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KITIROJ MALAWAI: PROBLEM AND SOLUTION APPROACHES
FORFAILURE OF RIVERBANKS OF HUI KAEN RIVER.
ADVISOR:PROF.SUKSUN HORPIBULSUK, Ph.D., P.E.

The objective of this study is to study the cause of failure and remedy
approaches of the river bank, HuiKaen River, Nonsila sub-district, Nonsila district,
KhonKaen province. The soil sampling and in-situ tests were conducted along the
river bank to determine the index and strength properties of the deposit. It is found
that the deposit is classified silty clay (SM) according the Unified Soil Classification
System, which is sensitive to the erosion. The friction angle of the deposit varies from
27 to 40 degrees, which is lower than the natural slope of the river bank.
Consequently, this river bank has low slope stability and resistance to the erosion.
This causes the continued failure every year. Two remedy approaches were proposed.
The first one was the concrete paving at the both sides of the river bank, which is
popular for the irrigation canal. The second one was the sand filled mattress paving on
the both sides of the river bank, which prevents the soil erosion. From the cost
analysis, the second approach was considered as suitable with the cost estimate of
3,603 baht per meter length. The Engineering Division presented this approach to the
administrators of Nonsila Municipality.
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[ aa 1T aa = Jd a 4 3 ~ a a
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ASTM (1998), Annual Book of ASTM Standard, West Conshohocken, PA, 1998. Copyright,
American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohoken,

PA 19428-2959.
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A I a ad Y a A =
MANUINT N.1 N'ﬁﬂWiﬁT’UuWﬂﬂl@\uNﬂﬂLﬂﬂﬂ?‘ﬁﬁﬂuﬂ'Jflﬁzllﬂﬁx‘i (AUNANVAN 1 1UNT)

SIEVE ANALYSIS

Tnsams:

feEN91n: S 1 8LAY

anyMEAI0EN:

Wt.of Soil (Befor Wash) = 502.8 gm.

Wt.of Soil+Pan(Retained No, 200) =421.8 gm.

[
v A

Fufinaaes: 15 NUAUT 2555
Y aa d J
R‘!‘ﬂﬂﬁﬂﬁzu"lﬂﬂﬁii%u wzan'hd

AINAN: 1.00 1UAT

Wt.of Pan =909 gm.
Wt.of Soil (Retained No, 200) =330.9 gm.
Wt.of Soil (passing No, 200) =171.9 gm.
Sieve Wt.Sieve | Wt.Sample | Wt.Sample | % Retained % Cum % Passing
No, + Sieve
10# 446.6 446.6 0.0 0.0 0.0 100.0
20# 370.9 371.4 0.5 0.1 0.1 99.9
40# 370.6 372.9 2.3 0.5 0.6 99.4
60# 324.2 343.4 19.2 3.8 4.4 95.6
100# 315.5 414.1 98.6 19.6 24.0 76.0
200# 298.8 503.1 204.3 40.6 64.6 354
pan 278.6 284.8 6.2 35.4 100.0 0.0
Wt.Passing No, 200 171.9 100.0
503.0
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A IS a ad Y a A =<
DANUINT N.2 NANITHIVUIAVDIUNAAU Iﬂﬂ?‘ﬁi@uﬂﬂﬂﬁzllﬂii (AUNANUAN 2 LUAT)

Tasams:

f98139910: ﬁ1ﬁ3‘c’l!£ﬂ1&

SIEVE ANALYSIS

U

ufinaaes: 15 NUAWUS 2555

Y aa o 4
ﬁjﬂﬂﬁi’)x‘l:lﬂﬂﬂﬁiﬁ%u 3J$E11Ul’JfJ

anyazmed: ANAN: 2.00 1WAT
Wt.of Soil (Befor Wash) = 500.6 gm.
Wt.ofSoil+Pan(Retained No, 200) = 501.7 gm.
Wt.of Pan = 102.6 gm.
Wt.of Soil (Retained No, 200 ) = 399.1 gm.
Wt.of Soil (passing No, 200) = 101.5 gm.
Sieve Wt.Sieve | Wt.Sample | Wt.Sample | % Retained % Cum % Passing
No, + Sieve
3/8” 4413 441.3 0.0 0.0 0.0 100.0
4# 514.4 519.4 5.0 1.0 1.0 99.0
10# 446.6 448.1 1.5 0.3 1.3 98.7
20# 370.9 371.4 0.5 0.1 1.4 98.6
40# 370.6 376.4 5.8 1.2 2.6 97.4
60# 324.2 375.7 51.5 10.3 12.8 87.2
100# 315.5 485.1 169.6 339 46.7 53.3
200# 298.8 460.0 161.2 32.2 78.9 21.1
pan 278.6 282.8 4.2 21.1 100.0 0.0
Wt. Passing No, 200 101.5 100.0

