>i tfu
öy2 2 õx1 T äjTöy ~

ftH 2- VV c „„„ txx sxy
= A Z.Ets cos— sm (I0)

rae
Bt s =xXZZZwmn W p(, [mp2 P> Z mty -

m n p q,

- WmnWp^.2 m n p q, rT

(m P* + 1 di)

fr-f)
E ts- jZZZZwmnWpcJfnaV+^pnp*-

m n p cj, L' ' L

- (!>)***- (n^^+^&npV
(+ju „ vi ****

+ (I2)
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° * = m± p; | S|= n +q,
** ) t=m+p; |sl = n +q.

* * 1 11 =m+ p ; s=n ± q,
****) |t|= m- p; s.n;!|

Oömee pemeuHe ypasHeHHft (I) m (2), yqMTHBaa rpaimqHue

yCJIOBHH, mosho sanHcaTß B BMSe

u= TT IVu”" sln cos TT + T j/1 (*-£) +

+ +2(Mro j^sin P«.

■ [Apch -5S +Bp sh + + ish-E—^)+

+ D p (yshÄ + pichffl)]-looS^[Ep +

+ F,thJ™ + Gp („hJf-2s£chfifL) +

+ Hp(«h£H-2(i^) r̂ sh^)].Cl X; (13)

V=^Zlv m„Cos^si n n«.<{(^+^).

.[A p shPM + BpCh£a + C p(yshÄ-2^^-
+ Dp(ych®_ 2^^ sh P«)] +lsin Plv

•M^.Fp S hffi + G p (xc h m+ +

-i- H p(xs h Hü+^f ch-2—)j+Ciy. CM)
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Saeci. , tr_

I) Z Z ü mn sln eos - qacTHHe pemeHHH
m n ypasHeima (I),

Ü£yy v (2)

a „ „

mn o b

IlapaMeTpH u mn H v mn HaxOÄBM B 3 CHCTBMtI ypaBHBHMÜ

+o,,sSl)u mn+ o,6S^vmn = 4!

D mn

°' 6s TF U "'n+ + 0' 35 1! i) v'"" = E mn (15)

2) C,, Cj, - nocTOHHHHe.

•' Heassecmie ko3sshiim6hth Ap,... na ycjiosaÄ

conpHsceHHH KOHTypa (noaeoß a peöep) a njiaCTßKti, TaicaM oö-
paaoM, nojiyqaa 8 kohtekthhx ypaßHeHaä. üpapaßHasaH k Hyji»

ko3ssmuhßHth npa BCBX rapaoHaicax Kocanycax, nojiyqaea ca-
CTBMy H3 16 ajireöpaaqedcax ypaßHeaaM. üoJiyqeHHafl cacieiia

peuiena na 3BM "Mhhck 2".
OcTaeiCH onpeaejiHTß BenaqaHy wmn • üpaHaMaa MeTOflßyÖ-

Hosa-rajiepKHHa, onpeaenaeM HeaasecTHbie napaMeipa as yeao-
-88ß

'rjiJ Ju 1-ji‘U» lital
° 0

E [õv 4/Bw\**UyM flx 1 +^šx+^W'
E f ßu |

lUx'Jtyi i+/j
+

T)y j'Dx'DyJ
• sin sin dxdy =O-

- o

npoaasoflH aHTerpapoßaaae (15), nojiyqaeu cacTewu B 3 9
ajireöpaaqecKßX ypaßHenafi Tpeißeß CTeneaa. Pemas ax,Btiqac-
JIBM Ko3(ßsauaeHTH Y/rnn_ H TaK Bce ÄaHH UB 0 H3-

npaÄBHBHX a b miacTßHKe. üpesejißHoe epeanee
HanpnaceHae
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ho qeißepiea TeopHH npoHHoera, yqHTHBaa npa btom aaic ijen-
HH6t TBK H HSrHÖHHÖ BanpHXSHHH HJiaCTHHH. ÜOJiyqeHHHe p6-

ayaßTara b

3. qüCJieHHHe pesyjißTaTH

3aBHCHuocTL npeaejißanx cpeaanx HanpaxeHHfl c#BHra ot
thökocth njiacTHHK npeacTaßaeaa na shf, 2 a. Ha $Hr, 2 6
HsoöpaseHH saBHCHMOCTH napaiieipa CÄBura K 3 ot othocmtsjib—

Horo npomöa.
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Ha sar, 3 h 4 aaaqeawH

crn = \JZõ'*l+Zffy l-Z(jx õy+liz*

ot napaiieTpoß aarpysKH K* vi K s lipu --2 = 1,0; = 0,250,5 •

SasHCMMOCTB ussay napaMeTpawii K z h h cTpeaa nporud
naacTHHKH aaodpaEea aa sar. 5.

Fpa$HKH aa 7a aaaqeawa aanpaseaaÄ naria-

Öa ot thökocth miacTna. Saanemmoctb aaac MMaaßäHX nporaöos
ruiacTMßU ot napaaeipa aarpysaa npeacTaßaeaa aa sar. 7d,

AHaan3 noayqeaatix pesyjißTaTOß noKaausaei, qio noaöop ce-
qeHHH CT6HKH TOHKOCT6HHOÄ ÖaJIKH ÄOJIEBB npOHSBOfIHTBCH TaKHM

oöpasoii, qToöa npoqaocTß a ešctkoctb ctBbkm öajiKH 6um oöec-
neqeHH. noayqeaane pesyaßiaTn uoryi Öhtb aenocpe,ncTßBaaoho-

noaLsosaHH npM npoeitTupoßaaHi! tohkoct6hhhx CTaatHHX n aaD-

MMHHeBHX öajIOK.
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J.Aare, J.ldnurm

Deformation of Slender Reetangular Plates,
Subjected to Bending and Shear Stresses

Summary

The paper presents a solution of the non-linear problem
of the deformation of slender rectangular plates, subjected
to bending and shear stresses, The plate is assumed tobe
simply supported along its contour and the normal rigidity
of the flanges and stiffeners are taten into aeeount.

Numerical results are given for a square webplate,
loaded by shear and bending, The load carrying eapaeity of
the plate is determined.
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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISED
TPyflH TAJIMHCKOrO nOMTEXHMaECKOPO MHCTMT7TA

CEP M H A N° 278 1969

YM 624.072 A.K. UsaHOB

BJIOqHAH ÜEPECTABHAH OMJiyBKA CO CTOžiKAMM-
HAnPABJIfIJOimniH flJlfl BO3BEÄEHÜH BHCOTHHX MOHOJIMTHHX

BETOHHhIX H COOPyiEHtttf

I. Bsege a a e

B aacToamee speMH OTcyrcTßyeT ÄOCTaToqao SKoaoMaqaHÄ cno-

COÖ CTpOHT6JIi>CTBa MOBOJIHTHHX SeJieSOÖeTOHHHX CHJIOCHHX COOpy-

K6HHÜ BHCOTOft flO 20-25 M6TPOB,

CKOJißSflmafl onaAyöna, nmpoKo npaMeaaeMaa äjih Bosßeaeaaa
BHCOTHHX ÄOJie3OÖeTOHHMX COOpyseHHÜ, BCABÄCTBM6 ÖOJIBUJOft Tpy-

SoeiococTH m ctohmocth Moaiasa h onajiyÖKH, onpassa-
na JiHmß npw Bosseaeaaa coopyaeanö bucotoö Öonee 25 m,

IIpMMeHöHHe TpyÖHoM noai>eMHO-nepecTaßHOö onajiyÖKH cTaao-

BHTCH 3KOHOMHqeCKH aeJieCOOÖpaSatlM npH BO3B6Ä6HHH OSHHOqHbIX

coopysceaaö bhcotoA Öoaee 80 u.

CyinecTßyiomHe KoacTpyKami aaseaTapaoM paaÖopao-nepeciaßaofl

onajiyÖKM ipeöyiDT ycipoftcTßa jibcob ans ee oaapaaaa aa bckj bh-

coiy coopyseaaa, TpyaoeLKH b Moaiase, h yßejmqaßa-

ET ctohmoctb Bo3Be,zieHMfl coopyseaHfl npa BHCOie öojiee 10 u.
ÜOTpeÖHOCTB B CTpOHTeJIBCTBe MOHOJIMTHHX CMJIOCHbCC COOpyse-

HHB BHCOTOtt AO 20-25 M, OCOÖ6HHO lipH paCIDHpeHHH H peKOHCT—-

pyKiyw npoMbniiJieHHHX npeflHpHHTHü, sacTaßJiaeT HcaaTß SKoaoMuq-

aue cnocoÖM Bosseaeaaa ax, 3ia ipeöyei aacioaTejißaoro
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pemeHHH eme h noTOMy, qio ooopyaeHHH buootoä ao 20-25 h

CTPOHTCH, KaK IipaBMJIO, MBGTHHMH CTpOMTSJIBHHMH OpraHH3aiJHH-

MH, H 8 HM6DHHMH CIieUHaJIBHOrO OÖOpyÄOBaHHfI, OCHaCTKH H cne-
ipaMCTOß, TaK KaK cneanaaHSiipoßaHHHe CTponTejißHHe opraHH-

SaiXHH OXBaTH3aB3T TOJIBKO CTpOHTBJIBGTBO OÖBBKTOB C ÖOJIBIIIHM

OÖBBMOM paÖOT.

Anajras cymecTßyioinHX mstoäob BOSBeaeHHH bhcothhx moho-

jihthhx coopyscemia noKasHßaeT, qio .hjih CHuaeHHH TpyaoewKoc-

TH H CTOMMOCTH paÖOT HBOÖXOÄMMO OTKaSaTBCH OT CTOSqHHX JIB-

- noaaepaHßaiomHX onajiyöKy, h oÖecneqwTß ee onnpaHMe Ha

BosseaeHHyK) qacTß ooopyaeHHH, Heoöxoflnuo Tarae HSMeHHTßcy-
mecTßymiyiD CHCieMy KpeiuieHHH pasöopHo-nepecTaßHoß onajiyÖKH.
äjih noflßeMa onajiyÖKH uejiecooöpaaHO HcnojißSosaTß KpaHH.npn-

MeHHeMbie ajih noaaqw apwaiypH h ÖeTona, A sto, b cbok oqe-

jiyÖKH B COOTBBTCTBHH C rpy3OHOffb6MHOCTBB KpaHa.

B COOTB6TCTBHH C 3THMH BHBOfIaMH aBTOpOM CKOHCTpyHpOBaHa
ÖJioqnaH nepecTaßHaa onajiyöKa co CTotöKaMH-HanpaßJiHioiiiHMH.

2, Kohc tp.ykhhh onajiyÖKH

Onajiyöxa cogtoht hs hhth sjieMeHTOs:

1) onajiyöoqHKX Öjiokob (shp. I) c ÄByxBHpycHHMH noflßecHu-
mh jiecaM« h paöoqeö ruiomaÄKOü c orpaasshhhmh. Bjiokh coönpa-
BTCH H 3 THHOBbIX 3JIBMeHTOB. .BjIHHa HX B SaBHCHMOCTH OT KOHsH-
rypaiiHH sosßoaHMoro ooopyaeHHH h PpysonoÄBeMHOCTH Kpana mo-
aeT öbiTß OT 4,5 #o 9,0 u h öojiee; sec, cootbßtctbßhho ot
0,8 ao 1,5 t h Öojiee;

2) CToeK-HanpaßJiHDmHX (shp. 2) aJiHHotf 2 m h secou okojio

25 kt .zyia onwpaHHH onajiyöoqHHX öjiokob;
3 j aaatHMOB äjih KpenjieHHH onajiyöoqmx öjiokob k cioüKaM-Ha-

npasjiHßiuHM;
4 ) CTHSHHX ÖOJITOB fIJIH SaKpeilJieHHH CTOeK-HanpaBJIHIOIIHtX H

scex HarpysoK ot onajiyÖKH Ha Bo3Be;neHHyK) qacTß co-
opyaeHHH;
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5) pacnopoK zym (|jHKcanHH tojiiiihkh öeTOHHpyeMOü KoncTpyK-

Hhh h pacnpeaejieHHH Ha öbtoh narpysKH, nspeaasaeMOM qepes
CTHJKHHS OOJITH. PaCHOpKH BHHOJIHaiOTCH H 3 CTaJILHHX HJIH aCÖO-

U6M6HTHUX TpyÖ HJIH KOHyCHHX HHBBHTapHHX BKaa^HlfleM,

CTOBKH-HanpaßJiHKnyie ycTaHaBJL.BaioTCfl b asa npyca no oöe
CTopoHu öeioHHpyeuoa KoncTpyKHHH apyr npoTHB flpyra h Kpe-

HHTCH CTH3CHHMH ÖOJITaMH, npOnymeHHHMH CKBO3B paCHOpKH ($Hr .3)
PaccTOHHHe no bhcot© Meawy cth2Chhmh öojitomh paBHO bhco-

Te apyca ÖeTOHHposaHHH, a aaaop b cseiy Meacfly CToMKaim-Ha-
npaßJiflmiHMM pasen TOJinyme öeTOHHpyewoft KOHCTpyKuim.

OnajiyöoHHHe öjiokh HaseuiHßaiOTCH orojioßKaMH KponniTeMHOß
Ha onopHhie ctojihkh cioeK-HanpaßJiflioiiiHX, OnajiyÖKa öjiokob b

MecTax CTOBK npepußaeiCH.

Ckbosb ctohkh KpoHiuTeMHOB onajiyöoqHHX Öjiokob nponycKa-
kjtch aaKMMH (no flse miyKH na KascflHÖ KpOHiüTeMH CBepxy H

CHH3y ÖJIOKa) M BBHHHMBaHHeM B railKH CTOeK-HanpaBJIHIDmHX ign-
KMMaioT onajiyÖoHHHe öjiokh k nocjie^HHM,

CTožKH-HanpasJiHioiiiHe HHKHero npyca cthshumh ÖojiiaiiM Kpe-
na-rcH kBO 3B6SBHHOÜ qacin ÖeTOHHpyeüoö KOHCTpyKHHH h nepe-
ÄaBT sa Hee HarpysKy ot onajiyÖKH.

3. TexHOJiorHH npoHssoacTEa paÖoT

KoHcipyKUHH onajiyÖKH npeflycMaipHßaei ÖeTonnpoßaHne ctsh

HpycaMH BHCOTOB I M HOTOHHO— B TSHSHHO
OflHOrO PHKJia CTBHa BO3BO.HHTCH Ha BHCOTy ÄByX HpyCOB (2 m)b
cjieayromefi nocjie^osaTejißHocTH;

a) BfcmepaMßaHHe panee yjioESHHoro öeTona. OöpaÖoiKa no-
sepxHocTH paöoqero msa öeTonnpoßaHHa. yciaHOßKa apuaiypn h
aaKJiaaHbix fleTajieS, fleuoHiaa hhjchhx CTceK-HanpaßJiHßipix h
nepecTaHOßKa hx Bpyqnyß Ha ofojiobkh sepxHHX c yciaHOBKO»
ÖOJITOB H pacnopoK.

Ö) üepecTaHOßKa onajiyöoqHHX öjiokob npn homodih Kpana Ha
cjieayronuijK apyc h saKpenjienHe npn noMomn saaMMOB, SainpKa
OCBOÖOK4BHHOÜ OT OnajiyÖKH HOB©PXHOCTH ÖeTOHa,
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3. OöiHHfi BHH Sjiohhoö nepecxaßHOH onanyöKH co cToöKaMH-HanpaßnaiofflHMH

1 - onany6oHHbifi 6/iok, 2 - CToinca-Hanpaßnaionjaa,
3 - aaiKHMj 4 - ctbähoil 6onr, 5 - pacnopica.
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b) BeTOHMposaHMe KOHCTpyKijHM na sacoiy apyca.
r) BaaeprasaHHe öeTona. üoaroTOßKa noßspxHocTH paöoqero

nisa ÖsTOHHposaHHHe YcTaHOBKa apMaiypa h aaKJiaanax qaciež.

a) üepecTaHOßKa onajiyöoqnax öjiokob. SainpKa
hoM HOBepxHOGTH öeTona ot onajiyÖKH.

e) BeTOHMpoßaHwe KOHCipyKUHH na sacoiy apyca.
BoaoÖHOBJieHHe öeTomipoßaHHa nocjie nepepasa aonycKaeTca

B COOTB6TCTBHH C TpeÖOBaHHHMH CMI [l] TOJIBKO HOCJIB fIOCTH-
Ä6EHH panee yjioaeHHaM öbtohom npoqnocTH npn csaTHH He ae-
H6B 15 KP/CM2

.

UocKOJiBKy npn nepecTanoßKe onajiyöoqnax öjiokob öeion
Bepxnero apyca ne noaßepraeTca MexaHHqecKHM BoaaeÄCTBHaM h

He HeceT HarpyaKH, onaJiyÖKy moäho oipaßaTß nocae aocinace-
HHH Ö6TOHOM HpOHHOCTM, OÖecneqHßaiDmefi COXpaHHOCTB nosepx-
hocth h KpouoK yrJios. Üpw Teanepaiype napyMoro soaayxa ae
HHse +IO°C h ÖeTone MapOK = 200-300 kp/cm 2 Ha nopi-

JiananeMeHTe wapoK 300,400 (BOGT 10178-62*) nepecTanosicy

onajiyÖoqHbix Öjiokob mosho npoH3BoaHTB qepea 6-8 qacoß nocjie

OKOHqaHHH ÖeTOHHpOBaHHH [2,3].
BeMOHTa» hhshhx CToeK-nanpaßJiHiomHX mokho hpohsboähtb

TOJIÄKO HOCJie aOCTHK6HHH Ö6TOHOM HOfl CTHKHHMH ÖOJITaMH B6pX-
hhx GToeK-HanpaßJiaiomHX npoqnocTH, aocTai’oqHoM flJia Bocnpua-
thh narpysKH ot onajiyÖKH.

3to ycjiOßne supaaaeTca sop«yjiož:
n

NmOKC Z. 1
1= 1

rae N mokc
- MaKcraiajißHaa BepTHKaJißHaa narpyaKa ot ona-

jiyÖKH na cnapeHHy» CToflKy b kp,
R cm - npoqHocTß öeiona na CMarae b mombht BocnpHa-

thh narpysKH ot onajiyÖKH b kp/cm2
:

Fch - njiomaa* cmhthh noa BKaaaameM b cm2
;

n - KOJiHqecTßo BKJiaaHinefi, qepea Koiopae nepeaa-
eien HarpyaKa na öctoh.
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Ha OCHOBaHHH JiadcpaTOpHHX HCIIHTaHHfI [B] MOSHO npHHHTL,
qio noa nmiHHapHnecKHM BKJiaanmeM npoqnociL öeiona na cmh-

me b pannew soapacie npn cpaßHHiejiLHO Majioü nmpHne mio-

maaKM cmhthh no cpaßnenHiQ c inaroM cioeK-nanpaßJiHioiinix co-
ciasMi RCM —2 . R rae R - KyÖMKosan npoqnociß Öe-

Tona na cKaine b kt/cm2
,

G yqeioM asyxicpamoro aanaca npnnnMaeM R CM =R.
yqniHßan, qio no lexnojiornn öeionnpoßannn b nepecias-

hoH onajryöne co cionKaMn—nanpaßJiHHJmnMH KyönKOßan npoq-
hoctb Öeiona na caaine noa btophm ot yposHH Öeiona cthk-

HbiM öojitom aojiacna öhtb ne Menee R = 15 kb/cm2 z, npnnnß,

npnöjmsenno, b aanac npoqnocin, JinaeMHuM xapaniep pocia

npoqnocin Öeiona b panneM soapacie, onpeaejinw Bejinqnny

npeaejißHoM narpyaicn, noiopyio Moacei Bocnpnnniß Öeion noa
CTHKHHMH ÖOJIiaMH B MOM6HT CHHTHH HZKHefö CTOÜKH—HanpaBJIHKH
mež;

Km- f c„ + R“ m - F cm - '5 F„ +2-15Fcm =

45 Fcm N MQKC *

rae R l^ , R*m ,R* - npoqnociß öeiona na ciiaine cooißei-

cißenno noa nepsuM, BioptiM n ipeißHM
oi yposHH Öeiona cthkhhmh ÖoniaMH,

B KaJWOM KOHKpeinoM cnyqae spewn aocinsennn ÖeionoM
npoqnocin, aociaioqnoM socnpnainn narpyann npn nepe-
cianoßKe cioen aoJisno onpeaenaißca Jiaöopaiopneß cipon-
lejiLcißa.

üo onuiHHM aanntiM öeion uapicn 200, na nopuiananeMeme
MapoK 300, 400 (FOOT 10178-62*) naönpaei npoqnociß R =

=l5 nr/cM2 npn lewnepaiype 15-20°C qepea 12-17 qacos,
C yqeioM EHmeynaaannoro n na ocnosannn onuia soaseae-

HHH MOHOJIMTHHX ÖeiOHHHX H KeJieaOÖeiOHHHX BHCOTHHX COOpy-
Äenpifl b jieiHHX ycjiosnax b cpeanen nojioce nameft cipanH [2,
3, 4] nejiecooöpaano npeaycuoipeiß npoaoaanTeaßHOciß nwKjia
48 qacos npn cKopocm, Öeionnposanna - oann npyc (I m) b
cyiKM. C yqeioM Momasa.n aewoniaaca onajiyönn CKopociL soa-
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BefIBHKH coopysceHHü Öyaes? ne Mesee 0,5-0,6 m b cyiKH, qro

b npeaejiax cpeaaefi ckopocth bo3BBä6hhh ctöh b CKOTiBSHBieB
onajiyÖKe (c yqeioM MOHiaxa h fleMOHiasa onajiyÖKH), C npa-
M6H6HH6M 01161^1871BHHX OÖpaÖOTKH ÖBTOHa: BaKyyMHpO-

saHHH, BEiaeprasaKüH npu noßHineHHoä TSMnepaiype, npHMene-

HHH ÖHCTpOTßepaeiOipX HSMSHTOB H fIOÖaBOK, yCKOPHKIftIIX TBep—-

£BHMB ÖeTOHE, M ap. f CKOPOCTB BO3BBfIBHHH COOpySSHHä COOT-

B6TCTBBHHO BO3paCTBT,

4-, OKOHQMHqecKHe noKasaTejm

3KOHOMHqecKHB noKaaaieTiH paccqHTaHH Ha ocnosaHMH paöo-
q«x qepTeseö ÖJioqnofi nepecTasaoö onanyÖKH c noflsecHUMH
fIByXBHpyCHHMH CTOÄKaUH-HanpaB7IHK)mHMH ( snr,3).

A, Saipara Ha_H3roTOH£BHHe onajiyÖKH

B TaÖJinu,e I npHseaeHH noKasaiejiH pacxoaa MeiajiTia m Jie-

ca ajifl öJioqHOH onajiyöKH na I nor.ii ocesoft äjihhh ctBH,

TaÖJiHija I

Ctozmoctb zaroTOßitezzz öjioqzofl onanyÖKZ za 100 nor, m
ocesofi fljizzH cTez aaza b Taöazae 2.
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TaÖJiHua 2

Ctohmoctb ctejibhhx KOHCTpyKUHM npHHHTa no uenaM,ycTa-

HOBJI6HHHM ÄJiH sasouoß CneusjießaTopMejißMaina, b Tenemie mho-

rax jieT BHnycKaEapa KOHCTpyKuaa CKOJißsameö onanyöica.

SapnjiaTa na asroTOßJienae aepeBHHHHX KOHcipyKuaäa cöop-

uy onajiyÖKß npanara no icaiißKyjiHuaß (laÖJiaua 3).

B. onajiyÖKß

CnauaajiasapoßaHHue opranasauaH, cipoamae bhcothhc moho-
jihthhs sejiesoÖeTOHime coopyacsnaa, naKonana Öojitmoii onuT b
acnojiLsoßanaa MeTajmauecKoß aHseHTapnoit onanyÖKa.

Ha cTpoaiejißcTße stbx coopyEouaß ajieMenTH

onanyÖKK acnojißsyioTCfl äo 5-tb, b Jiyqmax cjiyqaHX, ao 7-8paa.
OflHaKo, saqaciyio koMnnbkth anßeHiapuoM onajiyöaa cnacHßaiDT—-
ca panßine speMeaa tojibko noTOiiy, qio coopyaeHaa Taicoro lana,

Ea» liena KoJiuqe- Ctohmoctb
HaHweHOBaHne H3M (pyö.) CTBO (pyö)

MBTaJIJIOKOHCTDYKHHH

CiaJIBHHe KOHCTpyidtHH T 172,7 16,40 2830
Tpaacnopi T 18 16,40 295
3arot obhtejibho-ckaas- 63CKwe pacxoflH % 2

Hioro 3188

MaTepHajiH

ÄOCKH 40 MM (50 mm) M3 26,7 27,8 742
äockh 25 MM (29 mm) R 28,3 13,2 274
TB03ÄH Kr 0*11 180,0 20

Hioro 1036

Sapimaia na aaroiOB-
jienHe ÄepesflHHHX
KOHCTpyKUHö h cöopKy
onanyÖKH M2

- 220 541

Bcero 4565
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T
a
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a
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a
a

3

N? n.n.
§

HOpM
h

pac- IjeHOK
OnacaHne

paöoi
Ea. H3M.
HopMa sp.aa ea. H3Mep.(y.yac

)

PacpeHKa na
ea. Hsuep.(pyö;

K~rBO paöoi
Tpyao-6MK0CTB(q.qac)
Sapnaaia(pyö)

I.

