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A Study on the Application of Bamboo Soil Nailing System
through Experimental Construction
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ABSTRACT : In this study, a newly modified soil nailing technology using bamboo is developed. And field tests were performed
to confirm applicability of bamboo soil nailing system. For the practical use of bamboo soil nailing system, laboratory tests, field
instrumentations and pullout tests were also performed to investigate the applicability. The results of field measurement through field
tests were compared with the results of numerical analyses for verifying the field construction. As a result, the results of comparing
with the field measurement and numerical analyses shows the similar behavior characteristics. Based on this study, applicability for
bamboo soil nailing systems were confirmed for the case of comparatively low scale nailed-soil excavation wall. And it is expected
that the bamboo soil nailing system can be used as satisfactory reinforcement technique taking the place of existing steel reinforcement
soil nailing system. Hereafter, it needed the research for the applicability for the various types of excavation condition, also the active
practical application of bamboo soil nailing system is needed.
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3142 &3l @A ASEet
UF= 242 & (brittle material)
1502 QIgh AHke] 71 =2} A] 7}
A& AT} P55, B4 BALRo]
ojuf AIHE k-8 WiRolA 7|3t
o, PG E 5 o o] Wi gt
A RAEH(Bang et al., 2005; (F)T=F7|=,
2001; Kim, 2002).
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Fig. 1. Schematics of bamboo soil nailing

Table 1. Material characteristics of bamboo in Korea (Korea Forest Research Institute, 2010)

Phyllostachys bambusoides siebold Phyllostachys nigra var.
Height (m) 10~20 6~15
Diameter (cm) 5~15 3~10
Joint space (cm) 30~45 10~35
Air-dried specific gravity 0.85
Uniaxial strength (kPa) 67,273 71,980
Tensile strength (kPa) 274,390 279,881
Flexural strength (kPa) 149,551 168,576
Shear strength (kPa) 16,671 18,632
Impact strength (kJm?) 190.25 223.59
Hardness (MPa) 13.533~26.184 16.867~31.675
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Table 2, Laboratory tensile strength test result

No. of specimen | Tensile strength (MPa) | Location Note
3232 High
1 271.9 Maid
206.0 Low
279.0 High
2 316.1 Mid
284.8 Low
238.9 High
3 263.0 Mid
2143 Low
280.0 high
4 3152 Mid
271.5 Low
297.6 High
5 286.6 Mid
242.9 Low
2249 High
6 303.0 Mid
239.8 Low
2219 High
7 238.8 Mid
261.9 Low
291.0 High
8 282.5 Mid
332.9 Low
274.7 High
9 289.1 Mid
2514 Low
10 273.1 High
238.3 Mid
250.4 Mid
H 240.4 Low
275.0 High
12 277.4 Mid
279.6 Low
13 284.5 -
14 238.7 -
15 276.4 - 3year
16 277.5 - storage
17 247.9 -
18 271.6 -

Fig. 2. Tensile strength test specimen
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EA O FHE] QAT HZkS 268.3MPa, EFHA} 29.2,
AlZ F 95.5% o] 1A= W= 209.9~326.8MPa
2 Yelygtt o]= SD40()(CD29) A9 27 % 400MPa2]
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2em@l A Fe o] AR 7hgo] Brbs st Bt
A A GHEZE AFHHKSE 3033)& Z83te] A

A
st due] 27 oF som, Zo] 10cme] EAIE

187 A8l ¢ra7dw AlFS =askeit) EAEL A
2O F 2 AR Al SRS HAIsh] flske] HF
9] Steel Cap 2.2 whghA|2] ahlet. divhy S22 AR
et oS 47 Ao S & Hdge R o
W2 AAleltt Table 32] &A1 A2 e Q&7
T W9 49,134 ~64,847kPa, Bt U&7 e 57,253kPa®

Z¥Z} LYERSTL. o]+ Korea Forest Research Institute(2010)2]

Table 3. Uniaxial compression test result

Test | Max. load | Diameter (max./min.) | Compression strength
No. N) (cm) (kPa)
1 38,180 4.5/5.3 61,633
2 27,172 3.7/4.5 56,538
3 34,131 4.2/5.0 57,786
4 26,935 3.6/4.3 64,847
5 24,756 3.7/4.4 54,896
6 39,766 3.8/4.8 61,190
7 34,145 4.5/5.3 55,686
8 44,253 3.7/4.7 64,604
9 42,565 4.1/5.1 57,577
10 45,158 3.5/4.7 58,533
11 24,631 3.7/4.4 54,629
12 31,190 4.1/4.9 54,335
13 22,489 3.7/4.4 49,134
14 42,536 3.8/4.9 61,391
15 26,834 4.3/5.0 49,887
16 31,739 3.8/4.6 64,319
17 44,431 3.0/4.5 51,065
18 28,615 3.9/4.7 52,501

