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1 XAPAKTEPUCTUKN MATKOIroO KOHTEMHEPA (MK) U YCITOBUI 3KC-

NMIYATALUUU

/| FLEXIBLE CONTAINER (FC) CHARACTERISTICS AND OPERATION

CONDITIONS /

CneumannsmpoBaHHble MArkMe KOHTEWHEPDI
MK-14-10 npegHa3HayeHbl ANgA nNepeBo3Kn Chbl-
ny4ymMx MNPoOOYKTOB BCEMW BuMAAMW TpaHcrnopTa
npu TemnepaTtype okpyxawwen cpedbl OT
-50°C pgo +60°C, a Takke BPEMEHHOro XpaHe-
HUA Ha nnowjagkax HakonneHus rpysoB u B
CKNaACKUX yCnoBusx.

MabapuTHble pa3amepbl MK-14-10:
- anameTp 2400+50 mm;
- BbicoTa 2500450 mm;

- Macca NnopoXHEro KoHTeliHepa — He Gonee 70
KT;

- Macca rpysa (HeTTo) — He 6onee 14000 Kr.

KoHTenHep MK-14-10 cocTouT M3 BKragbiwa,
W3roTOBMNEHHOIN0 U3 MNMOTHON NONU3PUPHON
TKaHW, NPOpPe3MHEHHON C ABYX CTOPOH, U Kap-
KaCHOWM CEeTKM — U3 NONUaPUPHbIX NEHT, CUIo-
Bble CTbIKM KOTOPbIX COCTpa4MBalOTCs LUBEW-
HbIMW NOMU3PUPHLIMK (NTaBCaHOBbLIMM) HUTKa-
MU. BClo CMMNOBYIO Harpysky HeceT KapkacHad
ceTka.

KOHCTpYKUUA KOHTENHepa, ucnonb3yemble mMa-
Tepuansl, NPOYHOCTb LWBEWHbLIX HUTOK W TuN
WwBa JomkHbl obecneunBaTb KOIPMDULMEHT
6Ge3onacHOCT He MeHee 6:1 Npu NATU- LWeCTu-
KpaTHOM MCMOMb30BaHUN MpPU rpy30rnoabeMHO-
cTn 14 ToHH 1 8:1 — npn MHOrokpaTHom (6onee
6-T1), YTO OOMKHO MNOATBEPXKOATLCA MCMbITa-
HusMmn (cm. n.1.2.4 TY-2207-001-56579756-
06).

OkcnnyaTaums MK-14-10 pospkHa OCyLecTB-
nAaTbCA B COOTBETCTBUM C PyKOBOACTBOM MO
akcnnyataumm 26469P3, a Takke lMpaBunamm
nepeBO30K IPy30B XKere3HO4OPOXHbIM TpaHc-
nopToM, TeXHUYECKUMN YCNOBUSAMN pasmelLe-
HUSA U KpenneHus rpys3oB B BaroHax M KOHTEN-
Hepax MINC Poccun 97052003, NelL|M-943.

Specialized flexible containers FC-14-10 are
intended for transportation of all types of friable
products by all kind of transport at an ambient
temperature from - 50°C up to +60°C, and also
time storage on platforms of accumulation of
cargoes and under warehouse conditions.

FC-14-10 overall dimensions:
- diameter 2400+50 mm;
- height 2500+50 mm;
- empty container mass - not more than 70 kg;

- cargo capacity (net) - not more than 14000 kg.

Container FC-14-10 consists of the shell made
by a dense polyester fabric rubberized from
both sides, and a frame grid made by polyester
tapes. Their forced joints are sewed by polyes-
ter (lavsan) threads. All kinds of a load are
supported by a frame grid only.

The container structure, used materials, dura-
bility of sewing strings and type of a seam
should provide factor of safety not less 6:1 at
qguintuple or sextuple usage at carrying capac-
ity of 14 tons and 8:1 - at multiple usage (more
than sextuple), that should proved by true tests
(see item 1.2.4 TY-2207-001-56579756-06).

Operation MK-14-10 should be carried out in
accordance with the Operation Manual
264690M, and also Rules of cargoes transpor-
tation by rail, technical regulations on accom-
modation and securing of cargoes in railcars
and containers of Ministry of Railways of Rus-
sia 97052003, NelL|M-943.
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2 OBOCHOBAHUE PACHETHbLIX CXEM U METOOOB AHAJIU3A
/| GROUNDING OF CALCULATED SCHEMES AND METODS /

2.1 CWUMBOIbI, EANHULBI UBAMEPEHUA U NOHATUA

/ SYMBOLS, UNITS NOTATION CONCEPTIONS /

Tabnuua 1
Table 1

BC Brokupytouias cuna, kH Blocking force, kN

FB dakTnyeckaa bnokupyrowias cuna, kH Actual blocking force, kN

FR MopoepxuBalowee ycunue Ona KpenéxHoro Lashing device supporting force, kN
cpeactea, kH

FT Cwuna npegBapuTENbHOrO HaTSXKEHUS Kpenéx- Pretension force, kN
Horo cpeactea kH

Fx lMpogonbHaga cuna, gencTeyrowas Ha rpys, KH | Longitudinal force acting on a cargo, kN

Fy Cuna, mevcteylowasi Ha rpys B nonepeqHom Transverse force acting on a cargo, kN
HanpaBneHuu, kH

Fz BepTukanbHas cvna, gevcreyrowas Ha rpy3 kH | Vertical force acting on a cargo, kN

FF Cwuna TpeHus, kH Friction force, kN

FFM Cwuna TpeHusa Kak pesynbTaTt gencTteusa BepTu- | Friction force as a result of vertical
kanbHow cunbl Fz, kH force Fz action, kN

FR Cvna TpeHusa kak pesynbTaT genctsusa nog- | Friction force as a result of supporting
aepxusatowen cunol FR, kH force FR action, kN

FFT Cwvna TpeHus kak pesynbTaT gencrtsusa cunbl | Friction force as a result of pretension
npeasapuTenbHoro HatsxeHms FT, kH force FT action, kN

LC Cwuna kpenneHus, kH Lashing force, KN

St CraHgapTHaa cvna npegBapuTeNbHOro Hats- Standard pretension force, kN
XeHus, kKH

a Yckopehue, m/c’ Acceleration, m/s®

b lne4yo BepTMKaNbHOrO MOMEHTA, M Vertical moment arm, m

C KoadppmumeHT yckopeHus Acceleration coefficient

d [Mneyo onpoknabiBaloLLEro MOMEHTa, M Tipping moment arm, m

h [neyo KpenéxHoro MOMeHTa, M Lashing forces moment arm, m

g Yckopenne cBobogHOro nageHus Gravity acceleration
g = 9,806 65 m/c? g = 9,806 65 m/s®

k PeayKumoHHbIN koapdmumeHT Reduction factor

m Macca rpysa, 1 (1000 «r) Cargo mass, t (1000 kg)

n KonnyecTBo KpenéxHbIX CpeacTs Lashings number

w LvpuHa rpysa m Breadth of the cargo

a BepTukanbHbIv yron, rpag Vertical angle, deg

Bx fOpu3oHTanbHbLIM yron B nNpogoribkHoOM Ha- | Horizontal angle in longitudinal direc-
npasrieHnn, rpag tion, deg

By "opu3oHTanbHLIM yron B nonepevyHoM Hanpas- | Horizontal angle in transverse direction,
neHuu, rpag deg

Ms KoahpnumeHT TpeHnst CKoNbXeHUs Sliding friction coefficient

Mp OuHamnyecknin k0adPULMEHT TpeHUS Dynamic friction coefficient
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2.2 NAPAMETPbl YCKOPEHUMA
| ACCELERATION PARAMETERS /

B tabnuuax 2, 3 n 4 npmMBeaeHbl Makcumarb-
Hble 3Ha4yeHUsa KO3(P(PUUNEHTOB YyCKOpeHUs,
KOTOpble OOJIKHbI MPUHUMATLCA NPU NOorpyske
rpysa Ha TpaHCMNOpPTHOE CpeAcTBO Ans COOT-
BETCTBYHOLLEro TUNa TPaHCNopTUPOBKM [1].

OTn 3Ha4yeHus COOTBETCTBYHOT TpeboBaHWAM
IMO/OLP/UN/EWG ans rpy3oBoro TpaHcrnopTta
(CTUs), ogHako, ¢ NOMOLLbIO BBeaeHUs Koad-
duumeHTa JUp cosgarTcs bonee GesonacHble
YCMOBUS TPAHCMOPTUPOBKU.

