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Fig. 2. Engineerin g Propertie s of Slurries

The additiona l blendin g time for the post-consume r sample s ha d a mor e pronounce d

effect o n engineerin g propertie s o f the slurrie s containin g pizza bo x fiber s than th e c -

flute bo x fibers . Th e greate r difference s were attribute d to th e breakdow n o f greas y

film o n th e pizz a bo x allowin g acces s t o wate r an d softenin g durin g th e extende d

blending . I n comparison , th e c-flut e fiber s had alread y sufficientl y broke n dow n afte r

2 min . of blendin g and additiona l blendin g did not chang e th e behavio r significantly .

CONCLUSION S

Tests wer e conducte d t o asses s th e feasibilit y o f usin g corrugate d boar d i n slurr y
applications . Bentonit e use d i n typica l slurr y mixture s wa s replace d b y fiberize d

corrugated boar d a t varyin g ratios . Propertie s o f bentonite-corrugate d board-wate r

mixes wer e compare d t o baselin e bentonite-wate r slurr y mixe s t o evaluat e th e

influenc e an d practica l limit s o f corrugate d boar d additio n to th e mixes . Th e result s

indicated tha t th e corrugate d boar d coul d be use d t o replac e 9  to 27% (correspondin g

to 0.5 to 1.5 % corrugat e conten t i n a 5.5% mixture ) of the bentonit e used i n the slurr y

https://www.civilenghub.com/ASCE/121999325/Geoenvironmental-Engineering-and-Geotechnics-Progress-in-Modeling-and-Applications?src=spdf


GEOTECHNICAL SPECIA L PUBLICATIO N NO . 204 13 9

mixes base d o n Mars h funne l viscosity , density , and filtrat e los s tests. Corrugate d

board ma y b e use d t o replac e u p t o 36 % o f bentonit e (2.0 % corrugat e i n a  5.5 %

mixture) fo r specifi c sit e an d constructio n condition s requirin g hig h MFV . I n

addition , permeabilit y o f th e mixe s wit h corrugate d boar d wa s simila r t o baselin e

bentonite-wate r mi x permeability . Th e difference s i n engineerin g propertie s o f th e

slurries containin g corrugat e conten t wer e attribute d t o th e presenc e o f a  fibrou s

matrix tha t influence d viscosit y an d flo w characteristics . Overall , slurry application s

provide a  new an d viabl e beneficia l reus e alternativ e for paper / paperboar d products ,

which constitut e th e larges t weigh t an d volum e fractio n o f municipa l soli d wast e

generated an d dispose d of in the U.S . as wel l as othe r countries .
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ABSTRACT: A  line r system i s installe d on the botto m an d th e sid e slop e o f a  waste

landfill . Tensil e force s ca n occu r due to waste compactio n whic h is transferre d int o th e

geosynthetic s b y friction . Th e lon g ter m desig n strengt h o f th e line r system place d o n

side slop e i n landfil l ma y b e determine d b y cree p ruptur e strength , s o i t i s ver y

important t o estimat e the amoun t of tensil e force create d i n the line r system, especiall y

on th e shoulde r o f line r syste m i n th e cours e o f filling . I n thi s research , centrifuga l

model experiment s an d FE M analyse s ar e conducte d t o stud y th e variatio n o f tensil e

force create d a t th e shoulde r o f line r system wit h th e variatio n of rolle r compactor' s

location .