A2 Table 1 =)ol AXE Lh o] A=5711=(68,600kPa)
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=ur)el 247k 4ol ik KSF 22080 whaw Al
o] 27 ahele] Zol7k 2~3emsl AAZFRolIL, A
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Shum, 3 Aol 27 som vele] Fefheg A
o] Zo] 60em(AEH olu] 1) sfo] Al@stedrt. B2
£ 9 g 2ATS FUANE AT BRA
AFANFATLA A 9JEF Syl om, ATk Table 4
o} 7}, Table 404 iU A|HO] T T 40,187 ~
213,231kPao| 11, o H7}=X 88,453kPa® Korea Forest
Research Institute(2010)2] A|A] ZH(Table 1, 152,500kPa)2]
oF 58% 420l ol2lat Aol AW BAA B4 A
74 7o) Soll 711% AL R FF bR WAE AH
¥o| mek So| Rtk Aom wrkHk AHo) A8 o
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Table 4. Flexural strength and moisture content test result

Test Flexural load Flexural strength | Moisture content
No. (N) (kPa) (%)
1 575 40,187 17
2 1,855 44,906 26
3 3,704 213,231 30
4 1,249 56,139 20
5 1,581 65,798 21
6 5,685 208,465 26
7 1,710 70,597 28
8 5,492 157,055 36
9 1,823 52,794 36
10 1,734 81,435 24
11 3,173 134,455 26
12 1,396 43,946 27
13 5,374 185,619 24
14 1,348 52,751 28
15 1,366 61,398 34
16 1,356 58,123 25
17 1,806 65,177 28
18 3,144 101,420 33
19 2,695 116,216 37
20 1,006 53,255 19
21 1,682 77,432 24
22 1,032 51,979 27
23 1,441 64,114 35
24 4,394 171,234 45
25 933 43,814 36
26 1,447 50,745 45
27 1,929 71,841 44
28 1,084 72,061 30
29 1,858 58,490 33
30 3,321 128,905 35

Table 5. Conversion tensile strength of bamboo tube

3.4 SCiLIRO| B oIRZE

Table 2] AW JIGAF AT} e tfupFo] QI =
2 Table 3] qME x] S
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e ik i Al 9] 48] 52 95.5% |49
(209.9MPa)E Eti= A4HgH SojubRe] Bhab Q1A
88.90(FTH) ~53.35kN(SHHT) 1 9lo]as, il =(326.8
MPa)E Eti® 3t FTHUHEY] SHbIA7 == 289.95(4

1) ~113.06kN(SHH) W 9jo]tt. thupito] F7= ul
o 7 E 4= T AL nir ot upt] Afe] o] FofollA 7}
%GR FENRA A A4l Aol uhe] Alo|o] ZH GR
FES SAsHh AAR 2 A JIAAE Al Ay}
(Table 2)E5 BFFo& 973} F74| ZH2t 5.0cm, 0.5cm o<l
o] Shik IS ARISHH oF 150kN o]/, 235kN
o]} o]tz SD400(029) Hto] FFEAFIE OF 264kNC] oF
57~89%0 3|g3tct.

OEi
X
H1

4. BB BAIGE TE HFEY Bt
4.1 AM>AMS 1L

RS dF2 A2 A=Ed

v gE

Test No. Extern. Dia. (mm) Thick. (mm) Intern. Dia. (mm) Section area (mmz) Tensile strength (kN)
1 53.2 4.1 45.0 632.1 132.59~206.43
2 449 38 373 490.4 102.87~160.16
3 49.9 4.2 41.5 602.7 126.42~196.83
4 43.1 34 36.3 423.8 88.90~138.42
5 438 3.65 36.5 460.2 96.52~150.28
6 48.0 49 38.2 663.1 139.10~216.57
7 52.7 4.1 445 625.7 131.24~204.33
8 473 53 36.7 699.0 146.61 ~228.27
9 51.4 52 41.0 754.4 158.23~246.36
10 472 6.1 35.0 787.2 165.13~257.09
11 443 3.6 37.1 460.1 96.50~150.25
12 49.1 4.15 40.8 585.7 122.86~191.29
13 439 3.7 36.5 467.0 97.97~152.53
14 48.5 52 38.1 707.0 148.30~230.89
15 49.8 3.8 422 548.9 115.13~179.25
16 46.0 3.8 38.4 503.5 105.62~ 164.44
17 452 7.5 30.2 887.8 186.23 ~289.95
18 473 4.1 39.1 556.2 116.66~ 181.63
Min. 35.0 35 28.0 346.2 72.61~113.06
Diameter 30.0 3.0 24.0 254.3 53.35~83.06
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Fig. 7. Experimental construction proceedure

