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ANEK NARAMITKORNBUREE : PULLOUT RESISTANCE
MOBILIZATION OF THE BEARING REINFORCEMENT. THESIS

ADVISOR : ASSOC. PROF. SUKSUN HORPIBULSUK, Ph.D., 62 PP.

BEARING REINFORCEMET/INEXTENSIBLE REINFORCEMET/PULLOUT

RESISTANCE

This research studies pullout characteristics and pullout resistance of the
bearing reinforcement embedded in compacted sand at optimum water content under
standard Proctor energy. Dimensions of the tested equal angle steels (transverse
members) for this investigation are as follows: leg length (B) is 2.8, 4.0, and 5.0 cm
and length (L) is 10, 15, and 20 cm. Spacing between transverse members is between
15 and 150 cm depending upon numbers of transverse members, which are 1 to 4.
Three normal stresses of 30, 50, and 90 kPa are considered for the pullout tests.

From the test results, it is found that for a transverse member, the pullout
bearing resistance can be estimated by the modified punching shear mechanism and
the pullout force and displacement can be approximated by the hyperbolic function.
The pullout soil-bearing failure zones are classified into three zones. Zone 1
(S/B<25) is block failure where all transverse members act like a rough block. Zone
2 (3.75<S/B<25) is member interference failure. Zone 3 (S/B>25) is individual
failure. From the modified punching shear mechanism, failure zone, and hyperbolic
relationship between pullout force and displacement, an effective method of
estimating pullout force and displacement relationship and pullout resistance of the

bearing reinforcement for different dimension and numbers of transverse member



under different normal stresses is proposed. The predicted and measured pullout test

results are in very good agreement with engineering acceptable error.
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(a) Sliding

~
L

~
N

(c) Bearing (d) Circular slip
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(b) Enhanced confining pressure concept
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duiiygunn Meszunulueusiveazszunlunuadildssunvvesandundn
4 ] a 4 ' a <3 a v I a a o w
IHie99nmiIBuTURDWRATUIEHINAULAzIMANESY anuduranan Tuduasuiaesy
P Y oo r A&, Y a 4 s 2 o o
mnvueaNMANMaN Iy dawalmnanis/asuunlasvesinanues mamuiia
3 9 v
Tuduasuhideersnannidinfannmsmiviuvesnnuauaiude Tasivoulwan1sitia
a = o w Aa ] A o @ w I ] [ { I
vosauasuidwazau liasuidedinailudufondu dwaadlugii 2.70) duilsaiv
Yy A ~ = T W A ] A d? v 9 Y
iduinaasmsnfiouiieuns liwhiuvesnnuFe UL LI MINBTUVBIANUALAUTI
d' a d‘ a d‘ A =4 1 a
317 2.8 uasusnaniszmamsidou loanieonisavesnszrinaunIeuas
3 2 < 2 o A o o & < a o o a
miane 3N tazmadnunaveurane iy ludredumsaasuigs Funanasuiidezinans
d' d'i Y 9 = <; a a va = d'i Y 9 =
ou laalleanuduseudaiinid uazazianmsdtiauuuannaennuAuseudaiiaig

(Mitchell and Villet, 1987)

Schlosser and Long (1972)  Yang (1972) Hausmann (1976)

_ Rr Vkr _Re . 4, 1+F,—Ka
6= Aoy=—— @ =sin" ———
S, 2 Sy 1-F,+Ka
N/ F,=Ac,/0,
o, m
A Aoy < Pr
\4
4000 [~
Breal;age dic.
[ r A
3000 F ol ¢
e
& | A 63‘6‘\6
= | A Q@ o)
X
2000 7! R .
N o
iy WO°
: O o9
1000 [ I
(®]
0
0 1 1 1 1 1 1 1 1 >

100 200 300 400 500 600 700 o (kN/m?)
JUNn 2.8 VOUUAA NI TIVDINTUAST NIV TNAIEQ (Mitchell and Villet, 1987)

2.2.2 ﬂﬁﬁ‘%mémmmﬁma‘%uﬁﬁa (Soil/Reinforcement Interaction Mechanisms)
~ aaan 1 9 a a o w k4 ' =
ﬂallﬂ%ﬂ?ﬂﬂﬂﬂgﬂiﬂﬁ’nﬁlﬂﬂjﬂiﬂﬁiNﬂutﬁiﬂJﬂ”lﬂﬂ "l,mm AITULTYANIU
1 a I a a <3 [
TEUNINAULASIUANITTY ngmmmmjamu?ﬁuwff”nmaﬂmmsmmn uaﬂmuuﬁmmm

I o Y a a A Jd o [ =i
IHANSULUIVIN Tﬂfmﬂﬂumamwammmﬂimuumﬂmmmaﬂmmgmmnmamaz
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2
msl¥nuaziialesuindsarnsadaeen 1i1d (Schosser and DeBuhan, 1990) @43 113

o

a Aaan 1 Y a =) v =R A = 1 A d’ a d‘
Wi]1iﬂ!1ﬂQﬂﬁEﬂi’)ll"’llf]\‘]Iﬂﬁ\iﬁﬂ\iﬂulﬁihﬂ1ﬁ\‘l%\1mﬁfJLWEN 2 9N N ﬂﬁlﬁ@uvlﬂﬁ"’llﬂﬂﬂu‘ﬂ

pgiilomanaiunsomalounsasenINAUAUMANIETN 1AZN15AIPDNIINAUVYBIHAN

o w

Y
a v W . <] a
Ty AU ﬂ1iﬂﬂﬁﬂﬂl!i\ﬂﬁ@u§lﬁﬂ (Direct shear test) UAZNITNATDULIIRAUNANLTITUNIAN

k42

(Pullout test) T9TANUIIZAVADMsANYING InUFAse15 e TaseadwAmasuiauns

[

goanyuemNa1aY JUN 2.9 LAAENHUZVRINLNINUAY MSE Iﬂﬂﬁl%ﬂﬂi%uﬁﬂﬂﬁﬂuuﬁ

U

a va

M33178 azmiunmsianeldnisfsesnnnauveunanasy (Vs A) FaziRaiu
naamnlassadiufamianuuRouasITEHINAUIaIMANE5Y (UM B) HonING i
wud U§RTeTwszninautazmanasuMauuUazIns (Grid reinforcement) 921N
FudounnlfnsersmsznisaunazmanaiuMAaaUUL0Y (Strip reinforcement) HAZIY

