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BBenenne. Haunboisiee 3¢ddexkTuBHBIM
METOJIOM OCTEOCHHTE3a, MpU Juadu3apHBIX
niepenoMax OoNbIIeOepIOBON KOCTH, SIBIISET-
Cs 3aKPBITBIA OJOKUPYIOIIMK WHTpamMemIy-
asipubiii octeocunte3 (BMOC) Tlpeumyte-
CTBAaMHU HWHTPAMEIYJUISIPHOTO OCTEOCHHTE3a
CUMTAIOTCS €ro MHMHHMMajbHas TpaBMaTHUY-
HOCTh, a TaKXe BO3MOXHOCTb paHHeH
HArpy3Kd Ha CJIOMaHHYI KOHEYHOCTh [1,4].
Kpome Toro, Ttakas MeTOIWKa TMO3BOJISET
(GuKCUpPOBAaTh KaK MPOCTHIC, TaK U CIOKHBIC
(MHOTOOCKOJNIBYATHIE) TepesnioMbl. C  TIOMO-
b0 OJIOKUPYIOUIMX BHUHTOB JOCTUTAIOT
npouHoi (ukcanuu mTudTa B ydacTkax Ko-
CTH BBbIIIE W HIDKE MEpesioMa, MpU 3TOM 3a-
(buKCcUpOBaHHbIE OTJIOMKH HE CMOTYT CMe-
1IaThes MO JUIMHE, MUPUHE U TIOBOPAYUBATH-
Cs BOKPYT CBOEH OCH.

OpnHako, HalIW4YKe MOCTOSHHOW JKeCT-
KOH (UKCallMu OTJIOMKOB U OTCYTCTBHE Me-
XaHUYECKOTO pa3IpakuTeNss NPUBOIUT K
(GOPMHUPOBAHHUIO PBIXJIOW COCAUHUTEIHLHON
TKaH!, HE NUMEIOIIel HEOOXOIUMOM IT03UIIM-
OHHOW opueHTanuu (HuOpPoOIACTOB M XOH-
nporuToB. KocTHbIE 0anovky, BOZHUKAIOIINE
00pa3yroT
KOCTHBI pereHepar ¢ HeJOCTaTOYHBIM 3ama-

Ha OCHOBC TaKOIoO MaTpHKCa,

COM MNPOYHOCTH HJIM OH HUMCCT HCIPABUJIb-
HYIO CTpyKTypy. Ha Takom ¢one uamie mo-
JKET TPOHUCXOAUTH PE30pOIrs HOBOOOPa30-
BAaHHOT'O KOCTHOTO pereHepara IOj BIUSHH-
€M BO3HHKAIOIIUX TaTOJIOTUYECKUX OHnoMe-
XaHWYECKHUX cUTyanui. [2,3].

Introduction. Closed IM nailing is the
most efficient method of diaphyseal tibial
fractures osteosynthesis. Among the ad-
vantages of the method, there are its minimal
invasiveness and possibility of early loading
of the injured extremity [1,4]. Besides, this
method makes it possible to fix as simple, as
complex (comminuted) fractures. Tight fixa-
tion of a nail is achieved by locking screws,
introduced into the areas of bone above and
below the fracture; at that, the fixed frag-
ments are unable to move lengthwise and
edgewise, and rotate around the axis.

Although, constant stable fixation of
the fragments and the absence of mechanical
irritator leads to the development of loose
connective tissue with improper positioning
of fibroblasts and chondrocytes. The bone
trabeculas, appearing based on such a matrix
form an improper bone regenerate with inef-
ficient safety factor or have incorrect struc-
ture. On such a background, resorption of the
new-formed bone regenerate could frequently
occur under the influence of pathological
biomechanical situations [2, 3].

A lack of contact between bone frag-
ments combined with loading on the injured
segment could lead to such post-surgical
problems as uncontrolled screw breakage
(self-dynamization), migration of screws, nail
fractures, inflammatory complications, slow
consolidations, and non-unions [2, 3].
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OTCyTCTBHE KOHTAaKTa MEXIY KOCTHBI-
MU (parMeHTaMH B COYETAaHUU C HATPY3KOH
Ha TPAaBMUPOBAHHBIN CErMEHT, MOKET IpUBE-
CTH K TaKUM IOCJIeOINepaluoOHHbIM Mpo0lJe-
MaM Kak, HEKOHTPOJHMPYEMBIH TMeperomM
BUHTOB (CaMOJMHaMU3allUs), MHUTPALHUS
BUHTOB, TEpeioOM MMTU(TOB, BOCTAIUTEIb-
HbI€ OCJIOKHEHUS, 3aMeJIJIEHHAass KOHCOJIN/ a-
U U He cpamienue [2.3].

