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# 2.1.7 T Vertisols D—f&172 HERKR 7 0t AD—EF£Z2/RkT, HIEERICEFRT 5T VT
SOMEBREINTWVDD, K 212183 T HENFET ARBEMELORET o 2 2B LT 0,

+= 217 EEML (Vertisols) D— G TER R TOER
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{EREN]e FEH-SOR IO — TR UIRBEIZ /2 DERBEC, AR OW A IZ L0 R AE
AR ZA MK LD HERIZ 15570 Ca2+E Mg2+23850 pH D3 WA . AAT XA R
kOB E) LR R R EVNVATRL D A AT Z A KL 13, Vertisols D3 & CTorHk.
B, &
H 8 JICA AZEM
DRY SOIL WET SOIL

CRACKS OPEN —3» CRACKS WET —p CRACKS CLOSE —»

DE SICCATIDN
CRACKS

D E
THRUST CONES —» GILGAI FORMATION —»

LEGEND
[] a HORIZON

Bk or Bw CAMBIC HORIZONS

7  UPTHRUST By, Bky or BC
X1 cAmBiC HORIZONS

C or R HORIZONS
Fig. 2.6. Schematic illustration of possible stages (A—F) in the formation of slickensides, gilgai
and cyclic horizonation (Wilding and Tessier, 1988).

A\ / SLICKENSIDES

H 8 VERTISOLS AND TECHNOLOGIES FOR THEIR MANAGEMENT, N. AHMAD, AAMERMUT, ELSEVIER, 1996
2.1.2 TIEHZETIL (Wilding & Tessier, 1988)
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B, |ERZ T E Lo a—TF—obdhelEins & AR OOE A LT (Popa, 1997),
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Figure 25.3 Dome-shaped heave disturbance i Expansive clay
e i O R G e
—T 1 | ] e
Figure 25.4 Differential heave disturbance (structure subjected to center column heave)
Hi B8 : Expansive Soils Recent advances in characterization Hi B8 : Expansive Soils Recent advances in characterization and
and treatment, Amer Ali Al-Rawas, Mattheus F.A. Goosen(2006) treatment, Amer Ali Al-Rawas, Mattheus F.A. Goosen(2006)
= > . o = > s —_ = (==
B 213 F—LIKDERZZEIK B 214 F—LROERICKDEEDHEE/ \F—>
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H 88 : Expansive Soils Recent advances in characterization H 88 : https://www.hie—ce.com/blog/is—your—home—built—on—
and treatment, Amer Ali Al-Rawas, Mattheus F.A. Goosen, expansive—soil

Tevior & Francis(2009 216 REOHEBERNDISYY)
215 REDOHEEG(EDYISYY)

Hi B8 : Damages of Buildings on Expansive Soils: Diagnosis and Hi B8 : Damages of Buildings on Expansive Soils: Diagnosis and
Avoidance, Magdi M. E. Zumrawi, Asim O. Abdelmarouf, and Avoidance, Magdi M. E. Zumrawi, Asim O. Abdelmarouf, and Abubakr
Abubakr E. A. Gameil(2017) E. A. Gameil(2017)

217 REOWEBEDIZVY) 218 REOHEFEDIZVY)

Hi B8 : Damages of Buildings on Expansive Soils: Diagnosis and Hi B8 : Damages of Buildings on Expansive Soils: Diagnosis and

Avoidance, Magdi M. E. Zumrawi, Asim O. Abdelmarouf, and Avoidance, Magdi M. E. Zumrawi, Asim O. Abdelmarouf, and Abubakr
Abubakr E. A. Gameil(2017) E. A. Gameil(2017)
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2.1.2.2 EBROEH
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FEEE I, MEOEY CTHIEIND L O LIFIERAKELE 2D, EABIEFIE TV S, EELORBOE
SOEA, BAR, FIRIIKDREICL > T, BARZERPEETDH, OLWHEAICIT, BEREESA
DT 5, K 2.1.11 1% wﬁﬁi:iét%@%%ﬁ8®i5KE%6#%%LTV50%m@
BN 78 & OWOKSZ X0 JE AR A L %ﬁ%?ﬁ@@ﬁé@é IREFH] OHETT & I IE B
FLOEARIBIZRBICE L 720 EHEAEE LIAD 5, @HICIXEROIMUCIIHE@A b E v Ik T
MAET, FERE L TERFIBOBEEN —FRE 2D, ﬁ%@$m%i%%f%m FOFEHAE T
W2 W, IHERE TS, IRORYNCE 22 5K BENC L 0 BEENEITT 5,

* NEW CONSTRUCTION J'“,

Relatively Uniform
Soil Moisture

Irrigation Introduces
Soil Moisture

T * YOUNG PROJECT ‘ f
S | (R

MU
| S ded 1 ﬁ T v

Kgm sttty NoMoisture Charge gRtR e

Swelling | 5walling
_\,\ F&Cauﬁed by Perculation,
A Sail Hurtion, and
=) ol Gradi A#’
Moisture _ﬂ’/ TR CORG i Moisture
Migration® Migration®

(3)
MATURE / OLDER PROJECT

’ }_—Aﬁ
A stttg .t
T e ~

— and Central Heave
:\7:-. Note: Case 3 is the

Mature Roote extract Critical Design Case ¢t Dries
Considerable Molsture Out at Edges

|: |I |.« 1

Figure 2.5 Damage progression under expansive soil, (1) New foundation construction
above expansive soil, which ofien has relatively uniform soil moisture. (2) Warter from
irrigation and rainfall moves under the perimeter of the foundation, resulting in edge lifi
(3) Many years after construction, the water will evemually transfer under the centre of the
foundation, resulting in centre lift (Day 2010).

Hi B8 : Adverse Effects of Expansive Soils on Road Infrastructure and Evaluation of Chemical Remediation Techniques, Hayder Abbas
Hasan(2019)
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H 88 : Enhancing the Engineering Properties of Subgrade

Materials Using Processed Waste: A Review, .| Y. Amakye, S. J.
Abbey, C. A. Booth and D. Mahamadu (Oct. 2021)

2112 BEROHEEEHI(54Y) B 2113 E%M&%%W’Jiv’])

Hi B8 : Evaluation of Damage to a Road and Sports Complex on
Expansive Clays, M. B. Mgangira, P. Paige—Green(2008)

2115 959 DREH REik

i #8 : Evaluation of Damage to a Road and Sports Complex on
Expansive Clays, M. B. Mgangira, P. Paige-Green(2008)

2.1.14 ERISVIDME

| 4!

a. Photograph looking west showing cracks in westbound lane
and proximity of Chinese Elm tree

=0.6m

s Tl T

o~ i J T

Chinese ®im)
Elm Tree N

\
\ — o .

.
M = T T“"
‘rack {n ¥ |

‘avement
24m
= -

e

¢. Looking north at both eurbs

b. Sketch of cracks and proximity of Chinese Elm tree
Hi#2 : EXPANSIVE CLAY SOILS AND VEGETATIVE Hi#2 : EXPANSIVE CLAY SOILS AND VEGETATIVE INFLUENCE
INFLUENCE ON SHALLOW FOUNDATIONS, C. Vipulanandan, ON SHALLOW FOUNDATIONS, C. Vipulanandan, Marshall B.
Addison, Michael Hasen(2001)

Marshall B. Addison, Michael Hasen(2001)
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Figura 2-2: An entirely impassable section of an earth road [northwastern Ethiopia),
due to soil expansiveness during rain periods leading to costly maintenance
requiraments,

H 82 : REMOTE SENSING AND GEOTECHNICAL INVESTIGATIONS
OF EXPANSIVE SOILS, Fekerte Arega Yitagesu(2012

2118 REEERDEE

2123 BT DEH

A > R 7 O LEEMTIIIEIEHNICHEOR L EEN A L —F% 7 U TRIRAENE U (X
2.1.19 2/, RHEARENR L LTS ZBELOXRM TR, S B EFEHIIRE 2DV
HNAFBAEL, ZOXKE L TOVERNREICT V—— MREZIT o722, IO IS
B3~ ECT, Wt LE LTSNS E, CORMEEIIFEMEORELD b
510 fF R & < 7o L EDIL, WM EEHT 253 H0ERE L2 e s e,

2121 (R TEGERE TS T E 20t b & B £ oI X 2808 OZ R R
BT, MGEOERNBKE L 12D ENT A MIEDEEMTOI TN D, NT A MIEBFEKELENICE
VAR, FEAEME L & NT X RNRA S, BRI LT o7 s, IRE S ATORAEMEIT /N &
KIRBD, NTAINEARGMAS SN THRENRGH B 720, BEINIITEIRT 23K N 7o &
E9ZLThHB,

H 8 JICA AEM
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H 88 : Understanding the performance of expansive subgrade
materials treated with non—traditional stabilisers: A review, Samuel
Y. Amakye, Samuel J. Abbey(2021)

2120 ERBELIMEOTARYMKE

n —

Rail levelj q
_00

%\ i7380
yﬁ;ﬁﬁ/

~__780
~- 1120

Bottom of Sleeper
Clean Ballast-
a:

(SCALE: 1:50)
Ballast Penetration Profiles at km. 1/14

Hi B: Consultancy Report On Rehabilitation Of Weak Formation
Between Miraj and Kolhapur Stations, Pune Division : Central
Railway, 2007

2121 EEMTICEAESEDTIK 2122 AUREED/NSALEA
(A4oK)

HiBL:JICA SAEH

2.1.2.4 HEDOEH

—RIZEIY £ 2 EREADE TIIRRE DO TH R AN LR+ 5, 2 2Bt 235 5 Lok
HfE U W THRE DN & o 7o AEME £ RS KIC K VI U CHREDME T L, Rl o340 g4
CHAREMD H %, I LHFIC L DM TACRUOZEARL TN E TRER Lo 7o &5 VBN &
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A2 RRT7 TIIM L EAS (Clayshake) 2334 L CRY | Z0EE Y0 L35 L HHTAL—F
ZIEAED A E Y . U0 LRTNE N2 60 LA EH - TH ., K35 /143 80~90kPa &~ 7= DT v il
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X 2.1.27 (2R3 X O ICEM o8 ERhmIT A~ 7
ERIERTDHZERHDLDOT, FHE»DDOKDOZEEZHIET 5 X 5 725K Tl A H 22 %66

A

TINYPEC D, FRTT D 23R

P =Y
JERE

R LR TR DR WAREMER D D THEET D,

H#: REMOTE SENSING AND GEOTECHNICAL INVESTIGATIONS
OF EXPANSIVE SOILS, Fekerte Arega Yitagesu(2012)

X 2.1.23 YUY REORRE

fa) (b)

Frauge 1: Cracking and collapse of expansive soil slopes.

Hi B : Expansive Soil Embankment Filling and Cutting Treatment
Technology: A Systematic Review, Zhen Huang, Hang Shi, Wei
Zhang, Shaokun Ma, Feng Gao, Min Ma(2022)

X 2.1.25 §EOHHE
//3/5;4——
1 2 4

3

E7-8 WHRIEARME
X 2.1.27 EEETOREEE/ N Y—

H B : Mitigation of Expansive Soils Damages, Joseph Muhirwa,
Richard Benda, Robert Sargent
B 2.1.24 REOHIE

Figure 2 Slope failure at Toll Road Semarang-Bawen,
Central Java, Indonesia (Himawan, 2011).

Hi B8 : Shear Strength and Durability Behaviors of Compacted
Weathered Clay Shale Mixture Using Portland Cement, Pintor Tua

Simatupang, Idrus M. Alatas, Ayu K. Redyananda, Eko A.
Purnomo(2022)
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FIGURE 9.2. Swelling potential for compacted clays based on activity and percent clay
(Seed, Woodward, and Lundgren 1962).

Hi Bi: Foundation Engineering for Expansive Soils, J. D. Nelson, K. C. (Geoff) Chao, D. D. Overton, E. J. Nelson, John Wiley & Sons, 2015
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Figure 2.B Classification chart after Williams and Donaldson (1980).

H 8 A UNIVERSAL METHOD FOR ASSESSING INTRINSIC EXPANSIVENESS OF SOILS, KEBREAB BERHANE HABTE, 2004
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H #4: Foundation Engineering for Expansive Soils, J. D. Nelson, K. C. (Geoff) Chao, D. D. Overton, E. J. Nelson, John Wiley & Sons(2015)
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H #: Foundation Engineering for Expansive Soils, J. D. Nelson, K. C. (Geoff) Chao, D. D. Overton, E. J. Nelson, John Wiley & Sons(2015)
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7 Z WGRBRITBG E T 1T R E TR LA FET 572D O TR FIETH L, 7 7
LFBRITH & B & Emerson(1967)2 K o> THFE S 72 $ O T, Sherard (1976) 12 XV ffisi{b. =4 4 Bt
PEREAM 7 A3 K LT D,

PERTIEIL, 16x6.5mm DL HFIROFEN 2 1ERR L, 2R KO WAV TR 2 BlZ23 55 72
RERTH 5, BILAEOHAIX 0.425mm LL FIZ5 D W) Lz H21{# - CTHElD TR IR 2 B9 5,
EUR— Vil AT AGELENERI R TERLIZbOE2MHT 5,

77 DRI RIS BN H D Z AR TIRETH L, HENSBIETE RV L 2R TR
HCTEHIETIIRVW I LITHBET R EN DD, £/, —RAZ U —= 7L LTORMMNREE L
<, XTI g RaA—2— B m— Vil E ORI NS,
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& 223 VSLHBROOERIEEHIESE

) E 7 HCRIL o) HRRE ASTM FE# D4y Het ] &
Sk — BN ZEE L, KDY | LIEARAL, EREL | PRI IR DB L
(Non-Dispersive) beids sk s TRND K ET HanARIZd > Tl

\ STAKITERS IR, T _XTORL{ 135k
y , FID 1 KRR LANICTE R T2,
5553 B DoKVERREEL, | Grade 2 3BT/ L —RTHD, T T
(Low Dispersive) KBZIDTNCHE | 1ZEAE R0 an A NEEE RS Tk
% FOFRE I TEAKESIEEZT, EN
i BLIZ R 2 556 1&, Grade 3 [V T
y Bo TS 1 OISR T T LA
HEA1E, Grade 1 #E(VY T2,
() Girmde 2
R EE Sy FREEN A | BRI Ao R EOIMANTIE, Koo AR
(Moderately UKD | DNRELTZENRE G ICBIERTED, EiT,
Dispersive) ' 5 MO T R T- O8NS K
10mm BfEILIZEZAFETIRMNDIENRHD,
1Ry B FEREHREEL, K | B tanARoRE CE ERENIMOK S
(Highly Dispersive) MIEF D RIZROND, BRI, 2OMTHO0

[} Ciracle 4

WIREFIZ R ST, LD LoNTHE=
A RIREHR O St i % R/ E 9 A D DR EET
D, ZLOA uA RREIRIT MO
[ C i U CHERR TE D,

Hi#: JICA FAZEHE
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(2 FTNnA FAA—2—HBRIZE HHE

X T NoNA Ra A —& —R B ITRERER CILRE o 2 KRR 0B 2 0256 E e o7z
BA OB Z1TV, 0.005mm LA FOREDO R—t > Mt &R E) D EZ RO Tt %2 RkD5 b
DThHD,

DRANZ 7R & & DRI 5 pym il N —1 > F o
DA E e & & DR S um i N—t > f

100 WK" 1 T T i A—
Curve | (Standard
Curve 2 (No chemical dispersant \ E A
or strong agitation) — ...

Hydrometer Test) - -
- ="
]
)] - L 1 L 1 1 L 1 L
1.0 0.1 0.0t 0.005

DHVEDR (%) = 100

50}

PERCENT FINER

PARTICLE SIZE (mm)
LOG SCALE

DEFINITION: PERCENT DISPERSION = % (100)

Figure 1. - Percent dispersion as determined from the double hydrometer test.

