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Abstract

On the base of critical analysis of theoretical and experimental reserch

presented in the work it’s possible to draw the following conclusions:

Using the degree functions, obtained the calculated dependences for
determination of the debris flow mass’ height in the debris flow’s original site,
debris flow discharge and moving velocity. The study results confirmed that
the difference between values K, obtained on the basis of theoretical and

experimental research, does not exceed 10%.

On the basis of non stationarity there are received the calculated dependences
of the debris flow original sites mass height, discharge and speed of
movement. On the basis of the obtained equations, we can define the regularity
of changes in the zone of the wave propagation, and choose the appropriate

construction against debris flow.

Description of motion conditions of debris-flow and excretion of the relevant
equations is a function of many factors. Based on the carried out researches
and rheological nature of debris-flow, we obtained differential equation of
steady motion. Given appropriate assumptions we obtained calculated
dependence of the velocity of non-uniform motion of debris-flow, which value
is less then water flow velocity and caused by the influence of rheological

parameters.
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Map of Debris Flow Catchments of North Caucasus
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©mbolidogdgdol 993w9ds3909-g5¢5M9d0L 3mmboom.

39335b0mbols  M3sMEMAgdolL  dgufogerol  oLGHMGMosdo  Fgodegds
399mymz0e 0gbsl 2 3900MmEo: 930BMPMGOO 33193900L 39HOMEO, MMIJOo;
ofiygds XIX bom3mbols 8o 39MH0MEOEL s 3MmAGEEYds XX Bo3bols 50-60
056 (0 gds0g;  LobGgdoGowmeo 3393900l  ™bsdgmmgg  39Homo,
Odgog XX Bsm3mbol 9495 390H0M©0b sofym.

306390 153Y3609MM 399303530900 393535800MmbDY 2930 EI OO
03950308900l dglobgd, 353006093 O  0gm  M35MEMBJO0LORSD  WHE30L
©mbolidogdgdol  go@sMgdol 59300 gdMBSLID, Bods@mzgwml Lsbdbg®m
305339300l 30mgdBH0cMmgd0l OML (065069M0 LEsE3M3L30 3.0), bemwwm XIX
- XX 593699030 306039ws© 0gbs s0fgMowmo m3smEMmxBMwo 65350900 ©o
35000 356909390 J9ga900 (3LaMg30 8.3., 1885; 3oemgo 6.6., 1904).

39339b0mbol 35638 gdoL  Fgbfageroll 8mdg3bm g@s30 dmoEsgL
©3503EMBY0 655350900 oMM M30l90900L, BMOI0MYdOL, JMIMSMDOL
5309009093065 s odMAbOL  3mBMLgdOl  sfgesl.  saMgm3g
9990053599090 035M30mBJO0L 3¢elogo3s30s (39GM™m3o b., 1910,1913).

XX bom3960l 30-096 §argddo godmoiEs s.¢0. dMowoblzol (1936)

3933560m6%Bg  BodgMdmwo  33¢093990L  F99a900  ©5  035MEMBGOM6
O dmErol 900MEd0.

1983-1999 Hgddo ©35MH3MxImo dm3wgbgdol Lsggwg 33w93900L
Bo3o®gdsd  LogMdbmdws 03wm, ©s 53 3gMomdo  2sdmd3z99bgd Mo
Lod93boghH™M  WOBHIOIGHWMMS  JOMOMOIPIE  dSLvbogl  vEMg  TgAM™30o
9mbs3999d0L 5bseoBL [52].

33193990l 9903  39M0MmEJdo,  353535b0MbOL  VZIOEMBIEO
3Hgd0oL  Tgufogarsl dMogso 393bogemol dGmdss dodmzbowro, GMIgEms
dmMob seLYB0Tbsg0s 3. AoamTdodols, 0. bgdbgmeodol, g. bgdbgmerodols, g.

bdoewsdob, 9. HaMgmgeol, ©. §oMgmgeol, m. Bsmodzowol, 3. m9g3bsdol, g.
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096MHmB53300l, B. 0MMIB0TZ30¢0L, . Ly 33900dol B. sFosbzsMOL, O.
330639305l @ bbg.

OMaMO3  @oBIMGMOMwo  [igommgdol  sbseroBo  5ILEOIOL,
39335b0Mmboll M353MmBMEro 5B gdol dgbfogws 339 Lo Lowmzmbgs Mo
9090b56Mm9ML 5 LG 96 3561353L 5gE O IMMBL.

39MZMOBOMEIO®, QOO  39335B0mbo  0ogmxks @G  bsfowo -
BO©OWMgmo  39335L05 s LETLOGMO  39335L0s.  BOOWMgm  35335L00L
Moo  bsfowo  GMligomol  GHIOOEGHMM05BYS  2obsygdMwo s dobo
©3503MBMYwo 599900 B396L gl gobbower odbs GMmaMmOE 93O M30L
bofoero  (ob. 1.2.1). s80@mI, §0b50gds6g 3oMogMoxndo, Bz9b Tbmerm
LodbGgo  393395b00L (69096 35335L05)  VZ9OEMBMO 5Bl sfigBom
099030535620 9000m.

LsABEOYO  35335B05L 4969336905 39335b0MbBOL LsdbOHgmo 3o mob
md9B9Lbo bsfowo, 3mebgmols s 3333600l Jmoz35MmTMGOOLM ds6mO, LydbMmO
39335L00L 80005690, Mool INgdo S W9bJMmMBoL  IdWMdO. dobo
R9OMMO0 190 somslio 382 LadbGmgo 39335L00L BHIMOGHMO05DY FEYdIMGMOL 3
bm396M9bmwo Lobgedfogm: sBgMdS0X B0 (mTg@glbo bsflowo), bodsemgganm,
Lbmdbgoo [53].

39339600L BgEs30MH0L SBLMEWYEHMGO LOTSMWY (335WJdSMOL 28 3-
@56 5642 3-300g. 39335L00L BHIOOGHMMO0L bobgzs6Bg IgBHo MFoMogl dowon
dogdls s  Bgybgdl. 5d0gMm35335L00L  BMO 3MEIXEIOS 530 B30I
39300l BE359©Y. dobo LoYshg sBgMdsoxsbTo 160 30 s50fg3L, OLOZEg
bodonggemdo - 903d. ogo 9909y bsfogds  oymgs: 3mebgmols
QOWMO0 0033003  JJIIOY MM 3-dMME3900m, 009HIPOL B MO
(oMol 3s1030), G0 JSODEOOL 3539, 0MM-5X0bMMMHOL BYR60, S5EsBIb-
536M0Bs0L 3539, 333356-965JLOL  OdEMBO s  dobo  ImToxbogg MG 3-
M 330560 Mga0mbgdo.

3933905 8gdsMgMdl  bmdogho s LdGHMmM303wo 35300

LoGGYgolbo  Bob®3sGBY. 05630M0L  LsdMowm  3H9a3gMoGMs L3I
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https://ka.wikipedia.org/wiki/%E1%83%A9%E1%83%A0%E1%83%93%E1%83%98%E1%83%9A%E1%83%9D%E1%83%94%E1%83%97%E1%83%98_%E1%83%99%E1%83%90%E1%83%95%E1%83%99%E1%83%90%E1%83%A1%E1%83%98%E1%83%90
https://ka.wikipedia.org/wiki/%E1%83%A1%E1%83%90%E1%83%9B%E1%83%AE%E1%83%A0%E1%83%94%E1%83%97%E1%83%98_%E1%83%99%E1%83%90%E1%83%95%E1%83%99%E1%83%90%E1%83%A1%E1%83%98%E1%83%90
https://ka.wikipedia.org/wiki/%E1%83%99%E1%83%90%E1%83%95%E1%83%99%E1%83%90%E1%83%A1%E1%83%98%E1%83%9D%E1%83%9C%E1%83%98
https://ka.wikipedia.org/wiki/%E1%83%97%E1%83%90%E1%83%9A%E1%83%98%E1%83%A8%E1%83%98%E1%83%A1_%E1%83%9B%E1%83%97%E1%83%94%E1%83%91%E1%83%98
https://ka.wikipedia.org/w/index.php?title=%E1%83%9A%E1%83%94%E1%83%9C%E1%83%A5%E1%83%9D%E1%83%A0%E1%83%90%E1%83%9C%E1%83%98%E1%83%A1_%E1%83%93%E1%83%90%E1%83%91%E1%83%9A%E1%83%9D%E1%83%91%E1%83%98&action=edit&redlink=1
https://ka.wikipedia.org/wiki/%E1%83%99%E1%83%9D%E1%83%9A%E1%83%AE%E1%83%94%E1%83%97%E1%83%98%E1%83%A1_%E1%83%93%E1%83%90%E1%83%91%E1%83%9A%E1%83%9D%E1%83%91%E1%83%98
https://ka.wikipedia.org/wiki/%E1%83%99%E1%83%9D%E1%83%9A%E1%83%AE%E1%83%94%E1%83%97%E1%83%98%E1%83%A1_%E1%83%93%E1%83%90%E1%83%91%E1%83%9A%E1%83%9D%E1%83%91%E1%83%98
https://ka.wikipedia.org/wiki/%E1%83%98%E1%83%9B%E1%83%94%E1%83%A0%E1%83%94%E1%83%97%E1%83%98%E1%83%A1_%E1%83%9B%E1%83%90%E1%83%A6%E1%83%9A%E1%83%9D%E1%83%91%E1%83%98
https://ka.wikipedia.org/wiki/%E1%83%98%E1%83%9B%E1%83%94%E1%83%A0%E1%83%94%E1%83%97%E1%83%98%E1%83%A1_%E1%83%9B%E1%83%90%E1%83%A6%E1%83%9A%E1%83%9D%E1%83%91%E1%83%98
https://ka.wikipedia.org/wiki/%E1%83%A8%E1%83%98%E1%83%93%E1%83%90_%E1%83%A5%E1%83%90%E1%83%A0%E1%83%97%E1%83%9A%E1%83%98%E1%83%A1_%E1%83%95%E1%83%90%E1%83%99%E1%83%94
https://ka.wikipedia.org/w/index.php?title=%E1%83%98%E1%83%9D%E1%83%A0-%E1%83%90%E1%83%AF%E1%83%98%E1%83%9C%E1%83%9D%E1%83%A3%E1%83%A0%E1%83%98%E1%83%A1_%E1%83%96%E1%83%94%E1%83%92%E1%83%90%E1%83%9C%E1%83%98&action=edit&redlink=1
https://ka.wikipedia.org/w/index.php?title=%E1%83%90%E1%83%9A%E1%83%90%E1%83%96%E1%83%90%E1%83%9C-%E1%83%90%E1%83%92%E1%83%A0%E1%83%98%E1%83%A9%E1%83%90%E1%83%98%E1%83%A1_%E1%83%95%E1%83%90%E1%83%99%E1%83%94&action=edit&redlink=1
https://ka.wikipedia.org/w/index.php?title=%E1%83%90%E1%83%9A%E1%83%90%E1%83%96%E1%83%90%E1%83%9C-%E1%83%90%E1%83%92%E1%83%A0%E1%83%98%E1%83%A9%E1%83%90%E1%83%98%E1%83%A1_%E1%83%95%E1%83%90%E1%83%99%E1%83%94&action=edit&redlink=1
https://ka.wikipedia.org/wiki/%E1%83%9B%E1%83%A2%E1%83%99%E1%83%95%E1%83%90%E1%83%A0-%E1%83%90%E1%83%A0%E1%83%90%E1%83%A5%E1%83%A1%E1%83%98%E1%83%A1_%E1%83%93%E1%83%90%E1%83%91%E1%83%9A%E1%83%9D%E1%83%91%E1%83%98

50096 35335b0530 (3mebgomobs QO MO0) 4,5-6°C, 50Oz,
50096 3533560580 (9(333500-565JBoBs s WgbJMmMbol sdMdgd0) 1-3,3°C.
439wsdg (3030 39 05635605, bmem yzgwsbg gbgwo - sbsgwgmdo
5230L3 Mo, 50IMBsgwgmdo 30 03¢0LO.

30bgmdo be@om bdEGOmM303ME0 35355, 0308 MBOWO BsTMSMO S
wbgzo Bosergdo (1200-1800 39 s dgEHo §gwofodo). ba@Gom LwmdEmm3ozmwo
3535 @gbdmEsbols  odEMdBE (Bowrgdgdo  @osbermgdoo 1200 89-0y
Doofodo), 0193 Bogbmmol sbofgobo o ddGswo  oEolL.  3B3IZM-
565Jbol BdEPMBIOL 3535 IS0 LBGHMM303wos (bswrgdgdo 200-400 dd
Dowrofiocdo, 50dmbsgugo bsfoedo 200 99-Bg Bs3egdos), Bodmomo Gdowoy,
Dogbmmo  3bgwo, dbgoglo 35350 9MOJLOL s ©ObgdOL  J39dls o
LodbEY 39335L00L 3396996 Fm0sbgmdog.

