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BBEAEHHUE

CranpHble KOJIOHHBI OJHOSTaXHBIX 3JaHUM MMEKOT IIOCTOSIHHOE W
IIEPEMEHHOE Ce€YeHUs N0 BbICOTE. Kpome TOro, KOJOHHBI JEIAT Ha CIUIOIIHOIO,
CKBO3HOI'O M CMEIIAHHOTO THUIIOB CEYEHUM. B CMEmaHHOM TUIE KOJIOHH
HAJKpPaHOBasi 4acCTh UMEET CIUIOIIHOE ce4YeHHue (B BUAE OJHOTO MHpodumis), a
MOJIKPAHOBAasi — CKBO3HOE (B BUJIE JIBYX MPOQUIIEH, COEAUHEHHBIX PEIIETKOM ).

B 3maHuax OeckpaHOBBIX M € KpaHamH Trpy3onoabeMHOcThio a0 200 xkH
BbICOTOM 70 8.4 M TMPUMEHSIOT CTalbHble YHUPUIMPOBAHHBIE KOJIOHHBI
ITIOCTOSTHHOT'O CEYEHUS U3 CBAPHBIX ABYTaBPOB C BbIcOTOM cTeHKHU 400 n 630 mMm. B

OeckpaHOBBIX 3AaHUsX BbicoTod H = 9.6 — 18 M HCHONB3YIOT KOJOHHBI
JIBYXBETBEBBIC.
B 3pganusx BeicoToit 10.8 — 18.0 M, 000pyIOBaHHBIX KpaHamMu

rpy3onoabeMHOCThI0 10 500 kH ucnonb3yroT yHuGUIMPOBAHHBIE JBYXBETBEBHIC
KOJIOHHBI CTYNEHYATOIO0 OYEpPTaHUsA, COCTOSIIME M3 ABYX YacTEH: MOAKPAHOBOMU
(pemreT4aToi) M HAIKPAHOBOM (M3 CBAPHOTO JABYTABPA).

Jns 3gaHuii, UMEMKUX BhICOTY Oojiee 18 M M 00OpYJOBaHHBIX KpaHaMu
rpy3onoabeMHocTeio 750 kH wu Oosee, cTajJibHbIE KOJOHHBI MPOEKTUPYIOT
WHIMBUAYAIIBHO.

JIByXBETBEBbIE KOJIOHHBI MO THIAM CEUYEHUs BETBEU MPOEKTUPYIOT B TpeX
BapUaHTaX:

1. IIpn mmpune ceuenus no0 400 MM — HapyKHas U MOAKPAHOBAsI BETBU U3
MPOKATHBIX IIBEJJIEPA U IByTaBpa, COOTBETCTBEHHO;

2. Ilpu mmpune ceuenust 400 — 600 MM — HapyXHasi BETBb M3 THYTOI'O
HIBeJUIepa, MOJIKPAaHOBAsk — U3 MPOKATHOTO ABYTaBpPa;

3. Ilpu mmpune ceuenusi 6omee 600 MM — HapyKHasi BETBb W3 THYTOTO
HIBeJUiepa, MOJIKPAHOBAs - M3 CBAPHOTO JABYTaBpa.

HankpaHoBass 4acTh KOJIOHHBI NPOEKTUPYETCS M3 CBApHOIO JAByTaBpa C
BbICOTOM cTeHKH 400 MM B kpaitHuX u 710 MM — B CpEeJIHUX KOJIOHHAX.

Jnst  coenuMHEeHHUs BETBEM CKBO3HBIX KOJIOHH MPHUMEHSIOT PEUIeTKU
Pa3IMYHOrO OYEPTAHUSI: TPEYTOJIbHBIE, PACKOCHBIE, KPECTOBBIE U MOJIYKPECTOBBIE.
Pemietky ycTpaumBarOT JBYXIUIOCKOCTHOM, W3 TPOKATHBIX YrojkoB. Jlid
BOCIIPUATHUSL JEUCTBYIOIIUX B TOPU3OHTAIBHOM IUIOCKOCTH MOMEHTOB pEIIeTKa
yCHJIMBAETCs AMadparMaMu, pacroyioKEHHbIMU YEPE3 YEThIPE pacKoca Mo BBICOTE.

Pemeruarasgs yacTh KOJIOHHBI 3aBEPIIACTCS OJHOIJIOCKOCTHOM TpPaBEPCOM,
COCNIMHAIONIEH €€ BEeTBU C HAJKPAHOBOM YAaCTbIO, KOTOpAs BBIMNOJHIETCS W3
CBApHOTIO JIBYTaBpa.

CruiourHple KOJIOHHBI MPUMEHSIOT PU [IEHTPATBHOM CKATUU WJTU TIPU MaJIbIX
HKCLIEHTPUCUTETAX IMPOAOIBHOM chiibl. Yale MCHoJIb3yHOT KOJOHHBI CKBO3HOIO
ceueHus1, TpeOyIOIIre MEHBIIIET0 Pacxo/ia MEeTajlia, XOTsI OHU U 0oJiee TPYJOEMKH
B U3TOTOBJICHHH.

B 3maHusAx ¢ KpaHaMH TSKEIOTO PeXUMa padOTHl U MPU UX JBYXBIPYCHOM
pacIoNoKEHUH, a TaKKEe MPHU MPOJIETAX, CO CTOPOHBI KOTOPBIX MPEIYCMATPUBAIOT
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pacImipeHre 1exa IeJecoo0pa3HO TNPHUMEHSTh  pa3feibHbIC  KOJOHHBI,
MO3BOJIAIONINE YCHIMBATh IOJAKPAHOBYIO BETBb (HAaNpUMEp, IPH YBEITUICHUU
Ipy30MOBEMHOCTH KpaHa), He HapyIIasi KOHCTPYKIIMH MTOKPBITHSI.

B HmwKHEHl dYacTu CTalbHBIX KOJOHH MPEIyCMAaTPUBAIOT CTalbHBIE Oa3bl
(bammaku) s YBETWYCHHS IUIOMIAAN OMUPAHUS KOJOHHBI M CONPSDKEHUS €€ C
dbynnamentom. KoHcTpykmmsi 6a3bl ompenesiseTcss THIOM KOJOHH (CIUIOUTHBIC,
CKBO3HBIC WM pa3/ieibHbIC), BEIMUYNHON W XapaKTepOM Harpy3kd (IEHTPATIbHO
Harpy)XeHHasi, BHEIEHTPCHHO HarpyXeHHas), a TakKe CIOCOOOM OINUpaHUs
KOJIOHH (IIIapHUPHOE, HKECTKOE).

ba3el 1EHTpanbHO CKATBIX KOJOHH PEKOMEHAYETCS yCTpauBaTh W3 OJIHOM
TUTUTHI WM U3 TUTATHI, YCUJICHHON pedpamMu )KeCTKOCTH.

JInst yBenTWYCHUS IUPUHBI CTEPKHS KOJIOHHBI W YCWJICHHS TUTATHI 0asbl
YCTaHABJIMBAIOT IOTIEPEUHBIC TPABEPChl W3 JHMCTOB. TpaBepCchl BOCHPHHUMAIOT
HArpy3Ky OT CTep>KHS KOJIOHHBI U TIEPEIAI0T €€ Ha OMOPHYIO TLTUTY.

ba3pl BHEHEHTPEHHO CXKAThIX KOJOHH TpU HEOONBIINX H3TUOAIOIINUX
MOMEHTAaX JIeJal0T TAKUMH K€, KaK 1 0a3bl IEHTPAIBHO CKATHIX KOJIOHH.

[Ipyn ManbIX pPacCTOSIHUSIX MEXIY BETBIMU U HEOOXOJUMOCTH YBEIMYCHMUS
1yiedya aHKEPHBIX OOJITOB B CKBO3HBIX KOJIOHHAX JOMYCKAeTCs MPUMEHSTh OOIIYIO
0azy Ha 00e¢ BeTBU. B OOJBIIMHCTBE Ciy4yaeB JJIsi BHEICHTPEHHO CXKaThIX
CKBO3HBIX KOJIOHH yCTPaMBAaIOT pa3/ieibHble 0a3bl (M0 KAXKIYI0 BETBb OTICIbHYIO
0a3y mo Tumy 0a3 HEHTPaIbHO CHKATHIX KOJIOHH.

CranpHbIC KOJIOHHBI OMTUPAIOT HA JKEJIe300€TOHHBIC (PYHIAMEHTHI Yepe3 CII0H
IIEMEHTHO-TICCYaHON CTSDKKU. ba3bl KOJIOHH KperaT K GyHJIaMeHTaM aHKEPHBIMU
OonTamu, 3aKJIaIbIBAEMBIMH B ()YHIAMEHTHI TIPH UX U3TOTOBIICHHUU.

Jis 3ammThel OT KOPpPO3WHU MOATOJBHYIO 4YacTh KOJOHH BMeCTe C 0a3oif
MOKpBIBaIOT cioeM OetoHa. CTEHBI, KaKk U B jKeJIe300€TOHHOM KapKace, OMHPAI0T
Ha (QyHIaMEHTHBIC OAJIKH, YII0KEHHbBIE HA YCTYIBI (PYH/IAMEHTOB.



1. TIPOEKTUPOBAHMUE CTYIIEHYATBIX KOJIOHH B
IMPO3BOJACTBEHHBIX 3JAHUAX

B IMPOU3BOACTBCHHBIX 3JaHUAX ITPUMCHAIOTCA KOJTOHHBI 3-x BHUIOB:
a) ITOCTOAHHOTI'O 11O BBICOTC CCUCHMU:I,
6) IMCPECMCHHOTI'O ITO BBICOTC CCUCHUA—CTYIICHYATBIC,

B) B BHUJE JBYX HE JKECTKOIO CBA3aHHBIX MEXK]Y CO0OIl BEeTBEH — B BHUJE TaK
Ha3bIBAEMBIX OTAEIIBHO CTOSIINX KOJIOHH.
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MocToBou KpaH OIIpacTCA Ha KOHCOJIb.

Takue KOJIOHHBI MPOCTHI B U3TOTOBJICHUU U TEXHOJOTUYHBI IPU MOHTAXKE.
[Tpumensitorest npu Q = 15 + 20 TOHH, IPU JIETKUX MOCTOBBIX KpaHaXx.
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[TonkpaHoBasi BETBb HECET TOJbKO BEPTUKAIbHYIO HArpy3Ky OT MOCTOBOIO
KpaHa;

[ITaTtpoBas ke — TOJBKO HArpy3Ky OT maTpa (MOKPBITHSA, BETPa U TOPMO3HBIC
CHUJIBI OT KpaHa).

OTaenbHO  CTOSIIME  KOJIOHHBI — NPUMEHSIIOTCA B YHHUBEPCAJbHBIX
MPOU3BOJACTBEHHBIX 3AaHusAX. OHM TO3BOJSAIOT, HE Hapymias paboThl B IIEJIOM
pamMbl (yAaJUB TOPU3OHTAIbHbIE IUIAHKW), MOMEHSTh IOJKPAHOBYIO BETBb —
JPYroro CE4YeHus, Apyroi BHICOTHI (IIPH PEKOHCTPYKLUU 3/IaHUN).
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CryrneHuaTbie KOJIOHHBI, OCHOBHOM THI KOJOHH — CIIOCOOHBIN HecTu Q =
300+400 TOHH — rpy30M0BEMHOCTh MOCTOBOI'O KpaHa.



HDI/IMCDBI KOJJOHH CpCAHHUX PAAOB
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Yem oTiiMyaeTcst pacdyeT U KOHCTPYUPOBAHUE CTYNEHYATON CIUIOIIHOM KOJIOHHBI OT
pacdeTa ¥ KOHCTPYUPOBAHUS CKBO3HOM?

CruionrHas KOJOHHA CkBo3Has
KOJIOHHA
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Bepxusisg 4yacth

BepxHue yacTi KOJIOHHBI OJJMHAKOBHI B 000OMX BapHaHTax — CIUIOIIHBIE, B BUJIE
JIBYTaBPOBOTO ceveHusi, mpudeM npu b<50cm — ceyenne npokarHoe, mpu b>50cM
— ceueHue cocraBHoe (puc.l) u (puc.2).

