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GRAVEL. THESIS ADVISOR : PROF. SUKSUN HORPIBULSUK, Ph.D.,

63 PP.

BEARING REINFORCEMET/INEXTENSIBLE REINFORCEMET/PULLOUT

RESISTANCE

The bearing reinforcement was developed as a cost-effective earth
reinforcement. It is composed of a longitudinal member and transverse 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 present paper studies pullout resistance of the bearing
reinforcement embedded in compacted well-graded gravel 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 25, 40, and 50 mm
and length (L) is 100, 150, and 200 mm. Three normal stresses of 30, 50, and 90 kPa
are considered for the pullout tests. The pullout bearing mechanism is essentially
controlled by the B/Dsy and normal stress, regardless of gradation (well-graded and
poorly graded). As the bearing reinforcement is pulled out and shear displacement
occurs along the interface, the zone of soil surrounding the reinforcement tends to
dilate. However, the volume change is restrained by the surrounding non-dilating soil,
resulting in an increase in normal stress on the soil-reinforcement interface

(interlocking). The interlocking effect is significant for the B/Dsy values lesser than



12 and decreases as the increase in the normal stress. The bearing failure mechanism
of a single transverse member is classified into two zones, which is dependent upon

the B/D,, value, where B is the leg length of the transverse member and Ds is the
average grain size of the soil. Zone 1 B/D,,< 12 is defined as the interlocking
induced failure and Zone 2 B/D,, >12is the modified punching shear failure. The
member interference is essentially dependent on the S/B, irrespective of grain size
distribution and friction. The transverse member interference zones are classified into

three zones. Zone 1 (S/B£3.75)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. Because the friction angle and B/Dsy play a great

role on the Py, even with the same S/B (same F), Py, values would be different for

different grain size distribution and friction angle.
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. Y o ax A o -4 1 o a £
Chistopher et al. (1989) a1 1aueIsMsNIHIANUFUNUTIEHINITNYT2aNT
v A 9 9 o Y =y o o o @ 1 3 A .
UFIAUAUAIUD 1 IUANIAUALETHAAIN U8R INLATIVOUHANET N (Reinforcement

stiffness factor, S, ) AdAAIIUANNITN 2.10
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47 Mohr-Coulomb failure
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Q, = 1.0 (linear inclusions) Q, = 1.0 (S, <49 Mpa)
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A ~ [ a £ [T 9 9 [ = < =Y a [
gﬂ‘ﬂ 2.11 msasundasdudseansusauaANAUU NN UANNANVOIHANESTNTHAA 9



23

254 PIINUMUABNIIRABDN (Pullout Resistance)
[ < 1 [ ]
msﬁﬁumummmﬂaaﬂmmmaﬂmuﬂiﬂﬁ’mmﬂﬁmmu AIUUTNITENN
9 1 = .. . = d = A a d%l 1 a
NINUNMUABLITUTIANTY (Friction resistance, P; ) FIJUANUTIANIUNNAVUTEH 1A
a o o < ~ = 49! "o = ~
HASHITUNTUDUHANASINT TﬂﬂwummmmmLaaﬂ‘ﬂm%muagﬂugmaaﬂmum

a o 1 a [ ] H a A 1 a a
ATURETZHINAULAZIHANAZUNTI LAZHUIBUTIAIRINYTEANTHNATEHINNAULASHIVDY

< o {
Manazunse aauaadluaunsn 2.11

P, =Ao tano 2.11)

¥ v
A A

A =
Tagh AS A WUNVDILIIUTIANIU

)Y

)Y

, 2 4% s o
o, A9 NUALIIININRASFINAUNINY 0.750,, (Nielsen and Anderson, 1984)

P

Aa o o 1 a < a o w
o o ym?wmmu‘ﬂmtmWﬁizw’nmuuazmamﬁm ATUAIAU
[ { A 1 1 o w w a <
ﬁauﬁﬁewnNaﬁemiﬁ}mmumamm@aaﬂ ﬁflﬂ’lﬁQiUl,l,'iQLLUﬂV]’IuﬂJ@Qﬂu@%I']UWﬁ}']LWaﬂ
a .é a oA = 9 4‘ 1 [ 9 1 a oA A
A TUATULUIVIN G]Nﬂahlﬂﬂ'li'lll@ﬂgll 3ANHUSNUANANNU llﬂl,l,ﬂ (1) NITIUALUUIRDU
'l (General shear failure) (Peterson and Anderson, 1980) (2) mﬁﬂ’&mmﬁ@umq
(Punching failure) (Jewell et al., 1984) wag (3) M3IALUVROUNEUTUUFI (Modified
punching failure) (Chai, 1992; Horpibulsuk, S., and Niramitkornburee, A., 2010)
5U7 2.12 ugaana Inmsaiaiiiesnnmeuna 1y (Peterson and Anderson, 1980)
= Aa oA Aa Y 3 A o w w ' o Y
mszumﬂlmmiaum%Lﬂﬂulm)fnﬁmu‘n uazmmimtiumﬂmuqmﬂ (me) ﬂ']il')il!"lﬂ

AUANNITN 2.12
Opm =C' N, +yN, (2.12)

¢ Ao ANUFRNLLUUDIAY

=)

Tag

;A Y 2
o, f® anuaulunulng uag

N, =e"* tan? (45+¢'/ 2) (2.13)

