SEACAP 21/004 mnéjuaejf’mc%en

Nk I83Hna9nauduasIRseastU2eI0ERY

Hos 8 LI0OENIWERTL: NIseN KUY
8.3 mneemwusvt’ioamg
8.4 mneemwuaJnoau
(o009 8.7 mnasmammumsaj)

#



SEACAP 21/004 NIVEUODIOV IOV

g9z IuN0S 8 e

wang 1 msaj
1) 211‘1U8)OU2833’11J‘W101J2U1]I]611J (Uou;nvn'f]),
2) ﬂ‘lija\i‘-?%uL"ClEJQBw‘]U283C'Jua‘jOlJ (B9 8.1).
. ngijmgl‘jm“a‘j%‘j 9,
. sugggagmwwg
. Lamavsuzgumno‘cmwa‘io
. m“ia?Uscmsuo‘iwaumgauwﬂuzejmuaj
. ,mua‘cmnuu‘wwmca £NUMYY (Wogenyn SumaRtiosy.
3) avmeavwﬂugsgmvajmcﬁumw (D102 8.2)
4) mnsemwusumoemj (102 8.3)
5) J’]‘]lJBSJ‘ICEUUOJJ’]OlJ . — .
. mn‘c'jooycfanuonen?w (o2 8‘.\4)%,
n aJnoocmcwsﬂv@mmaaswﬂu (102 8.4)

wand 2 — mccwjéiﬂm%sn

0) wﬂuaougsgnn'won (mcwum)

7) mweencwvmccwjmmwunogmwn (maz 8.5 ez 8.6)
8) mcczu«jmuccuuﬁgéjjow Qnog 8.5 (e 8.6)
9) NHUWIOVNTLUSY (7102 8.5 kax 8.6)

#



SEACAP 21/004 mne’juaejf’mc%en

2 1

TuwandwoniSaaedyninau0 tUUSu:

camzﬁﬁﬁwmmﬁaﬁumcngaawﬂugcﬁguaamgc%fﬁ’“ﬁgﬁué’a:l

= U LNIFUNN299IUT08 1S NIV T INYILWIINERY €T
NIV LINUNRD? |

= MuduY9ReneRswVN D

1
2 o

R0 ?
(DR199NUVV KNI LIWTVO: =

= NIWNROELVBEUNNUNIIIRURINNER RN DY w0 ?
. UiﬂueencguuaJﬂﬁnTaﬁccuoTo Qonfoszuy)?

#



SEACAP 21/004 mnéjuaejf’mc%en

gioe 8.3 nauesnkuusuiingdIy

na9ienge)sutiogaaszuiivnauEoldaoudienauguargdie:
s (SUITIUSYURDNIN0

s ENFIFENYILWIVLDI0ERYHN0O
= 2R0PVVIVOINIVNEIIRY.




SEACAP 21/004 nauguaeducioy

3¢

SU0O2099
Y

200

9

QUGBm0
(X
)

maomeuaowmsgmn T
NSO ALY,
maoweuaawmsamw“ﬁw
nauSonh WO,
ijuuﬂaumyauwﬂu (089
meugejmsaj

OUTU ke
Oudo
QuUOJIFiY

SuR9Sosequiios

099U

m%demavcngaawﬂueeamaﬁj
e;\&usa*jcmjonmo X
WUNIWYARIBOUEVFY 29899
(45501435501}
oumoneﬂme EJOw&ﬂEU@‘j&U
229Un9KardiygoUEL T
Quwwge) Deigiiegnny
Sndoy
Bufudenaysouaiveag
aplioaz3y Lz‘ﬁslmﬁagﬁiﬂmu
o]y azmaay QUN0 tar
Outu giiduo lgimag Wo.
czﬁ‘jmﬁjzﬁcﬁunéﬂ 30 8989
degnaudagnhcugdou .
YOLIDUKE(NURLWIVLBI0ERY
WJuqoviigaeggagzegunag

on both sides of road. |

OuTUIO
53]

mgocjsuaoiuﬁ%uﬁué‘j oo
DNANJJINIWOO 2N,
é'jUU'ja)umeauwﬂU (a9
mumua'j Younau§udy
Lz Uagnnmunma%
ijuujmuaumami 019899
N99TINE99c219 QLN