4-4-4n.4

MsroTOBJieHHe
Kpysaa
b

asa
cjioh

aocoK
co

CBepaenneM
oTsepciMÜ

h

CKpenaemieM
Kpysaa

doaTaun

HJIM
TBOBÄHMH

14
*

2*
2
=

3,74
m

I

M Kpy- saa
0,4

0-16,4
3,74
1,50

0-62

2.

4-4-2
MaroTOBJieHne

kpmbojihhsühnx
KpynHonanejiBHHX

iuhtob
onajiyö-

KH
lUIOUläÄBK)
flo
4
KB.M

.

1,1
.

2

=

2,06
u2

1.5

I
M2 BJH- TOB

0,59
0-25,5
2,06
1,22

0-52

3.

4-2-24 n.2

ycTpožcTBO
padoqero

HacTHaa
c

saroTOBKoft
MaTepnaaoB,yKJiaaxofö

daaoic
h

KpenaenneM
hx
doaiaMH,

C

HaCTHJIKOfl
M

npHÖHBKOÖ
flOCOK,

ycTaHOBKOÄ
orpaacaeuHÄ
h

yci-

pOÖCTBOM
JIIOKOB

I
M2 Hac- TH— aa

0,86
0-39,3
5,30
4,56

2-08

4.

4-2-2 iaö.7 n.2a

Kpenaeniae
totobhx

onaaydoqHtix
BIHTOB
K

KpOHBITeßHaM
CO
CBCp-

aeimeM
OTsepcTHü,
nocTanoBKOÄ

ÖojiTOB,
BHBcpKoM
H

aaicpenaeHH-
eu

I
m2 ona- ayd- KH

0,22
0-09,4
2,06
0,45

0-19

Htoio

8,73

3-14



ÄJifl KOToporo ohh npeanaaHaqaJiHCß yse Öoaßne ne ctpohtch, a
SM apyroro coopyacemifl aaHHHft komiijiökt Öea nepeaeaKH eg

npuroaeH.

C nepexoÄOM aa ÖJioqnyß nepecTasnyio onaxyöicy, npwroaHyß
aJiH paajmqHbix coopysenüM, mosho oaMaaTß ysejm-

qeHHH oöopaqHßaeMOCTH MeTsuuiHqecKHX ajieweHTOß ao 10 paa
(aa I oÖopoT npHHHio ncnojißaoßaHHe onajiyÖKH Ha oanoM co-

opyseHHH BHCOToft ao 30 m),
ÄepesHHHHe KOHCTpyKiyiM CKOJiL3Hia.eM h

onanyÖKH HaroTosjiHioTCH na cipoaiuiomaaite m, KaK npaßMjio,HC-

noaßayiOTCfl y nao oaan paa,
npa npHMeHSHHH djioqnoß nepeciaßHofi onajiyÖKH mokho ohh-

aaTL yBenMqeHHH oöopaqnßaeMOCTH aspeßHHHux 3jiBMBhtob ao 3
paa aa cqei TpancnopTHpoßKM onajiyöoqmix öjiokob c oÖßeKia
Ha OÖB6KT 6ea paaöoprai.

Ha ocHOBaHHH BbnneH3JioEeHHoro paccqHTaHH h npaseaeHH b

Taönwue 4 aMopiHaaiiiiOHHHe OTqHCJieHHH na oann oöopoi 100 nor ,m

aJiHHH nepecTaßHOfl onajiyÖKH ctsh npa 10 oÖopoTax Meiajuio-

KOHCTpyKiiHfi h 3 oöopoiax aepeßHHHux KOHCTpyKuHH, BoaspaT—
HaH CTOWHOCTB JIBOOMaTBpHaJIOB lipHHHTa 25%, a MBTSODIOKOHCT-
pyicimfl - 10% nepsoHaqaiißHofi ctohmocth, K aMopTHaauHOHHUM
oiqHCJieHHHM npHÖasjieHH pacxoau Ha psmoht nocjie Kaaaorooöb-
poTa onajiyÖKH b paanepe 10% ot nepßOHaqajißHofi ctohmocth

MBTaJlfloKoHCTpyKipjfl H 20% - aJIH a6PBBHHHHX 3aBMBHTOB,

28
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B. SaTpaTH na mohteh. aeuoHTag h noaseM
nepecTasnoft onaa.vÖKH

PacqeT saipai ipyaa h ctohmocth paöoi no Moniaay h ae-
uoHTasy oanoro nor. m nepecTasnoft onajiyÖKH npeacTaßaen b

Taöanije 5.
B Taöaime 6 aana KajißKyaanHa ipyaosnx saipaT h ctohmocth

h nepecTanosKH I nor.M nepeciaßnoö onajiyÖKH cien.

PacneThi BbmojmeHH na ocnosaEHH EHhP 1960 r.
B CBH3H c nepecTanoßKoM onajiyöoqnux öjiokob npn noMomu

Kpana na sapanee BUBepennHe h saKpenjiennne ctoükh—nanpaßJiaio-

mwe h OTcyTCTBHeii, BCJieacTBHH aioro, 3aTpaT ipyaa, npeay-
CMOipeHHHX N« 4-3-12 EHhP na BHBepKy onajiyÖKH, nopMa speMenn

h pacaemta b Taöjinne 29 npanaiH c Ko3ssHuneHToM k = 0,5.
B KajißKyjiHipH yqieHH saapana na paöoiy Öamennoro Kpana.

Bpewn, neoÖxoaHMoe aJia nepecTanosKH onajiyöoqntix öjiokob Öa-

memmu Kpanoii asyna MoniaaHHKaMH na I onajiyÖKH( n,2 TaÖJi.
28), sa BHqeiOM 30% aaipai paöoqero KpeuenH na enama h

ycTanosKy hhkhhx saawMOß (öe3 yqacTHH Kpana), cocTasaaeT:

Q|IS
= 0,053 qaca.

2
C yqeTOM ctohmocth ManmnocMenH öainennoro Kpana rpyao-

3-5 t - 20-75 pyö. (Corjiacno "üonoaenKH o B3ai-

MOOTHomeHMHX h pacqcTe ipecia "CTpoßMexanHsauHn" c oprann-
SapHHMH MHHHCTepCTBa CTpOHTCJILCTBa 3CTOHCKOM OOP" BEf-11-64)
ctohmoctb paöoTH ÖauiBHHoro Kpana na nepecianoßKy öjiokob na
I onajiyÖKH cociaEJineT

. 0,053 = 0-16 pyö.
7

B CTOHMOCTH MaffIHHOCMÖHH yqTCHO yCTpottCTBO H pasÖOpKE no#-
Kpaaoßnx nyieÄ, nepeaosna, Momas h ÄCMOHTaa öainennoro Kpa-
na.

P. CTOHMOCTB H Tpy^OeMKOCTL^aÖOT

Ctohmoctb onajiyöoqnux paöoi h Jiecos, a laKse pacxoa Öe-
Tona npH cTpoHiejißCTße coopyacnna, sossoaHMoro b ÖJioqnoöne-
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pecTaßHOä onajiyÖKe co CTofIKaMH HanpaßJMiomiuiM, gam* b TaÖ-

jnme 7.
TaöJiüua 7

Ha ocHOsaHHH KanßKyjimjüM TpyflOßbK aaipai b Taönaue 8 aana
TpyaoeMKOCTB onanyöoqimx paöoi b qea.aHHX na I Kyö.u roio-

Bofl KOHCTpyKpuH H3 pacqeia npaseaeHHoft TonmHHbi cien

15 cm äüh pasjmqnoM bhcotm coopyseHiiH.

Sarpaiu ipyzia na ÖeTOHuposaHne, ycTanoßicy apMaTypa h sa-
TupKy CT6H na I Kyö.M xejießOÖeTOHa paccqMTaHH no EHmP §4-2:

öeioHHOft cuecn b ctshh tojidihhoH ao 150 mm
(EHmP, § 4-2-12) 3,2 sen.-qaca
JcTaHOBKa h BH3Ka äbomhoö apMaiypa ÄMaMeipoii no
12 mm npw coaepjsamiH apMaiypu b BO Kr na I m 3
ÖeiOHä (EHmP, § 4-2-9) 2,7 qeji-qaca

n o k a 3 a t e Ji h
SaTpara b pj

Te cooj
f6 • na lOu nor.M npn
DVKeHHH B weipax

BBICO-

5 10 15 20 30 40 50 60

AMOpTHSailHH H peMOHT
onajiyÖKH 1226 1226 1226 1226 1226 1226 1226 1226
MOHTES H aeMOHTES
onajiyÖKH 222 222 222 222 222 222 222 222
ÜOÄseM onajiyÖKH 219 519 854 1154 1781 2424 3059 3694
PacnopKM ms raa.CTaji,

Tpyö ÄHEM« 25 MM (H3
paeseta 100 m Tpyo
Ha KEKÄHe 10 M
noffbeMa onajiyÖKH npn
ctohmocth no 73,7pyÖ) 37 74 III 148 222 296 370 444

Hioro 1704 2041 2413 2750 3451 4168 4877 5586

Oöbbm aceji.ÖeTOHa b
m3 npw npH-
seaeHHoö TOJinmne
CT6H 15 OM 75 150 225 300 450 600 750 900

OnajiyÖonHhie paöora
na I Kyö.M xeji.öe-
TOHE 22,7 13,6 10,7 9,17 7,67 6,95 6,5 6,21
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3aTHpKa noßepxHocTM ÖeTona, ae pacqexa 30$
HJIH 4 nOBepXHOCTH Ha IMd ÖeTOHa

(EHhP, § 4-2-27) 0,8 qea.-qaca

UToro: 6,7 qen.-qaca
oh 0,96 qeji.-aHH

TpyfloeMKOGTB paöoi no peMOHiy onajiyÖKH npn oöopo-
Te npoHTa 1,7 qeji.-qacana I nor.M onajiyÖKH ctchh hs pac-
qeia 20$ ot xpyAOsaTpai na n aroTOßJieHHe aepeBHHHHX sjieuen-

tob h cöopHy onajiyÖKH (TaÖJiHua 3).
TaÖjiHua 8

B tl B 0 J H

BjioqnaH nepecTßßHaH onajiyöica co cTofIKaMH-HanpaßJiHßminiH
npeaHasHaqeHa oh BosßeaeHHa ctsh bhcothhx mohojihthhx öe-
tohhhx h KeJieaoBeTOHHHX coopyaeHHii pasjiMqHoö
b naaHe h mokst öhtb HcnooaoßaHa ripu bosbsashhh noflnopnux

eien, peeepsyapoß, uaccoHux KoncipyKuafi h otojibhhx xejie-

soöeTOHHux ÖajioK,

KoHCTpyKUHH onajiyÖKH nosßOJiaeT npHMeHHTB ee b aasMCH-

mocth ot MecTHbix ycaosHö K3K c nepecianoßKoM ejieMeHTOB ona-
jiyÖKH c noMomBD Kpaaoß, *TaK h BpyqHyD c ucnojißSOßaHueu CTO-
eqflbix necoß,

HaHMehoBanne
paÖOT

TpyaoeMKOCTB
cood:

BSeJI.-flHflX npH BHCOT8
flSSHHM B MBTDaX

5 10 15 20 30 40 50 60

m pewoHT onajiyö-
KH IJ5 0,58 0,38 0,29 0,19 0,14 0,12 0,10
IloaieM onajiyÖKH 0,44 0,55 0,63 0,64 0,67 0,68 0,69 0,70
BeTOHHposaHne,
ycTanoBKa apua-
Typu h sampKa
öeTona 0,96 0,96 0,96 0,96 0,96 0,96 0,96 0,96

W t o r o 2,55 2,09 1,97 1,89 1,82 1,78 1,77 1,76
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Bnoqnan nepecTasnan onanyÖKa co CTOttKaMH-nanpaßnnßiiuiMH
npocia no kohcTpyKnnn• Ee mokho nsroTOBHTB aaae b nocipo-

eqnnx MacTepcKHX.

OnanyÖKa ne TpeöyeT cnennanßnoro aoporocioamero oöopy-

aosanna ÄJiH n npn nopMannnoK aKcnnyaTaann roana k

hchojibaoßanmo öes noaroTOBHTenBHHx paöoi,

Oamm H3 ochobhhx aocTonncTß onanyÖKH HBjmeTCH ee ynn-
BepcaJIBHOCTB, T3K K3K M6TannHqeCKHe KOHCTpyKnHH MOSHO HC-

nonnsosaTß npn BOSBeaennn paaHHqnux coopysenHü. flepesan-
nne anewenTH jjih onanyÖKH oanoTHnnax coopyKennft woryi hc-

nonnsosaTßca MHoronpaTno, önaroaapa önoqnoiiy Hcnoane- 1
hhd ee h nepesosKe c oöseKia na oöbbkt potobhmh ÖJioKaMH.

KojmnecTßO aaKnaanux aeianeü ne orpanHqHßaeTcajHX paa-
uepa orpannqHßaraea nnniß paauepaiÄH ÖeTOHHpyeuoft KoncTpyK—-

nm,
KoncTpyKnMH onanyÖKH nosscnaeT HcnonnsoßaTß onanyöoq-

nue Öjiokh b KaqecTße MOHTasHHX noaMocTefi aan BbinojraenHH

paöoi no npeasapuTejißHOMy nanpaKenHio KoncipyKiiHH, Moma-

sy pasnnqnoro oöopyaosaHHH, HSonanHonnHx n apyrnx paöoi
noone öeTonnpoßannH,

KoncTpyKnnn onanyÖK« aonycKaei npHwenenne roTOßbix ap-
MaiypHHX ceTOK n Kapnacoß ana apanpoßanna ÖeTonnpyeMHX
KOHCTpyKnna,

üpaMenenne önoqnoß onanyÖKH co CToBKauH-nanpaßnaiomHMH
nosßonaei nepeneciH TpyaoeMKHe paöoiH noaroTOßHTem.no-
ro nepnoaa co cTponTennnoii nnomaaKH na aasoa: HsroTosne-
nne aneMenTos onanyÖKH n cöopna onanyöoqnnx önoKos, pe-
moht onanyÖKH, saroTOßKa apuaiypa b Bnae cbtok n Kapna-
COB«

ConocTaßnenne ctohmocth onanyöoqnnx paöoi h Tpyaoeii-
kocth Bosseaenna coopyacenüft b ÖnoqnoM nepecTasnoö ona-
nyÖKe co CTOttKaMH-HanpaßnaiomHMH n b MeTannnqecKOü CKonß-
sanefi onanyÖKe c rHapaßnnqecKMMH aointpaiaMH aano na
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snr, 4 h 5. Ha rpasHKax npeacTaßJiemi aaipaTbi Ha BosseaaHHe
HHjmHÄPimecKHX aejieaoöeTOHHhix chjiocob aHOMeipoM 10 u co

CTüHaMH TOJHUHHOM 15 CM B aaBMCHMOCTH OT BUCOTH COOpyÄCHHH.

SaTpaTH na soaßeaeHHe coopyaeHHft b cKOJißaameft onaayÖKe

npuHATH no KHHre KaaMHKosa n.B.,Pajn.ueßHna 8.A., Xopo-
mero H.C. h ap. "BoaseaeHHe aeJieaoÖeTOHHHX coopyaeHHü b

CKOHB3HFieö onaayÖKe" [7].
ftnn oöohx BapwaHTOß b aaipaiax ipyaa hg ynieHH paöora

no npiäroTOßjieHHß öeiona h pacißopa, aaroioßice apMaTypn,
TpaHcnopTMposaFHD h no.zii.eMy MaTepnajiOß, nocKOJiBKy bth ne-
yqieHHHe aaTpara Tpyaa mosho cnmaTi. oaMHaKOBHMH äjih oöohx
BapaaHTOß, rpasHK aoJiaen npastuißHO noKaaHßaTi. cooTHomeHHe

aaipai,

110 aeHeacHHM aaipaiaM Önomtan nepecTaßHan onajiyöica sko-

HOMHHHee cKOJißanmett npn bhcots coopyaeHHß ao 50 m, no Tpy-
aoeMKOCTH - npa sucoTe coopyaeHHü ao 37 m.

Ha ocHOBaHMH 3thx cooÖpaaeHHft h npoH3BeaeiiHHX pacneiOß
mosho cHHiaTB, hto ÖJionnyD onajiyöicy co
mHMH aeaecooöpaaHO npHMeHHTB npn sucoTe coopyaeHHfö ao 40 m.
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PeayjißTaTU jiaöopaTopHux HcnuTaHHÜ.

A. Ivanov
The Block Shlef Formwork with the Prop-Runners
for Erection of the Tall Monolithlc Goncrete
and Reinforced Concrete Structures

Summary

A descripfcion of a new block shlef formwork with the
prop-runners for erection of the tall cast-in-place con-
crete and reinforced concrete structures is given with the
calculations of the economic effect.

The block shief formwork is more economical than the
usual siiding formwork to the heights of 50 metres and more
laboursaving to the heights of 37 metres,

The construction of the formwork allows to use the form'
work blocks also as the mounting scaffold to carry out dif-
ferent works after casting of the structure.
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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISED
TPyM TAJIMHCKOK) nOJIMTEXHüHECKOTO MHCTMTyTA

CEHH A N° 278 1969

YM 666.9.017; 620.1

HPOHHOCTB BETOHA HA CMfITHE B PAHHEM BO3PACTE .

PESyJILTATU MBOPATOPHHX HdIUTAHHii

C uejißß conocTaßJieHHH npoqnocTH ÖeTona na cmhth6 b pan-
HBM Bospacie c ero Kyömcoßofl npoqHOCTBK) na cacaTHe h bhÖo-

pa paiiwoHajißHoro Tana BK/iaaania pn nepesaqn Mecraoü na-

rpysKH na Ögtoh b panneM Boapacie, b mõne Mecape 1965 roaa
B JiaÖOpaTOpHH C TpOHTSJIBHHX KOKCTpyKUHÜ TaJUIHHCKOPO HOJIH-

TexHHqecKoro HHCTHTyia ÖtuiH npoßeaeHH McnHiaHHH ÖeTOHHux
oÖpaapoß Ha cmhthö b paHHSM sospacie ÖeiOHa (10, 16, 24,
32, 40 qacos), MecTHaa narpysKa na Öctoh qe-

pes bkji aamen, aajioateHHtje b oöpaaipj ao ÖeTOHHpoBaHHH, Oaso-
BpeweHHO wenn Ttisajihob Ha CMHTMe Tpn oöpaapa c BKjraaumaMH

b snae OTpeaKa CTajißHOö Tpyöu c HapyacHHM anaMeipoM 34 mm,
BHyTpeHHKM I" h ipw oöpaspa c BKaaamnaMu H3 öbtohhhx
KyÖHKOB paBMepOM 100 X 100 X 100 MM C OTBepCTHSM ÄHaMeTpOM

30 MM,

&IH onpeaejieHHH KyÖHKOBoM npoqnocTH ÖeTona oanospeMeHHo
HCHüTUBaAHCB H3 CätaTHG KyÖHKH C paSMepaMH CTOpOH 10 X 10 X

X 10 CM,

BpeMH BblflepSMßaHHH, BHS H KOJIHqCCTBO OÖpaaiJOß npHßefleHH

b Taönime I. KpoMe nepeqwcaeHHHX, 6 oÖpaauoß-KyÖHKOB 150 x
x 150 x 150 mm ÖiüiH HsroTOBAeHH aan onpeaeaeHHH MapKH 6e-
TOHa. Ohm BHÄepSHBaJIHCB 28 eyTOK.
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I. CocTas m Mapaa deToaa

lipu no2cqeie cocTasa öeToaa aaHHHMH Öhuh npa-
hhth:

MapKa Öeioaa M n lson

ocaflKa Konyca 7-9 cm
U6M6HT - nopTJiaHaaeMeHT M "500" aasoaa "flyaaae Kynaa",

meöent - rpaHHTima, spaKaaa 3 - 10 mm
BeTOHHan cmccb nparoTOß3iH2acß na BbicymeaaHX aano3iaaTe-

-31HX,

Ilocjie nposepKH pacqeTßHX saHHHX na npoÖHOM aaMece no-

3iyqen oKoaqaTejißHHö cocTaß ÖeTona;

Pacxo2 cocTaßJiHwntHX aa I m 3 öeioaa:
nopTJiaHsaeMeHT M "500" - 260 Kr,
necoK - 682 Kr,
meÖeHB rpaHHTHHB $, 3-10 - 1150 Kr,
Boaa - 208 Kr,

yTOqH6HHHO OÖBCMHUÄ BCC Ö6TOHB 2300 Kr,

Oöpaaau öhjih npMroTOßjiemj flsyMH napTanMa:
1. 231 h BüsepÄHBaHHH 8 qacoß, 24- qaca, 52 qaca,
2, 23ih BH2epsHBaHHH 16 qacoß, 40 qacoß.

0t Ka3K2OO napTHH ÖH3IO 83r0T082680 20n02HBTe2Ba0 no 3 KyÖH-

Ka paaaepoM 15 x15x15 cm 23ih onpe2eneaaH MapKa Öeioaa
qepea 28 cyTOK,

oca2Ka Konyca onpe2e2HJiacß ä&h Kaat2ofi napiaa ÖeToaa a
COCTaB3IH2a COOTB6TCTB6HHO:

1. OK = 8,0 a 7,8 cm,
2. OK = 7,6 a 7,2 cm.

2. EeToaapoßaaae a Bmepgaßaaae odpaaaos

OÖpasiyj 2Jih acnaTanafl npoqaocTß deToaa aa CMHTae Öcto-

Haposa3iacß naauiMH aa aeMeaiaoM no2y b Öoptoboö ona2yÖKe

aa 20C0K. Bo no2y yK3ia2Mßa3icfl 02aa caoß ÖyMara. OnanydKa

aaayipa cMaaHsaxacß MamaaaaM MacaoM. Ha öyMare aapaaee
paaMeqa3iacß Mecia ycTaaoßKa BK3ia2mnefi.
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BeTOHHaa cmccb yKJiaaHßaJiacß b sopmh Henocpsäc tbchho noc-

Jie npwroTOBJieHHH m ymioTHfuiacß mitiKOßaHiieM KejißMott.

Oöpaana BtaepsMßajmcß b nowemeHHH co cpeanefl TeimepaTy-

poft Boajyxa 20°C. OiKpaian qaciß ÖeTona BaKptisaJiacß poroseö.

Ilocjie 24 qacoß TBepaeHMH ÖeTona, öctoh h porosa CMaqwßa-

OTCB 80ß0ß, KOHTpOJIBHHe KyÖHKH HSrOTOBJIHJIHCB H BH^epSilßa-

jihcb b cTaHflapTHux cTajißHbix sopuax h nowemajmcß busctb c
ocTajiBHHMH oöpasuaMH. KydHKH äjih onpeaejieHHH npoqHOCTH 6e-
TOHa b 28 cyToqHOM Bospacie nepsae £Boe cyTOK BHaepsußajmcß
BMecTe co scann oöpasuaun, a saien noMemajTHCB b Kanepy c
OTHOCMTBJIBHOO BJiaKHOCTBK BOSflyxa 90%,

Oöpaaim paaonajiyÖÄHßasMCß Henocpesctbbhho nepea ncriHTa-

HH6M, Kpowe KyÖHKOB, BHaepsHßaeMHX 24 qaca, KOTopue öhjih
OGsoÖoacaeHH ot onajiyÖKH b 7-mh qacoßOM Boapacie.

3, MciiHTaHHe oÖpaai^nß

tlcnuTöHue 88T0HHMX oOpaaaos aa ouame npoHSßoamioci. Ha
yHHßepcajißHOfl ruapaßHHaeCKOä waiiiHHe 7HM-60M sunvcKa iwst,
MaKo.P = 50 th. Ijeaa seaema 10 Kr.

toßJieane aa BKjiaamm nepeaaßajioci aepes öojit, npoaeiaü
b oißepcTae (oh. cxeay HonuiaHHH J«r. i). Ckopoctb B o3pao-
TaHHH HarpyßHH oooTaßsasa 2-3 kb/oh2 b osk. MaKOHHasBHoe
yc™ per ao TpHposajrocß b homsht bo3hhkhob6hhh nepBHX bhjh-mhx TpeuHH. Harpyaenne oöpaaaa npojojiiasoci, a 0 uoueHTa ero
paspyiueHHH,
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<J>ht. 1. CxeMa HCHbiTaaHa Öbtohhux oöpaanos Ha cmsthõ b paHHeM soapacre

Upu HarpyxeHHH oöpaapos b sospacie 10 h 16 qacos qepes
BKJiaamra npeaenßHOft narpyaicofl nepsae ip ohjhhh oöpasoßajmcß

naa BKJiaaaineM no ero Komypy (snr. 2). SaieM pacKpaßanacß

BepTHKajißHan Tpemuna naa TpyÖqaiHM BKJiaaaßieM h naiüioHHae

ipemana noa yrjioM okojio 45° bhhb ot yrjioß ocHosaHHH noa
npHMoyrojißHHM BKJiaaameM,

noa TpyÖqaiHM BKjiaaaineM HMennci bojiochhh6 TpemwHH, nay-
npie ot ocHOsaHHfl ipyöH b oöe ctopohh noa yrnoM 45°.