s co3manusi Ooiiee TUIOTHOTO KOH-
TaKTa MEXAY KOCTHBIMU OTJIOMKaMH, BO3HU-
KaeT HeoOXOAMMOCTh B BBIIIOJHEHUH OIepa-
oMU 10 AuHaMu3anuu mnepenoma. OHa 3a-
KIIIOYaeTCsd B yAAJE€HUU NPOKCUMAIBHOTO
OIOKUPYIOIIETO BHHTA U3 CTaTUYECKOTO
(kpyryioro) oTBepcTUsi. JTO 1aéT BO3MOXK-
HOCTb BUHTY, B OB&JIbHOM OTBEPCTUH, CMeE-
maThCs W TO3BOJSIET MEPEMEIIaThCsi KOCT-
HBIM OTJIOMKaM, YTO COXPaHSET MX KOHTAaKT
[5,6].

YMEHBIINTh KOJIMYECTBO HHBA3MBHBIX
BMEILIATEIBCTB, MOXKHO IyTE€M INPUMEHEHHUS
BUHTOB, W3TOTOBJIICHHBIX W3 OWOAErpamupy-
IOIUX MaTtepuaioB. buoaerpamupyromime
BUHTHI TIOCJI€ OMNpPEAEICHHOTO0 BPEMEHHU Te-
PSAIOT CBOM MPOYHOCTHBIE XapaKTEPUCTUKHU U
MOTYT OBITh CIIOMaHBI MIPH UX HArpyske, T.e.
JaayT BO3MOXKHOCTH BBINIOJTHEHUSI ATAMHOMN
OUHAMH3AlUHU [IepesioMa B 3aJlaHHbIE CPOKH,
TEM CaMblM MUHUMHU3HPYS PHUCK 3aMeJJICH-
HOM KOHCOJIUJIALIMU TIEpesioMa U COIYTCTBY-
FOIIUX €1 OCIIOKHEHUH.

B mameii pabore [7] wucciemoBaauch
(hakTOpHhI, BIUSIONIFE HA MPOYHOCTh (HUKCH-
pPYIOLUIMX BHUHTOB. YCTaHOBJIEHO, YTO BEJIHU-
YUHBl MAKCUMAJIBHBIX HAMPSOKEHHH, Orpeae-
JSIOUMX TPOYHOCTHBIE TOKAa3aTEeNM BHHTA,
00paTHO MPOMOPLHOHANILHBI TUAMETPY BUHTA
B Kybe. OmHAKO, C MENbI0 YIPOIICHHUS BbI-
YUCJICHHUH, pacueTHas MOJElb BHUHTA MpEe.-
noJjlarajjach B BHUJ€ OalKu C COCPEIOTOYEH-
HOW HAarpy3Koi, 4TO MOXXET OBITh HE CIpa-
BEJTMBBIM MPHU WCCIICOBAaHHH BUHTOB MaJION
UMHBL. B maHHO# paboTe paccMmarpuBaeTcs
Harpy’keHue yKa3aHHOW Oalku, paBHOMEPHO
pacnpeieIeHHON Harpy3Koi, a MoJIy4YeHHbIE

To create a tighter contact between
bone fragments, it is necessary to carry out
surgical dynamization of a fracture. It means
the extraction of a proximal locking screw
from the static (round) hole. After this, the
screw in the oval hole displaces, and the bone
fragments can move to preserve contact be-
tween them [5, 6].

The number of invasive surgeries
could be decreased using screws made of
biodegradable materials. After some period, a
biodegradable screw loses its strength fea-
tures and can be broken under load, i.e. create
the possibility of stage dynamization of a
fracture in a predetermined period, thus min-
imizing risks of slow consolidation of a frac-
ture and concomitant complications.

In our study [7], we have analyzed the
factors, influencing the strength of fixing
screws. It was discovered that the maximum
strains, defining strength parameters of a
screw are inverse to the cube diameter of a
screw. To simplify the calculations, the de-
sign model of a screw was assumed as a
beam under a concentrated load. It could be
wrong for screws of small diameter. In this
research, we examine the strain applied to a
beam with an equally distributed loading and
compare the results with the previous study
[7].

Objectives. To assess the impact of
the type of strain on the stress-strain state of
biodegradable screws for osteosynthesis of
tibial fractures.

Materials and methods. The study
involved analytical relations of resistance of
materials and methods of architecture and
theoretical mechanics.