H #: CHARACTERISTICS AND PROBLEMS OF DISPERSIVE CLAY SOILS, Paul C. Knode, U.S. DEPARTMENT OF THE INTERIOR
Bureau of Reclamation, 1991

2210 BT ILNAROrA—2—HKEBDHEEDKRDH A

AFRERIZ L 2 0 E OB 1 X Elges(1985)3 k072538 2.2.4 (R THIENME DI TS 03, BFZEH 1T
& o THIE DFEEMIT /R 0 | BUE, 0 BEHIE O EE IR E S TOW RV, ARER TTEIT Sy
BMERED TIINCHI 85% DI HEMEDS & 5 (43 HeMkE 1D 85%1% 35% & 8 2. 5 45 k& - §) A8, T T D4y
B L2 RS E CTERWATREMER S DO EENMLETH D, o7 7 238, v rh— 1k, #
BUKHP O 2 0P L CHIET 2 D0 R,

% 224 FTNNAROA—E—RERIZLDHERIEHIE

DR (%) RS
<15 Sy HR
15~30 DTN
30~50 FRSHWD 4y Hik
>50 Sy EetE

Hi 88 JICA AZEHE

2-46



WHHLIHENS R TV Xl

(3) IEZ I &L D HIFE

S OHEITIMEEAIC L 2 FEL A TH S, BT, HETOBA AR5 o 2045 i
BE (EC) %47 L. WBRAIRR & BRI L CRIIET 2, 7272 L., EARIME £ & 4otk i, (LeilE
BYENZITIBE OO, B TITHEL ENRWEERH D,

1) ESPIZ&2#I%E

ESP X HIE DA A4 iz (CEC) (S o5 attT U v A DEIG 2RI Tdhb 5. EPS
DIEA W & R F RO AE 2R E Y . oBCOIZENE Z 0209 < 0%, TR U LA ATt
R0 TR L TR L, BiFRIO5 2 S8 %,

KHEPENat
psp = NG X100
B A A E(CEC)

»-.,G\
~— A

Y

#ifh Na* (meq/100g 1-38) : LEERI FFRmICWEINTZT N U AL A D&,

&-\‘
« BAHERG A AR & (CEC) (meq/100g 1:88) « HHENRFFTE 22 TORA 4> (Na,
Ca*, Mg?, K72 &) D,

ESP (2 X 2 R R4 7”9, ESP (30 B EDH 172887273 B CIZEEMEICBARH 5, LD
W72 AEIZIE, pH » EC (BRURER) L OMAGDOEFMAEEE 2 Db, EE TiX ESP+
U R— VB TN Rl E OOFHNEE Ly,

5 225 ESP [ZKABNEUMEHITERE

ESP (%) HIE R
oy 18 TR P OREGNLEL TRY, FESHHD
<5 . . . R
(Non-Dispersive Soil) AT HME,
515 Bl G we= TEED—FRN S H D RTREMED B D, THERIK
(Partially Dispersive Soil) DRI L T DTG A HY,
15-25 Gy HeME g TR - ORS G 0399< B RS 72D
(Dispersive Soil)
Gy T D EL, AL T RAZBDIAZ D E N
25~40 . . . .
(High Dispersive Soil)
40 Pal S TFERTROTHUME 1T KREIBRMR BN AT D THE
(Extreme Dispersive Soil) MR HD, V—H 15,

HE#: JICA AEM
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3+ 226 ESPIZ&BTIENEE

ESP (%) TS R

“15% B i FTRID AR EDPMEL, 1EM DO RIS B A 52 720,
(Non-saline soil)

15-40% TV kg EFRY LB HEOFZAKMENME T, 1Y~
(Alkali soil) AN HRT

~40% V—K {15 FEFNZENT N AR ENRIA T, HEEREED L,
(Sodic soil) HEARMED AL, #)AMRL | Rl Z2e B3 A2,

Hi 8 JICA FAEH

F—A N7V 7 TIHMEMAIIZ BSP 23 5 £721% 6 2 % % 1581 Sodic L 272 L, ESP 23 15 %
#8 % % 1381358 Sodic THEL A7 Sivp, [Sodic THE) & [ Lo GBI, LIXLIER
CEMRTHEDLN D MNEFETIEARV, T7XTO Sodic HEN 3 ET 201 Tidle <, HENSET Dk
TER7R ESPIIAFAE L 72\,

EXNSUIN

ESP>5 T% 38%ITaE L7z nao 7=,

- ESP=26 CHL72npldH o,
- ESP<6 TH 17% MM Lizr—AH0,

- FREAKHPTIE, ESP1—2%THArHL « B/AKMEALDY 27 H 1,

HE#8: Dispersive Soil Manual Managing Dispersive Soils practicalities and economics — Northern Region, David McKenzie, Alisa
Bryce(2023)

2211 ESP {E=10 THH#ILI=IGE LR BLAEIN>F-FHI(A—X ") 7L ERHhish)
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2) ESI(Electrochemical Stability Index)(Z & % 5 BX 4D $IE

THOHESRE LT Y T LAOEGIZESNT, BEOLFERR X OB Z ENME %2 Tl 5 72
OOEETH L, ZORKITITEOBLEER (BEC) &aZHMEFT MU v AHSE (ESP) ZHAE
B2 b DT, HEOSEMECIENE, BAMEOIEK T Y A7 231,

ds
ECisG)

ESI = —————
ESP (%)

I T,
- ECL.5: H#ELKE 1:5 DR TRE-BROES/zER (HA7 : dS/m),

& 227 ESIICEDEAMHIERE

ESI +E oz ENE WL
ZTE TEERL - E L BRSNS D R 4T,
>0.1 .
(Stable soil)
0.05-0.1 R DL ENE BT D4y e KM T3 b rlRerE
' ' (Moderately stable) HY,
< 0.05 RETE TER GBI, BAREORERIET
' (Unstable soil) RCIAE D FE AT DUAT DI,

H 8 JICA AZEM

ESI X 0.05 DA FIZ/2 5 S ix HER S EIETH D Z L 2R L, 0.02 UL IV ot E R4 2 &
MZNESHIZ ESP KV & h AR HIEFRERIZ 72 D & BT 5, Central West CMA (2008) , Hazelton
and Murphy (2016) (XX 2.2.12 |{Z/R 90 EC1.5 & ESP O BRI Ttk % HIE L T\ %, ESI
B 0 S VHEEN TE TV D,

ESP ESI=0.02 ESI=0.05
26
22
i Potentially dispersive Not dispersive
18 2 but salinity
" problems
10
6
7 Not dispersive

s 02 04 06 08 10 12 14 16 18
EC15

Source: Adapted from Central West CMA (2008}, and Hazelton and Murphy (2018).
A more detailed version is shown in Appendix. D.

Hi B8: Dispersive Soil Manual Managing Dispersive Soils practicalities and economics — Northern Region, David McKenzie, Alisa

Bryce(2023)(Z JICA SAZEFIAS ESI D #gNE
2212 ESP L EC &#{Eo1=5 80 F Bl
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3) SARIZ&BHEiEDHIE

SAR (7 MU 7 A& (X HHKFOF R U 7 A (Nat) ORENR, v b (Ca) BLO~
THx TN Mg) BEIZXK L TENETEO L ZRTEETH D, Ca>d Mg I Thi Rl ofE4a 7
il U CoaiiE 2 i x 2% E 2 5729, SAR 23E W & AZHME Nat 2390 L | Rz 1~ O SO J1 035
0. HENSE - FERELLT R D,

Nat
SAR = ————
Ca2+ + Mg2+
2
Z Z T,

Na': 7 MU 7 ARE (meq/L, XV Y&E/L)
Ca* : I T ARE (meq/L)
Mg : v 7% 0 ARE (meq/L)
SAR DAEIZ & 23 BMEDHEIEREITE 2.2.8 D@D TH D,

SAR > 13 ThivE., it o Y 27 RE <, EERHRG - RPN E LS 25, HEOYHIZK
E LT, MO CHIBRATRERIBE D=0, IR EbITW\W5D, 7272 L, BEMHE TIERARH 5
728, ESP « EC * ESI 72 £ & OOFHIC L D AN RFHENLE E LUy,

% 228 SARICKDDERMEFIERE

SAR 53 BRI HE

<6 o3 TIERENLEL , DHCCREDYAZHME
(Non-Dispersive)

6-~12(13) 5957 TIER I THBAE R T RN D5, R L > TIHEIED
(Low Dispersive) RNEZET DI ED,

12(13)-20 PR EL Sy HYRCHES B EY . LR K R TCRERLL OV RV AN
(Moderately Dispersive) AN,

20 feioanirdis j:fééf%iﬁi)ﬁlfﬁﬂ:?:rﬁﬁ“@ INAC LT RR DAL T
(Highly Dispersive) U, bR D LB

H 8 JICA SAEM
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4) CROSS I2& 358D HIE

THEOSEMEHEIC X, (kXY ESP (BZ#ET R U U AEAR) R SAR (U v AEE) 2
ZHEINTODHR, ZNEOFEIZIZLLTFO L 5 2filfnd 5,

- ESPX°SAR CTix# Vv (KY) BNEFHINTHD,

- SAR TIEAAY T A (Ca) L~ 3y v A (Mg?) BR%EOHELZASN TSN, £
BRUCITEEE NI EN D D,

ZD LD RBED LB LA L0 IEfEICKMET 572912, Rengasamy & Marchuk (2016) (ZJL - T
PRI NT=DA, CROSS (Cation Ratio of Soil Structural Stability) T& 5,

CROSS 1T D X D ICEER A 4> OFRIEEE 1 2 ZE L TEHE S D, M2l Ca2 LV HkL
FRIEHE I3 & S, Kb Natk 0 O P nIcEm W EE 1 2 Fio,

Na + 0.56K

JCa+0.6Mg

CROSS # W HIERAHEITFR 229 D@D & 725,

CROSS =

CROSS (Z K DFEEAZBETELM—DILFIIEL 72D, Mg> & Ca*DEEI DAL S 5 2 &
T, EEOLEEEHIC LY BETHDH, £7-. ESP R° SAR & B2 | LA G L EEOVE" D FE
MAFHRETH D, Lo T, HEELOFEIZIS W TIXEM TIE722 <, EC, ESP, SAR, ESIZ & Ofjf
Mk, EEEOEVZERARE L 725,

3 229 CROSS [Z&ANEUEHIER#E

CROSS Sy DHIE Frig e

10 HE i%é;#ﬁﬂlﬁﬁib“ﬁ’o‘@\ THDIRT
(Stable soil) [ESEIETANRN

5-10 RORLE SR LS THBMBEZLATREERH S
(Moderately stable) | 23, & 1XZEL TD,

95 ROV BN TN HLARD DA DD | HIRIHE
(Dispersive) ENRDONDIAT 1305,

< & NS HR i@*@%?ﬁi‘ﬁj\ﬁflb%ﬁ‘(\ B MR &
(Highly dispersive) | 2AKIBITAK N5,

Hi#: JICA FAZEHE
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5) RIZ&L D57 EEDHIE

S E DR R I EGECZ T TR KA W THRE RIS 2 FIE BB STV D, K
27 b U U LEIE (Nat) X°CEC (A A ZfEs) L oBfREZ 77 740 L7250 i m o)

NN,
2213 1%, MERMFHE(TDS) & Na+/TDS I K 2 #MHEX TH 5,

o Na* Na*
Percent Solution (%) = Ca" ¥ Mg + Na* ¥ K X 100 = TDS

x 100

HIEDH 25 % L FIRT,
- Na"/TDS 73 < . TDS 2MEW — A EtEAs mEn
- Na'/TDS 2ME< . TDS NiEvy — Z27E Hi%

- 777 RIZBEBRSINTEY | HEIXEORE RIS [2E] TREE] BITH] THl
shb

Sadum (M. Eq./Liter)

HiBi: A State of Art Review of Dispersive Soils: Identification Methods Perspective, Hassan Shoghi, Mahmoud Ghazavi, Sina Kazemian,
Hossein Moayedi(2013)

2213 #AFZIE(TDS)E Na+/TDS (2L BB E K

2214 1%, HEOSEEIX CEC & ESP @ TA G D] TREDL ZEEZHERTMIIRLIEHDOT
b5, HEMEKIL, BFELTOLIICHEIND

- ridESEO R (5 ESP x K CEC)
- ZEME (K ESP x & CEC)
th

A (AT —>)
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HIGHLY DISPERSIVE VERY DISPERSIVE

(SELF HEALING IF P > 35)

DISPERSIVE

PERCENTAGE EXCHANGEABLE SODIUM [ESP
- - a = a

MARGINAL

NCN DISPERSIVE
COMPLETELY NON DISPERSIVE

40 [ 8 0o o
CATION EXCHANGE CAPACITY [me H00ig CLAY)

Figure 2-8: Diagram of determination of dispersion potential as a function of ESP and CEC (Gerber and
Harmse, 1987)

H #8: THE EVAULATION OF TEST PROTOCOLS FOR DISPERSIVE SOIL IDENTIFICATION IN SOUTHERN AFRICA, AMRITA
MAHARAJ(2023)

2214 ¥51+ @M CEC & ESP A 5D EMHE R

Floo M 2215 (IDRT 7o —THIET L2 HELRES N TN D, HIE DY B 2 LA HEEE T
DiAd, BEHIEZWHFBRTEMIT S WD BRI LB 7 n X L-o TV D,

‘ >250u S/em
! <|5€
MO {UEACHED BY FRESH WATER] |
, YES
>15%
<6 SAR > 10
61010 " i

- Y 3
[Non DispeRsivE | [iNTERMEDIATE | 1o|sp£nsw£L’

Figure 2-9: Alternative procedure for identification of dispersive soils. (Gerber and Harmse, 1987)

Hi{#8: THE EVAULATION OF TEST PROTOCOLS FOR DISPERSIVE SOIL IDENTIFICATION IN SOUTHERN AFRICA, AMRITA
MAHARAJ(2023)

2215 Gerber & Harmse(1987) D1 EX 43| E 70—
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(4) E U rh—LRERIS & BRI DHIE

BV AR — VBRI HERSE R OB O D 2 MBI EERBR TH D, BB - K - T — AKX
L7 EOWEDICH WO DML a e A MREEM (A7) 25T 572 OICBRE S,
Z ORI L R IENEIX, Sherard 572N HARR THEERTE R 22T 72 /i 2 7= & DR+ & %
BUTAT 72508 OB RISV T STV 5,

v AR — LB O AT E R 30~38mm, £ X 38mm Th D, HEOHE T2, MBREEICE
bﬁé v AR — L BR O HEERIRIE 6.8kg D ANKAENT DX R—ZLEHLTY 7 FZEIZ 16 EO

fEOED, 5 U7 NTIERT 5, € OBE IR KL BB DK 95%2F Y 7 5 A7 B & & 72
émﬁ%#%iﬁﬁﬂu$%® LT IRNTe O R IR IR ET D MBI RN E STV D,
PRI Tmm O JTAMBA T, 50mm, 180mm, 380mm 35 1 O 1020 mm 0 /KEH T /K % /UZilAKT 5,
HEK DM B, BIOWEIZESW TR 53T 5,

Plastic centerxng guxde{

with 0.06”

hole 1/2” long Vent hole In top of I

or in end plate
O mm. hole|
Distliled water from
constant head tank Harvard minlature
! compactlon permeameter
—

l

>

7= 2..@;.::_

[rediziizezz zoip 22207 4ia i 2o 27 7 2 rdnl s

Compacted clay coarse sand
specimen

LN A
\\\\ TS N ’“'

/2777,
H #: ASTM D4647

K 2216 EhR—/LiEREEDEERI(ASTM D4647)

AER TN HVE A, FFiE B, ik CIEE U THET 2 HEEENE S (R 2.2.10, & 2.2.11, & 2.2.12),
FiE A BLOFIE C CIEHEOSEREE ST 2729012, FiHKOEE, v U R—LORKNRKE
S, B UA— AL ZEIRT AMELZHET 253, BIETIEMELHIE L7220,

HIEDEM EOEE AU TIIRT,

- ND2: CBARRZ2 VT m Y = 7 b CIE GBINREZR LT b I 72 B 7R\ TREVE DS
VY

- ND3,SD : RHEFMED E < BN X D MEEAEE L

- DL,D2,D: MRS, T4 F— BRAU N - AIREERIER EXPRP M,
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* 2210 FEAICEEDEEHIE

| Sy | 51k
D1, D2 SR 50mm O/KFH TR ZAIET D
ND4, ND3 BAEDDTFEE | 50mm F72i3 180mm O/KE T -HLRAEIND,
. g S JER \al EANANES
ND2. NDI Sy b iig?? F721% 1020mm D/KFE F COauARNRRIZI <O THhnE
Hi#: JICA &M
R 2211 AEBIZEEANEMHIE
| Sy | 51k
D Ay Eotk 50mm O/KIATEFIERIND
SD DENTSE: | 180mm D KIETIHR AR,
ND FEEE 380mm D/KEH F CarAROREETHT IR T, BIRSA
A
2K+ D it 2 404 5 HiEBIX, HEADO AT TV —2LUTFTDO L ) ITHAEDLED
DTdH5 :D=DIl, D2. ND4 ; SD=ND3 ; 33 L UND=ND2, NDI,
Hi#: JICA &M
R 2212 AECIZKANEMEHE
o Gy HE S5k
DI1. D2 Sy arit 50mm D/KEE TaIEIZHREE+ 2
ND4, ND3 EREESSFFRAE | 50mm., 180mm F771% 380mm D KFH TN EEETS
ND2, ND1 FEo 380mm D/KEA FIZBWTanA/ MR EIZI<H T2,

H 8 JICA FEM

2-55



WHHLHFN R T Kig

—% Head = 50 mm ‘

Note: CE = cloudiness

No l of effluent; FR= flow
Yes Yes CE: very dark rate; R= radius of hole;
‘ D1 H R=2R, F FR: 1.0 to 1.4 mL/s I;R;; initial radius of
No
v v
FR=0.8 to 1.0 mL/s CE: slightly dark CE:dark; R>1.5R;
R=15R FR=0.4t0 0.8 mL/s FR=1.0to 1.3 mL/s
ND4 ‘ Head = 180 mm ‘

l

k.