Pacuer BepxHell yacTH B OOOMX BapHaHTaX OJWHAKOB: PACCUMUTHIBAIOT Kak
BHEIICHTPEHHO-CKAThIM CTEP’KEHb CIUIOLIHOIO CEUYCHHUS:

F p
o= <R, )
Py - A
['ne @y —KO3(PPUIMEHT BHELEHTPEHHOTO MPOAOJIBHOTO M3ruda (To4Hee

KO3((PUIIMEHT, YYMTHIBAIOIIUKA BO3pACTaHUE HANPSHKEHUH IMPU BHELEHTPEHHOM
COKATHU CTEPIKHS).

HuxHsas yacth

OTnnuus B KOHCTPYKLUU:

1. B cruiomHbIX KOJOHHAX CEYCHHE UMEET BHUJI IByTaBpa, OOBIYHO
HECUMMETPUYHO ceueHus (puc.3):

nodkpanobas bemby
wampobas bemby /
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\De“éuu npodonbHble

Puc.3
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2. B CKBO3HBIX KOJOHHAX BMECTO CILIONTHON CTEHKU — PacKoChI (puc.4).

amaeparMma XeCtTKoCTM—
padsCoTAOEeT HA Ccasunr
ner KpyueHdn1 KO/10HHbI

Puc.4

3. Ins oOecrnieyeHnsi MECTHON YCTOWYMBOCTH B CIUIONIHBIX KOJOHHAX
YCTaHABJIMBAIOT pedpa >KECTKOCTHU, B CKBO3HBIX KOJIOHHAX — PacKoOChI,
croiiku (puc.4), a Takxke auaprpaMmbl KECTKOCTH ISl OOECreueHUs
COBMECTUMOCTH pabOThl BETBEH MPH KPyUSHUH CKBO3HOUM KOJIOHHHI (puc.4).

4. Ecnu BbICOTA CeYeHMs HWXKHEH yacTu KojoHHBI b<100cMm (puc.3 u 4), T0O
KOJIOHHY MPOSKTUPYIOT CILIONIHOTO ceueHwusl, ecm b>100cm — ckBo3HOTO.

Otnuuue B pacyere

HuxHIOI0 4acTh Kak IeJbli CTepKeHb B 000MX BapuUaHTaX PacCUUTHIBAIOT IO
MOJIENId BHEUEHTPEHHO-CXKATOro crepxHs (mo ¢opmyne 1). Ilpu sTom

o - R
KOA(POUIIUEHT ¢,, 3aBUCHUT OT yCIOBHOW TMOKOCTH A = }t-JE , IPUBEIEHHOIO

OTHOCHUTCJIBHO OKCHCHTPUCHUTCTA
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* *

m=n-m |, m =

m A
F W
n —y4uTbIBaeT BIUsiHUE (opMbl ceueHust, onpeaensercs no CHull «CranpHbie
KOHCTPYKIMMW» - Tabnuua 73.

Ho n=1 nnd JTFOOBIX KOH(i)I/IpraHI/Iﬁ CCUCHUAA, CCJIN TOJBKO KOJIOHHA CKBO3Hasl,

T.K. Ui 9TOro cCiy4das BCTBH pa6OTaIOT Ha pacCTAKCHUC MJIM HaA CIKATHC. I[J'ISI
CIINIOIIHBIX K€ KOJIOHH

n=1; n=1; 1,1, 1,2; 1,3—3aBUCHUT OT BUJIa CCUCHUS.
/_\\[Vh ,/’\Mz
¢F1 ‘ F2
A A
A A
e e e e
Puc.5

B ciydyae CKBO3HBIX KOJIOHH BETBb MEX]Y ABYMS CMEXHBIMU y3JIaMU (puc.S)
MOJKET MOTEPSITh YCTOWYUBOCTH MPOJOJIBHOTO U3TH0a.

Kaxxnyro BETBb IPOBEPSIOT HA YCTOMYUBOCTD OTHEIBHO:
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@, —3aBUCUT OT THOKOCTH (BETBb MPEACTABISICT COOOW MEHTPATBHO CHKATHIN

CTEPKEHb) A, = ﬁ;
I’.1

@, —3aBHCHUT OT THOKOCTU A, =—; [I,.I, —paJnyChl UHEPIIUU CEUCHHI1 BETBEH.
r

2
[TogpoOHOCTH pacyeTa M KOHCTPYHPOBAHUS KOJOHH CMOTPUTE B IpHUMEpPAX

pacuera.
BapuaHThI V3JI0B M CONPAKEHUMN.
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IMoaxkpaHoBBIE KOHCOJIH

a — IIPpH CINIOHIHBIX KOJIOHHAX; 0— IIPpH PCIICTYATBIX KOJIOHHAX, B —
AByCTCHYATasA KOHCOJIb.
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B)

Doy 3

MAuTY cTRAraTte, Ta
KOAOHIES FPE3EPIAATD

7

Osume 5a3bl
BHEUEHTDEHHO CXaThiX

KO/OHH
g-Nerkom ChACWHOR KOAQHHLI
C OAHOCTEHUOTOM TDOBEeDCOW;
E-NEerKOM DeWeTudTom KOAOH-
HH; B-ABYCTEHUOTAS 65030 C
OBLUMA TDOBEPCAMU]
r—4ByCTeHUATaA 6034 C
PO34€/bHLIMA TPOBREPCAMU]
l-gHKepHBe BOATH
C-OHKEDHBE MAUTKM.

.

TaDEe

MAuTa eTParars,

KAAGHe SOSMMTARATE
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OmnopHbie IIATHI 023 NMPU 0e3BbIBEPEYHOM METO/Ie MOHTAXKA

1 — nnuTa; 2 — MoANIMBKA; 3 — YCTAHOBOYHBIN OOJIT JJISI PUXTOBKH TUTUTHI MO/
KOJIOHHY; 4 — aHKepHBIC OOJITHI.
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2. PACYET CTYHNEHYATOM KOJIOHHBI CKBO3HOI'O CEUEHUA

2.1. UcxoaHble TaHHbIEe

TpeOyetcst mogoOpaTh ceueHne CIUIONTHOW BEPXHEW M CKBO3HOUW HWDKHEH dacTei
KOJIOHHBI OJHOIIPOJIETHOI'O MPOM3BOJICTBEHHOIO 3[aHUs, (PUTellb UMEET KECTKOE
CONpSKEHUE C KOJIOHHOM). PacueTHble ycunus ykasanel B Tabmuue 4.3 wu
KOMOHWHAITHAX Harpy30K.

Jl71st BepXHel 4acTH KOJIOHHBI B ceueHuu 1-1:

M;=-631,5 xHem, N; =-323 kH;
B CCUCHMH 2-2 TIpU coueTaHuu Harpy3ok (1,3,4):
M2:569 KH’M, N2 =-256 kH.

JI71s1 HYDKHEH 4acTH KOJIOHHBI B CEUCHHH 3-3:

M; =-1320,4 xHem, N; =-1735 kH;

B ceucHUU 4-4.

M,=881 xHem, N,=986 kH.

CooTHOIIIEHHE )KECTKOCTEH BEpXHEH M HIKHEH yacTei KoaoHHsI |,/1,=1/5 ;
MaTepuall KOJIOHHBI: CTajdb Mapku B, 3 ; 2 , 6eToH dhyHaameHnTa kiacca B 12,5.
KoHcTpyKTHBHAs cXema KOJOHHBI ITOKa3aHa Ha puc. 5.1, a.

2.2. OnpenejieHne pacyeTHbIX JUIHH KOJOHHDI

PacuetHbie AiMHBI U1 BEPXHEW W HUXKHEW 4acTe KOJOHHBI B TUIOCKOCTH paMbl
oTpeeNuM 10 (hopMyIam:
La=pely,
1o =2 * la.
Tak kak H,/H,=1,/1 =5,6/7,6 =0,74 > 0,6
u N,/ N,=1054 /323 =3,26 > 3, 3HaucHUS KOIPPUIIMESHTOB L3 U L, OTIPEIACITUM
CIIEAYIOIIMM 00pa3oMm.

Haunxypmee coueranne Harpy3o0k B 1-om ceueHuu (pUCYHOK NIEPBBIN B
tabmutie 4.3)

1,2,3*4*
M=-631,5kH * m;
N =-323 kH.

Ucxoausie nanueie B ceuenuu I-1:

F, =- 323 xH. Ilpu stom coueranuu (1, 2, 3*, 4*) B ceuennn 111-111
Fi= - 499 kH

Fi1+ F, =-323-499 =822 xH. (puc. 5. 0),

['eomeTpruecKkre XapaKTepUCTUKH:
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1,=7,6 M, |,=1,

1,=56wMm |,=5.

C uenbro onpeaeseHus KodOQPUIIUEHTOB 1 U L, (U1 onpeieNIeHUus] paCueTHBIX
JUTMH BepXHEW 1 HIDKHEHW 4acTH KOJIOHHBI) HalIeM.

a:/'lﬁl./ﬂZ = IZ/I b V IH/(IG .ﬁ)7
rae B=(F +F,)/F,=822xH /323 xkH = 2,54,
F1 u F - cuitbl, npuiioKeHHbIC K KOJIOHHE B YCTYIIC U B BEPXHEM Y3IIC;

o, =56m/7,6me =1,03.

le254
V.1-254
Boeruucnum ’n” o gpopmyiie:

n= IK/ I (Ipl / Ipl + |p2/ IpZ);
rae 1, - pacueTHas JJIMHA KOJIOHHBI (CM);
|, - MOMEHT HHEPIIUH CEYCHHS KOJOHHBI (CM");
|, - MOMEHT HHEPLIMU CEYEHUS PUTeIIs (em?)
1, - umna purens (cm).
PaccmarpuBaemoe 31aHue - OJTHOTIPOJIETHOE, TTOATOMY
2_Q 2 _ o
1,"=0; 1,°=20; 1, =30m;
I

n= ioh:@o§21,76
o e 30m 5
npu n=1,6 m 0;=1,0
W =2,0;
npun=18 u o; =15
w=2,52;
nmpu N =1,76 m a; = 1,03
w = 2,03;
KoddpureHT

=/ o=2,03/1,03 =1,97.

Takum 00pa3oM 111 HYDKHEH 9acTH KOJOHHBI

1ii=p*1;,=2,03 760 cm = 1543 cm,

o= * 1,= 1,97 « 560 cm = 1103cm.

PacueTHbie IIMHBI U3 TUIOCKOCTH paMbl (cM. puc. 3.1.6) 11t HU>KHEW U BepXHel
4acTel KOJIOHHbI COOTBETCTBEHHO PABHBI

1y1 =H,,

1,1 =760 c™m,

1y,=H,_Hg=560cm- 120 cm =440 cm.
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2.3. [Tox0oop ceyeHUst BepXHeld 4aCTH KOJOHHbI

CeucHre BEpXHEH YaCcTH KOJIOHBI IPUHUMAEM B BHJIC CBAPHOI'O ABYTaBpa BHICOTOM
h,= 1000 mM.

JI711 CAMMETPHYHOIO IBYTaBpa PaaUuyC HHEPIIMH

I,~0,42¢h =0,42100cm = 42cM,

rae h — BbICOTa ceYeHHUs KOJIOHHBI, Ha3HavyaeMasi IIPH KOMIIOHOBKE PaMbl;
px=0,35°h=0,35°100cm = 35¢cmMm;

2
T= (1xl/ ix) « JRIE = 1103cm . 21,5K1:I/CM 085
42¢cm 2,0610"xH / cm

(Mg cramun B, 3 2 Tommmuuoi 20mm R =215 mIla=21,5 KH/CMZ);
M x= lo/px=M/(N 0,35 « h)=

= 63150 kHecm / (323 kH*0,35+100 cm) = 5,59 .

3HadeHne Ko3ppuuuenTa 1j onpeaenum no npuioxenuto 10. [lpumem B

nepBoM npubamxkenun A, / A, = 0,5, Torma
n=(1,90-0,1+m,)-0,02 *(6-my)*A=
= (1,9 - 0,1 « 56) - 0,02 ¢« (6 - 56) « 0,85 = 1,34 - 0,0068 = 1,33 ,
Mixy=wneMmy=1,33559=743.
[To nmpunoxenuro 8 Ax=085 u m=7,43,
¢pe= 0,192,

Ap =N/ (@R *2)=
=323 kH /0,192 « 21,5 kH/cm® * 0,95 = 82,4cm”.
KoMnoHOBKa ceueHHsi: BbICOTA CTEHKH
he=hy- 2 ¢ t,= (5.12)
=100cm -2+ 1,2cm=97,6cm
(mpuHMMaeM NpeaBapUTENBHO TOJNIIMHY MOJOK t, = 1,2cm), puc. 5.1,0.