[MHamnyeckne Harpysku M yaapbl, KOTOPbIM
rpy3 MOXeT MoaBepratbCsi 3a KOPOTKUMA Mpo-
MEXYTOK BPEMEHW, KOMMEHCUPYIOTCA 3a CYET
3MNaCTUYHOCTU KPENEXHOro CpeacTsa u cucte-
Mbl AeMNUPOBaHNS yaapoB, UMetoLLENCs Ha
rpy3oBuKe v npuuene.

lMockonbKy Harpyska yBenuunBaeTcd Hes3Hauu-
TenbHO, €0 MOXHO npeHebpeyb Npu yCcrnoBun
cobnogeHnss  TpeboBaHui  EBponenckoro
ctaHgapTta EN 12195-1.

KoadpduumenTol yckopenus C,, C,, C, ans ne-
PEBO30K N0 aBTOMOOWUITbHBIM Aoporam npuBee-
JeHbl B Tabnuvue 2.

Koacpdpuumentol  yckopenus C,,C,,C, npwu
TPaHCMOPTUPOBKE KEeNe3HO4OPOXHbLIM TpaHC-
nopToM NpuBeaeHsbl B Tabnuue 3.

Koadppuumentol  yckopenus C,,C,,C, npu
TPaHCNOPTUPOBKE MO MOPO NpuBeAeHbl B Tab-
nnue 4.

Maximum acceleration coefficients values are
given in tables 2, 3 and 4. They should be tak-
en into account when the cargo is loaded on a
transport device for corresponding type of
transportation [1].

Above values correspond to
IMO/OLP/UN/EWG cargo transport require-
ments (CTUs). But we create more safe trans-
port conditions inserting Wp coefficient.

Dynamic loads and impacts acting on a cargo
during short time period are compensated due
to lashing device elasticity and car and trailer
impact damping system.

Since load value is increased slightly, it is ne-
glected in case if EN 12195-1 Standard re-
guirements are satisfied.

Acceleration coefficients C,, C,, C, are given in
table 2 in case of road transportation.

Acceleration coefficients C,,C,,C, are given in
table 3 in case of rail transportation.

Acceleration coefficients C,,C,,C, are given in
table 4 in case of sea transportation.

Tabnuua 2
Table 2
HanpasneHue KoadpdmumeHTsl yckopeHus / Acceleration coefficients
KpenneHus / C, — Boonb / longitudinal C,— nonepek / transverse C, - BepTu-
Lashing direc- | snepen / for- Hasap / back- Onpokuabisanne | Casur / Sliding | KanbHO BHUS /
tion ward ward / Tipping downward ver-
tically
npogonsbHoe / | 0,8° 0,5 - - 1,0
longitudinal
nonepeuroe / | - - 0,5 0,5+0,2° 1,0
transverse
a BmecTo IMO=1,0 ans s / instead of IMO=1,0 for ys
b +0,2 TOoNbKO Ans HeycTonymBebix rpy3os / for unstable cargoes only
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Tabnuua 3
Table 3
HanpasneHue KoadhdpmumeHTsl yckopenus / Acceleration coefficients
KpenneHus / Cx — npogonbHbIv / longitudinal C,— nonepeu- C,- MMHMMarnbHOE 3Ha4YeHne Bep-
Lashing direc- HbIR / trans- TUKanbHO BHM3 / minimal value
tion verse downward vertically
OnpokugbiaHue | Casur / Sliding OnpokugbiaHve | Casur / Sliding
/ Tipping / Tipping
npoaoneHoe / 0,6 1,0 - 1,0 1,0
longitudinal
nonepeyHoe / - - 0,5 1,0 0,7
transverse
Tabnuua 4
Table 4
Aksatopus | HanpasneHue / Direction KoadhdpmumeHTsl yckopenuns / Acceleration coefficients
I Sea Area Cx—Baonb / C,—nonepek / C,- MMHUManbHoe 3Ha4e-
longitudinal transverse HMe BepTUKanNbHO BHU3 /
minimal value downward
vertically
A npogoneHoe / longitudinal 0,3 - 0,5
nonepeyHoe / transverse - 0,5 1,0
B npogoneHoe / longitudinal 0,3 - 0,3
nonepeyHoe / transverse - 0,7 1,0
C npogonsHoe / longitudinal 0,4 0,2
nonepeyHoe / transverse 0,8 1,0
3AMEYAHUS. Cwm. npennucanus IMO / NOTES See IMO instructions
A Barruiickoe mope / Baltic Sea
B roxnast yacts CeBepHoro mopst / Cpeauzemuoe mope / North Sea south area / Mediterranean Sea
C neorpannyenno / unlimited
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3 METOQ PACYETA KPEMNJIEHUN

/ LASHING DEVICE CHARACTERISTICS CALCULATION METHOD/

3.1 OBLUE NOJNTOXEHUA
| GENERAL /

B naHHOM pacyeTe ucnonb3ayoTcs crneayowme
MOHATUA, CUMBOIMbI, €OUHULbI U3MEepPeHus U
COKpaLLeHus.

3.1.1 YcTporCcTBO ANSA KpenneHns rpy3os

Cuctembl n yctponctsa ana 6esonacHom no-
rpysku [1].

3.1.2 KpenéxHoe cpeacTtso

MGkoe cpeacTBO AN NMOrpy3KN HA TPaHCMopT-
HOe CpeacTBO

3.1.3 HaTsxkHoe yCTpOMCTBO

MexaHn4yeckoe yCTpOMCTBO ANSA CO3OaHUsA cu-
nbl NpeaBapuUTENbHOINO HaTSXKEHUS N yaepxa-
HUS yCTpoucTBa ANSA KpenneHus rpysa (Ha-
npumep, npockanb3biBaloLlas xpanosas myd-
Ta, Nebéaka, pykosiTka Ansa HaTsxeHus) [1].

3.1.4 NHankaTop npeaBapuUTenbHOro HaTske-
HUA

YcTponcTBo Ans oTobpaxkeHus Cunbl, KOTOPYIO
OKa3blBalOT HATSHXKHbIE 3NIEMEHTbl Ha Kpenéx-
HOe CpefCTBO M KOTOpasi BO3HUKAET Npu ABU-
XXEHUM TPaHCMOPTHOro cpeacTsa Unu npu age-
dopmaumn nnowaamn norpyskm [1].

3.1.5 MecTo KpenneHus

HenoaBwmxHoO 3akpennéHHasa 4yacTb rpysa, Ha-
npumep, TPaHCMOPTHOE KOMbLO, Ha KOTOPOM
Kpenutca norpysodHoe npefoxpaHuTernbHoe
YCTPOWCTBO.

3.1.6 To4ka KpenneHus

KpenéxHoe YyCTpPOMCTBO Ha TpaHCMOPTHOM
CpeAcTBe, Ha KOTOPOM HernocpeacTBEHHO MO-
XeT 3aKpennATbCA KpPenéxHoe CpeacTBO; TOY-
Ka KpenneHns MoXeT ObiTb BbiNOMHeHa B BUAE
pbiMa, KPHOKa, yLLIKa U KPENEXHOWN LWKHbI [1]

3.1.7 CtaHgapTHasa cuna npeaBapuUTErbHOro
HaTskeHna STF

Cuna, koTopasi ocTaéTcsi nocrne Toro, Kak py-
KOSITKa HaTsXKHOrO YCTPOMCTBA OTMNycKaeTcs.

3.1.8 Cnocob nonepeyHoro KpenneHus rpysa

Cnocob kpenneHus, Npu KOTOPOM cuna TpeHus
yBenMuYnBaeTcs 3a CYET Toro, 4YTto fgobaBnsert-
Csl BepTMKanbHasa COCTaBnsoLas Cusbl No oT-
HOLLEHUIO K BECY rpy3a.

Following notations, symbols, units, and abbre-
viations are used hereinafter.

3.1.1 Cargo securing equipment

Systems and equipments for safety loading [1].

3.1.2 Lashing device

Flexible device for loading of the cargo on ve-
hicle

3.1.3 Pretension device

Mechanical device for lashing device preten-
sion and holding (for example, sliding ratchet
coupling, winch, tension hand grip) [1].

3.1.4 Pretension indicator

Device indicated lashing device force due to
tension elements during vehicle movement or
when loading area is deformated [1].

3.1.5 Attachment point

Cargo fixed part, for example transport ring for
loading safeguarding device attaching.

3.1.6 Lashing point

The fixing device on a vehicle used for cargo
lashing device direct joint. It looks as a ring, a
hook, eye or the fixing bus.

