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Design, Construction and Performance of
A Removable Soil Nailing System
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Abstract

In Korea, a large number of soil nailed walls have been constructed during the past 10 years, both for temporary and
permanent structures. Although the soil nailing systems have many advantages, the systems have been constructed
within limit because soil nails generally are not allowed to be installed under the neighbouring buildings. In this paper,
aremovable soil nailing system is introduced in the way for solving to be installed under the neighbouring buildings and
recycling the steel bar of nails. A removable soil nailing system is mainly applied to construct temporary support
systems of vertical excavations. To investigate pull-out characteristics of removable soil nails, field pull-out tests are
carried out 23 times, From the analyzed pull-out characteristics, it is found that the spacing of fixed socket and W/C
ratto of cement grout are important design parameters. Also, this paper describes the design, consiruction and
performance of the first removable soil nailed walls in Korea. Instrumentation data, including wall deflections before

and after the steel bars are removed, are further discussed in details,

Keywords : Removable soil nailing system, Fixed socket, Field pull-out tests

1.

Introduction due to problems beyond of economical and engineering
purpose. In this paper, the first removable soil nailing
Recently, a removable soil nailing system is demanded system in Korea is introduced, and design methodology,
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construction scheme and performance of the removable
soil nailed walls are described. The removable seil nailing
system has been used to construct temporary support of
vertical excavations of Samsung Cyber apartment and
Tower Palace building located in Dogok—dong, Seoul,

Korea. A typical section of this system is shown in Fig, 1.

2. Basic Concept

2.1 Components of Removable Soil Nail

The removable soil nails consist of fixed socket, P.V.C
pipe and steel bar as shown in Iig. 2. The fixed sockets act
as spacer and transmit friction resistance on the cement
grout to the steel bar of the nails. The P.V.C pipes function

as separating cement grout and steel bar of the nails.

2.2 Distribution of Nail Forces in the Puil-Cut
Tests

In the pull-out tests, typical distribulions of nail forces
of general soil nails and removable soil nails are shown in
Fig. 3. In the general soil nails, the maximum nail force
usually occurs at the nail head. Also, the maximum nail

force in the removable soil nails occurs at the fixed socket.

2.3 Construction Seguence

A removable soil nail wall construction typically involves

7,

Final roadway grade

Toe drain

{a) Typical section

Fixed socket ——,

Cement grout

the following six steps, as shown in Fig. 4:

Step (1) : Excavate cut and install nails

Step (@) : Repeat process to final grade

Step @ : Remove steel bars (3 ~4m from final
grade)

Step @) : Place walls

Step & : Repeal process (3~ @)

Step @& : Place final walls

3. Pull-Out Characteristics of Removable
Soil Nails

3.1 Field Pull-out Tests

Field pull-out tests of removable soil nails are carried
out at Tower Palace building site located in Dogok—dong,
Seoul, Korea. Plan view of Tower Palace building site is
shown in Fig. 5. At this site, the controlled displacement
pull—out tests{constani speed) including the controlled
force tests(creep steps) are carried out 23 times (11 times
in A-site, 5 times in B—site, 2 times in C—site, and 3 times
in D-site}. In the pull-oul tesis, the spacing and the
installed position of fixed socket, the length of the soil nail,
and W/C ratio of cement grout in the removable soil nail
changed variously. Also, the short—term and long—term
pull-out characieristics of the removable soil nailing
systems evaluated from them.

The controlled displacement pull-out tests of 21 times

1st shotcrete
|t fortp—n|

2nd shotcrete

~

Rebar

Horizonlal wale

| 10em ¥ 10cm
Wire mesh

P.V.C Pipe
—— Boring hole

{b} Detalls "A”

Fig. 1 Caonstruction details of removable soil naling system
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Fig. 2 Components of removable soil nail
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Fig. 4 Construction sequence of removable soi! nail wall
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Fig. 5 Plan view of Tower Palace huilding site

stopped once the iepsion force has cither passed a
maximuwm ar has stabilized, The tests continued umntil the
tensile force at the head of the nail varies less than ]
percent for a 1 mm displacement. Also, the nail is put into
tension at a speed of lmm/min, and the margin of error on
the speed keeps on = 10 percent, The controllecd force tests
are carried out 2 times at D-site. Before carrying out a
controlled force test, it is necessary to estimate the Hmit
pull-out force Trg, which is assessed from the controlled
displacement pull-out tests. Loading steps maintained
during { hour, except the 0.7 Ty e step, which is maintained

during 3 hours. The first loading step is applied at 0.2 Tee.

