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Suitability study on filling material of limestone with high content of palygorskite
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Abstract: The laboratory test reveales that the excavated rock materials with high content of palygorskite
has potential problems with swelling and dispersion in New Doha port project. Most of the filling materials do
not comply with the accepted criteria in specification and shall be considered as unsuitable filling materials. As
per specification, the general reclamation fill shall have fine contents of less than 15% with a liquid limit not
exceeding 65% and a plasticity index not exceeding 35% . To make full use of these materials and reduce the
amount of surplus soil, the EDC has provided new criteria for the unsuitable material based on the structural
function on the reclamation surface, i. e. the air void content shall be less than 10% after ground improvement
and the volume change shall be less than 1% of the filling thickness. A series of laboratory test comprising
particle size distribution test, hydrometer liquid and plastic limits test, swelling test and X-ray diffraction test etc.
were scheduled and carried out by local laboratory to verify whether this new criteria has been met for unsuitable
filling material. And a correlation has been built between the swelling and fine content. The test result indicated that
the unsuitable fill material with fine content less than 45% can be used as general fill material and has been
demonstrated by a large scale flooded embankment test. However, the prevention from dispersion should be
considered when the filling material with fine content between 20% ~ 45% is used. The research may serve as

reference for similar projects in the future.

Keywords: palygorskite; filling material; air void; swelling

g5 HE: 2015-10-19
EEGA . 20k (1976—), B, A TR, NERo LREASE T/,



%4 SR, F: SRS E

I

SFREEAAM IEE TR 155 -

TEZ I HT S Sk g i 2, e e =
Z SIMSIMA J& . SIMSIMA J& 4 J& T 1 J§ 4%,
WY Ry T R R RS T SR D e
TEUS IS R Z b R rh ek 3 A 2R HHZ
BHEA TR . 4328, W A IRl SR A TS R
SR SR A Sk A DX A [l IEORMEE . 7R BOR FAS
b, Gk IS ORE A R 2 Aok (R AR N T
0.063 mm) & H/NTF 15% , WRA#EE 65%, ¥4
HIEEOA B 35, FEFFIZRH E N5 A,
HIRK—ER o RE () AL & B 15% H H i ¥8
PEFEE N =, AN BETH L MUEORF Y 2K, X ST EAT
SHALS K& BT 128 25 09 T2 20 W Wi o5 Sk 3k 2%
i, BA—EMEKES aEtE. AT 3 ma
FIFH KR53 s FFH208E, RS BHE X 4544 1)
REmT KRB 18 0 RLIFOBHS A AR -

1) [RUFOREAE [ AR R AR LS, FL B /)N
T 10% ;

2) HRSEH R A 2 AR IR K A A AR R A L
A A R RN 1%

ST 3B R A 3 v A2 R A TR
PR RE A I P FURL DD RE A, 55 X [m] IOk B 2
11— 250 B9 = 56 A= A KRR I HE 30 56
5.

M F2GE o A W I R e
X G Ai S50 2 A S A A ] IEORE Y J90kE 2% T
WIBEFE B A W 155, e PE R IZ R R A+
Ferks IR - n9 POk B2 g . S KRl .
Z N 5L A A LR FE A SRR TR e S8k
[F) o 38 o 2 PN T 238 6 15 3 D R AR i KA AR
55, ArHr I FORHE R K A RN R k. S R TR AR
[l SRt T T 09 [ EDRE T AR R PR A e 4R it — 2 1
W

1 EIEREREN ST RS
L1 4R 5 Aok 5

PG 21 L URE 23 3l AT 0 2338 A FE T
S, A FER AR CRiAE /N T 0. 063 mm) & fiE
LR CRiAE/NT 0.002 mm) Frit, WL 1,

R*=0.7158

FORLE /%

0 10 20 30 40 50 60 70
AR /%

Bl AENARNSESHNEE

MNP T A4S R AR 5 B f = 35 31 60%
AR 14% , 40kL & /T 45% BIRE B0
90% LA -5 FE b Bk & B O 44% . I ik
K T% , /N 21% W EE b R 85% L I
PAEZ ANy Al SRS naee b I
o, AT LR i R 2 BO R R AR 1 5 G
B ZMIER
1.2 4+ e R