3.1.7 Standard pretension force STF

Residual force arisen, when tension lever be-
comes free.

3.1.8 Cargo transverse lashing method

Method of lashing when friction force arisen
due additional vertical components regarding
cargo weight
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3.1.9 Cnocob npsAmMoro KkpensneHus rpysa

Cnocob kpenneHusi, Npu KOTOPOM KpenéxHoe
CPeACTBO KPENUTCSt HEMOCPEACTBEHHO Ha He-
NOABWXHOW YacTu rpysa unm B NpeayCMOTPEeH-
HbIX AN51 3TOW LeNIn ToYKax KpenmneHust.

3.1.9 Cargo direct lashing method

Method of lashing when lashing device joints to
fixed part of the cargo or to specified lashing
points.

3.2 OMPEOENEHWE PACYETHbIX MAPAMETPOB
/ DEFINITION OF CALCULATED PARAMETERS /

3.2.1 Macca rpy3sa m
Macca, KoTopyto cnegyeT 3akpenutb
3.2.2 YckopeHue rpysa a

MakcumanbHoe yCKopeHue rpysa Anst 4aHHOro
cnocoba TpaHCNOPTUPOBKM.

3.2.3 KoahpmumneHT yckopeHus C

KoachpmumeHT, koTopbld criegyeT YMHOXUTb
Ha 3Ha4yeHune yckopeHus cBo6OAHOro nageHus
g, yckopeHne a = C g rpysa nonyyawT Ans
JaHHOro Buaa TpaHcrnopTa.

3.2.4 lNMpopgonbHoe ycunue rpysa Fx

Cuna vHepummn, KOTOpas BO3HWKAET Npu ABU-
XEeHUW TpaHCMOPTHOro cpencTsa, HanpaBneHa
BOOMb MPOAONbLHOM OCKU (X-OCb) U OeWCTBYyeT
Ha rpy3 (Fx = m cx g).

3.2.5 Cuna, gencTtBylowas Ha rpy3 B nonepeu-
HOM HanpasneHuu Fy

Cuna vHepummn, KOTOpas BO3HWKAET Npu ABU-
XEeHUN TPaHCMOPTHOro cpeacTsa M KoTopas
HanpasneHa no ocu (y-ocb) N AeACTBYeT Ha

rpys (Fy =m Cy g).
3.2.6 BepTukanbHasa cuna rpysa Fz

Cymma cun, koTopas onpegensieTcs Cunow
TSHKECTW rpysa U CUMNOW WMHepUuM N KoTopas
BO3HMKAeT npu [OBWKEHUU TPaHCNOPTHOroO
cpefactBa M HanpaBreHa BOONb BepTUKabHON
OCU TPaHCMNOPTHOro cpeacTea (zZ-oCb) U OENCT-
ByeT Ha rpys (Fz= m cz g).

3.2.7 KoshdpuUUNEHT TPEHNSA CKOSbXEHUS JS

KosdhduumeHT TpeHua mexgy rpysoMm u ro-
BEPXHOCTbIO CONMPUKOCHOBEHWSI.

3.2.8 dnHamu4decknin KoadhULMEHT TPEHUS [p

KoappuumeHT TpeHus mexay rpysom u no-
BEpPXHOCTbIO, HAa KOTOPOW OH HaxoguTcsd, BO
BpeMs ABUXEHUS rpysa

3.2.9 Cuna tpeHuns FF

Cwuna, KOTOpaA BO3HWKaeT B pe3ynbTate Tpe-
HMA Mexay rpy3somMm n noBepxHOCTbIO MOrpys3sku,

3.2.1 Cargo mass m
Lashed mass
3.2.2 Cargo acceleration a

Maximum acceleration for a given kind of
transportation.

3.2.3 Acceleration coefficient C

It should be multiplied on gravity acceleration g
to obtain cargo acceleration a = C g for a given
type of transport.

3.2.4 Longitudinal force acting on the cargo Fx

Inertia force acting on the cargo (Fx = m Cx g)
along (x-axis) due to vehicle movement.

3.2.5 Transverse force acting on the cargo Fy

Inertia force acting on the cargo (Fy = m Cy g)
along (y-axis) due to vehicle movement.

3.2.6 Vertical force acting on the cargo Fz

Total sum of vertical forces (Fz= m Cz g) de-
termined by cargo weight force and inertia
force acting on a cargo along vehicle vertical
axis (z-axis).

3.2.7 Sliding friction coefficient ps

Coefficient of friction between cargo and con-
tact area.

3.2.8 Dynamic friction coefficient pp

Coefficient of friction between moving cargo
and contact area.

3.2.9 Friction force FF

The force acting in opposite to cargo move-
ment direction due to friction between cargo
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N KOTOpad D,eIZCTByeT B HarnpasneHun, npoTun-
BOMOJI0OXXHOM HanpasJlieHUO OBUXEHUIO rpy3a

3.2.10 dakTuyeckasn 6nokmpytowaa cuna FB

Cuna, kotopas genctByeT Ha Onokupytoliee
YCTPOWUCTBO B OnpeAenéHHOM HanpasreHnn

3.2.11 bnokupytowasa cuna BC

MakcumanbHas cuna, KOTOpYH MOXHO Npu-
KnagblBaTb K Onokupylolwemy YCTPOWUCTBY B
onpeAenéHHoOM HanpaBneHuu

3.2.12 KonuyecTtBo n
KonunyecTtBo KpenéxHblX CpeacTB.

3.2.13 Cuna npenBapuUTENbHOrO HaTHKEHUA
KpenéxHoro cpeactea FT

Cuna HaTskeHus, KOTOpaA BO3HUKAET B Kpe-
NEXHOM cpencTee npu HaTaXXeHnn ¢ NoMoLL b
HaTArnearwowero yCTpOI7ICTBa.

3.2.14 KoapduumeHT k

KoabpnumeHT, KOTOpbIN yuuTbliBaeT MOTEPHO
cunbl NpeaBapuUTENIbHONO HaTsHKeHUs U3-3a
TPpeHUs Mexay KpenéxHblM cpefCTBOM U rpy-
30M.

3.2.15 lMopaepxuBalolee cuna ons Kpenéx-
Horo cpeacTtea FR

Cuna, koTopasi OeilcTByeT Ha KpenéxHoe
CpeacTBO MNpU  OBWXKEHUW  TPaHCMOPTHOrO
cpencTea

3.2.16 Cuna kpennenus LC

MakcmanbHasa cuna npn NpAMoM HaTsAXeHUn,
KOTOPYH UCNbITbIBAET KpenexxHoe cpeacTBo.

3.2.17 BepTuKanbHbIA yron o

Yron mexay KpenéxHbiM cpeacTBOM M Mo-
BEPXHOCTbIO, Ha KOTOPOW OH pacronaraeTcs B
TPaHCNOPTHOM CpeacTee.

3.2.18 opu3oHTarbHbIA Yron B MPOAONbLHOM
HanpasneHnn px

Yron mexay KpenéxHblM cpecTBOM U Mnpo-
OONBbHON OCbIO (X-0Cb) TPAHCMOPTHOrO CPeacT-
Ba B MMOCKOCTU NOrPY3Ku.

3.2.19 Topu30HTamnbHbLIN yron B nonepeyHoMm
HanpasneHun By

Yron mexagy KpenéxHblM cpeacTtBOM M none-
peyHon ocbio (Y-0Cb) TPAHCMNOPTHOIO cpeacTea
B MIIOCKOCTM NOrpy3Ku

O6bwwnm  TpeboBaHMem gnd  Ge3onacHom
TpaHcnopTupoBkn MK siBnsieTcs cobniogeHue
YCINOBUI paBHOBECHSI:

and loading area surface.

3.2.10 Actual blocking force FB

The force acting on blocking device in speci-
fied direction.

3.2.11 Blocking force BC

Maximal force determined blocking device
bearing strength in specified direction.

3.2.12 Number n
Number of lashings.

3.2.13 Pretension force of the lashing device
FT

Lashing device force due to tensioning device
acting.

3.2.14 Factor k

Factor takes into account pretension force re-
duction due to friction between cargo and lash-
ings.

3.2.15 Lashing device supporting force FR

The force acting on lashing device when vehi-
cle moving.

3.2.16 Lashing force LC

The lashing device maximal force under direct
tensioning condition.

3.2.17 Vertical angle a

The angle between lashing device and at-
tached vehicle surface.

3.2.18 Horizontal angle in longitudinal direction
Bx

The angle between lashing device and vehicle
longitudinal axis (x-axis) measured in loading
area plane.

