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BEARING REINFORCEMET/ BEARING REINFORCEMET EARTH

Bearing reinforcement, which is composed of a longitudinal member (steel
deformed bar) and transverse (bearing) members (a set of equal angle steel), has been
established as an effective earth reinforcement material. The equation for estimating
the pullout resistance of this reinforcement in coarse-grained soils on dry and wet
sides of optimum water content has been previously developed. The pullout
resistance mechanism of the bearing reinforcement embedded in the red base clay,
which is abundant in Mae Moh mine, is presented in this thesis. The total pullout
resistance is the sum of the pullout friction and bearing resistances. The pullout
friction resistance is approximated from soil shear strength and interaction factor, o .

The peak and residual interaction factor ( « and «, ) are independent of molding

water contents tested and are approximately 0.66 and 0.47, respectively. The bearing
pullout resistance of a single isolated transverse member can be approximated from
the punching shear mechanism. The failure mechanism of the bearing reinforcement
is classified into three zones depending upon spacing and dimension of transverse
member, S/B ratio. Zone 1 is a block failure where all transverse members act like a
rough block. Zone 2 is member interference failure. Zone 3 is individual failure; i.e.,
all transverse members individually mobilize their bearing capacity (free transverse

member interference). The S/B ratio separating Zone 2 and Zone 3 is independent of



optimum water content, W/wWow. When 0.75 < w/wgy, < 1.0 and decreases as W/Wowc
increases when 1.0 < w/wgy,. < 1.25. The proposed pullout resistance equations for
bearing reinforcement with different normal stresses, dimensions and spacing of
transverse members embedded in red base clay soils, compacted at molding water
content (dry and wet side of optimum water content) can be used to design the

Bearing Reinforcement Earth (BRE) wall in Mae Moh mine.

School of Civil Engineering Student’s Signature

Academic Year 2015 Advisor’s Signature




Paanssuszma

@ 4 o £ a I
ﬁ%ﬂm@ﬂﬁTUﬂl@UWﬁ%ﬂm TONFIAATINITY AT.FUAUA HOWUAFTY fﬂ%Tﬁﬂﬁlﬁﬂ‘HW
a a ¢ A 9y Y o dy 1 A o = a o
MOUNUT Muaa1 1 lend Tnisousudigon Fuue ¥IetMao IUn1sNIN1sANEIITY

Y o o = a a 4 < o

ﬁﬁﬂﬂﬁ]ui‘l’iﬂ1llu$uﬂuﬂﬁ!ﬂlﬂu !Lﬁ%ﬁi?ﬁ]ufs{l‘l"lﬂﬂﬂWHWHﬁ%HLﬁi%ﬁND‘.‘iﬂ!
o 1 a N a aw J

139890N51VVDUNITEAY FIIWAITATINGG A5.0930F Funanvtianl Usesiu

R ¢ ¢ o d = v o v

NITUNITHBIYAITATINIY AT WIWIU AULAI NTTNUNIT ﬂﬂ?ﬂl'liﬁﬂ?ﬁlluqui‘H

3 - a a 4 < J a a
ﬂ'lﬂ?ﬂ‘]eﬂ !La%ﬁﬁ'ﬁ]ﬂTULﬁ@Vﬂ’J‘ﬂEJ']HWU‘B‘DULﬁﬁ]ﬁﬂJ‘]J‘jﬂT UAZAUIITYTIVIIFNIAINTTY

=

Tos1 uvinmenaoma TuTaggsuis nomunlnanSnm

[ [

HIT0Upv0UAM ANOINAG gANTy A318310 amnulum guuin uazindnyisng

Y

=

a = a [ =S o 7 1 = a wAa
QWH‘IJiiyiUuW]i Nﬂ??%ﬂTﬁﬂ!ﬂﬂIUIﬁﬂ?ﬁHWi ﬁﬁ"i'iUﬂ??h%?ﬂlﬁﬁ@iﬂﬂ?iﬂgﬂﬂﬁu uag

a v A

YoveuRUNINGIGuMA TuTadgsuis divneslonInadouladeI1UIIANNAZAIN

! 0o A w da'
AN 9 Tunsyiavell

9 dy ya o
NMyU WI

G

] Y
puoNI WV UNIZAMTAT ¥1TA1 N IHNsgUmszouTNRIgaaoaIu
Yo w
il

' a = < T o a Aa o2 o
FUFTUNTANHN Gl ﬂ']a\‘lcl,i]lﬂu@ﬂ'l\iﬂlﬁﬂaln AIUNTENIINYIUNUTUAUID

PAIFHT INAN



U
anavey
9
Hin
UNAATD (DTHTINY).cooooeoeeeeeeeeeeeeeeeeeeeseeeeeseeseessssesesessessesesesesssssssesesssssssssssssssssssssssssssessssseseseeee n
UNAATD (D THTDINNE).ceoeeeeeeeeeeeeeeeeeeeeee s e eee e s eeeeeseeseesee e s eees e eeeeseeeeeseeeeesseeee !
AT TUUTENIR .o s N
BYTU R et ?
A V1311 0 OO OO OO OO OO ¥
ANTUTU s %
o a o o o o 1
IO BN YANHUDEANID ..o eeseeses e a
4
IR
T UMM et 1
d’ L] %
11 NMaZANUEIAYUBITRT Yoo 1
] 4
12 AOQUTEMIR e 4
13 UBUIUAUBINTTIDY. oo s 4
P [
RO Y o Y o T 5
IR T3y T L T YR Yo T T T T 1 K T 6
Aa o o 1 a <3 a o w
2.1 U AU E T M IR UMY T U eoeoeeeeeeeeeee 6
[ a o w 70 Y
22 sznuesTaqa s umaaasmMsUssgna 1B 9
o a o w A [} A 4
22.1 Aaaudsumaan i@ mnNTosa 8. ..o 11
1% a o w A A Y
222 AAATUAAINTWNTOIA TR .o 13
23 AaRAUa IO TATIEE A URU oo 13
24 AFMIPBNUULMUNINUAMETUMAITUTNIIZADA e 15
24.1 MIATIAOUADITAVNAIUDN.....ooooooeoeeoeeeeeeeee e 16
242 MIATWAOUADITANNIOTU. oo 20
242,01 MWNUUOTIAIGIgaLasUUANR luAuET UG .......... 20

2422 USAGIEATUTAQATURI oo 21



1318y (A0)

o v 9

2423 masdumumsinuavesigqasuiaei luamnsadald... 23

2424 midsdumunsnavesiagadumaei iamsadalg. ... 24

KO 111 T 12 R IR Y VIR LV L2 OSSOSO 37

3.1 ﬁﬂymmﬁnﬂ’aﬁugmmmauﬁmfJ'N ................................................................... 37

32 MIUABAAU UROIUGUANIT . oo 37

3.3 AR IOU N oo e s e e e s e e s e s e s eee s eee s eee s eeees 38

34 DITNATOUUTURDUATI. oo eeeeeeseeeseeeeseeeeseseseseeesseseeseeeseseseee 39

3.5 MInadouLsInavearan@s NN U URURMT oo 41

3.6 WHUMITA MU UGIUITY oot seeeeseeeeseeeeseesesseeesseseseeeesseeseseeeseesesees 44

4 HAMTNATOUAZIDVTAIND ..o 45

N 1Y VOO S SO oo 45

42 ANEIANIUUBUMANATMEN D oo 45

43 SIS UMYV U ANV oo 46

44 SIEILMILUS WUN NI UNANANYIIANN I 53

5 UMATU 59

5.0 AFUHOOMUIVY oo 59

5.2 ADTUDIME oo eeeeeee e ee oo eseee e e s s e 60

A IT BB e eeeeee e e e e e e e e e e erenee 61
AARUIN

MANUIN N, MINATOVUATAAUAIINAINIUUUUIIATIT I e 62

AAFLIN Y. eFeUNANNINMIH IGTumsaRuTHons TusE A 66

UTETABIVGU ..o s 72



AN

2.1
2.2
3.1
32
3.3
4.1

M3UYMI

i Hin
VNAAAZYOITAARNOMATUAIAY (NATTIUR NAAL 105/2550) e 14
ANMUHUVBIFINZTIATOU AIWHIATFIU ASTM A123 oo 23
ﬂmﬁuu‘”aﬁugmuazﬂmﬁmﬂ’awN‘imﬂﬁmmﬁuﬁ’aafJN ........................................... 40
ﬂmﬁuu‘”ﬁiﬁuﬁmuazﬂmamﬁamﬁmﬂﬁmmﬁuﬁ’aat’iN ........................................... 42
VUIALAZS AU VOUH AT UUAM A TN NATOU e 44

o o w < a A a
mmummﬁmmummmmmfnueummaﬂmmmmmm 40x150 Haatuas Iuau

=) =) ' 1<) = U
MUEITUAWNINE TUNTA wiw,  BAWINNIT T (W, =1.13) oo 59

owe



a3vay3)
siii W
1.1 dnvaena l)veananas uisauunniy (Horpibulsuk and Niramitkornberee 2010)........ 2

4 1 [ a @ ] 3
1.2 "lcllﬂL%E)il@E)"U’t‘]\1!’HaﬂlﬁiilLL‘UﬂVl']uﬂ‘]J!LNuﬂuL‘W\‘l

(Horpibulsuk and Niramitkornberee 2010) .........cccoeveviviireesieiriereesteesieeseeree et veseesennas 3
2.1 BNTNAVDIIAQATUAAY (Gulhati and Datta, 2005) .....emervveveeeeeveeeessssssssssssseeseeeesseneeee 7

22 MINAFOUUIIOATINLNUUDINT AT ua ez IS uiaa

(Gulhati and Datta, 2005) ....eeeeeeeeeeee et e et et eeee e eeeee e eeseeseeseeeseesaeeseesaeeseeesseeseaesaes 8
23 N lnMIITRUDITAQATUTIAT ..o 8
2.4 WOUANTIVAVOIAUATUNEAT (VOOLEPIUEX, 2000) . .eeoeeereeeereerereerereeseseeseseseseeesseee 9
2.5 UTLANVOITAQITTUNTAD (oo 10
26  MadsuigEsNMAUNeaAn1NN VDI IUTATIAT AU oo 11

q Yo a o w a

27 M3Uazgna g aQaTUMAI I UIIUIAINTIN oo 11

[ < =y o w A Y v o
2.8 anyazUeuHaANEIUMAINTFNUTUTVYIU o 12
2.9 1@DYTNINAGUDNVDIN EWIDUAULETUITAL +oove oo eeeeoe 16
2.10 1@ INMETUUOIMIUNINUATEATUR VAT 1 ooeeeoeeeee e se e eeee s 16
2.11 U5INNTZINADMILNINUAMET U TUENVIZEDR oo 17
2.12 anHaEMTNTZNOATIAUIUAUTRTIUTIN oo 20
2,13 FEUIUMITIUA TUAULETUN AT covereeeeeeeeeeeee e see e ee e e eese e sseeeeseeeees e eeeeeseeeees 21

o ) 1 o a £ v A [ ) [ I a o w
2.14 ﬂ’:ﬂllﬁll‘wugizﬁQWQﬁNﬂﬁ3ﬁ’l/l‘ﬁﬂ’ﬂllﬂuﬂl!@9]}1‘Ll"lsl}Nﬂ‘]Jﬂ’J”lllﬁﬂﬁ1ﬁi‘Uﬁ/mﬂLﬁi3Jﬂ”IEN
YUAN] (ChriStopher €t al., 1990) .......vveeveeeereerereeeeseeeseseeeseeeeeseeseesessssesseeeesseeessseeeeee 23

215 aNuANNUTIEHINFUUTEANTANUAUAUMUT T UANEN (AASHTO, 1996) ...... 23



EY]
=
=).