PacKpHTwe Tpemnn naa smiaaameM npnMoyrojiLHoro cenennn
aoxoanno ao 2 MM, Haa TpyÖqaiHM BKJiaamneM ao 3-4 mm.

OÖpasnH c TpyÖqaiHM BKJiaaaineM b sospacie 24, 32 h 40 qa-

cob HMejiH xapaKiep paapymeHHH noa MecinoÄ narpysKOfi, ana-
-3iomqHHo oÖpasnaM öonee pannero soapacia.

B oöpaapax c ö6tohhhm BKJiaaHineM npHMoyrojiLnoro ceqeHHH



44

2. Oömaö bhu paapymeHHa ogpaanoß, noaßepaceHHbix mbcthomv
cataTHio b Bospacre 16 nacos;
а) c TpyÖHaTbiM cranbHbiM BKnaaumeM -
б) c noiiHM öeroHHbiM BKnanhimeM '
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b BospacTe ÖoJiee 24 qacoß npa acnbiTaHHHX nepsue Tpemann
BO3HHKJIH BO (OflHa HOfl OTBepCTHGM H SBC B ropH3OH-
TaaBHOM HanpaßJieHHH no oöe ctopohh ot OTBepcTHfl). HocJie
aioro itohbjihjihcb TpenyiHH b oöpaape noa Ho, ecjia

paHßine ohh num ot yrjros npaMoyrojißHoro to Tenepß
pacnpocipaHHJiMCß ot Bo3HHKiiieß ipemana BKJiaÄtuua m
ton noa yrJiOM 45-60° b oöe CTopoHH (sar, 3).

PeayjißTam HcriHTaHHM Öbtohhhx oöpaapos na cmhtwo b pan-
H6M BoapacTe b Taöjmue 2. PeayjißTaTM nciiHTaHHÄ

öbtohhux BKJiaauineö na caaTae - b Taöjiaue 3, peayjißiaTH hc-

IHäTaHHÜ KOHTPOJIBHHX KyÖHKOB B BO3paCTB 28 CyTOK - B TaÖ-
jiaije 4,

4. ConocTaßJieHMe peayjißTaTOß JiaÖopaTopHoro
acnnraHag oöpasiiQß ÖeTOHa na cmhtms b
paHHeM BoapacTe c TeopeTagecitaMa pacqeTaMa

üpoqHoc tb npa MBCTHOM caäTaa onpeßejifleTCH no sopMyjie:

\
3 /T~

cm =. np \/t 1 (I)r V 'CM

rae R np - npH3M6HHafI npoqHociß öeTona,
F nonHEH ajißMenia, na KOTopyio nepejaei—-

ch HarpyaKa
F Cm - imomaflß cmhthh,

ripa pacqeie tojibko na MecTHyio narpyaKy BejmqaHa \l
aojisna npaHMMaiBCH ne öojiee 1,5. fcm

B nameu cmyqae:
a) .jpm oöpaaHOß c TpyöqaiHM BKJiaatuueu:

F = (10+3,4+10) xlO = 234 cm2
,

= 3,4 x 10 = 34 cm2
,

üpHHHMaeM y =1,5;
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ö) aua oöpaspoß c ÖeTOHHHM npEMoyrojibehm BKaaamneM:

F = (10+10*10) xlO = 300 CM2

Fcm =lox 10 = 100 cm2 =\[V -1,44-

IIpH3M6HHyK) npOEHOCTL ÖBTOHa OnpsaeaHßM no 3MIIHpHqeCKOK sop-
Myae UHMIIC (npos, A.A, rsoaaeßa):

p )300 +• R n (n\Rn P “

1450 +3R
R ‘

PesyaßiaTH pacqeTOß m aaöopaTopHHX HcmjTaHHM npuseaeHti b

Taöamje 5.

Kük BHBHO H3 TaÖJiMEiH, TeopeTnqecicoe SHaqemie Rcm ann
OÖpaSItOB C ÖBTOHHHM npHMOyPOJIBHbüI BKJiaaHDieM aOBOJIBHO ÖJM3-
ko cosnaaaei c pßsyjißiaTaMH HcnuTaHHü. HeKoiopoe noßbnneHHe

npoqnocTH ÖeTona na cmethc noa Öotohehmh BKJiaauniaMH npw aa-
öopaTopmjx HcnuTaHMHX OÖBHCHH6TCH

, no-BHÄHMOMy, cpenaeHHeM

BKJiaamna c onpyacaiomMM Öbtohom oöpaspa.

üponHocTß öeTona na CMHTM6 noa TpyÖqaiHM BKJiaamneM, khk
noKasaaH HcnmaHHa, ne cosnaaaeT c TeopeTnqecKHMH SHaqeHHHMM

h npeßHmaei hx npuöansKTejißHO b asa pasa. 3to oöbhchhstch 6o-

T a 6 ji h p a 5

B03—
pacT
6e-
TOHa

B
qac.

KP-CM2 8
Kr/cM2

R CM (Kr/CM2 ) R Jiaö,
CM

Rieop.
CMMH ÖCTOHHOrO 2jiH TpyöqaToro

npHMOJ
ro BKJ

Jiaö,

TrOJIBHO-
laÄbima

Teop.

CTaJILHC
flbiina
jiaö.

sro BKJia-

T60p •

um
06T0H(

BBJia-
auma

ÄJIH
Tpyöq.
BKJia-
amua

10 0,92 0,82 1.23 1,18 1,84 1,23 1,04 1,49

16 5,50 4,90 5,77 7,06 14,42 7,35 0,82 1,96
24 12,80 11,30 19,50 16,30 47,50 16,90 1,20 2,70
32 22,00 19,20 33,10 27,70 72,30 28,80 1,20 2,50
48 32,40 27,90 - 40,20 81,20 41,90 - 1,94
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jree ranpoKDö oÖaacxßX) pacnpeaeaenHH cMMaioinHX nanpflsemifl b

Ö BTOHB noa BKJiaanineM ÖaaroaapH ero SopMH.

Bmb o a H

1. üponHocTß öexona na cmhxhs b panne« spspacxe noa
aHHapHnecKHMH BKaaaHmaMH b 2 r 3,5 pasa, a noa npnuoyrojiß-

HbiMH ÖeTOHHHMH BKaaaHinaMH b 1,3 -f 1,5 pasa npeßHinaei KyÖH-

Kosyio nponnocTß öexona na CEaxwe.

2. Tlponnocxß Öexona na cmhxhb aasMcnx ox (JopMbi naomaaKH
cmhxhh, Boa BKaaaumaMH pHJiMHapnnecKOH sopMü nponnociß Öe-

xona na cmhxhb npaöaHSHxeaßno b asa pasa sume, new noa Öe-

xoHHHMH BKJiaaHmaMH npHMoyroaßHon sop«H c naocKOü naomaanoö
CMHXHH.

3. TeopexnnecKHe ananennH nponnocxH Öexona na cmaxhö

nonxn cosnaaaiox c aannbiMH, noayqennHMH onHTHHM nyxe« npn
naocKoK naomaane cmhxhh h oxanqaioxcH npHÖaHSHxeaßno b asa
pasa npn uHaHnapHqecKoM nonepxnocxH naomaaKH cmhxhh.

4. HecMoxpn na cpasnHxejißHO BticoKy» nponnociß ÖexoHHtix

BKJiaaHineM na csaxne (R = 4-58 kp/cm2 ), yace npn nanpHsenHHX
19-20 kp/cm2 b hhx noHBMaKCB xpeuiHHH noa oxßepciHeM, 3axeM
axH xpemHHH pacnpocxpanHancß na oöpaaep. 3xo oöbhchh6tch
pacKaaHßaiomHM aeföcißHeM rpysosoro öoaxa nepeaammero narpys-
ny na öeionntiM BKaaaam h waaofl npoqnociß» öexona na pacxH-
senne (okojio 27 kp/cm2 np« R = 458 kp/cm2 ).

5» Hcxoan na BbnneH3JioKßHHoro, npn Buöope xnna BKaaauffla
aan nepeaaqn narpysKH na öexon npeanoqxenHe caeayex oxaa-
saiß xpyÖnaxHM cxajißHHM häh apMHpoßannHM seaesoÖeionHHU
BKaaanmaM.



A. Ivanov
The Ultimate Resistance of Concrete at ifas
Earliesfc Age. Results of the Laboratory Tests

Summary

The results of the laboratory tests of the concrete
specimens to failure in the earliest age are described.
The ultimate loads were applied to the concrete by means
of the inserts, which are put into the specimens during
its casting.

The results of the laboratory tests are compared
with the theoretical ones.

Recommendations about the choice of the useful form
of the inserts for application of the loads to the con-
crete in its earliest age are given.
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tallinna polütehnilise instituudi toimetised
Tpyßbl TAJIüHHCKOrO HHCTJäTyTA

c EPHH Ä N? 278 1969

YM 624,012,4- + 693.55 A.K. MsaHOB

HEKOTOPHE BCUPOCbI BOSBEBEHMfI BbICOTHMX
MOHOMTHUX EEJIESOBETOHHbIX COOPMEHM

I. BseaeHne

PasßMTwe cipoMTenßCTßa nepaspHßHO csasaHo c paciunpeHH-

-6M oÖßewa npüMBHSHMH öeiona h aenesoÖeTOHa khk cöopnoro,
TaK h MOHOjmTHoro. HecMOipH na npeÄnoqTMTejißHoe oraomeHMe

B nOCJieflHHe K CÖOpHbIM KOHCTpyKUHHM, AOJIH MOHOJIHTHOrO

KejiesoÖeTOHa h Öeiona b Hamefö cipane cociaßJiHJia 48-49% ot

oömero oÖBSMa öeiona h sejiesoöeioHa. B 1970 r. HaweqaeT-

CH npMMeHHTB 100 MJIH.M 3 MOHOJIMTHOrO MB5 MJIH.M 3 CÖOpHOFO
öeiona m sejiesoöeiona [l], lipu cymecisyiomeM ypoßHe ocna-
meHHOCTM OTpOHTBJILHUX OpraHHSaitfrä Ha BHnOJIHBHHB lOOmjih.m 3

MOHOJIMTHHX ÖBTOHHHX H KBJIS3OÖBTOHHUX KOHCipyKIIHÖ HOipeÖy-

-BTCH OKOJIO 500 MJIH.pyÖ. fISHSKHHX 3aipai, OKOJIO 50 MJIH.HB-

- ipyaoßbix saipai, okojio 7 mjih.m3 rauioMaiepMa-

JIOB H 150 THC.T CTajIH,

Bce 3TO rOBOpm 0 HBOÖXO,a,MMOCTH CepßB3Horo OTHOmeHHH K

MeTOBaM BO3BBÄBHHH MOHOJIHTHHX aCBJIB3OÖeTOHHHX KOHCipyKIJHtt,
K BHHOJIH BHHK) OHaJiyÖOHHHX paÖOT.

Basnoe mbcto cpeaw mohojimthhx KOHcipyKiinö saraMa®! sep-
TMKajIBHM 8 3KBJie3OÖeTOHHHB KOHCipyKIJMM SfIäKHM M CoopySBHHfl,

B COBBTCKOM Co®3B HaKOHJISH ÖOPaiblft OHMT npHMBHBHHH
CKOJiLsameü h noffbeMHO-nepeciaßHOft onajiyöoK äjih bo3BBäBhhh
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GOOpy3K6HHM. C lipHMeHSHHGM 3THX CIieHHaJIBHHX THHOB

onajiyÖKH bhiiojihhgtdh scero 5% paöoT [2],

95% MOHOJIMTHHX KBJIB 30d8T0HHHX KOHCTpyKUHM
BbinojiHHiOTCfl b pasdopHO-nepecthbhom npeuMymecTßeHHO b Ma—-

jiooöopaqHßaeMoü ÄepeBHHHOM cnajiydKe co njHTaMH Ha ciuhbhhx

HJiaHKax.

C pacniHp6HH6M CTapHX H CTpOHTBJIBCTBOM HOBHX npOMHIIiJIBH-

HHX npeÄHpHHTHM M 3 TOSS B TOS paCTST CTpOHTBJIBCTBO MOHO-

JIMTHHX BHCOTHHX K6JI63OÖBTOHHHX COOpy3KBHHÜ: lipOMHIüJI6HHHX

fIHMOBHX H BBHTHJIHDMOHHHX Tpyd, CHJIOCOB, HaZtUIäXTHHX KOIipOB

m padoqnx öamen ajiesaTopoß, rpaanpeH m spyrax coopyxeimfl
cneipajißHoro HasHaqeHHH.

B COBSTCKOM COK)3e paÖOTH no BOSBeÄeHHK) BHCOTHHX coopy-
äBHHM BHHOJIHHIOTCH CneUHaJIHSHpOBaHHHMH CTPOHTBJIBHHMH TpOC-

TaMM.

CneuHajiH3MpoßaHHHe opraHMsapHM ne oxßaTHßaioT cipoH-

TejiLCTsa Bcex bhcothux coopyseHHM m bhhojihhiot tojibko oÖb-

-BKTH C HaMÖOJIMIHM OÖBBMOM paÖOT. OCTaJIBHHe CoopySBHHfl

CTpOHTCH MBCTHHMH OÖIHBCTpOMTSJIBHHMM OpraHMSapHAMH, KOTO-

pne BHHysseHH mjih npnodpsTaTß cneimajißHyH) onajiydKy h odo-
pyÄOßaHHe, MJIH OdXOfIHTBCH TOÜ OnaJiydKOÖ M OCHaCTKOÖ,KOTO-

PHB ecTB b HajmqMH.

B BctohckoM CCP cHJiaMM mBcthhx odmecTpoHTejißHHX opra-
HHsauHM sa nocjieaHMe totih nocipoeHH mohojihthhB sejiesode-

TOHHH6 danKM fIMaMBTpoM 8 m bepTMKajiBHHX uuiaudaccetooß Ha

UBMBHTHOM B T.KyHfla; aeJIB3OdeTOHHHB MOHOJIMTHH6
chjioch äjih cynepsocsaTa 10 m b noc, se-
JIB3OdBTOHHHB CHJIOCH ÄHaMSTpOM 4U H3 deTOHHOM SaßOfle B
MycTaMHS m apyrne coopyaeHMH. .

IlepeqHCJieHHHe coopyjseHMH bhhojihhjihcb b aepeBHHHOž paa-
dopno-nepecTaßHOfi mjih b MeTajuiMqecKoft no^BeMHO-nepecTaß-
hoö onajiydKe mscthhx kohcTpyKnufi,



3a pyöesoM pasjmnHue tkhh HHBeHTapHoM onajiyÖKM npHMeHH-

IOTCH He TOJIBKO ffilH BO3BBÄBHHH CneiiMaJIBHHX npOMbIIUJieHHHX

coopyaeHHft, ho u npw ctpomtßJibctbß MHoroaTasHHX npoiimimeH-

hhx h rpasyxancKHX saannM. Ckopoctb hx cTpoMTejiBCTBa b pnae
cjnyqaeß bhuis, a ctommoctb h aaipaTH Tpyaa Hnae, höm npH

npHMeHBHHH GÖOpHHX KBJIB3OÖ6TOHHKX KOHCTpyKUHÜ.

CXOPOGTB BO3BeBBHHH MHOrO3Ta3SHHX SfIaHHM C MOHOJIHTHHMH

BepTHKaJIBHHMH 3JIBMBHTaHM H CÖOpHHMH HJIH CÖOpHO-MOHOJIMTHHMH

nepeKpUTHHMH B PyMUHHH, CÜA, IUBBUHH, AHPJIHH, SpaHHHH H apy-
mx CTpanax aoxoanT ao oanoro aiasa b cyTKH. Oömufl cpoK

CTpoHTejiBCTBa nHiHaanaiH-aßaaaaTu aiaacHHX saanud ne npeßH-

maeT oanoro roaa.
IIoaTOMy 71 BcecoK)3HaH KOHsepeHaHH no öeiony h xejiesoöe-

Tony, npoxoaHßDiaH b r,Piire b 1966 roay, OTMenaita, hto h

MHoro3TaxHHe saanna b pnae cjiyqaes nejiecooöpasHO pemaTß b

MOHOJIMTHOM KBJIB3O6eTOHe C npHMBHBHHeM CTanaapTHOft MHOBO-

KpaTHO oöopaqwßaiomeficH nHßeHTapHoft cKOJißsnmež hjim nepeciaß-
hom onajiyÖKH, qio Hanöojiee bkohomuhho [3],

KOHSepBHHHfI peKOMeHSOBaJia POCCTPOIO CCCP BKJIBHHTB 3 KOOp-

aHHan,MOHHHO njian BasHefönHX HayqHO-nccJieaoBaTGJiBCKMX paÖOT

"b oÖjiacTH CTpoHTejiBCTBa Ha 1967-1970 rr. npoöjiewti, ipeöyio-
mwe nposeaeHHH HCGJieaoBaHKM h 3KcnepnMßHToß b oÖJiacTH co-
BepmeHCTBOBaHHH MGTOaOB BO3BBaeHHH MOHOJIHTHHX BHCOTHHX CO-

- b CKOJiBSHineü H nepecTasHofi onajiyÖKe", a TaKae pac-
ülHpHTß 3KCnepMMBHTajIBHOe CTPOHTBJIBCTBO MHOrO3TaXHHX sejieso-

ÖBTOHHUX 3aaHHO,

2. CymecTßyianHe MeToaa BoaseaeHHH bhcqthlix

MOHOJIMTHHX ÄBJIB3OÖBTOHHHX COOpyKeHHÄ

MeTOflH BO3BBaSHHH BHCDTHHX MOHOJIMTHUX COOpyHCeHHM, T.B.
cnocoöu BbinojiHßHHH Bcex paöoT no 6eTOHMpoBaHMD,BKJiioqaH moh-

Taah nepecTanoßKy onaJiyÖKM, apMuposaHne ctsh, TpaHcnopra-

posaHHe, yKJiaaKy h ynjioTHGHue ÖgtohhoK cmgch, ycTpoocTßO h

57



58

nepecTaHOßKy paöoqnx naomasoK, Jiecos h noaMociaß, oÖpaöoT-

Ky paöoqux insob öeTOHHpoßaHna m yxofl aa östohom, saßHcai

b ochobhom ot npiiMeHHSMoro Tnna onajiyÖKH,

J[jm BO3BBÄ6HHH BHCOTHHX MOHOJIHTHHX KBJIB SOÖSTOHHbIX CO-

OpySSHUM npMMBHHK)TCH B OCHOBHOM HSThipe TMlia onajiyÖKH:

1) cKOJißSHinafl onajiyÖKa,

2) cKOJiB3i|iHQ- nepeciaßHaa onajiyÖKa c otphbhhm ycipož-
CTBOM,

3) noaBeMHO-nepecTaßHaa, tek aasHßaeMaa, Tpyönaa ona-
nyÖKa,

4) pasöopHO-nepeciaßHaH (muTosaa) onajiyÖKa.

H3 nepeqHCJieHHHX tmhob onajiyÖKH wasei cboh koh-

GTpyKTHBHHe OCOÖBHHOCTH H HpUCymyiO HM TeXHOJIOrHK) ÖBTOHH-

pOBaHMH»

MeTOJ B CKOJIB3HI^eÄ_HjIM_nO^BHSHOfi
onajiyöice coctoht b tom, hto onajiyÖKa, coÖpaHHaa BHH3y

coopyKBHHH, no ero Koniypy, b npoijecce HenpepnßHoro Östo-
HHpOBaHHH npH H031>6M6 BBBpX lipH HOMOEH MBXaHH3UOB HOfIBQMa
(aoMKpaTOB), nepeflßHrasipixcH no aoMKpaTHHM CTepatHaMjCKOJiB-

3ht no öeioHHpyeMOž noßepxHocTH h nocjie OKonqaHHa Östohh-
posaHMH.coopyseHHH pasöHpaeTCH, Hnxe onajiyÖKH, npn ee
ÄBMKBHHH, OCTaiOTCH OTSOpiÄOBaHHH 6 KOHCTpyKHHH, KOTOpHS CO-

XpaHHKT GBOB sOpMy B pe3yjlßTaTß npMOÖpeTSHHH ÖBTOHOM HB-
- HpOHHOCTH B HBpBHO qaCH TBepfleHHH.

3tot MBTOÄ BO3HHK b 1905 roay b CM h c 1926 rosa npn-
MBHHBTCH B COBBTGKOM COK)3B, a HO3ÄB H B ÄpyrMX CTpaHaX,

* B sacjcoamee speaa oh ehpoko ncnojißsyeTca aaa sosßefle-
hhh cmjiochhx coopyaeHHü, pasjiMqHHX öameH, rpaanpeH, im-
JIHHÄPHqeCKMX H KOHHqeCKHX (b PyMHHHH, OPF) HpOMHIUJieHHHX
Tpyö, mh oro staacHüx npoimnuibehex, schjihx h oönjec tbßhhnx m--HHfi (OCOÖBHHO B PyUHHHH H CM),



MeiOg BHCOTmX_C B

onaayöaa, OTaaqaDmaaca ot cicoaß3Hineß aaaaqaeu oiptißaoro

ycTpoMCTBa, coöapaeTca aa BHCOiy apyca saasy co-
opyueaaa h b npouecce ero sosseaeaaa nepaoaaqecKa nepe-
CTaBJiHSTCH sa Hosyio BNcoiy npa noMonm MexaaasMOß

IloaßeM onaayöita npoasßoaaTca BMecie c paöoqeß naomaflKoß
a noflsecHbiMH aecaua.

CKOJiBSHue-nepecTaßHaa onaayßna c otphbhhm ycipoßcTßOM
paspaöoiaaa aeflasao b aaineß CTpane raaBHHM lexaoaoroM

Tpecia CneaÄSJießoöeTOHCTpoö A.A, CiyicaaosHM. Oaa npaue-
HHBTCH Ha CTPOHTBJIBCTBO KOHpOB, CHJIOCOB H paÖOqHX ÖafflBH

3JIBBÜTOpOB*

B 1967 roay npa noMoma CKoaßsaise-nepecTaßHofi onaayÖKa

c otphbhhm ycTpoöcTßOu nocTpoeHa paöoqaa ÖainHH ajießaiopa

b r. Taacaay 3CCP.
BO3BBfIBHIIH_BUCOTHHX CO_OpyXBHHM_B_nO6MHO-TIBJ3B-

- coctoht b tom, hto onajiyÖKa, coÖpaH-

aaa BHH3y coopyaceaaH no ero KOHiypy, nepaoaaqecKa nepe-
Memaeica 3 BupiaicaaßHOM aanpaßaeaaa no Mepe öeToaaposa-

aaa a npaoöpeTeaaa Östohom npoaaocia, aonycicaDiueß pacna-
ayöicy, suecTe c aapysaoß onaayÖKoß h

nosBecHUMH aecaMH noaaaMaeTca npa noMoma qepsaqHHX Taaeß,
noÄBemeHHHX k niaxTonoÄßeMHHKy, aaa npa noMoma Mexaaasa-
posanaoß roaoßKH, onapaiomeßCH aa inaxTonoÄßeM-

hhk, Hapantasaaae maxTonoaßeMawaa a nepeciaaoßKa sayipea-

aeß onaayÖKa npoasßOflaTca spyqays).

Ilpa Bo3Bersann CTsoaa seaesoÖeToaaofl mohobhthož Baiuaa
MocKOBCKoro Teaeneaipa b 1965-1966 rr. b cbhsh c Öoasmofi
BHCOToü cOO yseaan saa noaßewa paöoqeß c noa-
BBCHHMH aecaaa a aapyiaoß onaayÖKOß Bnepßtie Öua npaMeaea
cawonoaßeMHHß arperai, onapaDmafica aa BOSBeaeaayD qaciß

coopyaceaaH,

59
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IloflfceiiHO-nepecTaßHafl onajiyöaa npMMeaaeTca ana Bosseaeana

BUCOTHHX aCSJIB3OÖeTOHHHX MOHOJIHTHHX COOpyseHMÜ KOHHqeCKOM H

BHJIHHfIpMa6CKOÖ SOpMH C nepeMBHHHM M lIOCTOHHHHM CeqeHHCM

CT6H no BticoTe (KOHHqecKHe ÄMMOBue Tpyön h pasjmqatie ÖaniHH).

Bo3B^^HHfl_Äen_e3oÖei TOHHHX B _pa3Öo£Ho-
- KaK ee qac-ro Hasbisaior, §htoboö

_

onajiyÖKe
saKJiioqaeTCH b tom, qTO onanyÖKa, coöpaaaaa H3 OTaejißHbix

aneweHTOß na oaaoM saxsaiKe, nocjie yanaaKH öeToaa h npnoö-

peieHHH mm npoqHOCTH, aonycKaiomefi pacnajiyöay, pasöMpaeica

no sjieMeHTaM h nepee thbiiaeica Ha hoboc mbcto ÖeTOHHpoBaHHH.