500.8
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~ 3 A ad 9 A A =
DANUINT N.3 NANITHIVUIAVDIUNAAU Iﬂﬂﬂ‘ﬁiﬂuﬂﬁﬂ@]%uﬂﬁﬂ (AUNANVAN 3 LUAT)

TAsams:

f9819910: ﬁ1ﬁ3‘c’l!£ﬂ1&

SIEVE ANALYSIS

Suiinaaes: 15 nUAWUT 2555

Y aa o 4
ﬁjﬂﬂﬁi’)x‘l:lﬂﬂﬂﬁiﬁ%u 3J$E11Ul’JfJ

anyazmed: ANAN: 3.00 1WAT
Wt.of Soil (Befor Wash) = 501.2 gm.
Wt.ofSoil+Pan(Retained No, 200) = 463.2 gm.
Wt.of Pan = 77.9 gm.
Wt.of Soil (Retained No, 200) = 385.3 gm.
Wt.of Soil (passing No, 200) = 115.9 gm.
Sieve Wt.Sieve | Wt.Sample | Wt.Sample | % Retained % Cum % Passing
No, + Sieve
10# 446.6 446.6 0.0 0.0 0.0 100.0
20# 370.9 371.6 0.7 0.1 0.1 99.9
40# 370.6 384.1 13.5 2.7 2.8 97.2
60# 324.2 411.1 86.9 17.3 20.2 79.8
100# 315.5 475.1 159.6 31.8 52.0 48.0
200# 298.8 421.7 122.9 24.5 76.5 23.5
pan 278.6 280.7 2.1 23.5 100.0 0.0
Wt. Passing No, 200 115.9 100.0

501.6
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A I a ad Y A =<
MANUINT N.4 NANITHIVUIAVDIUNAAU Iﬂﬂ?‘ﬁi@uﬂ?ﬂﬁzllﬂiﬂ (MANUaN 4 LIAT)

TAsams:

f9819910: ﬁ1ﬁ3‘c’l!£ﬂ1&

SIEVE ANALYSIS

Suiinaaes: 15 nUAWUT 2555

Y aa o 4
ﬁjﬂﬂﬁi’)x‘l:lﬂﬂﬂﬁiﬁ%u 3J$E11Ul’JfJ

anyazmed: ANAN: 4.00 1WAT
Wt.of Soil (Befor Wash) = 500.1 gm.
Wt.ofSoil+Pan(Retained No, 200) = 472.4 gm.
Wt.of Pan = 81.3 gm.
Wt.of Soil (Retained No, 200) = 391.1 gm.
Wt.of Soil (passing No, 200) = 109.0 gm.
Sieve Wt.Sieve | Wt.Sample | Wt.Sample | % Retained % Cum % Passing
No, + Sieve
10# 446.6 446.6 0.0 0.0 0.0 100.0
20# 370.9 371.7 0.8 0.2 0.2 99.8
40# 370.6 379.7 9.1 1.8 2.0 98.0
60# 324.2 401.7 77.5 15.5 17.5 82.5
100# 315.5 487.3 171.8 343 51.8 48.2
200# 298.8 430.1 131.3 26.2 78.0 22.0
pan 278.6 279.7 1.1 22.0 100.0 0.0
Wt. Passing No, 200 109.0 100.0
500.6




MARNUINT .1 WaNIINAADY Standard Penetration Test, SPT %quia1zi BH-1

Soil Description

SOIL BORING LOG
Project dnionnu Location  meutaduaTuufal 9. vounnu
[Borehole No. BH-1 Date 11 quaniug 2012
@Natural Water Content ,%

ﬁhasuc Limit , %

nswilunznounswimnimia
Loose
Silty Sand (SM)