3.2.19 Horizontal angle in transverse direction

By

The angle between lashing device and vehicle
transverse axis (y-axis) measured in loading
area plane.

Following equilibrium conditions should be
complied to provide main requirements of the
FC safety transportation:
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- rNaBHbIN BEKTOpP BCEX CUI O0JIKEH PaBHATb-
CA HYIO,

- FNaBHbI MOMEHT BCEX CUI AOMKEH PABHATL-
CSl HyIIO.

KpenéxHble pemHu rno EN 12195-2, uenHble
ctponbl No EN 12195-3 n ctanbHble TPOCHI MO
EN 12195-4 gormkHbl BblaepXuBaTb CUIbl, KO-
Topble MOryT BosaencTeoBaTbh Ha MK Bo Bpems
TPaHCMOPTUPOBKKN, a TakKe MOMEHTLlI B Mpo-
OONbHOM, MOMNepeYyHoM W BepTUKANbHOM Ha-
npaBfeHnsX.

B obwem cnyyae kpenneHue rpy3oB BbIMOSHSA-
eTca Anga Toro, 4YtoObl, MCMOMb3ys aHKepHbIe
6onTbl, 6nokMpytoLmne ycTponcTea u/unu uk-
caTtopbl, YAepXuBaTb rpy3 B COCTOSHMM paB-
HoBecusi. KpenneHue aHkepHbiMM Gontamu,
COeAVHEeHne C MOSfHbIM reoMeTPUYEeCKUM 3a-
MbIKaHWEM, NPUMEHSIETCS, MaBHbIM 06pasom,
npv TPAHCNOPTUPOBKE KOHTENHEPOB, N 0ObIYHO
He KOMOMHMpPYeTCsl C KpenéxHbIMU cpencTea-
Mu. B TO ke Bpemsi, 6nokmpytoLmne ycTponcTea
4YacTo MPUMEHSAIOTCA BMECTE C KPENEXHbIMU
cpeacTeBamu.

CywecTBytoT ABa TMNa KpenseHus:

- nonepe4yHoe KpenrieHne rpy3oB, KOTopoe xa-
pPaKTepmnlyeTca Tem, 4YTO rpys yaepxmBaeTca C
NOMOLLbIO CUIbI, HaﬂpaBﬂeHHOVI BEPTUKAJIbHO
BHM3, Ha OMNMOPHYKO Nnowaab rpysa,

- NpAMoe KpenneHnme HataKXKHbIMU peMHAMU —
npamMoe coegnHeHue rpys3a C Ky3OBOM aBTO-
mMobuns, npn 3TOM OO0MNYCKaKTCA HebonbLUne
nepemMeLlleHna rpysa, BerindnHa KOTOPbIX 3a-
BUCUT OT 31aCTUYHOCTU erl'lé)KHbIX cpeacte u
cun, ﬂeVICTByIOU.lMX Ha rpys.

- resultant vector of all forces acting on a cargo
should be equal zero;

- resultant vector of all force moments acting
on a cargo should be equal zero.

Lashing belts according to EN 12195-2, chains
according to EN 12195-3 and wire ropes ac-
cording to EN 12195-4 should withstand forces
and moments acting on a FC in longitudinal,
transverse and vertical directions during trans-
portation.

In general case should be done to provide car-
go equilibrium using anchor bolts, blocking de-
vices and/or locking devices. Lashing by an-
chor bolts with full geometrical closure is ap-
plied to container transportation mainly and not
combined with other lashings. Blocking devices
often used together with other lashings.

There are two types of lashing

- transverse cargo lashing when cargo holds
due to force acting on cargo bearing area ver-
tically downward;

- direct cargo lashing with vehicle body by ten-
sioning belts. Thus some small cargo shiftings
are permitted. They are determined by lashing
devices elasticity and values of forces acting
on a cargo.
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4 PACYET YCTOUYMBOCTU HE3AKPEMJIEHHbIX FPY30B
[ CALCULATION OF THE STABILITY OF NON-LASHING CARGO/

YCTONYMBOCTb He3aKkpennéHHoro rpysa onpe-
JenseTcs Kak B NpoJosibHOM HanpasreHuu (no
ocu X), Tak U B nonepeyHoM HanpasneHuu (no
ocu y).

Ncnonb3ys 0603HauYeHNs Ha pUcyHKe 1, MOXHO
3anucaTb YCIoBME YCTOWYMBOCTM rpy3a crie-
AYoLLMM 06pa3oMm:

Stability assessment of a non-lashed cargo
should be done in both directions: longitudinal
(along x-axis) and transverse (along y-axis)

Stability conditions are written by following
manner using designations defined on figure 1:

I:X
. YA X,y
szx,y < Fx,yd ! bx,y < E d; bx,y < d 1)
z CZ
BennuuHbl C,, Cy, C, — KO3(pdDULMEHTbI CM. Values C,, C,, C, are acceleration coefficients
Tabn. 2, 3, 4. values (see tables 2, 3 and 4).
Ecnn ycrnosue (1) BbINonHseTcs, rpys cuuta- Cargo is considered as stable if conditions (1)
€TCH YyCTONYUBBIM. are satisfied.
Fx,y /
- % -
Fz =
hm’ '
W

YcnoBHble 0603Ha4eHns: 1 - LeHTp TsKecTu; 2 — rpy3; 3 - OCb OMPOKUAbIBaHNSA
Symbols: 1 - centre of gravity; 2 — cargo; 3 - tipping axis

Puc.1 HesakpenneHHbI rpy3 Ha ONOPHOW NnoLlaake

Fig. 1 Non-lashed cargo on a bearing area.
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4.1 BJIIOKUPYIOLLEE YCTPOUCTBO
/ BLOCKING DEVICE /

Ycnosue paBHOBECKUA B NMpoAOJIbHOM W none-
PEeYHOM HanpaBleHUAX:

FB + FF = FX,y;

Brnokupytowaa cuna BC paccumTbiBaeTca no
cnepyoLlen doopmyne (CM. Takxe puc. 2):

BC > (Cx,y — UG,

roe:
m - Macca rpyasa;

g - yckopeHue cBo60HOro NnageHus;

Mp - AUHaMMYyecknin koadpPULMEHT TPEeHUS.

Brokupytouiee yCTPOWCTBO, YCTaHOBMEHHOE
Ha nnowaaun norpyskun, ana dukcaumm Hesa-
KpennéHHoro rpysa, MOXeT MCMonb3oBaTbCA
TOMNbKO AN YCTONYUBBIX MPY30B.

Fg + upme,g = mc,

Equilibrium condition in longitudinal and trans-
verse directions:

yg ; I:B = (Cx,y - :uDCz)mg (2)

Blocking force is calculated by following formu-
lae (see also fig. 2)
ymg,

Where:

m — mass of the cargo;

3)

g - gravity acceleration;
Wb - dynamic friction coefficient.

Blocking device installed to non-lashed cargo
fixing should be used in case of stable cargo
only.

\ FI,‘_V
———

Fg

——

“a

FR

A e

YcnoBHble 0603HaveHns: 1 - LeHTp TskecTu; 2 — rpy3; 3 - GnokupytoLlee yCTponcTBo
Symbols: 1 - centre of gravity; 2 — cargo; 3 - blocking device

Puc. 2 Kpennexuve rpy3oB ¢ NOMOLLbK BNOKMPYIOLLLErO YCTPOMCTBA

Fig. 2 Cargo lashing by the blocking device

4.2 MOMNEPEYHOE KPEMJIEHME 'PY30B
/| TRANSVERSE LASHING OF THE CARGO /

MpenoTBpalleHve cosura

Mpy nNonepeyHoOM KpenmneHun rpysa, Kak noka-
3aHO Ha puc. 3, KpenéxHoe cpeacTBo npensa-
PUTENbHO HaTArMBaETCA C MOMOLLbIO CUIbl
npenBapuUTENbHOINO HaTSHKEHUs Takum obpa-
30M, YTO cuUna TPEHUs NMOBEPXHOCTU COMpu-
KOCHOBEHMS1 YBEnuuMBaeTcs, U CABWT rpy3a
npenoTBpaLlaeTcs

Sliding prevention

In case of transverse cargo lashing, as shown
on fig. 3, lashing device is stretched pretension
force Fr. Thus friction force between cargo and
contact surface is increased and sliding of the
cargo is prevented.
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YcnoBHble 0603HaveHns: 1 — rpys; 2 — BepTukanbHas ocb; 3 — KpenéxHoe CpeacTBo; 4 — yCTPONCTBO ANs Ha-
TSKeHWs; 5 — nonepeyHast ocb; 6 — MeCTO KpenseHus; 7 — ropn3oHTanbHas NOBEPXHOCTb; 8 — MpoAonbHas OCb.
Symbols: 1 — cargo; 2 — vertical axis; 3 — lashing device; 4 — tensioning device; 5 — transverse axis; 6 — lashing

point; 7 — horizontal surface; 8 — longitudinal axis.