The construction of the design model
was based on X-ray images of the implanted
nails and screws.
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pe3yNbTaThl CPaBHUBAIOTCSA C pe3yIbTaTaMu
paboTsl [7].

eab crarbu. OleHKa BIUSHHS THUIMA
Harpy>KeHus Ha HaMpsHKEHHO-
nehOpMUPOBAHHOE COCTOSIHME OHOJerpaan-
PYIOIIUX BUHTOB, MCIOIb3YEMbIX ISl OCTEO-
CHHTE3a NePeIoMOB 00JIbIIe0epIIOBO KOCTH.

Marepuajanl u Metoabl. Mccnenosa-
HUE BBINIOJHSAJIOCH C MCIIOJIb30BAaHUEM aHAJU-
TUYECKUX COOTHOIIECHHH  COMPOTHUBIICHUS
MaTepUaoOB, a TAKKE METOI0B CTPOUTEIBHOM
Y TEOPETUUYECKON MEXaHUKHU.

[TocTpoeHne pacyeTHBIX
HOBBIBAJIOCh HAa PEHTTCHOIPaMMax yCTaHOB-
JICHHBIX CTEP>KHEW U BUHTOB.

3aMeTuM, 4TO B pacCMaTpUBAEMBbIX CH-
cTeMax (UKCallMy IEepelioMOB OChb BHHTAa M
OCh CTEpXKHs TMPEIoJaraiuch B3aUMHO Op-
TOTOHAJIBHBEIMU. Kpome Toro, mpu ycTaHOBKE
OCh CTEpIKHSI COBIIaJana ¢ OChlo OonbIedep-
1oBoil koctu. Ilpm sToM, ock Oomnbiiedep-
I[OBOM KOCTH MMEET HEe3HAYUTEIHHOE OTKIIO-
HEHHE OT BEPTUKAIIM, IMO3TOMY OCh CTEP)KHS
Takke He OyJeT CTpPOro BEpTUKAIBHOW, U
BEKTOp HArpy3Kd Ha BUHT OyAeT HampaBjeH
MO/ HEKOTOPHIM YIJIOM IO OTHOIICHHIO K
Hemy. OJHAKO, YYUTHIBAS MY BEIHYUHY
yria OTKJIOHEHUS, AJi YIPOIIEHHS pacyeToB,
Ha JAHHOM 3Tare HCCIIEeIOBaHMS Mpeanosa-
rajioch, YTO OCh KOCTH, OCh CTEPXHS U, Clie-
JIOBATE€IbHO, BEKTOpP HArpy3KH COBMAJATH C
BEPTUKAJIIBHOU OCBIO.

Ha puc. 1, a moka3zaHnbsl cxema nepeno-
Ma, U cxema (uKcaluu ¢ HUCIOJIb30BAaHHUEM
BUOC. YuursiBas, 4to npu nepeioMax Hukx-

CXEM OC-

calus OCYILECTBISICTCS MUHUMYM JIBYX (pa-
TMEHTOB KOCTH, C IIeNIbI0 YIPOIIEHHUS pacue-
TOB, MCCJIENIOBAICS MUMEHHO TaKOW MEpPEesIoM.
Ha puc. 1, 6 mokazana cxema, oTOOpaxaro-
niasi pacrpezieliecHue Harpy3ok Mexay ¢u-
KCHPYIOIIMMH BHHTaMH TIPH HX B3aHMO-
JEACTBHUH CO TITHU(HTOM.

In the considered system the axes of a
screw and a nail were supposed to be mutual-
ly orthogonal. Furthermore, the nail’s axis
was supposed as coinciding with the axis of a
tibia. Since a tibial axis has a slight vertical
deflection, the axis of a nail will not be strict-
ly vertical, and a vector of loading will be
directed at a certain angle towards thereof.
Hence, considering the negligible size of the
deflection angle, and to simplify the calcula-
tions, we supposed on this stage that the axis
of the bone, of the nail, and, consequently,
the vector of loading, coincided with the ver-
tical axis.

Fig.1 represents a scheme of a fracture
and a scheme of fixation with IM nailing.
Taking into account that in the majority of
fractures, fixation is performed in not less
than two bone fragments, and to simplify the
calculations, we studied this fracture type.
Fig.1 b is the scheme of distribution of the
loadings between the fixing screws in their
interaction with a nail.
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a)

0)

Puc. 1. Cxema nepesoma 6osbiiedepuoBoii koctu u ero ¢pukcanusi BUOC (a), pacnpe-
AesieHne HArpy3ok Mexxay Buatamu npu BUOC (6)
Fig. 1. The scheme of a tibial fracture (a) and distribution of loadings between the

screws in case of IM nailing (b)

