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PO3PAXYHOK HECYUYOI 34ATHOCTI 3AAIBOBETOHHHX
EAEMEHTIB Y HOPMAABHHX ITIEPEPI3AX IIPH

KOCOMY 3I'HHAHHI

AHOTAIIA. 3anpornoHOBaHO IHKEHEPHY METO-
AUKY PpO3PAaxyHKy HECY4ol 34aTHOCTI KOCO 3ITHYTHX
3aA1300€TOHHUX €AEMEHTIB i3 BUKOPUCTAHHSIM IIOHAT-
TS PO3PAXYHKOBOTO OIOPY 3aAizobeToHy. Pospobaeni
POPMYAH JO3BOAAIOTH OLIHIOBATH MIITHICTD Y HOPMAAB-
HUX Iiepepi3ax OaAKOBHX EAEMEHTIB, AKI 3a3HAIOTh
KOCOTO 3rHHaHH#A, Ha OCHOB1 PO3PAaXxOBAHHX ITapaMeTpiB
MIITHOCTI TpHU IAOCKOMY 3rHHaHHI. IIpeacraBaeni
3AAEKHOCTI  CHPHUSIOTH  3HAYHOMY  CIPOIIEHHIO
BApIaHTHOTO IPOEKTYBaHHA 3aA1300€TOHHUX EAEMEHTIB
Ha JiI0 3ycuAb B 000X maomuHax. HagiiiHicts 3ampo-
IIOHOBAHOT'O PO3PAXYHKOBOIO alapary IiATBEPAKEHO
EKCIIEPUMEHTAABHIMU JaHUMH. Po3pobaeHMiT aAro-
PUTM PO3PAXYHKY 3aAi300€TOHHUX OANOK [JO3BOASE
BCTAaHOBAIOBATH HE TIABKH IX HECy4y 34aTHICTb, are U
HiAOHPATH IAOIY HIEpepi3y apMaTypu, HeOOXIAHY AAS
3abe31eYeHHs eKCIAYaTAlHIX AKocTel 6aA0K B yMO-
BaX KOCOTO 3rUHAHHS.

KAIOUOBI CAOBA: xoce 3ruHaHHs, 3THH, OIIp,
6arka, gepopmarniiina MOJEAb, 3aAI306€TOH
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ABSTRACT. Engineering method for -calculating
the strength of normal section of reinforced concrete

elements in conditions of oblique bending using the
calculated resistance of reinforced concrete has been
proposed. The need to develop the above calculation
is based on the fact that, first, oblique flexion as a kind
of complex deformation, is much more common than
plane bending in the practical operation of the building
structures. Secondly, the introducing in this calculation
of concrete design resistance concept is greatly simplifies
the calculation of the bearing capacity of the reinforced
concrete beam elements in conditions of their work on
oblique bending.

The main feature of oblique bending of beams, from the
theoretical aspect, is the presence of bending moments in
both planes in the element’s cross-section. With regard
to its practical aspect, as illustrated by the experience
of construction structures operation, oblique bending
of beams can be caused by many other reasons, among
which, in particular, the most common are the following:
technological inaccuracies occurred and installation
errors, accidental exposure in another plane, structure
damaging, influence of spatial working of frame structural
systems, and more. These points to the need of solving
tasks for improving the methods of calculating the strength
of the oblique bended reinforced concrete elements and
their subsequent experimental study.