}

FR=14 to 1.9 mL/s
R=15R,;

CE: completely clear

FR=08to 1.4 mL/s

CE: moderately dark
FR=2.0t0 2.8 mL/s

o]

l

| Head =380 mm |

ND4

:

!

FR=241t03.2mL/s

CE: slightly dark to clear

CE: slightly dark to clear
FR=1.6to 2.4 mL/s

CE: completely clear
FR=1.6to 1.8 mL/s

& e [

Fig. 8 Pinhole test procedure and classification

Hi Bi: Evaluation of erosion characteristics of soils using the pinhole test, Ba Huu Dinh, Anh-Dan Nguyen, Seo-Yong Jang, Young-Sang

FLOW RATE (ml /s)

5.0

4.0

3.0

2.0

2217 EVR—ILEHBOHE RS X
D2|ND4 ND3IND2 NDJ|

|ot

[DISPERSIVE|INTERMEDIATE|NONDISPERSIVE]

Kim(2021)

3.0

2.0

£
= HEAD = 50mm |, HEAD=!80mm HEAD= 380mm
F NOTE: CRITERIA APPLY FOR 1.0 mm-DIAMETER HYDRAULIC CAPACITY =
a PINHOLE WITH |.5mm -DIAMETER 3.2mi/s
F HOLE THROUGH INTAKE END PLATE.| uyprauLic capaciTy = E T o
o5 EFFLUENT TURBIDITY GUIDE - /29 mi/s
4

o Q22227 barK oR cLoupY A O AV
o [Z727]) cLOUDY OR SLIGHTLY CLOUDY g/b; A /1’/@1 7 2 :/2:
o (5] SLIGHTLY CLOUDY OR CLEAR P A A fﬁ/ﬁ o
- T g 7 7 . &4
C 2R VIAVIL A /T
o C—_JcLEar BOATE N -
= HYDRAULIC CAPACITY = 1.4 ml /s <27 5;5 A A =

U 2 B
= 2 %) o INCREASE HEAD
o 24 . | conTiNve TEST F
- INCREASE HEAD il serte ekt e s
= AR Y G N N CWHNUE TEETL iy SWELLING . POTENTIAL

REsuNcH oL~ ] = T |

5

10
TEST TIME (MINUTES)

5]

DISPERSIVE GRADE VS FLOW RATE

Hi B1: CHARACTERISTICS AND PROBLEMS OF DISPERSIVE CLAY SOILS, Paul C. Knode, U.S. DEPARTMENT OF THE INTERIOR
Bureau of Reclamation, 1991

2218 EVik—

JUERER D ¥ 7E

pip: S
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224 HREtETEREICET D30

STERRERBE THMME LA T 5 L4 LGRS, BT - BERRICRET UMD
HEANBELDV R ZHR/MET BEODOHRICONTRAZT I, PHELDI RV FFEEL
EERICLERICEREOMRIE. RERORELE, KREBELGHREZ/HI LD LLGLHEARELADH S,
CD=8, RETRENLGEFRHEZREY 5012, RETERETIEBRBRRLCEEYMDEE L
ERREE - RERENASBEESNDIIVRVICRELELDETILELN DD,

HUBLICE ZBEEFLA LD, AALRRL E0 5 DKOBBICE >TIERISh
B, HEET HBENOHKOKDBAN > DRE+ALEEANBELL D, HETEL
TRENET 4 LE—HORE, T 1 — MEICE BAERE. BKS— FORBLENET
Shd, £t HEELOSBEEMHT2HEE LT, LENRELEILPRELET LN
%,

FEHC B2 TIEBE LEHERIICH LTI AL E —MORELOEECES . ARMOIELHE
BHLUITREAEER, SKEOHEOERZENDERMGEZRFA L THEL. 3REERT SEEZE
BAREIC L TRIEICEEY & &b, Itk - REEEEEZRE L THRET 5.

FETERPE TIXERETRIME - HHREBICEOE, HRICEL-REEEZTVEAOREINOBEMIC
BH. VRV ZRMET DL TRBEEZ L DTHRIZITOLENH D, Ff-. DEIMELISH
BMILITBEMEDELDENKRELS, HFSNETHERRIRN T ONGVATRERENSH S Z &M
5., YURINEWGEEICFHBRELIZEXZICHARADL I ENEEFND,

[figas]
2241 XAEIDHREHZRSEEEE, AKRIEDETE

KR LOFRFHT DTz - Tid, Bl o HHICEEF 28R &l IR S 2 FIEOw R, @7
fi sz L, N OBEREZZE L L THRTIEZBIRT 2 0ENH D,

TuYx 7 hOHE
BB B OB (Bl 21X, MO TRBITIZ T v Y = 7 N OWIIERE D 2)

a7 NOMWE L g (ZEEEOMER. CIREBESER . E3EHE SN AR R &
KEFEEN DAY T— g L)
fth T3 & ORRF M Erig
S ORI DN T, KRR~ = o 7L 80k IR L - =0k i e < |
DN ETZNDHA EFEINOMAEOETHIG L TWDONRBRTH 5, FHZENS ., ottt
DOXRITIEELTEZLND DX 2.2.19 2R 7T,
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— DB THE

- EnTz
— BT kT

|
|
_|jj$E’\]$(j§ﬁ |——|74JVJ—!§@EE | IB}S7J<~iE7J<H§/‘>—|‘
|
|
|

|

|
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_| HHI A | I |
B |

—NEHEEINE | |mEmEcssEn |
—lecrerme |

—— ERREE |

PvSp—
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Figure 5.2  Modified Sand Block Design

The depth of the sand block is determined by the depth of dispersive sols or lunnel erosion.
The span length of the structure is determined by the width of the tunnelling.
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Figure 2. Some grain shapes of calcareous sands (Olgun et al., 2009)

H 8: Sand compressibility aspects related to CPT, S.M. Ahmed, S.W. Agaiby, P.W. Mayne(2014)
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Z W) B CEVLEME L O ERITHAMICEHE L O LT R > TEBLTEEICL > TEDE
BIEINTARTROPBRTH D, 77 74 MR LIZEI LTV 5, JBYRFRTE 1IcB T
HAFFRIIHE S, LY PE TR EOK B THIThN TV 503, s T2MBLE S O
ZEITHERHIHT L < LRI 28 H 20,

JESLFEAE T AR OBR W EREEIZ LT D S ) — DO BERIFIAY - MHEEL X OERTH
%, HEifhmE e E OAEK 7R S NS Z O & FRH T 2 BEWE N OME | B, @K
FETHETHD, HWEHEEH 2 WITBRRADPBKOERTEEEZ T T D b OIXEIEEIC
HrE < T, ARAIZREREZ Lo L2 - TR, TVt A FE2EATVWSLZ 3%
v,
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(4) TFHIRER

KL ORI TA AP OMIE EEER, $KE T A NOMANE, vy 7 7 4 VF AOWTRE, =
BTH EOEERMETH 5, BAaHEDIT L L RO D03, £ OREIZIEF IS
LT LEM LT WRLF R E TN TS0, THEMICKERMELE 2> T D, Th b OHERE
WIS TR 2 R L, HIE 0 SOHEE 72 O BIRBIG L BE L T\ D, A JKERY DAL JE 1
FEERIE, B O L D b RIEITR, HUERD 2 %FE O F BN A3 0 K S5 & JE BN
KNI T2 ATHEVEA 8 D o AEHEPE £ ORI D ZREIE, #Ek O o LAY & T2 0 HEE A3 A
TERW, BRATHKIUKE OO ZEENN O EHEE D /SN2 LRGSR TW5, i
T 5 DT 720 CIEEHE © & 37, B TRE 2 O IE & 288 2 52 R HAE 25 1 1d, BEMSE
[Z X DR OEOFEMAR BN NE L 2D,
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3.3 AIVA A%

ELAMMRR(E, FK, DK, #TFKGEZERE L THREDLDINBHET HHMBO L%
LU, BSETOMTOMRICE SHRRGEEZELESE S, TFEMBICITARELS VIEIC,
LUTDESGLDOMNETFLND,

- ARE (FARA FEFI—0FED)
- BE (BKAELED)
- 1B (B

—MREICHILR M ER T HBAICERY 556, B TORIKRASHY .. BEYMOEHEZ
EAHICEFEICRETHBL LSO, BETHILENDH D,

(1) Hi

AIPAMEHARIE, K, )oK, HiFKIZE D ENnDd &, —RICH T OZERNBER S v, ZIUTfED
RREECHIARIE T OB & 5, AIENE S A O M ITKEE AIRIRIC L > TR - - Hi B, A, =,
AR ZE T CTH RN D 72D, REDFEALVLETEREL TWDIONR K THDL, 22k, v
A N EPEENDMEFO I (R U728, AR O E) BRSNS, VA NHFBIL, Wwo
<V & L7 IR T s b IR 70 fREECMAER 22 e RO EE T, SEIERBEOHME K EL
Hlebd, IR MEOBMEM A 3311277, LTz Sz A M IRIRAK, A v
7 RBIERICL > TRZEICR V0T BB A O X A4 DA — /L THalk R RAET 5 2
EBRD D, BAOEMIL IR EWZE HE ST D1 E R el oG HmE 50~
100 £ & B2 5 L 100%ETTLE D, ABOHEILENZE TIIR, AIKE DEMILE T~
TIEDMNTELS . O BICE PN AEEMIEE 52 5 F TITTEL DD,

FITRPEAR T, RIS & o TIRAREEE N 72 D | MUERSIE b EMER B0 D 0 | I - RIS
F o TRAD LB Z A TV D, ARt BICERR T D B3, Ml O Rt (BRI - 71520 -
EFRIMEE) Z o ICB T 5 & & b IR ORAREZm0 L Z L NEHEETH D,
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Doline / Sinkhole
Sinking stream

Doline / Sinkhole Limestone pavement Sinking stream

N e I
o o e
=23 g T
Al : "_—l_

Cave /%< "—'I — l_

\‘% '{— ! e o I Water

\:I\ | L W B | —— table
N = =

A

H #: https://lotusarise.com/karst—landforms—upsc/

X 331 AJLAMBFEZOBESE

(2) T HRIE

71V A N HUJE O TR RIS 72 & Clda KA 3 tfig LT o 7 A — L (fai% X, sinkhole) %
TER L, BRRICIER & Ze i DS iR I BLIVEE T E 2 5 2 5, £7o, VA MTEREA TR
I d < 725 EHEEIEZ TV, FED X D REROZ W L 725, HBICHE TN ER T H O
ZEMRICTED TREMIME A RREIC 2 A E -T2 bbb, LRI FIES ETHDHZ EREL N
7o, KRT DGR IELZO TREeMEE D,

Fig. 1. The large dropout sinkhole in the suburbs of Fig. 12. The failed e

xpressway viaduct afler its pier had

Guatemala City. dropped into a void in the limestone beneath Tampa (photo: S.
O'Rourke).
Hi #8: Sinkhole hazard case histories in karst terrains, T. Hi #8: Sinkhole hazard case histories in karst terrains, T.
Waltham, 2008 Waltham, 2008
332 BX7HERIN 333 BEEEROBHMMNZERISESI-FH
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ground beams on stable pinnacles compaction grout over fissures dental concrete in fissure
beam extension e i il - iecii i
: fooling in ?ml - i injeciion bores |"" backfil
=5 e SRR M L S G b
sail cavity < el o [ e i
il ~ L. o« Joroutcap -
L% &

5 WEECg il
&y AT

unsafe foundations pile socket cut into rock

deflecied or benl piles

Hi B8: ICE Manual of Geotechnical Engineering 2nd Edition Volume 1 Geotechnical engineering principles, problematic soils and
investigation, Michael Brown, John Burland, Tim Chapman, Kelvin Higgins, Hilary Skinner, David Toll , 2024

334 TETEOLN-RAKRBEHILALNOERETE
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34 1E5EE LI

BT IEICIEIE ETE sal ine soils 188 — 4 t1E saline-sodic soils, V—4 tiE sodic
soils Bpd, IBETIEPIEEY —FLIETIE. GV EDEREICBEMEBZRIE. 10750
MAEHZEEL TS, —AH. V=45 (FrUDL) TETIK, SEMEOMEEA L. TEOWMME
BHFHLHEREEESE. KDBENHIFON, KIZFTHLBELLHZY, tHBOBKEIETT 51
6. BERFIEELTIEORECEENHEICK IHKEREZORHIGHDBE LD,

(A ]

YEXE I I N < ASHAYE Na+ 3D W HETH D, V—4 (F MU T L) HEITTRE
PEYEFEDN D 70 < AZHE Na+ D3 W HECTH D, Y — & T AT AR & A28 Na+ o[l )7 23
EBWHETH D, HHETE L Y — X HEO TR S A2 E 3.4.1 187,

IO EEFEIC, BKEE ZEBEO RN G - PRI R oD, 2ok ) T
WK DI X » TR, R RO _EFAC X > CTHEREHIR IS, £ 723 AR X - TlEiE
Bo—EORFEKETEIC B RET S,

BT, SWEDIRE 2 E ORI IR L 2 @B EEN O~ T I A VR RS,
A7 7 DOMMERZELS T 5, HEEETOE R a 7 ) —NMIRET L. TAB ) Y I
JIERIRFIZL > Tar 7 V= Hb L, EROBENMET L, BENLEICRLIGE1RH L, +
e UTUBBRIA T < MO DRE S A 20 L TW D T2, BIRFHEDIISHSEITX
DD O IR ARFIL T %, FHE KRN Lo < EEEZR S Z L3 d 5720, M ME
T LFUC LD B E 5 S TR S 5,

V=TI, pBEOMEEZA L TSm0, HEOSHIC I Y | OB KT 3 R A
FHE D KOREDPT B, KIZTNEL 20 | HEEOPAKMEMET 35, HEOS BRI O
FE NN 7R | HIROLEEMET L, EWAN-CHT <D O U 27 B8 ERT 5, £, JEfER
FERE AMIREE DM T U B Tl R IS B W CRIB A 5 & 2 77, FRCEVWEIEY O T T,
A DR AR NTRAN LRI & 72 %, 3 U7 BITRSCKIC K DRI L TiEss ©. #iR03H1 5
N, AEAEDPIRDHIE DN EL D Z B DH D, VY —F IS L 25720, ittt & [F
CEOMENEL D,
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= 341 BHETELEY S TEOETHEY

FEE ke i PR NN =
{#e=:0) FRID L, IV A =T 3 AOHAE | PRI —RAISFEELR D, TV
W) ERRERHE D70 D TR, KA REDS P REZRHE . B 21X Na2CO3 1347
pH<8.2 #ifi, ECe>4dS/m, 1E3%,
pH & ESP OREICIZAME R BILRITA2 U, pH>8.2. ESP>15, ESP<4 dS/m,

T, ABEOIOREEAMED AL | pH & ESP IZREL TV 5,
{LEMNZEIZE EN DG ERHD, ARG A A AT NID LS B T
2o
THED pH @2 | "EEO LT
VN /e SAVENIIYY W S { N = T
TREDIEFIARL 2D,
LEIZEAERD,

WIERHY W72 AT O E R IR L. | AZHAPET T DRI D R T35
ER=AEYEY oAV Siv s o N WL, TN EL 2D,
FHEOKEEZEOFARMEIZR N, HHEOKEEZEOFBKEIZ R0,