B kadecTBe OCHOBHOTO OOBEKTa
UCCJICIOBAHHUS ~ PACCMATPUBAJICS  BEPXHUIA
BUHT, MMO3TOMY OTJCIBHO IMOCTPOCHA CXeMma
ero HarpyxeHus. 3amerum, uTo Harpyska (F)
Ha BUHT TIepeIaeTcsi OT Beca YesioBeKa depes
Kpas koctu (KOpTUKalbHas TKaHb). Omupa-
HHE 9TOr0 BHHTA OCYIICCTBIISIETCS HAa ITHQT,
OT KoToporo Bo3HukaeT peaknus (R) Bcimec-
TBHC ONHUpaHHs MTH(PTA HA HIKHUM BHHT
(puc. 1, 6). CoOTBETCTBEHHO, BO3ICHCTBHIE HA
BUHT, CO CTOPOHBI MITU(TA, MEPeiacTcs Mo
TUIONIAIKe, KOTOpasi paBHSCTCS pa3Mepy ero
MOTMEPEYHOTr0 CCUCHHUs, a pacroyiaraeTcs yka-
3aHHas IUIOIIAJIKA HArpyXCHUS TOCPEAnHE
JUTUHBI BUHTA.

Ha puc. 2, a moka3aH BUI B paspese
KOCTH C (UKcanueld BEpXHUM BHHTOM WU
wtudrom. Takas cxema HarpyKeHUsl BUHTA
COOTBETCTBYET Oajike OMEepTOi MO KpasMm ¢
Harpy3Kou, IPUIIOKEHHOW MocepeanHe (puc.
2, 0). YuuThIBas pa3HHIy B CBOWCTBaX mare-
pHaia BUHTA U KOPTHKAIBHOW KOCTH, a TAKKE
TOJIIUHY KOPTUKAIBHOTO CIIOs, Oaika mpen-
roJiarajach mapHUPHO-omepToit (puc. 2, B).

JIns OLIGHKW pe3yinbTaToB, IMOJIYYCH-
HBIX B pabore [7] ObUIM paccMOTpEHBI JBa
BUjIa Harpy3ku: 1) cocpenoTodeHHas cuia, u
2) pacmpeleicHHas Harpyska. BemuuuHa
Harpy3ku B o0eux BapHaHTax ObLla DKBHUBa-
JICHTHA BECY B3pPOCJIOTO YeI0BeKa.

The study considers the upper screw as
the main object, so its loading pattern has
been constructed separately. One should men-
tion that the load (F) on the screw passes
from the weight of a human through the bone
edges (cortical tissue). This screw is support-
ed by a nail, causing a reaction (R) due to the
support of the nail by the lower screw (fig.1,
b). Respectively, the nail’s influence on the
screw transfers through a plane, its size is
equal to the area of its cross-section. This
loading plate is in the middle of the screw.

In Fig.2, there is a cross-section of a
bone fixed with a screw and a nail. This
scheme of loading on a screw corresponds to
a beam, supported on the edges with a load
applied in the middle (Fig. 2b). Considering
the difference in properties of the materials of
a screw and cortical bone, the beam was tak-
en as a hinged beam (Fig. 2, ¢).

To assess the results of the previous
study [7], we have examined two types of
loading: 1) with a concentrated force, and 2)
with a distributed force. Both values of the
load were similar to the mean body weight of
an adult.



%

THE PROBLEMS OF TRAUMATOLOGY AND OSTEOSYNTHESIS Ne 4 (18) 2019

57

OnucaHHas pacyeTHas CcXeMa BHHTA
COOTBETCTBYET IIIAPHUPHO-ONEPTON  Oalike
KPYTJIOTO TIONEPEYHOT0 CEUCHUs, C Harpyxe-
HUEM IOCPEIMHE B BHJIC. COCPEIOTOUCHHOMN
cunbl (Puc. 3, a) u pacnpeneneHHol Harpys-
ku (Puc. 3, 0), mepneHAMKYISIpHOW K OCH
Oaku.

dl
AN

a)

The design model of the screw corre-
sponds to a hinged beam, round in its cross-
section, and loaded in the middle thereof with
a concentrated force (Fig. 3,b) perpendicular
to the beam'’s axis.

J \
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Puc. 2. Bua xoctu B pa3pe3e B MecTe (pMKCAIIMH BUHTOM () M CXeMBbI €ro 3aKpenjieHust

(0, B)

Fig. 2. Appearance of a bone’s cross-section in the place of its fixation with a screw (a),

and design models of fixation thereof (b, c)

JIaHHBI TUII HarpyXeHus INpPeICTaB-
JsieT co0oil cityyail TIOCKOTO IMONEepPeyHOro
usruba (IT[TM), mpu KOTOPOM BO3HUKAIOT
TOJIBKO BEPTUKAIBHBIE COCTABIISIOLIUE OIOP-
HbIX peakuuii. C 3TOM TOYKMA 3peHUs, Ka-
KAy OalKy MOXHO paccMaTpUBaTh KakK CTa-
tuaecku-onpeaenumyio (Puc. 3, B, 1), T.c.
TaKylo, pelieHrue KOTOPOW MOXKET OBbITh Io-
JyYEHO C TIOMOIIbIO YPAaBHEHUM paBHOBECHS.