After analyzing a large number of experimental data of
flexible reinforced concrete elements for action efforts in
two planes, it has been observed that bearing capacity of
the oblique bended elements varies according to a certain
law. Setting the law of variation of bearing capacity, general
dependence of determination of the bearing capacity of
the oblique bended elements has been suggested. With a
view to its simplification, it was suggested to use the basic
formulas for the method of concrete resistance calculation.
This method is based on the diagrams of deformation of
concrete and reinforcements, flat sections hypothesis,
without usage of any empirical coefficients. On the basis
of studies methods for solving problems of two types
have been proposed: the first one - strength check of the
element’s normal section; the second one - calculating
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the required area of reinforcement in conditions of
well-known forces acting in two planes of the element.
Both types of tasks can be solved quite simply without
the use of numerical iteration methods. When solving
the second problem, it becomes possible to establish
the required number of reinforces in respective planes.
Statistical comparison indicators of the bearing capacity
have been calculated with the help of proposed method
and the results of tests indicate sufficient accuracy for most
engineering problems. This allows us to recommend the
proposed method to a wide use not only in calculating
the bearing capacity, but also in the calculation of the
cross-sectional area of reinforcement required to ensure
the performance of the reinforced concrete beams under
conditions of oblique bending. Besides, the developed
technique enables to perform the variant design of beam
reinforced concrete elements, experiencing the oblique
deformation.

KEYWORDS: oblique bending, bending, resistance,
beam, deformation model, reinforced concrete

IIOCTAHOBEKA ITPOBAEMM. /lis sruHaAbHUX
MOMEHTIB B 060X IAOIIMHAX y Iepepi3i eAeMeHTa, AK
BiZOMO, 3YMOBAIOE IIOSIBY B HbOMY KOCOT'O 3THHAHHA.
Ane xoce 3ruHaHHA 6anoK Takox Moxke OyTm Hac-
AlgROM 6ararpoX IHINMX YHHHHUKIB. 3OKpeMa, Hal-
6IABII YacTO 3 HUX 3YCTPIYAIOTBCA TaKI AK: TEXHO-
AOTIY9HI HETOYHOCTI Ta MOXUOKHM MOHTaKy, BHIIAAKO-
Bl BIIAMBH, SIKI BHKAMKAIOTh MOMEHT B 1HIIH IIAOIIH-
Hi, IOIIKO/KEHHA KOHCTPYKIIIHA, BIIAHB ITPOCTOPOBOL
poboTn paMHHX KOHCTPYKTHBHHUX cucTeM. Lle Bkasye
Ha HeOOXiJHICTh PO3B’A3aHHA 3a4a4 3 YAOCKOHANCH-
Hsl METOAUK PO3PAXyHKY KOCO3ITHYTHX 3aAi3006€TOH-
HHUX EAEMEHTIB.

AHAAI3 OCTAHHIX JOCAIZXKEHDb 1
ITYBAIKAIIIH. BJOCKOHAAEHHIO PO3paxyHKiB Hec-
y40i 34aTHOCTI 3aAI300€TOHHHUX EAEMEHTIB, IO 3a-
3HAIOTh KOCOT'O 3rUHAHHA, IPUCBAYEHO OaraTo po-
6it [1-7]. Ha cborogni icHy€ BEAMKA KIABKICTb HPAK-
TUYHHX METO/JHK, OCHOBAHUX Ha POPMYAAX Ta TAOAU-
ISAX 3 PO3PaxXyHKy MIITHOCTI TAaKHX €AeMEHTIB. Aae,
AK CBIAYUTH aHAAI3, pO3pPaxyHOK Hecydyol 34aTHOC-
TI KOCO3ITHYTHX 3aAi300€TOHHUX €AEMEHTIB y HOp-
MaABHHX Iepepi3ax 1 40ci € JOBOAL CKAAQZHHUM Ta I'PO-
MizgkuM. ToMy IpakTHKa HPOEKTYBAHHA €EAEMEH-
TiB 13 3aAizobeToHy mnorpebye po3pobAeHHSA Hpo-
CTOI iH’K€HepHOi METOAUKH Ha OCHOBI PE3yAbTATIB
€KCIIePUMEHTAABHO-TEOPETHIHHUX JOCAIAKEHb.