2.16
2.17
2.18
2.19
2.20
221
222

3.1
3.2
3.3
3.4
3.5
4.1
42
43
4.4

4.5

4.6

4.7

4.8
4.9

U 1
CRENGTINGE)
¢4
H“u
WYANTTUMIMUMULTINAYOUNANUKY (Gulhati and Datta, 2005) ........oocooee. 25

v

o 1 4 @ <
‘ﬂ’.]"lllﬁllW‘L!‘ﬁizﬁﬁl"l\i!,ﬁ\‘ligﬂLlaSﬂTELﬂﬁi’Ju@?m@\Wl%uﬂiﬂlﬂaﬂ (Bergado et al., 1996b) 27

na'1nN135317A41D General shear (Peterson and Anderson, 1980) ....ccveevveeeeeeeeeeeeeeene. 27
na'lnmsiauu Punching shear (Jewell et al., 1984) .......c.ccoeveeveeeeiieeeeeeeeeeeeeee, 28
na lnMIALUY Modified punching shear (Bergado et al., 1996a) ..........cccoevereerrerrnnnnen 29

BATITIUANURUNIUADLTIUUNMIUIINNANATOULTIRA (Bergado et al., 1993) ..... 31

o w < a a
Wfﬂ/]ﬂﬁ@'ﬂf‘naﬂ@%u‘ﬂ"Iullfi\ﬁgﬂﬂl'ﬂ]\u‘ﬂaﬂlﬁiiﬂllﬂﬂ“ﬂTusluﬂuTlﬁWﬂ

(Horpibulsuk and Niramitkornburee, 2010) ..........cccveveririereresieririeriiereeereeeeeeeesesessesesenens 34
4
AUANITANUTIULA AU AVUANMTUABAVOIAIDINAUNUEITUAWNINNG ... 39
% 4 1 ] Y dy a
ﬂ')’liJffﬁJWl!‘ﬁigﬂ'ﬂ\iﬂfJ'mWu'llluullﬁQllﬁ$ﬂ‘§u1mﬂ31u°ﬁu1u@u ................................. 40
!LW’Hﬂ’lWLlﬁﬂ\ﬂfﬂ‘ﬂﬂﬁ@ﬂlliﬂﬂﬂ ......................................................................................... 43
[ < A o
ff')u‘]_]'ﬁgﬂ’f]‘]_l"l]’f)\uﬂaﬂL’ffilli‘iJ!L'i\Hl‘UﬂT]’lu ...................................................................... 44
BUADNTTE VU TINITITIDE oo e e s e s e s eseseees 45

HANINAFE AR UNIBIITIRATAIAINANINN aladSunmanuTuade.... 47
mmér”ww”uﬁswdwmm@i’mmmmq@Lﬁﬂ@muua:ﬁ’lﬁdﬁ’mmuuﬁLcﬁau ......... 48
ANNUANAWNTEWINILTIRAVBIAINLRTUUUN U LUTIZALTEAN I v 49

mmé’uw‘“uﬁ‘szwmLLN«:}@LLa:ﬂ’ﬁmﬁaum‘"zm AIARNLRINLUNWNULRANAN

mmé’uw”uﬁ’i:%dwLm@}@LLUﬂmuLLa:msmﬁau@hm AIRANLRIULUNMWNULRAN

T T, 50
(2) ANUFUHRUTTENIN B - F (SuKMaK et al. (2015) emeemmeoeeeeeeeeeeeeeeeoeeeemmeeeeeeeeeeseeneeennee 53
(b) ANNFUWUTTENIG B w/w,,, (Sukmak et al. (2016) ......vvrrroereeeerererreesesscceen 54
HANI AU A INIUMULTINAUUAMUYD AR AETULUANIY o 54
nsANUFNTUT T2 /B FUERATIE UM ULTIMUAMIUGITA e 57

a A c&’ a 1 1
BNTNAVOIUTINUANUBUTUAUADAT S/B oo 58



LVDT

-0 T

SPT

o a YY) d o
ﬂ1ﬂﬁu1ﬂﬁiyaﬂﬂm!!ﬁ$ﬂ1ﬁiﬂ

Linear variable differential transformer
4
LLWﬂW]’ﬂﬁﬂﬁﬁ‘Uﬂ?u
v A
uiqmumumﬁau"laa
tﬂ' ) Y A tﬂ'

Lli\iﬂﬂﬂ‘l‘ilﬂﬂﬂﬁauqﬂa
Y v
umuﬂmﬁqﬂ“luumm
o v 9 =
ATANATHNIULLINRD U
mmﬂﬁﬁwmﬁquﬁ’uau
o a £ v a 9 Y A .
ﬁll‘].]'i%ﬁﬂ‘ﬁﬂ’ﬂﬂﬂuﬂuﬂﬂﬁﬂflﬂﬁ'ﬂ”l?]% Active
ANUGIVDINUHINUAY

c’d’ 1 Y a a :, g’;
Tlll,llimTlﬂi’)cl‘]ﬁi!,ﬂﬂﬂ”liwaﬂﬂ’ncﬂ\‘]ﬁllﬂ

J a 'o g’/
INLNHW%H‘VHUﬂﬁWﬁﬂﬂ'NVI\‘Wm@]

X ¢
5%83&8’0\1@(118

Y A
ANUAUUINNT A

Q

Y 9 A
ANUIALTBENGA
o a Q‘{ v A F) Y
duilszansusuaAuAuUIg
YUAIANIUVOIAU
=
uIAABANIY
] =
NUIYLTITANY
Y
NUIYLTIAIRN
=
ANUIATEA
YUTIAMUTDUAIT U
YUNMIIIAVDIAY
X4
WunusUagANIY

Standard Penetration Test



0 U g0 0 S0 O
; g

Q)

n

W)

= S >

o =2 <

-~ = N N um

o
@

o a [V (Y] d o
MeBadanyaazA LD (710)

UFUTIANIU
LSILUNMUAIUNIULTINADON
LH3IRATIAMUGITA
H3IRAUDNMIUGIGA
S a A [ S 3 4
VAVBUNAAUNANNIT 50 WD IHUA
ANMWAUUTTEINIA
ANUDIIDUNIZUDIAY
I
ANUHUIVDUNANALLAT
a = d'd a
AumMNINTNAITANG
9
Ui ay
PR
NUNUTUTIANTU
YUAIANIUTOUNITUN S
YUNMIIAUDIAU
5219 1 UUUIAY
52119 1UUUITIY
anyliavoInNUFIANIY

a A

duilszansusanaosn

a

a Y =

Fu15ANTURIMIAIUMULTAN OUAT
Fulszansanuld
Flszansanuminaue
NUIUT AU NNIY
wiehminudagaga

v W

. A Aa
AN AIUVOINUNAITURE

2]



Py P
c,c
Iy, 1,
Rq,.R
R..R.
E.E E
d,d,,d,
a,b,nr

¢’¢’9¢ds

o
Opmax » Obult > Obm =

K,K,,K,.k

!’
o,,0,,0},0,
B

L

o a [V (Y] d o
MeBadanyaazA LD (710)

< a 2 o
HSUDNNIURTUNMIULTIRAVOIHANA T VIDNNIUHTIA?
ANUFOUUUVDIAY
v A <3
ABTIAIUUULT
BA31AIUMAIUNNIY
[y J <
PRI 1AIUANNUTIUT
Tugaannudangu

4 44 ~
MIIAAOUNINDININNTAIDDN
g
RGN
YUTIANIUYDIAY
WUIBUTWDNMUGITA
o a 4 v Aa
duilszansussauausiud

9
WUIBUTIAINN
< a
ANNGIVOUHANATULLUANIY
< a
ANNEIVDURANAT UV

o < a
UIUVDIUUR AN TULUNNIU

1 < a
TEYETUWUDUW AN ITULUNNIU



NN 1

VNN

A Y
L1 Nnsazanudnyvefyn
Taseadanuamasufmda(Mechanically Stabilized Earth, MSE) #l#vanuas Ind
J [V =y =] Yo [ 9 a ~ 1 Y
wosiludaquaiuussdslasuniseeuiuuag 1 lunumaimnssulgiiograniieuas

Tassadunuauasuiasansaldneadwauoningaazdun  TaslsiAin Berm uaz

P
Y o w A A

. o & = v A & o
Side slope ANUY ﬁ]\i“lf’)ﬂﬁﬂﬂﬂ]uﬂWQWHm@ﬂWﬂﬂﬂJﬂQWHWQWHﬂJN V9ADNUTTNITHUIVDIN N

[

Y v 1
uﬂmmuﬁﬁamiwg@wmmmﬁquﬂuﬂmmu MSE Janudaaiuaue (ﬂﬁ‘ﬂ?ﬂﬂ’)‘ﬁuﬁﬂﬁ%‘]

@ ' o Aa < a o w A o v A

ulindosrn) mldaadyminmsuand nuesiiouy manmuiaangvvesimmenuay

VY MSE $78@11MsiAaoua 1uiuiuouyesauo ez mumaas uns aunnuyesaug v
< ~ o v Aa 9y A a 9 1 < .

