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IpenucioBue

[lenpto gaHHOTO Yy4YeOHOTO TOCOOWS, SBISETCS TOBBIIICHHE KadyecTBa
OCBOCHHUS TIPEMETA CTyICHTaMHU.

3amauyaMu ocoOus SBIISIFOTCS:

1) moBTOpEeHNE U 3aKpPETUICHNE OOIIMX ITAMOB Pacy€Ta KOHCTPYKIIHIA:

- COCTaBIICHUE PACUETHBIX CXEM;

- cOOp HArpy3oK;

- OTIpeJICIICHNE YCUIIMI OT KaXKIOTO 3arpyKEeHUS;

- BBIMIOJHEHHE DPACUETHBIX COYETAHWH YCWIMA W OmpeneneHue Haumboiee
HEOJArONPHUSITHBIX  YCIOBHIA IKCILTyaTallnu;

2) IpOeKTUPOBAaHNUE HECYITUX KOHCTPYKIUNA U3 epeBa:
- MOI00p CEYCHUS IEMEHTOB,
- IpoBepKa Nporudos, nedopmanuii, odecrneyeHne yCTOHUMBOCTH 3JIEMEHTOB
JePEBSIHHBIX KOHCTPYKITUH;

- BBITIOJTHEHIE KOMITOHOBOYHOT'O YepTeKa 3/TaHHUS;

- MPOEKTUPOBAHKE OTACIHHBIX HECYIIUX KOHCTPYKIIUI KapKaca 3/1aHus.

BrimonHeHne pacu€ToB B «pPyYHOM PEKHME) MO3BOJIUT CTYICHTaM NEPEUTH B
JaJlbHEHIIIEM K OCMBICICHHOMY aBTOMAaTH3UPOBAHHOMY PAacuéTy W BBITIOJTHEHHIO
pabounx yepTekeit Ha MPOrpaMMHBIX KOMITJIEKCaX.

B moco6un npuBeeHBl OCHOBBI pacdeTa U KOHCTPYHPOBAHUS HanOOJIee 4acTo
UCTIONB3YEMBIX U MPEIYCMOTPEHHBIM 33JlaHUEM IO KYpCOBOMY MPOCKTHPOBAHHIO
KOHCTPYKTHUBHBIX CXEM, CIIPaBOYHBIC TAHHBIC U rpaprueckas 4acTb MPOEKTOB.

[Tocobue mpemHa3HAYeHO MJII CaMOCTOSITEILHOW W ayAUTOPHOW pabOTHI
CTYZCHTOB CTPOUTEIbHBIX CIICIIHATIbHOCTEH.



1. KOMIIOHOBKA U KOHCTPYUPOBAHUE 3IAHUA

KoHCTpyKIIMM MOKPBHITHS B 3aBUCUMOCTH OT TEIJIOBOIO PEXHUMa 3JaHUS
MOT'YT OBITh XOJOJHBICE W yTeruieHHble. Kak mnpaBuiao, B XOJOIHBIA COCTaB
MOKPBITUSL BXOJAT 3JIEMEHTHI KPOBJIU: NMPOMOUINPOBAHHBIA HACTUI M OOpEIIeTKa
WJIM JOIIATHIM HACTUII MO MPOroHaM. B yTemIeHHBIX MOKPBITUSAX, B COCTaB KPOBIIH
BXOJAT TEIUIOM3O0JIMPYIOLIUN CIONW M MapOU30JALMs. Y TEIJICHHBIE KPOBIU MOTYT
BBITIOJIHATHCS U B BUJE UHAYCTPUATIbHBIX TPEXCIOUHBIX KieepaHEPHBIX U JPYTUX
MaHeJeH.

KOHCTpYyKTMBHOE HCIIOJIHEHUE MOKPBITUS 3aBUCUT OT CXEMbl OCHOBHBIX
HECYIIUX KOHCTPYKIUH 34aHusl. PACCMOTpHUM OCHOBHBIE UX THUIIBI.

1.1. KoncTpyupoBaHHe NOKPBITHIH MO0 CTPEJbYAaTHIM apKaM
JlnHa XopAbl CTpenbyaTol apku mpu mnposete [ u ctpene noabeMa apku H=f

(puc. 1.1)
I, = f>+0,5-1

Crpena mogbpemMa Jyru MoayapKu

JInuHa AyTy noinyapKu

2
S=4lk +%.

Pannyc KpuBU3HBI OCH MOJTyapKu

_h _h
8-f, 2
[ITar mporonos
8, =1, -sini,

n

ut.n.
T/1€ Ny, , — KOJTMYECTBO IIArOB MPOrOHOB C OJTHOM CTOPOHBI CKaTa,
@ — LIEHTPaIbHBINA Yo ayru noiayapku (puc 1.1);
T'ip — PAAUYC OKPYXXHOCTH, OUYEPYEHHOM 110 BEPXHUM T'PAHAM HACTHJIA KPOBJIN

ha
Vi = r+7+hn +h,;
h, — BBICOTA C€UEHHUS APKY, h, ~ (%+4LO)-Z , [ — TIPOJIET apKHu,;

h, — BeICOTa IpoOroxHa, A, ~ (%+21—0)-B , B —IIar apok;

h,, — TOJIIMHA TOCOK HACTHJIAa WU podHACTUT h, ~ (3+4)cm.



> 100

Puc. 1.2. Koncmpykmugnasa cxema X0100H020 U Menjio20 NOKPLIMUA NO CIMPETbYambim
apkam:
1- oowamoxneenas apka,; 2-KoObLIKU; 3-NPO2OHbL, 4-npomusockamuuvle OOOLIUKU,
S-mpexcaovnasn namens, 6-ymenaumens, 7-gpapmyx
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Puc. 1.3. KoncmpykmugHble peuteHus RPUMbIKAHUA KPOBIU K OCHOBAHUIO: @) — X0100HAA
Kpoena: 1 —apka, 2,3,4, - npoeonwl, 5 — npogpnacmun; 6 — nacmun; 7 — maekas kposis, 8,9 —
causvl,; 10— ommocmra. 6) — mennasa Kkpoeasa: 1 —apka;

2 — nauenv; 3 — 600blUKU,; 4 — ymenaumensb, 5 — OYUHKOBAHHASL KPOBENIbHASL CIAlb.
Hokonvnas yacmes. 1-viii 6apuanm: 4 — panooaika,

5 — mpéxcnoiinas kupnuynas Kniaoka, 2 eapuanm: 6 — npo@GHACMUL C Ymenaumenem uiu
MPEXCIOUHAsS NAHENb ¢ 0OAUYOBKOU U3 npohHacmuna, 7 — pyioHHAs Kposs, 8 —
euopouzonayus; 9 — caug;, 10— ommocmxa

CBec KpOBJIM B apOYHBIX 3JaHUAX OOECICUYMBACTCS ITyTEM YCTPOHCTBA
KOOBUIOK 8., > 50 cM (puc 1.2) nnu xonconu mura (puc.1.3). llenecoobpazno s
3aIIUTHI ITOKOJIBHON YacTH MATKOW KPOBJIW 3/IaHHS OT MEXaHHUYECKHUX pa3pyIICHUH
¥ BO3JICHCTBUI(aHTHBAHIAIBHBIN IIOKOJb) BBIOJHATH €ro M3 0ojiee MPOYHBIX
MaTepHaJioB, HampuMep, u3 npodHacTuia win u3 kupnuda (puc 1.3). IIpu sTom
PacCTOSTHHE MEKTY IPOrOHAMH MOYKHO OKPYTJIMTB JIO0 KPaTHBIX BEJIWYHH, a IIOKOJIb
clienaTh JOOOPHBIM 0 JUIMHBI AYTH NOJIyapKU HEKPATHOM BBICOTHI /1, ~0.5+1 M.

[Ipu  Temmoit Kpomie, 3MaHUS OTpPaXJAAIOIINE KOHCTPYKIIMH MOTYT
BBITIOJTHATBCS B BUJE TpexciouHbIX maHened (puc. 1.3, 6). Ilockonbky Takoe
W3TOTOBJICHUE KPHUBOJIMHEHHOTO OYEPTAaHMS TMaHENICH MO KaKIOH KPUBU3HE apoK
HEpaIMoHaJIbHO, TO IIMPUHA MMaHEJIeH OJDKHA OBITh HEOONBIIOH 6,, = 1+1.2M, a
NpOAOJIbHBIE, HEecyllne OOKOBBIE pedpa TaHened, YCTaHaBIWBAEMBIE MPUMEPHO
gyepe3 kKaxasle 0,5 M, OyayT ommpaThCs Ha apKy uepe3 OOOBIIIKH, a CpeIHue
HerocpeACcTBeHHO Ha apky (puc. 1.3 0). ILlokonbHass dYacTh MOXET OBITh
W3rOTOBJICHA TaK € JOOOPHOH ¢ HapY)KHBIM 3allUTHO-YIAPHBIM CIIOEM W3



npodHACTHIIA WM B BHJIE TPEXCIOWHON KUPITMYHON CTEHKH, OIMHMPAIOIICHCS Ha
paHa0aKy, yJI0KeHHYI0 Ha 00pe3 pyHmamenTa (puc 1.3 6)

1.2. KoncTpynpoBaHue NOKPBHITHI 10 paMaM, TPEeyroJbHbIM (pepMaM H
APYTUMM HECYIIUM KOHCTPYKIHMAM C NPSAMOJMHEHHBbIM 04E€PTAHMEM CKATA
[lo 3amanHOMY mpoJieTy 3/1aHus /| IPUHUMAEM BBICOTY TPEYTOJNBHBIX (pepm

U3 pacyeTa %:(%+%), (pucl.5, a) ot paMm u omnpezessieM yroj HakjIOHa ckKaTa K

TOPU3OHTY & ~ (10+15)° (puc 1.4).

JIJMHA cKaTa ¢ Y4eTOM CBeca KPOBIIM, KOTOPBIA IPHHUMALETCS 6., = 715CM OT

—+6

ce
OCH CTOEK, paBHa § = 2
cosa

IIpu sTOM (axThueckuii cec OyneT OmpeneieH IOociae Ha3HAueHUs U 3a
BBIUETOM pPa3MEPOB: TOJOBUHBI BBICOTHI CEUYEHMSI KOJOHHBI, BBICOTHI MPOTOHA,
TOJILUHBI OOIIMBOYHBIX JOCOK HJIM MPO(HACTHIIA.

S
[Iar mporoHos 6, = —.
n

u.n.

VYanuHeHne cKaTa KpOBIM  BBIMOJHSAETCA TMPU TOMOUIM  KOOBUIOK,
YCTAHABIMBAEMbIX B BHJI€ JABYCTOPOHHHX KOHCOJIBHBIX JOCOK Ha OoiTax WU
reo3asx (puc. 1.4, 1.6, 1.7).

VYceTpoiicTBO cBeca JuIsl THYTBIX paM IMPUBEAEHO Ha pUCYHKe 1.7, mpuuem
0pyu MPUMEHEHUU NPOPUIMPOBAHHOTO HACTWJIA [JIsI KPOBIM M CTEHOBOTO
OTpaXJIEHUS TOPILBI KPOBIM MOTYT OBITh OOYCTpPOEHBI B BHUAE THYTBIX
HaIEJIbHUKOB W3 TaKOro >K€ TOHKOJUCTOBOIO MeTaia, Kak HpodHacTu,
MPUMEHSEMOT0 B Hallle BpeMsl JJIs CIIMBOB, KAPHU3HBIX U KOHBKOBBIX Mpoduieil u
OPYTUX JETAIEH.

C npaBoii croponsl cxem (puc. 1.4, 1.9) nmokazanpl BapuaHThl UCIIOJHEHUS
3IaHUN C YTETUICHHBIMU MaHENISIMH, IIUPUHA KOTOPBIX YK€ MOXKET HMPUHUMATHCS
1o 1.5 u paxe 3 M KpaTHO paccTOSIHUIO Mexay y3inamu depMm. Ilpu HaznaueHun
IIMPUHBI TAHENTN HE00sA3aTeNIbHO CTPEMUTHCS K Y3JI0BOMY ONUPAHUIO MAHEH, T.K.
BHYTPEHHHE IPOJIOJIbHBIE peOpa maHenu OyJayT BCe PaBHO ONMUPATHCS Ha BEPXHUUN
MosIC MEXIy y3JlaMu, a caM Tnosic Oyzner paboTaTh Kak CxaTo-U3ruOaeMbli
HIIEMEHT.

HuxHue psiabl CTEHOBBIX MaHesnen (y 3eMJIM) JIJIS 3allUThl OT MEXaHUUECKUX
MOBPEXKIEHUNA MOTYT BBIMOIHATHCS C OJHOM MM OOEUX CTOPOH C OOIIMBKOM M3
0oJyiee MPOYHBIX U JIOJATOBEYHBIX MAaTepuajoB BMeCTO (paHepbl, a JepeBsSHHbIC
pebpa, HarpuMep, U3 CTEKJIOIIACTHKA.

KoHcTpyrupoBanue NMOKpBHITUNA W y3710B NMPUMBIKAHUS KPOBIU K CTEHOBOMY
OTPaXIECHUIO I JAPYIMX CXEeM C pamMaMu, OajkaMM U TpamnerueBUIHBIMU
dbepmMaMu MOXET TPOU3BOAMUTHCS C Y4€TOM TpPEOOBAHMUI BBHINIEPACCMOTPEHHBIX
cxeM u no pucynkam 1.4, 1.5, 1.6, 1.7, 1.9.

10
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Puc. 1.4. Koncmpykmugenasa cxema 02pa;coarouyux KOHCMPYKYUii no
ZHYMOKJ1€CHbIM PAMAM:
1-pama; 2-npoeon nokpeimusi, 3- 000bIWKU, 4- NPO2OHBI CMEH0B020 02PadCOeHUsL; 5-
KOOBLIKU NOKpbIMuUsl, 6-KOOBLIKU CIMeNbl, 7-Mpexclounas naneis,; 8§ — pyloHHas
Kpoens, 9- ciue

Puc. 1.5. KoncmpykmugHnas cxema 02paxcoarouyux KOHCMpPYKYuil 30aHull ¢ RPAMOIUHEHUHbIM
ouepmanuem Kpoeau: 1- epxuuii noac(Kpomka) ; 2- npo2ou Kposnu,; 3-000b1uKu;
4-mpéxcaounan namens; 5- KooviLIKa; 6- 0068:130UHbIN OPYC
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Puc. 1.6. Koncmpykmugnoe peuieHue npuMblKaHus Kpoeiu K CHeH08OMY ozpaxcoenuro: 1 -
Hecywas KOHCmpyKyus, 2 - Koovliku, 3 - npo2onusl, 4 -npomusockammuvie OOObIUKU, 5 — wumbl;
6 — 6pycku; 7 — 00CKU U HAWETbHUKY U3 Memalla uiu npogpnacmui, 8 —pacnpedenumenvras
nracmuna, 9 - cmotixa, 10 - 0ocku cmenogoeo oepasicoenus; 11 - bonmul,; 12 — 26030u, 13-
pacnopka mexcoy Koiouuamu, 14 — kopomkue opycos, 15 — koHconvhbie Opycos; 16 — npocon
cmenwt; 17 - caue
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Puc. 1.7. Koncmpykmuenoe peuienue npumvlKaHusa Kpoeaiu u CmeH K ZHYmoK1eeHoll pame:

1 — pama; 2 — npocon nokpvimus, 3 — koowvlika, 4 — 60ovlwka, 5 — npogpracmun nokpovimus, 6 —

KOObLIKA cmenbl, 7 — npo2oH cmenvl, 8§ — npoghnacmun cmensvit, 9 — nawenvrux, 10— niacmuna;
11 — ynoput

1.3. KoncTpyupoBaHue NOKPBITHI 110 CerMEHTHBIM (pepmMam

f

Haxoaum BeicoTy (hepMbl U3 pacuera = (%+%) (puc 1.8)

PaI[I/ch OKPYKXKHOCTH, I10 KOTOpOﬁ OUCpUYCHA OCh BCPXHECTO IMOsACa q)epMBI

P4 f7
0 - .
8- f
[TosmoBrHA LIEHTPATIBHOTO YIila IYTH BEPXHETO T0sCa:
¢, = arcsin
2.7

0
JImiHa BCel 1yru BEPXHETO I0sCa U OJHOM IaHEeNH Iosca:
2-7w-r-2- S

360° n
ra€ n — KOJIMYECCTBO HaHeHeﬁ BerHeI‘O T105CaA.

I[JII/IHa XOpAahl, CTSIFI/IBaIOH_[eI\/JI AyTry HaHCIH, WU CTPCIIKaA BBITH0A OI[HOP'I
2

naHesnu pepmsl: /g =2.r-sinZ; fo = 8S
n .

13



CBec KpoBIM CIEAYET NPUHUMATD 6.5 > 75CM OT F€OMETPUUECKON OCU CTOEK
(puc 1.9). Tlpu 5TOM ropu3oHTaNBHAS NPOSKLMS KPOBIU COCTaBuTl, =1 +2-6,,.

PaI[I/ch OKPYXHOCTH, O‘le‘lCHHBIfI 10 BCPXHUM KPpOMKaM HACTHJIA KPOBJIHA

hliﬂ
T :r+7+hn+hH.

hd) — BBICOTAa CCYCHHA BCPXHCTO II0ACA q)epMBI, A0 paCYCTHOI'O 3HAYCHUSA MOIKHO

1 1
opuHATh h, = (—+—) [ ;
P ¢ (18 20) g

hn — BBICOTA IIPOT'OHA, MPCABAPUTCIIBHO HA3HAYACTCA:

o~ (L+L) -B, B — mar depm; Ay - TonuHa Hactuia hy = (3+4) cm.

15 20
ITonoBrHA HEHTPAIBHOIO YIjla AyTU KPOBIIU = arcsinlL
1p y YIH KD Py 2
kp
PacueTHbIN mar IporoHoB Ha MOJOBUHE (BEPMBI 6, =1, -sin&,
n

w.n

TJI€ Ny, , — YETHOE KOJMYECTBO IPOrOHOB C OJTHOW CTOPOHBI CKaTa.

[Ipr TenmoM BBIMOJHEHUN KPOBIHU TPEXCIOWHBIC MAHEIW YKJIIAJbIBAIOTCS
[0 KPUBOJMHEHMHOMY BEpPXHEMY MOSCY, MO3TOMY KaK M B CTPEJbYaThIX apKax
IUpUHA TIaHeNe Ha3HavaeTcs 6,, = 1+1,2M c maroMm mOpoOJOJBHBIX pebdep
0,5+0,6M, 4TOOBI TMPOAOJIBHBIC KpaitHHME pebpa omupainch Ha depMy uepes
OOOBIIIIKA, a CPEIHHE HEMOCPEJCTBEHHO Ha BEPXHIOID KPOMKY BEpPXHEro Imosica
(puc 1.9). KOHCTpYKTHUBHBIC pEIICHUS] TPUMBIKAHUS MOTYT OBITh pPEIICHBI
AHAJIOTUYHO PACCMOTPEHHBIM y3JIaM.

/1 /o
o7
n/2 5/2

Q0=

f

Puc. 1.8. I'eomempuueckasn cxema cezcmeHmHuol ghepmol
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Puc. 1.9. Koncmpykmuenas cxema ¢ ce2MeHmHou ghepmoit:
1 — sepxnuii nosic gpepmul; 2 — KOObLIKU, 3 — NPO2OHBL, 4 — Hacmu, 5 — 008:130UHbIU
opyc; 6 — 600blwKU; 7 — MPEXCNOUHAs NAHeb

Puc. 1.10. Onupanue naneneii Ha KpuoIUHEUHbLI NOAC hepmbl (apKu):
1 — nosic gpepmol; 2 — pebpo nanenu, 3 — bobviwika, 4 — ymeniumens, 5 — pyJloHHas
Kpogs, 6 — napousonayus, 7 — OyuHKosauuas srcecmo t=0,5+0,7um; 8 — 26030u

15



2. PACHET U KOHCTPYUPOBAHUE HACTUJIOB,
IMPOI'OHOB U KJJEE®AHEPHBIX TAHEJIEH

2.1. Ilpumep pacyera IMUTA C OAHOCJONHBIM CIUIOIIHBIM HACTHJIOM

2.1.1. Ycnosua: paccuntarh U CIIPOEKTUPOBATH IIUT XOJOJHOTO MOKPBITHUS
MOJI PYJIOHHYIO MATKYIO KpPOBJIIO C TEMIIEpaTypHO-BIAXKHOCTHBIMU YCJIOBHUSIMU
skcrryarauuu b1. Mecto ctpoutensctBa — r. Kazanp. Ilutel yknagsiBatoTcst mo
CerMeHTHbIM (pepMam nposieroM /= 15 m u marom B=3m (cm. puc. 1.9).
Marepuan — COCHa 2-T0 COpPTa IUIOTHOCTBIO p = 500 Kr/m’, Kiacc
oTBeTcTBeHHOCTH 3aanus I y, = 0,95.
2.1.2. Boioop KoncmpyKkmueHoil cxembl
Onpenenenue JIMHBI AYTH BepXxHero nosica pepmel. [lpu 3anannom mponete
[ = 15Mm, BbIcOTa Pepmbl | :l-l b =2,5 m.
6 6
Panunyc okpyKHOCTH, 10O KOTOPOU OUYE€pUYEHA OCh BEPXHETO I0sICa
_P+4f? 1544725
O 8f 825
[losioBHMHA LIEHTPANBHOTO YIJIa YT BEPXHETO Mosica

r =12,5 m.

@ =arcsin L = arcsin =36,87"

2r 2x12,5

JImuHa BCel 1yru BEPXHETO Iosca
_ 2.wr -2 _ 2-3,14-12,5-2-36,87 ~16,09 1.
360° 360°
Onpeodenenue pacuemno2o wiaza npo2oHo8
Csec kpoBiu npuHuMaeTtcs - b.,= 70 cM 0T reOMeTpUYECKON OCH CTOEK (CM.
puc. 1.8 u 1.9).

Torna ropusonTanbHas Npoekuus Kposaul, =/+2-b, =15+2-0,7=16,4 m.

S

PaI[I/ch OKPYXHOCTH, oqepquHOﬁ IO BCPXHUM I'paHAM IIPOTOHOB KPOBJIN

h
hy =T +7¢+hn +h,=12,5+0,2+0,123+0.002 =12,825 .

IlonoBuHA LHEHTPAJIBHOIO yIjia Iyrd KPOBIH

. . 15,4
¢, =arcsin—— = ar051n5—’ =39,75".
2, 2x12,825
PacueTHblii mar mporoHoB Ha MOJIOBUHE (hepMbl
39,75°

b, =r,, sin Pow _ 12,825 sin
n

u.n

=1,48 m.

Torpma pazmepsl murta B miaHe — 1,5x2,96 M (puc. 2.1). Illut coctout u3
CIUIOLIHOTO HACTWJIa ¢ PACYETHOU TOJIIIMHOM, K KOTOPOMY MOAUINUTHI C HUXKHEHN
CTOPOHBI TONEPEYMHBI U PACKOCHI, 00ECIIEUNBAIONINE COBMECTHYIO pabOTy JOCOK
HacTWIa U MPOCTPAHCTBEHHYIO HEU3MEHAEMOCTh KPOBEJIBHOTO MOKPBITHSI.

16



Pa3Mepsl ceueHunii monepeyrmH U PacKOCOB B HEJSIX YHU(MUKAIUKA TPUHSATHI
OJIMHAKOBBIMU, paBHBIMH 22X75 MM 0€3 pacuera.
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Puc. 2.1. Illum ¢ 00HOCIOUHBIM CHIIOUIHBIM HACHUTIOM:
1 — docku cnaownozo Hacmuna, 2 — packocwl, 3 — nonepedunsl, 4 — npoeousl, 5 — 26030u

2.1.3. Pacuem nacmuna wiuma

C6op Harpy30k Ha | M” OKpBITHS TIpHUBe/IeH B Tabmmie 2.1.

Hactun mura paccUMTHIBAETCS IO CXEME ABYXIPOJETHOM HEpa3pe3HOu
Oanku nponeramu b,=1,48M Ha AEMCTBHE TOJBKO HOPMAIbHBIX COCTAaBJISIOLIMX
Harpy3oK, TaK KaK CKAaTHbIE COCTAaBIISIIOIINE BOCIPUHHUMAIOTCS PAaCKOCAMHU.
PacueTHas mmprHa HacTUIa MPUHUMAETCS paBHOM M.

1. Pacuer mmra mo mNepBOMY COYETAHHUIO HArPy30K IPOU3ZBOAUTCS Ha
MPOYHOCTh M MO AehopMalusIM TpU OJHOBPEMEHHOM JEHCTBUM COOCTBEHHOTO
Beca MOKPBITHUSI U CHETOBOM HAarpy3ku (cM. puc. 2.2).

Harpy3ku Ha TOTOHHBINA METp IIUTA:

q" =g" -a,,, =194-1,0=194 xH/u;
q =g *a,,,=2,68-1,0=2,68 xkH / m.
HauGonbiue BepTUKaibHble HATPY3KH OYyAYT UCIBITHIBATH CPEHUE IIUTHI,

PacIoIOKEeHHbBIC Y KOHbKA (DepMbl. YTO0JI HAKJIOHA 3TUX ITUTOB:

B, = P _ @ =9,22°; cosa =0.987.
n

17
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Puc. 2.2. Pacuemmnvie cxemuvl 00uiamosblx HACMUI06:
a) — npu nepeom CouemaHuu Hazpy30K(NOCMOAHHAsL U BPEMEHHAs CHe208as1); 0) — npu
8MOPOM COUeMAaHUU HA2PY30K(NOCMOAHHAS U COCPe0OMOYeHHAsl 8 OOHOM npoieme om 8eca

MOHMANCHUKA)

CGop Harpy3ok Ha | M IOKPBITHS

Tabmuma 2.1
DIJIEMEHTHI U MOACYET HopmaTtuBHas Koadpdunment | Pacuernas
Harpy3oK Harpyska, klla HAJIe)KHOCTHU 10 | Harpyska,
Harpyske, yr klla

[IocTosiHHBIE
1. PyJIOHHBIN MATKUA 0,090 1,3 0,120
KOBEp
2. JIocku 3alIuTHOTO 0,110 1,1 0,1
Hactuia 0,022x500- 107
3. Jlocku packocoB u 0,055 1,1 0,061
nonepeynH
(opuentupoBouHo 50%
Beca HacTHUIA)
Hroro: g = 0,26 g,=0,28
Bpemennas
1. CueroBas nis II-ro p-Ha S, =1,68 S=2,4
Bcero: g" =194 g =2,68
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HopmanbHbIE COCTaBISIONINE HATPY30K:
q" =g" -cos B, =1,94-0,987 = 1,91xH / m =191-10 SMH / u;

q,=g-cosfB, =2,68-0,987 =2,64kH / m=264-10"MH / m.

N3rubaromnuii pacyeTHBIN MOMEHT OT JICHCTBYIOIIUX HATPY30K:

2 2
M, = qxgn _2.64xLA8 ) ) Hv = 92-10° MEHw.
Tpe6yeMBIﬁ MOMCHT COIIPOTUBJICHUSA
M, 92107

=6,7-10" 0> =67 cn’.

I/Vm 1 = -
» R,ly, 13/0,95
[Ipu pacueTHoi mupuHe 1 M TpebyeMas TONIIMHA JOCOK HACTUNIA!

6-W .
Oppt = wi _ [6-67 =2,0 cm.
a,. 100

[IpenBapuTenbHO MPUHUMAEM TOJMMHY Aocok Hactuia 20 mM. I[IpoBepka
nporuda OT HOPMATUBHOW COCTABJISIONIEH HArPy3KU IPOU3BOAUTCA 110 (HOpMYJIE:
i_2,13-qf-b3_2,13-191-10‘5-1,48_ 1 [f} 1 1

no— = < = =
[ 384-E-J 384-10*-6,7-107 195 150-0,95 143

7 G 16" _1,0-0.02°
12 12

Ycnosus no BTOPOMY IIPCACIIBHOMY COCTOAHUIO BBITIOJITHAIOTCA.

)

b

=6,7-107 "

2. Pacuer HacTwia mMTa MO BTOPOMY COUYETAHHIO HATPY30K IPOU3BOIUTCS
TOJILKO Ha TMPOYHOCTh TIPU JEUCTBUU COOCTBEHHOT'O Beca TMOKPBITUH W
COCpPEIOTOYEHHOW HAarpy3Ku B OHOM Mpoiete (cM. puc. 2.2 0).

CocpenoroueHHas Harpy3ka pacnpenenserca Ha 0.5 M MIUPUHBI HACTHIIA TIPU
HaJWYUU TOJIIUTHIX CHU3Y packocoB. [Ipu pacuerHol mmpuHe HacTwia 1 M
PaCUYETHBIN COCPEIOTOUCHHBIN IPy3 MPUHUMAETCS

f;:izz-P:z,o KH.

b

HopmanbHbIE COCTaBISIONINE HATPY30K:
4, =8, ., c0sf, =0,28-10-0.987 =028 xH /u;

p.=p-y,-cosf,=2,0-12-0987 =237 xH.

N3rubaromniuit MOMEHT oripejiensiercs mno gpopmye
M,=0,07-q.-b’ +0,207-P.-b, =0,07-0,28-1,48” +0,207-2,37-1,48
=0,769xHm = 76,910~ MHm.

TpeOyemblii MOMEHT CONPOTHUBIICHHUS:

oo M, 769107

mp2 m,/ 12 12
R, % 13. 495

=4,68-107 m° = 46,8 cn’.
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Tpe6yeMa51 TOJIIMHA JOCOK HaCTHJIA:

6-W .
Oppr = w2 _ [6°40.8 =1,675 cm.
a. N 100

OxoHYaTenNHLHO INPpUHUMACM HACTHII n3 JAO0COK TOJIH.IHHOﬁ 20 MMm.

IToniepeuriHa ¥ pacKOCHI MPUKPEIUISEM K KaXKI0M TOCKE HACTHIIA IByMS TBO3ISIMU
2x40 MMm.

2.2. [Ipumep pacueTa cCIApeHHOr0 HEPa3pPe3HOro MpPoroHa
CnapeHHbI Hepa3pe3HOW MPOTOH (CM. pucC 2.3 a) pacCUUTHIBACTCS MO CXEMe
MHOTOTIPOJIETHON Hepa3pe3Ho Oanku ¢ mnposietamu [=B=3 m Ha u3rubd ot
JIEUCTBHUS TOJBKO HOPMAaJbHOM COCTABIAIONICH HArpy3Kd, TaK KaK CKaTHas
COCTaBJIAIONIAsT BOCIIpUHUMAETCs HacTwioM (B - mar Hecymmx KOHCTPYKITUH).
[ITar nporounos 6,=1,48m, a =9,22° cosa =0,987.

2.2.1. IIoo6op ceuenus npo2ona no nPpoOUYHOCMU

Harpy3ku ot nokpbiTus (cM. Tabi. 2.1) Ha TOTOHHBIA METP MPOTOHA:
g =g".b -cosa=0,26-1.48-0,987=0,38 xH / m
q,=8, b -cosa=0,28-148-0,987=0,41 xH / m.

OpueHTHPOBOYHO HArpy3Ka OT COOCTBEHHOTO Beca MPOroHa:

g =0,06 kH/m; g, =0,07 xH /.

CueroBas Harpyska:

S" =1,68-1,48-0,987 = 2,45 kH / a; S=2,4-1,48-0,987 =3,51 xH / u.

HopmaibHbIe COCTaBIISIONINE HATPY30K:
g" =(0,38+0,06+2,45)-0,987 = 2,89 «H / u=289-10"°MH / u;
g, =(0,41+0,07+3,51)-0,987=3,99 xH / 1 =399-10° MH / .

PacueTHnit I/IBFI/I6aIOHIHﬁ MOMCHT IIpH paBHOHpOFI/I6HOM peUICHUN IIPOTOHA
(cm. puc. 2.3, 6):

2 2
o4 39 g 99 ey = 299107 MHM.
pe ) 12
TpeOyemblii MOMEHT CONPOTHUBIICHHUS:

Mo _299-10°

w R,/ 13
A 0,95

3agaeMcsl IIMPUHOW CEUYEHHS JOCOK b;=44 MM, Torja MIHMpPUHA TPOrOHA
COCTaBUT b =2-44 =88mm.

=2,184-107" 2’ =218, 4cnr’.
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Puc. 2.3. Cxema nepaspesnozo cnapeHHozo npo2oHa:
@) Hepa3pe3Holl CNApeHHblll NPO2oH, 6) dINIOPa MOMEHMO8 PABHONPOSUOHOLL CXeMbl,
8) cxema cmwvlKa 00COK npo2oHa, 1 — Hecyujas KOHCMpPYKYus, 2 — npo2ombl; 3 — YnopHvle
KOOBLIKU,; 4 — npomusockamuvle O0OLIWKY, 5 - 26030U
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TpeOGyemas BbIcOTa ceueHus MPOroHa:

[6-W, .
h, = w _ 6:218,4 =12,2 cm.
Y b 8,8

IIprHMMaeM MOMEHT COIPOTUBIICHUS CEUCHUS b -h = 88x125mm
8,8-12.5°

w =229 2¢cm’ =2,29-107 4.

[IpoBepka Ha MNOPOYHOCTH TMPOrOHA IO HOPMAJIBHBIM  HANPSKEHUSM
MPOU3BOAUTCS ~ OT  JCHCTBUSL ~ pacyeTHBIX  HArpy3ok 1o  ¢opmyse:
-5

M, 299-10

; = 213,06 MIa <2 =13, 7M17a.
W 2,29.10 ,

ITpoBepka IpoO4YHOCTH OOECTIEUEHHA.

2.2.2. Ilposepka npocuda npozona

MowmeHT HHCPIHU CCUCHUA

8,8:12.5°

J =1432,3 em®* =14,3-10° n”.

X

OTHOcHTEeNbHBIN TIPOrud MporoHa no Gopmyiie
f_ e’ _ 28910°3% 1 1 1
[ 384-E-J, 384-10-14,3-10° 704 200x0,95 190
XKectkocTh obOecrneunBaeTcs, CIIEIOBATENbHO, OCTAaBISIEM MPHUHATHIE pa3Mepbl
MPOTOHA, COCTABJIEHHOTO U3 JIByX IOCOK ceueHUsIMHU 44X 125mMm.

2.2.3. Pacuem cmulka 00COK NPO2OHA HA 26030:X

Jljist critayuBaHusl JOCOK MPOTOHA B CThIKAX MPUHUMAEM IBO3IU d=4 MM,
L,=100 MM, yCTaHOBIJICHHbIE B JiBa psiJa C KaxJ0i CTOpoHbI cThiKa (puc. 2.4). Ilo
JUIMHE JOCKHU CKPETUISIIOTCA TBO3/SIMHU B IIaXMaTHOM nopsjke yepe3 500 M.

Paccrosinue CTBIKOB OT OMOP B PaBHOMPOTMOHBIX MPOTOHAX:

a, =0,21-1,=0,21-3=0,63 m.
PaccTostHue rBo31€l CThIKA OT OIOPBHI:
15-d
x,=a, —15d 5 " 0,63-0,09=0,54 m.
Ilonepeynas cuiia B CTBIKYEMOM JTOCKE:

0= Muer _ 299
2-x, 2:0,54
Tax kak I'BO31b HpO6I/IBaCT MMaKeT, pacdCTHad TOJIIUHA BTOpOfI JOCKH

yMmenbluaercs Ha 1,5d reosas, rorna  a, =a-1,5-d =4,4 -1,5-0,4=3,8 cm.

=2,77 kH.
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Ne=540 j )
Uenc 0270630
! =3000

CITbIK
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Puc. 2.4. Paccmanoeka 26030eii  mecme cmulKa 00COK
Pacuetnas Hecymias criocOOHOCTh TBO3/i1 B HECUMMETPUUYHOM OJIHOCPE3HOM
COeIMHEHNH onpeaesieTcs coracHo ¢popmynam tadmauiel 17 CHull 11-25-80 [1]:
- U3 YCJIOBUS CMATUS IPEBECUHBI
T =0,35-c-d=0,35-4,4-0,4=0,62xH;

-13 yCJIOBUS M3rnba reo3as
T =x,-a,-d=0,38-3,8-0,4=0,58xH
T, =2,5-d*+0,01-a} =2,5-0,4> +0,01-3,8” = 0,54xH,

ruae x,=0,38 IpHUHAT 110 UHTEPNONALMU P «, /¢ =3,8/4,4=0,86 COrIacHO
tabmumne 18 CHull I1-25-80[1].

TpeOyemoe KOJWUYECTBO T'BO3JICH B KOHIIE KaXKJIOW JOCKHU OMNpPENEseTcs Mo

dbopmye
n, = 9 = 277 = 5,13wm.
“T T 054

min

IIpuauMaem 6 T IO cxemMe Ha pUCYHKE 2.4.

2.3. Ilpumep pacuyera U KOHCTPYMPOBaHHS KileedaHePHBIX NaHe el
NOKPBITHS

2.3.1. OcnogHule nonoxcenus pacuema Kieegpanepnuvix nameneil

KneedanepHuble maHenu pacCUUTHIBAIOTCS 1O CXEME OJHOIPOJETHOM
IApHUPHO OMEpTOM OalKW Ha HOPMAJbHBIE COCTABIISIONIME ITOCTOSHHBIX U
BPEMEHHBIX HArpy30K, OTHECEHHBIX K MX TOJIHOW IMHpuUHE. PacueTHbIE MOMEHT
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naHeseil ompenenseTcss B 3aBUCMMOCTH OT pACCTOSHUS MEXKIY HECYIIMMHU
KOHCTPYKIIUSIMHU.

®danepHble OOIIMBKA M MPOJOJIbHBIE pedpa Kapkaca paboTalOT Ha M3ruo
COBMECTHO Oy1arozapsi >KeCTKOCTH KileeBbIX coequHeHuil. [lonepeunoe kopobuaroe
CEUEHHUE TMaHEeJeH, COCTosIee U3 JPEBECUHBl M (DaHEpbl, PACCUUTBHIBAETCS IIO
MPUBEACHHBIM K (haHEepe reOMETPUUECKUM XapaKTepucTukam (puc. 2.5)

Beicota pebpa Ha3HauaeTCsl MPEXIE BCErO MCXOAS U3 TEMJIOTEXHUYECKOIO
pacdera yTemaurtens v JUiMHbl naHenu. B Kazanu nis oOIIECTBEHHBIX U JKUJIBIX
MOMEIICHHUH TONIIKMHA YTeIUIUTENs cocTaBiseT npubauzurenbio 180+200mm.

[Ipy KOpPOTKMX MaHeNnAX mopsaka 3+4M CHIKEHUE pacxoja JpPEeBECHUHBI Ha
pedpa ciiefyeT JOCTUraTh 3a CUET YMEHbBIIEHUS TOJIILUHBI pedep 10 3 cM.

2.3.2. Ycnosusa:

CrpoeKkTupoBaTh U pacCUUTaTh MaHEIb MOKPHITHS CKJIa/la MO TPEXCIONHYIO
PYJIOHHYIO KPOBIIIO C TEMIIEPAaTypPHO-BIAKHOCTHBIMHU YCIOBUSIMHU 3KCILTyaTalluu
Al. Mecto crtpourensctBa — T. Kazanb. VYTemnurenb - 3aJIMBOYHBIN
dbenondopmanpaeruanbii nenoract OPII-1 miotHocThiO p = 40 kr/m® 1o TOCT
20907-75. Tlapomsondauus - TMOJUITUICHOBas IUIEHKA ToMMMHON 0,2 MM.
Marepuanst pedep - cocHa 2 copra p=500kr/m’; dharepa mapku PCD copra B/BB
miotHocThi0 p=700kr/M’. Kimacc oTBeTCTBEHHOCTH 3mamHust 1, ClIeI0BaTeNbHO
7,=0,95.

2.3.3. Bvibop koncmpykmueHoi cxemol

[Ipunumaem peOpucTyr0 TaHenb pasmepamMu B IutaHe 1498x5980 wmw,
HMMEIOIIYI0 YEThIPE MPOAOJIbHBIX pedpa (puc. 2.6).

Jluctel danephl mmHONW 1525 MM CTBIKYIOTCS Ha «yC» MOCEPEANHE MaHEeH.
[Tonepeunsie pedpa pacmosiararoTcsi B TOpIiax MaHeId U B MECTE CThIKa (paHEepHBIX
OOIIIMBOK.

OOImUBKY NMPUHUMAEM HAaWMEHBIIEH TOMYCTUMOW TOJIIUHBI: BEPXHIOK - U3
CEMHUCIIONHON (haHephl TOJNIIUHONW § MM; HIKHIOIO - W3 MSATUCIONHON TOJIUHON
6 MM.

Jlns peGep kapkaca MpUHUMAEM 1O copTamMeHTy (mpui. 1.5) mocku ceueHuem
40x200 mM. Tlocnme octpyxkku kpomok coriacHo ['OCT 7307-75, Beicoty pebep
npuaumaeM 7,=200 - 8=192 mm.

BricoTa ceuenus nanenu 4,=192+8+6=206 mm.
ho 206 1

B srom caywae — —=——=— HaxoOUTCId B Npeaesax IOIYCTUMBIX
Y [ 5980 29 a ped AOTY

o h 1 1
3HA4YCHU 7
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Puc. 2.5. K pacuemy kneegpanepuvix nanenei:
a) — nonepeunoe ceyeHue namenu, 6) — pacuemHas cxema 6epxnel OOUUBKY HA MECMHbIU U32UO;
8) — npusedenHoe 08ymasposoe nonepeuHoe cevenue nanenu, 2) — INIpa KacameibHvlx
Hanpsixcenutl, 1 — npoodonvHoe pebpa; 2 — ¢hanephvie 0OWUBKUL.
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2.3.4. Pacuem kneeghanepnoii nanenu
[lonHOE pacyeTHOE 3HAYEHHWE CHErOBOM HAarpy3kd Ha TOPHU3OHTAJIBHYIO
MPOEKIINIO MOKPBITUA onpenaensercs no ¢popmyne 5[3]:
S=Syu,
rme S; — pacuyeTHOe 3HAYCHHE BECa CHETOBOrO IOKpoBa Ha IM°
TOPU30HTAIBHOM MOBEPXHOCTU 3€MJIM, TPUHUMAEMOE B COOTBETCTBHHM C II. 5.2 MO
JTaHHBIM Ta0auIbl 4*[3].

= 7 L o
NS
RN
A K
| =
% Cimbik areps Ha yr” o ©
;T_ =) _T_Q % o 9 =
y% g =
T
401 1445 L 140 #45 | 140 g @90?6
|
/2 7
T\ =6
] | ) | e
40 | 1445 | |40 w49 | |40 w45 | 40 145 |40 o
5960

Puc. 2.6. Kneeghanepnan nanenv nokpoimus:
1 — 6epxuasn odwuska, 2 — HUdCHAA 00wuUsKa, 3 —npoodovhbie pedpa, 4 — nonepeunvle
pebpa; 5 — coedunumenvuvie 6pycku, 6 — ymenaumensv, 7 — napou3onayusl

w— KO3(i)(1)I/II_II/ICHT nepexoga OT BE€Ca CHCTOBOI'O ITOKPOBaA 3€MIJIN K CHETOBOM

Harpy3ke Ha MOKpPBITHE, IPUHUMAEMBIN B COOTBETCTBUMU C IL.II. 5.3-5.6[3].
[Tpu yxioHe kpoBiu o = 21,80° < 25° koaddurmeHT p=1.
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HOpMaTI/IBHoe 3HAUYCHHE CHETOBOM Harpy3Ku S() OoNpCaACIICTCA YMHOXCHUCM

pacueTHOTO 3HaueHus Ha ko3 dunuent 0,7 cornacHo 1. 5.7 [3].
2
COop Harpy3ok Ha 1M~ MOKpBITUS MpeICTaBIeH B Ta0d. 2.2.

CGop Harpy3ok Ha | M IOKPBITHS

Tabnuua 2.2
Hopmartusnas | Koapduuuen | Pacuetnas
Harpy3ka, | T HaQJEXKHOCTH | Harpyska,
DNeMEeHTHI U MOCYET HArPy30K
klla 10 Harpy3kKe, klla
’r
[TocTosiHHBIE
1. TpexcloWHbIA MITKUN KOBEP 0,090 1,3 0,120
2.DanepHbIe OOITUBKU 0,098 1,1 0,108
(0,008+0,006)x700-107
3.IlpononpHbIe pedpa Kapkaca 0,102 1,1 0,112
4x0,04x0,192x0,433x500-107/1,5
4. Tlonepeunsie pedpa 0,027 1,1 0,0297
9x0,04x0,192x0,433x500-
-107%/5,98:1,5
5. Yrennurenb 0,069 1.2 0,0828
0,192(1,5-4x0,4)x40:107%/1,5
Hroro: g =039 g =045
Bpemennas
1. Crerosas nns II-ro p-Ha S, =1,68 S=2,4
Bceero: g'=207 g =285

Harpy3ku Ha IOrOHHBIN METp:

g =g" b=2,07-1,5=31xH/n=3.1-10"MH | m;

q:g-b:2,85'1,5:4,28KH/M.

PacyeTHb1li posneT na”enu:
[=0,99-598 =592 cm.

FCOMeTpI/I‘{eCKI/Ie XAPAKTCPUCTUKH TIIOIICPCUYHOI0 CCUCHHA Kﬂee(baHepHoﬁ

naHenu (cM. puc.2.6):

a=a,+b,=434+4=473cu
b .=09-b,mk.

pacu

[=592>6-a=6-473=2838cm.

Torna HpI/IBCI[eHHaSI H_II/IpI/IHa 06H_II/IBKI/I:
b, =0,9-(b—4)=0,9-(149,8 —4) =131,2cm.
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[momaae monepevyHoro CEYEHus:
- HIDKHEW U BepXHEH OOIIMBOK:
= . = . s 2'
F, =b,-6,,=131,2-0,6=78,7 cu";
2
F,, =b, -5, =1312-08=1050 cx’.

- IPOJIOJIBHBIX pedep
F,=n,-b -h =4-4-19,2=307,2 cn’.

Pacuet nmanenu IMPOU3BOAUTCA IO NIPHUBCACHHBIM K q)aHepe IreoOMCTPUICCKUM

XapaKTepI/ICTI/IKaM.
HpI/IBeIIeHHaH IIomaab CCUYCHUA .
E,
F, =F, +F, +F -—£=787+1050+307,2- 100000:525 com’
E. 90000

P
HpI/IBCIICHHBIﬁ CTaTUYECKUH MOMEHT CEUCHHUSI OTHOCUTEIILHO HMXKHEH I'paHu

IIaHCIN:

5qb.u 5qb.u h
Snp=F¢.H-7+F¢.g-(5¢.g+hp+ 5 )+Fg-( +7) E

=78,7-0,3+105,0-(0,8+19,2+0,4)+307,2-(0,6 + =5643 e’

19,2
2

PaccrositHue oT HUXKHEH I'paHun Kﬂee(l)aHepHOﬁ MMaHCJIN JO OCHTpA TAXKCCTHU

CEUCHUA
S, 5643
yOZFP 25 —=108 cm; h-y,=20,6-10,8=9,8cm.

np

MomeHTOM HHEpUUU OOUIMBOK OTHOCHUTENIbHO COOCTBEHHOW OCH H
MOMEHTOM MHEpPLUU JEPEBSIHHBIX pedep OTHOCUTENIbHO HEUTPAIbHOW OCH
(cootBercTBeHHO 1,3 W 6 - clnaraemble) NpU MPAKTHUYECKUX pacueTrax MOMKHO

npeHeopeyb.
HpHBeIIeHHBIﬁ MOMCHT I/IHepHI/II/I OTHOCHUTCIJIBHO ueHTpa TSKECCTHU CCUCHUS .
b -5, o b 5,° 1) b -I’-E
np ¢ @.nN\2 np ¢.6 @.6 N2 P p g
= +F, (y,— + +F, (h—y,+ L P £
np 12 ¢.n (y() 2 ) 12 ¢.6 ( yO 2 P 12E¢
h E, 131,2-0,6° 0,6, 131,2-0,8’
FF o (yy——L—8, Vot =2 E D 178 7.(10,8— ) 4o
« (o 5 o) L, B ( 5 ) >
+105,0-(9,8-0,4)* +4- 4-19,2° 192’2

=2,36+8676,68+5,6+9277,8+9437,2+184,3=27583 cu* =27,58-107 m*.
Kak BummauMm, pgeiictButensHo, 1, 3 m 6 claraeMpIMH MOXKHO OBLIO

npeHeopeyb.
[TpuBeeHHBIC MOMEHTHI COITPOTHRIICHHS :
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J,, 27583
Yo 9,8
W - J w__ 27583
- 9.8
Yo

PacueTHbIN H3ru0arOIMi MOMEHT:
4,28-5,92°

w =2814 cm® =2,81-107 m°;

np.H

=2814 em’ =2,81-107° 4.

2
=2t
8

HanpsbxeHue pacTshKeHUsl B HUKHEN OOLIMBKE ONpPeaEIeTCs 0 hopMyIIe:
L1073 R. -m .

M _ 18,75 1()_3 —6,67MIla < o0 My _ 14-0,6

row 2,81-10 7, 0,95

np.H

=18,75 kHm =18,75-10" MHm.

=8,8MIla.

VYcnoBue IMPOYHOCTH BBIIIOJIHACTCA.

[IpoBepka yCTOMYMBOCTH BEPXHEW CXKATOW OOIIMBKU MPOU3ZBOJMUTCS 10

bopmyie
1073 R
o= _ 185510 —=15,63 MIla>—" = 2 _126 Ma,
o, W, 0427-281-10 y, 095
rae mopu ay _ 433 _ 541>50, ¢, = 1250 _ 1250 _ 0,427 YCTOWYUBOCTb  HE

650 08 (%5 )2 5417
¢.6

obecnedeHa. [IponsBoaum 3ameny ¢aHepsl u3 6epessl Ha paHEPy U3 JTUCTBEHHUIIBI

no 1.2 tad. 10[1] nna kotopoii Ry .~ 17 MIla. Torna o, =15,63 < % =17,9MI1a.

b

VcioBue BEIIOJIHEHO.

[IpoBepka BepxHeil OOMIMBKM Ha U3ru0 OT JACHCTBUS MECTHOU
COCPENOTOYCHHOW Harpy3ku (cMm. puc.2.5,0). M3rubaronuii MOMEHT B cepeauHe

IpoJIeTa
M = Pé“ _L2-0,473 7,110 kHm =7,1-107° MHwm.

MOMEHT CONPOTUBIEHUS pacuyETHOM MMonochl upuHO 100cMm
- 100-6;, _100-0,8

=10,7 cv’® =1,07-107 4.

6
Hanpsbkenue cxaThss B BEpXHEW OOIIMBKE TIMaHEIH OMPEACISAETCS 10
bopmyie:
107 R -m .
o =4 _ LU0 10_5 = 6,6MITa <~ M 03 L2 g5y,
W 1,07-10 7, 0,95

[IpoBepka Ha cKajdbIBAaHHE IO MIBY B MECTaX COMNPSDKEHUs] OOIIMBOK C
pebpamu xxecTKocTH (cM. puc. 2.5, B). [lonepeunas cuiia Ha omnope:
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gl 428592

0 =12,7kH =12,7-10° MH.

2

CraTtnyeckuii MOMEHT BerHeﬁ O6I_HI/IBI<I/I OTHOCUTCJIBHO ICHTPA TAKCCTHU
CCUCHUA:

54;.3. 3 -4 3
St =Fyy - (h—=y, - 5 )=105-(9,8—0,4) =987 cm’ =9,87-107* a’.

CkanbIBalolie HaMpsHKEHUs B KIIEEBOM CJI0€ OIPEACIIAI0TCs o (popmynam:

.S 1073 107 R
.- 0-S, _12,7-10 COSTN0T G eurta < Reee = 08 g ganarza,
Jy Db, 27,58-107 -4-4-10 V. 0,95

[Iporu6 nanenu oT HOpMaTUBHOM HArpy3ku 3,1 Kr/cM B CM paBeH :
5-¢gf -1 5-3,1-5,924"-10° 5 11{ ! }_ 592

fe _ : _ =22 %39 en,
384-E,-J, 384-85-10°-27583 150 | 150

rae E, :85-103'%M2; g :3’1K%M? 1=5,92-10cm.