029NIUED9INSULY (WD LUISUKY
OUTVOUNRDINRNY.
O29nIuEe9INl0s0 wWoldtd
glamagnauEiuIey (o}
EU]jC’Ju&jQiJ Senaungay
nhw9dau Hanangy

0I0EA9RLEOIUSNTOTLILINSBU O KOAEFUHN20192091199

#



SEACAP 21/004 mnéjuaegf’mc%en

ngioiden Bagudooy cwemaocﬂen 009UUTIUEI2D90ERY z

OUR9:

1) csoonnugmnmua*jcwequczsgmnmn
NR19SU (cwuawvaoaejmwugao‘cwan FOS)

Centroid of _

failure circle

s |

2) cso“ﬁmonmmcavownuong}gnn
(u;cmmgauaemu FOS aﬂauaumgauwﬂugsgmuag
NYT0, 2190 FOS maugjumeagwwwn@o)

3) Hovsuiigtdisngnuey NhFITIURY
(WL U FOODIVUSO LWSUFOS)

#



SEACAP 21/004 naugiueesduiiey

naoweutiunzivddvdassuanid nauiigneaveenagia

NIVL9 KUV RN —>

NVdg VU
weutlye——

Retained
granular fil

- Full cut —
Embankmant with sl

i removal of
rock trap dich anc T
,_|_,- t ;!L ditch and unstable
irap wall as MASSEs
Nacassary

| o] Shallow planar failure
| Anchored retaining wall ~ - H_.-' i (Debris slide. mudslida)

.........

VNVUFE (YWY

----------------

Cutsfill For
minimum
disturbance

Full

aembankmeani

ar retamead nil

for toe loading

Full cut 1o reduce

ariy ng forcas

ack stability




SEACAP 21/004 mnéjuaejf’mc%an

| S
_ dependin / Masonry

s

angle scres SR

| | _ .-.‘-k“"-EJ.c_ @-;H

c\; f‘ ("'i . WG R Q0" (Chack stability
f*t PR
ROAY" Hedkack |

290JUTULS Tog O mimoLgﬂummumuaj‘maouau‘taLcao nh w9 uIVIodytS

SEINUILWIY TUOERY 21009INIUNIWOIZROND & nmjmccwj‘fa w909 gw) Lo

(VMU0 0DV muajcusgcm«jmg g9oq07edisy. @0089InIW | HBINaU il

JUU89 UL U0 890 nmjmccchwumj (Revetment) N (e, mmjmn (29

(OO (SULKYKED nacwgcau 099 1890EaY mcﬁnmuajﬁuﬁo. muajuugjumaavwﬂu

tOS0dnunte 0 €029 DQOCIPV

DERYUND. 3’1‘]1,]20‘%’] (Bl
=89 Kaw YoipgEo
mnmgmuajaama
O 9XUS2MII LY.

#



SEACAP 21/004 naugiusesBuiiey

ﬁﬂo'ﬂ ccc&ndip 2835?11 §1JE§‘1\EU2H°]C’)“§3
i seboiupagde g Hovagaou
Neduddiuntenongo. fevudengeiu
290900z nuarway Twalanudo 49
nn usedmugzauaolne.

7999 weIudips
29931V 2rguIVHY
0za9 99NTU OVH0
7 199050LU
qeduOu@o 9o
nuigR9eag lme)
NR9.