W E~D | HhaEi HETIE, MYOATICERE | v—F HECIIEYOA B ICEE L K

4 2 NIFT S
BRI N HIRARORBIE I A | AR gt N Y LD 5Esh Fc k-
5.z, AKOFH TREM 2B 35, THMENEL 2D,

Na, Cl, BREDFFEDAT L DFEMENE | @1 pH BT LD RZH e
BT D, KD AL ET D,

Bz, FFEDAA
Na. CO3. Mo 72X DR EDA A DR

BT
THRKE T DROUGR R EARI R B K | (E IS TR C. B, WERE, B
(= Lo THIRD TSI IR B | BLETHE,

D%,

H #: Management of Soil Problems, Khan Towhid Osman(2018)

Figure 2: Capillarv Rise m Water-logged Area, growing unhygienic living
conditions (Sultanpur District)

H#8: Engineering Problems in Sodic Soils and its Feasible Measures — A Pilot Study in Sultanpur District, Uttar Pradesh(2015)

341 FRUDLTEDEERRICKITEDHE
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(1) %75 (Sabkha)
1) EBEEST

Y77 (Sabkha) 13 LR /2B TH D, 1B E CIIWBEO L « RIRHII TR &
MDA FEIERTE & 72 5,

SABIIRFIC T T 7 EREER - ~ Ly v B ES MG TH Y | M - EE - T AT R
I HEREE L L TFET D,

S35 & L CIE Sebkha, HE (salt flat) . 10970 /Y7 1 A3 d 5,
2) BMAERETOER

Y70 ORI IR O RERMEBREE + 578 + KO BM LA NEEL 05, ARBEMICLY
WEA~RIFIEHEHVEIY) (8. 77 274 b BKAES) NEBT S, Ry 7u, ke
JEARHERE OAH BAEIC &0 0 IR OO ICE R D TER S D,

3) [EERLEE

ARREEITERREKA 124cm (T 7 —2), ¥ 6em (7 H) Th D, E&-%%@ﬁﬁ#ﬁk%<
(0~50°C)., HH o+ ®EOWEE () N E 2D, KEEEHCRR (v~ L) | N
KABWEE Skm FTHEATLIZ L DD, Hill - 48 @ﬁ%@%%%ﬂ($J:/h)ﬁ&&k\%
M DOZAL & PEZAL D BB 2 %,

4) Hh#ET AR
a) IE - b

SRR (NaCl fe K 23%) (280 BRLF-RIRES 23590 - @R PEDS @ RERGEE T T A
Fo<A h A, BRAE, B, 73V A M ETH D, ME IO i D E i e gs
XEINMETOIRA & 72> T %,

b) I ZFHIRE
FREEDME S . A — » FRLEAIED S,
R IR S, BVIEAR & GRE LS X MEss{k - AR
ST - AP OILT, AR, RMERE, HEY 27 8|0,
c) HTKDEE
EME LAFNRBIEEL, KIEIT X DN HESE,
HIFTAR AN T /K OBRNI B SN DT E | K EZARIEDSRNED TR,
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35 RELIE TR L1

RERIE L 1E Sulfates soil IEFRERIE (S0.°") ZZBCELLIETH D, KRNLGHREKRIEICIIHR
BEHILS L (BE :CaS0.) OHREET Y L (Epsom i : MgS0.) . FREEF R UL (V—4).
BB H D, —H. BILLIE Sulfides soil IZFEEY (S°) 22K BLTETHD, KRM
HHRAEIZIIERIE sk (FeS. : |Ek#L) WHR{LESR (InS) LENH D,

RERIRICE 5200 ) — MEEYDHIEOE A Y FRRICESHRELEYMOELRIZEL Y. FiF
HZETRIEELHY. BEITILELNHD,

B IIE AP TR AFE L, EIZ2 DO TIAHET 2, BB TITHEEE L LT, Eioa
H (CaSO4 - 2H,0) & LT, BEICIRRE T b & LT, FITHEIL (FeSo) & LTHET D, 20D
fOFREIL, HNTHIC BT D RMEOREAKFE (HS) 72 &, FREk7RILCHAT 5.

PERIL (FeSy) 13 b — XA b T, < DkECE. ERcE, s, B oichks
% ORISR ) Th D BALIEIE— ISR IER IR < . 2 BRITERRE M~
FERPEIZ 22, L L, fifb# 0 BURIC X o TRIEMEDORREEE (SO4%) AL, KRB L OME s
Tl AL P ROG A 2 RREMES B D o BRI, B k) o Ja ki3 4B (CaSO4 - 2H20)
DAERIZD7R2DI D05, ZHUTHTYE pH & FCIIEEMENR OGN TR Y | 2R hao HEizk
T DR OWE OETH 5,

ML, A8, BAKAE (CaSOs), =7V ~A F (MgSOs * TH,0), BLOZDfidHE L LT,
ZIRETITICRIRIIFET D, HEibA(BaSOu)E, Hix 72 aiciaEks & LCHFEET 5, Eibfa
RO THAM TH LI BKAE. =7 Y~ A M BLOZOMOBEIEITIEFIZAEETH D720,
LA EDEARTHENEM SN D HEFTNOEEM L, ORI L TWRWE A T TO Ll
BT HAMREMERH D, 2O X ) R TIE, BREM OB RCIRR . R TRICEA 22 M % 5
TEZTAREENH 0 | RIS OMOEE L FET 5,

TR TR KT TR, RICRRTORBE & . & 2MELEWD D RIORELEY ~D
EILIZE DD TH D, AN L > TEKSKRDPFACSEIZENE L, fRERE A~ OB L-CE MR B O %
HENZORMMBDFREMEN D D, ZORER, a7 U — MO EORBBREM MR INZ 0 | KD <
ZDICHDEEE, KAT 7, EENEY ERo7=0 0 ATRE-SCOUPAE L2 . JEkiESCT 4
N —=REEE ST KEDEY SN0 T HAREMN & 5, MBECH ) 2 G T ESCA A2 A
JRoE A Y N TCHERT D & BRMEORBBESL DI S v, TNREEOKFR E 72D . 20 Ricdh
DR EM A ET 5, O @ T 2 8HHIE. CTEPICHENBEL T2 26203, &
REZIIBET DO TIERL, BRER s,y AV OEFER> THRORETLZETHD, 2D X5 22l
REIL, A2 T AR T AR L, T 0 EICh HREEY O K e E L2 LE L+ 55
R LD, EENRECTCERRPLDILERD 5, 3.5.1~[X 3.5.4 |ZREEH 2T,
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i . ¥ Sy %z Rt ] 4 _ ._-._:D:_. = = - . ==
H#8: ICE Manual of Geotechnical Engineering 2nd Edition H #8: ICE Manual of Geotechnical Engineering 2nd Edition
Volume 1 Geotechnical engineering principles, problematic soils ~ Volume 1 Geotechnical engineering principles, problematic soils and

and investigation investigation
35.1 MERIETIRICKAMHIL D —ED 3.5.2 H[E A50 BFHRERRICdH DAY HH
—FIOHE EEOBS

=

i #8: ICE Manual of Geotechnical Engineering 2nd Edition Volume 1 Geotechnical engineering principles, problematic soils and
investigation

353 WMREAIRICKDMBIERIZL>TELI-aV D —FRAST DUV UEIN

Hi Bi: Acid Sulfate Soils, Implications for Rural Landholders, Western Australia 2008

35.4 WEEIEICLAMBERIZE>TEL-aV P —RRASTOUVUVEIN
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3.6 RERIE T IR

RERIET1E Carbonate soil &, FIZREEDILD DL (CaC03) V1mEE~< F %™y L (MgCO03) %:
EDRBIGMYMEZESTTIETHY . ERELELTITARLTIE(Lime soil). JERE Marl soil).
FIR&E 1% (Calcareous soil) &b,

REIETIEE, BEAFTY—THY ., ATOMBIEDIVRIAHE L. A DX LIFEL
SAEEELERCEHERT . BERPHEORACEEYICEBRERLESEDIETALD
%o

PRIBHE T3, RIS L2 7 A (CaCOz)RIRIE~ 27 % 2 T L(MgCOs) e & D RIS & & it
THEETH Y | R HIEO R TR < 0 LTV D, FHFRRE & L CIEA K 13 (Lime soil),
JEJK T-(Marl soil), 1K'E 1-5E(Calcareous soil)23 & 5, THE 20 A — hL)a5 100 A — L THAG5
TRIZ Lo TR S D, TEACKRRBIC KV BV, R . kit 2L R bIERICHINS THEVW D
DETEEIETHD, TORDH, BEOFEIZIZZ S OREEEELIZSSERNH D, BUL L2 AKX
RO RBESL I DRLF- 7 BIEAC S AU72 & OIX LB AY EX[E 2 R i A2 R o, HEAE i >k oD 188 & IR
TEICE N, EFRRFERDEDITAIKE L 70D, REEE O 72 58TRILREE T L > D A

(CaCO3) ZELHEAT, ZNbOEANELL, WL, £ L BT 2EfE2E LT, HEgEhiC
RIBIEDNEEIN D,

ARG &G LRI ICHERE L OB S Lo aaid~ — /4 Marl, BIK L) & FHEN D, JRIK -0
FRUTAIKE . Ra~A b, REREWE 72 & OBRIREE O B L MEFREYEORR TH 5,

IREEE HIHEOMEE LT, £ 361 0@V ETFLN5,

H#: Performance of a stabilized marl base a case study, S. A. Aiban, H. I. Al-Abdul Wahhab, O. S. B. Al-Amoudi, H. R. Ahmed(1998)

36.1 BIREZERETIEBDAENLGSIE QEFERIMNA b) 2 FRDBERDIRE
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F* 361 RERIETIZOMRE

HH il

B ORE VRIK - D— & TIEARME DR 03  H728D | RN L [RER7E H D5
{EDRIED D,

HE 0> 22 TEE PRIEYE EHTTRE DA —THY | LT oHIR MR DI R 385, K%
TNV DS KT R03 < RIKSPHE K EPOS LTI fiF$ 2L T,
HHEN AR L ENIR DT LD DY | BEYOME D IEHEDSIE T L, O TEIh
BT D ATRETED D D,

ezt MR CaCOsEB o HUTIR R L . L8R DR &2 I T 52 & TR HE

DZHET D, — 77 HeIIZIE CaCOs3 FRTE B L ORI FHl D 22 [ 23D 5

TeOWMET Do Elo, IRIBHE TIBIZAAZ ZA N B LG E R HY ., ElREE

DRI Z G T THETIE Naw ° Mg OB TN LER0Z80b
%o ZIVHD NI | IZEME £ &R C LD ITE B O3 L ORRE I
BRRE DB RET 5B DD,

LRSI LD E DAL

IREBHE HIBIIE T IV AHVEDTZ0 , a7 ) — o8k fh7aE O LAb2F
FSE IR\, REEINL LD LS 7Y — DAy E L TR
VIHANEERKRL, 37— DEEE O VDEINAE SIS T 2R HD,

JBIK F-(Marl) D18 1% Ak

VeIR LB R T B L TRE SN D ZED5 503, EIEICHAECIL T
BRETDHED DD, TDOTH VB LERE MBI T+ 556
L BB L OB B L0 A IR THh D,

(1) eRL (Marl)

H 8 JICA FEM

YRkt (Marl) [3REEA LD I (CaCOs) &R E23IITHERE L TR S Aviz BB £ 7213
THO., UTDOLXD K ER>

- BEE AKE. FouwA bR E AR EORBREES OB - LSRR L EY)

- %43 0 CaCOs (0~100%) . ki1, /v b, W, B E %25t

- KRB RERE BB A 2 ME ST EEEE £ TIRIA W

- METFRIE L DE TR RO R RICALE D EMEZR A

FetEI IO TEAR T, —HROMER « TYRERPNEE L S d, ikt (CaCOs/Mlit) DT
LV REEPIEMIPENA R E K EL L, [[A—HATHEESLEKLEDANT Y FRRE WD, #AESRIFO

THBNEEE 72D,
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Hi B: Marl crumbling decrease using geopolymer mixtures— lessons from experimental tests in the vicinity of Fez, Morocco, M. Akdim, L.
Mesrar, A. Alami, S. Sabah , R. Jabrane, 2022

X 3.6.2 EIABEDENIITI=HF [M. Akdim, 2022]

VRIK BB B & LTI DN TV D23, IfEIFIC CBR EAKIEITIR T3 2722 &, Kizx L
THFICHBETH D, WEDOWECI LW T TOEBORBERICIEIK L2 LSS

OMERRIZEM L 0D, £, WEEERY A 7 VLo TRENBBMITIE T LZY, 95%LL EOEET
bEE G KIEZANTZ YT 5 LIERPHIET D,

EENDHE I L - TIEAKRDERIN L TEAET 28 L L0 s, Zo X 572K BT k&
RTyar Iy NET, BEAE 10%L E ROz EMICELZS X T2 Enh D,
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3.7 et L1

BAMELTIE Acid soil [XpHIEN 6.5 KREDLEZ VS, TIEOBMELEIERABSLIUTALMGSE
FETFLRAICL->TEL D, TEFDEOKFEA A VOELRERE., KRCREK, HHDE
1t ZH. (02 CAHMEBOBEZMH S BRYMONE. MEDCROTFR., |BHALDTWY. BE
EXBY H OB, EXEEYOCILEEREY. EHGETHD.

BT IRIEREINO Y — b RA TS50 BRHOERZERESE. BEVOTASE
HEBERTEEDM. EE BIZEFE, AFIYL, fo BRAGLE) ALERASBFHLOT LD
T, EERMHBTKOANNICSTHHE L. KEBRZESISECIENH D,

THITIEEICALELRWETH Y 2 D pH Z MR O L O ICIEMICIET 5 Z LI TE R0,
+HED pH 8 6.6~73 THHGAE, HEIHHETH D ES5bnsd, HHED pH /%I 4~10 OHiH
Thb, BEMREEHAEED pHIZ 6.0~7.0 2 TH 5, pHIEM 6.5 Al O HHE T EeE 5 L widh
%o

THEOMMLITARB LOABN RS EIERIFRC L - TEL D, BRI XL 2EME TR E,
Rb, T8 P, AR S, SESERFMFETCORET D, THOFIH, HECEM OB H LT,
N2 7 FEBHEL O ER2 KR TH 5, Lo L, TEFOBRSCKFEA 42 OFE AT RERAK,
FE DAL « ZBE. COr RABEBE DI 211 5 B D53k, AR O R 5 D53,
WL & T D HE OB FEEBEIE OO PR IRk & CTh 5, TR kD 7 v & XTI,
BRI IR O AR, H™ & APHEIVER A 4o O, \EOEH R ENREEND,

Fetk THEI IR CRIE L 72 523, T CIIEeMERi e TN VB D7 O E L 72 5, i1
B SN a 7 U — N AT TA 0 SHOREEER IS, HEVOMATFREZIKT &
Do MEMESIE T CIE, AR (BIZIX. I RI T A, #Eh7R L) N EERNSEH LT WO T,
B H T AROW)INCH I U, KEBREZSIEEZ T2 L0138 5, Carsington Dam(F[H ) Tldidtax
OSSR TR U= BT ERR A IR ORE B UWBERRIC K D EBE L TR T L, %0 %
gz L (K 3.7.1),
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o Unfoiled sechies
" FEE  Riprop
= Sgching
ks s Dranoge loper
wl e
mp T ]
Eiergtion  2tchion after foilure
i 1 — Origingd prafile of dom
L I Imvestigative Excowstion
= 5lip surface
e Core mabwial
™ a——= Displacerment wecior

3.7.1 Carsington Dam D3 XU EKIE

H 8 : http://st-reunited.org.uk/History/Carsington/index.html
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3.8 piod

JER Peat soil [FEMOBMTHERINSIEHRELIN—IET. EYOEBZOCERYLNKIZE
SNERETHRMIGFIRSNERET CTHR, MBI LITE>THREIND, THSME
(FALABE O HEE TN & & VBRI - ERHISTH S,

RRIGEKEAKE . BEASNE ., BIBLLAKE N b, BEIZ&YKREWETAE LS
Y. AT ERBIZBEINTRYBELLY T 20, BETILENHS,

(A ]