Puc. 3 lNonepeyHoe KkpenneHue rpysa
Fig. 3 Cargo transverse lashing

YcnoBne paBHOBECUS CUIT B NPOJOSILHOM W Forces equilibrium condition is described by
nornepevyHoM HanpasneHuax OnucbiBaeTcH following manner:
crieayowmnm obpasom:
Fev +Fer > F s pp(me,g +nkF; sina) >mc, g (4)
Cvny npeOBapuTernbHOMO HaTSAXEHUS MOXHO Pretension force is determined by following
paccunTaTtb Mo cnegytowien popmyne: formulae:
. (C.y — HpC,)MY
nkug sinak; > (¢, , — 1pC,)Mg ; F>—= uD_ : : (5)
Nk sin o
[na pacyéTta ymcna KpenéxHbIX CpeacTB MOX- Required lashings number is determined by
HO MCMonb30BaThb criefyoLwyo Mopmyrny: following formulae:
C,, — HUpC,)Mm
n 2 ( X,y /-JD z) g . (6)
kKup sin aF;
roe o - BepTuKanbHbIW yron. where a is a vertical angle.
Cvna npegBapuTEnbHOrO HaTsKeHWUst nboro Any lashing device pretension force value is
HaTsHDKHOIO YCTPOMCTBA [OSKHA HaXOaMTbCS B limited by the following range:

crefyoLeM amanasoHe 3HauYeHMii:
01LC <F, <0/5LC
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Ecnu npu nonepevyHom KpenneHuu rpysos uc-
nonb3ytTcs BNokMpyloLne yCcTponcTea, ypas-
HeHus (4) u (5) NnpuBOAAT K cneagyloLwemy co-
OTHOLLUEHWIO:

BC +nkup sinaF; > (c, ,

MpenoTBpalleHne onpoKuabIBaHUS U casura

HenoaswxHbin 6nok (cMm. puc.4) BbicoTon h 1
LUMPUHON W KPenutcs C MOMOLLbIO CPeacTB
ANA NONepeyHoro KpenneHusi rpy3oB, Konuye-
CTBO KOTOPbIX COOTBETCTBYET N, HA NOBEPXHO-
CTW, NpeAHa3HayYeHHoOW Ana rpysa.

LleHTp maccel 6noka cosnagaeT ¢ reomeTpu-
Yeckum LeHTpom 6noka (b, d).

Ycnosue npeagoTrspalleHnda  onpokKknabiBaHnA,
BblTeKawuwiee 13 ycrioBud paBHOBECUA B 3TOM
cnydae crnegywuiee:

If in case of transverse cargo lashing blocking
devices are used, equations (4) and (5) are led
to following relationship:

— HpC,)Mg ; (7)
Tipping and sliding prevention

Fixed block (see fig. 4) with height h and width
w is lashed on cargo loading area by trans-
verse lashings. Lashings number is n.

Centre gravity of the block coincides with block
geometry centre (b, d).

Tipping prevention condition as a result of car-
go equilibrium conditions is following:

1 F.,h-Fw
nFT > — — , (8)
2 (k—=Dwsina —(2-k)hcosa
roe vay =mc, g, F, =mc,g where vay =mc,,9, F, =mc,g

HwxHoo rpaHuuy cunel Fr NS BbINONHEHUS
yCroBu1s MPOTUB OMNPOKUAbIBAHUSA rPy3a MOXHO
paccuuTaTtb No crneaytowen gopmyne:

1 mg(c, ,h—c,w)

Lower threshold of the force Fr from the cargo
tipping prevention point of view is calculated by
following formulae:

nk >

KOTOPYHO MOXHO WCMNOJfib30BaTb AN14 3anncu
ycnoBua OTCYyTCTBUA caABUra rpysa.

~ 2 (k—Dwsina — (2—k)hcosa '

(9)

Cargo sliding prevention condition may be for-
mulated using formulae above.

| Eal

\n(eT) Fy

=

YcnoBHble 0603Ha4eHns: 1 — 0Cb ONPOKMAbIBAHUS; 2 — UHAMKATOp NpeaBapuTenbHOro
HaTsXeHWs; 3 — HaTsHKHOe YCTPONCTBO; 4 — LIEHTP TSXKECTH.
Symbols: 1 — tipping axis; 2 — pretension indicator; 3 — tensioning device; 4 — centre of gravity.

Puc. 4 I'Ionepel-lHoe KpennexHune rpysa and npegortepalleHna onpoknabiBaHnA U caBura

Fig. 4 Transverse cargo lashing against tipping and sliding
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5 NPAMOE KPENNEHUE
/ DIRECT LASHING /

Mpw NPSIMOM KpenreHuu rpy3 Kpenutcst Heno-
CPEACTBEHHO Ha TPaHCMOPTHOM CpeacTBe.
KpenneHnve cumtaeTtcs npsiMbiM, €CNA BbIMNOI-
HAIOTCS CrieaytoLime yCnoBus:

- KpenrneHud, BbINOJIHEHHbIEe NnoA yrinomMm m no
anaroHarm, coegunHAarTCA HenocpeacTtBeHHO C
TPaHCNOPTHbLIM CPeACTBOM U IPY30M;

- KpensnieHuMss B Buae Konbula M C MOMOLLLHO
neTnu, 3aKpennéHHon B BepXHen Yyactu rpysa,
COEVHAITCS HEemnocpencTBEHHO TOMbKO C
TPaHCNOPTHbLIM CPEACTBOM.

B 3aBMCMMOCTM OT HanpaBneHus nepemMelle-
HUS Tpy3a B HEKOTOPLIX KPEMNEXHbIX cpeacTBax
obpasytoTcs yaepxvBatoLme cunbl Fg.

NmetoTca cneayrowme Buabl NpsiMoro Kpenne-
HMS rpyaa:

- KpenrneHue, KOTopoe pacnonaraeTcs nog yr-
oM B NPOAOIbHOM UM MonepeyYHoM Harnpasre-
HUAX;

- KpenrieHune no guaroHanu (puc. 5);
- KpenrieHne B BUAE KONbLa;

- KpenneHnne C nomMmowbo netnn B BerHeVl
4YacTun rpyasa.

In case of direct lashing cargo is lashed
straightly on vehicle. Lashing is considered as
direct if following conditions are satisfied:

- tilted and diagonal lashings are directly at-
tached to cargo and vehicle body;

- ring-like and top-over loop lashings are di-
rectly attached to vehicle body only.

Supporting forces Fr are acting in some lash-
ing devices depending of cargo shifting direc-
tions.

There are direct cargo lashing of following
types:

- lashings tilted relative to longitudinal and
transverse directions;

- diagonal cargo lashing (see fig. 5);
- ring-like lashing;

- lashing by cargo top-over loop.

(4]

v/
f

[tn]

/

YcnoBHble 0603HaveHns: 1 — rpys; 2 — kpenéxHoe CpeacTBo; 3 — BepTMKarnbHasa ocCb;
4 — nonepeyHas ocb; 5 — NPoAONbHas OCb; 6 — NOBEPXHOCTb MOrPY3KM.
Symbols: 1 — cargo; 2 — lashing device; 3 — vertical axis; 4 — transverse axis;

5 — longitudinal axis; 6 — loaded area.

Puc. 5 KpenneHue rpysa no avaroHanu

Fig. 5 Cargo diagonal lashing
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Ycnosue paBHOBecCUs rpy3a B NpPoOoOSibHOM W
nornepeyHoM HarnpasreHUsX 3anuncbiBaeTcs B
BUOE:

2F , + Fey + Fg

R,y

2cosa cos B, Fy + up(me,g +2sinaF;) =mC, g ;

Equilibrium cargo condition is presented by fol-
lowing form in longitudinal and transverse di-
rections:

:F‘y;

X

(10)

2(cosacos B, + up sina)F, =(C, , —uDC,)mg,

roe

m - Macca rpysa;

g - yckopeHue cBob6ogHOro nageHus;
Cyx, Cyn C, - napameTpbl yCKOPEHUS;

Mp - OMHAMWUYECKUIn KO3 PULUNEHT TpeHns co-
rnacHo npunoxexuio B [1];

k-no6.2;
O - BepTuKanbHbIN yron;

BX - yron s FOpI/l3OHTaJ'IbHOI7I NJOCKOCTN B Npo-
OOJ1IbHOM HanpasiieHUn,

By - yron B FOpI/I3OHTaJ'IbHOIZ NJIOCKOCTN B MNO-
nepe4vyHomMm HanpasJieHUNn.