HAUAANA (Sheet reinforcement)

Potential failure surface

~ Reinforcement

517 2.9 dnvaznaNiaved laseadaduay MSE

2.2.3 MIMUMUUIANDUAI (Direct Shear Resistance)

o ' < a a
Iﬂﬁlﬂ’)vlﬂlléj’lﬂ1ﬁglj1uﬂ11!!;!;3%591!@]5\13%14"JNLWﬁﬂlﬁilll!'ﬂU@Igllﬂi\illagﬂuﬁlz

= 1 9 1 9 A 1 a < a a [
U3 a1 Ulmm (D MINUMUUTURDUTSHINAULALIN AN TUANTSUIUNITUNT (2) N1T

v
a

AMUMUUTUROUTEHINAULALAUVTIUFDUTAVDIAZUNTI 1A (3) MIAIUNMUIINAUN

2

] J <] a J a {
agﬁ}muuuazﬁmmwmmaﬂmimmmn (Jewell et al., 1984) meiéﬁumumﬂﬂuﬁaﬂ

U

9
ﬁ’muuuazﬁ'mmwmm§ﬂm§umumnﬁmﬁ%mﬂ At miéfmmuuﬁuﬁaumq
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AN TUAAINM I UMIULTUNDUTLHAINAULAZINANATUMUISINVRITUAT 1azns
AUMUUTUROUTEHINAULALAUVTNUFD U AVDIAZUATI Jewell et al. (1984) 1A UD
Y
AUNMIMINUMUUTUNDUATI A7)

fitang, =a, tano+(1-a, )tan g, (2.1)

d' A [ a Qd Y A
Tagn £, A9 dulse@NTUeIMIMUMULIANOUAT

¢, Ao yudeamuvesaun ldanwanaaeuLsUROUATS

)Y

=S

5 A9 YUITIAMUIDUAITUAA

A 1

Y v v
a f9 Lﬁ‘]elﬁ’)uﬂl@ﬂﬁu“ﬁﬁ?‘ll@\imaﬂﬂzL!ﬂi\‘lﬁ@i%EJ%‘V]NﬁLﬁﬂﬂﬁlﬁ@uﬁi\‘]

<3 VA [ Y 2 AA A A 1 a v A 9
WIHUIUND o, ININU 0 FUYUNTUMAAUTUROUTEHINAUN VAU fds

1w A Y £ 3 AA A A ' a o [ a Y
WIMNU 1.0 Uague a, (U 1 FUTUNTAMAAUTUNDUTEHINAUA LA NLET LA fdx

NN tan 5/ tan @,

2.2.4 mié’fmmwi@useigﬂa@ﬂ (Pullout Resistance)
[l <3 1 1 1
ﬂWi@?hu‘ﬂ11!@@&&5\‘1%@@@ﬂell’fNLﬁﬁﬂﬂgllﬂiﬂqﬁjhﬁnﬂﬁaﬂﬁ"]u ’c’f’JuLLiﬂﬁﬁlﬂ’N
9 ' = .. . & = A a d? 1 a
NIANUNMUNDUTUTIANIU (Friction resistance, Pf) G]NL‘IJ1!ﬂ31ulﬁﬂﬂﬂ1uﬂlﬂﬂﬂlu33‘ﬁ”}ﬂﬂu
a [ [ < A = d? [ =S A
BAZHITUNTUDIUNANASLNI Iﬂﬁl‘ﬂsllu1ﬂsll@\1ﬂ’JHJL?(EJWVHH‘ﬂ%slluf]glﬂﬂlilllﬁﬁlﬂﬂ1uﬂ

Y
Aa o W <} ] Y a A 1 a a
FTUAETZHINAULALIHANAZLNTI LaZHUIBUTIAININYTLANTHATLHINNAULAZHIVDY

< [ $
MANAZINTI Aauaad luaunsn 2.2

P, = Ao, tano 2.2)

Y v
A A

Tagl A fo WuNvewsuTeanIu
=
f

1 3 A &2 A - ' .
9 NHBUTINNINRAIFIUAUNINY 0.750, (Nielsen and Anderson, 1984)

% Tﬂq\

in o o ' a [ a o w
ﬁ@ gmﬁaﬂmuﬁmﬁmwaizmwmuuazmamam ANy

druNaeINinaAon1IAIUNIUADLIIRADON ADAIAITULIILLANIUYDIAY

a A =

9y 9 <3 a = o A 1 @ Y 1
ATUURUURANITTUATNUUIVIN G]f\iﬂallﬂﬂ”liﬁﬂﬁilzﬂ 3ANHUSNUANANNDU "lmm (1) M3

a

Niauuumouna (General shear failure) (Peterson and Anderson, 1980) (2) ARERSICIIS IR
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MoUNZq (Punching failure) (Jewell et al, 1984) uag (3) Msivauvumounzglsuilye

(Modified punching failure) (Chai, 1992)

a wa A =

519 2.10 uﬁmﬂa"lﬂmiwmummﬂmauﬁa"hJ (Peterson and Anderson, 1980)

U

% a wa a 1 <] { o W w o
FIT2UVVRINMITIDAZINA IRDe1 AN tazhasuLswunMugega (o, ) Ao ldam

AUNTN 2.3
o,, =C'N +0N, (2.3)

A ' =) A 1 a
I@]El“ﬂ ¢ A9 ANUYDULULUUYDIAY

;A Y 2
o, f® ﬂ')”lll!ﬂuluuuf.lﬂﬂ Uag

N, =e""""tan’ (45+¢'/2) 2.4)

q

N. =(Nq—1)cot¢’ (2.5)

A ’ =) = a
lagf ¢ Ao ywdsamumoeluvesau

aumsniieilinafnouve UIUALY (Upper boundary) (Palmeira and Milligan,

1989; Jewell, 1990 and Shivashankar, 1991)