PasÖopHo-nepecTasnaH onajiyöica npMMeaaeTca äjih sosseae-
hhh cjioxHHX aceJieaoöeToaaHX coopyaceaHit (aanpHMep, ÖameHHHX

rHnepöojiwqecKHX rpaaapea); KoacipyKiiHö c nepeMeaaoü tojuuh-

hož; c öonßfflHM KonnqecTßOM saKJiaaaiix aexajieü hjih npoeMos,

aua yeipoiiCTßa kotopux aeoöxoanMO speMeHHoe npeKpameane Öe-

TOHHpOBaHHH; npM CpaBHMTBJIBHO H6ÖOJIBIUOM OÖBeMe paÖOT HJIH

Heöojißinoö BticoTe coopyaceaMa; npn oicyicTSHM y CTpoMTejißaoft

opraHHsauHH oöopyaosaHHH h npHcnocoÖJieaHft, aeoö-
xoämmux hjih npHMeneHHH CKOJißsameß h noateMao-nepeciaßaoii
onanyöKH h b apyrnx cnyqaax, Koraa npHMeaeiiHe CKOJißsameft h

noflBeMHO-nepecTaßHOö onajiyÖKH ae aejiecooöpasao.
B CoseTCKOM Coiose paspaöoTaa paa KoacipyKUHö HHBeaTapaoß

pasöopHo-nepecTasHOH onajiyÖKH, Koiopae, oaaaico, npeaaaaaa-
qeHH jpia sosseaeaHa onpeaejieaaoro THna cbopyieaHö, HMeiOT

orpaHHqeHHyß oÖjiacTß npHMeaeana h mhopo aeaociaTKOß. 3to
sacTaßJiaeT CTpoHiejieS noqTH nosceMecTHO HcnojißSOßaiß Mano-

oÖopaqHßaeMyio aepesaaayK) onajiyöay, Koiopaa ae 3KoaoMHqaa h
C KOHCTpyKTHBHOŽ TOqKH apeana ae paaHoaanßaa. Ee OÖOpaqH-
saeMocTß SaKTHqecKH ae npeßuuiaei 2-3 paa,

,/Ljih conocTaßJieaHa pasjiHqHux Mexoaoß cTpoMTejiBCTBa bmcot*“
HUX MOHOJIMTHUX COOpyiKeHHfi paCGMOTpHM H CODOCTaBHM HX T6X-
HHKO-3KOHOMMqeCKHe ÜOKasaTeJIH B 38BHCHM0CTH OT BUCOTH 803-
BojiMMoro coopyKeHHH c ycjiOßHoö cpeaaeö tojhuhhoS ciea 15 cm.
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Ctohmoctb MaTepnajioß npnHHta b ijenax ao I hkuih 1967 r,

3, Ctohmoctb onajiyÖoqHHX paÖQT

Ctohmoctb onajiyöonHHX paöoi h necoß b pyÖJinx na I icyÖ.M

sejieaoÖeTOHa äjih pasHHX mbtosob BoaseaeHHH mohojihthhx co-
opyaceHHü paajiHqHoft bhcotu c sepTHKajiBHHMH CTenaMH

b Taönnae Ih rpacpmce na snr. I
TaÖJiwua I

Ctohmoctb aepeßHHHOtt pasÖopno-nepecTaßHoö onajiyÖKH h yHH-
SHE[npoBaHHoK M6iaJuiO“Ä6p6BHHHoö onajiyÖKH Tpecia "TariülCTpoit"
npuHHTa no fIaHHHM KaHÄHflaia TeximnecKHX nayitA.H.Beaaeßa [6],

SaxpaTn na ycipoftcTßO nee ob npwHHTH no eÄHHHqnož pacijemce
PocKOMMTeTa aaroTOBOK.

N°
n/n Tun onajiyÖKH

Ctommoctb b pyö. na I Kyö.M sejieaoöe-
Tona npn Bticoie coopyateHna b Meipax:

10 15 20 3C 40 50 60
I. flepeBanaaa paa-

ÖopHO-nepecTas-naa onajiyÖKa 19,43 19,43 19,43 19,43 19,43 19,43 19,43
2. MeTaoo-aepe-

BHHHaH yHM$HUH-
poBaHHaa paa-
Öopao-nepecTaB-
aaa onajiyÖKa
Tpecia "Tarmi-
CTpOtt" 10,85 10,85 10,85 10,85 10,85 10,85 10,85

3. Tpyönaa ueTaji-*
jinnecKaa noa&-
eMHO-nepecTaB-
aaa onajiyÖKa c
maxTonoateMHH-
kom (6ea noateM-
HOÜ POJIOBKH H
Teiuiaica) 40,90 31,60 26,80 22,20 19,80 18,40 17,40

4. CKOJitaamaa ne-
TajumnecKaa
onajiyÖKa c
raapoaoMKpaTa-
mh ana Kpyranx
CMJIOCOB 24,90 17,30 13,50 9,74 7,85 6,70 5,96

5. CKOJiBaamaa we-
Tanno-aepeBHH-
naa onajiyÖKa c
rnapoaouKpaTa-
mh ana Kpyrjiux
CHJIOC OB 25,60 17,90 13,90 10,00 8,04 6,86 6,08
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Ctohmoctb TpyÖHoü noÄBeMHO-nepecTaßHOü onajiyÖKH paccqü-

lana na ochobBhmh SCnpaBöHHHKa ctpowTejiH saBOÄCKHX seene-
30Ö8T0HHHX TpyÖ H COOCOB” [s].

Ha 100 nor.M nepuweTpa ctbh npaHHTo 3 maxTHHX

Ka (na pacqeia: oämh noaBeMHHK Ha coopysteHHe aHaiieipou 10
M6TPOB),
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Ctohmoctb cKoJi£3Hmeft onajiyÖKH noAcqHTana na ochobehmh

AaHHax, npMseseHHHX b khhps Ü.B. KajiaaKOßa, B.A. PauißueßH-
qa, 14,C. Xopomero h ap. "BosseAeHHe seJiesoöeTOHHax coopy-
seHHfi b cicojißaHmeß onanyÖKe" [4].

B pacqeTax npHHHTO na 100 nor.M ;zpihhh onajiyÖKH 60 aom-
KpaTOB.

H 3 COHOCTaBJISHHH CTOHMOCTH OHaAyÖOqHHX paÖOT npw 80388-

ABhhh coopyseHHM pasAHqnaMH MeTOABMH bhaho (cm. rpasHK

snr. I), qTO cKoJiß3Hman onanyÖKa 3KOHOMnqHee noABBMHO-ne-

POCT3BHOO C maXTOnOÄBeMHHKOM npM BO3BBASHHH COOpySSHHB JIIO-

Öoß bmcoth h 3KOHOMnqH66 paadopno-nepecTaßHoß onaJiyÖKM npn
BHCOTB coopyaeHHß Öojiee 13-15 u - aah AepeBHHHOB iuhtoboM
onajiyÖKH h npn Bacore coopyaeHHß öonee 20-25 m - äkh yHH-

SMEwpoBaHHOö MeTajiAO—AspeBHHHOB onanyÖKH Tpecia '‘TarnjEapoM'. 1
SapyöeiHbie cneuHaAHCTH . b qacTHOCTH b Ahpahh, cqniaaT,

qio CKOAB3HmaH onanyÖKa aKOHOMHqnee paaÖopHO-nepecTaßHOß

npH BO3BBABHHH’CöOpyiBHHB BHCOTOB ÖOABB 18-24 M [?].

OAHOM H 3 OCHOBHHX npWqHH BMCOKOB CTOHMOCTH pa3ÖOpHO-EB-
- onaayÖKH hbahstch hBoöxoammoctb ycipoßcTßa cto-
eqHbix Aecoß na bcio sacoTy coopyxeHHH, Ctommoctb jiscob co-
cTaBAHST ot 35% (ajih AepeBHHHoß pasöopHO-nepecTaßHoß ona-
jiyÖKH) AO 55% (AAH MSTaAAO—ABpeBHHHOB yHHSHUHpOBaHHOB ona-
jiyÖKH) ot oömeß ctohmocth onajiyöoqnax paöoi.

4, SaxpaTH TpyAa npH bobbsashhh bhcothux

MOHOJIHTHaX COOP.yaeHHB

Saipara TpyAa b qejiOßeKO-AHHX Ha I Kyö.M EenesoöeTOHa
npH BO3BBABHHH MOHOJIHTHHX COOpyXBHHB C TABAKHMH CTCHaMH

paSAHHHOB BUCOTH npeACTEBABHH B T3ÖJIHUB 2 H Ha rpasHKB
shp. 2.

SaipaTH TpyAa paccqHTaHU na ochob3hhh "Eahhhx hopm h
pacneHOK Ha ctpohtBabhhB h MOHTasnae paöoTa" 1960 r.
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TaÖJiaua 2

fljifl noflfceMHO-nepecTaßHOö onajiyÕKH na 100 nor.M nepnweTpa
CTBH npMHHia ycTanoßica Tpex maxTHHX noa^eMmiKOß.

TpysoeMKocTß paÖoT no BoaseaeHMK) cten b CKo)iß3Hme-nepecTaß-
Hofi onajiyÖKe c otpubhhm ycTpowcTßOM paccTOTana no KajiLKyjiH-
aHHM Tpecia "CneuseneaoÖeTOHCTpoö" tuih padonefi damnii ajiesa-
Topa b r.TaMcajiy 3CCP.

te Tan onajiyöKH TpyaoeMKOCTB b qeji.-aaax
seaeaoöeToaa npa bhcot6

b MeTpax

aa I nyÖ.M
coopyKeaaa

10 15 20 30 40 50 60

I. ßepeBHHHaH paa-
Öopno-nepecTaB-
naa (mHTOBan)
onajiyÖKa 4,67 4,67 4,67 4,67 4,67 4,67 4,67

2, MeTaJiJio-aepeBfiH-
aaa yHH$Hii;HpoBaH-
aaa paaoopao-ne-
pecTasaaa ona-
jiyÖKa Tpecia"TarmiCTpoß" 3,13 3,13 1,13 3,13 3,13 3,13 3,13

3, Tpydaaa noflBeimo-
nepecTasaaa ona-
jiyÖKa c maxTO-
n0flI)8MHlIK0M H

ro-
3IOBKOÖ 10,38 8,15 6,70 5,90 5,31 5,01 4,80

4. To xe, c TajiHMH
(öea noflfceMHOfi
tojiobkh) 7,34 6,20 5,62 5,06 4,78 4,63 4,50

5. CK0JiB3Hniß-nepe-
CTasaaa onajiyö-
Ka C OTPHBHHM
yCTpOMCTBOM 3,47 2,81 2,47 2,14 1.98 1,87 I.8I

6. MeiajumaecKaa
CK0JiL3Hiuafl ona-
jiyöKa aaa npa-
MoyrojiBHiix
CMJIOCOB 3,20 2,60 2,30 2,00 1,85 1,76 1,70

7. To se aaa Kpyr-
JlblX CHJIOCOB 3,10 2,50 2,20 1,90 1,75 1,66 1,60
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' SaxpaxH xpy.ua na MOHxas cKOJiLsnmeß onajiyÖKM n noffbGMHßix
ycxpoMCTB npwHHTH no KajiLKyjiHUHHM lipo«3GpHonpoGKxa.

&ÜH BCBX MSIOfIOB CTpOMTGJIBCTBB HG yqXGHH paÖOTH HO lipH-
rOTOBJIGHHK) ÖGXOH3 H paCIBOpa; SarOIOBKG, TpaHCnOpTHpOBaHHM
h noaBGMy MaTGpuajioß j paöoxa acsypHtix gjigktphkob, cjiGcapcfi,

MOTOPHCTOB H CHPHaJIMIHKOB• ÜOCKOJILKy 3XH HGyqXGHHHG 3a-

xpaxti xpy#a moäho cqwxaxi. npHÖjiasMiGjiLHO OÄHHaicoBHMH aua
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Bcex BapnaHTOß Taömma h rpasKK $Hr. 2 äojochü npaBHjiBHO no-
KasHBaTB cooTHomeHHe aaipaT h rpaHHija ueaecooöpasHocTH npa-
MeHeHHH TOrO OH HHOrO MBTOBa.

110 aaipaiaM Tpysa CKOJißsnmaH onajiyÖKa Biiroanee
nepecTaßHOö äjih coopyseimM Jimöofi bbicoth c rjiaaKHMH cTenaMH.

Ho cpaBHeHHB c pasÖopHO-nepecTaßHOü onajiyÖKOÄ ona -

saei ceÖH npn bhcot6 coopyaeHHß öojiee 6-7 m äjih aepeBHHHoM

pasöopHO-nepecTaßHoß onajiyÖKH h öojiee 10 m jph Meiajuio-fIe-

peBHHHOB onajiyÖKH.

Saipara ipyaa na ycianosKy h pasöopny cioeqHHX Jiecos co-
CTaBJiHJOT 30-38% auh MeTajDio-aepeßHHHOfi h 20-26% flHfl aepe-
bhhhoM paaöopHo-nepecTaßHoM onajiyÖKH ot oöniež ipyaoeMKOCTH
paÖOT no B 0 3B6Ä6HHH3 CT6H COOpySBHHB.

noffbeMHO-nepeciaßHaa onajiyÖKa c maxion 03B6mhhkom Menee

Tpynoeinca no cpaBHeHHB c paaÖopno-nepecTaßHoß npH Bncoie

coopyseHHö Öojiee 70-80 m.

5» Ckopoctb BosßeaeHHH ooopyaeHHft

Oähhm H3 BaKHeflniHX noKasaiejieÄ Meioaa CTpoHTejiBCTBa hb-

BHeTCH CKOPOCTB BO3BeS6HHH COOpyseHHH.

B TaÖjiHpe 3, Ha ocnoBaHHH onuia Tpecia CnepaejiesoÖeTOH-
cipofi [B], npaseaena cKopociL h npoaojiaHTejißHOCTß paÖOT
npH BOsseaeHHH ctoh rpynnH peMeHTHux chjiocob hs qe-rnpex öa-
HOK C HapySHKM ÄHaMSTpOM 12 M H BHCOTOÄ 30 M paSJIHqHHMH M-
TosaMHj HanieamHMH npHMeneHHe b naineM CTpaae.

CpeaHHH CKOpOCTB BO3B6fIeHHH GT6H 33 BPBMH ÖeTOHHpOBaHHH
b cKOJiBSHieŽ onajiyÖKe cocTaßjineT 3 u b cyrKH, a b nepecTaß-
HOä mHTOBoii onajiyÖKe rpaanpen - 0,4 m b cyiKH. Hh3K3h cko-
Poctb paöoT npn npHMeHeHHH nepeciasHoa nmioßoß onajiyÖKH
oöBHCHHeicH Ten, hto see paöoTu no nepeciaHOßKe, aaKpenjie -
HHB H pasöopKe onajiyÖKH, HapamnsaaHß h pasöopne doeqHHX
18COB BhinOJIHHBTCH BpyHHyß®
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T a ö ji n n a 3

3SSBKTMBHOC TB BHCOKOÄ CKOpOCTH 6 6T0HHpOBaHHH CTBH COOpy-

KBhhM b CKOJißsameÄ oneuiyÖKe CHHxaeTCH b cbhsh c öoußinofl npo-
30JISHT sjibhoctbb uoHTasa h aeMOHTaxa onajryÖKH, C yqeiOM moh-

Taxa h aeMOHiasa onajiyöKH CKopocTB BosseseHHa otse
B H6THHX yCJIOBHHX B CKOJIL3HmBÄ OliaJiyÖKe COCTaBJIHST 0,54 M

B CyTKK.

6. yHMBepCajIBHOCTB MBTOaa

C tohkh speHHH yHHßepcajißHoeth Hawöojiee thÖkhm hbjihstch

MeToa öeTOHupoBaHHH b paaöopno-nepecTaßHOö onaayÖKe co cto-
eqauHH aecaMH, TaK khk oh mosst öhtb npHMeneH .zpm Bossese-
HHH JIBÖBDC MOHOJMTHHX JCBHB 30Ö8T0HIIHX COOpyseHHÖ paSJTOqHOrO
ceqemiH b njiane h pasjmqnofi tojiiuhhh cien, PaspaöoTaHH koh-

N?
n/n Tun onajiyöKH

IlpOJlOJIKHTSJIBHOCTB B
KajiensapHHX shhx

CKOPOCTB B03B6—
fleHHfl CT6H B

CVTKH B II
MOH-
TSLE
ona-
jiyö-
KH

Ö6T0—
HHpO—
BaHH8

Ä6M0H-
iaa
ona-
jiyö-
KH

Bce
ro

aa Bpe-
mh Öe-
TOHHPO-
BaHHH

CpeflHHfl
sKjawafl*
MOHT2LS H

onajiyöKH

I. CKOnBsamafl
onaiiyÖKa 30 10 15 55 3,0 0,54

2. IlepecTaBHaH
ipTOsaa M6—
TajumnecKEfl

onajiyÖKa
rpaanpen c
TpyÖqaiHMH
jiecaun 20 75 25 120 0.4 0,25

3. CK0JIB3HDie-
nepecTaBHan
onanyÖKa c
OTphJBHHM
yCTpOÖCTBOM 40 45 15 100 0,67 0,30

4. TpyÖHEH
noaBeMHO-ne-
pecTaBHaa
onajiyÖKa c
inaxTonoaseM-
HHKailH 45 100 25 160 0,3 1 0,19



cTpyKann pasÖopHO-nepecTaßHoM onajiyÖKH aJiH BOsssaeHHH Kpn-

BOJIHHeBHHX H IIJIOCKHX CTBH .

OTaejiLHbie KHseHTapnue 3JIBMBHth (mära, KpenesHbie seiajiH)
B HSKOTOpHX TMIiaX üpITOBOB OnajiyÖKH HCHOJIBSyiDTCH KaK flJlfl

IUI OGKUX, TBK H KpHBOJIHHBHHHX KOHC TpyKUHÜ.

MeTOS BO3BSaSHHH MOHOJIHTHHX COOpyseHHÖ B TpyÖHOÜ H nOffib-

eMHO-nepecTaßHoM onajiyÖKe c maxTonoafceMHHKOM hejibbtch yHH-

BepCaJIBHHM BOSBeaeHMH BHCOKHX KOJIBpeBHX b ropnsoHTajiß-

hom ceqemiH coopyaenuß co cTBHaMH nepeMennoß tojuhhhü h

BHyipBHHMM awaweTpoM ao 22 M.

fljin CTBH coopyseHHü apyroro ceqeHHH b njiane noa*>eMHO-
nepecTasHaH onaJiyÖKa ne npwMeHHMa.

ÜHBeHTapHaH cKOJißsamaH onajiyÖKa npeanasHaqaeTCH, KaK

npaBIOO, aJIH B 0 3BBaeHHH MOHOJIHTHUX COOpyaCBHHO OaHOPO THllO-

pasMepa, fljih bosseasHHH ctbh coopyseHHß apyroro ranopasne-
pa (apyraa TOJimwHa ctbh hjih apyroe cenemie aqeßKH) komh-

BBKT THHOBOB CKOJIB3HIHeB OnajiyÖKH HBHHBTCH HBIipHrOaHHM.BO3-
MO3EHO JlHfflß HCnOJIB3OBaHHe OTaeJIBHHX, HBJIHIOmHXCH yHHBepcaHB-

HHMH 3JIBMBHTOB, T3KHX, K3K nOaBBCHHB JIBCa, KpOHDIT6OHH KO-

SHpBKa h aoMKpaTHae paiäH, T.e. ne öojiee MeTajuiOKOHCT-

pyKUHB onajiyÖKH *

CKasanHoe sume aan CKOJißsamefi onajiyÖKH othochtch h k
CKOJiBSHme-nepeciaßHOß onajiyÖKe c otphbhhm yctpohctbom,

7, 3 a k j iü q e h h e

Ahbjihs cymecTßyiomHX mötoaoß BOSBeaeHHH bhcothhx moho-
JIHTHHX SBJIB3OÖBTOHHHX COOpyÄ6HHB HOtfaSHßaeT, qTO B HaCTOfl-
mee bpbmh oicyTCTsyeT aocTaToqno 3kohomhquüß cnocoö bo3BB-
- coopyaeHHfi HeÖojißinoß bhcoth ao 20-25 m. Ha npaKTHKe
3TO BHSHBaeT OTK33 CneiJHaJIHSHpOBaHHHX CTpOHTBJIBHNX OpraHH-
3auHß OT BOSBeaeHHH noaoÖHHX coopyseHHß. Ctpohtojibctbo hx,
K3K npaßHJio, BHHyaaeHH ocymecTßJiHTß Meerane oömecTpoHTejiß-
HHB opraHHsapHM, H 9 HMBJOIHHO cneuHajißHoro onnia, ocaaciKH h
cneipajiHCTOß.nocjreaHee BJieqei 3a coöoß aonojiKHTejißHHe aa-
Tpara. 68
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C apyrofö cTopoHH, anajms cymecTsyiomHX Me-roaoß Bosseae-
HHH BHGOTHHX COOpyKeHMft ÜOKaSHBaeT, qTO ÄJIH CHHSBHHH Tpy-

aOeMKOCTH H CTOHMOCTH paÖOT, HeOÖXOaHMO OTKaSaTBCH OT

CToeqHHX jiecoß, noaaepscMsaDimix onaayÖKy, h oöecneqnTß ee
onwpanHe Ha BOSBeaennyio qacTß coopyseHHH, HeoÖxoaaMo TaK-

se saweHHTB cymecTßyiomyK) cxewy KpenjieHHH pasöopaux aae-
M6HTOB, Hcno3iL3ye«yK) yyi h pasÖopno-nepecTaßHofi onanyÖKH,

flan onaayÖKH ueaecooöpasHo HcnoiißSOßaTß Kpana,

npHMeHHeime aan noaaqn apwaiypu h ÖeTona, A bto b cbob

oqepeflß, noacKasasaei HeoÖxoaHMocTß yKpynneHHH ajieweHTOß

onajiyÖKH b cootb6Tctbhh c Kpana,

TaKHM oöpasow, pemenne aaaaqn saKJiioqaeTCH ne b npHcno-
coÖJieHMH cymscTsyiomHX cnocoöos sjih BOSseaeHHH coopyscemifi
bhcotoö ao 20-25 m, a b paspaöOTKe hobopo, öoaee ijejieco-

oöpasHoro Meioaa, ocnoßaHHoro Ha onajiyÖKe, KOHCTpyiaiHH kd-

Topofl aonacna yaosjieTßopHTß cjieayiomHM TpeöosaHHHM:

1. lipu Bucoie coopyseHHH öoaee 5-6 u CToeqHHe aeca
aOJIXHH ÖBITB 3aM6HeHH HOaseCHblMK, a OHaJiyÖKa aOJIKHa OHH-

paTBCH na BosseaeHHy» qacTß coopyseHHH,

2. HoaseM h nepeciaHOßKa aaeiaeHTOß onaayÖKH aoama öütb
MexaHH3npoßaHH h ocymecTBJiHTBCH npn noMomH Kpana, oöecne-
qHßa»mero noaaqy apaaiypa, aaoaaHHX aeiaaeM, Ögtohhoö

CMBCH H apyrHX MaTepHaJIOB.

3* dneueHTU onaayÖKH aoastm yaoßaeisopHTß rpysonoafceu-

HOCTH Kpana H B COOTB6TCTBHH C 3THM aonyCKaTB BO3MOKHOCTB

yKpynneHHH.

4, KoncTpyKHHH onaayÖKH aoaraa öutb TexHoaorHqnoü.Oqe-

peanocTß MOHTasa h aeMOHTaaa aaeneHTOß onaayÖKH aoaacna
Öhtb oaHHaKOBoM: 3JieMeHTti onajiyÖKH no nepe paaöopKH aoajt-

hh aonycKaiß bosmoxhoctb ycTanoBKH na hobom iiecie,

5. OnajiyÖKa aoascna hmgtb npoctue no KOHCTpyKHHH h öa-
CTpopasßeMHne coeaKHeHHH aaeueHTos KpenjieHHH,
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6. Bce 3JI6M6HTH onanyÖKH aojishh 6htb HHBSHTapHHMH,CtoS—-
kh h KpeneKHHe seiajiH sojikhh Öhtb MeTaJiJiHqecKHMH. I!£hth
onanyÖKH äojishh öhtb na Meiajuia hjih KOMönnsipoßaHHoM koh-

GTpyKimH, Mnome asTopa yicaaaßaßT na nenecooÖpaanocTß np-
MeneHHfl HHBBHTapHoM komÖhhhpob annoS onanyÖKH c MeTajmuqe-

CKHM KapKaCOM H fIBpSBHHHOä OÖffIHBKOa,

7. OnajiyÖKa flonatna öhtb yHHßepcajißHOü, noaBOJiHTB östo-
HMpoßanne b nefi njiccraix h Kpn boji hh©föhhx otse paanoM toji-

niHHH, paaMöpOß M KPMBM3HH.
8. OnajiyÖKa flonsna oÖecneqnßaTß bo3moshoctb apunpoßa-

hhh ctsh apMaTypnuMH KapnacaMn, BHÖpHpoBaHMH ÖbtohhoM cue-
ch h aonycKaTL npHiäeneime BaicyyMHpoßaHHfl.