1909 Udiueeuge
(mnmnnmmuwnon
dia2an90) vy 099
ownu:nn‘tazzn'j WA
nawBogisnag Tog
g1 DrR9Ge9NIL
Soldidiesnda Yu
wﬂefﬂueej mugjjoa
299 J08Q).

oy
Full cut x“r{
'.r ™

%, ' FAvoUrables,

1‘I - -
~, dip of strata




SEACAP 21/004 naugiusesBuiiey

& 1 S a do o
Fumagg luosSsfintitdngy

e Half Galleried' Tunnel Iﬁl Y
o ppes Widee
ica) BolNpandeyt. |
If
|
[ |
[
SPUR RE-ENTRANT
Ut Wwnasl dunuuouinguegusy | Dasaatwgnany [So2olg095,
Tosl couwly 299909UBBUKS 2909z 0Us§0NGY | nhuwnZiviu urls
Suc2atylu 2990 0IWRININRIWNDT | (WDEII re-entrants.
0 azEonagurgesn | NUONJY FIUI0
1 uqe [Sogtyyg Nodudune.
(SIS

#



SEACAP 21/004 mné’uaejﬁnc%n

moz 8.4 3’]‘]1)883’]C£UUDJ3101J -
SUKUU2990U

ODUUJDBDOBJ']SMQG]@JG%D%
09U GuuKIlY (Cu,c'e, v,)

Y 5
OUEIDU T VU NDOF90) mmcsgé‘jnaJJJ uawanmma

| 280N &ﬂﬂmﬂDUJJﬂj’]ﬂJﬂ

/‘_‘__49 o, yb)a -

QUOENDUZ1UIUICIU

‘ 7
/’ e goowglU (Cu,C'o, v,)

28501568

ﬁ\ NUSIL22VUIUNAY

(®29a1L9, eyudip, NON9Y
299eIudip, WY bed Kl

T\\L S290 (IMNT0L 8.2)




SEACAP 21/004 mné’uaejﬁm%en

UmoamuUso‘cw 09U 99l snIonNIVdY Kax NIV N0 nancEeudo
199N NIVSDU YT, E

ol
)

FOS—1 1 | Sunngdiinuaigeaggy

E’lO‘]U&Jj Zﬂﬂ'j%{ECSI &‘MJﬂO%UJ’]:]iJé);aJJCEUj\Cﬁ'j‘]EJ

0% M9 I]‘]l]UOZﬂ‘)ﬂEJSiJSUE@‘]\EO s

Jaunag mwaﬁmaaocdwdm%,écas NIwYARIsNga He9toiEo.
2091 8ENIVSDN LUV

U@O‘]JJLElJlJSiJELUUUﬁZJ’]OC;lJGﬁlJSULLUUOIJ (C’)OEJ‘]‘j auw GlO m USlJULU
ﬂﬂlJO\E‘QJ’]UUla‘jQEB'jC’JuajU)UU Jucgafing fiu Gl uas NIVFYENO)

FOS=1.2 | nmwdounage=dsiulddnaugugadaugon=io g oaoau
er‘twmumm

'QUU\ﬁOJJJ’]ﬂllU‘]&jSﬂE\’)‘]
U]J‘]U]‘]jJJJ’]ﬂiJEE‘IEBiJC’)OiJ8SJ

Daoawdaiveu luguauudy (cBuda (Je9aand Gl giise § (Goute
aegowcmnmjnwaj)

FOS=1 3 JJJ’]‘)iJUﬂ&f)ST]E\’)")SJ‘]Om&ﬂEJ 0833’]‘]1]2033’]611,18831{{2)2)2]’]&‘]8
ﬂﬂl]&)l]‘?%l]l)@@‘]‘l)\ﬁaé’)‘j (P NE U]J‘]?ﬂ‘]ﬂCEUUEET]lJ %uﬂ’]OJ’]lJJ’]Uﬂ’]ﬂiJE@%lJC’)O

mwm“ﬁzcanmﬂgagmme USIJU]ﬂﬂDw‘j&‘jCJDTU]EEJ’] ﬂﬂllgliJE&)EJOﬂll E&OI‘[‘UJ’]O
(N UJ’]E‘IlJ 81]?21’]8?1]803

#




SEACAP 21/004 naugiuaesduiieu

mneemwu:JJnE’m - OUO




SEACAP 21/004 naugiuaesduciey

» (2 U (2] ()
answozejonmoTnonszo KT OUNENDULIE)