39339b0mb6%By 5oL IYyobzs6Mrmo (m9d9M, BHMBIZ35MRbOWO, 500YgEs
53050, Y3561530), 3J9OLAEHMEO  (39M0dmeo, gMfm), bayMgz00 FgamdgdMEO
(©0f, 5999w, J39©0),  3NWIBAHO  (ggwol  Bgabol  HdId0) @s> Lbgs
3969%olob &dgdo.

39335L0mb6%g  80bstgmo  Bsdmbsabo  Fowoos.  Fowodmosbo
Dol sbogwgmo  Bsfforol  LEdbOID  BIHEMOBY  (5©0IMBOgEGNO
sx83bsbBgmo, oLogwgm  L3sBgMo @S FMosbo  LLdgyMgerm) hsFMbIEIBOL
dmmo 80-100 /fa-l Gmeos ghm 38-Bg. BOHOOWMIm RBIOEMODY ©
50Imbosgegom bsfoedo ogo 93gds 30-40 ¢0/f3-00g o TbmeomE 3obgomdo
500936 70 /Ho-b. Fo0odmosbo bmeol dobstggdo - gbymMo, Mombo,
3MOM6O0, 096030 LBsHBOOM™dGE 9609396MmE™mz56 Howow  dYobzsmgdom.
95JL0ToEMMO BIOIXO Fo» DOBLMEXOMdOm g3l BIMRYE F0bIMg9dL
0950 0@Mds 25Doxb by osdzo [41].

5009635335600l doMomso  dE0bstadol  FMOHBMEMYOMOO
3obolinsmgdEgdo dmyzsbowos 3bHowgdol Lasboo (gbMowo N 1.4 s 1.5) [19].
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https://ka.wikipedia.org/w/index.php?title=%E1%83%9A%E1%83%94%E1%83%9C%E1%83%A5%E1%83%9D%E1%83%A0%E1%83%90%E1%83%9C%E1%83%98%E1%83%A1_%E1%83%93%E1%83%90%E1%83%91%E1%83%9A%E1%83%9D%E1%83%91%E1%83%98&action=edit&redlink=1
https://ka.wikipedia.org/wiki/%E1%83%96%E1%83%90%E1%83%A4%E1%83%AE%E1%83%A3%E1%83%9A%E1%83%98
https://ka.wikipedia.org/wiki/%E1%83%96%E1%83%90%E1%83%9B%E1%83%97%E1%83%90%E1%83%A0%E1%83%98
https://ka.wikipedia.org/w/index.php?title=%E1%83%97%E1%83%94%E1%83%91%E1%83%94%E1%83%A0%E1%83%93%E1%83%90_(%E1%83%9B%E1%83%93%E1%83%98%E1%83%9C%E1%83%90%E1%83%A0%E1%83%94)&action=edit&redlink=1
https://ka.wikipedia.org/wiki/%E1%83%A2%E1%83%9D%E1%83%91%E1%83%90%E1%83%95%E1%83%90%E1%83%A0%E1%83%A9%E1%83%AE%E1%83%98%E1%83%9A%E1%83%98
https://ka.wikipedia.org/wiki/%E1%83%90%E1%83%93%E1%83%A3%E1%83%94%E1%83%93%E1%83%90_%E1%83%90%E1%83%AB%E1%83%98%E1%83%9F%E1%83%98
https://ka.wikipedia.org/wiki/%E1%83%90%E1%83%93%E1%83%A3%E1%83%94%E1%83%93%E1%83%90_%E1%83%90%E1%83%AB%E1%83%98%E1%83%9F%E1%83%98
https://ka.wikipedia.org/wiki/%E1%83%A7%E1%83%95%E1%83%90%E1%83%A0%E1%83%90%E1%83%A8%E1%83%98
https://ka.wikipedia.org/w/index.php?title=%E1%83%AA%E1%83%94%E1%83%A0%E1%83%98%E1%83%A5%E1%83%9D%E1%83%9A%E1%83%98&action=edit&redlink=1
https://ka.wikipedia.org/wiki/%E1%83%94%E1%83%A0%E1%83%AC%E1%83%9D%E1%83%A1_%E1%83%A2%E1%83%91%E1%83%90
https://ka.wikipedia.org/wiki/%E1%83%A0%E1%83%98%E1%83%AC%E1%83%98%E1%83%A1_%E1%83%A2%E1%83%91%E1%83%90
https://ka.wikipedia.org/wiki/%E1%83%90%E1%83%9B%E1%83%A2%E1%83%A7%E1%83%94%E1%83%9A%E1%83%98%E1%83%A1_%E1%83%A2%E1%83%91%E1%83%90
https://ka.wikipedia.org/wiki/%E1%83%A5%E1%83%95%E1%83%94%E1%83%93%E1%83%98%E1%83%A1_%E1%83%A2%E1%83%91%E1%83%90

8530 B30l s7Bol Iobs®ggdo

gbMogo Ne 1.4.
8c00B560l figoe8gdzmgdo | BLBM@EMGO Lodsmwmy,
Ne 80bstyg bonGdn. 18 smBoL d
30 3 BYONMBO, 37 L50539 9glsHmsgo
1 | d%ogo 105 1517 2306 0
2 | 30Mm60 73 2051 740 0
3 | 9bameo 188 4054 2613 0
4 | ®ombo 327 13486 2987 0
5 | boyggls 93 1125 95 0
6 | bo®obgdo 52 640 - 0
FmOmbo )
7 (bsB3GOwH 21 1910 0
35L300b begol svbol dobstggdo
gb®ogwo Ne 1.5.
8c00B560l f9oe89330gd0 | 3dLBMEEMEO Lodsmeny,
Ne 8g0bstg bondn. 13 amBoL d
00 3 BONMBO0, 3P U50539 9gls®omsgo
1 | 379bs®Bso 101 1106 - -26
2 | 199250000 75 1720 - -26
3 | BogowBso 56 566 - -26
4 | 30BmBs0 70 503 - -26
5 | 306LaadGR0 221 3183 - -26
6 | 933960 1523 180300 2742 -26
7 | @sb30m656B50 67 1093 = -26
50 306569930l 35MmEMBME 5MHYOL HoMTmoqbl Fbmem dsmo
09653500900l 9MHgd0, OMIgdog ool b535gdLs s FObsMYIOL
Do0moqgqbgb.
5009635335600l yzgwsdg  dbbgow  M35OEMBM  GsoMBL

Po68moygbl  BHgdo@ Mmoo, 5e5Bbol

Omdgog  gobwogqdmmos  d.
1505300096 3565350537, LogMmm LogMdoom 250 33. BsGOMBOL dobgz0m
3ol Ambog3s 8. MIMAOL, . 369330L, d. Mombol s bbgs MW3sOEMRBMYO

Goombgdo.  Loghom  xsddo,  Lods®mnggurmdo 579Dgdol

Q3OFOGILO
509bMds, 1000 5FsMmd9g0L s 39960l BHgModHm®mool 70%-bg dg@o s 3000-

3mbg@o UEGHOJoMBO  FINMYOYOO
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360Hm3qLgooL  49b30maMgdoll  Molgol BMmbsdo. LogoMmzgemli  doMHOMOEO
M39OEMBIWO VZIOEMBME0 M0mbgdo dmi39gdmeo gbGowo [54].

50Lsb0dbs300,  GMI  O35OEMBMO 65350900  LogoOmzgermdo
3bmdoos XVIII Lomzmbol dmem@sb, bmem  dgbfagams  ©oofiym XX
b59932960L  30-0560 (iergd0Esb.  ®3sMEMBMo  6535©0gd0L  AgMGmIzOOL
53L5b39W0 319903530900 30 XX Lom3mbols 60-80-056 fergdl 93900360L,
HMIgms Mol slsbodbsgos 8.L aoamdodol [19], ¢.6. bdsewsdol [55], g.o.
bgebgmwodol [56], 9.c0. §9Mgmgwol, ©.0. §Hgdgomgwol [57] ©s ULbgs
d639d0.

L5539l M35OEMBYO Gs0mbIdO
(n-035MEMBME0 599HIBOL GoEYbMds)

gbMogo Ne 1.6.

Ne | 0bgogdlo ®500mb0lL slisbggds n
1| (07.29) 3MOMO0-dbogol 109
2 | (07.30) 963296H0-bmdol 56
3 | (07.31) GHombol 122
4 (08.2) 430600 5-doMEsls 29
5 (08.1) 5F965-479M000 (FmOmbo-Lryalo) 40
6 | (07.24) 09MHQ0-56O"0Mbols 99
7 | (07.32) obgz0Ls s 55330l 106
8 | (07.34) (303-3M3dmOol (0mEOL) 44
9 | (07.33) 5¢5Bbols 80
10| (08-3) X539b900L5 s Iglbgmob (9¢33300L-Dgs dMOYMIsdwg) | 160
11| (08-4) | Boqs Joronemobl (833360 dotrx3965 6330M0 MdoErolsdwy) | 53
12 | (08-5) ol (5eag0-besdols) 29

Ugom 920

33%93900L 8900035Q@ ©Ib0E0s, HMI LygsOMggEmdo, Yzgwsby
39G90 293039900y 130908 g9bgBoliol dJmbg M3MoEmxgdo. mbogho
090950039600 d93L9d0l dobgzom, MW35MEMBMo B5350900L FoMTIMTMdS
0990926506505 3509bsfogdmwo: 300900 ©s ™ogLbds §30dgd0 - 79%,
dbs®o  figsewo - 9%, 8g4obzsmgdo s dmMgbgdo - 6%, d6906H030
09ols3939080L §yseo - 6%. 35MEMBMwo oLl F9350ygbermdol Jobgz00
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FoOdMOL  JgoBoobosbo s Bowrsbosbo M3sMHEMmBqdo  (73%), ©bs®Rgbo
9350905605. ImdMMmd0L J0bg300 565330 M350 3MR3Jd0 M0boM9dL.

©3503MmRLA0d0 39OH0MEO LoJsOMZ9WMTo 53OHOWOEIL MmdEMIdMOL
Bogzoo aMdgegds, 01993509, ©35OEMBMEo  dm3gbgdol 5d@035300
50©9bx9Mm3)  ©sx0JLOoMGIME  0dbs  MYEYMHZoToE. VIIMEFMBIINWO
dm39bgd0lL 97% godloGmgdos Jsobosb-gd@gddcmol Rsmzwrom, bmeom
439wsD9 LYJod 39M0MEL 03WOL0-5330LEM FoMTMoAIBL (61%). G55 Fggbgds
©3503MBIO0L  49BTGMOOEMOLL, ol IIMZ0EYdMYos  dool  Jobgdol
WOOMEMA06 3m33qdlBg s glodwgdgeos 3-5 (gwofodo 6 5-10
Poofodo ghmbgen 4s8mawoboql.

35050 V353MBYIO 5JGH03MO0L VZ5OEMRBYICO 396930L 25dMbodsbo
Lo SMILMOOM 3OO FgBHOL 990096l (1,2 dwb. 8%-0¢0g), bmem bydsEM
5 bLEoL 890mb3zg35d0 30, 500 sSMlMBdOM 399d6 dgBOL.

9. go3mdodol dobgzom, M3OEMABIo bslomol dmol bs350gd0l
3MHgool  BoMOMIGOOL  3OHME96GMIo  Asbsfloargds 99 9aboocsss
Bodmyoodqdmero [19]:

1. 3000 39@H®Bg s (MF93930 939bsMgmEo Lsg3Mol o3MEIEgd0L
B90mm) 496390 59BgOoL Lom939900L BIMMMOYd0, GMAMO
9. 9¢%336M0Lbm30L, 3MM39 d. 5M530LM30L 6,4%-1 T9oy9bL;

2. 5HgooL  LEME3ggdOL  FoMNMOYdO,  OMIGdIOE  JIbEsYgdIM0s
dbmEm©  d5sboll  gogMiEgergdol  Bmbsdo,  Lodworme  13,5-U
99500996U;

3. LsGMOEm BMbob sMHIOOL BoOMMOO, MHMIGdoE JIBMI3LYdME0s
1500-os 2400 39@®s9®g (BHYol 293039 gdol Bmbs), osbermgdom
40,6%-b d9500996L;

4. 1500 99¢HBg J390mm, LosE 39630sMYOMEs Lemgeol dgm@bgmds
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LoBdo®0ol, Lodseol s bobxol OMLME 35380680  33eogdols
3960b6DMB0gM900L sBMLEHYOS Hordmowyqbl.

OMamO3 399690590 BoGo6Mmgdmo 3309308 dmbodmMobaols dsbowgdo
5QIBGHMOYOL, 39609030  BIIMYSE00gdMo  035M3MBHoMIMIJIbgeo  dsbob
B3O fmbslimerme  8y™Bomgmdols  Jgboderm  IMP3930L GO
BodmBghymo s BoMBgh Tolols MOl 458535¢0 BgEs3oMmgdoll oMo s6ob
305)OR030  ©@d  dobo  FOMEHOOMWMdS  B0D03NOM-89Job03Me o
906 JobIBOsMGOWGOIMID 5GOL 535330690 EO.