OCHOBHA CKAQJHICTb y PO3paxyHKax MIITHOCTI KOCO
3ITHYTHX 3aAI300€ TOHHHX €A€MEHTIB IIOASTAE B TOMY,
III0 CHAOBA IIAOIMHA HE CHIBHAJA€ 13 IIAOIMHOIO
nporuHis. Ile BUMarae BUKOPUCTOBYBATH J04ATKOBY
YMOBY IIPO PO3TAllyBaHHSA 30BHIIIHBOIO 1 BHYTpIMI-
HBOT'O MOMEHTIB y ITAPAAEABHHUX ITAOIMHAX. 3acTo-
cyBaHHSA gedopMalliiiHol MOJeAl B PO3paxyHKax Mill-
HOCTI TAKHX €A€MEHTIB MOKHA PEaAI30BYBATH 3a pi3-

HUMH METOAUKAMH.

OgHa 3 METOAHK, 3aIIPOIIOHOBAHA Yy pobori [8], mmo-
ASITA€ B TOMY, IO Ilepepi3 ereMeHTa po3OUBAETb-
CA Ha IEBHY KIABKICTBb gingHOK. Ha KoXHIN AlAAH-
i IpUIIMAIOTh IIOCTIHE 3HAYEHHS HAIIPYr y O€TOHI.
ZJlarl IpoBOAATh YUCAOBE IHTETPYBAHHA 3 BUKOPHUC-
TaHHAM BIANOBIZHHMX PIBHAHL PIBHOBArdW Ta rirore-
3 IIAOCKHX mepepisie. JAg Takoro meToay aiarpama
AepopMyBaHHA OETOHY CYTTEBOIO 3HAYEHHA HE Mae,
Tak caMo fAK 1 ¢opma nomnepednoro nepepisy. Tou-
HICTB IIbOTO METOAY PO3PAXYHKY 3aA€KHUTh BiJg po3Mi-
PIiB AIASIHOK, Ha fIKi 6YAO po3noOJineHO TEepepis.

Ha gemo inmomy migxosi OCHOBaHA METOAHMKA, BU-
KAaJeHa B poborax [3 — 6]: BoHa OCHOBaHA HA PO3TAAAL
pizHux $popm crucHyToi 30Hu 6etony. I1pu 3acrocysan-
HI i€l METOAUKU BHUKOPUCTAHHS CKAQJHHX aIIPOK-
cumaniit giarpam gepopMyBaHHsA OETOHY YCKAQJHIOE
Ipoliec pOo3PaxyHKy. AAe Ha CbOTOAHI 3a3HAYEHA Me-
TOAMKA € HaIGIABII TOYHOIO B PO3TAA/YBAHUX pO3pa-
XYHKAX KOCO3ITHYTHX €A€MEHTIB.

CydacHi gedopmariiiHi METOAUKH, B OCHOBHO-
MY, 4AIOTh MOKAHUBICTh BHKOHYBATH IIEPEBIPKY HECY-
40i 34aTHOCTI. OKpeMi METOAUKH AAIOTh MOKAUBICTD
YCTAaHOBAIOBAaTH apMyBaHHS 32 IE€BHUX IOIEPEAHBO
npuHHATHX cxeM apMyBaHHA. lllo & cTocyeTbea npo-
IIO3UIIil 3aCTOCYBAHHS IPOCTUX METOAUK 13 BHU3HA-
YeHHs IIAOIII IIepepi3y apMaTypH, TO IIOKH IO TAKUX
HEMAE.

®OPMYAIOBAHH S IIIAEU CTATTI. Po3pobu-
TH PO3PAXYHKOBHH AllapaT AAsl PO3PaXyHKY KOCO3IT-
HYTHX €AEMEHTIB 1HKeHepHHM MeTogoM. Ilepesipu-
TH HOro HAAIMHICTH 32 €KCIEPUMEHTANBHUMU JAHH-
MH.