[To tabmume 2  npunoxkenus 21 mpy m > 1 u A > 0,8 momkHO
BBINOJIHATCS YCIIOBUE MECTHOM YCTOMYMBOCTHU:
Nex / tey = (0,9 + 0,5 1) «JE/R =
WIHA t., > 97,6cM /41 =2 4cm.
[TocKOJIBKY CedYeHME C TaKOW CTEHKOM HEIKOHOMHMYHO, NMpuHuUMaeMm t.= 0,8cm.
(her / te; = 80 ... 120) u BK/IIOYAEM B pacueTHYIO IUIOMIAAb CEYCHHS KOJOHHBI J1Ba
KpalHUX y4aCTKa CTEHKH IIUPUHOM I10
206010 kH | cm?®

215kH | cm?®

=21l cm

0,85 ¢t VvR/E=0,85°0,8cm * \/

TpeOyemas maomaas NoJIKH:
Anrp=(Arp * 200,850 t,” *\JE/IR) [ 2 =
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2,06010%kH | cm?
215kH [ cm®

=0,5¢ [82,4cM” — 2 + 0,85 (0,8cm) \/ = 0,5+ (82,4cM’-

- 33,7cM?) = 0,5+48,7cM” = 24,3cM’.
N3 ycimoBHsl yCTOWYHMBOCTH BEPXHEN YaCTH KOJIOHHBI U3 IIJIOCKOCTH
AeHCTBHA MOMEHTA LIMPUHA NIOJIKH B, > 1y, /20 .
N3 ycimoBHst MECTHOM yCTOMYMBOCTH ITOJIKU
Bey / 1, <(0,36+ 0,1+ 7 ,)* JE/IR=
2,06010*kH [ cm?
21,5¢H | cm?

=13,8,

= (0,36 +0,1 +0,85) * \/

rae By = (B, to)/2.

[TpuauMaem B, = 22cMm, t;-1,2cm,

Anrp = 22cMe1,2cM = 26,4cM” > A, = 24,3eM

B, = (1/20) <1y, =440cm / 20 = 22¢m ,

Bz [ th=(22¢cM - 0,8cm) / 2+1,2¢cm = 8,8cm < 13,8cm.
['eomeTpuueckre XxapakKTepUCTUKU ceueHus (puc. 5.1,B).
[TonHas momangh CCUCHMUS:

A= 2¢B ot t thy, = 2¢22¢cMme1,2cm + 0,8cM*97,6cm = 52,8cm 2+

+78,1cm = 130,9¢cM’.

Pacuetnas nmiomanp ce4eHHs C y4€TOM TOJIBKO YCTOMYMBOM 4acTH

CTCHKH:

A =2eBot, + 20 t, > 0,85+ VE/R) =

20 2cme 1.2cM + 200,85+ (0,8cM)? » \/ 20610 [ en”
215«H [ cm
= 52,8cMm” + 33,7cM” = 86,5¢cM’;
|« = tee (Ne)®/ 12+ 2¢B,ot,  [(hy - BL)/ 2] 2= 0,8 97,6/ 12 +
+ 20220 1,24 [(100 - 1,2) / 2] = 61980,9cm” + 12885 1em” = 190832¢My ;
| =20 ty(B,)%/ 12 =22 1,20 22 %/ 12 = 25555 2cm"/ 12 = 2129,6cMm* ;
W,=1,/(h,/2) =190832cm?/(100cm 12) = 3816,6¢cm°
px = 3816,6cM° / 130,9cMm® = 29, 1cM,
rael - pagnyc MHEPIUU OTHOCUTEIBHO OCH X - X ;
WX - MOMCHT COHpOTI/IBJ'IeHI/ISI OTHOCUTCIBHO OCH X - X,
Ix - MOMCHT I/IHepI_II/II/I OTHOCUTCIIBHO OCH X - X,

A,- moaHas MIoNaah CCUCHMS,;

- /I/ _|190832cm*
g A, 130, cm?
JIns mpoBEpKH yCTOMYMBOCTH BEPXHEW YaCTH KOJIOHHBI B INIOCKOCTH
JEHCTBUSI MOMEHTA BBIYMCIMM FMOKOCTh 1O (hopmysie:



A, =1, /i, =1103cw/38,2cu = 28,9; ;

2
7= 4 eNRIE =289e | 2WOKHIew’ 43
) 206e10°xkH /[ cm

my=M,/(N+ py) =
= 63150kHe* cM/(323 xkHe 29,1cm) =
= 63150kH* ¢cM/9399,3 kHe cM=6,72;
AL/ Ag=8Byty/ (t * he) = (22cMm * 1,2¢m) /(0,8¢cm © 97,6cMm) =
=26,4cm” /78,1em’ = 0,3,
3Hadenne kodpduimenTa 1 onpeaenseM 1o npuwioxkerno 10
mpu A,/ A, =0,3:
5<m<20
n=12 pu A, /A¢; = 0,25;
n=1,25 pu A,/A.=0,5;
n=1,21 npu A /A =0,3;
My=1 e my= 1,21 6,72 =8,13 .
Tenepb KOOPOULUUEHT Qg HAXOAUM IO MPHIIOKEHUIO 8
¢ss = 0,176.
HanpsixeHue B ceueHuu:
6 =N/( QO * A)=
=323 kH /(0,176 * 86,5cm %) =323 kH / 15,2cm* = 21,3 kH/cM’.
Henonanpsixenue :
[(R- 6)/R] * 100%<5%;
[(21,5-21,3)/21,5]°100 %.=0,93%<5%.
JIns1 mpOBEPKH YCTOMYMBOCTH BEPXHEW YACTU KOJIOHHBI U3 TNIOCKOCTHU JCUCTBUS
MOMEHTA OIPEaETUM THOKOCTH 0 (hopMyJie:
M=1y/1,=440cm/4,03cm=109,2 ;
¢ y= 0,521 - (1m0 npuIOKEHHIO 7).
st onpenenenys M, HaMAEM MaKCUMAJIbHBIA MOMEHT B CPEJIHEN
TPEThbU PACUETHOM JJIMHBI CTEPKHA (puc. 5. 3,a)
My B=M +[(My- M) /12]+(1,-1,/3)=
S69xkHem+[(-631,5kH *m-569 kH * ™)/ 5,6M] ¢ (5,6M -4,40m/ 3) =
=-316kH * m.
[To momymo M > Mp /2=631,5kH e Mm/2=315,7xkH * m;
My = My-Ay/N « W,=
= 31600 kH * cm * 130,9cm */ 323 kH + 3816,6¢cm ° =
= 4136440/1232762 = 3,35 ;
npu M, < 5 kodpdumment c =/ ( 1+ a s m,)
3HaueHuss o U3 OmpenesstoT Mo mpuioxeHuto 11:
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2,06 010 kH | cm?
= > = ° = ° ! =

Ay=109,2>A, =3.14+ JE/R =3.14 \/ L5k | ont 116
A. =96;
o. = 0,604 ;
B= e/, =/0604/051=116 =108
a=0,65+0,05m,=0,65+0,05+3,35=0,817;
c=1,08/(1+0,817+3,35)=1,08/3,74=0,289 .
[TockosbKy

° 4 2
N/l =97,6/0,8=122>38+ JE/R =3,8 * \/2’06 W0rHlen” _ 16

21.5«H | cm

B PaCuUCTHOC CCUCHUC BKIIFOYACM TOJIBKO YCTOIZQHBYIO YqaCThb CTCHKHU .
6=N/(c*q.*A)=323kH/ (0,289 « 0,604 * 86,5cm 2 ) =
=323 kH/15,leMm* =213 kH/eM2<R=21,5 kH/cm 2.

MR :—6JB15 KHM
i \ ]
~ N =316
~ (
-
-~ . N\
LM sy ;7‘ \
J \
NN
N
M2 =569 kHm™m

“UCH3a
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2.4. IlToxoop ceyeHust HUKHEH YaCTH KOJOHHbI

CedeHne HUKHEH YaCTU KOJIOHHb: - unpusnuv, vouiuawgen A3 JIBYX BETBEH,

COCIMHEHHBIX pemieTkord. Bricota ceuenuss hy=1750mm. IlogkpaHOBYIO BETBb
KOJIOHHbI TPUHUMAEM U3 IIUPOKOMOJOYHOTO JBYTaBpa, HAPYXKHYIO - B BHJE
COCTaBHOT'O CBApHOr0 CEUEHHUSI U3 Tpex JUCTOB. OmpeaeauM OpUEHTHPOBOUYHOE
MOJIO’KEHHE IIEHTPA TSIKECTH.
[MpuaEMaeM zo =3 cM ; hy =h - 2g=175¢cm — 3 cm = 172cMm.
Vi=[|M2|/ (M| + [My|) ] *hg =81800 xkHec™m / (132040 xkHecm +
+ 81800 xkHecm)] *h,= 14069600cm / 213840 = 65,8cwM;
y2=hg—Yy;=172cm - 68,8cm = 106,2¢cMm.

Ycunue B BETBSIX ompeaeauM mo hopmyiie:

8 HOOKPAHOBOU Bem8U

Ny = Nyeyo/ho+Mi/hy=

= 1735 kH*106,2cm / 172¢cm + 132040 kHeem / 172¢cm =
=1071,3 xH + 767,7 xH =1839 kH;

8 HAPYIHCHOU 8em8U

Ng2 = Naeyi/ho+My/hy=

=986 kH-65,8cm / 172¢cm + 88100 kHecm / 172¢cMm =
=377,2xH + 512 ,2 kH = 889 kH.

[To dopmynam ompenenseM TpeOyemyro IUIONIaJb BETBEM M Ha3Havdaem
CEUYCHHE.

s nookparosotl semesu

A =Ny /(0 °Rey);

3agaemcst ¢ = 0,80 ;

R =225 MIla = 22,5 kH/cm* (ctaib Be, 3, 2 - acoHHBIH mpoKar).
Torna

A, = 1839 kH /( 0,8-22,5 kH/em % ) = 102 em? .

ITo copramenty (mpui. 14) monGupaem mBytasp 55 b1 A,=110cM?
i"=4.55 cm
1,=22,3 cMm.

s HapyscHol 6emeu

Ap= Np/(@*ReY) =

= 889xH/(0,8-21,5 kH/cm®) = 51,7 em?

(R=21,5kH /cM? THCTOBOM poKaT u3 ctTaim B, 3, 2 TommuHo# 10 20MMm:
¢ = 0,80).

Jlnst  ynoOcTBa TPUKPEIUICHUS DJIEMEHTOB PEIIETKH TMPOCBET MEXKIY
BHYTPCHHUMU TPAHSIMH TIOJIOK NMPUHUMAEM TAaKUM K€, KaK B MOJAKPAHOBOW BETBU

(450mMm). TonumHy cTeHKd HIBeiepa te, I yI00CTBa €€ COeIUHEHUS BCTHIK C
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IIOJIKOM TOJKPAHOBOM YaCTH KOJIOHHBI NMPWUHUMAEM DPaBHOU

CTEHKH M3 YCJIOBHS Pa3MEIICHHS CBapHBIX IIBOB - N, = 620MM.

Tpebyemast mI0111a/1b MOJIOK

A=(Apn—tyhy) /2=

= (51,7cMm * - 62cm *0,6cm ) / 2 =7,3cM .

N3 ycnoBrst MECTHOM YCTOMYMBOCTH MOJIKU MIBEJIEPA UMEEM:

B,/ 1,<(0,38 + 0,087 ) «JE/R =

2,06 010%kH | cm?
21,5xH | em®

[Ipunumaem : B, = 13cMm,

t,=0,6cm,

A= 7,8cM?