This type of loading is a specific case
of a flat cross bend, upon which only the ver-
tical component of support reaction occurs.
From this point of view, each beam could be
construed as a statistically determinate one
(Fig.3, c, d), i.e. the one available for a solu-
tion with equilibrium relations.

TRC q ARD
C H.;C v v v D ED
"
l S
0)



58

o
[TPOBJIEMU TPABMATOJIOI'T] TA OCTEOCUHTE3Y Ne 4 (18) 2019 iﬁ?j

A Ra F A
Ad—> ‘l’

Al l ﬂi
B)

q Rp
T ‘I/ A D

@

\i‘hm

>l
r)

Puc. 3. PacueTHble cXeMbl BUHTA: HArpy:KeHHe B BH/Ee COCPeIOTOYEHHOH CHIIBI (a, B),
Harpy:KeHHe B BH/Ie pacnpee/ieHHOii Harpy3k#u (0, r)
Fig. 3. Design models of the screw: loading with concentrated force (a, b), loading with

distributed loading (c, d).

HccnenoBanue mMpoyHOCTH BUHTA MPHU
[IIIN BbIMOMHAETCS HAa OCHOBAaHUHU BIIOP
BHYTPEHHUX YCWJIHMH. TIONMEPEYHBIX CHUIT U
M3rHOalONIMX MOMEHTOB, KOTOPBIE MOCTpOE-
HBI TIO JJIMHE OaJIKW, TPU MPEABAPUTEITHHOM
OIIpEICIICHUH OTIOPHBIX PEAKIIUH.

JlJiss OIleHKM BIHUSHUS CXEMBI HArpy-
KCHHsT BHHTA HAa €ro  HampsHKEHHO-
nedopmupoBanHoe cocrosiuue (HJC) HeoO-
XOIMMO TIOJYYHTh AHAIUTUYECKUE BBIpaXKe-
HUs BHYTPEHHUX YCHUJIUN KaXKJOM pacyeTHOMU
CXEMBI, MPH OTICIHHOM PAacCMOTPEHUH COO-
TBETCTBYIOIINX 3a71a4.

Pe3yabTaThl M HX 00CYyKIEHHE.

3aoaua 1. banxa ¢ cocpedomoyeHHol
cunoui (puc. 3, 6). PemieHue maHHOM 3amadn
ObUTO ToNyueHO B pabote [6], wcmosb3ys
KOTOpPO€ MOXHO 3amicaTth OCHOBHBIE COOT-
HOIIICHUS.

Heussectnole peakiuun Ra, Rs ompe-

ACIIINCh U3 CICOAYHOIIUX ypaBHeHI/Iﬁ PaBHO-
BeCUs.

The study of the strength of a flat
cross-bended screw was based on the stress
diagram of the internal forces and bending
moments, after ascertaining support reac-
tions.

To evaluate the impact of the screw’s
stress-strain state on its deflected mode
(DM), one should have an analytical expres-
sion of internal forces for every design mod-
el, considering the respective tasks separate-
ly.

Results and discussion.

Task 1. A beam with concentrated
force (Fig. 3, c).

The solution of this task being found
in the previous study [6] could be applied to
write the basic interrelations.

The unknown reactions RA, RB were
defined through the following equations of
equilibrium:

ZMA:RB*I—F*éZO =>Ry =<,
Y Mp=—Ryxl+Fx>=0 =>R,=7.

[IpoBepka mpPaBWIBHOCTH ONpEAEIIE-
HUSI OMOPHBIX PEAKLMUN OCYLIECTBIIUIACH HA
OCHOBAHHHM YCJIOBUSI PABEHCTBA HYJIIO CYMMBbI
MIPOEKIIMI BCEX CUJI HA OCh Y

To verify correctness of the support
reactions, we supposed that the sum total of
projections of all forces on the axis Y equals
zZero:

YV=R,—F+Ry=F—F=0.



%

THE PROBLEMS OF TRAUMATOLOGY AND OSTEOSYNTHESIS Ne 4 (18) 2019

59

[Ipu nmoctpoenun 3mrop ycuiui, 6aiaka
[0 JUIMHE pa30MBajiach Ha Y4YacTKH. 3aTeM,
Ha KaXXJIOM M3 y4aCTKOB 3allMCBIBAJINCH aHa-
JUTUYECKHE BBIPAXKCHHUA BHYTPEHHUX YCH-
M.