B90mm 50bodbmmo s 3309308 sOLBYOYIEO Foloergdo, LolsDBLIOM
306100l A5m35obfiobgdom, sILEBHMMPIL, MHMI  Mz3sOEMBoL  sbob
©5d6M35, dolo Fobsliosmgdrgdol (33c0Egdol 3MMAbMBoMmgdoL dgbfagzerols
©mbg, dombgso3s 3MMIIobsdo dodmzbowo  sdGMmsgzo  Lodgibog®m
963900Ls, 00gbs  IVWO0s, MHMI  LE3OMYJBH™  ©fgLYdMGdgd0  ©d
15999690 MEOYIBODB30900 WILOE FIb0EPOE BoodgM M193:mTgbrs30900L
©IBOEOAL ©3563mBLF0bIS0IVIYM 30M9dBHJOOL gosY39GOL OMU.

©39O3MBMY 39609030,  gohmbom  ©OBGHJdd0,  odmEebols
3MbMLgdBg 296mogLgdMEo  M35MEMBMYwo sbol dFMwo  BEYMIsMYMdOL
d9LHogeols L9000  25dm3w0bEs  BMzOE  Fmbslfimmmdsdo dgmao
©35M3MBoL D300 BY 498535¢0 FoMol GOl Bm®Ts. 50BmBbEs, G-I
035030gBHsMIMIJdbgeo ool LoMEMIGLS S F93MEIJOOL BMboL LoaMgl
dmMob 3930060 IOMOHoOMwos s dobo FmOIoL bsomws Ho®dmbgbols
doBboom g 3938060  Fgodwrgds SO0 0dbsl  boGolbmdMmogo
©59M 3000939 9d0m, MHMIgElsE 9909a0 Lobg 593L [68, 69]:

Y:a_xb’ 211)

boog: @ @sb 5oL 39530309630 @s ba®olbol 3sB396909w0, HMIgEms

OO WIIOEFMBMS MIMEMAOME S FoDOIWE-
3995603196 3oboli050gdEgOMbsS MmO MO
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05353006939 0;

Y - Bs3mAghHy3zeol LoMTol 33E0EgdoL 3MMOEObsEHO
(@);

X PmbsbfimOmmmo  Bgsdocmol 493039 gdol bmbols
Loa®dg ().

BodmBghyHowo gsMmMdoL ooy, OmEs a > 0,b > 0 s x = L 890dwgds
3960LsBEOZOML BMOIMom:

L aL1+h
A9=Lmﬁ—jafdx=aﬁw—4——a (2.1.2)

7 1+b
©50m30009dgdsdo 2.1.1., Gmgs Y =H,x=L ©s H=al’, oo
(2.1.2.)-80 L-0ol LooEgl 099 250m3Lobsgm 35OEMABHMIMIJIbgro dobol

Loe®doo H-om, 3394690s:

1+b

5 )
S = 1abb (Hj _ b H? . (2.1.3.)
To\a (1+b)a?

MOmEs 396006 Loasbg 1-ob  GHmewos, W Bsdmdgfyztol  dmEmermds
9900905 2596996089099 04658 BMGOIMom:

b 1
W=—-H". (2.1.4)

(1+b)a’

09MOH0ME0 33¢9390000 0WGIM0s, MHMI OMES GHoweol bLodsweg
36003690,  M35OHEMABMO  39MH0EB  IIOMo  AsLoL  LosbyoMOTm

©59M 300093990l dMEHYqero 6535000L G9dmbggzsdo dgdgao Lobg odgl:

quz\(l—I_;jq)g. (2.15.)

d9L53530bO, odOMEo dsbob IMEMMdol ool t OMOL

39035¢0lfobgdoom 0gbgds:
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W:tHz\(l—O)@g. (2.1.6.)

099 (2.1.6.)-U 25393 Mqdm (2.1.4.)-b, 339959ds:

boooom s
- H° =l‘H2\(1—Hj(pg. (2.1.7.)
a’(1+b))

AMmdsdo (2.1.7), HmEs t =1ty 990dwqds goblobegmme  0dbsl
59360 ty-0b, LooY:
b

Iy = .
ab(1+b)\ (1—’;;)@ (2.1.8)

0

©59M300090gdsdo (2.1.8.) ty @MMOL 2sblobEg®ms 13gE0sEX MO
330939000 96 9JU396H03963HGOOL BoBOMGdSL LoFoMmgdl.

50bsb0dbs300, MM M350H3MEHsMIMIJIbg  39G9d0do  AsLol
Debolifmmmdols 9 MIsmgmdols 24963BsBE3Mgo 359 GH™M900
396L93MPMYPIM o3 gbsl sbEIbL FMIMIMIOL FYgdsby o WIIOHO
dsbols JobOLOsMYIWGOOL MM (330 9dOL 356MBBMT0gMHdODY.

33w930L 9Ol gdMEo  LAHIGOLE0ZMNMO  sbogrgdol  Loggmdzganbyg
©39503Mmx8L(3939000  BodMYser0dgdwo  35MEMBoL Lol 2oMmM3930L
d9d0bgg3s5do  dobo  FobslosmMgdgdol  (33C0gds, 39MIME, IMEMdOL
©OMLMSG 3538000  Fgodergds  sehgo  0dbsl  oxgMgb3zos©O
396G Mwgdom, g.0., BMEMEMdOL  (33¢0gdolL  3OMABMBOMmYIOL O™
LoloBZOM  306MHMdJIOL  om35¢olfobgdom  sbodbmwo  3GMmigLoL
Lo5bgM0IM© FgMHBgM FMEawls 593L Loby:

W (2.19))
I , .1.9.
boog: g 90l  O35M3BMPOLEIZ00 adMyeo Bs3ool batxo (3%/Fd);

61



t - ©3503MRL39308 OEEPOL O™ (§0).

596 03503MABLE930090 MM 5oL IMEFWMEIMDS EOMOLYS
@5 botrxols 6596530l 399963058 Hotrdmoygbl, 9.0.;

dw= d(qt) = qdt + tdq. (2.1.10.)

(2.1.10.) ©©59m 3009099900l 063936006900l Loggwydzgw By 239690ds:
—20nt = Inq +c. (2.1.11.)

3906@Mgdsdo (2.1.11.), Omgs: t = ty, W = Wy, q = qo, ¢ = 2Inty + Ing,

(tJ -9 (2.1.12.)
f q,

OMamO3  gb@memgds  (2.1.4.) 230P39690L,  ©035ME3MBLOEIZ0D

do30090m:

Bodmdghymoo dgsmo  dsbob  JmEmEemdsl  Lo®IGLmb  bsmobbmdMogzo

©59Mm3000909gds  gosBbos. vy Jgdm300gdm  50bodzbsl b =4 ©d

=

(1+b)a®

1+b
> =K -1, dog00900:

W= AHX (2.1.13.)

396@Mgdsdo (2.1.13.), Oem@Es t = ty, 35dob W = Wy, H = Hy 0o q = qo;
M3 O t-b GHeos, 35806 W = Wy, H = H, s q = q;.

0533900l Jglodsdols, M35MEMRBHMTIMIJIbgero Fobol dmirIemdols
33X0 905 LOEEMIGLML 353806Hd0 F00YOL Labyl:

W,=AH, , (2.1.14.)
W =AH'". (2.1.15.)

d9L53530bo, QIO dsbiols boGx qools L5obYOMOTM

593000909 9090L 946905 Loby:

62



q, = , (2.1.16.)

g =" (2.1.17.)

(2.1.16.)-0bd 9 (2.1.17.)-0b gom3zscrobfjobgdom (2.1.12.)-80, 3394690s:

H K
t=t|—21. 2.1.18.

t

M35MEMRYIC dsbsdo {6930l LoE®3gBY 3obsffoegdols
0530890910 900056 459mE0bscg Jogdmwos, Grnd:

2 2
Pzﬂ;l(l—j’;j . (2.1.19.)

(2.1.19.) 2963 ™@gdol mGM0gg Fbodgl vy aozymuom 1-bg, d0300gdM
b03Owo  fmbslimOmwo  8ymds®gmool  dglsdsdol  M35MHEMBOL
A3 MOS:

2 H

0

5 2
W = HO(l - hO] P. (2.1.20.)

LoPgol ImBgbBHdo, GmEs t =1t; ©35OE3MRBOL IO  dsbob
d9L50580b0 botrxols bloogl 99693 Laby:

2
H(, h
=—2]1--—2 . 2.1.21.
=21 2] 2101)

boom ¢ dmdgbEHobomzgol  figz9BHmdol  Logmdzgenby,  bsGxol
L556gM0TM E3M30YOMEGOSL 996905 Loby:

2 2
q, = Zt (1—}10J . (2.1.22)

396@MgdsL (2.1.21.) v 493@™MEgdm (2.1.5.)-b, dog009dm:
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3 h H( nY
He 1= e =T 1 |, 2.1.23.
°\/[ npe i) o

(2.1.23.) 396 gd0©sb ty MM, HMIgeoa ©sdzmol bofgol BmdgbEHL
3995058905, Mo 0gbgds:

e = Lpplio | | (2.1.24.)
2 H, \ H, g

396@Mwgd0osb (2.1.18.) t ©@Omol Tgbsdsdobo Hy ©35M30mzgobL
LoEMAOL LYobYIMOTM HTMI0YIYGdSL 9bgds Loby:

1
H = HO(%)K, (2.1.25)
t

(2.1.24.)-0b 3o0m35¢0bfobgdoom (2.1.25.)-80, 3394690s:

i 3 1
H =(IJKH;Z<K - ey (2.1.26.)
to\2t H, g

3OO Aol bsxol  @OMbmLb 3930060  25dmolsbgds

RMOIMNWO:
2 142K 7
g, = (lj P H,> (1—}’0] ? (2.127)
t) 2 \ H ) g
bem ©sdH o dsliol LoBJsGMOL EOMLMLL 353806l 9db6gds Loby:
2K-1 7K-3 K-l
N 2K*-K-1 2K K
- (lj S o (1o [2)" (21.27)
Co\ 2 H, g

2
09MOH0MEs© A-U 96093690 mds A=[I—Z—Oj @ -, bowm K = 2-b.

0

A-bs s K-b domgdmwo 3609369mdgdol LoBmlEol d9dm{dgdols dobboom
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3056dgfimbows  do30Rb609m  39LsMRYGIWS  Loggwg  9du39M0dgbE o
33930L doBoErgdoo.

993960089630 33e9g30L FoLosE A9TMYgbgdE 0dbs . sEIvR30L
©3503MBMYWo  bBsLosmoL  J9bo3oadbg  b5350L  gogwols  Fggyo©
3o0m@bowo  8go®o  Foboerols  Bmbsigdgdo, Mo gl 9bszswgdo
©3563033900L 9130l M35 LIBOOLOM JEsLOZNIO BILOSML 5&SMYOL. oo
3096  35M3EMBMOo  odm@Gebols  dsbol  Bm®Igdo, g.0., BIMIgHYyMHowo
R9OMMOYIOL 3933060l Lobg dob Jobogobo bsbbols 39mbglimsb aMog3303900L
Lobom dm3999o0s babsbbyg 2.1.

o (8?)
500

400 /

300 /?/ —Eis

200 / =

100 ///
X / @)

0 5 10 15

Bob. 2.1. 3$553030 9M30EYOIMEgds @ = f(H), Bmgs y= 2 (¢/3) s
1. p=35%2. ¢ =25%3. p=15°%4. ¢ = 5°
330091 335MSGHMS FgomEOlL A5dmygbgdom S dobogsbo bobwmbols
3mobol  bbgosbbgs  360d369emdolomzol  BsdmdqHy396m30lL  BosGnMdol
1036 3530060 45dMOLEHYdS AMIOYOEGdJO00):

S; = 1.68H®2,  ®ogs B = 35% (2.1.29.)
Sy = 2.04H82,  Gemgs B = 25% (2.1.30.)
S; =2.61H®2,  Gogs B = 15% (2.1.31.)

Sy = 337H'2,  Gmgs B = 5° (2.1.32))
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900900 39bGHMgddol  Lo®wdlzgebg,  dglosdsdobs,  K-U
96008369wmds K = 1.81, beagom A-U Bssbas6odm sdm3009309gdsl 5g3l babg:

1( 1+0,625t¢3 JO’M (2.1.33)

~210,08+0,55tg8

33w930L 9900039035 IOILEHMES,  OMT  0YIMOOMEII® S
99b3960896G o Asbogol  Boywmdzgubg dowgdmer K-U 36093690 mdqdL
JmO0b 2oblb39390s 56 509853 gds 10%-U, 9.0., ©¥) YOO oI A-
Lo o K-U 360336900md9dL gogomgscolifjobgdm (2.1.26.), (2.1.27.) s (2.1.28.)

