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1960 1970 1980 1990 1997 2000* 2005*

[ Total Generation (million tons) Source: Characterization of MSW in the U.S.:

[ Per Capita Generation (pounds/person/day) >0 Update, U.S, EPA, Washington, OC

*Assumes 30% recovery in 2000 and 32% recovery.in 2005
and assumes population increases at a rate of 4% annually,
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Source: Charsctenzation of MSW in the U.S.;
1998 Update, U.S. EPA, Washington, DC
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49 data sets from 26 different countries in
MNorth- and South-America, Asia, Australia —]|
and Europe over the last 12 years

Composition Percentage [mass-%)
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Waste Components
' Bouazza et al., 1996; Coumoulos et al., 1995; CSR, 2002; Gabr and Valero, 1995; Gasparini et al., 1995; Hull et al., 2001;

Manassero et al.,1997; Oweis and Khera, 1998; UNSW, 2003; INGUT, 2003; MoE, 2000; MVRHH, 2003; NSO, 2002, EPA,
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Year  Landfill location Investigation and suggested trggering mechanism Reference

invalved(m’)

Reference from
Koerner & Soong
{2000)

Notth America 110,000 Single rotational failure Heavy rainfall for 3-days, deep vertical cracks opened at the top of the waste na
(Unlined) ' section underlain by soft soil Rise in phreatic surface from +0) Omto +3.2mwithin the waste mass

Translational fatlure developed by sliding along interfaces within the multi-layer [iner system, within the

Kenleman Hills . o - e
480,000 clay lavers that form part of the liner system and along combinations of liner interfaces and through the

(Composite Liner)

Mirchell et al { 1990}
and Seed et al. { 1990)

calv.

Multi-rotational failure. Landfill expansion activity, removal of suff clay overburden exposing the soft  Reference from
300,000 clay as the remaining foundation material, approximately 120mm of rainfall for 10 days; six sequential  Koerner & Soong
large crevasses openad up In the waste mass (2000)

Noth America
{Unlined)

Verona, ltaly Progressive failure occuring on ship surfaces located entirely in the shallower part of the upper clay laver  Mazzucato etal.
(composite liner) of the composite liner system. (1494)

Translational failure initiated by shear instability of uncompacted waste which was exacerbated by heavy
1993 Istanbul {Unlined) 470,000 rainfall, landfill gas liberated during movement caught fire resulting in explosion, which further
accelerated the movement

Kocasoy and Curl
(1993)

Translational failure. Failure surfaces were the peomembrane to CCL interfaces along the base and the  Reference from
1994 Europe (Lined) 60,000 back slopa. It was reported that the peomembrane was placed during a very wet period when the CCL was  Koerner & Soong
dready at high water content (2000

Translational failure. Native solls on the bottom and sides of the ravine were not excavated prior b waste

Rumpke USA
e, 1,200,000 placament, mobilization of postpeak shear strength in the brown native soil was the suggested primary  Eid et al. (2000}

(Unlined) .
reason for failure
Translational failure. Piggyback expansion; failure surface was the sloping old-to-recent waste (nterface,
_ Bulbul Drive landfill, dlong which the liguid waste saturated the edge-control wood bark berms. From here, the failure surface
South Aftica (Lined) 30,000 then transitioned to the liner system beneath the waste with the actual slip surface being the upper
peotextile-to-geomenmbrane interface,

Blight (2004)

Rotational fallureThe failure was preceede by large quantities of precipitaion ten days prior to the
13,000 incidence. Preliminary stability analyses suggest that landfil| gas-pore water interaction in saturated waste  Merry etal, (2003)
may have been a significant factor in the triggering of the slope failure.

Pavatas, Phillipines
{Unlined)

Translational failure happened after 3 days of heavy rain. The stability analysis suggested that the failure
2,700,000 was triggered by water pressure in the soft subsoil in combination with a severe damage of tensile elements  Koelsch et al (2003)
due to a smouldering landfill fire

Bandung,Indongsia
(Unlined)
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Manassero et al (1997) g a5 jshilan b dol> sladl) Gliogas s Cul jLs 0,50
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MSW/ Cities 1 5 6 7 8 11

Metals 1 5 2 2.5 4 2.56

Paper/ cardboard 25 22 10 31 19 8.13

Plastics - - - 3 9.5 2 8.90

Leather/\Wood/Rubber 7 - 7 3 6 4 4 2.37

Textiles 3 - 10 - 3 5 - 4.04

Putrescible material 44 45 15 20 61 28 59 71 69.51

Glass 1 1 10 6 1 9 2 1 2.40

Others 19 46 22 46 14 11 5 21 2.09

1.Bangkok (Thailand), 2.Pekin (China), 3.Nairobi (Kenya), 4.Hongkong, 5.NewYork (USA), 6.Istanbul (Turkey), 7.
Geneva (Switzerland), 8.Athens (Greece), 9.Cochabamba (Bolivia), 10.Wollongong (Australia), 11.Kahrizak

(Tehran,Iran)
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Controlled Source Surface Wave Profiling method

eSles Ls,aJls Richmond 8 55 10 ,o Downhole iole;l 5l esli ! Ly Sharma et al (1990)
[17].055,5 55,155 YAV mis |y o,lid zoo Ce s g YAAMIS | s g0 S pun