=14, 07

=(0,38 + 0,08-0,934) \/

0,6¢cMm;

BBICOTY
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I'eomeTpuueckue XapaKTEpUCTUKU ceYeHus BETBU (puc.5.1.B):
Ay = Baolat 20A, =

= 62cM *0,6cM + 2 7,8cM 2 = 52,8¢cM 2 ;

Zo= X Ai-Z |/2 AF

= (0,6cM *62cM *0,3cM + 78cm 2 +7,lem #2 ) / 52,8cm 2 =

= (11,16cm 3+ 110,76 cm®)/ 52,8cMm?=2.3cM ;

| = 0,6cM *62cM -(2em) >+ 2 +0,6¢m  (13¢em) ¥/ 12 +

+7,8cM 2o (4,8cM) 2 92 = 148,8cm * + 219, 7cm* + 359,4cm = 727,9em * ;

| y»=0,6cM * (62cM) °+ 7,8cm 2 » (27,9cm) * 2 =

=11916,4 cm * + 12143,2 cm* = 24059 cm*;

I 727 9em*
l = / X2/ = /’— =371
x2 A, 52 8cu?®

YTO4YHSIEM MOJI0KEHUE IIEHTPa TSHKECTH CEUSHUS KOJIOHHBI:
ho=hy- 2= 175cm - 2,3cm = 172,7cm
Vi=A 1 *ho/ (Ag + Ap) = 52,8cM? #172,7cm / (110em 2 + 52,8¢m %) =
=9118,6 cm°/ 162,8 cm * = 56¢cm ;
y 2= ho-y1 = 172,7 -56 = 116, 7cm.
[IpeaBaputenbHO OBLIO MPUHSTO:
y1 = 65,8 cMm,
y, = 106,2 cm.
OTnrure OT mepBOHAYATBLHO MPUHSITHIX Pa3MEPOB 3HAYUTEIHHOE, TIOATOMY YCHITHSI
B BETBSIX IMEPECUUTHIBAEM 3aHOBO:
6 NOOKPAHOBOLL emeu
Ngi= 1735 kH *116,7cm/ 172,7cm + 132040 kHeem / 172, 7cm =
=1172,4 xH + 764,6 xH = 1934 xH;
8 HAPYIHCHOU 6ema8U
N, =986 kHe56cm / 172,7cm - 88100 kHeem / 172, 7cMm
=319,7 kH + 510,1 kH = 830 xH.
CpaBHHUTE CO 3HAYCHUSMU, TIOJTyYCHHBIMU BHIIIIE.
[IpoBepKy yCTOMUMBOCTH BETBEH U3 TJIOCKOCTH paMbl (OTHOCHUTEIIBHO OCH Y
- ) BBITIOJHSIEM 110 (hopMyIIaMm:
1, =760 cm. mogKpaHOBas BETBb:
Xy=1y/iy,=760cm/22,3cm=34,1;
o,= 0,920 ;
6 =Ny / (Qy *Ayy) =
= 1934 kH /(0,920 *110cm 2) = 19,1 kH/em 2 < R = 22,5 kH/em® ;
Hapy>KHasI BETBb:

A=1,1,=760cm/21,3cm=35,7;
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¢0,=0,91;
c= st/((Py A )=
=830 kH/ (0,91 *52,8cm2) = 17,3 kH/em? < R = 22,5 kH/em.

W3 ycinoBusi paBHOYCTOMYHMBOCTH MOAKPAHOBOM BETBU (B MJIOCKOCTH U U3
IJIOCKOCTH paMbl) ompeiesisieM TpeOyeMoe pacCTOSTHUE MEXIY y3IaMu
pemetku (puc. 5.2,a):

Aa=1g/i4=2%=357

1, =357%1,4=357°4,55cm = 162cm.

Pa3ienuB HKHIOIO YacTh KOJIOHHBI HA 1I€JI0€ YUCIIO0 MaHeNeH,

npuHuMmaem 1y = 171cm. Jlanee npoBepsieM yCTOMYHUBOCTh BETBEM B IJIOCKOCTH
pambl (OTHOCHTEIBHO OCEH X1-X; M Xp-Xp) — pUC. 5.2, a

JIns moIKpaHOBOW BETBHU:

Mi=1g/lix=171cm/4,55cm=37,6;

¢,=0,91;

6 =Ny / (Q°A ;1) =

= 1934 xkH /(0,91+110cm %) = 19,3 kH/em?< R = 22,5 xkH/em? ;

Mo =1 /lkw=171cm/3,71lcm = 46,1 ;

0= 0,875;

6 = Nu/ (¢ * Apy) =

=830kH / (0,875 -52,8cm? ) = 18kH/em 2 < R = 21,5 kH/em?,

Pacuer pemeTku mogKpaHOBOM YaCTH KOJIOHHEI (puc. 5.2,a) .

[Tonepeunas cuiia B c€4eHUU KOJIOHHBL Qmax= 209 kH .

VYcnosHas nonepeynas cuna:  Q v, = 7,15+ 10 e (2330-E/R)* (N/¢);
npu R =22 + 23 xH/cM®

Qyer=0,2+ A=

=0,2 * (110cM® + 52,8¢cM?) = 0,2 * 162,8cm” = 32,6 kH < Qpnax=209 kH.
Pacuer pemetku mpoBoauM Ha BOCTIpUITHE Qpax . Y CUITHE CKATHS B packoce (puc.
5.2.,):

Np=Qmax/(2 * sina ) =

=209kH/(2+0,898)=116H,

rae sino=h,/l,=175cm / 194,8cm = 0,898 ;

l,= /(175cm)? + (171 / 2)? =194,8cm

o = 64° (yron HakJioHa packoca CM. puc. 5.2,a) .

3agaemcs X ,= 100 u ompenenseM Mo NPUIOKEHUIO KOAPPUIUEHT IPOIOIBHOIO
usrnba <p =0,56 . Tpebyemast moniaap packoca :

Ap.Tp:Np/ ((P .R.Y):

=116 kH/ (0,56 * 22,5 kH/cMm 2 # 0,75) = 12,3 cm? ;

R =225 MIla = 22,5 kH/cMm? (bacorHsI# mpokat u3 cram Be, 3 2);
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v = 0,75 (cxkaTblil yrOJI0K, MPUKPEIUISIEMBII OJTHON MOJIKOM) .
[Ipuaumaem yrojok | 100x7 ¢ miomiaabro Ap=13,8CM2;

Imin = 1,98 cM

A

Amax = 1p/ imin=194,8cm / 1,98cm = 98 ;
¢ =0,577.

Hanpsxenue B packoce:

c=Ny/ (A=

=116 kH/ (0,577  13.8cm %) = 14,6 kH/em? < R » y == 22,5 kH/cm? » 0,75 = 16,9
kH/cM>.

HpOBepKy YCTOﬁqHBOCTH KOJIOHHBI B ITJIOCKOCTHU I[Gf/iCTBI/I?I MOMCHTA KaK CAUHOI'O
CTEp>kHS BhITIONIHSIEM 110 (hopmyiie (5.40).

['eomeTpruueckre XapakKTEPUCTUKU BCETO ceYeHUs:: A = A 5 + Ay = 110cm?+
52,8cM? = 162,8cM” .

L= Aulys® + Aplys"= -110eM® » (56em)* + 52.8cm %« (116,7cm) 2 =

= 344960 cm * + 719077,4 cm * = 106403 7cm * ;

1064037cm*
= b = [Pl _gng
X A 162,8cm? M
M=1yl1,=1543cm/ 80,8¢cm = 19,1 .
[IpuBeneHHast THOKOCTD:

A = /12+a07 =
np \/x 1 Apl

162,8cm?

2

= \/19,12 +27e

27.6cm

rae Ko3pPUIMEeHT a; 3aBUCHUT OT yIjla HAKJIOHA PACKOCOB.
[Tpu a=40°+ 70° MoXHO IPUHATH 01 = 27.
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Ap=2+A,=2+13,8cm 2= 27,6cm 2 [IOINaIh CeUeHMs PacKOCOB IO
JIBYM TPaHSIM CEYCHUS KOJIOHHBI.

[TpuBeneHHast ycaoBHAsI THOKOCTb:

— 215kH | cm®

B =y 3 = 23.\/2,060104)'([‘1/0]%2 =074

Jliist KoMOWHAIMI yCHITHIA, TOTPYKAIOIIUX HAPYKHYIO BETBb (ceueHue 4-4)
N,= 985,0 xH,

M,=881kH-Mm,

m=[(MeA/Nely)]e (y2+2)=

=[(88100 kHe cM » 162,8cM%)/(986 KH » 106403 7cm®) 1+(16,7cm +
+2,3cM) = [ (14342680 kHe cm® / (986 kH o 1064037cm?) o 119cm = 1,63 ;
Qe = 0,373 - mo mpwtokeHuto 9 ;

HanpspKEHUE

0= No/ (Qoy oA) =

=986 kH/ (0,373 «162,8cMm2) = 16,2 kKH/eM? <R = 21,5KH/CM2.

J171s KOMOWHAIMK YCHIIHIA, TOTPYKAFOIINX MOIKPAaHOBYIO BETBb (ceueHue 3-3),
N;=1735xH,

M; = -1320,4 kH-M ,

m=[(M-A/N-Ix)] sy, =

=[ (132040 kHecMm »162,8cm?) / (1735 kH 1064037 cm *)] «56cm = 0,65 ;
¢ 5= 0,605 ;

HarpspKeHUEC

6 = Ni/(Quue A)=

= 1735 xH / (0,605¢162,8cM2) = 17,6 kH/cm® < R = 22,5 kH/cm®.

2.5. Pacuer ¥ KOHCTPYMPOBAHNE CONMPHAKCHUS BepXHel u

HUKHEN 9acTed KOJOHHBI
(puc. 5.5.)

PacueTHbie KOMOMHAIINK YCUIINI B CEYCHHUH HAJl yCTYIIOM (CM. puc. 5.5,a):
)M = 569kH e M, N=256kH;
2)M =-176,7kHem,  N=442KkH.

[laBnenue kpaHoB: Dpg= 1479 xH .

[IpouHocTh cThIKOB mBa (11l) mpoBepsieM MO HOPMAJIBHBIM HANPSLKEHUSIM
B KpallHUX TOYKaxX CEYeHHs MOoAKpaHOBOWM yactu (puc. 5.5,a) . Ilmomans miBa
paBHa IUIONIAIA CEYEHUS KOJIOHHBI.
1-as xomOuHaiss M u N, HapyKHas MOJIKA:
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c=N/A M|/ W=
=256 xkH / 130,9CM2 + 56900 kH * cm / 3816,6 oM’ =
=169 kH/cm? < R =21,5 kH/cm? ;
BHYTPEHHSIS MOJIKA:
c=N/A,- M|/ W=
=256 kH/ 130,9cm* - 56900 kH * cm / 3816,6em° = - 12,9 kH/em® <R ;
2-asg komOuHass M u N, HapykHas MMOJKa:
c=N/A,- M|/ W=
= 442 xH / 130,9cm” - 17670 kH * cm / 3816,6cm° =
=3,4xH/ cM? - 4,63 kH/em® =
= 1,23 kH/cM* < R, = 0,85 » 21,5 kH/cm” = 18,3xH/cMm?,
BHYTPCHHSIS TIOJIKA!
c=N/A+ M|/ W=
= 442 xH / 130,9cm” + 17670 xH * cm / 3816,6em° =
= 3,4 kH/cm? + 4,63 kH/em? = 8 kH/em? < Ry, = 21,5 kH/em? .
W3 ycinoBus cMSATHS TOJIIUHY CTEHKHU TPaBEPCHI ornpeersieM o Gpopmyie:
Tip = Dmax/ (1 cM * Royr o y) =
= 1479 xH /(34cm * 35 kH/em®) = 1,2 M,
rae | ., — JAJMHA CMUHAEMOM MMOBEPXHOCTH ;

Lo Bop+2etu;

1.,,=30cM+2e2cm=34cMm ;

B ,p - IIMPHHA OIOPHBIX pedep OaJIoK ;

t;; - TOJIIIIMHA CTEHKH TUIUTHI |

B ,p = 30cM, IpUHUMAEM ty; = 2¢M ;

Revr =350 Mma = 35 kH/cm?.
ITpunumaem tp,=1,2cMm.
VYcunust BO BHyTPEHHEH MOJIKE BEPXHEHW 4acTH KOJIOHHBI (2-ast KoOMOUHALIMS)
N,=N/2+M/h,=
=442 xkH /2 + 17670 kxH * cm /100cm =221 kH + 176,7 kH = 398 xH.
OmnpenenseM uHY Ba (puc.5.5,a) KpeIuIeHHs] BEPTUKAIBLHOTO pedpa TpaBepCh
K CTeHKe TpaBepchl (11 2) o ¢popmyne 5.45):
1w=N/[4- km'(B'RyCB"YyCB) min ®* Y]
[IpyHMMaeM moryaBTOMaTUYECKYIO CBAPKY MTPOBOJIOKOM Mapku CB - 0,8A,
d=14.2mm, B,=0,9, B.=1,05.
Haszunauaem Ky=6MM;

Yo=Yy =1
R, = 180 MITa = 18 kH/cm’;
Ry = 165 MIla = 16,5 xH/cm’;
Bur e Ry, ¢y yu =09 « 18 kH/cm » 1= 16,2 kH/cM® < B *Ry ™ ¢ ¥ 4. =
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=1,05¢16,5 kH/em® *1 = 17,3 kH/em’;

1w =398 kH / (40,6cM *16,2 kH/em?) = 10,2¢Mm ;

1 10 < 85¢B,°k,= 8520,9¢0,6cMm = 46¢M .

