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1. Arusiunsvasannu  (Slope Stability) u

nsnUAMsanuldduAsvasaInfiu (Sliding or Slope Failure) AangAnssUNNIaAUEIUNTALAA
msmﬁauﬁqﬁwmamnﬁqaaamgjﬁﬁqmaléiusaﬁa@Wuasﬂan duziinaM NAANULEsNgRD1A5 N
NNDIAY AUU AUAU A1ALUIU AADAIUTIARASNINFU

Blocks of rock with ogac" scarp
uncharacteristic ?: ‘a)lr;:rt:ate
Absence of dip angles Disolaced Tension
Uncharacteristic cultivation Leaning trees — P ISH alce crack
lobes of material bends in trunk ohec hnes
indicate old movement

Hummocky Ruined

Over-riding ieind buuldmgs T‘z:‘:c'k b
of natural ) R0 || s
ground surface \

Wet areas with
marsh-type
vegetation

Course of streams
kerbs, drains 3
etc. diverted

Highly disturbed ground

NB Landslides need not be circular in cross section
; : but may be planar or wedge shaped and may take
Fig. 3.14 Features of a landslide. the form of flowslides

@ _sPeD_ Byvene DY

b))

ROCOWY Co.tid
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UANISNUR (Aunay 159 Landslide) Ine Varnes (1978 )

Varnes’ (1978) classification of subaerial slope movements

Fall* Spread”

nN3TIY

Translational slide Rotational slide Flow

(Slide)*™  3oulas (Slump)*™®  mswyu /_\’/\_(Debris flow)**
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A5N15ATIZHAIULUAIVDIANA AU )

A159LAT1ZHANAUAIVDIAIARAY 8131Y1AN9IT Limit Equilibrium Method (LEM) %3879 Finite

Element Method (FEM) %5835 Finite Difference Method (FDM)

faeg9lusunsy LEM: GeoStudio 7157 Slope/W ae Seep/W, Slide, KUslope

fa8191UsnNsu FEM: Plaxis2D, Plaxis3D

1}

1L

deiin

b
] ]

e

S -."'k

- -
w2l -

T
nnnnn

FEM: Plaxis2D FEM: Plaxis3D
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75 Limit Equilibrium 3giiansandnfinisiiaidanisiadeuns (Failure Plane) U199 deagluntisaunaduacuss

NRIAROUNITIY

o Wildunnsgrulunisiasizit Limit Equilibrium fefisuldiunaly & 2 wuude

S wuua1nedud (Infinite Slope) dwSU Translation Failure %38 Surface Erosion U1 One-dimensional
slope stability analyses 12U Coarse-grained soil

S uuuanenia (Finite Slope) #1%3U Rotation Failure Uy Two-dimensional slope analyses aznU
Fine-grained soil M¥nN159tA512RlULUATI91932 1975 Method of Slices 478

i
. v o A e . —— . B i
. & . WHIRAMHABIURILUY tafinite Slope v e a = . e L -
Infinite slope 1ND v 7 s imon f - T T
g I um i, v o
L/T>10 e T L ] afin o
"mm Grmiey e I e " dn Ry e i Aem
L Wik Mg =11 R . 1
B L)

Failure
Plane

Equipotential
lines

¥, nlnavennnnuaman

Infinite Slope Finite Slope
& N1 — B— T —
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Stability of Infinite Slopes

«— L ——> >
d
a /
RE®
Wi
o Y e
N, W — B
\
“ T
Y om"c
PP X
L Y Figure 15.8
LT \ Infinite slope
N gl - « v Das. B. M. i
A state seepage
r
¢’ tan ¢

Fy = >
vH cos- 3 tan B tan 3

! |
Hfr = < 2
Y cos” B(tan B — tan ¢")

¢’ v tan ¢’
v H cos® B tan 8 Vet tan B

F =

N @ PO Bevenp DY

[asvmsaaoowuLthwsouoimsus=nouRifiuddooonnlsnyKIWUR 0.nTUNSUS dokdaUsISULS

Example 15.1

For the infinite slope with a steady state seepage shown in Figure 15.9, determine:

a. The factor of safety against sliding along the soil-rock interface.
b. The height. H, that will give a factor of safety (F,) of 2 against sliding along

the soil-rock interface.

Solution
Part a
From Eq. (15.17),
. ¢! e 1371_“
Yy Hcos’Bian B Vou tan B .
Yo = 17.8 kN/m?
By 5 Y= 17.8 kKN/m?
Hlm ::SM;%
V=
2 38 ;_? 150
.. Das. B. M.
Figure 15.9
Y = Yo — Yo = 17.8 — 9.81 = 7.99 kN/m°

10 7.99 tan 20

F, = ) + = 0.375 + 0.61 = 0.985
(17.8)(6)(cos 15)*(tan 15) 17.8 tan 15

Part b
F = [ LY tan ¢
: Youdd coOs* B tan B Yo tan B
10 7.99 tan 20 2.247

2 = - + = +0.61

(17.8)( H)(cos 15)" (tan 15) 17.8 tan 15 H
2.247

H= — =162

2 — 0.6l m
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Stability of Finite Slopes .

A5Tauun 35 Method of Slices

:-l— rsin ar, —l-:
0 I

Das. B. M. /',

- ¥
RN :':’—'—q Tt __C K +
n Iz 1 P
Das. B. M. - i + {

—_——

I .
T—
I

n
| \

e N,
=z T8y \
Wn

I \
|

! (b)
y |
3

/'th/ rJ,,=r'+o"tané"
I
|

Figure 15.18 Stability \

]

analysis of slope in homo- ""‘1“,\.\‘{
geneous saturated clay
with earthquake forces
(¢h = O condition)
Fl'=r7
S (AL, + W, cosa, tan ¢')
—_— _ n=1l
M, (AED)(c)(r) e, Fo= =p
F = = = M E W, sin «
M, WL + kWl yH , Wosin @,
n=
Textbook

Das B. M.: Ordinary Method of slices, Janbu
Muni Budhu: Bishop, Janbu

wswal AuLde una : Bishop

Slope/W: Morgenstern-Price
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LEM : Slope/W: Strength
Seep/W: Permeability

Manual Calculation

Example 15.8

<
For the slope shown in Figure 15.31, find the factor of safety against sliding for the trial NI ‘Wi{]‘]j gfu G
slip surface AC. Use the ordinary method of slices.

ore 18m

|
| . —T-‘
Das. B. M. o~

1 1\\\ -, S 5m

tiiir Soil

© =17 kN/m®
Undrained s, = 58 kPa
Drained ¢ =25, ¢ =0
Soil 2
7%=17.5 kN/m®
Undrained s, = 42 kPa
Drained ¢ =29, ¢ =0

14 m
= 3 il
; = ng :Eﬂ i:g kN/m*
@' = 20° Undrained s, = 30 kPa
Drained ¢ =33, ¢ =0
quit 6-27
Figure 15.317 Stability analysis of a slope by ordinary method of slices FEM- P taXiSZD . Se rvicea bi lity
Solution

The sliding wedge is divided into seven slices. Now the following table can be prepared:

¢ o <
WINIU AULEY

Slice w o, W, sin «,, W, cos «,
no. (kN/m) (deg) sina, ©€OSa, AL, (m) (kN/m) (kN/m)
1) 2 3) 4] (5] (6} (] (8)
1 224 70 0.94 0.342 2924 211 7.66
2 294.4 54 0.81 0.588 6.803 238.5 173.1
3 435.2 38 0616 0.788 5.076 268.1 342.94
4 4352 24 0.407 0.914 4376 177.1 397.8
5 390.4 12 0.208 0.978 4.09 81.2 381.8
6 268.8 0 0 1 4 0 268.8 g P R
7 6658 -8  —0139 0990 3232 ~9.25 65.9 f o R
ZCol. 6 = 2Col. 7= 2 Col.8 =

30.501 m 776.75 kKN/m 1638 kN/m

SUft 6-28 unan1eAtEnlannnisdsesions Whniafumud Rersanainnnswefeudauasduiiu

N{IY]

N @ P Beveno DIV
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_ 2. NMSUALYgaNLTNANNAULNDLEINAIUNUAY u
L

SUIAA AENYTA]

diaamsitRniamissdidevanmwgiteraiianisiiud Sndudesdimauileusulssdiiianudasnde
Weewe Tagndn 2 Uszns As

1)  asuminvsalIWazaviNafuAGauNas

2) LNULSIATUNIUNISLARDUAIVDINIAAY

v

AsuURNMhunlylunisusuusenutunsvasainnu

1) 35mseaasuain (Geometrical Method)

¥ b4

TRgWEILIUAAUINUNEIUUUYBIAIN baskNuLUUNdIURUY9Ian F5ULN A INUNNgIWaNLVeL YD UKD
Uanegruaiavsadndiuuusaniula

2) 33nasszunetin (Hydrological Method)

Tngnege11ansEaun luLIaRUYaEINRY WU N15I11RTEUNY UUIAINUBTEUY TiNT0958UN8LU8INIeUn u
AU FIUNAN LAAALSINUINADEVDIUN LatNUNIaIvaIAUlUA2e

3) FBiinauRTnse (Strength Improvement Method)

Tagn1stNNNasliNIaAUUSUNEURINITRURARAKIY 19U 11591 Grouting, Lime Treatment, Soil
Improvement, NM3ABNLENLIN, MIEUGIBTANFUATIZH waznsinUutnifuan 1Judu

éwﬁ @ SP&D = BEYG»NB D.Z\.@JQ
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Horizontal Drain
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Pump Drain

Surface Drain
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MUNINUAY T ik Rock Bolt

Rock Berm Gabion

Shotcrete
N @ 0 B 1Y

TRECHNOLE
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|

‘- WIIAUAUAUUN (Lateral Earth pressure) D
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LSINUATUUI9D9AU (Lateral Earth Pressure)

~

s )
1) ussRuAURUUBENUN
(At rest case) o v vy - o N I
WULSIAUAIUT19v090U tnenulanulindaun
|
4 )
2) WIINUAULYITN y i o 4 o P Y
i : UL SIAUATUT VDI UNNTLNNABLIASIES19NUAY AN IikTenuRuLARauNaanly
(Active case) - o Yy v a
AINAUNUNAILATIAF 1N UAU
|
4 )
3) LSIAUAULYISU . v v % o d e Yy woa v oeay v oa 4 Ay
: UL SIAUATUY I VDIAUNNTLNFD LATIAS19NUAY AV IANTUINUAULARBUNLYINN
(Passive case) - o Y W oa
AUNUVAILATIAS 1N UAY
1k YA r v/ NN
AUAUAILNG 10 : ; SN LEY
Il 1
v a a | I > v a a W
LIIAUAULYIFN | } Il LSIAUAULTISU
. |
| )
Active 1 ' Passive
Earth Pressure )/ — A\ — Earth Pressure

oWy

}ﬁ @ SP&D = BEYG»NB D.Z\.@JQ

(n) uuy Active

(¥) uvu Passive
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(At rest case)
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. Rankine active earth pressure .

Active failure plane Tuunafu
Vinyu 45+7/2 fuuuIuaU

Wall
movement <¢———

to left
—arfe— 45+ 472 2\
/\

/\\ //\\ //\\ //\ //"”:
\/ \/ AV

\ /,\\ /, \, //\\ //
b \¢ \/ Vv

\<y

about this point

(a)

Shear

stress

Oq Op Ka O 9

rad
(b)

FIGURE 5.6 Rankine active pressure

})‘) @ _sPeD_ Beyvene DY

Passive failure plane Tuuafu
iy 45+7/2 fuuuueu

Direction of
wall movement

Rotation about
this point (a)

Shear stress

Normal
stress

Normal
stress

(b)
V¥V FIGURE 5.11 Rankine passive pressure
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Mohr—Coulomb failure line

Pale for
active state

=
2
ay

y

Pole for
passive state

Muni Budhu

FIGURE 15.3 Mohr's circles at rest, active and passive states.

O® ®

@ = friction angle
C

From Triaxial test

cohesion of soil

|
Tritech 100kN
Oigital

R

AN172VD9AU A4N3

dn12319 (At rest) oy, =Ko,

Y

an1azannn (Active)

Rankine (1857) 1-sing

K, = .
1+sing

o.=0,K, - ZCK

dn1IzuNTN (Passive) =0, K, +2c
Rankine (1857) K _1+sing
P 1-sing

K

K_ = Coefficient of active lateral earth pressure

Kp = Coefficient of passive lateral earth pressure
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TABLE A.9 Ranges of Friction Angles (degrees) for Soils

Soil type Pes by by
@ = friction angle
Gravel 30-35 30-50
Mixture of gravel and sand with fine-grained soils 28-33 30-40 from Direct shear test
Sand 27-37° 32-50 <
Silt or silty sand 24-32 27-35 4
Clays 15-30 20-30 5-15

Crows Sheaven)

o Pty v

TABLE A.11 Correlation of N, N, v, D,, and ¢’ for Coarse-Grained Soils

@ from SPT opidy . Gifmed
) Duaexter Manils Rope
N Ngg Compactness ¥ (kN/m?) D, (%) ¢’ (degrees)

0-4 0-3 Very loose 11-13 0-20 26-28

4-10 3-9 Loose 14-16 20-40 29-34 B
10-30 9-25 Medium 17-19 40-70 35-40%* _

30-50 25-45 Dense 20-21 70-85 38-45* e
=50 =45 Very dense =21 =85 =45% Mo j

(]vr-n‘\!wﬁu

TABLE A.12 Cl.:irrelatu.:m of N?u and s, ¢ = cohesion of soil
for Saturated Fine-Grained Soils

N, Description s, (kPa) =

0-2 Very soft <10 g

3-5 Soft 10-25 5

6-9 Medium 25-50 @ c=s,/2

10-15 Stiff 50-100 I .

15-30 Very stiff 100-200 T rE T et from unconfined

=30 Extremely stiff =200 Total M .

2 e by compression test
Muni Budhu l ~
s . Normal

0,=0 0,=q, stress
Figure 8.30 Unconfined compression test
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¥V FIGURE 5.9

P,

a{max)

Active ok

force

Coulomb’s active pressure

(5.19)

¢Z Soil internal friction angle

O Backfill angle
ﬂ: Wall face angle
O Wall friction angle

(Das B. M.)

Pp(mln)

Wall movement

—» toward
the soil

)

V¥V FIGURE 5.13 Coulomb's passive pressure

C,

(Das B. M.)

