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A Case Study on the effects of Elephant Foot Method
considering the rate of Changes in Tunnel Cross Section
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ABSTRACT

In case of excavation of the tunnel under weak ground conditions, such as fault zone, leg pile reinforcement with the purpose
of suppressing tunnel crown settlement and side wall displacement is commonly applied. There are convergence, crown settlement,
leg settlement, and the axial force of leg as a main factor for confirming the safety of support considering the installation angle
and length of leg pile reinforcement according to the increase in rate of change of tunnel cross—section. In particular, the influence
of right corner settlement, among variables for safety confirmation during excavation, has been analyzed as the dominant factor
in the most important priority management showing larger displacement tendency than the increase in rate of the cross—section.
And, it was analyzed that the occurrence tendency of axial force on leg pile reinforcement showed the influence of behavior
according to the friction support concept mechanism of the pile reinforcement rather than the increase in rate of tunnel
cross—section, as it showed a small increase compared to the increase rate of the tunnel cross—section which did not show a
great correlation from the viewpoint of the change of the axial force by the length of each leg pile reinforcement with regards
to the change in rate of increase in tunnel cross—section. If a certain length of the leg pile reinforcement is selected based on
the above grounds, even if the cross-section of the tunnel in poor ground condition is somewhat larger, it has been proved to
be a more reasonable method considering the workability and economical efficiency by not extending the length of the leg pile
reinforcement by force.
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Fig. 1. Variation in pile installation angle and length
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Fig. 2. Variation of tunnel displacement by leg pile installation angle and length (Lee et al., 2016)
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Deformation modulus (Eo)
(Mpa)
50
270
70

Internal friction angle (&)
28
31
31

Cohesion (C)
(kPa)
25
34
60

Unit weight ()
(KN/m°)
19
21
21

Materials
Weathered sail
Weathered rock

fault zone

Table 1, Parameters v, C, 9, E, for each material,
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Table 2, Variation of tunnel displacement by comparing the section increase rate (Installation angle)

Installation angle (°)

ltems Remarks
0 10 20 | 30 | 0 | 50 | 60 | 70 | 80 |
—
@ Ceiling 722 | 755 | 793 | 829 | 871 | 905 | %28 | 941 | 945 | 944
displacement (mm)
Case 1 @ :
A=12.275 i | € nerna 65 | 415 | 511 | 566 | 610 | 621 | 613 | 597 | 581 | 565
i displacement (mm)
o | @ Al force (kN) | 2,206 | 1991 | 1769 | 1506 | 1164 | 967 | 737 | s18 | 568 | 770
QG T
3 Right—ang|
@ Right-angle 233 | 293 | 354 | 404 | 448 | 475 | 486 | 489 | 485 | 476
settlement (mm)
Ceiling 644 | 670 | 700 | 724 | 749 | 777 | 795 | 806 | 810 | 809
displacement (mm)
Internal
242 | 344 | a2 47 1 1 7 | 291 | 474
Case 2 | opiacement (mm) 2| 3 9 3 | 503 | 519 | 518 | 50 9 _
B=89.878 m
Axial force (kN) 1087 | 1760 | 1511 | 1281 | 1020 | 811 | 619 | 424 | 426 | 740
Right-angle 148 | 189 | 232 | 263 | 201 | 317 | 330 | 336 | 335 | 330
settlement (mm)
Ceiling 112 | 112 | 113 | 114 | 116 | 116 | 116 | 116 | 116 | 116
displacement
Section internal 100 | 120 | 119 | 119 | 121 | 119 | 118 | 116 | 116 | 116
increase rate | displacement
(A/B=1.36) Axial force 110 112 117 117 114 1.19 119 122 1.33 1.04
Right-angle 157 | 155 | 152 | 183 | 153 | 149 | 147 | 145 | 144 | 144
settlement

Ceiling displacement(mm)

o 10 20 30 40 50 60 70 80 90
Pile Installation angle(°®)

(a) Ceiling displacement of Pile installation angle
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Fig. 4. Variation of tunnel displacement by leg pile installation angle
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Fig. 5. Variation of displacement and stress increase rate by pile angle

Table 3. Variation of tunnel displacement by comparing the section increase rate (Installation length)