3 g QLiquid Limit, % Wl ST, NBlows)
g 3
2l ‘| B ‘otal Unit weight .t/ m
i
] 0 10 20 D | n
- N poe
=
SS| 1 | 3.98 1.628 1
_3\ S ! 13
N
= N\
\ 5
ss| 2 14.&4 ? 2.116 i5 |
\ |
= |
%
ss| 3 15.601 Y 2227 h p
|
= |
| % |
SS 4 17.508 i_ 2.155 i 16

HA =Hand augering , SS = Spilt - spoon sampler , NP = Non Plasticity
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MANUINT V.1 (91D) WANITNATDY Standard Penetration Test,SPT %qui91zN BH-1

Depth,m BH-1 W& T

N N60 N70 OV Y

1 13 8.13 6.96 333 1.628
2 5 3.13 2.68 766  2.116
3 15 9.38 8.04 1222 2227
4 16 10.00 8.57 1663  2.155
0 \ \ -0
\ N 16
* \\ \;\ 37
1000 7 4
2 \ N §‘7a 58
| A ¥ A
x \ 79
&
= & r g
2 * 100 3
2 A &) ¥
= o. )
(<} )
i s I\
“ "
3000 i~
2 7 =150 =
I \ :
m - -
r ¥ 3
T 4000 ;
; < - 300 s
1
|
5000 i
~ 250
!
l i
6000 ! Y L
0 1§10 | 0 30 40 50 60 70 0
543 SPT Ngp Value
2 3 3
Depth,m Use Ib/ft kpa. T/m kN/m
N N60 N70 oV oV v ¥ ¢ ,SPT.Curve
1 13.00 8.13 6.96 333 16 1.628 16 40
2 5.00 3.13 2.68 766 37 2.116 21 27
3 15.00 9.38 8.04 1222 58 2227 22 36

4 16.00 10.00 8.57 1663 79 2155 &R 35




MARNUINT ¥.2 HANIINATDY Standard Penetration Test, SPT 1qui91zf BH-2

SOIL BORING LOG
onm dnfaounu Location  meutadvaluufial v.vounfu
rehole No. BH-2 Date 11 puamus 2012

@Natural Water Content %

*Plastic Limit , %

il i = g OLiquid Limit, % . SPT, N (Blow/ft)
£
g 2& & | rotal Unit weight ¢/ m’
2
HE g 0 1 2 _3|
0 0 20 30
AEIRIE 2w @ |
<
=
ss| 1 Pl 8.647 1.949
]
< l1 1 |
maodunagnounswimnina T T 1 N
Loose | |
Silty Sand (SM) SS| 2 8.794 1.949 2
NP |
|
<
= |
|
S| 3 15.617 7 | 2021 -
|
] |
| |
ss| 4 17.448 1.99 i 18]

!

T

Remark HA = Hand augering , SS = Spilt - spoon sampler , NP = Non Plasticity




MANUINT V.2 WAN1INATDY Standard Penetration Test, SPT

MU BH-2

46

Depth,m BH-2 A T
N N60 N70 OV i
1 6 375 321 399 1949
2 10 625 536 798  1.949
_ 3 16 1000 857 1211 2021
4 18 1125 964 1619 1.990
o \ 7
AR
\ NG 19
e
\ N %
1000 o 50
\ 0 58
ko 77
£ v \ b
?i p) 100 =
o . \’o -
2] Y
g %
£ . i
wv "
o 3000 :
2 7 . L
— = ..é,,, a el ¥.__Bh ———
m y —
— [
a v
§ % £
> o, - 200 >
n
~
2%
{
5000 I~ i
~ 250
!
i
| 1 | '
30 40 50 60 70 0
SPT Ngy Value
2 3 3
Depth,m Use Ib/ft kpa. T/m  kN/m
N N60  N70 oV oV Y Y ¢ ,SPT.Curve
1 600 375 321 399 19 1949 19 30
2 1000 625 536 798 33 1949 19 34
3 16.00 1000 8.57 1211 58 2021 20 37
4 1800 1125 9.64 1619 77 1990 20 37
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1 @ {a 9 ~ a [
AMARUINT 1.1 L!,‘U‘UL!‘]JﬁuﬂJWIiﬂ'luﬂ’iiJWﬁHu']ﬁﬂuﬂWﬂﬂ@uﬂ?ﬂWiﬂﬂJliﬂﬂﬁuiﬂﬂJ
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MARLINT 7.2 nuumlaumnasgiunsuanauaaneunianiouisoaiulug