INTRODUCTIO N

Waste landfil l shoul d b e designe d tha t n o leachat e tha t ma y includ e hazardou s

material s flow s int o th e surroundin g groun d an d wate r ove r it s desig n life . A  line r

system i s installe d on th e botto m an d th e sid e slop e o f a  wast e landfil l t o preven t th e

leachate fro m infiltratin g int o surroundin g groun d an d pollutin g groundwater (Wan g

and Wan g 2004) . Th e line r syste m i s considere d t o experienc e variou s forces , suc h a s

tensil e forc e induce d by settlemen t o f bas e groun d (Knipschild . 1984) , therma l stres s

due t o decreas e o f temperatur e (Imaizum i e t al . 1999) , liftin g forc e b y th e win d

(Zornberg and Girou d 1997) , tensil e force by compactio n wor k o f disposed waste (Xu

and Imaizum i 2003) . Th e lon g ter m desig n strength s o f th e line r system ar e usuall y

controlle d by creep ruptur e withi n the design life . Creep strai n would occur if the tensil e

forces o f the line r syste m remai n constan t ove r a sufficientl y lon g period o f time, and it

can lead to creep ruptur e if the strai n exceeds the limi t strai n (Ingold et al . 1994), s o it is

very importan t for the desig n o f th e line r syste m to determin e the tensil e force induce d

in component s o f th e line r system , especiall y on th e shoulde r of HOP E geomembran e

with th e locatio n of rolle r compacto r (Hulling s an d Sanso u 1997) . Bu t i t i s no t clearl y
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understood how the tensil e forc e actin g on the line r system du e to the compactio n wor k

varies wit h the locatio n of the rolle r compacto r i n landfill . In this paper, the variations of
tensil e forc e create d a t th e shoulde r o f th e line r syste m wit h th e locatio n o f rolle r
compactor ar e studied .

INTERFACE FRICTIO N CHARACTERISTIC S

The characteristic s o f the studie d geosyntheti c material s at 20 °C ar e liste d in Table 1 .

Incinerated as h fro m municipa l waste i s used to represen t dispose d wast e i n landfill , its
cohesion an d frictio n angl e ar e 8  kP a an d 36.5° , respectively . Wate r conten t o f th e
incinerated as h i s 41% .

Table 1 . Mechanica l Propertie s o f Geosynthetics .

Materia l

HDPE geomembrane
Non-woven
geotextil e

Thicknes s
(mm)

1. 5

10

Tensil e strengt h
(MPa)

35. 3

1.4

Elasti c modulu s
(MPa)

484

6.5

The interfac e frictio n angle s betwee n th e incinerate d as h and non-wove n geotextile ,

HDPE geomembran e an d non-wove n geotextil e are 12.5 ° an d 19.7° , respectively .

CENTRIFUGA L MODE L TESTS

FIG.l . Configuratio n of the centrifuga l model .

The mode l landfil l a s show n i n Fig. l i s placed i n a steel containe r havin g a length o f
500 mm, a  widt h of 260 m m an d a dept h o f 350 mm . Th e foundatio n and slop e o f th e
model landfil l ar e mad e of gypsum . The slop e of the mode l landfil l i s 1:1.5(V:H ) with a
heigh t o f 20 0 mm . Non-wove n geotextil e i s the n glue d t o th e surfac e o f th e mode l
landfil l whic h is then covere d by an HDP E geomembran e wit h a thicknes s of 1.5 mm. A

https://www.civilenghub.com/ASCE/121999325/Geoenvironmental-Engineering-and-Geotechnics-Progress-in-Modeling-and-Applications?src=spdf


142 GEOTECHNICAL SPECIAL PUBLICATION NO. 204

protective laye r o f non-wove n geotextil e is spread ove r th e HOP E geomembran e whic h

is then covered on the surfac e by incinerate d ash. The mode l is accelerated t o about 3 7 g

in th e centrifuge . Th e tensil e force s induce d withi n the to p non-wove n geotextil e an d

HOPE geomembran e ar e measure d throug h loa d transducer s o f 196 N and 490 N whic h

are fixe d a t the top of the slope .