Leg pile length (m)
ltems Remarks
2 3 4 5 6 7 8 9 10 11 12
@ Ceiling
: 909 | 890 | 871 | 852 | 835 | &1 | 807 | 795 | 781 | 770 | 760
displacement (mm)
Case 1 @ ‘
A=122,275 nf | & nerna 877 | 848 | 800 | 763 | 740 | 731 | 725 | 718 | 71 | 71 | 701
P displacement (mm)
o2 5%, | ® Axal force (kN) | 4353 | 654.1 | 8255 | 9545 | 1,031 | 1,086 | 1135 | 1177 | 1223 | 1,256 | 1,282
@ Right-angle 498 | 471 | 443 | 420 | 404 | 391 | 380 | 369 | 358 | 348 | 340
settlement (mm)
Ceiling 782 | 764 | 745 | 727 | 713 | 697 | 685 | 675 | 663 | 654 | 646
displacement (mm)
Internal 502 | 492 | 462 | 456 | 454 | 456 | 456 | 456 | 456 | 456 | 457
Case 2 , | displacement (mm) ) ’ ' ’ : : : : : : :
B=80.878 m
Axial force (kN) | 4266 | 666 | 8523 | 9519 | 1.036 | 1100 | 1145 | 1181 | 1218 | 1245 | 1267
Right—angle 315 | 202 | 273 | 255 | 243 | 231 | 220 | 211 | 202 | 194 | 187
settlement (mm)
Ceiling 116 | 116 | 116 | 147 | 147 | 147 | 147 | 147 | 147 | 147 | 117
displacement
Section | Internal 168 | 172 | 173 | 167 | 162 | 160 | 158 | 157 | 155 | 155 | 155
increase rate | displacement
(A/B=1.36) | Axial force 102 | 098 | 096 | 100 | 099 | 098 | 099 | 099 | 1.00 | 1.00 | 101
Right—angle 158 | 161 | 162 | 164 | 166 | 169 | 172 | 174 | 177 | 179 | 18]
settlement
2 Uehla 9=di(0.96~1.02H), ol= HE 2] THZ Aol tigt S o|ebsls A AR o] 2R ] ez
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Fig. 6. Variation of tunnel displacement by leg pile installation length

2.00
° 1.80
c p————o o
S 160 ©
g 140 | Sectionincrease rate (A/B=136) _ _ _ _ _ _ _ _ _ _ _ _ _ _ - ==
51204 o o = = o o = o ]
1
° 2 T x x x x x x x
EE =
T © 0. . ™ .
5 g 0.80 —&—Internal displacement —— Ceiling displacement
c £ 0.60 —— Axial force ——Right-angle settlement
2 g 040
£ 5 2 3 4 5 6 7 8 9 10 1 12
; w

Pile Installation length(m)

Fig. 7. Variation of displacement and stress increase rate by pile length

ZhgETh Wi 2(1.58~1.814>1.364H) HalHS] AT

g
2 HolFa gl vk o] ER AIBZE WAet tRol B
AT WSIFo] AL Uehlt Fa AAE BT 4
SAoit. %, AR EAA ) AREAT QS 1
B3 B B3 A] 2R iAoM) b slel 92k
Hsh Wat Ede] g 371 A S ke S
of 0% AFEA A o Aoz woech

«
[V
rhu

& d7olM s dEE oA 22 o &
2 EA

J5(Elephant foot pile)S 1123t A|HHAF FAF



A3)

4)

)

118

of wiafe] whe} thio] Aoz 9ot 1.4~ 157w}
27H8S Wol TulE gt iAo 2 welE
7he ABS Uepion] g Z7hgo| nhe 7
e GUE/HE o) ok o AR 4 glons
4 9 AIBA ZPEs] 2Rt Aol g el 2

27} whEA] Bask Aoz wehdr),

wel Z7bh it sheekE B4R 7 AgEe-~
12m)E 7o] AR Helo] AN ol Ao vt
Eft B9 BZshgo] 2 1 Lojusto] uf
£ Zeo] Mol 2 AWPE A Roh Aoz
ghorelcy ofejgt ol whHle] SRR BAE
Zlo] el o] AuFAQl 7|20 4] B n}ax]
A WAUET FAT AFPAOE BYdol o &
25l o2 AnH,

Ede) tieuial SuEheS Tejdh 23] A1 o
A BRE 9T FRAGRAS] UF Aes
o] ole] w4 A5 thet We) $HSA BAA,
QA3 o] ZRgE HAD 79 9] Tl
thh ARk sheleh Felshl wAAAoR 248 1
A3 e S7h1Y Bak gl Ao s,

ShmRMARSsE=RE  H[173 H1S

(6) e dA-Algae F2 AujdatzM s, 9isrt

References

. Jung, H., Kim, H., Chun, B. (2009), “A study on the ground

settlement and reinforcement measures in the case of tunneling
at the yangsan fault.” Journal of the Korean Geotechnical
society, Vol.10, No.6, pp.35-48.

. Lee, G.-Y., Oh, J.-H., Cho, K.-H., and Lee, D.-S. (2016), “A

case study on elephant foot method for railway tunneling in
large fault zone.”, Journal of the Korean society of civil
engineers, Vol.36, No.6, pp.1161-1167.

. Lee, G.-Y. (2016). A case study on elephant foot method for

tunneling in large fault zone. Ms. Thesis, Korea National

University of Transportation.

. Park, C., Lee, H., Park, J., Yoon, C., Hwang, J. (2009), “A

Case study on elephant foot method for tunneling in the soft
ground.” Journal of the Korean Geotechnical Society, September
25~26, 2009, Incheon, Korea.

. Shin, H. (2014). A study for tunneling excavation and re-

inforcement in excessive displacement ground characteristics.

Ms. Thesis, Woosong University.

. Yim, C. (2006), Optimum tunnel excavation and reinforcement

method in large fault zones. Ms. Thesis, Korea University.

. Yim, S, Seo, Y., Kim K., Kim C.,, Kim H. (2010), ‘“Reinforcing

Effect by Tunnel Support System.” KSEG Conference, April
8-9, 2010, Kyeongju, Korea, pp.255-258.