TERITBH-CHEM TR SN2 GRE LO—FTH 5, BRI, M OERESCA Y N KITIR S
TARAE CRAE D HIIR SV BREE T CHERE, i S s Z Ll Ko T S LD, JRiRITALAREE <> Hh 5
HHIIIZ D b O STV DA, BV A OB & 2540 L T 5, BV sk o I8 IR 1T RS
FEILTHNT, AROANE(L L2 NWEFHSTWNDLZE0NH Y, HBHIRFIC TFOXEE D2 RS
5o

B TEIX, AEMOSHERICESHTHEIND, AEWEEE Kb E WA EOFEHED 1
ONPER T D, TeRIT, FIINC 2T 2RO S TR O TR THERR S, KBFRRE TF
NG EMOEED 25%KH) Thd, AR IROI VAT —RHD | MEEOH
BENRH Y| AIIRENDRETH D, BRIIZAMERE L, TAWBRENME | JERMES &R
LT ENTERY ., IBROBRE KL 200%LL ) & HEWERRENIEFITE D (15%LL ) 2
IR LTV D,

AR ERII A ARDORRSLAWE L LR CTH D, TRRIT IS, FEPRREME S | JEMTE
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Fig. 1: (a) Typical section of a housing estate on peat (immediately after completion of
construction) (b) Several years after completion of construction (scale exaggerated)

H #8: Deformation and Shear Strength Characteristics of Some Tropical Peat and Organic Soils, Bujang B. K. Huat(2006)
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Fig. 1. Hypothesized bridging and ordering effects: Platy particle
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orientation o [__““:"';’ }
H #: Micaceous Sands: Microscale Mechanisms and Hi B8 Effect of Successive Impact Loading on Compactability,
Macroscale Response, Lee J.S, M. Guimaraes, J. C. Santamarina,, Microstructure, and Compressibility Behavior of Micaceous Sand,
2007 Seethalakshmi P., Ajanta Sachan, 2018
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Mon-swielling clay minerals and rock flour
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Absence of multivalent ions Adsorption of multi valent ions, ‘Low electro-kinetic potential resulting in flocculated structure‘
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Complex bonding of

High sensitivity Release of Ca™*, Mg multivalent ions by
Quick clay through chemical organic dispersive
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Fig. S.1.  Principles of quick clay formation Hi.ghk ST"SitiViw
quick clay

(Brenner et al. in Brand & Brenner, 1981).
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6.6.1 Harmonized World Soil Database v2.0 )£t =R = Hl

Figure | — Global distribution of shrink—swell soil where major construction costs occur (by region)

H 88 : Swelling and shrinking soils, Jones, Lee; Banks, Vanessa; Jefferson, lan. 2020
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H 88 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)
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Clay Content (%)
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Figure (2.4): Soil classification chart (Skempton, 1953).
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Al I ERELBEERERL-HIE (Skemton, 1953)

& A1 INHERSRRUNHERIZ XS E (Altmeyer, 1955)

BRART L TERZ R it PR A (%) PRI
Non-critical <0.5 >12 <5
Marginal 0.5~1.5 10~12 5~8
Critical >1.5 <10 >8

t B : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

=T A2 INHERSR . B, a0/ IE OB ERBEIZXSHE (Holtz and Gibbs, 1956)

N ReT———
Al s IS AERR AL SL e ARNEHF
2k e . » anAREHFE
- (4 1AF4%) SAPEFE AL TP \
(%) (0.0001mm LLF)
N <10 >15 <18 <15
FI B0 10~30 10~16 15~28 13~23
F=A 20~30 7~12 25~41 20~33
FEFITE W >30 <11 >35 >28

SNEFLTTE 1.0psi=6.89kPa  SRT JICA JHZAS & 1=

H 8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)




= A3 UUEMRREBHIERICLSHITE (Williams, 1958)

Rz e MRS LL (%) YRS TP
& <50 <25

BN 50~60 25~35
A >60 >35

HE IR T AR B 5 TRREEHT RN, HRM- BIEE - EMAR (2008)

= A4 INHERRR. BiHiEH. a0AF S ICEICEERBEEI1Z&L5%IE (Holtz and Gibbs, 1959)

IUAERR S SL y anfREH %
Al FAVEFE S 1P .
(%) (0.0001mm LLF)
A >15 <18 <5
Hr BN 10~16 15~28 13~23
B 7~12 25~41 20~31
FEFIZEmW <11 >35 >28

SAIELHIRTEE 1.0psi=6.89kPa  3KRT JICA A RE IE

Hi B8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)
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Figure (2.5): Swell potential as function af colloids content and Activity (Seed et al.,
1960)

H 8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

A2 TR EFELBMHIERIZLSHIE(Seed et al., 1960)

F A5 AR TUIYILEBMHIEEIC KD HIE(Seed et al., 1962)

REART > L aERT %L S FAMEFEEL PT(%)
& 0~1.5 0~10
BN 1.5~5 10~20
=1 5~25 20~35
. : — —57 2.24
Swelling potential S = 1.107°1,

H 8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)
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x A6 RN TUIvILEBHIEEIC KA HTE (Holtz, Seed, Woodward)

o Holtz & Gibbs | Seed et al. anAR5y | WUGHERFLLS | A HZRER
RN T v ¥V — —
IR (%) 3R R (%) (%) (%) (%)
K <10 0~1.5 <17 <15 <50
BN 10~20 1.5~5 12~27 15~30 50~100
B 20~30 5~25 18~37 30~60 100~20
FEFIZEN >30 >25 >27 >60 >200
bas 7kPa 7kPa %-0.001mm - -

Hi B8 : Prediction of Swelling Behavior of Expansive Soils Using Modified Free Swell Index, Methylene Blue and Swell Oedometer Tests,

Jaleh Forouzan, Amir(2016.02)
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FIGURE 9.2, Swelling potential for compacted clays based on activity and percent clay
(Seed. Woodward, and Lundgren 1962).

H 88 : Foundation Engineering for Expansive Soils, J. D. Nelson, K. C. (Geoff) Chao, D. D. Overton, E. J. Nelson, John Wiley & Sons(2015)

A3 TN EAELEFUEIZLDHITE(Seed et al., 1962)
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Figure (2.0b): Potential severity of volume change for clay soils (Van Der Merwe,

1064).
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A4 (TN EEELHBHEIRIZLDHIE(Van Der Merwe, 1964)
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fERT v v It RS
K 0~20
BN 20~30
E1A 30~60
FEFITE N >60
FBRD T >130

fEZRART v L i FE %L El
R 0~20
B 21~50
ST 51~90
FERITHE 91~130
FR D TR >130

BEEHE] = 100 x Ah X F

- -
ZZIZ

H 8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

. Ah=FZHE(%). F=No.4 525\ (4.75mm)if ;i &

R AT IEEIEHIZLSH|F (Ranganatham and Satyanarayana, 1965)

Hi B8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

= A8 [EEIEEIZ LS %IFE (Uniform Building Code, 1968)

R A9 INUEIEMEB IR ML SHI%E (Sowers and sowers, 1970)

R SRR P1(%) IAERR 5 SL (%)
R <15 >12

BN 15~30 10~12
= >30 <10

H 8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

= A0 INFEIEEE B HIREIC K S¥HE (IS 1498, 1970)

A HRPERR S LL (%) | PEMEFERC PL(%) | UNHERRSE SL(%) | B HIFZESR (%)
A 20~35 <12 <15 <50
B 35~50 12~23 12~30 50~100
N 50~70 23~32 30~60 100~200
FEFITE 70~90 >32 >60 >200

Hi 8 : Swelling Behaviour of Expansive Soil, Vikram Kumar, Dhirendra Kumar(2011)
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x A1 BHEIEEIZ &L DHIFE (Peck, Hanson, and Thornburn 1974)

fEIRRT 2L PR (%)
& 0~15
G 0~35
A 20~55
FER TR >35

Hi B8 : Peck, Hanson, and Thornburn 1974

= A12 INHEIEEERIERFRIZ KB HE (Sneththen et al., 1975)

. . Ranganatham et
" AR P1 Raman(1967) Ladd et al.(1961)
Al %) al.(1965)
0 N Y
IR HEFE X (%) IHEFE 2L (%) WMERR S LL (%)
YA <12 <15 <20 20~35
B 12~23 15~30 20~30 55~50
A 23~32 30~60 20~30 50~70
FEFEITE >32 >60 >60 70~90
6D C B - - - >90

ti B : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

£ A13 RHEBRIZESHITE (Chen, 1975)

" Chen IS 1498
LA : :
WRHEBB S LL (%) WEPERR S LL (%)
B <30 20~35
HI B 30~40 35~50
A 40~60 50~70
FEFIZEW >60 >70

Hi B8 : Prediction of Swelling Behavior of Expansive Soils Using Modified Free Swell Index, Methylene Blue and Swell Oedometer Tests,

= A14 BHEEIREIZKLSDHIFE (Chen, 1975)

Jaleh Forouzan, Amir(2016.02)

s Holtz Chen IS 1498
R P PR T
YEMEREEL Ip (%) YAMEFR XL Ip (%) YAMEFR XL Ip (%)
U <20 0~15 <12
HFrHUN 12~34 10~35 12~23
B 23~45 20~55 23~32
FEFITEN >32 >35 >35

Hi B8 : Prediction of Swelling Behavior of Expansive Soils Using Modified Free Swell Index, Methylene Blue and Swell Oedometer Tests,

Jaleh Forouzan, Amir(2016.02)
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& A5 RMERS. BIEEH. YO avICkHHE
(Modified from Snethen, Johnson and Patrick, 1977)

R RS WRPERRSE LL | #PEREL Ip Yriay
(%) (%) (%) (pf) (MPa)
S <0.5 <50 <25 <3.1 <13
B 0.5~1.5 50~60 25~35 3.1~3.6 1.3~4.0
= >1.5 >60 >35 >3.6 >4.0

Hi B8 : Foundation Engineering for Expansive Soils, J. D. Nelson, K. C. (Geoff) Chao, D. D. Overton, E. J. Nelson, John Wiley & Sons(2015)

R A16 RMEBRFR. BHEHEE. Y923 (Z&5HIE (Snethen et al.1977)

— kR WRIMERRA LL | %BMERES Ip Hrar
(%) (%) (%) (ton/ft?) (MPa)
(9 <0.5 <50 <25 <15 <0.16
B 0.5~1.5 50~60 25~35 1.5~4.0 0.16~0.43
U >1.5 >60 >35 >4.0 >0.43

Hi{#8: AN EXPERIMENTAL STUDY ON THE TREATMENT OF EXPANSIVE SOILS BY GRANULAR MATERIALS, Hergul Timucin(2019)

= A7 BHEIEEIZ KD HITE (Snethen,1980)

JZRRART v L SRR E P1(%)
WA <18
B 22-32

ST 22~48
FEFITEmN >35

H #8: Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

=& A18 ZBHEIREIZKLDHITE (Neil, 1980)

IEaERT oL iR (%) MRS (%) PR P1(%)
SR <0.5 <50 <25
BN 0.5~1.5 50~60 25~35
1A >1.5 >60 >35

H 8 : Prediction of Swelling Behavior of Expansive Soils Using Modified Free Swell Index, Methylene Blue and Swell Oedometer Tests,

Jaleh Forouzan, Amir(2016.02)
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Figure (2.10): Swell potential as a function of colloids content and COLE (McKeen
and Hamberg, 1981)

ti B : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

A5 I EEF=L COLE IZXDHHIFE(McKeen and Hamberg, 1981)

4
- P Special case
E? " I( p I)
o ow
= % (Moderate) !
g 1.0
B (High)
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Figure (2.11): Soil expansiveness and COLE regions as a fimction of Activity and

Cation Exchange Capacity (McKeen and Hamberg, 1981)
H 88 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)
R JICA FRAE R INZE

X A6 jETEEE COLE [Z&BHITE (McKeen and Hamberg, 1981)

= A19 RIGH I3 EBHIERERMERFRICELSHIE(Snethen, 1984)

fZaEART > LR

SRR Ip

HRVERRS LL

JEaRRT v L Yrar
(%) (%) (%)
A <0.5 <1.5 <25 <30
H<BHUN 0.5~1.5 1.5~4 25~35 30~60
1 >1.5 >4 >35 >60

H 8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)
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= A20 MFSI([Z&5#|E (Srindharan, 1986)

— MFSI DUMEA R SR DU AT
(ecm?/g) (em’/g)
M <15 1.10~3.00
(2 1.5~2.0 >1.1 and <MSFI
H<H 1.5~2.0 <I.1
ST 2.0~4.0 <1.1
FEFEITEmND >4.0 <1.1

Hi B8 : Prediction of Swelling Behavior of Expansive Soils Using Modified Free Swell Index, : Methylene Blue and Swell Oedometer Tests,

Jaleh Forouzan, Amir(2016.02)

= A21 BHIEH. IUERR. HIERFRIZLSFHITE(Chen, 1987)

JZARART b | BBMEFEEL PL(%) | IAERR S SL(%) | #RIMEFRS LL (%)
fE <18 >15 20~35
BN 15~25 10~15 35~50
S1TA >35 7~12 50~70

Hi B8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

=& A22 BHIEH. WWERA. BIERFE(ICLDHIFEErl, 1987)

R s A= (%) Hh 153 (%) SEPEFEEC P (%) | ULAERR S SL (%)
B <10 >15 <18 >15
BN 10~20 13~23 15~25 10~16
B 20~30 20~31 25~41 7~12
T EN >30 >28 >35 <11
* - <2um - -

Hi#8: AN EXPERIMENTAL STUDY ON THE TREATMENT OF EXPANSIVE SOILS BY GRANULAR MATERIALS, H. Timucin(2019)

= A23 BEHELEREBRREMR S, EEH=(ZLSHEPuvvadi, 1987)

IZRART i b | IRIERRS (AT (%) | 1EIE B HIEREK
R <200 <25
H<BHN 200~400 2.5~10
B 400~550 10~20
FERITE >550 >20
Modified free swell index = ";—" LLyorume = Miﬁ':m x 100

Z 2T V=gl O EE, Vst ORE=W/(Gayw)

Hi 8 : Modified Free Swell Index for clays, Puvvadi V. Sivapullaiah Thallak G. Sitharal and Kanakapura S. Subba Rao(1987)

A-8



BHLAFNS F Ty BXEH

K A24 BHELRIERFEMUIEHEIZLSHITE(Chen, 1988)

L 2L (6 4F1%) PR A= B
JEIERT v IL
(MPa) ((%) %<74 L m

& <0.05 <30 <30

B 0.15~0.25 30~40 30~60

B 0.25~1.0 40~60 60~95
FEFITE >1.0 >60 >95

KARTF JICA FAEMELE

H 88 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

= A25 EEEE

RIER R EMPI D = H =IZKSH E(Modified Chen, 1988)

. A= S HRIMERRS LL REM R R Rz
N2 N value
%<74 um (%) (%A R (ksf), (kPa)
(2 <30 <30 <10 <1 1 (48)
F<BHU 30~60 30~40 10~20 1~5 3~5, (144~239)
=1 60~95 40~60 20~30 3~10 5~20, (239~958)
I mN >95 >60 >30 >10 >20, (>958)

HTE 01’ =1,000psf(48kPa)

Hi B8 : Foundation Engineering for Expansive Soils, J. D. Nelson, K. C. (Geoff) Chao, D. D. Overton, E. J. Nelson, John Wiley & Sons(2015)

& A26 ZEMHIEENIZ XKD HIE(Carter and Beley, 1991)

i AN A 7 L YEMEFES Ip BRfERES Ip
(%) (%)
R 0~1.5 0~15 0~15
B 1.5~5 10~30 15~24
B 5-25 20~55 25~46
FEFITEN >25 >40 >46

H 8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)
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Figure (2.12); Exampile of the relationship between soil suction and water confent

(MeKeen, 1002)

A7 &KEEES I AVIZEBHITE (McKeen, 1992)

Hi B8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

= A27 BHEIR#IZKLDHIE (BRE, 1993)

KL RT v PR I (%)
& <20
BN 20~40
E1A 40~60
FERITE >60

= A28 [EHEIEEEI [CKD¥ITE (ASTM D 4829, 1995)

(%425um) o

0

100

El AT x /L EI(%)

FEHITIRN 0~20
B 21~50
BN 51~90
STA 90~130
FEFITE >130

Hi B8 : Institution of Civil Engineers Manuals series CHAPTER C5 — EXPANSIVE SOILS Lee D Jones, British Geological Survey

Hi B8 : Prediction of Swelling Behavior of Expansive Soils Using Modified Free Swell Index, : Methylene Blue and Swell Oedometer Tests,

Jaleh Forouzan, Amir(2016.02)
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= A29 IBEINIZRRMGE BT YILIZESHE (Slab Performance Risk) (CAGE, 1996)

AT T T p— RFHINZIEE (%)
~ L AYRY o v=500psf(29.9kPa) o v=1,000psf(47.9kPa)
T 0~3 0~2
B 3~5 2~4
1A 5~8 46
FEFITE >8 >6

Hi 8 : Foundation Engineering for Expansive Soils, John D. Nelson, Kuo Chieh (Geoff) Chao, Daniel D. Overton, Erik J. Nelson (Wiley, 2015)

%= A30 EHEREIZXDHITE (IS 2720 Part40, 1997)

FZARIAER T v L H H i8R FSI
R <20
H<HN 20~35
ST 35~50
FEFITEm N >50

0.35

COLE = AL/ALD = (YdB/}’aM) -1

Hi 88 : Foundation Engineering for Expansive Soils, John D. Nelson, Kuo Chieh (Geoff) Chao, Daniel D. Overton, Erik J. Nelson (Wiley, 2015)

=& A3l ONAFEEE, BIHIEH. IEERFRICLSHIE (USBR, 1998)

TR B T =R (%) Kb ERE (%) | YR Ip (%) It R (%)
LA <10 <15 <18 >15
BN 10~30 13~23 15~28 10~16
U 20~30 20~33 25~41 7~12
FEFIZ = >30 >28 >35 <11
* - <0.00lmm - -

HE NIRRT THE, SRR SFF (2009)




= A32 OOAFEFE, BHIEH. IHERFRIZLS#IE (Claudial, 2000)

figng /A TI—AF LA MRS Ip HEAME SP?
AN ANV E D% VB (g/100gsoil) (%) (kPa)
fE <2.5 <12 0~100
BN 2.5~4.5 12~35 100~300
B 4.5~9 35~45 300~500
FHEEIZ = >9 >45 >500

Hi B8 : Prediction of Swelling/Shrinkage Potential Using the Blue Methylene Method: some Examples in Italian Clayey Soils, M.