WA 2 Frws, 25 R 00 V01 8 B30 98 1 46 2
HEAREE, WRAHKT 60% , 44855k
LARFER 31 Ah2ER T35, 9 AN ikHEd, 6 4
REESAATE A LU, R AH RN+ 14
WAHERAE A LLT, R385 S35
RIEAZ b, HEXATH 58 ZmE, Hit,
P EURE B BB & B AR, ORI B TR L
FEAVERS BE i 5, R B A — 1 43 Bl A
e 2 T AR

T,

60

S50F
/
40} .
E
30t /

20

10F A%
.............. —A\mm| o | o | )

0 10 20 30 40 50 60 70 80 90 100 110 120
W F/%

2 Casagrande ¥B4F5%1

13 FEme sy
SRS B P S K B S R

W oy A G, T A E R W) R o ok g A

AERBHEIR K Z AT IR 2 K R BRI AR



- 156 - K iE T £

2016 4

P F B 0 2 R O i o O 2R Y 4 R
FEREAT X AT AHAR:, KR AEE R ILIE 3,

6000

| AR
| 2 AR
;

4000 1 | COD 9005565 H9
Mg2 015 S14 Bk 247

3000

o

2000 4

1000 §

0

5 6 7 8 9 10 11 12 13 14 15
200055 20/08R) WL=1.788 97
W 20 AT 20 - 0 BB HDE @ K GRS AERE % 0, AR BRI
i 20 1o

E3 AREHESRET X SEhiteE R

XS Ain Bl g 45 2R 3 W (o] EORL b k08T )
R AT W) B A R R R 4T
ARG, FEBEKIS, 1 TR RIS S oK
Oy IR EAT B B D flE A 2 LA A AR,
IR A — 7 B IR PR R e . 32k B e T
i s 45 I A0 Bl e B AR 9 0 ok vk, B Al
B FECLIAREL, BALFIZAK

2 [EHERERME

FLBRA bR o T L ARB TR, NS E
oo W] — e ALBR AT 10% 1 1402
HEBFNEIRER IR LB R

Naz{l _%(L+W)}x100% (1)
pw GS

X N, WALBUR; p, AKBVE B po, N H)
THE; G IR HE; w I EKR,

M) Al AERIR A, ASFEHARE Y kL
FUTE 5K B 3 — A, DI ALBR R 46 b £ 09
THESSKRNI SR E . K TR ERE
FORERBY BN N, EE KRB, R T
FEW/NEITEBL T, FLBR A AT RE 2 Bl & K R A B
RGN o

AR SCHIFSE ] SRR B 1 Jm 2 75 mT LG 2 LB
HRET 10% , T B T b 25 7 3 00 4 il s o4
— N T B E KA, B e [l OB A %
P BRARZS T R I8 35 7K A A K 8 BE RS TR 1Y

FLBURBEAT AT o ML B % IR 45 2R K fL
BRI 1,

F1 IHENEZRBERRILEE

qep, RS ROCFEIE LR AR
% (glem’) (glem’) %
Al 19 1.64 2.53 4.0
A2 18 1. 68 2.47 1.7
A3 14 1.82 2.47 0.8
A4 16 1. 84 2.67 1.6
AS 15 1. 83 2.55 0.8
A6 12 1.94 2.71 5.1
A7 13 1.95 2.65 1.1
A9 12 1.91 2.55 1.4

MR e, 7R IR B m A E ok Een, A
JESZ G B FLEBR R B /NTF 10% , R A ERIE B Al A
Sy IR A P A B i T AT LA 2 L BN
T 10% HyEEK

3 [EHEREZKE

P [ AR SCHRAF o 15 ) — i Inl S20REAY B E
PEELR N HARBUR LR AR KT 1%, RIREEEHR
IKAR AN 7= A I MK 1 AN T HE IR R EE Y 1% Rim]
INHRFRER
3.1 R NI