VcioBuE Tak Ke BBIOJIHSICTCS.
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3. PACHET U KOHCTPYUPOBAHMUE APOK

3.1. KoHcTpyKIuM apok

ApKU SABISIIOTCS PacClpOCTPAHEHHBIMHU, PAIMOHAIILHBIMU U COBPEMEHHBIMU
OCHOBHBIMU HECYIIMMHU KOHCTPYKIUSMHU JI€PEBSHHBIX HNOKPBITHI
MIPOU3BOJICTBEHHBIX, MPOMBIIIJIEHHBIX, CEIbCKOXO3IMCTBEHHBIX M OOIIECTBEHHBIX
3nanuii nposneroM 12-80 M. B npakTuke 3apy0eXxHOr0 CTPOUTEIHCTBA IPUMEHSIOT
nepeBsHHble apku mposieToM 100 u OGonee merpoB. CyIIeCTBEHHOE 3HAUYEHUE
UMEET TaKKe apXUTEKTypHasl BhIPA3UTEIbHOCTh apOYHBIX MOKPBHITUNA CIOPTUBHBIX
COOPY>KEHUH, BEICTABOYHBIX IMaBUJILOHOB, aHTAPOB U T./I.

TpexmapHupHbie apku SBIAIOTCS Haubojee pacrpocTpaHeHHbIMU. OHU
CTaTHYECKHU ONpPENETUMBbI, U YCUIIUS B UX CEUCHHSIX HE 3aBUCAT OT OCAJIOK OMOp U
nedopmaiuii 3atsbkek. Hannune KOHBKOBOTO MIApHHUPA MO3BOJISIET MPEAYCMOTPETh
B HEM MOHTQ)XHBIN CTBIK, YIIPOIIAET U3TOTOBICHHUE, TPAHCTIOPTUPOBKY U MOHTaXK.

CerMeHTHBIE M KPYroBble apku 0e3 3aTsKEK MMEIOT 3HaUUTEIbHYIO BBICOTY,
JOCTUTAIOIIYIO TTOJIOBUHBI UX TPOJIETA, OMUPAIOTCS OOBIYHO HEMOCPEICTBEHHO Ha
byHIaMEeHTbl U TNPUMEHSIOTCS B TOKPBITUSIX OJHOMPOJIETHBIX 3JaHUN 0e3
MOJIBECHOTO 00OPY0OBAHMS.

Haubonee pannoHanbHO HCIOJIB30BAHUE CTPEIbYATHIX apok 0e3 3aTshKeK, B
MOKPBITUAX 3[aHUH, IIe KpOMe OOBIYHBIX PACIPEACIICHHBIX HAIPY30K, JEHCTBYIOT
€llIe U COCPEIOTOYEHHBIE CUJIbl B 30HE KOHbKA OT MOABECHOTO TEXHOJIOTMYECKOTrO
00opy10BaHMUS.

Yeunuss B CEYEHMSIX CTpENbYaThiX apoK B Oosblied Mepe 3aBUCST OT
BEJIMYMHBI, XapaKTepa W COOTHOIICHHS 3HAYEHUMN, JACHCTBYIONIMX Ha ATH apKu
Harpy3ok. YUem Oosibliie OTHOCHUTENbHAs BEIMYMHA COCPEJOTOYEHHBIX B 30HE
KOHbKa apKuh Harpy3ok, TeM Ojuke paluoHainbHas ¢GopMa apKud JOJDKHA
npuUOIMKATECS K TPEYroJbHOM, MPU KOTOPOM OT ATUX HArpy30K BO3HUKAIOT
MUHUMAaJIbHBIE ~ OTpULATEIbHBIE  M3ruMbOaromme MoMeHThl. Yem  Goiblie
OTHOCHUTEJIbHBIE BETUUYMHBI PACTIPEEICHHBIX HArpy30K, TeM OoJiblie ¢opMa ocH
apKu JIOJDKHA TMPUOIMKATBCS K KPYroBOM WM mapaboiIMyecKoi, Mpu KOTOpOM
M3ruOaroIe MOMEHTHI SBIISIOTCS MOJOKUTEIbHBIMU.

[Ipu neiicTBUM paclpeAesieHHbIX MO apKe COCPEAOTOUYCHHBIX B 30HE KOHbKa
Harpy3oK, ONTHUMalbHOW QOpMOIl OCH apKu SBISETCS MPOMEXKYTOUHAs-
ctpenpyaTas. [Ipy »TOM KpUBHU3HA TMOJYapOK MOXKET OBIThb NPUHATA TaKON
(onTuManpHOM), PU KOTOPON HAMOOJNbBIINE TMOJOXKHUTEIbHBIE U OTpULIATEIbHBIC
u3rubaronme MOMEHThl OyAyT MHUHUMAJIbHBIMM M OJM3KUMU 10 3HAYECHHMIO.
[lonepeunoe ceyeHne apku MpU 3TOM PaANyce MOIydaeTcs HAUMEHBIIUM.

3.2. OcobeHHOCTH COOpa HATPY30K HA APKY
Pacuet apok cnengyetr HauuHaTh co cOopa Harpy3ok B coorBeTcTBUU co CHull
2.01.07-85* u CTO 36554501-015-2008.
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3.2.1. Cuezosasn nazpyska

[lonHOEe pacyeTHOE 3HAYEHHE CHErOBOM HAarpy3Kd Ha TOPU3OHTAIIBHYIO PO-
EKIIMIO TTOKPBITUS orpesensercs mo Gopmyne 5 [2]:

sto'ua

rie Sy~ pacueTHOE 3HAYCHHE Beca CHErOBOTO TOKPOBA Ha | M TOPH3OHTANBHOI
MOBEPXHOCTH 3€MJIH, TPUHUMAEMOE B COOTBETCTBHH C 1. 5.2 MO JaHHBIM TaOIuLIbl 4
[2]; 1~ k03 (ppumeHT nepexoaa OT Beca CHErOBOIO MOKPOBA 36MJIM K CHETOBOW Ha-
Ipy3Ke Ha MOKPBITHE, IPUHUMAEMBIN B COOTBETCTBUHM C MII. 5.3 - 5.6 [2].

JlJisi apoK CHEroBble HAarpy3Kd YUMTBHIBAIOTCS TOJBKO HA TOW YacTH JJIMHBI
IYTH apKH, i€ YroJ HaKJIOHA KacaTeIbHBIX K TOPU30HTY MeHblIe 60°.

Cxembl pacrpesiefieHus] CHETOBOM Harpy3kd M 3HaueHUs Kod(h(UIIMEHTOB L
MPUHUMAIOTCS B COOTBETCTBUU C MpUIIoKeHUEM 3 [2], mpu 3TOM MPOMEKYTOUHbIE
3HaueHus Ko uIMeHTa |1 HE0OXO0AUMO OIPEAEIATH JIMHEUHON UHTEPIOISIHUEH.

s apok kpyeoeoeo ouepmanus u OIU3KUX K HUM NO ¢popme CHETOBBIE Ha-
IPY3KH COrJIacHO M. 5.3 [2] paccuuThIBalOTCS MO 4 BapraHTaM, BKJIIOYasi Harpy3Ky
0 BCeMY TPOJIETY U Ha MOJOBUHE mposeTa (puc. 3.1).

Kosddumuentst p corimacHo mnpusoxkeHuro 3 [2] omnpenenstorcs Mo
dbopmynam:

u, =cosl,8a; u,=2,4-sinl,4a,TAC O - YKIIOH IOKPBITUS, T'PAL.

s apox cmpenvuamozo ouepmanusi CHETOBBIE HAarpy3KH PacCUUTHIBAOTCS
1o 4 BO3MOXHBIM BapuaHTam (puc.3.4).

Cornacno npwi. 3 u n. 5.3 [2]:

-Hpu P >15° npunnmarorcs 1, 2 U 3 BapHaHTBI CHErOBOI HArpy3KH, IpH
ATOM BapuaHThl 2 U 3 yuuThIBaroTcs npu 20°< y < 30°;

-npu [ < 15° cTpenpyaThle apKH PACCUUTHIBAIOTCA TAKXKE KaK U apKH
KpYTrOBOTO OUYepTaHUsl.

HopMatuBHOE 3HaUeHUE CHEroBOW HArpy3Kku Sy ONpejenseTcss YMHOKEHUEM
pacueTHOTO 3Ha4YeHUs Ha ko3 dunment 0,7 cornacHo 1. 5.7 [2].

3.2.2. Bempoeasa nazpy3ka:

PacuetHoe 3HaueHHMe CpegHEN COCTABIAIOLIEH BETPOBOM HArpy3ku w, Ha
BBICOTE f HaJl MOBEPXHOCTHIO 3€MJIH Ompesensiercs no Gpopmyse 6 [2]:

W =Wy 'k C,

I7Ie Wy - HOPMAaTUBHOE 3HAYCHHE BETPOBOro aamieHus (cM. m.6.4 [2]); k -
KO3 (PUIMEHT, YYUTHIBAIOIIMM M3MEHEHUE BETPOBOTO JIaBJIEHUS IO BBICOTE (CM.
.6.5 [2]); ¢ - asponuHamuyeckuii kodduiueHt (cMm. 1m.6.6 [2]).

HopMatuBHOE 3HaueHHE BETPOBOIO JABJICHUS W) IPUHUMAETCS B 3aBUCHUMO-
CTH OT BeTpoBoro paiioHa P® no nanueim Tabauust 5 [2].

Koaddumment k onpenensercs B 3aBUCUMOCTH OT TUIIA MECTHOCTH.

3Ha4YeHUsl C; U C; IPUHUMAIOTCS MO IpWIoKeHuto 4 1. 3 [2].
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C/NO[/W

0.75u 1.054

1.25u

Puc. 3.1 Cxemul Hazpy30K 015 GpoK cCMpenb4amozo 04epmanus

3.3. Ilpumep pacuera cTpPeJbYaATON JOINATOKICCHOH apKHU

3.3.1. Ycnoeusa: 3anpOEKTUPOBATh TPEXIIAPHUPHYIO CTPEJIBYATYIO apKy
MTOCTOSTHHOTO C€UeHHUsI, MpoJeT /=24 M, BbicoTa f= 16 M, 11ar pacCTaHOBKH apoK -
B-4,5 M, byHnamMeHTHI - jxene300€TOHHBIC. APKH TIPOCKTUPYIOTCS NS
HEOTaIlJIMBAEMOTO CKJIaJla CHITyYrX MaTepuaioB (yaoopenuil).Paiton
ctpoutenbcTBa — I. Kazans. CocHa 2-ro copta; v,=0,95.

Orpaxnaronias 4acTh MOKPBITHS COCTOUT M3 MPOroHoB ¢ marom 1,0, 1,5 M,
yKJIa/1bIBa€MbIX HEMOCPEACTBEHHO Ha apku. I[lo mporoHam ycTpauBaeTcss KpOBIS
U3 MpoQHACTHIIA.

VY CTOMYMUBOCTh apOK U3 IUIOCKOCTU O0ECIEeYMBAETCS MPOrOHAMM U JIEPEBSH-
HBIMU JIMarOHAJbHBIMU 3JIEMEHTAaMHU, KOTOPBIE PACIOJIOXKEHBI B TOpIAX 3JaHUS,
oOpaszys monepedHble CBs3eBble (epmbl. [IpOroHbl NPUKPETUICHBI K BEPXHUM
IpaHsM apoK, a B KOHbKE W B 30HE ONOp MOJyapoK MOCTaBJIEHBbI MPOJOJIbHbBIE
AJIIEMEHTHI C YIOPOM B OOKOBBIE TpaHu (pacropKu).

3.3.2. Onpeodenenue zeomempuueckux napamempos apku

['eomeTpuueckue napaMmeTpbl CEYEHUM apKH, a Tak e YIJbl o U 3 MOXHO
nonyuntb Ha [IK, wucnonws3ys rpaduueckue mnporpammbl. McexoanbimMu
napamMeTpaMH SIBJISIIOTCS MPOJET apku 24 M, BbICOTa apku 16 M U cTpena noabeéMa
nonyapku fo=1,4m, f= 37°11">15°, noatomy ko3duLieHT GOpPMBbI TOKPHITHS L
JUISl CHETOBOW Harpysku omnpenesnseM mo cxeme 16 npwi. 3 CHull 2.01.07-85* [2]
st o= 53°08', T.e. u=0,47.

[Ipu 3aganHOM niposiete / BbicoTe apku f (puc. 3.3) AJiMHA XOPAbI MOJIyapKu:

Iy =+ /2 +(0.51) =16 +12% = 20m.
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Crpeny noapeMa 1yru nojiyapkv IpUHUMAEM PaBHOM:
1
fo =14 >l =1,33u

JInuHa AyTH MONyapKu:

Sz\/lj +?f0 =\/zo2 +?-1,42 =20,26m

J°
=0 N
=3
—
=
=
|
X1/
>
3
X, ;
Xs =
Puc. 3.3. I'eomempuueckas cxema cmpenvuamoii apku
I f, 200 14
Panuyc KpUBU3HBI OCH TONYaApKHU: 7= ——+"2=——+—=306,4m.
8-f, 2 8L4 2
Yroma ¢ pacTBOpa MOJIyapKu: sin? = b __20 0,2747
2 2. 2364 '
Yron HaKJIOHA XOPIBI IMOJIyapKu K TOPU30HTY
1
tga = J _ 16 _ 1,333; = 53°08
0,5-1 0,5-24

Yron ¢y HaKJIOHa pajanyca, MPOXOIAIIEro Yepe3 OMopy apKHu:
9, =90" —« —% =90" - 53.08° —15°77 = 20°55.

JInst onpeAeneHusl paCueTHBIX YCUIIMM B CEUEHHSX KAXKIYIO MOJIYyapKy JI€JIUM
Ha IITh paBHBIX YacTed (cM. puc. 3.3). C yBelIMYeHHEM KOJMYECTBA YacTeH,
TOYHOCTh pacuera yBenauuyuBaeTcd. J[nmMHa JOyrm W HEHTpPaIbHBIM  yro,
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COOTBCTCTBYIOH_H/Iﬁ OI[HOMy JCJIICHUIO qacTu, paBHBI .
S 2026 1954

§25.2020 405223158 g0y
5 5 5

3a HayajI0 KOOpAMHAT MPUHUMAEM JIEBYIO OINOPY, TOrAa KOOPAUHATHI LIEHTPa
KPUBHU3HBI OCH TTOJTyapKu OYIyT PaBHBI:
X, =r-cosg, =36,4-c0s20°55=36,4-0,934 =34x;
Y, =r-sing, =36,4-sin20°55=36,4-0,357 =13.m.

KoopauHaTel pacueTHBIX CEUEHUN apKu orpesensieM no Gpopmynam:

X, =X,-r-cosp; Y =r-sing -Y,; ¢ =¢,+n-¢, (N-HOMEp paccMaTpUBAEMOro
ceUeHus).
Koopnunatel ocu apku npejacTaBiieHsl B Tabnuie 3.1.
Tabnuna 3.1
ceqlﬁmﬁ n-Q; ¢ COS ¢y | SIn @, | r'cosQ, | r'sinQ, | X, Y,
0 0 20%55° | 0,934 | 0,357 | 34,00 | 13,00 0 0
1 6°23> 127°18° | 0,889 | 0,459 | 32,36 | 16,71 | 1,64 | 3,71
2 12%6° | 33°41° | 0,832 | 0,555 | 30,28 | 20,20 | 3,72 | 7,20
3 119%9° | 40%04° | 0,765 | 0,644 | 27,85 | 23,44 | 6,15 | 10,44
4 25%32° 1 46°27° | 0,689 | 0,725 | 25,08 | 26,39 | 8,92 | 13,39
5 31%55° | 52°50° | 0,604 | 0,797 | 22,00 | 29,00 | 12,00 | 16,00

3.3.3. Coop nazpy3ok, oeiicmeyrouiux Ha apky

Ha apky neicTByroT: COOCTBEHHBIM BeC MOKPBITUS apKH, TEXHOJOTHYECKas
Harpyska, CHeroBasi ¥ BETpOBasi Harpy3ku. TexHoJorudeckas Harpy3ka COCTOUT U3
Beca TPAHCIOPTHOW Tanepen (IOCTOSHHAsI HArpys3ka) U Beca TENEKKUH C TPY30M.
["anepest 3akperieHa K MOJyapKkaM Ha PAacCTOSHUU 2 M O 00€ CTOPOHBI OT KOHb-
koBoro mapHupa. Bec ranepeu 4,1 kH/m. Bec Tenexku ¢ rpy3om (BpeMeHHas Ha-
rpy3ka 48 kH). Cxema 3arpy>keHus CTpeJIbyaToi apku NpuBeAeHa Ha puc.3.4

Bce mocTosiHHBIE Harpys3kd MPHUBEACHBI K PaBHOMEPHO-pACHpe/eIeHHON Ha-
rpy3Ke Ha TOPU30HTAIBHYIO TPOEKIIUIO apKH.

1. Harpy3ku oT Beca KpOBIIH, ¥ IIPOrOHOB HAa M~ [IPUBE/ICHBI B Tabmuite 3.2.

Tabauna 3.2
Bec 1n? Kosdduuest Hopmarusnas | Koadounment | Pacuernas
DneMeHTHI Harpyska, HAJICKHOCTH Harpyska,
nokpbIThs,KH K ) )
kH/m 10 HarpysKe y; kH/m
[poduacrun t=0.8mMm 0,08 1,69 0,135 1,1 0,149
[Iporonsl ceueHrem
0.15x0.05m uepes 0,038 1,69 0,064 1,1 0,071
1,0m
Wroro g, 0,118 0,199 0,22

rae K-xoapduuuent, paBubiii S/0,5/, yauThIBalouuii JJIMHY JyTd OTHOCUTEIBHO
TOPU30HTAIBHOM MPOEKLUH.
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2. Tanepes. [Ipu oTCyTCTBUU B 3a/JlaHUU TOJABECHOTO 00OPYO0BaHUS aBTOP B
MpaBe HE YYUTHIBATH 3TH HArPYy3KH, OJHAKO JIJIA CKJIAJOB PAa3IMYHOIO HA3HAUYECHUS
3a MEpHOJI IKCIUTyaTallud BO3HHMKAET HEOOXOJUMOCTh B €ro ycraHoBke. W kax
BBIIIIE OTMEYAJIOCh, ATO 3a4aCTyIO0 MPUBOJUT K Oojiee ONTUMAIbHOMY CEUEHHUIO
apKH 3a CUET BHIPABHUBAHUS MOJOXKUTEIBHBIX U OTPUIIATEIbHBIX MOMEHTOB.

Bec ramepenm mnpuBenéM K paBHOMEPHO-PACHPEAECIEHHON HArpys3Ke, HcC-
MOJIK3Ysl PABEHCTBO MOMEHTOB B cepefuHe Mpojéta Oanku nponétom 24 M ot
o0oux BHUJIOB HarpyxeHus. [lorpenHocTs npu 3ToM OyJeT HEeBeIUKa U UAET B
3anac MPOYHOCTH.

.P/.
8 é a_ 8-2,o§-10 :0’285’&y
I 24 M,
rae P =4,1 kH - cocpenorodyeHHas Harpy3ka OT TrajiepeH; a - PacCTOSHUE OT
OTIOPBI 10 COCPEIOTOYEHHOT0 Ipy3a, paBHOE 10 M.

3. Umesa HaHHBIC 110 HOPMATHBHBIM ITOCTOAHHBIM M CHCTOBBIM HAr'py3KaM
MO>KHO T10 MPUOIMKEHHON (HOpMYysie OpUEHTUPOBOYHO OINPEACIIUTh HATPY3KY OT
COOCTBEHHOI'0 Beca apku Ha 1 M~ MOKPBITHSL.
_q'+q', +q", 0,078+0,28+0,79
1000/ K _[—-1  1000/4-24-1

rae K - koo duimuentT cobcTBEHHOro Beca, Jis apoK paBeH 4.
CrnenoBaTeslbHO IOCTOSIHHAs HOPMAaTHBHAsI paBHOMEPHO-paclpeiesieHHas

Harpy3ka Ha 1 Ve IMOKPBITHA: ¢ =0.199 + 0.285+ 0.12 =0.604 K%2

n —_—
q3k‘8 -

=0,12xH /| M,

qc.e

4. CueroBas Harpyska.

JIns 3a7aHHOTO palioHa CTPOMTENBCTBA pPACUETHAS CHETOBAas Harpys3ka cC
yueToM kodddunnenta Gpopmel mokpeiTus nu=0.47:

1-it BapuanT: - ipu 1.250 g, =2.4-0.47-1.25=1.41xH / m”;

-mpu 0.75u ¢, =2.4-0.47-0.75 = 0.85kH / m*;

2-ii BapuaHT: - ipu 1.250 ¢, =2.4-0.47-125 =1.41xH / m’

OnpenenuM paBHOMEPHO pacHpeNeeHHbIE pacyeTHblE HArpy3kh Ha 1M
TOPU30HTAIIBHON NPOEKIUN apKH:

ITocrosHHas Harpyska: ¢" =(0.22+0.12-1.1+0.285-1.2)-4.5=3.123xH / m

CueroBas Harpy3ka: 1-ii BapuaHT:
-npu 1.25n ¢,,” =1.41-4.5=6,35kH / m;
-npu 0.75n ¢, =0.85-4.5=3.83kH / m;

2-i1 BapuaHT: - ipu 1.25u ¢,,” =1.41-4.5=635cH / m.

5. BerpoBas Harpyska.

PacdeTHy10 BeTpOBYIO Harpy3Ky, HOpMaJbHYIO K MMOBEPXHOCTH COOPYKEHUS,
onpenensiem no CHull 2.01.07-85*. HaubGonee HeOnaronpusiTHeIM OyJIeT BETep
CJIeBa, T.€. Ha TOT XK€ CKarT, TJi¢ MPUIIOKEeHa CHETOBasl Harpy3Ka.
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W=W,-K-Cy,

rie K - xo3h@uIMeHT, YYUTHIBAIOIIUNA H3MEHEHHWE BETPOBOTO JABJICHUS IIO
BbicOTe (1.6.5 [3]). [IpyHUMaeM THUII MECTHOCTH B, cleqoBaTeIbHO MPHU BBICOTE
3nanug 10 10 M, K= 0.65, 1o 20 m, K= 0.85; C- aspoarHamMudeckuii Ko3puireHt
(m.6.6 [2]). IIpu f/I = 0.67 c HaBEeTpEHHON CTOPOHBI HA YYACTKE AKTHUBHOIO
napienus C, =0,7; Ha ydacTke otpunareabHoro aasieHusa Ce=-1.2; C,=-
0.4 (cm. cxemy 3 npuit. 4 [2]); Wy - HOpMaTUBHOE 3HAYEHHE BETPOBOTO JaBJICHUS,
npuHEMaemoe st 1 I BerpoBoro paitona pasubiv 0.30 kH/M® (Ta611.5,11.6.4 [2]); Yr
=1.4- ko3 puImeHT HaEeKHOCTHU 110 BEeTpOBOM Harpyske (1.6.11[2]).

BokoBbIE 30HBI BETPOBOTO JABJICHHUS OTrPAaHUYEHBI TOYKAMU, HMEIOIIUMU
opaunaty Y = 0,7-f= 0,7-16 = 11,2 M, T.e. Mexay ToukamMu 3 u 4, T7I€ OpJIMHATHI
10,44 u 13,39 M COOTBETCTBEHHO, T.€. JJIMHA JIyI'M HUKHEH 30HBI COCTABIIACT
3,26:S, a BepxHeil 30HbI 1,74-S. PacueTHas moronHas BeTpoBas Harpy3ka Ha 1 m
apKU T0 y4acTKaM:

P,=0,65-0,7-0.3-1,4-4,5 = 0,86 xH/wm;
P,=P;=-0,85-1,2-0,3-1,44-4,5 = -1,93 xH/m;
P,=-0,65-0,4-0,3-1,4-4,5 = -0,49 xH/m.

OrnpenieniuM paBHOJCUCTBYIOIIME BETPOBOTO JIABJICHUS HA KaXKIO0M W3 30H,
CUMTasl HAarPY3KH MPUIOKEHHBIMHU 110 CEPEJMHE COOTBETCTBYIOIIUX JIYT:
P-P-3,26-S,=0,86-3,26-4,05=11,35xH;

P,=P;=P,'1,74-S,=-1,93-1,74-4,05=-13,6 xH;
P4=P43,26-5,=-0,49-3.26-4,05=-6,5 kH.

6. CocpenoToyeHHas Harpy3ka oT TEJIEKKH C TPY30M Ha OJIHY MOJyapKy

P,=24-1,2=28,8 kH.

3.3.4. Cmamuueckuit pacuem apku
PacueT apku BBINONHSCTCS HAa COYETAHUS HArpy30K: MOCTOSHHOHN, CHETOBOM
(cyieBa), BETpOBOI (CIeBa), M OT 3arpy304HOM Tenexku (puc. 3.4).

. -1 1P
OnopHbIe peakuu OT IOCTOSTHHOW HAarpy3ku: R, =R, = Do gy = I

b

2 8-f

OrnopHbIe peakuuu OT 3arpyKEHHOM TEJICKKHU:

R =R Py _Ri12-P2:2w
2 f

B cBsi3u ¢ TeM, 4TO AJis pacNOPHBIX KOHCTPYKIUH OoJiee HEOIaronpusiTHbIe
YCIIOBHSI BO3HHUKAIOT NP HECHUMMETPUYHOM HArpyKEHUHU, PAaCCMATPUBAEM CXEMY
CO CHEroBOW HAarpy3koll Ha OJHOM cKare (BapuaHT 2 3arpy>K€HHUs CHETOBOM
Harpy3Kom).

OnopHbIe peakMy OT CHETOBOM HArpy3KH Ha Y4acTKeE JIEBOTO CKaTa:

G XA X)) o X X)) Vi

- - =37

b

! 21 Tt 21
rae X, - rOpu30HTalIbHAs NPOEKIUs ydacTKa KPOBIU C YKIOHOM 110 60°, paBHas
5,9M (cM. puc.3.4).
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q'=6 35kH/M 7
v q,73,83kH/m

4,=3, 123k H/m m
o)

=371

f=16M

a)

f=16M

HA_) A
[=24M |

P=28 8kH/ M P=28 8kH/M |
ép bp
2)
2 Z 2
i \=24m i
d)
P=13 6KH/M R=13,6kH/m
r=-17 G172

P=1135K1/m P=05,48kH/ M
7-04

=07

Puc. 3.4 Cxembl Hazpy3oK, Oelicmeyrouiux Ha apxy.
Peakuuu oT BETpOBOM HArpy3KHM ONIPEAEISAEM U3 YCIIOBUS PAaBEHCTBA HYJIIIO
CYMMBbI MOMCHTOB OTHOCHUTCJIBHO OIIOPHBIX U KIIFOUCBOT'O INAPHUPOB.
_R-a,-F(a,+a)-F,-q :

P-a—P(a,+a,)-P,-
- BEpTUKAJIbHBIC: R, =— 4 2(%1 )1 L. R, = l
- TOPU30HTAJIbHBIC: HA:RA'O’S'H?'bI_PQ'bZ; HB:RB'O'S'I_?'bI_g'bz,
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rae Pi,P, P; Py - paBHOAEHCTBYIOIME COOTBETCTBYIOIIUX 30H BETPOBOIO J1ABJICHUS,
a;, a as a, TIIeYU PaBHOJEWUCTBYIOIIMX OTHOCHUTENIBHO OMOPHBIX IIAPHUPOB; by,
by- TO 7€ OTHOCHUTEJIBHO KJIFOUYEBOT'0 IIAPHUPA.
Brrunciym 1mieyn paBHOAEMCTBYIOIIUX BETPOBOTO TABJICHHUS:
a, =a-sin(3,37¢p,— B,) =16,4sin21°8 =16,4-0,3606 = 5,9 L.u;
a, = a-sin(0,87¢, — B,) =16,4sin5°10 =16,4-0,0901 = 1, 48.;
a, = r-sin(4,13¢,) = 36,4sin 26°22 = 36,4 -0,4441 = 16,2 x;
a, = r-sin(1,63¢,) = 36,4sin10°25 =36,4-0,1808 = 6, 6.1;
b, =r-sin(3,37¢,) = 36,4sin 21°31=36,4-0,3668 =13,35x;
b, = r-sin(0.87¢,) = 36,4sin 5°33 =36,4-0,0967 =3,52m, TIE

a=\(X,~ Iy +17 =\|(34—-247 +13 =16,4n; = -y =3734'=37°11'= 023",

X, -1 4-24
p= arctg[ 0 ] = arctg(3 3 ] =37"34"  w =90" - (¢, —) =90" —20°55'-31°54'=37°11".
Yo
[Ineun paBHOAECHCTBYIOIIMX MOXKHO Takke onpenenuts rpadpuuecku Ha T1K.
OnopHble peakiuu MpuBeJeHbl B Tabnauue 3.3, a u3rudarommii MOMEHT OT
BEPTUKAJIBHBIX HArpy30K - B Tadnuile 3.4.
W3rubaromuiit MOMEHT: M, =M’ - H -Y,,

rae M- u3rubarouIuii MOMEHT MPOCTOM OAJIKK OT pacCMaTpUBAEMOU Harpy3KH.

OnopHble peakuuu

Tabnuma 3.3
Ornopnsble peakinu, KH
Bun Harpy3ku u Harpyska P peaxn
3arpyKeHust Ry Rp Ha Hg
ITocTosnHas
PABHOMEPHO 3,12 37,5 37,5 14,1 14,1

pacnpexaeneHHas, kH/m

CHeroBasi paBHOMEpPHO

pacnpesesieHHas Ha 6.35 23,34 14,13 10,6 10,6

y4acTKe JeBOro
nonynponera, kKH/m

CocpenoToueHHas ot 2:28.8 28,8 28,8 18,0 18,0

Tenexku, KH

Berpogas (cneBa), kH
cM. puc. 3.4

cM. puc. 3.4 -14,6 -14,7 -4,47 2,6

3HadyeHus1 U3rudArONIUX MOMEHTOB OT BETPOBOM HArpy3ku B KH-M mpuBeeHbI
B Tabnuie 3.5. OHM onpesieNieHbl 1o CleayouuM Gopmyaam:
-B JICBOM MOJIyapKe: M, =V, - X, -H -y, + M?;
-B IpaBo monyapke: M, =V, X, —H,-y, *M’, TIe MOMEHTH OT BETPOBOM
HAarpy3KH, JIEUCTBYIOIIEH CIIEBA U CIIPaBa OT CEYCHMS N:
1 % ' 1 %
8 . M]@ _;

M/ =-—— B r-sin—; =———:PF r-sin
3,26 2 3,26
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2 ' 2
M =——— P-r-sing; M;=—— P, -r-sing;
2 3.26 1 ?, 2 3.26 4 D
Mf”——i-P~r-sin(137- ); MBV—_L-P-r-sin(137- );
3 3’26 1 > q)]’ 3 3’26 4 ? ¢)]’

0,74

M =-P, -r-sin(2,37-(p1)+T'Pz -r-sin(0,37-¢,);
E , 0,74 .
M; :P4-r-sm(2,37-(pl)+T'P3'F‘Sln(0a37‘(/’1);

M =—P,-b+P,-b;M: =P,-b +B,b,.

3HayeHust M,

Tabnuma 3.4
Koopaunatel, M Wzrubarommiit MOMEHT OT BEpTUKANBHBIX HATPYy30K, KH M
No ceuenmst [ToctosiHHOMI Cuerosoit Cuerosoit Cocpeno-
- X Y (;teBast (mpaBas 5 p
En moJIyapKa) moJIyapKa) TOHCHHOH
1 1.65 3.69 5.72 -0.60 -15.8 -20.22
2 3.72 7.19 16.76 10.61 -23.65 -22.28
3 6.15 10.44 24.74 32.88 -23.76 -10.8
4 8.92 13.39 21.92 41.01 -15.89 15.9
5 12.0 16.0 0 0 0 0
IIpumeyanus

1. Cuuraem, 4TO CHEroBasi Harpy3Ka HaYMHaeTcs oT T. 3.

2. lnsa 60s1€e TOYHOTO ONPEEICHHUs PACUETHOIO MOMEHTA OT CHETOBOM Harpys3ku
MOKHO y4YacTOK MeXIy 3 M 4 TOuKaMu pa3feiuTbh Ha Oojiee KOPOTKHE OTPE3KH,
OTPEJEIUTh KOOPAUHATHI U BEIYUCIUTH U3THOA0INE MOMEHTHI.

3HaueHus U3rudarIuX MOMEHTOB OT BETPOBOM Harpy3ku, KH-m

Taobmuna 3.5
Ne ceuenus | R,-X, |-H,-y, M; M, R,-X, |-Hy-y, | M, M,
1 -24,1 62,4 -7,0 31,3 24,3 1-9,6 4,0 -29,9
2 -54,3 121,5 [-28,1 (39,1 -54,7  1-18,7 |16,1 -57,3
3 -89,8 176,4 |-57,8 |28.8 -90,4 |-27,1 |33,1 -84.4
4 -130,2 (226,33 |-99,5 |-3,4 -131,1 |-34,8 |119,7 |-46,2
5 -175,2 (270,4 1-95,2 |0 -176,4 |-41,6 |134,1 |0

B cBsa3u ¢ Tem, 4TO B MmojiyapKax HampsDKEHUs OT HM3ruba 3HAYUTEITHLHO
OoJibllle, YeM OT CXKaTusl, ONpEJeTUM pacueTHbIC CEYCHUS, MPOaHATU3UPOBAB Be-
JIAYMHEI U3THOAIONIMX MOMEHTOB. [l 3TOoro cBemem B Ta0i1.3.6 3HAUCHUS H3TH-
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Oaromux MOMEHTOB B KH'M OT MOCTOSHHBIX M BPEMEHHBIX Harpy3ok. [Ipu stom
ucnosibdyem kodpduuuent 0,9 npu ydere oJJHOBPEMEHHO JIBYX U 0oJjiee BpEMEH-
HBIX Harpy3oK.

3HaueHUs I/ISI‘I/I6aIOH_II/IX MOMCHTOB OT IIOCTOAHHBIX 1 BPCMCHHBIX HAI'Py30K

(xH-™m)
Tabnuua 3.6
Ne ceu JleBas nmonyapka IIpaBas nosryapka
1 5,72+31,3-0,9=33,89 5,72+(-15,8-20,22- 29,9)-0,9 = -53,61
> 16,76+(10,6+39,1109-6149 | 10707 (23,0522.38-37.370.9=
3 24,74+(32,88+28,8):0.9-803 | 74T ('23;7_65521 2’5'84’4)'0’9 -
4 21,92+41,01-0,9=58,83 21,92 + (-15,89-46),2)-0,9 =-33,96

W3 coderanusi Harpy3ok BUAMM, YTO MAKCUMAJbHBIA MOJIOKUTENbHBIA U
OTpULIATEIbHBIA U3rUOArOIIFe MOMEHTHI BO3HUKAIOT B ToUke 3 1 paBHbI 80.3 kH'M
u (-82.32) kH-m. Ilpu npyrux UCXOJHBIX JAaHHBIX HOMEpA TOYEK MU BEJIMYMHA
MOMEHTOB MOTYT HE COBNaJaTh M 3HAUYUTENBHO pa3HUThCA. B Hamem ciydae, Kak
OTMEUaJoCh BBIIIE, U3rUOAIONINE MOMEHTHI MUHUMAIbHBI U OJIM3KH 110 3HAYEHUIO.

Jlist pacyeTHbIX ceueHuid 3 (B JIEBOW MOyapKe) OMNpeaeInM HOPMaIbHYIO
cuny no Qopmyne: N =Qssing+H,cosp OT BceX HArpy3ok, 3a HUCKIIOUYEHUEM
BeTpa, T.K. B CHJy HE3HAUYUTEIHbHOM BEIIMYMHBI U OOpPATHOTO 3HAKa €€ MOXKHO
MPUHSATH B 3a11ac MPOYHOCTH.

[lepepesbiBatomias cuna Qg B ceueHuu 3 onpenaensercs no hopmyse
Q= Qs cosp-Hasing, e Qs-onpeaessieTcs Mo 6aJouHON cXeMe.

Ceuenne 3. X=12m; (p3=52050’; singp3=0,797; cos@;=0,604.
Qs ot mocTositHHOM Harpy3ku: 37,5-(6,15-3,12)=18,3xH
Qs ot Tenexku ¢ rpy3om: 28,8:0,9=25,92 kH
Qs oT cHera Ha sieBoi monyapke: 23,34:0,9=21 kH
Cymmaphoe 3Hauenmne Q;=65,22 xH
H=14,1+0,9-10,6+0,9-18=39,84 xH; N=65,22-0,797+39,84-0,604=76,04xH
[Tockonbky mipu onpeneneHuu kodddunuenta f cornacuo mn. 6.27 CHull II-
25-80 [1] ucnonb3yeTcs 3HAYEHUE CHKUMAIOIIECH CUJIbI B KIIKOYE, TO OMPEEIUM
€€ aHaJIOTUYHO.

Ceuenue 5. X=12m; (p5=52050’; singps=0,797; cosps=0,604.
Qs ot mocTositHHOM Harpy3ku: 37,5-(6,15-3,12)=18,3xH
Qs ot Tenexku ¢ rpy3om: 28,8:0,9=25,92 kH
Qs oT cHera Ha JieBo# nonyapke: 14,13-:0.9=12,72 xkH
Cymmapnoe 3Hauenune Q;=56,94 xH
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Cymmapnsbiid pactiop H=39,84 kH.
CraenoBatenbHo: N=56,94-0.797+39,84-0,604=69,44xH

3.3.5. Iloooop ceuenus apku

JIJis M3roToBJIEHMs apOK MPUHUMAEM MUIOMAaTepHal U3 JPEBECUHBI COCHBI
2 copta tonmuHoM 40 mM. KoadduimeHT Haae)KHOCTH MO HA3HAYEHUIO Y,=
0,95.

BbicoTa monepedyHoro ceueHusi apku JoJbkHA ObITh He MeHee 1/40 1, T.e.
600mM. IIpyHMMaeMm coriacHO NPWIOKEHUIO 3 € Y4YETOM MPUIYCKOB Ha
(dbpe3epoBaHme miIacTei J0cok ¢ IBYX cTopoH: (40 - 8)-19 = 608 mm. [Hlupuny
apKy C y4eTOM NIpPUITYCKOB Ha (pe3epoBaHUE KIIEEHBIX MAKETOB MO LIMPUHE
COTJIACHO MpUiIoXKeHUI0 3 mpuHumaem: 150 - 15 =135 mwm.

Cornacuo nn.3.1 u 3.2 CHull II-25-80 ko3¢ dunments! ycnoBuil paboTsl
npeBecunbl Oynyt: npu h=60,8cm ; ms =0,96; npu d.,=3,2cm m.=1; npu
Ocr/ fen=3640/3,2=1137,5>500, m,=1.

Torga pacueTHOE CONMPOTUBIIEHUE CXKATO-U3rMOAEMOr0 3JIEMEHTa U3 JIpEBe-
R, -mg-m,_ -m 14-0,96-1-1

7, 0,95
[IpoBepUM MPOYHOCTH CEYEHHS] C MAaKCUMaJbHBIM M3TMOAIOIIUM MOMEHTOM B
TOYKE 3

CHHBI 2 cOpTa: R = =14,14MI1a.

0
L"‘ M SRC,MO :M’
Fpacu Wpacu é
e @zw; :0,58-2-S:2350:134;]\/[0:82,32 _128,04KH - .
A 0,289-n 17,2 0,642

VYuuTbiBasi 3HAUUTENbHYIO pacueTHyIo JIHHY apku 1= 0,58:2-§ = 2350 cm,
MPOBEpUM €€ Ha YCTOMYMBOCTh B IUIOCKOCTH KPHUBHU3HBI, B COOTBETCTBHH C

m.6.25[1]
N M,
o=—-—+ >
Fpacu pacd
3 6
o= 65:22:10° 128,04-10°6 (oo 10 eo 1a anarTa

135-608 135-608°

OKOHUaTenpHO ceyeHue apku npuauMaetcs 135 x 608 mm.

Cedenue npaBoil MOJIyapKHu NPUHUMAETCS TAKOE XKE, TAK KaK CHET U BETEP
MOKET OBbITh MPUJIOKEH KaK ClIEBa, TaK U CIpaBa.

PacueTr Ha ycTOWYMBOCTH MIIOCKON (opMbl AedhopMHUpOBaHUS (U3 MIOCKOCTH
KPUBU3HBI) MPOU3BOJIUM TOJBKO JJIA MPABOM MOJIyapKd, T.K. B CBSI3U C OTpHUILIA-
TEJIbHBIM MOMEHTOM, C)KaTOH SIBISIETCS HEPACKPEIUICHHAS HWKHSSA TPaHb CEUEHUS.
VY neBoil moJjiyapku c)atasi BEpXHsISl TpaHb pacKperieHa nmporoHamu ¢ marom 1,0
M, COCAMHEHHBIMU CO CBSI3€BBIMU (PEpPMaMM, YTO OOECIEUMBAET YCTOMYMBOCTH
MOJTyapoK.
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VYcnoBue yCTOMYMBOCTH 3alMChIBAETCS B BUJE (MPU PACKPEIIEHHON pacTsi-
HYTOM I'paHu MOKa3aTeNb CTeNeH n= 1):

N +[ M J <L, 20e ¢@= 3200 =0.008,

=

QD-RC‘F'ﬁp qDM‘Ru.W
2 2
TAK Kak A =——2220 _ _ 602 g0w=140b -k¢:14O-L-1,13:O,202.
0,289-13,5 ) [ -h 2350-60,8

14
[Ipu sTOM @ U @, KOPPEKTUPYIOTCS, COOTBETCTBEHHO, YMHOXXCHHEM Ha
kodppunmentsr Ky 1 Ky,

2
m

lP ’ lP
K,y =1+]0,75+0,06- ; +0,6-ocp-z—1 . ;

m>+1

2

/ h m?>
K, =1+0142-2+1,76-—+1,4a —1]|- ,
m { h i P } m? +1

p

TJIE O,,-IICHTPaAJIbLHBIM YTOJI MOJyapKu B pajauanax, paBHbIi 0,54.
Op TP y yap p p

=1.

B namewm ciryuae

2350 2350

2
] +0,6-0,54-
6

Km\,=0.75+0,06( =90,38;

2 2

K, :0,142-?+1,76- 60;i+1,4.0,54=6,29,

b

cinenpoBarenbHo ¢=0,008-90,38=0,723; ¢,=0,202:6,29=1,271.
65.22-10° N 82,32-10°-0,839-6
0,723-14,14-135-608 1,271-14,14-135-608°
rae M - MakCHUMallbHBIM OTpPUUATEIbHBIH MOMEHT IpaBod moiiyapku, M=82,32
kH'M B Touke 3 u coorBercTBytomas N=65,22 kH. T.e. yciioBue BBINOJHEHO, U
MOTEPU YCTOMYMBOCTH U3 TIUIOCKOCTH TPaBOM TMOJyapkdu He Oyner u
JOTIOJTHUTENIBHBIX PACTIOPOK B ATOM TOUKE YCTaHABIMBAThH HE TpeOyeTcs.

=0,078+0,462 =0,540 <1,

3.3.6. Pacuem onopnozo y3ia

OnopHbIi y3e71 KOHCTPYHPYEM B BHJIE CTAJIILHOTO OaliMaka, COCTOSIIETro U3
OTOPHOIO JIUCTa U JABYX (PACOHOK C OTBEPCTUSAMHM IJisI OOJTOB, KPEMAIIUX OCHO-
BaHue apku (puc. 3.5) bammak kpenurcs K ¢yHIaMEHTy MpPHU MOMOIIU ABYX aH-
KEepHBIX 00JITOB AnamMeTpoM 20MM.

VYroa HakjIoHAa OMOPHOM MOBEPXHOCTU (PparMeHTa MEPNEHIUKYISIPEH K OCH
HOpMaNibHOM cuiibl. Clie1oBaTeIbHO, HEOOXOAUMO MPOBEPUTH TOPEIL] MOTyapKHU Ha
CMSITUE BJIOJIb BOJIOKOH.

ITnomanes cmatus 30 x 13,5 =405 oM’

MaxkcumanbHOe TPOJOJIbHOE YCUIIME BO3HHMKAET OT COYETaHUs JAEUCTBUA TO-
CTOSIHHOM Harpy3ku, BPEMEHHOUW CHEroBOW Harpy3Ku paBHOMEPHO pacipeieIeHHON
Ha JIEBOM TMOJOBUHE TpOJeTa apKu M Beca TENEKKH M PACCUMTHIBAETCS Kak
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PaBHOIEHCTBYIONIAsT OTIOPHBIX PEaKIMi, BO3HUKAIOIINX OT JAHHBIX HArpy30K IO
bopmyie:

N_,. =0,sing,+Hcosp,; ¢,=20°55"
Np =(37,5+0,9-(23,34+28,8))-0,357 +39,84-0,934 = 67,35xH.

3
Hanpsokenune cmsatusa o, = % =1,66MIla <13MIla.

Hanuune mapuHupa B pacyeTHOM cxeme oOecreyuBaeTcs OOMSATHEM JpeBe-

sing, =0,357; cos¢p, =0,934;

CUHBI, TAK HA3bIBACMOTO IINTACTUYCCKOI'O IIapHHUPA.

Bug A
CmaxHou boam T/ 7
M20 -
M20
15
f .
::::]:4“—
['ugpouzongyus 3
2 Cl0g PYNOHHOEZ0 [ = R
Mamepuana i i
| ,\/ ||
50 208 50

Puc. 3.5 Koncmpykuyus onopnozo y3na apku

3.3.7. Pacuem KoHbK06020 y31a

1. PacueT Ha cmsaTHE.
Hepenat{a CUIIbI B Y3JIC OCYIICCTBILICTCA YCPC3 TOPUBI INIOMIAA0K IIOA YIJIOM

0=37° K HalpaBJIeHUIO BOJOKOH. CiienoBaTenbHo, 1o 1. 3.1 [1]
X 3 =12,56MlIla

cM

o -
“*1+(R,, /R, —1)-sin’ @ 1+(13/3-1)-0,22°

[«

HaHpH)KeHI/Ie CMTUS
3
T, = Q, _36.6610 =0,91<12,56MIla.
2-F 40500
0,=11,3+0,9-(22,97 +5,21) = 36,66xH
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qo - 1? 12-24 12247
D" osa=> 0.602— >122% 0811 3w

.[2 ) 2
.cosa = 3, 6.35-24-0.602 — 6'13651264 -0.8=2297xH;

3 . 4.
=—q, l-sina—--F
Q. =414 16/
Q,=R,-sina—H,-cosa=-14.6-0.602+4.47-0.8=521kH

2. Pacuer cTaJibHBIX HATrEJICH.
B cBs3u ¢ HamuuuMeM OJHOCTOPOHHEW Harpy3ku HEoOXOAUMO HA3HAYHUTh

JTMaMeTp Harejei, 3aTOIUIIONIUX MPOKJIaAKU K Tojyapke. B y3ne momepeuHas
cuiia oT cHera paBHa 22,97kxH. Pa3meniaeM Harenu coriacHO pucyHoK 3.6.
Ha xaxxapiii u3 001TOB, OMMKANUIITUX K CTHIKY, IEPEIaeTCs YCUITUE
~22,97-42
230
Ha kpaitauit 6ont nepenaercs yeunue 2-16,08-22,97=9,19xH.
CrnenoBarenbHO, pacyeTHOE ycuiaue Ha 1 OONT ABYXCPE3HOIO COCIMHEHUS:

16,08/2=8,04xH.
[Ipuaumaem tonmuHy Hakiaaok 10 cm, a auametp 6ontoB 2 cMm. Hecymas

CIIOCOOHOCTH, ~ OOATOB B JaHHOM ciydae cMm. 1. 5.13; 5.14  [1]:
- 1o cMsATUIO B oiyapke: 7. =0.5-¢-d-K, =0,5-13,5-2-0,77 =10,4xH;;

-0 cMATUIO B Hakiankax: 7, =0,8-a-d-K, =0,5-10-2-0,65=10,4xH;

-0 u3rudy Gosnra:
T,=(1.8-d”+0,02-a*)- /K, =(1,8-4+0,02:10% )-,/0,77 =8,07xH.

ITpouHoCTh y351a 00€eceyeHa.

=16,08xH.

120 300
(=) \
T N -
© | g Ny
5% & |8 &
Lo, L . L

Bug A G
| h o h | o
T EE
G HTH HTH 2
600 120 200 | 180

Puc. 3.6. Koncmpykuusa KoHbK06020 y3.a.
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4. IEPEBSAHHDBIE PAMbI

4.1. KoHCTpYKIUHM IepeBIHHBIX paM

Pambl SBISIIOTCS OOHUM W3 OCHOBHBIX KJACCOB HECYHIUMX JI€PEBSIHHBIX
KOHCTPYKIMI. BepTukaiibHble CTOWKM M HAKIOHHBIE PUTENM CIYy>KaT OCHOBAMU
JUISl HACTWJIOB TMOKPBITUHA U OOIIMBOK CTeH. B OTeUeCTBEHHOM CTpPOMTENILCTBE B
OCHOBHOM NPUMEHSIOT OJHOIIPOJIETHBIE BYCKAaTHbIE pambl mpojeroMm 12-60m, B
3apy0eKHOM CTPOUTENbCTBE pambl IposeToM 10 80 M. JlepeBsiHHbIE paMbl MOKHO
pa3lennuTh Mo pAny Npu3HakoB. Ilo craTMdeckMM cXeMaMm [I€pEBSIHHBIE paMbl
MOTYT OBITb CTAaTMYECKH ONPEACIMMBIMM M  OJHOKPATHO  CTaTHYECKHU
HeonpeneauMbeiMu. TpexmapuupHas pama (puc. 4.1 a,0) sBIsSeTCSs CTAaTUYECKU
OIIPEICITMMON.

[IpeuMyniecTBOM 3TOUM CXEMBI ABISIETCS HE3aBUCUMOCTH JCHCTBYIOIIMX B €€
CEUCHMSIX YCWIUM OT OCagku (PyHIaMEHTOB M OTHOCHUTENIbHASI MPOCTOTA PEIICHUM
HIaPHUPHBIX OMNOPHBIX y310B. K HemocrarkamM OTHOCHUTCS BO3HUKHOBEHUE
OOJBIINX N3rMOAIOIMX MOMEHTOB B KADHU3HBIX CEUCHUAX WIH y3JIaX.

I'nymoxneenaa mpexwapnupnaa pama (puc.4.l a) cocTouT U3 IBYX
nostypam ['-00pa3Hoii popMbl IPSIMOYTOJIBHOT'O TIEPEMEHHOTIO 110 BBICOTE CEUEHUS,
M30THYTHIX MPU U3TOTOBIIEHUH B 30HE Oyyiiero kapHusa. [lepBbiM 10CTOMHCTBOM
ATOU paMsbl SABIISIETCS TO, YTO OHA COCTOUT TOJIBKO M3 JBYX KPYIHBIX 3JIEMEHTOB -
MoJIypaM, KOTOpPbIE COEIMHSIIOTCS TpH COOpKE BCEro TpeMs y3JIaMH - JABYMS
ONOPHBIMU U OJHUM KOHBKOBBIM.

[=12-24m

Puc. 4.1. Kneeoepesannvie mpexuiapHupHbsie pamol:
a - 2Hymoxeenas, 6 — 10MaHOKIeeHas

910 CBOOUT K MUHUMYMY BPCMA U TPYAOCMKOCTD C60pKI/I N YCTAHOBKH TaKUX
paM. BTOpOC HOCTOMHCTBO - 3TO IICPCMCHHAA BbICOTA CCUCHMHU - MaKCUMaJIbHas B
30HC BBIFI/I6a, Trac ﬂeﬁCTBYIOT MaKCHUMAJIBHBIC I/IBFI/I6aI-OIJ_[I/Ie MOMCHTBI, H
MUHUMAJIbHAA B Yy3JaX, A€ MOMCHTBI OTCYTCTBYIOT. OTO TO3BOJISIET PYKOHOMUTH
APCBCCHHY H PAlITMOHAJIBHO HCIIOJIB30BAThL €€ IIPOYHOCTD.

FHYTOKﬂeCHaH paMa HUMECT M CYHICCTBCHHBIC HCIAOCTATKH. C}KI/IMaIOH_[I/Ie
HaIllPpSAKCHUA B CCUCHHUAX I'HYTBIX YHYACTKOB 3HAYUTCIBHO BbIIIC, YCM B IIPAMBIX, a
PacdCTHBIC COIIPOTUBJICHUA CHXKATHUIO, KOTOPBLIC 3aBHUCAT OT OTHOIICHUA paauyca
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BBITHOA K TOJIIMHE HM30THYTHIX JIOCOK, CYIIICCTBEHHO HHWIKE, YTO NPHBOJIUT K
MOBBIIIEHHOMY PacXxoJy JIPEBECUHBI U KJIes U TeM OOJIBIIEMY, Y€M MEHBIIEC 3TO
otHomeHue. OJTHAKO 3TO OTHOIICHHUE HE JIOJDKHO OBITh MeHbIe 150.

