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Abstract

The report presents research on the stabilization of dispersive soil to resist water erosion by using
lime. The research observed two problem areas where the pipe culvert is located under the road
embankment and eroded slope located in Suranaree University of Technology, Nakhonratchasima.
The erosion around pipe culvert causes losing of soil around the pipe. The amount of erosion is
calculated with ground loss theory due to tunneling. The ground loss volume is 95 percent of the pipe
cross section. The erosion on the slope is the tunnel erosion type and some gully erosion are found
after the tunnel collapse. The laboratory tests on the sample collected from slope indicate that the soil
sample reacts severely when test with the crumb test. The double hydrometer test indicates that the
percent dispersion is 8 5.6 5 which is in the range of dispersive soil. The soil sample is classified as
dispersive clay type D-1 which is the most severe reaction. The chemical analysis of the extraction
from the sample shows that the amount of sodium is low; however, the soil is still classified as
dispersive clay according to the pinhole test. The treatments of dispersive soil with lime in laboratory
show that the minimum lime content is 1 percent by weight is needed to improve dispersive soil and
the compaction alone cannot improve dispersive soil. The test plots constructed by using the
compacted dispersive clay with 4 5 degree slope are used for field test. The rain water is used as an
erosion medium. The slope improved with lime less than 1 percent by weight can reduce erosion

significantly.
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~ a a A J
3% 2-6 MIUszUMINGAVOIHIAUILDIINMTYAI1ZY TR (Peck 1969)



¢

X -«—— Transverse distance from center line 2

3i NE] i

1
Settlement :Molume (per unit advance)
| _ o F 02
Maximum curvature “hogging” — % 1V =N 2708
Maximum horizontal strain
(tensile at top )

Is =5, exp(x?/2i?) 04 S

Point of inflection

Maximum curvature “sagging’”

Maximum horizontal strain/

(compressive at top)

A v Aa a A L a =}
sUn 2-7 ﬂ'li'l/]?ﬂ@]')‘ﬂN”Jﬂu!,‘u’E]\1i]'lﬂﬂ'lTJNQIMQ?]1uﬂulﬂuﬂﬂl!ﬂﬂﬁuu1@]i(Peck 1969)

U

[

dsulSuesvesirauimelilifiesninnisngada suaaldninninainisngadauin
9

A A% I a a a A v A
'V]tjﬂTlﬂQﬂﬁ’NLLU'JQI?Nﬂ NIANTUININNITOUNNTATUNITN 1 AU
V = _[de

=[S DX /2i%)lx

= 2718, ~25iS, 23

A a A v 1 & 1
1o ']E'NWI?U@\?@HVW]?@@’JG]’EJ‘H‘L!QWH’J%JHJ@?

) v Aa a o < = a A @ I
i]’lﬂWﬁﬂ’liﬁ’li']ﬂﬂWiﬂ?ﬂﬁ'JWW’J@HLTIﬁ’UJ’IiﬂﬂWH'JmHJUﬂﬁiJ'lﬁiﬂu‘VlﬂUﬁ'Jﬂ\?]lﬂ!ﬂu uae

E]

sunaiiulesiFudvostSuasaunme il 1dnnaums

Ground loss(%) = A2 %100 (2.4)

theoretical

A Vo= d t&l A Y o ] %’ A A
V, i A0U301015909M0 B0 UNATIMUBINUNHUIAAND TSN TN

9 F2
[ Y =

= 1 9 ,:y 1 = =% [
AU T UTEAIUM Smax hlﬂ‘iﬂﬂfﬂhﬂﬁu Lmiumiﬁﬂymmmaga Ground loss UliJ

' v 9 \
eananaziiunly aaiuluauiseide1d 19aun1s Normal distribution function (Wo¥1 1AIN1S