9. Ona ne sonacna aonycKaiß ctohmoctm onaxy-
öoqHHX paÖOT no opasHeHHE co ctommoctbb cKOJißanmefi ona-
nyöKH.

10, Ona aonsHa oöecneqnßaTß Taicyß cnopocTß nponaßoacTßa
paöoT, KOTopaa cbožctbanna CKOJißanmeä onajiyÖKe.
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A.lvanov
About the Erection of the Tall Caat-in-place
Reinforced Goncrefce Buildings

Summary

The usual methods for erection of the tall cast-in-
place reinforced concrete buildings are described con-
cisely, The technical-economic comparisons of different
methods are made,

Some recommendations for the erection of the tall
cast-in-place buildings are given.
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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISED
Tpyflbl TAJIJIMHCKOrö nOJMTEXHMHECKOrO MHCTMTyTA

CEP H H A N? 278 1969

B.P. KyjißÖax621.031

0 BMHHM HAPAMETPOB C/iCTEMü HA PABOTy
Bücam noKPUTM otphuatejibhoü kpmbmbhh

äj ih pacqeTa BHCHqzx hokphthM OTpHpaTejißHoft kphbhshh oöaq-

ho HcnoAßayiOTCH msto.zih, HcxosHmne ms ypasHeHHM ynpyroü hhth

b ycMAMHX (paöoTH B.K. KaqypHHa, P.H.MapejiMHCKoro h äP*) -

mm ms ypaßHeHHü hokphthh khk cßoeoÖpasnož oöoaoqKH (paöoiH
3.H. Kysneuoßa, P. 3pac h P. 3jiuB, B.XopaK h ÄP.)*
3tm MeTOBH npHcnocaÖMßaiOTCH fljia yqeia £esopMaaHfi

KOHTypa noKpaTMH, a TaKse nim BHÖopa onTHMajiBHHX napaMeTpos
CMCT6MH. PaapaöoTaunafl b TajuiHHCKOM nojiHTexHHqecKOM hhcth-

Tyie MSTOÄMKa hcxoäht ms ypasHBHHO ynpyroß hmtz b nepeaeme-
HHHX [2], 3tO HO3BOJIHBT HenOCpeACTBSHHBIÖ yHBT CMemeHHÖ KOH-

Typa b Kpaesux ycjioBHHX. czcTeMa öeapasMepHux
napaMeipoß ho3boahBT npe#CTaBMTB paspemaioiiiHe ypaBHeHHH b

aaMÖojiee oömeft m b to se speun npocTOü sopMB. Rim mniiocTpa-

Umm npeflJiaraeMoö mstoahkh pacciiaTpHßaeTCH paöoia hokphthh,
Mweiomero #opMy rHnepöojizqecKoro napaÖojioHÄa.

OÖnme ypaBHeHHH

ypaBHeHHH paBHOBeCHH PHÖKOO HHTH [Z] MOPyT ÖHTB üpefl-
CTaBASHH b (cu. szr. I)

-j7- + Po)c = 0
) CD
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p* ,py ,p z - cociaßJifliomHe cyMwapHoii narpysKH b pa~
ÖoqeM COCTOHHHH,

fi 0 , H - pacnop rpoca cooTseTCTseHHo b hcxos-
HOM M paÖOqSM COCTO3HHHX,

u, v, w - cocTaßJiHiomMe nepewemeHMž.
OTHOCMTejiBHoe yanHHHeHMe ajieMeHTapHoro oipesKa hhth npa

£<< 1 MOX6T ÖblTB npB^C TaBHSHO KaK (JyHKItflH COCTaBJIHDipX

nepeMeneaiifi

dz dw j_[Ydin2 /dv\2 fdw\rdx _dx dx" 1" dx dx *

i [vdx/ V~dx/ + vdx ' J

C apyroa cTopoHH

H-Hof, /dy\ 2 /dz\2 l
, ,t= Trrte) + id7)J ’ (»J

rae F - ceqeHHe hhtm,
E - MoayjiL ynpyrocTH hhth.

lIpwpaBHHBaHMeM £ no (7) h (8) nojiyqHM reoMeTpnqecKoe
ypaßHeHHe b BHae;

du dydv didw j_f /du \
z /dv\ 2 rdw\v

_

dx +dx dx
+ dx dx +

i [idx/ +ldx ) + vdx) J~
H-H 0 f (dy]z /dz\MH , 9)■irrbxHailj ' ( )

üpnueHemie ypasHSHHM (1),..(6) h (9) k chct6Mo ne-
cymnx H CTHrHBaiOmHX TPOCOB nOKpUTHH OTpHII,aTeJIi)HOÖ KPHBM3HH
(cm. shp. 2) npHBoaMT k CHCTewe:

f”= 0 ’ «°>
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Dv Dz Dw i Hy-Hoy f 3/a
Fy +FyFy + zUv ) "“EŠrrU-yiJ ’ U7)

rae ’ tyy ’ tyi - cociasjinioiuHe bhbdihsm HarpysKH,
h ox , H* - ycHJiae necymHX ipocos na eawHimy iiih-

Phkh ao h noone npunoseüHH BHenmeft
HarpysKH,

H 0y, “ TO S6, CTHTMBaiOmHX Tpocoß,
<s* >sy - npnseaeHHan Toammm ceMeftcTß necymnx

H CTfIrHBaiOIHHX TPOCOB,

CncieMa H3 8-mh ypaßHenHü (10)...(17) c 8-mb» nensßecT-

humh ( H ox , H oy ,H x ,Hy,z,U , v , w ) nojiHOGTBK) onpeaennei
aeiJopMMpoßaHHoe u Hanpaaennoe cooiOHHiie ceTKH,

CnynaM rMnepöojmqeoKoro napaöonoiiaa c HeaesopMHpyeMHM
sjinHnTiiqecKHM KOHTypou
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m oöpaMJiaeMoe ajumnTHqecKHM b njiane KOHTypoM. Do ycjioßHK) ne
ae$opMHpyeMOCTM KOHTypa see cocTaßJiHionüie cwemeHHH noKptiTHH
no JIHHHM npHMHKaHMH K KOHTypy äOjIKHH paBHHTBCH HyjIIO.

B GJiyqae pasnoMepHO pacnpefleJieHHoM narpysKH SyiiKUHH npo-
rnöa mokot Öhtl annpoKCHMHpoßana ypaBHeHHOM

w-i wi [(4r + (T)- i ] J+ '’ u9)
J= o,<, L J

rpaHM4HHM yCJIOBHHM.

yCJIOBWH OTCyTCTBHfI ropwaoHTajiLHHX CMemeHHii aa KOHTypa

»[•-(i)I]* bMin 14

W dx - 0 u J 1-dy-o
0 0

no3BOJiHK)T npeACTaBHTB ypaBHeHHH flesop«aiuiß (16) u (17) noc-
jie MHTerpMposaHHfl b ajire(spanqecKoß sop«e. UpM coxpaaeHMH
TOJiLKO nepsoro qjiena b $yHKpnH npomöa MMeeu

hu.*s\f* y 1) 3(Hr-Hox)aVi. of» . 6 fx4 . )

fx V+ fxJr^j = (20)

*?/o_ wo\fA x 2) 3(Hv-H oy)bV J ..fv1 5 fv \

fy i2 fyK1 + (21)

IloacTaßjiHH Tenepß snaqeHHH paenopos h syHKpMio nporHÖa b
ypaßHOHne paßHosecHH (15), nojiyqwM KyöiiqecKoe ypaßHemie ot-
HOCHT6JILHO napaMeipa npomöa w„ ;
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4ESnfi?(t p) Wo/. W.W Wp\ | gl]
3a 4 +-) f

+

' 3b 4 (i + + ---)

t(HKzH)+z (h°‘^+h^H =0 - (22)

B cjiyqae annpoKCHMaijMH SyHKBHH npomöa h6ckojilkhmm qae-

naMM MMB6M KyöwqecKoe ypaßHeHne oTHOCHTeabho scex nena-
B6CTHHX napaMSTpOB Wj.

üepeMHOKaa see qjieHH ypasHeHHH (22) na öasHCHyio
(—] + h HHTerpHpya b npeaejiax seero noKpuTHH, no-
jiyqww corjiacHo weToay Byönoro - TsjiepKMHa:

t ( ,+r) (2+ T°] + 7(r- r) (*ft1 +

M W Mr* f*/\ f* f*l

9/h p‘ u w. „ ....

+ T(W H -

« E «. fr- =0 - (23)

ypaßHeHMe (23) uenecooöpasHO npeacTasuTi. b napaMeTpuqe-
cKoft sop«e:

(i+Y)coV3(^Yy-]^o^2(l+y4+f] co ° =^*’r* U (24)

Qrae (O 0
= -p- - öespasMepHtiž napaweip nporuöa,

a*Sy o+l|+-)0 + l|+-)
t - ~r~ , st r - reoMeTpMqecKHo napaaeip,b M<+2^+-)
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?(Hqx + H oy ) r f*1 \

ae = '[^ol h‘"7 " napaM6Tp npe^sapuTejißHoro
5E^^X HanpflxeHHH,

_* 9aa 4
/ f/ \

=

TÕESxfx 5 \
+?'T 1 +" /

“ napaueip HarpyaKH.

IlocJie onpeflejieHHH nporwöa wo=coof* no ypaßHeHHHii (20)
h (21) HenocpescTßeHHO onpeaejiflioTCH n pacnopu H* u Hy •

BuöopoM cTenena npeasapiäTeJißHoro HanpnxeHHH Heoöxoaraio ao-
ÖMTBCH nOJIOSeHHH, UTOÖH Hy HM6JI lIOJIOIHTeJIBHOe, HO H6

qpeaMepHO Öojibihoo SHaqeHHe,

SaBüCMMocTB oa?HOCHT6aLHoro nporaöa <o„ ot napaiieipa na-
rpysKH Qy* npa paaaux SHaqeHaax napaueipa npesßapaTOJißHO-
ro HanpHEeHHH a reoiieTpaqecKoro napaaeipa npeacTaßJieHa Ha

rpasMKax sar. sar. 5 a sar, 6.
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• yqeT flecfrOPMSmHH KOHT.YPa

B cjiyqae ÄesopMHpyeiioro KOHiypa cmodiohhh noKpuiMH na ero
rpann sojiKHH paBHHTBGH CMemeHHHM KOHTypnoro ajieMeHia noa
aeiScTBHeM pacnopa Hecymnx h CTHrMßaiomnx ipocoß,

CMemeHHH noKpuTHa, HMeiomero (Jopuy rHnepÖojmqecKoro napa-
6ojioH.zia, Ha ajijiHnTMqecKoä rpaHH, corjiacHO reoMeipHqecKHM

ypaBHBHHHM (16) H (17), Onp-3fIeJIHK)TCH BaBHCHMOCTHMH:

J J X V
0 o 0

_(H,-H, > )gr yMÜ/ f,1
' tbwoj W,w. y‘\%,

es, L flril rn-( > w

' J J J ESy Uy)J ay J JyUy+TEyjdV-
oo o

_

jHy- Hoy) b r xM f. nfy \4 fv Wn(. WO U. xM 3/z .
.

~

ESy l 1a IJ I*+2 ?+...)+t^-_)(i__)/. (26)

yqHTHsaeM aajiee, qio KOHiyp, scjieacTßHe aHKepoBKH b na-
pySHHX OT6HaX 3SaHHH s MOS6T CM6CTHTBCH TOJIBKO B TOpHBOH-
TajiBHOM Hanpa.BJiaHMHo B cjiyqae jimhoMklix aesop Mauno KOHiypaero CMemennn Mory T öhtl npeÄ CTaB fleHH kbk JinneüHHe taiiHHot pacnopoß

üi= (H x~ Ho;t)A^-fHy-H oy ) A <y , (27)

V(== (Hy-Hoy)Ayy-(Hx-Hox) Ayx , (28)



a <k u A xy - cMememiH Komypa b HanpasaeHHH och X
■noa aeMCTBMeM eauHMynoro pacnopa co-
-OTB6TCTB6HHO B HanpaßJieHMHX OCBÖ X H y

Ay X U Ayy —T6 SCB B HanpaBJIÖHHH OOH \)

J\jm onpeaejieHMH CMemenuM A neoöxoaHMO 3HaTB pac-
npeaeneHHS ycHJiHž (H x - H ox ) h (H y - H oy )no anaueipy

KOHiypa. B KayecTse ncxoanoro mosho npiiHMMaiß paßHOMepnoe

pacnpeaejieHHe 3thx ycnjinü,
Ilpn CBo6oaHHx,aesopMapHHX aajmnTHqecKoro b naase KoaLija

(cm, snr, 7) ero CMemeHun noa eanHMmiMH aarpysKaMH onpe-
aeaJlDTCH aaBHCHMOCTHMHI

83
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.
b1

_

i
, (29)

A Xy- A XXai i2E K a K V b J

Q i QVi fa 5 A fi x_2 V/2.
V= -% öi- izE^i 1 a*/ (3 }

rae a, b - paanyc KOHTypnoro KOJißua,
E k ,3 k

- woayjiß ynpyrocTM h uombht HHepipm kojibuü.

lloacTaßJiHfl 3TH cuemeHHH b ypasHeHHH (27) h (28), a sa-

TBU npHpaßHHsafl CMemeHHH üokphthh h KOHTypa no (25) m (26),

nojiynnw saBHCMMOCTH uescay CMemenuHMM n pacnopawn b Buasi

f. )C 7) ES, L 02 l' b*JJ

+

KE.], “I 1""?) 11E.3. V"?/’ (3I)

2fy w./ woU “r*nL, f»V._ jslV_
es, rVl' a2 )J

iÜÄ l «rr «E.3. I 1 B*J’ W

CoßMecTHoe pemeniie sthx ypaßHenutt c ypaßHemieM paBHOBe-

CHH npHBOaWT K KyÖHneCKOMy ypaBHeHHD OTHOCMTeHBHO Wc , KO-

Topoe nocjie HHTerpHposaHHfl coraacno Meioay ByCnosa-ranep-
Kuna h BBeaeHHH öeapasMepaux napaueTpoß npüHnaaeT BHas
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(l + V + 4f)ui 4-3 + )]“» +

+K ,“|r)I+T+^(,+ f)l"‘’”
C33)

rae t = —n ISy azb *

_ napaMeip ssctkocth koh-
!6oEkJ k iypa.

Ha snr. 8 npeaciaßJieHa aasncHMOCTB npornöa noKpuiuH ot
napaaeipa K6ctkocth KOHTypa npn pasHHX asaqeHMHX reoueipH-
qecKoro napaweTpa,
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SaKJIIOq 6 H H 8

npeacTasjieHHHe pesyjißiam noaßOJisiOT openwTß bhmhhhB

pasHbix napaweipoß noKpHTHa na ero aeipopMuposaHHoe h aa-

npHSBHHOe COCTOHHMB. TeM CaMMM OKaSHBaeTCfI

npaßMJißHbrä BHÖop 3TMX napaMsipoß b npoeKTüpyeMHX coopy-

aceHMHX,
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3. Proceedlngs of the II International Conference on

Prestressed Metal Structures. Praha 1966.

About the Inflnence of System Parameters

on the Work of Hanging Roofs of Negative

Gurvature

V. Kalbach

Summary

The paper completes a method of solation for hanging
roofs of negative curvature, The continuous method is de-
rived in terms of displacements. The System of dimensionless
Parameters is used to express the interactions between the

characteristic displacements and stresses ln a more general
form. Displacements of edge frame are taken into considera-
tion. As results, ehe interactions between displacements of
cable-network and load parameter, resp. parameter of rigi-
dity of edgeframe, are presented with respeet to different
magnitude of prestress load and geometric parameters.
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TALLIMA POLÜTEHNILISSE INSTITUUDI TOIMETISED

TAJJMHCKOrO MHCTMTyTA

CEPH.fI A N° 278 1969

B.P.KyjißÖax, K).K.3Hrejn>6pexT,
y.8.-3. Mhhä

BMHHHE /mSOPMAUMM KOHTyPA HA PABOTy CETKM
CEÄJIOBH/IHbIX 81/ICHHMX HOKPbITHM KPyPJIüM SOPMH

B HAAKE

I, B b e j e h h fl

B ciaite paccMaTpoaiOTCH HeKOiopue sonpoca paöoTti ceflJio-
bhjhhx BMCHqHX noKpaTHÖ c yysTOM BeiJopMapnß oöpaujiHioinero

KOHTypa, raieioiuero b niiane sopMy Kpyrjioro KOJima.

McnoJißayeTCH ueToawKa pacqeia chctsu c onpeaejie-

HH6M KOHTaKTHHX narpyaoK, Koiopaa öajia paapaßoiana na Ka-

seflpe CTpOHTSJIBHHX KOHCTpyKUHII TIIM H M3JIOSeHa B [1,2,3].
B aaHHoM paöoie paapaöoTana MeiosuKa pacqeia BHcaqero

noKpHTHH 0 yqeTOM flesopuaijHft KOHTypa b bhäb mepamiM, npH-
qew aa hcxoähhü npHHrasaeTCH pacqei c aöcojnoTHo ssotkhm koh-

Typou, ajiropHTM äjih pacqaia aesopMauHH KOHTypa c
ÄHCKpeTHOti nociaHOßKOö ipocos,

sopMyjm c npocTHMH KoassHUHeHTanH. PaccMaipMsaeTCfl bjihhhhö

CMemeHna KOHTypa na paöoiy BHcaqero hokphtmh c paaHHMH na-
paueTpaMM. 3a.ziaqa nporpaMMKSößaHa äjih 3BLCM "Mmhck-22 11

.

2. OnpeaejieHHe fleftopMaiiHfi KOHTypa -

PaccMoipHM KOHiyp, MuemiM b luiaHe sopMy KOJima, Ha koto-

paM bjihhmt peaKimw Tpocoß .nsyx HanpaßJiEimö : H* h Hy. yca-
jihh ot Tpocoß Moryi öhtb pasHHMH ot paanax Tpocoß. Maruda»-



mMÄ MOMBHT B JllOÖOä nOJiyiaeTCH CyMMMpOBaHHeM BUHHHHfI

Bcex ycHJuaž. Ma pemeHna McnojißsyeTCH weioa chji, ynHTHBa-

K)TCH TOJIBKO HSrHÖaiOmHe MOMBHTH.

2.1, HsrHÖaioiqero MOMeaia

KOHiypa

4

cwcTeMa chji Ha snr. I. Hens-
BecTHue ycMJiHH ,X 2 h X 3 npHKJiaaHßaeii b ynpyroii neHipe,
Ilocjie pemeHHH chctcmh KaHOHHqecKHX ypaßHeHHö BuqHCJmioTCH

MOMBHTH b noromioft Toqice ot peaKipaž OflHOrO Tpoca. TaK, na-
npHMep, wih ojiHoro CTnrHßaioiuero ipoca no yrjiy <*„ b no-
tohhoM Toqice ot npa d<«#,

Mp = Hyp.(cosc*o -cosoO.
M,y = Hy-p-|(cosÄ o-cosot) + [(sin<* o -oto.cosot 0 )-

- COSot-(cosot 0 -sina 0-(*o')] j • (I)

Ecjih ot ž oc 0 (to Mp =o, h nojiyqaeu:

M 2y = Hyr'^[Csinot o -ot0 -coscto)-COSot(coSot 0 -sino(0 -oc o')]. (2)

CootbstcTßyKMiHe sopjiyjm h m 2k noJiyqaeM h ;pfl He-
cymero ipoca,

2.2.

EjIMHMqHHe MOMBHTH (SHB, 2) Onpßflß3lHlOTCfl npH nOMOIUH (j&Op-
Myji;

m y = r.(sin^-sinotx), (3)

CMSHBHHO no HanpaBJIBHHD OCH OT yCHJIMH Hy , BCJIH
BHqncjiHeTCH sopiiyjiož:

ST“ Hy> J” 1 r .2.o<*yp* = _^~|YCcosoty-co s(i )() +(a y-p*).cosoty .smß x-smoty-sin&*+
+ sin I

*, + j(sinoty -otycosocy (4)
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npu f (3* *y '•

fj* = IfET( s,,n oCy " OCy'C osay)-[(f"lix^si ( 5 )

AHajioraqHO onpeaenneiCH CMemenHe bsojil och y npn aeM-
CTBHH yCHJIHH Hy .

Ecjih üy < cxy , Toraa:

s*y py = jl(Uy • CO» Uy-sln(i y)• [(3T- Äy) COS oly +

+ + 51(1 (*y • COSOIy )j , (6)

npu P»y «.y ;

h r
—

+ -|-(ayCOScCy-Sinoly)-[(ir-&y)-COS|Jy +Bl'njby ]J. (7)

npw onpeaeneHHH cMemeHHü oceft X h Y ot ycHjmfi
necymero Tpoca H* HcnojißayeM sopwyjm (II), (12), (13) H
(14), npHHHMafI

u &x = |-f>y, P, y=Y-C>xi
npH os&y <Ä* , CMemeHHB BfIOiJIB OCH :

H *

£j
’ [ CGS Ct x—(— oCy) 31 n& x j‘{ky‘ COS&y SUI 6>y), (9)

npa <*x p>y x nojiyqaeM:

h * r
jrj jy - C0S2 jby + COSotx - COS(by +

+ (ax-p>y)-sin* x.cosfr y + l[cosÄ x -(|-ocx ).sin«J.L 2 J (10)
•(fbyCOSjby— Sin (by^j.
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onpeaejmeuCMemeHHe no HanpasaeHHio oea X ox H ä onpeaeJifleM

npa f> x ctx •

~fj" i |(t + +

+ sinfix-cosßxl + tCy-oCx) [C| +-

+■ f^xVsinß* + eosj| i (II)

5Tnpa -f > P>x > ** ’•

s
»« t. -ir ««*. -*t. ]-[tf

• slnftx+cosoc It ]+±[C^-ßx )_c<jsßx-.sin|ix].

'[(f+a <)+ '. CoSctx' sinÄ >‘] ■ (12)

2,3. so£U2;jih £Men^miii__KOHTy£a_ci!CTeicj
TpOCOB_

PaccMOTpHM noKpuxae o cacxeiiofi nepeceKaßmaxoE xpocoß,
aMemmee b njiane sopny Kpyra, Hagemine b npeaaayineM napar-
pase sopMyaH axa pacqexa cacieMH c oanoä napofi xpoeos noa-
xoaax b npeaciasjieHHOM saae iojibko ans axofi cacxeMH,a
cacTsim c Öojibehm qacnoH xpoeos npaaeHHeM npanpan cywMapo-
BanaH ycanatt,

Bjia cayqaH caMMexpaqHož cxeim paccMoxpau iojibko qexsepxß
Koaxypa c yqexoM behebbe seex ycaiiaM. Ha sar. 3 npeacxaßjie-

aa oömaa cxeiia qexsepia cacxeüH c heild xpocaiia b oöoax aa-
npasjieHaEX,

Pacqex momshiob a CMemenaÄ moxho secia ynponeHHHua sop-
wyjiaiia saaa;

Ml = P tj=, C j*r + Ji
C tyi,-Hyi,], (jj)
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s n- 2^[
JlCJn 4H «j + 4Hyil, CI4)

5>V “«H CU' 4H,i +^. Cj »« 4H,,ll ’ I5)

rae l m k - KOHiypa,

man- qncjio Hecyipx h cTHrMßa»mitx ipocoß.

4>hr. 3. Cxqms HexaepTH cncxeMti c nsm.K> xpocaMK
— KOHxyp ?

KOHryp hjisi pacnexa cexKH xpocoß

KoassMiiHeHTn C x h C onpeaeaaiDTCH no sopMyaau (I), (2)
n (5) ao (12). Säh paccMaTpHßaeMOÄ CHMMeTpnqHOä CHCieMH 3th

npHßeaeHH b TaößMuax Ih 2.
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TaöJiuua I

UonoJißayeTCH nporpaima, HSJiosceHHaa b [3] sjih pacqeia bh-
CHqnx noKpuTHö c KecTKHu KOHTypoM. flonoJiHMTejitHO BBeflßH yqei

cueineHHö KOHTypa MHTepaiyioHHtiM ueToaoM. Ha nepsoM aiana

onpeaeJiHßTCH ycMJina ipocos, KaK ä/ih cmct6mh c xoctkhm koh-

TypOM. Ho 3THM yCMJIHHM BHqHCJIHBTCH BC 6 HeOÖXOÄMMHe CM6m6HHfI
KOHTypa h nosTopaeTCH pacqei ycmiHfi, c yqeiou amx cMeiuaHufl
h t.ä.. K naqajißHHM no [3] npuÖaßjiHeTCH Maccwß CMene-
HHÜ " DEF ", KOTopufi CHaqana wüoet nyjießoa ananeHHe, üpesno-

u C (xl CzxL 3x1 CiyL C iy i C 3yl

I 0.3183 0.33 90 0,1176 -0,1817 -0,3277 -0.2159

2 0.I5I6 0.3390 0.II76 -0,1531 Ü.28U5 -U.I6II

3 -0,01502 0,00563 0,1176 -0.0544 -0.07306 0.0399
4 -0.0544 -0.07306 0.0399 -0.OI502 0.00563 0.II76

5 -0.I53I -0.2805 -0.I6II -0,1516 0.3386 0.II76
6 -0,1117 -0.5277 -0.2159 -0.3183 0.3390 0.II76

TaÖJiHua 2

li K C u C 1
L IX C^y C iy

p1
0 }y

I 0.1478 0,2589 0.1088 -0.1366 -0,2335 -0.I24I

2 0,1194 0.2009 0.0956 -0,1167 -0.1955 -0,1009

5 0.0544 0.0966 0.0542 -0,0621 -0.09o4 -0.0434

4 0.0383 0.0679 0.0404 -0.0457 -0.0125 -0.0289

5 0.0044 0.0790 0.0049 -0.0067 -0.0088 -0.0031

6 0.0000 0.0000 u.OOOO 0.000 0.0000 0.0000

2 ,4 . IIjpor£aipi^OBaHHe_3a^aqH
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noaaraeii, hto BepTHKaaBHHe KounoaeaTH peaKu.Hü bocnpaaüMa—-
»TCH B nJIOCKOCTH CTBHK (HJIH KOJIOHHH), BCfIBÄCTBHe HBro H8

yqHTHBaDTCH B6pTüKaJILHH6 CM6IIt6HHH KOHTypa.