Jlomanokneenaa pama (puc.4.1,6), Ha3piBaeMasl TaKXKe KJIEEIACPECBIHHON
paMoO#l C KECTKMM CTBIKOM Ha 3yOuYaThIX INHIAX, COCTOUT M3 ABYX TOJypaM.
Kaxnas momypama wmmeer [-o0pasHyro ¢opMy ¢ MEperoMOM OCH B MeCTe
Oynymero kapau3a. [lodypaMa COCTOMT U3 JABYX HMPSAMBIX 3JIEMEHTOB - CTOHKH U
MOJIypHTeIsl, UIMCIOIIMX TIEPEMCHHBIC CCUCHHsI, MaKCUMaJIbHBIC B 30HE TepesioMa
OCH. OTH DJEMEHThl COCTUHSAIOTCS TOJ HEOOXOAWMMBIM YIJIOM HAKJIOHHBIM
3yO4YaThIM IIUIOM. DTH paMbl He TPEOYIOT JOIMOJHHUTEIBHBIX CTEPKHEH-KOOBIIOK
JUTSI OTTMPaHUsl HACTUIIOB B KAPHHU3HBIX y3JaX.

K Hemocrarkam JIOMaHOKJIEEHOW paMbl OTHOCSTCS: CJIOXHOCTh HX
TPAHCIIOPTUPOBKH; JApPEBECHHA B 30HE TEpejioMa OCH M 3y04aToro CThIKA, TIe
JCHCTBYIOT MaKCHUMaJIbHbIC HM3THOAIOIIME MOMEHTBI, padoTaeT Ha HOPMAaJIbHBIC
HaIPSHKCHUS OT C)KAaTHUS ¢ M3TMOOM ITOJ 3HAYUTEIBHBIM YIJIOM K HalpaBJICHHIO
BOJIOKOH. Ee pacueTHbIE CONMPOTHBIICHUS MPH 3TOM CYIIECTBEHHO CHUXKAIOTCS, U
CJIEJIOBATEIIbHO, YBEIUYMUBAIOTCS Pa3MEpPbl STOTO CEYCHHs, MOBBIMIACTCS PACXOJ
KJIEEHOU JPEBECHUHBI HA pamy.

4.2. lIpumep. 'nyToKIeeHas TpeXIIaPHUPHAS paMa

4.2.1. Hcxoonvlie oOamnnwvie. 3anpoCKTUPOBATh YTEIJIEHHOE CKIAJCKOE
MOMEIIEHUE C HECYITUMH KOHCTPYKIIMSIMU U3 THYTOKJIECHBIX paM. Pama mposieTom
[=18m, marom B=6m. 31maHWe BTOpPOTO Kiacca OTBETCTBeHHOCTH, y,= 0,95.

TemmepaTypHO-BIGKHOCTHBIE YCIIOBHS 3KcIutyatauuu - Al. KpoBns yremeHHas
u3 KieedaHepHBIX IJIUT C OJHOM BepxHeil oOmuBKoM. Paillon cTpouTenbcTBa —
r.Kazans, S = 2,4 «H/m*, [ =8m.

Ha pamy [eldcTBYyOT paBHOMEpPHO pacCHpPEIENICHHbIE IIOCTOSIHHBIE W
BpEMEHHbBIC CHETOBBIC HArpy3ku (Tadi. 4.1).

IIpn 3a7aHHBIX F€OMETPUUYECKUX pa3Mepax pambl U BbicoTe cToMku H < 5 M
BETPOBAsl HArPy3Ka HE YUYUTHIBAETCS, TAK KaK OTCOC BETPa HA KPOBJE YMEHBIIAET
YCUJIME B DJIEMEHTAX PaMbl.

CoOCTBEeHHBIH BeC paMbl onpeensieM npu k,, = 6:

1000 1000
=(g" +s")/ —1|=(.28+6)/| ———1|=1,00%H
g, =(g"+5")|,— —1]=( | ¢ 1 s

ce
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6)

Pacuemnasn 4
= = N hsinf =80,58
2 |
e - = N —
~
NM //’/ l‘\l o - = jo
— 693 a =15°18
— l M / y ’ !
N\ 3 N
” 2 N |
/ Teomempuyeckan %
o1 oco [l [eomempuuecxas
M | 7 " AN II - o
I / I Pacuemnasa
& oce
<5 |
hon/.
h/2 sin
/2220 [, s, ? ya=000
2=900
Puc. 4.2. Cxemul onpedeﬂeuulo ycuﬂuﬁ 6 KAPHU3HDbBIX Y3]14X pam:
a—C2H momeeHoﬁ; 0 — ¢ 3y0uamvlm CMbIKOM
) )
~
a) 6) 1p=928 ¥
_693 hsinf3=80,57 = /864y76 <
Y by L !
51% z o 7§
e o N 1S
3 3
%)
S
v=(45+a/2) Teomempuueckas § "H“ <
l,'\u: ; wn '}//2=(45+0L/2> ocb J\ § <
Il -
5 63 =
50X 227 73 ~
= T T
g S
< S
30| r=300 600 —
hon=42] 1/2=900

Puc .4.3. I'eomempuueckue cxemul oceil mpexuiapHUpHuIX pam:
a — eHymokieenas pama, 6 — pama c 3y064amoimM KapHUSHbIM CIbIKOM
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4.2.2. I'eomempuueckuii pacuem pamol
BricoTa paMbl B KOHBKE f = & m.
Harpy3ku Ha pamy, kH/m

Tabnuna 4.1
HaumeHoBaHue Harpy3ku Hopmartushele, | 7, PacuetHbie,
kH/™m kH/™m
1. TlocrosiHHAs Harpy3Ka 1,1
Bec yTenneHHOro nokpsITUsl — MaHEIN 2,28 2,66
CoOCTBEHHBIM BEC PaMbl 1,00 1,1
Hroro 3,28 3,76
2. CueroBasi paBHOMepHO pactipeaenennas | 10,08 14,4
Harpy3ka s=1-10,08 kH/m
3. Ilonmnast g=g+s 13,36 18,16

Panuyc Beirn6a npuHUMaem r =3 ;
7w =150-6 =150-1,4=210<300cm , TAC 6 - TOJIIMHA JOCKH.
VYT0JI HaKJIOHA pUTENA :

i=1:4; tga:%:0,25; a=14°02"; sina=0,24; cosa=0,97.

VYron Mexay paanycom, NPOXOASIINM MO OMCCEKTPUCHOMY CEYEHHIO U OCSIM
CTOWKH U pureins (puc. 4.3):
(90" +a) 90" +14°02"
=
I{enTpanbHbIN YyroJl THYTOIO KAPHU3HOIO y3JIa:
7y=90"-a=90-14"02"'=75°58"'=75,97" =1,33 pao.
JInvHa THYTOW 4acTy KapHU3HOTO y3J1a:
;] Ty 3,14-3-75,97
o 180° 180
JIIMHA CTOMKM:
[ a
L, —f—E-tga—r-tg(45—E) =8—

YcnoBHas UIMHA CTOUKH:

H, :f—%-0,25=8—2,25=5,75m.

=52°01"; sin3=0,79; cosf=0,62; tgp=128.

=3,98m.

18
2-0,25

—~3-1g(45 ~7°01")=8-2,25-3-0,78 =3,41x.

JlnrHa nosmypuress:

- (I/2—r+r-sina) _ (9-3+3-0,24) 603
cosa 0,97
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JImuHa nosypamsl:

[, =1, +1,+] =3,41+3,98+6,93=14,32.

Ocp nonyapku pa3douBaeM Ha 5 cedenuii (cM. puc. 4.2 u 4.3).

Tabnuia 4.2
No ceuenus X, M Y, M
) 0 L, =341
o) 7(1-cosy/2) = 0,63 [ +rsiny/2=5726
3 r(l—cosy)=2,27 [, +rsiny =632
4 4,5 H,, +45tg0 = 6,88
5 9 H,, +49ga =8,00

KOOpJII/IHaTBI PaCUYCTHBIX CCUCHMU:

/4

X, :r-(l—cosaj:3-{1—cos(45—%n:3-(1—cos37°59')=3-(1—0,789)=0,63M;

X, :r-(l—cosy):3-(1—cos(90—a)):3-(1—c0s75°58'):3-(1—0,245):2,27m;

/4

r-sinE=3-sin37°59':3-0,615 =1,85;

r-siny =3-sin75°58'=3-0,97=2,91;

4,5-tga =4,5-0,25=1,125.

4.2.3. Cmamuueckuit pacuem pamwl

OnpeneneHue BEPTUKAIBHBIX OMOPHBIX PEAKIMM, TOPU3OHTAILHON Cuibl H
MPOIOJILHOM CUJIBI N; mornepeyHoit cuibl ; n3rudaroiiero MoMmenra M.

g=3,76xH/m
| I =
A
T §=14,4kH/m
S ==
g =
3
l\
T
H. Hs:
[=1800
R Rs

Puc. 4.4. Pacuemnasa cxema u cxema 3azpyHcenus pam
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CHeroBas Harpy3ka Ha JIEBOU MOJIOBUHE paMbl: s =14,4xH/m (cM puc. 4.4):

3-s-1 3-14,4-18
A: 8 =

R =97,2xH;

H_s-12-2 14,418

= = =36,45kH
16-f  16-8

M, =-H Y, =-36,45-3,41 = —124,29xH - u;
M,=R,X,—-H,)Y,—sx;/2=97,2-0,63-36,45-526-14,4-0,63* /2 = —133,35cH - m;
M,=R,X,-H,Y,—sx;/2=97,2-2,27-36,45-6,32-14,4-2,27% /2 = —46,82kH - u;
M,=R,X,-H,)Y, —sx;/2=972-4,5-36,45-8,06—14,4-4,5° /2 =-2,19xH - m;
N,=R,=972«kH; N,=H,6=3645«H; Q,=H,=3645«H,

Q. =R-S81/2=97,2-14,4-9/2 =-32,4xH.

ITepepesbiBatomiast cuina Q, u N, B CEUEHHM «2» C MaKCUMaJIbHBIM
MOMEHTOM OTPEeNIEIIAIOTCS 10 (hopMyJIaMm:

O,=R,sinff—H  cosf=97,2-0,789-36,45-0,615=54,27xH,
N,=R,cosB+H  sinpB=97,2-0,615+36,45-0,789 = 88,54xH.
CHeroBas Harpy3ka Ha MpaBoOil TOJIOBUHE paMBbl:

R, =51/8=14,4-18/8=32,4xkH;

H,=3645kH; M, =-H,-Y, =36,45-3,41=—-124,29«H - u;
M,=R,X,-H,Y, =324-0,63—36,45-5,26 = —17132xH - u;

M, =R,X,—H,Y,=32,4-2,27-36,45-632 = —156,82kH - u;
M,=R,X,—H,Y,=32,4-4,5-36,45-8,06 = —148xH - u;

N, =32,4xH,

N, =R, -cosff+H,-sinf=32,4-0,789+36,45-0,615=47,98xH;

N, = H, =36,45«H;
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0, = H, =—-36,45kH;

0, =R, -sinf—H,-cos =32,4-0,615—36,45-0,789 = —8,83xH;

O, =R, =32,4kH.

Ycunusa oT IBYCTOPOHHEW CHErOBOW HArpy3Kd OMNPEACISIIOTCS CYMMHPOBaHUEM
YCWIMH OT OJHOCTOPOHHUX CHETOBBIX HArpy30K. YCHUJIUS OT IIOCTOSHHOMU
Harpy3ku ONPEACISIIOTCS YMHOXEHHEM YCUJIMHW OT JABYCTOPOHHEM CHETOBOM
Harpy3ku Ha KodQPUUMEHT k=q/s=3,76/14,4=0,26. BeTpoBble Harpy3ku u3-3a
HE3HAYUTEILHOTO BKJIaJla B pacUETHBIEC COUETAHMsI Ha pacCMaTpUBaEMbIE paMbl HE
YUHUTHIBAIOTCS. 3HAUCHMS YCUIIMK MpUBEEHbI B Tabiuie 4.3.

VYcunms B c€UEHUIX paMbl

Tabnuna 4.3
Ne [TocrosiHHas CHeroBas Harpy3ka Pacuernbie
cete Harpyska s=14,4xH | m C(;Z;?IEI 8
g =3,76xH - m, cieBa crpasa Ha Bcem
5=0.26 npoJiere
1 2 3 4 5 6
Narubaromme momeHTHI M, KH-M
1 -64,63 -124,29 -124,29 -248,58 | -313,21(2+5)
2 -79,21 -133,35 -171,32 -304,67 | -383,88(2+5)
3 -52,95 -46,82 -156,82 -203,64 | -256,59(2+5)
4 -39,05 -2,19 -148 -150,19 | -189,24(2+5)
[IpononsHbie cumbl, KH
0 33,7 97,2 32,4 129,6 | 163,3(2+5)
2 35,5 88,54 47,98 136,52 | 172,0(2+5)
5 19,0 36,45 36,45 72,9 91,9(2+5)
[Tonepeunsie cuitbl, KH
0 19,0 36,45 36,45 72,9 91,9(2+5)
2 11,8 54,27 -8,83 45.4 57,25(2+5)
5 0 -32,4 32,4 0 0
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4.2.4. Iloooop ceuenuii

Ceuenne 2: M = 383,88 kH'm; N = 172xH. llpuaumaercst IpeBecuHa 2-To
copTa B BHJE JOCOK CEUECHUEM IOClie OCTpOXKH ob = 1,4:16,5 cm’. PacuerHoe
COTNPOTHUBIICHUE JIPEBECUHBI MIPU COKATHUU C U3THOOM C YYETOM IIUPUHBI CCUCHUS
Ooxbie /3 cm, TONIUHLL JOCKH 1,4 cm:

R.=R, =15-1,1=16,5MIla =1,65kH [ cx® .

Tpebyemas BbICOTA CEYEHMS h,, ONPENECIAETCA MPUOIIKEHHO IO BEIUYMHE

U3rubaromero MOMEHTa, a HajJu4yue MpPOAOJbHON  CHJIBI  YYUTBHIBACTCS
koappurentom 0,7:

h,, =y/6M [(0,7R,,b) = /6-383,88/(0,7-1,65-16,5) =120,86c.
[IpuHarMaem BbICOTY ceueHus U3 87 CI0€B JOCOK: h=87-1,4=121,8cm.
Ceuenue b-h=16,5-121,8cn’. OnopHoe ceduenue Q =91,9xH .

TpeOGyemyto BBICOTY CEUEHHS Ha OMOpE ONMPENEISIOT U3 YCIOBUS MPOYHOCTH
Ha ckajepiBaHue. PacueTtHoe COIMPOTHUBJICHUC CKAJIBIBAHUIO IJIA APCBCCHUHBLI 2-T0
copra: R =1,5MIla=0,15kH/cm* .

BricoTa onopHOro ceueHus:

h,, =30 /(2bR,)=3-91,9/2-16,5-0,15) = 55,7cu > 0,4h,, =0,4-121,8 = 48,7cu.

Tpebyemas BricoTa mpesbimaer 0,4h,,, Ho Menpme 0,5h=60,9cMm, mosTomy
MIPUHUMAEM ceUYeHue, OJIM3Koe K TpeOyeMomy.

[IpuHrMaeM BBICOTY ONOpPHOTO ceueHns u3 40 1ocok
h, =40-1,4=56cu; hb=56-16,5=924cu’.
BbIcOTYy KOHBKOBOI'O CE€4YEHHUs IPUHUMAEM TaKKe paBHOM A, = 56 cm.

Ilposepxa nanpascenuit npu cycamuu u uzzuoe

CeucHue 2. 9KCHCHTpI/ICI/ITCT MPUIOKCHUA CXKUMAIOIICTO YCHUIINA !

on

2

h—h, 121,8-56

e= =32,9cm .

N3rubaronuit MOMEHT B OMCCEKTPUCHOM CEUEHUU 2:

M=M,—-N-e=383,89-172-0,329 =327,29xH - m .

53



Jlnst coxkaToif BHYTPEHHEH KPOMKHM, BBIMOJHEHHOW W3 JIPEBECUHBI 2-TO COpTa,
pacyeTHOE COMPOTUBICHUE CKATUIO U U3THOY:

R =R-m,-m,-m,/y=15-0,85-1,1-0,81/0,95=11,95MIla =1,2xH / cm?,

rae y4reHsl Ko3()(OUIMEHTBI yCI0BUI paObOThI, OTPaKAIOIINE BIMSIHUE BBICOTHI
ceuenus my =0,85, TOmLMHBI CnOsA  JOCOK m,, =11, KpUBOJIMHEHHOCTH

nosepxHoctu m,, (tabn. 7, 8, 9 [1] nnu npunoxenue 1.3);
v, =r—e—h/2=3-0,329-1,218/2=2,06m;
r,/0=2,06/0,014=147; m, = 0,81.

4.2.5. I'eomempuueckue xapakmepucmuKku ceueHus

ITnomans ceuennss A = bh = 16,5 -121,8 = 2010 cm*. Moment W= bh*/6 =
16,5-121,8%/6 = 40797 cm®. Pacuetnas JUIMHA/,, =1432cu. Paguyc mmepuun

ceuenus r = 0,29h=0,29-121,8=35,3 cm. I'mbkocts A=1,,/r :% = 40,6.

KoadunmenT, yuutoiBarommil nepeMeHHOCTh BHICOTBI C€YeHHs oiyapku [1],
K., =007+093-h /h=0,07+093-0,56/1,218=0,5.

Kosddunuent npoponasHoro nsruda:
p=K,, -3000/1* =0,5-3000/40,6° =0,91.

Koaddunmenr, yduTbiBaronuii JOMOTHUTEILHBIA MOMEHT OT JICHCTBHUS
MPOAOJIbHOM CKUMAIOIIEH CHJIBI,

E=1-N/(p-R -4)=1-172/(0,91-1,2-2010) = 0,92.

N3rubaromniuit MOMEHT ¢ ydeToM AedhopMaluii OT IPO0ILHON CHUJIBI:
M’ = M/E = 327,29/0,92 = 355,75 kH-m.

Koadumment:
k,=(0-0,51/r)/(1-0,17h/r)=(1-0,5-121,8/300)/(1-0,17 -121,8/300) = 0,86.

HanpsixkeHnne cxxatus BHYyTPEHHEN KPOMKU KapHU3HOTO y3J1a:

oc,=N/A+M°/(k,, -W)=172/2010+35575/(0,86-40797) =1,1{1,2xH / cm"’.

JIns pacTAHYTOW HaApyKHOW KPOMKH, BBINOJHEHHOW W3 JIPEBECHHBI 1-ro
COpTa, paCYETHOE CONPOTUBIICHUE PACTHKEHUIO:
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R,=R-m, =12-0,76 /0,95 = 9,6 MIla = 0,96xH /em?;

ro=r—e+h/2=30-0329+121,8/2 =3,28x;
r /5 =328/0,014=234; m, =0,76.

140,5-h/r _ 1+0,5-121,8/300 _

o1

Koxdpdurment: k. = = =
(1)(1) o 1+0,17-h/r 1+0,17-121,8/300

Hanpsixenue pacTsikeHus HApYKHONM KPOMKHM KApHU3HOTO y3J1a:

o,=N/A+M°/(k,W)=172/2010+35575/(1,1-40797) = 0,88 < 0,96 kH / cm’.

4.2.6. Ilposepka ycmoiiuugocmu njaocKoii Gopmol Oepopmuposanus
noaypamol

Pama 3akpemsieHa U3 IUIOCKOCTH MO HapyXHBIM PAcCTSIHYTBIM KpPOMKaM C
MOMOIIbIO CTEHOBBIX MaHEJEH, IUIMT MOKPBITUS, MONEPEUHBIX CXKATHIX CBA3EH.
BHyTpeHHss1 cokaTtast KpoMKa paMbl He 3aKperuieHa. PacueTHast AyiiHa pacTsHYTON
30HBI paBHA JJIMHE TOJypaMbl, TaK Kak MO BCEH JJIMHE OTCYTCTBYIOT CEYEHUS C
HYJIEBBIMU MOMEHTaMH [,, = 1432 cm.

Ilowa s GuccekTprcHoro ceueHus: A = bh = 16,5 -121,8 = 2010 cm’.
MOMEHT COTIPOTUBIEHUS: W = bh’ /6 = 16,5-121,8 /6 = 40797 cm”.
Paguyc nHepumu U3 mioCKOCTH MPU CHKATUU: r, = 0,296 =0,29-16,5=4,79cm.
I'nbxocte: A, =1,,/r, =1432/4,79=289,95.
KoadduuuenT ycToiuuBocTH IpH CxKATHH: @, =3000/ 2* =3000/298,95* =0,033.
Koaddumuent ycroitunBoctu rnpu u3ruoe:
¢, =140b%k, /(I, h)=140-16,5? -1,13/(1432-121,8) = 0,24,
rae kqb = 1,13 - xoadpurreHT Gopmbl FMIOPHI UrUOAIOITUX MOMEHTOB (Ta0II.
2 npui. 4 [1]).

Koapounuents! K, n K, y4uTBIBAIOT 3aKPEIUIEHUE PACTSIHYTOM KPOMKH U3
wiockocTl. Ilpu konmdecTBe 3aKkperieHU Oojee 4YEeThIpEX OHO CUMUTAETCs
CIUIOLIHBIM
K,y =0,75+0,06(1, / h)* +0,6a,l, / h=0,75+0,06(1432/121,8)" +
+0,6-1,33-1432/121,8 =18,42;
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a, =y =133pad - HEHTPAILHBIA yTroJ THYTON YaCTH B pajnaHax;

K, =0,1421, /h+1,76h/1,, +14a,=0,142-1432/121,8+1,76-121,8 /1432 + 1,4 -1,33 = 3,68.

Y CTOWYHUBOCTD MOJTyapKHU:

N/ (@K, RA)+M* | (9, K, R W) =172/(0,033-18,42-1,2-2010) +
+35575/(0,24-3,68-1,2-40797) = 0,94 < 1.

OO6mast ycToMuuBOCTh MJIOCKOM GopMbl  JAeOPMHUPOBAHUSA TOTYpPaMBI
oOecrieyeHa MpU HAJUYUM CBA3EH MO HAPYKHOMY KOHTYPY B BHUE TPEXCIOMHBIX
nanesneil. [Ipu HEBBINOJHEHUU YCIOBHSI YCTOMYMBOCTH HEOOXOAMMO B CEepeIuHE
paMbl YCTaHOBUTH PACIIOPKY, KOTOpasi yMEHbIIAeT pacyeTHYIO IJIMHY B 2 pa3a.

Pacuem y3noe¢
4.2.7. OnopHnuiit y3en

VYcunusa, aeuctByromue B y3ne (puc. 4.5): N = 163,3 xH; QO = 91,9 xH.
TemnepatypHO-BIaXXHOCTHBIE YCIOBHUSl 3KcIutyatanuu — Bl. Marepuan —
nucTBeHHULA 2-ro copra. [Ilupuna ceuenns 16,5cm.

IIpoBepka HaIpsKEHUS CKATHs TOPLA CTOUKHU.

[Dnomans ceuenus paBua: A=5b-h, =16,5-56 = 924cu’.

PacyeTHOE  CONPOTUBIEHHE  CHXKATUIO R, =15MTIla =1,5kH /cn’ .HanpsikeHne
cKaTUS 0= N/ A=1633/924=0177<R.-m, -m, =1,5cH | cm*.

IIpoBepka HanpsKEHUs CMATHS NIONEPEK BOJIOKOH 10 IUIOLIAINA IPUMBIKAHUS

CTOMKU K YIOPHOH BepTUKaIbHOU Auadparme - 4 (puc. 4.5).
PacueTtHOe compoTUBIEHUE CMSTUIO:R . =3,0MIla =0,3xH /cv®. TpeOyemas
o 919
b-Row  16,5-0,3
KoHCTpYKTUBHO MPUHUMAEM BBICOTY AuadparMsl sy = 20cm.

cm9(

BbICOTa Juadparmbi: h,, = =18,56¢cm .

PaccuntbiBaeM ymopHyr BepTUKaJIbHYIO auadparmMy Ha W3ru0O Kak Oayky
MPOJETOM, PaBHbIM b, YACTUYHO 3alIEMJICHHYIO Ha OMopax, C Y4YeToM
MJIACTHYECKOro TepepacnpesiesieHuss MoMeHToB. PaBHOMepHO pacnpeneneHHas
Harpyska o jjuHe 6aiaku (quadparmbl) paBHa:

9, = % 5
MOMEHT OT Harpy3Kku ¢, B AuadparMe paBeH:
_49 b’
°T 16
Taxum oOpazom, U3rudarOIIUi MOMEHT:
M _0b_91,9-16,5

16 16

M

=94,77kH -cm = 0,95kH - m.
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. M, 94,77
TpeOyeMblit MOMEHT CONPOTHBJICHHUSA: W, =—%=——=45cn’.
R, 21,00
OTOMy MOMEHTY COINpPOTHUBICHMS JIOJDKEH OBIThb  paBeH
CONPOTHUBIICHHUS, ONIPEAENIIeMbI 10 hopmMyIie:

2 ow .
W= 1,0, , TJIe § — TonuHa nuadparmel; 6 = w845 1,16¢cm.
6 no \ 20

[Mpuaumaem 6 =1,2cm.
boxoBbIe m1acCTHHBI IMpUHUMACM TOM Ke TOJIIIIHUHBI:
A, =20-12=24cn*; W =20-1,2°/6=48cm’; N=0/2=91,9/2=4595kH ;

_N M _4595 94,77

o=—+—=
A W 24 4,8

=21,66xH / cm® <21-0,9-1,2 =22,68xH / cm’.

MOMCHT

bamMak kpenuMm K QyHIaMEHTY ByMsl aHKEPHBIMH 00JTaMu, pabOTaIOIUMHU
Ha cpe3 M pacTspkeHue. CKMMaroIlue YCHIUS IEepefacM HENOCPEICTBEHHO Ha

byHIaMeHT.

I/ISFH6aIOHlI/Iﬁ MOMCHT, Hepez[a}omm‘/’lcx OT OalIMaka Ha OHOpHBIﬁ JINCT PAaBCH:

M:Q-h—;:91,9-0,1=9,19KH-M.

MOMEHT CONPOTUBIICHUSI OMTOPHOM MIIOCKOCTH OalIMaka:

261 2.9.32,5°
6

w

=3169ca’,

rie b = 9 cM — mmMpuHa ONOpPHOM TUIOCKOCcTH Oammaka; /= 32,5 cm —

JJINHA OHOpHOﬁ IUIOCKOCTH OalMaka.

CMI/IHaIOH_II/IC HaIIPSKCHUS 110 OamMaKkoMm:

oM _OU _ 0,29xH / cv® tipu Getone kimacca B10.,
w3169

AHKepHbIe 00ITHI TPUHUMAEM JuaMeTpoM 20MM :

4, =3,14cn’; A, =2,18cn’.

Jis  Toro 4YTOoOBI Cpe3 BOCHPUHUMAJICA TIOJHBIM CEYeHHEM OoiiTa,

yCTaHABJIMBAEM IO/ TaiikaMu M1aiobl TOMMMUHON 10MM.
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Puc. 4.5. Onopnutit y3en pamot:
[-memannuyeckutl cmanbHOU OQUMAK U3 TUCMA, 2-AHKEPHBIU O0IM, 3-ONOPHBIU TUCT,
4-ynopuas ouagpaema; 5-60kosas niacmuna bawmaxa
Ycunus B 6oaTax onpenesnsieM o cieayrouum Gopmysam:
N, = - M _ 919-3
A 20 4-32,5

CpesbiBatoiiee ycwnue: N =0/2=91,9/2=45,95xH.
Hanpsxenue pactsokeHus B Ipenenax Hape3Ku:

= 21,2xH.

N
, —A—” = ill’é =9,7<0,8R,-y,=0,8-21-1= 16,8xH / cm’; 0,8 — koo dunuenr,
YUHUTHIBAIONTUNA HEPABHOMEPHYIO PabOoTy OOJITOB.
N, 4
Hanpsixenue cpesa: o, = A‘P :35;1945 =14,6xH [ cm® <17,5kH / e’

op
HpO‘{HOCTB y3i1a oOecrieyeHa.
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4.2.8. Konvkoeuwiii y3zen

Pemraercst ¢ moMomipl0 JAEpEeBSHHBIX HakiIagok W OonrtoB (puc 4.6). Ha

(Y9

HAKJIAIKU TOJIIIMHON “a” = 9cM JelCTBYET MollepeyHas cuia OT OJHOCTOPOHHEMN
cHeroBoil Harpy3ku Q = 21,6 kH.

Ycunue, nepenaroiieecs Ha MepBbIid, OIMKalIIui K KOHBKY psiJl 00JITOB,
N, =Qe, /e, =32,4-49/35=4536xH,

rae e,=49 cM - paccTosiHuE OT KOHbKa JI0 BTOPOro psiia 00aTOB; e, = 35 ¢M -
paccTosiHiE MEX1y O0ITaMH.

YCI/IJII/Ie, nepeaaromeccs Ha BTOpOﬁ paxa 6OJITOB,
N,=N,-0=45,36-32,4=12,96xH , npuHuUMaeM OOATHI 22 MM.
Hecymaﬂ CIOCOOHOCTH B OIHOM CpE3C 0oJra Ipu n3rude
T, =0.8d"+ 0,02a2)\/K7a = (1,8-:2,2% +0,02-9%),/0,55 = 7,29xH <2,5d°/0,55 =8.95kH
a=90-14°02" =75°58',
rae k, = 0,55 (tabn. 19 CHull II-25-80).
HpI/I CMATHUU OPCBCCHUHLI!
T, =0,8adk  =0,8-9-2,2-0,55 = 8,64 kH ;
T. =0,5bdk, =0,5-16,5-2,2-0,55 = 9,98xH;
T =8,64kH.

Yucno aByXcpe3HbIX OOITOB B EPBOM pany n, = N, (T, -n,,) =4536/(8,64-2)=2,6,

MpPUHUMAEM TpU 00JITa; BO BTOPOM Py n, =12,96/(8,64 - 2) =0,75, IpUHUMAEM
OJIH OOJIT.

CMmsTHE TOPIOB MOJTYapKH MO YIJIOM o =14°02’ K IPOJOJIbHBIM BOJIOKHAM:
o =N /(bh,,)=91,9/(16,5-56)=0,1<R,,, <1,43xkH fem?;

in

cmao

15

R, = — -/0,95 = L43xkH / cm?.
1+(15/1,8—-1)sin” 14°02

[IpoBepsieM HaKIaAKU Ha U3THO:

M =0(, —1,)=32,4-14 = 453,6xH - cm.
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Puc. 4.6. Konvkoebtii y3en ¢ 0epeéaHHbIMU HAKAA0OKamu (@) u pacuemuan cxema
Haxnaoku (6): 1 - nonypama; 2 - Hakiaoka

Hanpsixkenne B Haknaake:

c=M/W,, =453,6/1350=034xH /cm* < R,, =1,4/0,95=1,4TxH | cm’;

2 2
w, =2l 59307 13500,
12 12

Y ci1oBUE BBITTOJIHIETCS.

4.2.9. Kapnu3snbwtii y3ea 10Manoil pamol
Hcxoonvie oannvle. KapHU3HBIN y3€11 TOMaHOKJIEEHOW paMbl PUBEJICH Ha
puc. 4.2. Ycunus B ce4eHUU 2 KapHU3HOTO cThika M, = 383,88xH ‘m, N, =172xH.
T'eomempuueckue xapakmepucmuxu. Ilnomans A = 0,85hb = 0,85 -121,8-16,5
= 1708,3 cm’, MomenT conportusienns W = 0,85bh’/6 = 34677 cm’ . Hanpsixerus
B OMCCEKTPUCHOM CEYEHUU OMNpPEACIIIeM C YUYETOM MPUBEIACHHOMN BBICOTHI CEUCHHS
pUTress U CTOUKU:

_ q _
ﬁcp:ﬁ]-lcm+£2 Ly =1, +1 =511,76+864,76 =1376,52cw;

cm V4

B, =P, =h,, [(hsin f)=56/9622=058 B =058
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hyy =h, =56cm;  hsin § =96,22;
K, .y =0,66+0,3453; K , =0,66+0,34-0,58=0,86(c™m. Tabxa. 1 mpunox. 4 [1])
[IpuBeaeHHas BHICOTA CEYEHUS MOTyPAMBbI:
h,, = 96,22% =96,223/0,86 =89,23cm.
[TpuBenennas momans: A = 89,23 -16,5 = 1472,31 cm?.
I'mOxocTh: A =1, /i =1376,52/(0,29-89,23) = 53,19 <70, rae 1=0,29h,,,.
Kos¢duruent npogonsHoro usruda: ¢ =3000/A> =3000/53,19° =1.
Kospduument: & =1-N/(p-k,, AR )=1-172/(1-0,86-1472,31-1,48) = 0,92,
M° =383,88/0,92 = 417,26KH - m.
PacueTHoe conpoTuBiI€HUE NPU yTie cMATUS o, = 35° 53 '

P 1,5/0,95
e 14(1,5/0,3—1)sin* 35°53’

=0,89xH /cm?*.

HaHpH)KCHI/Ie B C:KaTOM 30HE KapHU3HOT'O CThIKA:

c=N/A+M’/(kW)<R, ;

o, =172/1472,31+41726/(0,7-34677) = 1,84 > 0,89xH / cm”.

Y cioBUE HE BBITOJHAETCA.

VYBenuuuBaeM CeUEHHE KApHU3HOTO y3Jla U MPUHHMAEM: IUIONIA[h CEYCHUS
A=16,5180 = 2970 cm>, MOMEHT CONpOTHUBIICHUsI W = 16,5-180°/6 = 89100 car’.

Hanpsi>xeHue B ckaToil 30He y3ina:

o, =172/2970 +41726/(0,7-89100) = 0,73 < 0,89xH / cm”.
o 0 .
Hamnpskenus B pacTsaHyTol 30He y3na: 6, =—N/A+M" /[ (k,W)<R,m,;
ky =119; Ry =1,48kH /cm*; m,, =0,3;
o, =-172/2970+41726/(1,19-89100) = 0,24xH / cm® < 1,48-0,3 = 0,444.

Y ci1oBUE BBITTOJIHIETCS.
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Koadpounuents! k;;k,;m, omnpenenaensl no rpapuky (puc. 4.7)

a

k, k, k.mg
1,6
20—
1,4
16 1,2
o L0
0,8
s 06
‘L 0,4
0,2
0 0 10 20 30 40 50 60 o’

Puc. 4.7. I'pagux usmenenusn kosppuyuenmos k- 2; ky-1; m, - 3
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5. AEPEBAHHDBIE ®EPMbI

5.1. KoncTpykunu nepeBsiHHbIX (epm

HepeBsinabie (GepMbl — CKBO3HBIE pelIeTYAThle KOHCTPYKLHMH Oalo4HOro
TUIA, TPUMEHAEMbIE B CTPOUTENbCTBE. OHM CIY’KAaT OCHOBHBIMHU HECYIIMMHU
KOHCTPYKIUSIMH JEPEBSIHHBIX NOKPBITHUM 34aHUN PpPA3JIMYHOTO HA3HAYEHUS U
COOpYKEHUH, UMEIOIINX MaJIble U CPETHUE JITIMHBI IPOJIETOB.

JlpeBecuHa U cTajidb B JIEPEBAHHBIX (pepMax KOHUEHTPUPYIOTCS B CTEPKHIX
MOSICOB M PELIETKH, A€ NECUCTBYIOT B OCHOBHOM IPOJOJIBHBIE CUJIbI, U HECYIAs
CIIOCOOHOCTh ATUX MATEpPUAIOB UCIOJIb3YETCsl B HauOOJbIIeH crenenu. B cBsa3u ¢
STUM JUIsl U3TOTOBJIEHUS (epM TpeOyeTcs MEHbLIE MaTepualioB, YeM JJI apoK U
pam. @epMmbl, KaKk IPaBUIIO, SIBISIOTCA COOPHO-Pa30OPHBIMU U TPAHCIIOPTUPOBAHUE
UX CTEp)KHEW HEeOOJBIIONW AJWHBI, NPSIMBIX WM MaJl0 W30THYTHIX OT MecTa
U3TOTOBIIEHUS K MECTy COOpPKM M YCTAHOBKM HE BBI3BIBAET CYILECTBEHHBIX
3aTPYyIHEHUMN.

OCHOBHO HETOCTATOK AEPEBSIHHBIX (hepM — O0JIbIIOE KOJTHMYECTBO AIEMEHTOB
U y3M0B. B cBf3MW C 3TUM TpPYAOEMKOCTh H3TOTOBJIEHHS U COOpku depm
CYLIECTBEHHO OoJbllle, 4YeM apoK M paM. MexaHu3alus HX MPOU3BOJCTBA
3arpynnurenbHa. K yuciny HepocTtaTkoB ¢hepM OTHOCHUTCS TakKe MX 3HAYUTENbHAsS
BBICOTA, KOTOpasi CYIIECTBEHHO YMEHBIIAET MOJe3Hble rabapuTsl noMmemieHui. [1o
STUM MPUYMHAM 3aBOJICKOE U3TOTOBJIEHUE JEPEBAHHBIX (EPM CPETHUX MPOJIETOB B
Hamieil cTpane pa3BuUToO ci1abo.

OdepraHue W yKJIOH BEPXHEro mnosica JEpPeBSHHBIX (epM 3aBUCAT OT THIIA
KpPOBJIM, KOTOpask MOXET ObITh PYJOHHOW WJIM 4YellyiuaTol, cocrosmiell wu3
BOJIHUCTBIX MJIM IUIOCKMX acOECTOLIEMEHTHBIX, CTEKJIOIUIACTUKOBBIX, CTaJIbHBIX
PO UIMPOBAHHBIX JIUCTOB UM YEPETUYHBIX TITUTOK.

Kneeodepesanuvie ¢hepmpl 3aBOJCKOTO H3TOTOBJIEHHUS B OCHOBHOM HMMEIOT
nposetsl oT 18 1o 30M u BeicoTy, paBHyO 1/6 mponeTa, TpeyroiabHOE, CETMEHTHOE
WIN TATUYroybHOE odepTanue (puc. 5.1). Bepxuuii mosc ¢pepm uMmeeT npsmMyro
WIN THYTYIO (opMy, KpYyIHOE NPSIMOYIOJbHOE CEUYEHHE W CIOCOOEH HECTH
MEXY3JIOBYIO HArpy3Ky OT HacTUi0B MOKpbITUs. [llupuny cedenus nosica 0ObIYHO
NpUHUMAIOT He Oosiee 17cM, € TeM YTOOBI €r0 MOKHO OBLJIO CKJIEMBATh U3 JIOCOK
0e3 UX CTHIKOBAHMS MO KpoMKaM. BbicoTa ceueHHs] BEpXHETO Mosca MOXKET OBITh
m000H, TpeOyeMoii pacueToM, KpaTHOW TOJIIIIMHE CKIICMBAEMBIX JIOCOK.

Huxuuil nosic kneenepeBsSHHBIX (epM OOBIYHO JENAI0T CTAJbHBIM U3 JIBYX
CTaJbHBIX YI'OJIKOB, COEIMHEHHBIX MTOJIKAMHU BHYTPb, 1 UMEET TaKyIO )K€ LINPHUHY,
KaK ¥ IIMpHHA BEPXHETO Iosica Uil YNPOUIEHUsS KOHCTPYKUMHU y370B. M3-3a
CTaJIBHOT'O HUYKHETO MO0sica 3TH (PepMbl Ha3bIBAIOT UHOTAA MEMALIo0epeGsIHHbIMU.

CrepkHH peleTku 3TuxX ¢pepM, B KOTOPHIX AEUCTBYIOT OONIbIINE CKUMAIOIIHNE
WM Majble PacTATMBAIOLINE CUJIbI, JEJAI0T KJIEEAEPEBIHHBIMU MPAMOYTOJIBHOTO
CEYEHUS TAKOM K€ IIMPUHBI, KAK U CEYEHNE BEPXHETO MO0ACA, C LEIbI0 YIPOILIECHHUS
ux KperuieHuss B y3nax. CTEepKHM pEIIeTKH, B KOTOPBIX JIEUCTBYIOT OOJbIIHE
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PACTATMBAIOLIAE CHUJIbI, BBIIOJHSIOT, KaK MPABUJIO, CTAJbHBIMU C CEUYCHUEM U3
JBOWHBIX YI'OJIKOB WJIM U3 apMaTyPHBIX CTEPIKHEM.

Tpeyzonvnvie Kneedepegannvle gepmovl ¢ HUCXOOAWUMU pacKocamu (PUC.
5.1, @) UMEIT 3HAYUTENIbHBIA YKIOH BEPXHEro mosica W MpeJHA3HAYEHBI IS
IOKPBITHS C YELIyW4aToOM KpoBiieh. X BEpXHUH IOSC COCTOUT W3 IIECTU WIIU
YEeThIPEX IPSAMBIX CTEPKHEHU, COCAUHEHHBIX B y3€JI C DKCUECHTPUCUTETAMHU JJIA
YMEHBIICHHUS] W3rH0al0IUX MOMEHTOB OT MEXKY3JIOBBIX Harpy3ok. HukHuii mosic
JIENat0T U3 JIBOMHBIX CTaJbHBIX YroJKOB. Bce packochl pepM paboTaroT TOJNBKO Ha
C)KaTHE U UMEIOT NPSAMOYIOJIbHOE CECYEHHME TAaKOM K€ LIMPUHBI, KAK y CEYCHUS
BepxHero mosica. Croiiku ¢epm paboTalOT TOJBKO Ha paCTsHKEHUE U
M3TOTABJIMBAIOTCS U3 OJUHOYHBIX CTAJbHBIX apMATYPHBIX CTEPKHEU.

Tpeyzonvnvie Kneedepegannvie hepmuvl ¢ 60cxo0augumu packocamu (puc.
5.1, 6) UMEIOT TaKOM K€ BEPXHUN M HMXKHHM MOSIC M Ha3HAUYCHHE, KaK U (epMBbl C
HUCXOJSAIIMMHU packocaMu. Packocbl pa0oTaloT MOCTOSHHO Ha pacTsSKEHUE U
BBIIIOJIHSFOTCS. U3 OJIMHOYHBIX CTaJbHBIX apMaTypHbIX cTepKHeW. CTOMKH B 3TOM
ciyyae palboTaloT Ha CXaTMe W M3TOTaBIMBAIOTCS  MPEUMYIIECTBEHHO
KJIEEZICPEBSIHHOIO CEUYECHUSI TAKOM K€ IIMPUHBI, KAK U CEYEHUs BEPXHEro Iosca. B
TUX (pepMax HECKOJIbKO CIIOKHEH, yeM B (hepMax ¢ HUCXOIAIIMMU PacCKOCaMH,
pEIIAOTC KPEIUIEHUsT PACTAHYTBIX PACKOCOB B y3JaX U KPEIUICHUs IIOABECHBIX
MOTOJIKOB. KpomMe TOro, HakJIOHHBIE CTAJIBHBIE CTEPKHH PACKOCOB MOTYT HUMETh
3aMeTHbIE TPOrUOBI OT COOCTBEHHOTO Beca.

f=1/5-1/6
|

2t

‘L [=12-24m
8)

m if: 1/5-1/6

L [=15-30m P

f K

L [=12-24m

f=1/4-1/5
|

2)

1
f=15-17

|

L I=12-24xn
A

Puc. 5.1. Kneeoepesanuvie pepmot:
a — Mpey2obHas ¢ HUCXO0AUWUMU PACKOCAMU, 6 — MO JHce € BOCXOOAUWUMU PACKOCAMU, 8 —
CecMeHMHaAs1,; & — NAMUY20NbHAS

Cezmenmmnule Kneeoepesannvle pepmot (puc. 5.1, 6) npeaHa3zHAYEHBI s
MOKPBITUSL ¢ PYJIOHHON KpoBiiel. OHM UMEIOT, KaK MPaBUIO, TPEYTOJIbHYIO CXEMY
pemeTku. BepxHuii mosic COCTOUT OOBIYHO M3 TPEX WJIM YEThIPEX KIIeeAePEBIHHBIX
CTEp)KHEH OJMHAKOBOW MJIMHBI TMPSMOYTOJBHOTO CEYCHUS, U3OTHYTHIX MO Jyre
OKPY>KHOCTH TIPU U3roTOBICHUU. CTEPKHU COCAUHSIOTCS IIEHTPUPOBAHHO MO UX
ocsiM. HuKHUI 1OsSIC COCTOUT M3 JBOMHBIX CTAIBHBIX YTrOJIKOB. Packockl pemeTku
(dbepMbl, B KOTOPBIX JIEUCTBYIOT HE3HAUUTEbHbBIE 3HAKOIIEPEMEHHBIC MPO0JIHHBIC
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CUJIbI, IEJIAI0TCS KIICENEPEBIHHBIMU MPSIMOYTOJIBHOIO CEUYCHUS IIUPUHOMN, paBHOU
LIMPUHE CEYECHUsT BEPXHEr0 W HWKHETO MOosACOB. [Ipy Hanmuuuu 1moaBecHOro
noTojka ¢epmMa HMEET TakKe CTOWKH, KOTOpble pabdOTal0T Ha PACTKEHHE U
BBINIOJIHAIOTCS. M3 CTaJlbHOM apMarypbl. IIpy OTCYTCTBHM NHOABECHBIX HATPY30K
dbepma MMeeT TOHKME apMaTypHble MOJBECKU JIA MPEeIOTBpAllleHHs] 3aMETHOTO
MPOBHCAHMS HUKHETro nosica. braronapst uzornyToii ¢gopMe BEpXHETo Mmosica B €ro
CEUYCHMSIX BO3HHMKAIOT HEOOJbIIME 3HAKOMEPEMEHHbIE M3rHOaronie MOMEHTBI OT
MEXKY3JI0BOM HAarpy3kM M DOKCLEHTPUYHOIO JCHUCTBUSA INPOJOJBHBIX CHUJI B
PaCUETHBIX CEUYECHUSAX, UMEIIIUX IPOTUBOIOIOXKHBIE 3Haku. [loaToMy ceueHus
CTep>KHEH CerMeHTHOW (epMbl MO pacxojy KJIECHOW IPEBECUHBI U CTOMMOCTH
ABJIAIOTCS HAauOOJIee IKOHOMUYHBIMHU.

Ilamuyzonvnvie Kneedepesannvie ¢hepmur (puc. 5.1, 2) UMEOT Majyble
YKJIOHBI BepxHero mnosica. OHHU CiyKaT OCHOBOM IJis AEPEBSIHHBIX MOKPBITHH C
PYJIOHHOM KpOBJIEM W Ui IIOKPBITUM CPEOHUX IIPOJIETOB TPEXIIPOJIETHBIX
NOKpbITUM. DEepMBbI UMEIOT TPEYTOJIBHYIO CXEMY PEILIETKH CO CTOMKaMU. Bepxuuii
[I05IC COCTOUT M3 YETHIPEX KIICCACPEBAHHBIX CTEPKHEN NMPSAIMOYIOJIBHOIO CEUYECHUs,
KOTOpPBIE COEAUHSIOT B Y3JIaX 3KCLEHTPUYHO IO OTHOUIEHUIO K UX ocsiM. CpenHue
MaHeI HUKHEro MOosica U OMOPHBIE PACKOCHI, B KOTOPBIX JIEUCTBYIOT OOJBIIHE
pacTATrMBaOLIME YCWIHS, IEJIAI0TCS U3 JIBOWHBIX CTaJbHBIX YroikoB. Cikatble
CTOWKM W  CpeJHUE PACKOChl, B  KOTOPBIX JEHUCTBYIOT  HEOOJIbIINE
3HAKONEPEMEHHbIE YCUIINA, JeNatoT KieeAepeBIHHbBIMU. Takue ¢hepMbl OTHOCSITCS
K MEHEe SKOHOMUYHBIM TUIIaM (pepM.

5.2. Tlpumep. TpeyroabHas KieeaepeBsiHHasi (epmMa ¢ paspe3HbIM
BEPXHHUM IOSICOM.

Ucxoonvie oanmvie. 3nanue 1 kinacca OTBETCTBEHHOCTH, OTAaIlJIMBaeMoe, C
TEMIIEPATYPHO-BIAXKHOCTHBIMU YCIOBUSAMHU dKCILTyaTauuu A4 1.

Paiton crpoutenncTBa o cHeroBoit Harpy3ke — III, r. Kazane. Orpaxknatoue
KOHCTPYKIIMU — KiieepaHEepHbIE TUIMTHI, YJIOKEHHbIE MO BEPXHUM MosicaM (epM.
Kposns pynonnas. Ilponer pepmbi—24m, mar—6m. Bepxuuii nosic packperuieH u3
IJIOCKOCTH 4epe3 Kaxaple 2,4M. MaTepuan JepeBIHHBIX 3JIEMEHTOB — JIPEBECHHA
xBoiHbIX TIopoJ1 2-To copTta (TOCT 8486-86), kneit mapku OPD (TY 6-05-281-14-
77), metamnumdeckux — ctanb BCt3nc6 (TY 14-1-3023-80).

5.2.1. Koncmpykmuenan cxema

[IpruHMMaeM TpeyrojbHyI0 METaUIOAEPEBIHHYIO (hepMy C pa3pe3HbIM
BEPXHHM TOSCOM U3 KJIeeIepEBIHHBIX OJOKOB. ['eomeTpuueckue pasmepsl (epMbl
MIPEACTABICHBI HA PUCYHKE 5.2.

PacuetHslii nponeT ¢pepmbl: [ =237 .

Pacuetnas BeicoTa dhepMbl: f=1/6=23,7/6=3,95m.
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Puc. 5.2. Onpeoenenue ycunuit 6 cmepicHax ghepmsl Menooom 6blpe3aHus y3i06:
a — cxema ghepmul U HA2pY30K; 0, 8, 2, 0 — PABHOBECUSl HEKOMOPBIX V37108 (hepMbl

Yroa HakJIOHa BEPXHETO MOsACa K TOPU3OHTY tga, =2 f /1 =2-3,95/23,7=0,33. ;
OTCIOJ]a YTOJI HAKJIOHA BEpXHEro nosica o, =18°25"; cosa, = 0,949.

JlnuHa BepxHero nosica pepmbl//(2cosa,) = 23,7/(2-0,949) =12,49m .
JlnuHa nanenen HUKHero nosica [, =1/6=23,7/6=3,95u .

JUUIMHBI CTOEK:

CN=f/3=395/3=132m; DM =2f/3=2-3,95/3=2,63m; EL=f =3,95m.

JITMHBI paCKOCOB:

CM =+CN? + NM? =4/132* +3,95% =4161;

DL =\DM? + MI? = /2,63 +3,95% =4,75..
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VYrubl HaKkJIOHA packocoB o, =18°25"; «, =33°40".

CrpowrenbHbiil oabeM Gpepmsl: £, =1/200=23,7/200=0,12m.

Haepysku. JIns omnpeneneHus pacyeTHBIX YCHWIMM B 3JeMeHTaxX (epMbl
paccMaTpHUBaeM JBa COYETAaHUsI HArpy30K: 1) MOCTOSIHHAs U BPEMEHHAs M0 BCEMY
MPOJIETy — JJI ONpeeeHUs] YCUIMM B Mosicax; 2) MOCTOSHHAS TI0 BCEMY IPOJIETY
U BPEMEHHAsl Ha IOJIOBUHE MpOJeTa — JJs ONPENETEHUs YCWIMM B 3JIEMEHTAX
pemetku. Pasrpyxkatomuii 3¢hext BeTpoBoil Harpy3ku Ha (epMy B pacuere He
yuuThIBaeTcs. Bennuunel Harpy3ok Ha ¢pepmy npuBeaeHsl B Tadaune S.1.