3.2 Effect of Spacing of Fixed Socket

In the removable soil nailing system, steel bars not
completely bonded to cement grout. So, pull-out charac-
teristics is affected by spacing of fixed socket. In the field
pull-out tests, spacing of fixed socket is changed to 0.5,
1.0m and the length of nails are fixed to 4m as shown in
Fig. 6.

TPull-out characteristics of the removable soil nails app-
eared a tendency to be similar to pull-out characteristics of
the general soil nails, as the spacing of the fixed socket is
closer. Especially, when the spacing of fixed socket is
0.5m, the pull-out characteristics is almost the same as the

general soil nails.

3.3 Effect of Depth of The Fixed Socket

In these tests, fixed sockets are installed at 1.0m, 2.0m,
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Fig. 7 Effect of depth of fixed socket

3.0m, and 4.0m from the head of the nail and the length of
nails are fixed to 4m. The results of these pull—oud tests are
shown in Fig, 7. As depth of the fixed socket increases, the
hond strengih of the fixed sockets increased to 5~ & ton,
Also, the bond strength of the fixed socket is abovt 4 ton in
atmosphere, which is a state having no confined stress, As
the depth of the fixed socket is deeper, that is, as confining
stress is increased, pull-out forces are gradually increased

due to deformation of the fixed socket restrained,

1.4 Effect of W/C Ratio of Cement Grout

The effect of W/C ratio of cemem grout is shown in Fig.
. Inthese test, the length of nails are fixed to 4m. The W/C
ratio of cement grout is one af significant factors, on which
the compressive strength of the cement grout is dependent.
In these tests, W/C ratios of use cement grout of 48% and
55%. The compressive strengths of the cement grout inthe
W/C ratio 48% and 55% are measured to 241.9kg/em” and
148.5kg/em’(the compressive strength aged 7 days). As
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Fig. 8 Effect of W/C ratio of cement grout

W/C ratio of cement grout is lower, that is, as the
compressive strength of cement grout increases, pull-out

force increases.

3.5 Effect of Length of the Removable Soil Nail

The length of the removable soil nails are installed to
4.0m and 8.0m, and the spacing of fixed socket is installed
to 1.0m. Effects of length of removable seil nails and
general soil nails are shown in Fig. 9. The length of the

removable soil nails did little affects on pull-out force.,

3.6 Pull-0Out Characteristics of the Removable
Soil Nail in Long Term

To evaluate the pull -out characteristics of the remova-
ble soil nail in long-term, a controlled force test is carried
out. The results of the controlled force test is shown in Fig.
10. In these test, the length of nails are fixed to 4m and Tre
is used to 20 ton from Fig. 6. Also, the ground condition
around the test nail was weathered soil. Fig. 10{a) is shown
that the deformation in head of the nail was measured with
each load step (02T gto Tig) for 1,2,3,4,5,8,10,15,20,

Table 1. k values in general soil nails(Schlosser, 1993}

25, 30, 45, 60 minutes individually. In Fig. 10(b) gradient
of creep curve, g, relative curve plotied log t deformation
at head of nail, is plotted by step of pull-out.

Especially at step of 0.7 e deformation at head of nail
is measured with 1,2, 3,4, 5, 8, 10, 15, 20, 25, 30, 45, 60,
90, 120, 150, 180 minutes individually. From Fig. 10(b),
the ultimate creep pull-out force Tc is about 14.2t to 16.3t
and ratio of ultimate pull-out force and ultimate creep
pull-out force kis about 1.34 1o 1,55 This value is greater
than general value of k(see Table 1.}.