50 (Jewell,  1986) maniasuiasnionldasunsaluan 1un wianuon (Stip  steel
reinforcement) M31zazAINlumsiadeudelldilssnugudingduazanuinoaiie sall
1 3’/ v 1 1 a g’/ 1 Y 1 9 I Y < ] < < a
nIingiheaemsaans dewalimsneadiailulidrenuiinGgd edrelsnaw manasu

9
uaviuiudnuers misdewaldsimmsneddiegs

v
o v A = a

< A ~ & A < .
L1’iﬂﬂ!ﬁillﬂ"Ia\WlL!lelﬂﬂﬁlﬂ!ﬂﬁUQGlUTJi%WlﬂblVIﬂﬂ@ﬁgllﬂiuﬁﬁﬂ (Steel grid
Y

. < a a Aaay Jo =2 ao A Y = 1 R
reinforcement) L‘Hﬁﬂlﬁill%’uﬂu'iflnlﬂi‘ﬂﬂ1§ﬂﬂlﬂ’3%ﬂ%ﬁﬂ?ﬂﬂlﬂﬂiuiﬁﬂu‘l’i\um%ﬂ IﬂEJ Prof.
D.T. Bergado HaENNIU (Bergado et al., 1988 and 1996; Shivashankar, 1991; and Chai, 1992)

< a a 4 o w
io IdSsuveananaiusiialifomasd uniuusina (Pullout resistance) 1uTesudiuniu
. A 1 < 3 A 2q v g 1 ) A
(Resistant zone) HA1g4 0813 lsna mianieFulszmnnillfffmasmanaoudieg iiesan
2 < 4 o a 3’/ [ 1 <
anuduldeunanawunalulyunaoudd (Active  zone) HAZNTAAAIGIBINATUNAN
LEATUUTIRALU DY
. . . Y o < a o w a rAAaA
Horpibulsuk and Niramitkornburee (2010) "lﬂwsslmmamaﬁumm%uﬂiwwwmw
< A o =~ & Y < I 3 v 9 <
"IHantg TuLunNNIU" ﬂ\igﬂ‘ﬂ 1.1 G]Nﬂi%ﬂ@‘Uﬂ'JElmaﬂﬁnJLLu’JEITJ (lﬂumﬂﬂ%ﬁ]’ﬁ)ﬂﬂ) LUAagivan
I < Y < A =~ 9 Y J <3
ATULUIVIN (LﬂutﬂﬁﬂﬂWﬂ‘lﬂLﬂWﬂu) Lﬂﬁﬂlﬁiullﬂﬂ‘ﬂ1ull"Uf]Ulﬂl‘lﬁ'ﬂﬂuWﬂﬂ’J%ﬁﬁﬂlm‘Ulmg

< a a <3 A o (Y] a g‘/ < a
NI IUATLINT ﬁ'ﬁ) 611'U'Juﬂ’lﬁWa@lﬂ"iaﬂlﬁiﬂlLUﬂﬂWUﬂ’]]’lNGﬁU‘%}ﬂu NITAAAUNANTTULUD

4
v AaAa (% 1

[ ' o o Y < a o o A A ] < 1
muﬂmmumqum”lmm IﬂEJWTﬁﬂlﬁiﬂﬂ?ﬁﬂu@]ﬂﬂﬂlmuﬂ']LW‘N w;m%mmﬂumaﬂgﬂﬁw



v 9

[ { < a o <} a &
2-U ﬂ\igﬂﬁ 1.2 tmandsuuunmulm AOTUMULTILUNINIUGY (HANATNLUUIVITNIZANN

= a A

i1zl Passive zone (8§HS1521NLLIIRITA) ifloANURUMMUATHERY MunasuAud
A UHANETULUAMIUITIAI "N UAUIES MK ANIUANIY (BRE)"(Horpibulsuk et al., -
2011) fwmsdudu BRE  1dszgnaldiflulassadsruaululassmsneadavesnsums
¥a29na181A5IN15 UONIINIATINITNBASNVBINTUNINAN 58UY  BRE 630107150
Uszgndldiiulaseadiedansiuazanslufanssumiles a3 inanssules
wimneaomaluladgsuis lasunuativayumsivennms i dhenaalunsneads

o v Aa I~ o ) [ 1 ] a 1
mumanuauilulassad i ndmsulsegesouniulumiloaainng

Longitudinal bar Bearing bar

VA

-~ /B —F s ) s g

T T
B B
4 v

v
o o

51 1.1 dnvazia liveunana3uus ey (Horpibulsuk and Niramitkornberee 2010)



U-SHAPE REINFORCMENT U-SHAPE REINFORCMENT

LOCKING BAR LOCKING BAR
L

U-SHAPE REINFORCMENT
LOCKING BAR

.

I I I

U-SHAPE REINFORCMENT

ul / LONGITUDINAL BAR
I I £’ ’_H ’_H

> U
v M
|

T

[ ]
[ ] [ ]

1 4 1 <] a [ ] °
gﬂ“ﬁ 1.2 ﬂﬂL%ﬂﬁJ@lﬂﬂJﬂQmaﬂLﬂ'ﬁJLLUﬂVﬂHﬂ‘ULLNHﬂHLWQ

(Horpibulsuk, and Niramitkornburee 2010)

v

a dyd a A = o o o 9 < a A
N1UA ﬂumm’mﬂmzﬁﬂmm'i‘wmmmmmumumﬁgmlmmamﬁimmﬂmuvlﬁ'h
a ~ ~ A ' ~ A A = a a
Tuaunilenmiag (Red base clay)  lumilo iz ndsuannusuaies iieAny1onina
a c&’ a 1 o o < =y
wo315uannuFuluaumn o Ao MaIR I UNIULTINAVOUNANIET UILUNNIY 1AL
o o [ o v A a < o [
NWAHIFUNTTIUTUDONLUUUNUNINUAY BRE Glu@uam:mam%ﬂml,azaumiﬁmiu
o v A A A dy a Y = Y Y 2
DONUUUNIUNINUAY BRE ﬂﬂimmmma}fuiuﬂumﬂmmﬂElmmzmmmwmﬂimm
dy a = I~ 4 [l 1 o v Aa
ﬂ'J’]ll(’]fuglu@]‘L!l;Wil'l%ﬁll Waﬂ’liﬁﬂ'ﬂ'lfl]glﬂuﬂigiﬂﬂfu'E]fJ’l\“Ill’lﬂG]'E]ﬂ’]ﬁ@'i]ﬂllﬂﬂﬂ’lllwxiﬂu@u
~ P dy A a = ] Y 1 LY a I 9
BRE ﬂcl%ﬂucluwumﬂuﬂuﬂu G]iwaﬁlaﬂﬂunumﬂlum?ﬁ@ﬂuﬂumﬂmﬂu’aﬂuamﬂumﬂ%
Y dy Aq Y a J v 0 Y o v A
°VI3Wﬂ’]ﬂiﬁluwu‘ﬂcl‘ﬁ!ﬂﬂ1J§$Iﬂ‘lﬂl'G:INf;;fﬂ!LagENGIf'JEJLLﬂﬂiUUW'Ialjlxlﬂ']if]@ﬂll‘ﬂﬂﬂ'lllwxiﬂuﬂu BRE
AA A dy a A o v 2 dy a = o w
Gluﬂim‘ﬂﬂimmﬂamwucluﬂquiamﬂ’nﬂim1mmm*15u1u@ummzﬁu NITANYINIAY
< a a a = 4 a 1 o w
ﬁj'lu‘ﬂ11!l!'ﬁ\Tﬂﬂ"UENWiaﬂLﬁill!LUﬂ‘Vl’I‘L!Ll'ﬁg’f]‘VIﬁWaGU’ﬁNTJill'lmﬂ'ﬂﬂ%uiug’]UﬂﬂﬂWﬂ\‘]g]j’luwWU
= v a Aa A Y o 2 A [
LLSQigﬂ“lu’e)ﬂﬁ“ﬂﬂﬁﬂ‘ﬂﬂ‘ﬂﬂu‘ﬂuﬂmﬁmummumamwummmu°mWiaN BANVUIANASHUA
Y

a A a <3 = v 9 [ Aa A ] A A A
tazldsuuAulaazoealaenI1Teuas 15 LW]ﬂﬁN%'lﬂﬂuGlulﬁiJﬂ\‘]mJLﬂJ"%ﬂ uaUaNUa

a 9 I a <3 = Y Aa oA <3 a
MIMINTINARaLaz uALlnazIDYn ﬂ'li‘ﬂﬂﬁ'@‘]_lLliﬁﬂﬂiuﬁﬂﬁﬂi‘]ﬂﬁﬂﬁ‘U@\‘]L‘Haﬂlﬁﬁulmﬂ



d‘ 1 a = = o a 9 Lﬂ' 1 .
mundegluaumilerauas  dutiumsIaslinsoanadeunsinauuia lngi(Horpibulsuk
: : y
18 Niramitkronburee 2010; Suksiripattanapong, et al, 2013.) es1aesan1iz luszuien
Y
(Chai, 1992; Bergado et al., 1993 and 1996) 91437613 WAUIANNITVOIMIAIATUNIULTINA

J 1 e < a ] <]
Gluwwmmwmﬂmammﬂ VHUIAVDUUR AN TUUUNNMU UAETSYIC U INUDUHANATUUIN

U

d
1.2 Jeglszasn

[u—

4 a o o J . . 1 I a
ions1wDena lniFuwus (Interaction mechanism) 5$HINHANATULDNNIY
=) = =) )
HAZAMIN T T UAILIINE
[ o o w o 1] <3 a a
2. Wannaumsiemasdumunsagadmsumanasusunmuludumiiond
AL
A Aa A =) dy a =\ =) [] 1 o o 9
3. eNI1WoNIWavelIuanNuFu lua e FUAILNNZABAAIA LN
< A
HIARAVRUHANIETULUNNIY
@ ) [ o v Aa a < a <
4. AAFUMITINTVIONUUUMUWIAUAMIATUIHANUUANIY (BRE) luauaua
= d' =Y dy a 9 ~ 9 9y =Y dy
azpganTuaanuruluaunaaudlenuazduusiavesdsuannuyuly