396939090, d0300900m:

1 h 0.75 0,25
. %
H, = \EHézs(l_ﬁ)] (gj ’ (2.1.34.)
0
1Y n\’
q, =() I P T I
) H ) g (2.1.35.)

h 2.75 0,25 91
I/t — wl.s H(;).25[1_0J (w] . ( . 36)
(21) H,) \g
Hy (9) G (3%/50)
6 70
5 - 60
. L 50
; 7(t):f(f) L 40
2 N Hyf) 30
) N - 20
s

1 \ — - 10
0 0

0 2 4 6 8 10 ¢

Bsb. 2.2. 3058030-500300909wgds H ) = f(t) @5 q) = f(1),
éemgs Hy = 50,p=15°@wshy = 0,50.
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Vi) (9/0)
1.2

1
0.8
0.6
Vi (t)
0.4 \ —
0 — £ (§9)
0 2 4 6 8 10

Bob. 2.3. 3058030-0500300090v9egds V() = f (1),
Geogs Ho = 50, p = 15° @shy = 0,5 0.
35ebsB0bMgdol  doBbom  J39dmom  ImEgdMEeos  MOBOILICNO
©59M3000909gd9d0 H = f(t), q = f(t) sV = f(t) (ob. bsb. 2.2, 2.3).
DoM0mpgboo 20930390 0WMLEMS30900  430639690L, HMI
©3503MB0L boGxob, Lo s LoBJSGOL OMBMSE 3538060 35MHHdMW MO
bsboosmobss s MgMEMo)MHo  Jsbslinsmgdegdol  33erowgdom  olbobo
9630s6900Lsb  860d369emgbo  goblibgegzgdmmos.  HmEs, ¥ MBOL
9943035 96@HMM0  Lo®I) 0BOYds, SPPOWO  5J3L  ©T 3960539 EBHMYOOL
LoEOEIMS 3608369 M356 T9a30MYOL, bmem Fobsysbo bsbbol 3Mmbols
BM©00 IM3wgbol LMsml G9d6Hbgdmwo bobg assBbos [70].

2.2,  5M3LEH530MbsEMMdOL Lsgwdzgw By M33MEMBO J3gMOL
AsbalosmEgdgdols (33e0Egdol 356mbBMT0gMgdols sblisBEgms

03503MBYo  bslosmol Fyseboobsmms Lymsgol Bgdm bsfoedo
39090 Mmos  ¥35MEMRBHMIMIJIbgo  39Hgd0, GMIgoi  9OHMDBoMwo
M5GJOOL hodgdME 50l [omImoygbl. dolo (30350M FgGMHMdbY
9000bsty  o8mxzod30l  Imgwgbgdols s  ghHmbBomwo  3Mm3gLbgdom

960569 bYg 1396930l OIO0M, {MHM3IYdS 3909000 VZIOEMAOL Jobss.
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0090 35OEMBOL  BowemMmo  Lobom  dMdMOMdOL  dMEYEo
390d9ds bSOl 0dols dobgEz0m, ool BOMBEO MIMS305, v
dolbo 3936039900l LoBJog dgBos b Bo3wgdos bs3ool  dmdMomdol
LoBdo9Bg. Bdmm 50b0bW0EL 98mAEObsMY, ool gogMigegdols
LoBdo®ol dobgzom Fgodegds dgnslgl Mz3sMEMBMo dsbob 3003030
338360 s [iybotmro dymToMgmds.

©3503MBIOMD  dOMIMEOL 3309308 BoEgobm  dmbs3gdgdo s
3MLgdMo  BEAIGHOLGH0ZMMO  Bsboegdol  SBsoBO  vEILEHMOGIL,  H™I
035030g8HsMIMIJdbgwo 39090006 BmOI0MGdIMWo Fosmso odz3¢030L
653500900l s M300m 39600l FobslosMYOgdOL (33¢0gdoL 356MbBMT0gMgds,
3960dm, 396M0oLb LoE®MIOL, Mo dsbol boGxol s LoBds®ol GMIo
330wgdol  3MMAbmbo, 330000  OMboldogdgdols  FgmBg3zols o
39GOLEGHMMRBIO0LOYSL 4936909 ymzoL gH0-gMHo 2o6ALsDBPVIMGE 306OHMBdLL
Pocdmoaqbls [69, 71].

©35O3MBLIE30L HLRIMIE F9OL3I30L Fgdmbgzgzsdo, J3gws doggzdo
03503MBoL Igsc9d9wr0 dMdOMdOL 356MmbBMI0gMHdOL TgxzoLgdol OMU,
d90dgds  2odmyggbgder  0dbsl  19b-39b6sbol  gMHR6BMB0EGd0s6O
©0x9IM9B305MEmO 39b6@Mgd900, OIOTeHIION 5dmblbols ©OML
05305450 gdEo 1bos 0gmb 99990 306MHMdYdO:

1. LoBdo®ol  a®dog  dpa9bgermsb  Fgomgdom, 3960035l
»86093690md0ol 259m Bomo 3OMELYdDY Fogwgbs dbg39EMdsTo 56
d009d;

2. 03503mx80L Lo®IoL aMd03 GHIWOLMIL TgsMgdom, sOEMYY oby
©o©o0  3603369crmdol  asdm, (B30l 33¢ogds  gdmMbogds
30OMLEHGH030L 356MmbgdL;

3. bosfibgm x3mmbEOL 4963930l Fgdombggzsdo  9bgeool  ©sbs3styo
foboswdgamdgdols 39035¢0Ljobgdom  MsbsdMO dmdMH5mdob

500933935 d90dgds 0465L Jowgdyero.
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03503mRLS3530L 93900 A9MM3930L F9dmbgg35d0, odmEobgydwo
boerxol 25625009006 ©OML FoMMdMEos Jg0ga0 Lobol gob@megdols
3990y9bgds:
aw
a =—q, (2.2.1.)
LooG3: 4 90l ©035M3MBLOE30D FoImEobgdrmo botxols

Loowy (3%59);

w - ©35603MRBLIEO30L FmEEmds (83);
t - ©3503MxBLI3930L MboL ©sHgzol bsbaMIogzmds
({0).

03503MRLLE30L6 93O 39MM3930L  dmIgbBHdo  3OMmEgLo
399009365065 890dgds obsllosmEL: M3y t = 0, dMMEO FMEMWMDS
W -ob, bemeom go®m3930L 8999 oo 86083690mds Wi -b ¢eros.

3900397 3390000 V35MOEMBOL W35MEMBLOEI30WD FoIm©obgdols
0¢) §9603M3003960, OMAMOF 565Mal BIOMY DOMOI056 {fgorlisdz By
Pgeol  40050bgdols, 85dob  ©sdzm0ol  3MmEgbol  O™ol  dzotg dt
9mbs339m30  35ME3MBLOES30L  LoM®T) d30Mgds dH Loooom. slgom
3060Md90d0 2oMmM39ME 339030 49AM©06gdMWO M35MHEMBOL  TMEMEOMDS
QdH-0ol, boem 035605939 Hp-ob  Gmeo  0dbgds.  bEosgombs®veo
30m3gbobo  gLosdsdolo, M35OEMBOL  bobxol  Losbas®odm®  Jgodergds

608(‘)83586‘@@3 ()ijb 93(')5)8‘2]@\00:
— Do H % 222
q mb\ g 0 9 ( ol ')

Losg: b 30l ©356EMBoL 2oM3gmo Bofowol bogeby (3);
m - bobxob 30953033090630;
Hy - Bo3mMYyo0dgdmeo 035MHEMaoL dslol bLodswerg 3960l
sboHgoldo (9);
g - 1083030l ool SBJsGds (0/§32).
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BoGoM9dMEo  331093900L  Logmd3zgDdyg,  ©3sMEMBol  boGxol
3M9803096@0L  LYsbIMOImE©  LoBJsM0L ¥ 3m9503096GHOL 3T Mmdol
993035¢96&"M0 hy LoOTOLY s Jobogobo babmbols S 3mmbglmsb 39533060,

3009005 3900930 Lobol M 30YOIMGds:

(2.2.3.)

305L3O30MbsMMEo  3MMELYOOL  OML  BHOEMOL 2530 EIXJO0L
boerxol  LosbaoModm  gm®dmwol  dJobgzom, boGxol  3095303096¢0L
Lo5bgIMOTM  9dM30YOMWGOJIL, MHMEs 3900l IBEOOL 3Mmbg 6oL 0,

39090 Lobg o93L:

1

h
—|1——" |pcos@. 2.2.4,

m =

\

oo6, m  (o®dmagbowos  Gowo  gmbjzool  Loboom,

LGoEgombosrmmo  3MHmEqlol 99dmbggzsdo, Gm3s @ =1, m-ob %—0»6

0
©53M 3000939 gds domo Lbgoolbgs 3609369 mdgdol O™l dm3gdwwos
30553030l Lsboo (bsb. 2.4.).

m
0.5

0.4 \
\

0.3 —

0.1

0 0.2 0.4 0.6 0.8 1

Bob. 2.4. m=f (go%j 23M58303M0 930S

0
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00 09d;mbggzsdo, MHmEs 0356M3MEHoOIMIJAbgo 3900 Mmm3mmbo
360Dl Lobom 5oL Fomdmygbowo, (2.2.1.) sbGHmmgds 8909absocmo
990dgds (omdmgzsaobmom:

dW_deH_QdH
dt dH dt dt’

(2.2.5)

boog: €2 M0l ©35MEMBLIEIZ0L baGx ol BYa30MHOL BIOMMDO ©S
a)(H ) =Q
399625600d900L 3990030 9gd0l d0bboom, 09y 35{om3mgdm
3360mglods30sL ©3503mRB3530LS 39™39GHOOMWS© mmbzmmbo
3965993039 mMb, MHMEs 2 = const, 990dgds 3[9OMmm dgdga0 Lobol

©53M3000JdYgds:

W(H)=QH. (2.2.6.)

(2.2.6.) ©59™300090000  450mI0boMy, (2.2.1.) @obEHmergds
doogdL Lobgls:

dH
Q- =—q. 2.2.7.
7 (2.2.7)

03503MmRLO393000  BIMIgHYMHowo  M3sM-EMBMEo ool baGxols
L5560 TM M0 IOMEGDS, OM3ES 3OOl Lodswwg H -0l Gme0os:

h
qg=bH H(l—‘))% cosd, (2.2.8.)
\ H
bssg: b 900L  ©3563mEBLE30L Fo@M®39mero Baffoeol Logsbgs(d.);

H - 0350303L3930056 o0dmgdbowo 65350l Lodsweng
(8.);

ho - 3399@mdOL obsgobo bobmbol 3mmby;

() - 399530309530 5 8065560 babmbols 3mbols 3MbJzosl

Dotm0moy9bL;
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g - 1oddodoL ool sBJogds (3/§3%);

cosf - 35603m8LsE30L BALME IbGOL 3mby.
0v)  990m300900  50bodgbsl K =% , 293505()3H039000 o

396M0553J3bom (2.2.8.) 296@MegdslL, dog0mgdm:

q= \/1_2K(pcos6’b\/EH%. (2.2.9.)
(2.2.9.)-0b gom35emobfjobgdom (2.2.7.)-8o0, 2399690s:
Q QZI = —\/(l _2K) @ COS Qb\/EH%. (2.2.10.)

B3WOEM  bEIwgdom o 9Moddbgdom  (2.2.10.) gobEHmgds
doomgdl Lobgl:

(1-K)
dH \/ 2 peosb.|gd! (2.2.11)
HY Q '
(2.211)) 295@Mmgdol 0bGga®omgdol Loxgwdlzgebg 239690s:
oo (\/(1 -K ;ﬁ;"s@bt N CJ , (2.212.)

063936069008 d9©d035 obolsDBPZMds A9b6EHMEgdo:

(1= K)pebt
! —[* e +c} (2.2.13)

JH 20

|
@mgthO, W:WO,H:HO Qo C=

T

06393606900l 330350 gobloBzMOL 999, (2.2.13.) 356GHM@gds,

BoEAHIOL  33oEadolL  3bmBBMmBoggds  H = f[H(t)]  ©356308bs3e30b
O3oLS OMT0, 300MgdL 999 Labgl:
1

T J(1= K )pg cos Obt 2 (2.2.14.)
+
JH, 20
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39Lod530LO, W35OEMAOL boGrxo 0db69ds:
1

9 = J(1=K)pg cosOb

1 J0-K)pe cos&th (2.215.)
+
I
bom B5dMewem LoBJsMOL OMTo (33w0Egdsl 9db69ds dgdgao Loby:
yo 4w _ J1=K)pg cosO
“H, Jd 1 J= K)pg cosObt (2.2.16.)
T 0

domgdemo  (2.2.14.), (2.215) ©s (2.216.) ©59m300090v91c93900
D068 gbl  M35MmEMRBLOE3930L  Tgboderm  2oMM3930L  Jgdmbggzsdo  dobo
doboliosmgdEgdol M™I0 (3300900l 356539BHMIBL.