RN T, #5477 LN A E N
W 1) B TR NG, 8 95% RS,
FEE S AT A I 20, 350 v %8 1) o
#HoR 1 kPa (THGEKAESE) ; 2) BFHFITEN
i SLE] 95% R R, 7E CBR AL N AT R K ik
5, g m N ECh 45 kPa (50 STk o ik
BZE R AR 20 AR AP ARRE I R o TR Ty
AN IS [R] A0 B T 608, T i 2 T S5 M 2
[ (4 OG22 L&) 4

9.00 -
8.00 - o
7.00 b R*=0.8547

6.00 -
5.00 +
4.00 +
3.00
2.00 +
1.00 -

(i 25 UK /%

0.00 020 040 060  0.80 100 120
CBRIZIK /%

4 CBR BHMESEEMUEKEXR



S

%4 FAGK, F: BRL LA EREWMAHIRETH - 157 -

x2 ENEKRZRRARE

FEfR S AR /% CBRAAKR/%  BSSIUSAK /%
A10 18 0. 44 2.45
All 15 0.29 1L.73
Al2 17 0.50 3.52
A13 19 0.34 2.04
Al4 17 0.28 0.47
Al5 16 0.22 0.34
Al6 47 1.07 5.11
A17 42 0.68 4.00
Al8 33 0.40 3.65
A19 60 1.13 8.18
A20 42 0.54 4.05
A21 25 0.13 0.41

NI 4 TR, B 85% HYIRFEA AL, X
YT T P ik A< 5 A AR 9 B A OGP, AT Al A
R R FH 28 A I A6 60 O 42500 ) B2 I P AT DA
MR BON 5 B

CBR UL 1 RUSH AR BE TR 45 A Jm PR 2R, i
IAEBOCEAT R, P CBR K 3 58 fin 4
PRI A SRR G MBS R

B AN B MR I K i AR K 5 1)
TR E A, MAIRL 5 R 2 TR AR 5 A4 AH
Ktk (P 2) (1T SE0RE A ) dihr + 35 ] LS O
TR IR TE S E &R o CBR KR 5 40k 75 B
MRR LA S,

1.20

.
R=0.7329

1.00

CBRIEZIK /%
(=]
D
(=)

0 10 20 30 40 50 60 70

YKL /%%

BS5 HfuRES CBRBKEXR

MR+ 5 CBR IZHKAR 156 & 1] IS LU
Z5ig: 1) 4kt 5 CBR KR B A B A
P, i 70% BURE Al LIS T T R A AR B AR
2) AR KT 45% BRI K IEZIK S R PR RS

RERKT 1% 5 3) 4R /T 20% Bl AR 7K
R JE AR BRIV 0. 5%
3.2 [EEDRLE AR AN KA AL g

F 2 P 6 2 7 A BRI 2R R iR AT
SIPR TR R — 2 W 22, IR
REFHIRF /AN, R T it — 25 S0 E RS} 4 92 K
Mtk , BT T R AR KB AR

RAVEKEALILE 6, Ry T #E— L B0 iEAS [F] 4
UKL B R K B MM, iR T T B 3R O 4 AN )
[lUR} IE A7 0 FE 4 i, — 20 0 40 UKL &5 /N T
20% , F3Hh—H AR B 35% ~45% o KA
IR RST 2 20 m x20 m x 1 m,, RRZ [ATEORHS A
6 A A, A I EL ~ E4 (TR . Gl ~ G2
() A Animims & /N T 20% — A58 5 Wi o
ES ~E8(THHR) . G3 ~ G4 (JIKHR) oy 4 ks & 1t Ny
35% ~45% 75— PR

n
N1 1T T § 17 11 {7
BN .
. . \ ‘\7 l‘f ‘)l \:1I B b
o o] [ ] [] | |
4 .
g T T Lsds e sl
o I | B i i = 1 i WP
(S | PO - o o o— | s | Il\:F2O%
Ay e
35%6~45%
B | O | P 7~ |
NIE I |-
Al EEEEEEL
4 ! 20 I
38

L o
PRI AL AR I A

a) -l

- TRRREM /@Zﬁéﬁg

U S R S

\ \ \ ]
\ . \ﬁhJ \ 5
U [l JESEIEIEOR} US

! JEEFRUTRE I AT

by F
Eo6 XERKER (BfI: m)

BRI AEIEAT T 44 d, DIFRIRZEILIE 7,
FIRTRD, BT i s A A BIRRE .