AU TN

1.3 UoUIATBINHIIY
Y
Aa v @ I~ a
UV fuz?fﬂmmiwwumamﬂmmmammmuﬂmu (Bearing reinforcement) Tu
Auilonduas Mnasauuasauiasgiv e ldaudnlaludniwavesnensinaniu
] < ] o w o
PUIALUALTLIZHNVDANANATNVINADMAIAUNIULTINA MINATOULTINANTZINN0]A
1 o A [ a a @ 1 Y] I~} ~
U5 INAN U UHLIAIEINAIAD 30 50 1AL 90 N I1atiIAUADAITIINAT NUMANRINNY
AVE1IVT (B) (NN 40 VAAWAT LAZANEN (L) MIPD 150 WaAINAT FLOTHINTEHIN
< s g’; [ = A A 49! 1o o <3 = dy
Hann1n (S) UAINLA 150 99900 WAUAT VYUBDYNUVIIUIUNANRIN (1) lumsanpi

U

o < Aq Y 1w = = 9 v a ua = 1
muaumaﬂmﬂﬂ%‘mmul 34 “]NGlGD'ﬂuglu'ﬂ"N‘lJé;]‘Uﬂ NITNATDULUTNRAUTIANIUTENIN

J a

a <] a o v o w < ] a
ﬂul!a%tﬁaﬂlﬁiwﬂTﬁ\WITﬂllL‘Hﬁﬂﬂi}ﬂéj@ﬂﬂlUT@]!&}uNWHﬁuﬂﬂﬁWQ 16.0 WaalUAT Ly 2.6

U

o

WA M189ATIN (Yield strength) 4000 N 1ansuAemIuyUAINAT NamIsnagouh laaziiun

adnaumsinemasdunuLs e



14

s loviunlasy

1.

a o 4 1 <3 =y
mmﬁqﬂa"lﬂﬂgﬁuwuﬁ (Interaction mechanism) U INUXRANFTULUNNMULAL
a = =S '

AUV HYITLUALULUNEG
o o w ) @ <3 a Aa
‘VI3TUﬁiJfﬂﬁ1/]TLH&JﬂTﬁ\Wsll']uﬂ1ulliﬂﬂﬂﬁ1ﬁiﬂmﬁﬂlﬁi3JLL‘]Jﬂ“lml!sluﬂuLﬁﬁﬂﬂa
ALY
a A j’ a )=\ = 1 1 o o 9
mmamwammﬂ?mmmmwimumummmmewmmmmu‘wmuiﬁgﬂ
3 A
VDU AN TULUNNIU
o ) [ o v A = 3 a
‘1/]'51‘1Jﬁllﬂ13VI’JUhJﬁTWT]J@@ﬂLL‘]_I‘]Jﬂ"ILLWQﬂuﬂulﬁilllﬂﬁﬂllllﬂﬂ1u (BRE) ”lu@u
<3 = a dy a Y = Y Y 2
amma:mﬂmmxﬂimmmwwu1uﬂum1qw1ugﬂﬂﬂuazmugmwmﬂﬁmm

k4
mm%u“luﬂummmu



UNN 2

U

o d a -
Y3NA1133UNI TN NNV

Ay v ¢ a a o w
2.1 1Jg]auwuﬁsw:inﬂuuazmﬁﬂmiumm

o v Y =

a I @ ad o w @ 1 o
ﬂugﬂuaﬁ@mmﬁwmﬁﬁmaqﬁ’mmmmaﬂqumﬁmammmmmmmum 11D

v 9

minmasdumunssasluduannsom lalaemaasuigaeiumas aunlasumsasy

[

o J a a o o [ a o w < ] <] ' <3
N1 Qﬁﬂﬂ'ﬂ “QUIFIUNIAN (Reinforced soil)”m@mﬁummmmﬂmmumaﬂ UNtvan uae

o v v A o w [

<3 3 Y A A ¥ @ o a a Y A9
azunsaUnan 1Wuan WelimunnIzmMUUANETUNEY Jaadsumadagimuiingu

q

1 = . = o Y A A <3 a = 1
HUWLTIAN (Tensile stress) "HQ%ZTHWUWVILT?M@L!Lﬁﬁﬂlﬁﬁi\lcluﬂ@uﬂﬁﬂ mmummﬂums

[ = [ a o w a A A
Fuusapediaasumadluauuaz luaeuniane
D) UfRTeswsenedE M wazAuABITUTIANIY 15I0AINIZ HAZAIIN
Y A <3 ~ El a Aaan 1 o =
AUMUUTWDNMY vz mandsylunsuniamnalgnsensununeunsa
Ce 4
Aiusewensz ey

[ [

a o o a I ] <] A ' o é ~
2) aﬁﬂmmmaﬂuﬂummﬂuiam (LWULYAN) mauwu%mmsww YUEN IAA

q

iwsumseluneunialaelnidlulans (uandu)

o a o 9 v a

3) Aaedsumasluanlyldgneenuunlidunson vauzn TaqaSumaslu

U

Y ]
ADUNIAVATIHINAIULTION
wiolidrlana lnmsdsulgeaudreiaaeumas Ansawanadeulu
Woullfuiamsdewwanadoy dmsumsnaaeufnily 69 ABCD awaaslugii 2.1 gridu
Y Y 3 A~ 1 H] A 9 v A @
Menseuiudy Woladh AB o0 n9waz luaansaandlunuineld uazazsniFesdn
1 aAa Y d’d L [ d' 9 o = g’/ =Y [
Tvi Taguimnnianusuaaaadluzilin 2.1b avihmsnaaeulvidnaselasmaasuiee
a o w [ a o w y o o . v a ' 1%
sumalunuiveunazulatevesiaqasumauioiuiliu Facing nuAunay autaag
Tugin 2.1 cdiodlach AB eon nawez luwanare msziowdaaululyun luwdos
. A A o a 2 = < A o w Y 1 a
(Active zone) [Fumaoua wraaululyuilaznenguauranasuias ldae uantaauluy
Y . v R W =y o w 1 [ g’; 19 9 a ~ [
T AN (Resistant zone) 3z dUBA AT UMA0e1mUY tazs hilduiaauluTaunl

= A o
I0YTINADUA



MNRNIIIRANATOUBNNI BN c?'%qﬁﬂy1wq§ﬂiﬁumﬁ%’uﬁmﬁ’ﬂmmﬂmm
Frodudesriia AunnaniuazaunneniviieiuSaaiuide meldmsnaaeums
usesaamunuRiimssamaeinezfeunuusy i wquaﬂiﬁuﬁﬂmu%ﬁ’qﬁ

1) SEHANMINOU AUAIDIIETUMAIEAIAUATIAAULUILAULAZATY

[ dti'; L) t:' = a o 2 % ti'
L!l!’]ﬁﬁiJVlﬂ'lﬂ’]'lﬂuﬂﬂﬂVluliﬂJﬂ'lﬁm’ﬁiJﬂ'lﬁ\i muﬁm“lugﬂ‘n 2.2a ey 2.2b
v A 1

) N9A217A anuswdeuuuvesaudIeeudsuMaIla1gInauAIDE1N

Usiannmaasumaiedann awaaalugii 2.2

Dry sand

D

B C

(a) Tank filled with sand (b) Side AB removed

¥ Unstable (active) — Stable (resistant)
Geotextile 208 zone
B & D
Possible failure
plane
<
(c) Tank filled with sand (d) Side AB removed

and reinforcement

JUN2.19NTNav0IAETUAAY (Gulhati and Datta, 2005)



Lo | e
gl’
| l l O, l l Very small &
M |" ¢ v O and &, '

I 1] - x - ga I 1 .

: : : : Reinforced sample

I I Oc I I O Ao,
— | | «— — | | — Unrei

| | | | nreinforced sample
d| I — i

1 ] 1 ]

I

(a) Unreinforced sample

(b) Reinforced sample

0,
o, &,%

(c) Axial stress v/s axial strain

37U 22m3nagevussdamuunuveInNads uhdwas luasuias

(Gulhati and Datta,2005)

2 Y v ~ Yy 1w A o @ o Y A
NANATDUNIFTDIV AU (ETJW 2.1 uag 2.2) LlﬁﬂQiﬁl’l"iH'J'l')ﬁﬂLﬁﬁiJﬂ'laQﬂWWU'lﬂ

Y A v 9 9 9 A oa a A Y = ~
ATUNMUNTAADUAIATUUNINLASATHNIUNITIVAVDIAUIUBDIINANUAUAY LADITNIN

Y 9
Mo lu (Internal stability) YoauraauasuMawuegiuiladeaane 111

o o Y = Y
) NAIAIUNMULTIAN (ATUNUNT

V)

) MaIIUMUITIRa (Pullout res

ANVIA) VOITAQATUAE

o @ a o w Y
Ysmnamsdaarvesiaqaiuiaanieldauseds

istance) voIIAQETUMEIIUAUEMUAMUNIU

M3 FAYRITAAIATNAAIBINIINAL)

Facing

Rupture

(a) Sand held back by
reinforcement and facing

Settlement
Bulging

> e
A

Elongation
B

(b) Reinforcement rupture
causing failure

Slippage

(c) Reinforcement extension
causing bulging and settlement

519 2

G

1 9
ol lad aladensanlsemsas

[

0 a 4 & o St
HEGN Wﬁ]”ﬁﬂﬂgﬂ% 2.3 HUFAAINI ABCD Ny

[ a o

(% [ dl 1 Y a
apgnuiaaumaindieglunsie d1a

R0~
3)

Nl

(d) Reinforcement slippage
causing failure

3nalnmsiiavesiagasuias

nandTduaoadesnnae luvesuaf a3y
1 Aa o 1 Y A 1 .
n3wogiay #h AB o nuruld Sonan Facing

a o v A = =
wasumasianesmnmeluioane sh AB



[ v Y

wogludumviaan awdaslugiln 23a uadrigqEsuhaslimasdiumunsstei au

@3 uMAI91ITAHIINMIANNIA (Rupture) Vosdaquaiuiias aaaaslugzln 23b t

U

'
[ a o A

Tagqrasulmasdumuussaguiisaneuainnudadige auasumaie1ndiaiiewninms

'
A o w (2

) A A a ] A Y A A o
Lﬂa@umGluumu@uuazu,mm‘wmmﬂu"lﬂ muﬁmiugﬂ‘n 23c DNMIAYPTIUNAINNIAN

wa

AMUMULsIAUioInoIazinuIadId LANMAIRIUNIULSINAA AuETNMEI91971]
1110991nM I gAvRITaqEsuMal0enINaAY (Slippage) Adaadlugili 2.3d