Y Aa

( Y " W ' ( A o
nzaaalaglda S, imnuaimsngaaigeganialaasdluaum



IS J

Yy A (Y g 2 ax
Tumslssves (Peck 1969) L‘W’EJ‘]J?Z&H‘Q!ﬂﬁVI?ﬂﬁ’JﬁUi’NQINQﬂ U UATTUUANANIINITN
o_o I A ~ 1 o ' A ' g dy a
51mmmqimmﬂmmmmﬂ Tuns2UIN0ADATIUIU 2 NONTD 3NouUU Luﬂﬂu%%‘l’ﬂ&lhlﬂ
A @ Y o 9 [ o =R aq Y
Lui’)\ﬁnﬂﬂ15ﬂﬂl"lf”l%ﬂ”lﬂiﬂﬂiﬂlﬂﬂ??‘li@ll"’]ﬂu ﬂ”liﬂi%ll”liuﬂ”liﬂgﬂﬁﬁilﬂﬂi%ll”lmiﬂf.lﬁlllql@]cl‘ﬁwa

d' 9 A a ] =\ ] = 9 ] 4 1 1 9
‘VIllﬂLﬁlli’)ulﬂﬂiﬂﬂTI’EJLWENTI’EJMEJ’J T%mumug{uﬂﬂmqmﬂﬂizmm“lﬂmﬂﬁumﬁ

d
R'=R+— 2.5
> (2.5)

2.4 MINATOUNMINIZNYAIVOIAUITIHE T UAN

Y 1 1 Aa < 2 A o 3 a ~ o & 3
Sherard, R. et al. (1976) "lﬂﬂan’nﬂumﬂazmstJNﬂmmmﬂuﬂumumﬂszmwwmﬂu

=

a 1 Aa o o [ I J v g 1 3 I 3
auiitSnaTwdenganauna ll i ldmssaenziiug lusanagwailusoninwgesian,
a = a ~ @ o v ¥ Aa < o
aurgiaanmsneymaaumiledgniamzuazan lnuihatianug Tuns lnad ms
o o q YA A ° T = a o = & Hq 9
Aaanzihlivoudan, dnaes, taz Inseaieounhnnaudizadene msnadoun lnly
a ~ 4’ o a o Y 9y
nadouaunlgiinamans luawnsodwunaunszeaald Sherard, R. etal. (1976) laleue
as Y a oA A o a =\ @ I A AA ~ (] F
FineaeuluresluanismedunaumrteInsz01ead wunaunl Tamsuedlutiuilu
I ] v A a %) a9 {a
Punaguiluthenannneliinansnszaiedd uatidesniuluuensainauiivsum Tmfeu
o 18w o 3 A o Y a A A o a ~ v g @
auandarauaunizaeaala minadouFuaiimesuunauriioanszneanilumsana
= a A =\ =y A a 4 Y A
101 looouveslm@on, uuntiFou, Tduamdeoy. nazuaadey Mou1n1zH laglHn5 04
. . X o g .9 . 1A
atomic absorbtion spectrophotometer FimdudTum milliequivalent A190AT N1 ANIUHANIT
Ja A P v o d 1 o o A a 3
nagou19I5FssaumsalFuuaNuduiuFIEHINNanI I NATeUAUMI A IZINATY

a o A I~ -L a o
%3\111‘!?{1‘!1%@\13111/] 2-8 Iﬂﬂﬂlﬂﬂil%u@]hb’mEJiJﬂWu'Jﬂ!ﬁﬂﬂﬁiJﬂﬁ

Percent Sodium = Na (100) (2.6)
Ca+Mg+Na+K

1ag SAR AMUIUNINANMNT

R = Na 2.7)

‘fO.S(Ca + Mg)

v g ~ ll I .
Taemnarivalnuadu meg/liter



y &

v o Jda < Y = A O ° a Y 1A
ﬂ')"lllﬁllwu‘ﬁmﬁlligf‘ﬁJﬂ'ﬁms]ﬂ\i@luuullﬂ')'ll%ﬂllucluﬂ'ﬁi]']l,!,uﬂﬂuﬂﬁginf]@n@gﬂ‘]_]igll1m

'
ad o =)

s 3 o a o A A 4 Y .
85 L‘]Ji’)ﬁmfu@] "]5\‘1?]‘55]“!,1!ﬂﬂuﬁ’iuﬂﬁlﬂﬁg%18@37]11?13111&%6111!@\1q@hlﬂll,ﬂﬂTTVIﬂﬁ@ll plnhole

(Sherard, R. et al. 1976)