YaozSu

FLE0jveN NIWTVEILLgY tax ub/Dlsully nwugjoSsny

2

JO

¢
C
-6

.30

20¢

V
¢

NVLDUONETU.

aaqugg U2 N5%9 Gaunau cnsgcé‘su 7]
? undrained
- 2OUNNY <20 kPa
; sou 20-40 kPa
DY 40 -75 kPa
®29 75 — 150 kPa
K299 150 — 300 kPa
L iy > 300 kPa
: mnn:]o%nﬁnaumdqj aowcguéﬁu wa C, L

/

“«—

T h

SU22NUY AEY299 Vol
(090U 180
NOJUO2e

Oae)
nodudounanudu
299U Kaliue)

DRIUI0N0TULY, |
1Reontolouldinadiu

U%U,nﬂwﬁoﬁnfwﬁnmgaaﬂuqoamimTng&ﬁﬁﬁmén(6053&%)

:====sﬁIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'IIIIIIIIIIIIIIIIIIIII



SEACAP 21/004 mnéjuaejf’mc%en

zuommzejmsagonmo?nonWJo/onmsnenaﬂs
Y aeE89D

mn‘awwunmaoaj c'<10kPa mngﬁoasnmwugn ¢'=20-30° QunuaaﬂUUUJo
uumagowmomdeo‘tw JUOANIY (20° Wukuugayg).

Ljen‘tg‘caevmoeﬂoanaoagavmaﬂj 2 9900 «RE 1 821mu £129UAIU0
Tznmzumw‘tozajon (S0 (ORIFUTU owmmengw(snt) 18890 (€U
cmzm%o

(92U (21888109909 HU0R9 20-50 J (WantloSuto.

ZHO‘]‘jgie'j&uZU“)UT]ﬂlj Jud mmaeuigj fufiu nauSvwsiy cwungogey
[JuNaz8uas.

:====sEIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl'lIIIIIIIIIIIIIIIIIIII



SEACAP 21/004 mnéjuaejf’mc%en

Uu (oo DUOEREUULY
EinmJJo <1(V):3(H)
Daoaumuog?

OuI[R/OENBY | 1(V):2.25(H) to

2‘]8 UQD‘]UZ]'JJJO
04

1(V):3(H)

BuuHodTuB0 | 1(v):2.25(H) to

1(V):1.5(H)
SueducdoFude | 1(v):1.5(H)
OE9TI >1:1

JJJJC’Ju&jC)iJC’JOEEUUEJ‘]‘j W Jzno
egno (UK) yusmmuaagew
29NLVVYID gh&U SuboLuy
(&n Yool FOS=1.3 dahdu
029NIWNIVFD L EUISNKA.

nwfintolg eaoSolii@ansutd
(9

« FOS 05no9
* 209NIUDDN LVUNTUND
* 209890U80USY

U

YuduBoditiunaa gaua0 Gegnau
(e:

* 0EAYLUSY Jido9i90udo

- U468 URY
Y

#



SEACAP 21/004 mnéjuaejf’mc%en

Cut slope gradient (V/H)
Cut height (metres)

Soil type Water table 0-3 4-6 7-10
Clayey silts Low 1.5 1.0 0.8
(transported)

Moderate 1.2 1.0 0.5

High 1.0 0.8 NA
Silts Low 1.0 50.8 > 0.8

Moderate 1.0 550.8 50.8

High 1.0 0.8 NA
Coarse-grained Low 1.0 1.0 0.8
colluvium

Moderate 1.0 1.0 550.8

High 1.0 0.8 NA
Silty clays Low 1.5 1.5 1.0
(residual)

Moderate 1.2 1.2 1.0

High 1.0 1.0 NA

Note The above slope angles have been derived from stability charts with assumed ¢' and ¢' values and an
average factor of safety of 1.1. Slope gradients have not been given for 7-10 m high cuts with a high
groundwater as this condition is unlikely to occur in granular soils, whose permeability is relatively high. This
table is for illustration purposes only.
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ERDSION PROTECTION:

EITHER: ANCHORED GEOJUTE OR APPROVED ALL GEQTEXTILES TO BE

EQUIVALENT OVER 75 TOPSOL SEEDED | erereraeo __ SECURED W ACCORDAMNCE
WITH SUITABLE GRASS SEED MIX. J oeTiow WITH HANUFACTURERS
INSTRUCTIONS
OR: PREGROWN TURF WNCORPORATING A Y
GEOTEXTILE MAT (ENKAZON OR
APPROVED EDUNALENT). \
SEE WOTE 5

ACTUAL ARRANGEMENT AT

~._CREST OF SLOPE TO DEPEND
ON CREST DRAINAGE DETAILS,
IF ANY, SEE NOTE 2

200 TYPICAL COMPACTED

Hoglny RIURES]O S :
299N S0TN. i

\ BENCHES M EXCAVATED SURFALCE
TO BE CUT IMMEDIATELY PRIOR
FINISHED PROFILE TO il ol

MATCH SLOPES

Source “Standard Network AT i
Rail Details”

COMPACTED GRANULAR FILL
MODIFIED CLASS 6B 125-225 SIZE
PUKCHED INTO EXCAVATED
SUBGRADE. SEE HOTES 3 & &

DEPTH OF EXCAVATION AS REQUIRED TO REMOVE
FAILED AND OTHER UNACCEPTARLE MATERIAL

DE (TO CONMECT
TO CESS DRAMAGE
WHERE POSSIBLE)

2 TR { y
MIMM..JMJ . _}:\_\L,ﬁ i .____Z_(‘ | \ 2 HEAR KEY AT FILL
L A




SEACAP 21/004 mnéjuaejf’mc%en

W D o < O I
ﬂﬂOlJﬂUUl‘]jD‘]jCﬂ]jOl]O‘]ﬂU]JJO
Wutasssy

PUOINTILNIININTUGOgI (Cu) LodolnNIuR|os gnyuies g

D08 (¢,=0). (D98Nga9U9 Iy Huuagin 180D %Ui’JUQj N9

(%

1O,
(t=Cu+g,/tang, bute, =0so 1= Cu)

utasse
Suoandguenaalinauiodiofiun (c'=0-10kPa typically) «ae ﬂﬂg&JOg
SNYFYIN27 (¢'=20 to 30° typically). N1R92990U NNEFTU2sTL9eI21
foamzmneaaawmunumgzngnag.

oagenuuy dugdufiuidisvwondusuyo, woniSadt Tutass iy
tae fglagread w01 (asedy dodutn nilio §i aovugu
SEINUILWIY.

#



SEACAP 21/004 nauguee9outIsy

8.4 mneemwuaJnBM - NN O

ﬂ‘]JJ‘]C) CZUJJiJ"lZDJJ’]Oll C’J‘]i]!ﬂ"lll\( C)U'?

. Bum
tZu09 JOucIauy
=BE Gh e (Buga Jegiiunauiioigas § wuuhainidu
unmﬁmmomanaﬁ‘tou’? N
(SN Tomﬂmnaamj td 363’16“\‘1‘1”911211
£0So8. FHuButoSy
4 ccsgmnweg*wmcsgcaen )
29901 ’qnf_“luuj‘cou?

([SU09 NIUAEUILLY, OeNISW,
fcv U@Jo,
([H0s9, Jugynouadsnn

U1, SNFD QU

RucutOSy

mmomaousgzmnaj‘mu’?
E21JO°1 On CB‘WOO&”OQQQW ESOQD

)

\

U1, SNFD OV
HututosSy




SEACAP 21/004 naugiuaesduciey

219002VLSITIY [ogeudiediSoszgeen =

FACTORS OF SAFETY

WEST

EXISTING SLOPE (ASSUMED) = 1.00 Psoo
VOLUME A REMOVED = 1.01
VOLUME B REMOVED = 1.30
VOLUME A = VOLUME B
~1550 _
E
2
o
G <
> MESA VERDE >
o SANDSTONE 1500 Y
w
o
[a
<
o
o
. |
o [/ » o 7 , ONEWTUNNEL ___________|
A i | -G PRy ‘_é;EE.EE;E;::.—.::::::::.—_—_'::::_—::_—:.._ 1450
MANCOS SHALE
DARK GRAY, HARD 0 20 40 60m
0 66 132 198 ft 1400

nwduyssinuasway 2990uiIeu luseuy Colorado River Valley
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Figure 8.6. Horizontal and vertical drains to lower groundwater
in natural slopes.
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Additional resisting forces .
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Anchors get resistance from
friction with the ground
behind the slip surface.
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lateral resistance on sides of pile
below slip surface

