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 Xt,c‐va c力Fm
■2.1.Va cham phap turn tai bё matdia hlnh
(SuOn tang)
a.κ力6′ kヵδ′g9υay`月.3aリ

月.3.ya c力am p力
`ρ

 rυyδη νO′ marρわδ′%
κわ6f f´δη κ力δ″g raリ カοac 9υay`b,   1

v6i kh6i tron roi thら ng ding tむ chiさ u cao h,
dOng nang cOa kh6ic6 kh6iluong m la:

E=mgh=平 ,tЮng d6 V=編F(1)
va chanl duoc quan sat rat khac nhau oi■ a
tranc thゴ banぬ u↓a tranq th6i cu6i c〕 nO tゐ nq
khOIng thoi gian r6t ngら ni 

‐          ‐   ~

。
8・ Trang thai ban dau:v_=v;
。
:。 Trang thai cu6i c〕 hg:v+=_env_.
HuOng van t6c dうo ngLPO'C,d61σn cOa n6 giarΥ l

b6i ho s6 phuc hら i phap tuy6n en(0く enく1).T6n
that nう ng ltPong la: △E/E=(1-en)2. T6n that nぅng
lLPOng bら ng khOng khi Va Chanl dan hOi(en=1),n6u
va cham mё m hOantOan thl(en=0).
Thuc to en khong phal la rγ 16t hぅng s6 khong
phu thuoc vう o kh611υong cia kh6i da m,mot phan
nhng l口αng da bi triot tiou bl夕 i tu。,ng tac va chalTl

mёm v61 bё n mうt tang.MOt s6 mo hinh s6 coa
(Decoeudre,1990),gidi thiOu gioi han ho s6 phuc
h6ithOng qua n16t hうng sO vatliOu bё  nlうtti6p x`c
va du,。 c x6c dinh sau khi quan sat tren dia hinh

thuc tё :

el=_曇⊆'` VmV~             ・・
b.綸 6′め′cttyδη

“

ηg 9υay"aり
ch`ng toi b6 sung chuy6n dong quay lat coa
kh6it`ch ra t〕 bさ rnぅt cia subn tang(d6c)va dinh

nghTa mOt gi6 trit6c dO quay 96c ω.DOng nang cOa
kh6i khi k6 toi chuy6n dong tinh ti6n va quay la:

、.つ   . 2

E=讐+号 (J mOmen quan tinh)(2)
Chuy6n dong roi tu dO theo chiё u thら ng dク ng
khOng thay d6i nhung sinh ra momen ma sat coa
tiё p x`c coa khoitheO qu,daO roi,va charn va nay

tren bё matsuon tang,v6i van t6c ti6p tuy6n vt.

V6i mot kh6i hinh cら u ban kinh r, J=2.rn.r2/5.

Phυong tnnh va cham cia kh6icau soia:
「m(寸―vl)=|

tm(ω
十_ω―
)=l.r

Tき d6:(2/5)r(ω +― (o~)=―(Vt+― Vt~)       (3)
Nhing tinh chit cGa tυ ong tう c va cham khOng
dan hoi:

V+=―enV                 (4)
mf菫 )i+2m二

2(。

「 )i=里 (v71+2m三
2(“

「 )22525
つ ^

(Vl― Vt)(Vl+V7)=意 rZ(C'-0「 )(“
'+0「
)(5)

Do d6,ch`ng ta c6:

(イ +V〔 )=r(げ +げ)         (6)
「
vF=旦 v,キ ir
l｀  7' 7

1げ =_1げ +⊇rt  7  7｀
Vο i trυ ong hop coa chttng tol,vt=o,cac trang
th6i cia kh6i cau dυoc mO tぅ nhu sau:
。
:。 Trang th6i ban dう u:

Vl=V=√Oh,Vt~=Oω―=ω :

。
:。 Trang thai cu6i cong:

寸 =―enVn,寸 =11二 ,げ =―;げ
・

Kh6i truot 16 vOi van t6c ban dau v6i hu∂ ng
quay ngυ oc,va qu,dao bay coa kh6i dang parab。 |:

V+=、馬肩石(イア         (7)
Tぅ c(]‐6ng ti6p the()ti6p the。 ,nay sё va c6 thO nぅ ng

moi vαi憾n t6c giam dan vn=_eiV,ぬ sau“ la quy
ぬ。dichchurntheo phuong ngangvathら ng d口ng.
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Vidu 2:g6c nghieng suOn d6c β=40° ,van t6c
sau va cham thi nhat(tinh theo vi du ex.3.3.1):

V。=9.8m/s,δ。=40° ,α =0°,S=21.4m,f=3.45m,
tl=1.67s,Vl=19.l m/s va δl=19° .

3.TriPct va lan

TЮng qua tnnh sut16“ a kh6i,van t6c phap tu“ n

ducc xac dinh sau va chanl c6 th6 ti6p tuc roi heo

hLP6'ng Xu6ng dυ di theO tieu Chuan hOう Cdむng iai,
n6u ho s6 phuc hOiぬ t nh6:tυ ong bc va cham la● p

thoi va kh6i ti6p tuc qu,daO trOn bё  m激 輌a hinh bδ i
qua tnnh chuyen dong l■ POt hOぅclぅn.

3.f.石

“

υoそ

Trong qua tnnh chu¢ n dong,he s6 ma sat
dOng lLPC μ la gia trithOng thυ Ong kha nh6 duC'i gi`

tri ma sattTnh tinh nhu sau:μ s=tg(p.

He s6 ma s6t

ド,t9β

S

v=0

‖7」″d cia κ力6′ 1′∂ff∂ c d6 ban dうυV。

TrOn mう tnらm nghiOng mOt g6c β(H.7),kh6i
chuyё n dong o thoi di6m t=o vOit6c do ban dら u、′。
theO cac phυ αng tnnh chuyё n dong nhu sau:

m#=mg sinβ―μ mg∞ sβ     (14)

Lu'c can khilan c□ a kh6ila do su b10n dang dia

hlnh,dうc di6rn cOa n6 x6c dinh su chuy6n dich e
coa c6c di6m ttPong tac,va cham voi dia hinh tai
d6theo diё u kiOn l′ thuy6t khi tuong tac,va charγ l

thit6c do tai di61Υltuong ing la o,n6u khong truct.

DO bOn chOng trυ ot Ne,thυOng xuyOn goila ma
satlぅ n.e la g16 tri nho vai milim6ttron bon rnぅ t dia

hinh c6 dang da cCPng,nu't nei vai centin16t、 /6'i b6

mぅtdia hlnh mё m s6p dang datc口 ng(H.8).

Ⅲ幻r
ヽ

`

v(0=v"-g t (pcosB-sinp)

m 0

Lヽ

月.8「 Lan c′aκ力6′ da″g cat
・たゎ6ng c6 f6c d6 ban daυ

Di6m tucng tac,cac lザ c tan tai va xuat hiOn lさ
ing luc pha`tuy6n N,ti6p tu¢ n cGalυc ma sat F
va ingluc Ne.
C)huv6n‐dOnq cOa kh6i c6 thi6t diOn trono(khOi

dang cδ u)06it6c do ba■ .dさubら ng khong,tにドmぅt
phing nghiong 96 gho dυoc rno ta theO ho phuong
tnnh sau(Favre,1947):

dV dt-tm_=m_r=mostn5 _F
dt dt

0=N-mgcospol{=mgcosp

r!9=rr-Ne
dt
Tυ hO phυo'ng trinh trOn,ch`ng ta c6:

(20)

zmf' chO khoi dang hinh cau)

r mg(JSin β+m。。Sβ er)
「=~~~~~~可葛:Fi~iア

~~~~~

voi J=IIi cho kh6idang(■ a

N6uμくtgβ kh6i dOt ngOt chuy6n dOng nhung
voi gia t6c dё u khong d6i.

N6uμ>tgβ kh6i truct chalTilai.
Kh6i dυng lai b6i:

器=V(tl)=0't4=面蔽戸蔀両
4. (16)

lくhOang cach ma kh6i di chuy6n d6n khi dtPng
lai duoC X6C dinh theO COng th口 C:

s=_____VO_____         (17)
29(μCOSβ ―Slnβ )                   

・  ・

Nang lLPα ng bitriOttiOu bOi ma Sat ma n6 bら ng
t6ng th6 nう ng va dong nう ng caa kh6i:

..つ
rn、′
‐

En=μ mg S cosβ =mg S sinβ +=ナ   (18)
3.2 Lan

―

１

１
「一

(19)

dS_m― ―
dt

(15)

J
5

F=mg
3

F=型旦
7

hinh cau

T6c do chuy6n dich, song song vc,i su,c,n d6c,

duo'c xac dinh:

v=撃 (sinβ _■ cosβ )t,cho kh6i dang山 ;

3       r

(sinB +29cosp) cho kh6i dang hinh dIa

(2sinP +S9cosP) cho kh5i dang kh6i
r
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56
^        ^    ?   r
00‖G‖GHl[P HO,S02‐ 2016



910Z…Zps`olll dilH9‖9‖o0

・Чuり16u9o oA 09q d9Чd
u9!q09090マA!劇

"`6u塾"oコ
!1」?A`nЧ ttd

6uOA O`p`nЧI ЧOl】QA 9S 6u9Чl o9o oOp op?A Чulp
o9x !91 6uりЧO d,Чd oЧO 人?u u90 d9!l Ч090 ・n00
u9!Ч6uo綺A nЧ】6u■1 6uonI!9Ч】`!」1:A`Чuip u9 19Ш

!9Чンo9o ul!Ч;9nx 19ns u91 oo21p Чuip o9x!916u,Ч0
`u9!Чu n96u 9】 6u9Ч1 6u9Чd 9ul d9Чd 6uo`nЧd

!9A・neЧu o9Ч】oっnЧI Чoj、9o!9Чx 6u41 0Ч0 9Чl
nOマAっllnS 6uQA e10 6uOnЧ Чu?``nЧ 9Чd!A deЧd

!`)1 6uく,`nЧ Чu? 19!Чl uマo 9s 6u9Ч1 090 Чuip 09X

9p■■ ・Чuip u9 19u」!9Ч】090 0oO κeq Olp`nbマA
LlleЧO eA`0,1 6uo「ll Чuり1,nb 6u9Чd Ou」!916u,Ч0
`pu」uQn6u 9Ш ЧulЧ 9Ш u,ol)lnЧl o9o 6unp 6uη
?A6u9Чd 9t」9Ч6u6u9o eOo u9!」119Чd hS!つA

・nηo u9!Ч6u lA u」eЧd 6uo」
l

●」κ9x9Ч19o`91)ns`Чuip u9 19tu 6u?u9Ч】90!9Ч】
。9。e00 buep ЧulЧ。̀OnЧI Ч。1】Чu!p09X9p`n■・09p
uρ
`nS e10 Чuip u9 9p?A dρluoЧd`0,」:ne0 9A 6un」l
o,p9s6u9Чl o9o!OA 19ЧO eip.9Lu nO!1 9S deЧI nЧl
9p l,s oeЧ】`Qp Ш9ЧllenЧl`】6u?q。」!,」Oeo Чu!p
09XマA u90pl`np OマA dOIЧl ueOマA`l oX 191 6uりЧ()

・d●oOЧd lリマ|スマu Чun 9nb 6u9Чd 9Ш
Чu叫9nb 9p Op`d匈。ηЧd(19Ч OnЧd)～uいuびnЧ。lp
`κeq OOpl`nb 09q`np 9S 09p uρ

`nS 19ttl eq?A,p・!9Ч】
oO!6u9!Чl,nx uマЧd ЧuマЧl o9o o`n!6o916u`on1 0綺1

・6uり6uoハluつ|