Z3e ey (nS5le Downhole 4 Crosshole ul_iole;l 5l esla_wl b Singh and Murphy (1990)
2o, SLIYYE mis |y by

oYL e VO Gl P g o5 790 <oy Downhole 5 CSW 5l oslazl L, Houston et al (1995)

o Ve BVID Gos 5l 80 55 e gl ally gl o MYS YOO 5 YV o i 5 4y gy gy S Jolis a5
ols 5Lis /S YES o YYA B YYD 5 VYY)




oo Sy polae CSW 4 SASW e v slyz g0 51 oS 5 5l oolaiul b Kavazanjian (1996)
O ed )d pAe g 434S 3,5 oMel (gg 0l lid Gas 0 Ve MISE xaw o A MIS T 5y
-V IS8 0,5 eslanal plg (oo Vo) SO (goleiiday Hloged 3 e (2B s S LB n (03

[12] 005 oo Lt as Lolosl 1 1y 6,0 Sl gloally) 5y oo S yos S0 i VY

SHEAR WAVE VELOCITY (m/s)
200 300 400 500 600

| mien e S o R Ere S s e o s i sw g

o
g w~ « Mean minus 1 Std Dev. (27 Unes)

T

w—pean (27 Lines)

= = = Mean plus 1 Std. Dev. (27 Unes)
SASW (Line 12,
through borehole BA-2)

f—Profile recommended for sile response

analyses of solid waste lancfills by
Kavazanjian et al. (1905)

NOTE:

$HV-2 pro-getermined sampling
inervails. LV, MV, and HV
denole, respectively, Low,
Mean, and High Velocity
zones.

L8]
o

€
£ 25
o
w
Q

g

s o - ———————— = w ?

(Kavazanjian 1996) . ;4 sl slodll; by zge ey Judgp golpiiny Jogad (Yo-V) IS




Shear wave velocity, V; (m/s)

100 200 300 400
T ] T T '| T T T ' T T T i

Recommended
range

.

Depth (m)

i)

(Kavazanjian 1996) s i dul> sloall; (golgpinn ooy Zg0 <y 03gdme (YV-)) S5

oolail (ygusley Cond s sl (S g 5,8 sla>5e 5| Matasovic and Kavazanjian (1998)

Ls,aJls Ol ;85 55 0 sleall; 59, » Down-hole g in-hole slpiolo;l (6, aloul b Lyl .ais S

[10] wsols «sl )l Y=Y JSCs gillas s oolo 5l oXle gm0 1) /Y 0ae




Poisson's Ratio

—o— Suspension
Logging in 552

- @ - Downhole
Measurement in 552
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Technique | Shear strain Description
range

Cyelic 1% Damping ratio is strain controlled [t cannot measure shear modulus directly.

triaxial The major disadvantage of this test 18 that it doesn’t simulate the field condition
compression adequately. During actual earthquake loading, there is a cyclic reorientation of the
principle stress direction through some angle relative to its mitial position, while in
the laboratory triaxial compression test; the major principle stress can act only in
their vertical or horizontal directions.
The triaxial compression test apparatus cannot simulate plane-strain conditions
which represent the actual field conditions.

Cyclic 8% They are more representative of field condition since specimens can be consolidated
simple shear at K, condition.
Wide range of strain amplitude can be conducted.
Pore water pressure can be measured at the boundary.
The simple shear test apparatus is preferred over the triaxial test apparatus.
Resonant | 107°%-107% One of the most reliable and pragmatic test methods used for testing shear modulus
column ((G) and material damping (D) of soils.
Analysis of resonant column tests is based on the assumption that the behavior of the
soil is linear and elastic; analysis of the test data is strictly valid only in the region of
very small-strain (Isenhower, 1979).
The difficulty with the resonant column test is that both driving apparatus used for
the excitation of the soil specimen and motion monitoring instruments must be
attached to the soil specimen. This alters the specimen boundary conditions so that
the interpretation of the test is based on the assumption that the attachments are
lumped into a mass which oscillates with the soil specimen.
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© Damping ratio 0.1Hz with plastic

O Damping ratio 0.05Hz with plastic

4 Damping ratio 0.01Hz with plastic

® Damping ratio 0.05Hz without plastic

Damping
ratio
0.20

0.15 ®
5
K o .
% 5.8 o
0.10: Hey' &

(@

Damping ratio of organic waste,
0,05 - Cyclic drained triaxial compression
with ol' = 0)' = 40 kPa

Q.00 s 2
01 0.2 0.3
Ampliitude of axial strain (%)
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Interal size,  Top plate
length=1000mm

width=500mm
height=800mm
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Property Small-strain shear Normalized shear Material damping
modulus, Grax meoedulus reduction curve, Avs. y

Effect of... curve, G/Gnax V5. ¥

Composition Most important Most important at Most important at

larger strains larger strains

Confining stress Important Important Likely important

Unit weight Important MNot important Not important

Loading frequency Important Mot important Not important

Time under Important Mot Important MNot Important
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