BHKAA/Z OCHOBHOTO MATEPIAAY 3 ITIOB-
HHUM OBI'PYHTYBAHHSM OTPUMAHHUX HO-
BHUX HAYKOBHUX PE3YABTATIB. Hasesenuii B
HOpMax [8] MeToA pO3paxyHKy HECydoi 34aTHOCTI 3a-
Ai306€TOHHUX €AEMEHTIB IIPU ABOBICHOMY BIIAHUBOBI
3TUHAABHUX MOMEHTIB Ta MO30BKHIX CUA € AOCTAT-
HbO CKAAQZHHUM Ta TpyZoMicTKiM. Tomy 6araTo Jocaig-
HUKIB, K 1 paHille, BeAyTh MOMIIYKH IHPOCTUX I1HKe-
HEPHHUX CIIOCOOIB pPO3PaxyHKy 3aAi300€TOHHHUX eAe-
MEHTIB IPH CKAQJHHX BHAAX gepopMmyBanus [1-7].
3o0kpema, JAs PO3B'A3aHHSA L€l 3a4a4i, po3rasja-
I0Th MOKAHMBICTb IOEAHAHHS PO3PaXyHKIB y KOKHIN
i3 B3Aa€MHO NEPHEHAUKYAIPHUX ITAOIIMH B OJAHH 3a-
TaAbHHH PO3PaxyHOK KOCO3IrHyToro eaemenra. Ha-
MPUKAQJ, Y HOPMATUBHUX JoKyMeHTax [9, 10] mpu-
HMaIOTh, 10 HECYYy 34ATHICTh EA€MEHTIB IIPSAMOKYT-
HOrO Iiepepi3y i3 CHMETPUYHHM apMyBaHHAM IIpHU
3MiHI KyTa HAaXHUAy CHAOBOI maomuuu Big 0° g0 90°
(puc. 1) MOKHA pO3paxOBYBATH 34 TAKOIO 3AAEKHICTIO

a a
My +My 1

b (1)
M, M,
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ae M_,M - npoekiii po3paxyHKOBOIO 3yCHAAS
M naoci X iY npu 3aganomy KyTi HaxuAy 8 cuAO-
Boi maomunu; M,, M, - Hecyda 34aTHICTb eAeMeH-
Ta IPH KyTI HaXUAy CHAOBOI maomuem 90° 1 0°% 4
- IOKA3HHUK CTYIeHs, AKHI 3aA€KHTb Big Kaacy Oe-
TOHY, IPOLIEHTa apMyBaHH, CIiBBIJHOIIEHH CTOPIH

TOIIO.
Y '/ U

npoexyis
N/0UWURU 32UHL

HOI HeCyd4oi 34aTHOCT] 3 TEOPETHYHO BU3HAYEHOIO 32
BHPa30oM (2) 3 IOKA3HUKOM CTYII€H:A 2 IIPeJCTaBACHO
y 1abA. 1. CTaTucTUYHI MOKa3HUKH HIATBEPAKYIOTH
HA/1H{HICTh 3alIponIOHOBaHUX BHpasis. Ile gae 3amory
3aCTOCOBYBATH POPMYAY (2) Y BUTAAAL:

2 2

c;zM,y GzM,x

S S

Bupas (3) € yMOBOIO MIIJHOCTI B HOP-
MAaAbHUX I€pepiszaX KOCO3IrHYTHX eAe-

S (%)04_(%)0:7 MEHTIB.

Y po3paxyHKY 3a MIIJHICTIO pO3TAAJA-
emMo Bl 3agaui. [lepma - nepesipsanHA
MIIJHOCTI HOPMaABHOTO IIEPEPI3y eAe-
MEHTa Ta Apyra — 064YHCA€HHA HEOOXIA-
HOI IIAOIII apMYBaHHA 32 BIZOMHX 3Y-
CHAB, IO ALIOTH y ABOX IIAOIIUHAX €Ae-
MEHTA.
¥ 3agaua 1. ITepesipka MifHOCTI Iepe-
pi3y eaeMeHTa 32 BiJOMOTO apMyBaHHSA
T4 3HAYEHb AII0YHX 3YCUAB Y ABOX IIAO-
muHax (puc. 1).