. . 9J J 9 Y 9 o a a =
Mitchell and Villet (1987)uaadldmunmelananueusouv1ee auasunadl

uun Ty ianinmsgavesidgaiumaseonainau (Slippage) HHoI9INMTIAADUAIVDA

~

A 1 . ~ 9 a a o w Y
auluTauliedes (Active zone) vz meldanudusoudiage Auasumadinug Ty
A wa A @ a o w ~ Y a o
922UAN09INMIRNNIAVDITAQATUAES JUTN 2.4 neraawanaaeuusnaluealfiians
. ey : Y 1 a ua
U3 Mir (1996) Wongsawanon (1998) Lta2 Kabiling (1997) Fauaauduuia Tsunsnia (ns

3APONUAZRNIAVDITAQIATNAET) DEITADY

T T T T T | T T T T T

60 B
Tult = 55 kN/m-wide (from in-air tensile test)

50 - Slippage<—3 o

40 |

— Rupture
30 - '
(©) |
20 L i O Mir (199) |
A Wongsawanon (1998)
10 ' O Kabiling (1997) i
E — Failure Envelope (Voottipruex,2000)

Maximum pullout load (kN/m-wide)

0 1 1 1 1 i 1 1 1 1 1 1
0 10 20 30 40 5 60 70 80 90 100 110 120

Normal stress (kPa)

JUN 2.4901vANTIAVRIAUIATUAIAL (Voottipruex, 2000)

LY a o w aQq Y
2.2 ﬂszm‘nmmm@msumm!mzmsﬂszqnﬂ%am

9
(3 a 2 v o A o w

9
aqsumasansoanasluau laaedds Tdun msaaasiagaiuiaslunuueu

L)
Y

FERINMIaULAzUABAAY (JUN 252 Bad) wazmaFeutaqEsuiaalusudusssuna

[
v A

A ?x}/ A A [ 9 ~ o =y o 9 o a g}/ad ] I
NIDTUAUNUABDALLAD (g‘]J‘VI 2.5¢ uag f) ’Jﬁﬂlﬁillﬂiaﬂﬂisﬁﬂﬂﬂiiﬁﬂﬁﬂ’l‘ﬁuiﬂLL‘]J\i’EJ’EJﬂL’IJLl

(2

A09U5ZNNANNDANTTUAIWIAU -AIAS A (Stress-strain behavior) Taun TaqaFuiah



10

5089 19 (Extensible reinforcement) A& am%uﬁwﬁ’qﬁ%iﬁ 1ot 'ld (Inextensible

a o w

[ o . . ! <3 .
reinforcement) aﬁﬂmiumaqmmﬂiam (Metallic reinforcement) (¥U (HANUDY (Strips)

< ' < <] [ @ a o o A
lﬁaﬂ!/&ju (Bars) UAWINAN (Sheets) MazaznNIUvian (Steel wire mesh) ﬁ]ﬂlﬂu’)ﬁﬂlﬁﬁuﬂ1a\iﬁ

[ A Y A == v A = A o A A o o
uliJﬁ"l?J'lﬁﬂﬂﬂulﬂlu@\i%'lﬂﬂ’iaﬂNﬂTINﬂaﬁﬂg\ulagllfnﬁﬂﬂﬂﬁllagfnﬁﬂ‘]_l (Creep) Ne1NUN 499

o w

a ~ o 9 a 14 . . v [ a o w A
sumasnmonnaulonas Inawes (Geogrid tta1g Geotextile) %mﬂma@mﬁumawmmm

ga'la Falaen lilvzliusedameszninaunaziagge Jaqdsumaudule ( Geotextile)in

[ a o

I 1% { @ @ a o w - I o
Idilutaqasuiaslulnsamsnenliiingada Taaasumastiamnsolniuizaszine

L)

9
o

U1 (Drainage/filtration) uazi’ﬁ@uﬁmaﬂﬁu (Separation) 1dane

— —ro

= —_—— M

@ (b) (©) (d)

Slope Slope

Rod

rout

ﬂﬁ 2.51U52Nv0 AT UMES

i’ﬁﬂLﬁ’%yﬁ’wé”av‘?’aﬁ”laJ'ﬁmﬁaﬁﬂ”ls%’fuazﬁmmaaﬁﬂ”lﬁ’ﬁﬂﬁwmﬂiwﬂﬂﬁiﬁi’f'ﬁmm
noa319lnsaad NAuUAY (Retaining wall) ﬁdmmsﬁ’uqam@é& A1 FaldFuedaumninaely
Vinadiesiiiiuiiroatinsiia Tassafrenuduaiumassannuninaesgiu
Tn398519A1 (Earth structure) (gﬂ‘ﬁ 2.6a) (1FU DUWEFPUAD (Approach road) UaZHEWIUNI
AU (Flyovers)) TWamsadalunnneld maneaulaseadieiuiuilsznniglsznda
ANTADES 1A NIAUAUIDY Cantilever H30LUD Gravity wenant Tnssaiafuau
m?nﬁﬁqt‘i'ammmﬂizqﬂﬁcl%’f‘fumufi@ﬁ%lnwwﬁuﬁzwm (Bridge abutment) UAUDNVDY
NNAMVTOIUYAT (Hilly region) qmﬂum@iuummmmm@uﬂm NANNFUes 41U
GERY

ez e lMann taziueiuMduesRunuaz o UM AUs Y iy

aaaaslugili 2.7



11

Reinforcement

Facing
b W] e W] \<7 W]

Steep slope —]
« By ook By B
(a) Conventional soil embankment (b) Reinforced soil embankment with (c) Reinforced soil structure with
with gentle slopes (base width = B;) steep slopes (base width B, < B,) vertical faces (base width B; < B, < B;)

Ui 2.6madsuaqasuiduieannunivesgiulaseaienu

Bridge deck Nail
Highway /
_ .
Excavation
Reinforcement
T Reinforcement
(a) Highway embankment (b) Bridge abutment (c) Open excavation
On hill slope
Reinforcement
Potential

Unstable slope Road Reinforce- %Failure surface
) Nail l

i / ; ment
< Soft soil

- \ Potential Soft soil
Failure surface
(d) Stablization of slope (e) Unpaved road on soft soil (f) Embankment on soft soil

A 79 Y o a o o a
sUn 2. 7m5szgndldaqasumasluauianssy

H Y Y
TMITUITAUTTUN naan lagmsaeu TUFUAUAINETTNHA IAAAINNIAN

[

|
o < < 9 A 1 < Al ~ ' . . A
ﬂizmwumnymzLﬂugwaﬂmumamumaﬂ UAazsNwoLs8nNd1  Soil nails (:.jﬂ‘l/l 2.5¢ uag f)

an v 4 a a a g’; o <
Tagnatiduriugudnanalszanm 20 8470 dadwas msanainszinlagnmsaenuiedy
a v J
Wl TuduTaelddou wielasmamizldlvinaduriugudnaratszana 100 99 150

a a Y = J
yaaluang uaxqﬂgmﬂﬂummuw

b a

221 Yaqusumden liaansosala

Y] a o v A 1 A Y 1 o < Y] a

Taquauiasi luansota ladmIngezihonman jlupuvesiagasy
o v A @ v ¢ ' [ . < <
masnlgnuludagiunalan 1dun azunsanan (Mesh/grid) wmanidu (Bar)  manuou

<3 1 @ < @ { <
(Strip) HASHANUNUITINNUUADNLLUNNIU ( Block-tieback) muﬁﬂﬂugﬂﬁ 2.8 mamﬁ}uuaz



12

< I @ a o w { o 2 ) [ a a o w <
LW@ﬂllﬂﬂlﬂu?ﬁﬂlﬁﬁuﬂWﬁ\‘]1]33!,5]1’]1&3ﬂell’éNIaﬂﬁW@lu’lﬁuﬁWWﬁUQ’luﬂulﬁﬁNﬂ'la\i Manioy

{ < < o < A Ao
M lulszme lnadlumanuouiidu manasuilimannlszmeanenin anuning

o w

1521191 40 84950 UaawAT ANuMINTEINa 42 Nadwas uazimaalsedeminu 520

Y a

<3 a o w Ay 9 9 A Y g’/ 9
wnnzthaaia L‘ViaﬂlﬁﬁJfﬂa\‘I‘IJ33Lﬂ1’1uﬁ'1JJ13‘E]Gll‘LJEﬂEJLGIITﬁ'ﬂTL!T]ﬂ’é]ﬁﬁNulﬂﬂfJLLa%ﬂﬂﬂQHﬂ

o . Y <3 A = I ]
N1 Facing "lﬂfJEJN'i’JﬂLi’J He9NNANE U ULV

1]
a @ a

< ° ~ a a & A I
Mantgsun Q‘ﬂumjiuﬂizmﬁﬂ,‘ﬂﬂ@ﬂ%uﬂﬂuﬂﬂ’ﬂﬂzuﬂﬁmaﬂ ASLININ
49

]
v A v

3 & o A o ° d <
mamﬂuaﬁ@miumamﬁm N 1‘1!‘1/]']“&53@@ (Pullout resistance) qqmﬂ Lﬁ’i)ﬂiﬂﬂmaﬂﬁnll

<] o R <] [ a
m?TQm@Qﬂgllﬂquwaﬂﬁﬂ’.ﬂll?mlnjﬂﬁ}']ujﬂlﬁquﬂﬂm']uqu']ﬂ L!@]@ﬂ']\jvljﬂﬁ1ll Maniasy

o w

Ay 9 v ' 9 o ' < " w
malsznniivedes lumumsvuaaagmslsznouiiny Facing aumanunusInnL
vaoauuamuda liimaimniszgndlilulszmalne uationldfusthaumsvaslu

=N o a o w 2 Yy < A g 2 A o o 9
Uszmanuaie Jaqasumastszmniisglsuaenaounsa uruaIumumMaIiumuNs g

1A

Q

T SRR @

Mesh Bars Strips Mesh Block-Tieback

[

{ @ < a o { [ @
U 2.8anpuzveuvanasuiasn ldnululagiu

QU

Y

9 Y A o < Y =
u@ﬂﬂ1ﬂﬂ1§ﬂiZQﬂ@16}5LWﬁﬂllﬂﬂuﬁuuagﬁguﬂi\uwaﬂsluﬂigl‘ﬂﬁ]lﬂﬂuaj vau

a o

G
(Horpibulsuk and Niramitkornburee 2010) taz1i3 s 3 Towlosu $1ia dailug

AMUNIIUN LN

Q

' '
a o w 1T aaA

v Aa J o o 3 a o w = 1
ﬂuﬂuminmaﬂuﬂizmﬁ”lm Uléf‘i’)llﬂuW@JuH’Hﬁﬂlj’(?fillﬂ1ﬁ\1ﬂ‘i$l,ﬂ1/lcl1’iil NUYBDLIYNI

< a o . . @ o
“UANFTUNAULUNNIY  (Bearing reinforcement)” ﬁ:}ﬂmﬂiw1mﬁuuﬁuumﬂmumm

NRINUANDAYUMIINE (AN ) dNINNUFIAINITIMAIvINANaNLAZYIAGDN (Ad7.)