3AMEYAHUE. KpenéxHoe cpeactso crneayet
npeaBapuTeribHO HAaTAHYTb BPYYHYIO.

Cwuna kpenneHusa LC paccunTbiBaeTcs no cne-
ayrowen popmyne

2(cosacos B, , + up sina)LC > (C, , — u,C,)mg

Brokupytowas cuna BC npu kpenneHuu Heyc-
TOMYMBOro rpysa MO AuaroHanu, C Y4YéToM
npUMeHeHns BNOKMPYIOLWMX YCTPOWCTB B 0O4-
HOM M3 akcuarbHbIX HanpaBneHUn, paccyUnNTbI-
BaeTcsa no crnefyroulen gopmyne:

sc>-d-b
h

Paamepesl h, d, b cm. puc. 1.

(Cx,y -

where:

m — cargo mass;

g - gravity acceleration;

C. Cy un C, - acceleration parameters;

Mp - dynamic friction coefficient according Ad-
dendum B [1];

k — according 6.2;
a - vertical angle;
Bx - horizontal angle in longitudinal direction;

By - horizontal angle in transverse direction.

NOTE. Lashing device should be tensioned
preliminary by hand.

Lashing force LC is calculated by following
formulae:

(11)

Blocking force BC of unstable cargo diagonal
lashing is calculated by following formulae tak-
ing into account usage of the blocking device
in one of specified directions:

Dimensions h, d, b see fig.1.

5.1 PACYET YCTONYMBOCTU HE3AKPEMJIEHHOIO M'PY3A MK-14-10
/ NON-LASHED CARGO FC-14-10 STABILITY CALCULATION/

Ycnosue yCTOMYMBOCTU HE3aKpenmneHHoro rpy-
3a (1)

Non-lashed cargo stability conditions (1)

I:X CX
szx’y < Fx,yd ; b, , <—F'y d; b, , <—=Xd
z CZ
Cuutaem rpy3 maccown 14000 Kr oqHOPOAHbIM. Cargo with mass of 14000 kg is considered as
homogeneous.
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byy=1,2m, d=1,25m, F,=149,8 kH

Ycnosue yCTON4MBOCTU

lpu nepeesoske asmomoburbHbIMU OOPOZGMU

HOopMaTUBHblEe KO3 PULNEHTBI YCKOPEHUS (CM.
Tabn. 2)

- B npoponbHom HanpaenenHun C, =0,8 (Bne-
pen), C,=0,5 (Hasan);

- B nonepe4yHomM HanpasnexHun C,=0,5;
- BepTukanbHo BHn3 C,=1,0.
B NPOAOSIbHOM HanpaBrieHuu - Brepes
B NPOOOSIbHOM HarpaBreHun - Hasag,
B NornepeYyHoOM HanpasreHun
Ycnosue yCTOMYMBOCTU BhINOMHAETCS.

lpu nepegoske xene3HoO0POKHbLIM MPaHC-
rnopmom

HOopMaTMBHblEe KO3 PULNEHTBI YCKOPEHUS (CM.
Tabn. 3)

- B NpogonbHoM Hanpasnexnun Cy =0,6 (onpo-
knabisaHue), C,=1,0(cockanb3biBaHne)

- BepTukaneHo BHU3 C,=1,0 (onpokuasiBaHue) ,
C.,=1,0 (cockanb3biBaHue);

- B nonepe4yHomM HanpasnexHun C,=0,5;

- BepTuKanbHo BHM3 C,=1,0 (onpokuasiBaHue),
C,=0,7 (cockanb3biBaHNE)

MpoBepka yCTOMYMBOCTM B NPOAOSIbHOM Ha-
npaBneHum

onpokuabiBaHue
cosur
yCrioBMe YyCTOMYMBOCTU HE BbIMOSHSAETCS

MNpoBepka YCTOMYMBOCTA B MOMEPEYHOM Ha-
npaBneHum

OnpoKuabiBaHe
casur
lpu nepegoske Mo Mopio

HOpPMaTMBHbIE KO3(PPULMEHTBI YCKOPEHNST ANS
CpeamnsemHoro mops (cm. Tabn.4):

- B NpodonbHoMm Hanpaenenun C, =0,4, C,=0,2;
- B nonepeyHom HanpasnexHun C,=0,8; C,=1,0.
[Mp’oBepka yCTON4MBOCTU:

- B NpoAoJsibHOM HarpaBJieHUn

1,2>0,8*1,25/1,0=1,0
1,2>0,5*1,25/1,0 = 0,625
1,2>0,5*1,25/1,0 = 0,625

1,2>0,6*1,25/1,0 = 0,75
1,2<1,0*1,25/1,0=1,25

1,2>0,5*1,25/1,0=0,625
1,2>0,5*1,25/0,7=0,89

bxy=1,2m, d=1,25m, F,=149,8 kN
Stability condition

Road transportation

standard acceleration coefficients see (Table
2)

- longitudinal direction C, =0,8 (forward),
C,=0,5 (backward);

- transverse direction C,=0,5;
- vertically downward C,=1,0.
longitudinal direction (forward)
longitudinal direction (backward)
transverse direction
Stability conditions are fulfilled.
Rail transportation

standard acceleration coefficients (see Table
3)

- longitudinal direction C4 =0,6 (tipping), C,=1,0
(sliding)

- longitudinal direction C4 =0,6 (tipping), C,=1,0
(sliding);

- transverse direction C,=0,5;

- vertically downward C,=1,0 (tipping), C,=0,7
(sliding).

Checking of the cargo stability in longitudinal
direction

tipping
sliding

Stability checking in transverse direction

tipping
sliding
Sea transportation

standard acceleration coefficients under Medi-
terranean Sea condition (see Table 4):

- longitudinal direction C, =0,4 , C,=0,2;
- transverse direction C,=0,8; C,=1,0.
Stability checking:

- longitudinal direction
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1,2<0,4*1,25/0,2 = 2,5- ycrnosue ycToN4nBOCTA
He BbIMOJIHAETCA

-B nonepevyHoM HanpasieHnn

1,2>0,8*1,25/1,0 = 1,2 - ycrnioBue yCTONYMBO-
CTM BbIMOJTHAETCA.

BbiBoAbl

1.

MNpu nepeBo3ke aBTOMOOGWMBbHBIMK JOpora-
MW OOHOPOAHOrO rpysa B koHTenHepax MK-
14-10 rpy3 sBnsieTCs yCTONYMBBLIM BO BCEX
crny4asx.

Mpn nepeBo3ke Xene3HO4OPOXHbIM TPaHC-
NMOpTOM OAHOPOLHOrO rpy3a B KOHTEWHepe
MK-14-10 ycnosue yctonumBocTy rpysa (1)
B NPOAOSIbHOM HanpasneHuu (caoBur) He
BbiNonHaeTca. Heobxogmmo  kpenneHue
rpysa (cm. n. 2.1 HacTosLero pasgena)

Mpn nepeBo3ke Xene3Ho4OPOXHbIM TpaHC-
NOPTOM OAHOPOAHOrO rpy3a B KOHTenHepe
MK-14-10 ycnosue yctonumBocTy rpysa (1)
B NPOAONbHOM HanpasneHun (onpokuabl-
BaHMe) BbIMNOSHSETCS.

Mpn nepeBo3ke Xene3HOAOPOXKHbIM TpPaHC-
NOPTOM OAHOPOAHOrO rpy3a B KOHTenHepe
MK-14-10 ycnosue yctonumBocTy rpysa (1)
B MOMepeYyHoOM HanpasneHun (casur, onpo-
KnabiBaHWE) BbINONHAETCS.

Mpn nepeBo3ke MopeM OAHOPOLHOrO rpysa
B KOHTeHepax MK-14-10 rpys sasnsetcs
HEeyCTONYMBbLIM NULLb B MNPOAONbHOM Ha-
npasneHuu.

1,2<0,4*1,25/0,2 = 2,5 - stability conditions not
satisfied

- transverse direction

1,2>0,8*1,25/1,0 = 1,2 - stability conditions are
fulfilled.

Conclusions

1.