Slip planes

Transverse bar

gﬂﬁ 2.10 na'lnnsdiauu General shear (Peterson and Anderson, 1980)
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a va . v Aa o < a {
N153UALLUY Punching shear (Jewell et al., 1984) unmmumamﬁammwﬁﬁ

Ly a [ ~ ) o w 9 3 1 =\ o
szozilaluaunn dwaaslugli 211 aumsiunemasiumuwssaaiuu@eddy
aumsh 2.3 uaaulsmassuuswunnuilaumnaenuaaas luaunIsn 2.6 azaunisn
2.7 ﬁumiﬁmmﬁﬁﬁhumuLLiaQ:@T@aﬂa"lﬂmﬁﬁ&mu Punching shear 1#Naf1n®L
VOUUAAN (Lower boundary) (Palmeira and Milligan, 1989; Jewell, 1990 and Shivashankar,
1991)  Ospina, 1988 Na1331NIITAvEINTIBTIneldanuALseuTeadvslidn Y
TndiRoariuna lnn3317ALDY Punching shear Tuvmzinieldnnudusoudiagamsitiaoed

dnvazlndifsenunalnamsii@uuy General shear

N, =" tan? (45+¢'/2) (2.6)

q

cl

N =(Nq1 —l)cot¢' (2.7

‘ Slip planes

Transverse bar

gﬂﬁ 2.11 ﬂa"lﬂmﬁﬁ&mu Punching shear (Jewell et al., 1984)

Chai (1992) 1&USulgeaumsnldiinedaeiuuswunmuiiomansina

va v

upumounzg laverdona Inmsdiadeaaalugali 2.12 wagihueuedmnlssousannnu

AaENMITN 2.8 1AE FUAITN 2.9
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N,, ={ﬁ+ - sin(2ﬂ—¢)}—

L 2o tan (45+¢/2) (2.8)
2 cot¢

N, :—_1 e’ tan (45+¢/2)—cot ¢ (2.9)
sin ¢

= o Y 9y

a a [
Tagh k fo dullse@nsnanuauaiuag

X

a

£ A9 YUUBIVINUMII

q

a d‘d v @ = 9 . = | -Y d’ =
AUNUMTOAAIVINITUAT B 1Y (Vesic, 1963) k dzUAUNIND 1.0 tNo B X

AUNINDY 90 BIA

— 9=45°+£

— 2
_ffb__,—n//j S SB T variable
—

— %

D

gﬂﬁ 2.12 na'lnmsNiauuy Modified punching shear (Chai, 1992)

Bergado et al. (1996) tuiin1#19m = /2 uaz k = 1.0 1naunsh (2.8) tag

(2.9) ‘ﬂgﬂﬁﬂﬁll“ﬂu

N = erumspn(Z, P (2.10)
" cosg 4 2
N, =——¢e™™ tan(£+£ —cotg (2.11)
sin ¢ 4 2
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23 ANNANRUSITHIIMAIMIUMUISIRABDNIET MIIAADUA?

(Pullout Resistance/Pullout Displacement Relationship)
S Ay o = = Y A ° ' )
dandesmiienalunmseonuuuTaseada MSE  AomsfuiuaInsATuniunsina
< a ~ I A A A o 3 9 ~ 1
ponvouranasuluvauzimanasuimanaoudl mszaziii uena NI Mg
v < a Y o aa = S
MIAMUMULITIRADONFIFAVDUHANATUANIUIEINED elidnapesziauiazdsainn
a ' o <] a 4 < a
warsan laun (1) SrwavveunanasuamunuIvg esnnvas Inumandiuaunng
< & Il { ] o Il Y 4 @
YI9VOUNANAZUNTIFIINEgN 10 TuRTlszez ieaduauoaz st uduniunsndoud)
uaz (2) Tnsesad e MSE li'ldegluannzavqanasanar anwdnlalunszuaumsdiumu
= ¥ ' D =2 & A o g =
usagaoenluvmzi lassadwegluangldaniaiudduilunniiga aumsuswunniu
<3 a <
AMumuusIgasonUe uRanE@suA LIV NNdUALIve I anazunTIa NI Tandalugl

Hadu'lanles Tuan (Hyperbolic function) Aaarunsn 2.12

d
o, = : (2.12)
I/E, +d,/o,,
Taef o, Ao WilsusWUAMUAIUNIULSIRABDN

d, Av MmanaouiiiionInnsasesn

@ 1 v o d J o {
El.p ﬁ@ ﬂ’J”IiJ%‘L!GIf’NuiﬂGUB\‘]ﬂ'iﬂ/\lﬂ’ﬂllE‘Tll‘WLl‘ﬁ'581Ti’JNLL'Nigﬂ’O’OﬂmJﬂ”IiLﬂﬁ’EJHﬁ

0, 10 HUIBUTIUNNIUATUNIUUTINADON IR

fhdshatuguaves £, Tasnaldezdszneudiehidevesduaundasiume (Backfill

< < { a 1w
soil stiffness) UATANVUAIIIVDUNANAZUNTINVLUIVINNDINAANTUBUAD (Deflection)
) Y - = < < A a 1 v & g VoA 12
1 1, Aeaatianuuiausweuranaz s InuIUIVINARan e uad Fuiluain 1yl

e 92181

Eld

= 2.13
P (2.13)

=

{ ] 1 <] a o A 1 @
Taoh L ﬁf] i$EJ%‘HN3$W’JNLW€1ﬂ&ﬁiuﬁuﬂlu'}ﬁn?ﬁ@ﬂ@nﬂ@Q%}W\‘llﬁﬂﬂﬂu
A [ A ] <] a
E a0 IllﬂaﬁﬂﬁWﬁJﬂﬂﬁquﬂlﬂ%ﬁﬁﬂ&ﬁiN