1 ygactok (0 < x < é):

To create stress diagrams of strains,
we partitioned the beam longitudinally and
wrote separate analytical expressions of in-
ternal strains for all its parts.

Ppart (0 < x < %):

Qf(x) = Ry,
Mf(x) = Ry * x,

2 y4acToK (é <x<ZI)

2" part (é <x<I):

Q5 (x) =Ry — F,
Mg(x)=RA*x—F*(x—é).

AHanu3 TOJYYEHHBIX COOTHOUIECHUM
[I0Ka3aJl, YTO MAaKCHMAJILHBIA H3THOAroMii
MOMEHT BO3HUKAET B CEpEIMHE TpojeTa Oa-
KM, B TOYKE MPHJIOKEHHUS HArpy3KH C KOOp-

o l
JMHATOM X = -
l
F — F —
M = MF (5) =

I[lo  pesynbraTam

pacyeToB MOCTPOEHBI BMIOPHl MONEPEYHON

CHITBI U M3rHbaromero MmomeHra (puc. 4).

l
Ry*-=
A7

BBIIMOJIHCHHBIX

Analysis of the obtained interrelation
has shown that maximum bending moment
appears in the middle of the beam’s span, in
the point of application of the loading, coor-

. l
dinate x = 5

F
— %
2

N | ~
N

Based on the results of calculations,
stress diagrams of shear load and bending
moment are elaborated (Fig. 4).

F Re

M

P

F
Mmax

Puc. 4. Dnwopbl BHYTPEHHUX YCHJIHI TPU HATPY:KeHUU BHHTA B BHJAE COCPeI0TOYEHHOM

CHJIbI

Fig. 4. Stress diagrams of the internal strains upon loading of the screw with concentrat-

ed force
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3aoaua 2. banka c¢ pacnpedeneHHouU
naepyskot (puc. 3, 2). [l paccMatpuBaeMoit
Oanku, onopsl 0003HaueHbl OykBamu C u D,
Heu3BeCTHhIE peakinu Rc, Rp moryr ObITh
OTIpe/ieNICHBI U3 CICAYIONIUX ypaBHEHUN pas-
HOBECHSI:

CyMMa MOMEHTOB BCEX CHJI
OTHOCHUTENILHO omopHoro mmapuupa C paBHa
uyio: ), M. = 0, orkyaa HaxoauM Rp.

CyMMa MOMEHTOB BCEX CHJI
OTHOCHTEIIFHO OTMOpHOTO mapHupa D paBHa
Hymo: ), Mp = 0, otkyaa Haxomum Rc.

J1Jis IpOBEpKHU MPaBUIBHOCTHU OMpeie-
JIEHUS ONOPHBIX PEAKIUi HCIONb3yeTCs
ycnosue: ).V = 0.

Task 2. A beam with distributed load-
ing (Fig. 3, ¢).

For the beam being considered, the
supports are indicated with the letters C and
D. The unknown reactions Rc, Rp could be
established using the following equations of
equilibrium:

The total of the moments of all
forces relating to the hinge at the support C
equals zero: Y, M. = 0; Rp s found.

The total of the moments of all
forces relating to the hinge at the support D
equals zero: ) M, = 0; Rc is found.

To verify correctness of the support
reactions established, we use the condi-
tion) ¥V =0.

ZMC:RD*l—q*a*ézo =>RD:qz_a,

ZMDz—RC*l+q*a*é=0 =>RC=?a,

q

ZV=RC+RD—q*a=qZ—a+qZ—a—q*a=O.

Kpome Toro, u3 ycinoBus CUMMETPHUH
CXCMbl HArpyKCHusd, MOKHO CKa3aTb, 4YTO
OIMOPHBIC PCAKIUU OOJIKHBI 6BITI: PpaBHBI MC-
KTy COOOM W COOTBETCTBOBATH ITOJIOBUHE
PaBHOJACHCTBYIOIIEH OT NPUIOKEHHON Ha-
TPY3KH.

Janee nig mocTpoeHUs S0P YCUIIUN
Oasky mo njauHe pa30MBaeM Ha ydacTKH. 3a-
TE€M, Ha KaXJIOM U3 YYacCTKOB 3allFCHIBAEM
AQHATUTUYECKUE

BBIPDAKECHUSI  BHYTPEHHUX

yCI/IHI/Iﬁ U BBIYUCIISIEM UX.

1 ygacrok (0 < x < I_Ta):

Qf(x) = R,

Ml(x) = R; * x,
Qf(0) =Rc ==,
M{(0) =0,

0f () =Re =%

q(l=a) = g k=@ _ araxlza)
Ml( )_RC* 2 4

Besides, based on the condition of
symmetry of the loading one could say that
the support reactions shall be mutually equal
and correspond to half of the resultant of the
loading applied.