Incinerated as h is poured int o the mode l landfill . It s wet densit y i s approximatel y 82 0

kg/m
3
. Acceleratio n o f the centrifug e is increase d a t a rate o f 5 g/mi n to a maximu m o f

37 g(g is gravitationa l acceleratio n and equals to 9.8m/s
2
), a 15 0 mm heigh t i n the mode l i s

equivalen t wit h a  5  m  heigh t o f waste landfil l i n th e prototype . Th e tensil e force s o f

HDPE geomembran e an d non-wove n geotextil e an d th e acceleratio n ar e recorded b y

computer a t eac h 5  g interva l in acceleration .

To evaluat e th e influenc e o f the locatio n of rolle r compacto r o n tensil e force o f line r

system fo r constan t heigh t o f incinerate d ash , th e mode l loa d o f 47. 4 kP a (37g ) i s

applied o n the surfac e of incinerate d ash to simulat e the rolle r compactor . Th e distanc e

from th e mode l loa d to the slop e line r syste m i s als o varie d at 0, 70 , 14 0 mm.

RESULTS OF TESTS

The measure d tensil e force s create d a t th e shoulde r o f HDP E geomembran e an d

non-woven geotextil e wit h mode l loa d applie d o n th e surfac e o f incinerate d as h ar e

shown i n Fig. 2 an d Fig.3.I t i s foun d tha t the tensil e forces o f HDP E geomembran e an d

non-woven geotextil e increas e significantly , an d a s th e distanc e fro m mode l loa d t o

slope line r syste m become s larger , th e tensil e force s o f HDP E geomembran e an d

non-woven geotextil e decrease . Fo r example , the tensil e forc e of HDP E geomembran e

increases fro m 0.26 kN/ m t o 0.7 2 kN/ m whe n the mode l loa d i s applie d on the surfac e

of incinerate d ash , th e incremen t o f tensil e forc e i s large r tha n tha t o f tensil e forc e

created b y incinerate d ash . Th e tensil e forc e o f non-wove n geotextil e als o increase s

from 0.2 5 kN/ m t o 0.47 kN/m . But the tensil e force s o f HDP E geomembran e decreas e

from 0.7 2 kN/ m to 0.63 kN/ m whe n the distanc e increase s fro m 0  mm to 14 0 mm.

FIG. 2 . Measure d tensil e force ,

(geomembrane) .

FIG. 3 . Measure d tensil e force ,

(geotextile) .
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FEM ANALYSI S

The finit e elemen t meshe s an d boundar y condition s are show n i n Fig.4. I t is possibl e

to displac e freel y betwee n incinerate d ash an d stee l containe r i n the vertica l direction ,

and th e HOP E geomembran e an d non-wove n geotextil e at the shoulde r ar e fixed . Th e

quadrilatera l elemen t and triangl e elemen t are used to mode l the incinerate d ash, and the

geosynthetics wer e modele d b y quadrilatera l element . Th e interface s betwee n differen t

material s ar e modele d b y join t elemen t t o simulat e the transfe r o f frictiona l stresse s
through them .

FIG. 4. Finit e elemen t mesh .

The stress-strai n respons e of the incinerate d ash is modeled by Duncan-Chan g mode l

(Duncan an d Chan g 1970) . The tangentia l modulu s can be expresse d

Where cr , an d cr 3 ar e maximu m and minimu m principa l stresses , respectively ; -ft/-i s

failur e ratio ; c  an d (j)  ar e cohesio n an d frictio n angle , respectively ; P a i s atmospheri c

pressure; k  an d n  ar e experimentall y determine d constant s accordin g t o direc t shea r

tests. Th e frictio n angl e an d cohesio n o f th e incinerate d ash ar e 19.7 ° and 1. 3 kPa,
respectively .

The HOP E geomembran e an d non-wove n geotextil e ar e treate d a s a  linea r elasti c
material s an d secan t modulu s at a strai n of 1 % (Tabl e 1 ) is applie d in the analysis .