Harpysku
Tabnuna 5.1
HanmenoBanue Harpysku HopmaruBhas Kosdppunuent PacuerHnas
Harpyska, kH/m HA/ICKHOCTH TI0 Harpyska,
HarpysKke, J , kH/m

Krneedanepnas mivra mokpeITHS:
CoOCTBEHHBIN BEC ILJIUTHI O€3 1,36 1,1 1,5
YTEIUTHTEINSI U PYJIOHHON KPOBIIH
Bec pynoHHo# KpoBiu 0,6 1,3 0,78
Bec yremmurens 0,32 1,2 0,38
CobcTBeHHBIHN Bec pepMbl 0,94 1,1 1,03
[TocTosiHHas g 3,22 3,69
Bpemennas caerosas s 10,08 14,4
Ilonnas 13,3 18,09

IIpumeyanue:

1. Harpy3ska ot Beca pepmbl onpeienstoT o ¢popmyiie

y g’ +s"

2,28+6

ch_

rae k, =4,25 - koappuuueHT coOCTBEHHOTO Beca PepMbl 115

71000/ (k1)—1  1000(4,25-24) 1

=0,94kH / m,

METAJIJIOIEPEBIHHON (DepMBI TPEYTOIBHOTO OUEPTAHUS MTPOJIETOM 24M.

5.2.2. Onpeodenenue y3108b1x HA2py30K U YCUIUIL 8 CHEPHCHAX hepmbl

OnpenensieM ycwiusi B CTEPKHSIX OT CHEroBOM Harpy3kul =14,4kH / m ,

paCHOHO)I(CHHOﬁ Ha JICBOM IIOJIOBUHE IIpoJICTA. VYcinoBHO COCPCAOTOYUYCHHBIC
Harpy3KHu B y3JIaX BEPXHCTO IMOsICA PpaBHbI:
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P =P =%=%: 28,44kH; P ,= P, =sl, =14,4-3,95 = 56,88kH .

OnopHbIe peakuuu:

g3 3.14,:.23,7 127,98k R, :%z: 14,4-23,7

2 =42,66kH.

IIposepxa: ZR = ZB =170,64kH .

[Ipononbubie ycunuss N B CTEpKHIX Qepmbl, U300paKeHHOW Ha PUCYHKE 5.2,

omnpejensieM B Yy4eOHBIX LENSIX METOAOM BbIpe3aHus Yy3i0B. OmnpeneneHue
YCUJIUHA MOHO MPOU3BOAUTH C MOMOIIBIO JIOOBIX IporpaMm, Hampumep «Jlupay,
«SKAl», «STARK» u ap.Beipe3anne y3i0B HauHeM C y3ia A, Tak Kak B HEM
CXOJATCSI BCETO JIBA CTEP)KHSI, U YCWIIHS B HHUX OINPENEISAIOTCS U3 PACCMOTPEHUS
paBHOBecus 3Toro y3na (puc. 5.2, 6). [Ipeanonoxxum, 4To pacceyeHHbIE CTEPKHU
pacTAHYTbI, IIO3TOMY YCWIMS, [JEWCTBYIOIIME B HUX, HalpaBUM OT
paccmarpuBaeMoro ysia. K 3ToMy y3iy ONpuIOXKEHbl BHELIHSAS cuia P, a Takke

OIIOpHasd pCaKnusd RA . I[JUI OIIPCACICHUA YCUIINA SAC CIIpocpyeM BCC CHUIIHI,
cxomdammuecss B Y3JICE Ha  OCb Y, NCPHNCHAUKYIIAPHO K  YCHIIUIO SAN .
ZY:SAC -sina, +R,—F =0.

Otcrona
s, =B R) @842 _ 31500 rne o =185
sina, 0,316

3Hak MHUHYC II0OKa3bIBACT, YTO IIPHHATOC HAIIPABJICHUC YCUIINUA SAC HC

COOTBETCTBYET (PaKTHMUECKOMY €ro HampasieHHuIo, T.e. crepkeHb AC cxar. s
oTnpejeNieHus ycuiaus S,, COCTaBUM ypaBHEHHUE:

> X=0; S, -cosa +S,, =0,
orkynasS ,, =S,.-cos1825 =—(-315)-0,949 =298,94kH - crepxkeHb AN pacTsIHYT.

CrnenyrommM y3710M, B KOTOPOM HEH3BECTHBI YCHIHS TOJBKO B JIBYX
CTepXKHsX, ABiusgercs y3zen N (puc. 5.2. ). Heussectusle ycwius S,. u S,,

HanpapjseM OT y3na. U3 ypaBHeHHsA » Y =0 momydymm, 4To S,. =0, Tak KaKk Ha
BEPTUKAIBHYIO OCh Ja€T MPOCKIUIO TOJIBKO ycuiue S,.. Ycurue S,,, OmpeneinM
U3 YPaBHEHMS IPOEKLUN CUII, CXOASIIMXCS B OTOM y3JI€ Ha 0Ch X

D X ==8,,+Sy =0, otkynaS$,,, =S, =298,94kH — crepxenr NM
pacTAHYT.

Paccmotpum paBHOBecue BbipesanHoro y3na C (puc. 5.2, 2). Ycuime S, Kak
CHKMMAIOIIEE HAMPABISIEM K Y371y, HeU3BECTHbIe ycuiust S, U S, — OT y37a.

K crepxuio CN ycunve He NPUKIaAbIBAEM, TaK KaK OHO paBHO HyJr0. Kpome
TOTO, K Y3JIy IPUJIOKEHA BHELIHSASA cuiia P,.
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CocraBisieM ypaBHEHHE IPOEKIUI BCEX CUJ, CXONSIIMUXCS B y3JIe, HA OCh Y,
NEPIECHANKYJISIPHYIO K HEU3BECTHOMY YCUIIHIO S, .

DY =P, -cosa, — S, -sin2a, =0,

OTKy/a
- P - P 18°25" - .
Sy =—= L8 _ ?COS 825 _—35688-0949 =-90,12kH .- CTEp)KEHb CKaT.
sin 2a, sin36°50’ 0,599
AHaJOTUYHO OmpeesieM MPOJ0JbHBIC YCHIHUS B OCTaJIbHBIX CTEPXKHIX
(bepMmbl.

B xkadectBe KOHTPOJIA IIPABUIIBHOCTU OIIPCACICHUA YCI/IJ'II/Iﬁ PaBHOBECHUC
BBIPE3aHHOTO y3J1a B, yCUIINS B CTEPKHAX KOTOPOTO Y’Ke U3BECTHHI (puc. 5.2, 0):
> X =-8,,+8,; cosa, =—128,11+135-0,949 = 0;

DY =-8,; sina, + R, =-135-0,314 + 42,46 = 0.

VYcnoBust paBHOBecus coOmrofarorcsi. CieoBaTeabHO, YCHWIIHS B CTEPIKHAX
(bepMBbI onpeiesieHbl BEPHO.

[IpononbHble ycUlMs OT CHETOBOM HAarpy3kd Ha IMPaBOM MOJYIPOJETe
MPUHUMAEM COTJIACHO YCHUJIUSIM B CTEPXKHSIX HE3arpy>KeHHOW MOJIOBUHE (PEPMBI.
[lony4yeHHsle pe3yiabTaThl BHOCHUM B TaOMUIly 5.2 nJisi ONpeAesieHUs pacyeTHBIX
YCUJIUN MIPU COOTBETCTBYIOIIMX COYETAHUAX HATPY30K

[Ipononbubie yeunusa N, kH, B cTepxHAX (pepmbl

Tabnuma 5.2
Ot OT cHeroBoii Harpy3Kku Pacuernbie ycunus
MOCTOSTHHOM MpU CHErOBOM Harpyske
HaumenoBanue Harpys3ku § =14,4 xH/m S =14,4 xH/m
O6o03HaueHus
dlIeMEHTa g =3,69
clieBa | cIpaBa | Ha BCeM Ha Ha BCEM
kH/m MpoJieTe | TMOMYMPOJIETE | MpoJieTe
1 2 3 4 5 6 7 8
Bepxnuit mosic AC -100,6 -315 -135 -450 -415,6 -550,6
CD -80,5 -225 -135 -360 -305,5 -440,5
DE -60,4 -135 -135 -270 -195.4 -330,4
Hwxauii mosic AN, MN 95,5 298,94 | 128,1 427 394,44 522,5
ML 76,4 213,45 | 128,1 | 341,55 289,85 417,95
Croiiku DM 6,4 28,5 0 28,5 34,9 34,9
EL 254 56,85 | 56,85 113,7 82,25 139,1
Packocsl M -20,2 -90,12 0 -90,12 -110,32 -110,32
DL -22,9 -102,6 0 -102,6 -125,5 -125,5
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IIpumeyanus:

1.Ycunusg B croiike CN paBHBI HYJIIO.

2.Ycunue B rpade 6 monydeHsl myTem ciioxkeHus rpad 4 u S.

3.Ycunus B rp. 3 BBIUKCIICHBI yTEM YMHOXKEHHUS YCUIHM, MTOTYyYEHHBIX B I'p. 6, Ha
kod(punment k=g /s=3,69/14,4=0,256.

4.Ycunue B rpade 7 mosydeHsl MyTeM ciioxkeHus rpadsl 2 u Hauboubluee u3 rpad 4
us.

5.¥Ycunue B rpade 8 mosyueHsl myTeM cioxkeHus rpad 2 u 6.

5.2.3. Ilooobop ceuenun rnemenmos hepmol

Iloo6op ceuenus naneneti epxne2o nosica. ' Opu30HTANBHBIE TPOEKIIMH KaX 10U
MaHeIN BEPXHEro Mosica paccMaTpUBAEM KaK OJJHOTPOJIETHbIE OAJIKH C
COOTBETCTBYIOIIEH cXeMoM 3arpyxeHusi. KpoMme mpoaoJbHbIX YCUIIHi, B MAHETSAX
BO3HHUKAIOT U3TUOAIOIME MOMEHTHI U MTONIEPEYHBIC CUITHI.

B kadecTBe pacueTHOI maHeNu paccMaTpUBaeM MPHUOIIOPHYIO, Hauboliee
3arpy’KeHHYIO MaHellb BepXHero mnosica (4-C) npu 1ecTBUM CHETOBOM HArpy3Ku
Ha BceM mpoJiere. [IpeaBaputenbHblii MOJ00p CEUCHUS BEEM C YUETOM
MPOJOJBHOrO yeunus N = 550,6kH . llluprHa npsiMOYroJbHOTO CEYEHUS COTIIACHO
I'OCT 24454-80 u3 nocok mupunoi 15cm nocne dpesepoBanus. TpeOyemyro
IJIOIAlb CEUEHUS MOKHO OMPEACTUTh U3 BHIPAKCHUSA

4 = 1,7N _ 1,7-550,6 _ 624en’,
" R 1,5
rae kodhduimeHt 1,7 yduThiBaeT U3rHOAIONTNNA MOMEHT, THOKOCTh U MPOTHOBI B
CTEPXKHSX;

R, =15MIla =1,5¢H /cm® - pacdeTHOE COMPOTHUBIICHHUE APEBECUHBI XBOMHBIX MTOPOJ

2-ro copra Ipu WUpUHE ceueHust b >13cm .
TpeGyemas BbicoTa ceueHUs h,, =624/14 = 44,6cm . IIprHMMaeM BepXHHUI NOSIC B

BU/JIE KJIEEHOTO pa3pe3Horo Opyca npsMoyroiabHOro nomnepeyHoro ceuenus 14x33cm,
I'Jie BEICOTAa CKOMITOHOBaHa U3 14 cl1oeB TOCOK TOIIIMHOM 3,3CM I10Ce
dbpe3epoBaHus JOCOK ceueHueM 4x15cm.

[Tnomane 1 MOMEHT COMPOTUBIICHHUS TTOMIEPEUYHOTO CEUYCHUSI BEPXHETO
nosicad=b-h=14-46,2 = 646,8cm’;
bh®> 14-46,2°

-

[IpenycMoTpuM pas3rpyxaroniuii MOMEHT B BEPXHEM IOSICE 32 CUET
DKCILEHTPUCUTETA e = 6cm .

N3rubaromniuit MOMEHT B 60Jiee HANPsHKEHHOW MPUONIOPHOM NaHemu, JJInHa
TOPU30HTAIBHOM MPOEKIMU KOTOPOH cocTaBisieT 3,95M, onpenensieM o ¢popmyiie:

W = =4980,4cnm’.

M :M_N _ (3,96 +14,4)-3,95°

. 2 —550,6-0,06 =35,28-33,04 = 2,24kH - m.
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HauGonpiiee 3HaueHne NonepeyHoi CUilbl ONpeaesuM 1no hopmyse

_(g+5)1, (3,96+14,4)-3,95

=35,73kH.
2 2

0

IIpoBepsieM ceyeHre BEPXHETo MOosiCa 10 HOPMaJIbHbIM HANPSKEHUAM [IPU
MaKCHMaJIbHOM MPOJIOJIbHOM YCUIIMU N = 550,6kH 1 COOTBETCTBYIOILIEM
nU3rudaroneM MOMEHTe M = 2,24kH - m TIpeaBapuTeIbHO BEIYUCIUM PAaNyC
WHEPIUU 7 , THOKOCTh A ¥ KO3PDUITMEHT & , YYUTHIBAIOIINI JOTMOJHUTEIbHBIN
MOMCHT:

[ 416

r=0,29h=029-462 =13,4cm; A=—= 31;
r 13,4

__NA_, 550,6-37
3000R. 4  3000-1,5-646,8

E=1 =0,818, rue R, =15MIla =1,5xH / cm’.

N3rubaromniuit MOMEHT ¢ ydeToM AedhopMaliuu u3ruoa

M?° :M: 224 =273,84xH - cm.

£ 0,818

HOpMaJIBHoe HaIlPAKCHHUC B HpHOHOpHOﬁ IMaHCJIN BCPXHETO I10ACAa
_N M, 5506 273384

o=— = =0,85+0,31=0,91xH / cm* =9,1MIla < R, =15MI1a.
A W 646,8 4980,4
y y (g+9);,
HOCKOJIBKy MMPOJICTHBIX MOMCHT OT PACIIPCACIICHHON HAI'PY3KHU M = T

OJIMHAKOB BO BCEX IMAHENSX BEPXHETO M0sACa, TO CYMMAPHBIM MaKCUMalbHbIN
MOMEHT ¢ y4eToM (—N -e) OyAeT B TOM maHeu, TJIe MUHUMaJIbHOE 3Ha4YCHHE NN, B
Hauiem ciydae B rmanenu DE,N =195,4 kH .

IIpoBepsieM Hanpsi’KEHUE B CEUEHNUH BEPXHETO TOsca TP MAKCUMAJIbHOM
U3rudaronieM MOMEHTE U COOTBETCTBYIOILIEM IIPOJOJILHOM yCUIIMU N =150,4kH.
MakcuManbHBIH U3rHOAOIIMA MOMEHT
M= (g+ S N = (3,96 +14,4)-3,95°

8

KoaddunmeHT, yauTeiBaroniuii JOMOJIHUTEIbHBIA MOMEHT:

2
E=1-195,4- 31 =0,935.
3000-1,5-646,8

Nzrubaronuit MOMEHT ¢ ydeToM Jiepopmaruu uzruoa:

M 2356

—195,4-0,06 =35,28-11,72 = 23,56kH - m.

=2519,8xH -cm.

T E 0,935
HOpMaJIBHOC HaIIPAKCHHUC!
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o =ﬂ+ M, = 195,4 + 25198 =0,302+0,51=0,81xH / cm* =8,1MTI1a <R =15Mlla.
A W 646,8 4980,4

HpOBepHCM KaCaTCJIbHBIC HAIIPAKCHUA T10 (1)0pMyJIe

= QS _ 35,733735 _ 0,083KH/CM2 — 0)83MHCZ < Rck = LSMHa,
b 115046-14

IJ1€ BBICOTA IMONIEPEYHOr0 CEYEHHU ITIAaHEIM BEPXHETO I10sCa 10 KOHIIaM:
hy=(h/2-e)2=(46,2/2-6)2=34,2cm.

CraTn4ecKui MOMEHT U MOMEHT HHCPIUH CCUCHHUA

2 2 3 3
_bhy 14387 yoas,s, bl 14 1426’2 =115046cm".

S
8 8 12

[TpoBepky yCTOMYMBOCTH TIIIOCKOH (hOpMBI AehOPMUPOBAHUS CIKATO-U3THOAEMOTO
BEpPXHETo mosica GepMbl IPOU3BOIUM C YUETOM PACKPEIJICHHUS €T0 Yepe3 KaK Ible
I, =2,4m . MakcumanpHas npojoisibHas cuiia N = 550,6kH. CoOTBETCTBYOLIUI

U3ruOaronui MOMeHT M° =273,84xH -cm

l 240

=—02 = =59n=2;
0,295 0,29-14
300 300
=2l =20 0,86;
T T sy
140b°k 14%.
0, = o _ 140-14°-1,13 _2.78,
h 46,2

rae k, =1,13 (cm. Tabn. 2 CHull [1]). Cornacuo n.4 npunox. 4 CHull [1]

M’ 273,84
N +( ) = 530,6 +( 3.8 ) =0,66+0,00017 = 0,66 <1,

o,RA, @RV,  0,86-1,5-646,8 2,78-1,5-49804

T.€. YCTOMYMBOCTD IJIOCKOH (opMbI AeOpMHUPOBAHUS MTAHEIEH BEPXHETO Mosca

dbepM obecrieueHa.

Iloobop ceuenus packocos
CeueHust paCKOCOB MPUHUMAEM OJUHAKOBBIMH, TTPOU3BOJIS MPOBEPKY TOIBKO

BTOpOro packoca DL, kak Haubomnee JIMHHOTO (/ =475¢m) u Harpy>KeHHOTO.

W3 tabnuibt 5.2 N =125,5kH . [I[pyHuMaeM MIUPUHY CEYEHUS KaK JJis
BEpPXHEro mnosica b =14cu, a BBICOTY h=8-3,3=26,4cm; A=bh=14-263 =369,6cu” ;
rMOKOCTb:

[ 475

L ~ 3000 3000
" 70,290 0,29-14

= =——=0,22.
¥ A, 117

=117 <150;
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HOpMaJIBHoe HaAIIPSKCHUC CHKATHA:

N _ 1255
6,4, 0,22-369,6

=1,5kH | em* =15MIa <15Ma.

Iloobop ceuenus cmoek. [logdupaem quaMeTp d pacTsIHYTBHIX CTOCK U3
CTaJIbHOM apMaTyphl Kilacca A-I ¢ pe3p00ii Mo KOHIIaM.

Jlnst HanOosee HaNps>KEHHOM cpenHeit cToiiku (EL) Haubounbliee
pactsaruBaroniee ycuiaue N =139,1kH (cMm. Tabi. 5.2). Tpebyemast momaib
CEUEHUs 0 pe3bie:

4, = N__ 191 ;7500
0,8R 0,8-22,5

rae k =0,8k03QGUIKMEeHT KOHIEHTPAuU HAapsHKEHUS TI0 pe3b0e;

R, =225MIla =22,5kH, / cM’ - PaCUETHOE CONPOTUBIIEHHE ApMATYPHOM CTaJIN.

[IpyHMMaeM cTep:keHb TuaMeTpoM 42MM U TUIOLIAAbI0 CEYeHUS 10 pe3ble
A =13,8¢cm* > 7,73cm’.

s apyroii croviku (DM) Hanbombliiee pacTsaruBaroniee ycuinue N =34,9kH
(cm. Tabu. 5.2). AHaJIOTMYHO OTpeiessieM TpeOyeMyro TIJI0MIa b CEUSHUS 110
Hape3Ke:

4 = N 349
" 0,8R 0,8-22,5
[IprHMMaeM apMaTypHBIA CTEpKEHb AuamMeTpoM 20MM ¢ 4, = 2,18cw’.

=1,94cm’.

Croiika CN, kak 1 DM, BBINIOJIHAETCS U3 apMaTypHOT'O CTEPKHS THAMETPOM
20Mm.

5.2.4. Koncmpyuposanue u pacuem y3106

B omopHoM y3iie BepXHUW MOSAC YNHUpPAETCs TOPLOM B CTaJbHON OaliMak,
COCTOSIIIMN W3 HAKJIOHHOW auadparmbi(4), NPUBAPEHHOW K BEPTUKAIBHBIM
6okoBbIM (paconkam(11). Cuu3y QacoHku mnpuBapeHbl K omnopHou miauTe(l).
Tommuua ¢paconok no lem. Bepxuuit nosic kpenurcs k ¢aconkam Oonramu(2), a
HIWDKHUN 1osc(3) — cBapHBIMU IIBaMH (puc. 5.3, a).

[IpoBepsieM HaNps>KEHUS CMSITHS B TOPLE BEPXHETO MOsIca OT CMUHAIOLIEH
IIPOAOJIBHOM CHIIBI N = 550,6kH . BbIiCOTy 1u101aau Topua A, ONpeneisieM ¢

yquOM 3KCI.I€HTpI/ICI/ITeTa HpOHOHBHOﬁ CUJIIBI e = 6¢cm , T.€.
h(m = h - 2@ = 4692 _2 . 6 = 34,20]1/[.

[Tnomans cMATUS A =bh,, =14-34,2 = 478 8cm’

N 550,6
Hanpsixenus cmatusd: o = — =
A, 478,8

cM

Tac Rm - paCUCTHOC COIIPOTUBJIICHUC APCBCCHUHBI CMATHIO BIOJIb BOJIOKOH.

=1,15kH / em® =11,5MIla < R, =15MlIla,

KoanuectBo 0011TOB KPCIUICHUS BCPXHCTO 110s1CAa K OOKOBBIM BCPTUKAJIbBHBIM
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(dacoHkaM yCTaHaBIMBAETCS U3 YCIOBHS BOCIPUSITHS IEUCTBYIONIEH MONEPEUHOM

o

CHJIBL. BONTHI PaCCYUTHIBAETCS KaK JBYXCPE3HBIE C YYETOM CMATHS 110 yriiom 90
K BOJIOKHaM JIPEBECHHBI.

Kpome Toro, B onopHOM y3i1€ TpeOyeTCsl pacdyeT TOJIIIUHbBI HAKIIOHHON
nuadparmMbl U CBapHBIX MIBOB.(cM.nipumep 4.2.7)

IS

N

TN

=N
S
R3]

;

/

462

900

Puc. 5.3. Y31 mpeyzonvhoii KneeoepesaHnoil grepmul:

a — onopubili;, 6 — KOHbKOBbIU, 8 — NPOMENCYMOUHDYILLL, 2 — CPEOHULL Y3el HUdCHe20 nosica,; 1 —
onopHas nauma, 2 — 60am, 3 — HUNCHUL NOAC;, 4 — HAKIOHHAA ouagpazma bawmaxa, 5 — 2atika;
6 — exnaovlut, 7 — depesaHnas Haknaoka, 8 — msic, 9 — cmanvuas niacmuna Kpenienus,; 10—
nponu, 1 I-eepmuxanbrvie O0K08ble PACOHKU

KoHbKOBBIH y3€1 peraeM Mpu MOMOIIM CBAPHOTO CUMMETPUYHOTO BKJIAIBIIIA
TpeyrojibHOM (opmbl. HakiioH OOKOBBIX CTOPOH BKJIAJIbIIIA OOECIEYNBAET
MIPOJI0JIbHBIN JT000BOM yIOp TOPLIOB 00EMX MaHeIeH BEPXHETro mnosica (pepMal.
[Tapubie aepeBsunabie HakIaaKu (70x160x900MM) KpenaTcst KOHCTPYKTUBHO
6ontaM u nuameTpoM 16MMm (puc. 5.3 6) WM pacCUUTHIBAIOTCS Kak B ml. 2.8.

[IpoMeskyTouHbIE y3IIbl BEpXHETo nosca (puc. 5.3, 8) pelieHbl ¢ MOMOIIbIO
CTaJIbHBIX PJIEMEHTOB, MO3BOJISIONINX BOCIIPUHUMATD YCUJIUS CXKATBIX PAaCKOCOB U
pacTAHYTHIX cTOeK. CKaThle PACKOCHI KPETATCS K y3JIaM TP TTOMOIIU JTOOOBBIX
yIOPOB U KOHCTPYKTUBHBIX OOJITOB, & PACTAHYThIE CTOMKHU 1O KOHIIAM — ralfKaMu
Y KOHTPramkamu.

[IpoBepka Topia C:KaToro packoca Ha CMSITUE TPOU3BOIUTCS MPU JEHCTBUU
HauOOJIBIIETO MPOAOILHOTO yeunus (Tabma. 5.2) N =125,5kH . TpeOyemas miomnaiasb

CMATHUA.
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A4, =l=125)5=83,7CM2.
" R 1,5

c

raeR, =15MIla =1,5«H / cm” - pac4eTHOE CONPOTUBIICHUE CMSTHIO JIPEBECHHBI

BAOJIb BOJIOKOH.

[IpunsTEIE pasMepsl ceueHus (mmupuHa b = 14cm, BeicoTa 11cM) obecneunBaroT
IUIOIIAAb CMATHS OOJIbIIE TpeOyeMol A =bh =14-11=154cm’ > 83,7cu’.
PacueT MeTalIIMYeCKUX JIEMEHTOB U JieTalell KPEIUICHHS TPOU3BOIAT

coryiacHo [2].

5.3. lIpumep. CermenTHAsA KieeAepeBAHHAsA pepma
CrnpoeKkTupoBaTh B KAYECTBE HECYIIEH KOHCTPYKLIHMH MOKPBITHSI CETMEHTHYIO
bepmy cuctembl [THUMCK ¢ kieeHbIM BEpXHUM W METAUIMYECKUM HUKHUM

I1osACaMu.

Hcxoonvie dannsie. Ilponet depmbl 23,7M, MIar HECYIIMX KOHCTPYKLUUNA OM.
Knacc otBercTBeHHOCTH 31aHus 1; ¥, =1. TemnepaTypHO-BIa)XHOCTHBIC YCIOBUS

skcrryarauuu A-1. Kposis yrersieHHas u3 kieedaHepHbIX IUIMT ¢ OAHOW BepXHEH
oOmuBKoM. Paiion ctpoutenscTBa r.Kazans.
5.3.1. Hazpy3ku. Harpy3ku Ha pepmy npuBeeHbI B Tabauie 5.3.

Tabnuma 5.3
Hopmarushnas Koodutmerr Pacternaz
HaunMeHoBaHUs HATPY3KH HaICKHOCTH 110 Harpyska,
Harpyska, kH/m Harpysxe 7, <H/n
CoOCTBEHHBIH BEC IINTHI 1,36 1,1 1,5
Bec Msrkoii TpexciaoiHON KPOBIH 0,6 1,3 0,78
Bec yremmrens u mapou3oisIinm 0,32 1,2 0,38
CoOcTBeHHbIH Bec hepM 0,48 1,1 0,53
Hroro: 2,76 3,19
CHerosas paBHOMEPHO pacrpeieleHHas S 10,08 14,4
Cuerosasi, pacrpeneyieHHas 1Mo TPEYTrOIbHUKY s" 19.45 27,79

IIpumeyanus

1. CobcTBenHbI Bec pepMbl onpenensiercs npu K., = 2,5 no popmyne

:qH+s‘: 2,5+8,89
Kozl 1000/(2,5-23,7)—1

9cs

=0,48xH [ m.

2. PacueTHas CHEroBasi Harpy3ka OomnpenesieTcs 1o cxeme 2 npuiioxenus 3 [3]:
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s'=sy-a-p =2,4-6-1=14,4xH/ mu;

u, =cosl,5a =cosl,5-0°0'=1;
s"=s,-a -y, =2,4-6-1,93=27,79kH [ m;

U, =2-sin3a =2-sin3-2536'=1,93.

5.3.2. I'eomempuueckuii pacuem (puc. 5.4 6)
Pannyc KpyBU3HBI BEPXHETO Mosica pepMbl

r=*+41%)/(8f)=(23,7> +4-3,38%)/(8-3,38) = 22,46 m.

S =27 7%H/ m .
m - 74/ AKH/M ° - 74/ AKH/M
S, =11 34kH,/ M s, =1134kH/ M
AT o
5 A
&UO A
\s
f
2590 4 /50 4070
/?A 5925 5925 5925 5925
S§=25,08m
5) - .
50 ) ; I =
%(\/‘ 2 s s Mj' ~
A N7 o C N / RS @§gg
AN y " AR
] <a:2’5,056' ’ '
[,=4)94
[,=4,45 [,=4,93 247 247
@
i)

Puc. 5.4. Ceemenmnas pepma:

a - pacuemmuas cxema, 6 - 2ceomempuyieckue pasmepwl (y3avl CM. Ha puc. 5.6.)
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JlnvHa Xopabl HaHEH:

I, =2-r-sin(a, /2)=2-22,46-sin(12°48'/ 2) = 4,94 m.

Crpena Briruba naHesnu:

f,=(1/2)tg(a, 1 4)=(2,47/2) 1g(3°12) = 0,136.

VYToJ1 HaKJIOHA XOP/bI IEPBOM MAHEH:

a, =0,5-0,8-2-a,=0,5-0,8-2-32° =25,6" = 25°36'.

JlnuHa maHean HUKHETO nosica 1/4 = 23,7/4=5,925M.

I[JII/IHa PAaCKOCOB!

D, = \J(0,50,)* + (f — £,)7 =J2,47% +3,244> = 4,07 ;

D, = J(5,925-0,5-4,94)2 13,24

2

D, = /(5,925 4,45)* +2,13% =2,59;

[, =4,94-cosa, =4,94-0,9018 = 4,45;

=494 sina, =4,94-0,4321=2,13.

VYTibl HAaKJIOHA JIEMEHTOB (PepMBI IIPECTABIIEHBI B TaduLe 5.4.

=4,73m;

Tabmuna 5.4
Yron Bennunna sin a cos o,
Q, 25°36" 0,4321 0,9018
a, 25°36" 0,2198 0,9755
B 2536 0,8221 0,5693
B, 2536 0,6845 0,7290
Ji3 1536 0,7955 0,6060
v 2536 0,9950 0,1030
Vi 25°36' 0,1582 0,9874
1P 25°36"' 0,3746 0,9272
B, —a, 25°36" 0,5080 0,8620
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5.3.3. Onpeoenenue ycunuit.

Cratnyeckuii pacueT (GpepMbl BeJeTCs 1O OOIMM MpaBHJIaM CTPOUTEIBHOM
MEXaHUKHA Ha MEePCOHANBHBIX DOBM ¢ HCIOIB30BaHUEM CTAHIAPTHBIX MPOrPAMM
(manpumep, «JIMPA», «SCAD», «STARK» u np.). Bce momydeHHble ycwius
CBOJUM B Tabuiry 5.5.

3HaueHus M, B TMaHENSAX BEPXHEr0o IOsica OMNpeAesieM CIETYIOINM
obOpazom:
B nmaHenu 1-2:
M, =N, f, ==254kH - u;
B MaHenu 2-3:
M, =N,-f,=-23,3kH - m;
B maHenu 3-4:
M, =N, f,=-30,2kH - m.

Puc. 5.5. Cxembl kK pacuemy ycunuit 6 cmeprcuax gpepmot: 1-8-y3nnt
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VYcunus B aneMenTax hepMmel

Tabnuma 5.5
Y CHITHSE OT Ycunust OT CHErOBOW Harpy3Ku Pacuernoe CoueTaHHe
YCHJINN
No HOCT(iHH-
CcTepx- OGosHa- Ho s=14.4 s"=27,79 kH/m
YeHHE Harpys3ku kH/™m
HA o
yCUIUH q=3,19
KH/m Ha BCEM Ha BCEM
crpaBa cieBa 3+4 3+5
IpoJICTE I10JIETE (5,6,7) (5 6 7)
1 2 3 4 5 6 7 8 9
N, -46,8 -186,48 -165,9 -146,7 -38,45 23328 | -212,7
M g 37,1 147,61 114,9 97,85 - - -
122 N -6,4 -25,4 22,6 -20 5.2 - )
M | 307 122,2 92,3 77,9 -5,2 152,9 123,0
N, -42.8 -170,6 -113,52 | -91,21 -44,64 2134 -156,3
g 37,1 147,61 114,91 | 97,85 - - -
)3 N -5.8 -23,2 -15,4 -12,4 -6,1 - -
M |312 124,4 99,5 85,4 -6,1 155,6 130,7
N, -55,8 222,31 -126,88 | -84,6 -84,6 -278,1 -182,7
gs | 298 118,7 42,07 28,1 28,1 - -
34 | My |76 -30,2 -17.3 -11,5 -11,5 - -
M | 222 88,5 24,8 16,6 16,6 110,7 47,0
Z8 N 35,4 141,2 114,06 | 98,57 30,99 176,6 -149,5
u, N 53,8 214,35 126,9 96,45 60,94 2682 180,7
D, N 7,9 31,54 -13,68 -23,43 19,51 39,5 27,41
D, N -19,9 -79,2 -32,87 -19,9 -25,93 -99,1 -52,7
D, N 3 12 0 -17,89 35,67 15 38,67
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llpumeyanus

1. Yeunus B rpade 3 BbIYMCIEHBI MyTEM YMHOXEHUS ycuinuid u3 rpadsl 4 Ha
koo duument K=g/s', paBHerii B ganrom mpumepe 0,221.
uM,.

3. PacueTHble coueTaHusi YCWJIMI BBIMOJHSAIOTCS MYTEM CIOKEHHUS MOCTOSHHON
Y OJIHOM U3 CHETOBBIX HArpy3ok ¢ koapduiuentom couetanus 1 (rpada 8).

2. 3nauenust 2. M nomydensl nmyrem cnoxenuss M

5.3.4. Ilooobop ceuenun r3nemenmos
HupuHy ceueHuss BEpXHEro IMosica U DBJIEMEHTOB pEIIETKH MNPUHUMAEM
onuHakoBoi. [lonbupaem mupuny b u3 ycnosus npenensHoi ruokoctu 4,, = 150.

Jns camoro JuMHHOrO packoca D,, y kotoporo [, = I, = 4,73 m, r, =1, /4, =
4,73/150 = 0,03m; b
K ONUPaHUIO TIaHeNen b,

Iloobop ceuenus epxneco nosica. I3 tabnuiel 5.5 BUAHO, YTO pacyeTHOM
SIBJIICTCS TIEpBasl MaHeb MPU CHEroBou Harpyske s". [Tonb3ysach mMpuOIMKEHHOU
bopMyIoii, onpeaensiem:

=0,03/0,29=0,11Mm. C yuyeToM KOHCTPYKTHUBHBIX TpeOOBaHUI

min

= 14 ¢cM U3 1O0CKHU IUPUHOU 15 cM.

W =M__/(0,7R,).

mp max
3HaMeHAaTeNb BEIUUCIISETCS 110 MHTEPIIOSALMHI TP 3HAYEHUAX S,,, /S, .
[IppuHumaem npeBecuHy 2-r0 copta, Aocku cedeHueM 3,3x14 (mocne
OCTPOXKH) C pacueTHbIM conpoTusneruem R =R, =15ulla/cv’.
N3 tabmuupbl 5.5 BeIOMpaeM coderanue ycwiuii N=-278,1 kH-M, M=152,9
kH-M, Torna W, , = 152,9-10°/(0,7-1,5) =3619,05cx’.
TpeOyemas BbICOTa CEUCHUS:
h,, = \J6W,, /b =/6-3619,05/14 = 39,38c.
KonuuecTBo cioeB B KJIEEHOM JIEMEHTE TP TOJIIIUHE T0COK 3,3cM
n=39,38/3,3=11,9 cnoes; npuaumaem 12 cioe. Torga h=3,3-12=39,6¢cMm.
['eoMeTpuveckre XapaKTepPUCTUKN CCUCHHS:
A=bh=14-39,6 =544,4cn>; W =14-39,67 /6 =36559,0dcn’.
I'mbxocts A =1 /r, =4,94/(0,29-0,396)=43<120;
© =3000/ A% =3000/43* =1,62.
Koaddumment & =1-N/(pR.A4)=1-228,38/(1,62-1,5-554,4) = 0,83, TOr1a
M°=M/E=38/0,83=4578H - u;
oc=N/A+M°/W =228,38/554,4+45,78-10° / 3659,04 =1,66 < 1,5xH / cm’.

VYcnoBue He BbInoOnHAETCS Ha 11% 1MOATOMY yBEeIMYMBAEM BBICOTY CEUYEHUS

1o 14 cnoes.
Toraa h=3,3-14=46,2cm. 'eomeTprueckre XapaKTepUCTUKU CEUEHUS
A=bh=14-462 = 6468cn’;W =14-46,2" / 6 = 4980,36cx’.
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['ubxocts A, =1, /1,=4,94/(0,29-0,462)=36,87<120;

¢ =3000/A* =3000/36,87° =2,2.

Koaddumment & =1-N/(pR.A4)=1-228,38/(2,2-1,5-646,8) = 0,89, Toraa
M,=M/&=38/0,89=42,7kH - u;
c=N/A+M, /W =228,38/646,8+42,7-10° / 4980,36 =1,21 < 1,5xH / cm’.

VYcnoBue miis CKaTO-M3ru0aeMoro 3JIeMEHTa BEPXHEro mosica B IUIOCKOCTH
(hepMBbl BBITIOJTHSIETCSI.

[TpoBepka yCTOMYMBOCTH M3 TJIOCKOCTH BepxHEro mosica hepMbl (B CepeiuHe
nanenu 1 — 2) mpu cxxatuu cuinot N=233,28 kH u miare cBsizeit [, =3 M:

r,=0,29-14 = 4,06 = 0,04 m; 1, = 3/0,04 =75 > 70;
@ =3000/75> =0,53; 0. =267,63/(0,53-554,4)=0,91 kH/ cn* < 1,5 xH/ cm>.

YcioBuUE BBITIOJIHSAETCS.
Iloobop ceuenus packocos
Packoc D;; N =39,5 kH.

N3 ycnoBus npenenbHON THOKOCTH A, =150
h=1,/(0,29-150) =259/(0,29-150) =5,95cm .

[MpuarMaeM h=33-4=132cm. Torma A =14-13,2=184,8 cu’.

Hanpsixenue B cxaTom packoce D, .
o=28,15/( ¢-184,8) = 28,15/(0,66:184,8) = 0,23 kH/cn>< 1,5 kH/cm?;
A= 259/(0,29-13,2) =67,6 < 150;
¢ =3000/67,6" = 0,66.

Cxarblii packoc D, ¢ ycunueM -32 kH HazHadyaem paBHBIM IO CEYEHHIO D,
TaK Kak yCWIMs B HUX OJM3KH ,a HAMPSIKEHUS MaJIbI.

Packoc D,; N1=-99,1 xkH.

BunuMm, 4to maHHBIA packoc paboTaeT MpU Pa3IUYHBIX COUYETAHUAX Kak
CKaTbl, TaK W PACTSIHYTHI SJEMEHT, TMO03TOMY BbIOMpaeM Haubosee

HC6HaFOHpH5{THOC COUYCTAaHHUEC —CXKaTHUC.
HOCKOJIBKy YCHUIIUC B JJICMCHTC HC3HAYUTCIIBHOC Hoz[61/1paeM CCUCHUC IIO

MpUAEIBHON THOKOCTH, A, =150
h=1,/(0,29-150)=473/(0,29-150) =10,87cm .
IMpunumaem h= 3,3-4=13,2cm. Torma A = 14-13,2 = 184,8 cu’.
Hanpsixenue B cxxaTom packoce D, :
c=69,13/( ¢-A)=69,13/(0,196-184,8) = 1,9 kH/ cn* < 1,5 kH/ cri*;
A=473/(0,29-13,2) =123,5< 150;
¢ =3000/123,5% =0,196.
VYcnoBue He BBINOJTHACTCS TPUHUMAEM S5 TOCOK BMECTO 4:
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h=3,3-5=16,5cm. Torma A = 14:16,5 =231 cun’
Hampsikenue B cxxaToM packoce D, .

c=99,1/(¢-A)=99,1/(0,307-231) = 0,97 kH/ cm* < 1,5 kH/ crs*;
A=473/(0,29-16,5) =98,85< 150;
¢ =3000/98,85* =0,307.

VY coBr€e BEINOIHSIETCS.

[IpoBepsATh packoc D, Ha pacTsHKEHUE HE CIIENYET, TaK KaK ycuiue B 2 pasa

MEHBIIIE.

Iloobop ceuenus HudxiCHe20 nosca

HwxHul 1osic IpUHUMAaeM U3 CTaTbHBIX YTOJIKOB:
Rp= 210 MIla= 21 xH/ cn? ; N=268,2 xH;

4,,-268,2/(0,85-21)=20,72 cu®. Ilo copramenty HazHayaeM 2 yroiuka : 2-75x75xS;

2A=2-11,5= 23 cm*; 1=2,28 cM;
A=1,/r=592,5/2,28=259,97< 400.

5.3.6. Pacuem y3n06

Onopnutii y3en (puc. 5.6 a).

1. TIpoBepky TopIia mosica Ha CMSITUE MTPOU3BOIUM MPU JICUCTBUU
MaKCHMaJIbHOW Mpo1oabHOM cuibl N=233,28 kH. 3amaemcs pazmepaMu miomaam
cmarus: b= 14 cm; h,,=2h/3=2-46,2/3=30,8cm;

A=14-30,8=431,2 cm’;0,,=267,63/431,2=0,62 xH/ cn* < R, =1,5 kH/ cm”.

BepxHuii nosic kpenum B y3i1€ OJHUM KOHCTPYKTUBHBIM 001TOM d=16 MM.

2. VnopHas 1muTa 3 pacCUMTHIBAETCS MNPUONMKEHHO Kak Oajka,
COCTaBJICHHAs M3 TPeX (PparMEHTOB TaBPOBOT'O CEUCHUS JUIMHOW 14 CM, MIUPUHOM
7,0 cM ¢ pebpom 60-8 MM (cMm.puc. 3.6 a).

Ha pacueTHyr0 4acTh yIOPHOM ITUTUTHI IPUXOAUTCS 1/3 MPOIOIBHOTO YCUITHS
BEpXHEro mnosca. M3rubarmuii MOMEHT OT 3TOTO YCHIIHS

M=NI/(3-8)=233,28-0,14/24=1,56 kH-Mm.

TpeOyeMblil 171 BOCIPUATHS STOTO MOMEHTa MOMEHT CONPOTHBIICHUS W, C

YUCTOM INTACTUYHOCTH
W,,=MI(R-12)=156-10%/(21-1,2) = 6,2cx’.

['eomeTpuueckue xapakrepuctuku ceuenus: A=0,8-7,0 + 0,8:6,0=10,40cn’>.
Cratnueckuii MOMEHT OTHOCHUTEIILHO HIDKHEH KPOMKH pedpa
S=0,8-7,0-6,4 + 0,8:6,0-3,0 = 50,24 com’.
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Paccrosinue ot OCHTpA TAKECTHU CCUCHUA 10 HYOKHEHN KpPpOMKH pe6pa:
7z=S/A=50,24/10,40 = 4,83 cm.

MomeHT HHCPIHUU CCUCHUA:
J,=7.0-0.8/12+0,8-7,0(6,8 - 4,83 - 0,5:0,8)2 + 0,8:6°/12 + 0,8-6(4,83 -3,0)° =
= 4423 cm”.

MomeHT COIMPOTHUBJICHUA:
W =1 /z=44,23/4,83=9,16 cM® >6.2cM’.

3. PacyeT OnopHO MINTHI.

Peakius Ha neBoit onope ¢hepMbl OT IEPBOTO COYETAHUSI HATPY3O0K:
R =(q+s)/2=(3,19 + 12,7)23,7/2 = 188,3 H.

Hanpsixenus cxaTus oJ onopHOM IinToil pazmepoM A = 20x25 cm
c=R,/A=188,3/500 = 0,38 xH/ cm”.

Nzrubaronuit MOMEHT KOHCOJIbHOM YacTH TUIUTHI (Ha mupuHe 1 cM)
M =ocl*/2=0,385-5,5%/2=5,75H -cm .

TpeOGyemblii MOMEHT COMPOTUBIICHUS C YUYETOM TUIACTUYHOCTH
W .»=M/(1,2R) =5,75/(1,2-21) = 0,23 cm’.

HeoOxonumas TonmuHa miIMThl Opy mupuHe 1 cM
6= /W, = 16-0,23= 1,17 cm.

[IpuHEMaeM TOJILUHY ONOPHOU IUIUTHL § = 12 MM.

4. PactaruBarolee yCHJIME B MIEPBOM MaHeNn HUXKHEro nosica N, =327,56xH.
Huxuauit nosic npoextupyercs u3z 2-70x70x5 (puc. 3.6, B). YToJIKH IPUBapUBAIOTCS
K CTaJIbHBIM (pacoHkaMm. Ha oOymiok kaxkaoro yroska nepegaercsa 70% ycumust
N'=176,6:0,7 = 229,3 xH, a na nepo yroJika - 30%: N"=176,6:0,7 = 98,27 kH.

JIMMHBI CBAapHBIX IIBOB HAa OJWH YTOJIOK C OJHOM CTOPOHBI (haCOHKHU MpHU
BbIcOTE 1IBa 4, = 0,6 cMm:

y oboymika /7 = 229,3/(2-15-0,7-0,8) = 13,65 cm;

y nepa [” = 78,27/(2-15-0,7-0,8) = 5,85 cm.

[Mpunumaem /' =15 cm; [" = 10 cm.

Vzen 3 eepxmeco nosca (puc. 5.6,06). Ycunus B packocax D,=33,84xH
(pactspkenue); D,=-38,67 kH (cxxatue).

VYcunue B BepxHeM nosice N = 267,63 kH. Mexny TopuamMu COE€IUHIEMBIX
MaHEeJIEH MPEyCMOTPEHBI CTAJIBHBIE BKIAABIIIHN ceueHueM 14x30x5 cum.
Hamnpsxkenne cMmATHS TOPLOB MaHenel 2 WU 3 BEpXHEro mosica OT YCHIIUSA
N=233,28 kH:
o..=N/A4,=233,28/(14:30) = 0,64 kH/ cm’<1,5 kH/ cm”.
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Puc. 5.6. KoncmpykmugHvie peuienus 3106 ce2uenmHuoil gpepmol:

a - onopmbwlil y3en, 0 - y3en 6epxXHe20 Nosca; 6 - y3el HUNCHe20 Nosica, 2-cxema K pacdemy
V31068020 boama 8 y3ne 3, 1 - ukcupyrowuii yeonok,; 2-6okoevie ghacouku, 3-ynopuas niuma, 4
- ONOPHAS NIUMA, 5-Y20N0K HUNCHE20 nosica, 6-cmanbHoU pedpucmslii 6K1a0blW, 7-0epessaHHas

Haxknaoka, 8 - cmanivbHvle NIAHKU packocos, 9 - cmanvhas nakiaoxa, 10— ooam.
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W3rubaronuit MOMEHT B IUTACTUHKE BKJIAJIbIIIA IIMPUHON 1 cM ompenenseTcs
o ¢hopmyie
M=o, 1°,./12=0,64-4> /12 =0,85kH-cmM,

rae [, = 4,0 cM - paccTossHUE MEXIy peOpaMu BKJIabIIIA.

TpeOGyemblii MOMEHT CONPOTUBIICHUS MIIACTUHKU C YYETOM IUIACTUYHOCTH
W= M/1,2R, =0,85/(1,2-21) = 0,034 cm’.

Tonmuna nnacTunel (npy wMpure 1 cm): 5, = J6W,, =1/6-0,034 =0,45 cm,

MIPUHUMAEM & = 8 MM.

VY310BO#1 60T, BOCIPUHUMAIOIINUNA PaBHOJICHCTBYIOIIYIO YCUIIUNA B PACKOCaX,
paccuMTHIBAETCS HA U3rHO OT MOMEHTA
M = (D/2)(5+6/2)=99,1¢/2-(0,8 + 0,4) = 31,7 xH- cm.

PaBHoxeiicTBytomyto ycwinii D onpenensiem rpadudecku mo (puc. 5.6, 2).
TpeOyeMblii MOMEHT CONIPOTUBIICHUS C y4eTOM KO3 PUIIMEHTA TUIACTUYHOCTH y =
1,2 pasen W, = 31,7/(1,2-21) = 1,25 cm’. IIpurumaem 6ont d=2,4 cm.

Torma: W=0,1d* = 0,1.2,4°=1,38>1,25 cm’
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6. KOJIOHHbI
6.1. KoHcTpyKIuM AepeBIHHBIX KOJOHH

B 3maHmMsaX ¢ HeCymMMH JEPEBSHHBIMH KOHCTPYKIMSIMH TIOKPBITHS
WHIYCTPUATBLHOTO H3TOTOBJICHUs (Oanku, (epmbl), OMOPHBIMH KOHCTPYKIIUSMHU
ABJIAIOTCS. CT€HBI M KOJIOHHBI. Yallle NPUMEHSIOTCS KIIEeHbIE JEpPEeBSIHHbIC
KoJIOHHBI. Pexxe coctaBHble U3 OpycbeB. BbicoTa ceueHus HapyXHBIX KOJIOHH
h=1/16-1/12 nnuHHBI KOJIOHH, a WHMpUHA b=h/4-h/2. ]Ins BHYTPEHHUX KOJOHH
JOTyCKaeTCsl KBaJpaTHOE CEYCHHE.

Kneeoepegannuvie KonoHHBl SBISAIOTCS KOHCTPYKLUUAMH HCKIIOUUTEIBHO
3aBOJICKOrO0 M3roToBieHus. Wx ¢opMbl U pa3Mmepbl ONPENEisiOTCs TOIbKO
Ha3HAYEHUEM, BEJIMYMHAMM JEHCTBYIOUIUX HArpy30K, pacu€TOM U HE 3aBUCAT OT
OTpaHUYEHUN COpTAaMEHTa JTOCOK, MPUMEHSEMbIX JJId MX CKJIeuBaHUA. Pazmepsl
CEYCHUH MOTYT MPEBBINIATH CEYCHHUS IO COPTAMEHTY, a MX JJIMHBI 1OCTHTaTh 10M.
KreenepeBsiHHble KOJIOHHBI MOTYT UMETh KBaJpPaTHOE U MPSIMOYTOJIbHOE CeYEHUS,
MOCTOSSHHOE M TEepEeMEHHOEe M0 JjauHe. BO03MOXHO TakXke H3roTOBICHUE
KJICEJIEPEBIHHBIX ~ CTOEK  Kpyrjoro ceueHuss (puc.6.1).  TpyaoemMKocTh
U3TOTOBIIGHUS W CTOMMOCTb OTHUX CTOEK 3HAUUTEIBHO  BBIIIE, YEM
HEeTBLHOACPEBIHHBIX, HO OHM MOTYT 00J1a/1aTh OOJbIIeH HECyIIeil CnoCOOHOCTHIO.

N
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Puc.6.1.Kneeoepesannvie Ko10HHbBL:
a- NOCMOSIHHO20 KBAOPAMHO20 CeYeHUsl, O- NOCIMOSHHO20 NPAMOY20IbHO2O CeYeHUsl; G-
nepemMenHo20 NPAMOY20IbHO20 Ce4eHUs
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6.2. OcHOBBI pacyeTa AepeBAHHBIX KOJOHH

PacyeTr KOJIOHH 1O MPOYHOCTH MPOU3BOAUTCA TO (opmyse cxKaTo-
M3ru0aeMoro 3Je€MEHTa HE3aBUCUMO OT TOTO, COCTaBHAsI KOJIOHHA MJIM COCTOSLIAs
U3 LENbHOTO 3JIEMEHTa!

N M’
+ <R,
Fpacu g 'Wpacu
rone &— Koaq)(pI/IuHeHT, mMmensgromuiicas or 0 mo 1, qu/ITBIBaIOLuI/Iﬁ

JOTIOJTHUTENIBHBIA MOMEHT OT MPOJ0JILHOM CHUJIBI BCIEICTBHE MPOTHOA AJIEMEHTa,
ornpezensieMsblii o popmyse

¢o-R -F

c op

Koaddumment npoaonasHoro urubda ¢ onpeaensercs no Gopmyiam:

ﬂ, 2
=1-0,8| 2| ;
4 (100)

3000
= lz .

MpU TUOKOCTH KOJIOHHKI A < 7()

npu rubkoctu A > 70

[Ipy 3TOM THOKOCTH IEJIBHOIO M COCTABHOT'O 3JIEMEHTOB OIpPEAEISIOTCS MO0-
pazHoOMY:

- LICIBHOT'O DJIEMEHTA A ==

- COCTAaBHOTO dJIeMeHTa A =4/(4, -4, )2 + A2 em. 1. 4.4-4.7 [1]

PacueTHbIif MOMEHT CONPOTUBIIEHUS ONPENIETSAETCS MO (GOPMYIIaMm:

I/Vpactt = WHT ; I/Vpactt = Ky WHT ;

3HadyeHus: k03P UIMEHTOB K,, TpUBEICHBI B Tabmauie 13[1].