<
D ﬁf] AU UIVDUNANASLUNIIATULHIVIN



20
A 4 A KX Ao <
I fo TuwudnuMeeNuNAAYINUBUHANAZINTINWIUIVIN
] { Y 4 o S 1A Aaa
d fe wieanuennldluudiedld 1, Jumnliia

ﬁ@ ANMWAUUTTEINIA (Atmospheric pressure)

@ v 1 @ [ 3 T W
am1musx‘wmm%ﬁmmmjmiwmmaﬂmLmiﬂmmm’smn (Id) @]ﬂﬂ‘]ﬂﬁﬂffm
I~ a . . . = T W v [ . .
LUITIVOIAU (Soil stiffness index, [,) 1T8NNOATIAIUANNLUNLLT (Stiffness ratio, R))

Y

NUU

R =§—”’(100%) (2.14)

r

Tagh I e dandiuszninlugddvesmsnon

8aTdIusz I Tugaauoan15ino(Shear modulus) AORIGIAIUMIULTUROUVDA

a v ' v o d ' ]
Au (Vesic, 1972)  anudusiwsnueensanuduiussznitanionswunmudumu
. A 44 < o d
useRABENAUMIAABUIHBIINMIAEONATIY E, dwnsaiou ldlugilvesaunsi

Y
Tdnnmanaaou aail

InR
=1 RuE (2.15)
n rc
| o 1 v o d ' a
Tﬂﬂﬁ E a9 ﬂ’J”IiJG]leGIf’NLLSﬂGIJi’Nﬂﬁ‘V\lﬂ’ﬂllﬁll‘WLlﬁi?.ﬁ?i’.]”lﬂﬂ’.]”luli’%}uﬂ’ﬂum%EJWIJ@QWL!E]?J

NNHANATDUUTIDATINLAY
R A9 9991871 NINANUFUSIUITAUDINTIN
@ 1 <3
9 OATIEIUANNUULLLT

9 OAITIAIUNNAAINLNTI

VINHANATOVUTIUVANIUAIUNITAIOONUIATFIUADANINFUTITNYDINT 1M
AnuduiussEnInNAuAuAs savesAuANTIANANAaDUNT IS AT LAY TUATE
maneduFuusauanulilinaueuda Chai (1992) uuzihIdly R oidu 0.1 uee R,
Wity 250 WesiFud azifle R faunnn R, Al¥unual R =R, wiasusauunmiy

[V 4

AUNIULTIRABONGITA (o, ) dzianuduiusnuagegauoIdnsdiufIaaunnIu
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5 O, [ [ [ [ {
Mumuusanaoon (R, ) &1 o, , =—2 uaz R. dszunaldndluanderdusuwan'ld
a fr bult R /4
fp

NNMITNATOULTIOAT LN UUDIAUDY (Chai, 1992) uazmﬁwﬁm‘uﬂmu&’mmuuimﬂ
<] QsJ‘ 1 o o
@’6ﬂij\iﬁ(ﬂﬂlﬂ\‘lmﬁﬂﬁ%uﬂﬂﬂﬂ‘ﬁhﬂ’dHJﬁﬂﬂﬁ%iﬂﬂ!ulﬁlﬁ]1ﬂf’ﬂfﬂa\iLLUﬂﬂWHé]j1uﬂ1ullﬁﬂﬂﬂ®fJﬂ
< ~ v A A A 9 @ 1
GIFAVDUHANASUNTIUNIIAUAYY (FUNITN 2.8 LLATTUNIIN 2.9) Iﬂ&lﬂﬁﬂmﬂ’w@@lﬁﬁ’lu

[

o 9 A
MAIUMULTHUNMU R Tagh

r- b (2.16)

{ < a
Tagh P, fio usaunmudiumuuisgaeenveamanasuiisudiuibe,
< a
P, flo u5aunmufumuuLIIaa0envouHanidiy

o < a
2 UIUNANITTY

D) )

9 OATIAIUAEIAIUNIULTIVANIY

o aa ] a o a a A 3
muﬂs"l%’mmmmamﬁim‘uusmuﬂmu S/D ﬁ]%i%}i’]‘ﬁlﬂﬂ@‘ﬂ‘ﬁWﬂ?jﬂ‘V]iQﬂl@\u‘ﬁaﬂ

Y
9 v o

azunsenlaehasdiumuusigaeen $ail oasdIuMasdumuuswUnnIY R uaasly

HanFuuea /D (Chai, 1992)

R=a+b(S/D)" (2.17)
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52T INVOUHANATULUNMUADUFUNogAARY
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Auleend1 25 pern uadyudsaniunieluvesduoudunassunenuauiiniegizning
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Y o o a8 = Ao &
mdmua £, Wuduilsz@ninisfsesnuaz a1 unsInaeensIuNIMuAue
<] o w a g ia o o o
IANAZINTINITAIIMAIATUMUIT AR oUYDIAUDNLAZ pUMENU NI dURTgagaIaz g
1 a < a @ qg/’ 1 { J
FENINAULAZIMANATN (Jewell et al., 1984) AU MM a taz b szawsonia1ldlag
suaitou lvaesde Tdun (1) Wesmua S/D iy 1.0 wag f, iy 1.0 uag (2) fvua
1w 1w ) Y <3 {a &
/D 1WA 45 1Az R AD 1.0 dmSumanazunsaudinssdiuniuinaiuauiuives
1< a ] o 4 a3 a o
manasuez Iaduaue iesnnmanasumunIginsiadoon
Y = 3 a o v ¥ ° a3 )
usIdIUMUMsAIeenvouranasuasadun 1d laglsunusaesintluilanan
J a [ A £ = ~ Y v o '
lanlosvoan awaaslugli 2.13 Fuwaaimsnlsouiouiuvesnnudunusseningus

@ 4 o <] o [ .
gﬁuVHUﬂAﬁﬁQ@@ﬂﬂﬂﬂ]jlﬂﬁ@ug’]'}eﬂ@\uﬁaﬂ@]gL!ﬂi\‘]jﬂﬂi%&i'ﬂﬂﬁnaﬂ\ulagﬂflifc]ﬂ (Chai, 1992)