Claudial(2000)
& A33 COLE(#EHRRIREVICLSHITE (Thomas et al., 2000)

RZRRINAEAR T > 2 L COLE
fE <0.03

H<BHN 0.03~0.06

E1A 0.06~0.09
FEFITHE >0.09

coLE =8Lyy, = (Yenf, )P -1
AL/ A Lp=#fe MR/ OB,y =AWl L7 WEARIRHE .y a=Spsi (34kPa) LB IHEOFEN D WEIREE,

»yny
— e

H 8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

= A34 RMEBRRIZKDHIE (Sridharan, 2000)

. Chen IS 1498
HRPERRSAL LL (%) HRMERRAL LL (%)
fE <30 20~35
BN 30~40 35~50
B 40~60 50~70
FEFITEN >60 70~90

Hi B8 : Classification procedures for expansive soils, A. Sridharan and K. Prakash(2000.12)

= A35 ZEMIEEUZKDHITE (Sridnaran, 2000)

I Holtz Chen IS 1498
WA PR Ip(%) | UBPERERCIp(%) | IBPERAKIp(%)
A <20 0~15 <12
H<HBN 12~34 10~35 12~23
B 23~45 20~55 23~32
FEFITE >32 >35 >32

H 8 : Classification procedures for expansive soils, A. Sridharan and K. Prakash(2000.12)
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= A36 BHIEHIZKLS¥ITE(Sridharan, 2000)

N B iR (%) H HfEZaRE
L <1 <1.0
B 1~5 1.0~1.5

BN 5~15 1.5~2
B 15~25 2~4

FERITEN >25 4

Hi B8 : Prediction of Swelling Behavior of Expansive Soils Using Modified Free Swell Index, Methylene Blue and Swell Oedometer Tests,

Jaleh Forouzan, Amir(2016.02)

=& A37 aOAF, INHERFA . INMEIEE. BHRE. BiRZE(IZ XS HE (Sridharan, 2000)

— anARsy | UGHEBRSL SL | UiEfESIs | B BEEEE figRag figRag
(%) (%) (%) (%) (%) (%)
A <17 >13 <15 <50 <10 0~1.5
BN 12~27 8~18 15~30 50~100 10~20 1.5~5.0
D 18~37 6~12 30~60 100~200 20~30 5-25
FERIT A >27 <10 >60 >200 >30 >25
T+ %-0.001mm - - - Holtz, 7kPa | Seed, 7kPa
i # : Classification procedures for expansive soils, A. Sridharan and K. Prakash(2000.12)
= A38 MSFIIZ&S¥IFE(Sridharan, 2000)
R I (%) | MSFI(em¥g) | HHEE®L
L <1 <15 <1.0
A 1~5 1.5~2.0 1.0~1.5
BN 5~15 1.5~2.0 1.5~2.0
A 15~25 2.0~4.0 2.0~4.0
FERIT R >25 >4.0 >4.0
* 7kPa - -
MFSI =" | Fee swell ratio = 222 22HHR_

Z 2T, VA=K ORI

Hi Bl : Classification procedures for expansive soils, A. Sridharan and K. Prakash(2000.12)




=T A39 ¥t EBHEHEEIZ LB HITE (Bekkouche et al., 2001)

RART v | M EHEE<2 1 m(%) PEVERES Ip (%)
R <30 <18
BN 30~60 18~22

B 60~95 22~35
R IR >95 >35

Hi B8 : Swelling Performance of some Expansive Soil Treatment Techniques, Mohamed Youssef Abd El-Latif(2008)

£ A4 OOAREFE, B, IHERRIZLSHITE(CMC., 2004)

— FERAER | aaAR(-0.00lmm) | ¥BMFEEIp | UIGHERRSAR SL
(%) A8 E (%) (%) (%)
B <10 <15 <18 >15
BN 10~20 13~23 15~28 10~16
O 20~30 20~31 25~41 7~12
FEHEITED >30 >28 >35 <11

Hi B8 : Foundation Engineering for Expansive Soils, John D. Nelson, Kuo Chieh (Geoff) Chao, Daniel D. Overton, Erik J. Nelson (Wiley, 2015)

= A4l FEEHEEBMHIEEIZ LS HITE (CMC., 2004)

_ FEVEN K & K R YA EL T
WaEgss= | Pl m e pst
SAMC (%) (%)

JEE: <25 <15 <40
A 2.5~4.8 15~28 40~60
B 4.8~6.8 28~40 60~90

B >6.8 > 40 > 90

samc(o) = e s
%) = =4

- -

2. WSIREE 77° F(5°C). I 60% D

W =IO i

Hi B8 : Foundation Engineering for Expansive Soils, John D. Nelson, Kuo Chieh (Geoff) Chao, Daniel D. Overton, Erik J. Nelson (Wiley, 2015)

= A42 BEHEEICESFIE (MUSSO & PEJON, 2006)

MR T v fAEE /) (kPa)
A <75
BN 75~200
B 200~500
FERITE >500

Hi B8 : Expansive soils engineering geological mapping — applied method in clayey soils of Montevideo, Urguay, M. MUSSO & O.

PEJON(2006)
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F A43 OOAFS, BHEEH. IERFRIZLSHITE (ACPA, 2008)

p— HREINDIAMEFE (%) AR5 (%) YRR Ip | UMERRA SL
(RLERIRBED S A FIRRE) | (0.001mm LA T) (%) (%)
U <10 <15 <8 >15
B 10~20 15~28 15~28 10~16
= 20~30 28~40 24~41 7~12
FEFIZE >30 > 40 >35 <11

Hi B : Expansive Soils TS204.2P, ACPA(2008)

= Ad4 SHEZE(CLDHIE (GHEAZE 2008)

— WEVERRSR LL | M5 Ip fiaR=R Poiar CBR [k &
(%) (%) (%) (kPa) (%)
{EA 40~50 18~25 0.7~2 100~160 1~2
B 50~60 25~35 2~4 160~440 2~3
=1 >60 >35 >4 >440 >3

HE AR T AVE AR 5 TRREEHRM, SR Bl T BRI R (2008)

= A4S BERIMEEICKDHIE (EHEZLE GBI 112 - 87, 2008)

A H H i8R (%) H1 1 25 T & (mm)
R 40~65 15~35
BN 65~90 35~70
1A >90 >70

HE AR T AVR AR 5 TRREEHTRM, SR Bl T BRI R (2008)

= A46 XBEEPZEEIZKSHITE (R BEMELE JTG D30-2004, 2004)

— B B R FEHER 7K 5y 5 HPEFEHC Ip
(%) (%) (%)
FERAH <40 <2.5 <15
A 40~60 2.5~4.8 15~28
BN 60~90 4.8~6.8 28~40
S >90 >6.8 >40

HE AR T VA AR 5 TRREEHRMN, HRM-BIRE- MR (2008)




= A4T FEERKIZKSHEFELER, 2003)

— HRPERR S A7 FEMEE S 2 B H iR ’fd’ﬁ:@ KT HE
LL (%) (%) Ip (%) (%) EZESOES s
fEu 40~45 0.7~2 <18 >35 40~55 RN
BN 45~50 2~4 18-25 25~35 55~70 —
O 50~55 4~6 25~35 15~25 70~85 U
FEEIZE >55 >6 >35 <15 >85 ETHIERW
H 8 AR T AA TR S TRREE BT H, 154K BIZ R - E 5 (2008)

= A48 BIBREICKBHE (Bl4FE, 1997)
" H H iR i Al AR WMERR S LL | YEMERRE Ip | PNEREEER A
Al 0ES o
(%) (%) (kPa) (%) (%) 6 ()
& 40~65 <2 <40 15~45 <18 >16
FIHU 65~90 24 40~120 45~50 18~25 13~16
AT >90 >4 >120 >50 >25 <13
BB AR T AR S TIRER I S, 15 B4 8125 5 - ¥ M 5 (2008)
=& A49 BMREICKDHE (BRE, 1999)
HeZ i CBRy, (%) IR (%) | HRMERRA LL (%) | ¥MFe% Ip (%)
YA 2~4 2~4 40~55 <20
B 1~2 4~5 55~65 20~26
A <1 >6 >65 >26

HEL AR T ALA RS TRREEHTRMN, SR M- BIRE - MR (2008)

= A5S0 BREREICKDIHIEDREELITFE, 2009)

R HHBAEEE (%) | B HBAEE (%)
A 40~65 30~50

BN 65~90 50~80
E1A >90 >80

HiB: N ERIAR T THE, SRM@RE- 4570 (2009)
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& A5l IUHEERICLDHIERTEYE, 1977)
HEAE FRINHER (%) | ASFEIHEE (%) R (%)
& 2~5 8~16 2~4
BN 5~8 16~23 4~7
B 8~11 23~30 7~10
FEEIZE >11 >30 >10

HE EOR T AVA B S TRREEH RN, SR BIRE- EAR (2008)

= A52 BHHEEIERLMGERICLIHTEDBEIELTTFE, 2009)

p— INEIERS UL = RIS = RREIAER | B RgRE
(%) (%) (%) (%) (%)
A 8~12 4~6 0.7~2 8~16 30~50
H<BN 12~18 6~8 2~4 16~23 50~80
A >18 >8 >4 >23 >80
FiiE L) FiiE ) IR 5
A BRRYAR T TH2, SREREE- 50T (2000)
& A53 BEROERICKDHIE (NBEERLEITE, 2009)
— ML EA | WRIERRS | SRR | PR CEC I AR B
= (%) (%) (%) (m*g) (mol/kg) (%)
fEU <35 <40 <18 <150 <300 4~6
BN 35~50 40~48 18-25 150~300 300~400 6~8
E >50 >48 >25 >300 >400 >8
= <0.0002mm - - - - Fiiia i
Hi: N EREAR T T3, BREHRE - 45F0°F (2009)
= A54 BEHOEFICIDSHIE (NBEERLTTIIE 2009)
iz s HHEBER (%) | ErelolAMaaE (%) CEC (NH4")
U 40~60 7~17 170~260
BN 60~90 17-27 260~360
E1A >90 >27 >360

Hi8: N ERIAR T A2, @REAE - 4570 (2009)




= A5S5 BHIEHIZKLDHIE (NHBC, 2011)

R LR T FAVERE S Ip (%)
R 10~20
BN 20~40
=AY >40

Hi B8 : Institution of Civil Engineers Manuals series CHAPTER C5 — EXPANSIVE SOILS Lee D Jones, British Geological Survey

=& A56 BHIEHIZLDHIE (Kumar et al., 2011)

JAEART > v L FMEFEE Ip” (%)
R 0~15
H<H 15~35
B 35~55
FEFIZTE >55

H 88 ;1 Swelling behaviour of expansive soil,Vikram Kumar, Dhirendra Kumar(2011)

*& A57 UNHERFR. R UNERIZKSHE (Kumar et al., 2011)

TR T v st FR 5L SL (%) HRIGUHE=E (%)
U >12 0~5
BN 10~12 5~8
A <10 >8

H 88 : 1 Swelling behaviour of expansive soil,Vikram Kumar, Dhirendra Kumar(2011)

Silt / Clay

H 88 : Predicting Soil Swelling Potential Using Soil Classification Properties, Victor H. R. Barbosa, Maria E. S. Marques, Anténio C. R.

Guimaraes, 2023

A8 UILh¥EEEPIIZLAHEESHIE
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Appendix B {EZEMFBIRIC KL SBEMEL. sEELTOHE

% B.1 CECICkDERAMELENELIDHIE

CEC(%) REAREE ) Syt 1HlE
<10 FERL E3EXNP
10~30 & LA
30~50 HrRR FRRR
50~80 N U
>80 FEH @ FEH T

F B2 ESPICk5EEMELESEELDHE

ESP (%) R M A Oy
<5 FIERL o
5~15 R~ PR e #0553 53 B
15~25 CE 5y e+
25~40 FEH AR S HCPERRY
>40 Fsh TR Sy HOPERBRD THRU

F B3 SSAICKDHEHMLETBMELTDHIE

H 8 JICA FAZEM

H 8 JICA FEM

SSA(m?/g) Al o we e Oy B - E Aok G
<10 FFE L EIEIAN HAYVF AR
10~50 &R fE A7k
50~100 BAPEES PR ATA +EEYRFAB
150~700 = R ErEIR A
>700 FHEEIZm FERIZEN TR LE VRS AT

Hi#t:JICA FAZEHE

B-1




= B4 FILH)EEHICKPEBEELESEELTDEE)

i R Bz YL
B AME T L K 1ok 7
<5 [ 2 SENTLLB
- AREHE Lo 7
WA ED . Rk
6~7 S~ i " " BRI S
AN SYAN A
7—9 | diE~g T HUPE | I R LR
Na £ EY a1 M .
9~10 TV I UM o SIRE D R K
HELUEETD
CariE o wmaF A MNIIE
~10 B0 LU AR
AT i

% B5 SSA[CKAEHEMLIEEMELIDEIE

TP (%) Rz M ) E HCHE
>1.5 A AN

0.5~1.5 R HRR
<0.5 = =

H i JICA AEH

H 8 JICA &M

B-2
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Appendix C ZFEDRERICET 5B, K. XORBREE

C1 ERNLEHER

£ C1 ENLEABROHABRESE

B4 A A (JIS/IGS) ASTM BS/ISO Z DAt
B KRR JIS A1203 ASTM D2216 BS 1377-2
AR JIS A1224 ASTM D2166 BS 1377-2
I A PR SRR JIS A1209 ASTM D4943 BS 1337-T-5
SR - PR RR S AR JIS A1205 ASTM D4318 BS 1337-T2, T-4
r B R JIS A1204 ASTM D422 BS 1377-2
BT INA R ik - ASTM D4221 I1SO 10930
B H kR 2250 - - - IS: 2720(Part40)
JE 5 R - ASTM D2435 1SO 17892
R/ kR - ASTM D4546 13020315
5 A DK R JGS 2121 ASTM D5313 - --
US DA, Natural
Resources
4R COLE : : - Conservation
Service. National
Soil Survey
handbook(2024)
fizifFE 4 Bl - ASTM D4829 -
LR — LR ER - ASTM D4647 -
77 LR - ASTM D6572 -
HORL 7 AR - - -
AL —F T ERER JIGS 2124, 2125 ASTM D4644 -
Slake Durability Test - ASTM D464 BSENISO
14689?