ITpu onpenenenuun W,,., pyxosoacteyrorcs 1m.4.9 [1].

CxxaTo-u3rubaeMble CTOMKU JOJKHBI OBITh TakX e MPOBEPEHbI Ha YCTOWYHBOCTH
riockoi popmel nepopmupoBanus no hopmyse:

n

N [ M
qD'Rc .Fﬁp Q)M .Ru .VI/ﬁp

<1,0,

rjae M - U3THOAIONIMKA MOMEHT, onpexaenseMelid no m4.17[1], Fy, - mmomanp
OpyTTO C MaKCHMalbHBIMHM pasMepaMH CEYeHHMs DJIE€MEHTa Ha ydactke; W, -
MaKCUMAJIbHBIE MOMEHT CONpPOTHUBJICHUS OpPYTTO Ha YydYacTke, n=2 - s
AJIEMEHTOB 0€3 3aKpeIICHUN PacTAHYTON 30HBI M3 TUIOCKOCTH JAe()OpMUPOBAHUS;
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n=I - 1Jid 3IEMEHTOB, UMEIOIINX 3aKPEIUIeHUs; ¢ - KOA(P(UIHUEHT MPOJAO0ILHOTO
u3ruba, onpenensieMbli 1 THOKOCTH YYacTKa 3JIEMEHTa C pacuyeTHOM JUIMHOW B
IJIOCKOCTU J1eOpMUPOBAHUS; ¢, - KOIP(HUIMEHT, KOTOPBIM ONpenensieTcss 1o
dbopmyne 23 n.4.14 [1].

Kak mpaBwiio, B KOJOHHaX CO CTOPOHBI PACTIHYTOH OT MOMEHTa KPOMKH
MMEIOTCSI 3aKPEIUICHUS U3 TJIOCKOCTU J1e(OpMHUPOBAHUS B BUJIC TIPOTOHOB WU
CTEHOBBIX TNaHeneil. B cBsa3u ¢ 3TuM KO3PUIMEHT ¢, cleAyeT YMHOXaThb Ha
kodppunment Kjy,, onpenenseMbiit o Gopmyne 24 [1], a ¢ - Ha kodPUITUEHT
Ky no popmyne 34 [1].

JUIss  cOCTaBHBIX  KOJIOHH  HEOOXOJMMO  OMNPEAECNUTh  KOJUYECTBO
TOPU3OHTAIIHHBIX CBSA3EH I KPETUICHUS €0 BETBEH:

0
LsM’-s,
N

min 6p

n >

rae Sg, - CTATUYECKUH MOMEHT OpYTTO CIBMIaeMOH Y4acTH IONEPEYHOrO CEUCHUs
OTHOCUTEIIBHO HEWTpanbHOH ocHu; I; - MOMEHT MHEpPLUUHU OpYTTO MONEPEYHOrO
CCUYCHHSI KOJIOHHBI; I, - pacueTHas HeCyIlas CIOCOOHOCTh OJHOW CBS3U B
naHHOM mBe; M° - W3rMOAOMM MOMEHT, OIpPEACISIEMBIH M3 pacdera IIo
ne(pOpMUPOBAHHON CXEME.

KoJoHHBI, JKECTKO 3akpeIuicHHbIe B (QyHIAaMEHTaxX ©W  IIapHUPHO
COCMHEHHBIE C pUreneM, o0pa3yroT MOMepedyHyIo paMy Kapkaca 31anus. Ha pamy
JICHCTBYET CHCTEMa BEPTHKAJIbHBIX W TOPHU3OHTAJIBHBIX (BETpOBas Harpyska)
Harpy3ok. [Ipu JeHCTBUM TOPU30HTAIBHBIX HArPy30K KOJOHHBI, COCIMHCHHBIE C
pureieMm, paboTalOT COBMECTHO. Takas pama MpeacTaBisieT CO0OW OAWH pa3s
CTaTHYECKU HEOIPEACIUMYI0 CHCTEMY. 3a JIMIIHIOW HEW3BECTHYIO NMPUHUMAIOT
cuty X, IPUJIOKCHHYIO Ha YPOBHE Bepxa KOJIOHH IO OCH HUKHETO Iosica PHUTes
(puc. 6.2).

[Ipy ompeneneHW HEW3BECTHOH X CYHUTACTCS, YTO J>KECTKOCTH PHUTEIIS
EI, ~o0. Torma OTKIOHEHHUsS BEpXa JIEBOW U NPABOM KOJOHH MOXHO IIPUPABHATH

ST
st pacueTHOM cXembl, MpeACTaBIeHHOW Ha puc. 6.2, 3HayeHus f, u f,
OTIPEENISIIOTCS KaK JJIs 3alIeMJICHHBIX KOHCOJBHBIX OAJIOK, U OYJyT pPaBHBI:

f=W1~H3+q1-H4_x-H3_
* 3.E[ 8-EI 3-EI’

7 :W2~H3 Jrq2-H4 _x~H3.
" 3-EI 8-EI 3-EI
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Puc. 6.2. Pacuemnasn cxema nonepeyHo2o ceueHus 0epesaAHH020 30aHu

w-w, 3-H

N3 paBenctBa  f,=f,  TOJIy4HUM: x:erY'(W‘ —w,)TAe W,W, -
MOTOHHBIE TOPU3OHTAIBHBIE BETPOBBIE HArpy3KH, COOTBETCTBEHHO CO CTOPOHBI
AKTUBHOW W 3aBETPEHHOM 4vacteu 3manus; W, W, - cocpenoTOUYEHHbIE BETPOBBIE
Harpy3ku, akTHBHas W OTpHUIATENbHAs C BEPTUKAIBHON "acTu purens (pepmsr),
KOTOPbIE TIPUIIOKEHBI HA YPOBHE BEpXa CTOEK.

PacueTHsbIit 1/13r1/16a10m1/1ﬁ MOMCHT B OCHOBAHHNHU KOJIOHH PABCH:

6.3. IIpumep pacuera 10MIATOKJIEECHONH KOJTOHHBI

CrnpoekThpoBaTh M paccUUTaTh JIOUIATOKJIEEHYIO KOJOHHY BBICOTOM 6 M,
3naus npojeroM 18 M m marom 3m. TemmepaTypHO-BIaKHOCTHBIE YCIOBHS
skcruryatauuu A2. Paiton ctpourtenbcTBa I. KasaHs.

6.3.1. Coop nazpy3ox, oelicmeyouux Ha KoJ10HHY

OCHOBHBIMH HArpy3kaMu [iJIi KOJIOHH SIBJISIIOTCSI TIOCTOSIHHBIE  (BEC
MOKPBITHUS, BEC HECYIEeH KOHCTPYKIIMU MOKPBHITUS, COOCTBEHHBI BEC KOJIOHHBI),
BpEeMEHHbBIC (BEC CHEra) M KpaTKOBpEeMEHHBIE (BeTpoBasi) Harpy3ku. Jlms pacuera
MIPUHUMAEM KPOBJIIO, BBHITTOJIHEHHYIO C MCTOJIb30BaHUEM KileedaHEPHBIX MaHEeeH.
B kadecTBe Hecylieil KOHCTPYKIIMUA MOKPBITUS TIPUHSATA JACPEBSIHHAS CETMEHTHAas
dhepma.

B Tabnuue 6.1 mpexncraBiieHbl JaHHBIE O PaBHOMEPHO paCIpe/esIeHHbIX
BEPTUKAIBHBIX Harpy3Kax, ICUCTBYIONINX HA KOJOHHY.
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COop Harpy3ok. HopMaTtuBHBIE U pacyeTHBIE HArPY3KU Ha 1KB. M

Tabnuna 6.1
HanmeHoBaHME W moncyeT HATpy3KU Hopmarushnas Koaddpumment Pacuernas
Harpy3ka, klla HaJ©KHOCTH IO | Harpyska, klla
Harpyske, yr
1 2 3 4
ITocrosiuHbIE: 0,090 1,3 0,120
TpexcrnolHbIA MATKHANA KOBEP
danepHbIe OOIINBKH 0,098 1,1 0,108
(0,008+0,006)700-10
[IpononwHbIe pebpa Kapkaca 0,062 1,1 0,069
4-0,04-0,117-500-107%/1,5
[Nomnepeunsie pedpa 0,020 1,1 0,022
9-0,04-0,117-0,433-500-10%/2.98-1,5
Vrennurenb 0,042 1,2 0,050
0,117(1,5-4-0,04)40-10%/1,5
CobcrBenHast Macca (pepMbl g’ =0,074 1,1 g2, =0,081
ATOI'O: q" =0,386 q, =045
Bpemennas cHeroBast Harpyska So=1,68 §=24
BCEIO: q" =2,066 g=33

HopMatuBHOE 3HaUeHHE CpelHE COCTaBJISAIOIIECH BETPOBOM HATPY3KU W,

Ha BbICOTE H HaJl MOBEPXHOCTHIO 3eMJIK omnpeaesieTcs no dopmyne [3]:
w, =W, k-c,

r1€ Wy - HOpPMAaTMBHOE 3HaueHUEe BeTpoBoro naeieHus [3]; k - koapduiueHt,
YUYUTBHIBAIOUIUM HM3MEHEHHE BETPOBOTO JaBjieHUs mno Beicote [3] ; ¢ -
a’poanHamudeckuit korpduiment [3].

HopMaTHBHOE 3HadYeHHe BETPOBOTO AABICHMS Mo BhicoTe wy = 0,03kH/m’
nst 11 paitona, npunumaeTtcs no tabauie 5 [3].
Koadpdounment k onpenensercs mo Tabmune 6 [3] B 3aBUCUMOCTH OT THIIA
MectHOCTH. [IpuHnMaem Tun MectHocTH B(ropojickas Tepputopus).
3HauYEHHUE C] U C; TPUHUMAIOTCS 1o npuit.4 m.3 [3].

PacueTHble MOrOHHBIE HATPY3KH OT BETpa:
w,=w,7, k¢ -B=030-1,4-0,51-0,8-3=0,51H /m;
w,=w, 7, ky-c,-B=0,30-1,4-0,51-0,6-3=0,39xH [,

rae yr= 1,4 - ko3 QUIUEHT HaZIeKHOCTH IO BETPOBOM HArpysKe, NPUHATHIN
no m.6.11 [3].

CocpenoToueHHbIe CUIIBI OT BETPOBOM HArpy3KH Ha YPOBHE BepXa KOJIOHHBI
W,=w, 7, k¢ h, B=03014-0,53-0,83-1=0,53xH /u;

W,=w,-y, k-, h, B=030-1,4-0,51-0,6-1-3=0,4xH [,

pu.
e Apur

KOJIOHHOM.

BBICOTa HECYIIeH KOHCTPYKUMHU (pUrensi) MOKPBITUS Haj
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HewuspecTHas peakius onpesensercs o gopmyiie:

x:VVl_Wz
2

0,53-0,4 3-6
= -

-(0,51-0,39) = 0,24kH.
2 16

3-H
+— (W, —w,)
16
CoOcTBeHHass Macca KOJIOHHBI OIPEIENSIETCs OPUEHTHPOBOYHO IOCIE
NPUHATHUSL CeueHus no popmyne: P, =b-h-H-p-y,, [1]
I7I€ p — IUVIOTHOCTh JPEBECHUHBL, IPUHUMaeMas 1o npui.3 [1];

b,h - pazMepbl MOMEPEUHOTO CEUCHUS KOJIOHHBI.

ITocrosiHHas Harpy3Kka Ha KOJIOHHY paBHa: P, = I '2B'l; N,=P +P

cm*®

Bpemennas (cHeroBasi) Harpy3ka Ha KOJOHHY:

Sy v, Bl

N, = =2,4-3-9=064,8xH.

CymMmapHas BepTHKallbHasg Harpy3ka N, =N, + N,.

6.3.2. Pacuem Ko/10HHbL

3amaeMcs pa3MepamMu CEUCHUS KOJIOHHBI, UCXO U3 MPEACIbHON THOKOCTH

A =120TA0M.14. [1].
o Hep, _ 600-2,2
"= 0,289-A_ 0,289-120

rae po - koddduiment, npuHuMaeMsblil no . 4.21[1].
[Tpunumaem no npwioxenurol.5 pasmepst gocok 40x175 (puc. 6.3).

—

175 (167)

=38cm,

40 (34,5)

Puc.6.3.Pazmeput 0ocku 00 u nocie MexaHuueckoi oopadomku
IToniepeuyHoe cedyeHue AOMIATOKICCHOW KOJOHHBI KOMIIOHYEM U3 12 IOCOK.
Torpa monepeyHoe ceyeHUE JAHHOTO CEUCHHS KOJOHHBI C y4eToM (ppe3epoBaHUs
JOCOK COI'JIaCHO HpI/IHO)KCHI/IIOI.6 COCTaBUT:
h=12-a=12%x34,5=414mm; bxh=167x414mm.

CoOcTBeHHas Macca KOJIOHHBI 10 (hopMmyIie:
P =0,167-0,414-6-500-107%-1,1=2,29xH.

cm

[locTossHHast Harpy3ka Ha KOJOHHY OT purens 1mo  ¢opmyne

p =238 1305

n

CymMapHas nocTosiHHas1 Harpy3ka N, =2,29+13,23 =15,52«xH.
BpeMmenHas(cHeroBas) Harpy3ka Ha KOJIOHHY:
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Sy, Bl 2,41-3:18
b 2 -
CYMMapHaSI BCPTHUKAJIbHAS HAT'PY3Ka
N,=N,+ N, =15,52+ 64,8 =80,32xH =80,32-10° MH.
N3rubaroniuit MOMEHT Y OCHOBaHHMsI KOJIOHHBI 10 (popMyiie
w - H? 0,51-6°

=64,8xH.

+0,53-6-0,24-6=12,24xHm.

+W -H—-x-H=

ITonepeunas cuiia y OCHOBaHHUS JIEBOM KOJIOHHBI
O=w -H+W —x=0,51-6+0,53-0,24 =3,75¢H.
['eoMeTpruuecKkrue XapakTepUCTUKU CEUCHUSI KOJIOHHBI:
F =b-h=16,7-41,4=709,12cu’ =70,91-10" m*;

pacu

_b-n’ 16,7-41,4°

= = 4716cM’ =4,716-107 1%,
P 6 6
2 2
o = b gh 10T ALY 353700t =3,537107 a0
3 3
1, =b L = 16,7-41,4 =96216cm* =0,96-107 m*.
12 12
1 0,96-107
Panuyc uaepuuu: r= -2 = |= —~ =0,1163m =11,63cm.
F, \70,91-10
['uOKOCTh KOJIOHHBI MIPU MPUHITOM CEYEHUHU paBHA!
g, =t 00022455 5 g0,
’ r 11,63
Koaddunment npogonpHOoro usruba omnpeaensercs mno gopmyne 8[1], T.x.
A,=113,5>70,TO ¢ = 30(2)0 = 30002 =0,233.
A 113,5
-3
Koadduunent: & = I—L =1 80,3210 =0,704,

¢-R.-F, 0,233-16,42-70,91-10
Trac RC - PaCUCTHOC COIIPOTUBJICHUC NPCBCCUHBI 2-10 copra.
13m,-m;-m -m, 13-1-1-1-1,2
o 7, 0,95
N, ,_M* _8032:107 = 12,24:10°
‘© F, W, .,& 7091107 4,176-107-0,704

pacy pacu

R =16,42MIla, TOTOA

=1,13+4,16 =5,29MI1a < R, =16,42MIla

CkanbiBaroiue HamnpsxeHus mno ¢popmysne 18[1]:
o925, _3,75-3,537-107
I,,-b, 0,96-107-0,17
rae R, — pacueTHOE CONPOTHUBIIEHUE CKAJIBIBAHUIO IIPU U3THOE KIEEHBIX

=80,62x1la =0,08MIla <R, =1,9MIla,

QJICMCHTOB U3 JPCBCCHUHDBI 2ro copTa.
- LS-m, -m,-m, -m, _ ,5-1-1-1-1,2 _LoMITa.
7, 0,95

R
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[IpoBepka yCTOMYMBOCTH IUIOCKOW (OpMbI AedOpMHUpPOBAHUS  CHKATO-
n3rub6aeMoil KOJIOHHBI 1o hopmyIe:

N [ M? ] 80,3210 12,24-10°

+ = + =
o-R-F, |¢, R -W,| 02331642:70,91-107  4,2-16,42-4,176-107-0,704
=0,3+0,061=0,361<1,0;

2 2
0. =140.-2 -kd):140-mz4,2.
' I - 41,4-600

14
Y ci1oBUE BBIMTOJIHIETCS.

6.3.3. Pacuem u Koncmpyuposanue KpenjieHus KoOJIOHHbl K
¢pynoamenmy. (Bapuanm 1)

KoHcTpykiust KperuieHus: KOJIOHHbI K (GyHIaMEHTY TMpeJcTaBlieHa Ha
pucynke 6.4. Jlns Toro 4ToObl BHIYMCIUTH PACTATHUBAIONIME YCUIIMS B aHKEpax,
ompeesisieM KpaeBble HAMPSIKEHUS! B OCHOBAHUM KOJIOHHBI:

-3 -3
c,= M__N,_ 12’24_310 _15,52 10_3:2,54MHa<R =11,37MIla;
tow,-&, F, 4176:107-0,942 70,91-10 P
-3 -3
L= M +ﬂ: 12’24_310 +80’32 10_3 =4,16+1,13=5,3MIla < R, =16,42MIla;
W< F, 4176-107:0,704 70,91-10
R =9'm""'m6'm“'m”=9'1'1'1'1’2=11,37M17a;
! 7, 0,95
N 15,52-107°

Sy =l-—F7=—=1- — = 0,942 MTa;
? ¢-R.-F, 0,233-16,42-70,91-10

_ Ny, 80,32-107

E=1-—20 - — = 0,704MITa.
¢-R-F,  0,23316,42-70,91-10

o, -h  415-40,8

Pa3mepsl c:xkaToM U paCTAHYTOM 30H: k = = =25,31cm.
o.+o, 4,15+2,45
Torma MakCUMaJIbHOE PaCTATUBAOLIEE YCUIINE B aHKEpaXx:
-3 -3
M _N,-C_ 12,2410 ~15,52-10 0’12=30,92~10‘3KH.

N, = =
TS+ 0)¢, S+C (0,24+0,12)-0,942 0,24+0,12
. a 6
OnpenensieM n1uaMeTp JBYX aHKEPOB U3 YCIOBUS: N ,S2-F - F)-m,-m.
Torna TpebGyemas 1mIoMIa b aHKEPHBIX 00JITOB COCTABHUT:

N 107
F = — __30.92-10 =112-10"*m* =1,12¢em°,
’ 2:R)-m,-m 2-185-0,8-0,85
rac Rp6 - pacdCTHOC COIIPOTUBIICHUC q)YHI[aMeHTHBIX 6OJITOB n3 CTajlnu

pacTsKEHUIO; m, - KOA((UIIEHT, YUUTHIBAIOIIUNA OCIa0JeHUuEe aHKEPOB pe3bOOi

93



L1 167/

W)

4
-

=

I T

0,

S

/H :504
T
L
I
I

Ww

S 4
Ly [

Puc.6.4.Y3en kpennenusn 00uiamokieenou KoJ10HHbL:
1-konouna, 2-naxknaoxa, 3-amkep, 4- 601m; 5-eudpouzonsayus,; 6-y2oioK
(m. 3.4[1]); m - x03(pULHMEHT, YUYUTHIBAIOUUNA HEPAaBHOMEPHOCTHh PadOThI IBYX
ankepos(1. 3.4[1]).

y d; 4-F,  [4.1,12
Tpe6yeMblii nuaMeTp ankepa: F* =% orkyna = P = »
peoy A p pa: F,, Yk yaa d, . X7 1,26¢m

[IpyHMMaeM 1o copTaMeHTy aHKep TuaMeTpoM d=16mm.
Pacuem copusonmanvhvix 601moe
JlnameTp ropu30HTAIBHBIX OOJITOB MOKHO OINPEAEIUTh, UCXOAS U3 YCIOBUS

HUX pPacCTaHOBKU OTHOCHUTEJILHO IIMPHUHBI KOJIOHHBI B IBa psijaa:
b>3-d+3,5-d+3-d =9,5-d,
b 170

d<—=—=17,9mm.
9,5 9,5

[Ipuaumaem puamerp Oonta d=I18wm. Hecymyio crnocoOHOCTh Oonta
onpenesnseM o ¢popmysnam tadauisl 17[1] ¢ yaeTom BeTpoBoit Harpy3ku m,=1,2:
T =0,8-a-d-m =0,8-7,51,8-1,2=12,96xH;
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T =(1,8-d*+0,02-a%)-Jm, =(1,8-1,8°+0,02-7,5%)- /1,2 = 7,62xH;

T,=2,5d*m, =2,51,8 /1,2 =8,87«H.
KonudecTBo 1BYXCpe3HBIX TOPU3OHTAIBHBIX OOJITOB PABHO:
N 30,92

P

T n 7,621

min w

rae N, - ycunue, JelcTByroniee Ha Haknaiaky. IIpmammaem 6 Gonros. Torma
JUIMHA AEPEBSHHBIX HaKIal0K OyaeT paBHa: [ =7-1,8-4=50,4cm.

ng = =4,06wum,

IIposepka ynopHoeo yzonka Ha uzeubd.

[loronHnast Harpy3ka Ha yroJjiok (puc.6.5, 11o3.6)
N, 30,92

P

=1,82kH / cm.

q
b 17
PacueTHBIN H3rudarOMi MOMEHT:

b+d)’ 2
m =t . ) _ 1’82(178+ L8)” _ 80,36xHem.
ITpuanmaem yronok L 100x100x10 ¢ reomerpuyeckumMu XapakTepUCTH-
KaMHU:
L= 179cM*; 20 = 2,83 oM Ve = 10 - 2,83=7,17c; W, = =179 _ 55000
J ymax 7’17
[IpoBepka Hanps>KEHU MPOBOAUTCA 110 HOpMYIIe:
o =%=%= 3,21kH [en’ =32,IMIla < R, -y, = 240-1 = 240M1a.
IIpoBepka BBINOJIHEHA.
O O
fasl st
gy
b=1/cm
/2 N./2
Puc.6.5. Pacuemnasn cxema mpaeepcol u3 y2oiKa
6.3.4. Pacuem u Koncmpyuposeanue KpenjieHus KOJIOHHbl K
¢dynoamenmy (Bapuanm 2)
KoHcTpykiusi kperuieHHs: KOJOHHBI K (yHIaMEHTY TpUBEIEeHa Ha
pucyHke 6.6.

KpaeBHe HaIlPAKCHUA B OCHOBAaHHUH KOJIOHHBI = pPaBHBI KpacBbIM
HaIlPSAKCHUAM, OIIPCIACIICHHOM B 1 BapHUaHTC. PaBMepr CXKaTou U paCTHHyTOﬁ 30H
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OTIPEJICIISIIOTCS  aHAJIOTUYHBIM 00pa3oM, TakK e, Kak U TpeOyeMbIdl Jauamerp
aHKepHBIX 00JTOB. OTIMYNE COCTOUT B TOM, YTO B BapUAHTE 2 C KaXXJI0H CTOPOHBI
KOJIOHHBI YCTAHOBJIEHO 110 OTHOMY aHKEpHOMY OOJNTY.
JInsg  [albHEMIIMX PacyeToB  3aJaJUMCs  IONEPEYHBIM  CEYEHUEM
aHKepHbIX T1acTuH 8x100 mMm.
Torna paccTrosiHre MEXAY UX LIEHTPaMU PaBHO:
_h+6 40,08+0,8

S =20,8cm.
2 2
MaxkcuManbHOE pacTIATUBAOIIEE YCUIME B aHKEPHOM TUIACTUHE COCTABUT:
12,24-107° _15,52-10’3-0,12

=33,93-10"kH.

? 7 (0,208+0,12)-0,942  0,208+0,12
3agaauMcs yIJIOM HAaKJIOHA BKIEEHHBIX CTEpPKHEHW K HApyKHOU KPOMKE
KOJIOHHBI o = 30°.
Torz{a pacTATUBAOIICC YCUIINC, BO3SHUKAIOIICC B CTCPIKHAX, COCTABUT!
v o, 3393107
" cosa 0,886
[IpuHuMaeM quameTp crepkHeil /6mm 1 TIIyOMHY BKIEUBaHUS
1=10-d=10-1,6=16cm.

=39,18-107kH.

4 4y
4 7
N\ %
\ b ﬂ
1 /s
i 7y N
% as /
% N\ ﬁ/
// A\
— — O O

T F 171
Puc.6.6. Koncmpykyus ankeposku 6azvl 00uiamoKi1eeHoil KO10OHHBbL:
1-0owamoxneenas cekyus KONOHHbL; 2-d#ce1e300emOoHHbLI 8KAAObIUL, 3-AHKEPHblEe NIACTNUHDL,

4- xneennvie cmepacHU, 3-26030u, 6- mpasepca,; 7-aHKepHbvle OOAMbL;
8-euopouzonayus; 9- yemeHmuuwlli pacmeop
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KoadpurmenT HepaBHOMEPHOCTH HANPS>)KEHUN CKaJIbIBAHUS
k.=1,2-0,02-16/2=1,04.
PacquHoe COHpOTI/IBJICHI/IC IIpCBeCI/IHBI CKaJIBIBAHHU IO
_2,11,2
*0,95
PacuetHass Hecymas CcHocoOHOCTh OJHOTO CTEpXHSA d=16mm npu
BBIJIepFI/IBaHI/II/I
T=R, -m-(d+0,005)-1-k =2,65-3,14-(0,016+0,005)-0,16-1,04 = 0,029xH.
TpeGyemoe KOMYECTBO CTEPHKHEM:
N, 0,039

cm

=2,65Mlla.

o =T 70,029
[IpuHrmaem nBa cTepKHA AuaMeTpoM 16 MM u3 apmatypbl kinacca A-II,
Ry =295 MITa.
IIpoBeneM npoBepKy MPOYHOCTH CTEPIKHEW IpU BblaepruBaHuu. llnomans
CEUYECHHMS JBYX CTEpP)KHEN
F =2.7-r*=2-3,14-0,8"=4,02cu’ =0,4-107 n°.

cm

=1,3%um.

HaHpH)KCHI/IH PACTAKCHHUA

N 18-10°
o = o _39%18 ”_)3 =97,95MIla < Ry, = 240MTla.
F 0,4-10 !

cm

6.4. Ilpumep pacyera Opyc4aToil COCTABHON KOJOHHBI

6.4.1. Cocmagnuvle KOn10HHbBL

CocTosiT U3 LEJIBHBIX OPYChEeB WM M3 TOJCTHIX JOCOK, COCAMHEHHBIX I10
jumHe OonTamMu W rBO3AsIMU. CTEp)KHU COCTaBHBIX KOJIOHH COEIUHSIOTCS
IJIACTSAMHM BIUIOTHYIO WM HMMEIOT MEXJIy HUMHU 3a30pbl, BBIMOJIHIEMBIE C
MOMOIIBI0O KOPOTKUX JOMIATHIX WM OpycyaThIX MPOKIaAOK. [[JTUHBI cOCTaBHBIX
cToeKk He mnpeBbimarT 6,4M (puc.6.7) CocTaBHBIE KOJIOHHBI OOBIYHO HMEIOT
IIApHUPHO 3aKpEIVICHHbIE KOHI[bI W paboTarT, Kak MPaBWIO, TOJIHKO Ha
MPOJIOJBHBIE CXKHUMAIOIIME CWJIBI OT BEPTHUKAJIBHBIX HArpy3ok. B HampamieHuu
OTHOCHUTEJIbHO MaTepUaJIbHON OCH COCTaBHBIC KOJIOHHBI MOTYT pabOTaTh TakKe Ha
cKaTue C M3ruOOM U BOCIPUHUMATH  JIOMOJHUTEIBHO TOPU30HTAIBHBIC
M3rUOaOIINe HATPY3KHU.

CocrtaBHBIC KOJOHHBI PAaCCUMTHIBAIOT Ha CKATUE U YCTOMYMBOCTH B JBYX
MJIOCKOCTSAX. PacueT OTHOCUTEIbHO MaTepUaibHOM OCH, KOTOpas MPOXOIUT Yepe3
IEHTPBI CEUCHUN 000UX IJIEMEHTOB KOJIOHHBI, POU3BOJIAT KaK KOJOHHBI IIEIbHOTO
CEUYEHHUs IIMPUHOMN, paBHOM IHMpUHE cedyeHHs oboux OpyckeB. IlomarnuBocTh
COCIMHEHUN MPU ATOM Ha HECYIIYK CIIOCOOHOCTh KOJIOHHBI HE BIHUSET U HE
YUUTHIBACTCSI.
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6.4.2. Pacuem cocmagHnoll KOJ1OHHbL.
Hcxonnble TaHHBIC MPUHUMAIOTCS Kak B ipuMepe 6.3.
3agaeMcst pa3MepaMy CEUCHHS KOJIOHHBI, UCXO/s U3 ruOkoct A=120.

o Hep, 60022
"7 0,289-4_ 0,289-120
[IpuHumaem bxh=175x400mm  (h =200mm).
CobOcTBeHHass Macca KOJOHHBI, HCXOJ W3 TMPUHATOIO  CEUYEHUS
P,=b-h-H-p-y, =0,175-0,4-6-500-107-1,1=2,31xH.
[locTosiHHAst HAarpy3Ka Ha KOJOHHY, BKJII04asi COOCTBEHHYIO Maccy
N, =P’ +P? =13,32+2,31=15,54xH =15,54-10"° MH,
P? - MOCTOSIHHAsl Harpy3ka Ha KOJOHY OT purens (cM. npumep 1. 6.3; Neé — oT

=38cm.

CHeEra).

CymMmapHas BepTUKalbHas Harpy3Ka
N,=N,+N, =15,52+64,8 =80,32xH =80,32-10" MH.

Jljist TOrO, 4TOOBI BBIYMCIUTH TMOKOCTh COCTABHOIO AJIEMEHTA, HEOOXOAUMO
ONpEJENUTh THUOKOCTh BCETO D3JIEMEHTa OTHOCHUTENBbHO Ocu Y-Y, KoTopas
onpejenseTcss Mo pacueTHOW miuHe sneMeHTta ly=upH=2,2-6=13,2m, 6e3 yuera

H-p, 600-2,2

NONATIMBOCTU: A = = 0.089.40 114,2< 4, =120.
7 R .

a) 0) 6)

7 7
J_ J_ -1 2-2

Puc.6.7.Cocmagnuvie opycuamaole KOJIOHHbBL:
a - CnaowHas, 6 - CKBO3HAs C NPOKIAOKAMU ;68 - cxema pabombl, - Opyces, 2-0oamul; 3-
NPOKAAOKU
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Koaddunment npusenenust ru6koctu omnpeaensercs no opmyine 12[1]:

wo= [k 2 0156 034y ggs,
’ 13,24

2
Iy -m,

,
rae n, - PAacyeTHOE KOJMYECTBO LIBOB B DJJEMEHTE; 7, - PacUETHOE
KOJIMYECTBO CPE30B CBA3EH B OJHOM IIBE Ha 1M 3ieMeHTa; k. - KO3PPULIUEHT
MOAATIMBOCTU COSAMHEHUMN, onpeaesieMbli mo Tadmumie 12[1].
Tak kak KoJIOHHA paboTaeT Ha CXKaTHe ¢ U3TUOOM, TO AJist OOJITOB

d=16MM<%=@=28,6MM;

=—t -1 o156
2,5-d” 2,5-1,6

['uOxocTh cOCTaBHOM KOJIOHHBI
A= )+ A Ay = 0macd, <Thy,mozoa
A=A, -u, =1,075-114,2=122,8 >120.

['mOKOCTh KOJIOHHBI TIPEBBIIIAET TONMYyCTUMYIO Ha 2,2%, 4To MeHbIne 5%,
[IOATOMY CEUYECHHE KOJIOHHBI HE MEHSIEM.

['uOkocTh COCTaBHOW KOJIOHHBI JOJDKHAa OBITh He Oojee THUOKOCTH A,
OTIEIbHBIX BEeTBeH, ompeaensembiii mo Qopmyne 13[1]. OnpenensieM MOMEHT
UHEPIUH OpYyTTO TMOMNEPEYHBIX CEUEHUW OTIENbHBIX BETBEM OTHOCHUTEIBHO
COOCTBEHHBIX OCEH, MapayieabHbIX OCH Y-V

. 3 . 3
i, =2 b-h =b-h .(ﬂ)z =2. M+17,5-2o-100 =93333cu’.
K4 12 ) 12

[Tnomanb OpyTTO CEUCHUI KOTOHHBI
F,,=b-h=17,5-40 = 500cn’, Toraa

A= h _ 1320 =114,3<1=122,8.

Zlﬁp_ 93333
F 700

op

Koaddunment npoaonbHOro usruda M0HKEH OBITH OMPEACNiCH C y4eToM
MIPUBEJICHHONU TMOKOCTH:
3000 3000
BT Yo
PacueTHoe compoTUBIEHUE NIPEBECHHBI BTOPOTO COPTa C YyYETOM OCOOBIX

YCJIOBUM PABHO:
_13-m -m, 13-1-1,2

b

R — 16,42 Ml1a.
7, 0,95
Torpa ko3 dunueHT & cocTaBur:
2-107
E=l-— - 50,3219 =0,701.

¢-R-F,  0,2:70-107:16,42

Koaddumment, yunteiBaromuii mogaTiuBoCTh CBsA3€H, onpeensem no tadm. 13[1]:

kw=0.,9.
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HJIOH_IaIIB 1 MOMCHT COIMPOTUBJICHUSA HCTTO:
F, =[b=2-(d+0,3)-h]=[17,5-2-(1,6+0,3)]-17,5 = 54,810~ »%;

_b,,-h* 0,1137-0,4

HmM
6
IIpoBepka MNPOYHOCTH CKATO-U3rMOAEMON KOJOHHBI IO OCIabJIECHHOMY

CEUYECHMIO TIPOU3BOJIUTCS 1O hopMYyIIe:

=3,65-10" 1.

o =M N 12,24.10° +47’94'10_3 =5,32+1,46=6,78MIla <R, =
W& F, 4,65107:0,9-0,701 54,8-10° ‘
=16,42MIa.
KonuuecTBo 0O0JITOB CKpPEIUISIONIUX OpPYChbsl KOJIOHHBI, ONPENENseTCs IO
bopmyie:
. _ 15 My -Ss _ 1,5-12,24:107-35-107 11,08,

‘ Iy, TS 0,933-107-8,87-107-0,701

mi

rac S pa CTaTUYCCKUM MOMEHT COIMPOTHUBIICHUSA 6pyTTO;
_b-n* 0,175-0,4

So =4 =3,5-107";
3 3

o= OIS0 g 933107 u

712 12

Hecymas cnocobnocts Oonta d=I18 mm omnpenensiercs no QopMmyiiam
tabmuubl 17[1], ¢ yuerom BeTpoBOU Harpy3ku m,=1,2:
T.=0,35-a-d-m, =0,35-20-1,8-1,2 =15,12xH;
T =(1,8-d*+0,02-a%)-\Jm, =(1,8-1,8° +0,02-20%)-4/1,2 =15,15xH; HO HE OoJee:

T,=2,5-d* \Jm, =2,5-1,8* /1,2 =8,87xH.
[Tpunumaem 12 601TOB B 2 psija.

YcroitunBocTh TIOCKOM (popmbl  epopMUpOBaHUS  CKATO-U3rHOAEeMOi
KOJIOHHBI MpoBepsieTcs 1o dhopmyie 33[1]:

N, +[ M J __ 8032100 12,42-107 _
o-R-F, \o R -W, k&) 548107°.0,216,42 3,65:10°-0,9-2,78-16,42-0,701
=0,446+0,116=0,562<1,0;

b’ 17,5 -2,54

-k, =140-
l -h 600-40

P

¢, =140- =2,78.

6.4.3. Pacuem Kpenjienusa opycuamoii KoJ10HHbl K pyHoOamenmy

KoHcTpykius kperieHus: KOJOHHBI K (hYyHIaMEHTY MPUBEICHa Ha puc. 6.7.
AHKEpHBIE TIOJIOCHI W METAJUNIMYECKUE HAKIaJAKA TMPUHUMAEM OJIMHAKOBOMU
TOJIIIUHBL: § = 8mm , TOT/IA pa3Mephl CKATOW M paCTIHYTON 30H COCTaBSIT:
= h+o = 40+0,8 =20,4cm; c:ﬁ:@:mm.

2 2 2 2
MakcuManbHOE pacTATUBAIONICE YCHIME, BO3HHUKAIOIIEE B aHKEPHOMU

MOJIOBE, M CHKMMAIOIIEEe YCHIIME, BO3HUKAIOIIEE B OCHOBAHMM C)KATOW BETBU
KOJIOHHBI, COCTaBSIT:

a
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M N,-c_ 1224107  15,54:107-0,1

N, = = =38,09-10"° MH;

(a+c)-&, a+c  (0,304)-0,932 0,304

. . _3 . _3.

N, = M Nye 1224107 | 30,32-10 0’1=57,44+26,42=83,86MH;

(a+c)-&  a+c  (0,304)-0,701 0,304

N 15,54-10°°
g, =l-—"~2—=1- = =0,932.
¢-R -F, 0,2-70-107-16,42

HpOBepKa Ha CMATHE CKAaTOU BETBU KOJIOHHBI MMPOU3BOAUTCA 110 q)OpMyJ]e:
N 83,8610°

S T m, 351000,
Jliist manbHEMIIMX pacyeToB 3a1aJuMCs YIIIOM HAKJIOHA TSHKEH K Hapy)KHOM
KpOMKe KOJOHH o = 45°.Toraa pacTaruparoliee yCHINe, BOSHUKAIOIIEE B TAXKaX,
N, 3809-10°

=3,42MIla < R, =16,42MIla.

P

2-cosc 2-0,707

Huametp Tspxeit u3 cranu mapku 0912C onpenensem ucxoas U3 pacuera Ha
N

m

COCTaBHT: N, = =26,94-10° MH.

IPOYHOCTH LIECHTPAJIIBHO PACTAHYTHIX AJIEMEHTOB 10 popMylie F, > P ,
. 7/ e m . m
y c a

rae Ry - pacueTHOE CONPOTHBIIEHHE CTAIM PACTSKEHHIO 110 IPENETy TEKY4ECTH,
R=185MlIla; y.-koddduuuent ycnosuii padbotsl, y.~0,9 no Tadbmuue 6 [2].
26,94-107
" 185-0,9-0,8-0,85

TpeOyemblii TuaMeTp TsKa ornpeesseM 1o Gpopmye

=\/4'F’" :\/4'2’35 =1,73cm.
Vs 3,14

[IpuHrMaeM 1O COPTaMEHTY TSK TUAMETPOM 18 mm.
JImuHy cBapHOTO ILIBA, NMPUKPEIUIAIOLIETO TATW K IUIACTUHE 7, OIpEeneisieM W3
ycloBUs pabOThI HAa cpe3 MO METajlly 1IBa

=0,235-107m> =2,35cm’.

mp

——— <R V. Y.
wf wf ¢’
ﬂ./‘"k/"lw

rae fr - kodgdunuenr, npuauMaeMblid o tadbaune 34 [1], By =0,7; k; - kareT 1mBa,
NpUHUMAaeM ky =5MM; [, - IJMHA IBA, IPUHUMAaeMas MEHBIIE €0 IOJIHOW JJIMHBI
Ha 10MM; Ryf - pacyeTHOE COMPOTHUBIICHHE YIJIOBBIX HIBOB Cpe3y(YCIOBHOMY) IO
MeTamny mBa, Ry = 200MIla nmo taGmune 56 s anektpoja tuna I46A u cranu
Mapku 091°2C; yyr - k03P hULIMEHT yclIoBUl paboThI MIBa; Py =0,85 [2].

TpebGyemas ajiMHa CBapHOTO IIBa
> N, _ 26,94-107°

““R, 7, 7. B,k  200-0,85-0,9-0,7-0,005
[IprHMMaeM JUIMHY 1IBa MO 4 CM C KaXJ101 CTOPOHBI.

OnpenensieM KOJIMYECTBO TIiyXapei, HEOOXOIUMBIX ISl KperuleHus
aHKEPHBIX TOJOC U METAJUIMYECKUX IUJIAaCTHH K KojoHHe. [lpuHumaem riyxapu
nuameTpoM  d=1,6cm, nmuHoM [=I15cm.Hecyuryro  crocoOHOCTH — Tiryxaps
onpezenseM o Gopmynam tadbnuipsl 17 [1] ¢ yuerom BeTpoBOi Harpy3ku my=1,2:

=50,28-10> m =5,03cm.
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T.=0,35-c-d-m, =0,35-11,8-1,6-1,2 = 7,93xH
rme  c=1-85-1,5-d=15-0,8-1,5-1,6 =11,8cu

T =2,5-d*-Jm, =2,5-1,6*-1,2 =7,01xH.
Heo0xonumoe KOTUYeCTBO IITyXapei:
N, 38,09
T -n 7,011

min w

n; = =5,43wm.

IIpunumaem 6 rimyxapei nuameTpoM 16mMM, nnuHON 150 MM.

B
&

|

|

|

1
+ a
Puc.6.7.Y3en 3auemnenun 0epesaHHbIX KOJIOHH 6€3 ONOPHOIL 0ePeGAHHOU HAKIAOKU:

1-cmotixa; 2-msxcu,; 3- cmanbHble NOJN0CLI-AHKEPbL, 4- pasHOOOKUE Y2ONKU, - MeMAalIu4ecKast
naacmuna, 6- 26030u, 7-naacmuna
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7. KIIEEAEPEBAHHBIE BAJIKAU

7.1. KoHCTPpYKIUY AepeBIHHBIX 0AJI0K

KineenepeBsinabie 0aku U3 JOCOK, CKICEHHBIX CUHTETUYECKUM BOJIOCTONKUM
KJIEEM, SIBJISIIOTCSI OCHOBHBIM BHJIOM COCTaBHBIX 0ajIOK 3aBOJICKOTO M3TOTOBJICHUSI.
Pa3meps! u hopma ceueHuit KiieenepeBIHHBIX 0aIOK MOT'YT MPAaKTUYECKH JIFOOBIMH,
HE3aBUCMMO OT OrpaHUYEHUs COpTaMEHTa TnujaomarepuanoB. JlpeBecuHa
KJICEIEPEBSIHHBIX OQJIOK TOCJIE€ MCKYCCTBEHHOW CYIIKHU JOJIBIIE COMPOTUBIISIETCS
3arHMBAHUIO, Y€M [JIpEBECHHa, HE TMpoleamas cymkd. KieegepeBsiHHbIe
COCIMHEHUs, JKECTKHME U CTOWKHE TPOTUB YBIAXHEHUs, OOECIEYUBAIOT
MOHOJIMTHOCTh Oanok. KiieenepeBsiHHbIE CIUIONIHBIE OaJIKW MMEIOT, KaK MPaBHIIO,
MOBBIILICHHBIN IO CPABHEHUIO C HEKJICEHHBIMU JAEPEBSIHHBIMU 3JIEMEHTAMM MPEae
OTHECTOMKOCTH.

KneenepeBsinHbie Oaiku MPSMOYTOJBHBIX CEUEHUM, CKIECMBAaeMbIe U3 JOCOK
IJIanMs, TOJyYWId HauOOJIbIlIee pPACIPOCTpaHEHHE B CTpouTenbcTBe. HX
MPUMEHSIIOT TJaBHBIM 00pa3oM B KayeCTBE OCHOBHBIX HECYIIUX KOHCTPYKIIUN
MIPOU3BOJICTBEHHBIX, CEIbCKOXO3SIMCTBEHHBIX, MTPOMBIIIJICHHBIX U OOIIECTBEHHBIX
31aHui. banku MCMonb3yloT TakKe B KauyeCTBE MPOTOHOB, MPOJETHl U HATPY3KH
KOTOPBIX HE IMO3BOJSAIOT MPUMEHSTH LEJIbHOACPEBIHHBIE MPOTOHBI, a TAKXKE B
KaueCTBE IJIaBHBIX 0aJIOK MEXTYITAXKHBIX MEPEKPHITHNA, OATIOK MOCTOB U B IPYTUX
JIEPEBSHHBIX KOHCTPYKIMSAX. B OTE€YECTBEHHOM CTPOMTEIBCTBE MPUMEHSIOT
KJIee/IepeBsiHHbIE Oanku mposieToM 10 24M. B 3apyOekHOM CTpOUTENbCTBE
UMEIOTCS IPUMEPHI KJIeeIEPEBsIHHBIX 0allOK MpH nposieTax 10 30M.

KneenepeBsinHble Oalku M3rOTABIMBAIOTCS M3 COCHOBOM U €JI0BOM
JIPEBECUHBI U B MEHBIIUX 00beMax — W3 JMCTBEHHUYHOU. B Hacrosiiee Bpems
UCCIIEYIOTCS W TPUMEHSAIOTCA KJIeeIepeBsSHHbIE Oalku KOMOMHUPOBAHHOMU
KOHCTpYKIMH. B Takux Oankax HauOojee TpouyHasl JpeBECHHA, HaIpuMep,
JIMCTBEHHUIIBI, PACIIOJIaraeTcsi B KpaHUX, CaMbIX HAIpPSIKEHHBIX CEUYCHUSAX, a B
CpEIHUX MEHEE HaNpsHKEHHBIX 30HAX pa3MENIaeTCsl MEHEE MpPOYHas APEeBECUHA
(Hanmpumep, Kenp, NMUXTa WIK Jaxke ocuHa). Takue Oallku MUMEIOT HE MEHBIIIYIO
HECYIYIO CIOCOOHOCTh, HO CYIIECTBEHHO MEHBIIYIO CTOUMOCTb.

CeueHust KJeeqepeBSIHHBIX 0aloK MPUHUMAIOT B OOJBIIMHCTBE CIIy4aeB
UpUHON He Oosiee 16,5¢M, YTO TO3BOJSET U3TOTOBIATH MX W3 LEIbHBIX I10
IUpUHE TOCOK. banku Gosbliiel UPUHBI BBHITIOIHATCS U3 MEHEE IIUPOKUX JOCOK,
CKJICCHHBIX MEXJ1Y COO0H KPOMKaMH, C PACIIOJI0KEHHUEM 3THX CTBIKOB B Pa30EKKy
[0 BBICOTE, YTO YBEJIUUYMBAET TPYAOEMKOCTh MX M3roToBieHus. [llupuna ceuenus
TUX OaJOK OOBIYHO TPUHUMAETCS HE MeHee 1/6 uX BBICOTHI aJia OoJbInei
YCTOMUYMBOCTU M3 TIUIOCKOCTH u3ruba. BwicoTra cedeHuss Oanok ompeaessieTcs
pacueToM U HaxoauTcs B mpenaenax ot 1/10 mo 1/15 nponera, oHa yBsSI3bIBaeTCs C
TOJILIMHOM JTOCOK Tociie (hpe3epoBaHUs.

dopma gomato-kieeHbIx Oanmok 1o ainuHe (puc. 7.1) MoxeTr ObITh
NPSIMOYTOJIbHOM OJHOCKATHOM, CETMEHTHOW W JBYCKATHOW, ITOCTOSSHHOW U
MEepeMEeHHOU BBICOTHL. [IpsAMOyrojibHbIE M CErMEHTHbIE OallkKl HMEIOT, Kak
MPaBUJIO, TIOCTOSIHHYIO IO JJIMHE BBICOTY. JIByCKaTHbBIE TpamelnueBUIHBIE OaIKU
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MMEIOT TIEPEMEHHYIO  BBICOTY, IMOJIYyYaeMyK IIpU  CKIEHBAaHUU  JOCOK
yYMEHbIIAIOMIeHCcs K BepXy IJIMHBL. JIBycKaTHbIE JOMaHble Ok COOMPAIOT U3
JIBYX TMPSMBIX DJIEMEHTOB, COEAMHEHHBIM B KOHbKE 3y0YaTbhiM COEIUHEHUEM.
JIBycKaTHBIE THYTBIE OaKK COOMPAIOT U3 ABYX MPSAMBIX 3JIEMEHTOB, COEIMHEHHBIM
B KOHbKE 3y04aTbhiM COeIMHEHHEM. /[ByCKaTHbIE THYTbIe OAJIKU UMEIOT BHITUO B
30HE KOHbKA U JBYCKATHYIO KOHBKOBYIO HakjIeKy. OHM MOTYT OBITh MIOCTOSIHHOTO
U IEPEMEHHOIO ceueHus. BpicoTa 0anok NEPEMEHHOIO CEYEeHUs Ha OIopax
noJikHa ObITh He MeHee 0,4 BBICOTHI CEUeHUS B CEpEIMHE JJIMHBI.

a) 3

A
X 2
e
i R Ty

0) 5
Tl o
~ ~ 6 ~ < %K
5 < T2 T oish
Lb) L b L b L BT [015h(h>50cm)

Puc. 7.1. Kneeoepesanuvie oanku:

a — munwsl 6a10K, 6 — Munvl cevenull, 8 — pasmeweHue 00CoK no evicome (1-3 — copma
Kauecmea opegecunsvl); | — banka oonockamuas, 2 — mo dice, 08ycKamuas, 3 — mo sxice,
3y0uamo-cmvlKo8anHas,; 4 — mo dice, SHymokieeHas, 5 — ceueHue npsamoy2onvHoe, 6 — mo oxce,
08ymasposoe

banku ckienBaroT U3 JOCOK TOJIIMHON HE Oosee 42mMm. [Ipumenenue Gomee
TOHKHUX HOOCOK HCCKOJIBKO YBCIHMYHBACT HCCYHIYIO CHOCOOHOCTHL OaIOK 3a CHUET
MEHBIIIETO BIUSHUS UX KOPOOJICHHS, HO MPUBOJMUT K MOBBIIICHUIO TPYJTOEMKOCTH
W3TOTOBJIEHUS M pacxoaa kies. Jlocku mepen ckieuBaHueM (Qpe3epyroT Io
ractam Ha 2,5-3,5MM, a rnocie cKJIeuBaHus KPOMKHU 0anok Gppe3epyroT B CpeaHeEM
Ha SMM.

I[OCKI/I pacmojararoT 1Mo BBICOTC CCUCHUA 0aJIOK TaKuUM 06p330M, YTOOBI
APCBCCHHA CaMOT'0 BBICOKOT'O Ka4YCCTBA pPa3MCIlajiaChb B HanbOoee HaIIPAKCHHBIX
HUOKHEH W BepxHel 30Hax. B Oaskax ¢ BbicoTOW ceyeHus O6onee S0cM A0cKu
pactsanyToil HkHel 30HBI (0,15 BBICOTHI cedeHUsT OalKW) OTHOCSATCS K MEPBOMY
COPTY, JOCKH CKATOM U CIIEAYIOUIEH IO BBICOTE PACTAHYTOM M CKATOW 30H TaKOM
K€ TOJILIMHBI OTHOCITCS KO BTOPOMY COPTY U JIOCKHA CPEAHEUN 30HBI — K TPETHEMY
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copty. B 0ankax BbicoTOM 710 S0CM TOCKM pACTIHYTOM M CKATOM 30H OTHOCATCS KO
BTOPOMY COPTY, TaK KaK 3TH 30HbI UMEIOT OTHOCUTEIBHO MEHBIIYIO BBICOTY.

[lo nnuHE Bce MOCKM KIEENEPEBSIHHBIX OaJOK CTBIKYIOTCS Ha 3yOdaroe
COEIMHEHHE, UMEIOLIEE PABHYIO IIPOYHOCTH C APEBECUHOU NEpBOro copra. CThIKH
JOJDKHBI pacrmojaratbCs IO JUIMHE U Bpa30ekKKy — B COCEIHUX CJOfX.
[IpakTuyeckn TmpU 3aBOJCKOM H3TOTOBJICHMM OajoOK BC€ OJTH TpeOOBaHUS
COOJII0Iat0TCSA aBTOMATHUECKH.

7.2. Illpumep. Pacuer n1ByCKaTHOI KieelepeBAHHON 0AaJIKH MOKPBITHS

3anpoeKkTUPOBaTh ABYCKATHYIO KIIEEAEPEBIHHYIO OaNIKy MOKPBITHS.

Ucxoonvie Oanmvie. 3panue Il kimacca OTBETCTBEHHOCTH, KO3 UIIMEHT
HAJEeKHOCTU IO Ha3HAYEHUIOy, =0,95, OTAIUIMBAEMOE, C TEMIIEpATypHO-

BJIQXKHOCTHBIMU ycnoBusiMU skcrryatanuu Al. Tlponer 6anku — 12m. [lar 6anox
— 6M. YKJI0H i=1:12. Palion crpoutenscTBa-r.Kazans.