N, =(N, —1)cotg’ (2.14)

Cc
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Tagh ¢ fAe yu@eanmuneluveau

aum el linamaeuve VALY (Upper boundary) (Palmeira and Milligan,

1989; Jewell, 1990 and Shivashankar, 1991)

Slip planes

gﬂ‘ﬁ 2.12 na lnmsdiau General shear (Peterson and Anderson, 1980)
a oA v Aa 1% < =Y {
N153UALUY Punching shear (Jewell et al., 1984) Nﬂlﬂﬂﬂﬂlﬂaﬂlﬁiﬂlliﬂﬂﬂﬁﬁ
a [ td' o o w Y a3 ] = @
srozdaluauunn awaaalugln 213 aunisiinemasanumunsagailusu@siny
AuMsN 2.12  uaau1lsmaaT LT IUNMIUNAMANAND UAFAI IUAUAITA 2.15 ag
AuNIN 2.16 AauMIHIUIBMAIRIUNIULTIRA TAgna InN15ITALDY Punching shear 1WA
ANOVVBVIVAA (Lower boundary) (Palmeira and Milligan, 1989; Jewell, 1990 and
Shivashankar, 1991) Ospina, 1988 a1 3TAVEINTBLTINeldANWANTEUY 9L
@ Y A o a oa . A Y Y Y
nuwz Indifssnuna 1nn1530A0DY Punching shear TuvmzNnieldnnudusoudiegenms

o [

Nineztidnyazlndifsanuna lnansdiauuy General shear

Ny, =e'"2)™% tan? (45+ ¢/ 2) (2.15)

Ng =(Ng, —1)cot g’ (2.16)



Transverse bar

517 2.13 na 1nn15915A1UY Punching shear (Jewell et al., 1984)

Chai (1992) ladlSutlgeagumsnldihnemassuussunmuiiemnanisi
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A

spuRounzg laverdena Inmsdianwuaalugli 2.14 wazinauedinlssuusawnnniu

AIAUNITN 2.1708g FUNITN 2.18

Taen

1+k 1—k . 1
N.=|—+=—sin(2B—¢) |——e?’*? tan(45+ ¢/ 2
a2 [ 3 2B ¢)} cot 4 ( $12)

2

1
N, =——e*"tan(45+ ¢4/ 2)—cot
c2 Sin¢ ( ¢ ) ¢

Y 9

'
ﬁ’é] gulszansanuaua U

k
A a a A
ﬂ Y YUUVBIUIIWUNITIUA

v v

(2.17)

(2.18)

aunimssammniziian B oo (Vesic, 1963) k aeliaumny 1.0 e S 1

AUMINY 90 BaFN
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517 2.14 na 1nmM3715AUVD Modified punching shear (Chai, 1992)

Bergado et al. (1996) tuzilwldm £ =7/2uag k = 1.0 1InAuNIN (2.19)

g (2.20) vznanailu

N, = ——e"™™" tan (fJﬁj (2.19)
Cos ¢ 4 2

N, = _ie’”a”"’ tan [Z + Qj —cotg (2.20)
sing 4 12
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VOIAUFBNUUULAZITIANIU (Cohesive-frictional soil) 3 ¥ia ¥ ALAAUINITIEI(Weathered

9

clay) AUQN39 (Lateritic soil) tazAuNs181uAMMIYT (Clayey sand) AUNIAINFBUAGNIETY
o v Y < . ~ o o 'Y 1 s 3 o @
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o { o 4 1 4 o <
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STEEL GRID IN WEATHERED CAY
Dry side of optimum

6 |- Grid size : 150 mm x 230 mm

Bar diameter : 6.5 mm
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Normal pressure: 10 kPa

Pullout Force (x 10 kN)

Normal pressure: 30 kPa
Normal pressure: 50 kPa

Normal pressure: 70 kPa

Oo» > e O

Normal pressure: 90 kPa
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Pullout Displacement (mm)
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Bergado et al. (1993)
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STEEL GRID IN WEATHERED CAY
Dry side of optimum
Grid size : 150 mm x 230 mm

Bar diameter : 6.5 mm

O  Normal pressure: 50 kPa
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13 ||  EFFECT OF MOISTURE CONTENT N
’ CLAYEY SAND
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Bergado et al. (1993)
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EFFECT OF MOISTURE CONTENT
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Load cell & Hollow hydraulic

Universal joint

Reinforcment specimen for pullout test

36

Pressure cell
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Friction pullout force, P, (kN)
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Abstract

The bearing reinforcement was-developed as a cost-
effective earth reinforcement. [t is = composed of a
longitudinal member and transverse  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 present article studies the
influence of particle size on the pullout bearing resistance
of the bearing reinforcement. The tested soils are coarse-
grained soils: well-graded gravel (GW) and poorly-graded
sand (SP), which have different grain size distribution and
friction angles. The bearing failure mechanism of a single
transverse member is classified into two zones, which is
dependent upcn the B/D,, value, where B s the leg
length of the transverse member and Dy, is the average
grain size of the soil. Zone 1 (B/D,, <12) is defined as
the interlocking induced failure and Zone 2 (B/D,, 212)

is the modified punching shear failure.

Keywords: bearing reinforcement, pullout mechanism,
coarse-grained soils, average grain size
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