35639956980 Hiy=f(t), 4y =1(t) @ Vy=/{t) saeoeodgdol
3960mbDMB0gMdol  LmMomo, GMmEd 35OEMABLE300  IROMZ0o  Jsbols
bodosweg H = 3.0 8-, b =100 3-b, LEOIZOL DBgs3oMOL Gotmmdo 2= 6000
b, 3gool  Logedg L=60 0o-L, &=0°-L, K=0.5  p=30°

¢:tg2(450—%j20.33, ©35O3MRLOEO30L  dmEmEmds W = 18000 8-,
©3503Mmx8oL  ggmdolb EsbGol 3Mmbg 0= 0°-L ©@s cosf= 1.1, Tobsgsbo

bobboll  gmobg @ =30°l, 9qbodsdoby @ = tg2(45° —%) =033 o

P
Jo =075

dm3gdmwo  8600369wmdgdol (2.2.14.), (2.2.15.) s (2.2.16.)
RMOIMEqddo dg@oboom, 3565993HMgd0L 33X0900L LYYOSMO
Po8mpqbowos 4399mo dmygzsbow 496@GHMmgd90d0, HMIgEms AMSR0 IO
0LEM305 3399990 babsbgdby 2.5 s 2.6.

1
H, = :
Y (0.578+0.0067:)

(2.2.17)
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1 3

0.578 +0.0067¢
Q(I)
Viy=——. (2.2.19.)
(t)
H,
H (9) g (0°/50)
35 | 500
N L 450
3
\\ H, =1t L 400
25 NS L 350
) \ = J q(t)zf(t) |} 300
-~ — L 250
1 e~ 1 150
L 100
05 .
0 0
0 10 20 30 40 50 £(§9)
Bsb. 2.5. H,y=f (t) @ g =1 (t ) ©53m30090v9mgdoL 4M5%303900
Vi (8/%9)
1.8
v \
1.4
1.2 Vi =1(t)
) .
0.8
0.6
0.4
0.2
0 ¢ (H0)
0 10 20 30 40 50

Bsb. 2.6. V) = f (t ) ©53Mm300093MEgd0l 4583030

09MMOMEo  33¢093900L 890990, 305L3930MbIMOHMdOL
Logdz3gwdY, FoIIYWos VIOEMBLEIZI0  EYOMZOWO  IIOFMFIO
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ool LoToEOL, E3sMEMABOL  boMxobs s  dolo  JoOSAO0WGdOL
LoRJsMOL LosbYIMOTM sTMI30YOMEdgdo [72].

domgdero  (2.217.), (2.218.) s (2.2.19.) @©58m300090009d900L
Log3mdzgady, Bgdmo dm3gdNwo 356599@MgooL dgdmbgzggzsdo, 2.5 s 2.6
BoboBgdbg MRz IME9dMwo  M35MEMBOL  FMdMOMOoL  MH™To
(330 q00l 396mbBmdogemgds Ao ol 3930 39w9gd0l bmbsdo,
L53ogdsll 0dergzs F90MRgM 0465L Fqlisdsdolo M35MEMABLIHObISMIIY™
Bog0mds.

2.3. 3090 035MHEMEBOL 3MIM3MBdOL Jsmgds@o3 Mo dmgero

©3503MB00L  IMdMOMBOL  306MHMdYdOLS s Lb3s dm3zwgbgdoloysb
3o6b35390MdoL  209m, LosbasM0dm Mg gdol T9MHBY35-5@I3EGH0MGOS
39bLo3MPMYIM  Foamdgdl  LyFoOMIIL.  Imddg  FMOZIEMOEbMZI6
BAOGOLGHOIMNO  BOJBHMOMS  FoM35¢oLHOBIdOm  WZIMIEMBMS  FMIMSMIOL
306m 0930l sfgcs @O  9emysbBMmIomgdosbo  ©oxgMYbzosw GO
396@G™Mgd900lL  459my3z560m Fgbodegdgeroo 04693 A5e3hY30GHM™M M0Yo
36543030 59m356s. 0go 0d6gds ol Mm39gMoGomo Lodmogds, Mmdwol
Loggmadzganby d9LsdgdgEo 39590 ©35030x8LH0bssMIIY™
Bog90mdgd0L  3MmBLEHMMOMYdS, OIRTIMYDs S 2o5BRM0T9dOL FgoMEIdOL
LEOYEYMGS.

035OEMBMS M35 Hon®o  Fgbfiagarol  obGHM®os  Lowgobm
9mbo3gdgdom  Bodwmogdsl  odwgzs  Loobgob®mm  3GMagd@ozolomgzols
51533900 LobNLEGHOm 3o9myzs60eo 0gbsl dmdM5mdoL
©O0xBIMIBE305MMO  29bGHMWGds, GMmIwol  0b@gaM0Mgdom  Jglodwgdgero
39bgds  OHmymedi 6535000l dMdMemdol  dodshmv) rgdom  Loe®Iol
339g0o@MdOL,  slg3g  Josdm@ol  bgdolbdogH  Mdsbby  Bogool
9d65mdoL Mg:0d0L 3OHMYMT0MYds. 5990 25dmI0bstg, F0dObserYMdL

93IMds,  MOMS  VZIOEMABOL  FYSMIOMEO  3MIOMIBIBIMO  TMIMOMDS
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5009000 0gbsll  oRIMIBE305 MO 2obGHMWgdom. 331930l MBd0gIBHL
30396 3b396@G®0MgdMo Jomowo 1033300308 65350900 HoMTmogbL.

OMaMmO3 (36Mm000s, M9oeM, 6535000l dMmdOMdOL 30MMdJOOL
9933Wo,  05390mo©,  6gdoldogmo  Foboomdgamdol  oomsb3s,
39Wa3mGob 99300600905 96 29xIMMMGds @O 39s3mEH0ol BMdol Jobmdols
G3Logds  ofiggzl  mEbowo 3390l 33wowgdsl  ©@s  bygoob
0530UB0  DYs30MH0L FmEOTOL T933S.

5dm3sbol  dggd  gobobogds  obgmo  Jgdmbggze, BEILys
0530BMBOO  HBYII30MOL  LOIOWMOL (335 gdsEMdS  olgmo  E™bom
bgds, M3  bsfoozms  LoBdodg gmabowo  339000L  BsMHOOIMOME0S.
50bodbmeo  89dmbggzs 0995009969 LoBJobgms  Mamengdgerymaol
L53ogdsll  0dergzs, MMES 3MmEbswo  339000L6  FsOMMdO  Logsbols s
LoE®Aol 63058 FomBmoygbl.

OmamO3  3bmdowos,  Bogool  FmdGmsmdol  JodsMmMEgdom
OO  gbgMool  33w0Egds  OMAMOE  b5350L, 0bg  MHYMEMAO0MOO
dobolinsmgdEgdol 33000 gdgd0L g3mbdosl Hotdmo 49bL. dobo Lowoy
069008 J0FoMDMEgd0m  YMm39wm30L 653501 FMmIMmoMdOL  botrx Dy
bgds. Bg0mm 50608690 b godmdobstg godwgds s3hgMmo:

P aV?
E=Z+—+—. (2.3.1)
Y 29

306390 356@M9d0l oxgMb30M9000 J0300900:

P av?
dE _ dz d(?) + (E) (2.32.)
dl al al a ’
Loo: E 5oL 6535000L LOKYEO 9bgBYOs;
Z - ©3503MmgBoL 3dob QIE0EIOS Loz
LodOEYILB;
P
b — 309BmgEHOMo ©sbg39;
2
P
LA R = hs - LoBJotomo ©s(bg3o.
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596, 39O 2563 MEqds3d0, Z—f Do6m8m596L 6535000l FMIMSMdOL
§0b550B@Yamdol i Jobmdl, bmgm % 39W33mGHoL Bdol § Jobmdl, Bgdmom

50b0dbMe0sb ga30deos o3(gMH™mon:

d(aV2>
. . dhg 29 (2.3.3)
T dl * dl

596, 33w 35MO3MRBd0, HBY3oLs s 653500l LoMTgl ImEOL
5ML9dMBOL IMI0YOIMWGDdS:

dhs ho\ dh
o -2 = 2.3.4.
dl ‘p(l h) ar (2:34)
_ avi _ V2
bomm, Gmgs a =1, dgbsdsdobo g — 25 @ LoBdo®ol  sfibgzol
0x9M963060900m 3394690s:
VZ
d(@) __ @ pdh Q0w (2.35.)
dl gw3 dl  gw3al

0¥y (2.3.4.) @5 (2.3.5.) 296¢™gd9gdl 4930035¢0bfiobgdom (2.3.3.)-do,
do30090m:

i+ (1 ho) dh Q% Bdh Q? dw
TR e h)dl gwd"dl gwd al
(316.) @3b@GHMm@gdol  gotmsddbom s  AYFIMEGH03900m,  OM3S

(2.3.6.)

wes = Kw, d0300990:
g @ 0w
dh 1T g3 al

dl ho\ _ Q%
‘p<1_7)_gw33

(2.3.7.)

05096, §obsowdgymdol Jobmdo ir =#562R, 39b@Mmegds (2.3.7.)

doomdL Lobgls:
. (1_KZCZR6_w)
dh ' KZw?C?R gw3 0l
—_—= (2.3.8.)
dl 1 hy Q?
o\1-%) gas

domgdemo  (2.3.8.)  96@HMgds  Ho®dmoagbl  bgdolidogo
LHmO3mmbs gm®dol  3owsdm@GHdo  dmdMogo  ddMEo  035MEM3BoL
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©539oM900  5M5Mbs05M0  FMAMIMOOL  EOBIMIBE0SM  A9BEHMEGdSL.
9b5Emao0mEmo  Lobol  s3mEsbol  aosfiyz9de  Im3g0os  Lbgsalibgs
Lod93B0gH™M 391035309000 [66, 68, 73, 74, 75].

OMymOE 9bGHMEgdol  sbowroBo  a30B39600L,  gob@EHmemgdols
360836900l 0-09b6  GHmemds  dommomgdl  300G03wo  dEyMIsMmgmdoL
05009 ©@d 65350008 3530LIBIMO  DBYI30MOL  35MOEGEVIMMDSDY
©39OEMBYWO 35¢53MmE0L B9dqglmsb. MmEs Ihosbzgao 0-ob Gmeos, g.0.
(OIUTEN %= 0, 5200 5J3L 65350L b330 FMIMIMdOL M9gs0dlL. B39BL

d90mbgnzsdo, M3 Z—}Il =0:

QZ
P (2.3.9))
K?w?C?R

099 8930356 botxols 3609369 mdsl Q = wV (2.3.9.) ob@GHmgdsdo,
dd®5mdoL BoRJSMOL godmbobgds dOEYgwo bsgosols d9dmbggzsdo, 9.0.
Gm3d h = R, 80300900m:

V =KCVhi = (1 — %) oCVhi. (2.3.10.)
MM39, 65350000 V Lobdstg Borm@EHmba®mo Lombggdol LoBJsMol Emeros,
d5806:
Ay 2.311
75—(1—7>§0 ( )
V/V,
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
° hy/h
0 0.2 0.4 0.6 0.8 1

v h
Bob. 2.7. 2®5803M®W0 ©3M30IOY9DS %= f (FO)’ MOongs @ = 1.
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(2.3.11.) 295@Mgdol AM9R03MYWO 0EMBEHM30S, MGmas ¢ =1, g.0.
90652560 bsbbol 3mgn03096E0 B = 0, ImEg0wmwos Bobsbby 2.7.

B905060369906  459m30bstg Fgodegds 35133650, MH™I
39Wa3m@ol  LHimGzmmbs  3390m0L  99dmbgglzsdo  653500L  3mdMomdols
9035 MEgdom,  LEOWMwo  gbgMaool  33wowqgdol  Lyxgdzgedg o
9500 MH9MEMY0MHO 3obsLosMYdgdOL 39m35¢0olobgdom
9009005 33O P35OEMBOL  ITYSMGINWO  3MIMBIBIM0 FMIOSMOOL
3906@Mgds; 65350008 3965050 FMIMIMIOL  Mg57000LsmM30L  J9dMY3zboEos
30dM5md0L LoBJsMOL LssbsModm ©sdM30YdIMIgds [76].

M9M@MR0OH0  JobsL0sMYIGOOL  (33¢00gdol  gom3zseolijobgdom,
3O803290  0MBEGHM300L Lyxdz9w DB F90dwgds IZ9L33bsm, OMT HM3s
031 @doL 993035 9bGHMMO  Lo®Ig bogool Lo®MIOL  GHmeos, d5d0b
©3503MBMYwo  doLoL  IMAMOMISL  SRAOWO 56 5J3L, bemem  Fobogsbo
bobmbols 37mbol 3300w gdom, 699 dobo oBOEOom, 653500l IMIMSMdOL
LboBdstqg 3306 qds.