B creHke moaKpaHOBOM BETBH JENAEM IPOPE3b, B KOTOPYIO 3aBOJUM CTEHKY
TpaBepchl. i pacyera 1IBa KpEIUIEHUs TpaBepChl K MOJKPaHOBOM BeTBU (I 3)
COCTABJISIEM KOMOMHAIIMIO YCHJIMM, JAIOLIYI0 HAaWOOJIBIIYI0 OMOPHYIO PEAKLHUIO

TpaBepchl. Takolt koMOuHaIuen OyJIeT coueTaHue 12345 (cm.puc.5.2,8 u
5.5,a):

N =423kH,

M =290 kHem .

Yeunne

F = Neh,/2¢h,-M/h,+Dy;5x*0,9=
=423 xH*100c™m / 22175¢cm - 29900 kHecm / 175¢cm + 1479 xkH +0,9 =

= 120,86 kH- 170,86 kH+1331 kH = 1281 xH .

Koadpduument 0,9 yuutbiBaet, uto ycuius N 1 M npuHSATHI 1J1s1 2-TO OCHOBHOTO

coueTaHus Harpy3ok. TpeOyemast IJuHa IIBa:

1 s =F/[4oku® (BoRy™"*vy™) min * ] =

= 1281 kH/(4 * 0,6cm * 0,9 « 18 kH/cm?® « 1)=329cm;
1;3<85¢Py*ky=85+0,9¢0,6cm=46cm.

M3 ycnoBus NpOYHOCTH CTEHKH MOJKPAHOBOM BETBU B MECTE KPEIIEHUS TPaBEPChI
(mauns 1-1) onpenensem BeIcoTy (pHc. 5.5,6) TpaBepchl h ;, 1o Gpopmyie:

thZ Fl(2etas*Repey) =

= 1281 kH /(2 +0,92cm * 13 kH/em® » 1) = 53,5¢cMm ,

raet .., = 9,2 MM - TOJIIIIMHA CTEHKHU JIByTaBpa 55 bl;

R ¢, = 13 xH/cMm - pacyeTHOE conpoTuBieHUe cpe3y (PacOHHOro MpoKaTa U3 CTaIH
Be3ii2. Ilpunmmaem  h,,=60cm.

Jlanee mpoBepUM MIPOYHOCTh TPABEPCHI KaK OaIKu, HArpy>KeHHOU ycunusiMu - N,
M u Dpax. PacueTHas cxema u ceueHue TpaBepchl IpUBEAEHBI HaA puc. 5.1, T u
5.2, B. HwxHMi1 nosic TpaBepCchl NpUHUMAEM KOHCTPYKTUMBHO M3 ucTa 420x12MwM ;
BEpPXHHE TOPU30HTAIIbHBIE peOpa - U3 ABYX JUCTOB 180x12MM.

Haitnem reomeTpudeckue XxapakTEPUCTUKN TPABEPCHI.

[TonoxeHne 1eHTpa TSHKECTU cedeHus TpaBepchl (puc. 5.1,r):
y=[(218cm e 1,2cm*44,4cm + 1,2cm » 15¢Mm » 52,5¢Mm; + 1,2¢cMm © 42¢m » 0,6¢m)
[(2+18cm e 1,2cm+ 1,2cm » 15cm + 1,2¢Mm * 42,6¢m + 1,2¢m * 42¢m)] =
= (1918c™m® + 945¢em® + 1150em®+ 30,2¢m®) /( 43,2cM + 18cm*+
+51,12cM” + 50,4cm” = 4043,2 em® / 162,72em” = 24,8¢cm ;
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MowmeHT naepuu
1,=12cm * (15cM)%/ 12 + 1,2cm » 15em » (27,7cm)? + 1,2em  (42,6cm)% 12 +
+ 1,2cm * 42,6cM © (2,301\4)2 +2e18Mme1,2cm * (19,6CM)2 +
+1,2cm *42cm * (24,20M)2 =337,5cm” + 13811,2em* + 7730,8cm” +
270,4cm “+ 16596¢m * +29516¢m *= 68262cm” .

MoOMEHT CONPOTUBIICHUSI IPU U3TrUOE
Wiin= | «/ v = 68262cm”/ 35,2em = 1939 cm °,

MakcumanbHbId M3THOAIOIIMA MOMEHT B TpaBepCe BO3HHUKAET TMPHU 2-OU
KOMOUWHAIIUN YCUIIUMA:
My, =Fpe(hy—h)=(-M/hy+Neh,/2+hy) e (h,—hy) =
=[17670 kH ¢ cm/ 175cm +
+ 423 kH « 100cm / (2 » 175¢cm)] » (175¢cm - 100cm) =16640 xH * c™m .
Hanpsxkenue
Ormp = MTp [ Winin =
= 16640 kH * cm/ 1939cm® = 8,6 kH/em® < R = 21,5kH/cM?.

MakcuMaiibHasi monepevHasi Cuja B TpaBEpCe ¢ Y4ETOM YCHIIHS OT KPaHOB

BO3HMKAET IIPU KOMOUHAIINHN:
Qma=N ¢ h,/ 2 ¢ h,- M/h,tk * Dyax ¢ 0,9/2=
=423 kH « 100cm / (2 » 175¢cm) * 29900 xH ¢ cm / 175¢cm +
+1,2+1479kH *0,9/2=120,8 xH - 170,8 xH + 799 xH = 749 xH ,
rae K - koadduimeHT, yauThIBatoNHii HEPAaBHOMEPHYIO Tiepeaady
yerius Dpay © k=12
KacarenbHoe HanpsikeHne
Ty =Q /Mty ehy=
=749 xH/ 1,2cm * 58,8cm =10,6 kH/cM® < Rep = 12,5 kH/em’,
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2.6. Pacuer M KOHCTPYMPOBAHNE 0A36I KOJOHHBI

BricoTa ceyeHus: H>KHEW 4acTU KOJIOHHBI MIPEBBIIIAET 1M, O3TOMY MPOCKTUPYEM
0a3y paznenpHoro tuma (puc. 5.6), (puc. 5.8).

PacdeTHbIC KOMOWHAIIMY YCUIIHIA B HUXKHEM CEYCHHUM KOJIOHHEI (ceucHue 4-4).
M1=881kHemMm (mns pacuera Oa3bl HApy>KHOW BETBH),

N,;=-983kH;
M,;=-32kHe*M (11 pacuera 06a3bl HOJIKPAaHOBOI BETBH),
N 1=- 345 kH.

OTH KOMOWHAIIMM YCWIMH Jar0T HauOOJBIINE OMOPHBIE PEAKIMH B BETBIX
KOJIOHHBI, TIO9TOMY MbI UX U NPUHSIIU JJIA pacyera (cM. puc. 5.8.a).
Ycunus B BETBSIX KOJIOHHBI OTIPEISTTUM 110 (hopMytam:
N, = My/hgtu(Ni/ho) © y1=
=3200kH e cm /172, 7cm + (345 xH / 172,7¢cm) © S6cMm =
=18,5xkH + 111,9 xH=130,4 xH ;
Ng=Mi/hot(Ni/hy)  yo=
=88100kH * cm/ 172,7cm + (983 kH / 172,7cm) » 116,7cm =
=510 kH + 664 xH = 1174 xH.
ba3za HapyxHOi#1 (11aTpOBOI1) BETBHU.
TpeOyemas maomaas MINThL:
Ay = Npo/Ry= 1174 xH /0,84 xH/cm” = 1398cm?
rae R ¢ =v°R 5=1,20,7 kH/cM® = 0,84 kH/em? , ONPENECTICHUE Y CM. B IPOEKT
«banounas miomaakay;
R4 - pacueTHOe conpoTuBieHre QyHIAMEHTA,;
Rs= 0,7 kH/cM” - pacueTHOE compoTHBIeHHe OeToHa Kiacca B12,5.
[To KOHCTPYKTUBHBIM COOOPAXKEHUSIM CBEC ITUTHI C; (CM. pHC. 5.8.6)
JIOJKEH OBITh HE MEHee 4CM.
TormaB > 6, + 2¢c, = 56,0cm + 2¢4cm = 64,0 cMm.
[Ipuaumaem B = 65,0cm .
Beuncnsiem L, =A 5/ B = 1398cm? / 65¢m = 21,5 cwm.
[Ipuaumaem L =35cwMm;
A 1ngar =L * B=35¢cm « 65cm =2275cm > A 5, = 1398 oM.
CpenHee HanpspKEHUE B O€TOHE IO TUTHTOM
Gp =N w2/ A ygaa = 1174 KH/ 2275em° = 0,516 kH/em” |
W3 ycinoBUsi CHMMETPUYHOIO pacoiokeHus Tpasepc (puc. 5.8)
OTHOCHUTEJIBHO LIEHTPA TSHKECTH BETBU PACCTOSIHUE MEKYy TpaBepcaMu B
CBETY PaBHO
2eBy-te-2,)=2°(13cm+0,6cm - 2,3¢cm) = 22,6¢cMm .
[Tpu Tonmmue TpaBepcel 12mMm
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ci=(L-22,6cm-2¢t,,)/2=(35cMm-22,6cm -2+ 1,2cm) /2 = 5cm.
OmnpenensieM U3ruOArONIIEe MOMEHTHI Ha OTACIBHBIX YYaCTKaX ITUTHI.
Yuyactok 1 (KOHCONBHBIM cBeC ¢ = ¢ = ScM) . (puc. 5.8,6)

Mi =04 ¢’ /2=0,52 kH/em? * (5em)? /2 = 6,5 kH  cm.

Yuyactok 2 (KOHCOJIBHBIN CBEC ¢ = ¢, = 4,5¢CM) .
M,=04°c’/2=0,52 kH/cm® « (4,5cm)° /2 =53 kH * cm.
Yyactok 3 (muTa, oneprast Ha 4 CTOPOHBI) .

B/a=54,4cm/ 13cm=4,2 > 2; 0=0,125,

Msz=0*c4° a’= 0,125 0,52 kH/cm? (13CM)2 =10,98 kH * cm.
3neck onpenenenne koddduimenta o cm. nprioxenue 20.
Yuyactok 4 (muura, oniepras Ha 4 CTOPOHBI) .

B/a=54,4cm /9ecm=6,04>2; 0=0,125;
M,=a*0cy*a;=0,125¢0,52 kH/cm* * (9cm)* = 5,3 kH * cm.
[Ipuaumaem st pacuera Myax =M3=1098 kH * c™m .
Tpebyemas TONIIUHA TUIUTHI

ty=6eM_  /R=

= |/6010,98xH e cn/ 20,5¢H | evi® = 1,79 em,rae R = 205 MIla = 20,5 kH/em® st
cranmn B, 3., 2 Ipu ToNIIUHE

wnTel 2149 + 40MMm.