PopH 30HT3 JIBHHB CMBIIIBHHH KOHTypa OnpBÄB3IHIOTCH B 38BHCH“

MOCTH OT H3MBHBHHa pacnopOßl

AH x =Hx -H x°, Ä Hy = Hy-Hy . (16)

UporpaMMa sjih pacaeia CMemeaaft laaie cocTaßJieaa aa
3BIJM "Mmhck-22" aa bxoähom hbhks "Malgol”, BaoK-cxeMa
pacqeTa npeacTasjieaa aa sar. 4

BtiqacjiHioTCfl naradaDimie MOMeaiu h CMemeana Koaiypa v npa
aaaaoM Baemaeft aarpysKe h CMemeaaa aiana Hiepa-
HHH.
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3. PaöoTa ostku npa paajmmoc sBctkocthx

3.1. OÖDjHe jaHHtie

noßepxHOCT£ noKpHTHs saaaeTcn ypaßHeHHeii;

üpHHHMaeM a=b= p = 36,0 u, uaKCHMajiBHoe nposncaHne ipo-
cob fH =fc = f h naomaaß ceneHail ipocos •FH =Fc =Ff tof-

aa ypasneHHe noKpaiHH uue ei saa:

(i7)

Ma npeasapuTeJißHoro noaöopa cenenaH ipocos acnoaßayi»-
ch sopMyjm, npuseaeHHHe b [l] (35), (40) a TaÖJiHae I, Dpa
3tom yqieno, qio othocmtBJibhoB aaMeHenae nposacaHHH

*1 < J-.
I " 300

Ilpa XBCTKOM KOHiype paccMOTpeao naiß BapwaHTOß no ac-
XO4HHM aaHHHM, npaBBa6HHHM B TaÖJiaae, Ma BCBX BapwaHTOß
npwHMMaioTCfl:

k r1) BHeinHHH narpyaica CJ, = 150 7

k r2) KOHiaKTHan narpyana p» = 100 -ppt •

Mr onpeaenennH cenenufl Koniypa nposeaen npeasapHTejißHHž
pacqei no [3] .Ko sopMyjiaM (13) BnqncjiHioTCH naitemiajißHHe

T a 6 ji h ij a 3

Q.a
cO MOKCf F Paap.ycuAue MQKC H' MDKC f 0 MM
% iz [cm] [CM*] [T] [T] [CM] mpoco6

I 350 103.00 978.0 599.00 28.6 12 43.56
2, 500 58.20 550.0 118.00 25.3 12 32.50
3 700 32,43 318.5 300,00 25.8 12 23.50
4 500 103.00 878.0 118.00 14.3 12 43.56
5 700 103.00 978.0 300.00 7.5 12 43.56

3.2 • CeqeHHe jcoHiyjDa
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MOMBHTM B KOHType. ÜO 3TMM 3HaqBHHHM OnpBABJIHK)TCH BBJIHqHHH

MOMBHTOB HHepunfö • PesynßiaTH pacqeTa npeACiaßJieHH b TaÖ3in-

ue 4-. ,TaöJiHua 4

MaTepwaji KOHiypa BCT-3, rOCT-535-58, Ceqeime KOHiypa n-
oöpaanoe 2pia Bcex sapwaHTOß (snr, 5)

5. CenesHe soHrypa

3.3. HeKOTOpue peayjiLTaTn pacqeia

Ha Kastao« aiane HTepaann onpeflejuuoTca cuememiH KOHiypa
H S>iy . KOHTpOJIB CXOÄMMOCTH MTepaipJH npOW3BOAMTCH

cpaBH6HH6M BBJiHqnH CMemeHüß b asyx 3Tanax, Ecjih

rae £ - jiioöoe

6TCH SaKOHqeHHOH, Hpw M3BBCTHOM npaKTHKB MOKHO HTepaiW»

)<? yp.MJine CeqeHne KOHT.vpa

sap. M x 105 N Fk Vo 5 S'cm h cm Sn hn

[TCMJ [T] [cm 1] [cm*] [mm] [mm] [mm] [mm]

I 8.5553 I5I.I3 3140 8.5573 20 4000 70 HOO

2 6.4656 65.19 2545 6.6122 18 4000 60 920

3 5.0202 62.42 2125 5.0610 15 3800 60 820

4 6.7649 73.09 2760 6.9289 20 1000 70 830

5 5.2400 "50.70 2170 5.2398 15 3800 60 860
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püBHOMSpHOCTB MOKfly yCOHHMH HBCymHX H TpOCOB

b CTafIHH BKcnnyaTauHH yueHßinaeTCH. HanpwMep, ripu HassaH-

hom sapwaHTe HepaßHOMepaociß ycmmä yMSHßmmiacß na 13,3%
no cpasHeHHK c öecKOHeqao soexkhm KoaxypoM.

M3MeHeHHB ycHJiHö ciarHßaioinHX ipocos SHaqmejißHO Öojißine

fnpw yMeHBineHMH npoßucaHHH ipocos -Jj h HopaßHOuepnocTß

Mesfly ycHJiMHMM yMeHßniaeica öticxpee, ysejiiiqeHHe ceaeaua
ipocos yMOßßiaaei hktohcmbhoctb pooia ycMJiMfö b xpocax.

MaKcuiiajißHfcifl Msrnöaioimiß homset b Koaiype yMeaßinaexca
npH ysenHqeHHH secxKocxK KOHiypa (snr. 10), üpa yseJiHqe-

HHH OTHOCMTSJIBHOrO npOBHCaHHH -f- H npH yBÖJIHqeHHK npoe-
aeHHoro ceqeHHH ae ,03M8H8Hne momohtob yMeHßinaexca,
qTO,yqHTHBaH cuemanne KOHiypa npa pacqeie BHcaqHX noKpa-

XHM, MOÄHO yMSHBEHTB OÄHOBpBMBHHO S6CTKOCTB KOHTypa tT,B,

MOMBHT HHOPUHH OrO.yMBHBIIIBHHe SBCXKOCTH KOHiypa npMBOÄHT

k yßenaqeHHD cMenieHHÄ ysjiOß cexKH xpocoß,Koxopne b Öojib-

aiHHCXße GJiyqaeß hbjihbtch aoMMHHpyionrHMii npH npoeKxwpoßaHHM
BHCHqnx kohcxpyKßHÄ• üpuseica naöiH onxwMajißHoe pemeHue no
ycnoßHß 3KohOMMquocih KOHCxpyKHHK. 0 xom, qxo yqex aesop-
uaipäM KOHiypa asnaexca nojioswxeaßHHM saKiopoM, cßHaexejiß-

GTßyex h xo oÖcxoHieitßCXßO, qxo npH yMeHBmeHMH sscxkocih
KOHiypa ysejiHqMßaioxcH ociaioqHae KOHiaKinae ycnjma b ys-
jiax ceiKH, OCOÖ6HHO b nojiarnx BHcaqHX noKpmuHX (- < —)•

ropO3OHXaJIBHHB CMOE6HHH y3JIOB HpH yMeHBUieHHH XBCXKOCTH

KOHiypa yueHßEaioxcH, a npn BajißHeöuieM yMeHBmeHiU! xeciKOC-
TH MBHHIDX SHaK, SaBHCHMOCTB 3XHX CMBIUBHHfI OT IBCIKOCTH
KOHiypa HeuHHeSna, Kan bmäho ms sar, 11, cMemeana b#ojib
och X npn pasHHX sapHaniax npw xapaKxepuc—
IHKB xecxKocm (£*ls) noiryqaßT ayjießoe 3HaqeHMe. CMeme-
hmh och Y HMBIOT aHajiorHqHMÄ xapaKiep,
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BHB 0 Ä H

üpM pacqsie noKpaTMÄ c yqeTOM ÄesopwapHM oöpau-
jifliomero KOHTypa mokho wcnoJiBSOBaTB Hcxoaayio cxemy c Öec-

KOHeqno ksctkhm KOHiypow, c BseaeHHeii cooTBeTCTByiomKX no-
npasoK m flonoJineHHii äjih yqeia HcnojißsyeTCH
HTepapMOHHHM mstos h pacqei JierKo npHcnocodjiHBTCH k 3BUM.

ÄesopMr,iUHH KOHTypa chjibho bjihhbt aa padoiy BMCHqero no-
KPHTHH. Ho fIaHHHM paCqSTa HeOÖXOfIHMO yqHTHBaTB COBMÖCTHyK)

paöoiy cstkh h KOHTypa aaie npn HesnaqHTejißHux cuemeHHHX
KOHTypa. yqHTMBaH b pacqeiax cMemeHHH KOHTypa, nojiyqaeM
sanac KOHTaKTmcc ycmmä h yMBHBmaeM mskc MMajibhh6 nsrudaiomiie
MOM6HTM B KOHType, OCOÖBHHO HpH HOJIOrOM CBTK6. JJaxe lipH

S” = —j- H -y = MaKCHMaJIBHHÄ MOMBHT B KOH-

Type yweHßrnaeTCH yxe Ha 7,2%, a npH -f-
= ~ yMeHBinaeTCHi Zü,3

MOMBHT Ha 12,3%. 3tM OÖCTOHTBJIBCTBa flaiOT HpHMOM 9KoHoMiiqe-

ckmK 3sseKT - yMeHßüiaioTCfl: a) BejinqHHa ipeöyeMoro KOHTaKT-

noro HanpHaceHHH h Ö) ceqeHwe KOHTypa, Heodxoßimoe fljm boc-

npHHTHH pacnopoß Tpocoß. B to xe speiiH yßejmqHßaeTCH npo-
THÖ C6TKM, 3HaqHT yMBHBIUHTB XBCTKOCTB KOHTypa BO3MOSHO RO
onpefleneHHoro npesejia, ycMJiHH b Hecynmx ipocax yßejiHqMsa-
iotch HecymecTßSHHO, b CTHPHBaioinHX Tpocax yBBJIHqBHMB yCH-
jihž öojiLffle. 3to noBBOJiHBT 3SS6KTHBHee McnojißsoßaTß padoqyio
CnOCOdHOCTB CTflrHßaiOmHX TpOCOB. lipu 3H3qHTeJIBHHX npOBHCa-
HHHX ( f IT ) BJIHHHH6 HpHBBÄBHHOrO CBqBHHH TpOCOB
na coßMecTHyro padoiy cbtkm m KOHTypa HecymecTßSHHO.

ümepaiypa
1. B.P. K y ji b d a x, l,ynpomeHHHs pacqei

HanpaxeHHbix BHCHqHX hokputhü OTpimaTejißHoÄ kphbhshh", Tpy-
äh TIIM, cepMH A, 16 200, 1961.

2. B.P, K y ji b d a x, K).K. SnrejißdpexT, "Pac-
qei BHcaqHX hokpütkü OTpHpaieJißHoft kphbhshh c köheqHmi qac-
JIOM TpocoB”. Tpyau TM, cepaa A, fc 256,1967.
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5. B.P# Ky ji l 6 ax, 10.K. 3h r e ji i 6 p e xi. ”0
HSKOTopnx peayjißTaiax pacneia bhchtox üokphtmM OTpuna-

TOJIBHOM KPHBH3HH C KOHeqHHM nHCJJIOM TpOCOBn
. Tüll, C6“

pHH A, te 257,1967.
i[. i. E 0 i JI 0, n.XaHKo, PyKOBOÄCTBO no ajiropniMH-

qecKOMy H3Hicy « maIGOL ", AH 3CGP,HHCTMTyT khÖsphsthkh«

üporpaMMH Ann 3UM "Mhhck-P”. Bnn. 4. Tajuinn 1966«

V.Eulbach, J.Engelbrecht, U.Mänd

Interaction of Frame Diplacements for
Doubly-curved Hanging Roofs, Round, in
Sbape

Summary

An Iteration method for the design of hanging roofs in
presented, taking into account the frame displacements.
The set of cables in designed by nonlinear method, given in
/3/, the frame is calculated by force method. The electronic
Computer "Minsk 22" isused, The interaction of frame dis-
placements is essential and shoald be taken into consideration
In this case the magnitude of frame bending moment will
decrease while the magnitude of rest contact load, i, e, rest
prestress force, increases. These results give an immediate
economical effect. It is quite natural that the displacements
ofset will increase. Inequality forces in both direction of
cables will decrease.
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TALLINNA POLÜTEHNILISES INSTITUUDI TOIMETISED

TPyflH TAJIMHCKOrO nOMTEXHMECKOPO ÜHCTimTA

CEP H fl A N° 278 1969

VM 624.074
624.04 3.P. KynEÖax, K.n. blfirep

0 HA'iAJIBHOÜ PEOMETPM ÜPEfIBAPHTEJILHO HAÜPfIIEHHOM
BAHTOBOM CETH

Oähmm H3 HaHÖojiee cymecTseHHHX sonpocoß npoeKTHposamiH
CeÄJIOBHÄHUX BHCaqHX nOKpHTHÖ HBJIHBTCH BHÖOp HX HaqaJILHOM

sopMu. Bto xe speuH b jiMTepaiype aioMy sonpocy yaejieno
Becßiia Majio BHHMaHHH. OöHqno b pacqeie sa Mcxosnyio sopMy

noKpHTHH npHHHMamT üOBBpxHOCTH, Jierico onncHßaeMHß annapa-
tom aHajiHTnqecKoM reoi/iaipun. Cmaa othochtch npesae soero
nosepxHocTH napeuoca, b qacTHOCTu mnepÖojiHqecKHe napaöo-

JIOMfIH,

CoÖJiwaeHKe aaaaHHofl sopmh bohphthh, c CTOpOHH,

ipeöyei ocoöoro B3anMHoro KpenjieHHH bbht npn nsroTOßJiemiH

noKpuTMH, a c ÄPyroft ctopohh, bhocmt cyiuecTßeHHHe OrpaHH-

qeHHH npa snöope sopithi ero KOHTypa. Tax, Hanpimep, ne
yqHTHBafl GJiyqan Hyjiesoro KOHTaKTHoro ÄasneHMH, npeasapa-
TejißHO HanpaxeHHaH CBTB no noßepxHociH runepÖoJiMqecKoro

napaöojioHaa, ciporo rosopn moxot öutb oöpasosana tojibko

ceMeficTßaMM sanT, pacnojioxenHHX bo BsanuHO nepneHflUKynflp-

HHX BepTHKaJIBHbIX nJIOCKOCTHX. KOHiyp nOKpHTHH MOI6T ÖbITB
oÖpasosaH b b «ae sawKHyTož Kpoofi, MMeioinež b naane sopMy
sjunmoa hjim ms ssyx njiocKHX apoK, onacußaeMMX ypaßHeHMfaiM
napaöoji qeTßepTofi cieneHH,
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H3B6CTHO, q-TO KpaTqaMniHß nyiß wesay asywH ToqicaMH na

KpwßOJiHHeMHoii nosepxHOCTH onpeaeaneicH cooißeTCTsyiomea

reoaesHqecKoß aumielt. Mcxoaa M 3 3Toro,nHoraa yisepscaaioT,

qa?o BaHTH UpeaBapMTSJIBHO HanpHSBHHOM CBTH IipMHHMaiOT sOp«y

reoaeanqecKHX jhühhä saaanHoM noBepxHOCTH. Ho JierKO yöe-
aHTBCH b tom, qTo 3TO HecnpaseaanßO aas Kasaoß npeaßapa-

T6JIBHO HanpHKSHHOM CBTH» JJeMCTBHTeJIBHO, CooTHofflßHiie MSKfly

yCMaHHMH B K3KOM-T0 y3316 lIOBepXHOCTH CBTH OIipeaSJIHIOTCH
cooTHomeHHeM kphbhsh: saHT b stom ysae. Epu nepexoae xe
k caeayßmeMy ysay cooTHomeHHe kphbhsh oöpasymteHcH no-
sepxHocTH npeasapMTejißHO HanpOTSHHOÄ csth ysce ne cootbst-

cTsyei cooTHomeHHE) kphbhsh reoaeswqecKMX auHHÜ npoH3-

BOJIBHO SaaaHHOM noBepxHOCTH.

Hpasaa, b cayqae noaorHX nonpuTHtt, ocoÖshho b cjiyqae
noJiorHX rimepÖojiMqecKHX napaßoaowaoß, sto HecooTßeicTßHe
Meawy KpMBH3HaMH npeaßapmeaßHO HanpaseHHoM cem h csth

reoaesHqecKMX buhhä nosepxHocTM npa noaxoaaigeu noaöope
COOTHOUieHHÄ MB®ay HaTHKBHMHMM ByaßT BBCBMa HB3HaqMT 6JIBHHM.
3to noaTßepaaaeTca cpaBHBHHBM pesyjißTaioß pacqeia c pe-
syaßTaTaMH, noayqeimHMH b paßoie P, 3pac m P, 3ape [2],'

Ho yKasaHHHM noaxoa ne nosßOjmei pemaiß saaaqy noaßopa
SOpMK nOKpUTHH B ÖOJIGG OBIUeM ÜOCTaHOBKe, KpOMS TOPO BO
MHorMX cayqaax othck£lhhß ypaBHSHHii reoaesnqecKHX aHHHÄ
nosepxHOCTH OKasHBaeTCH oqeHß rpowosaKHM.

Oopwa noKpuTMH OTpnaaTBJiBHoH KpHBHSHH b oßmeM cayqae
onpeaejineTca KoopaMHaiaMH KOHiypnux ToqeK sani h cootho-
meHHHMH Mesay SHaqeuHHMH aaqaaßHHx ycuaafl BaHT, Hoaioiiy
aas onpeaaaeHHH $aKTwqecKHX KoopaauaT yaaoß ceia npa sa-
aaHHOM oqepTaHHH KOHTypa HeoßxoawMO pemaiß ypasHeHHH pas-
HOBBCHH 3THX y3aOB.

BBoaaw oßmenpnuHTHe aonyaeHMfl o HBBBcomocth csth
H OÖ OTCyTCTBHH TpBHHH MBSay TpOCaMH npH OBpaSOBaHHH HO
BepKHocTH, HsmönaH sec tkoctb sani npMHMMaeTca paBHoM ny-
aD. ß TaKOM cayqae HaTHseniie no aanne Kasaoß saara öyaei
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nocTOHHHHM, a idiockoctb, onpesejmeMaH oipesKaMH cTHrusaio-

meH saam paccMaipMsaeMoro ysna yron neawy ot-

peaKaMH necymeM sama na pasnue aacTH.

I. Oönme ypaBHSHHH

PaccMOipuM ypasHeHHH paBHOBSCHH HBHarpyÄSHHoro ysaa
l ) k (snr, I), MecTonoJioseHMe KQToporo onpeaeJiHeTCH pa-

flwyC OM-B BKT opou PJ, K •

j. ,f r'i',K+f
+

“ V
\ I *\,K+l I PI,K-t ~ Pi,K ( /

* tok . f,^ 11 '■&*-+ ,!Kil ~ -^iV o ’ (i)

rae ycHJiHa npeasapHTeaLHoro HaiHieHHH h Tok yum hx
COOTHOfIieHHH Tokm 1 k = ——

1 Toi,
npHHHMaiOTCfI 3a H3BBCTHHB, ÄHH EtOKpUTHfI B UBJIOM COOTHOmeHHfI-
UH PH». BO3MOKHO HpOHSBOJIBHO SaflaßaTßCH TOJILKO BO BC6X y3-
aax asyx nepeceKaßnyaxcfl bbht, a yKasamme cooTHoraeHUH bo

Bcex ociajißHHX yanax cem saBHCHMOCTHMH Bima
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mL,K- (2)
’ rn H,K-l

3to oÖycjioßJieHO HensMeHHOCTB» ycmiMH Ha-

THKBHHH BBOJIB KaäCßOrO B3HTa.

Uocjie nepexoaa Ha npaMoyroJißHHe KoopanHaTu maee« ans
KaiÄoro ysjia ?pn ypaßHeHHa pasaöbeena,nepsoe ms kotophx
HMeei BHfl:

IX = 0
JJ. XL,K+( - Xj,.K

\ xL,k) ■f'(yL,K+i-yi,
J
K) 2+(Zi|K+, -Zi iK )Z

_l_
X I.K-t ~ X L,K \

V(X t,K-<- X l ) ~T- I,k)i
A T I *i I,K ~ X L,K
+

- -+

W( x l+<,k - x i.K)+(yiHK-yi
J Kf+(z L+ , )K -z LjK ]

1

+ V 0 _

V +(Z I-'.K j £3 j

KsaapaiHue Kopra b ypaBHeHHH (3) npeaciaßJiHiOT nrvisa ot-
P63K08 B3HT Meatfly COOTBeTCTByiOmHMH ySJiaMM. J\jlH KpaTKOCTH
3anMCH 3aU6HH6M HX COraaCHO (snr, 2) fIJIH HaTaPHBaiOIHHXBBHT
C OÖOBHaqeHHHMH SO LjK , H ÄJIH HGCymHX SKL >k 7

Bk L,kh » a ycn-UHH npessapHTeJiBHor 0 HaTa*BHHH oöosHarau
cooTBSTCTBeHHO To K h Tk;, ,

Torfla noayqaeM ycjiOßHa paBHOBecMH b sn^e;

IX = 0

t «i,™ sv. I a, \ >aK, j®l W

IV=O

tkl f -

yi^~ yi ’K + ih^zX^]
+
yj^-yiA

=0 .I Bkl,k* sk i,kh j V «U-h.k sa lH>K j *
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Zi -- o

\ I \ )

yaeji ceiH onpesejineTCH TpeMH KoopflHHaTaMH. Ecjih

oönee KonHqecTßO ysjios b cbth ,to äjih onpesejieHHH reo-
M6TPHH ceTH b oömeu cJiyqae HeoöxoawMo pemaiß CHcieny hs

HeJiMHeiiHux anreÖpaHqecKHX ypaßHenafi, B CJiyqae ciwueTpHqHoit

ceiH KonaqecTßO hsubbscthux cymecTßeHHO coKpamaeicfl.

mstoä pemeHHH noaßOJinei npocio

KoopsHHaTH nanpHÄSHHoii csth ripu jikÖom koh—

Type h cooTHomeHHHX uesay ycMJiMHMH. B cxyqae ocoöux sopM



KOHTypa BO3MOKHO noHßJieHwe yqacTKOB ceTesoß "noßepxHocTH"
HyjiesoM rayccoßoü kpmbhshh h H3MeHGHH6 3HaKa KOHTaKTHbix

yCMJIHM,

CocTasnaiomMS KOHiaKTHHx ycMJiHM b ysjiax, xapaKTepHsyK)-

ihmx BsaMMHoe BO3Ä6HCTBMG B3HT, onpeaejiHDTCH corjiacHOypas-
H6HMHM (4, 5,6)

\

\ 5KL, k+l sk l,k-i /

V O)
' 3IS L,K+I i>ts L,K+'l /

p.
: u.k) +- u:‘~ lu )■ (Io>

V ÖK I,,K o*l,K-4 /

2. PemeHHe 3ajagu na 3ILBM

Mn nojryqeHHH yaoösoro ajiropniMa pacqeia sopwyjiH (4,
5,6) npeoÖpasyioTCH cjiesyiomiiM oöpaso«;

x i.K == ( m i,K- SK L )K-i- SK i^saL . ()K -x L+j)K+m iK.s!<L>K .r sKL)l< -sa i)K .x l. 1)K+

+ s(<L IK-i-saui,K-sa L)(< -x i, >K+) +sKL)K -sa lH)K .sa i)K .x L>K _1 ] :

•(mL IK-s K L,KH'SKi jK.sa i)H>K +mijK .sK- t>K.r SKL >K -sa^K
+

+ SKi,K-r sa i-i,K*sa LjK + sKi,>K . sa L_ljK .sa L>K ). (n)

KoopflMHaTH y i>K H • zi)K npeoÖpasyiDTCH aHajiomqHO.
110 np'HBe^6HHOMy ajiropniMy cocTasjieHa nporpawiia pacqeia

na 3UBM "Mhhck-22" Ha bxoähom hshkg " MALGOL" , Pacqei
npOH3BOaHTCfI MSTOfIOM ITOCJI B£OBaTe JIBHHX npH ÖJIHKBHHÄ ,

110
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KOHTpOJIB TOqHOCTH lipHÖJIMSeHMM npOMSBOfIiITCH Cp3BH6HI/IBM
n -oro npHÖJiMieHHH co SHaqeHMHMM (n-I)-ro npaö'

SHüCeHMH > IlpM ÄOCTH3EBHHM paSHHpU MSSfly fIByMH ÜOCJie/iOBaTeJIB

HHUM npMÖJIMjKBHHfIMH M6HBilie SaflaHHOM MaJIOM B6JIHyMHH t HT6'

papuoHHHfi npopecc npeKpamaeicH.
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BjioK-cxeMa nporpaiiMH npescTaßJieHa aa snr. 3.