6u9p o91 Чo9o 6u9oЧ】lotたl uo」l・uっ1 9p o91!,A9p
OnS n911 19A .!9Чン19u」!マA u9p l,tu!|!tu !マA rl:neЧu
09Ч】0`)`nЧI ЧOリン !`PA u91 !9Ч】 `6u,l u9!】 nelp o90
6uo」lハЧu`09p uOns uり1´uョlo口oЧ κeu‐ШしЧo eA
(19uコ!?Au,p19u」!lu00!マA■:)916u9!」!9Ч斗090
・uplo,ハЧI ЧoI】9o u口16u9)oloЧ!9Ч】o9o eA(uo!Чu
n90u,Чulp u9 19u」,p!9Чン0900」Чu!S u9Чu u9Anbu

91 9u l`りu 6uηo ,p o9p uOns o9o マA !ゅu Ч09A
`09p uρnS 090!9A!9p u9!Чu hleo0 6uop ulA ns

6unp 6u」〕・9

・ЧЭll u9Чd n9s!p6u9Чx!916uりЧO`人マu o9q

!?q!A ШOЧd 6uol■・d●oOЧd19 9S 00■u9Чd 
Чuu1 9nb

`6unЧЭ!9u u9!Ч1919u」!?Чl!?q!ィPA 6unp d9 uo」l u9!】
nQp 090!919、マAκ?u dbЧ 6uρn」1 6uo」l ЧЭ!l u9Чd
n9N19Ч)9pl uO!】n9!pマA!?Ч19p nelileA 19ЧO Чul1 0eA
。9nЧl`nl Чuい。,0 00np OりX d9!l u19!p!el ЧulЧ eip lll」

マqぃ!9Ч】e■!6 z d9Чu Ш緊
"ぃ
どoOЧ oハ1 6uOG

・A9p09マA Ш 6uoハ1 6uo」)oo!9ЧH 9o!9Ч】!OA!?Чl!9q
uρnS uO」l ШOЧO eA`091 6uo`nl!Чx 101 6u■p!OЧ】uol】
nマ!p!っl Ш9 uenb η 6u,ЧO`0,X d9!}ЧulЧ ep llШ uりl
19q Ш9!6uマЧd loШマA!p ЧOIllq!9Ч】07D e10 QI)nS
091uい。

"マ
Ш!ou。9p uρns uttl～u!01 oOn6N

:く)』Oq'p9009p
uQms■●Ч̀:?Ч:!9q llШマquッ:oフ3 6uom■・タ
・neplueq 001 ueA 90 6u9Ч】!9ЧXマinep ueq 10!Чl

?!6 !っA `d6)マ‖ !Ч】 6uop u9κnЧo 9o 6u9Ч】 9S

(9乙)              ・[1(Jsoo■―du!s)6]=A
(ッ乙)               :(d soo6Ш■)=」
(8乙)                :(Jsoσ61」)=N

:neS`nЧu Чuip。9X
oO`np 9s 6u9Чl o9o inQp ool e!6 !っA 6uop u9κnЧ0
oOnp nЧl e1 6u,Чc}・Kenb Чuu1 9nb 6uo」〕10rl」1
9s !9Ч】 `ucu」?oЧ1 6u9Ч】 κマu u9!ン nQ!p n,N

」              」

(乙乙)    (5乙―‖ι,J6)。10Ч)5z―Hc,d6)

:u9u190Чl ue0 9u lЧI Чuip O'X00np i n9N
」

(レ乙)         J soo 6Ш■,(JSO。5ι+JuIS)

(e■)6uOp!9Ч】doЧ 6uρn」1)o10Ч N llヌ」
:neS u01】ne!p uctu

90Ч}Чu:Ч eip llu1 9q u9」l!9Ч】e00‖lon」19さOЧ!ρl

9】19Чd ueD`u?1 6uonl u91Ч oOo 6uO油Ч Чu9!ρA
:     ユ0′

':410A″
F7・3・3 . .     1`Dn」
16u?u?ЧX

?Au口16u9Ч,o詢l oOo 6u`onlЧ Чu9!p19】6uOЧ】
‐
  :。9ッ>J!Чx Чuip u9!9Ч〉16u9nA ЧutH
:。
oo>J!ρ

lA 
Чuip u9!9Ч〉109!6 onl ЧulH

・oe16 ep!9Ч】eOo 6ue6u uo!pl,011しu
e10 Чu00 9S,マlu!9,Au/。80レ=ゆ!9ЧX 000 tu91■l Чull
o96 9s eOu 9nb 10nA 6u9Ч】」09p upns e00 19Ш

9q u91 6u9p o91 9A!9Ч】OoO Чu00 10u」`(096)tu9!p
loL:Чuenb κピnb 19KnЧl`l ooЧl o91 6uonlし19!G