1.1.  O64YHCcAI0EMO IPOLIEHT apMyBaH-
a) 6) HA Iepepi3y Mo KOKHIH IAOIIH-
Puc.l. 3MmiHa Hecy4oi 34aTHOCTI €EA€MEHTA B HOPMAABHOMY HL - P s pfy :
repepisi Ipu KOCOMY 3THHAHHI: a — CXeMa apMYyBaHHS; 1.2, 3 Bignosigunx tabAuIb, HaBeje-
6 — rpagik 3arexnOCTI (1) HuX y poborax [11, 12], 3Haxoau-
MO PO3PaXyHKOBUH OIip 3aAi3o-
Haseaeny ([)opMyJ\y. (1), B.I/IKOpI/ICTOBYIO‘II/I METOJ 6§TOHy sz’h, sz,b , AKUH BIAIIO-
PO3PaxyHKOBUX OIIOpPiB 3aAizoberony [11], moxHa B14Aa€ 3a4aHOMY apMYBaHHIO.
MOAATH TAKUM YUHOM 1.3.  Po3paxoBye€MO 3HAYE€HHH 3rHHAAD-
HHX MOMEHTIB, fIKI MOK€ CIpHIi-
a a . v -
HSATH Mepepi3 Mo KOKHIHA 13 MTAO-
GzM GzMx p p
2y == =1, (2) A H
sz,h sz,b My Myg
1.20 ———r
p p . +20% e
A€ Oy ¢ Oy, - HAIPYKEHHA y 3aniso- 00 ] - .\
. 0, =<
6eToHl BIAIIOBIAHO 40 BYCHAD M., My., oo +10% AL R n; &
sz,h’ sz,b - PO3PAXYHKOBL OIIOPH 3aAl- ' -10% N : SN %N e 8 e
3obeTony, AKi HeOOXiAHI AAS CIPUHHAT- === - SR AR
M,, M -20% ® e he
TS 3YyCUAb M, , M, . 0.80 LIl hlS N9 R e
. . . S~ N
Hauecemo Ha r.paq)u.c 3aAEKHOCTL (2) \\\ ~I P ot I\ by
€KCIIEpUMEHTAAbHI JaHl 3a [4], oTpuma- RN @ \
€MO 3MIHY HeCy4oi 34aTHOCTI GAAKOBHX 0.60 \\ = N N S
€AEMEHTIB IIPH KOCOMY 3THHaHHI (pHC. 2). N ‘\" \
. . . \
Ha OTPUMAHOMY rpaq)le CYL[IAbHA Al- N\ b - A o
L . R \
Hisl BIAIIOBiZa€ MOKA3HHUKY CTyIeHs 2. 0.40 N G "y
IlyHkTHpPHI AlHII BKa3yloThb BiANOBIAHI \ \‘ I \
. \)
AAITA30HH PO3TANTYBAHHS €KCIIEPUMEH- 020 ‘ \‘ ¥ \‘
TaAbHUX AaHux [2]. Sk BHAHO 3 Tpadi- LNEERY \ : |
oo '
Ky, BHCOKY HaJlHHICTb PO3PaxyHKOBO- \ ¢ ': |
ro MeToAy 3abesIedye MOKA3HHUK CTelle- 0.00 H ! MM,
HA =2, TP 1HOMY GIABIICTH eKCrIe- 0.00 0.20 0.40 0.60 0.80 1.00 1.20

PUMEHTAABHHX JaHUX 3HAXOAUTHCSA B
MeKaxX JOIYCTHMOI iHKeHepPHOI moXHO-
KH, AKa B1AIIOBifa€ HOPMATHUBHUM 3Ha-
YeHHsM Koe(iljieHTa Bapianii MIITHOCTI
6etony. ITopiBHAHHSA €KCIEPUMEHTAAD-

Puc. 2. 3mina Hecy4oi 34aTHOCTI 6AAKOBHX €AEMEHTIB IIPH KOCOMY
3rUHAHHI B MeKax Bigxurenb + 20%, ae: My, /My, g — BigHOMmEHHSA
3THHAI0OYOTO MOMEHTY B HAIIPSAMKY BUCOTH €A€MEHTA 40 HOro

