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UDC 539.3/.6

FORMULAE OF TRANSFORMATION OF INTERNAL FORCES IN BROKEN-LINE
RODS UNDER THE PLANE DEFORMATION IN FRAMES OF THE MODIFIED
METHOD OF SECTIONS

Sokov V.M.
Candidat of Technical Sciences,
Acting as an Associate professor of the Department of Structural Mechanics and Ship Construction
of Admiral Makarov National University of Shipbuilding, Nikolaev, Ukraine,
valeriy.sokov@nuos.edu.ua

Abstract. There are presented the formulae of transformation of internal forces when there’s
border crossing of joint of two straight rods joined angularly on plane. These formulae are necessary
for calculation of the sequences of straight rods in plane under the plane deformation using the
modified method of sections (MMS). Offered formulae can be useful when the curved rod in plane is
replaced by the system of chained straight rods. In this case it is not necessary to use the complex
relations of differential geometry that’s much simplifies calculations.

Keywords: strength of materials, modified method of sections, internal forces, curved rods.

Introduction. In [1] there was performed the modified method of sections for straight rods. In
frames of this method it’s necessary to divide the straight rod into isolated separate segments, the
bounds of which are defined as in usual (or classic [3]) method of sections (fig. 1). The interaction
between these segments at the ends has to be indicated by the internal forces according to sign
convention. If within some segments there are distributed laws they have to be written in local
coordinate system of this segment. From equilibrium equations the laws of internal forces can be
defined. After it the laws of kinematic parameters can be determined using known relations of the
strength of materials. There are the evident relations for the schemes on the fig. 1:

Q[ (a) = Q][ (0), Q[] (b) = Q[u (O)> }

M,(a)=M,(0); M,(b)=M,(0). (1)

There is nothing difficult for this case presented on the fig. 1.
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Figure 1 — Calculations schemes by the modified method of sections. a — initial scheme;
b — the design model; ¢ — design models according to the MMS for each segment

For the case on the fig. 2, a, the classic method of sections [3] for definition of internal forces
can be applied. But for the cases on the fig. 2, b, ¢, d, the classic method of sections is difficult to
adopt, and the relations of differential geometry have to be used there.

a) b) 9] d)
:P ;P w 7p

Figure 2 — Rods on plane: a — orthogonal frame,; b — broken-line rod;
¢ — pure curved rod; d — combined rod

The constructions which contain curved rods on plane receiving plane deformation are often
met in engineer practice. It’s necessary to develop simple method for calculation of them, avoiding if
possible application of quite difficult relations of differential geometry.

Objective. To obtain relations for transformation of internal forces when there’s border

crossing of joint of two straight rods joined angularly on the plane to be able to determine the laws of
internal forces using MMS.
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Main part. It was found that the above mentioned modified method of sections can be adopted
for this aim, in case if to present the curved rod on plane as the sequence of straight rods which
approximate the curved or combined rods (fig. 3).

b

Figure 3 — Curved rod and its approximation: a — initial rod;
b — approximating sequence of straight rods

On the fig. 4 there are presented the significant internal forces @, N and M which appear on the
border of two straight angularly connected rods and cause plane deformation of plane rod system.
Vectors’ lengths of @ and N for rods 1 and 2 on the fig. 4 are the same but its directions are true.

Magnitudes of internal bending moments M equal to each other at the border of two rods,
because their vectors don’t depend on the angle between rods and always are orthogonal to the plane
in which the rods system of straight rods is situated. Thus there is next true relation

My, =My, 2)

Thus no transformation formulae are necessary for bending moments M when there’s border
crossing of joint of two straight rods joined angularly on the plane. It’s necessary to analyze the
internal forces @ and N when there’s border crossing of joint of two straight rods joined angularly on
the plane. For further explanations we shall use the fig. 5.

V2
- C
Op
My, KB 2
— -
Ng, a
N
| Mp _
4 B ’\ ivBl X
d B
YOs

Figure 4 — Significant internal forces

Figure 5 — Projections of internal forces

We can see that principle vectors R for rods 1 and 2 are opposite. Internal forces Qp1 and Vi
are projections of the vector R of the rod 1 and internal forces Q> and Np. are projections of the
vector —R of the rod 2. Vector R of the rod 1 is the sum of vectors @51 and Vg and vector —R of the
rod 2 is the sum of vectors Q> and Ng2. These statements can be written
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Ezé,ﬁ-ﬁm; —§=§32+N32. 3)
It is evident that

QBI # QB2; NBI 7 NBZ’ (4)

because projections Qp1, N1, @2, Np2 depends on the angle between rods 1 and 2.

We consider that Q@1 and Np1 are known and Q> and Va> have to be found. There are two ways
to obtain Qp and Np: vector transformations and equilibrium balances. The just mentioned
operations are not shown here by the reason of the limited volume of these proceedings.

The final formulae for Qs> and Np; are

Op, =0y (d,)-coso+ Ny (d)-sina, }

5
Ny, =—0,,(d)) sina+ Ny (d,)-cosa, ©)

Conclusions. Thus the declared problem in objective was resolved. Using obtained
formulae (2) and (5) it’s possible to obtain internal forces at origin of each next straight rod and to
get the laws of internal forces calculating rods’ sequence by chain from beginning to end.
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Anortanis. [IpencraBneHo ¢opMynu A MEPEeTBOPEHHS BHYTPILIHIX 3yCHJIb MpPU Mepexoji
IpaHULl CTUKOBKHM JBOX MpPSMHUX CTEpXKHIB 3’€HAHUX MiA KyToM Ha uiomuHi. Lli dopmynn
HEOOX1HI Al PO3PaxyHKY IIOCHIIOBHOCTEH MpPSIMUX CTEP)KHIB Ha IUIOHIMHI HPU IIOCKOMY
nepopMyBaHHI 3 BHKOPUCTaHHSIM MojudikoBaHoro Mmerony mnepepizis (MMII). IlpononoBani
dbopMynu MOXyTh OyTH KOPHUCHUMH, KOJIM TUIOCKMM KPWUBOJIHIMHHA CTEPKEHb 3aMIHIOETHCS
CHCTEMOIO TOCHIZIOBHO 3’€JHAHMX TMPSAMHUX CTEpKHIB. B 1boMy BuIanky He MOTPiIOHO
BUKOPHUCTOBYBaTH CKJIQJHI 3aJIeKHOCTI JU(EepeHIliaibHOi TeoMeTpii, M0 3HAa4YHO CIPOILYyE
PO3paxyHKH.

KurouoBi csioBa: omip marepiainiB, Moau(]iKoBaHUN METOJ mepepi3iB, BHYTPILIHI 3yCHILI,
KPHUBOJIIHIMHI CTEPKHI.
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