The shea r stiffnes s K st o f interfac e ahea d of the peak shea r stress can be expressed a s

follow s

Where, r  an d a n i s shear stress an d norma l stress a t the interface ; r^i s shear stress al

failure ; / wis uni t weigh t of water .
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The interfac e shear strengt h r f ca n be expressed a s a functio n of the normal stress by

Mohr-Coulom b failur e criterion .
Beyond pea k value , th e interfac e shea r stres s i s assume d t o b e constant . Th e

parameters o f interface s used i n the analysi s are show n i n Table 2 .

Table 2 . Analysi s Parameters .

Interfac e o r material s

Incinerate d ash-geotextil e

HOPE geomembrane-geotextil e

Incinerate d as h

k

11.6 5

3.90

63.2

n

1.06

0.84

0.83

R
f

0.82

0.78

0.81

The calculate d tensil e force s o f HOP E geomembran e an d non-wove n geotextil e ar e

shown i n Fig.5 . Irrespectiv e o f distanc e fro m mode l loa d t o slop e line r system , th e

calculated value s o f HOP E geomembran e ar e smalle r tha n th e tes t values , abou t

0.76-0.90 of the test values .

FIG. 5 . Relationshi p between calculatio n and test values .

The relationshi p betwee n temperatur e t  an d secan t modulu s E m o f HDP E

geomembran e ca n be expressed as :

£ ]% =784-10-°' 0102 ' (3 )

The elasti c modulu s of HDP E geomembran e use d fo r FEM analysi s i s data o f 20°C,

but the test temperatur e i s 14°C , so the elasti c modulu s of HDP E geomembran e use d i s

smalle r tha n th e tes t value , th e deviatio n betwee n calculate d value s and tes t value s i s
generated .

The calculate d value s of non-wove n geotextil e are abou t 0.72-1.2 5 of the test values .
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The test value s are large r than the calculate d values excep t a t 0 mm distanc e of model
load to slope line r system.

CONCLUSION S

This paper describe s th e influenc e o f the locatio n of rolle r compacto r o n tensil e forc e
creating a t the shoulde r of line r system. As the distanc e fro m mode l load to slope liner
system become s larger , th e tensil e force s o f HOP E geomembran e an d non-wove n
geotextil e decreased . Effect s o f mode l loa d o n th e tensil e force s o f HDP E
geomembran e an d non-wove n geotextil e are significantly.Th e tensil e force s of HDP E
geomembran e an d non-wove n geotextil e analyze d by FE M ar e consisten t wit h thos e
obtained b y centrifuga l mode l tes t i n general . Th e calculate d value s o f HDP E
geomembrane ar e smalle r than the tes t values , about 0.76-0.90 of the tes t values . The
calculated value s of non-wove n geotextil e are about 0.72-1.2 5 of the test values .
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ABSTRACT: Th e cement-base d solidificatio n i s recentl y considere d a s an alternativ e
option t o reus e th e dredge d material s as engineerin g fills . A s the solidificatio n involves

hydration reactions , th e pH valu e of the solidifie d soil can chang e whic h may affec t th e
surrounding environmen t afte r it s placement . Thu s th e p H valu e o f th e solidifie d

dredged materia l is one of the key factor s whic h govern it s suitabilit y as fil l materials . I n
this study , th e effect s o f th e typ e o f additive , curin g metho d an d curin g tim e o n th e

change i n p H valu e o f a  solidifie d dredge d materia l wer e investigated . Fou r differen t
additive s (cement , fl y ash , gypsu m an d ric e stra w powder ) wer e used . Th e solidifie d

samples wer e cure d unde r eithe r humidit y controlle d or exposed conditions . The curin g
period range s fro m 1  to 6 0 days . Th e tes t result s sho w tha t amon g th e fou r additive s

used i n th e study , cemen t give s a  mor e substantia l increas e i n th e p H valu e tha n th e
other thre e additives . Regardin g the curin g conditions , sample s cure d unde r humidit y

controlled conditio n exhibi t higher pH valu e than those cure d unde r exposed condition .