100 e — S
—~II---__ - SAR =100
\\ =~ \\\ \\ 5
~ ~S ~
N \\\ \\ ~o \go
80 ~ ~ N ~ ~
~ N N ~ ~
> N N N ~
= Zone A N N ~<2,
3 (Dispersive) N <7 AN
° N0
8 60 N N N N N
N N
. N -
i< ~ ZoneC > ~o S N
] N N \50 AN ~
o 40 = = ~ >
= N
[] N \8\0 ~ SO \\
o Zone B AN SN .o Sl
; ) ~
AN (Non dispersive) 7.0 ~< ~<
20 |- ~ S ~ ~< ~
=~ S~ ~_ 0 ~ =~ S~
Tt~ gy . ~~o T~
\\\01 =< -~ _
0 ! \‘\HF \T\FM\H‘ | \‘HH‘ Lo
0.1 0.5 1 5 10 50 100 500

Total dissolved salt (TDS) in saturation extract, meqg/litre

A v o J ' = a [ o
gﬂ‘ﬂ 2-8 mmﬁuwuﬁizmnﬂ’%mmhmau“luauﬂumimiﬂizmﬂm (Sherard, R. et al.

1976)

2.5 M3AN3NIZNYAIVBIAUAIYY MY

19 a . . 9q ¥ ..
lun3aANITNIZ10AIVBIAY Ouhadi and Goodarzi (2006) 1A 1% Alum (Aluminium sulfate)
@ a @ a o % Y 1 .. s I 14
TumsdFulgeaumiionnszaeas wan15290%1R1HENI1N15 195 Aluminium sulfate 1.5 1W/o31dud
o 9 (% a 1 % ) 1 . . .
Mmnaanisnszaiedlvesdu laedagany wazdaii 1Al pH ved dispersive bentonite anas
Y
el
¢ A Y as o Y . ] Y a .
FUAU DUUAT (2546) llﬂ!,ﬁu’e)?ﬁﬂﬁﬂiﬂﬂ?ﬂﬂﬁﬂ hydrated lime #41%itna Cation exchange
[ Y = a Ay = o Y a = 1 a
vniwimwmn1aaau1uﬂugﬂuwuwwaﬂuﬂammuﬂaaauvniﬁﬁquQQQﬂﬂﬁzwimauﬂ1ﬂﬂu
= ] v W o o o Y @ a Y 9 =
wiigau 1 lvalddudanarewam swhliaamsnszaiedivesdvadld drunsly Tmdeu
J o 9 9 g = a a = A 2 ° Y a
ﬂaaﬂﬁﬁ(NaCDvniﬁﬂa1wwmmumaqT%mamﬂaaauuuwaauﬂ1ﬂﬂurnuﬂmwmmu mlina
o Ya A o I a 1 o 1" 9Y a [l
augavedlszymlvaulianyasily flocculated structure Lz AU 11iN5E 1862 UANDAUANDEY

: - o 2
Voee 11109910 laReunas lsdazans lsuild

10



' Y )
Vacher, R. et al. (2004) IdtauedsnmsdSulysauldiiadosamimniuiioannis ag 143
asnaaeelsoddulutsunm s, 10, 20 tha nauduluAuINef199 exchangeable sodium 1%
a 1A o A = Yo a ] v Y a I A Ao
pon 11vnau nansnaaeunundddusziadesanlituau lismindawduauid
Punadumilenios

[ [

Yy Y a oA A o =
973107 lllllifN (2542) "lmmqmmimmmmmi’mmmwaugauu DUNBATYT WHIA

=~ =< & A dg! A a [ Y A 4' A
UATINBAN "]Nﬁ”llﬁﬁ]ﬂizﬂ”liﬁuﬂlﬂﬂﬂlumE’Ni]1ﬂl,ﬂﬂﬂ1§ﬂﬂl"]§1$1@]§1u51ﬂ!ﬂjﬂu IHUDIINLVDU

=y PRy q ¥ A Y] A %, Y A a 3 v v
llllll‘jmu,ﬂu NLWﬂﬂll@ﬁlﬂfa']ﬂﬁl@u(ﬂ']\iﬂ’]ul‘ﬁu@u'ltﬂ’lﬁu']'ﬂﬂﬂ'ﬂ’]\uﬂum@\iu']@@ﬂ]lﬂ ANNDETIN

v A '