3.4. 30396 36396GH®0MYdYmo 653500l gbghyools
doboll0smgdgd0

63 Bo0bgObOM 5MEsbsMS 25005(Y39EHOL 3MgE030 5ILGHMMYIL,
L5556OM0TM  HIM30YIgdGdTo 356539 EBHEOMS TMEMOL  gobls3MmMMGdME
530l 30030320 LoM®mIg 0353906, sdoG™A Fobo gosbasMH0dgdoLsm30U,
OMES  03903mBMYwo 55350l Ggomy®o  Loe®dg  H-ob  Gmoo,
3LoMYJOMIM 339000L 9696MR00L LosbYIMOTM EOTMI0WYOGOOM:

ho aV?
(4 av” 3.4.1
e=nh (1 . > o+ 29 (3.4.1)
ob

2

aV
e=h+ 29 h(1 = @) — hyo. (3.4.2)
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(3.4.2)-9 59300090 gd5d0 hy LOEOOL AobLEBOIMS dGEHYJO
©9053060900L 302(3390MdOL F9NMEOID 253MIE0bIMYMAL, 9.0. d3MOL dogrols

L5560 TM M I0YOMEGOSL 593L Loby:

_yh? ho

p=C (1 - 7)2 0. (3.4.3)

6596, §6930L dserol ooy P = yh;,w ©@s Jgbsdsdobs, hy, =
h/2. 53 890mbgg35d0, Om3s B = 1, w = h, 89330905 ©o3960Mmm:

2 2 2

(3.4.4) 356@GHMgd0L 25356FH03900m S hg-0b 0O 3350
396@Mgdol 58mblbom §39469ds:

-1
hy = h\/a : (3.4.5)
Jo
ho-0ob 36033690 Mdsl v gog30m35¢0olHobgdom (3.4.2)-80, dog0090m:
Jo—1 av?
e=h—h(1—¢)—hep + : (3.4.6)
Jo oo @
(3.4.6) 59300090900l O0RIMHI630M9d0m 2397b9ds:
ds_d h+aV2 1—¢@dh o—1dh
dn 29 g dn Jg dl (3.47)
@5 dMWML J03009dm:
de aQ? h
— = ——. 3.4.8
dh gw3B+"’(1 h) (3.48)
d
M35 339000L 969MH0s GO 0B &0, s6v9 i = 0, 85306:
aQ? hy
aB=0 (1 - 7). (3.4.9)

(3.4.9) LosbaoM0dm  ©s3Mm30090MEgds gdmbgazs Pywol  bs3swol
L5560 TM EIMI0IOMEGOS.

(3.4.9) ©9M30009dYgOOL  2oMJIBJPOMS o J9ToMEH03900m
8030090 30030300 BLOMTOL LosbYIMOTM AobEMEGdLs:
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2

2 _ 2 _ (3.4.10)
g

3600303790 LOEP®AOL  BosbRsMOdMm  AoBBHMMgds  [oMImpygboo

ho)(ﬁ.3 - hO ho)(ﬁ.

Lobooy dgodegds J0300Mmm FMAMOSMBOL  MOMEIBMdOL  obBEMwgdom, Mo
990l 459myqbgdol LobmbEgbg Jomomgdl.

OmamO3 B9dmom  ogm  s0bodbmwo, MHMmgLss  Gowmol Lokt
6535000l 290552000l LOBRJSMOL BHMEO0s 3OMELO Fgodegds AsboboMls
OMamO3 Bob@Gmdol dmgewrgbs. 3dox3m0 dMmdMmsmdOL doaligers {gbs® Mgg00d0
56, 306040, 8080bsmgMdL 30M9303MM0 BobEGHMB0om. MZMHEMBMS MVOS
150656900 FMIM>MBOL OML, OMAMOF LMBMS 30EE303580, 0bY S953
363090000  6535000L  Ub3oolbgs  dyMToGgmdsL:  ddoxmo, §ybsto o
3OOGHOZLO.

3bsEmaom@mo  dmgegbs  9godegds  dmbgll 33 V35M(EMBME
36MHmEqLgddo. LYo IYMRBS 96 5BHIMGOL  BMOTo)H  bolosdl o
39633971000 LOBNLEGHOD FoBLLDBPIMHZL LobOBOZMM 30MMd7dOL ©B0I360L
99L5dGOMAL. SBYMO 5FM (356900l 4909HY39GHOL OMUL, 59930 gdIE0 SO
6535000l 3mAMOMBOL 530LvBIE0 BYI30MOL 52905 S 65E0BO, gbghyool
B53dMH ™00 65290Mmd0L gosba56Mm0890s, 55350001 IMIMMdOL M195508900L Fgnsligds,
©3503MmxLY3530L b Ighymom dgddbogro 350beEgdol oMm®3g30L F9IRS©
Do3mgdboero 6535000l obslosmgdgdoL YIDs, 30003 LOTsMEOU,
LoBJoM0b, batrxols s b3s 35615993HM9d0L 4obLsBLIM.

0990 350EMBOL FMdOMdOL F99nb3z935d0 553500L dEYMIsMYMdS
390d9ds 3560bowMb MEMEMdO):

aQ?

gw?3

BZT. (3.4.11)

boQS3: T 5oL  MsbBMIogdm 356599GHM0 s ol dgdmbggzsdo
090 1-0b Bme0os.
B39bL 90nbgz93580 T-U 593L J399m0o dmygzsboco Lsby:

T=0¢ (1 _ %) (3.4.12)
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boo: ® 360l 39530309630 s ©35MEMBOL Jobosgsbo bobmbols

300bIHY ©3030090)0;
ho _ 33 mdob 933035960 LowMIY;
a _ 3MOHOMEoLOL 3m95303096¢)0;
Q _ 330 M35MEMRBOL boGx0;
B,w _ L0969 530LBIE BYOI30MHBY > 3MEbsO
339900l BIOOMDO;
g _ Loddodol ool sBdotnds.

94390m» dmy3560¢0s 090 ©395030mx30L 3603030
dobolinsmgdEgdol 2sblab®3M..

0010 039OEMBOL  9OHmPbBMIowgdosbo  ©IMAYsEgdgEo
dmd6smdOL  EO0BIMI6305MM0  qobGHMMgds  gobogol  {yz9@Hol  od
d9dobgg35d0, OHmEs Homdmgdmewo 2—}; = 00 s 36093690 0-0 FHM0s. 53

9990bg93590 6535000L §Y39¢3)5MdL Tgglsdsdgds ITMI0IOINIGdS:

2 w 3 h.
aQ” _ Wye 0 <1 _ —°> (3.4.13)
9 B hom/).

BomE™bmGHo LomMbggdol 3003030l sbsETMYOMES®, 3M0EGEH03MEO
9aMBs6mgmodol d98mbgg35d0 3M0E030Io LOPEOAOL AsBLIBLIMOL 30MHMds
PomOmpabowos  (3.4.13) 9bGHMmgdom, MHmIgoz  dg3g  Fg0degds

3
Fo680350306m0 3Mex03ws@ (65b5%0 2.8. h 5 = f [(;%: (1 - %) go]).
(3.4.13) 396G gds80, HMEs h = h 5 @ B56OX396s Bsfoero 1-0b Emeoo,
9.0.:

ho
o(1-7)=1, (3.4.14)
30

beeom 5dmbsblbl hy Lo®AoL dods®mo 93b9gds 990 Loby:

1-9¢
o

ho = —hs (3.4.15)
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6obsb0 2.8, hg= f [‘;’—EZ (1 - ;‘7‘;) (p] ©580300959BOb 3H58030.

(3.4.15)  296@™MEgd0E6  Bomems  BsBL,  GM™I  dIMEMdOL
933035 96@M® LBoMAgL 543l dMAMSMBOL Bofiobssmdgam FodsOrmeEgds.
dobo LoOY MYJMEMYPOMMO  FoboLOsMYOGdIOL BMbJiosl FoMdmoy9bL,
596 831 ©35OHE3MAB0 MMES d9F0EMEMds SMHOL ¢, Fobogsbo bobrmbols
3mombg @ 5 IMEMWMmdomo [mbs y, 35806 3003030 LOP®AOL LosbysGIOTm
RmOINsL 94690 Laby:

hys = e (3.4.16)
' yl-9

B90mm 50b0dbME0b 499mB0bsmy, (3.4.13) gob@meg-dsdo, M3
dodgbgbs  bsfoewo  1-0b  FGHmeros,  3O0GH03MNo  LoE®IOL  BosbasHodMm
©59M 3000939905 J00EgdL Labgl:

13|aq?
h . == /_ +h (3.4.17)
30. @ g 0

(3.4.17) 455@&mMgdol yomzscrobfjobgdom (3.4.15)-3o, 653500 gogwrols
10TSEEOL BosbAIMOTM ITM30WYIYGdL §Jb69ds Loby:
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slag? 1 —
hg=— |2 _-"9 (3.4.18)
«’ g ¢

LoGMBBoGHM  MdbgdBg  M39OEMBOL  FMIMOMIOL  306HMdIOOL
9985900l @6MmL,  dolbo  3M0GO03MNwo  FobsbosmMGdWgdo  0dgbgb
39bb53MPMYdM 3603369 MdL. 300EH03MWO Bobolinsmgdegdol Jqa3sligdols
doBbom, 39Mdm©, 3O0GH03Mo LBoMIoL gobLlsBO3MOL O™ Fgodwrgds
3990myggbgdme  0dbgl 65350l 339000L  9bgMA00L  FoBGHMEgds, GOl
Lo569M0dM MI0YdgdsL (3.4.10) 2obGHMEgdol Lbobg od3l. 39MBMUL
RMOIMgool 458myqbgdom (3.4.10) 256@™MEgdol Josbermgdom sdmbablbl

399920 Labg og3U:

/ 14292 (h°>3 14299 <h°)3\

3 3 2\3 ) — aa? \ 3
Lo e, 290 ey’ 499 (ho\’ || aq® \3 aq®\3 |
6, = +— =) + 1+ |5 1+ :
2g¢ agq?\3 aq? \3 | 3 3 |

299 (ho 499 (ho

1+=2(3F) + 1+-27(3

\ | @4 aq

(3.4.19)
(3.4.19) 25690530, OHMEgLss @=1, f= 0 ©s hy = 0, ogo gdombggzs
Dgarob 300303290 Lo®Iol LsobYS-M0TM ITMI0YIEGdSL:

3|ag?
B = 7"_ (3.4.20)

Dgamobs s ©35MH3MBoL MsbsdsMo boGxgdols 99dmbgg-3580, MM3o
9o = qp> 3506GHM@Y0s B0oEgdL LbgL:

w

| 3
4—([)( ho )
3 27 hdﬁﬁ’

3 3
h ;6.0 1 2( hn 4 h
0 _ _1+_( 0) + 1+_‘P<_0>
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Dimensioning of the flexible Debris Flow Protection System
GEOBRUGG VX/UX - DEBFLOW

Input Parameters

Type and density of the debris flow

Type of debris flow (granular or mud flow)
Density of the debris flow material
Specific weight of the debris flow material

Water content
Debris flow volume and number of surges

Total debris flow volume (incl. water)
Number of surges

Volume per surge (average)

Volume of first surge (recommended)

Volume of first surge (chosen)
Peak discharge

Peak discharge (acc. to Rickenmann)

Peak discharge (chosen)

Safety factor
Global safety factor

Type
p=

Viot =

Vi

VNl,rec =

Vi =

Qp,rec =

Q=

SF =

Load case 1
mud flow
1600

15.7

0.64

Load case 1
1000

3

333

500

1000

Load case 1
29.5
30

1.5

Load case 2
granular
2000

19.6

0.39

Load case 2
5500

2

2750

4125

750

Load case 2
23.6
24

Load case 3
granular
2300

22.6

0.21

Load case 3
10000

3

3333

5000

3000

Load case 3
69.6
104

[kg/m3]
[kN/m?3]

[m3]

[m3]
[m3]

[m3]

[m¥/s]

[m?/s]



Summary of Results

Summary of Results
Multi-level debris flow protection system
GEOBRUGG UX180-H6
GEOBRUGG UX180-H6
GEOBRUGG UX180-H6
GEOBRUGG UX180-H6
GEOBRUGG UX180-H6
GEOBRUGG UX180-H6
GEOBRUGG UX180-H6
GEOBRUGG UX180-H6
GEOBRUGG UX180-H6
GEOBRUGG UX180-H6

Minimal safety factor of the overall system

Retention volume
Total retention volume
Required retention volume
Reserve

Proof of retention volume

Proof of overall system

=2
© 0 0 0 0 0 0 0O ¢
© O N U A W N R

z
°
-
[S)

SF min =

Vr,tot =

Viotmax =

V i reserve =

Safety Factor Proof

1.89 fulfilled !
1.89 fulfilled !
1.89 fulfilled !
1.89 fulfilled !
1.89 fulfilled !
1.89 fulfilled !
1.89 fulfilled !
1.89 fulfilled !
1.89 fulfilled !
1.89 fulfilled !
1.89 fulfilled !
9550 [m?]
100 [m?]
9450 [m3]
fulfilled !

fulfilled !

Retention volume
955 [m°]
955 [m°]
955 [m?]
955 [m°]
955 [m?]
955 [m?]
955 [m?]
955 [m?]
955 [m?]
955 [m?]