[Tpunumaem t mn = 20mm  ( 2MM - ipunyck Ha ¢ppe3epoBKy). BeicoTy TpaBepchl
OTIpEeIeISIEM U3 YCIOBUS Pa3MEIICHUS 11Ba KPETICHUS TPaBEPCHl K BETBU
KOJIOHHBI. B 3amac mpouHOCTH BCe YCUIIME B BETBU MEpeaacM Ha TpaBepchl uepes 4
yTI0BBIX 11Ba (puc. 5.6 u 5.8) .

[IpenycmaTpuBaem MoJiyaBTOMAaTHYECKYIO CBAPKY MPOBOJIOKOi mapku CB-0,8A,
d=1,4,.2mm, K, =8mm .

TpeOyemyro JJIMHY BEPTUKAIBLHOTO IIIBa OnpeesieM o Gopmyre:

11H.Tp =N 5/ [4°Ky *(B 'RyCB * YyCB) min *Y 1=

=1174xH/ (4 * 0.8cm * 16,2 kH/cm? » 1) = 22.6¢cM
1,<85¢B,*ky,=85°09¢0,8cm=6lcm.

[Ipuaumaem  h,,=25cm .

[IpoBepka MpOYHOCTH TPABEPCHI BBHITTOIHSICTCS aHAJIOTHYHO.
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3. MOJIBOP CEYEHUSI HUKHEN YACTHU KOJIOHHbBI
CINIOIIHOI'O CEHEHUA

[TonGop ceueHnss BEpXHEW YACTH CIUIOIIHBIX M CKBO3HBIX KOJOHH BBITIOJTHSCTCS
oanHakoBo. [Io3TOMy HMXKE MBI IPUBOJUM MOJI00OP CEYEHUS TOJBKO HUXKHEU YaCTH
KOJIOHHBI. OmpeieieHue CEYEHUsI BEPXHEN YaCTH PAHEE yKE PAacCMATPUBAIOCh IIPHU
MPOEKTUPOBAHUU CKBO3HBIX KOJIOHH.

[TosicHuM MeTOAMKY MO00pa CIUIOUTHOTO HECUMMETPUYHOTO CEYEHUS! KOJIOHHBI.

PaccmoTpum n1Ba BapuaHTa 3arpy>K€HHsI KOJIOHHBI: C TOJIOKHUTEIbHBIM U
oTpuriateabHbIM MoMeHTamu (puc. 1). IlpubnumxkeHo Oyaem cuuTath, YTO BBICOTA
CTEHKH M PACCTOSIHUE MEXIY LEHTPAMH TSHKECTH TOJIOK PaBHBI BBICOTE CEUEHUS
KOJIOHHBI

he: =h=h,

[TorpenrHocTh MpY TaKOM JOMYIIIEHUH HE Benka: <95 % .

Jlist mopbopa ycwiinid, JEHCTBYIOIMIMX Ha KOJOHHY, HEOOXOJIMMO PAcCMOTPETh
CXeMy JIOTPY)KEHHUs BEeTBeH cruiomHoi KoioHHbI (puc.3). Ilocie ompenenenus
yCUIUM, JEHUCTBYIOIIMX Ha KOJOHHY B XapaKTEpPHBIX CEUEHMSIX, pacyer
PEKOMEHIyeTCsl BECTH B CJIEAYIOLIEH MOCIEI0BATEIbHOCTH

BBOJISATCA O€3pa3MepHbIE TapAMETPHI:

K03 (P PHUIMEHT aCUMMETPUH Kk = 2L:
Y2
o A

COOTHOILEHHE UIOMANECH B CEUEHUH p = e

rIie

A — TUIOIIA/Ib CEYEHUSI CTEHKU KOJIOHHHI |

A — o0r1as Tiomnaab CEUeHUs KOJOHHHI ;

V1, Y2 — PAcCTOSHUS MEXIY IIECHTPAMH TSKECTH BCETO CEUCHHS KOJIOHHBI
U [IEHTPpaMHU TsDKECTH BeTBei (puc.l).

B xononnax oObryno mapametrp p = 0.25 + 0.6. Tpebyemoe 3HaUCHHE « K » MOMKHO
OTIPENIETNTh U3 YCJIOBHUS PaBEHCTBA HAMOOJBIIMX HAMPSHKEHUH B KpaWHUX TOYKAX
ceuenus ( puc.l ), T.e.
01 — O2
rae
61=N;/A+Miey; /| - naubosnbliiee HanpsHKEHKUE MPHU 1-ii
KOMOUMHaNuu ycunui, T.e. ipy - My, Ni;
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Ha sTom srane npeamnonaraercs (puc.1), 4ro
N =V Yo=Y,
[eoMeTpuUeCcKUe XapaKTEPUCTUKU CEUEHHS BLIPAKAIOTCS YEPES

napameTpel A, K, p:
A, =p-d; k=%

Yo
k 1

= ——h; k=—"—h;
N1 1+k 1+k

rae  h - BeicoTa cTeHkH (puc. 1) .
Pannyc nHepuuu ceuenus:

i,=h | -
1 (@+k)
S nposble paccTosiHUS:
i2 i2
pxl_;lzﬂl'h; pxz_y);:ﬁz h;
rae K03 PUuIueHTh
1 -(1+k k -(1+k
1+k Kk 1+k 6
Ecnmu mipuBeneHHBIM OTHOCHUTENBHBIA 3KCLEHTPUCHUTET m’®=7-m<20, TO

IMPOYHOCTb KOJIOHHBI 3aBC€JI0MO obecrieunBaeTcs. I[OCTaTOIIHO BBIIIOJIHUTE PacucT

TOJIbKO Ha MECTHYIO U OOILYI0 YCTOWYHUBOCTH KOJIOHHBI.

TpeOyemyro miomane A, HaXOJUM U3 KOMOMHALIMU YCHIMHA C HAMOONBLIMM IO

a6COJHOTHOMy 3HaYCHUIO MOMEHTOM. MMeeMm nBe KOM6I/IHaI_II/II/I:
Ampl . Nl/(oeyl ) R e
AmpZ 2 N2 /¢6H2 ) R .7/’

rae Gpu1 - KOODPUIMEHT CHWXKEHUS PACUYCTHOTO  CONMPOTHBIICHUS
BHEIICHTPEHHOM CXaTuH, Koraa Aeiicteyer napa ycwnuii N; u M; (puc.l).

be2 - TO XK€ camoe, Korja nerictByeT mapa yewmud N, u M, .

KO2(PPUIIUEHTHI 3aBUCSIT OT YCIOBHON TMOKOCTH HUYKHEH YaCTU KOJIOHHBI

A=A, +RIE=(1i) -/RIE

nu HpI/IBeJIeHHBIX 3KCHCHTpI/ICI/ITeTOB
0 _ _
mxl_n'mxl’ mxz—ﬂ‘mxz-

[Ipu onpenenenun kodppunmeHTa gy

pu

Ot
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m,, = M1/N1' Py
OTHOCHUTEJIbHBIN 3KCIIEHTPUCHUTET;
_ _i2 /1y — VR
pxl _lelA_Ix /yl - Ix/Ayl -
SIPOBOE PACCTOSIHUE, COOTBETCTBYIOIIEE TOYKe ©; (puc. 1), TIpu JOTpyKEHUU
MMOJIKPAHOBOM BETBH KOJOHHHI yewnusmu M; u N;. [Ipu nepBonaganpHOM mmogdope

CEYECHUS MOJKHO IIPUHATH ;1 ~ Vi
3nmech : Iy - onpeneneH Gpopmynoi (1) ;

A, |y - COOTBETCTBEHHO OOmIas IUION[AAh W MOMEHT HHEPIMU BCETO
CEUYEHHUS KOJIOHHBl OTHOCHUTEJIBHO OCHU X - X (puc. 1). Ilpu omnpeneneHuun
kodppunreHTa Qyy ;-

m,=M,/N,-p,,
OTHOCHUTENBHBIN IKCLIEHTPUCUTET;
P =W, [ A=ig Ty, =1, /Ay, —
SIPOBOE PACCTOSTHUE, COOTBETCTBYIOIIEE TOUKE G, (puc. 1) , nmpu gorpyxeHuu
Hapy>XHOW (IIaTpOBOW) BETBU KOJOHHBI YCUIIUSIMHU M, wu N, . Ilpu

NEPBOHAYAIILHOM MOJI00pE CEYEHUSI MOXKHO IPUHATE V) = Vs.
B stux dopmymnax

1N - K03 HULIUEHT BIUSAHUS POPMBI CEUCHHUS,

R - pacueTHO€ CONMpPOTUBIIEHUE CTANH;

Y - K03 HUIUEHT YCIOBUA PaOOTHI.

3Has mapameTpsl Ao MY, m), (hopmynsl 2, 3, 3a), HO NPUIOKEHHIO &

onpenensieM Gg; U (Pgyp. Ilocie dero BerauciasieM TpeOyeMyro IUIONA b CCUSHUS
(cm. Beipaxenus 1.0).

Jlanee Ha3HayaeM € y4€TOM MECTHOM YCTOWYMBOCTU TOJIIIUHY CTEHKH U ONPEAEIAEM
MJI01aau oJoK (puc. 1):

A=All+k)—-A, 12
A =A-A -A.

KomnoHoBKka 1010k OCYHICCTBIIACTCA TaK K€, KaK U AJIsI CAHMMCTPUYIHOI'O CCUCHHA

KOJOHHBI. B 3akitoyeHue BBIMOJHAETCS MPOBEpKA MOJOOPAHHOIO CEYEHHUS U €ro
KOPPEKTUPOBKA.

3.1. Ilpumep noadopa CIJIOHIHOTO
HECHMMETPHUYHOI0 CeYeHUs KOJOHHBbI

Kak yxxe Ob110 0TMEUeHO, Mo I00p BepXHEH 4acTH KOJIOHHBI 3/1€Ch Mbl IPUBOIUTH
He OyZeM, T. K. OH BBINOJHSAETCS OJMHAKOBO JJIS CIUIOLIHBIX M CKBO3HBIX KOJIOHH.
Takou pacyer paccMaTpuBaJICs paHee.
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ITo W3MOXEHHOW BBINIE METOJAMKE HaijeM TpeOyemMoe CedeHHEe HIKHEW 4YacTH

CIJIOIIIHOM  KOJIOHHBI.

JUist »TOrO OmMpeneauM JIEWCTBYIOIIME B XapaKTEpPHBIX

CEUCHHUAX KOJIOHHBI ycuiaus. [IpaBuia BBIOSHEHUS COYETAHWM HArpy30K ObLIN
U3JI0KCHBI IIPU pacdyeTe CKBO3HBIX KOJNOHH. IlosTOMy 31ecy mpenmonaraeM s

IMPOCTOTBI, YTO COYCTAHUA HAI'PY30K YIKC BBIIIOJHCHBI M OIPCACICHBI YCHUIIUA (CM.

puc. 2).

ceueHue -1

OCHOBHBIC COYCTAHUS:

M =-53kH'Mm M., =+268kH'Mm
Neoor = - 260 xkH Neoor = - 1080 kH
1;2;5 1;2;3;4

Oco0ble COUETaHUA:

M =-49,9 kH-m M.,=+2525xkH™Mm
Neoor = - 260 xkH Neoor = - 902 kH
1;2;5 1;3:4:5

ceuenue V-1V

OCHOBHBIE COUYETAHUS :

M.,=-226,1 kH'm M =-51,1 kH™m
Neoor = - 207,8 kH Neoor = -947 kH
1:2:3:4%5" 1:3:4:5

Oco0ble coueTaHUA:

M,=+237 kH'm M =-1xHw™m
Neoor = - 305 kH Neoor = - 1029 xH
1;2;5 1;3;4
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Puc. 2 K onpenenenuio ycunuii , 1€MCTBYIOIIMX HA KOJIOHHY.

a)
YenobHaa cxema 3Hakob cxeMa dedcmbug
/uazuﬁamw.ux MOMeHmoB. / BHYMPEHHUX Cun
e AN
/I
l,
//
7/
y -1080
/ M=268 ,i\
JIL il ey s N s S i
I/ +268
3decs bembs i
dozpuxaemca
MOMEeHMOoM /
,/
II
/
/ 3decs bembe
,/ dozpyxnemca =947
/I MOMEHMOM M ;/T\
’ o
Bh .4 e R v L | .
/ +
M=-51
0)
YenobHaa cxeMa 3Hakaob cxeMa dedacmbusq
/u3zu6ammux MOMeHmab. / BHUMPEHHUX CUA
L ol
\
Ay
AN
\
\
A\
\\ -260
] A\
[IM e b I11 ATIN-53 III
LLlL - \l  TE— 1 [ IS ——— M— = A .
AY
AY
\ adecs bembs
\\ dozpyxaemca
\ MAMEHMOM
AN
\\
3decs Bembe \\\
dozpyxaemca
MOMEHMAM \ -305
" M+ /1 N
v Ao, I8 te37_ 1V
/7
M=237