Therefore, in the removable soil nailing system,
pull-out characteristics in long—term are not conservative
than the general soil nailing system. Also, in the general
soil nailing system, classification to the period of use is

shown in Table 2.

4. Design Method
4.1 Concepts

The design approach used for removable soil nailing
systems is based on classical stability analysis similarly to
the general soil nailing system. However, the internal
stability analysis of the nails is somewhat different to the
general soil nailing system. In the general soil nailing
systemn, minimum value between the friction mobilized
atong the length of nails and yield strength of steel bars is
evaluated as the resistance force of the nails. However,
inthe removable soil nailing system, minimum value
between the friction mobilized along the [ength of nails
and bond strength of fixed sockets is detertnined to the

resistance force of the nails. Also, in the external stability

1

Type of soils Sands Clays Marls and Chalks
k:Tt_E/Tc 1 2 1.3 14
Table 2. Classification to the period of use{(Schlasser, 1993)
Classification ‘I Short—term Medium—term Long—term

period of use < 18 manthsg

1.5 — 30 years

30 ~ 100 years

Deslan, Construction and Performance of A Removable Soil Nailing System

111



25 — 25
Removable *\
=20 soit mail 20
815 1%1 5 -
u- v
210 — - 310 J___.__‘LT_ I~m
T 5 { R:n}lmfnﬁ!e. . g s e ] j
= soil zinil 77 I S S Wl S S
- L~80m " | SPWPTSUS
0 T Y a 1
0 5 10 15 D 5 10 15
Displacernent of Head {rm) Displacement of Head ()
(a) Removable soil nails (b) General soil nails

Fig. 9 Effect of lengih of soil nalls

is 100 "
1 Croep tat na.! I1 ' j L
—Er— Tk i
13 '
—0—  Tmus 0
12 - — T " EO - - - ' -
11 ——— Tmwatd .
—- [ —— T 8 ":"; £ rkrx rwd poswt
E ° \ - Traxud = —— filtag e '
».E..- g ~ .L-&"kl':_ —Ci— Twes 0% R ——n . Y
‘é 54— ke = Twacud] ..3 '
5 7 e e :f: ::::."‘ —g Te'- 163 | . +
E e erse—nett B wd e Tees BEla T -
é N N - ' ' +
i —N—E-EA—— R AR 2
< =} \ . ] .
2 g e e N
13 —— - St e * ¢ ! t
5 - s T =0 .
I ¢ L 1 —T T
i 10 100 000 09 a2 04 133 [} i
Log t (min) TrImax
(a} Creep Curves of pull-out-tests (b) Determination of the critical creep tension

Fig. 10 Results of the controlled force test

A spacing of fixed socksi and o T Determine. the row and number of nalis

W/C ratlo cement grout . - lo remave {(Heighl of slab)

. r Assume a fallure surface —[ el e Assume a Tallure surface

Eatimate the affective length of Co Estimals the sffgative langth of
removable nalis L ramovable nall

[ Caloutats the skin Ifriction lorce l R Calculate the shear farce

I - o NO of cement grout without the stes! bars
NG Calouiats the total bond strengih of ' o T
- =L tixad sockets
- oK
o . I Print FSmin l
L- 1 Print FSmin _ _i
Fig. 11 Design process flow chart
analysis after the steel bars are removed, shear resistance 4.2 Resistance Forces of Removable Soil Nails

of the nails without the steel bars must be considered. A

design process flow chart is shown in Fig, 11. Resistance forces of removable soil nails are classified
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into two cases, which is resistance force of the nails before
and after the steel bars are removed. In each case,
resistance Torces of removable soil nails are shown in Fig.
2. Before the steel bars are removed, resistance forces of

removable soil nails can be calculated in Eq. (1).