(f) Construction

28 >> A Study on the Application of Bamboo Soil Nailing System through Experimental Construction

completion




4.2 ZAZ H A

b L s ASELS 248 S8l = ol
Hol| AAH| 4744 A 367H(4EAEH 9
A2)E A8k oF 10047K20149 59 179 ~2014d 8

09) A%S Fgstgon, AAdAY FRE WY A

A AT AZ7] A A%

4.3.1 RIZZA
A SR F WSI7E AQ) SRuAle] Solz 79 289~
89 259 Atol ] ZAMA A ATH: Fig 99} 2tk Hrhs

FAGHE FRAFO] 49 T64mm, 2AY A AL T~
74.6mme] W9|2 ekt w7 23wol welere vl
U 500 vk 2 Kol7} glelond, WA PSR

ULl Aol WA F1b FiolA WAL SHH0
2 UebdthFig 8(0). FR BAE A9 B 35
o Zzhyra 2w szl ofs) WAMSI} oAE Ho.
= g,

il

432 S

B AT AZIRE F 2QY L] A
2o] 27]2 wla- EAs] glste] ZHMA etz
| 2,3, 48 BAAe] dolaFo® 247k 4704 % 367

& :inclinometer
€ :soll-nalil Stressmeter \
(‘D} : target o
© :boring

Fig. 8. Field instrumentation plan

—+— 14/7/28 —— 14/8/4

14/8/11 14/8/18 —*—14/8/25

-100 -50 0 50 100 -100 -50 0 50 100
0 0

T T

E4 E4
< ey
g g
& 8
5 5 e
6 6
7 7
8 8

(a) None. (b) Bamboo

Depth (m)

-100 -50 0 50 100 -100 -50 0 50 100

0 / 0 /
1 F 1 L
2 2
3 3
4 Es
2
8
5 5
6 6
7 7
8 8
(c) PS bamboo (d) Steel

Fig. 9. Inclinometer monitoring result

Journal of The Korean Geo-Environmental Society Vol 16, Issue 3, March 2015 >> 29



o geAE B2

u, 29 Qv AYel Y3t SAA =HANE Fig 109]
ek it W9y FRERE SEAZ RAE X7
o A Fig. 109] Yool E71sheieh 2edu|Uel
WEEE SUAREL AT Fal uet W7 F7kste] A
3 oF 250] B3 20149 7Y % o] Fot= F71o|
Sy ol FAA AZEL £BWN £
o} YRHoR QAeks Ao AS Auto) AL o
AT 4 gk WHHE S A7) GO 2

Ao 714 A vekitk ol 2AYAY T

200

~—5N-2-2(1P) 0.6m
-=-5N-2-2(2P) Failure

-+-SN-2-2(3P) 3.6m ’/—(J_—‘
150 +—
—5e5N-2-2(4P) 5.1m ////
50 Z //

14/5/17 14/5/31 14/6/14 14/6/28 14/7/12 14/7/26 14/8/09 14/8/23
Day

kgf/cm?

(a) Bamboo soil nailing

~+-SN-3-2(1P) 0.66m
350 | -m-SN-3-2(2P) 2.16m
—#-SN-3-2(3P) 3.66m
300 T =+=SN-3-2(4P)5.16m