1 10 T I T I T

m Normal pressure: 10 kPa i
100 A Normal pressure: 70 kPa -
—— Predicted i
or \aaatasataas 70 kPa'l
80 - —
N - -
Z 70k .
o - Grid width: 0.456 m
g 60 —
®) L 4

[0 | Em LA N ] n
- 50 | u —
=] - i

O
E 40 Applied normal pressure: 10 kPa ]
30 STEEL GRID IN LATERITIC SOIL H
Water content: 11.3% (OPT); i
Degree of compaction: 95%;

20 S ||

Grid size: 152 mm x 225 mm;
Bar diameter: 12.7 mm; b
10 5 Transverse bars and m
4 Longitudinal bars. i

| L | n T n T n T n

0 5 10 15 20 25 30

Pullout Displacement (mm)

A = = (% [V 4 1 A @
Eﬂcﬂ 2.13 !ﬂiﬁlﬂmU‘Uﬂ’nuﬂuwu‘ﬁigﬁ’ﬂ\‘]LL?\‘]f\)qo@@@ﬂllagﬂ'ﬁlﬂﬁ@u@n@ﬂﬂﬂl@\‘]

< o @ .
WMANAZUNITININNITNMIUIGUAZNITIA (Chai, 1992)

24 AWHULAZVNAYD W IRATHIHENETH

(Location and Magnitude of Reinforcement Tension Force)

[

daulugudrTasesadre MSE invzgmillldnumsneasesdwmeiuaunionuan
A A <} A Aq 9 Aa A 1 o [l Y <
auvesnUUnIeou manasunldziansnaneswmeaesedie laun (1) usagaluman
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a [ Y :;’ 4 Y o < a { '
L'ﬁill5]3Glf:]EJEJ‘]JENW?@aﬂﬂTiLﬂﬁﬂu@nmﬂﬂﬂ“!Wﬂ uag (2) Wiﬂﬂ!ﬁﬁﬂﬁi%ﬂg%jﬂaﬂﬂ’ﬂﬂmgﬂﬂ

a a o w 4 a A 1 ' a o w ' a [ a
°lu¢mmmmmgﬁmmﬂmﬂﬁwamawmauiuﬁamzmnmfmWﬁizmwmuuazﬁmamﬁm

24.1 dwrdawsagegaluranasy
(Location of maximum reinforcement tension force)
o v Aa a o w a v o ] I
GLuTﬂi\iﬁ%}Nﬂ”lu‘WQﬂimulﬁﬁJf‘ﬂE‘N ﬂu@’fmwmmqungmmwamﬂuam
' Y 1 A A v 9 o . a 1 Ay .
a'ldun (1) FIUNAADUAUUIHIN LN (Active zone) HAZ (2) AUAIUNAIUNIU (Resistance
a 1 A A v 9 o A @ 9 ' z k%
zone) ﬂumuwmaaummmmu‘wwzwmmmﬂaaumﬂaﬂmﬂmqasn Lm"ll?.ig]ﬂiﬂlhiﬂﬂ
= A a dgl v W < a a A < a A a i
UTUFIANTUNNAVUATNUUITUNTUDAUU AN TULAS AU Lmmauiumamﬁsmzmﬁmma
¥y Y v o 4 a2 A A 4 A o v v
FTWIATUUHIVDIN LN FUNAVULUDIVTINNTTIWNUVUUBDIUINRAUNIUNUITZISNINIINATUY U

o o o a1 Ay A 3 A Aa Y, P ¥
AWY ATV IUAUTIUNATUNIU Lﬁ\‘llﬂi’)“iﬂlﬂaﬂlﬁﬁllﬂxmﬂﬂ%1qv\!§lﬂ11ﬁ1@]1uwu1ﬂlﬂﬂ
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a

o 4 3 Y "o A g oA =2 ~
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wasznindmiauadeududimiumaasAudnidumu SR itaty

Anderson et al. (1987) fhmsnadeusumefuAmasuiddromanasud i
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A15190 4.1 N'ﬁﬂ1ﬁﬂ1u1ﬁlﬂ1a\‘l$§hu‘l’11ullﬁﬂﬂﬂﬁ'JﬂJGUﬂﬂlﬁaﬂlﬁﬁﬂll‘ﬂﬂ‘ﬂ1uﬂlu1@ 2.8x15

FUANAT
oy, Py Py Py, [PredictedMeasured
n S/B (kPa) (kN) (kN) F (kN) | P, (kN) | P, (kN)
54 30 6.4 4.9 0.60 5.8 12.3 11.2
54 50 10.7 8.2 0.60 9.7 20.5 22.2
54 90 19.3 14.7 0.60 17.5 36.8 33.7
10.7 30 6.4 4.9 0.78 7.6 14.1 13.2
5 10.7 50 10.7 8.2 0.78 12.7 234 24.2
10.7 90 19.3 14.7 0.78 22.9 42.2 36.8
21.4 30 6.4 4.9 0.96 9.4 15.9 15.3
21.4 50 10.7 8.2 0.96 15.7 26.4 30.2
21.4 90 19.3 14.7 0.96 28.3 47.6 45.5
32.1 30 6.4 4.9 1.00 9.8 16.2 15.4
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{ o o w <} a
A15197 4.1 N'ﬁﬂ1ﬁﬂ1u1ﬂﬂ1aﬂﬁ1uﬂ1ullﬁﬂﬂﬂﬁ'JﬂJGIIﬂﬂlﬁaﬂlﬁﬁﬂllﬂﬂ‘ﬂ1uﬂlu1@ 2.8x15