T, = min( friction resistance of ground,
total bond strength of fixed sockets (1

= min{ x D rsi,, Z:l Pr,)
where, D diameter of bore hole
r; :friction resistance
1, :effective length of soil nail

PF<

13

: bond strength of a fixed socket

Also, after the steel bars are removed, resistance forces
of removable soil nails can be calculated in Eq. (2). In Eq.

(2), the shear forces and the bending moments mobilized

1 THIRF TRIRY TR

Removable
\Qhﬂ:

Potantial failure
surface

H

v

Frictlon zane

¥
]
]
3
4 T

¥
TEA

{a) before the steel bar is removed

in the nails without the steel bars are calculated
considering the equation of the elastic bending of the nails
and assuming that the soil can be represented by a series of

elasto-plastic springs.

Py= ——57 2

3
T Iy I
where, M, = —3% 0

32
o : bending strength of cement grout

after the steel bars are removed

;= T i 5f nE
¢ 4 ks dyoie

i, - diameter of driiling hole
k. :lateral soil reaction modulus around
the nails

E : elastic modulus of the nail
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Fig. 12 Resistance forces of removable soil nals

Table 3. Bond strength of fixed sockets

Specifications

Bond strength (t)

Test sample

Fixed sockel 1.44

= o

\78&361 b.':r¥ Fixed socket

Fixed socket
+ 180
gement grout

Cement grout ———
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Table 4. Results of bending tests

Bending strength
el bars , Test sample
Type Ste (kafom?)
Cemant grout
na 0.91
Sagllon a-n
Froly space a
Removable Empty space
soi1l nail Camanl grout
installed 14.18
Saction b—b
Steal bar b
i
Ge”er? no 24 12
soll nail
Section c-c ‘ A

L

4.3 Bond Strength of Fixed Sockets

To estimate the bond strength between fixed sockets
and steel bars, pull-out tests were carried out 4 times.
Also, the steel bar is put into tension at a speed of 2mm/min
in controlled displacement. The average bond strength of
fixed sockets was symmarized in Table 3. From Table 3,
the bond strength of composite of fixed socket and cement
grout is calculated to 1.80 ton. In the field pull-out tesis,
the bond strength of the fixed sockets is measured to 5 ~8
ton. Therefore, bond strength in the front and end disks of
a fixed socket shares about 70% of'total bond strength. The
bond strength in the middle disks of a fixed socket has
about 30% of them.

4 4 Bending Stiffness of Removed Soil Nails

For estimating the degree of bending stiffness of the
nails after removal of the sieel bars, bending tests of nails
were carried out 3 times, The method of bending tests was
chosen to the third point bending test of simple beam.

Also, the simple beam is put into vertical load at a speed of

114 Jour of the KGS Vol. 16, No. 3, June 2000

2mm/min in controlled displacement. The test results were
summarized in Table 4.

From Table 4, the bending strength of removable soil
nails has about 60% of that of general soil nails, and the
bending strength of removable soil nails after the steel bars

are removed hag about 6% of before removal.

5. Performance of Removable Soil Nailing
System

5.1 Introduction

The removable soil nail walls at Cyber Appartement site
located in Dogok~dong, Seoul, Korea are designed with
height of 11.65m and nai! length of 4.0m to 10.0m. Plan
view of Cyber Appartement site 1s shown inFig, 13, In this
site, two inclinometers were installed behind the face of
the wall. Inclinometers were read two to three times a

week.
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Fig. 13 Plan view and typical section of Cyber Appartement site

Table 5. Sgil properties used In stability analysis

St Raply

(h) Typical section F-F

Clagsification Unit weight (t/m') Friction angle { ") ! Coehesion {t/m) Elastic modulus (t/w)
Fill 1.80 30 00 0.00 5000 0
Deposit 1 1.70 28 00 0.00 1 4000.0
Deposit 2 1.80 30.00 0.50 6000.0
Weathered rock 190 33.00 100 ‘ 7000.0
Solt rock 2.00 40 00 1N 200 10000.0