Flexible containers FC-14-10 with homoge-
neous cargo are stable in all cases during
road transportation

Flexible containers FC-14-10 with homoge-
neous cargo are unstable in longitudinal di-
rection (sliding) in case of rail transporta-
tion. Stability condition (1) is not satisfied.
Lashings are needed (see item 2.1 of a cur-
rent paragraph)

Flexible containers FC-14-10 with homoge-
neous cargo are unstable in longitudinal di-
rection (tipping) in case of rail transporta-
tion. Stability condition (1) is fulfilled.

Flexible containers FC-14-10 with homoge-
neous cargo are stable in transverse direc-
tion (sliding and tipping) in case of ralil
transportation. Stability condition (1) is ful-
filled.

Flexible containers FC-14-10 with homoge-
neous cargo are unstable in longitudinal di-
rection only during sea transportation.
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6 PACYET BJIIOKUPYIOLLEN CUbl ANA ®UKCALNUN HE3AKPEMJIEH-

HbIX YCTOWYMBLIX FPY30B

/ BLOCKING FORCE CALCULATION IN CASE OF NON-LASHED STABLE

CARGO FIXING /

Bnokupytowas cuna BC HesakpenneHHoro rpy-
3a paccuuTbiBaeTcs Nno creayowein dpopmyne

(2):

Blocking force BC for non-lashed cargo is cal-
culated by following formulae (2):

BC > (Cx,y _:uDCz)mg )

roe pp=0,25 (eBponogaoHsl - aepeso [1])

- OnA XXene3HogopOoXHOro TpaHcnopTa (C,D,BI/IF B
npoaoJsibHOM Hal'lpaBJ'IeHI/II/l)

C,=1,0; C,=1,0;
BC=(1,0-0,25*1,0)*14=10,5 kH

- AN nepeBo3kn MopeM (B NpoJoSibHOM Ha-
npasreHnn)

CX:O14; CZ:O,Z,
BC=(0,4-0,20*1,0)*14=2,8 kH

where u,=0,25 (Europallets — wood [1])

- for rail transport (sliding in longitudinal direc-
tion)

C,=1,0; C,=1,0;
BC=(1,0-0,25*1,0)*14=10,5 kN

- for sea transport (longitudinal direction)

CX:O14; CZ:O,Z,
BC=(0,4-0,20*1,0)*14=2,8 kN
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7 PACYET NOMNEPEYHOI'O KPETJIEHUA MK-14-10 NMPU NEPEBO3KE AB-
TOMOBWUJIbHbIM TPAHCIMNOPTOM

/ FC-14-10 TRANSVERSE LASHING CALCULATION IN CASE OF ROAD
TRANSPORTATION/
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LnpuHa rpysosoi nnowaaku npyuena 2,5 m
py3 B MK:

Maccam=14T7

WnpwnHa: 2,4 m

Bbicota: 2,5 m

OnvHa: 2,4 m

KpenéxHoe cpencreo:

Cwuna kpennenus LC = 30 kH,

STF =6,25 kN = 625 daN

Kaxpgoe kpenéxHoe cpeactso WMMeeT OAHO
YCTPOMCTBO W WHOUKATOP NpeaBapuUTEnbHOro
HaTsHKeHus, No3ToMy KoadpduumeHT k = 1,5 [1].

OnpepneneHne KornuyecTsa KpeneXHbIX
CPeAcCTB BbIMosiHAeTcH rno gopmyre (6)

Trailer pad width 2,5 m
Cargo in FC

Mass m = 14t

Width 2,4 m

Height 2,5 m

Length 2,4 m

Lashing device:

Lashing force LC = 30 kN,
STF = 6,25 kN = 625 daN

Each lashing device is supplied by tensioning
device and pretension indicator, thus reduction
coefficient is equal k = 1,5 [1].

Required lashings number is determined by
formulae (6)

o€y —#C)mg  (08-03x1)x14 _
a 15x0,3x0,985x15

kup sin aF;
roe

01LC < F <0,5LC - cuna npegsapuTenbHOro
HaTSHKEHUS.

TpeHue: Ipys B MK, noBepxHOCTb MOrpysku —
NPOOUNbHBIA anNtOMUHUIA,

KoappumumeHT TpeHus up = 0,3 (cm. [1]).
BepTukanbHbein yron: a = 80°

KoadhpmumeHTbl yckopeHus ang TpaHcnopTu-
pOBKM Ha aBToMoburne (cMm. Tabn. 2):

KoachpmumeHT yckopeHna B npoaosibHOM Ha-
npasneHnu:

C«x=0,8

KoachpmumeHT yckopeHna B BepTUKarbHOM
HanpaBneHuu:

C.=10

BbiBoa. KonnyectBo HeOOXOAUMbBIX KpEnéx-
HbIX CpPeaCcTB MpU MaKCMMarbHOM 3HaYeHUU
cunbl Fr ong nonepeyHoro KpenneHus rpysa n
= 2, NpX 3TOM Ka)kgoe cpeacTBO OOIMKHO obec-
neuymsatb cuny Kpennexnusa LC = 30kN = 3000
daN.

OnpepeneHne 6nokvpyloLero ycunus BbInon-
HsieTcs o dphopmyne (7)

Mpn Hanuumm GNOKMpyloWero ycTpoucTBa W
MUWHUMANbHOrO 3Ha4YeHuUst Ccunbl NpeaBapu-
TEeNbHOr0 HaTskeHust Fr onpegenum Tpebye-
MoOe 3Ha4yeHne GroKMpyoLLEro yeunus

1,05,

where

01LC < F <0,5LC - pretension force.

Friction: Cargo in FC, load pad material -

friction coefficient yp = 0,3 (see [1]).
Vertical angle a = 80°

Acceleration coefficients in case of road trans-
portation (see Table 2):

Longitudinal acceleration coefficient:

C,=0,8.
Vertical acceleration coefficient:

C.=1,0.

Conclusion. Required lashings number in
case of transverse cargo lashing and maximal
force Fr value n = 2. Each lashing device
should withstand lashing force LC = 30kN =
3000 daN.

Blocking force is calculated by following formu-
lae (7)

Required blocking force in case of minimal pre-
tension force value Fr is determined by follow-
ing manner:
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BC + nkug sin aF; > (C,

oTkyga BC = (0,8-0,3)*14-1,5*0,3*0,985*3=5,67
KH.

BbiBoa. KonmyectBo HeobOXoamMbIX Kpenex-
HbIX CPeAcTB NPU MUHUMANbHOM 3HAYEHUWN CU-
nNbl NpegBapuUTENbHOrO HatsxeHus n=1, 6no-
Knpytowiee ycunue npu atom BC=5,67 kH.

Yo :uDCz)mg ’

Thus BC = (0,8-0,3)*14-1,5*0,3*0,985*3=5,67
kN.

Conclusion. Required lashings number in
case of minimal pretension force value n = 1.
Blocking force is BC=5,67 kN.
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8 PACYET AMATOHAJIbHOINO CUMMETPUYHOI'O KPEMNNEHUA MK-14-10

NMPU NEPEBO3KE MOPCKUM TPAHCIOPTOM
/ FC-14-10 DIAGONAL LASHING CALCULATION IN CASE OF SEA

TRANSPORTATION /

Mpu KpenneHun nNo AuaroHanu UCNonb3yTCH
ABe napbl KPenéxHbiXx CpeacTs, KOTopble pac-
nonaralwTcs NoA PasHbIMWU Yrnamu, MOCKOIbKY
NMOMMMO BEPTUKANbHOTO yrna o B TOPU30H-
TanbHOW MNNOCKOCTU 0BpasylTcsa yrbl Bx — B
NpPoAoNbHOM HanpasneHun n By — B nonepey-
HOM HanpasneHuu (cm. puc. 5). Takum obpa-
30M, AN Toro, 4Tobbl MOMHOCTLIO 3aKpenuTb
rpy3, MOXHO MCMomnb3oBaTb He 8, a 4 Kpenéx-
HbIX cpefacTBa.

PacyeTt BbInonHsaeTcsa no dpopmynam (11),(12).

Cwvna kpennenust LC paccuntbiBaeTcs Mo crie-
ayowen dopmyne:

Two pairs lashing devices are used in case of
diagonal cargo lashing. They are arranged with
different angles because, besides vertical an-
gle a, two angles in a horizontal plane are oc-
curred - Bx in longitudinal direction and By in
transverse direction (see fig. 5). Thus only 4
lashings are need. In case of other lashing tipe
8 lashings are need.

Calculations are performed by formulae (11),
(12).