G an

] awv a J 4 J a
uazNUFIBADMUMIITeRIUINeTNaaTazina luTad yals Insmodudsy

U
X v

a J 1 <] a o w ! o <
Qﬂﬂ1ﬁ1ﬁﬂillﬁ\1ﬂi$!,ﬂﬁulﬂﬂ Wiﬁﬂlﬁillﬂ'la\‘]ﬂi&ﬂﬂﬁWﬁHH'leUuﬂ1ﬂﬂ1iWu’)ﬂ"ll@a"llflﬂlﬁaﬂ

v 9

< Yy 9 v ' 9 o . P = o
UDULASASUNIUNANIVINIINU (muﬁﬁllﬁ%ﬂi%ﬂﬂﬂl"lﬂﬂﬂ Facing Mlﬂﬂﬁl HAaZUNIONATUNTU



13

< A < < A A Y < . .
Lliﬂﬂﬂq\i) maﬂlﬁﬁJLL‘Uﬂ“lfnu!,‘ﬂumaﬂLﬁ'ﬁJ‘VI‘lJ3$ﬂfJ‘Uﬂ’Jmeaﬂﬁ"liJfﬂ’J (Longltudlnal

<3 o { 4 1
member) UASIUANAIULUIVIN (Transverse members) muﬁﬂﬂugﬂﬁ 2.10 FRUFOUITEHIN

o v A

< < ' "o w <
ﬂ’iaﬂﬂ'liJfJ'l'JLLamﬁaﬂﬁWNﬂJ?WQQﬂ@@ﬂLLUUGlﬁJﬁﬂ'la\uﬂﬂuuluﬁjﬂﬂﬂ'ﬂﬂWa\‘]ﬂﬁ'lﬂsllﬂx‘]lfﬁaﬂ
I o 2 ¥ Y Aa a VA < 3
ATV ﬂ’iaﬂﬂ'lllfﬂ')“l/n%'lﬂﬂ’iaﬂﬂlﬂﬂﬂﬂ‘ﬂuﬂ?’lulﬁﬂﬂ‘ﬂ’luﬁﬁﬁ?WQﬂulLﬁmﬁﬁﬂqq IHANAITN

< < A = A A 1 v g
ynadumanmnnuaNueIUszans 150 99 180 Naawmas 1N nuuszezdszunm 500
A a [ 1 o w o o v
091000 Hadwas manawyNeimadumuusaunmugann shldmasiumunss
Y

I a 1 o w { o
paveunanasulszmnilliaigann wennnmamumuusiganguazmsvudienie
9

g

Y <] a = an A a & 9y o . . . Y
1A ManEINLUNMUEINUeADNUsENMIAeEINITOAAAIUINY Tie point U®N Facing hlﬂ

Y
v AaA 1

] ] Y . v A o v Aa a o
DYNNYAUAIY Locking bar ﬂillﬁﬂiiugﬂﬂ 1.1 FEUUNUWINUAUFTUNIAIULIYND

o v a < a
“OMWNINUAUH AN TULUN NI

a o

0 a A gy
ﬁﬁ;l!ﬁ U Qﬂﬁ‘lﬂ‘lﬁﬂﬂﬂ"lﬂ

e

2.2.2

a @ (% (% 4

o A A Y ] < .
ALe MﬂTﬁ\‘Wl?ﬂlﬂiﬂflﬂulﬂﬁﬁuclﬁﬂluﬂzmu'Jﬁ'ﬂﬁ'\‘llﬂi'lg‘Vi Geosynthetics)

Q

QE

A 1

A o 9 a S As Y = 3 S o & 13 [ A
mhondulonaz Twdwes Alianumumumsideziar vienandmisnilainiuiagni
Y =2 12 A o A o = v a o v 9 .
ANUMUMULITIAIGY ualnnudadigalosunsads Jaquasumaudule  (Geotextile) 92

{ ] v A o { H 1 @ a
Tddule (Fabric) vhmihnivussiaunuauuasa Taedulosenliihdurula Jaquedy

[

o ] I @ [
ﬂ'la\ulﬂﬂlﬁyuﬂlﬂﬁ']ll'ﬁﬂllﬂ\i@@ﬂlﬂulﬁ%}uﬁlﬂllﬂﬂﬂﬂ (Woven fabric) Llﬁglﬁlualﬂllﬂﬂllﬂﬂﬂ (Non-

'
o v A

woven  fabric) AavgveidgEsuaINd w0l la(TaqEaSuiaa Y (Sheet

Jd (] a A A
reinforcement)) taz(@zuAsIINAMOS Fallveadlaiszuna 50 D4 200 Haamng)

@ a o v 9

2 o (% Y
TaquuiauduleGuusniszgna g luauiloanumsiaans (Erosion

L)

v A

< o o < v & i A
control) TﬂElﬁlﬂa)”!ﬂ‘L!’J’dﬁ]ﬂidlﬁ@ﬂllﬂu@’)ﬂi@ﬁ’gﬁ@}m&]ﬂEJTU (Granular filter) AU %mmm

@ a v 9

aquasumaudulonodulonses (Filer fabric) Tuwasil a.a. 1950 Jaqasumaudule
Sudulonns (Monofilament fabrics) 119uaun509 (Filter) arumasrunneunia 14
TﬂNﬁ%ﬁeﬂ@uﬂ%&ﬁi];sﬂgﬁamuﬂnmiﬁ'mmx (Precast concrete erosion control block) bag
18Taseadiiuiiedeaiumstamzd i uiou (Stone riprap) 1§ludu

Tugadaned) a4, 1960 Fransradiuaaizulszandlfidulonny lidnlu
UIRINTTUAN T@mwnzashﬁlﬂmmm?nﬁﬁwamuuﬁ"lajgﬁyume (Unpaved roads)
Nuasumavesauldvuensessese il (Railway ballast) tazuaIuMasvesauauLaL
Wou fudu wihiindnvestaaadumisudulefenslessumstumnsvesduuazns

GEETES!



14

U/

23 Jagauanlunulassadanuau

a 1

a <3 Y [ i A 1 o w I a o w
aunuiluiusnannlianInase19INADMAIRTUNIULTINAVD UHANETUAET
Y Y
HaziEdesMNURImUNInUANET UM luanzuraazidlentit (Dry and wet states) A
{ I a <3 { 1 v 1 H 4 v H
aunadoutlududareun lildmemanlasunlaFinaanury Falasuulasay

@ o a Y

~ Y I Yo o Y] A oAt ~
fan1a ﬁﬂ1’]ﬂ3u13J1Glslﬂﬂuﬂuﬂuﬂﬂﬂqﬂﬁﬂﬂ'ﬁﬂﬂﬁﬂﬂllazﬂ135ﬂ3@\1%1ﬂﬁ@\1ﬂ§]ﬂ@ﬂﬂﬂﬂ%$

i3

o 9y Yy A v v A
umﬂ% HASADINAUTNUAAIU

Y A

23.1  Fanndamad detialiinuesas 30
v A a 9 =0 1T a 9
232  e¥lanmnaraandeslia binudesas 6
s v
233  duiszansanuannaue (Coefficient of uniformity) Foatimunnni 4
I 1 4
234  anuilunsa-ang Lﬁamﬁammmmgm AASHTO T-289“Determination of

. . . . Y ' ' ) v A {q ¥ o < a
soil for use in corrosion testing” APIDYITHIN 5 2910 dmsvavounlgnumanasy wag

v o 4

JEHIN 3 D9 10 dwmsSvauaunlgnuiaadunsiey

L)

a A 4
2.3.5 Usuaeasounse Lﬁ@ﬂﬂﬁﬂﬂ@1ﬂﬂ1ﬁiﬁ1u AASHTO T-267 “Determination
of organic content in soils by loss on ignition” doqluinuiesas 1.0 Tasuoa

2.3.6 HNL%U@‘VH‘L!E‘HEJGI,‘L! Lﬁ@‘ﬂﬂ’ﬁﬂﬂ@ﬂﬁﬁﬂﬁiﬁ1u AASHTO T-236 “Direct shear

v
(3 =N

. . . N ) o 4 4 [ Y
test of soils under consolidated drained conditions” @MHIUVITAANNIUASLNTULDT 10 huaoald

tanuumivlidesnndesar 95 veanNUHLMUUGITA MUITMIVASALLUGIND

Q U

9 a1 "9 [
HIATITU mmuﬂﬂuu@ﬂmw 32 93fN

[

~ o Y I [ a a o v Y =\ ~
2.3.7 aﬁ@mumﬂmﬂmﬁ@mamﬁmmammmummz AUAITNINN 2.1



15
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o anudumunszua lvlih Lﬁamﬁ@mmmmgm AASHTO  T-288
“Standard method for determining minimum laboratory soil resistivity” 1
laiviesna1 3000Q0em
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Specifications Highway Bridge Section 5.8 LUz NMunInuauasumaifeiinensaiu
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da31auanansd N33R 099 1NUTVAMUYDIAY 11 1891NORT I
FEUINMAITVUTUUNMIULTZAY (Ultimate bearing capacity) 0A1INAUIRASNNTETIADF U
VYBIMUNIAUAY (Average contact pressure) 459 1HLUINOUBUIHDINAUTIAUAUMUYITN
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{ a 1 ¥ L 1 1 X
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9 d' a @ ] 9 d' a 9 d‘ d'
YOIANWNINGINIIN 1H09INIINANTNTAA 019N TumuiRaa AU iga (31N
(% g).l 9 1 g EZ=U a
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dy 4 v Aa 9 ~ o Y A
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F
9 = Aa oA a
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Cal = Y A A = Y dy o I aa aa
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e=E— N, A (2.6)