HaaajiLHue .naaaHe b 9 Maccasax npa osbom saa-
qeaaa Mosyjia ynpyrocia:

I) OÖmaM MaccHß, rae npasoaHTca aaaaue o KOJiaqecTsesaal

N; M ToqaocTß aaepuaa L 7 aaaqeaafl Aa B sjih noaKJEDqeaaa

qacieö nporpaMMbi;

2-4) Maccmbh aaqajißaux npadJißaceaaa X-l>K •> Vi,k »

5) waccHßH , m,jK ;

6-7) MaccHßH Hj, h VK , xapaKiepaayiomae KoasarypaijaiD
Koaiypa b luiaae,

8-9) MaccHßH nonepeqaux ceqeaaä saai Fkl a Fo k
*

110 xofly BHnojiaeaHH nporpaMMH neqaTaMTCH KoopaaaaiH ya-
JIOB C6TH Xi, )K , y 5 Z I,K H ÄMBH OTpeBKOB BBBT 50 L,k,

SKI jK .
Ecjia äjih saataeamax pacqeTOß ipeöyioTCfl KOMnoaeaiH

KoaTaKTBHX aarpyaoK Pol,k » ropaaoHiaatabie npoeauaa oipea-

kob laj, >K , Lk[, )K , anjiHKaiH yaaoß Zd I,k ,
ZK I,k , oömae. saa-

nu saai Sa K a Skt b aanpaKeaaoM cocTonaaa a 6ea aaqaat-

bhx ynpyrax sesopMauaö Saö K a Sko[ , to seaaqaaaM A a

B b oömeM MaccMße npasaioTCH aaaqeaaa I, b npoTasaoM cjiyqae
aaaqeaae 0.

Ha aaaaoM aiane nporpauMa cocTasaeaa äjih nonpuTait c aio-

ÖHM CHMMBTpMqBHM B OTBOilieaaa OSBOM OCH KOBTypOM, OTBOUIBBHH
m'l>K Moryi Öhtb npoaaßoatßHMa b BHineyKaaaaaHX npeseaax,

Baain ssyx aanpasaeaaä Moryi ae nepeceKaTßca aa Koaiype,

Hacaeaaaa npa m e p

B KaqecTse npaMepa paccMOTpaM reoMeipmo ceTa,o6paaoßaa-
yio 9 aecymaMM a 9 ctaraaalomaMa saaraMß sayipa Koaiypa,
oöpasosaaaoro SByaa aaKaoaaaMa noayKpyraaMa apicaMa, pasay-
cOM 1800 mm (sar. 4). B ocbobbom sapaaaie npaaaio cootbo-
meaae mj, >K =I,

KoopÄMaaTH (Jbktbbhux yaaos aa npesaaaMa KoaTypa moäbo
npaaaMaiL pasatma 0,



4>Hr, 4,

Tau kbk CHCTewa cmmmaTpimna, qncjio new bbscthbix paBHo
56.

Pemaa cucreMy na ypaßHeaHä saaa (II) .zpia oaaoft qeTßep-

th noKpHTna, nojiyqaew peayjißiaTH, npeacTasjieHHhie b laÖJiH-
pe I.

Taöjiuua I
Howep
y3Jia

KOO MHHSTil (MM) JylHH i 0TP8 3K0B (MM)
X y r a K

I 2 3 4 5 6
1.4 1649,7 689,6 206,8 229,7 -

1.5 1763,6 344,8 103,4 366,3 -

1.6 1800,0 0,0 0,0 433,6 -

2.3 1440,0 1034,4 310,2 371,5 355,6
2.4 1423,6 684,9 247,0 364,7 551,1
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Ha snr. 5a noKaaaao ÖTKJioHeHMe ysjioß ot npaMoyrojißHOž
ce-TH b njiane, a TaKie HBoöpaseHH jihhhh phbhhx KOHTaKTHHX
yoi/iJiisä PozCh K )‘ Ho rpasHKy bhsho, aio pacnpeseaeHHe
KOHTaKTHHX yCHJIHfI P oz (>,*) CHUBHO OTKJIOHHeTCH OT paBHO-
Mepnoro. 3to oöycjiosjieHo tom, hto böshbh kohpob cpeflHež
ciarHßaiomeä saHTH npH npaaHTOM KOHType hmoiotch Öo3iLinne
nepeaoMH hobbpxhogth cotk, a y kohijob cpoamix HecyniHXßaHT
nosepxHocTß BecßMa noaoraa.

HpoaoJiseHne TaÖJiHiUJ I

I 2 3 4 5 6

2.5 1409,2 337,8 195,7 359,0 339,0
2.6 1400,3 0,0 168,1 355,6 -

3.2 1080,0 1379,2 413,6 363,9 356,3
3.3 1070,8 1028,5 351,1 360,2 353,2
3.4 1062,7 679,3 299,4 357,0 347,5
3.5 1056,5 333,8 262,7 354,6 354,1
3.6 1053,8 0,0 248,1 355,6 -

4.1 720,0 1580,1 473,8 - 208,1
4.2 716,8 1375,5 436,5 359,4 355,4
4.3 7II.8 1024,6 380,4 356,8 351,7
4.4 707,6 675,7 336,1 554,7 345,4
4.5 704,7 331,5 307,0 353,2 331,6
4.6 703,6 0,0 296,8 352,7 -

5.1 360,0 1689,2 506,5 - 320,9
5.2 357,7 1373,1 450,6 357,8 354,8
5.3 355,5 1022,2 398,1 355,5 350,9
5.4 353,6 : 673,8 357,8 353,7 344,3
5.5 352,4 330,3 332,3 352,4 330,4
5.6 351,9 0,0 323,8 352,0 -

v 6.1 0,0 1724,0 517,0 - 357,0
6.2 0,0 1372,3 455,5 - 354,6
6.3 0,0 1021,5 404,1 - 350,6
6.4 0,0 673,0 365,0 - 343,9
6.5 0,0 329,9 540,5 - 330,0
6,6 0,0 0,0 532,4 -

_
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Ha snr, 5 ö.b Hsoßpaxemiä cooTseTCTBeHHO npoeKipiH sani

na z.y mix . IIyHKTHpoM noKasano noJioseHHe

KpaäHHX h cpe.’iHHX saHT ripu reit,« =2.
üpoßeaeH KOHTpojilhhM pacneT no BaHHHM npmiepa paöo-

TH [2], B KOTOPOM paCCMaTpMBaSTCH nOKpHTHO B CMMMeT-

punnoro rimepöojinnecKoro napaöojioiwa u npwBOÄHTCH oömne
anHHH OTÄSJIBHHX B3HT. KOHTyp COCTOMT H3 npHMOJIHHeMHUX yqat-
gtkob m MMeei paswepu b njiane 20,4 x 20,4 m. KojinqecTßO

saHT GOCTaanfleT 27 + 27. Bcero HMeeii 287 HeHSsecTHHX ko-

OPÄHHaT, fIJIHHH B3HT, BbiqUCJieHHfcie HO EHID GW 3JIO2CBHHOÜ M6TO-

- n no mgtoähkg padom [2], BocTaTOHHO xopoino
a pacnpeaeneHHe normoM KOHTaiCTHoft narpysKU, khk k moäho
Öhjio osnaaTß, noJiyqaeiCH nepaßHouepmui (snr. 6).

ÜPK cpasHSHUH pesysßTaTOß pacqsia c rsoMSTpnstö mossjih,
BBinojmeHHOü na Kasespe ctpohtsjibhhx KOHCTpyicmiö THH, öhjio
nojiyqeno xoponiee coßnassnus,
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3 a k ji ro q enne

MsjioaceHHHM MeTOÄ pacqeia nosßOJiaeT onpeseraTß reoMeTpmo
npeasapwiejißHO Hanpaaemioö coth saHT jiioöoM saflaHHOö roq-

hocth npn jiioÖhx sopwax KOHTypa h cooTHomeHMHX ycnjiMö npqn-
BapuTeJißHoro naiHKeHHH.

Bapßnpya cooTHomeHMH ycnJiMŽ, bosmokho nojiyqHTß MHoro*
qncjieHHoe KOJmqecTBO pasHHX nosepxHOCTeM csth npw sasaHHOM
KOHType,

OnMcaimaH 3a.a,aqa JierKo pemaeicH npw noMonjM 3UBM.
IlyieM neKOToporo BHÄOHSMeneHHH pacqeTHHX sopuyji bosmok-

ho BBeaeHwe KoppeKioa yqeia coöciseHHoro Beca cein.

Jlniepaiypa

1. M, tt o n j h, n, X a h k o. no anropni-
MMqeCKOMy H3HKy " MAIGOL" AH SCGP HHCTMTyT KMÖepHeTHKH.ripo-

rpaMMH äjih BUBM "Mmhck-2", sun, 4-, TajuiHH 1966.
2. G. Er a s, H, E 1 z e. Oher die Geometrie Vorge-

spanten Seilnetzwerke. Deutsche Bauakademie. Sektion
Ingenieurteoretische Grundlagen.



V. Külbach, K.öiger

Über die Ausgangsgeometrie vorgespannter

Seilnetzwerke

Zusammenfassung

Im vorliegenden Beitrag wird eine Methode zur Bestimm-
ung der Geometrie der vorgespannten Seilnetzwerke dargelegt.
Der Betrachtung werden die Seilnetzwerke unterzogen, die bei
der Vorspannung sich selbst formen. Das Eigengewicht der
Seile wird vernachlässigt. Die Handungsformen und das Ver-
hältnis der Vorspannkräfte der Seile können beliebige sein.
Zur Lösung dieser Aufgabe werden die Gleichgewichtsbedin-
gungen in den Knotenpunkten der Seile verwendet. Wir haben
3 Gleichungen in jedem Knotenpunkt.Um die mathematisch nicht
linearen Aufgaben ?u lösen, wird eine Iterationsmethode an-
gewandt. Die Rechnungsmethode ist zur Durchführung der Lö-
sung der obigen Aufgabe mit Hilfe der elektronischen Rechen-
anlagen besonders geeignet.

Zu dem Zweck ist ein Rechenprogramm verfaßt worden, das
in der vorliegenden Arbeit beschriben wird. Das im Beitrag
Ausgeführte wird durch ein Beispiel illustriert.
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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISED
TPyflbi TAJLHHHCKOrO HHCTMTyTA

CEP H H A » 278 1%9

VM 621.031
624.04

X.X.Aayn , A.A.CywöaK,
B.A.Oxciiaa, B.A, Xiotch

3KCIIEPHUEHTAJII.HOE MCC AEBOBAHME OBOJIOTOH HAÄ
AUMHHHCTPATHBHHM SfIÄHHEM B TAMHHE

BseaeHHe

3a nowieflHee fIscHTHJieTHe öontmoe pacnpocTpaneHHe b CGCP
HOJiyqHJIi! TOHKOCT6HHHe IipOCTpaHCTBBHHH6 KOHCTpyKpKZ, IlepßHe

b 8M36 mnepÖojiiiqecKoro napaöojioHaa BoaseaeHH h b

3ctohckoH CCP.
B 1965 roay Ha Kaseape CTpowTejiBHHX KOHCTpyKpiiž UIH Öh-

jii/i nposeaeHH oöojioqeK aaHHoro Tuna. K KOHijy

1965 roaa na ocHose peayjißTaTOß aKcnepuMeHTajißHHX nccjieao-

BaHHÖ npOeKTHHM HHCTHTyTOM PIIH M 3CTOHHpO6KTn COCTaBJieHH pa-
6oqiie qepieiCK oöoaoqiai,

B asrycTe 1966 ro,zia naqaJiMCß onaiiyöoqHHe h apnaTypHMe

paöoTH. K KOHpy ceHTHÖpa ohh öujih aaicoHqeHH, BeTOHHpoBaHHe
oÖojioqKü npoM3Bo.HHJiocB HenpepußHO b TeqeHHe 37 qacos (cm.
sar. 10 m II).

HaHHHtt rimepöojiHqecKHö napaöonona hmcst pcmÖobhähhH iuiaH

c ÄHaroHajiHMH 34 m w 40 m, h c Öokobhm pasuepoii 26,5 u.
Cipejia noffbeua ymoß - 5 u, HeücTBMTeJiBHaH TonmuHa oöojioq-

kh 12 cm (npo 6KTOM 6üho npeflycMOTpeno 10 cm). Mapita Öeiona
"300".

Oöonoqita apuHpoßaHa ÄHaronajißHOö apMaiypoÄ KJiacca A-11,
b HanpasjieHHH BOFHyTocTH i> 16 mm, maroM 20 cm h b Hanpaß-
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jieHHM BHnyKJiocTH 0 10 MM,maroM 20 cm. B põnn sainsKM npaae-
ihhjimcb 5 Tpocoß 51 mm (51-1208 POCT 7675-55).

Odmee KOHCTpyKTMBHoe pemeHwe cm. swr. I.

Msaepsime geflopMapKH oöojioqKH

IlOCJie TBSpfICHMH ÖCTOHa, BO BpeMH HaTHSBHMfI SaTHjSKH H
nocjie pacnajiyÖKH Maaepmiiicß aesopMauHM oÖoaoqKH. Bhiiojihmjih

aiy paÖOTy coTpyfIHMKM Kaijeapti ctpomtßjibhhx KoacipyKipiÄ TIIM.

Mk npoBSÄSHHH MSMepeHHö npa noaomu cnepM-

ajiLHoro Koanapaiopa, iiaroTOßJieHHoro b 3KcnepnaeHTajißHoM ua-
CTepcKOH TIIM, öhjim nepea öeTOHuposaHHea ycTanoßJieHH m
npmcp ennem* k onanyÖKe 63 HsaepuTenßHoa Öasa b bmäß koh-

cojibhux yronKOß (ca. snr.ll). PasaeiueHae yrojiKOß b njiaHe

cm, sar, 2. Baaa Koanapaiopa b = 1000 aa m totooctb naae-
penM qTO npa öctohc oanaqaeT b HanpHseHHHX npa-
aepno 3 kt/cm^.



ycTaHOBüTB oÖojiö«km v onpeaeJMTß HOp-

MaJIBHHe yCHJIMH H MOM6HTH, üpHIMOCB npOHSBeCTH HSMepSHMH
na asyx ypoBHHX. npmmwiiHajißHafl cxeMa cm. smp, 3.

yCMJIMH B SaTHSEe HSMepHJIHCB fIByMH CHOCOÖaMH - lipH HO-

Momw aaTqnKOB conpoTWBJieHHH h npomöa, OKOHqaiejißHiie pe-
ayjißTaTH npHßeaeHH b Taöjmue I.

I a ö ih li a I

PacqeT aeflopaamift m HanpaaceHMM oÕQjioqKM

Ho MSMepeHHHM KOMnapaiopoM mozcho- onpeaejmiß
HopMaJiLHHe HanpaaceHHH <r

,
yraa nosopoTOß <f u MsraöaößtKe

MOM6HTH M (cm, $Hr. 3).

C AÖ C r- Ab 2 /-r \
& E* E =E- g 7 \• /

ld Qi~Ot
i = r ’

m =
=

12 (g*—oo
;

b bc

npH 3tom (cm, sht. 3):
Aö-a,- h,-^ 1 ;

aö, = a, - h, ; (2)

Ab 2 =a, -h3 ;

Ab - aesop«apHH cpeaneft noßepxHocTH,
Ab, - aesopwapMfl BepxneM nosepxHocTH,
A - aBsopMapHH HHKHeB nosepxHOCTH,
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4, rpatjjHK 6-8

lipu noiioip: sopjiya (I) h (2), pesyjLbiaTOß Hanepeahž a oo-
OTBeTCTBBHHtix pacqeTOß cocTaßJieHti rpa$HKH pacnpeaeaeauH acp-
M3JIBHHX Hanpaaenafi H H3rHÖaK)mKX MOM6HTOB (cm, $Hr, 5,6,7, 8
lä 9),

BHB 0 # H

I. OKOHqaTesßHoe ycnjuie b aaiaÄKe nocjie pacnajiyöKM
256 t, llpw pacnaßyöice ycHJiae b aaxasoce cymecTßeaao ae yße-
jmqmiocß, T.e. HanpaHeane aaxasKH HBJiaex-
ca jm oÖecneqeHHa HopiäajißHoH paÖOTLi oÖojioqKH,
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4*Hr. 7. HopwanfcHbie Hanpsmemta h aaraßaioniHe MOMeHTu b ceneaHH O-E
b HanpaßJieHHH O-E
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�nr. 1!. Osonai»e Sero&apois&nn ■ aswepa ranbübte gaasi
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2. UpesßapiaTejitHoe HaTHsenas saxHKKa cqniaiß neoö-
XOfIMMHM, T3K K3K C 3THIÄ yMSRBIIiaeXCfI BOpH3OHTajIBHOB CMenie.—
HHB HHKHHX yTJIOB OÖOJIOqKH flO MHHITMJMa.

3. MaKCHMajißHue csaMaiomHe HanpaaceHMH b HanpaßJieHHH bh-

nyKJiocTM ne npeBHCHJiM 40 kb/cm2 npn Harpyaite 300 kb/m2
.

PacqeTHaH narpysKa Ha oöojioqicy npa npoeKTHpoBaHHH 610
pkb/m . Mosho cqwTaTß, qio CEHMaioiHHe HanpnseHHH b oßojioqKe

hg npsßHiiiaiOT 100 kb/m2
. XaKHM oöpaaoM, apaaiypa b Hanpas-

JIBHHH BLHiyKJipCTH HBJIHBTCH KOHCTpyKTHBHOB.
4. MaKcHMajißHae pacTHßHßaiomiie HanpaaeHHa aocthbjih 30

O

kt/cur. lipu MaKCHMajiBHoB pacqeTiioß HarpysKe ohh aoryi
HMBTB BejmqMHH 55-60 KB/CM2 H ÄOJIKHU ÖHXB BOCnpaHHTM ap-
Maxypoö.

H.Laul, A.Sumbak, V.Otsmaa.
V.Hütsi,

The Experimental Hesearch of the Shell
Hoof of an Administrative Building in

Tallinn

Summary

The measurement of strains and stresses of a reinforced
concrete hyperbolic baraboloidlcal Shell roof is described.
The observed distribution of normal stresses and bending
moments caused by the prestressing of the Stringer and by
the uniformly distributed load are presented.
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TALLINNA POLÜTEHNILISSE INSTITUUDI TOIMETISED

T?VM TAMMHCKQTO nCMTEXHHHECKOrO HHCTMTyTA

C E P M fl A » 278 1969

ym 624.04

lO.A.Thpho, O.ß.Kpyyc, K.B.Üajiy

3KCIIEPHMEHTAJIBHOE MCCJIESOBAHME IöüüäHÄPiWBCKHX
CPEÄHEÖ ÄAMHbI

B HacToamež ciaite npeÄCTaßJiaioTCfl peayjißxaTH acnHTaHaa
pmiMHspHqecKHX oöojioqeK operett äjibhu, asroTOBJieHHHX aa
oprauaqecKoro cxeKJia. Ocoöoe BHaManae sapßap-
osaHHK) Harpyaoqnux a reouexpaqecKax napauexpoß (tyo/cj,; fAO-
OÖpaÖoiKa a cpaßHeHue snyxpennax ycajmfi (T, mi) npoaaso-
ähtch npa nouoma deapaauepHbtx napaueipos ( k t

,
),

oöojioqeK (2 mx.) öhjib. aaroTOBJieHU aa opranaqe-
cKoro cTeoa tojiiubhoä 7 um npa nouoma TepuooÖpaÖOTKH b

asTooase (uaKcauajißHaH xeunepaxypa +lso°) na cneuaajißHOü
uaipuue. ynpyrae csoMcTsa Maxepaajia E = 31000 Kr/cu2

,

/J =0,33, OcHOBHue paauepu aexaJiß KpeimeHHH, yc-
jiobbh onapanaž npeacTaßJieHH na sar, Ia 2. Oöeau oöo-
jioqKau npanajuiesaT xpa KOMJieKTa Öoptobhx ajieuenTOß paanoü
BHCOTLI. CoeÄHHeHae KpasojißHeMHoK qacxa c Öoptobhmb ajie-

ueHTauH a aaasparMaMH mapnapnoe. Bne iuiockoctm kcctkoctb

öopxoßoro ajieueHTa HeanaqaTejißHaH,

Harpysenae KpasojißHeftnoß qacxa oÖojioqKa npoacxomaiio
BoaayiuHHua (narpyaKa paßHouepaa b HanpaßJienaa
Hopuajia noßepxHocxa - C[, H [kz/m 1] )

, Harpyaeaae öopxoßoro
ajieueHTa (paßHouepaa no .zpiane oÖojioqKa - cj, o [kz/m] ) - npa
nouoma OTnejiBHHX rpyaos, üoJinaa BepTHKajißHan (npaßemen-
naa) narpyaKa (cm. sar. 2) na emanamy sjtbhh oÖojioqKa

= cj, o + 0, 935 • 0,3z [kä/m].
153
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CL, _

KoMÖHHaiiHH sarpysKH BapßHposana b npenenax = 0 4-1
(OCHOBHUe HBMepeHMH B HpBÄBJiaX -y = 0,1 0,6 ),

T
BHHH npOH3BBnH npOBOJIOqHHMH flaTqaKaMH

conpOTHBJieHHH, pacnonoseHae kotophx npencTaßneno na sar.l,
a peracTpanan

qecKoro asaepaienfl RI -2007 (BearepCKan HP).llp(>-
THÖH KpHBOJIMHeÜHOg qaCTH H ÖOpTOBHX 3JIBMBHTOB HSMepHJIHCB

HHÄMKaTOpaMH B OÖOJIOqKa (y). Bce a3MBpBHHH
jiaHfci ne panee 50 mmh, noone sarpyseHHH.

Oniopu BHyip eHHHX ycHJiHÄ nposepeHH no ycjiobhhm paBHOBe-

caM npoaontHHX can (T,) a sHyipennax h napysHHX asraöaioipix
MOMBHTOB ("UOMBHTH ÖOJIBIUOM ÖajlKH") M B +MH =0 OTHOCMTBJIB-

ho ooh y-y (cm. sar, 2), PacneiH npoasseneHH mstosom
qHCJieHHoro HHTerpMposaHMH CHMncona,

Omopa npoaojißHtix can a nonepeqnbix asraöaiomax
MOMBHTOB m 2[KrM/M]B cepenane npononßHoro nponeia (-£ ) MR

s L

Moneneft c napaMßTpaMH y = 0,55; 0,64; 0,73 c BapaaHTaaa

narpysKH ( Cj,o =32 kP/m, Cj, H = 230; 400 npencTasneHH
na sar. 3. HsMeaenae npoaonßHux ycanaa oÖonoqKa

ÖJIH3KO napaöonaqecKOMy. Oipanaienbhhe nonepenane momshtk

Mi B TOHKäX 0 - 3 B CBHBHZH y HMBBT BBHHqMHy 0,7 - 0,8
ot Benaqanti momshtob b cepeflane npoaontHoro nponeia,

0 yueHLineHHeM othoihßhhh cj, o/cj, amopa onn
npaönasaeTCH k nanetönoii

, i.e. npaßnaxaeica k pesynßiaiaM,

nojiyqeHHHM no Teopaa tohkoctßhhhx CTepKHeü no MeuonaM co-
npoTMBJieHHH Maiepaanos, TaKoe xe pacnpenenenae npoflonßimx
yCHJIHÖi HMBBT MBCTO npa yMeHMieHHH OTHOHIBHHH y , KaK BH£-

fho Ha sar, 3, npa OTHouieHaa =0,73 aniopa ceanooöpaa-
Han.

OTpanaTejißHLie nonepennäe aaraöaiomHe uomßhth mi npa
fysenaneHaa OTHomeHaa y ÖHOipo yßejiaqnßaDTCH (c ysenaqe-

Hi!eM T 0T ao " OKono 5 pas), KaK bhhchhjioci,
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H3MBHBHHB MOM6HTOB (Tl % 3SBMCHT MOT H3MBHBHHH HapaMSTpa

nonepemie momshth y (SopiOßoro 3JieM6HTa npMÖJiHKaKTCH k ay-
JW,

äjih cpaBHSHHH bjiiihhhM napaMßTpoß F/h h q,o/q, aa BHyT-
psHHue ycmma npHMeHHioTCH ÖesMepHtie napaueipH K t H K m [2]•
nojiyqeHHHe rpa$HKH npeÄCTaBJieHH na sar, 4 - S.flapaMeip k t

H3MBHH6TCH b npeaejiax 0,67 - ü,B (npa tyo/ty = 0 - 0,5) h

HMBBT MaKCHMyM B 30H8 OTHOHIBHHM = 0,2 - 0,35. Ha TOM

xe rpasHKß A3HH KpHßiie, HOJiyqeHHHe ÜBTOfIOM annpOKCHMaitHH
CÄBHraiQmHX eo [l] h cTaTHCTHHecKO-aMimpoecKHU mßto,ziom[2J.
HapaMSTp K m H3MBHHBTCH B ÖOJIBDIHX HpejeJiaX B SaBHCHMOOTH

OT q,O/q, h F/ h (b tohks 0 npa F/h = - 0,02 -r 0,18).
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OTHocHTeJiLHue npornÖH npH narpyaicax (J, 0 =32 kP/m, q, =

= 230 Kr/M2 npn i = 0,55 -

,
npn = 0,64 -

.