INTRODUCTION

Dredging i s commonl y employe d t o improv e wate r qualit y o f river s an d lake s an d
ensure the ability of river for flood discharge and navigation. As a result huge amount of
high water conten t an d low strengt h dredge d material s are produce d (LU O Qing ji e t al.,
2005). Lan d an d ocea n disposa l ar e th e traditiona l method s fo r treatin g th e dredge d

material s i n China . Beside s th e disposa l methods , cement-base d solidificatio n i s
recentl y considere d a s a n alternativ e optio n t o reus e th e dredge d material s a s
engineering fill s (Zh u We i e t al. , 2005) . A s th e solidificatio n involve s hydratio n
reactions, th e p H valu e o f th e solidifie d soi l ca n chang e whic h ma y affec t th e
surrounding environmen t afte r it s placement . Besides , th e leachabilit y of heav y metal s
(if any ) entrappe d i n th e solidifie d soi l i s significantl y affecte d b y th e soi l p H valu e
(Sanchez e t al. , 2005) . Thu s the pH valu e of the solidifie d dredge d materia l i s one of the
key factor s whic h govern it s suitabilit y a s fil l materials .
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Previous studie s sho w tha t th e additiv e was a n importan t facto r affectin g the p H o f

mixture material s (M . Kimur a e t al. , 2000 ; C.Q . Wan g e t al. , 2004) . Curin g method ,

such as curing seale d o r curing exposed t o air , also affecte d the pH change o f materials

(R.E.H. Sweene y e t al. , 1999) . I n thi s stud y the effect s o f th e typ e o f additive , curin g

method an d curin g time on the chang e in pH valu e of a solidifie d dredge d materia l wer e

investigated . Fou r differen t additive s (cement , fly ash , gypsu m an d ric e stra w powder )

were used. Th e treate d sample s were cured unde r eithe r humidit y controlle d or expose d

conditions . Th e curin g perio d range d fro m 1  to 6 0 days . Th e objectiv e of th e stud y is ,

through th e laborator y tests , t o provid e a  scientifi c basi s fo r controllin g th e p H o f

solidifie d soi l used i n practica l engineering .

MATERIALS AN D METHOD S

Materials

The dredge d materia l wa s take n fro m Taih u Lake , Chin a an d it s mai n physica l

properties ar e summarize d in Tabl e 1 . Fou r additive s wer e used : Ordinar y Portlan d

cement (OPC) , fl y ash , semi-hydrate d gypsu m an d ric e stra w materia l (dryin g belo w

60°C and grindin g into powder) .

Table 1 . Physica l properties o f dredged materia l

Water
content

(%)
104

Densit y

(g/cm
3
)

1.48

Specifi c
gravit y

2.64

Void

rati o

2.7

Organi c
matte r
conten t

(%)
4.7

Plasti c

limi t

(WP)

(%)
18

Liqui d

limi t

(WL)

(%)
33

Plasticit y

index

(ip)
15

pH

6.89

pH tes t

First, th e dredged materia l an d additive s were mixe d thoroughl y inside a mixer . The n

some mixture s were seale d by polyethylen e bags and cure d at temperatur e around 20° C

and humidit y greater than 90%. Th e othe r mixture s were place d on the plexiglas s plate s

and expose d t o air . Afte r curin g fo r th e targe t time , th e p H o f solidifie d soi l wa s

measured accordin g t o th e method s specifie d b y (IS O 10309 : 2005) . Th e mixtur e

samples were firs t drie d in an oven at 40°C, an d pulverize d to pass throug h a 2mm sieve .

Then th e powde r sample s wer e extracte d a t a  liqui d t o soli d (L/S ) rati o o f 5  ml/ g i n

capped polypropylen e bottles , stirre d fo r 60 min , and the pH was measure d b y usin g a

PHS-3C pH meter .

RESULTS AN D DISCUSSIO N

Effect o f additive s

(1) OPC
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