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Shear Behavior between Ground and Soil-Nailing
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Abstract

Soil-nailing has two main resistance factors: skin friction between ground and grouting; and tension load of reinforced
material. These two factors will affect the load-displacement curve when performing soil-nailing pullout tests. The purpose
of this paper is to figure out the shear behavior between ground and soil-nailing focusing on the net load-displacement
behavior during soil-nailing pullout tests. Firstly, the net load-displacement curve between ground and grouting is
estimated theoretically. Then, in-situ pullout load tests are performed on various ground conditions to obtain the
load-displacement curve occuring between ground and grouting. Since the measured shear displacement includes
elongation of the reinforced material (steel nails), the net load-displacement curve can be obtained by subtracting the
elongation magnitude of steels from the measured displacement. It was found that the measured net load-displacement

curve matches reasonably well with the theoretically estimated curve.
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(a) Shear failure

(b) Pullout failure

Skin fricﬁon

(777
(c) Associated behavior

Fig. 1. Failure of soil-nailing
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Fig. 4. Overview of net load-displacement curve between ground
and grouting
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Table 1. Overview of field pullout test

Type Bonded length (m) Gravitational grouting Pressurized grouting
Colluvial soil 2.0 (Packer : 0.5) 3 times 3 times
2.0 (Packer : 0.5) 3 times 3 times
Weathered soll 3.0 3 times -
4.0 3 times -
Filled soil 3.0 3 times -

Table 2. Ground properties

Type Cohesion Internal friction Passilng No. 200 Unifi.eld spil Unit weisght Water content
(kPa) angle (°) sieve (%) classification (kN/m°) (%)
Colluvial soil 25 37 53.47 ML 15.30 21.54
Weathered soil 20 41 48.57 SM 15.50 24.71
Filled soil 5 33 37.00 SC 15.01 22.38

10 g=XgtEstel=2% H30d F3=



H
-
l.m-{_l__lo‘ao M‘*mé
Ax,ll_xo o
Hmﬂaﬂxﬁ_ﬁ =T
i%ﬂ%&m@mﬂﬂhﬂmo ﬁ.dm
}H,mﬂaw%&qoﬂvzm =
WLMEAﬂHArHZLlaﬁziﬁﬁumﬂi 1m;oo
™ ﬂ&_moﬁe e ! ;o. __b,mﬂ.mz#.o N B H .AT.;Ioﬂ N _MmT
—~ — o —_ .
o < 0 1_.1D|HOE]3 oﬁﬁ.oduao
m_ouﬂo__oﬁm% %ﬂﬂro]A_,SﬂJ_ﬂaﬂhloE
E AEEthﬂ 0 7@2301_|oﬁ.w|n
= %ﬂm% l1g_ua%ﬂa
3 JqAMﬂ%&@OMﬁwmﬂﬂo&mq
3 z oLaoa ol momiﬂ‘%%mnlaﬁooﬂ &ﬂ
g o T Mﬁomﬂﬂ#o%o*z ﬂom_utzmlﬁuﬂﬂ
€ .2 = QPLH]M oF 1eﬁﬂ§mé o
P i S ﬂﬂwmwawﬁwgmwm@%nmwm
« nNa o
/& ¥ _ﬂm wﬂ&%@ma%ﬂ%qﬁzwﬂhm%zm
= 711:|_LI — :&.q,l‘\ﬂl.lnml]
_ oul,aﬁuHM1__/I7_1_‘D|QMM‘ru omﬂ 7]@
= < 1 ) ™ o . ]z_o]q o
e : @qom&%w% %#ﬂﬂﬂw@mEﬂ
“ 2 @.%ﬂﬂ&ﬂﬁ%m% %MW@.&&&O%%
E ) £ ommmmuuﬁm,@m%%a%ﬂ%owloﬂ 5
S 8 K mm.ﬂ__]a%o,wwﬂou&ﬂ@lﬁmwimmﬂ%mﬂ
\B &@wziﬁmﬂiﬂ}%olg&
< oﬂ.zTﬂJH7ﬂH 3
YT T LEIE T3
wo'y 5 Vo ar o T g R Ko (gl =Y Z
= ~~ o) )
=4 T 5 A .&%%H%Kﬂow
2% ) 5 cl ey M7wm.&:_fﬁ
/& | 5 a%&.aoﬂywrw”“
8 FﬂaﬁdIHLo7L__dﬂe_.
< 0o zﬂ%mmﬂwﬂﬂwzv
¢ = = o — o E._ L_L X = 5 o J o ﬂu! ul
g S e 2 o/oN 7 N = %éﬁ%ﬂm
£E : mo%%% wﬂaéA%m@ﬂm
T _ T <
: g /= ) 5 &%5@% e mmW%W%§$mw
g < o/]aa . N u]]anPOA | = 1)
= R : T = ,&Wir7]olL o
/ woT T 2 Mww,,%mm Rl E%MAQM%OM&
5 & sz.ermL s ﬂwim_ﬂmoﬁmq%@
\mm ﬂOSﬁoﬂ =) n*omvlﬂ_.ﬂﬂr]_le_eﬂ%a_.
e oNéo m. =K ,&aﬁ@aoWﬂEMoﬁ
MP Wl_t _.:.— o :.L L.H_LF,I OT.:JA'
o EC] —_ ﬂﬁ]O#ooeq].XMﬂdl
_ — E._EaaSo_.. E] *ox_.huuuﬂn.7%ﬂ4_ov
= = o o L Haz_ uu. -
7 = 2 T 5&#1 R e o <
w g = S o %ﬁu@ ; %OHVWO&HLNM%&
= ,101 0 ! S — ,m‘_o
1 E JLWm@w S Wﬂg3amma.§
= 2 S OM,|3LI =i Pe.ﬂoﬂﬁ,aomﬂ_ox].mNOQAT
CEE O N%oﬂm% = w%%m NEJ&@_
I =) . O] _—
g o )5 L:iwoma o ﬂowﬂwﬁ%i
= 8 1 14 5_r ~ K B 5 = o
\F ~ T o ﬂm_.@iiom_ﬂﬂa 16 %
Y w(°'g S £ To T X oy =y ;
| 2% Aﬂuﬂwﬂar 5
- <52 mawmm%
2t % e W
r0P
= N
........ |
a%. ............ T wigg
we(