Mamepuanvl 6anku. B KpailHUX 30HaX CEYEHUSI — COCHOBBIC JIOCKH 2-T'0 COpTa
BIIAYXKHOCTBIO 10 12%; kneit mapku OPD-50.
Koncmpykmusnasa cxema. llpuHruMaeM IBYCKAaTHYIO OalKy HpPsIMOYTOJbHOTO
cedyeHus (cM. puc. 7.2) mposieToM B ocsix 11,7m (c yuetoM onupanus mo 15¢cm).
BeicoTta 6anku B cepenuHe nponerah =1/12=1170/12=97,5cu . banka no

BBICOTE CKJIEUBAETCS U3 OTPPE3EPOBAHHBIX JOCOK CEYEHUEM & xb =3,3x13,5¢cm,
Toraak=3,3-30=99cu . [lpu 3aJaHHOM YKJIOHE KPOBJIU i =1:12 BbICOTa OaJIKK Ha
OIIOpE paBHA h,, =h-— l/(2~12) =991 170/(2~12) =50,25¢cm , 4TO OOJIBIIIE 0,44 =39,6cMm .

—
—

A A A A A AP A A A A
!

fl =07 —
O J —] J—7
2 E

< ~ = I — <
S —] <| | S
Ny — EQ

N (N kb b

p P2

%Zon ?l[ ﬂ ngon
Lzeom

Puc. 7.2. Obwuii 6uo u pacuemuasn cxema 08yCKamHoul KieeoepesaHHoll 0anKu

Couemanus Hazpy30K u cmamuyeckull paciem
PaccmarpuBaeM 3arpykeHue 0ajakyd paBHOMEPHOW MOCTOSIHHOW U BPEMEHHOM
Harpy3ku (tabma. 7.1).
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Harpy3sku

Tabnuna 7.1
HaunmenoBanue Harpy3kun | Hopmatusnas | Koaddunment PacueTHas
Harpyska, HAJICKHOCTH 1O Harpyska,
kH/m Harpyske, y, kH/m
Kneedanepnas nanenn
TTOKPBITHUS :
-COOCTBEHHBIN BEC IUIUTHI 1.36 1.1 15
0e3 yTerIuTeNst 1 KPOBIU
-BeC MsATKou kpoBiu 6x1,5 0,60 1,3 0,78
-BEC YTEIUIUTENS 0,32 1,2 0,38
CoOcTBeHHBIN Bec Oanku 0,55 1,1 0,61
[locTosiHHas g 2,38 3,27
BpemenHnas cHerosas 10,08 14,4
[Tonmnas 12,91 17,67
llpumeuanus:
H
Harpyska ot Beca 6anku onpesenena mo gopmyne g = & T8 _0,55kH /M,

1000/ k., -1
rae k., - Ko3(QQPUIMEHT COOCTBEHHOrO Beca OaNKH.
banka paccunteiBaeTcsi Ha HanOOJIee HEBBITOTHOE COUETAHUE HATPY30K —
MOCTOSIHHASI ¥ BpEMEHHAsI HArpy3KH 10 BCeMy TpoieTy. PaccrosiHue ot eBoi
OTIOPHI 10 PaCYETHOTO CEUSHUS orpeensieM 1o Gopmyre
_Ih, _1170-50,25
2h 2-99

N3rubaronuii MOMEHT B PaCUETHOM CCUYCHHH PABCH:

Cgqx(I-x) 17,67-2,97(11,7-2,97)

=297em=2,97m.

M 2 5 =229,08xH - m =22908,06xH - cm.
1 11
Ilonepeunas cuna: Q, = %l _17.671L7 103,37xH.
X 297

BricoTa 0anku B pac4eTHOM CeUeHUu: h =h, +E =50,25+ 7" T5cm.

2 2
b, _13,5-75 =12656¢cm".

MOMEHT CONPOTUBJIEHNS PACUETHOIO CEUEHUS: W =

HpOBepHCM CCUCHHC 110 HOPMAJIbHBIM HAIIPAKCHUAM:
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o, _ M _22908,06 =1,81xH [cm® =18,1MTa > Rm, _15:0.92
W 12656 v

=14,5MTa,

9

raem, =0,92; R, =15MIla CrnenyeT yBeIUUUTb BBICOTY Oanku hy B 1,3 paza

o Bl 3 —57.1,3297,50m
R 145

u

VYBennuuBaeMm ceuenue Ha 30 cMm: i, =80,25cm;  h=129cm.

[ToBTOpsiem mpoueAypy pacyeTa.
_In, 1170-80,25

ToOn T 2129
_gx(I-x) 17,67-3,64(11,7-3,64)

=363cm =3,64.:;

M > 5 = 248,92KH - m = 248920kH - cu;
4 -h? 13,5-97,5°
h, :h0n+i:80,25+%:110,58m; W, :b;‘x _13,5:97.5 =21389cn’;
o, =M _24892 b < B 15092y saim,
W, 21389 a 0,95
VY cioBr€e BEIIOIHSETCS.
[IpoBepsieM Hanps>KeHUE CKaJIbIBaHUA 110 (hopMyIie
¢ =3 __ 3:64,06 =0,14xH [cn® =1,4MIla < R _ L5y sgpmra
2bh,,  2-13,5-50,25 v, O,

[TpoBepsieM YCTOMYHMBOCTD IIOCKOH (OpMBI 1ehOPMHUPOBAHHUS TTPH
PACCTOSHUU MEXK]LY 3aKPEIVIEHUAMU Bepxa Oanku/, =150cu (MIMpHHA TaHENEH):
M 248920

o= = =7,94MIla <14Mlla,
oW 1,14-27514

140b°k k., 140-13,5%-1,13-0,76
e ¢, = = =114;
1h 150-129

k, =1,13 (cm. Tabm. 2 npunox. 4 [13]); k., =0,76 (cm. punox. 4, Tabu. 2[1]).
[TpoBepsieM OTHOCHTEIIbHBIN TTPOTUO OaTKHU:

2
fo[HC(h/l)J 5¢"1*  5-0,1291-1170"
f= s Jo= = =1,3cm,
k 384E]  384-1000-2415025
3 1703
e 1= 13512 o ispasent; gt 280254 6.
12 12 ho 129

k=0,15+0,858=0,15+0,85-0,62=0,68 - K0O3(PHUIMEHT, yUUTHIBAIOITUN

IIEPEMEHHOCTDb CEUYCHUS 0aJIKu 110 BBICOTE; ¢ =15,4+3,88=15,4+3,8-0,62=17,76

(cm. Tabu. 3 mpwiox. 4 [1]) — koapdunmeHT, yauthiBaronuil AeopmMaluu CIBUTa;
1,3 1+17,76(129/1170)

/= 0,68

i 2,32 2,32 1 1 1

= = < = .
[ 300-0,95 1170 504 300-0,95 285
YcnoBue 110 BTOPOMY IPEAEIBHOMY COCTOSIHUIO BBIIIOJIHEHO.

=2.32¢cm;
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8. JIOIMATOKJEEHBIE PAMBI U3 NIPSIMOJIUHEHHBIX
3JJEMEHTOB C V-OBPA3HBIMU CTOMKAMHU

8.1. KoncrpykTruBHbIe pemienusi. OCHOBBI pacuera
8.1.1. Koncmpykmuenwie peutenus

PaMmbl CcOCTOSIT W3 KOHCOJIBHBIX pHUTENEH TEPEMEHHOIO0 CEUCHHS U V-
00pa3HBIX TMOJKOCHBIX CTOEK IIOCTOSSHHOTO CEYEHHs, CBS3aHHBIX C pHUTEIEM
JIBYCTOPOHHMMHU HakJiagkaMu Ha Oonrax. Takue paMbl 60Jiee TEXHOJIOTUYHBI, YEM
JIOIIATOKJICEHbIE THYThIE M C 3yO4yaThIM IITUIIOM B KAapHU3HOM Yy3Jie W OoJjee
TpaHcnoprabenbHbl.  CTOWKM  00ECleyuBalOT  JIOCTATOYHYIO  MONEPEUHYIO
KECTKOCTh 3JaHUs TPHU IIAPHUPHBIX 3aKPEIUICHHSX BCEX JJEeMEHTOB. B Tex
clydasiX, Korja OOKOBOE CTEHOBOE OTrpaXKJI€HHE OTCYTCTBYET, Hampumep, Yy
3€pHOTOKOB PallMOHAILHO CTOMKH BBIMOJHATh C CHMMETPUYHO OTKJIOHEHHBIMH OT
BEPTUKAIM TMOJKOCAMU Ha yroil o« =15+20" (puc. 8.1 a). Ilpu Hamuuum cTeH

BBITOJJHO CTOWKH BBIIIOJHATH BEPTUKAJIBHBIMHU, a IIOJAKOCHI 11O YIJIOM « =20+25°
(puc. 8.1 0).

Puc. 8.1. ﬂomamomeenblepa/nbl us np;mwﬂuneﬁnblx Jjiemenmoe:

a) C KOHCOJAMU U pUceiamu, onuparomumucs Ha I’ZOOKOCbl,' 6) C KOHCOJAMU U pucesisiMU,
onuparnwumMucs Ha CMOUKU U NOOKOCDL

Purenu pambl paboTaroT MO Hepa3pe3HOM cXeme, MOATOMY JUTMHY KOHCOJIH
“c” pallMOHaNIbHO Ha3HAyaTh OJIM3KOM MO JJIMHE K MOJIOBUHE OCHOBHOIO IMPOJIETa
[. Ilpumep TakoW pambl MPOJNETOM [=24mu C KOHCOJBIO [=12m TpPUBEIECH Ha
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pucynke 8.2 u paccmotpeH B [4]. Ha pucyHke 8.3 mpuBeleHO KOHCTPYKTHUBHOE
pelieHre paMbl ¢ 60Jiee KOPOTKON KOHCOJBIO ¢ =4m | npojeToMm [ =18xu [13].

Jlist obecnieyeHusi MPOAOIBHOM YCTOMYMBOCTH BCETO 37aHUSl B IJIOCKOCTH
BEPTUKAJIBHBIX CTOEK YCTAaHABIMBAIOT BEPTUKAIbHBIE MTOJIYPACKOCHBIE CBSI3H,
COCIMHAIONINE paMbl MonapHo uepe3 nposier. CTOMkU K (yHAAMEHTY KpPErmsT C

MOMOIIBIO JIBYX aHKEPOB M3 M0JI0COBOM cTanu (puc. 8.3, puc. §8.4).
s=704k2c/M

} G246 k2C/ M
| [ EEEEENEERERRRRRRRERRRRRNNNEEEED

1000

|
10200 00 12000 10000 }
12000 17 2,000 12000

1 Z
Puc. 8.2. 'eomempuueckaa cxema, cxema 3a2pyyHceHus u INOPA MOMEHMO8 Pamul

8.1.2. Ocnoewl pacuema

Pamy paccuuthiBatoT kak TpexmapHupHyto (puc. 8.3). Ilpu paBHOMEpHO
pacnpeieieHHOM Harpys3ke ¢ IO BCEMY pHUrelto (IpU YacTOM PpacIoyIOKEHUH
IIPOTOHOB) ONIOPHBIC PEaKUu R, U R, paBHBI R, =¢-(0,5-/+c); pacrop pamsl:

H :[RA .;—‘21~(o,5~1+c)2}/h,

h - BBICOTA MEKIY OIMMOPHBIMHU M KIFOYEBBIMHU (KOHBKOBBIMH) IIAPHHUPAMHU.
[TpomoIbHOE YCHUIIME B DIIEMEHTAX PAMBI:

B IOfIKOcax N, =—(H/sina);

B CTOWKax N, =—R,—N,-cosa.

B pureiie B cedeHUAX y KIIFOYEBOro mapHupa —N, =—-H -cosg.
B ceyenun y3na [l ¢ BHyTpeHHe#H croponsl (puc. 8.3) N =N, —¢ -(é—c]-sinq).

B cedyenuu TOro xe y3a ¢ Hapy:KHOH CTOPOHBI N = N,/ — N, -cosy .

I/I?)I‘I/I6aIOH_II/IC MOMCHT®SBI B OIIOPHBIX CCUCHUAX PUTCIIA:
M, :qc2/2; M, :—q-S2/2+H-S-tgq0.

Ot cHeroBoit HAarpy3kKu yCHJINA OIIPCACIIAIOT IIPU OAHOCTOPOHHEM U IMOJIHOM
3arpyKCHUHN pUTCIIA. AHanornyHo OIIpCACIIAIOT I/IBFI/I6aIOH_[I/IC MOMCHTBI 1
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HOpMaJIbHBIE CHJIBI OT TOPU30HTAJIBLHOW BETPOBOW HArpy3ku. BeTpoBas Harpyska
BHOCUT HE3HAUUTEJIbHBIM BKJIQJ B pacueTHbIE COYETAaHUS HArpy3okK (CM.,
HanpuMep, Tabn. 8.2) Ha paMHBIE COOPYKCHHMS HE3HAUYMTEIHHOW BBICOTHI U
3aKPBIThIE CTEHOBBIM orpaxkaeHueM. OIHaKo, 1Jid 34aHUN 0€3 CTEH B BUJIC HABECOB
BETpOBas Harpy3ka JOJDKHA YUYMTBHIBATHCA IIPU PacyeTe KpOBJIM, MPOTOHOB,
KOHCOJIM paMbl M JPYTUX 3JIE€MEHTOB. IIpu BBICOTE 3aKpBITHIX 3[[aHUN MEHEE 5 M
BETPOBAas Harpy3ka HE yUUTHIBACTCH.

[Tog6op cedeHus: 3IEeMEHTOB paMbl MPOU3BOAT MO PACUETHBIM YCUJIUSIM C
Y4€TOM OCHOBHBIX M JONOJHUTEIbHBIX COUYETAHUW HArpy30K. 3HAUYCHUS
M3TUOAIOIIUX MOMEHTOB M3MEHSIIOTCS 10 JJIMHE PHUTENs, MO3TOMY €r0 CeUYeHHUe
MPUHUMAIOT TMEPEMEHHBIM COOTBETCTBEHHO 3MIOpE MOMEHTOB. CeueHus puresns
MPOBEPSIOT MO (PopMyJsiaM JJIs CKATO-U30THYTHIX IEJIBHBIX CTEPKHEU C yuyeToM

kod(ppunreHTa ycnoBuii paboThl HA U3TUO KIIECHBIX KOHCTPYKIIHM.
Bud A

2710

Puc. 8.4. Onopnuiit y3en V-oopaznoii cmoiiku:
1 — nooxoc, 2 — enymas coeOunumenvbHas Hakiaoka, 3 — ooamol ouamempom 12 mum;
4 — anxepuwtit 6on1m ouamempom 20 mm; 5 — 06a cnos euopousonayuu,; 6 — yHoamenm

Croliky pacCUuTBHIBAIOT KaK C)KAaTO-U3ru0aeMblil (pacTsSHYTO-U3THOEMBIi)
AJIIEMEHT OT BO3JEHCTBUSA COOCTBEHHOIO Beca, cHera u BeTpa. CoeAMHEeHNE CTOMKU
pamMbl C pUTEIEeM BBINOJHIIOT JIOOOBBIM YIOPOM U TMEPEKPHIBAIOT MapHBIMU
HaKJIaJJKaMl Ha pacyYeTHBIX JBYXCPE3HBIX O0JTaX, KOTOpble BOCHPUHUMAIOT
BO3MOXHBIE B CTOMKE YCHIINS PACTSXKEHUS MPU BO3IEUCTBIUM COOCTBEHHOI'O Beca U
chHera (puc. 8.3, yzen b). B mogkoce paMbl BO3HHMKAIOT TOJBKO CKUMAIOIINE
YCUJIUS, €r0 COEAUHEHUE C PUTENIEM OCYIIECTBIISIIOT JIOOOBBIM YIOPOM C JABYMS
HaKJIaJJKaM{ Ha MOHTaXHBIX OOJTaX.
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B mecte mpumbikanus nojkoca (puc 8.3, y3en [; puc. 8.5; puc. 8.6) puremnb
MPOBEPSAIOT HA CMATHE MO YTIIOM K BOJIOKHAM.

[IpucoenuHuenrue MOAKOCOB K puUrento (cMm. puc. 8.5) OCyIIECTBISETCS C
MOMOIIBIO JBYXCTOPOHHUX JIEPEBAHHBIX HAKIAIOK Ha Oontax. B HmkHel 30HE
pUTeIIsl K HEMY C IByX CTOPOH MPUMBIKAIOT IMapHbIE MPOTOHBI MIPOIOJIBHBIX CBS3EH,
pacnojlaraeMbl€ B INIOCKOCTH MOJKOCA.

Ha puc. 8.6 nokaszan Bapuant y3na 6e3 BpyOku moakoca B pureib. [logkoc
yIupaercs B MOAKIAJKY, NPUKICCHHYI0 K PUTENI0 TOCIEe €ro M3rOoTOBJICHUS U
JOTIOHUTENIBHO YKPEIUICHHYIO CTaJIbHbIMM HareiasimMu. Crpuraromias cuia, Ha
KOTOpYIO paboTaeTr nojakiaaka, 7 =N -cosy.

CoenuHeHnue TOPILIOB KIEEHBIX OJIOKOB pureiasi B KOHBKOBOM  y3Je
BBITIOJTHSIOT BIPUTHIK C OOKOBBIMH TApHBIMU HakKJIaJgkamMu Ha Oonrtax. Topiibl
puresns MpoBepsArOT Ha cMmsTHe. JleHcTByromlas B KOHBKOBOM Y3Jie TOTNepeyHas
cuja BOCTIpUHUMAaETCs Hakimaakod u Oonramu (puc. 8.3, yszen O). Croiiku u
MOJKOCHl onuparoTcs Ha GyHaameHT Topuamu. [loa ToproM moakoca MpoBEpPSIOT
MPOYHOCTH OeTOHa (PyH/IaMEeHTa Ha MECTHOE CIKaTHeE.

Puc. 8.5. Yzen b (eéapuanm 2):
1 — pucenv pamvi, 2 — nookoc; 3 — nakiaoxka ceueruem 190x80 mm;
4 — 6omwl ouamempom 12 mm (koruvecmeo 60IMo8 NPUHUMAEMCS KOHCMPYMKUBHO), 5
— NPO2OHbL NPOOOILHBIX CEs3ell;, 6 — cHYmble HAKNAOKU OJisl KDEenjieHuUsl cessell
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Puc. 8.6. Y3zen b (eéapuanm 3):
1 — nooknaoka, npucoeouHsemas K puceiro nocie e2o U3e0mosieHus, 2 — nazeiu
(ocmanvHbie sn1emenmyl Y31a makue e Kaxk Ha puc. 8.5)

8.2. IIpumep pacuera pambl ¢ V-00pa3Hoii CTOHKOM

Yenoeusa: 3anpoextupoBaTh pamy npoiaetoM [=22u, ¢ marom B=4,6m,

KOHCOJISIMU ¢=1Mm, BBICOTOM CTOMKH, paBHOU &,6m, 3naHue Temioe, r. Kazans,
y, =0,95

8.2.1. Coop nazpy3ox u cmamuyeckuil pacuem pamsl

Ilocmosinnvle HAacpy3KU.

- BCC ITOKPBITHA,

-COOCTBEHHBIN BeC HECyIel KOHCTPYKIUU.

CoOCTBEHHBII BEC MOKPBITUS

Tabmuma 8.1
Hopmarusnas | Koapduument Pacuernas
N;—’ BH M COCTaB HArpy3KN HarpysKa, HAJIOKHOCTH 110 | Harpyska,
e K M Harpyske, y K M
1 Msrkas TpexcioiHasi KpOBJIs 0,10 1,3 0,13
2 BripaBHUBAOIIHIT CTTOM WITH CTSIKKA 0,0997 1,3 0,1296
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OxkoHuaHue Ta0JIUIBI 8.1

; Vremmurens Tonmuaon 150mm u 0.15 - 0.18
morroctsio 100x2/m* —0,15x100 : : :

4 [Tapousomnsius 0,096 1,1 0,1056
3amMTHBIN CIUIONIHOM HACTHII,

S| t=16mm, 6=600ke/s’—0,016x600 | 1 L1 0.165
PaGounii Hecymmit HacTHII,

O | t=25mm, &=600Ke/a’ —0,25%600 0,0002 L3 0,00026
[poron (pubIHKEHHO)

7 100x50mm, & =600ke/m* ¢ marom 0,03 11 0,033
1x—0,1x0,05x 600
HUroro 0,6259 0,7435

Ecnu xpoBis X0JI04HasA, TO U3 COCTaBa KPOBIU YAAISIOTCA IIYHKTHI 2, 3 U 4.
CoOcTBeHHBIH Bec 0amKu MOXKET 3a7aBaThCs 10 MPOTOTUIIAM HIIA ONPEEATHCS
o ¢hopmyiie:

H H
8eo = 100%/1:g-1—1 '
c8

N3 npunoxenus nocobus mo npoexktupoBanuto 1K [4] Haxonum
KO3 GUIUEHT COOCTBEHHOTO Beca k,, =2,5+4. [IpuHumaem

k,=4, ¢"=240-0,7=1,68xH/xn" (r. Kazans).

©0,6259+1,68 _ 2,3059

_ _ = 0,2226 xH /at* .
8« =1000/4-22—1  0,1036 KH

IToronsslil Bec OajaKu COCTaBUT g, =g,,-B=0,2226-4,6=1,024xH/m .

Onpenenum coOCTBEHHBIN BeC OaIKU MO MPOTOTUIIAM.

CoOcCTBEHHBINM BEC TOTOHHOTO MeTpa OaKu ceueHreM 200x 500mm , TIIIOTHOCTHIO
5 =6,00xkH/ M COCTaBHT:

g, =p-b-h-y, =600-0,2-0,5-1,1= 0,66/ .
[IpuaumaeM Gosiee peasibHOE 3HaUeHUe g, =0,66xH/m .

CYMMapHaSI IMOCTOsHHAA ITIOTOHHAA HArpy3Ka:
g=g, B+g, =0,7435-4,6+0,66 = 4,08 kH /..
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PacueTHble ceueHHUs MOKa3aHbI HA PUCYHKC 8.7 1 0003HaYEHBI I_II/I(I)paMI/I.

g=4,08 kH/ M

16 M

h=

|-, [-00 1 1]

Puc. 8.7. [locmoannasa nazpy3ka na pamy

OmnpenensieM peakiuu omnop.

_q-(I+2-¢) 4,08-(22+2-1) 48,96

2
[ ’ /

/ q (2"'0] R/I-——g-(0,5-1+c)2
ZM():(): RA.__HA.h_ =0; HA: 2 2 :

2 h

22 4,08 >
48,96-~—~———-(0,5-22+1) _

H, = 2 : HA:538’5?1 293°76=21,10KH;

11,6
wt A

H,=H,=21,10H .
Haxonum ycunus ¢ cmoiixe u nooxoce:
ZF =0: N +Ry+ N, -cosa =0;

ZFzO: H,+N,-sina=0;

R-48,96 kH
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H, 2110

N, =t ==
sin o sin 20°

P

=-61,69xH

N =—R,—N,-cosa =-48,96xH +61,69-cos20° =9,02xH .

Bunaum, 4to HanpapiieHHE YCHINS B CTOMKE BHIOPAHO MPaBWIBHO (yCUITUE
MOJIOKUTENIbHOE) — OHA PACTAHYTA, a B IIOJIKOCE 00paTHOE — OH CKar.

OnpenensieM ycunus 8 KOHbKOBOM UWlapHUpe:

R,=0; N,=H,=21,10tH

g-4,08 kH/ i

H =211kH

—_

Pacuem pucens

q,=q-cosl5,3; ¢, =3,94xH

q, =q-sinl5,3"; g =1,08xH

% /4%67,69 KH

PaCCMOTpI/IM JICBYIO 9HaCTb paMbl, COCTOAINYIO U3 TPCX YUACTKOB. Ha nee
HCﬁCTByeT IMOCTOAHHAA ITOTOHHAA HArpy3Ka ¢, HIPUBCACHHAA K FOpI/ISOHTaHBHOﬁ

IPOEKLUM U JBE CUIIbI N, U N, YK€ C I€HCTBUTEIbHBIMU HAIIPABIECHUAMU
COOTBETCTBEHHO: N, - PACTsLKEHUs, N, - cxarus. ITockonbKy Oanka

PaCIIOJIOKEHA MO YIVIOM « =15,3° K TOPU30HTAJIbHOM OCU U HArpy3Ke ¢, TO B
HAaIlleM CiIydae LeJIeco00pa3Ho pasloKuTh (IIPUBECTH) HAIPY3Ky K OCH OaJKu U
CHUCTEME CUII N, U N, . YCHIIUS ONIPENENAEM Ul 5 CEUeHUi: x=0 (Ha KOHLE

KOHCOJH); x=1,04m (HaJ CTOMKOM T. 2); x=1,04+3,62=4,66:x (Haa MOJKOCOM T. 3);
B cepeanHe pureis (T. 4) ¥ Touke 5 Ha KoHbKe. [Ipu O0IbIIMX MpoJieTax CleayeT
Ha3HAYaTh HECKIBKO CEUCHUH MEXIy MMOJAKOCOM U KOHBKOM WJIM YTOUYHUTh M,

IMOCJIC paCyYCTOB OOIIOJIHUTCIIBHO.

I yuacmok: 0<x<7,78m
N.+q -x+H,-cosl53 =0;
x=0: N_,=20,35kH;

x=3,89: N_,=24,55kH;
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x=17,78: N_,=28,5TkH;
YF,=0: Q,-q,-x+H,-sinl53 =0;
x=0: 0, 5=-55TkH; x=3,89m: O ,=-976xH; x=7,18m: O, ,=-2509xH;
2

X
S M. =0: M:qy2 _H,-sin15,3 x =0;

x=0: M_=0; x=T7,18m: M, _,-T4,24xH -m; x=3,89m: M_,=-815ckH -m;

I yuacmok: 0<x<1,04m
N, =q,.-x
x=0: N_=0;

x=104: N_,=112xH,;

>< Qy =_Qy * X

x=104: QO ,=4,10cH,;

x=0: M_=0; x=1,04: M_,=-21,3kH - m;
g, M NXIIytmcmOK: 1,04 <x<(1,04+3,62) =4,66m
N, =q, -x+ N, -sinl5,3"
x=104: N, _=3,5xH; x=4,66: N_=7,41xH,

Q,=-q, x=N¢p-cosg

x=104: QO =-12,79«H; x=4,66: Q =-27,05kH;

X
M. =- + N, -cosp-(x—1,04);

x=104: M_,=-2,13kH - m; x=4,66: M_,=-74,24xH -m.

ITony4yeHHbIE 3HAYECHUS YCUIIUN B IIOIPAHUYHBIX CEUYCHUAX COBIIAAIOT C
nosiydueHHbIMU Ha ydactkax [ u 1. Pe3ynbTaThl pacueToB 3aHOCHM B Tabnumy 8.2.
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8.2.2. Cuezosan nazpyska

Cornacio mpunoxennto 3 CHull 2.01.07-85 u CTO 36554501-015-
2008[11] “Harpy3ku 1 BO3AEHCTBUS MJIS 34AHUN C JABYCKATHBIMHU IOKPBITHSIMU
PEKOMEHYIOTCS YEThIPE CXEMbI CHETOBBIX HArPY30K:

1 BapuaHT: O O p=11npu a<30"; u=0 Opu a > 60°

075 125/
L4 i ’
2 BapHUaHT: oS T as ) npu 20° <a <40°
3 BapuaHT: _ npu 10° <o <20° ¥ TOJIBKO IPU
p A =14 p p
K06 #4-05 HaTMYUH XOJOBBIX MOCTHKOB M TPYO

05 L0508l 10 KOHBbKY IOKPBITHS.

7 7

LT3 1
} J

4 BapuaHT: npu a <30° u=1

L 0.5 |

05 | npu 20" <a <400 p=1,25.

Bunaum, 4To Mpy yriie HaKJIOHA KPOBJIM PaBHOM 15,3’ CHETOBYIO Harpy3Ky
cieayer npuHuMaTth 1o 1 u 4 Bapuanry ¢ u=1.

PacueTHO€ 3HAUEHUE CHETOBOM HArpy3ku s . Kazanu S =2,4xH/m*
HOPMATUBHOE - S" =5-0,7=1,68xH/m" .

IToronnas cHeroBas Harpyska Ha pamy:
S=8-B=2,4-4,6=11,04xH/ .

[lepBbIii BapUaHT 3arpy>KeHHsl TPeAroiaraeT paBHOMEPHYIO HArpy3Ky IO
BCeMy NponeTy S =11,04xH/m . [IoCKOIBKY B IPEABIAYIIEM PA3AEIE HAMH YXKE
MOJTyYEHBI YCWIIMS B CEUEHUSX PUTEIISI OT MOCTOSSHHOW PaBHOMEPHOU HAarpy3Ku
q=4,08xH/m, TO3TOMY YMHOXasi Ha KOOYPOULUEHT k = S/q =11,04/4,08=2,7
MOJIYYMM YCUJIUsS OT S =11,04xH/m ¥ 3aHeceM UX B Tabnuiy 8.2.

CHeroBas Harpy3ka Ha IOJIOBHHE IPOJIETA:
ZMB =0: R, ~Z—S-(é+cj(%+§j =0;

R, .22—11,04-(%“].(%%):& R, =102,37xkH;
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R, =S-(é+cj—RA =11,04'(%+1j—102,37=30,11KH .

S=11.04 kH/ M
T bapuaxm

S=1104 kH/ 1

4 bapuaHm

h=Tl6 m

Zﬁ (=22 M

Puc. 8.8. Cnezoean nazpysxa na pamy

l 2
S=1104KH,/ M ; S 5+c
Cl b e Y M, =0 Hh=Ryot =0,
m. 0 !
G
/;] 2
%70 ; S-(;+cj
HA: RAE— 2 h -
2 11,04-(222+12j
=(102,37-—— 11,6 =28,55«H;
2 2
1A
H,=H,=H, =2855H, R0=RA—S(é+c]; R, =-30,11xH .

IIpoBepka BeINOJIHEHA R, =R, .

119



7

% Jleeas uacmo
Nﬁ
ZF =0: Ny +R,+N,-cosa=0;

y

Nep =N, -cos20°—R,;

X

D F,=0: N, -sin20°=-H,;

H-28,55 kH

i ~H, 28,55

r- sin20°  sin20°

=-83,47kH,;

Ry 102,37 kA N, =—83,47-c0s20° +102,37 = 23,93xH .

[Tonkoc cxkat, cToika pacTsiHyTa.

S=1104kH/ 1
Pacuem pucens

H -28.55 kH
——

5

Zﬁ R =30,11 kH

Nym23.95 W% /igﬂ 7 kH
I yuacmok: 0<x<7,78xm

S R =30,17 kH
q.=S-sinl5,3 =2,91kH /u;

H,=211 kH
q, =S-cos15,3° =10,65xH/ m;
D> F,=0: N, =S8 -x+H, cosl53-

—R, -sinl15,3.

x=0: N_=19,59«H;
x=3,89: N_,=30,91xH; x=7,78: N_,=42,23xH;

ZFy=0: Q,=-=8,-x+R, -cosp+H,sing;
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x=0: Qy_5 =34,26xH; x=3,89: 0., =-33,3kH;

x=7,78: 0., =-51,55kH;

ZMZ=O: M =- v +R,x-cosp+H,-sinl5,3" - x;

x=7,78: M_,=-32,08kH -m; x=3,89: M_,=-617«H.

III yuacmok: 0<x<1,04m

x=1,04:N_,=3,03xH,

X 0, =-S5, x
x=0: 0 =0; x:1,04:Qy_2=—11,08KH;
v :_Sy~x2
z 2 >
x=0: M_=0; x=1,04:M_,=-5,76xH - m
II yuacmok: 1,04 <x<(1,04+3,62) =4,66m
M N =S, -x+N_ -sing;
<€>§7 x=1,04: N, =-339H;
S

x=4,66: N_=7,25«H,;

NUZQE/ - KH% Qy = _Sy X Ncr *COS @,

x=104: O =-12cH; x=4,66: O =26,55¢H;

M, =- yé — N, -cosp-(x—1,04);

x=104: M_,=-5,76xkH - u; x=4,66: M_,=-32,08kH -m.
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Ycunus B MOTPaHUYHBIX CEYEHHUSAX COBIAMAOT C MOJyYeHHbIMU Ha [ u 111
y4acTKax.

Ilpasasa uacmo

MR NU ZFy=O: N+ N, -cosa+ R, =0;
Nep =—Ry; =N, -cos207;
20°
ZF;=O: Hy,+N,-sina=0;
H=2855 kH
B =t N =- HB :—2,8’55 =-83,47kH;
’ sina sin 20°
R=30.11 kH

N =-30,11+83,47-cos20° =48,33xH

[Tonkoc cxkart, cToka pacTsiHyTa.

Hg =855 kH
—
HH =2855kH m 0 /90:50,77 KH Zﬁ
—a
m

R -30,71 kH

M@},MWK %

N =48335 kH
I yuacmoxk: 0<x<7,78m

D> F,=0: N, =H,-cosl53 +R,-sinl5,3" =3537xH - Ha BceM ydacTke I;

Y F,=0: Q,,=H,sinl53 —R,-cos15,3" =-21,69«H - Ha BceM y4dactke I;

DM, =0: M_=H,sinl53 x-R,-cosl53 -x;

x=0: M, _,=0; x=389: M, ,=-84,37TkH -m; x=7,78: M_,=-168,7xkH -m .

¥4

III yuacmok: 0<x<1,04m

N, =0; Qy=0; M_=0

II yuacmok: 1,04 <x<(1,04+3,62) =4,66m
N, ,=N, -singp=48,33-sin15,3" =12,75xH;
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Q, =—N,; -cosp =—48,33-cosl5,3" =—46,62kH;
N M, M_ =N, -cosg-(x—1,04);

x=104: M_,=0;

V4

x=4,66: M_,=-168,7kH -m.

¥4

%/4745153KH

B KOHTPOJIBHBIX TOYKAX YCHIIUA COBIIAAYT C IIOJIYUCHHBIMU Ha Iull y4acCTKax.

8.2.3. Bempoesas nazpy3ka

BerpoBas Harpy3ka Ipu 4 < 5m MOXET HE yUUTBIBAThCA. BeTpoBoe
BO3JICMICTBHE BHOCUT HE3HAUMTEINIbHBIN BKJIAJl B PACUECTHBIE COUETAHUS HArPy30K

(cM. Taba1. 8.2), HOTOMY IO COTIJIACOBAHUIO C PYKOBOJIUTENEM IIPOEKTA 3TOT
pas3ziesl MOXKET ObITh UCKIIIOUEH.

Coop nazpy30Kk.

Kazans — II BeTpoBoOil paiioH:

w, =0,3xH /M .

AsponuHamMudeckue Ko3pPUIHEeHTHI:
C, =0,8;

%: 8226 =0,39 = no CHull (Harpy3ku u Bo3aeiictBus) C,, =-0,315; ¢=15,3";

npu ﬁ28’630,5,
C,=-0,4 [ 22 :
b
u —<I;
[

CeZ :_094; J/f =1,4-

Twuno mectHOCTH — B!

w=k-C,-a,y,b;

WISM =0’50’80’301’44’6:0,771("]"[//%,
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WIIOM =0,65~O,8~0,30‘1,4'4a6ZIKH/M;

leo,u :0,85~O,8~0,30'1,4'4a6:1531KH/M;

10.000
-\ W
=
5000 =
N\ = 7 =
M 7
o
Py

h =8,6m—1,04m-sin15,3° =8,33m;

10m _  Swm . _
o 2B (s =12 (8,33-5)40,77 = 0,85 KH [
10
20w _ _ 10Mm _
e =T (- 100) + W) = 13110 1-(11,6—10)+1:1,05KH/M;
833m
W, =0,85«H,/ 1
5000
N\ = N
M:a 77K/_//M gg > WJK@
-l”i
L8 £
MHN MHU
WER) g ) [ (i =5u)-2 |
My, = +3,33 | Sw i | =27, 68kH
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Wa,w:MOn'22:27,682'2:0’8KH/M; M}]:O,ng/M;
(h) 833

w2=w]-C93=0,8- _9.4 =-0,4xH/m;
C 8

w,=0,40 kH/ M

w,=0,60 kH/ M

A
W b
(=27 M

Puc. 8.9. Pacuemnasn cxema pamol HA 6emposyIo HAZPY3KY
ZFy=O: R,+R,—w,-l-cosp—w,-[-cosp=0;

R,+R,—0,32-12,44 -c0s15,3" —0,4-12,44-c0s15,3* =0 ;

R, +R, =8,64kH ;
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Zp;:(); H,+Hy—w h—w,-h +w,-l-sing—w,-[-sinp=0;

H,+H,—0,8-833-0,40-8,33+0,32-12,44-sin15,3" - 0,4-12,44 -sin15,3° =0 ;

H,+H,=10,25kH ;
D M,=0:

(), () L /
RA-I—W]-T—WZ-T—W3-ZZ-COS¢-ZI+W3-12-Sin§0- h +? —w4-lz-cosgo-5—

. .
—w, -1, -smgo-(h +? =0; B YCTBEPTOM M MIECTOM CJIaracMOM IIJICUH CUII w, U w,

IIPUHSATBL HpI/I6JII/I)KCHHO, T.K. UX BKJIaJd HC3HAYUTCJICH.

N2
2 h
8,33 _0,4-_( 2) _0,32-12,44-00815,3°'17+0’32'12’44.Sin15’30.(8’334-3’227]_

R,-22-0,8-

—0,4-12,44-cos15,3°-5—0,4-12,44-sin15,3°-(8,33+3’227j=0;
R,-22=133,53kH ; R, =6,07xH ; R, =8,64—R,; R, =2,5TxH

PaCCMOTpI/IM OTACJIBHO JICBYIO 9aCTh:

N
>
O
=
2 Il
% <
OQ)
s
Il
L
H,
AR A

P

! 2
D M,=0: R, 11-H, h+w, -h'-(h"+%]—w3-%:0;
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8,33

2
]_0,32.12,44
2

R,-11-H, -11,6+0,8-8,33-(3,27+ —0; R,-22=133,53kH ;

6,07-11-H,-11,6=-24,79; H,=7,89H ;

7,89+ H, =10,25xH ; H, =10,25-7,89=2,36xH ,

IIpoBepka:
> M,=0:
o R o R I’ I’
R, -11-R,-11-H ,-h—H,-h+w,-h -| h +3 +w,-h-|h +3 —w3-5+w4-3:0;

6,07-11—2,57-11—7,89-11,6—2,36-11,6+O,8-8,33-(3,27+8’233j+0,4-8,33-(3,27+ 8’233]—

12,44* 12,44°

-0,32- +0,4- 0;

66,77 -28,27-91,52 27,38+ 74,32 +6,19=0,11~0 (<5%);

R, +R,—w,-l-cosp=0;

6,07+ R,—0,32-12,44-cos15,3" = 0;

R, =-2,23kH;

H,+H,—w-h +w,-[-sing=0;
7,89+H,—-0,8-8,33+0,32-12,44-sin15,3" = 0;
H,=-2,28xH

R,+R,—w,-l-cosp=0;

6,07+ R, —0,32-12,44-cos15,3" = 0;

R, =-2,23kH,

H,+H,—w -h'+w;-[-sinp=0;

7,89+ H,-0,8-8,33+0,32-12,44-sin15,3" = 0;
H,=-2,28xH.

IIpoBepka

3 : o
ZMA=0: Ro-ll—HO-h+w]-E—w3-l-cosg0-lz—w3-l-smqo- h+3 =0;
—24,53+26,45+27,76-19,2-10,48 = 0;
ZMB=0: R, 11-H,-h+w,-l-cosp-l,+w,-[-sing- h+3 +w/2-—2 =0;
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—24,53-26,45+24+13,08+13,88=0,02~0 (<5%).

m
=] -] Jlesas uacme
(N
A Pacuet cToliku

= ' ' hv
= = 2 DM =0: H,-86-w-h- ~0.27|=0;
M
o oS
= =)
¥ A H;,~8,6—o,8~8,33-(8’33+o,z7j=o;
A& - 2

N

H',=3,46xH - 4acTb pacropa H,, KOTopas NPUXOAUTCS Ha CTOMKY.

II yuacmok: 0<x<8,33m
M, O, =H,~w x;
<E\ Qy
R SN IIpu x=0: 0, =3,46-0,8-0=3,46xH ;
§ HpI/I x=8,33m: Qy =3,46-0,8-8,33=-3,2xH ;
&S > e
S = M=o
X ’ 2
y f,
—= A = ) Ipu x=0: M,.=3,46-0-0,8-0=0;
(8,33]2
ITpu x:8’33m: M_ :3,46-8’33—0,8- 3 =7,39xH - m;
z—(1-2) 2 2
8,337
IIpu x=8,33m: M. ,=3,46-8,33-0,8- =0,9¢H - m .
I yuacmok: 8,33m<x<8,6m
M, ; 0, =H,~w-833=0.;
mly 5
—Ocr :Qy =3,46-0,8-8,33=-3,2xH ;
§ M. =H;,~x—w1-8,33-(x—8’33j.
S 2
N He
- :
. 8,33 _
HpI/I x=8,33m: M. ,=3,46-8,33-0,8-8,33-| 8,33 =0,9xH - m;
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Ipu x=8,6: MZ_2:3,46~8,33—0,8~8,33( , 8’233j=0.

ey
Onpeodenenue NpoOOIbHLIX CUL 8 CIMOUKE U NOOKOCE ,
H,-H' - 49acTb pacropa, IpUX0IsIIascs TOIbKO Ha TOIKOC
H,-H, 443 .
H,-H,=7,89-3,46=4,43xH; N,=—4_—4-_""" —12 95¢H ;
sin 20 0,342
/—/A 7/_//\/
N, =N, c0s20°~R,; N., =12,95-0,939—6,07 = 6, 1xH . =<
Pacuem 6anxu K,

/NPQ 95 kH

Ney=.7 kH % 8,732 kH
I yuacmok: 0<x<7,78m
H,=2,28 kH
’ N, =H,-cosp+R,-sing;
755”
/? =223 kH N, =2,28-cos15,3"+2,23-sin15,3";
K N_=2,79«H ;
X
O,=H,-sinp—R,-cosp—w,-x
IIpy x=0: =H,-sinl5,3"-2,23-c0s15,3" -23-0=—1,55«H .
7,78

IIpu x= M: 0,.,=-2,79H .

IIpyu x=7,78xm: 0,5 =—4,04xH ;
x2
M. :—HO-singo-x+R0-cosqo-x+w3-7.

Ilpu x=0: M_=0.
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7,78

IIpu x= m:  M_,=845kH - m .
IIpy x=7,78m: M. ,=21,74kH - m.
I yuacmok: 0<x<1,04m
M, N,=0;
/ VNX O, =w;x.
! Tpu x=0: 0,=0.

IIpu x=1,04: 0,=0,8-1,04=0,33xH ;
MZ:w3-x72.

IIpy x=0: M.=0;

IIpu x=1,04: M_=0,17xH - m.

II yuacmok: 1,04m<x<4,66Mm.

N =-Ng -singp—-0.;;
N _,=-6,1-sin15,3"-3,2 =-4,81xH ,
M

z

O, =W, x+Ngp-cos@ -0y -sing

W,
[JN /& Qy HpI/I X = 1, 04 . Qy—Z = 5,37KH )
H>

IIpu x=4,66: 0, 5 =16,53kH ;
N[Tﬁx >< x2
M. :w3-7+NCT-cosqo-(x—1,04)—
Ocr -sing-(x—1,04).
IIpu x=1,04: M., =0,17xH - m;
IIpu x=4,66: M., =21,74kH - m.
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Ilpasasa uacmo

—c m D
Q[ T
=
AN
<
W\
)
H, =
—_ #%'

h=833m

M,
<€\ Qy
@] — 5
H,
< 2

Ilpu x=0: M_=0.

8,33

ITpu

IIpy x=8,33m:

II yuacmok:

M. =0,45kH - m.

04 kH/ M

h=-8.33 m

h,=8.33 1

mi M. ,=3,69kH m.
2

=1,72-8,6—0,4-8,33~(8,6—

8,33

Pacuem cmoruixu
o [ ,
> M,=0: H,-h —wz-h(3+(h1—h)]:0;

H,=1,72xH - 4acTb pacropa H,,
KOTOpasi IPUXOJIUTCS HA CTOMKY.

ZF =0: QyzH;;—wz-x;

y

IIpu x=0: 0,.,=172kH ;

Ilpu 8,33m: O, , =-1,61xH

2

d M, =0: M_=H, -x—wz-%;

2
X

M, :H'B-x—wz-?.

_QCT :Qy :[—[;9 —W2 ‘h' :1,72—0,40'8,33:
-1,61kH ;
O =—1,61kH .

IIpu x=8,33m: M. =0,45kH - m;

IIpu x=8,6Mm: MZ:H;;-Iq—wz-hv-(h]+%]:
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Onpeodenenue nNPoOOIbHLIX CUL 8 CIMOUKE U NOOKOCE

&\ v H,-H,=236-1,72=0,64xH ;
N 7
p
H,-H 4
N,=—"£ "B __ 9’6 =—1,87xkH
sino sin 20°

N =Np-cosa—R, =-1,87-c0s20° 2,57 =—4,33xH .

/‘/H =78 55 kH 3
»
/_/57/_{9

Pacuem 6anxku

H. 2,28 kH
T G

R=2.23 ki %

,-167kH

N,-187 w&\ \; N.=4,33 kH

I yuacmok: 0<x<7,78m.

ZFX=O: Nx(5+4)=H0-cosqo+R0'sinqo;

H,=2,28 kH
<H
N s. )=1,611<H;
R, 223/(/‘/
%\A ZF 0: Q,=w,-x—R,-cosp-H,sing;
< =0: 0, s =-2,75¢H ;
x=3,89m: -1,2xH ;

x=7,78m: 0, ;=0,36xH ;

2
ZMZ=O: M :—W22x +R,-cosp-x+H,-sing-x,

x=38m: M, _,=-7,68cH -m;
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x=7,78m: M_,=-931kH -m.

III yuacmok: 0<x<1,04m.
N, =0;

Qy:w2~x:0,4~x;

x=0 0,=0;

x=1,04: 0,,=0,42xH

v :wz-x2:0,4-x2_

z > S,

x=0: M. =0;
x=104: M_=0,22xkH - m
II yuacmok:

NoOM, %\\O/Mﬁ/ﬁ

2
_ WX

: 2

M

x=1,04: M. ,=0,22xkH -m

x=4,606: M_,=-9,24xH - m;

q, % 153

1,04M£x£(1,04+3,62)=4,66M.

N, =0 -cosp— N, -sing;
N_,=2,7«xH;

O, =N¢;-cosp—0Qcp-sing—0,4-x
x=1,04: O, ,=334kH ;

x=4,606: 0, ;=189«H ;

—Nep-cos@-(x—1,04)+ O, -sing-(x—1,04);

H, - H, -4acTb pacnopa H,, KOTOpasi NPUXOJIUTCS Ha MOAKOC.

H,-H,=236-172=0,64xH

CH,~H, 0,64

NP = ] B S
sin sin 20

=—-1,87«kH ;

N =Np-cosa—R, =-1,87-c0s20° 2,57 =—4,33xH .
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Ycuins B CEYEHUAX PaMBl.

Tabmuma 8.2

CueroBas Harpyska,

BerpoBas Harpyska

PacuetHBIE COUEeTAaHUSA

No [MocrosiHHas s=11,04xH/m
ceqe;{m Harpysia, ¢ ¢
q=4,08¢H/m | M3 BCM cieBa crpaBa cieBa copaBa | Koo dunuentom | KodpduimeHTom
npoJIeTe o1 k=09
1 2 3 4 5 6 7 8 9
Hsruodaromme MOMeHTEI M, kH -m

1-2 0 0 0 0 7,39 3,69 7,39 (6) -

2 -21,3 -57,51 -5,76 0 0,17 0,22 -78,81 (2,3) -
3 -74,24 -200,45 -32,08 -84,37 21,74 -9,24 -274,69 (2,3) -255 (2,3,7)

4 -8,15 -22,0 -61,7 -168,7 8,45 -9,31 -176,85 (2,5) -167,54 (2,5,7)
[Ipomonbueie cunbl N, xH
1-N, 9,01 24,33 23,93 48,33 6,1 -4,33 57,34 (2,5) 57,1 (2,5,6)
1-N, -61,69 -166,56 -83,47 -83,47 12,95 -1,87 -228,25 (2,3) -207,11 (2,5,7)
2 1,12 3,02 3,03 12,75 -4,81 2,7 13,87 (2,5) 14,91 (2,5,7)
3 28,57 77,14 42,23 12,75 2,79 1,61 105,71 (2,3) 97,65 (2,3,6)
4 24,55 66,28 30,91 35,37 2,79 1,61 90,83 (2,3) 84,26 (2,3,6)
5 20,35 54,94 19,59 35,37 2,79 75,29 (2,3) 70,27 (2,3,6)
[Tonepeunsie cunbl O, kH

1 21,1 56,97 28,55 28,55 3,46 1,72 78,07 (2,3) 73,38 (2,3,6)

2 -12,79 -34,5 -11,08 -46,62 5,37 3,34 -59,41 (2,5) -

3 -25,09 -67,74 -51,55 36,04 -4,04 1,89 -92,83 (2,3) -

4 -9,76 -26,35 -33,3 -21,69 -2,79 -1,2 -43,06 (2,4) -

5 -5,57 -15,04 34,26 -21,69 -1,55 2,75 28,69 (2,4) -
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8.3. Ilox0op cevenusi 3JIeMEHTOB PaMbl

CpaBHuBas nojiyueHsbie 3HaueHuss M, N, Q, nnsa coueranuii npu K=1 u
K=0,9 Buaum, uyto npu yuéte BeTpoBOM Harpy3ku ¢ K=0,9 3HaueHus ycunuii B
CEUYEHUSX MOJIyYatOTCsl MEHbIIIE, 4eM NpHu K=1 TOJIBKO CO CHETOBOW HATrpy3KOl.
3TO MOXKHO OOBSICHUTH MaJIbIMH 3HAUEHHUSIMU BBICOTHI, IPOJIETA 3AaHUS U
HOPMaTUBHOIO JIABJIEHUS BETPA, T.€. HE3HAYUTEIBHBIM BKJIAIOM BETPOBOTO
JABJICHUS.

8.3.1. Pacuem puzens

PacuérHplii u3rudaronuii MOMEHT B CEYCHUHU 3 pUTEIISl paBeH 274,69Ku-m
N, =105,71Kn . I1oCKOJIBKY pa3mep KOHCOJIM IPUHAT HE3HAYUTEIIbHBIM, TO BTOPBIM
PacyYETHBIM COUYETAHUEM CTAHOBUTCS HE TOUKA 2, a Touka 4 ¢ M, =176,85Kn-m 1
N, =90,83Ku .

IIpuHrMaeM qpeBECHHY MTEPBOIO U BTOPOI'O COPTA B BUAE JOCOK CEUEHUEM
MOCJIE OCTPOKKU 4,2x16,5¢cm . PacyeTHOE CONPOTUBIICHUE IIPU CIKATUH C n3rudom,
C YYETOM LIMPHUHBI C€UeHUA >13 CM., TOIIIMHBI JOCKH 4,2CM.

R =R,=15-0,95=14,25MIla (1,425 Ku/cm*)
m,, =0,95, Tabnuua 8 CHull [1].

TpeOGyemas BbicoTa ceueHus h,, B TOUKE 3 onpeaenseTcs NpuOIMKeHHO M0
BEJIMYMHE U3rM0aroIero MOMEHTA, a HaJTu4Kle MPOJI0AbHONU CUJTbl YUUTHIBACTCS
koappurrentom 0,8:

By =+J6M / (0,8R b) =+/6-27469/0,8-16,5-1,425 =93,6cm ;

[IpuHrMaeM BBICOTY ceueHUs U3 24 CI0€EB AOCOK:
h=24x4,2=100,8cn . Ceuennebh =16,5-100,8 =1663cm’.
Omnpenenum TpeOyemMyto BBICOTY B c€UEHUH 4:
hy, = \/6M/(O,8Rub) = /6-17685/0,8-16,5-1,425 = 75,1cm.