Puc.3. CxeMbl 40rPyYXeHMda uacTewm KO/OHHbI
AroPbl MOMEHTOBR MNOCTPOEeHb
MO PACTAHNTBIM BO/IOKHAM KO/OHH



[To mpuBEOEHHBIM BBIIIE COYETAHUSM HArpy30K IOCTPOUM YCJIOBHYIO CXEMY
JEHCTBUS BHYTPEHHUX YCHUJIMM U BHIYEPTHM SIIOPHI U3THOAI0ONIMX MOMEHTOB (puc. 3).
OTO0 caenaeT HArJSAHBIM HalM nosicHeHus. [lockonbKy B mpenenax HWKHEH 4acTu
KOJIOHHBI CTEP>KEHb €€ BBITIOJIHSIETCSI TOCTOSIHHOTO TI0 BBICOTE CEYEHHUEM (C IIEIBIO
CHIDKEHHSI TEXHOJIOTUYECKHX 3aTpaT Ha WM3TOTOBJICHHE KOJIOHHBI), TO U3 JABYX Iap
YCWIM, AOTPY>KAIOMIMX TOAKPAHOBYIO BETBb, BblOepeM Hauxyamyro. M3 puc.3
CIIEZyeT, YTO TOAKPAHOBYIO BETBb IOTPYXKAET JBE Mapbl YCUINN:

M =947 kH-m — B ceueHuu 1V — 1V
N=51,1 kH
M =260 kH-Mm — B ceueHuu |11 — 11l
N=53kH.

3nech 3Haku ycwuinidi M u N, oKa3aHHbBIE Ha pUC. 3, OMYLIEHBI, TIOCKOJIBKY
OHHM YK€ YUYTEHBI IpU UX BeIOOpe . W3 3TUX ABYX Map yCHJINWA PaCUETHOM SIBIIAETCA
M; =947 xH-™m ;
N;=51,1 kH.
DTOM Mapor YCWIMI JOTPYKAECTCA MOJAKPAHOBAA BETBb. 3/1€Ch MHCKCHI IIPU YCUITUSX
COOTBETCTBYIOT CUCTEME UHJIEKCOB, IPUHATON Ha pucC. 1.
AHAJIOTUYHO paccyKaas, U3 pHUC. 3 MOKHO MOJYUUTh
M, =268 kH'™m ;
N, = 1080 kH.
DToM mapoi ycuini JorpyKaercs HapykKHas (11aTpoBasi) BETBb .
Jlanee nepeneM K ONpeIeSICHUIO TUIOMIAAN CEYEHHUS .
3agaaumcs mapaMeTpaMu:
k=0,7; p=0,4; h=100cMm
u 1o popmynam (1) u ( 1.2) BeIunCINM :

k=40cm/ 60 cm=0,7; y1=40 cm ; y,=60cMm ;
i, =100- O’—Z— 0.4 = 95,88 cu;
172 6
P = 229,82 em; P., =153,2 cm;

[TockoabKy omnpeneneHrue pacuyeTHOW ITTMHBI KOJIOHHBI OOBSICHSIIOCH HE pa3 IIPH
POCKTUPOBAHUH CKBO3HBIX KOJIOHH , 3/16Ch MBI IPUBOJIUM PACUCTHYIO JITTUHY
HUKHEN 4acTH KOJIOHHBI B OKOHYaTeJIbHOM BUE : |, =950 cm .

[To hopmyne (2) BbIUKCIIAEM YCIOBHYIO THOKOCTh

A, =(950/95,88)- \/25(51’?04 =0,3.

3/1ech pacYeTHOE CONPOTUBIIEHUE CTAIH U €€ MOAYJIb YIIPYTOCTH CJEAYIOLIHE:
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R =215 kH/em%
E=2,06 - 10* xH/cm’.
[Tpu norpyxeHuH MOJKPaHOBOW BeTBU MMeeM 1o ¢opmyre (3) :

My =My /Ny —p=5110/(947 - 229,82 )=0,02 .
[To mpunoxenuto 10 onpenensem ko3hGUITUEHT, yUUTHIBAIOIIUNA BIUSHHAE (DOPMBI
CEUCHUS:
n=1,-1-03-(5-m,)-0.15],

rae

ns=@@9-01-m,)-0,02-(6-m,) -4, =(19-01-0,02)-0,02-(6-0,02)-0,3~1,9;

n=19-[1-03-(5-0,02)-0.15]~15 .

[IpuBeIeHHBIN OTHOCUTENIBHBIN SKCIEHTPUCUTET
mfl =n-m, =15-0,02=0,03.

ITo mpunoxenuto 8 HaxoguM KodphumeHT Py~ 1,0.

ITo hopmyne (1. 06) BeruncisieM TpedyemMast IIonab:
Amp1 >N,/¢p,,-R-y=947/(1-215) =440 e’
[Tpu norpykeHnu HApYKHOU BeTBU UMeeM 1o popmyrne  (3.a) :
m,, =M, IN,-p,, =26800/(1080-153.2) = 0.15
Jlanee onpenenssemM napameTpsl:
ns =@9-01-m,)-0,02-(6-m,,)-4, =(1,9-01-015)-0,02-(6-0,15)-0,3~19

n=19-1-03-(5-015)-0.15]~15
m, =n-m,, =15-015=0,225

[To mpunoxxenuto 8 HaxoaUM KOIPPUIUEHT Gy 2 =0,97. Tlo hopmysne BeruncIsieMm

MJI0ILAb
A 1, =1080/(0,97 - 21,5) = 51,8 cm’,

OOpailaeM BHMMaHHWE YMTATENsl HA TO , YTO B CiIy4ae JCUCTBUS JOrpYyXkarolen
NOJKPAaHOBYIO BeTBb mapel ycwiuit  M; u  N,, mo nmpunoxenuto 10 6b110
OTpe/IeNIeH0 TOYHOE 3HaueHue koddduumenta mn. B ciayuae xe porpyxaroriei
HapyXHy0 (WIaTpoByI0) BeTBb mapel M, u N, [0 MNPUIOKEHUIO 10
koddurment 1 ompenensercs NmpuoOImKeHHO. [[0CKOIBKY B 3TOM ciydae TOYKa
a0comoTHOTO JKcIeHTpucuTeta €= M,/ N,  OKka3bIBaeTCs Ha MPOTHUBOIOJIOKHON
cTopoHe cedyeHus (cM. pucyHku npuioxeHus 10). OgHako 3TO HE TPUBOAUT K
CYILLIECTBEHHBbIM OIIMOKaM. B OoNbIIMHCTBE € Clly4aeB MpU NPOEKTUPOBAHUU
CTYNEHYAThIX KOJOHH MPOU3BOACTBEHHBIX 3/IaHUM OMpPENEISAIOMEH OKa3bIBACTCS
napa ycwmid M; m Nj , KoTopass aorpyXxaer NOJKpaHOBYK BeTBb. Jlist 3TOrO
BapuaHTa Ko duuueHT m mo npuioxeHuto 10 onmpenensieTcs TOUHO.
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Komnonoexka ceuenusn

W3 ycinoBHS MECTHOM YCTOWYMBOCTH OTHOIIECHWUE BBICOTHI CTEHKH N K ee
TommuHe 1., ompenensercs Tak:

h, /t, <-/E/R=./20600/215 =310

[Tockombky he; = 100 cm, TO
t, >100/31 =32 cm.
Takum 00pa3zoM, MbI IPUXOAUM K BBIBOJY : €CJIH HE IPUMEHSTH IPOI0IBHOIO

pebpa xecTkocTH (puc. 4) , TO CTEHKa KOJIOHHBI JIOJKHA UMETh pa3Mephbl

100 cm - 3,2 em = 320 cM”.

[Tpu ToM BhicoTa cTeHKH N = 100 cM — TUKTYeTCS YCIOBUAMHU KOMITOHOBKH
KOJIOHHBI. JTa BeJIMUMHA HA3HAYAETCS HA CTaJUU ONPEICIICHUS TPUBSI3KU OCH peJibca
K pa30uBOYHOM ocu 31aHus. Kak 3T0 AenaeTcs, Mbl MOKa3aau NPy KOMIIOHOBKE
IIOIIEPEYHOM paMbl POU3BOACTBEHHOIO 30aHusA. [[pyroi pa3mep creHku t., = 3,2 cm
JTUKTYETCS YCIIOBUEM €€ MECTHOW YCTOMYMBOCTH . [Ipu aTOM muiomans ceueHus
cTeHKH cocTapisier 320 cM”. DTo odeHpb Goubluas BeandnHa. OHa HAMHOTO GOJbIIe
TpeOyeMOil IIIOIAAN BCETrO CEYEHUs KOJOHHSBI : A = 51,8 cM’

B takux ciydasx gydiie oTka3zaTbes OT 0e3peOepHOro BapruaHTa v MpOeKTUPOBATh
KOJIOHHY C YCTPOMCTBOM IPOA0IBHOTO pedpa KeCTKOCTH (pHc. 4). DTO MO3BOJIAET
TOJIIIMHY CTEHKU PE3KO YMEHBIINUTh. MeCTHas ®e yCTOMUMBOCTh 00€CTIEYNBACTCS
MPOAOJBHBIM PEOPOM; TIPU ITOM pabOTOM camMoro pedpa Ha BOCHPUSATHE MTPOAOJIbHON
CHUJIbI OOBIYHO MPEeHEOPEraroT .

C y4eToM U3JI0AKEHHOTO BbIIIE IPUHUMAEM TOJIIHUHY CTeHKH t., = 0,8 cm ( puc. 4 ).
OO6bI4HO

her /1= 80 + 20. B pacdyeTHy!0 IUI0IIa1b CCUCHHS KOJOHHBI BKJIIOYAEM JBa KpaiHIX
y4acTKa CTeHKH ( puc. 6) LIUPUHOU 1O

085t -/E/R=085-08-./20600/215 =21 cm.

Jlnst oOecrieueHns: yCTONUMBOCTH KOJIOHHBI U3 TIOCKOCTH JICHCTBUSI MOMEHTA
IIMPHHY HOJNKU npuHuMaeM He meree (1/20 +1/30) -1, (I, - pacyernas nnuna n3
IUIOCKOCTH PaMbl HIDKHEW YaCTH KOJIOHHBI).

N3 ycnoBust MECTHON yCTONYMBOCTH ITOJIKU UMEEM:

6./t <(036+01-1)--/E/R =(0,36+0,1-0,3)-/20,6-10* / 21,5 =12,09 ,

rac

6,=(6,-t,)2, —cm puc.6.

[IpuaMaem
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8, =16 cm; t =10 com; A =1-16=16 em?:
6,/t =(16-08)/2-1=7,62 <12,09.

Tak xak

6, =16 cn < (1/20) -1, = (1/20)- 480 = 24 e,

TO JUisi 00ecreYeHUsT MECTHOM YCTOMYMBOCTH TOJIKM W3 IJIOCKOCTU JICUCTBUS
MOMEHTA - U3 IJIOCKOCTH paMbl CIEA0BATEIbHO MPEAyCMOTPETh MOIEepeyHble pedpa
KECTKOCTH C mmarom (2,5 +3) M 1o BeicoTe. OHAKO, YUUTHIBATh, YTO HIXKHSIS 4aCTh
KOJIOHHBI HEBBICOKas1, pebpo (momepeynoe) yctpoum ¢ 1900 mm — cMm. puc. 7. s
obecrieyeHus yCTOMYMBOCTUIE CTEHKU YCTpPaUBaeM MPOJOJILHOE PEOPO HKECTKOCTHU C
JBYX CTOPOH CTEHKH (puc. 7).