FUANAT (AD)

oy, Py Py Py, [PredictedMeasured
n S/B (kPa) (kN) (kN) F (kN) | P, (kN) | P, (kN)
32.1 50 10.7 8.2 1.00 16.3 27.1 31.2
32.1 90 19.3 14.7 1.00 29.4 48.7 45.9
42.9 30 6.4 49 1.00 9.8 16.2 154
42.9 50 10.7 8.2 1.00 16.3 27.1 314
? 42.9 90 19.3 14.7 1.00 29.4 48.7 46.8
53.6 30 6.4 4.9 1.00 9.8 16.2 15.3
53.6 50 10.7 8.2 1.00 16.3 27.1 31.3
53.6 90 19.3 14.7 1.00 294 48.7 46.5
5.36 30 6.4 49 0.46 6.7 13.2 11.1
5.36 50 10.7 8.2 0.46 11.2 21.9 21.7
5.36 90 19.3 14.7 0.46 20.2 39.5 37.3
10.71 30 6.4 49 0.70 10.3 16.7 17.2
10.71 50 10.7 8.2 0.70 17.2 27.9 36.9
10.71 90 19.3 14.7 0.70 30.9 50.2 52.3
’ 21.43 30 6.4 4.9 0.94 13.9 20.3 19.7
21.43 50 10.7 8.2 0.94 23.1 33.9 40.3
21.43 90 19.3 14.7 0.94 41.6 60.9 60.0
32.14 30 6.4 49 1.00 14.7 21.1 19.5
32.14 50 10.7 8.2 1.00 24.5 35.2 394
32.14 90 19.3 14.7 1.00 441 63.4 59.5
54 30 6.4 4.9 0.39 7.6 14.1 14.7
54 50 10.7 8.2 0.39 12.7 23.5 28
54 90 19.3 14.7 0.39 22.9 42.3 42.8
* 10.7 30 6.4 4.9 0.66 13.0 19.5 16.9
10.7 50 10.7 8.2 0.66 21.7 32.4 354
10.7 90 19.3 14.7 0.66 39.0 58.4 56.9
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{ o o w <} a
A15197 4.1 N'ﬁﬂ1ﬁﬂ1u1ﬂﬂ1aﬂﬁ1uﬂ1ullﬁﬂﬂﬂﬁ'JﬂJGIIﬂﬂlﬁaﬂlﬁﬁﬂllﬂﬂ‘ﬂ1uﬂlu1@ 2.8x15

oy, Py Py Py, |Predicted | Measured
S/B (kPa) (kN) (kN) F (kN) | P, (kN) | P, (kN)
21.4 30 6.4 4.9 0.94 18.4 24.8 24.6
21.4 50 10.7 8.2 0.94 30.6 41.4 46.6
21.4 90 19.3 14.7 0.94 55.1 74.5 78.0

{ o o w < a
A15199N4.2 Wﬂﬂ”lﬁ/]”liﬂﬂﬂ”laﬂg]}”liﬁ/l11!“5\11}@1i’J‘JJ"IJﬂﬂlﬁaﬂtﬁillullﬂ‘ﬂ"ﬂ!‘llu”lﬂ 5.0x15

FUANAT
oy, Py Py Py, [PredictedMeasured
S/B (kPa) (kN) (kN) F (kN) | P, (kN) | P, (kN)
3.0 30 6.4 8.8 0.44 7.7 14.2 13.0
3.0 50 10.7 14.6 0.44 12.9 23.6 27.1
3.0 90 19.3 26.3 0.44 23.2 42.5 43.6
6.0 30 6.4 8.8 0.63 10.9 17.4 19.4
6.0 50 10.7 14.6 0.63 18.2 29.0 32.9
6.0 90 19.3 26.3 0.63 32.8 52.1 50.3
12.0 30 6.4 8.8 0.81 14.1 20.6 20.7
12.0 50 10.7 14.6 0.81 23.6 343 353
12.0 90 19.3 26.3 0.81 42.4 61.7 55.0
18.0 30 6.4 8.8 0.92 16.0 22.5 21.5
18.0 50 10.7 14.6 0.92 26.7 37.5 34.7
18.0 90 19.3 26.3 0.92 48.1 67.4 56.2
18.0 30 6.4 8.8 0.88 23.2 29.6 27.9
18.0 50 10.7 14.6 0.88 38.6 49.4 45.0
18.0 90 19.3 26.3 0.88 69.5 88.8 73.9
12.0 30 6.4 8.8 0.71 24.8 31.2 28.1
12.0 50 10.7 14.6 0.71 41.3 52.1 62.3
12.0 90 19.3 26.3 0.71 74.4 93.7 102.8
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ABSTRACT : The use of inextensible reinforcements to stabilize earth structures has grown rapidly in the past two
decades. Its construction cost is mainly governed by the backfill materials, which are generally coarse-grained soils, and
reinforcement type (steel volume). The present paper introduces a new reinforcement type, designated as Bearing
Reinforcement. It is composed of a longitudinal member and transverse (bearing) members. The longitudinal member is
made of a deformed bar, which exhibits a high pullout friction resistance. The transverse members are a set of equal
angles, which provide high pullout bearing resistance. The pullout bearing resistance can be determined using the
plasticity theory based on the modified punching shear failure mechanism. Influences of spacing between transverse
members, dimension of transverse members (leg length) and numbers of transverse member on the pullout bearing
resistance are investigated. The interference factor is presented in terms of these three influential factors. Good
agreement has been obtained between predicted and measured pullout resistances.

KEYWORDS : Bearing reinforcement, Inextensible reinforcement, Pullout resistance, Mechanically stabilized earth

wall.

1. INTRODUCTION

The use of inextensible reinforcements such as strip and
erid etc to stabilize earth structures has grown rapidly in
the past two decades. When used for retaining walls or
steep slopes, they can be laid continuously along width of
the reinforced soil system (grid type) or laid intervals
(strip type). These two types of reinforcement are widely
used around the world including Thailand. The
construction cost of the MSE wall is mainly dependent
upon the transportation of backtill from a suitable borrow
pit and the reinforcement type. This backfill must be
granular material, according to the specification of the
Department of Highways, Thailand. The transportation of
the backfill is thus the fixed cost for a particular
construction site. As such, the reinforcement becomes the
key factor. The lower the steel volume used and the faster
the installation, the lower the construction cost.