For the stress diagrams, we subdivided
the beam lengthwise into the parts, then wrote
down analytical expressions for internal
strains and calculated:

lpart (0 <x Sl_Ta):
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Qg(x) =R¢ —

Q; (Ha):Rc_Q”‘a:—ﬂ,
vz (5°)
3 yuacTok (% <x<l):

Q3(x) = R¢ —

l+a a
= Rer Ay =

Qg(Ha):Rc_Q*a:_%,

q (l+a\ _ l+a  a® _ qraxl-qxa®
M (2)_RC* T 4 :
Qg(l):Rc_

Mg(l):Rc*l_Q*

AHanu3 TOJYYEHHBIX COOTHOUIECHUM
[MOKa3aJ, 4TO0 MAaKCHUMAaJIbHBIA HW3rHOAaroIuii
MOMEHT BO3HHUKAET B CEpeuHe Mmpojera Oan-

l
KH, B TOYKE X = .

Mq

max

I[Io  pesynbTatam
pacyeToB MOCTPOCHBI BIIOPHI OMEPEUHOMN
CHITBI U M3rHbaromero MmomeHra (puc. 5).

BBITTIOJTHEHHBIX

()0 (-2

(I+a)?

() =rdeaes =

2 part (I_Ta <x SHTa):

(1-a)> _ 3qal

+ g * =
q 2 2

Analysis of the resulting interrelations
has shown that the maximum bending mo-
ment appears in the middle of the spur of the

beam, in the point x = é:

I gxa? F*l Fxa _ Fxl N (1 a )
2 8 4 8 4 1x2)"

Based on the calculations, stress dia-
grams of shear load and bending moment are
elaborated (Fig. 5).
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Puc. 5. Dnwopbl BHYTPEHHUX YCWJINH NMPH HATPYKEHUHM BHHTA B BHJIe pacnpenaejeHHOH

Harpy3KHu

Fig. 5. Stress diagrams of the internal strains in the screws under distributed loadings

JIiss  ompeneNieHus TMOTPEIIHOCTH  pe-
3yJILTATOB IMOJIydEHHBIX B pabote [6] mo cpa-
BHCHHUIO C pe3yﬂLTaTaMI/I JAHHOT'O HCCIICOO-
BaHUs, B KAUeCTBE MMPUMEpa PaccMaTpUBaJICS
BHUHT C pa3MepaMu: JJIMHA — 4 cM, TuaMerp —
5 MM. Bennumnna Harpysku, npukiaasiBacMas
K BUHTY, OKBHUBAJICHTHA Becy YycJIOBCKaA, T.C.
80 kr, uro B ciywae 3amaud 1 paBHIOCH
F=800 H, a nnsa 3amauu 2, mpu BEIUYHHE
ydactka a=1 cm, Ha KOTOPOM JICHCTBYET pac-

F
MpeJeNieHHas Harpy3Ka, COCTaBUIO ¢ = — =

80 kH/m.

Tak kak AJi OIIEeHKH TPOYHOCTH BUHTA
npu yciaosuu [ ucnonp3yeTcs BeauunHa
M3rubaroIero MOMEHTa, TO CPaBHEHHUE pe-
3YJbTAaTOB BLIIMIOJHAJIOCHE HA OCHOBAHUH COO-
THOLIEHUH JUII MAKCUMAaJIbHBIX W3TMOAFOIINX
MOMEHTOB, TIOJTy4YeHHBIE B 3a71a4ax 1 u 2:

To estimate a tolerance of the results of
the previous study [6] compared to the results
of the present one, we took a screw 4 cm long
and 5 mm in diameter as a sample. The value
of the strain applied to the screw is equivalent
to the mean weight of an adult, i.e. 80 kg; for
the task 1 it made F=800N, and for the task 2,
considering the size of a site, to which the
distributed load was applied, made cocraBu-
g0 q = g = 80 kH/m.

Inasmuch as the value of the bending
moment is applied to evaluate the strength of
a flat cross-bended screw, results were com-
pared based on interrelations of the maximum
bending moments received in the assignments
land 2:
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AHannu3 STUX COOTHOIIEHUH ITOKa3al,

4YTO IMPpU HAJIWYUHU OAWMHAKOBOI'O MHOXUTCIIA

Fxl
—, » PasHMIIa B PE3yNbTAaTax ONPEACIACTCS

) a
BEJIMYUHOU (1 — s 2). IIpu »sTOoM, ueMm
*

MeHble 3HadeHune a/l, T.e. yeM MeHbIIE Be-
JMYMHA YYacTKa MPHIIOKCHUS HATPY3KH I10
CPaBHEHHUIO C JUIMHOW BHWHTA, TEM MEHBIIIC
Oy/eT MOrPEIHOCTh PE3yJIbTaTOB MOJIyYCH-
HBIX B pabore [6].