[IpuauMaem BbicOTy ceueHus u3 18 gocok, h=4,2-18="75,6¢cm,
bh=16,5-75,6 =1247,4cm’ .

AHanorunyHo noa0epéM BBICOTY CEYEHHsI B TOUKE 2:
hy, = \/6M/(O,8Rub) =/6-78,81/0,8-16,5-1,425 = 50,1cm.

TpebOyemas BbicoTa 3 12 nocok h=4,2-12=50,4cm,
bh=16,5-50,4 =831,6cm" .

BrIcoTy ceyeHus: Ha KOHIIE KOHCOIN IPOMHUMAEM U3 TEXHOJIOTMYECKHUX

TpeOOBaHUM 11OC/Ie HAa3HAYEHUSI BBICOTHI KOHBKOBOTO ceueHus 5. KonbkoBoe
ceuenue, O, =28,69xH .
TpebyeMyto BBICOTY C€UEHHS Ha ONOPE ONPEIEISIIOT U3 YCIOBUS IPOYHOCTU
Ha cKaJibIlBaHUE. PacueTHOE CONpPOTHUBIEHUE CKAIBIBAHUIO AJIs1 JPEBECHHBI
BTOPOI0 copta R, =1,5MIla = 0,15kH / cm®

BricoTa KOHBKOBOT'O CEUCHUS
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h =30/(2bR,)=3-28,69/(2-16,5-0,15) =17, 4cn < 0,4h,, = 0,4-100,8 = 40cx.
[IpuHrMaeM BBICOTY OMOPHOTO CEYEHUS U3 6 T0COK
h, =6-4,2=252cm;hb=25,2-16,5=415,8cm’.
BricoTy KOHIIa KOHCOJIBHOTO CEYEHUs IPUHUMAEM PAaBHOW KOHBKOBOMY
h, =25,2cm.
IIposepra nanpscenuti npu corcamuu u uzeude. Ceuenue 3.

OKCLUEHTPUCUTET MPUIOKEHUS CKUMAIOIIETO YCUITHS
e=(h—h,)/2=(100,8—25,2)/ 2 =37,8cm.
M3rubaromuii MOMEHT B CEUCHHUH 3
M=M,-N,=274,69-105,71-0,378 = 234, 73kH - m .
JI1s1 c:xaToM KPOMKH, BBIMIOJTHEHHOM M3 APEBECUHBI BTOPOTO COPTA,
pacyeTHOE COMPOTUBIICHUE CKATHUIO U U3TUOY
R, =Rm,m,, |y =15-0,85-0,95/0,95=12,75MIla =1,275kH / cn*
r7ie yuTeHbl KO3 (PUIIMEHTHI YCIOBUIM pabOThI, OTpaXKAIOIINE BIUSHHUEC
BBICOTBI C€UeHUsI m, = 0,85, TOJILIUHBI CIIOSI 1OCOK m,, =0,95cm (Taba.7,8[1]).
T'eomempuueckue xapakmepucmuku cedeHusi
ITnomane ceuenus 4 = bh=16,5-100,8 =1663cm’” .
MoMeHT conpoTuBiIeHUS W =bh*/6=16,5-100,8"/6=27941cr’.
Pacuetnas mmHa [, = 778cwm .
Pannyc nnepuuu ceuenus i =0,294=0,29-100,8 =29,2¢cm.
I'nbxocTh A=1,/i=778/29,2=26,6.
KoaddunmeHT, yunTeiBaronuii mepeMeHHOCTh BHICOTHI CEUSHUSI
K, . =0,07+0,93h /h=0,07+0,93-0,252/1,008 =0,3.
Koaddumment npogonsHoro uzruda
0] :KM,N3>OOO/2,2 =0,3-3000/26,6> =1,27.
KoaddunmeHT, yanTeIBatOmui JOMOJHUTEIbHBIA MOMEHT OT JEeHCTBUS
MPOAOJIbHOM CKUMAIOIIEH CHJIBI,
E=1-N/(pR A)=1-105,71/(1,27-1,275-1663) = 0,96 .
Nzrubaronuit MOMEHT ¢ ydeToM Jiepopmanuii oT Npo10IbHON CUJIIBI
M’ =M]e=234,73/0,96 = 244,51xH - m .
Hanpsixenne cxxatol KpOMKU
o,=N/A4 +M"/W =105,71/1663 + 24451/27941= 0,064 + 0,88 = 0,939 < 1,275 KH/CMZ.
JInst pacTsiHyTOM HApY>KHOM KPOMKH, BBIITOJIHEHHOW U3 IPEBECUHBI IEPBOTO
copTa, paC4ETHOE CONPOTUBJICHUE PACTIKEHUIO
R,=R/y=12/0,95=12,63MIla =1,263kH | c;’*;
HanpsixeHnne pacTsykeHUs: HApy>KHOM KPOMKHU
o,= N/ A+M /W =105,71/1663+24451/27941=0,939 < 1,263xH / em’.

IIposepka ycmouuugocmu niockou popmsi 0eghopmuposanus pucens
Pama 3akperuieHa u3 INIOCKOCTH 110 HAPY>KHBIM PACTSIHYTBIM KPOMKAM C
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ITOMOIIBIO IUIAT MOKPBITHUS, IIONEPEYHBIX CKATBIX CBA3€l. BHYTpeHHs cKaTas
KpOMKa pambl HE 3aKperieHa. PacueTHas IivMHa paBHA UIMHE MOJIypaMbl, TaK KaKk
II0 BCEH JUIMHE OTCYTCTBYIOT CEYEHHS C HYJIEBBIMU MOMEHTAMHU [, =778cm (1O

MIOJKOCA).
IInomane ceuenuss 4 =bh=16,5-100,8 =1663cm" .
MoMeHT conpoTuBiIeHUS W =bh*/6=16,5-100,8"/6=27941cr’.
Paguyc nHepumuy u3 mioCcKOCTH MPU CKATUH r, =0,290=0,29-16,5=4,79cm .
I'nbxocTs A, =1,/r,=778/4,79=162,42 .
Kosdpunuent ycroifunBoctu npu cxxatuu ¢, =3000/A* =3000/162,42* =0,11.
Koaddumment ycroitunBoctu npu u3ruoe

@, =1400°k,, / (1,h) =140-16,5°-1,13/(778-100,8) = 0,55, r1e k, =1,13- Kod3(duuuent

(G opMBbl AIIOPBI U3rUOAOIIMX MOMEHTOB (Tabu. 2 mpui.4[1]).

Koaddumuentst K, u K,,, yUUTHIBAIOT 3aKPEIUICHUE PACTIHYTOU KPOMKH M3

IINIIOCKOCTH. HpI/I KOJIMYCCTBEC SaerHHeHI/Iﬁ Oonee IlCTI:»IpéX OHO CHHUTACTCA
CIINIOIITHBIM :

K,y =0,75+0,06(/, / h)* +0,6c,1 / h=0,75+0,06(778/100,8)° +0,6-778/100,8 = 10,48 ;
a, =y =1,33paja — UCHTPAJIbHBIA YrOJI THYTOM YaCTH B paHaHax;
K, =0,142] /h+1,76h/1, +1,4=0,142-778/100,8+1,76-100,8 /778 +1,4 =2,72.

Y CTOWYUBOCTH pUTEIIS
N/(9,K  R.A)+M°[(0,K,,RW)=105,71/0,11-10,481,275-1663 +
+24451/0,55-2,72-1,275-27941= 0,502 < 1.
N /(9K RA+M ;| (¢,K, RW)=10571/0,11-10,48-1,275-1663 +
24451/0,55-2,72-1,275-27941 = 0,502 <1.

OO61mast ycTOMYMBOCTD MJIOCKON (POpMBI 1ePOPMUPOBAHUS PUTEIS
oOecrieueHa Ipyu HAJIMYUH CBSI3E€H 10 HAPY>KHOMY KOHTYDY.

8.3.2. Pacuém cmouiku u nookoca
[Toakoc paboTaeT Ha IIEHTPATBHOE CKATUE OT JICHUCTBUS CHIIBI N, =228,25¢H .

[Toakoc mpucoeauHseTCs JIOOOBBIM yIIOpOM K puredto (puc.8.3) B Touke 3.
[IIupuHa ceyeHus OKOCa paBHA IIMpUHE pureis — 16,5 cM. MUHUMAabHYIO
BBICOTY CEUCHHSI OIPEACIIIEM UCXOIS U3 PACUCTHOTO COTIPOTUBIICHUS JPECBECUHBI
IoJ yriom y =54,7°

R, =— Ren -— 7;2’75 = 7.59MITa = 0,759KH / et
I+ (= —1)sin’ y  1+( ’3 —1)sin’ 54,7
cmg,
Haxoaum TpeGyeMyIo MIoIa b Ha CMATHE
228.2
_N = 8,25 =300, 72cnm’* .

R 0,759

cm,
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:ﬁ:_300,72 =18,23cm
" p 16,5 ’ '

[Tpunumaem h=5-4,2=21cu. PacueTHas JyimHa OAKOCA TIPU 000UX
LIAPHUPHBIX KOHIAX 3aKPEIUICHUSI paBHA T€OMETPUYECKOM [, =9,6m .

Haxonum rubkocTh moakoca, KOTopasi Onpe/esiseTcst U3 pacueTa
MUHUMAJILHOTO pa3Mepa ceueHus u3 «b» u «h». B nannom ciyuae b <h, t.e.
r=0,29-16,5=4,785cm .

A :l—ozﬂ:200,62>ﬂq7 =120.
5 'p

r

2

B nanHom ciydyae o0a pazMepa ceueHHs He OTBEYAlOT MpeiesIbHOM TMOKOCTH,

MOATOMY NMPUHUMAEM pelIeHUe 1Mo MOUCKY b 1 h uepes npenBapuTeNIbHYIO 3a1aHUE
rHOKOCTE A =120:
h :@:80/%.; h=—" :i:27,58cm.
Ay 120 0,29 0,29

[IprHEMaeM BBICOTY CEUECHUS hwusz 7 nocox, h=7-4,2=29,4cm.,a b=30cm.,
A=b-h=29,4-30=882cn’.

HpOBepI/IM CXKUMAOIIUC HAIIPSAKCHUSA B IIOJAKOCC!

o= N 22825 0o 1 275k e
pA 0,237-882
z:@; r=0,29-29,4=28,53cm; 1:@:112,5;
P 8,53
_3000_ 3009 _ 537,
20 112,5

KOHCTpYKTHBHO B y3J1€ IPUMBIKAHUS K PUTEIIO MOJKOC YMEHBIIIAETCS 0
HIUPUHBI pUrens, T.e. 10 16,5¢cM. (cm. puc.8.5). IIpu BbINOIHEHUN TPUMBIKAHUS
noJiKoca MmyTéM BpyOKH, MPUHSATAs BICOTA CEYEHUs O0JbIIe TpeOyeMol u3
YCIIOBUSL CMATHSA h =29,4cm > hy, =18,23cm ., OTHAKO CEUEHUE «3» PUTeNs 0CaadIeH0

IyOuHOM BpyOKH Ha 15¢M., 1 TOATOMY TpeOyeTcsi TPOBEPUTH €ro MPOYHOCTh.
Pacuertnas BeicoTa ceuenus purens h=100,8—15=85,8cm; W =20244, 5lem’;
A=bh=16,5-85,8=1415,Tcm’;
:ﬁ+ﬂ: 105,7 N 24451
A W 1415,7 20224,51
[IpounocTth ceueHus: obecnedeHa. [Ipy HEBBITIOTHEHUN YCIOBUS MPOYHOCTH
11e71eco00pa3HoO BBIMIOJHUTH Y3€i M0 BApUAHTY, MPUBEACHHOMY Ha PUCYHKE 8.6.
Pa3zmepsl HaKiIagKu IPUHATHI KOHCTPYKTUBHO. Hakiaika npukienBaercs K
pUreNto U JOTOJHUTEIBHO 3aKPEIUISieTCs CTAIbHBIMU IiiyXapsimMu. Cura,
CABHUTaIOIIast HAKJIAAKY
T'=N,cosy=228,25-cos54,7=131,92kH .

o

=0,075+1,2=R_=1,275xH / em’.

HaHpH)KCHI/IH CKAJIBIBAHHWA B 30HC KOHTAKTA HAKIIAAKH U PUTCIIA
T 131,92

T = =
0,6b-1, 0,6-16,5-70

=0,19H /cm®> <R, =0,21kH / em®; 1, =T0cm .
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8.3.3. Pacuém cmoiiku
Croiika paboTaeT OT MOCTOSIHHOM U CHETOBOM HArpy30K Ha IIEHTpajJbHOE
pacTsKeHue Npu JeHCTBUU CyMMapHOU cuiibl N, =57,34kH 1 Ha U3rub OT

BETPOBOM Harpy3ku ¢ MOMEHTOM M, =7,39xH - m (cM. Tabi. 8.2.). Kpome Toro, Ha

CTOMKY ClleZlyeT 100aBUTh, IPY HATMYUU CTEHOBOI'O OTPaXKJICHUs, Maccy
XOJIOJIHBIX HMJIY TEIUIBIX CTEH, €CIIU OHM 3aKPEIUICHBI K CTOMKaM KaK K KOJIOHHaM.
JUIs ynponieHus pelieHns puMepa CYMTaeM, 4TO CTEHbI HAIIETO 3JaHus
BBITIOJIHEHBI C TAKUM K€ COCTaBOM KOHCTPYKTUBHBIX 3JIEMEHTOB, KaK U IIOKPBITHE
C 3aMEHOM, PaBHOM 10 Macce MIATKOH KPOBJIE U CTSDKKE Ha MPO(HACTUIL.
Harpy3ku OT cTeH COCTaBAT:
P, =g-B-h =0,7435-4,6-8,6 =29,41kH .
BunuMm, 94TO0 P, < N, , @ 3TO 3HAYUT, YTO CTOMKA OCTAETCS MO-IPEKHEMY

PACTAHYTOM, TOTAA 3a PACUETHOE COYETAHNE IPUHUMAEM BCE-TAKHU 3HAYEHUS 110
tabnuue 8.2., T.e. N, =57,34xH 0€3 yueTa pa3rpy>Karoliero J1eicTBUs CTEH,

KOTOpbIE MOTYT MepeaBaTh HArpy3Ky (CBOW BEC) HEMOCPECTBEHHO Ha
byHIaMeHT.

Tpebyemas miomanb ce4eHNUs CTONKU:

N, 57,34

v=R Tosss O
R,=[R,]-m;-m_,=9-1.0,95=8,55MIa = 0,855«H / cm’ .
[IIupuHy ceyeHus IPUHUMAEM PaBHOW LIUPUHE purens b, =16,5¢cu, Toraa
Ay _ 67 _ 4,06cm . ITIOoCKOIBK 5
= b = 16.5 =4, . Y K CTOUKEC KPCIIUTCSA CTCHOBOC OT'PAKACHUC U

JNEUCTBYET BETPOBasl HArpy3Ka, IPUHUMAEM CEYEHUE bxh=16,5x15cm .
[IpoBepuM CTOMKY Kak pacTAHYTO-U3rM0AeMbIid FJIEMEHT
N, My-R, —57’34+ 739-0,855

o=—"+ = 20,232+0,791=1,02>Rp20,855KH/CM2.
ac. Wpaw' ‘R, 247,5 618,75-1,275
2 2
Apacu. =16,5-15= 2479567‘42 ; Wpaw. - : 6h B 16)56 = - 6189750/‘43 .

PacueTHbI MOMEHT Ha CTOMKY OT OTPULIATENBLHOTO JCHCTBUS BeTpa (0Tcoca)
Y CTEHOBOI'O OIPaXKIE€HUS, IPUIIOKEHHOTO C SKCLEeHTpUcUTeTOM €=0, 1M MOXKeET
OBITH OOJIBIIIE, UEM OT AaKTUBHOI'O Haropa BeTpa (CM. pacueT (haxBEepKOBOI
KOJIOHHBI, pazzaen 10).
M,=M,+M, =3,690+P, -e=4,33+29,41-0,1=6,63kH -m, e=1/2-1, =0,lu.
M, - MOMEHT B CTOMKE OT JCHCTBUS BETpa C pa3pssKeHHON CTOPOHBI (CM.
Tab1.8.2), M, =3,69H - m .
Takum 00pa3oM, MOMEHT IO BTOPOMY BapuaHTy M, = 6,63xH - v MEHbIIIE,
YeM OT aKTHBHOI'O BETPOBOro Hamopa — M, =7,39xH - m=M

pacu *°
BI/IIII/IM, 4TO B paCUYCTHOC HAIIPSKCHUC B CT OMKe SHAYUTCIIbHYIO YaCTh BHOCHUT
BCTCP, IIO3TOMY YBCIIMYMBACM CCUHCHHUC CTOMKHM Ha HCIOCTAIOIIYIO BCIIMYNHY
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1,02/0,855=1,85. Tak Kak IIMpUHA CTOMKH JOJKHA OCTABAThCS PABHOW IIUPHUHE

purens, yBelquauBaeM /i =17,5¢u (IO COPTAMEHTY Kak 11eJI0e CeYeHHe).
[IpoBepuM HanpsKEHUS:

N N My-R, 57,34 N 739-0,855

cm

A W__.R 288,75 842,2-1,275

pacu. pacu. u

CedeHne CTOMKY U3 KJIEEHOW JPEBECUHBI MEHBIIIE, HO IO CTOUMOCTH TPEOyeT
CpaBHEHUS.

=0,2+0,58=0,78 <R, =0,855xH / cm’.

2 2
A =16,5-17,5=288,75cx’; W =L _16:5-17.5

pacu. pacu. 6

=842 2¢m’.

CeueHnue u3 KJIEeHON ApEeBECUHBI Oy1eT HECKOJIbKO MEHBLIE:
57,34 739-0,855
o= -
277,2 776,161,275

=0,21+0,638=0,848 < R, = 0,855 kH/cn’;

_16,5-16,8

A, =16,5-(4,2-4)=16,5-16,8 =277,2cm*; W =776,16cn’ .

pacy. pacu

OKoOHYATEBHO MPUHUMAEM CEUYEHUE CTOMKHU bxh=16,5x17,5cu U3 HEKIIEEHOU
IPEBECHUHBI, TaK KaK KJeeHas peBecuHa B 1,5-2 pa3a nopoxe.

8.3.4. Pacuem y3n106

CoeauHeHue MOJIKOCa K PUTEINI0 paCCMOTPEHO MPHU pacueTe mojakoca (puc.
8.3, u 8.5, 8,6). Kperuienne cTONKH K pUTENIO BBIMOJIHAETCSA TBYCTOPOHHUMU
JepeBIHHBIMU OOKOBBIMU HakJagkaMmu Ha Oontax. [lockonbky cToiika pacTsHyTa,
TO MOJ0EPEM KOJIMYECTBO OONTOB MPHU d, =20mm U TONIIHUHE HAKIAJIOK a = 8cm .

T =0,5¢d =0,5-16,5-2=16,5H .
T, =0,8ad =0,8-8-2=12,8xH .
T, =1,84° +0,024> =1,8-4+0,02-8> =8, 48KH .

Haxoaum koiandecTBO 00JITOB, 3aKPEIUIAIONINX CTOMKY BBEPXY K PUTEIIO U K

T.-n 8482

min w

=3, 38wum.

[TpunumaeM 1o 4 6onta d, =20mm .

CoenuHeHus pureieii B KOHBKOBOM Y3JI€ BBITIOJTHEHBI HEIIOCPEACTBEHHBIM
yIIOPOM, CHMMETPUYHO OTHOCHUTEIIBHO OCH CEUCHHUS C IMIOMOIIBIO HAKIaJI0K Ha
6ontax (cm. puc. 8.10).

Ha naxmanky meiicTByeT monepeyHas cuna Q, =28,69xH OT OHOCTOPOHHEH

CHErOBOM HArpy3KH, BBI3BIBAIOIICH B OOJITaX pacTsiKEHUE cHiIaMu N, U N, (CM.

puc. 8.10). Ycunue B 6osrax:
N, = 704'0QS _70 jg’ 9 _47.7xH : N, =47,7-27,26 =20, 44xH .

KOHCTpYKTHBHO IpHHUMAaeM OONTHI d =24mm (4, =4,5¢cm’, 4, =3,2cn’) .

Hanpskenue 1o ocnabieHHOMY pe3b00ii ceuenuto ¢ yaetoM k=0,8
o =7 =18,6xH /cm® <Ry, =24kH / cm’.
’0,8:3,2 g
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Puc. 8.10. Konvkoeuwtit yzen: a — odwuii 6uo, 6 — pacuemnas cxema, 1 — kieenas
KOHbKOBAs NOOKNAOKA, 2 — boamul ouamempom 24 mm

B onoprowm y3ine (puc. 8.11) croiika v moJKOC ONMUPaAIOTCS HA QYHIAMEHT
Yyepes TOPII U coenuHstoTes: bontamu. CToiika, paboTaromas Ha pacTsKEeHHE,
3akperuisiercs 4 6onraMu d =20mm IO pacueTy, IPUBEICHHOMY BBIIIE, a TIOAKOC
KPEIUTCS aHAJOTUYHO, TaK KaK OH C)KaT M KpeIICHUE Ha3HAYaeM KOHCTPYKTHBHO.

300

Puc. 8.11. Onopnutii yzen
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9. OBECNIEYEHUE NPOCTPAHCTBEHHOM
"KECTKOCTHU KOHCTPYKLUM U 3IAHUS

9.1. O01mMe mon0KeHUs

[Inockue Hecylme KOHCTPYKIMU (Oanku, apku, paMbl, pepMbl U T. J.) Ipe.i-
Ha3HAYEHBI JJI BOCTIPUATHS HArpy30K, JEHCTBYIOUIUX B UX IUIOCKOCTU. B 3manusax
WM COOPYKEHUSX pa3INYHbIC INIOCKUE KOHCTPYKIMHU MPHU B3AUMHOM COEAMHEHUHU
00pa3yloT MPOCTPAHCTBEHHYIO KOHCTPYKIHUIO, KOTOpas [JOJDKHA OOECHeduTh
HAJIe)KHOE  BOCHPHUSTHE  BHEIIHUX  CWI  JIIoOOro  HampaBjieHUss  IpHU
HaWHEBBITOJHENIIEM UX coyeTanuu. [Ipu 3ToM nepenaya ycuinuii OT OAHUX YacTe
COOPY)KEHHUsI Ha Jpyrue BIUIOTH JI0 €ro OCHOBAaHMS, JOJDKHA MPOXOAUTH Oe€3
KaKoro-u00 HapylleHUs MPOCTPAHCTBEHHOW HEU3MEHSIEMOCTH, YCTOWYUBOCTH,
KECTKOCTH W TPOYHOCTU BCEH MPOCTPAHCTBEHHOW KOHCTPYKUHMHM B LEJIOM U
OTZEJIbHBIX €€ YaCTEH.

Kpome Toro, mpu TpaHCIIOPTUPOBAHUU M MOHTaKE€ COOPHBIX KOHCTPYKIUU
MOXET BO3HHKHYTh HEOOXOJUMOCTh YCTPOMCTBA CHELHAIBHBIX KpPEIUJICHUH,
o0ecreynBaouX HEU3MEHAEMOCTb, MPOYHOCTh U YCTOWYMBOCTH ITHX KOHCT-
PYKLUA.

9.2. Cnoco0b1 00ecnieyeHns: YCTOMYMBOCTH

OO61mast ycTOWYMBOCTh OCTOBY JEPEBSHHOTO 37aHUS MOXET OBbITh MpHUAaHa
CJIEIYIOUIMMU CITOCO0AaMHU, KOTOPbIE 3aBUCSIT OT KOHCTPYKIIMU 3[aHUS.

Ilepgoviit  cnocoo. llonepeyHyl0 M NPOAOJBHYIO YCTOMYMBOCTH 3JAHUS
CO3JAI0T MPOCTPAHCTBEHHBIM 3allEMJIEHUEM Ka)XKJIOM M3 CTOEK Kapkaca B TPyHTE.
[Io BepXHUM KOHIIAM CTOEK YKJIAJbIBAIOT OOBSI3KY, Ha KOTOPYIO OMHUPAIOT 3JIEMEH-
ThI TOKPBITUS, paboTarouue, Kak npaBuiio, no 6amodynoi cxeme (puc. 9.1). Bo us-
Oe)xaHue MepeKalluBaHus 3/JaHui, HapUMep, B CBsI3U ¢ iepopMalusiMu TPyHTA, B
MeCTax 3alleMJIEHUsI CTOEK B KpalHUX MPOJIETaX MPOJOJIbHBIX U TOPLUOBBIX CTEH, a
TaKkK€ B MPOMEXYTOUHBIX MPOJIETaX IEJIECO00pPa3HO YCTaHABIMBATH CBSI3H,
co3zaBasi sueHKH KecTKocTu ¢ uHTepBasioM 20-30m. (puc. 9.1, 9.2).

Bmopoit cnocoé. llonepeunas yCTOWYMBOCTH 3AaHUsA OOecCleunBacTCs
3aleMiieHneM B (PYHJaMEHTax IUIOCKHX JEPEBSHHBIX CTOEK, PEIIeTYaThIX WIIU
KJIeeHBIX (puc. 9.2).

3amemiieHUe KJIeeHbIX CTOeK K (yHAaMEHTy MOKa3aHO Ha pucyHke 9.3 a.
AHKepaMH cCIyX)aT CTajJbHbI€ TOJOCHI, 3ajelbiBaeMble B (QYHIAAMEHT U
paccuMThIBa€Mble HA MAaKCUMAaJbHOE OTpbIBatoNIee ycuine N,, onpeaesieMoe npu
HAaWHEBBITOJHENIIEM COYETAaHWHU HArpy3ok. K aHKepHbIM NOJIOCKaM IPUBAPEHBI
paBHOOOKHE yrojakd. B omopHoil wacTu KieeHass CToOWKa Ha JUIMHE [,
ONPENENAEMON MO pPacyeTy Ha CKaJbIBAHHUE C MPUKUMOM, UMEET YBEIMYECHHYIO
BBICOTY CE€YEeHHS sl 00pa30BaHUs HAKJIOHHBIX IUIOIIAJOK CMSTHS TOJ YIJIOM
o =30+45", Ha KOTOpBIC YKJIaIbIBAIOT YT OJIKH.
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Puc. 9.1. Honepe!moe ceuenue 0epee;mnozo KapKacrnozo 30aHus ¢ 3AULEMIICHHbBIMU 6
3emjie cmoﬁlcamu, umernuwiumu Ha KORUAax nacovlHKu (a€p€6}ZHHbl€ anmucenmupoedaHHble,
orcene30bemonHble U M@m(l]lflu'{€CKue).' 11— I’lOaKOCbl,' 2- nacviHKu,; 3 — c8A3U

Puc. 9.2. Kapkac 30anus ¢ KOHCONbHO 3AU4eMACHHBIMU 8 (PYHOAMEHMaX CIOUKaAMU
CNJIOWIHOUL UTU CKEO3HOU KOHCMPYKYUU

Tpemuit cnocoé. llomepedyHyr0 yCTOMYMBOCTH 3JaHUS OOECIEYUBAIOT,
MpUMEHSIST TpOCTeiile KOMOMHUPOBAaHHBIE U MOJKOCHBIE CUCTEMBI, pAMHbBIE CH-
CTEMBI WJIA apOYHbIE KOHCTPYKLHH, NMEPEAAIOIIAE PAcIop HEMOCPEACTBEHHO Ha
(byHIaMEeHTBHI.

[IpononbHast yCTOMYMBOCTH 37aHUSI MOXKET OBbITh CO3/1aHa TOCTAaHOBKOM
CBs3€ll MO MPOJOJNBbHBIM JIMHUSIM cTOeK (puc. 9.4). CTeHOBBIE IIMUTHI MPU STOM
pacronararoT ¢ Hapy>KHOU CTOPOHBI CTOEK.

Yemeepmulit cnocod. YCTOMUNBOCTh KAPKACHOIO 3[JaHUS NPH IIAPHUPHOM
ONMHMPAHUU CTOCK Ha (PYHIAMEHThl U HMIAPHUPHOM MPUMBIKAHMHM HUX K JIEMEHTaM
MOKPBITUS MOXKHO CO3/1aTh JIMIIb B TOM CIIy4ae, €CJIM KOHCTPYKTUBHBIEC 3JIEMEHTHI
MOKPBITUS M CTEH HE TOJBKO OYIyT AOCTaTOYHO MPOYHBIMH, >KECTKUMHU U
YCTOMYMBBIMU JJIsI BOCHPHUATHS BCEX JACHCTBYIOIIMX HAa HUX HArpy3oK, HO H
CO37alyT HEU3MEHSEMbIE, KECTKUE U YCTOWUMBBIE AHaparMbl, 00pa3ys TeMm ca-
MBIM HEU3MEHSEMYIO, )KECTKYIO U YCTOMUYHMBYIO MPOCTPAHCTBEHHYIO KOPOOKY. J[is
ATOrO B IUIOCKOCTH IMOKPBITUS MOYKHO HCIOJIb30BAaTh NPHUMEHSEMBIM B KaueCTBE
OCHOBBI TMOJ] PYJOHHYIO KpPOBIK IIMTOBOM HACTWJ, CBSA3aHHBIA TBO3ISAMH C
MPOrOHaMHM, a B CTEHaX MOrYT OBbITh HCIIOJIb30BaHbl KOCHIE OOIIMBKU WJIU
CIIELHUAJIBHBIE CBSI3M MEXKJY CTOMKAaMHM KapKaca. Y4acTHE OrpaXkJarollUX 4acTed
31aHUs B 00€CTIEUEHUHN €ro MPOCTPAHCTBEHHOW YCTOMYMBOCTH BO3MOXKHO TOJBKO
IIPU OTHOCUTENIBHO MaJIbIX pa3Mepax 3/1aHus U TPeOyeT MPOBEPKU PACUETOM.
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A A | I
A A | I
I I
u u
Puc. 9.3. Cnocoo 3aumemnenus cmoex é pynoamenme

Puc. 9.4. Ilpocmeiiuiue KOMOUHUPOBAHHbIE HOOKOCHbBLE CUCH EMbL

9.3. IIpocTpaHCTBEHHBbIE CBSI3H

BetpoBoe paBieHue, mnepeparolnieecss Ha JIEPEBIHHYIO TOPLOBYIO CTEHY
KapKacHON KOHCTPYKIIMM HEOOJIBIIIONW BBICOTHI, pacmlpenenseTcs Mexay (QpyHaa-
MEHTOM M BEPXHHUM IOKPBITHEM C MOMOIIBI0 pabOTAIONINX HA M3TU0 BEPTHUKAIb-
HBIX CTOEK Kapkaca. KOHCTpYKIIUsSI MOKPBITHS B ATOM Cilydae JOJDKHA MepeiaBaTh
BETPOBOE JABJICHUE YEpe3 BEPXHIOI OOBS3KY MPOJOJbHBIM CT€HAM, KOTOpPbHIE, B
CBOIO O4Yepeab JODKHBI MMETh B CBOEH IIJIOCKOCTH CBSI3U, PAcCUMTAHHBIE Ha
nepeaavyy dTUX yCuiui GyHaaMeHTaMm.

JInsi  TOKpBITUS, BBIMOJHEHHOTO W3 Pa3pe3HbIX KpPOBEJIBHBIX TaHEJEH,
KECTKUX ¥ HEM3MEHSEMBIX B CBOCH IJIOCKOCTH, TPEOYETCS YCTAHOBKA MOHTAXKHBIX
CBSI3€l, KOTOpBIE MPUKPEIUISIOT HEMOCPEACTBEHHO K OCHOBHOM Hecyliei
KOHCTPYKIIHH.

["opuzoHTaNIbHBIEC CBSI3M, BOCIIPUHUMAIOIINE BETPOBYIO HArpy3Ky, 00pasyroT B
MJIOCKOCTH BEPXHUX MOSICOB JABYX COCEIHMX HECYIIUX KOHCTPYKIUNA penieTyaTyro
bepmy, KOTOpas nepegaeT JeHCTBYIOLIUE B €€ MIIOCKOCTH YCWIIHS Ha MPOJOIbHBIE
cTeHbl. [Ipy )KECTKUX TOPIIOBBIX CTEHAX, BOCIPUHUMAIOIINX BETPOBYIO HArpy3Ky,
u HeOonbmon nnuHe 31anus (1o 20 M) yCTOMYMBOCTH IUIOCKUX JIEPEBSIHHBIX
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KOHCTPYKIIMI MOXKET OBITh CO3/[aHa MPOTOHAMU KPOBJIM, HAJICKHO CKPEIUICHHBIMU
C BEpPXHHUM MOsiICOM (epMbl U 3aaHKEPEHHBIMH CBOMMH KOHIIAMH B TOPIIOBBHIE
KUPIHUYHBIC CTEHBI, MPU OTOM CTBIKA Pa3pe3HbIX WIM KOHCOJIbHO-0ATIOYHBIX
MIPOTOHOB JIOJDKHBI OBITh IEPEKPHITHI HAKIAKaMHU Ha TBO3/ISX.

B cpenneit wactu 3maHuN  OOJBIIOW MPOTSKEHHOCTH  YCTPAWBAIOT
TOPU30HTAJIBHBIE U BEPTUKAIBHBIE CBSI3U HA PACCTOSAHUU OKO0JIO 20 M OT TOPLOBOM
CTEHBI U OJTHU OT IPYTHX.

CBsi3u OBIBAIOT CKaTHBIC (HAKJIOHHBIC), BEPTUKAJIbHBIE U TOPU3OHTANIbHBIC. B
3JAHUSAX C KapKacoOM M3 JEPEBAHHBIX KOHCTPYKUHMN HPUMEHSIOT JIBA OCHOBHBIX
BHUJIa CBSI3CH:

1. CesizeBble (pepMbl, pacoiOKEHHBIE BEPTUKAIBHO, HAKJIOHHO WJIM TOPU30HTAIb-
HO MONEPEK 3[1aHUs M0 HAPYKHOMY KOHTYPY 3[1aHWK B COYETAHHUM C MPOTOHAMH,
HacTUJIaMH, maHeasiMu (puc. 9.5).

2. IIpononpHbIe CBSI3M (BEPTUKAIBHBIC WM HAKIOHHBIE), INIOCKOCTh KOTOPBIX MEP-
MIeHIUKYJISIPHA TIOCKOCTH HECYIIMX KOHCTPYKIui (puc. 9.5).

Pacuer cBsazeBbIx pepm (puc. 9.6) mpous3BOIAT HAa TOPU3OHTATIBLHBIE HATPY3KHU
(BeTpoBasi, KpaHOBasi, TEXHOJIOTHYECKAasi) M  JOMOJHUTEIbHBIX  YCUJIHUH,
BO3HMKAIOIIUX B AJIEMEHTaX KOHCTPYKIHMH OT BEPTUKAIBbHON HATPY3KHU BCIICICTBUE
BO3MOXKHBIX HECOBEPIICHCTB Hecymux (epm (OTKIOHEHHUE OT BEpPTHUKAIH,
MOTHYTOCTHU U T. 11.).

BHemHue Harpy3ku pacnpenesisitoTcsi HOPOBHY MEXKAY BCEMHU CBS3SIMH,
dhepMamMu U TOPLIOBBIMU (pepMaMu 31aHUS.

Puc. 9.5. Ceazu no enewtnemy KOHmMypy Kapkaca 30aHu:
P;-P,— y3n08bie ycunus om 6empogou Hazpy3Ku ¢ COOmMeemcmeayouumu 2py3068biMu
nrowaosamu, P — pacnopku
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CmarsbHble a) o)

MAxu

Ps
Pz 1/41

Puc. 9.6. Pacuemnas cxema ckamnoil céa3eeoil hepmol puzenei:
@) CO CMANBHLIMU MANCAMU, PAOOMAIOUWUMU MOTILKO HA pacmsidiceHue (NYHKMUpHas
JUHUSA), ©) C HCeCMKUMU NOOKOCAMU, PAOOMAIOUWUMU HA PACTSIICEHUE U Cocamue

a)

g)

K2

Puc. 9.7. Pacuemnas cxema 6epmuKanbHoll cé:13e60il hepmol no KOJ10OHHAM:
@) CO CMANbHBLIMU MANCAMU, PADOMAIOWUMU MOTILKO HA paACmsdiCeHUe (NYHKMUPHAsL
JUHUSA), ©) € HCeCmKUMU NOOKOCAMU, PADOMAOUWUMU HA PACMSICEHUE U CoHCamue

YCI/IJII/IH, BO3HHUKAIOIUEC HN3-3a HCCOBCPUHICHCTB H3TOTOBJICHUA MW MOHTAXKaA
IUNIOCKUX HCCYIIUX KOHCTpYKLII/Iﬁ IMOKPBITUA, PACCUUTHIBAOT OT I[GﬁCTBI/ISI

YCJIIOBHOM F'OPU30HTAJILHOW HATPY3KH.
n+l .
EWE
A =0,03: ¢pepmbl, OANKH, TIOJIOTHE aPKU;
A =0,015: TpeXUIapHUPHBIX paM, BEICOKUX apoOK;

g.=Ag,

g, - BEPTHUKaJbHAs HArpy3Ka;

n - 9YACJIO HECYIIUX KOHCTpYKLII/Iﬁ 110 AJIMHC 34aHU,
t- YHUCJIO CBA3CBBIX Q)epM Ha BCIO [UIMHY 31aHU.
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Cymmapnas ropusoHtanbHas Harpy3ka 0,9(g,+g.), roe 0,9- kosadpdunuent

COUYCTaHMS.

Pacuer cBsizeil 1Mo pacCMOTPEHHBIM pacueTHbIM cxemaM (puc. 9.6 u 9.7)
BBITIOJTHSFOT MPU 3HAYUTEIIBHBIX pa3Mepax 3JaHUi U OTBETCTBCHHBIX COOPYKEHUI
(KaTKOB, CTaaUOHOB), T.K. ECTKOCTh OCHOBHBIX HECYIIMX KOHCTPYKIIUH W3
IJIOCKOCTH HE3HAYMTENIbHAS U 00CCIICUCHHE MPOCTPAHCTBCHHOW HEU3MEHSIEMOCTH
3[IaHUST OCYIIECTBIISICTCS 3a CUET CBS3CH.

B KypcoBBIX MpoeKTax Jjisi CpPEIHUX MPOJICTOB 3IaHUN JIOMYyCKaeTCs
HA3HAYaTh CXKATBIC CBSI3U IO MPEASITHbHON THOKOCTH.

Pacuer cedeHHMs CBsA3eM 1O TPEACIbHOW THOKOCTH BBIMIOJIHSACTCS B

CJICIIYIOH.ICfI IIOCJIICAOBATCIBbHOCTH :

aosh il 000is =l 20296 (Ba),
l np 0

n,
S

np
rIe /,- pacueTHas JJIMHA,
[- reoMeTpUYecKas AruHa (pacCTOSTHUE MEXy TOUKaMU 3aKPEIUICHNUs );
(- Kod(pPUUMEHT NpUBEACHUS [JIUHBI, MPU I[IAPHUPHOM 3aKPEIUICHUU
KOHIIOB u=1;
2, - IPEJIETIBHOE 3HAYEHUE TUOKOCTH, JUIs CBA3EH 1, = 200;

"
r-paanyC HHCPUHUH CCUCHMU.
PacyeTnyro mmMHy CBsA3€H CieayeT IPUHUMATD:

- B IINIOCKOCTH KPCCTOBBIX CBHSCﬁ, CKPCINICHHBIX MCIKIY CO6OI>1, paBHOﬁ
PACCTOSIHUIO OT IIEHTPA y3Ja J0 TOYKH MX MepecedeHus (eCii TOYKa B CepearHe,
T0 [,=0,51);

- U3 IUIOCKOCTH CBA3€EU, — PABHOU MOJIHOU T€OMETPUUYECKON JJIUHE DJIEMEHTOB

[Ipy DpOEKTUPOBAHMM CBSI3€M CleNyeT CTPEMUTHCS K Y3JOBOMY HX
OMMPAHUIO C dJEMEHTaMu (epM, a BEpTUKAIbHBIE CBA3M Ha3HA4YaTh MO BHICOTE
KOJIOHH 0JIOKamH (sipycamu), IpUMEPHO paBHBIMU IIary pam.

[Ipumepsl ycTpoiicTBa CBsI3ed B pa3iWYHBIX TUIMAX 3JaHUM MPUBEICHBI Ha
yeprexax B NpuiiokeHun No2.

9.4. IIpumep pacyera cBsi3eil Mo npeaeIbHOM THOKOCTH

3anpoeKTUPOBATh BEPTUKAIbHBIE CBSI3U MPHU BBICOTE KOJIOHHBI 8§ METPOB M
miare KOJIOHH 5 METpOB.

IIpuHrMaem cxemy CBs3€H B [IBa sipyca Kak Ha pucyHkax 9.5 u 9.7 ¢ BeicoTOi
4 metpa u marom B=5 merpoB. PacueTHas qimHa CBA3EH, CKPEIJIEHHBIX MEXIY
co0oli B cepeiMHe, paBHA F€OMETPUYECKOM:

- B IUIOCKOCTH CBsi3el [ =+/5"+4%/2=3,2m,
- U3 INIOCKOCTH - [, =6,4Mm
HaxonuMm cedeHue CBA3EH B INIOCKOCTH:
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l

oy ? 200 200 70,29 0,29
[IpyHMMaeM 1o copTamMeHTy Onrkalinii 6onbui pazmep ceuenust b=60 mm
OmnpenenseM pa3Mep ceueHUs U3 MIIOCKOCTH:

[ 640 r 3,2

v, =——=——=32cm;h, = = =11,03cm.

? 200 200 ’0,29 0,29
[Ipunumaem pasmep ceuenusi h=125mMm. Takum oOpa3zom, cedeHue cBs3el

Ha3zHayaeM — 60x125mM.

=5,52¢cm.

9.5. OOlecneyeHne TMNPOCTPAHCTBEHHON YCTOMYMBOCTH IJIOCKOCTHBIX
JAepeBIHHBIX KOHCTPYKIIUIA

PaccMoTpeHHble paHee MPOCTPAHCTBEHHBIE KPEIUICHHS, BOCHPUHUMAIOUINE
BETPOBBIE YCUJIUS, B TO JKE€ BpeMs CIyXaT Mg OPEeIynpekIeHUus MOTepu
YCTOMYMBOCTH C)KaTOr0 KOHTYpa IUIOCKOCTHBIX JEPEBSHHBIX KOHCTpYyKLM. B
OOJBIIMHCTBE CIIy4aeB CXKAThIM MOSC B HUX PACKPEIUISIIOT MPOrOHaMH KpOBIIH,
KOTOPBIE JOJIKHBI OBITH MPOYHO MPHUKPEIJICHbl K BEPXHEMY IMOSCY M HacTUJIaM
KpOBJIH. PaznuyHbie cxeMbl YCTPONCTBA CBsA3EH B 3JaHUSX C IJIOCKUMHU HECYIIUMU
MOKPBITUSIMH TIOKa3aHbl HA pUCYHKE 9.8.

B apoyHBIX KOHCTPYKLIMSIX MOMHUMO BEpXHUX (CKATbIX) MOSICOB, CIEAyeT
pPacKpeIuIsITh U HIKHUE CXKaThle Mosica apoK, a B HEKOTOPBIX PaMHBIX KOHCTPYK-
LUSAX - BHYTPEHHUN KOHTYpP paMbl, KOTOPBI MOXET OBITh CKaT Mo Bced cBoei
JUIMHE WM Ha YacTH €€, 0COOEHHO MPU HECUMMETPUUYHOM MPUIIOKEHUH HArpy30K
(puc. 9.8 1, n). HuxHue nosica packpemisiioT (Ipy MPOCTPAHCTBEHHO YCTONYHBOM
BEPXHEM  TMOKPBITUM)  YCTPOMCTBOM  BEPTUKAIBHBIX  CBsI3ed.  YUUThIBas
nedopMalii B COCIMHEHUSIX CBA3SX, 32 PACUETHYIO JUIMHY CXKAaTOTO HMXKHETO
nosica Mpu MPOBEPKE €ro YCTOMUMBOCTU CIIEAyEeT MPUHUMATh PACCTOSHUE MEXIY
CBA3MHM, YBEJIMUEHHOE Ha 25 %.

OCHOBHBIM THUIIOM MOMNEPEYHBIX BEPTUKAJIBHBIX CBA3EH SIBISIIOTCS >KECTKUE
CBSI3M, COEJIMHAIONINE MOMAPHO BAOJIb 3[JaHUS COCEIHUE KOHCTPYKIHMU (puc. 9.8).
BepTukanbHble CBSI3M HE CIENyeT JieJaTh HENPEPhIBHBIMU 10 BCEH JJIMHE 37aHus,
TaKk KaKk TMpU OOpYLIEHHWH MO KAKOW-TMOO TNpUYMHE OJHOM U3 HeCcylHX
KOHCTPYKIIMI OHa MEpPEerpy3utr 4epe3 CBSA3U COCEIHUE KOHCTPYKIMH, YTO MOKET
MPUBECTH K MOCJIEIOBATEILHOMY OOPYIIEHUIO BCETO MOKPBITHS.
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Puc. 9.8. Cxema ceazeii 6 30anuax ¢ NAOCKUMU HECYUUMU ITIEMEHMAMU:
a), 6), 8) - 6 hepmax; 2) - 6 pamax; 0) - 6 apxax;
CC - ckamnvie ceasu; BC - sepmukanvusie cesasu; HC - naknonnvie ceasu; P - pacnopka
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10. TOPHEBOM ®AXBEPK

10.1. OcHoBBI pacueTa

daxBepK SBISETCS HECYIIMM 3JIEMEHTOM TOPIEBON cTeHbl. DaxBepk HECET
BEPTUKAIBHYIO HAarpy3Ky OT MacChl OIPaKJarolIUX KOHCTPYKIIMH, BOCTIPUHUMAET
TOPU3OHTAIBHYIO BETPOBYIO HArpy3Ky, a Py HEOOXOIUMOCTH HAarpy3Ky OT 4YacTu
MOKPBITHUS, BKIIFOYasi maccy cHera. [Ipu BeicoTe 10 6,5 M cTOMKHU (axBepKka MOTYT
BBITIOJTHATHCS U3 OpYChEB, MPU OOJIBIION BBICOTE WX JIENAIOT KJICEHBIMU (B T. U.
MEPEMEHHOTO CEYCHUS) WU PEIIeTYAThIMU.

Pacuer croek daxBepka IMPOU3BOIAT KaK CKATO-U30THYTHIX SJIEMEHTOB, B
KOTOPBIX M3TUOAIONIUA MOMEHT BBhI3BaH TOPU30HTAIBLHON BETPOBOM HArpy3KoH, a
MpOJOJIbHAS CUja — Harpy3kod OT COOCTBEHHOM MacChl CTOWKH, CTEHOBOTO
OTPaXJACHUS U PEIKO YaCTH MOKPHITUS. M3rubaromnuii MOMEHT BBIYUCIISETCS KaK B
OJIHOTIPOJICTHOM OaJiKe C IMIapHUPHBIM OMMPAHHUEM KOHI[OB.

[Ipu 3HAYMTENBHBIX HArpy3Kax y3eJl ONHUpaHWsl CTOMKM Ha (YHIAMEHT
pacCcuMThIBACTCSI Ha CMSTHE TOpIla CTOMKM W MaTepuana (pyHIamMeHTa OT OCEBOM
cuibl. [lonepeuynas cuna O =0,5-w-/ BocIpUHUMAETCS OONTaMHU, TIEpeaeTCs Yepes
CTaJIbHBIC TPABEPCHI, WJIM MPOCTO YI'OJIKH, U HA (DYHIAMEHT.

W3 mmockoctn JEWCTBUST MOMEHTA CTOMKA pPAaCCUMTHIBACTCS U3 YCJIOBHS
o0ecrieyeHus1 YyCTOMYMBOCTH TOJIBKO OT BEPTHUKAJIBbHOW HArpy3KH, JJISI 4YeTO MOTYT
yCTaHABIIMBATLCA PACIOPKU MEXIy CTOMKaMu. B 3ToM ciydae pacueTHas JjIuHA
U3 IJIOCKOCTH paBHA HAMOOJbIIEMY PACCTOSHUIO MEXTY 3aKpEIICHUsIMU [ U [, .

Pacuer BoinoaHsIeM 10 Gpopmyie:

0
N M
o=—+—<R
A W
al (b, |OCOpKO a) —— naxens
[ L0530 I pacnopka 4
Je=—o N o
HeH !
N -
para, 0a/xda,
bep. nosc
| - | peprel H cmenobag
‘ ‘ naHens
‘ ‘ KO/NOHHT ]
Pacnopka Pacnopka
‘ - ‘ LOKO/bHAS
|| naHens
\ \

} B | B | CB

Puc. 10.1. Topuesoit paxeepk.
a) pacuemuas cxema, 0) KOHCMPYKMUBHASL cXeMmda
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Pacuer QaxBepkoBOil KOJOHHBI MOXXHO BBIIIOJHATH MO JIBYM pPacueTHBIM
CXeMaM:

1) OT BepTUKAIBHBIX HArpy30K, COCPEIOTOYEHHBIX Ha BEPXY KOJIOHHBI U
BETPOBOM Harpy3Ku;

2) OT BEpTUKAJIBHBIX Harpy3okK, B T. 4. OT CTEHOBOI'O OIPa)KJIEHUsI, MOMEHTa
OT CTEHOBOI'0 OTPAXKJIECHUS U BETpa.

I ¢apuanm
N, M’
a) Nﬂ:Nm@wmﬁmﬁﬁ@f o, = 1 +—SRc-m, ) Nn:Nk+Nc;
¢ KOHCMP. A w w»
M w I
3 j— - 0 : : : :
N : ] M :?‘, M, = ]8 ;o w=w,k-cy,nB; ¢=0,8
%
N 3000 /
K =1-——; p="—"3 A=-1
K p-A-R A I
K— h — BBICOTa CEYCHUS CTOUKH, i=0,29-/k;
: W, - HOPMATUBHBIM CKOPOCTHOM Hamop IO
K W, KIMMaTH4ECKOMY BETPOBOMY PalOHY;
[ K k- KO3(D@UIMEHT YBEIUYEHUS CKOPOCTHOIO
: Haropa 1o Beicote 3aaHus (10 M) u coopyxenus [3];
c Y,- KOdG(QHUUMEHT HAJEKHOCTU IO HArpy3Ke
: (7// = 1,4) 5
h ¢ n,- KO3(PPUIUEHT NTUHAMUYHOCTH, YUUTHIBAIOIIUN
K MyJbCAMOHHYIK) COCTABJIAIOLIYI0O BETPOBOrO Harmopa
: (n, =1,1-1,3);
o 6 m,, - KOO(QGHUIUEHTHI YCI0BHH pabOTHI KOJIOHHEL
11 ¢apuanm
N M’ w, - I?
N W, M, =M,+N, -e; o,=—2+—<R -m; M,=——:;
a " ‘ A w0 8
5) AL Y
= o — 2 . —_— . — . J— .
+ M =—==; wz—wo-k-cz-yf-ng-B, c,=0,6; N =N _+N_
| £
o L N, — B€C CTCHOBBIX IIAHEJIEU, OIUPAIOIIUXCS HA KOJIOHHY;
,ﬂ;
. L e — DKCIEHTPUCHUTET, PACCTOSIHUE OT LEHTPA KOJOHHBI 10
KONOHH®! } CEepEIMHBI CTEHOBBIX MAHEIIEH;
\ N, — BEC KOJIOHHBI,
LM
A B — mar ¢axBepKOBBIX KOJIOHH.
\
7T

O

Puc. 10.2. Pacuemmnsie cxemot: a) I 6apuanm,; 6) Il eapuanm
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10.1.1. Pacuem onopHoeo y31a

Kak mnpaBwio, BepTHUKanbHasi Harpy3ka Ha HUXKHEM TOPLE KOJOHHBI
HE3HAYUTEIIbHA U IPOBEPKY TOPIA CTOMKH HA CMSITUE MOYKHO HE NMPOBOJUTh.

[Togbupaem KonMMUeCTBO OONTOB, BOCHPHUHUMAIIINX  MEPEPE3bIBAIOIIYIO
cuity O =0,5-w-/ ¢ Ha3HaYCHUEM JUaMeTpa oonta d=16+24mm

— T

b=c

d OHKE[HbIE

Jr iy / do/mel
E

(&

Puc. 10.3. Koncmpykyus y3na onupanus KoaioHHbl

il
|

Pacyer nmpou3BoAMM Kak JIBYXCPE3HOE HArelIbHOE COEAMHEHHE MO0 CMSTHIO
CPEAHEro 3IeMeHTa U u3ruda 6onra: 7,=0,8-c-d «xH,

T,=1,8-d*+0,02-a’kH; HO He Oonee 2,5-d> (pa3Mepbl B CM).