•P \
npn -- = 0,73 EopiOßHe ajieMeHTH ociaioTCfl noqTH sep-
THKaJIBHHMM. PaSHHpa MSKfly nporHÖaMM KOHI-Ka OÖOJIOqKH H öop-
TOBOrO 3JI6M6HTa TJiaBHHM OÖpaBOM SaBMCHT OT BHCOTH ÖOpTOBO-

ro ajieMßHTa,

BHB 0 Ä H

1. nonyqeHHue peayjiLTaTti noKastißaiOT, qio ocHOBHHe Öes-
Mepme napaiieipa k t h K m sasiteht ot rpysoßbix h reo-
ueTph'ijckmx napaMeipos oÖojioqKH.

2. Hsm eneiaie reoMeTpMqeciaix h rpysostix napaMeipoß b
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Invest igations on Models of Gylindrical Shells

Summary

The paper deals with the results of the investigations
on the models of cylindrical Shells from organic glass. The

geometrical shape and boundary conditions of the Shells
are shown in Figs. 1,2, The models were loaded by pneumatic
pressure (Fig. 2), Fig. 3 shows diagrams of longitudinal
forces T,, and bending moment in the middle cross section.

T jnThe graphs of parameters K and from experiment and from
the calculation by approximation method of shearing stresses
are presented in Figs. 4-8.
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TALLINNA POLÜTEHNILISE INSTITUUDI TOIMETISED
TPyflU TAMMHCKOrO MHGTATYTA

CEf i H A fja 278 1 969

624.041

JO.K. Bhjihiihjibä

yPABHEHHM METOÄA KOHEMHÜX 3JIEMEHTOB
BAPMHTOM ÄHCKPETHO-BAPMALIMOHHOrO METOÄA

MaTpuuHHe SopMN cmji h nepeMeineHHž b BapMaHTe ko-
Heqnoro ansMBHTa nojiyqnjin mnpoKoe pacnpocTpaHßHHß äjih pac-
qsTa CTBprasßbix h KOHTHHyajiLHHX chctbm.

SaMBHa KOKTHHyaJIBHQS CHCTBMH fIMCKpBTHOM MOABJILWjHO 380-

jihbt psmaTß nmpoKHä Kpyr äjih kotophx nojiyqnTL Toq-

HOB pBIIiSHHB SaTpy^HHTB3ILHO HJIM H6BO3MOSHO, UpM fIHCKpBTHSa-

Uhh npHMBHHiOTCH pasjmqHHß chocoÖh: cTspsHßßafl anaJiorHH,
HJiaCTMHKH, COBfIMHBHHbie B y3JiaX, paBÖHBHHB KOHCTpyKUHM Ha

3JI6M6HTbI, MCHUTHBaiOmHB TOJIBKO OHpBABJIBHHHB BHBH
H T.fl.

OanaKO, qacTO fIHCKpeiMBauHH bhhojihhbtch ÄOCTaToqno sop-
MaJILHÖ, HCXOBH H3 HHTyHTHBHHX COOÖpaKBHHM H OHHTa, 310 3a-

TpyflHHBT HCCABÄOBaHMB BOHpOCOB CXOfIHMOCTH H OHBHKH TOqHOC-

th noJiyqasMMX pssyjiLTaTOß •

Mbtoa nspßMemeHnii moäho paccMaiphbstb m khk psuißHue Ba-

pHauMOHHOö sasaqH hphmhmh mbtoshmh b amckpbthoö nocTanoß-

kb. 3to nosBOJiHBT noaoMTH k pBinBHHK) MHornx saaaq öojibb

Ciporo H HCCJIBÄOBaTB BOHpOCH, CBH3aHHHB CO CXOfIMKOOTLK), OÖ-
yCAOBJieHHOCTLIO CHCTBM ypaBHBHM# H T.fl. [3j.

HhKB paCCMaTpMBüBTCH HOAyqSHMB OCHOBHbIX SaBMCMMOCTBÖ

nepBMBIIiBHMM fIJIH CTBpÄHBBHX H HAaCTMHqaTHX CHCTBM Ha
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ocHOBe P, UypMiojie ! [7] aacapeTHoro Bapaaaia

MeTOfla Paipa, Taaoa noÄXoa moscbt paccMaipaßaTßca a Kan

oöoöiueaae npaMoro Bapaaaaoaaoro SäJiepa,

B Meiose Siinopa npoMenyTOK apryMeaia paa-

ÖMBaeTCH na ottigjibhhs yqacTKa. McKOMaa Kpaaaa aa aaHBOM
yqacTKe annpOKCHMapyeTca jinaeaaoü (pyaKpaeä qepea aeas-
aecTHue aaaqeaaa

cbißaa aaaqeaae syaKnaoaajia aaa oTasjißaoro yqacTKa a Äaaee

cyMMMpya no bcsm yqacTKaM, noJiyqaeu syHKpaoaaji saa scero
npoMesyiKa, SHpaseaauä qepea aeasßecTaue aaaqeaaa ijyaKaaa

b Toqaax noapas/teaeaaa. IlapaMGipn onpeaeaaiOTca as ycaosaa
MMHHMyMa syaKuaoaaaa,

Ecjim npaöaMKaaiL acKOMyio syHKipio c noMoiHßio hojimhomob 3p-

MHia, io b KaqecTße aeonpaAsaeaaHX napaueipos b Bupaae-

aae syaKnaoaajia BoäflyT aaaqeaHa caiaoS iJjyaKD.aa a ee npo-
b ysjiax, 3to noasojiaeT BHöpaTL napaMeipH TaKaM

oÖpasoM, qToöbi oaa coßnaaaJiH c npuaauagmhmm oöoömeaabom
nepsMemeaaaMH b Meiose koh eqaux aneMeaTOß [l, ?],

TaKMM oÖpasoM, sasaqy pacqeia KaKoä-Jiaöo ynpyroa cac-
tgmh b saaaoM nocTaaoßKe mosho KpaiKo csopMyjiapoßaTL cjie-

ayiomMM oöpaaow: KoacipyKuaa pasÖHßaeica na aaeMeara,
syaKUHoaaa (noaaaa aaepraa) aaa oisesLHoro aaewaaia BHpa-
acaeica qepea oöoömeaaue nepeMsieaaH ero yaaos, cyMMapyeT-

ca eaaqeaae aaepraa no Boeu asejeaiaM, sause öepyTca qa-

GTaue npoaasoaaHe no napaMerpaM, b pesyasiaTe qero aoay-
qaeica cacieMa ypaßaeaafl,

Baa nocaeaosaTeaßHoro nepexosa ot aaeaeaTa k KoacipyK-

naa, b oöniew cayqae, öyseM paaaaqaTß ipa cacTeMN npaMO-

yroanaLix koopsmhet: ooöotb9hhhß och aaeMeaia ( x,y, z)f

oömae oca aaeMema ( X , Y, I ) a oöipje oca Koopsaaai cac-
T6MH ( X,, Y4, Z, ). Gootbototbohho öyseM pasaaqaTß a ipa
BHfla aeonpeaeaeHHNX napaMeipos (oöoömeaHHX nepeMemeaaM);
coöcTßeaatie napaMeipu aaeMeHia wj (j =i, 2... p(, 06-
mae napaMeipH aseweaTa Wj ( j=.j,i...r ) t oömae napawei-
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pH CHCT6MH Zj, ( L=l,2 ... N ), SfleCßl P - KOHHqeCTBO

oöoömeHHHX nepeMemeHHH ? hphhhthx MR aneweHTa, h N - oö-
mee KOJinqecTßO neonpeaejieHHHX napaueTpoß (h6H3B6cthhx),
npHHHTHX £JIH BCBÜ CHCT6MH.

fljIH CTepSHSBOB CHCT6MH COÖCTBeHHH6 OCH 3JI6-

M6HTa cosnasaioT c ero npoaojißHOß h rjiaBHHMH ochmh HHepipiH.

BjIH njiaCTHHqaTOä CHCT6MH #B6 COÖCTB6HHH6 OCH aOJIKHH aaxo-

#HTBCH B nnOCKOCTH 3JISM6HTa, a TpCTBH fIOJISHa ÖHTB HU ÜBp-

neHaMKyjinpHa, Oömne och KoopaHHai saeueHia napajuiejißHH 06-
miiM ochm CHCT6UH, a hx :iaqajio cosnaaaeT c HaqaaoM coÖct-

BBHHHX OC6H KOOpfIHHaT 3HBMBHTa. HaqaJlO COdCTBBHHHX H OÖ-

mHX oceß sjieweHTa npHHHuacTCH b oähom hs ero
ysjioß ( shp. I, 2).

IlapaueipH HenocpeacTßeHHO cBHsaHH c ochmh KoopflHHai.

SnaqeHHe sneprHH sjieueHTa BHpasaeu cnaqajia qepes codci-
seHHHe napaueipH sjieueHia h aaaee, yqnTHßan cbhsb ueacay
ochmh KoopÄHHai, nepexoaHM k odanu napaueipaM chct6Mh,

CoÖcTBSHHHe h odane napaueipH aaeMeHia nosepHyTH apyr
OTHocHTejiBHO apyra. üepexoa ot oähhx napaueTpos k apyrnu
MOÄHO npOMSBeCTH C nOMOIJiBK) HanpaßJlHlOipiX KOCHHyeOB 3JieMßH-

ia [6].

OÖinne napauexpH sireueHTa h chctsmh OTjmqaiOTCH apyr ot

apyra HHaeKcauH, Cbhsb ueuay hhuh mokho ycTanosHTß c no-
MOmBB CneiIHaJIBHOÖ TaÖJIHUH (MaipHPH) HHfIeKCOB T
jio cipoK b uaipHre T paBHO KOJiHqecTßy saeueHTOß b kohct-

pyKpHH, a qHCJio ctojiÖhob - KOJiHqecTßy hphhhthx ododaeHHHX
nepeMemeHHtt tpih saeueHTa. Kaataan cipoica uaipHiju
noKasHßaei äjih oanoro ajieueHTa, Kanne napaueipu hs odaeä
CHCTeuu cooTBeTCTByBT napausTpau aaanoro aaeueHTa.

C noMOipio uaipnan T saBHCMUocTB uesay napaueipauH

MR Kaicoro-To saeueHia c Houepou m , moiho supasHTß cae-
ayiouHM oöpasou:
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Wj = Zj, npn l = Tm j

Wj = 0 ecjiH Tmj = 0
Maipuua äjih njiocKoM paua,

noKaaaaa b TaÖJi. I

7

(I)
npnseaeHHon na $nr,I,

TaÖJinna I

\Wj
3JI•

I 2 3 4 5 6

I 0 0 I 2 3 4
2 2 3 4 5 6 7

3 5 6 7 0 0 0

JSjin coKpameHHH sänne ew, npnnnnn noJiyqenMH ochobhhx Mai-

pmj h nepexofl ot aneueHTa k cmctshs paccMOTpHM na TpilBH-

ajiBHOM npuMepe narnöa nnocKOü CTepsHesoö cncTeMti ($nr. I).



üojiHaH noTeHUMajißHan aaepraH oiaejißHoro aneweHTa c yqe-
TOM HSrHÖa M npOÄOJIBHOÄ aesOpMauHH B COÖCTB6HHHX OCHX HM6-

6T BMa; L L L L

n 3=T W oo dx+T v (*) dx - w dx-|nvw dx (2)
J J 0 J
0 0 oo

AnnpoKCHMHpyeM SyHKpHH W(x) h V( x ) qepea coÖct-

B6HHH6 napaM6TpH 3JI6MBHTa C lIOMOUtBID HHTepiIOJIfIUHOHHtIX HOJIM-

HOMOB SpMHTa:

VJ C*) = X- HJoo w j (3 )

4,4
V(x) =1 (4)

B BHpasceHHH (3) Hj (xi onpesejmßTCH TaKMM oÖpaaoM,
qTDdH noJiHHOM H (x ) =a, + a :x -t- a 3x x

+ a4 x s yaoßJieT-
Bopjui 6h eauHwqHHM jtpaeßHM ycjioBHHM:

H?(o) = * H Z(o]=o H = 0 H*2(ll - o

3(ol = 1 = 0 Hj( = 0

H 5(o) = 0 H 5(0) = 0 Hs(ü=l H s(L ) 0 )

Hg(o) = 0 H'g(0 ) = 0 H 6(l1 =0 = <

B BtipaseHHH (4) iiojihhom H( =b( + Ö2X aojiseH
JieTBOpHTB yCJIOBHHM:

H) = =O,
(6)
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lIoacTaBJiHH (3) h (4) bo (2), noayqaeM iJyHKpMOHaa bu-

paaceHHUM qepes coÖCTßenntie napaMeipa SEeuema:

+EFZ IJh]o,Xw‘%w£
-

joj J

0

i,i,5,6 j; ( ,4 p-1 J H,Hj („dxwj-IJ nHj (K,dxWj. (7 )

0
j 0

Ms BHpaEeHHH b KsaapaTHHX cKoöKax EOJiyqaeiCH oömewsße-
CTHaa MaTpHpa ®Bctkocth k (6x6') sjih imocKoro CTepxHH c
yqeTOM npoBOJiBHHX aesopMapnž, a nocjieaHHe asa qjiena aaioi
BeKTop peaKUHH ot BHenmeft HarpysKH p .

yqMTbisaH sto,mok-
ho BupaaceHHe (7) nepenncaT£ b MaipHEHOM snae:

n 3 = |wT KW-p T W. (8)

flajiee supasKM qepes oönme napaMeipu sjiemeH-

Ta W .
#jih sioro b (8) bmbcto MaTpimu k , cjieayeT

noaoTasMTL MaipHpy: TK = S k S ,

H BM6CTO B6KTOpa p I

P- STp.
Saeci. S HBJIH6TCH MaTpilljeSä HanpaBJIHIOmMX KOCMHyCOB 3JI6'

MSHTa [6].
TaKMM oöpasow:

n3=-WTKW-P rW. (9)

C noMOip»:: MaipMUH HHaeiccoß h saBMCMMocTeö (I) moäho tb-

nepL syHKpHOHaji sjieMeHia BtipasHTß qepes oöipje napaueTpu cn-
CT6MH, qio npaKTHqecKM cboähtch k nepecqeiy imaoKCOB b

MaTpupe K H BBKTOpaX W M p
,



n 3 = T s i K i,K zi- pln- <-Io>

3^6CB B6KTOPH Ij, H P|, HM6IOT paSMepH IX 6 H MSTpK—-

ua -6x 6, a aaasKCH L,k Moryi mbhhtlch ot 0 ao
N .

CyMMHpya bhpasceana swaa (10) no bcbm aneueHTau, noayqa-
-6M Baaqeaae Baepraa jpia scefl KoacipyiciiHH, Bupaaceaaoe aepes

oömwe napaMeipt: chctcmh:

nc= T žiA i(Kil -õ lzl ,
(ii)

rae
Ai( K = K K u Ql,— *

"ö nMb ycaoßna MMHUMyua (üyaKijMOHaaa (I) = 0, no--0 L'u

jiyqaew aenocpeacißeaao cacTeMy JiaaeÄHHX anreÖpaaqeoKax

ypasHeaaa;
A-I =ä. (12)

Aaaaoraqao, paccMaTpasaa cooTßeTCTßyiomae (JyHKijHOHaaH,
mokho nojtyqwTß ypasaeaaa a ocaosaHe MaTpauu Meioaa Koaeq-

HbEX BJIBMSBTOB fl/ia paBHOOÖpaBHHX Baaaq CTaTHKH, aMHaMHKH H

ycToaqasocTa idiockhx a npocTpaacTßeaHbix cTepacaeßux cacieM.

CaeayeT oiweTaTß, qio aaa Baaaq cTaiaKa, npaöaaseaae

SyHKUHK nepeMemeHHö ajireÖpaaqecKaua noaaaoMaMH b saae (4)
a (5) aaei Toqaoe pemeaae, b npeaejiax oöuqao npaaaMabmhx

npeanonoseaaa. äjih saaaq awaauiaKa, ycToaqasocTa a ynpyroro
ocaosaaaa pemeaae noayqaeTca npaänaaeaabiM a Toqaoetb sasa-
CHT ot qacxa sapßapyeuHX napaMeipos.

npaaijanaajißHoro oTJiaqaa ae coaepsai a saaaqa pacqeia

pasjiaqaux naacTaaqaTHX cacTew. Saecß syaKaaa nepewemeaafl

Bjieueaia, a pasao m sceä caoTeMH, mokbo annpoKcawapoßaTß c
noMomBK) noaaaoMOß asyx nepeMeaanx [2, ?]•
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Co6cTB6HHH6 M OÖlitHe OOH H napaMSTpbl ,ZPIH npn-
woyroJiLHoro sjieMenia imacTHHqaTofi chctsmh Ha

ÜOJiHyK) noTemjuajiLHyio aHepruß ajieueHia mokho npescTasHTß
b cyMMhi; aHeprrai Marnöa, anepriöi njiocKoro HanpnseHHO-

ro COCTOHHMH H paÖOTH BHGIUHHX CHJI,

n = n,■+■ n t +n 3 , (j3)

0 0

•(&)>*• w

-
n*-n§nlJ[») ,+®Ww +

l ] d* d>-
' (I5)

BneiuHKio narpyaKy npeanoJiaraew npaseaeHHOit k y3JiOßOŽ,no-
aiouy paÖoTy bhgiiihhx cmji mosho cpasy aanHcaiß b oömeM cmc-
Tewe KoopflHHaT aneMenia.
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n 3 =ZPjWj, ae)

rae Pj - oöoömeanaa õuna, npmioieaHaa b nanpaßJieHHH oö-
oömenHoro nepeueineHMH Wj .

B COÖCTBBHHHX KOOPÄHHaiaX 3JIBMBHTa MSP MU.' H njIOCKOS aa-
npaaceHHoe coeToaime moäho paecMaTpusaTß KeaasHCHMO. Bana-
ane nJIOCKOHanpaESHHOrO COCTOHHHH H3 MSPHÖ HB yqHTH-

BaeTCfl.
fljia Bajaan nsrnöa naacTnau b aaqecTße napaweipoß npnan-

MaiOTCfl 3Baqeaaa syhkumm npornöa u cooTßeTCTsyiomMX qaciaNX

npoh3b no x m y b ysaax, Bnpa3hm nporaö saeMeaia
qepes napaweipH c noMonjM) ajireÖpaaqecKnx noanaoMOß ;pyx
nepeMBHHHx:

* ii •

wC*>v) ~ (x.y)(l7)
J=<

rae H^y) onpeaejiHiOTCH ms ycaoßna aaaaoraqaHX (5).

IloacTaßJiHH BbipasceHHe (17) b (14), noayqaM aaepraK) asra-
Öa ajieMeHTa njiacTHHH, BupaaceHHOö qepes oöoömeaaue nepaMe-

meaaa ero ysjios-:

f n 11 pp r ■
<==T J J + H yy H yy +/J (H J

*X Hyy+ Hyy H xx +

■ J "

o 0
•

+2O ~/i) H Jxy H Xyj dx dy JWj we ,

(I8)

Sjih nnocKoro aanpaaeeaaoro cocToaana b KaqecTse napaneT-
poß npMHMMaeM tojilko saaqeana syaKiuiH u h v b ysjiax.üe-
peMemeaaa supasaeu cjieayioiuHM oöpasoM:

1,\5,7 .

(x,y) = w j 7 (19)
2,46,6 .

V(x,y) = zl wj*
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3aeci> onpeaeaaeica TaKMM oÖpasoM, htoÖh no-

JIMHOMH BMfla (20) yfIOBJIBTBOpHJIH ÖM efIHHMnHHM KpaSBHM yCJIO-

BMHM

H, (x ty) = +o jx -i- Ogy +a 7 xy j

H U)C,y) = + a 4 x + a 6V +°B x y- (20)

IIOÄCTaBJiHfI (19) b (15), ncwiyqaeM:

H <{Ü [ +

l=i e=i j J J
°°

1 (21)
* Hiy Hf() + + H[,)] dxdyj WjWe -

Ms BHpasceHHM (18) h (21) mohho noJiyqnTß

MaipnuH K6CTKOCTH ffliH nsrsiöa njiacTiäHH (12 x 12) h njiocicoro

HanpaseHHoro coctohhhh (8 x 8). Oöbsämhhh hx BwecTe c yne-
tom HyMepaunH napaMeipoß no sar. 2, nonynaeM Maipany xecT-

kocth äjih ajieweHTa njiacTHHqaTOt ckctßMh (24 x 24) b coÖct-

B6HHMX KoopawHaTax. Hs-sa hsäocTSTKa necia MaTpapa H6 npH-

BOÄHTCH.

üepexoa k oÖniMM KoopaHHaiaM saeMeHia, a setbm cncTeua

c noMomBK) Maipau HanpasjmiomHx KOcnuycoß, Maipmibi hhsßKcob
H 3aBMCMMOCT6O (I) BHnOJIHaõTÕH, KaK H B paCCMOTpSHHOM BHUIB

npwMepe asraöa CTepscHesoM CMOieißj.

AHajiorwyHO MoryT öutb noiyqöHH 3ebhchmocth äjih pacneia
njiacTHH na ynpyroM ocHOßaHim c ynoTon npoflOJißHO-nonepenHO-

ro HsrHÖa, njiacTMH c peöpaMM h t.h.

Ms paccMOTpeHHoro cnoooöa noiyqöHHH ypasHeHHä Henocpea-

CTBBHHO BHTBKaOT H fIOCTaTOqHO 3Sij9KTHBHHÄ aJiropMTM MX
(|)OpMHpOBaHHH, OÄHHaKOBO npwrOÄHHÜ KSK JJIH CTBpÄHBBMX, TEK

h njiacTHHnaTHX cmctbm. HeoÖxoflMMaa npw sopMHposaHMM HHsop-
Man,HH o TonoaorHH KOHCTpyKpHH, npocTO saaaeicfl c noMonp)»

MaTpmjbl H HanpaBJIfIKIHHX KOCHHyCOB 3JIBMBHTOB.B CJiy-
qae, coöcTseHHue- h oöipe oca bcsx 3jioMßHtob cosnaaa-
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MT, flocTaiogno saaaTß tojibko MaTpmjy HHaeiccoß (Hanpiwep;
nnocKMe opToroHajiLHHe nepeicpHTMH, üsrnö rniaoiMH h ÖajioK-

ctshok m T.n,). CaM npopeoo (popimpoßamiH c noMoutßß Maipn-

py HHfIeKCOB BscßMa yaoöen npw peajmsauHM na 3BM h Tpeöyei
CpaBHMTSJIBHO M3JIO MaiiIUHHOPO BpSMSHM [^].

PeajmsoßaHHaH na 3BM "Mhhgk-22 11 nporpaMMa, nosßOJiaeT

paCCTOTHBaTB Ha npOHHOCTB npOM3BOJIBHHB HJIOCKHe M npOGTpaH-

C TBBHHHB CTepKHSßbie GMGTBMH, HJiaCTHHH Ha M3PHÖ,ÖajIKH-GTBH-

KH M HJiaCTHHqaTHe GHGTBMH TMHa CKJiaflOK H KOpOÖOK, PaCHSTH
HJIOCKHX CTBP3SHBBHX GMGTBM M035H0 npOHSBOÄMTB 0 yqBTOM HpO-

ÄOJiBHO-nonepeqHoro M3rn6a (no cxene) [s],
yqei neHToqnoM cipyKiypa, nojiyqaeMHX chctsm ypasHenM,

HO3BOJIHBT paCCqMTHBaTB KOHGTpyKIJMM 0 KOJIMqeGTBOM HBH3-

BBOTHHX AO 3000. OghOBHHM OrpaHMqBHHBM HBJIHBTGH HHpiiHa

JIBHTH, KOTOpaH B aaHHOM HporpaMMß H 8 MO3CBT ÖHTB ÖOJIBB 60,
o qHTan no oany oiopony ot raasHofl awaroHajin, Gjieayei ot-

MBTMTB, qTO npn GOOTBBTGTByiOmeŽ

GTBMa ypaßHeHHü Meroaa nepeMememia soeraa raeei aen-
ToqHyß GTpyKTypy•

PacqeT paajiHqHHX KOHGTpyKipaÄ npaKTMqeoKH OTaHqaeTCfl

apyr ot apyra tojibko MaTpuuefl kbgtkogth, noaiouy ooHOBHaa

nporpaMMa hbjihßtch HBH3MBhhoK mh jwöoä saaaqja. B jih bh-
qncjieHHH MaTpun ssgtkogtm paspaÖOTana GMOieMa npoanporpaMM.

B saBMGMMOoTH ot 3aaaqn, b hgxoähhx aaHHHX yicasHßaeTCH ho-

Mep HBOÖXOÄMMOO MaTpHHH ÄBGTKOGTH H MaillHHa aßTOMaraqecKH

BKJiioqaeT HyscHyß noanporpaMMy b oooTas ochobhoü.
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J. Wilipöld
Ableitung der Gleichungen des Deformationverfahrens

aus der Variationsaufgabe

Z us ammenf ass ung

In der Abhandlung wird die Ableitung der Gleichungen
und Grundmatrizen für die Berechnung der Stab- und Plat-
tensystemen dargelegt. Hier werden folgende Fragen be-
trachtet: der Aufbau der Steifigkeitsmatrizen für das ein-
zelne Element, der Aufbau der Systemmatrizen und die Lösung
des Lineargleichungensystems mit Bandstruktur.

Der Algorithmus wird auf dem elektronischen Rechenau-
tomaten "Minsk-22 M realisiert.
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