K, = Coulomb’s active earth pressure coefficient

sin? (B + @)

sin? B sin(f — 5)[:1 + \/

sin(¢ + J)sin(¢ — oz):r
sin(f — d)sin(x + f)

K, = Coulomb’s passive pressure coefficient

sin (8 — ¢)

sin? B sin(f + 5)[1 — \/

mw+&mw+@T
sin(f + d)sin(f + «)
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7 3 Saansiwin 817 Geantulum
1.1 laseas19Uanuntnnag g )

dmindmanraulanaiuas kL)

Y a T s, e & a w o= o ' o o o
Iﬂ'ﬁﬂﬁﬂﬂﬂﬁﬂu“%ﬂ@lﬂﬂ {Revetment) L].J“Iﬂ'ﬁ-ﬂﬂ'ﬁ"lﬂ'ﬂ&l']'FIqﬂ'ﬁ:ﬁ-ﬂﬁLWﬂﬂﬂ\ﬂﬂ%““j'ﬂﬂﬂ'ﬂjﬂﬂqiﬂ@lﬂ‘ﬁﬂu HRSHIELEDUT ﬁl‘fﬂ_.,l'lﬂﬁ'ﬂll.l'
v 4 o
YINTEURUINTANAW SanTiTdn 8 17 Grminssulum)
e W ey w v A A 5 w . ™ i e el
lavm 9 ld lassafsdanumihadsdnaziiulaseaiouuunay (Composite  Structure) laua? AudITuas NRWI81077
e =) A a a ;l‘vl L T o a e a . & ] a L
Iﬂfﬂﬂfjﬂﬂ@lﬂﬂﬁu?ﬂﬁﬂ“ N“lﬂﬂjﬂﬂqﬂfzﬁﬂﬂLwaﬂ'iUﬂEﬂﬂmﬂ"lﬂﬂ"lﬂ@l"l%ﬂ'l"l”““ﬂﬂ“ﬂﬂﬂ@lﬁﬂ FAIUY NDWNTT muﬂﬂ?ﬂ?zﬂﬂﬂ:ﬂﬂi‘ﬁ'ﬂﬂﬂ'?ﬂ‘?f

naailansaiulanuminisasdasiinsanasauniadiudsiasninvasduninafalilanuiunsvainia

(Stabilty) \Furian

1.1.1 daudsznauvasiaseaislniiuniinnde (Components of Revetment)

Tapdndn W lnssafelanuwiiafsesdsznoudodmdniy 2 & fe
- muilaanwnInaLoz (Armor Layer)

- TuiaanIad (Filter Layer W38 Under Layer)

1.1.3 n1seanuuudutasnunisnawgiz (Design Armor Layer)

(1) whavasTuiladnunisnala:
:: o - . . . o dag, qee &
ulasiunsniamzaansousaaniy 4 dszianlng 9 awdagnlivinldasi
(1.1) i
(12)  aaunia
(1.3)  Flainlng (Geotextile)

(14)  woaWad
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#ANN1TY aama‘f’s (Berry's Equation)

é = 0.04139V°
> lan
aa an 1 2 o [} L3 =
U9 Riprap d = CV o = TWIALTURIARENAI T8RN (A7)
g(s-1)Q % = anuFmaInTuEin (wasdaiuai)
et ] L] A - :’ i =1 A
Manatu ienuhreanzuamiy 2.50 watdsiuiiazla
= A . 2
d TRaTaK (M) o = 0.04139 (2.5) = 0.2587 m
\, = aaTTaInTLatn (mis)
g = 9.81 (mis) . ,
s = AT IWAELRSRY = 2.65 AUN1TVAINNIAUAZADTT (Mavis and Laushey)
C = 0.3 (low turbulence) LTWN5z wavihaly a = 0_04\/2;(8-1)
= 0.7 (high turbulence) 114 AARAINGE Tow
= 1.3 (jets) 1w ﬂ‘ﬁ:uﬁ&"ﬁﬂﬂ1uﬁﬂﬁﬂ‘lm1ﬂl\’lﬂ;j ‘I’Fiim"ﬁlﬂ@lﬂ'i:ﬂli"“ﬁﬂ . ;
B ouatenssyimi ) = PUIAERHITUEINAWTDIAUDY (LAT)
v = ATUTITaINTELAET (LUATABTWIT)
1/2 . 5 = v B
sin® o s = ANV UNIZTaIRWHINL 2.65
Q = |l =-—— ; @& = Angle of bank . B . .
sin” ¢ ALY NAMUTITaINT=UEE 2.50 Lwatdaduifiazla
; ¢ = Friction angle ) = 0.04 (2.5)° /(2.65-1) = 0.1515 m
- wigaan lenauns
e 2 ¥
iv o —2sms O = 66(vn) (UuAuIIY)
- P ]
enuiupaalasoainataiumin 1: 2.5 R
o =218 4 . . - -
P Wa 3 = PWIALERHITUEINAIDIAUDL (A7)
Q  =o7s2 \; = AMUTIVDINTZUEN (LUATABTUN)
2
d = Cx25 =0.507C . .
o vxes n = Manning Roughness Coefficient
9.81 (2.65-1) x 0.762
9l

d =0.15 m. &1%3U low turbulence

FMTUATIURRTaIT Rl BN wnTIN A s LA TRENNTY 1.5 TSI TWIRLE W fjmur nEd

= 0.35 m. &% high turbulence

- PR e . .
= 066 m. L jets vorunw (1.5d) Talapnaldarsildagsznite 1.8 — 2.0 whwauduwhaudnaivasfuoy (1.8d - 2d)

N @ PO Bevenp DY
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Mn18E9 NIIAIWI AW AR AR TUTH ARS8 M09

EHE L 25 .
Dy = SfC C.C-d L L Cv
R = 200 m. Sy _ rpry
A -4, K gd C,
w = 20 m. c
lan
RW = 10 s d
» g = Gravitational constant, 9.81 m/s ¥
'i]”mT'I'ﬂ‘fJ‘i]:rLﬂil Dy = Stone size of which 30% finer by weight "
VSSN“E = 1.2 S, = Safety factor (minimum =1.1) 7s
v
C, = Stability coefficient for incipient failure
V.. = 1.2V, SRR,
= (.30 for angular rock avg
v & - V,
mamanaSwasnsumiiislFamawiaindmisuindo = 0.375 for roundad rock =
c, = Vertical velocity distribution coefficient Slope 1: 2
0 D + V l R = 1.0 for straight channel, inside of bend [
Rl 19, esign Velocities =1.283 - 0.21 log (R/W), outside of bend, [=1 for (R/W) > 26] gé

= 1.25, downstream of concrete channel

\\ Ver = 125, end of dikes Ki
I = 174 = 052 LOG R/
“ i Cr = Thickness coefficient
= 1.0 for thickness = 1.5D; -
¢ ™ * qzld
3 2 d = Local depth of flow
F \ e Dy
N Ve = Unit weight of water
L SN v = Local depth average velocity Use V_, for side slope riprap
i - si ; 14 SF
K = Side slope correction factor
“: 4 6 8 10 2 w0 50 azld Dy
R/W

—

.V, is Depth-averaged velocity at 20% of
Side slope correction factor
slope length up from toe

k=l sin® @
. V/V,, = | for straight channels | sin’g

)
4
3. R = Center-line radius of bend e
5 K4 = Side slope correction factor
4. W = Water-surface width ad = angle of side slope with horizontal

['] = angle of repose of riprap material (normally 35 — 40 degree)

éaﬁ @ @‘_ BEYG)NQ h,_"g}g

e

= 0.30 for angular rock

=1.283 - 0.21 log (R/W), outside of bend, Use R/'W = 10 e
=1.283 - 0.21 log 10 =1.083

= 1.0 for thickness = 1.5D50

= 8.00 m.