Hi88: JICA SAEM

C-1



(67 BImER

& C2 HGHBRDABRELE

R4 H 7 (JIS/IGS) ASTM BS/ISO ZDAth,
ASTM D1194
(M)
PR AR SR NISA 1213 ASTMDII: SO 22476-13
oL faf ! -
JGS 1521 (B HAR)
ASTM D1195
(Bl 2S5
BRAT— B AR
JGS 1431 ASTM D5578 ISO 22476-1
(CPT)
FLINK S fur 2R JIS A 1228: ASTM D4719 ISO 22476-4
T TN AT RA—HFR
- ASTM D6635 ISO 22476-5
5 (DMT)

H 8 JICA AZEM

C-2
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C3 fE2E o HratER

& C3 LENMABRDAEBRESE

R4 H 7 (JIS/IGS) ASTM BS/ISO Z i,
o JGS 0261 ASTM D7503 ISO 11260 USDA Soil Survey
LA (Na+, K+, Mg2 (Na+, K+, Mg2 (Na+, K+, Mg2 Lab Method
at, K+, +, at, K+, +, at, K+, +, aborato ethods
WA A %5 f CEC s \g 8 Y
Ca2+) Ca2+73L) Ca2+, Al3+, H+) Manual
IKEMERL Sy 6 A & ASTM D3987
. JGS 0241 (ISO 18772)
AR (BEZEW)
bR mFE SSA JIS A 1475 STM D3663 ISO 9277
USDA NRCS Soil
2V TP JISK 0102 ASTM D4972 ISO 11263 Survey Laboratory
Methods Manua
USDA Handbook 60
. JGS 0212
T RURE R ECe ASTM D1125 ISO 11265 FAO Irrigation and
(JISK 0123) .
Drainage Paper 29
. BS 1377-T-11
pH Rk JGS 0211 ASTM D4972
ISO 10390
. . ASTM C1580 BS 1377-3
IKEEVERRIAYE WS JISK 0102
. . ASTM D4327 ISO 9280
i n[ VAR ESHE AS JIS A 1226:
ASTM D516 ISO 10304-1
JIS K 0066 ASTM D4239 ISO 15713
2R TS
ISK 0102 ASTM D2492 ISO 15178
ASTM C114 ISO 11048
. g JISK 0102:
RRREEYR & H & TRS ASTM D4327 ISO 10304
JIS A 1226
ASTM D516 BS 1377-3
ISO 11048
JISM 8814
—HiALARE MS ASTM D2492 ISO 15713
JISK 0102
ISO 4689-3
ISO 10693
o ASTM D5744
P ek JIS A 1229 ISO 15175
ASTM D8045
BS 1377-3:
\ ISO 10693
RILETE
JIS A 1225 ASTM D4373 ISO 15178
(Calcimeter Method)
BS 1377-3
o ISO 14254
A PR R R ER JIS A 1229 ASTM D3155
BS 1377-3:

Hi 8t JICA SAEM

C-3



C4 FeiReABR

x C4 FHHABRDHABRELE

R4 H A (JIS/IGS) ASTM BS/ISO ZDAth,
X #REHTE (XRD) JIS 78828 ASTM D934 ISO 18309
46 X B HT (XRF) JIS Z 8825 ASTM E1621 ISO 13196
X BRI 7 SEIE(XAS) JISK 0136 ASTM E572 ISO 20807
B i ISO 11357-8
TRZEEBHTIE (DTA) JISK 7121 ASTM E793
ISO 7111
IRZEFERAENE
JISK 7121 ASTM D3418 ISO 11357-1
(DSC)
EAE &4 (TG) (JIS K 7120) ISO 11358-3
EDS (/L — 4y Eoil
) JIS H7806 ASTM E1508 1SO 22309
X #4573, EDX)
ASTM E766
) ISO 16700
A A BRI EE (SEM) JIS 72614 ASTM E1588 IEC 62523
ISO 25498
ASTM E1588

H#: JICA SAEM

C-4
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Appendix D %L IZB9 5 Q&A

D1 kL —A%
No. Q&A NZ
Question S S e 5 1] G /Y
. ANCRT 7 CORR T, FICERE EEOFEEIEF T O THTH
Answer BIDMEOH S Lokl HART—KANATOILTWOIA, 5REE, i L TG
PEELWEEZZ DN DLLTNET,
Question Rk LITIZE D IR EADHOET ) 2
gk X, T2kt ) . E2RRgReE ) | TZDML D 3 DO TE, <O
BMHVET,
, 2R V] R -, Syt IR T B | R b, ATV M, TS
Answer Hiz
(RO RRIE SR — & LR (Fet) it /i b 3| PReE 188 Wetk 1
COM|  TTIAR, A KR HE RS AR EREZE TR, K
THERS T OKFE 1) | B bAs/dce: | fz i+
Question Bk LI E DI HESIVET M ?
; Frik LOYIEIL, EIZ ASTM 728 OB AR LOWHEE SIC K> TIRESHIZHIE
Answer FFHEICHESEEREINET, FEMIT. AR T V72T BTSN, Bk itk - T
VL Btk B2 P BUS T ICHE T HELHVET,
Question Rk LI ARTGA OB EREHDE T 2
A TARTA L RFEERE DS N TODIESLHYET 0, B SN TWRWED T 73 %
Answer W, F2, BIFSIL T T, BREF il LIED N STV | iR N AN+
Sy TCIRONb Db RS ET,

D-1



D2

EEtEL

Q&A

A

Question

RZEE L3 T2 2

Answer

REARPE 03 R I - IR E 2 A 972 £ 28T INENIK S 2RI 9% &
L WK 2RI LWL . RN REIRI Ty 7 R ESELIEN DY, R TXR
SR> TVET,

Question

RAFYE T3 E DOHIBIZ AL TOET ) 2

Answer

R L3 oA A ENEL, KE (T AN, BVTHVv=T W) TOT (FA TRy
T ARRLT) AVR(T I @R, 7Ty ray by AN) A —ANZIT T 7V (F
AV VT R T OALE R, A—2 AV, BT AV R4 7a)l|
pieis) . HE (U1 2, 35 RO —E HK) | S —ay X (TT7UR) R ERHVET,

Question

BV £ ORIETTIEIL 2

Answer

AR D) 515 BRI C D HIE K I LD HE | LR T ic kD
HIE, NFRBRICIDEENR D ET, WERRFEICIDHE T, IRPERR A - 4L B
HIZIRERIZ RO HE T2 F BN T, K HIEMIC I HE X, X #RETE (XRD) |
RAEBVINTIE (DTA) | B BAMEIIE R E R E4, (LTI LD 7L TR,
A A iz B (CEC) | thaRiHifE (SSA) . AV L (TP) RV ET, 5Bz iD
HIEEL L, B E AR E T 5720 O EE R (ASTM D4546) 350 £3-, A L0
FIEI, AR A T 2R BB T A, W BRREE I L2 E 0k T8k
WAL O WTIC L DR A A B DR T2 THHIE RS ROGEMES M ELE
R

Question

ARVE L R T R E T BT 2

Answer

AL LS B 2RI TR LU T EEFOREM ORI Ty 7 KL
DR - FHEE DG, B L OZR - OV O B, U) LR O E AR - TR0k K
HEOIETHER D HAERLZ AU PEORE R O MG, FERECILER A G ) BE 1H O 15 - A EE ., b
FNDTA =27 SR O - R T O ET,

Question

BARME RN LD H 2 PISTHIET 2

Answer

R P - R R OIANE L OB LDV A R/ NRET DT —F v — | B
Tik AL - BULEIC I DS R Ko7 i [E D FE D= b — L e & fl 4 OIS
EOKTLERE I @I R EAIBELET, X LIEDOREEICHTZ>TUTHE
[l F 721345 E OB AL HE | BEAE SCIRO e R M X2 I 1T 2 F il e L2 B IR | bRl
WU R TIEARE TR ENHVET,

Question

R A2 FE 3D Te> CORE BRI TT 2

Answer

A0E L o e sV N S 7/ <3 o R4S e N N L DY NG Lo g ek - R S P AR -
VEEORHENB ESN T FERRMICFHI SV TUED AIREMEDR H D728 | e iE O E
Yo S it CREM e AL 2 S D DV £,

Question

TETEE LD B B HERESNT-DO TT S, ZHUT_ M AT ?

Answer

LD BEWFHIZAN LT BADOILEY THY , NPT AR TIEHVEE A, TEMNELED

D-2
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No. Q&A NZ
NI DAY NELEGENTNDID  BEDOTE FIZg | SN AT EMEIZHY ET 8,
EiRiIsl SIS EEA,
Question TN I XD #EEM SR L CLE- T, BERITITEENLZELE T ?
8 Answer HELEE A, BRI EBEHAR O 18K 3 2 BRE T2 HEARN 72 7151372 HEY
OENXIMFIL ET, 72770, TOREZIETDAREMERHVET,
Ouestion FERRETE N ORZEME LI, KRR ESNDD R R T L0 T35 LM D Td
M,
9 HEM O FOKRDEA R, BE VML O FTOREIREZ RO T IZEAL B LE
Answer A, BHE, DEFEELET, HERRERIEIRRT Vv /VIGETHE, KoL
DIVFIRELTZE 3 TRBEIL | AR E £,
Question LR L EALAERIZ L0 F X CORMME O M E fRR TEETH ?
10 Answer R CEER A, (PR EALLIRIZ BT DB I BEFE 2BV | 8 Kb T 57201
. RSB SR T 2 A E R A e L BT,
Question MR EBICHLGE . MM LORBEITRAELEE AN ?
11 Answer BB ThHoTh, BANMICEVIEEL G XL T mTREMER S S0 [EN T AT 5 AT RE
PERHVET,
Question AR AT IR EVZAED L, IEEOREE R TEET 2
12 Answer R CEER A, KIEEVIL, BVIREOHE TO LEIZOAREEEL RITLUET N, &
WMIDSER T HE, WEIZH I L E T AR AH0ET,
Question RMEHEKRZBEENAT 2T, FEEDBIY A TS E T 2
13 Answer BISHET A, ZNET TREESCOOENESOI4rTldied | b7 sk
RO U R AN 2 E OO R [FIFRICEE T,
Question Y OJE ORI E T D8 WiRORMEZHIE ATRETLLIM ?
” AIRE T, B JE B A LR PH IS A E 3D L, MK DS IR R I TIRE T D D& H
Answer FNZIHCEE T, AN L HIRO B YV AZ R OBENC BT A SN EUTE D
WDIX, D= TT,
Question IRAZ 7 O T LRI ZEL S R EDMZRE L Tc L EITIRAVIA L ZE DN TEDZE D 2
s e, BAE T 2k L0 E I BRBES N D LN DIFAR Y T,
Answer IR 3 Dk %, &G S TR 2B TR 1% T IRE PR ST 5 AT RetE 3 &5
728, 7’V T,
Question R L HIIRC I, ATREZR PRV IR A E T D _RELNIDIIAR Y TT 9 ?
s AT, BARME LT, AKEEL T AKEEZE AW, KL &SR mTRetkEndy
Answer F3, BADO/NESRIFARDBELITREZ S ZR L JOKRERTARZ G| EEIL ., TRA72

BBz’ ET,

D-3
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oRUEL

Q&A

A

Question

ST ST T2

Answer

O3 BOE 1T ISR AL D SR TR - A3 KITE I 2L L KSR iE T 2 £ o2& T NES
REDEATICED RS MR AR R EIR B O RERBEITIERN T 578 G Lo
REREGEGISEZ 720 MBI >TOE T,

Question

M I E DU /AL TOVET D 2

Answer

ARTT (A e By FAORNNFRECCM ) | A — ATV T (XA~ =T M)
ZA (ALHER) . BT 7V (Senekal dam) , KI[E (L KIWHHTA L7 — ) —Hihy) | ¥V
¥ AR QBB KT NS HIR) . 770 T AU AV RRXT (XU BRAYE
Z e Ok ) | o7 | E (RILRIESC S it ik) N T T v A
(TP 2ZNRT I TR MNDT N2 HAT) | FTAL =T (FAT =D TN D
) . AAT TV (MR R B L& ISR E) AT AL (O TTAF
(BWNSF =V )T AVED) 7TV ma—U—F0 R A% a RXEFARERSHY
7

Question

Syt oo E T 2

Answer

O EERE A2 E TR T IEIZA SO HV ET, TR TORERIEICB T, Ik
FENDBHHDT TN | FEGBRO AN EELNTT, S/ NRTHZ 7o
FrA—&—i ke LRI FE RSN E T, IEETORNEL T, 775
BRI HNMED T UCHE 1 ELTHEAL . Z20% ¥ 7 A Rmai—2—lBRa EhiL | )
TERE R A AT 22 ENEELNTT,

77 2 (Crumb) 3R

HTNNARBA—H—F R

B AR LR

AL

Question

St E SRR IS RIE TR BT 2

Answer

A I RIS TE ., HAVIET X — LT RSB S S D iy PRAERME LY | W
DIZEIZMHPED S 2HE LXK BT HZENE R TITH EE A,

F2, EE LI AR BT R AR 779 7 OMEIE IR E DI END
BIRICHREEIC B D FREMER SV ET,

Question

ST RIS IO E ARG 7L R RIE 2

Answer

VBT OHBIC K E T3, Bk L oof s B TEOwE A S EdE LB RO
I DELEEDS T HENDDROBmOKIREE ZONET,

S TR DB FITIZE AL DS | BRSO N ENE D KOMAFIZ L > TH &
BISINDTD | EERT A NF— M OFRE, a0 7)) —MNMEIZKDE R RGE, HAR —b
DOFBRELFTFONET, T2, ot LB E #3257 ke LT AR R E
WPRIZ DR RS ZE T HALET,
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No. Q&A NZ
‘ Question Sy IS BT E BRARR R L EORE — HR I B F 90 2
Answer HVEHA,
Question SHEHERREEVE HIXE DI REDAHDE TN ?
; O3 EPE I, B THALSEAITRE R T N AT LRl - R L £ 0T BLSHT
Answer END I DBG LT R ET, BRI, BRI, RO A T
WP RS TEIICiSVET,
Question 77 DRER I IT TN 2
8 Answer ABRFIEIT, 16x6.5mm DN FIRDOFEIZERL | 7884 KO FIT L Tor BRI A8
BT DM 570 BT, 4 BERE T B B ELE T, (ASTM D65)
Question BT NNARBA—=Z—FRER LT TT 72
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CROSS | - WG EMEDIAA 2t
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Appendix G B{iE—&

W& R A AGEA B JELA T
ABI JE R Association of British Insurers
ACPA T AV I ) —Mli#E 2 | American Concrete Pavement Association
AS P AT R A e M Acid-Soluble Sulfates
ASTM 7 AV IR R American Society for Testing and Materials
BCS Bint Black cotton soil
BG TFLT)a—)L Butylene Glycol
BG B-7 Iy Beta-Glucan
BS E[EH R British Standards
BSP e B o e Base Saturation Percentage
CEAc B A A A & Cation Exchange Activity Coefficient
CEC A A 2R & Cation Exchange Capacity
CAGE Casagrande’s (Atterberg) Expansion Group Evaluation
COLE IRz RAREL Coefficient of Linear Extensibility
CPT a— /AR ER Cone penetration test
Cz PRI g Carbonate zone
DEM (ERIEEE TR Discrete Element Method
DTA TRAEENIHT Differential Thermal Analysis
EC BB R Electrical Conductivity
ECe THEf R R D FEXABE | Electrical Conductivity of Saturation Extract
ECw HERE K DE RIS E R Electrical Conductivity of Water
EPS ARSI E Extracellular Polymeric Substances
ESI ERLF R M Electrochemical Stability Index
ESP RHaPET R LR Exchangeable Sodium Percentage
EU R E A European Union
EXD TARX—HOR X #5047 | Energy Dispersive X-ray Spectroscopy
FAO B & Ak ST Y Food and Agriculture Organization
FDA 7 AV 774 b 155 HE ) Food and Drug Administration
ICOLD E5 NGNS International Commission on Large Dams
HWSD B — R LT — 2 — Harmonized World Soil Database
ITASA [E BRI H > A7 K53 BTl 4 | International Institute for Applied Systems Analysis
A
IS AP BUkE Indian Standards
ISO AR B L B International Organization for Standardization