2 DV 6

Oax = —ZE:;V (H@j (2.7)

B
Clin = (—ZE:;V [1—%j >0 (2.8)

2V 29)

Qo = m <0y
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>V NH 4 ] A SH
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= L i
B v B 3.d | B
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AV TAATUMAT (Rupture resistance)  Uazid@DoTNNAIUNMIRATAQETUMEID0NIIN
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1 Y
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Universal joint
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51/ 3.4 AuilsgnouveurAnETUT VIS WUNNIY (Horpibulsuk and Niramitkornberee 2010)
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N, =exp[ztan¢|tan’ (%+gj (4.2)
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(Suksiripattanapong et al. 2013; Sukmak et al. 2015 (182 2016) LLV\IﬂL@@%ﬂﬁiUﬂ’JU%&%U@QZﬁU
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a=1-blin SEZ (4.11)

BxL = 40X150

Well-graded sand  Poorly-graded sand Well-graded gravel Crushed rock

O 5,=30kPa A 0,=30kPa [ 0,=30kPa <> o, =30kPa
®0,=50kPa A 0,=50kPa W 0,=50kPa €@ 0, =50kPa
©c=0kPa A 0;=90kPa @ g =90kea @ c=90kPa

Pon/Pp1

Maximum pullout bearing ration,
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Spacing ratio, S/B
(a) Suksiripattanapong et al.; 2013

BxL = 40X150 @ 0, =30 kPa A o, =50kPa A o = 90 kPa BxL = 40X150 @ 0, =30kPa A ,=50kPa A o, =90 kPa
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50 T I T I T I T I T I T I T I T
- @ Red clay A Lateritic soil 4
40 (Sukmak, K. et al. 2016) | |
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& | . :
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10 + | —
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O 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
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Water content ratio, W/wg
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{ o o_ v < a A
@]TﬁNﬁ 4.1 mmammé’ﬁummammmﬂmummmammﬂmummﬂ 40x150 uaammclu

a = = | <) =S 1 1
AumteITuaumnz lunsdl wiv,, UANANIN 1 (A, =1.13)

Predicted Measured
n | O, (kPa) | SB | S,/B IF
OLp P.(kPa) | P, (kPa) | P, (kPa) | P, (kPa)
1 30 - - 1 0.66 1.45 0.23 1.67 1.26
50 - - 1 0.66 1.61 0.38 1.99 1.53
90 - - 1 0.66 1.93 0.68 2.61 2.08
2 30 5 11.59 | 0.628 | 0.66 1.45 0.29 1.73 1.34
50 5 11.59 | 0.628 | 0.66 1.61 0.48 2.08 1.68
90 5 11.59 | 0.628 | 0.66 1.93 0.86 2.78 2.33
30 7.5 | 11.59 | 0.807 | 0.66 1.45 0.37 1.81 1.97
50 7.5 | 11.59 | 0.807 | 0.66 1.61 0.61 222 2.35
90 7.5 | 11.59 | 0.807 | 0.66 1.93 1.10 3.03 3.03
3 30 5 11.59 | 0.503 | 0.66 1.45 0.34 1.79 1.40
50 5 11.59 | 0.503 | 0.66 1.61 0.57 2.18 1.81
90 5 11.59 | 0.503 | 0.66 1.93 1.03 2.96 2.58
30 7.5 | 11.59 | 0.743 | 0.66 1.45 0.51 1.95 1.59
50 7.5 | 11.59 10.743 | 0.66 1.61 0.84 2.45 2.12
90 7.5 | 11.59 | 0.743 | 0.66 1.93 1.52 3.45 3.07
4 30 5 11.59 | 0.441 | 0.66 1.45 0.40 1.85 1.50
50 5 11.59 | 0.441 | 0.66 1.61 0.67 2.28 1.94
90 5 11.59 | 0.441 | 0.66 1.93 1.20 3.13 2.833
30 7.5 | 11.59 | 0.711 | 0.66 1.45 0.65 2.09 1.77
50 7.5 | 11.59 | 0.711 | 0.66 1.61 1.08 2.68 2.36
90 7.5 | 11.59 | 0.711 | 0.66 1.93 1.94 3.86 3.57
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STANDARD COMPACTION TEST (ASTM 698-70)

For. Mae moh mine Compaction method Standard
Weight of hammer 5.5 Ib.
Height of drop 12 in.
Blows per Layer 25
Location. Mae moh mine No. of layers 3
Soil Description Red Clay Mold Size Diameter 10.16 cm.
Height 11.68 cm.
Tested by APICHET Volume of mould,V  946.935 cm3
COMPACTION Test No. 1 2 3 4 5
Weight of Wet soil+Mould g | 3844 3895 3952 3917 3818
Weight of Mould g | 1980 1980 1980 1980 1980
Weight of Wet soil, W g | 1864 1915 1972 1937 1838
Wet Density , U =WV g/em3 1.969 2.023 2.082 2.046 1.941
Dry Density, L] =100L] /(100+w) glem3 | 1758 1.774 1.795 1.733 1.618
Dry Density, [ ], KN/m' | 1725 17.40 17.61 17.00 15.87
WATER CONTENT
Container No. A B C D E
Weight of Wet soil+Container g 160.14 169.06 171.07 160.67 170.35
Weight of Dry soil+Container g 147.04 152.99 153.77 142.82 149.91
Weight of Water g 13.10 16.07 17.30 17.85 20.45
Weight of Container g 24.49 22.39 28.36 26.02 27.02
Weight of Dry soil g | 10945 114.53 108.11 98.95 102.44
Water Content,w % 11.97 14.03 16.00 18.04 19.96
STANDARD COMPACTION TEST
20 T | T | T | T | T | T | T | T
- \\\\3 ® = Red clay -
18 - PR ~
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Pullout mechanisin of the bearing reinforcement embedded in claystone soil of Mac Mok mine
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ABSTRACT

Hearing reinforcement, which is composed of a longifudinal member (stcel deformed har) and transverse (bearing)
nembers (a set of equal angle steel}, has been established os an effective earth reinforcement malerizl. The equation
for estimating the pllont wsistance of this reintorcement in coarse-graincd soils bas been previously developed but
not tor finc-grained soil. Claystone soil, abnndani in Mac Mol mine, is a fine-geained miaterial when crushed and
compagicd, Tt was proposed 1o be a backfitl material in the Bearing Reinforcement Barth (BRE) wall for mining activities.
The putlout resistance meshanism of e hoaring reinforcement embedded in the claystone scil is prosemed in this
pitper. The total pullout resistance is the sum of the pullout frictivn and bearing resistances. The pullout friction
resistrnce is approximated from soil shear strength and interaetion factor e . 'ltre beating puilout resistance of a
single isolated transverse member can be approximated from: the punching shear mechanism, The rimsverse member
interference is classificd into three zones, depending upon spacing and dimension of transverse member, 5/8 Tatio.
Based on a critical analysis of the test results, the pullout resistance eqnations for bearing reinforcement with
different nurmal stresscs, dimcasions and spacing of transverse members emhedded in claystone soils compacted at
optimum point (optimum water content and maximum dry unit weight) are developed in ferm of lotal strength
parameters,

Keywords: bearing reinforcement, Mae Moh mine, claystone, pullout resistance

£ INTRODUCTION weinforcement Lype, iermed as *Bearing reinfarcement™.

Mechauically stabilized earth (MSE) with diflcrent r'.gu.m L shows l.]“: !yp:cal feature of the ‘bea.t:mg
. - ) reinforcoment, which is composed of a longitudinal
gypes of varth reinforcement can be used as retaining . -
iy | -~ =~ . member and transverse (bearing) member. The
struchres  for  mining  applications,  Sleip  steel ey o N
3 . e longitudingl member is a detormed steel bar and fhe
reinforcoment has been widely used in Thailand for

: : 3 transverse members are a sct of sleel equal angles, This
highway bridge abutment and slope proteation hecause reinforcerment has the advantages of both strip and grid
this reinforcement s conveniently transported to a g r E

y i ) reinforcements, i.e., simple und [ast installation to the
factory for galvanization and subsequenlly fo the anel wall facing and high pulout resisiance with less
comstruetion site, and furlhermore is simple and fast to P £ Eh p

install due to its strip shape, However, it is primarily .s'e_e,] quankity. Fhe ransverse menhers ‘uf . anly
imported from Aftics, leading Lo high constraction costs. instatied in the passive zane (hehind :he_ SR,
Steel prid is the other reinforcement, which has been tension plans) 0s qmeruuncd .by tl)e cohierent gravity
widely researched (Berzado e al, 1993, 1995, Chai, structure hypothesis fm" -cngmucm_!g ﬁ:nd ecanemic
1992; anel Tin et al, 2011) and agplied o many MSE purpuses, The eim“th sltahjhzefd by this reinforcement 3
projects inl Thaifard. Even though the grid reinforcement deslllﬁna[}[ed‘ al;'. IB;MIH% 128]1];[‘";2";';5 m}l;i _(B.!{F)
exhibits bigher pullout resistance, it installation [smore 70y (ORI et &l 3 The BRE wall system
difficult iz that of the strip reinforcement, has been accepled as one of the standard MSE walls ter

Ttorpibulsuk and Misamitkernburee (2010) have the: Departineut of Highweys in Thailand.

recently developed a new cest-cfleclive inexlensible lo date, studies on bearing reinfurcemuenn ave
b pec liited to high-quality coarse-grained soils {<15% finc

hitp:ffdek.org/10.3208/gssp, SEA-03 2204
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content), ns specified by the Department of Highways
i Thailand, Tn the Mae Moh ming however, lhc
abundant soils are claystone and red-beds, which are
the fine-grained soil, The investigation of the pullout
resistance  mechanism of  bearing  reinforcement
embedded in claystone is the focus of this paper, The
Iaboratory pullont tests on the bearing reinforcement
embedded in varivus cohesive-frictional soils were
performed by using a large-scale puilowt apparalus
(Horpibulsuk umil Nirnmitkronburee, 2010,
Suksicipattanapong et al,, 20i3) to simulate the
shori-term situation as previously undertaken by Chai
(1992 Rergado et al. (1993 and 1996) and Sukmak et
al, (2015, The pullouc resistance equation for the
bearing reinforcement it term  of normal  stress,
dimension and spacing of wansverse members is
proposed, The ouicme of this study is fundamental aml
useful for the BRE wal design for mining activities.