。9p ι′!。nS υθヴ19υ θ

'ο

″υ

“
'υ99p′イ

)′

′9リイδυ
'ρ

″υ′りθ,Oδ
“
り
'9″
υy・6・H

・OC'J Чul,u9

Чulp u9 8u9Чメ

u

・
(6‖)ЧutЧ uツlul!Ч9Ч100詢p o9p uOns uりl Чuip
u9u9p6uOnЧ Чu7!9Ч】eりo6uOp ЧulH((]8)!9Ч]
090!`,A6u″1)口tu 9S oloЧ((]乙)Чueo 9s enb 6u9Чl
olЧ6u ЧЧip oOハp 9Ч1 9o !9Ч】o9o 6uOp ЧulH

・
9Чu l,」Чuり】

6uOnp l,A!oЧ】Oo0 0つnЧI ЧOl】010Ч `n9人1■:9Ш

マA d9S ЧutЧ e!pl?Lu 9q 090Ч 190Ч1 09p 9!K9u u9!】
n9!p6uo」1 6ur1 6uoィil o9p uρns ЧutЧ elp`u口16u9Ч】
マA!|16u■p!9Чン`スマu dOЧ 6uρn」1 6uO」上・

duer」くo
dOЧ 6uρn」1■■`n"o91e16!っA6u"uびnЧЭ!Чy

l        ′

¬マo ЧutЧ 6uOp 19Ч】oЧo`l(JSO。5-dulSz)i=A

回E■91ilヨ‖9‖9‖00V100H VOHH

29

。s,5」
Чu!pu9

(dヽ準」α。)a″



G‖‖

Ю
　
　
　
０
　
　
　
　
　
２

，
　
　
　
”
　
　
　
　
　
”

4. Nguyen, A.T,  Merrlen‐ SЭ _Kaicnoff, V"
Vinches, M.(2015).Rockfall hazarc lorrn DFN
modeling of benches stability analysis 、vlth a
stochastic   apprOach.   Proceedings   of   the
international Ⅵ′orkshop on Advances ln surace
rnining   for   environrnental   protection   and

sustainable developrnent, Hanoi, Vietnarn, p. 97-

108.ISBN:978-604-913-423-4.
5.Nguyen,A.T"Memen―SoukatchofF,V.&Vinches,
Ⅳl" 2014. Grouping discontinuities of fractured rock

rlass into main sets:consequences on the stability

analysis of open plt benches. ln E).2014, ed.[)FNE

2014.ヽ /ancouver,()anada,pp.1-8.

的
“
併0だ″″ρ:″δ SFGFao

´ 一 ‐ヽ
ヽ

"
,S   i● 5  113   122

93

"
S● 3m ■59

HゴaQ″ ぬοめυy`″
“

″gi′a陶

“

am
cia c`cκヵδf mar∂ n d7,ヵ :´6η fa′g

6.K`tiuan

su sutlo lTlδ t 6n dinh cac kh6i phu thuoc vぅ 。
dう c tinh co hoc phう hu'cOa cic khOi c6 kha nanq
rrlat on dinh tren bё , doc va vai tro cia cac hion

tuα ng dOng luc hoc rna ching c6 th6 mO ta thOng
qua cac hoat dOng khoan n6 rnin,van tai,thal.d6,

nυ6c mat―ngam,… Do d6,v6ndさ mO phongお i υu
cac diさ u kiOn thu,c t6 1a rat can thi6t dぅ c‐ biOt lら m6
hinh 3 chiOu.                  _

HiOn nav, cac m6 hlnh s6 c6 υu viOt r`t16n
trOng 口ng dung phan trch cac thong s6 dinh gia
rnic d6 6n dinh va nguy cc rOiro mat 6n dinh anh
hυ6ng toi moitruong va cac cong trlnh can bぅ 。vO
trOng diou kion dia hinh,dia chat phcPc tap cac chi