Lashing force LC is calculated by following
formulae:

2(cosacos B, , + pp sina)LC > (¢, , — ppC,)Mg

a=0° - npn napannenbHOM MPOXOXAEHUN Kpe-
NeXHbIX CpPeacTB OTHOCUTENbHO MNSIOCKOCTH
rpy3oBon nnowanku,

Bxy = 45° - ansa cummeTpuyHoro kpennexnns MK
10-14,

Cx= 0,4 (tabn.4), C= 0,2 (npogonbHoe Ha-
npasrieHune),

C,~ 0,8 (tabn.4), C,= 1,0 (nonepe4yHoe Ha-
npasrieHune),

Mo = 0,3 (cm. [1]).

a=0° when lashing devices are paralleled to
load pad plane;

Bxy = 45° in case of FC-14-10 symmetrical
lashing;

C,= 0,4 (see Table 4), C,= 0,2 (longitudinal di-
rection);

Cy~= 0,8 (Table 4), C,= 1,0 (transverse direc-
tion)

Mo = 0,3 (see [1]).

(Cx,y - :uDCz)mg

~ 2(cosacosf,, + ppsina)

Cuna kpenneHus (nonepevHoe HarnpasrneHue)
ogHoro MK10-14, kH

Lashing force (transverse direction) of a single
FC10-14, kN

LC =05x(0,8-0,3)x14/~+/2 =5

CymMmmapHasa cuna KpenneHusi naketa u3 natu
MArKMX KOHTernHepos., KH

Total lashing force of a block of five FC, kN

LC, =5LC =25

LnpuHa rpysoBoi nnowagku Tpioma 12 m
Npy3 B MK:

Maccam=14T7

WunpwnHa: 2,4 m

BbicoTa: 2,5 m

OnvHa: 2,4 m

Hold’s load pad width is 12 m.
Cargo in FC:

Mass m=14t.

Width 2,4 m.

Height 2,5 m.

Length 2,4 m.
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OCHOBHbIE BbIBOAbI
| GENERAL CONCLUSION /

1. PacyeTHbI aHanuU3 yCTOM4YUBOCTU rpy3a
nosBonsieT caenatb cneayrouee 3akirouye-
Hue:

1.1 Mpwn nepeBo3ke aBTOMOOUNbHLIMK AOpora-
MW OHOPOAHOro rpysa B KoHTenHepax MK 10-
14 rpy3 gaBRseTCcd YCTOMYMBLIM NSl BCEX Chy-
Yyaes.

1.2 lNpu nepeBO3Ke Xene3HOOOPOXHbLIM TPaHC-
NnopToM OOHOPOAHOro rpysa B kKOoHTenHepe MK-
14-10 ycnosue ycTtonumsocTu rpysa (1) B npo-
AONbHOM HarnpasneHuu (COBUI) He BbIMOJTHAET-
ca. Heobxoammo kpenneHwe rpysa (cm. n. 2.1
HacTosLero pasaena)

1.3 lNpu nepeBO3Ke Xerne3HoOOPOXHbLIM TPaHC-
NnopToM OOHOPOLHOro rpysa B kKOHTenHepe MK-
14-10 ycnosue ycTtonumsocTu rpysa (1) B npo-
AONbHOM HanpasneHun (onpokKuabiBaHWE) Bbl-
MornHsieTcs.

1.4 Tpw nepeBO3Ke Xerne3HOOOPOXHbLIM TPaHC-
NnopToM OOHOPOOHOrO rpy3a B KOHTenHepe MK
10-14 ycnosue ycTtonumsocTu rpysa (1) B no-
nepeyHoM HarnpasneHun (cockarnb3biBaHWe,
ONPOKMAbIBAHME) BbINOMHAETCS.

1.5 lMpun nepeBo3ke MOPEM OAHOPOOHOrO rpysa
B KOHTenHepax MK-14-10 rpys siBnsetcsa Heyc-
TOMYMBBLIM NULLB B MPOSOSIbHOM HanpasrneHun.

2. PacyeT HeoGxoaumomn GnoKupyrowen cu-
Nnbl HEYCTOWYMBOIO rpy3a:

2.1 [Ona  KenesHOOOPOXHOro  TpaHcrnopTa
(caosur B npogonbHoMm HanpasneHun) BC=10,5
KH.

2.2 onsa nepeBO3kU MOpeM (B NpPoOOfbHOM Ha-
npasneHun) BC=2,8 kH.

3. PacyeTt nonepeyHoro kpenneHuna MK-14-
10 npu nepeBO3KE aBTOMOOUIIbLHbLIM TPaHC-
nopToMm:

3.1 MNpu nepeBo3ke OAHOPOAHOrO rpysa aBToO-
MOOUNBbHLIM TPaHCMOPTOM KONMYECTBO HEOO-
XOOMMbLIX KPEenéxHbIX CcpeactB npu  Makcu-
MarbHOM 3HayeHun cusbl Fr 4nga nonepeyvyHoro
KpernneHnsa rpysa n = 2, rnpy 9TOM Kaxgoe
CpeAcTBO AOMKHO obecneunmBaTtb Cwiy Kper-
nenuns LC = 30kN = 3000 daN.

3.2 KonnyectBo HeoBXOOUMBIX KpeneXHbIX
cpeacTB NpyY MUHMMAanbHOM 3HAYeHUU CUnbl
npeaBapuTenbHOro HatskeHus n=1, 6noku-
pytoLee ycunue npu atom BC=5,67 kN.

1. Analysis of cargo stability calculations
leads to following conclusions:

1.1 Flexible containers FC-14-10 with homoge-
neous cargo are stable in all cases of road
transportation.

1.2 Flexible containers FC-14-10 with homoge-
neous cargo are unstable in longitudinal direc-
tion (sliding) in case of rail transportation. Sta-
bility condition (1) is not satisfied. Lashings are
needed (see item 2.1 of a current paragraph)

1.3 Flexible containers FC-14-10 with homoge-
neous cargo are unstable in longitudinal direc-
tion (tipping) in case of rail transportation. Sta-
bility condition (1) is fulfilled.

1.4 Flexible containers FC-14-10 with homoge-
neous cargo are stable in transverse direction
(sliding and tipping) in case of rail transporta-
tion. Stability condition (1) is fulfilled.

1.5 Flexible containers FC-14-10 with homoge-
neous cargo are unstable in longitudinal direc-
tion only in case of sea transportation.

2. Required blocking force calculation for
unstable cargo

2.1 BC=10,5 kN during rail transportation (slid-
ing in longitudinal direction).

2.2 BC=2,8 kN during sea transportation (in
longitudinal direction).

3. FC-14-10 transverse lashing calculation
during in case of road transportation

3.1 Required lashings number in case of trans-
verse cargo lashing and maximal force FT val-
ue n = 2 during road transportation. Each lash-
ing device should withstand lashing force LC =
30kN = 3000 daN.

3.2 Required lashings number in case of mini-
mal pretension force value n = 1. Blocking
force is BC=5,67 kN.
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B kayecTBe KpenexHoro cpenctsa Lenecoob-
pa3HO WCNonb3oBaTb MOMUAMUPHBLIE NEHTHI,
obecrneynBalolLMe HOPMATUBHBLIN KO3hmum-
eHT 6e3sonacHocTu [1].

4. PacyeT AvaroHanbHOro CMMMeTPUYHOro
kpenneHua MK-14-10 npu nepeBo3Ke Mop-
CKUM TpaHCNOPTOM

4.1 KpenneHus ocyLLecTBRAOTCA ANS KaXaoro
naketa u3 5-Tu KOHTENHepoB MO AuaroHansm B
OpPTOroHarbHbIX HaMpPaBEHUsIX Ha ypoBHe 2,5
M OT rpy30BOWi NIIOCKOCTM.

4.2 CymmapHas cuna KpenneHus naketa us 5-
T KoHTenHepoB LCs=LC*n =25 kH.

B kauecTBe KpenexHoro cpeactea Lenecoob-
pas3HO WMCMosb30BaTh LENM MNOAXOASLIEro Ka-
nnbpa, obecneumBarolme HOPMATUBHBLIN KO-
acbpumumeHT 6esonacHocTH [1].

Polyester bands providing standard safety
margin [1] are recommended as lashing de-
vices.

4. FC-14-10 diagonal lashing calculation in
case of sea transportation

4.1 Diagonal lashings of each of 5 FC should
be installed at 2,5 m above load pad plane in
orthogonal directions.

4.2 Total lashing force of FC block consisting
of 5 FC LCs=LC*n =25 kH.

Lashing chains with appropriate diameter pro-
viding standard safety margin [1] are recom-
mended as lashing devices.
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ponbl. EBponenckaa komuccus. eHepanb-
Hasa OMpeKLMs No SHepreTuke N TPaHCNopTy.
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