Barrier Location No. 1

Geometry of barrier location

System height

Width of torrent on the level of the bottom support ropes
Width of torrent on the level of the top support ropes

Distance to the next barrier upstream

Ho1 =
bu,1 =
by, =

Loy =

. Geometry

Torrent inclination and retention volume
System height of the filled barrier

Average torrent inclination upstream of the barrier
Deposition inclination of filled barrier (acc. to Rickenmann)
Deposition inclination of filled barrier (chosen)

Angle between ring net and river bed

Length of deposited material behind barrier

Retention volume

Front velocity and flow height

Front velocity (acc. to Rickenmann)

Front velocity according to Strickler (v1>vstr)

Impact velocity at barrier location (chosen,max. v-value)
Flow height

Recommended max. basal opening height (acc. to Wendeler)

Flexible, permeable debris flow protection system

System type

Max. system height

Max. system width above
Max. system width below

Proof of system height and system width

V1,base =
vstr =

V1 =

ha1 =

hgi1<=

Type
Ho,max =
Do max =

bu,ma)(

4 [m]
10 [m]
15 [m]
500 [m]

3.0 [m]
18 [%]
12.0 [%]
12 [%]
84.8 [o]

51.1 [m]
955 [m3]

Load case 1 Load case 2

4.7 4.4
3.9 3.6
3 3
1.0 0.8
0.5[m]

GEOBRUGG UX180-H6
6['.m.'"]

25['.m."]

12 ['.m."]

fulfilled !

10°
70

Load case 3
7.2

6.4

3

3.5

[m/s]
[m/s]
[m/s]

[m]



Proof of max. dynamic loading (stopping)

Width factor (width at barrier location to standard width)
Dynamic loading (Pressure and impulse acc. to Wendeler)
Resistance against dynamic loading

Safety factor

Proof of max. dynamic loading

Proof of max. static loading (overflowing)

Reduction factor hydrostat. pressure (Permeability)
Static loading (hydrostat. pressure acc. to Wendeler)
Resistance against static loading

Safety factor

Proof of max. static loading

Proof barrier

BF, =
MDDyn,l =
RDdyn,l =

Sden,l =

HF=
MDygtat,1 =
RDstat,1 =

SFstat,l =

Load case 1
0.69

22

259

11.77
fulfilled !

Load case 1
1.0

56

259

4.63
fulfilled !
fulfilled !

Load case 2

35

207

5.91
fulfilled !

Load case 2

56

259

3.92
fulfilled !

Load case 3

282
899
3.19
fulfilled !

Load case 3

137
259
1.89
fulfilled !

[kN/(m*hgq)]
[kN/(m*hgq)]

[kN/m?]
[kN/m?]



Barrier Location No. 2

Geometry of barrier location

System height

Width of torrent on the level of the bottom support ropes
Width of torrent on the level of the top support ropes

Distance to the next barrier upstream

Ho2 =
bu,2 =
by, =

L2 =

. Geometry

Torrent inclination and retention volume
System height of the filled barrier

Average torrent inclination upstream of the barrier
Deposition inclination of filled barrier (acc. to Rickenmann)
Deposition inclination of filled barrier (chosen)

Angle between ring net and river bed

Length of deposited material behind barrier

Retention volume

Front velocity and flow height

Front velocity (acc. to Rickenmann)

Front velocity according to Strickler (v1>vstr)

Impact velocity at barrier location (chosen,max. v-value)
Flow height

Recommended max. basal opening height (acc. to Wendeler)

Flexible, permeable debris flow protection system

System type

Max. system height

Max. system width above
Max. system width below

Proof of system height and system width

V2,base =
vstr =

V2 =

haz =

hg,<=

Type
Ho,max =
Do max =

bu,ma)(

4 [m]
10 [m]
15 [m]
500 [m]

3.0 [m]
18 [%]
12.0 [%]
12 [%]
84.8 [o]

51.1 [m]
955 [m3]

Load case 1 Load case 2

4.7 4.7
3.9 3.6
3 3
1.0 0.8
0.5[m]

GEOBRUGG UX180-H6
6['.m.'"]

25['.m."]

12 ['.m."]

fulfilled !

10°
70

Load case 3
4.7

6.4

3

3.5

[m/s]
[m/s]
[m/s]

[m]



Proof of max. dynamic loading (stopping)

Width factor (width at barrier location to standard width)
Dynamic loading (Pressure and impulse acc. to Wendeler)
Resistance against dynamic loading

Safety factor

Proof of max. dynamic loading

Proof of max. static loading (overflowing)

Reduction factor hydrostat. pressure (Permeability)
Static loading (hydrostat. pressure acc. to Wendeler)
Resistance against static loading

Safety factor

Proof of max. static loading

Proof barrier

BF, =
MDDyn,Z =
RDdyn,Z =

Sden,z =

HF=
MDgtat,2 =
RDstat2 =

SFstat,Z =

Load case 1
0.69

22

259

11.77
fulfilled !

Load case 1
1.0

56

259

4.63
fulfilled !
fulfilled !

Load case 2

35

207

5.91
fulfilled !

Load case 2

56

259

3.92
fulfilled !

Load case 3

282
899
3.19
fulfilled !

Load case 3

137
259
1.89
fulfilled !

[kN/(m*hgq)]
[kN/(m*hgq)]

[kN/m?]
[kN/m?]



Barrier Location No. 3

Geometry of barrier location

System height

Width of torrent on the level of the bottom support ropes
Width of torrent on the level of the top support ropes

Distance to the next barrier upstream

Hos =
bu,3 =
by3 =

Loz =

. Geometry

Torrent inclination and retention volume
System height of the filled barrier

Average torrent inclination upstream of the barrier
Deposition inclination of filled barrier (acc. to Rickenmann)
Deposition inclination of filled barrier (chosen)

Angle between ring net and river bed

Length of deposited material behind barrier

Retention volume

Front velocity and flow height

Front velocity (acc. to Rickenmann)

Front velocity according to Strickler (v1>vstr)

Impact velocity at barrier location (chosen,max. v-value)
Flow height

Recommended max. basal opening height (acc. to Wendeler)

Flexible, permeable debris flow protection system

System type

Max. system height

Max. system width above
Max. system width below

Proof of system height and system width

V3,base =
vstr =

V3 =

has =

hgs<=

Type
Ho,max =
Do max =

bu,ma)(

4 [m]
10 [m]
15 [m]
500 [m]

3.0 [m]
18 [%]
12.0 [%]
12 [%]
84.8 [o]

51.1 [m]
955 [m3]

Load case 1 Load case 2

4.7 4.7
3.9 3.6
3 3
1.0 0.8
0.5[m]

GEOBRUGG UX180-H6
6['.m.'"]

25['.m."]

12 ['.m."]

fulfilled !

10°
70

Load case 3
4.7

6.4

3

3.5

[m/s]
[m/s]
[m/s]

[m]



Proof of max. dynamic loading (stopping)

Width factor (width at barrier location to standard width)
Dynamic loading (Pressure and impulse acc. to Wendeler)
Resistance against dynamic loading

Safety factor

Proof of max. dynamic loading

Proof of max. static loading (overflowing)

Reduction factor hydrostat. pressure (Permeability)
Static loading (hydrostat. pressure acc. to Wendeler)
Resistance against static loading

Safety factor

Proof of max. static loading

Proof barrier

BF; =
MDDyn,3 =
RDdyn,3 =

Sden,3 =

HF=
MDgtat,3 =
RDstat;3 =

SFtat,3 =

Load case 1
0.69

22

259

11.77
fulfilled !

Load case 1
1.0

56

259

4.63
fulfilled !
fulfilled !

Load case 2

35

207

5.91
fulfilled !

Load case 2

56

259

3.92
fulfilled !

Load case 3

282
899
3.19
fulfilled !

Load case 3

137
259
1.89
fulfilled !

[kN/(m*hgq)]
[kN/(m*hgq)]

[kN/m?]
[kN/m?]



Barrier Location No. 4

Geometry of barrier location

System height

Width of torrent on the level of the bottom support ropes
Width of torrent on the level of the top support ropes

Distance to the next barrier upstream

Hoa =
bu,4 =
boq =

Los =

. Geometry

Torrent inclination and retention volume
System height of the filled barrier

Average torrent inclination upstream of the barrier
Deposition inclination of filled barrier (acc. to Rickenmann)
Deposition inclination of filled barrier (chosen)

Angle between ring net and river bed

Length of deposited material behind barrier

Retention volume

Front velocity and flow height

Front velocity (acc. to Rickenmann)

Front velocity according to Strickler (v1>vstr)

Impact velocity at barrier location (chosen,max. v-value)
Flow height

Recommended max. basal opening height (acc. to Wendeler)

Flexible, permeable debris flow protection system

System type

Max. system height

Max. system width above
Max. system width below

Proof of system height and system width

V4,base =
vstr =

V4 =

haa =

hgqa<=

Type
Ho,max =
Do max =

bu,ma)(

4 [m]
10 [m]
15 [m]
500 [m]

3.0 [m]
18 [%]
12.0 [%]
12 [%]
84.8 [o]

51.1 [m]
955 [m3]

Load case 1 Load case 2

4.7 4.7
3.9 3.6
3 3
1.0 0.8
0.5[m]

GEOBRUGG UX180-H6
6['.m.'"]

25['.m."]

12 ['.m."]

fulfilled !

10°
70

Load case 3
4.7

6.4

3

3.5

[m/s]
[m/s]
[m/s]

[m]



Proof of max. dynamic loading (stopping)

Width factor (width at barrier location to standard width)
Dynamic loading (Pressure and impulse acc. to Wendeler)
Resistance against dynamic loading

Safety factor

Proof of max. dynamic loading

Proof of max. static loading (overflowing)

Reduction factor hydrostat. pressure (Permeability)
Static loading (hydrostat. pressure acc. to Wendeler)
Resistance against static loading

Safety factor

Proof of max. static loading

Proof barrier

BF, =
MDDyn,4 =
RDdyn,4 =

Sden,4 =

HF=
MDgtat,4 =
RDstat,a =

SFstat,4 =

10

Load case 1
0.69

22

259

11.77
fulfilled !

Load case 1
1.0

56

259

4.63
fulfilled !
fulfilled !

Load case 2

35

207

5.91
fulfilled !

Load case 2

56

259

3.92
fulfilled !

Load case 3

282
899
3.19
fulfilled !

Load case 3

137
259
1.89
fulfilled !

[kN/(m*hgq)]
[kN/(m*hgq)]

[kN/m?]
[kN/m?]



Barrier Location No. 5

Geometry of barrier location

System height

Width of torrent on the level of the bottom support ropes
Width of torrent on the level of the top support ropes

Distance to the next barrier upstream

Hos = 4 [m]
bys = 10 [m]
bos = 15 [m]
Los = 500 [m]

. Geometry

Torrent inclination and retention volume
System height of the filled barrier

Average torrent inclination upstream of the barrier
Deposition inclination of filled barrier (acc. to Rickenmann)
Deposition inclination of filled barrier (chosen)

Angle between ring net and river bed

Length of deposited material behind barrier

Retention volume

Front velocity and flow height

Front velocity (acc. to Rickenmann)

Front velocity according to Strickler (v1>vstr)

Impact velocity at barrier location (chosen,max. v-value)
Flow height

Recommended max. basal opening height (acc. to Wendeler)

Flexible, permeable debris flow protection system

System type

Max. system height

Max. system width above
Max. system width below

Proof of system height and system width

His = 3.0 [m]
lgs = 18 [%]
I's 5rec = 12.0 [%]
I's = 12 [%]
£= 84.8 [o]

Ls = 51.1 [m]
Vs = 955 [m3]

Load case 1 Load case 2

V5,base = 4.7 4.7
vstr = 3.9 3.6
V5 = 3 3
has = 1.0 0.8
hgs<= 0.5[m]

Type GEOBRUGG UX180-H6
Ho,max = 61['.m.]
Do max = 25['.m."]
By, max = 12['m.']
fulfilled !

11

10°
70

Load case 3
4.7

6.4

3

3.5

[m/s]
[m/s]
[m/s]

[m]



Proof of max. dynamic loading (stopping)

Width factor (width at barrier location to standard width)
Dynamic loading (Pressure and impulse acc. to Wendeler)
Resistance against dynamic loading

Safety factor

Proof of max. dynamic loading

Proof of max. static loading (overflowing)

Reduction factor hydrostat. pressure (Permeability)
Static loading (hydrostat. pressure acc. to Wendeler)
Resistance against static loading

Safety factor

Proof of max. static loading

Proof barrier

BFs =
MDDyn,S =
RDdyn,S =

Sden,s =

HF=
MDgtat,s =
RDstats =

SFtat,s =

12

Load case 1
0.69

22

259

11.77
fulfilled !

Load case 1
1.0

56

259

4.63
fulfilled !
fulfilled !

Load case 2

35

207

5.91
fulfilled !

Load case 2

56

259

3.92
fulfilled !

Load case 3

282
899
3.19
fulfilled !

Load case 3

137
259
1.89
fulfilled !

[kN/(m*hgq)]
[kN/(m*hgq)]

[kN/m?]
[kN/m?]