a oad Y & A A a ava 9 9 9 ' =2
AVDUNOUNITIUAND 150 UM FULBWOUINANIITALAIe TFIU ssIasouLEND
1 o < gl/ H i1 H
300 S Fniudlumsgadensaulszna vazTonmano ldldnudou ldawnosnuu
13 lumsgouusy I8 15 uvnan luanuasaiio Idunamon looou Tuumun Tadon losou
Tuaushlimsnszanedvesduanas uaz Id lamsenaznsiaifidvesudiowionsoa luld
< a Y o A Y
iWiaaugniaezeanaINaITou 1
v v Y A o A ° =
TuFe mnsnY wazame (2553) lanenunauauniso isudoudnzaosnnamiinass
a o = ' Y Y = o a0 A o
yumdangsamtiingesls dszaudgmduadosnmauniangil iieauinainaunis
dy Y 9 3’, 1 %’ o 1 dl v A o R o [ 1 =1
solii ldneasunusenihusnayuneunig lvaasgieudinznod Fanun1eaina i
v A A R v 3y [ Y & ' o Yy =< ]
anvazilou@ounuingiszauihdesaumasa ldunileezganinih Idiing Tnadusiu
FIE] ) A a 49! a A A A o 1 Y @ I a =\ Y
Yo HIUAUN I Yyrinmavunaiiesnauminnea saumuiudumeInszaedd
. . = A 3 1 @ Y o Y a ( a v 3 A
(Dispersive clay) Fuieri Ivaruaumandahldinansnszaearvesauuas lvalnvim
1 [ o Y a Yo o Y o a =]
Tnarudumaesa i i ldina Tnsamarsgaldnumesa Tl ldaumaianisgudas danis
Y o J 9 o g 4 v A ] a ) YA
ud ' ldhmsAeadiamumaiuin Gslurry wall) teileanui 1y lnaruauaung uag 181933
4
@ ° a Y @ ’
sanai)uasl)luaudieuseauga (Jet grouting)
) AA o [l = a Y = 4 =
Tagna 'l uvnndismined 3 sialaun Yuvnuaadonoon lad, Yyusunadonloas
s a ¢ ao & ) = s A
on lwa, nazyuvnuaaFeumivesa Tuanidtsiinaassld)uvunadeuesn lyaiioain
= 1 a |d' o o 1 [ Y] =Y d! Y o 4” d‘ a =
NuraInanagNd1ana1eal 8ne1linwes IaiauasIrIN Falnanuiundymaumiie)
% a v dsl
QEFR RGN ITRRIYORTINY
a aan d’d 1 a d’
MsnaunalnsenanYuynyiaguy
e Calcium oxide (CaO) Hy0iTen burnt lime, lime or quick lime

CaCO3(s) W1 500- 600 AT > CaO(s) + CO2(g)

11



e Calcium hydroxide ﬁ%@ﬁ 8N Slaked lime, Garden lime
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[ a2 (aaa F) a d‘g} = 4 1 (= 9|
AU 1 nlllllﬂ{]ﬂ‘ifﬂ - ﬂ@uﬂui]gﬂaWEJuaZUl)l]‘i’JiJVlﬂUHﬂLﬂf]iGI,HLLU‘UI,L‘UH'iT]J Lmllllllﬂﬁﬂ\i

S ¢
nsznaunvanoun

o A (aaa 3 9 9 s ¥ A a a Y a v 9
TeAU 2 Nﬂgﬂ‘iﬂ]mﬂu@ﬂ - 1/!\1ﬂigiﬂ'lﬁll,ﬁﬂu@flﬂ‘ﬂﬁnmW'Jellf]ﬂﬂf]uﬂu (ﬂ']ﬂ']iﬂ\?ﬂ‘igfﬂ'lﬂ

Using IiinIdhesuuniluszau 3

@ aan < ' ' =B~
szau3 | Bugasenhunans - dsngdumsilenszaenuunguruenlaie i

J ¥ a @ I {
aoaaveALvIUaznou lun l!fﬁ%ﬁ)@uﬂuuﬂllﬁﬂﬂﬁgi‘l’]ﬂlﬂullu?ﬂ’mﬁﬁ}uﬂqcﬁug

@ aan ' J 4 & { v I a
YA 4 ﬂgﬂiﬂ]?ulﬁﬂ - ﬂ@3JTT3Jﬂﬂﬂ@ﬁﬁﬂﬂﬂﬂﬂﬂ@“m?ﬂﬁﬁﬂﬂﬁﬁuﬂ’]%u% B RASYATI )

4 Yy 9
1199 lunsainguusannhninsuzennaquaienguruen

o MINAADUMINTZIYAININUINTFIY ASTM D 4221 Standard test method for dispersive
characteristics of clay soil by double hydrometer
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