[TonkpaHoByro BeTBb Ha3zHaduaemM B Buiae aByraBpa 30 bl ¢ miomaasro
rorepevHoro ceuenuss 41,5 cM’
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Puc.4. CeuerHuve crn/aowHOM KO/TOHHBI
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['eomeTpuyeckre XapakKTEPUCTUKU CEUECHHSI
[TosHas muiomaae ceueHus

A,=16-1,0+96,1-0,8+415 = 134,38 cm?.
Pacuernas muomanps ¢ y4eTOM TOJIBKO YCTOWYMBOW YaCTH CTEHKH:
A=161,0+2-0,85-T .z2-31+41,5=94,8 cM”.
3n1ech : t.=0,8cm
N3 puc.l u puc.6 onpenenuM KOOpANHATY LIEHTPA TSKECTHU MOJIYYEHHOIO

CCUCHHUA .

(16+1,0+0,8-100-50+41,5-101)

= =66 CcM.
Y2 (16-1+0,8-100+41,5)

Torma
v1=100 — 66 = 34(cm).
Takum 06pa3zom, Mbl ONIPEIEITUIIA HOBOE MOJIOKEHUE LIEHTPA TSHKECTH CEUCHUs
(HMKHEN YacTH KOJIOHHBI):
v, & 34 cM; V., & 66 CM;
v, % 34+7=41(cm); Vo, &y, =66 M.
MOMEHT MHEPIIMH CEUYEHUS OTHOCUTEIILHO OCH X-X HaXOJIUM I10 CJIEIYIOLIeH
dbopmyne (puc.S)
L =Tg1 01 + G) L Pt G) ter Ve Flog ooty " Y2 +A V2.

3neck:

l51-01 = 390 cM* — MOMEHT MHEpIHH JBYTABPOBOTO CEUEHHMs OTHOCHTEIIHHO

cobeTBenHoi ocn 01 — 0 (puc.5) — onpeiensieM 0 COPTaMEHTY, KOTOPHIiA

IIPUBEJEH B TPETHEM pa3/Ieiie KHUTH;
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|
|
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T, =1lcm | /LBI
| AAAAAILIIIIISS,
|
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Z |
o P = |
o5 7 =
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(= —'_&_ % I
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| |
| | |
| | - Z | Z
1085t JE/R | | 0854 E/R
L 100cm :
[

tr =0.8CM; 0.895t,«VE/R=
By =16CM, 0.85-0.8420600/21.5="

=7,6CM;
%“ lem; 0.85 0.8+ 31.0¢CM.

Puc.6. K pacueTy YCTOMUMBOM
HAQCTWUM CTEeHKU

(L0
12

Ic:Z—c:E = 16 '

- MOMEHT UHEPIHUH NosAca (JIMCTa) OTHOCUTEIBHO

coOCTBEHHOM OCH 0, — 05 (puc.5)

A, =16 cm?, A;=41,5 cM? - COOTBETCTBEHHO MOIIA M JICBOIT 1 TIPABOil

BETBEH KOJIOHHBI (puUcC.5)
Brruucinsiem:
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[,=390 + (1) 0,8 663 16~ + 16:66%+41,5-342=180391 ant;

L. =~

y ¥, 6320~ 6728 o’
rae

1=6320 cM* — MOMEHT HHepLHH IBYTaBPa OTHOCHUTEIBHO
ocu Y-y (ompenensieM 1o COPTaMEHTY).

MoMeHT ConpOTUBICHHS MPU U3TUOE, COOTBETCTBYIOIIUN TOUKe T4 (pHC.5)

| 130391
W, === ~ 4200 cm?®
vi (34+7)

(V1 V2 —cm. puc.l).
MOMEHT CONPOTUBIICHUS IIPU U3THOE, COOTBETCTBYIOIINN TOUKE 0> (pHC.S)

I 180391
Wo=—= ~ 3608 cm°.

¥o 1)

S npoBbie pacCTOAHUS:

=30 cM,

Pz = =228 2268 cwm.

PaIII/IYCBI HHCPINH:

. I 120391
i, = |=F= |[—/———=136,6 cMm,
Aq 134.38
. I, 6728
i, = |+= =7,0cM .
A Ay 134.39

Ilposepka ycmoituueocmu Hudicnell yacmu KoJIOHHbI
6 NMjaocKocmu Oeiicmeus MoMeHma

IIpu nevictBuu napel yewnuii M, u N, , morpy»arorieii martpoByro BETBb.

BreraucisieM ruOKoCcTh

iy 366
— R
Ae=h; - [7=08;

19, =984 cm — pacueTHast JJINHA HUKHEH YaCTH KOJIOHHBI B IIIOCKOCTH PAMBbI
(MeTonuka onpenenenns 1°, 1%, Gblna M3M0%kKeHa IPH pacueTe CKBO3HOM

KOJIOHHBI)
Brruuciisiem cnenyronye napameTpsl :
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= Mxo 26800 0,9 — mo dopmye (3.a),

My (Ny-pgs)  (1080:26.8)

Ap
=16+ 22=0,6=0,5.

A 96.1

3nauenue kodpduiuenta » omnpenensieM o npuioxkenuo 10.

I[Ipu ‘:—“ = 0,5 HaxoguM:

ns =(1,75-0,1-0,9) — 0,02:(5-0,9)-0,8 = 1,6;
1=1,6[1-03-(5-0,9)-0,15] = 1,3.
[IpuBeIeHHBIN OTHOCUTEIIBHBIN SKCIEHTPUCUTET
m,,c=1-m,-,=1,3-09=1,2;

COOTBETCTBYIONMI KOdpduuuent @, = 0,545 — no npunoxennio 8.

Tenepp 1o BTOpomMy YCJIOBI/IIO dbopmyb (1.0) BeaucseM :
- 2289  _ 90,6 KH x <215 KH /

O 0.545-96.1) cM?

Henonanpsaxenue:

(21,5-20.6)
[ ] -100% = 4% < 5%

21,5
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B cnayuae HenmonampsbkeHus > 5% wiaM  mepeHanpsKeHHs, HE0OXO0IUMO
IPOBOJIUTE KOPPEKTUPOBKY CEYEHHUS U MOBTOPHYIO IPOBEPKY YCTONYMBOCTH.
AHAJIOTUYHO TIPOBEPSETCS YCTOWYMBOCTH HIDKHEW YaCTH KOJIOHHBI W IIPH
neiicteun mapel yeunmii M; w N | morpyxkaroineii mogakpaHoByro BeTBb . B aTom
cilydae
M, =947 xH-m; N, =51 kH;
P.1=30 cm; 2. =0,8; m,; — 1o popmyine (3) .
Yurareno peKOMEHYEeM, MOJb3YsICh H3JI0KEHHBIM BBIIIE AITOPHTMOM,
BBITIOJIHUTB 3Ty TIPOBEPKY CAMOCTOSTEBHO.

Ilposepka na ycmoiiuugocms HudcHell Yacmu KoJ10HHbL
U3 NJ1OCKOCIMU 0eliCM U MOMEHMA
OcymiecTBisieTcss sl Omnpenensmoniell mapsl ycuwinii. B paccmarpuBaeMoMm
PUMEPE B POJIM TAKOU Maphl BHICTYNAIOT
M, =268kH-M; N,=1080«kH.

I'nOKOCTh B HUKHEHN YaCTH KOJIOHHBI M3 INIOCKOCTH paMBbl

A, = I— — = 69; ¢ = 0,73 — 110 IpUINOKEHUIO 7;

Py _ 420
Iy 7.0

I':'}, = 480 cM — pacdeTHas JJHHA HUKHeH 4acTH KOJOHHBL
Tak kKak 3HaUY€HHE MOMEHTA MEHSIETCS MO JJIMHE KOJIOHHBI, TO ISl ONpeAcIeHUs
OTHOCHUTEJILHOTO  JKCIEHTpUCUTETA I, HAlileM MNpUOJMKEHHOE 3HAuYeHUE

MOMeHTa (puc.8),T.e

M, = (et o G980 - gq g py,

3nech: My=-80 KH - moment B ceuenun IV—IV, cooTBeTCTBYIONIMI COYETAHUIO

Harpy3ok (1,2,3,4). Omnpenenenue Tounoro 3Hadenuss M,  ams pasnmuunbix
BAPUAHTOB KOJOHH M YCIIOBUM KPEIJIEHUS UX KOHIIOB CM. B TPEThEM pasielie, Mpu
xotopoM Obu1 onpenenen M, = 268 KH» M.

OTHOCUTENBHBINA SKCIIEHTPUCUTET:

Mg -A, 940013433
(NyW,)  (1080-2608)
B

|::1+u'mxz:] )

m, = 0,32

[Ipu m,, <5 xo>dpduument c= B Oonee obiiem citydyae npu

m,, > b,

Onpenenenue korpduimenta “c” cm. B CHull «CranbHble KOHCTPYKITUNY,
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I'ubxocTh

A, =69< A =314 [0 =g

[Ipu BBIMONHEHWH YCIOBUS A, << A,  TIOJIb3yeMCSl €JUHUYHBIM CTOJIOLIOM;

napameTpbl, HEOOXOIMMBIE JJIsi BBIYMCIICHUS KOd(PPuIueHTa «C», onpeaeisieM 1o
npuioxeHuto 11(umum no tadbnuue 10 CHull « CtanbHble KOHCTPYKIIUWY» B TPETHEM
pazjeiie KHUTH):
p=1,0;
0=0,65+0,05- m,, = 0,66 +0,05:0,32=0,67
Teneps BerumcisieM KO3(QOUIMEHT «C», YUUTHIBAIOIINH BinusHre MmomenTa M, -

IPU U3TMOHO — KPYTUIILHOM (hopMe MOTEPU YCTOMUUBOCTH:

_ B _ 1 _
C= Hramg’ (406732 0.82
[Tockonpky
her 961 _ _JE _
o ?—120>3,8 \j; =116

B PACUETHOE CEYEHNE BKIIIOYAIOTCS TOJIBKO YCTOMYMBAs YaCTh CTEHKU. [Ipn

h—ﬂ:::3,8-ﬁ=116
ter R

B PACYCTHOC CCUCHUC BKIIIOYACTCA ITOJIHAA TIOMa/Ab CCUCHUA HW)KHEH KOJIOHHBI.

Brrancnsiem HanpsKeHue :

N
{C"iPy-A]'
YCIIOBHE YCTOMYHUBOCTH U3 IIJIOCKOCTH JCUCTBHUSI MOMEHTA;

0)0%1
1080

" (0,82-0,73-94,8)

=19,03%H/_ , <21,5%H/

) cMZ

vy = 1- ko3¢ dunreHT ycioBuid padoThl (10 npuiiokeHuto 13).

Ecnu He BBINONHIETCS YCIOBHE YCTOMYMBOCTH, TO KOJOHHBI 3aKpEIUISIIOT
pacnopkamu , KOTOpble 00€CleUnBaOT UX YCTOMYMBOCTh U3 TUIOCKOCTU ACHCTBUS
MOMEHTa — U3 IJIOCKOCTH paMbl (cM.puc 9 ).

[IpoBepky mpounoctu ceuenuss |V-IV Ha Bocmpusitue monepeyHoll CHIIbI
PEKOMEHAYEM YUTATEII0 BBIMOJIHUTH CAMOCTOSITENbHO. OnpeneneHue BeIMYUHBI
MONEPEYHON CHJIBI B YETBEPTOM CEYEHUH OBLUIO JAaHO MpH MPOEKTUPOBAHUU
CKBO3HBIX KOJIOHH.
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4800

2400

v v

It

M4 =—30

Prc.e K onpegencHMO POCUSTHOMO
MOMEeHTa Mx
[IpoBepky ceuyeHHMsT Ha BOCIPHUATHS IMOMNEPEYHOM CHUJIbI CMOTPUTE pPACUET
KOHCTPYHPOBaHUE TJIABHOW OAJIKH B MPOEKTe «bajouHas TuromaaKa.
Pacniopku nmoutu B 2 pa3a yMEHbBIIAIOT PaCYETHYIO JUIMHY HUYKHEN YaCTH KOJIOHHBI
(U3 TJIOCKOCTHM pambl), U TEM CaMbIM NOPUMEPHO B 4 pasza YBEIUYUBAIOT
KPUTHYECKYIO CHITY.
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