/’"
VA -
y i

14/p/17 14/5/31 14/6/14 14/66%3 14/7/12 14/7/26 14/8/09 14/8/23

(b) PS bamboo soil nailing

800

——SN-4-2(1P) Failure

700 | -m-SN-4-2(2P) 2.47m -~
—4-SN-4-2(3P) 3.77m /

600 —| >-SN-4-2(4P) 5.07m /

500 //\v

400 //.-——- /

o0 //P-"( \ /\
0 g . . - - - -

W7 ANSEL /614 14/6/28, 141712 14726 14/8/09  14/8/33

-100

kgf/cm?
w
8

200

(c) Steel soil nailing

Fig. 10, Internal stressmeter measuring result

4= Bang et al.(2005)%] A1Z1E EU|Z 35,000MPaz
7hgstaich
4,33 % QLA™

2l
g
st % 6N 270, PSTHUE 270, Bt 22
faroz 429) JUAFERS ARAOR vl GES

A} okA] - FHWA(1998, 2003)2} French National Research
Project Clouterre(1991)2 2Fx35lo] H A of2] &% QI

AP S PESEE Imminin®] SR Q1%
2ol QYT gholl +HY WA AL FH A
D19 54

— [e]
A Adt vehd ZH7re] 2| U g IR
< Fig. 113} Zt}

Fig. 1104 QUEFAgFe& b oF 107kN, PSTHU-
oF 117~137kN, H:L 156kN H=o] Mg el o]
Bang et al.(2005)] tjuh WA g ol gt A% QA A
T} Ul oA 76.49~112.78kN #$]9} S-A1st
Tpo|t}. 98kN o|ao] IslE 27lof|A o] FHREE A
HEH tfupFollA] oF 35mm, HLoA oF 15mm, PStHut:
oA oF 16~30mmo] HLlE Uetfjo] thubtolA 7H
A Aol 7P AA debgen, o= My ES oA
3 Ak ARty Ay xo)xe) AFELo|ng
5w} oheket ARkeeA 9 ol F2lo] dad A
© 2 FHotEti(Bang et al.,, 2005).

Y

4~

5. IR =&

B Aol B ARl ofat W) ASATte] 4
AEL SJsto] ZHAIT Aol T2 ASjEAe A4
o A ZRaRe gera s eIzl

30 >> A Study on the Application of Bamboo Soil Nailing System through Experimental Construction



Soil Works v.400& AMg3}gL0m, elut elylele)a} ot 3 Sof Tt WAuEs BAS Sttty HAlo] ALE
B2 o] ot 2y U] S H] L B4 T of ke AEAZ 34%% T(Fig. 6(2)TF 23, A&
9], AHg A7 =199l TARLEN VerdS o] &510] 2 A7) Table 63} 2T}, Table 604 Bjubie] 2122 @
AY|Ae] 7w, dolulzh 2o ehdgol mHE A NPAE Al AL o] shek ©]74(3.0~3.5m)
% H4ghe A8 BHAe B Peo] autude
H gatgich
O B _—
. // / 5.1 H3HA
Zeoo /'/ Qulk 2oyt s v dgol) et a4 AT, 2
N BRI e REEE Fig 129 gov], S 2
‘ / / A F T wrE HSE S BAS vk Fig 13
7} 2t} Fig. 120014 #A|9) Wi9] BE P F 7px) mE
- - \ - o] kol 27 Uehhe R 2 Kol 4

0.0 10.0 20.0 30.0 40.0 50.0

- wolA] grow] AdugEhe 2 2y A 139mm, o
(a) Bamboo soil nailing

160.0

—-SN3-1, 2nd
1400 +

-#-SN 3-1, 3rd —_—

DISPLACEMENT
T

1000 // /
Y
600 S

vl S

oo | A7

0.0

120.0

(kN)

0.0 100 20.0 30.0 40.0 50.0

(mm)

(b) PS bamboo soil nailing

(a) Steel soil nailing

180.0

—-SN4-1, 2nd ———
160.0

[ Loz e
Jrp—

140.0 . w
/./7 -

1200 /,// s erssoons

1000 /, / —

soo / /

60.0 o .

40.0 -//' -3.86983e-002

20.0

0.0

(kN)

0.0 10.0 20.0 30.0 40.0 50.0

{mm) L.
(c) Steel soil nailing (b) Bamboo soil nailing
Fig. 11. Field pull-out test result Fig. 12. Numerical analysis result of bamboo soil nailing

Table 6. Material properties for numerical analysis

Classification Unit weight Cohesion Inter. friction angle Young’s module Note
(kN/m’) (kPa) ) (kPa)
Soil 18.0 15 30 20,000
. Length Diameter Section area Moment of inertia Young’s module
Reinforcement 5 4
(m) (cm) (cm”) (cm’) (MPa)
Steel bar (D29) 6.0 2.9 6,605 3.472 210,000
Bamboo 6.0 3.0 6,283 3.927 35,000
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