= 1000 kg/m’

= 2650 kg/m’

=V, =12V,

=25m/s

=1.2"25 =3.00 mfs

= 26.56

sin® @
- « 2
sin” ¢

= 0.626

=

= (SF)(2.6)[(0.7785)(0.428)]""
= SF*(0.166)

=15

=025m.
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SIZE OF RIPRAP TO BE USED DOWNSTREAM FROM STILLING BASINS

. NOTE I
- The riprap should be compased of o / [~ 000
= = . well groded mixiure -but most of
ﬂ"l5ﬁ1“1mﬂ1ﬂ“1ﬁﬂﬂﬂ““iﬂﬂﬂﬂﬂ | the stones should be of the slze
- | indicoted by the curve. Riprap should / 4000
A8 A eor o moded oo o tui’ 11 —
- | 1.51times (o more ) qe thick os the I )
ATATITEINTELENT = 25 ms. lefars) por epesl 3000
i /
- 2500
= 8.34 {/s. " 7 :
rinnm ldwinnadin = 107 es | #oon
/
=25 cm. - 1600
= - 30
ATHARIVAITURAULT = 1.8d-2d g ek W 7
. - - -39 1000
I umuivastuinTea= 2d z s
3
700
= 2*25 =s0om. § * / o
2 * o e
II IF o3 4c0
" | . w0
NOTES - 280
/[ Curve shows minimum size | 200
, slonss necessary 1o
resist movement . - 160
Vi BF {—{Curva ls tentatiw and
9 aF whjest 10 change ns o [~ 100
i 48 A ', Tosu)l of futher tesis |~ 73
/ or operating experiences | e
y F pelnls are prototyps
riprap Installations | o
Y which falled.
8 points are sallsfactory
e installations. ~ 10
- 8
y ;
L/
P
°O z 10 [£] 20 29 f

BOTTOM VELOCITY IN FEET PER SECOND

FIMTUATIUR U Ta T U nunmINALEIs Y LA Thaand 1.5 LT'I"I']lEI-JtIH’I'iILﬁ‘uIJ’IfJIHETHﬂ’H

= = e . ' ' . 5 v =
vasuny (1.5d) Talaomaldersiidiagszning 1.8 — 2.0 whwsadudiaudnavasfuny (1.8d — 2d)

WEIGHT OF SPHERCAL STONE IN POUNDS (@ 165 POUNDS PER CUBKC FOOT )
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(1.2) ﬂwsaanuuufufﬂqﬂiaﬂ[ﬂ plivunaz, nTiana

o o & e LT & A hd .
fniuTuisgnasnliAunacvionmianazazeanuuulasiionlduwiavasian (Particle
A ; L] LS dt B O E d A.d. = = ;
Size) fvanzanluasionadniudosdruiagniasunnnit 1 Tu WanmInsasiiidszdninwanniu lay
= g . & o s = P
Iiuurihdminrwiavasiaa iz audiis
& o om e . . .
Do < BDED., FIWIUAUNAAT Uniformity Coefficient, U < 5
B LT . . : .
Dis < EDI:IEE“J FIVWIUAWNNAT Uniformity Coefficient, U = 10 (Well-graded base soil)
lag  f = filter
b = base soil
i a- = J 5 i W ] J‘I [ o o #L|
lasfduszims B duldagsniie 3 -5 laveziuadivinsaensivalasduiums
Twauuun ﬁ’u‘lﬂnﬁ’umaahqmrn (Strong Cyclic Flow) a3lgd B = 3 uszdmiumsinauuuasil (Steady
Flow) a25lta1 B =5
wWiatdumsilasnunisuana’ (Segregation) mmtﬂﬁﬂzmaaﬁaﬁﬂﬁ“ﬁ’uﬁ’ﬂm‘mmLm:mmmmaa
o o s me o e o
TagniasmTnalinnuauAwETuA
Dsyr < 25Dgg,
& w o =5 ' e :‘ T ' =& ' o L = -
uartuiagniasmrsiisnsduduldashlidasnidinBudwldvasuiuldsuiag
=l B e L :'l"
naslauinNUFNNUEAIR
D15[{ 5D'|5b

uaztioiflunisilasiunmsgaauaisil Dy lwaindn 75Um. (0.075 mm.)

b K¢

oWy

ud. fe

ccccccc




g1 (M5aeniNulsd uns1Z)

vl iauRn(Sub soil) Hnaanifiaa

dyy = 0,02 mm
dgy = 0,06 mm
dgy = 0,08 mm
dg = 0,18 mm

|

0,002 0,06 2 63 mm

HAZAINSINTUANT = 2.5 m/s
Soil permeability = 0.0005 cm/s
a) Check Eiicctive pore size (d )

U %30 C, =d,/d,, =0.08/0.02 = 4

o0

dy/d,, = 0.18/0.06 = 3

1M1 1 9210

d < 1.8d, = 1.8%0.06 = 0.108 mm.

5

NI TST00

b) Check the Hydraulic filter stability

k, >t*k/5/d

50

> 2.6%0.0005/5/0.06

= 0.00433

cm/s

DIMI519 TS 700 3 k, = 0.4 cm/s

Ty

, = Thickness of geotextile

K, = Soil permeability

dgg/dgg < 2

dgg/dgy <4

dge/dgy > 4

Cu<3
Cu<6
Cu>6

D _<1,0.dg,
D, <l1,5.dg,
D, <1,0.dg,

D <1,5.d,

D <1,5. dgo
D <1,8.d,
D,<2,0.d;,

Tdble

1: Filter

criteria ~ for

noncohesive

soils in turbulent currents

(a) Current attack

Top of bank

0.3 m minimum
overlap® | |
Flow e W
—03m
i = ',:.‘ =B B minimum
1smminimum U4 1LY L B8 overap
!
! 1
I I
I { If 1
~»l {15 m minimem - T
i
* 0.9 m if placed underwater Wave attack

(b) Current or wave attack

[Placing of Geotextiles in bank protection

Flow direction
e, o

. 21m l

Overlapping joint

geotextile

Figure : Examples of anchoring methods of the geotextile at the top of the slope
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—

VDS donuu [asomsussimonniona:nui@olumithusiduusia:uithain dordaus1duus

Toe Protection : #uis (Riprap) .