HEeCY40l 34aTHOCTI B HAIIPSAMKY BHUCOTH;

My, /MbE — T€ KX CaMe, B HAIIPAMKY IIMPUHU
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Mh - fwh VVAJ’; Mb = f_‘Mb Wcl,h' (4)

1.4. BusHavaeMo 3HAYEHHS HAIIPYKEHb y 3aAi-
300€TOHHOMY Ilepepi3i B KOKHIN 3 IIAOIIUH
3a BHpa3aMu
G,,WX :%’ GZM): =Wy :
Ab Ah
3a BupasoM (3) BUKOHYEMO IEPEBIPKY MiIl-
HOCTI ITIEpepi3y eAeMeHTa.

M

(5)

1.5.

Tabnuya 1. Iopisnanmus po3paxynkosux 3nauend MIyHocmi

MEd

KOCO3IZHYMUX NePePI3I6 3aNi300eMOHHUX eLeMEHMIE

supazom (3) 3 excnepumenmarvHuM 0aGHUMU Mg , 3a [2]

OTPHUMAEMO 3HAYEHH:A PO3PAXYHKOBHUX OIIOPIB 3aAi-
306eTony i3 popmyan (3)

O.mk. o

Sy = =2 —.

00,5 Soaun = 00,5

Y AaHOMY BUIIAAKY MOKHA PO3TAAJATH Pi3HI Bapi-
AHTH IponopuiifHocTi, 3abe3nedyoun HallGirbII pa-
I[IOHAABHE AaPMYBAHHS.

2.3. 3 BiANOBIAHUX TaOAHIb, IPEACTABACHHX Y
poborax [11, 12], 3a po3paxyHKOBHUMH 3HAY€HH:-
MH OIIOPY 3aAi306€TOHY 3HAXOAMMO BIACOTKH apMy-
BaHHA P4, P4, 2 32 HUIMH HEOOXIAHY MAO-
Iy IOIIEPEYHOro Iepepidy apMaTypH, pos-
3a TAIOBYIOYU Ii TAaKUM YHHOM, 1106 KyTOBi
CTPHUIKHI BXOAUAHU B IINOIIY apMaTypH 1 Bep-

(8)

TUKAABHOTO 1 TOPU3OHTAABHOI'O HAIIPpAMKIB.