|
a 1
l 4.00 | 4.00 ]],
Yilla Aaa. Mnszuz 200 u ]—‘]—— AU ARA. 0.20 X 0.40
E—— — ; e
3.00 Y L
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E—— — — —
3.00
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wauaarauniadesilivg 13100
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sznusnm  TassmsmaneuniaiEeariulng 812 200 was nu 155
Wvealasamsmanadiua luy
fian
, Y
aounneade s1euaumelumamaunadiua luudan nuuwmMg I Iasamswaummani
4 o &
Usgmums e quAUS 2555
miaquaz
A1aqaves AT A3
RN 1MUY U 510
f 318013 U | MU9e ag U Wulear | $IMIURY FIUIUAY
(VM) (VM) (VM) wm) (1N)
IMAABAIN 704,247.50
FACTOR F 1.2509
3 a
saduSuavseunu 880,943.20
Ly 22
SIMANES NI 880.000.00




d‘ 1 = 9 ~ a [
NAWNUINN 1.1(MD) ﬂﬁ%iJ']ﬂ!ﬁﬂ']@WﬂﬂfJUﬂﬁﬁWiﬂmiﬂ\ﬂ’iusl“l’iﬂlu

dsznasm TnssmsaaneuniaGeainlva) 813200 i3

iWwvedlasamamauiadiwaluudan

oo snheuaumeluvamenadiuaTuudan sune Tuufar faniaveuuny

Uszanmns tile quaiug 2555

uuy Us4
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oA
HUAUN 1

s
wUUINAg U Inseamsiaumah

Usznmumslae wieddlsnl wzarhd

miagdsves AWM MIaquazaA NS
fauh 510M15 S 1w SImUIeag TR, swmiger | Swausy TR,
Wwm) Wm) ) () wm)
1 [awauya Auoulsusedy 1,200 av. 65 78,000.00 15 18,000.00 96,000.00
2 |Aulng) 160 R 460 73,600.00 50 8,000.00 81,600.00
3 [awaeunia 126.0 AV 343 43218.00 43218.00
AU 3/4"-1" 126.0 av.a. 514 64,764.00 64,764.00
N30 63 AVl 448 28,224.00 28,224.00
Yudmudlosauausilszant | 882 oy 121 106,722.00 106,722.00
4 |anumdnasy 6 fu 2801 15,405.50 15,405.50
IMANNAN 6 L. 950.0 1 58 55,100.00 55,100.00
mandodos 12, 370 1du 220 81,400.00 81,400.00
a’mg«ﬂmﬁﬂ 240 n. 39 9,360.00 9,360.00
s lamdade ity 702 A3, 105 73,710.00 73,710.00
Tun 7 ATH. 677 48,744.00 48,744.00
704,247.50
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woRuda

QaYnNI1B (Sond filed mottress)

TenCote Geotube Sand Filled Mattress,(SUF)

QIIN3TY (Sond filled mottress)

2HUNYIA +5.50 Lime TenCale Geotube Sand Filed Mottress,(SUF)

amreslugajony

peynnaedmiunulasiunisiniazainafe (TenCate Geotube Sand filled Mattress)
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MArINT 9.2 emsdszneunuugaynnsedmsuanileatumsamzaiaaaa

qufmmmedmivnuilasiumsinimzaiania (TenCate Geotube Sand filed Mattress)

1. AnsuiRrewruiaggaimng

dannafnnsadwumdlaeumetamzmasods (KraMat Sand filed Mettress) aalrneutonwiilafuamziinm 2 fuusafuin
ﬁm[luqulnmuuuu Three diminutions dimethmmuindinulu Taedudt 1 i\mmmﬁmmmlﬁu'lu Polypropylene nunfnumﬂm@
Urneuidunuuuinne (Woven Geotextles) Lyl Cut tape yam Aifuazldmafmaruuss WV sy
uadin (Needle punch) douful 2 fusraninamn p lypropyk fiu i fine (Woven es) it uaeanlaaa Uv
1.2 qujmneswilariuneiamzaaned Sadmumanusamnaiine fileghiau

1.3 quimnefui s umstamnzannedevfnus: Whisanasgu SO 9001 uazAuuntanmsiuin (Certfication)

fumaiaanstiesnuuy xdﬁﬂmaunmmqﬂﬂm
1.4 qnjmmadwﬁnwﬂmﬁ\mﬁammwimm (TenCate Geotube Sand filled Mattress) hmqmauﬂimﬁmnmwﬁmﬂﬂum‘m‘hﬁ