G-1




W 5 H ASGEA TR FESLA T

ISRIC ERE g w2 — International Soil Reference and Information Centre

1USS [ R International Union of Soil Sciences

ISC R International Science Council

JGS HOE Tas Japanese Geotechnical Society

JIS A APEZE-LRE Japanese Industrial Standards

LIG V= Lignin

MCV WRAYT AN =T E Modified California Value

MICP A=W 7% R 1 71 )V 7 I | Microbially Induced Calcium Carbonate Precipitation
VLB

MS — LA Monosulfide

NRCS RIRERIRAJR Natural Resources Conservation Service

PS LAYV palaeosols

RSG e L —7 Reference Soil Group

SAMC MAETE S & A Swelling Active Mineral Content

SAR F R AW E B Sodium Adsorption Ratio

SBP B RARY ~— Sugar-Based Polymer

SBP NAF R~ —OFFLEFIEE | Saturation of Biopolymer in Pore

SEM A=A E A PAEE Scanning Electron Microscope

SPT Y BN EAR Standard penetration test

SPP AVIRAL A L Sulfonated Petroleum Products

SSA teF mfE Specific Surface Area

TDS MV [ T Total Dissolved Solids

TP EUNg Total Phosphorus

TRS TR & A & Total Recoverable Sulfates

ucCs — iy R Unconfined compression strength

USBR T AV G R ERE R United States Bureau of Reclamation

USDA T AV G AR E .}@f’%é United States Department of Agriculture

USLE LA 5 Universal Soil Loss Equation

WCSS ﬁﬁi@i@?%\% World Congress of Soil Science

WRB S LR R ILUE SR | World Reference Base for Soil Resources
H

WS IKEE MR Y Water-Soluble Sulfates

XRD X #ET X-ray Diffraction

XRF X R 6o 0T X-ray Fluorescence
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A Case History of Structures Constructed on Expansive Soils, John D. Nelson, Denise C. Garcia, Erik J.
Nelson, Kuo Chieh Chao, 2019

A COMPARATIVE STUDY ON SOILS DEGREE OF SWELLING USING NEW CORRELATIONS
FORMULAS, Nawal DOUNANE, Habib TROUZINE, 2021

A Critical Review on Stabilisation of Expansive Soils With Compensating Materials, T. Ashok Kuma, T.
Thyagaraj, R.G. Robinson, 2020

A LABORATORY STUDY ON THE INFLUENCE OF RUBBER STRIPS ON THE IMPROVEMENT
OF CBR VALUES OF EXPANSIVE SOIL, Koteswara Rao. D, G.N.V.V.S.S.L.Shilpa Devi, P.R.T. Pranav,
2012

A Novel Method to Improve the Durability of Lime-Treated Expansive Soil Nripojyoti Biswas, Sayantan
Chakraborty, Anand J. Puppala, Aritra Banerjee, 2021

ANEW FORMULA FOR RATE OF SWELLING OF EXPANSIVE CLAY SOILS, Agus Setyo Muntohar,
Roslan Hashim, 2005

A Rational Method of Predicting Swelling Potential for Compacted Expansive Clays, B. V.
RANGANATHAM, B. SATYANARAYANA, 1965

A REVIEW ON EFFECT OF VARIOUS ADDITIVES ON DISPERSIVE NATURE OF EXPANSIVE
SOIL, Lakshmy S S, Emy Poulose, 2020

A REVIEW OF ENGINEERING EXPERIENCES WITH EXPANSIVE SOILS IN HIGHWAY
SUBGRADES, D.R. Snethen et al., U.S. Army Engineer Waterways Experiment Station, 1975

A Review of Expansive Soil — Effects and Mitigation Techniques, Trudeep N. Dave and Arshad K. Siddiqui,
2019

A small Saskatchewan town copes with Swelling clay problems, R.K.H. Ching, D.G. Fredlund, 1984

A STUDY ON IMPROVEMENT OF EXPANSIVE SOIL BY USING CNS (COHESIVE NON
SWELLING) LAYER, Kola Srinivas, D.S.V.Prasad, V.K.L.Rao, 2016
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A STUDY ON STRENGTH AND SWELLING CHARACTERISTICS OF THREE EXPANSIVE SOILS
TREATED WITH CaCl2, T. L. RAMADAS, N. DARGA KUMAR, G. YESURATNAM, 2012

A Study on Strength Characteristics of Expansive Soil-Flyash Mixes at Various Moulding Water Contents,
P.V.V.Satyanarayana S.Hemanth Kumar, P.Praveen, B.V.Suresh Kumar, 2013

A treatment of expansive soil using different additives, Mohammed Y. Fattah, Firas A. Salman, Bestun J.

Nareeman, 2010
A unified Swelling potential index for expansive soils, Patrick Chege Kariukia, Freek van der Meer, 2004

A UNIFYING FRAMEWORK FOR MODELING SWELLING SOIL BEHAVIOUR, B.F. Lim, G.A.
Siemens, 2016

A UNIVERSAL METHOD FOR ASSESSING INTRINSIC EXPANSIVENESS OF SOILS, KEBREAB
BERHANE HABTE, 2004

Abandonment and Expansion of Arable Land in Europe, Erez Hatna and Martha M. Bakker, 2011

Activity in Swelling Vertical of Expansive Soil, Agus Tugas Sudjianto, Kabul Basah Suryolelono, Ahmad
Rifa’i, Indrasurya B Mochtar, 2011

Advancement in oedometer testing of unsaturated soils, El- Sohby, M., Mazen, O., Aboushook, M., 2005

Adverse Effects of Expansive Soils on Road Infrastructure and Evaluation of Chemical Remediation
Techniques, Hayder Abbas Hasan, 2019

Amelioration Effect of Fly Ash and Powdered Ground Steel Slag for Improving Expansive Subgrade Soil,
Dereje Alemshet, Basha Fayissa, Anteneh Geremew, Gelata Chala, 2023

Amelioration of fat clay treated with CNS and cohesionless soils, Khalid Farooq, Hassan Mujtaba, Syed
Zishan Ashiq, Mudassar Munir Shah, Abdullah Mohamed, 2024

AN EVALUATION Of EXPEDIENT METHODOLOGY FOR IDENTIFICATION Of POTENTIALLY
EXPANSIVE SOILS, Donald R. Snethen, Lawrence D. Johnson, David M. Patrick, 1977

An Experimental Study on the Geotechnical, Mineralogical, and Swelling Behavior of KPK Expansive
Soils, Bakht Zamin, Hassan Nasir, Khalid Mehmood, Qaiser Igbal, Asim Farooq, Mohammad Tufail, 2021

An experimental study on strength improvement of expansive subgrades by polypropylene fibers and

geogrid reinforcement, Nitin Tiwari, Neelima Satyam, 2022

AN EXPERIMENTAL STUDY ON THE TREATMENT OF EXPANSIVE SOILS BY GRANULAR
MATERIALS, TIMUCIN HERGUL, 2012

An Experimental Study to Mitigate Swelling Pressure of Expansive Tabuk Shale, Saudi Arabia, A. A.
Embaby, A. Abu Halawa, M. Ramadan, 2017

H-2



BHLAFNS F Ty BXEH

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

An Expansive Soil Index for Predicting Shrink—Swell Potential, P. J. Thomas, J. C. Baker, L. W. Zelazny,
2000

AN EXPERIMENTAL STUDY ON THE TREATMENT OF EXPANSIVE SOILS BY GRANULAR
MATERIALS, TIMUCIN HERGUL, 2012

AN INVESTIGATION OF THE EFFECT OF SWELLING PRESSURE ON EARTH ANCHORED
RETAINING WALL DESIGN, Christian H. Baxter, 2004

ANALYSIS AND DESIGN OF STIFFENED RAFT FOUNDATION ON HIGHLY EXPANSIVE SOILS,
OMER GURHAM OMER, 2003

ANALYSIS OF BEHAVIOR OF EXPANSIVE SOIL FOUNDATIONS, Lawrence D. Johnson, William R.
Stroman, 1976

Analysis of Engineering Properties of Black Cotton Soil & Stabilization Using by Lime, Kavish S. Mehta,
Rutvij J. Sonecha, Parth D. Daxini, Parth B. Ratanpara, Miss Kapilani S. Gaikwad, 2014

Analysis of the behaviour of a natural expansive soil under cyclic drying and wetting, Geremew Zemenu,

Audiguier Martine, Cojean Roger, 2009

Application of dimensional analysis and regression tools to estimate swell pressure of expansive soil in

Tebessa (Algeria), Yacine Berrah, Abderrahmane Boumezbeur, Nacer Kherici, Nouar Charef, 2016

APPLICATION OF XANTHAN GUM BIOPOLYMER FOR TREATMENT OF EXPANSIVE SOIL: A
REVIEW, Gaurav chandravanshi, S.K Jain, 2021

Applied Clay Mineralogy - Occurrences, Processing and Application of Kaolins, Bentonites, Palygorskite-
Sepiolite, Common Clays Haydn H. Murray, 2007

APPROPRIATE PARAMETERS FOR PREDICTION OF SWELLING PRESSURE OF EXPANSIVE
CLAYS, Sudha Rani, K. Mallikarjuna Rao, 2009

Assessment of testing method influence on Swelling characteristics of expansive soils of India, Peddireddy

Sreekanth Reddy, Yu-ling Yang, Bijayananda Mohanty, Bendadi Hanumantha Rao, 2022

At-rest lateral earth pressure of compacted expansive soils: Experimental investigations and prediction

approach, Zhong Han, Pan Zhang, Weilie Zou, Kewei Fa, Sai K. Vanapalli, Lianglong Wan, 2024
Atlas Sebaran Batu Lempung Bermasalah Indonesia, Pramudyo, T., Sollu, W. P., & Hermawan, W. , 2019

Attenuative Capacity of Compacted Black Cotton Soil treated with Bagasse Ash, Ijimdiya, T.S., Osinubi,
K.J., 2011

Behavior of Expansive Clay of Ngawi Region (East Java) Under Water Content Variation, Sudjianto, A. T.
Suryolelono, K. B., Rifa’i, A., Mochtar, 1. B., 2009
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Behavior of Flexible Pavements on Expansive Soils, Adel Djellali, Abdelhafid Ounis, Behrooz Saghafi,
2019

Behaviour of Black Cotton Soil Reinforced with Sisal Fibre, Santhi Krishna K. Sayida M.K., 2009

Behaviourial Study of Expansive Soils and its Effect on Structures—A Review, VERMA S. K., MARU S.,
2013

Biopolymer as Environmentally Friendly Reinforcement to Overcome Cracked Soil Problems on
Expansive Soil A Case Study at Karanggede — Juwangi Road, Bagus Guritno, Dewi Amalia, lin Karnisah,
Apip Pudin, 2021

Black Cotton Soil Modification using Sea Salt, Rajesh Prasad Shukla, Niraj Singh Parihar, Rajendra Prasad
Tiwari, Bal Krishna Agrawal, 2014

Black cotton soils - Highly expansive clays of India, Dinesh Mohan, 1994
Black Cotton Soils and the Vetiver system, 2004
Black soils in eastern India, Kazutake KYUMA, Yoshikazu TAKAYA, 1969

Case Studies of Problematic Expansive Soils: Characterization Challenges, Innovative Stabilization

Designs, and Novel Monitoring Methods, Anand J. Puppala, 2021

Cation Exchange Capacity (CEC) determination from spectroscopy, P. C. Kariuki, F. Van Der Meer & P.
N. W. Verhoef, 2003

Cement and Lime Stabilization Effect on the Evolutivity of an Expansive Overconsolidated Clay, A.
Mahamedi, M. Khemissa, 2014

CEMENT STABILIZATION OF COMPACTED EXPANSIVE CLAY, Mahamedi Abdelkrim, Khemissa
Mohamed, 2012

Cement, Lime, and Fly Ashes in Stabilizing Expansive Soils Performance Evaluation and Comparison,
Masrur Mahedi, Bora Cetin, David J. White, 2020

Chapter 7 Expansive soil Wyoming Multi-Hazard Mitigation Plan, 2011

Chapter 7 Subsurface Geophysical Methods, EM 1110-1-1802, 1995

CHAPTER C5 — EXPANSIVE SOILS, Lee D Jones, ICE manuals, 2014
Characterisation of incinerator ash treated expansive soils, A. A. AL-RAWAS, 2004

Characteristics and treatment of expansive soil using biopolymer, Wagdi Hamid, Kehinde
LemboyeKehinde, Abdulmohsin Dhowian, 2022

Characteristics of Black Cotton Soil Testing & Analysis - Report, Subash Thanappan, LAMBERT, 2023
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Characteristics, Problems and Remedies of Expansive Soils of Rajasthan, India, N. K. Ameta, D.G. M.
Purohit, A. S. Wayal, 2007

CHARACTERIZATION AND EXTENT OF EXPANSIVE SOILS IN THE LAS VEGAS VALLEY,
Lorraine Linnert Dunford, 2005

Characterization and Treatment of Expansive Subgrade Soils in Sudan, Omer Siddig Mustafa Hamza, 2019

Characterization of Sand and Zeolite Stabilized Expansive Soil as Landfill Liner Material under

Environmental and Climatic Effects, Serife Oncii, Huriye Bilsel, 2020

Characterization of Swelling Clays as Components of the Engineered Barrier System for Geological
Repositories, INTERNATIONAL ATOMIC ENERGY AGENCY VIENNA, 2013

Chemical and Geotechnical Properties of Expansive Soil Stabilized with Fly Ash and Geotextiles,
C.Rajakumr, N.Balasundaram, T.Meenambal, 2017

CHEMICAL STABILISATION FOR LOW COST ROADS IN BOTSWANA, T. Abadjieva, 2001

Chemical Stabilization of Expansive Clays from Algeria, M.K. Gueddouda, I. Goual, M. Lamara, A.
Smaida, B. Mekarta, 2011

Characterisation of incinerator ash treated expansive soils, A. A. AL-RAWAS, 2004
Clark County Expansive Soil Guidelines Map
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Classifications des sols selon leur sensibilité au retrait et augonflement (approches qualitatives du

gonflement), Comportement de retrait-gonflement des sols en période de sécheresse

Classification of Shrinkage and Swelling Potential of a Subgrade Soil in Central Thailand, Auckpath

Sawangsuriya, Apiniti Jotisankasa, and Sekchai Anuvechsirikiat
Classification procedures for expansive soils, A. Sridharan, K. Prakash, 2000

Closure to “Cement, Lime, and Fly Ashes in Stabilizing Expansive Soils: Performance Evaluation and
Comparison” by Masrur Mahedi, Bora Cetin, and David J. White., Masrur Mahedi, Bora Cetin, David J.
White

Combined effect of mineralogical and chemical parameters on Swelling behaviour of expansive soils,
Bendadi Hanumantha Rao, Peddireddy Sreekanth Reddy, Bijayananda Mohanty, Krishna R. Reddy, 2021

Compacted black cotton soil treated with cement kiln dust as hydraulic barrier material, F.O.P. Oriola, G.
Moses, 2011
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Comparative Study on Some Chemical and Mechanical Stabilizations of Expansive Soils, Omer S. M.
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Comparison of Fly Ash and Rice Husk Ash Stabilized Black Cotton Soil, Laxmikant Yadu, Rajesh Kumar
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Comparison of Environmental Impacts of Two Alternative Stabilization Techniques on Expansive Soil
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Osman, 2022

Consolidation Characteristics of Fly Ash and Lime Treated Black Cotton Soil, Vijayakumar Sureban, 2011
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CYCLIC BEHAVIOR OF REINFORCED EXPANSIVE CLAY, R.R. AL-OMARI, W. K. ORAIBi, 2000
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H-6



BHLAFNS F Ty BXEH

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

B. Rogers, 1985

Damages of Buildings on Expansive Soils: Diagnosis and Avoidance, Magdi M. E. Zumrawi, Asim O.
Abdelmarouf, Abubakr E. A. Gameil, 2017

DEFINITION OF EXPANSION POTENTIAL FOR EXPANSIVE SOIL, John D. Nelson, Kuo-Chieh
Chao, Daniel D. Overton, 2007

DESIGN OF PIER FOUNDATIONS ON EXPANSIVE SOILS, John D. Nelson, Kuo-Chieh Chao, Daniel
D. Overton, 2007

Determination of Cation Exchange Capacity from Soil Water Retention Curve, Morteza Khorshidi, Ning
Lu, 2016

DETERMINATION OF FREE SWELL INDEX OF SOILS IS: 2720 (Part40) 1997

Determination of Geotechnical Properties and Stability of Expansive Soil using Fly Ash, Farhan KHAN,
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