- 158 - K iE T £

2016 4

K A /mm

4 1 1 1 1 1 1 1
0 5 100 15 20 25 30 35 40 45 50

ffEl/d

a) A/ F20%

KA /mm

1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
ffil/d

b) & 735%~45%

7 YRR R B 2%

Py 3R 7 2 A [ 2 R 5 A R U 45 2R A
PRI AR AR LR 3

®3 B SRGR

i Wi W A, ks SEH gk
i PR ke ¥ /mm H/mm
El 13
E2 12
13
E3 12
<20% 9
E4 15
Gl 4
4
G2 4
ES 12
E6 10
11
E7 10
35% ~45% 9
E8 12
G3 4
2
G4 0

18 3 R, AR A URE &5 H A1 Oy 21 S 1
K 220 AR, 2909 9 mm, /N T [R] R
1% , 2 IR R E PR 2R . BEE b, 4 B0k
R, X AR BN S RR, ROR R

R BE AR A, (LSRR A B 2 B i 1 32 B
T iR B —E R RE L L &
e GBI B, X T 4008 & &5/ T
20% X3, Jay P A A T 3 AH X A JBURL 5
35% ~45% X5, M, X FEES
S LN T) A0 R A AR 5 22 i ik et b A AH
D AL

4 [EBERS BRI

SR T A BURL 5 B /N T 45% I kL, R
AR IRFRAS (b S AE T AL T FE Bk, (X T 40 ks
TR T 20% By I EORE, ARy BUEAE AR, 6
I 2% e R T A T B R R TS B A3 R A
K

B 05 O BRI P 2 S BORE ORI TR
&), BEEEBRE AR EEREFZ —, TR
PR A TR B ROR AR 1 U 7E M ST R b &0
W R A IE, R Bk RS BUS B BB il — 2
(25, TRTEDRE AN [ 4D 2 F 3 o0 BCPEAS ]
kL oK, WA S8 AR K A
A R 2R, A0k & RAK, Wb FRh &
TR LU, AR I T2 50 A5 A
YR TR TE 20% ~45% , AR TOME AR AR X T
i, MAERKZ G, RZHEH-Z0, @
AT LUAE S S BLT 5 4 1 D IR okl e fige 110 286 b A=
TR, JFReA R AR, W 04 1Y 53 1L
VEFIPT AR A S50 BR ) PRIt 7 {6 1 4 kL 25
15 20% ~45% W [ SEDRLIRE, 78 3202 1 T903S 4 [
W—ZWP)2 (1 m B4k & 7T 20% B b
BE) L BEAT R RN R 286 - 40 0 i B AR
AR AR 1) XU o

5 #5iE
1) YR m e n & 8 ny A AR [l R
FHEE, AT LA R FLBRE/ N T 10% TR gk,
2) [EISECRHRE & /N T 45% R R AR RS fE
BT 1% B3R (HR AR & R 20% ~45%



%4 FR, F: BRAEEFRESPH IRE ~159 -
M%%ﬂﬁﬁﬁﬁﬂ@%ﬁ BER B R BB S SRR POk R S DTk T

PSS T TR/ RS U N 1B 9 A g o a1 Qe

wSMMATa%%%VﬁkﬁﬁémﬂK@
FIATE, PEC— & TR LU R ISR TR R &
A AR, [FIET B LSRR} Y i 5 1 ER A 1 43 B
FSCMETE T0% e, U8 T #23E 30% A4 (I FE
A ANIE T H RSP k. BRI Ak &
PP TSRS At HAT — 2 14 SR B