KEY IN TO
PREVENT \,, T
Rip-rap SLIDING o /&
¥ sy
4
& TR
XS e A Bed.level
0 r/ I—'

i EXISTING
Launched thickness Y NONERDDIBLE
~15xt e -3 7) MATERIAL

Assumed slope Deepest
‘

scour depth
Launching apron for severe scour Protection to existing toe
Examples of toe details

Scoured depth in non-cohesive soil

10 E- T rrrrmy T T TImm T T TTITT T T TTTTT T IW
5 3143 = E
- q- C -
- | 3|
" F, 2 E> B =l
bo _E_ C Tl /
Where C / -
Foo = Zero bed factor {from graph) T uuf 111l 1anu Llaaun Lo . aAs BUILT BUILT
g = Local discharge intensity (m."/sim.width) %1 o 0.1 5 10 100 1000 SECTION e SECTA;SDN CAN BE PLACED
z = Flow pattern factor Median diameter of bed material, Dgo (mm) H A8557 0N R BELOW STREAMBED
Blench's ‘zero bed factor’ related to material size (after Neill, 1973) SCOUR
E— =15-20 < ] S—— |LAUNCHED SECTION
METHOD D
|
=20-25 BE- RIPRAP
[ GRANULAR FILTER OR REVETMENT TOE

FILTER FABRIC PROTEC” ION

Dmax = Maximum scoure depth (m.) (3831NT2ALET)

N @ PO Bevenp DY
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Dikes and revetments : design,
Toe Protection maintenance and safety assessment:

Kristian Pilarczyk

. TR ::an:bolzlu:ks with toe wall
Tyies af fook P'i??ecnm — GC"::‘:H‘;“‘/ Pre'CiﬁSI / guarrystone or concrels amor units :;::j?;:oban?:r:itss
1 Concept Diagram of Construction l conerete unit i ¥ low scour patential sites
i Method _ \ ~Land drain
Woodon mattress. Brashwood ete L sopn 'o;‘fé"" ),_‘-_ ;
anticipated scour
Wooden
Type A5 ; Lo
X “LOC&I [Ce prO[b('Uon quarystone or amoa units concrete blocks with embedded ioe
e Iow-to-modarate seour potential sihes low-lo-moderate scaur potential sies
{a) Outfall structure
Erosion due to land
| dr: Figure 17 Alternative toe protections H=yme =1.25H
Basket 2% %%A&é‘_;:%:.'ﬂ MG ymvus wauwn
Type structure
QuarTystene or armer units
moderate-to-severe scour polential sites concrate blocks with rubble toe
\D " moderate-to-severe scour potential sites .
— — — Ve 2
20
£ % H = ype =1.25H
Rubble / H=ymea=15H
Type S S5
oevered dr_am cotona
) INCreases nSk 3H to 4.5H dutch
i . i h : 9 'onal duteh 1ok z W2 and il
1 of further failure P i
[=} 2
(6} Prob :
roblems caused by lack of attention to outf
Block y1aCk 0 0n to outia
Erosion problems atland drain outfals foistian Harczy
i Figure 17 Altemative toe protections
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1.2.2 USIAUAUAIULNS (Lateral earth pressure)

Cw [ o i o o L
ﬂ"\'il"li]ﬂ'i"lﬂLﬂﬂuﬂﬂﬂﬂuﬂﬂd‘ﬁuﬂﬂ"lﬂL‘EIU-.‘IIHH"]W‘IY]LLﬂﬂJ“%ﬂﬂﬂﬂﬁﬂ‘Tl&lEﬂ‘ﬁuM"lﬂ a‘m‘lmﬂumsmm:au
.4 W d a4 ¥ o b R T v YWe  as P
L'I»LEI\'HI'IFIEI’]@I‘.TJ[N@HL‘.TJEI%?I:EIHN']L‘EI‘I‘IJﬂ%ﬂ‘I%‘m‘ITI mlmnmﬂm‘,uﬂun‘lﬂmmuﬂﬂ ‘J‘ﬁLLT‘I'J]fQH’HD‘“u\'I na
w o w & = & 4 . P P - =
Lﬁanlmﬁwﬂmnuﬂmwmmm lﬂﬂﬁ’]i‘uﬁl:ﬂﬂ’ﬂﬁﬂﬂ”li"llﬂ‘i”l:‘i{l,lﬂ:ﬂEITILI.LIUL'LIEI%T‘JENﬂu@lﬂﬂ“ﬁ“ﬂn“‘]ﬂw‘l
& o . o= ' - g e we ol R g
[STRREARE [mulumumm:nmmamﬁﬂuunLL'saﬂ'::Lnﬂma g NTERYIINUALY N LWEL].JHW“E”MIL'HHTE
- . . - a a L . r
‘]LF]TI:VTLI.R:BE!T‘II.IJ.IUEI&T'IJ mwmmﬂmﬂ:‘ﬁl.m:aanuuuLmauﬂmnumﬂumnmw‘mm:nm‘:mm:wau
L da o e 4 o ve v ae ‘ P
Ll.mmﬂuwl“mmuuummu qmmﬁﬂmaﬂuuumﬂuwﬂa'[mqEﬁwLﬂmm‘lmmmuﬂumsﬁnm
v
- = o ” o asm W o -
W‘ﬂﬂﬂ‘ﬁ'&'u1uﬂ’1'§‘§uﬁ7‘ﬁ%ﬂui?ﬂﬂ“lli]ﬂ.[ﬂ'ﬁ-ﬂﬁﬂa'l LNE]'T’ITT}JI'IH‘IFI“HENFIWTJ‘U@LLR1 ﬂﬂﬂﬂLLUUﬁTHWEﬂ'}Lﬂﬂ:ﬁLLR:

aanuuulaniafefidunanduss larald

1.2.1 wsannseinulaulaanunag

e A .2 o F ., " . s Ao
nmneanalenilasnuaieriouwas  dwmyadessrumddlesnidunmaaieaali
anutuganitnutusTIiminasainaas ﬁqﬁuﬁﬂuﬂaqﬁuﬂ'ﬁq'ﬂﬁmﬁﬁq@Tﬂm"‘lummmm:ﬁﬁﬁqm‘i'l
d o - = ' @ a o o . @ P P o
vawlladriwafiohadn nanfe HaNIIMTEABITIMULTIBIINMIAAlTzgluLLAN 9 udd dausiiai
o 4 4 o P s Ao s A d o, w
dadasmwnuusiiasnnusiuinuazil assusimddesadowriailsganinianeiindw  dmiuusei
TR I P
nehnudawsiiauwiasit laund
Caw w e , . [,
(1) wssauana g wwsanszdirluunsu desnaudan wsaaudn VBagn
(active earth pressure) UAZL TR UARLTITL (passive earth pressure)
o 4 Y owad o
(2) wmawilasniniy lwlansusaluwui sz usluuunfg
(3) ﬁﬂﬁﬁnuﬁﬂnméﬁuﬂé‘aﬁﬂu
§ |
(4) iU lan
o o v o
(5) wnnaEmziadaInnIzLEd A8 Laziu g
(6
(7

& . o P | a ol e L = = o 0 = =
ﬂ:LHH')'ILI.‘i-J'ﬂﬂT:ﬂ‘]ﬂUﬂ‘llﬂﬂ%ﬂadﬂu@lﬂd'ﬁu'ﬂLLu‘Jﬂ-J'I'l:TI:ﬂﬂ'TLlﬂa\'mllLLTJ‘I"IﬂT:ﬂ‘ITILIﬁ‘II.I.W\'ITIH

d v -
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(2} mFerzilazaaniuy dWauilasmua Ry sheet-piling wall
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MECHANICAL STABILIZED EARTH WALLS

H—8 90 8-
~—— Backfill

5
Facingpanels —¢

(a)

Geogrids

(b) Metal strip

ozl

(d) Geogrid (c) Geotextile
FIGURE 15.28 (a) A geogrid reinforced wall, (b) metal strip,
(c) geotextile, and (d) geogrid.