#



(ginSugo Dead man anchors
1OUSIOIWNIWIIMNSINTY UL
ceumdnwae wou.

Picture taken from Platipus website

#



SEACAP 21/004 nauguaesduciey

o G N & 1
nauFugdocuutuuagiiyls

Nut_

/ \i OSy
e O AP

AP S
A /r(emenr grout E[;S‘j?\) O%’
Yo 3

/ (19929892
__Bar tendon 1 0 2

Nisuassy
Beurmg_// - %Lm@gmﬁ]
plate ODE(QQD

/
Bond breaker \/I
(decoupling sheath) Cement grout

___Bar tendon

Figure from BS8081

Enlarged view A-A Enlarged view B-B

#



SEACAP 21/004 mnéjuasg&’mc%en

& 2 & & a a
uasgHaunauciogrmnesySou ToainauiEuess.

ﬁaejuucwoesgmnc%&)ccsg“ﬁnﬁnfﬁ"ﬁnﬁé’)u“ﬁé
1) ceww Geogrid g cerendn 09911y ownummmﬂw
2) nwgoou «uy Soil nails momgczq“ﬂwmvajcmmuccao




SEACAP 21/004 mnéjuaeg&’mc%en

NIULFVIIOVOI8 eIV Geogrid reinforcement

Interceptor drain .,
/ |

1
0
¥ 4
Typlcal S'Ip repair Tensar uniaxial — / ‘\ Benched
reinforcement —— excavation
-\- profile
Vegetated B ! Reinstated failed soil
topsoil

Granular drainage layer

@H French drain

Standard embankment cross section for slip repair.

Pictures taken from Tensar brochure.

The mechanism of Interlock. .




SEACAP 21/004 naugiuaesduciey

naugoducyy Soil nails

Proximal end

Facing
Soil nail tendon
Head plate
Nail head

Locking nut

Grout annulus

- Distal end

centraliser

Impermeable
duct




SEACAP 21/004 naugiuaesduciey

nwdngiinoesy ;- sinsdquuvesy S8y 2
0EYLVVUEIIOU

Flexible facing retained by

top row of soil nails or pins
Bund to keep

water off slope
(A crest drain

could be used
instead)

Pins to retain facing
between soil nails

Flexible facing roll

Construction platform

qude9fiunauioigas v &N

QT D90ITVIY (VUD) FHAFUORY
(6JY soil nailed slope.

i 18ueIuGeogrid HusauTIoV (W
W ¢ 09usxguINIUnua80a9o
i AUNI1OVTOFUBNTE.

Photos from CiR



SEACAP 21/004 naugiuaesduciey

) é) o W é <'1, (] (%4
NIUINININERYEVV KLY IHRUNEI)N NS

JcﬁnGeogrid Soolsiiu zrﬁﬂnsciﬂﬁﬂﬁJM
Tanauagfin nsvsrwey Higanuvy tax
H9te9d99. Indog ueuledens gegtextile
([WoNUEI0U IUNIIOVLOINOSU.

Photos taken fro




SEACAP 21/004 naugiuaesduciey

Tensile force

in nails caused Distal bond length
by movement in resistant soil
zone

TN

Active soil
zone movement

Resistant
soil zone

TR

Bond in resistant soil zone

Proximal bond length

! - : Tensile force
in active soil zone

in nails to resist
movement

PN

Active soil
zone movement

Resistant
soil zone
(no movement)

IR

Bond in active soil zone

Note:  Arrows represent direction of tensile stress
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