4) A AARRBZIK 7 W RE RN B = IR G
WRERK 8 xR . A B ] OB 75 BE T 2 £
IR G R RS AR B 2SR, 3 N R AT KT
TR AL

5) IRIRWTFERR T LIE R R B R S A I 2
TS IX. SIMMA R 5 FF20RHE - TR BT i 2 1
IR B 7R B JH A g 307 T DX RS K [ A % e s 4k

/

HABZR I TR SR 4

SE WK
[1] Macklin S, Gaba A, Macklin S, et al. Engineering in the
Barzaman formation, coastal Dubai, UAE[]J]. Civil

2]

3]

[4]

Engineers, 2009, 162(6) : 2009: 18-24.
Simpson B, Blower T, Craig R N, et al. The Engineering
Implications of Rising Groundwater Levels in the Deep
Aquifer Beneath[M] . UK: Ciria Special Publication, 1989.
Brocklebank H T, Sharp P. Study of carbonate sedimentary
rocks as engineered dry fills[J] . Geotechnical Engineering,
2011, 164(2):127-138.
Mesri G, Pakbaz M C, Cepeda-Diaz A F. Meaning,
measurement and field application of swelling pressure of
clay shales[J]. Geotechnique, 1994,44(1) : 129-145.
(ALsmir KEK)

R39,299,239,239,939,239,239,939,299.939,999.939,933.039.939.999.939.933.939.939.099.939.939.939.939.999.939.939,999.939.939.939.939.959.939.939.939.939.039.939.939.939.933.039.939.939

(L% 153 7)

S 3k

[1] Fellenius W. Calculation of the stability of earth dams[C]//
Transaction of 2nd Congress on Large Dams. USA: ASCE,
1936: 445462.

[2] Bailey W A,J T Christian. A Problem Oriented Language

for Slope Stability Analysis [M]. England: MIT Soil

Mechanics Publication, 1969.
[3] Bishop A W. The use of slip circle in the stability analysis
of slopes[J] . Geotechnique, 1955,5(1): 7-17.
[4] Seed H B, SultanH A. Stability analysis for a sloping core

embankment [ J]. Journal of the Soil Mechanics and

Foundations Division, 1967, 93(4) : 60-84.
[5]1 Janbu N. Application of composite slip surface for stability
analysis[ C]//European Conference on Stability of Earth
Slopes. Sweden: [ 5. n. |, 1954: 220-271.
[6] Morgenstern N. Stability charts for earth slopes during
rapid drawdown[J] . Geotechnique, 1963, 13(2): 121-131.
[7] Morgenstern N, Price V E. The analysis of stability of
general slip surfaces[J] . Geotechique, 1965, 15(1) : 79-93.
2R, O, AR AR 3 AT BR A0 il B

SRR BE A DX s B R LT 75 9 Dok 9 T 2 412,

(8]

191

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2003,23(3): 1-8.
2T, VPRI, SE T B 0 AR A A R TR
YrmEE[)]. A )13, 2012,33(1) : 314-318.
FEBE. BT Abaqus [ P TRTAE 2 3R E M 40T (D]
JEWEM,2012,33(2) : 152-158.
IAACHR . RIETAVE T BRI KR = A U A3t e e P A
FE[J]. TR BT 243, 2006, 14(5) : 582-587.
ZEVE. PIRME T T KR & B i Fa 2 e [Rl5F
REFEZR: HIRBIER, 2009, 37(9) : 1 165-1 173.
BAVELR, AR I TS A E P AT TR IR D R
f#] . VEPESEHR, 2007, 29(6) < 120-125.
FAK . GOCAD 5 Abaqus By EHE 4 O L H ] 4
{585 TH2,2008,33(5): 4142.
Zienkiewicz O C, Humpheson C, Lewis R W. Associated

7K

and non-associated visco-plasticity and plasticity in soil
mechanics [J] . Geotecnique, 1975, 25(4) : 671-689.
R, KERA. Abaqus 765 + TR AR HIM] . Jb 5
Hp L KRR L YRR, 2009.
RN, TLERTT, 28em. & Lo v: Jy 2= A M) . b
AU E SR R, 2004,

(ALm#E KELJK)