Ne | IMugp A ol S | fo | M
n/n 3paska 2pao Pr7 | MIla | MITa | m o
1 2 3 4 5 6 8 BHCHOBEKH
1 3pason No 1 70 1.516 | 234.0 | 30.5 | 1.130 ) .
2 | 3pawsoxne2 | 70 [ 1516|2340 305 | 1.242 3aIpONOHOBAHO IHKEHEPHMIL METOA PO3-
3 | 3pasox Ne 3 70 | 1.485 | 234.0 | 305 | 1.195 gj;‘z{f:liye;gﬁ:}?g Hiogg;g;y;zlfo ;amggcsz-
! Spasox Ne 1 80 | 1516 ) 254.0 ) 29.2 | 1.058 XYHKOBHX OIIOPIB 3aAi300€TOHY. Po};go6ﬁe-
=) Slaoel B 10 Lol e O B | [ Bl HHI METOJ € JOBOAI IPOCTHM Ta JOCTATHBO
6 | 3pasox Ne 6 80 | 1.507 | 254.0 | 29.2 | 1.221 HaJiiHuM. OCHOBHOIO IIEPEBATOI0 I{bOTO Me-
7 | Bpasoxne7 | 59 123855240 | 274 | 1144 | 104y 6 te, mo sin noxasye, sxa Miticrs mo-
8 | Spasoxnes | 70 [1.933| 5240 | 274 [ 1.162 | punna 6yru y oxuii 3 maomun nepepi-
9 3pasor Ne 9 70 1.874 | 324.0 | 23.6 | 1.174 3y. Ille gae MoxAmBicTh 3a6e3nedyBaTH Ba-
10 | 3pasox Ne 10 70 1.933 | 324.0 | 23.6 | 1.151 PlaHTHE IPOEKTYBAHHSI KOCO3ITHYTHX e€Ae-
11 | Bpasox Ne 13 | 80 | 2.018 | 324.0 | 17.1 | 1.074 MEHTIB Ta 3abesnedyBaTH HalbIABII parrio-
12 | 3pasox Ne 14 80 1.994 | 324.0 | 17.1 1.026 HAaABHE X aPMYBAaHHS B YyMOBAaX CKAQJHOIO
13 | 3pasox Ne 15 59 24551 324.0 | 28.6 | 1.186 AepopMyBaHHs. Y IOZAABIIOMY MAAHYETh-
14 | Bpasox Ne 16 | 59 | 2.408 | 324.0 | 28.6 | 1.215 | c¢a mommpenns sanpononosanoi MeToAnKH
15 | Bpasox No 17 | 63 | 1.179 | 227.0 | 23.0 | 1.184 PO3paxyHKy Ha TOXHAL nepepisu 3arizobe-
16 | Bpasoxno 18| 62 | 1.179 [ 2205 | 206 | 1.238 | TOMHUX CACMCHTIB.
17 | 3pasox Ne 21 63 0.821 | 263.8 | 28.9 | 1.289
18 | 3pasox Ne 22 63 0.821 |1 265.0 | 29.7 | 1.317 BIBAIOTPA®IYHHUIL CIIMCOK
Cepeone snavwenns x,, | 1.17
Cepedne rsadpamuune snavenns o, %o | 7.77 1. Topsaaux M.C. Pacuer :xeae306€TOHHBIX
Koedpiyienm sapiayii v, %o | 6.61 KOHCTPYKIIMH HPH CAOKHBIX gepopma-

3agaua 2. Busnayennsa HeobXigHOI mAomIi mepepi-
3y apMaTypH 3a Bigomux 3ycuns M, My Y 4BOX IIAO-
IUHAX eAeMeHTa (puc. 1).
2.1. Po3paxoByeMO Hamlpy:KeHHA y HAHOIABII Je-
dopMmoBaHux Pibpax 3arizobeToOHHOTrO IEpPEPi3y Big
x? y
M, M,

G.M = ; GZMy = .
o WA,b WA,h

2.2. 13 yMOBH IPONOPIIIMHOCTI HAIIPYT 1 pO3PaAXyH-
KOBHUX OIIOPIB 3aAi306€TOHY B IIAOIIUHAX

(6)

O.mp _ Joms  Oumr o

o sz,h sz,b

zM,y

(7)
Sorr

zM.,y

nuax /M.C. Topanuxk, I1.0. Baxnenko,
A.B. ®arees, A.H. Cepaiok u Ap.; 1104
pea. M.C. Topanuka. — M.: Crpoiins-
aar, 1974. — 297 c.

2. TI'hnazep C.HM. Pacdyer xocousrubaeMbIx
KeAe300€TOHHBIX dAeMeHTOB. — Kues: byai-
BeAbHUK. — 1973. — 211 c.

3. IlaBaikos A.M., Boiiko O.B. MinHicTs KOCO-
3ITHYTUX 3aAI300€TOHHUX EAEMEHTIB 3a yMo-
BH /ABOAIHIIIHOI po6oTn 6€TOHY Ta apMaTypu
// Bya. koHcTpykmii: 36. HaykoBHX 1p. — Kuis:
HAIBK, 2007. — Bum. 67. — C. 263- 270.

4. IlaBaixoB A.M., boiiko O.B. Po3paxyHok Min-
HOCTI KOCO3ITHYTHX OaAOK Ha OCHOBI ABOAI-
HIMHUX glarpaM CTaHy Marepiaais // byj. KoH-
cTpykuii: 36. Haykosux np. — Kuis: HAIBK,
2006. — Bumr. 65. — C. 172— 178.
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