Muni Budhu
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MSE Wall + Gabion Facing

Reinforced Soil Slope (RSS).

MSE wall using Gabion facing
with geogrid reinforcement
(High =140 m)

Anchor french
MIRAFI geotextile filrer fabric —
My £ ¥
() JoFE==dand e
[
Rip rop (size varies) - o~ MIRAGRID XT

(Secondary reinforcement)

 MIRAGRID X7
{Primary reinforcament)

FHWA-NHI-00-043: MSEW and RSS, Design and Construction
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Dikes and revetments : design,
maintenance and safety assessment:
Kristian Pilarczyk

geélsxtile K
b. washed-in with granular material
strong interaction (interlocking)

a. standard block mat

R

DIKES AND
REVETMENTS

¢. cabled mat

Block mats

al crass-sectional view

sand-filled geotestile

containers (sandbags),

with end pancls and an
-{ exterior armor layer

strap restraint system
(8'O.C. |, connected to
pipes Inslde contalners)

1=
fliter cloth >
- undeday  sand-filled

sand-filled pve plpes
anchor tube connected to

strap system

-
filter doth
underlay and
toe-scour
protection apron

sand-fllled tube

k) isometric view of fronial seckion

fiter clath
underlay sand-filled geotextile

containers (sandbags),
with end panels and an

exterior armor layer

= sand-filled
anchor tube

strap restraint system
(3" 0.C. . connected to
pipes inside containers)

filter choth
underlay and
toe-scour
protectlon apran

sand-filled tube

Sand-filled mattress

, {1
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Gabion/Mattress
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cover layer
phreatic level

breaking wave pressure head on the slope

maximum difference in
pressure on the cover layer

. " high pressure
below revetment

The schematised situation can be quantified on the basis of the Laplace equation for linear flow:

Hscr _ Dk’ - -0.67
36 30 “ ap \bx) v
s+~ =0 Mass Continuity o)
dy 0z
or Hscr — Fé -0.67
AD o
where H,,, = significant wave height at which blocks will be lifted out [m]; &,, = tano/N (Hy/(1.56T,)) = H., Fcoso
breaker parameter; T, = wave period at the peak of the spectrum [s]; A = leakage length [m], A = (ps - p)/p = AD = é 5
T ap

relative volumetric mass of cover layer; b = thickness of a sublayer [m], D = thickness of a top (cover) layer
[m], k = permeability of a sublayer [m/s], k' = permeability of a top layer [m/s], f = stability coefficient,
mainly dependent on structure type, tanc and friction; F = total (black-box) stability factor.

In which: F = revetment (stability) factor, H = (local) significant wave height (m), A = relative density, D =
thickness of the top layer (m), &, = breaker parameter (-), and b = exponent; 0.5 < b <1.0.

SP&D Ny
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The relative dEDSity is defined as follows: When the flow velocity is known, or can be calculated reasonably accurately, Pilarczyk's relation (Pilarczyk,
1990, 1999, Pilarczyk et al. 1998) is applicable:
3 ® K:Kn uq
A=M AD =0.035 — > Ivh Her @8)
p Y K, 2g
W
with: p_ = density of the protection material and ., = density of water (kg/m’). For parous top layers, such in which: A = relative density, D = characteristic thickness (m): for riprap D = D,= nominal diameter as
. . . S . defined previously, g = acceleration of gravity (g=9.81 m/s?), u, = critical vertically-averaged flow velocity
as sand mattresses and gabions, the relative density of the top layer must be determined, including the water- ’ » o
filled pores: (m/s), @ = stability parameter, ¥ = critical Shields parameter, K; = turbulence factor, K, = depth
parameter, and K = slope parameter.
A=(1-1n)-A (4b) These parameters are explained below.
In which: A, = relative density including pores and n = porosity of the top layer material. Stability parameter O -

The stability parameter @ depends on the application. Some guide values are:

D and A are defined for specific systems such as:

Continuous Edges and
- for rock: D = D, = (Ms¢/ps) 8 (= nominal diameter) and A, = A = (o5 P/ Ow Revetment type toplayer transitions
i ffor bloct]t(rs D :.tl[l)lcicn;siof block a;d i;]: ° £ mattr d A = (1-n)A, wh — bulk ity of fill Riprap and placed blocks 1.0 1.5
- for maffresses: 1= @ = average thickness of maliress and &, = L1-n)A, where i = bulic porosity ot T Block mats, gabions, washed-in blocks, 0.5t00.75 0.75to 1.0

material and A = relative density of fill material. For common quarry stone (1-n) & ~1. geobags, and geomattresses

The breaker parameter is defined as follows:

Shields parameter ‘P :
tano/ 5) With the critical Shields parameter ‘P the type of material can be taken into account:

So™ JHs/Lop

e riprap, small bags Y= 0.035

The wave steepness S,,, is defined as: * placed blocks, geobags W'~ 005

H. 2 H e blockmats Y= 007

Sop= = (6a) e gabions V= 007

Lo 8 T° e geomattresses Y= 0.07
. g .2

In which: Lp=— T (6b)

P og P

with: & = slope angle (°), Lo, = deep-water wavelength at the peak period (m), and T, = wave period at the
peak of the spectrum (s).

é.,ﬁ @ @.“ BEYG)NQ D";bg

TRECHNOLE
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p R

DIKES AND
REVETMENTS

Oomnger, MAoasrtam see

For regular waves the recommended formula 1s as follows:

G5. %

design curve

Jacobs & Kobayashi, 1983
Tekmarine, 1982

Paorraz et al., 1979

“ ] |

l 40 R

ﬂUX|

£
i |
p. 4

b3
Xm.

H/AD ;
30— w }ﬁ% G
Xt
| W
v
o
20 .
""\_ 7
\-‘.‘-"“q__‘_‘-‘ =
— i
-‘-‘-‘-‘_--—I—-__
1.0 ———
ol l |
0 2 4 6 8 10 12
£y B
H/L,

Figure 15 Summary of the stability test results for sand- and mortar-filled bags on slopes

Kristian Pilarczyk

}ﬁ @ SP—&D = BI:YG»I\I_E q.{vpg

4.5 Sample calculations of block mat

4.5.1 Block mat on geotextile on sand under wave load

- Wave load

A block revetment on a geotextile on sand is used on a dike under wave load. The following

boundary conditions are given:

Wave conditions:

Wave height H = 09m
Wave period T, = 40s
The water is deep.

Construction:
Slope gradient cota = 4.0
Relative density A = I3

It is possible that there is some gully formation. The leakage length is estimated to be 0.6 m. The
core consists of reasonably well-compacted sand with Dsy = 0.15 mm. There is a good toe
anchoring.