phi thaiγ l do khぅ。sat la rat l● n va nhiё u truong
hoplう khOng thu'c hiOn duα c.

NghiOn c●u n16 ph6ng dOng luc hoc ap dung
chO rn6i truさng dat da cing nitnё (cac yё u t6 anh

hu6ng t6i hion ttrong va cham va tυ ong t6c gi■ a
cac kh6iva bё mぅt dia hinh sυ on doc.cac k6t ouぅ
ban dau nay chO ph6p nghion ciu va dinh hυ 6ng
nghiOn c● u cac rOiro vO rnat 6n dinh cac sυ ё,n d6c

vdi c,c kh6i“ cirac c6 th6 1,n,trυ∝va bay_nay
khi tiOp x`c voibO mう tsuOn dOc.[]

TA:LilU THAM KHAQ.

1.Asof, M" 1991.Ё tude du compo(ement
n16canique des massifs rocheux fractures en bl()cs

(mёthode a l'6qu‖ ibre limite): rё a‖ sation et
application.|_AEGO,p.142.
2. 13aroudi, H. et aL, 1992. 13ench stability in

open pit Mines:A methodology for iointed Rock
rnasses. :n Regional Conference on fractured and

iointed rock rnasses.Lake Tahoe,lCalifornia,p7.
3.Baecher,G.B.&Christian,J.T"2003.Re‖ ab‖ ity
and ISセ itistics in Ceotechnical Engineenng John

VV‖ey&Sons,ed"England:Wiley.

The paper simulates the landslide process
6f the rocks on the moment of the birth a
mine slopes, its orbital motion in space until it
stopped on the terrain surface or restrained
by encounter bar.

SUMMARY

1.Chic6 bac thOng th6i m6i bi6t r6 duoc

minh la ngυδi ngu d6t.yF。ゎr Hυgο .

2.Con nowOi ducc sinh ra de sOno ch●
khOng  phうi d6 sCi,a soan s6ng.  Bο ″s
Paslb`η aた

3. Hav oiai thich cho tOi hi6u vさ m6t hat
cat, toi sё  giぅ i thich chO vo ong trむ i.

とa′η′ηenalsス 0わ6.
4. Ngtl'υ i nうo khOng cOn bi6t ngac nhiOn
gl n,a ca thi nen xem ngυ oi ay nhu, dぅ
ch6t,宙 mithO da mo./t′be″ E′ηsre′η.
5. Nh● ng nha glac)g:6i nhat la nho,ng
nguむi bi6t tu bi6n mlnh thanh cay cら u d6
mOihoctrO ho vψ αt qua.N′たοs κazanfzakis.
6.[)oc sう ch nhiOu ma dung dau〈 loc d6 1a
hu,hooitinh than.Doc i nhung doc kyta sё
tim ra dυoc chan l′  ChO CuOC dOi.
A′′υηsc力 ROger
7.Lam thay thu6c iam thi gi6t m6t ngυ Oi,
lam thay dia l′ |ら m thl gi6t m6t ho,|う m chinh
tri lam thi gi6t m6t nυ dc,lam vう n ho6 1am

WH suu tdm

吻暉 吻

thi giot ca m6t doi.■ δο石ク.
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