A7

g 2of ]
FE Ao
0 T

=
- -6‘
JAl=
5 Al A
) 7_]%.% EoM— o=

il

E

R

0.21%
o] H4t 2

sick A
Fig. 7(0)° Hehy

1

—

A}
AFS

[e]

T

1__4_ /K‘1 Fig'
c}. o}

v

| lew

SFAF

kel

%
Bt 33.17
o] 4t



250
——Col(Gra.)_1 —8-Col.(Gra.). 2 ——Col.(Gra.)_3
-¢--Col(Pre.)_1 -3--Col.(Pre.)_ 2 --A--Col.(Pre.)_3
— Steel
200
-
-4
<
=150
=
=
-
=
2100
=
=9

th
=]

0 5 10 15 20
Displacement (mm)

(a) Colluvial soil

250
—e—Wea.(Gra.) 1 —8—Wea.(Gra.) 2 ——Wea.(Gra.) 3
--o--Wea.(Pre.) 1 -8--Wea.(Pre.) 2 --A--Wea.(Pre.) 3
— Steel
200
—
z
-
=150
=]
]
=2
E
=100
=
=W

50

0 5 10 15 20
Displacement (mm)

(b) Weathered soil

250
200 |
—_
z
=150 |
=
3
=
E
2100 r
z
——Fil.(3.0m)_1
50
-5-Fil.(3.0m)_2
—Steel
0 ]
0 5 10 15 20
Displacement (mm)
(c) Filled sail
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Ground Constructing Slope (kN/mm) Increment Ultimate skin friction force (kN) Increment
condition condition Theory Field test (%) Theory Field test (%)
Colluvial *Gra. (2.0 m) 20.81 19.47 Standard 86.99 91.22 Standard
soil *Pre. (2.0 m) 30.05 34.47 77.02 107.07 114.38 25.39
*Gra. (2.0 m) 12.05 14.08 Standard 119.28 117.72 Standard
Weathered Pre. (2.0 m) 14.88 18.49 31.33 147.27 146.92 24.81
soil Gra. (3.0 m) 22.54 24.05 70.84 256.14 - -
Gra. (4.0 m) 60.36 98.12 697.0 444 .46 - -
Filled soil Gra. (3.0 m) 15.53 14.09 0.1 116.49 125.12 6.28
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