Barrier Location No. 6

Geometry of barrier location

System height

Width of torrent on the level of the bottom support ropes
Width of torrent on the level of the top support ropes

Distance to the next barrier upstream

Hoe = 4 [m]
by = 10 [m]
Do = 15 [m]
Los = 500 [m]

. Geometry

Torrent inclination and retention volume
System height of the filled barrier

Average torrent inclination upstream of the barrier
Deposition inclination of filled barrier (acc. to Rickenmann)
Deposition inclination of filled barrier (chosen)

Angle between ring net and river bed

Length of deposited material behind barrier

Retention volume

Front velocity and flow height

Front velocity (acc. to Rickenmann)

Front velocity according to Strickler (v1>vstr)

Impact velocity at barrier location (chosen,max. v-value)
Flow height

Recommended max. basal opening height (acc. to Wendeler)

Flexible, permeable debris flow protection system

System type

Max. system height

Max. system width above
Max. system width below

Proof of system height and system width

Hie = 3.0 [m]
lgg = 18 [%]
I's 6rec = 12.0 [%]
I's = 12 [%]
£= 84.8 [o]

Le = 51.1 [m]
V. = 955 [m3]

Load case 1 Load case 2

V6,base = 4.7 4.7
vstr = 3.9 3.6
V6 = 3 3
hae = 1.0 0.8
hge<= 0.5[m]

Type GEOBRUGG UX180-H6
Ho,max = 61['.m.]
Do max = 25['.m."]
By, max = 12['m.']
fulfilled !

13

10°
70

Load case 3
4.7

6.4

3

3.5

[m/s]
[m/s]
[m/s]

[m]



Proof of max. dynamic loading (stopping)

Width factor (width at barrier location to standard width)
Dynamic loading (Pressure and impulse acc. to Wendeler)
Resistance against dynamic loading

Safety factor

Proof of max. dynamic loading

Proof of max. static loading (overflowing)

Reduction factor hydrostat. pressure (Permeability)
Static loading (hydrostat. pressure acc. to Wendeler)
Resistance against static loading

Safety factor

Proof of max. static loading

Proof barrier

BFs =
MDDyn,G =
RDdyn,G =

Sden,6 =

HF=
MDgtat,6 =
RDstats =

SFstate =

14

Load case 1
0.69

22

259

11.77
fulfilled !

Load case 1
1.0

56

259

4.63
fulfilled !
fulfilled !

Load case 2

35

207

5.91
fulfilled !

Load case 2

56

259

3.92
fulfilled !

Load case 3

282
899
3.19
fulfilled !

Load case 3

137
259
1.89
fulfilled !

[kN/(m*hgq)]
[kN/(m*hgq)]

[kN/m?]
[kN/m?]



Barrier Location No. 7

Geometry of barrier location

System height

Width of torrent on the level of the bottom support ropes
Width of torrent on the level of the top support ropes

Distance to the next barrier upstream

Ho7 = 4 [m]
b,; = 10 [m]
Doz = 15 [m]
Lo7 = 500 [m]

. Geometry

Torrent inclination and retention volume
System height of the filled barrier

Average torrent inclination upstream of the barrier
Deposition inclination of filled barrier (acc. to Rickenmann)
Deposition inclination of filled barrier (chosen)

Angle between ring net and river bed

Length of deposited material behind barrier

Retention volume

Front velocity and flow height

Front velocity (acc. to Rickenmann)

Front velocity according to Strickler (v1>vstr)

Impact velocity at barrier location (chosen,max. v-value)
Flow height

Recommended max. basal opening height (acc. to Wendeler)

Flexible, permeable debris flow protection system

System type

Max. system height

Max. system width above
Max. system width below

Proof of system height and system width

Hy ;= 3.0 [m]
g7 = 18 [%]
I's 7 ec = 12.0 [%]
I's; = 12 [%]
£= 84.8 [o]

L, = 51.1 [m]
V., = 955 [m3]

Load case 1 Load case 2

V7,base = 4.7 4.7
vstr = 3.9 3.6
V7 = 3 3
has = 1.0 0.8
hg 7<= 0.5[m]

Type GEOBRUGG UX180-H6
Ho,max = 61['.m.]
Do max = 25['.m."]
By, max = 12['m.']
fulfilled !

15

10°
70

Load case 3
4.7

6.4

3

3.5

[m/s]
[m/s]
[m/s]

[m]



Proof of max. dynamic loading (stopping)

Width factor (width at barrier location to standard width)
Dynamic loading (Pressure and impulse acc. to Wendeler)
Resistance against dynamic loading

Safety factor

Proof of max. dynamic loading

Proof of max. static loading (overflowing)

Reduction factor hydrostat. pressure (Permeability)
Static loading (hydrostat. pressure acc. to Wendeler)
Resistance against static loading

Safety factor

Proof of max. static loading

Proof barrier

BF; =
MDDyn,7 =
RDdyn,7 =

SFdyn,7 =

HF=
MDygtat,7 =
RDstat,7 =

SFstat,7 =

16

Load case 1
0.69

22

259

11.77
fulfilled !

Load case 1
1.0

56

259

4.63
fulfilled !
fulfilled !

Load case 2

35

207

5.91
fulfilled !

Load case 2

56

259

3.92
fulfilled !

Load case 3

282
899
3.19
fulfilled !

Load case 3

137
259
1.89
fulfilled !

[kN/(m*hgq)]
[kN/(m*hgq)]

[kN/m?]
[kN/m?]



Barrier Location No. 8

Geometry of barrier location

System height

Width of torrent on the level of the bottom support ropes
Width of torrent on the level of the top support ropes

Distance to the next barrier upstream

Hog = 4 [m]
byg = 10 [m]
Do = 15 [m]
Log = 500 [m]

. Geometry

Torrent inclination and retention volume
System height of the filled barrier

Average torrent inclination upstream of the barrier
Deposition inclination of filled barrier (acc. to Rickenmann)
Deposition inclination of filled barrier (chosen)

Angle between ring net and river bed

Length of deposited material behind barrier

Retention volume

Front velocity and flow height

Front velocity (acc. to Rickenmann)

Front velocity according to Strickler (v1>vstr)

Impact velocity at barrier location (chosen,max. v-value)
Flow height

Recommended max. basal opening height (acc. to Wendeler)

Flexible, permeable debris flow protection system

System type

Max. system height

Max. system width above
Max. system width below

Proof of system height and system width

Hig = 3.0 [m]
lg = 18 [%]
I's grec = 12.0 [%]
I'sg = 12 [%]
£= 84.8 [o]

Lg = 51.1 [m]
Vg = 955 [m3]

Load case 1 Load case 2

V8,base = 4.7 4.7
vstr = 3.9 3.6
V8 = 3 3
has = 1.0 0.8
hgg<= 0.5[m]

Type GEOBRUGG UX180-H6
Ho,max = 61['.m.]
Do max = 25['.m."]
By, max = 12['m.']
fulfilled !

17

10°
70

Load case 3
4.7

6.4

3

3.5

[m/s]
[m/s]
[m/s]

[m]



Proof of max. dynamic loading (stopping)

Width factor (width at barrier location to standard width)
Dynamic loading (Pressure and impulse acc. to Wendeler)
Resistance against dynamic loading

Safety factor

Proof of max. dynamic loading

Proof of max. static loading (overflowing)

Reduction factor hydrostat. pressure (Permeability)
Static loading (hydrostat. pressure acc. to Wendeler)
Resistance against static loading

Safety factor

Proof of max. static loading

Proof barrier

BFg =
MDDyn,S =
RDdyn,B =

Sden,S =

HF=
MDgtat,e =
RDstat,s =

SFstats =

18

Load case 1
0.69

22

259

11.77
fulfilled !

Load case 1
1.0

56

259

4.63
fulfilled !
fulfilled !

Load case 2

35

207

5.91
fulfilled !

Load case 2

56

259

3.92
fulfilled !

Load case 3

282
899
3.19
fulfilled !

Load case 3

137
259
1.89
fulfilled !

[kN/(m*hgq)]
[kN/(m*hgq)]

[kN/m?]
[kN/m?]



Barrier Location No. 9

Geometry of barrier location

System height

Width of torrent on the level of the bottom support ropes
Width of torrent on the level of the top support ropes

Distance to the next barrier upstream

Hoo = 4 [m]
byo = 10 [m]
Do = 15 [m]
Loo = 500 [m]

. Geometry

Torrent inclination and retention volume
System height of the filled barrier

Average torrent inclination upstream of the barrier
Deposition inclination of filled barrier (acc. to Rickenmann)
Deposition inclination of filled barrier (chosen)

Angle between ring net and river bed

Length of deposited material behind barrier

Retention volume

Front velocity and flow height

Front velocity (acc. to Rickenmann)

Front velocity according to Strickler (v1>vstr)

Impact velocity at barrier location (chosen,max. v-value)
Flow height

Recommended max. basal opening height (acc. to Wendeler)

Flexible, permeable debris flow protection system

System type

Max. system height

Max. system width above
Max. system width below

Proof of system height and system width

Hio = 3.0 [m]
lgo = 18 [%]
I's 9 ec = 12.0 [%]
I'so = 12 [%]
£= 84.8 [o]

Lo = 51.1 [m]
V.o = 955 [m3]

Load case 1 Load case 2

V9,base = 4.7 4.7
vstr = 3.9 3.6
V9 = 3 3
hao = 1.0 0.8
hge<= 0.5[m]

Type GEOBRUGG UX180-H6
Ho,max = 61['.m.]
Do max = 25['.m."]
By, max = 12['m.']
fulfilled !

19

10°
70

Load case 3
4.7

6.4

3

3.5

[m/s]
[m/s]
[m/s]

[m]



Proof of max. dynamic loading (stopping)

Width factor (width at barrier location to standard width)
Dynamic loading (Pressure and impulse acc. to Wendeler)
Resistance against dynamic loading

Safety factor

Proof of max. dynamic loading

Proof of max. static loading (overflowing)

Reduction factor hydrostat. pressure (Permeability)
Static loading (hydrostat. pressure acc. to Wendeler)
Resistance against static loading

Safety factor

Proof of max. static loading

Proof barrier

BFy =
MDDyn,Q =
RDdyn,Q =

Sden,9 =

HF=
MDgtat,0 =
RDstat,o =

SFstat,Q =

20

Load case 1
0.69

22

259

11.77
fulfilled !

Load case 1
1.0

56

259

4.63
fulfilled !
fulfilled !

Load case 2

35

207

5.91
fulfilled !

Load case 2

56

259

3.92
fulfilled !

Load case 3

282
899
3.19
fulfilled !

Load case 3

137
259
1.89
fulfilled !

[kN/(m*hgq)]
[kN/(m*hgq)]

[kN/m?]
[kN/m?]



Barrier Location No. 10

Geometry of barrier location

System height

Width of torrent on the level of the bottom support ropes
Width of torrent on the level of the top support ropes

Distance to the next barrier upstream

Ho,10 =
by10 =
0,10 =

Lo =

. Geometry

Torrent inclination and retention volume
System height of the filled barrier

Average torrent inclination upstream of the barrier
Deposition inclination of filled barrier (acc. to Rickenmann)
Deposition inclination of filled barrier (chosen)

Angle between ring net and river bed

Length of deposited material behind barrier

Retention volume

Front velocity and flow height

Front velocity (acc. to Rickenmann)

Front velocity according to Strickler (v1>vstr)

Impact velocity at barrier location (chosen,max. v-value)
Flow height

Recommended max. basal opening height (acc. to Wendeler)

Flexible, permeable debris flow protection system

System type

Max. system height

Max. system width above
Max. system width below

Proof of system height and system width

Hio =
ls10 =

I -
s,10,rec —
| -
I's10 =
Lo =

Vi =

V10,base =
vstr =
V10 =
1o =

hg,10<=

Type
Ho,max =
Do max =

bu,ma)(

21

4 [m]
10 [m]
15 [m]
500 [m]

3.0 [m]
18 [%]
12.0 [%]
12 [%]
84.8 [o]

51.1 [m]
955 [m3]

Load case 1 Load case 2

4.7 4.7
3.9 3.6
3 3
1.0 0.8
0.5[m]

GEOBRUGG UX180-H6
6['.m.'"]

25['.m."]

12 ['.m."]

fulfilled !

10°
70

Load case 3
4.7

6.4

3

3.5

[m/s]
[m/s]
[m/s]

[m]



Proof of max. dynamic loading (stopping)

Width factor (width at barrier location to standard width)
Dynamic loading (Pressure and impulse acc. to Wendeler)
Resistance against dynamic loading

Safety factor

Proof of max. dynamic loading

Proof of max. static loading (overflowing)

Reduction factor hydrostat. pressure (Permeability)
Static loading (hydrostat. pressure acc. to Wendeler)
Resistance against static loading

Safety factor

Proof of max. static loading

Proof barrier

BF o =
MDpyn 10 =
RDdyn,lO =

Sden,lO =

HF=
MDgtat,10 =
RDstat,10 =

SFstat,lo =

22

Load case 1
0.69

22

259

11.77
fulfilled !

Load case 1
1.0

56

259

4.63
fulfilled !
fulfilled !

Load case 2

35

207

5.91
fulfilled !

Load case 2

56

259

3.92
fulfilled !

Load case 3

282
899
3.19
fulfilled !

Load case 3

137
259
1.89
fulfilled !

[kN/(m*hgq)]
[kN/(m*hgq)]

[kN/m?]
[kN/m?]