Lagimdinal bar Beariag bar
a -
/‘ ! d
ettt SEEPD e
[P SR - 5

Fig. 1. Typicul schematic view of the bearing reinforcement
{Mompibulsuk and Niramitkenberee, 20100

2 MATERTALS AND METHODS

The soil nsed in this investigation is the claysione
from Mac Moh mine. This soil is classificd as high
plasticity silt (MF), according to the Unified Soil
Classification System (USCS). Iis specilic gravity is
2.67. The liquid limit and plastic Hmit are 54% and
6%, respeekively, The compaction characleristics
under standard Proctor energy arc aptimum  weter
content (OWC) = 29.6% and maximum dry wnit weight,
Fomas = 13.6 N/, Tetal steength parameters of this
claystone at the optinwm point obtained from a large
divect shear apparatos with the diameter of 35 cm ave ¢
=57, and ¢ = 12 degrees.

To understand the role of the influentizl factors
(dimenston, spacing, and numbers of transverse
members  and  mormal  stress) on  the  pullowl
charecteristics, the pullount tests on the bearng
reinforcements with different dimensions, numbers, and
spacing of transverse members have been conducied
under different upplied normat stresses. The detuils of
the puiloat apparatus is found by Hoipibulsuk and
Nitamitkarnburee (2000}, The leg length, B, and (ke
Eength, £, of the tested transverse members (steel equal
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anglesy are 25, 40, nnd 5¢ mm and 100, 150, wnd 200
min, respectively, which an: pencrally used for MSE
walls. The spacing hetween transverse members, S,
varies from 150 to (500 mm, depending npen the
number of lransverse members. In this study, the
number of wansverse members, n, arc 1 (v 4, which is
generally the crse in practice. The pulieut friction
resistance of a longitudingl member is investigated
from the pullout lest on & single longitudinal member
with a diameter of 16.0 mm and bength of 2.6 m.

3 TESTRESULTS

Figure 2 shows a pullout test resull of a lengitudinal
member with # dinmeter of’ 16 min and fength of 2.6 un
Maximum pultout friction resislance, Paue of the
fongitudinal member can be caleulated from:

Py = ADL{ e+ 5, tan &) (I}

where D and I are diameter and tength of the
longitudirial member, respectively, &, is normak slress,
v the 2dhesion facter and &is Lhe skin friction angle.
The test results show that the @ aud &are 0.4 and 3.4°
It is found that the cdisplacement al failure is
insiguificantly affected by normal steess and is abaut
3.0 mm for all the applied normal stresses.
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Tig. 2. Fullout (est zesults of a lengitdinal member under
different nogmial stresses.
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Fig. 3. Pullont test resules of a longitadinal member wnder
different nommal stresses.
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The pullont bearing force at any displacement is the
difference between the total pullowl farce and the
putlout friction foree. The wial puliout force is dircetly
obtained from the pullout test un Lhe learing
reinforcement with a single transverse member (v = 1),
Figwre 3 shows the typical ltal pullowt force and
displacement relalionship of the bearing reinforcement
with a 1.0 m longinidinal member and a 40x150 (Rxl)
mm transverse member, It is notable that initially, the
putloul resistance sharply inereases with displacement
ang then graduaily increases watil failure at a large
displacement ol ahout 40 mi, which is the end of test.
The initial sharp increasc is couscd by the puliout
friction rosistance, which fully mobilizes at small
displacement (about 3 mm) while the soil-bearing
capacily Tilly mobilizes at large displacement,

The maximum pullout bearing resistance can he
determined from (he plasticity solutions. Three pullout
bearing failare mechanisms have been  propused,
namely general shear failure (Peterson and Anderson
1980); punching shear Tailure (Jewell el al. 1984) and
modified punching shear Tilure (Bergado et al. 1996).
The maximum bearing stress, pumae, o 8 single
iransverse merther is generally presented in the form:

By = N0, @)

where N, is beating capacity factor depending upon the
mode of failure, and «, is normal stress. A, for general
shear failure, punching shear (ailure, and modified
punching shear fwilure, respectively, is presented as
follows:

N, :cxp[man;ﬂlnn’[£+£) 3
4 2
Wo=eap|| g g mn[ir +£) )
* 2 4 2
1 ¢
N = ——exp[mtang]tan] =+ & 5)
¢ cos¢ ol ol (4 'LJ
1000 & 253150 mm A 40&1]5011“11 IX 4&)‘)‘15‘07:mn
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g ko0 P=i2"¢=51kPa _,-—"Jsjl“.ré?;m]'
o s PP Moditied
"5,., 600 - e e o= "TpunChing
-‘ﬁ - g thear
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lig, 4, Comparison of taxinum pullout bearing resistance of a
single isolated transverse member.
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Using their proposed cquations (Bgs.d to 3), the
comparison between the measurcd and  predicted
maximum bearing stress is shown in Figure 4, The
measurcel Hoa 16 obtained framt the assumption that the
soil in o angle ke scts as a rigid block. Thus, the
Gomae i5 the ratio of maximum pullout force (o bearing
aren (Bxl) Tt is found that the predicted values by
panching shear failure mechanism (Jewell et al. 1984)
agree well with the messured ones. LVhis is different
from the previous smdies by Horpibufsuk and
Niramitkornburee (2010) and Suksiripattanapong et al.,
(2013) on the coatse-grained soils in that modified
punching shear failure mechanism (Jewell ci al. 1984)
provides the best estimation of pullout resistance,
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Fig. 5, Meastred and predicted Py, and S/B relationship for
400x 150 m lransverse menibers,

Figure 5 shuws the typical relationship betwzen
maximum pullout bearing fores, Py, and iransverse
member spacing ralio, $/B for 4Dx150 mm transverse
members (1 = 2 10 4) under different applied nurmal
stresses compared with maximum pulleut bearing force
of a single isolated fransverse member (v = 1), Py It is
found that when S4B is larger than 15, there would be
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no mare transverse member interference. Thus, this
ratio is referred to as free interference spacing ratio.
This value is Iower than that fosnd by Horpibulsuk and
Niramitkornburee (2010) and Suksiripatianapong et al.,
(2013} for variows coarse-grained soils, which was
reported to be 25. When §/31 is less than 3.75, the shear
surfage caused by euch transverse momber joing
together to fonmn a rough shear smface and only the first
transyerse member causes bearing resistance, In (his
case, all the vansverse members would act like a rough
block. As such, the maximum pulloul bearing resistance
is determined from the swamatien of the friction on the
block sides and the bearing capacity of the first
transverse member, Since the bearing capacily is more
dominant, the pallou bearing resistance is close to that
of a singfe isobated (ransverse member, This S/8 ralio is
thus defined as a rough block spacing ratio. From this
finding, the failure mechanism ol the  bearing
reinforcement is classified into three zones, depending
upon §/8 ralio as shown in Figure 5, Zone 1 is refered
to as block failure when S/B < 3,75, Zone 2 is
regarded  as  member  interference  failure  when
315<8/B <15, Zone 3 (S/B 2 15) is individual
failure where soil in front of each f{ransverse member
fails individuaily.

The level of transverse member interference can be
expressed by the interference factor, F, Tt is defined as
the ratio of the average maximum pullout bearing force
of the hearing reinforcement with # transverse members
to that of a single isotated transverss member.

P
F I 5.
- G

The higher the level of (ransverse member
interference (the lower the S/B), the lower the Py, and
hence the lower the F7. Based on the analysis of the {est
data, it is found that the inteference factor is mainly
dependent upon /B, and #, irespective of L and
applicd normal stress. The fotlowing equation for
interference factor is hence:

F:fn+bln[%) (W]

where @ anc b ure vunstants, depending upon x,

These twe constants can be oblained with the bwo
pliysical conditions: 1) when §/B equals 3.75, the
interference factor equals 1/n since Py, and Py are the
same, and 2) when S/B cquals 15, the inferference
faetor equals unity, These two conditions establish the
lower and upper values of F at corresponding values of
&8 = 375 md 15, respectively. From these two
conditions, the constants o and & can be determined
from the following equations:

a=l-2708h (8)

2207

bzﬂ.TEZ[l—lJ )]
n

As such, @ and b values are 0,152 and 0.264, -.132
and 0.351, and -0.273 and 0.393 for a = 2, 3, and 4,
respectively. Using these a and b values for different n,
the waximun prliout hearing resistance can he predicted
an shiwn hy the solid lines in Figure 6, Byualions (1), (2)
and (5)-(9) have been successiully used for designing a
BRE watl in Mae Moh mine of Electrical Geperating
Anthority of Thailand.

4 CONCLUSIONS

This paper deals with the development of & rational
method of predicting pullout resistance of the bearing
reinforcement ernbedded in claystone of Mae Moh
mine. The developed cquations were successfully

adopted to design a BRE wall as a crusher plant support.

The conclusions can be drawn as follows:

[. The predictive pullont resistance equations are
proposed i wrm of 1atal sgeagh parameters,
which is applicable for shoit-tenu design. The
maxitnun pullout hearing  resistance of  (he
bearing reinforcemient with a single isolated
Iransverse wember (r = 1} can be approximated
by the plasticity solution based on the puacling
shear failore mechanism.

2. The transverse member interference zones are
classified into three zones. Zome | is block
faiture where gl (ransverse memhers ace like a
rough block. Zone 2 (375<S/B<I15) is
member interference failuve. Zone 3 is individual
Gilure. In this wons, all transverse members
individually mobilize their bearing capacity (free
transverse member interference),

3, The transverse mermber interference can be
expressed by the inierference factor, F, in term
af 878 and two eonstants, @ and b, depending
upon . The higher the $713, the lower the F, and
heace the lower the pullowt bearing resistance.
The maximum pullout bearing force of the
bearing reinforcement can he  approximaled
using F and the plasticity solution.
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