According to the black-box model, the required block thickness is found as follows:

Wavelength Lop = 25.0m from Formula (7)
Wave steepness HyJ/Lo, = 0.036 from Formula (6)
Breaker parameter &2 = 1.32 from Formula (5)
Revetment parameter E = 51t06.0 from Table I
. H. -
Critical load | = (5106.0)5," =
& D cr
=4.15 to 5.0 from Formula (3)
Required block thickness D = 014w 0.17m
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%=17 kN/m®
Undrained s, = 58 kPa
Drained ¢ =25/, ¢ =0

Soil 2

7#=17.5 kN/m*
Undrained s, = 42 kPa
Drained ¢ =29, ¢ =0

LEM : Slope/W : Strength
Seep/W : Permeability

. Soil3

#=18 kN/m®

. Undrained s, = 30 kPa

¢ Drained ¢ =33, ¢ =0
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~—— Backfill
——0—0 o
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Facing panels ——3 ‘X
-] Geogrids

H—8— 80— —9-

T

(a)

OO OO

——0 09
—0— 009

(b) Metal strip

(d) Geogrid (c) Geotextile
FIGURE 15.28 (a) A geogrid reinforced wall, (b) metal strip,
(c) geotextile, and (d) geogrid.
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NUNINUAULETULTY MSE Wall vausenmuvays

U.S. Department of Transportation Publication No. FHWA-NHI-00-043
Federal Highway Administration

NHI Course No. 132042

MECHANICALLY STABILIZED EARTH WALLS AND
REINFORCED SOIL SLOPES
DESIGN & CONSTRUCTION GUIDELINES

. =

NHI — National Highway Institute
Office of Bridge Technology

FHWA DOT USA
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Gabion

Itemational Joenal of GECAIATE, June., 2021, Vol 20, Lo 32, pp. 121-131
IS5 2184-2051 (), T186-1990 D). Jegems, DO betpm. iy L0850 2001, 52 090347

DESIGNING GABION STRUCTURES UNDER MULTI-CRITERIA
OBJECTIVES WITH GOAL PROGEAMMING

* Vurtickai Chatpattananan®, Thanadel Eongszombeen® and Vatanevong: Ratanavaraha’

t#5chool of Engineering, King Mongkut's Irstitute of Technology Ladkrabans, Bangkak, Thailand;
*Buranarss Univarsity of Tzchnelogy, Wakhor Ratckazima, Thailand

*Zprresponding Authar, Received: 23 Now 2020, Revisad: 23 Feb. 2021, Acceptad: 08 Mar 2021

ABSTRACT: Gabion strocturs iz 2 set of stacked prafabricated cazes filled with rocks These zabion cages
are made of stezl wire, polypropylene, pelyethylens, or nylon. Constructing these gabion cages vznally follows
suppliar suidalines ar governmantal 2zency desizn standards Desizning thiz zakion stracturs, 2t 2 mirimum,
st zatisfy many dezizn criteria in passing extermal stability in sliding, everturning, and hearing capacity of
the foundation CGood zabion dezizn requires 2 balance of the toe bearms strezs and heal bearins strezs. With
thiz raguirement for the d=zien of gabion structares to mest muolt-criteria objactives, goal prosramming, which
iz 2 multi-criteria optimization techrdqus, is used in this stwdy. A 3-meter zabion example is nsed 23 2 baszed
dazizn Then, mixed integer nonlinsar programming iz imtroduced to rearranse 2 set of varying sized zabion
cazes to mirimize the gabion weight and passing extemal stability criteria. Two geal programming medels are
introduced to mest tha two dezizn critaria in minimizing zakion weight and balancing the vertical strezzes. Tha
twe goal programmins models give the same optimum selution with the mininmum weight of 48 KMN/m and
eccentricity of 0.002 mater. In contrast, the orizmal exampls gives the weight of 61.92 KN/m and eccentricity
of 0.086 meter.

Kaywards: Gabion, Geal programming, Muisi-criteria decision making, Retaining wall

1. INTRODUCTION improvemsnt to wtilize optimization techmigues in
setting zabion walls.
1.1 Gabions

Trapezoidal MSE Wall

International Journal of GEOMATE, Feb., 2022, Vol.22, Issue 90, pp.40-4%
[SSN: 2186-2952 (P}, 2186-2990 (0. Japan. DO1: hitps://doi_org/ 102 1660/2022.W.£xi2 78
Gi hni. Ci ion Materials and

DESIGNING A TRAPEZOIDAL MODULAR BLOCK WALL WITH
NONLINEAR OPTIMIZATION

*Vuttichai Chatpattananan', Somchai Prayongphan®, Thanadol Kongsomboon™ and
Vatanavongs Ratanavaraha'

'*School of Engineering, King Mongkut's Institute of Technology Ladkrabang, Thailand:
*Department of Civil Engincering, Kasctsart University, Kamphacng Saen, Nakhon Pathom, Thailand:
Suranarce University of Technology, Nakhon Ratchasima, Thailand

*Corresponding Author, Received: 30 Nov. 2021, Revised: 28 Dec. 2021, Accepted: 13 Jan. 2022

ABSTRACT: A rectangular wall is better in terms of stability and ease of calculation than a trapezoidal wall.
However, a trapezoidal wall 1s sometimes mevitable such as a retaming wall construction near rockface. FHWA
provides simplified rules to design a trapezoidal wall. However, FHWA does not give an example to follow,
and the rules need trial and error to implement. BS8006 gives an exact dimension of the block heights, but
designing still needs to adjust the block widths. A 16-meters high modular block wall project near rock face in
Thailand as an example to illustrate a calculation detail in external stability checking follow FHWA simplified
rules and BSRO006. The illustrations are trapezoidal walls with two zones, three zones, and four zones.
Nonlinear optimization models are also used to minimize the wall base length to facilitate the construction
mstead of jacking the near rock face to build a rectangular wall. Optimization models also help to relax FHWA
simplified rules and BS8006 guidelines. Using an optimization model can decrease the base length from 0.7H
to 0.6H for a rectangular wall or even 0.5H for a rectangular wall with competent foundation soil. Optimization
models can also achieve a base length down to 0.48H with a decrease in the cross-sectional area down to (.92
for a three zones trapezoidal wall. A simple three zones wall with exact dimensions is also proposed n the
competent foundation soil conditions.

SPCP wall, which is an inextensible wall, adjusts 1.3 i Optimizati T i in
the number of metal strips, spacings, and lengths to Designing Uneven Length Reinforcement MSE
resist the rupture and pullout mainly from lateral Wall

earth with its trapezoidal (or bilinear) maximum

tension force line. MBW wall, which is an Optimization techniques have been applied
extensible wall with less rigid reinforcements than popularly in civil engineering for both practitioners

CGablons ars largs cage: or baskefs usoally of
steel wire or sguars welded mesh, rectanzular in
shape, flled with stome. These cazes or boxes ars
widaly used in construction works 23 2 retzining
stracture, erosion protection, coastal protacton,
pipe protection, 2nd other usages such 2= protecting
bured pipes [1] Gebion refziming systems ame
sravity stirectures that use their salf-weizht to resist
the lateral sarth prassurs behind it and to suppert
any vertical surcharge resting an top of the zabion
stracture.

The z2bion cages rypically ars 2 meters lone, 1-
metar-wide, and l-meter-high shewn im Fig 1
ASTM A873 [2] provides gzbien sizes with 1 meter
in width, varying lensths of 2, 3, 4 matarz, and
warying heighis of 1, 0.3, 0.3 meters. ES8001 [3]
alza gives gabion shapes of I to § meters in langths,
l to 2 meters in widths, and 0.3, 0.5, 1 meter in

dapths.