Table 8 Vanations of safety factor after steel bars are removed

) Removed steel | Depth of removad Safety factor
Analysis steps | G L {m) )
bars steel bars Meglect bending shffness | Consider banding stffness
Step 1 | —11.65 | No.11~13 3 00m 118 133
Step 2 | -865 | No.B~10 3.00m 122 1.41
Step3 | -5.66 No.5~7 3.00m 1.20 1.40
Steo 4 | -2.65 No.1~4 2.65m 114 116
3 T
1 1 1
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Fig. 14 Vanations of safety factors at each construction stage
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Fig. 15 Honzontal wall defiections of removable sofl nai walls

5.2 Stability Analysis of the Removable Soil
Nail Walls

Soil condition consists of fill, deposit soil, weathered
rock, and soft rock, and the soil properties used in‘stability
analysis of removable soil nail walls are shown in Table 5,

The stability analysis of the removable soil nail wall
was carried out by "Visual Nail" computer program. In
"Visual Nail" program, the stability analysis is used for the
modification of the procedures used in the simplified
Bishop method. The potential failure surface is assumed to
be a logarithmic spiral curve, and the slices are divided
into the direction of reinforcement,

Variations of safety factor after sieel bars are removed
are shown in Table 6. In Table 6, the bending strength of
cement grout after steel bars are removed affects on about
2~16% to overall stability. Varialions of safety Tactor
before and after sieel bars are removed are shown in Fig.
14. The stability of the removable soil nail walls in Cyher
Appartement site is satislied within allowable safety
[actor, which is equal or greaier than 1.5 before the steel

bars are removed, and 1.8 after removed,

5.3 Horizontal Wall Deflections

Deflections measured on the high wall are shown in Fig.
15. Fig. 15(a) are ploted to maximuim lateral displacements
each construction steps by inclinometers -1 and 1-2.
Inclinometer data of I-1 are shown in details as Fig. 15(b).

Incremental deflections are gradually decreased al

116 Jour. of the KGS Vol. 16, No. 3, June 2000

excavating above 60% of the final excavation level, The
maximum deflection occurred at the middle of the wall,
The total deflection before and after the steel bars are
removed were 12.1 ~18.5mm to 17.0~25 .4mm, which is
increased abaut 40% by removing the steel bars, However,
maximum deflections after the steel bars are removed
were measured within 0.3%H in maximum lateral

movemenis of the general soil nail walls.

6. Conclusions

This paper describes the design, construction and
performance of the first removable soil nailed walls in
Korea. Instrumentation data, including wall deflections
before and after the steel bars are removed, are also
discussed in detail.

The following conglusions could be drawn from this
study.

1} From the pull-out characteristics, we found that the
spacing of [ixed socket and W/C ratio of cement grout
are important design parameters. In the removahle soil
nailing system, pull-oul characteristics in long-term
are nol conservative than that the general soil nailing
system from the controlled force tests,

2) The design approach used for removable soil nailing
systems is based on classical stability analysis similarly
tathe general soil nailing system. In the removable soil
nailing system, minimum value between the friction

mobilized along the length of nails and bond strength of



fixed sockets is determined as the resistance {orce ol the
nails. Also, in the exaemal stability analysis atter the
steel bars are removed, shear resistance of the nails

without the steel bars must be considered.

3) The bond strength in the front and end disks of a fixed

socket shares about 70% of {otal bood strength. The
bond strength in the middle disks of a fixed socket has
about 30%. of 1olal bond strength. Also, the bending
gliffness of removable soil nails has about 60% of that
of general soil nails. And the bending stiffness of
remaovable soil nails after the steel bars are removed has

about 6% of before removed.,

4) Deflections measured on the removable soil nail wall at

Cyber Appartement site, Seoul, Korea decreased
gradually at the level of above 60% of the final
excavation. The maximum deflection occurred at the
middle of the wall. The total deflection atter remaoval of
the steel bars increased about 40% compared to the
deflections before remaoval of the steel bars. However,

maximum deflections afier the stee] bars are removed

were measured within .3% H in maximum lateral

movemerts of the general soll nail walls.
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