AR AN WNAtOL [ woe | I igcgﬁﬁ'm
i mmmfuﬁ 1 fam i 1 iwmwamwinqlﬁu'lu Polypropyl ﬂﬂn'numﬂn Irnouf
i (Woven Geotexties) EUAATLIKUENLL Cut tape yam

Adousldmdnmua U dufafmunduundn (Needie punch)

1.4 AR o jagen 10 10319 1ite ASTM D4595 KNm 33
1.2 Sl (Meass per unitarea) 1500864 vt ASTM D526 % 3550
1.3 nnageuilla (Pore size), 095 ASTM D4751 1ide (e mm. €030
1.4, AunAdnwioufendisiniid W il soo it | ASTM D 435692 aifouia % > 80
2. ailnvacinndi 2 dusa il 2 diusrnBinann Polypropylene fireneufidunuuuting
(Woven Geotextles) it niaxdmstiaafiuss 0v
2.4 AvidesunAafionn o g SO 10319 1it0 ASTM D4595 KNm 355
2.2 dwain (Mass per unit area) 1509864 1i%0 ASTM D5261 % 300
2.3 untauiln (Pore size), 096 ASTM D4751 vite ifiguih mm. £030
2.4, unAsiinavfenfismAiafed U soo daba | ASTM D 438592 it % 380
2, fifu¥wisusnatsquiulofuansfladnne (Woven ie) sz duiia:Wumsmiashuisdmnstsenilag
MmWﬁﬂmq'iMMamqﬁinamquwuﬁmmmﬂ 60 it unz o Widnitousiffubudeusueiansnfiodsznu
nmfsmneyiiddl

2.1 dwniidenslkfunifusearangunininasgau 1O 9001 ¥0uAR unzianmsTLIAMN N (Statement of Qualy)

2.2 uAntfien (Catalogue) u?eimgamqmmmmﬁuﬁmﬁﬂmmmhqumqmnwﬂ (Property) 18¢iaqnnNNY
awmnede 1.4 Taoandnuasluensrfinfindrememis

23 medanﬁn:WhtTmn'n UL Hand sample 4w 3 fat

2.4 duianmsi FunsFsaRIINARIAM ISO/IEC 17025 Az GA-LAB aTnvudiin vitalnmuste

2.5 ingfintigonhonu akniidanunousadedusunzinminonnd yhuituiofiRadaussmeinkevsonhon
Hafuuhlofunnafeunmbssiusunnaziviniiaonn

3. funsunmiesi
3.1 insnuiazriedhudim B yanel frsadull ae' sl uaciriseenhamuacAsAudusen ik sAauitiuy
fnnmuniundeVidouuncuadainuminang i

o

3.2 iaevmnamnetmd Amnatnn mnjFeaikogar fatlinamnedonsiednnaus:
tiAadanimmundnosamueianAunzgaunuiesuiiamnsseuganmaswusilefuansiiazmunmsia
nujomed AR LR smenmsneumu e dsnsidswnntmad A i

3.3 quimnadledummodnibudancAesamudumguinabition 0.35 war ushsiuniunannseiutivuacio

{ EhibnniiRnkanten Poyester FuundhiliagniningL 25 KNm. uasinmndiubitionn 3




Maruand 2.1 Uszinausmneadnilesiumsnamzainnasdegaynnie

a v

Tasams : niuneadeiestumsiamnzainndansgannsig (Sand Filled Matress)
aouil : maviadivaluufan 2. veuuAY

‘lli‘)’iJﬂhﬂﬂ1§‘lJi$N1ﬂ!§1ﬂ1 : AN 200 LNAT G9 6.00 INAT
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SRLfT] 319013 e | 3 dag A3 39U
U @10 59 7o 59 @0 3
My ATp) i
] o
1 mAvinThaussouufinoad N 1,200 - - 20 | 24,00 - 24,000.
0 00
y

2 ﬂuﬁﬂﬁﬁq&?jﬂﬂﬁﬂ TenCate Geotube filled Mattress
3.1 de‘,ﬂﬂﬁﬂ TenCate Geotube Sand filled Mattress N3.4. 2,400 220 528,000 20 48,00 576,000
3.2 nywdmiuaudulugayamae TR - - - - 0
FIWTIAN 576,000
Facter F 1.2509
FIWIIMAINEAI 1 720,518
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