1.2 Gabion Structares

Fiz. 1 Gabion (e and matirass (right) from
B38002 [3]

Fromt Slope Rzar Slops Trap=zoidal
Fiz 2 Cabton wall shape: fom BER002 [3]

1.3 Designing Gabion Structures

SPCP wall, adjusts the geogrid tensile strengths
with its triangular (or lincar) maximum tension
force line to resist the pullout. Global stability
design is implemented by using cither the limit
equilibrium method (LEM) or finite clement
method (FEM).

1.2 Designing an Uneven Length Reinforcement
MSE Wall

Ll
o

=

i A
B,

FHWA BS3006

Fig.3 Dimensioning uncven reinforcement
lengths wall guided by FHWA [I] and
BS0006 [2]

and researchers. The techniques are well suited to
handle problems on hand that demand solutions
under limitations. Uneven MSE wall design, which
is a retaining wall design, 1s also an optimization
problem that secks a safe and the most economical
solution under its narrowest base limitation.

Numerous optimization techniques have been
applied to retaining wall designs, such as Dungca
[4]. which applies linear optimization of soil mixes
in designing vertical cut-off walls. Optimization 1s
also applied in some other arcas, such as Araki [5]
in a buried pipe with geogrid-gabion, Bala [6] in
mix design optimization of asphalt mixtures, and
Bemmardo [7] in optimization of concrete
compressive strength.

Narow retaiming walls near rock faces are
addressed in some studies. Chen [8] pays attention
to its translational mode. Leshchinsky [9]
developed a design chart for narrow SPCP walls.
Dai [10] illustrated a project of uneven
reinforcement lengths of trapezoidal walls, which is
a shored MSE wall 8 meters high and 4 meters base
width.

1.4 Aim, Limitations, and Significance of the
[T
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52 SUPERIMPOSED WALLS
‘The design of superimposed MSE walls is made in two steps

(1) A design using simplified design rules for calculating external siability and locating the interal
failure plane for intemal stability as shown in figure 48

(2) A stability analysis, including both compound and global stability using a reinforced soil global
stability computer program outlined in chapter 6. This is an essential computation.

For preliminary design. the following minimum values for reinforcement length, of L, and L.
should be used for ofifsets (D) greater than [ 1/20 (H, + H) |

Upperwall: L', = 07H,

Lowerwall: L,=06H

where H = total height

‘Where the offset distance (D)) is greater than H, tan (90-6,), walls are not considered superimposed
and are independently designed

For a small upper wall offset; D < [ 1/20 (H, + Hy) ], it is assumed that the failure surface does not
y change and it is simply adjt ¥ the offset distance D). The walls should
be designed as a single wall with a height H.

y forthe upper inchapter
4. For the lower wall, consider the upper wall s surcharge in computing bearing pressures. Inliew
of a conventional extemal sliding stability computation, perform a slope stability analysis with
failure circles exiting at the base. A minimum factor of safety of 1.5 is generally warranied

For caleulating the internal stability, the maximum tensile force linesare as indicated in figure 48a.
‘These relationships are somewhat empirical and geometrically derived

For intermediate offset distances, sec figure 48a for the location of the failure surface and consider
the vertical pressures in figure 48b for internal stress calculations

For large setback distances, [ D = H, tan (90-9,) | the maximum tensile force lines are considered
{ the tw . For intemal stbility

computations, the upper wall is neglected

‘The balance of the computations remain identical as in chapter 4.

st ,
EIR—— [
seogly e

-

@) MAXIMUM TENSION LINES

A1 D pton (453
e

G 0 hmr-0)
fi-o

.
st e+ §9
i =2
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L
SAE2  Hatan (45 $) <0< bten (90-01)

b) ADDITIONAL VERTICAL STRESS

Superimposed MSE Wall
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ANALYSIS AND DESIGN ON VARYING THE OFFSETS IN
SUPERIMPOSED MECHANICALLY STABILIZED EARTH WALLS
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* School of Transportation Engineering, Suranaree University of Technology, Thailand

*Corresponding Author, Received: 16 Feb. 2022, Revised: 28 Nov. 2022, Accepted: 15 Dec. 2022

ABSTRACT: Superimposed MSE walls or multi-tier MSE walls are frequently used due to their eye-pleasing,
economical, and safety requirements compared with single-tall MSE walls. Designing an MSE wall requires
checking the failure modes in its external stability, internal stability, and global stability. Calculating the
external stability and global stability for superimposed walls 1s well explamed. Internal stability, however, is
more complicated in calculating the additional vertical stress from the upper wall as an equivalent surcharge
on the lower wall with its magnitude determined by the offset distance. By varying offset distances, the
additional vertical stress can be categorized into three cases. Casc | is the maximum additional vertical from
the upper wall load when the offsct distance is less than Hitan(45-¢/2). The additional vertical stress is zero
in case 3 where the offset distance is greater than Hytan(90-¢,). In case 2, the additional vertical stress is a
hyperbola function that can be calculated easily using the proposed equation & = [(He=zy)Az2zi)} {1t g) in
Eq. (7) with geometric and algebraic explanations used through a numerical example in designing a
superimposed wall.

Keywords: Additional vertical stress, Internal stability, Mechanically stabilized earth walls, Multi walls,
Superimposed walls.
between Dy and D>, the additional stress is simply Table I Soil parameters, surcharge, and wall
a; = yHy. In case 3, D is between D, and D, the gcometry.
additional  stress 0y = S (ui, 4 q) s
. (2-22) Item Symbol _Value  Unit
mentioned in Eq. (7). —em______ oymbol Yauwe ot
Soil cohesion ¢ o kN/n?
Ds Soil internal & 28 degree
0. friction
Dy 2k Soil density ¥ 18 kN/m?
. Surcharge q 10 kNm?
Upper wall height H 3 meter
Lower wall height H 4 meter
Offset distance D 3 meter
Note: All the reined soil, reinforced backfill soil, and
900, P foundation soil have the same properties
45472
q
Fig. 1 Offset distances showing D, Dz, Ds
H,
4. ANUMERICAL EXAMPLE 45+ 82 g
The soil parameters, surcharge, and wall "
gcometry for this illustrated example are shawn in
Table 1. The total height, H = H, + H, =3 +4=7 He
meters. For the reinforcement length [1] with Hy, = | =
3 meters, the upper wall reinforcement length is ;
Ly = 0.7Hy = 0.7x3 = 2.1 meters. The lower wall
reinforcement length is L, = 0.7(Hy, + H,) = 0.7H
= 0.7x7 = 4.9 meters. The minimum lower wall ]
reinforcement [1] L, = 0.6(Hy, + H,) = 4.2 meters L " L-D
is not enough which is later shown in Table 5 at D L
e T

layer 8 representing the top reinforcement of the
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undnte exemplifies the calculation details in designing both reinforced
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” . . concrete retaining walls and mechanically stabilized earth walls
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. ) X i ¥ in resisting seismic load using M-O equation to estimate the
uazmunsfuduiaduussludiuvsnaissnmnisuanifiafuuse

.y dynamiclateral earth pressure and then compare the result with

utiuiuln Adududssioarlumssanuuulagion
5 A 2 the design with no seismic force with the static lateral earth

maiouaznianzSunziunnluvszmalve Tnedideg1anas

pressure. This article uses a 2.5-meters retaining wall example
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