In Thailand, a widely used strip reinforcement is the
ribbed steel reinforcing strip. It is 50 mm in width and 4.2
mm thick with yield strength of 520 MPa. This
reinforcement is conveniently transported to a
construction site and to a factory for galvanization as well
as simply installed and connected to the wall facing due
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to its strip shape. This reinforcement is not produced in
Thailand and currently imported from Africa. As such,
the construction cost is relatively high due to the high
import expense whereas the steel grid reinforcement, the
other kind of reinforcement, can be locally manufactured.
This reinforcement is extensively studied at Asian
Institute of Technology by Prof. Bergado and his
coworkers [1-4]. The advantage of the grid reinforcement
is that the pullout bearing resistance in the resistant zone
is high. However, the total volume (weight) of steel grid
required is still high due to the waste of transverse
members in the active (unstable) zone.

To reduce the construction cost, three factors needed
to be considered are available raw material, simple and
fast installation, and less steel volume. Geoform Co., Ltd.
and the School of Civil Engineering, Suranaree
University of Technology by the first author have
developed a new type of reinforcement designated as
“Bearing Reinforcement”. It combines the advantage of
the strip and grid reinforcements together, which is high
pullout resistance with less steel volume and fast
installation. It has been introduced into practice in
Thailand in 2008 by the first author and Geoform Co.,
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Ltd. Several MSE walls with this reinforcement have
been constructed by Geoform Co., Ltd. in different areas,
namely north, northeast, and south of Thailand. The
research on the reinforcement has been commenced at
Suranaree University of Technology under the financial
support from the Thailand Research Fund (TREF), the
office of Small and Medium Enterprises Promotion
(OSMEP), and Geoform Co., Ltd. since 2007. Figure 1
shows the typical feature of bearing reinforcement, which
is composed of a longitudinal member and transverse
(bearing) members. The longitudinal member is a
deformed steel bar and the transverse members are steel
equal angle. The reinforcement is connected to the wall
facing at the tie point by a locking bar (a deformed bar).
The vertical spacing between tie points is .75 m and the
horizontal spacing is 0.75 and 0.375 m depending upon
the loading level

Longitudinal bar Bearing har
T
1
t- 5 —f s | s |
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Figure 1 Bearing reinforcement

2. LABORATORY INVESTIGATION

2.1 Soil sample

The soil used in this investigation is a fine sand. It
consists of 0.3% gravel, 97% sand, and 2.7% silt. It is
found that its <0.075 mm particles (silt and clay) are less
than 15%, in accordance with the specification of
Department of Highways, Thailand. The particle size
distribution is as follows: average grain size, Ds; = 0.31
mm; uniformity coefficient, C, = 2.4; and coefficient of
curvature, C, = 1.2. It is thus classified as poorly graded
sand (SP) according to the Unified Soil Classification
System (USCS). lts specific gravity is 2.77. The
compaction characteristics under standard Proctor energy
are optimum water content (OWC) = 6.3% and maximum
dry unit weight, Jme = 16.8 kKN/m’. Strength parameters
of the sand at the optimum point obtained from a large
direct shear apparatus with the diameter of 35 cm are ¢ "=
0, and ¢"= 40 degrees. This uniform sand was used in
this investigation due to its uniform grain size and hence
the consistency of the compaction for each test. The
friction angle of this test sand is acceptable for MSE wall,
which is greater than 36 degrees.

2.2 Bearing reinforcement

To understand the influence of dimension and spacing of
transverse members on the pullout bearing resistance, the
pullout tests on the bearing reinforcement with different

s
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dimension and spacing of transverse members have been
conducted. The leg length (B) of the transverse members
(steel equal angles) is 4.0 cm and with the length (L) of
10, 15, 20, and 55 cm to investigate the influence of
dimension. The spacing between transverse members is
varied from 15 to 150 centimeters, depending upon the
numbers of transverse member. The numbers of
transverse members are 1 to 4, which are generally used
in practice. The pullout friction resistance of the
longitudinal member is determined from the pullout test
on a single longitudinal member.

2.3 Methodology

The pullout test apparatus used in this investigation is
made of rolled steel plates, angles, channels, and H-
sections welded or bolted together to give the inside
dimensions of 2.6 m in length by 0.6 m in width by 0.8 m
in height as shown in Figure 2. The front wall contains
upper and lower parts with a slot in between for the
reinforcement specimen. Friction between the tested sand
and the side walls of the apparatus was minimized by the
use of a lubricated rubber member as recommended by
Alfaro et al. [5]. During the pullout of the reinforcement,
due to an arching effect of the front wall, the vertical
stress on the reinforcement near the front wall may
increase (dilate) of decrease (contract). In order to reduce
this effect, a sleeve was installed inside the slot opening,
which was 150 mm in horizontal width and 100 mm in
height to isolate the bearing reinforcement near the front
wall. The compacted sand thickness of 300 mm was
maintained above and below the reinforcement.
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Figure 2 Schematic diagram of pullout/direct shear test
apparatus

Normal stress was applied with a pressurized air bag
positioned between the compacted sand and the top cover
of the apparatus. Before installing the air bag, a 30 mm
thick layer of fine sand was placed on the top of the
compacted sand and covered by a 4 mm thick steel plate.
The purpose of this procedure was to try to produce a
uniformly distributed vertical stress on the top of the
backfill soil (Figure 2). The pullout force was applied by
200 kN capacity electro-hydraulic controlled jack. The
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pullout displacement at the front of the pullout apparatus
was monitored by a linear variation differential
transformer (LVDT). For this inextensible reinforcement,
measuring the displacement along the longitudinal
member did not yield much useful information [2]. The
normal stress was 30, 50, and 90 kPa to simulate the
vertical stress for the wall with the height of less than 5.0
meters, which is generally constructed. The pullout rate
of 1 mm/min was adopted throughout the tests.

3. TEST RESULTS

3.1 Bearing resistance of a single isolate transverse
member

The pullout bearing force at any displacement is the
difference in the total pullout force and the pullout
friction force. The total pullout force is directly obtained
from the pullout test of the bearing reinforcement with a
single transverse member. Figure 3 shows a typical
pullout test result of the bearing reinforcement with a
longitudinal member of 1.0 meter and a single transverse
member of BxL = 4.0x15.0. It is notable that initially, the
pullout resistance sharply increases with displacement up
to about 3.0 mm and then gradually increases until failure
at a large displacement of about 40 mm, which is 100%
leg length of the transverse member. The initial sharp
increase is caused by the pullout friction resistance since
it fully mobilizes at small displacement (about 3 mm)
while the soil-bearing capacity fully mobilizes at large
displacement.