_9
min nm

[IpoBepka Ha cMSTHE YTOJIKOB B 30HE ONMUPaHUs OOJITOB:

o=- 9 5 < R, -y, t— TOJIIMHA CTEHKU YTOJIKOB.
.-
OnpenenuM KOJIMYECTBO aHKEPHBIX OOJITOB.
[TpuaumaeM d =16 +24.um . bonTel paboTaroT Ha Cpes.
92
nc '7/6 .A.Rbs

KomxnuecTtBO OONTOB: 7 =

n,— 4YNACIIO CPe30B-1;
y. =1— K03 PUIMEeHT ycaoBuil paboThl Ha CPE3;

A — mutomaae 6oJiTa (eciu JUHUA cpe3a MPOXOAUT Yepe3 pe3bly, To A=Ay, ).
R, =20«H [cv® Ut 60OITOB Kiacca 5.8.

10.1.2. Pacuem xpennenus 6epxa KOJIOHHbL

Oco0OeHHOCTh KperieHus (axBEpKOBOM KOJIOHHBI K HECYIIUM KOHCTPYKIIHSIM
3aKJII0YaeTCsl B TOM, U 3TO HU3BECTHO yxe u3 paHHux kKypcoB MK m JKBK, uro
3leCh JIOJDKeH ObITh CPOPMUPOBAH JIMCTOBOM IIAPHUP, HE CTECHSIOUIUN
BEPTUKAIbHBIE IEPEMELLICHUS PUTETIs, YEPE3 KOTOPBINA HE TOJHKHA NIEPEAABATHCS Ha
KOJIOHHY BEPTHUKAJIbHAS HArpy3Ka, a TOJIbKO TOPU30HTAIbHAS OT BETPA.
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B 3aBHCMMOCTM OT MPOEKTHOTO PENIEHUS KOHCTPYKTUBHO PEATU3YIOTCS
HECKOJIbKO BapHaHTOB y3Jla KPEIUICHUs] KPOBEJIbHBIX M CTEHOBBIX MaHesel (puc.
10.4). Ilepenaya ropu3OHTaIbHBIX YCHJIMM OT Bepxa KOJOHHBI MPOUCXOJIUT Yepe3
HECYIYI0O KOHCTPYKLMIO (WM €€ 4acTh, HAIpUMEp, MOsC) B y3€J MPUMBIKAHUS
cBszeil. Takum 00pa3oM, TOpU30HTAIbHBIE HATPY3KH OT (paxBepka mnepeaaroTcss Ha
JIUCK 7KECTKOCTH IO TTOKPBITHIO.

OmnpenensieM KOJIWYECTBO OOJTOB WM TIIyXapeu, MPUKPEIUISIOMUX BepxX
KOJIOHHBI.
Pacuer npon3BoaMM KaKk HECUMMETPUYHOE HATEJIBHOE COEIUHEHHE.

T =0,35-c-d kH; c=h ;o h>5-d; d=8+12mm;

anyxaps

T =1,8-d*+0,02-a* HO HE Oonee 2,5-d’kH; a=t (c,d,a—Bcm).

naacmunvl ?

Paccrosane mexnay Oositamu: S, =7-d - BOOJb BOJOKOH; S,=3,5-d -

IMOIICPCK BOJIOKOH. Paccrosnue ot Ooira OO0 KPOMKH: S3 =3-d- IMOIICPCK BOJIOKOH.

a) T-siw bapuaxm 0) 2-ou bapuarm
DYAOHHAS KPODAS

MK - @apmyk
\ NaHe b NOKpbIMUS jﬂ J PUYAOHHO S
T MK - @apmyxk
( . - T e/bHUK papmy Kpobis
I 1 5-8 MM

cbs36 UL | } PN naHeib NoKpbImus

pacnopka

T — s | I =

?[ﬁﬁ?b unu ||, -
[
acnapka |
nadesns }‘7 P s \
cmeHobas -+ -
Hec.
KOHCMp
HOC.
KOHCMP.
KO/IOHHO
j ||
1L LI konowma

Puc. 10.4. Y3en kpennenusa eepxa KoJi0oHHBbL:
a) 1-vuii sapuanm; 0) 2-oti sapuanm
10.2. ITlpumep pacuera
3&Hp0€KTI/IpOBaTB KJICCHYIO (I)aXBepKOBYIO KOJIOHHY TCIINIOBOT'O 3JaHUA C
[1aroM TOPLEBBIX KOJIOHH B =5m, BBICOTON [ = 6.m. Pallon cTpoutenscTBa r. Ka3aHs.
TeMnepaTypHO-BIaXKHOCTHBIE YCIIOBUS dKCILTyaTaluy — A2.

KoHcTpykTHBHAsA U pacyeTHasi CXeMbl KOJOHHBI IpuBeAeHbl Ha puc. 10.1 u
puc. 10.2.
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10.2.1. Coop Haepy30K, 0elucma8yrouux Ha KOJOHH)
OCHOBHBIMU Harpy3KaMH sl KOJIOHH SIBJISIFOTCSI TTIOCTOSTHHBIE (BEC CTEHOBOT'O

OTpaXKJIeHHUs, COOCTBEHHBI BEC KOJIOHHBI), KpaTKOBPEMEHHBbIE (BETpOBasi)
Harpy3Ku.
Jns  pacdyeta NPUHUMAEM CTEHBI, BBIIOJHEHHBIE C HCIOJb30BAHUEM

kieedaHepHbIX MaHened. B kadecTBe Hecylled KOHCTPYKLUMM 37aHUS MPHUHSTA

KIICCACPCBAHHAA Oaska.

B Tabmuue 10.1 mpeacraBieHbl JaHHbIE O PAaBHOMEPHO pacIpeiesIeHHbIX
BEPTUKAIBHBIX Harpy3Kax, eUCTBYIOIMX HA KOJIOHHY.

Tabnuua 10.1

K
Hopmarus 03pdunmenT PacueTnas
-Has HaJEKHOCTH
HanmeHoBaHue U MOJCYET HATPY3KH Harpyska,
Harpy3ska, I1O HAarpy3ke, «IIa
klla 7.
1 2 3 4

IlocTosiHHBIC:
danepHbIe OOIIUBKU 0,098 1,1 0,108
(0,008 +0,006)-700-107
HpOIIOJIBHBIe pe6pa KapKkaca 0.062 1.1 0.069
4-0,04-0,117-500-102/1,5
[Tonepeunsie pedpa
9-0,04-0,117-0,433-500-102/2,98-1,5] 0,020 L1 0,022
YTenmTens 0,042 1,2 0,050
0,117-(1,5-4-0,04)-40-107 /1,5

u q"“=0,064
CobOcTBenHast Macca KOJIOHHBI qx =0,058 L1

. qr=0,313
Bcero qn =0,28

HopmaTuBHOE 3HAaUEHHE CPEIHEN COCTABIAIONIEH BETPOBOM HAarpy3ku w, Ha

BBICOTE H HaJ MOBEPXHOCTHIO 3eMJIU ompeaesieTcs mo hopmye 6 [3]
w, =w, k-c,

rie w, - HOPMAaTUBHOE 3HAauy€HUE BETPOBOro aaBieHus [3]; k- KOdpULIKEHT,

no BbeicoTe [3];

y‘II/ITBIBaIOH_II/Iﬁ U3MCHCHUC BCTPOBOTO c-

a’poanHamudeckuit ko duiment [3].

JaBJICHUA
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HopmaTuBHOE 3Ha4YCHHE BETPOBOTO MABICHHUS MO BBICOTE w), = 0,3 xu/n’ miast 11

paiiona (r. Kazanp) nmpuHumaetrcsa mo Ttabnuie 5 [3] B 3aBUCHMOCTH OT THIIA
MectHOCTH. [IpuHnMaem Tumn MectHOCTH B (ropojickas 3actpoiika).
3Ha4YeHUe ¢, U ¢, IPUHUMAIOTCS O NpuiiokeHuro 4. . 3 [3].

PacueTrHbie TOrOHHBIE HATPY3KHU OT BETpPA:
HaBETPCHHAs CTOPOHA - w, =w, ¥, -k -¢,-B=0,3-1,4-0,53-0,8-5= 0,89kH [ m;
paspsiKeHHas 00J1aCThb - w, = w, ¥, ky-c,-B=0,3-1,4-0,53-0,6-5=0,67xH [m ,
rae y, =1,4- KOd(pUIIMEHT HAJAC)KHOCTH IO BETPOBOM HArpy3Ke, MPUHSATHIN IO TI.
6.11 [3].
CocpenoToueHHbIE CHIJIBI OT BETPOBOM HArpy3kM Ha BEpXHEM TOUKeE

KOJIOHHBI:

Wy=w, -7,k ¢ -é-B:0,3-1,4-0,53-0,8-3-5:2,671<H;

Wy=w,-7, k -c2-é-B:0,3-1,4-0,53-0,6-3-5:2,011<H,

rjie [ - BBICOTa KOJIOHHBI (IPY30BOM TUIOIAIN).

BepTtukanbHasi Harpy3ka Ha KOJJOHHY OT CTCH:
N,=q-B-1=0,313-5-6=9,39xH =9,39-10° MH .

Jliist pacdera 1Mo IByM BapuaHTaM 3arpyKeHUH HEOOXOIUMO JOIOJTHUTEIBHO
OTIPEJICITATh U SKCIICHTPUCUTET OT YCTAHOBKH CTCHOBOTO OTPaKICHHSI.

A 040 002 G 5 0.06=0,26m

2 2 2
h, - BBICOTA CEYECHUs KOJIOHHBI; /, - TOJLIMHA CTEHOBOU IaHEIIN.

10.2.2. Pacuem oowamokieeHol KOJOHHbL

3agaeMcsl pa3MepaMH CEUCHMsI KOJIOHHBI, UCXOJSl M3 MpeaeabHON TMOKOCTH
A =120 1O TAOMIIE 4 [1].
o Hewy 6001 _
" 70,289-1_ 0,289-120
rae u, - koddouuuent, npuHuMaembli o m. 4.21 [1] kak mapHUpHOE

,3em,

3aKperieHre Mo KOHIIaM K OCHOBAHUIO U K KECTKOMY JHMCKY MOKPBITHS C 4, =1.
[IpuHrMaem no npwiioxkeHuto 1 pasmepsl nocok 40x175.

175(167)

215 (207) (6x34,5)

Puc. 10.5. Pazmepol KoJ10HHBL 00 U ROC/IE MEXAHUYECKOU 00padomKu
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Honepeque CCUCHME JIOIIATOKJICCHOM KOJOHHBI KOMIIOHYCM H3 6 JOCOK.
Torna MMONICPCYHOC CCUCHHUC KOJOHHBI C YUCTOM (I)pCSCpOBaHI/ISI JOCOK COIJIaCHO

MPUIIOKEHUIO 3 COCTABUT: h, =6-a=6-34,5=207um; bxh=167x207um.

CobcTBeHHast Macca KOJIOHHBI IO opmyiie
N,=0,167-0,207-6-500-107-1,1 =1,14xH .

[ToHas BepTUKaIbHAS MMOCTOSIHHAS HArpy3Ka:
N, =N +N, =9,39+1,14=10,53«H .

N3zrubaronye MOMEHTHI B KOJIOHHE IO (popMyJiaMm:

2 2
= _089-6" 4 i
8 8
2 2
Manwzgl +Nc-e:0’6; 0 10.39.0,26=5,45¢H - .

B manpHeiimmx pacderax mpuHHUMaeM M, IO BTOPOMY BapHaHTy pPaBHBIM
5,45kH
HOHepeqHaﬂ Cuiia y OCHOBAHUA KOJIOHHBI:

Q]:W]TJ:0’89.6:2,67KH;
w,-l  0.67-6
0, =25 =22 = 2.01kH .

B nocnenyromux pacuetax npuaumaem Q. =2,67«xH (1 BapuaHr).

FCOMeTpI/I‘{eCKI/Ie XapaKTepI/ICTI/IKI/I CCUCHU KOJIOHHBI.
A =b-h=16,7-20,7 =345,69cm* =34,57-107 m*;

pacy

_b-h* _16,7-20,7

= =1,19-107
pacy 6
2 2
6 :bh :16,720,7 :0,894-10_3_/‘/13;
v 8
3 3
Iép:blél :16’7150’7 =12,34m".

1 12,34
Pamnyc unepuun: r= -2 = |—="" _ —16¢cm.
ad P \/ 4, \34,57-107

I'nOKOCTb KOJIOHHBI IIpU IPUHATOM CCUYCHHUH PABHA:

gt 60010355 s _in0.
r 16
Koaddunment npomonsHoro m3ruda omnpenensercs no ¢opmyne 8 [1], tak

Kak A<70, TO
2 2
qo=1—0,8-(ij =1—O,8-[37’5) =0,887.
100 100

1 1073
Koo dumment: &=1-—a __ _1_ 0,53-10 ]
qD'Rc'Agp 0,887-16,42-34,57-10

rZie R, - pacuyeTHOE COIPOTHUBIICHHUE IPEBECUHBI 2-T'0 COPTA;

=0,981,
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R =13-m, -m,-m, - —13.1.1.1. 22
: 7, 0,95

=16,42MTla.

Torma
N M _10,53-10—3+ 5,45-107

n

O, = + - 3 3
A W& 3457-100 1,19-107-0,981

pacy pacu

=0,27+4,67=4,94< R, =16,42MIla .

CkanbiBaroiue HanpsbkeHus mno ¢popmysne 18 [1]

-S . 107
r=2% 2670 8394 10" _ 228,3xlla = 0,228MIla < R, =1,95MI1a
I,-b 12,3-107-0,167

Tac RCK- pacdCTHOC COIIPOTUBJIICHUC CKAJIBIBAHUIO IIPpH M3rude KIICEHBIX

QJICMCHTOB U3 JPCBCCHUHDBI 2-10 copra.
m
H

R,=1.5m,-m;-m -—*~=151-1-1- 1,2
: 7, 0,95

[IpoBepka yCTOWYMBOCTH IIOCKOM (GopMbl JeOpMUPOBAHMS  CKATO-
n3rub6aeMoil KOJIOHHBI 1o (hopMmyIe:

N { M? ] 10,53-107 5.45.107

=1,95MITa .

n

+ = + =
@R -A, @, R W, | 00981.16,42-34,57-10" §2816,42-1,19-107
=0,0168+0,0337=0,05<1,
2 2
e ¢, =140- b -k¢=140-M=8,28; n=1.
’ [ - 600-20,7

P
VY CTONYMBOCTD U3 IUIOCKOCTH KOJIOHHBI 00€CIIEUMBAETCS 32 CUET CTEHOBOTO
orpaxkJieHus paxsepka.

10.2.3. Pacuem onopHoeo y3na

KoHCTpyKTHBHOE UCNIOTHEHUE Yy3J1a IPUBEAEHO Ha pucyHke 10.3.

[IpoBepuM TOPLEBYIO MOBEPXHOCTh KOJIOHHBI Ha CMSTHE OT BEPTUKAIbHOMU
Harpysku N,,:

N, 10,53:107°
G, = =
‘A4 34,5710

pacy

=0,27MIla < R =16,42MIla

IlepepesbiBaromas cuna B ysne: Q. =0, =2,67xH .

Pacuer mpou3BOAMM KaK JIBYXCPE3HOE HArejlbHOE COEIUHEHHUE IO CMSTHIO
CpeIHEro dJeMeHTa 1 u3rudy 6onra (d =20mm):
T =0,8-c-d=0,8-16,7-2=26,72xH;
T,=1,8-d*+0,02-a* =1,8-2% +0,02-1 = 7,22xH, HO He Oomnee 2,5-d* =2,5-2° =10xH.
0 2,67
on 7,22-2
[lpuaumaem 1 Oonr auamerpoM d=20mm C KPEIUIEHUEM K YTOJKY
100x100x10 MM.
[IpoBepuM Ha CMSITHE CTEHKH YroJika OT AaBJieHHs O0JTa.
L .0 _ 2067
“ d-t-n-2 0,02-0,01-1-2

KomxnuecTtBO OONTOB: 7 =

=0,18.

=60675klla =6,6TMIla <R, =20MIla .

157



OmnpenensieM KOJTMYECTBO aHKEPHBIX OOITOB d = 20.mum, paOOTAIOMINX HA CPE3.
2,67-107°
n= 0 - i =0,27,
A, R -y.-n-2 2,4510°-20-1-1.2
A, - mwiom@aab 6oata 1mo pe3ndbe, 4, =2,54cu® IS d=20mm, R, =20xkH/cv® is
6onToB knacca 5.8. [IpunumaeM 1 60AT d =20mm € KaKI0M CTOPOHBI KOJIOHHBI.

10.2.4. Pacuem y31a KpenieHus 6epxa KOJIOHHbL

KoHcTpykTuBHBIE penieHus y3ina npuBeleHbl Ha pucyHke 10.4. Lens
KOHCTPYKIIMH JINCTOBOTO IIapHUPA:

- IepeaTbh TOPU30HTAIBHOE YCWIME OT BETPOBOM HArpy3kKu Ha IKECTKHI
OCTOB 3J]aHUS;

- HE BOCIPUHUMATh BEPTUKAJIbHBIE HATPY3KU OT OKPBITHS.

[lepenaua  ropu3OHTaNbHOM  HArpy3ku  (Iepepe3bIBAIOLIEH  CHJIbI)
0 =2,67xkH MOXET TPOU3BOAUTHCS 4YEpPEe3 THYTBIA YrOJIKOBBIA DJIIEMEHT WIH
HEPaBHOIOJOYHBINA YTroJIOK (B 3aBUCMMOCTH OT Pa3MEPOB CEUYEHHS KOJIOHHBI) C
MOMOIIBI0 TiiyXaped d=6+12uu. Pacduer mpous3BoAMM Kak HECUMMETPHUYHOE
HareJabHOE COEIMHEHUE:

T =0,35-c-d; c=h ; h>5-d.

anyxaps®

IIpuaumaem riyxapb d =8mm, h=>50mu
T =0,35-5-0,8=1,4kH ;
T, =1,8-d*+0,02-d*; HO He Oonee 2,5-d*; a=t,,, . ;
T, =1,8-0.8"+0,02-0,5% =1,16xH; HO HE Ooyee 2,5-d> =1,6xH.
i -QTmm B 12-’1,6176 =2

[IpuHEMaeM TPH TIIyXaps, Pacroj0KEeHHBIX B IIAXMATHOM MOPSIKE Ha TOPIIE
KOJIOHHBI 1o cxeme (puc. 10.6). Ha paccrosHum He MeHee 3,5-d MEXIy

riyxapsiMu U 3-d OT Kpad: S, =3,5-d =28mm; S, =3-d=25mm.

KonnuecTBo rioyxapeit: » =

Hecywas KoOHCMPpYKUUS (0a1ka ) mopeu KanoHH

207

50,50,50
1
r
.
0
0, 5150
+
+

+
167

2 00/1ma )
d=17 mm 50 50 50 50 eHymbid yeook (300x150x5)

100 200

Puc. 10.6. Pacnonooscenue 2nyxapeit Ha mopue paxeepkosoil KOa0oHHbL
JIng coeauHEeHUs TOpLA KOJIOHHBI K HECYIIEMY DJJEMEHTY HCIOJIb3yeEM
THYTBIM yroJIOK U3 TUIACTHHBI TOJNIIMHON Smu M ABa 0onTa AuameTpoM d=12mm.
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[IpoBepuM cMsTHE JpEeBECHUHBI MOJ Imaidamu (45x45x4mm) OOJITOB MOMEPEK
BOJIOKOH.

0 2,67

GCW = = =
2.4, 2-2,025-107

4,=4,5-4,5=20,25cu" =2,025-107’;

=0,66< R, =4Mla,

Rc,wqo = 4MH(1, S] = 3a5 d = 42MM, S2 = 3 d = 36]1/1]1/1

C npyroif CTOpOHBI HECYIIETO 3JIeMEHTa (0aJIK1) ATH K€ J1Ba 00JITa KPErsT ¢
MOMOIIBIO YTOJIKA CBSI3U UJIU PACTIOPKY (CM. CXEMY CBSI3€H 10 TOKPBITHUIO).
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HPUJIOKEHHUE Nel

[Ipunoxenue 1.1
Pacyernble conporuBieHus R ApeBeCHHBI COCHbI U €JIU

PacueTHbIe COITPOTUBJICHUA

Hanpsixkennoe cocrosiHue u
O6o3Hauenue | i qpeBecuHbl copto, Mlla

XapaKTepHUCTUKA 3JIEMEHTOB

1 2 3
1. U3ru6, cxxatve u CMIITHE BAOJIL BOJOKOH R, R, Rey
a) 2JIEMEHTHI IPSMOYIOJILHOTO ceueHus (3a
HCKIIFOYEHHEM YKa3aHHBIX B IOAIMYHKTAX 14 13 8,5

«O», «B») BBICOTOM 110 50 cM

0) 2JEMEHTHI MPSIMOYTOJIBHOTO CEYCHUS
mupuHo# cebiie 11 1o 13 cM npu BeicoTe 15 14 10
ceueHus 6osee 11 10 50 cm

B) DJIEMEHTHI IPSMOYTOJIbHOTO CEUEHHUS
LIMPUHOM cBbIIIE 13 ¢M IIpU BBICOTE 16 15 11
ceuenust 6osee 13 1o 50 cm

I') 3JIEMEHTHI U3 KPYIJIbIX JIECOMATEPUAJIOB
0€3 Bpe30K B PACUCTHOM CEUCHUU

2. PacTsxeHue BIOJIbL BOJIOKOH:

~
1

a) HEKJICEHBIE DIIEMEHTBI Ry 10

0) KJIeeHbIE NIEMEHTHI R, 12 9 -

3. CMsATHE U CXKAaTHE IO BCEH IIOMIAAKE
Remoo 1,8 1,8 1,8
MOTEepPEK BOJIOKOH

4. CmsTHE MoTnepeK BOJOKOH MECTHOE:

a) B ONOPHBIX YACTAX KOHCTPYKLIUMH,
71000BBIX BPYOKaX U Y3JI0BBIX IPUMBIKAHHSIX 3 3 3
3JIEMEHTOB Renoo

0) o maiidéaMu Ipu yriax cMsITHS
90°...60°

5. CxanpIBaHue BJ10JIb BOJIOKOH:

a) Ipu U3rude HEKJICCHBIX JIEMEHTOB 1,8 1,6 1,6

0) pu U3rude KJIEEeHbIX AIEMEHTOB Rex 1.6 1,5 1,5

B) B JIOOOBBIX BPYOKaXx JiJisi MAKCUMAJIbHOTO 24 21 21
HAaIPSKECHUS ’ ’ ’

IIpumeyanus
1. [InoTHOCTH cBEXKECPYOJIEHHOM IPEBECUHBI XBOMHBIX U MATKUX JHUCTBEHHBIX TOPOJ
IIpuHUMaeTcs paBHou 850 Ko/, TBEPABIX JIMCTBEHHBIX Topox — 1000 Kr/n.
2. IINOTHOCTB KJI€EHOM APEBECUHBI IPUHUMAETCS KAK HEKIICEHOM.
3. [InoTtHOCTH OOBIYHOM (haHEPHI MPUHUMAETCS] PAaBHOM MIIOTHOCTH JIPEBECUHBI IITOHOB, a
Gakenu3upoBaHHOi — 1000 Kr/m’.
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[Ipunoxenune 1.2
YciaoBust IKCIUIyaTAlMM KOHCTPYKIUIA

MakcumanbHas
TemnepaTtypHo- . BJIQXKHOCTh
XapakTepucTuka yCciI0BHU o

BJI&KHOCTHBIE YCIIOBHS JpeBECUHBI, %

JKCIUTYaTalud KOHCT 15054
AKCIUTyaTaluu yatan PYKIL

KJICEHOU Hemf “
HO
BayTtpu otammBaembix nomenieHui npu remmneparype 1o 35°C,
OTHOCHUTEJIbHOM BJIAXKHOCTHU BO3/yXa:
Al 10 60% 9 20
A2 cBoitie 60 1o 75% 12 20
A3 cBbItie 75 1o 95% 15 20
BHyTpHu HEeoTannmBaeMbIX TOMEIICHUN:
b1 B CYXOH 30HE 9 20
b2 B HOPMAJIbHOM 30HE 12 20
B CYXOW M HOPMAJIBHOM 30HAX C
b3 MOCTOSTHHOM BJIQXKHOCTHIO B IOMEIICHUHU 15 25
6osee 75% ¥ BO BIaKHOM 30HE
Ha oTkpeITOM BO3ayXe:
Bl B CYXOH 30HE 9 20
B2 B HOPMaJIbHOM 30HE 12 25
B3 BO BJI&KHOM 30HE 15 25
B vacTsax 3maHuil U COOPYKEHUI:
1 COIPUKACAIOLIUXCS C TPYHTOM WM i 75
HaXOJSIIIMXCS B TPYHTE
HE
2 IIOCTOSIHHO YBJIGXKHAEMBIX - OIpaHUYHU-
BaeTcs
I3 HaXOJSIIHUXCS B BOJIE - TO )K€

IIpumeyanus

1. IIlpuMeHeHNE KIEEHBIX JEPEBSHHBIX KOHCTPYKIHUN B YCIOBUAX dKCIuTyaTauuu Al npu
OTHOCHTEIILHOM BIAXKHOCTH BO3AyXxa HIKE 45 % He A0omycKaeTcs.

2. B HekseeHbIX KOHCTPYKIUSX, IKCIUTyaTUpyeMbIX B ycnoBusix B2, B3, korga ycymika
JPEBECUHBI HE BBI3BIBAET PACCTPOMCTBA UM YBEIWYEHUS MTOAATIMBOCTH COEAMHEHM,
JOTTYCKaeTCsl MPUMEHSATh JPEBECUHY € BIAXKXHOCTBIO 10 40 % mpu ycloBUU €€ 3allUThI OT
THUCHHUSL.

162



[Tpunoxenue 1.3
1.3.1. Ko puumeHT, yYYUTHIBAIOIIUHA IOPOAY APEBECHHbI, /1,

Koaddunment m, 115 pacyeTHbIX COIPOTUBICHUM
JipeBecHBIC TOPOJIH! PACTSDKEHUIO, U3TUOY, | CHKATHIO U CMATHIO CKANLIBAMILIO
C)KATHIO U CMSTHIO MOTepeK BOJIOKOH Re
BJIOJIb BOJIOKOH Rc.90, Remuoo, «
Rp, Ry, Re, Rem
XBoiiHBIC
1. .HI/ICT?GHHE/IIIa, KpoMme § 1.2 12 1
€BPOTICHCKOMN U STTOHCKON
2. Kenp cubupckuii, kpome
Kpacnosipckoro kpast 0.9 0.9 0.9
3. Kenp praCHOSIpCKOFO Kpas, 0,65 0,65 0,65
COCHa BEHMYyTOBa
4. Iluxra 0,8 0,8 0,8
TBepabie JIUCTBEHHbBIE
5. dy6 1,3 2 1,3
6. Slcenp 1,3 2 1,6
7. Axamus 1,5 2,2 1,8
8. bepesa, Oyk 1,1 1,6 1,3
9. B3, uneM 1 1,6 1
MsrKue TUCTBEHHBIC
10. Omnpxa, IMna, OCHHa,
TOIIOJIb 0.8 ! 0.8

IIpumeuanue. KorpdunueHnTs! my, yKa3aHHble B Ta0IHIIE U1l KOHCTPYKLIUNA OTIOP
BO3/YIIHBIX JITHUH 3JIEKTPOIIepEIauu, H3TOTABIMBACMBIX U3 HEMPOIIMTAHHON aHTUCETITUKAMHU
JUCTBEHHUIBI (TIPU BIAXKHOCTH <25%), yMHOkatoTcs Ha KodpduuueHt 0,85.

1.3.2. Koa¢ppuuueHT yyeTra BJIAKHOCTH CPeAbI 11,

YcnoBus skcIuTyaTanuu Koadpunument m;
Al, A2, b1, B2 1
A3, B3, Bl 0,9
B2,B3,T'1 0,85
2,13 0,75
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1.3.3. Ko punmeHT yuera BbICOTHI ceueHus hg, m;

BricoTa ceuenns, S50m 60 70 20 100 Soree
cM MeHee
Koaddurnment mg 1 0,96 0,93 0.9 0,85 0,8
1.3.4.Ko3¢puumeHT TONIUHBI CJI0EB KJeeJepeBIHHbIX 3J1eMEeHTOB, M.,
Tomnmuna ciost, MM 19 u menee 26 33 42
Koaddumument mg, 1,1 1,05 1 0,95
1.3.5. KoappuuuenT yyera BbIrnda 10CKH, 1,
Hanpsoxennoe O6o3HaueHue Koaddumment myy, mpu OTHOIICHNH T /a
COCTOSIHHE pacyeTHBIX 150 200 250 500 u 6omee
COIPOTUBIICHUI
Cskatne u u3rud Re, Ry 0,8 0,9 1 1
Pactsoxenue Rp 0,6 0,7 0,8 1

IIpumeuanue. 1 — paanyc KpUBU3HBI THYTOM TOCKU WM OpycKa; a — TOJIIMHA THYTOM

JIOCKY WJIU OpyCKa B paJlaIbHOM HAMPBIICHUU.

1.3.6. Ko punmeHnT, y4uThIBAOIIUI HAJTMYME 0CJIA0TeHNH B PACTSAHYTHIX

3JE€MEHTAaX, m,

[Tpu nanmuum ocnabnenunii my=0,8;
[Ipu oTcyrcTBUM ocnabaeHuit mo=1.

1.3.7. Moayas ynpyroctu Eg, Moayas casura Gy u koddpdunnents! Ilyaccona pg

CTPOMTEbHOM (paHepPhI B IJIOCKOCTH JIMCTA

Bun danepst Eg Gy Ko
Mlla Mlla

1. ®anepa kieenas 6epe3oBast Mmapoku OCD
coproB B/BB, B/C, BB/C:
a) CEeMUCJIOWHAs TOJIIIMHON § MM U 6oJee:
-BJI0JIb BOJIOKOH Hapy>KHBIX CJIOEB 8500 750 0,07
-IIOTIEPEK BOJIOKOH HAPYXKHBIX CIOEB 7000 750 0,06
-noJ yriiom 45° K BOJIOKHaM 2500 3000 0,6
0) MATUCIIOWHAS TOJIIWHOM 5...7 MM:
-BJI0JIb BOJIOKOH Hapy>KHBIX CJIOEB 9500 750 0,07
-TIOTIEpPEK BOJIOKOH HAPYKHBIX CIIOEB 6000 750 0,06
-noJ yriiom 45° K BOJIOKHaM 2500 3000 0,6
2. ®aHepa KiieeHas U3 APEBECUHbBI JTUCTBEHHHUILIBI
Mapku @CO coproB B/BB u BB/C cemucnoiinas:
-BJI0JIb BOJIOKOH Hapy>KHBIX CJIOEB 7000 800 0,07
-IIOTIEPEK BOJIOKOH HAPYXKHBIX CIOEB 5500 800 0,06
-noJ yriiom 45° K BOJIOKHaM 2000 3000 0,6
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Oxkonuanue tadmuner 1.3.7

3. ®anepa OGakenmzupoBanHas mapku ObC:

-BJI0JIb BOJIOKOH Hapy>KHBIX CJIOEB 12000 1000 0,085
-TIIOTIEPEK BOJIOKOH HAPYXKHBIX CIOEB 8500 1000 0,065
-noJ yriiom 45° K BOJIOKHaM 3500 4000 0,7

IIpumeuanue. Koadpdunuent [lyaccona g ykasaH a1 HalipaBlIeHUs, HEPIEHAUKYISIPHOTO OCH,
BJI0JIb KOTOPOM OIPEIEIIEH MOAYJIb YIIPYTOCTH Eg,.

[Tpunoxenue 1.4
BepTukanbHble Nporudbl 3JieMeHTOB KOHCTPYKIUI M HATPY3KH, OT KOTOPBIX CJieAyeT
onpeaeasTh MPOrudbl
(Bb10OpKa 13 Taba. 19 CHull 2.01.07-85%)

DneMEeHTbl KOHCTPYKIUI TpebGoBanus fu Harpy3ku
2. banku, pepmbl, purenu, IporoHsl,
IUTUTBI, HACTUJIBL:
a) MOKPBITUN U MEPEKPBITUN, OTKPBITHIX S CTeTHKO-
1u1st 0030pa IpH MpoJieTe /, M: IMocToSHHLIE U
<1 ncuxonorudec | [/120%* BpeMeHHbIE
=3 Kiie /150 JUTMTEITbHBIC
=6 [/200**
[=24 (12%) [/250%*
[=36 (24%) 1[/300%*
ITocTostHHEIE,
BpEMEHHBIE
0) MOKPBITUH U NEPEKPHITUH NpU KoncrpykTus- 40 nt JUTUTEIbHBIC U
HaJIMYUU IEPEropoI0K MO L HUMHU HBbIE KpaTKOBPEMEHHBIE,
MPUBOALIUE K
YMEHBIIEHUIO 3a30pa
B) MOKPBITUI U NEPEKPHITUH NpU
HaJIMYUH Ha HUX DJIEMCHTOB, To e /150 JlelicTByromume mociue
MO/IBEPKEHHBIX PACTPECKUBAHUIO BBITIOJIHEHUS CTSKEK
(CTSDKEK, M0JIOB, IEPErOPOJIOK)
DcTeTHKO- To xe
3. DJIeMEeHTHI JICCTHHIL, OAJIKOHOB, ’
e IICUXOJIOTUYEC | YTO B II. To e, uTo B 11. 2,a)
KHe 2,a)

* - 3Haue€HUS B CKOOKaX JaHbI IS IOMEIIEHUI BBICOTOM 10 6 M BKIIIOUUTEIILHO;
** - U1 IPOMEXYTOUHBIX 3HaUYeHUH / peiebHble IPOruObI CIEAYET ONpPEAEATh JIUHEHHOM

MHTEPIOJISIUEN.

IIpumeyanus

1. IlpenenbHble HporuObl 3JIEMEHTOB KOHCTPYKIHUI, HE YyKa3aHHBIX B Talnuie, CileayeT

npuUHUMaTh paBHbIMH [ /150.

2. J11s1 KOHCOJIBHBIX AIEMEHTOB BMECTO / ClielyeT NPUHUMATh YIBOEHHYIO BEJINYMHY BbUIETA.
3. IlporuOsl 31€MEHTOB MOKPBITUS JOJKHBI OBITH TAKMMH, YTOOBI YKJIOH KPOBJIM COXPAHSJICS

paBHbIM He MeHee //200.

4. TlpenenpHbIi MPOrud HeCyUIUX 31eMEeHTOB eHa0B — / /400.
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IIpunoxenue 1.5

CoprameHnT nuiaomarepuaioB xBoiiHbIX mopoa no 'OCT 2445-80*

Tommuna, [Iupuna, Mmm

MM pEeKOMEeHTyemast JoTycKaemast

16 75 100 125 150 - - - -
19 75 100 125 150 175 - - - -
22 75 100 125 150 175 200 225 - -
25 75 100 125 150 175 200 225 250 -
32 75 100 125 150 175 200 225 250 275
40 75 100 125 150 175 200 225 250 275
44 75 100 125 150 175 200 225 250 275
50 75 100 125 150 175 200 225 250 275
60 75 100 125 150 175 200 225 250 275
75 75 100 125 150 175 200 225 250 275
100 - 100 125 150 175 200 225 250 275
125 - - 125 150 175 200 225 250 -
150 - - - 150 175 200 225 250 -
175 - - - - 175 200 225 250 -
200 - - - - - 200 225 250 -
250 - - - - - - - 250 -

[Tpunoxenue 1.6

HpHHyCKI/I Ha MEXaHUIECKYIO OﬁpﬁﬁOTKy CJIOEB 10 IIUPHUHE CKIICCHHDBIX 3JIEMEHTOB U

KOHCTPYKUMHI
[[lnprHa 3nemeHTa, MM [Ipumyck, MM
He 0ouee 150 15
Csbimie 150 25

[Ipunoxenune 1.7

Pacxox Kiiest Ha 1 M iepeBSIHHBIX KOHCTPYKIMIi, KT/ M

TouniuHua CKIIEMBaEMBIX JTOCOK, MM Crioco0 HaHeceHus KIIest
OJIHOCTOPOHHE JBYXCTOPOHHEE
16 30,8 43
19 25,8 36,2
33 14,7 20,5
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[Ipunoxenue 1.8
Boarel ¥ THKK

Huamerp, Mmm [Tnomans PacuerHnas Hopmanbhneie pa3mepsl
CeUueHNs, CM” Hecymias a0, MM npu CMSATUU
CIOCOOHOCTB, KT, JPEBECUHBI MO]] YTJIOM
JUTS CTaJId MapKH 60...90° myst 6onTOB
BCT3xn
BHEINHUM | B Hape3ke | Fgp Fur 1o Fs, o Fu: pabounx CTSKHBIX
12 9,73 1,13 0,74 2370 1250 60x60x6 45x45x4
14 11,4 1,54 1,02 3230 1714 70x70x7 50x50x4
16 13,4 2,01 1,41 4210 2366 80x80x8 55x55x4
18 14,75 2,54 1,71 5330 2870 90x90x9 60x60x5
20 16,75 3,14 2,18 6590 3665 100x100x10 | 70x70x7
22 18,75 3,8 2,74 7980 4605 110x110x10 | 80x80x6
24 20,1 4,52 3,16 9500 5230 120x120x12 | 90x90x7
27 23,1 5,72 4,18 12000 7020 140x140x14 | 100x100x8
30 25,45 7,06 5,06 14830 8500 150x150x15 | -
36 30,80 10,17 | 7,44 21330 12500 180x180x18 | -

[Ipunoxenune 1.9
IIpenesibHasi THOKOCTD 3JIEMEHTOB JepPeBAHHBIX KOHCTPYKIHIA

. [Ipenenbrnas
DneMeHTbl KOHCTPYKIUI
rMOKOCTh
Cxatble nosica, OIIOPHBIE PACKOCHI U OTIOPHBIE CTOWKH (epM, KOJIOHHBI 120
[Ipoune cxxarpie 371€MEHTHI pepM U APYrUX CKBO3ZHBIX KOHCTPYKIIHMA 150
CxaTble JIEMEHTHI CBsI3el 200
Pactsanytbie nosica pepm B BEpTUKAIBHOM MIIOCKOCTH 150
[Ipouue pactsHyTbIe 37€MEHTHI ()epM U JIPYTUX CKBO3HBIX KOHCTPYKIUI 200

[Ipunoxenne 1.10
HaresbHble coemHeHNs 1epeBIHHBIX KOHCTPYKUM I

Cxembl HanpsixeHHOE cocTostHME Pacuernas Hecyias cnocoGHOCTh
COEIMHEHU N COCIUHEHUA T Ha OJIMH 1IOB CIUIAYMBAHMS
(ycnoBHbIii cpes) , kH
TBO3JISA, CTAIBHOTO, | 1yOOBOTO
IIFOMHHHEBOTO, HareJss
CTEKJIOIJIACTUKOBOT
O Haress
1. Cummerpuunble | a) CMATHE B CPEIHUX dJIEMEHTaX 0,5 cd 0,3 cd
COEIMHEHUS 0) CmsTHE B KpallHUX 3JI€MEHTax
0,8 ad 0,5 ad
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Oxonuanue npuiioxenus 1.10

2. Hecummerpuu- | a) CmsiTHE BO BCEX JIEMEHTAX 0,35 cd 0,2 cd
HBIC COCIMHECHHMS PaBHOM TOJIIUHEL, a TAKXKE B OoJiee
TOJICTBIX DJIEMEHTAaX OJHOCPE3HBIX
COCIMHEeHU I
0) Cmsatue B 00Jjiee TOJICTBIX 0,25 cd 0,14 cd
CPeITHUX DIEMEHTAaX JIBYXCPE3HBIX
coenuHenui nmpu a<0,5 ¢
B) Cmstue B 00Jjiee TOHKHUX 0.8 ad 0,5 ad
KpaitHux anemMeHnTax mnpu a<0,35 ¢
r) CmsTue B 0oJjiee TOHKHX ky ad ky ad
AJIEMEHTAaX OJHOCPE3HBIX
COEIMHEHUH U B KpalHUX
aneMeHTax npu c>a>0,35 ¢
3. Cummetrpuunsie | a) M3rub reo3ns 2,5 d2+0,01 az, HO HE | -
1 HECUMMETpHUY- 6onee 4 d
HbIE COEAUHEHUS 0) N3ru6 narens u3 cramu C 38/23 | 1,8 d2+0,02 az, HO HE | -
ooiee 2,5 &
B) M3ru6 Haremns u3 amomuaueBoro | 1,6 d2+0,02 az, HO HE | -
craBa J[16-T Goiee 2,2d"°
r) U3ru6 narens us 1,45 d2+0,02 az, HO -
crexiomiactuka Al'-4C He Ooiree 1,8 &
n) W3ru6 narens u3 0.8 d2+0,02 az, HO HE | -
JPEBECHOCIIOUCTOTO TIJIACTUKA 6omee d
JCITb
e) U3ru6 nyboBoro Harems - 0,45 d*+
+0,01 %, Ho
He Oojiee
4d

IIpumeuanue: a, d, c — B cM

[Ipunoxenne 1.11

Ko dunuent yriaa cMaTus

VYrou, rpan Koadunuenr «,
JJIA CTaJIBHBIX, aAJIJFIOMUHUECBBIX U CTCKIOIIIIACTUKOBBIX Harejeu JIIsL
JIUAMETPOM, MM yOOBBIX
12 16 20 24 Hareneun
30 0,95 0,9 0,9 0,9 1
60 0,75 0,7 0,65 0,6 0,8
90 0,7 0,6 0,55 0,5 0,7
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[Ipunoxenne 1.12
3Hauenne k03¢ puLUEHTA K, 1Sl pacueTa 0JHOCPE3HbIX HATeJbHBIX COeIMHEeHUH

Bun narens 3Havenue KodhdumreHTa x, mpu a/c, paBHOM
0,35 0,5 0,6 0,7 0,8 0,9 1
I'Bo31p, cTambHOM,
CTTK;O:;’E’:E:BZH 0,8/80 | 0,58/58 | 0,48/48 | 0,43/43 | 0,39/39 | 0,37/37 | 0,35/35
Harejb

[Tpunoxenune 1.13
I'padguxu 1us onpenesieHus1 KOOPGUUMEHTA KOHUEHTPALMH Ky

K - e
1,0 1 —7
.._A.‘r..uq
0,8\ -
\\ =
N y
RN\
0.4 \\
"-—__‘g_—
0,2
0 15 30 45 o

1 — mirst otHowmenus ¢/a=0,25; 2 — mist orHoeHus ¢/a=0,5 u o =0...45°

[Tpunoxenue 1.14
Hedopmanum nepeBIHHBIX COCAUHEHU I, MM

Ha 1060BbIX BpyOKax ¥ TOPEI] B TOPEL................. L5
Ha Haremsix BCEX BUMIOB. ....c.uviuiiiiiiiieniienaenann, 2
B npuMBIKaHUAX TOMEPEK BOJOKOH. . ...eenueeennaenn... 3
B KJIE€EBBIX COCIMHEHUAX .. v ennveneeinniennieaneenneen. 0

[Ipunoxenue 1.15
OcHoBHbIE JaHHBbIE ISl IPOEKTHPOBAHUSA KPOBeJIb

VYKIIOH cKara, rpaj [ToBepxHOCTHAs
Bun kposin - 3
min max IJIOTHOCTH KPOBJIH, KI/M

Msirkas pybepouHas yepenuuna 12 80 12...14
Pynonunsie MaTepuansl (rupouso,
pybepon) Ha OGUTYMHOM MacTUKeE, 8 14 7...8
JIBYXCJIOMHBIE
To xe, mpu Tpex cnoax 8 22 8...10
I'oHT (11ena) 18 50 8...9
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Oxonuanue npuiioxenus 1.15

Onpynux 15 60 5.7
Meramiouepenuia cTajibHast 15 75 5...7
['muHsHas, IeMEHTHO-TIecyaHas yepenuia 37 60 30...60
IT i H
pO(l)I/IJ'\I’I/IpOBaHHBII/I HACTHWJI TUIIA 15 75 87...12.5

BbICOTOM 57 1 60 MM
JlucToBast KpoBeabHAas CTalb TONIUHOM

16 27
0,38...0,82 MM ¢ omuHApHBIMU (aTbIIAMU S npu Tosuue 0,5 MM
To xe, ¢ TBOMHBIMU (abIllaMu 11 27
Bonnucteie acOecTOlIEeMEHTHBIE JTUCTBI 18 45 14
O0OBIKHOBEHHOTO MPO(UIs

[Tpunoxenue 1.16

K pacuery uaruﬁamumx MOMEHTOB B 3JIECMECHTAaX BEPXHEIo 1mosca q)eprl

S.
;H 0,2 0,3 0.4 0,5 0,6 0,7 0,8 0,9 1
v sl.ll.2 sl.ll.2 sl.ll.2 sl.ll.2 sl.ll.2 sl.ll.2 sl.ll.2 sl.ll.2 sl.ll.2
™1 13,09 12,4 11,3 10,57 9,93 9,36 8,87 8,41 8,00
? 0,555 0,545 0,536 0,528 0,520 0,514 0,508 0,504 0,500

Sivl

[Ipunoxenne 1.17

FCOMeTpI/I‘IeCKHe XapPpaKTECPUCTUKHA MOMEPEIHOT0 CCHCHUA OJHOM BOJIHBI JIHMCTOB

CTEKJIOIJIACTUKA
Pa3zmep Bosabl | TonmmHa aucra I, cm” W, oM’ A, s
bB/hB 5, MM

78/18 1,5 0,51 0,52 0,41
2,0 0,68 0,68 1,88
2,5 0,85 0,83 2,35
90/30 1,5 1,69 1,07 1,74
2,0 2,25 1,41 2,32
2,5 2,81 1,73 2,90
115/28 1,5 1,82 1,23 2,08
2,0 2,42 1,61 2,78
2,5 3,03 1,99 3,48
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Oxonuanue npuioxxenus 1.17

125/35 1,5 3,13 1,71 2,32
2,0 7,17 2,26 3,10
2,5 522 2,78 3,88
167/50 1,5 8,60 3,34 3,70
2,0 11,44 4,41 4,22
2,5 14,32 5,46 5,28
200/54 1,5 11,83 4,27 3,70
2,0 15,80 5,65 4,95
2,5 19,73 7,00 6,18

[Ipunoxenne 1.18
Yder 0TBETCTBEHHOCTH 31aHUI U COOPYKEHHU I
(Bb100pKa u3 npuioxenus 7 CHull 2.01.07-85%)

1. Jlnms ydera OTBETCTBEHHOCTH 31aHUW M COOPYKCHHUH, XapaKTepU3yeMOW 3KOHOMHU-
YECKUMHU, COLUATbHBIMU U 3KOJIOTHYECKUMU TOCIEICTBUAMU UX OTKA30B, YCTAaHABIUBAIOTCS TPU
ypoBH:: | — noBeimieHHbIN, 11 — HOpManbHbIi, [1I — MoHMKEHHBI.

[ToBbIlIEHHBIH YpOBEHb OTBETCTBEHHOCTH CJIEyeT MPUHUMATDH JUISl 3JaHUM U COOpYXKe-
HUM, OTKa3bl KOTOPBIX MOTYT NPUBECTU K TSDKEIBIM SKOHOMMYECKHM, COLIMAIBHBIM M KO-
JIOTUYECKUM TOCIEACTBUAM (IPOU3BOJACTBEHHbIE 37MaHus ¢ mposneramu 100 M u Oouee,
coopyxeHus cBsi3u BbicoToit 100 M u Gosiee, a TakkKe YHUKaJIbHbIE 3/1aHUSL U COOPYKEHNUS).

HopmanbHblil ypOBEHb OTBETCTBEHHOCTH CIIEAyeT NPUHUMATh Ul 3JaHUA U COOPY-
KEHUIl MaccOBOIO CTPOUTEILCTBA (JKUJIbIe, OOIECTBEHHBIE, IPOU3BOJICTBEHHBIEC, CEJIb-
CKOXO3SIICTBEHHBIE 3[aHUSI U COOPYKEHUS).

[ToHMm>KEeHHBIN ypOBEHb OTBETCTBEHHOCTH CJENyeT NPUHHMMATh JJISi COOpYXKEHHH ce-
30HHOTO WJIM BCIOMOIaTeIbHOTO Ha3HAueHUs (MApHUKH, TEIUIMIblL, JETHUE MaBUJIbOHBI,
HEeOOJIbIINE CKIIAAbl U OJOOHBIE COOPYKEHHUS).

2. Ilpu pacuere HeCylIUX KOHCTPYKUUH W OCHOBAHMUN CIIEAYET YYUTHIBaTh KOA(PGUIIMEHT
HAJIeKHOCTHU 110 OTBETCTBEHHOCTH ), NPUHHUMAEMbIM PaBHBIM: JUI 1 ypOBHS OTBETCTBEHHOCTH

— Oonee 0,95, vHo He 6omee 1,2; mis 11 ypoBust — 0,95; mst 111 ypoBust — menee 0,95, Ho He
menee 0,8.

Ha xos¢dduument HaaeXHOCTH MO OTBETCTBEHHOCTH CIIEyeT YMHOXKaThb Harpy304HBIH
3¢deKT (BHYTPEHHHE CHJIbI W TEpPEMEIlEeHUs KOHCTPYKIMH U OCHOBAHUM, BbI3bIBAEMBIE
Harpy3KaMu U BO3JCHCTBUSIMM).

Ilpumeuanue. HacTosluil IyHKT HE PacHpOCTPAHSAETCS HAa 3JaHUS U COOPYKEHHsS, Y4ET
OTBETCTBEHHOCTH KOTOPBIX YCTaHOBJIEH B COOTBETCTBYIOIIMX HOPMAaTUBHBIX JTOKYMEHTAX.

3. YpOoBHU OTBETCTBEHHOCTH 3JaHUM U COOPYKEHUU CIIEyeT YYUTHIBATh TAKXKE MpHU
onpe/ieNieHuu TpeOOBaHUN K JOJTOBEYHOCTH 3[JaHUM U COOPYKEHHI, HOMEHKIATyphl U 00beMa
MHXEHEPHBbIX HM3bICKAaHUM Ul CTPOUTENbCTBA, YCTAHOBJIEHUHM IMpPAaBWJ MPUEMKH, HCIBITAaHUM,
AKCIUTyaTallMy U TEXHUYECKON JUArHOCTUKHU CTPOUTENBbHBIX 0OBEKTOB.

4. OtHeceHue 0O0bEKTa K KOHKPETHOMY YpPOBHIO OTBETCTBEHHOCTH U BBIOOp 3HAYEHMI

K03(QQUIMEHTa ), NPOU3BOJMTCA T'EHEPANBHBIM IPOEKTHPOBIIMKOM IO COIJACOBAaHHUIO C
3aKa34YMKOM.

* Jlannoe mnpuioxkenue sipisgercs paszuperaom S ['OCT 27751—88 ¢ u3MeHEHUsIMH,
YTBEPKJACHHBIMM TIOCTAaHOBIIEHHEM ['ocynapcrBeHHOro komurera Poccuiickont @enepanuu 1o
BOIIPOCaM apXUTEKTYpbl U CTpouTenbcTBa oT 21.12.93 Ne 18 — 54.
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LLOZ GHDEDY

BNHBX0KYNAU 30XI3RNGDd |

WNTIIA L JHOM FI9HHEG 347l

NNHBXNAo0 NNHDWNUIN N NNIXAGWIHOX XNXISRNYY DWEKW DAPEGDY

wBwN2dagnKHn m9H ey awnoaw3-oHAMWXaWNXaop NISHHagWIdophIoe NNXIHDEDY

ATV d3l7 3 NOXIMII0d MIRVH W BUHYEOE Y d90 0813dT1IMHMN



0/ /e (MWDAN0WI NWISHEDAQO-/ I DWDA) PDYXIORAIE ()

Q-G (DWOB® BOHIY02h3dW) SNHDPE G0HHAGWIPOGENOTL GOHWZYO0TUOHEL) &
Gl ( DWOFQ BDOHHBGEAE083Y M BOHWHAW233) NY/F0aW BYQ NaY/DWap N XOgoWo2DE X3f] 8
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