IMoncrasnsiss B 9TH  (GOPMYJIBI PHU-
HATHIE pasMephbl BUHTA M BEIUYHHBI HArpys-
KM, BBIYHCISAIM 3HAYEHUS MaKCHUMaJIbHBIX

MoMeHTOB B 1 u 2 ciryydae.

of
demonstrated, that if a multiplier FT*I is the

Analysis these interrelations

same, the difference in the results is prede-

a

B) At that, the

less is a/l i.e. the less is the area of the load-
ing applied, compared to the length of a
screw, the smaller will be the deficiency of
the results obtained by the previous study

[6].

termined by the value (1 -

Applying the supposed dimensions of
the screw and values of the loadings into the
equations, we calculated numerical values of
maximum moments in 1st and 2nd cases.

= 8 Hm,
0.01

Fxl 800%0.04
Mimax = =57 = ——
F =] a 800 % 0.04
q = — =
Mnax =3 *(1 1*2) 4

ITorpemHocTs MOAEIUPOBAHUS HArpy-
3K B BHUJIE COCPENOTOYECHHOU CHIIBI OIpeJe-
JAETCSA COOTHOUICHUEM:

F q
Mmax;Mmax % 100% —
max

BbiBoabl. AHanu3 MOJy4EHHBIX pe-
3yl1bTaTOB IOKa3aj, YTO COOTHOLICHUS,
ONUCHIBAIOIME BHYTPEHHUE YCUIIUA MPU MO-
JNEIUPOBAHUM HArpyK€HUsi BUHTAa B BUJC
COCPEIOTOYEHHON CHIJIBI U paclpeeIeHHOU
Crne-
JIOBATEJIbHO, BEJITUYUHBI BHYTPEHHUX YCUJIUH,
IIpU TOJICTAHOBKE B 3THU COOTHOUIEHUS YHC-
JIOBBIX 3HAYEHHUM HAarpy3Ku W pa3MepoB, TaK-

xe OyayTt ormimuathes. [lpu 3TOM BenuunHa

Harpys3kv, OTJIIMYAarOTCA MHOKHUTCIICM.

ommuus OyJneT TeM MEHbIIe, YeM MEHBIIe
OTHOIIICHNE BEJIMYHHBI Y4acTKa, Ha KOTOPOM
JICUCTBYET pacipesiesieHHas Harpy3ka (a) mo
cpaBHeHHIO ¢ yuHOM Oankwu (I).

*(1

The deficiency of modeling of the
loading in the form of concentrated force is
expressed by the interrelation:

_2*0.04):7HM

8—;7 +100% = 14.3 %.

Conclusions. Analysis of the results
has shown that the relations to describe inter-
nal strains in the model of a screw loaded
with a concentrated force and with a distrib-
uted one differ by a multiplier. Consequently,
the values of internal strains applied to these
relations of numerical values of loadings and
sizes shall differ also. At that, the value of
this difference shall be the less, the smaller is
the ratio of site on which the loading is dis-
tributed (a) and the length of a beam ().
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[Ipy TpHHSATHIX, IS OICHKH PE3yJib- Upon conditions of the taken values of
TaTOB, BENMYMHAX Harpy3ku u reomerpuu load and screw geometry, the strains in the
BUHTA YCUINSA B MOJCIN BUHTA C Harpyxe- model of screw loaded with concentrated

HHUEM B BUJIC COCPCIOTOYCHHOU CHIIBI OKa3a- force appeared in 1 N * m higher, and the
mucs Bbine Ha 1 H-M, u norpemsocts cocTa-

Buna 14.3 %.

CootBetrcTtBeHHO, nis oneHkun HJC
BUHTa wucnoiaszyemoro B BUOC c¢ nensio
YOPOIIEHUsT PAcueTOB, MOXXHO B KadeCTBE
MOJICNIA UCIOJIB30BaTh OaJKy ¢ Harpy3Koul B

deficiency was 14.3%.

Respectively, to estimate the strain-
stress state of a screw for IM nailing, and to
simplify the calculations, one could accept a
beam loaded in the center with concentrated

BHJIE COCPEIOTOYEHHOMN CHJIBI, PUIIOIKEHHOI force as a model, although it must be kept in
B CepeIMHE, OHAKO HeobxoauMo yuuTeBaTs, MINd that such a model will demonstrate
4TO Takas MoJe]b JaeT 3aBhINICHHBIA pe- €xaggerated results of internal strains.
3yJIbTAT IO BHYTPCHHUM YCHIIHUAM.
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