30 } T T I I T I T T T
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Figure 3 Typical pullout test result of the bearing
reinforcement

The maximum pullout bearing resistance can be
determined from the plasticity solutions. Three pullout
bearing failure mechanisms have been proposed, namely
general shear failure [6]; punching shear failure [7]; and
modified punching shear failure [2]. The maximum
bearing stress, Gpma, Of a single transverse member in
coarse-grained soil is generally presented in the form:
Cpman =N, T, (1)
where N, is bearing capacity factor depending upon the
mode of failure, and &, is normal stress. N, for general

shear failure, punching shear failure, and modified
punching shear failure, respectively, is presented as
follows:

‘z )

N, =exp|r tan §] tan’ [I+E,[ (2)
_ ;. S . NS

N, = expﬂ;-&-gﬁjtan (,ﬁ}d[1£1+5j[ 3

N = ! exp[;rtan@ﬁ]tan[’i+ﬂ\ (€8]
7 cosg 4 EJ

Using their proposed equations (Egs.l to 4), the
comparison between the measured and predicted
maximum bearing stress is shown in Figure 4. The
measured Gj,,,, is obtained from the assumption that the
soil in the angle leg acts as a rigid block. Thus, the Gppax
is the ratio of maximum pullout force to bearing area
(BxL). It is found that the predicted values by modified
punching shear failure mechanism [2] agree well with the
measured ones.
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Figure 4 Comparison of maximum pullout resistance of single
bearing member

3.2 Interference

In practice, the bearing reinforcement consists of several
transverse members placed at regular intervals. During
the pullout of the bearing reinforcement, the transverse
members interfere with each other. A dimensionless
parameter for transverse member spacing ratio, S/B is
introduced herein to investigate the influence of spacing
and dimension of transverse member on the pullout
bearing resistance in which S is the spacing between two
neighboring transverse members and B is the leg length
of transverse member (Figure 1). Generally, the larger the
S/B, the higher the pullout bearing resistance up to a
certain maximum value, due to less interference between
transverse members.

Figure 5 shows the relationship between maximum
pullout bearing force, P, and transverse member
spacing ratio, S/B of the 4x15 (BxL) cm transverse
member for 2 to 4 transverse members under different
applied normal stresses. It is found that when the S/B is
larger than 25, there would be no more bearing member
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interference. Thus, this ratio is referred to as free
interference spacing ratio. When S/B is less than 3.75, the
shear surface caused by each transverse member joins
together to form a rough shear surface and the first
transverse member punches through the compacted sand.
In this case, all the transverse members would act like a
rough block. As such, the pullout bearing resistance is
determined from the summation of the friction on the
block sides and the bearing resistance of the first
transverse member. Since the bearing capacity is more
dominant, the pullout bearing resistance is close to that of
a single transverse (bearing) member. This ratio is
defined as a rough block spacing ratio. From this finding,
the failure mechanism of the bearing reinforcement is
classified into three zones, depending upon the spacing
ratio as shown in Figure 5. Zone 1 is referred to as block
failure when S/B = 3.75. Zone 3 (S§/B = 25) is individual
failure where soil in front of each transverse member fails
individually. Zone 2 is regarded as member interaction
failure when 3.75<S5/B<25.
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Figure 5 Laboratory and predicted Py, and /B relationship

The ratio between pullout bearing resistance of the
bearing reinforcement and that of a single isolate
transverse member is defined as interference factor, F,
and is expressed as follows:

: 12

38 :

:i (5

nk,
where Py, is the maximum pullout bearing force of the
bearing reinforcement with n transverse members, and
Py is the maximum pullout bearing force of a single
isolated transverse member. Based on the analysis of the
test data, it is found that the relationship between F and
S/B can be expressed by logarithm function. The
relationship is dependent upon numbers of transverse
member, n, and irrespective of leg length, B, of the
transverse member. The relationship is presented in the
form:

F=a+bln (6)

(S “
\ B )
where a and b are constant. These two constants can be
obtained with the two physical conditions: 1) when S/B
equals 3.75, the interference factor equals 1/n since Py,
and Py is the same, and 2) when S/B equals 25, the
interference factor equals unity. These two conditions
establish the lower and wupper values of F at
corresponding values of S/B = 3.75 and 25, respectively.
From these two conditions, the constants @ and b can be
determined by the following equations:

b=0.527{1—l} (7
n
a=1-3.219b (8)
As such, a and b values are 0.152 and 0.264, -0.132
and 0.351, and -0.273 and 0.395 for n = 2, 3, and 4,
respectively. Using these a and b values for different n,
the maximum pullout bearing force can be predicted as
shown by the solid lines in Figure 5. The Py values
obtained from the laboratory (P = 6.4, 12.7, and 19.7
kN for n = 2, 3, and 4) are used for this prediction. It is
found the predicted maximum pullout bearing forces are
in agreement with the measured ones. These prediction
equations have been successfully used for design of many
MSE walls of the Department of Highways, Thailand by
Geoform Co., Ltd.

4. CONCLUSIONS

This paper deals with the development of the prediction
method of pullout resistance for a new type of
reinforcement, Bearing reinforcement. The conclusions
can be drawn as follows.

1. The maximum pullout bearing resistance of the
bearing reinforcement can be approximated by the
modified punching shear failure.

2. The interference zones for the pullout bearing
reinforcement are classified into three zones. Zone 1 is
block failure where all transverse members act like a
rough block. Zone 2 (3.75<S8/B<25) is member
interference failure. Zone 3 is individual failure. In this
zone, all transverse members individually mobilize heir
bearing capacity.

3. Based on the three interference zones, the method
of predicting the pullout bearing resistance is proposed
and verified. This proposed method is practically used for
design of MSE walls by Geoform Co., Ltd.
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