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ABSTRACT

As the jacks provide a thrust force on the inclined surface, bending deformations by a side
force occur in the pedestal and rod parts. This can induce disorder or degradation of the thrust
module, buckling stability on the inclined compression condition should be clarified to secure
the reliability of shield TBM. For analyzing the stability, a buckling testing method for hydraulic
cylinder was investigated and compression testing system was installed. Before the test, a
numerical analysis was conducted to check the stress concentration parts. The maximum
allowable force was loaded on the cylinder specimen at O degree surface condition as a
preliminary test. After the test, plastic deformations or hydraulic leakage was not observed.
The static stability of it was verified at 0 degree condition.
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== TBM (tunnel boring machine)®] ¥&=22} 7|&-S 7617 $faliA] WA1ad A1 E(helical segment)S 083+ HF2]o]
312 %] 3 QItK(Choi et al., 2022, KAIA(Korea Agency for Infrastructure Technology Advancement), 2022). WA A THE
ol g5t 574 170 Al THEZ XS o, sl YIRS Hlofd L R] 2125 FEsto] A TTHE A2] 59 TBM =314
thoh= ®HAlolth(Fig. 1). F=9] §=lS 550 frrleheld, 54 F3080] o= whE F710] 84S the S04 50]
of g}, 18 B, At = TBM g0k 7iE S22 0] 308 of Hlsf| &2t g ol Al a5 AlITHEC 1zt ¢
O] FRIAL- oF 50%712] F312-& S7 XAk et HarH HE Qlek(Wehrmeyer, 2022).
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2. TBM &2371a0] 2212 2

2.1 LA MAHER} 2124

TBM 1&22l7 e thesh] flst] Wild AlIHEES ¢

EE 9420z AR, Fig. 201 WATE AlIRES] A2} 19]
Ze TR E'd glold o] 3xk HAEE LRSI €

AR MTHEE Z 1200 mm, 7] 350 mmE- 7FA|H, @*d%é}ai
485 0]t (Fig. 2(a)). 7.5712) YAIE A THE L 360 =2 E]'E 2lo|d-S 461 Hck o] 4™ 15710 M| THEZS AFgshH 4

3] 7205=(2917d) 9] 2olido] 7 dHth(Fig. 2(b)). ©] ARl Wil ATHES] A2 2= oF 2.9%7 Hi(Fig. 2(c)).
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(b) Helical lining composed by eight segments (c) Definition of helical angle
Fig. 2. Designed helical segments
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= Aol A8 TBM F41RE2 Fig. 3(a)2h 20] 30710] S50 0 2 J/dxlo] glom 7id 3042 ot A=ie|eh Al L
HEo] HEshe gl A" 2 1A4Eo] Qltk(Fig. 3(b). 084S Erskslo] 8151tk Fig. 3(c)). HldlAge] F41%3t AT
o SAFAIo= 40 mm o] 2 mAlle] 7= Q)9it. ofi= HE0] HO R Q18| TBM F8 K AT ES EJL*OH eFAy
Foz o Hlofut 97| whze] ME|l g AT E A G el gots] FAI717] flet A e & TeE|gey wetA o] o3
Al ofsf| o] WY o=z, ofef ik HZgeo] 71 2 oz WE|Siet. T2 12 folld @Il of ofet 2=
=7 o FAsop & 2l o= weE

0]

Hydraulic
cylinder

Pedestal

(@) Thrust jack module (b) Hydraulic cylinder and pedestal

(c) Offset of pedestal
Fig. 3. 3D drawing of the shield TBM and thrust jacks
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2foto] S SR oA ATt ATt Hihl g A1 2] 40 mm O] @ DAl T2 HEs)

@-W
7] lote] AT RO R ML SIAIAI1 L i) 2sKck Fig. 7).

Table 1. Buckling testing condition of hydraulic cylinder (Korea Testing Certification Institute(KTC), 2015)
Evaludation standard

Testing contents Standard Testing procedure
- Extrusion of cylinder up to 98% of maximum
stroke.
- N ion of il 1 lastic defor-
Hydraulic jack KS/ - After fixation of both end of cylinder, attachment OI? observation o an}./ o ea}kage, plastic de .0 '
. . . . . . mation, or breakage during 3 minute of compression
buckling test Hydraulic cylinder  of four strain gages with 90 degree spacing. test
- Measurement of buckling strength of the specimen '
under 150% pressure level of rated pressure.
Pedestal d Strain Gauge cylinder
| v
v
B /
T Relief Valve Pressure Gauge

Reaction Plate | |
| L] /
|

<— Qil Tank —»
3
O <“«— Pump

L1 Ll =

Fig. 4. Hydraulic circuit for thrust jacks compression test
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3.1 2208 2 Y ZAE

TFESNAES ol FAM0] 7 RES Fig. 59 o] RARSHet. 317k M) 755702 FH( tube), B (bracket), 1237
| 27T} 5 U5H]| Q= AR 2Eo] BB UY1E Eoto] x50 & 980 kN9 &3-S

Hd| A~ (pedestal ) ol F-o45}159a1, AA =
dAgeH et 7t mhE o] A s BAeHH, REO| 3%

71SISAE. o1 S5l E=(rod) 2] el ofRh w2 wH| A ol
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2 74 28 ©@AZR1 STKMI3Co|1, T1 o]9] 2&, Hell, HyAg TfE= 5 At A8 739l S45C 2 BA=ITh
(Table 2).

Tube: fixed

Cylinder rod:
Force x

zIJ\ : Pedestal: fixed

Fig. 5. Boundary conditions of thrust jacks model

Bracket: fixed

Table 2. Results of static analysis

Part

(material) Tensile strength Yield strength Max. Von-Mises stress Max. stress/yield strength
Tube
1 . 1.059
(STKMI3C) 510 MPa 380 MPa 3.98 MPa 05%
Rod 686 MPa 490 MPa 316.41 MPa 64.6%
(845C) : e

3.2 L=aiM At

FxolA S AR IR T2l ANSYSES AMEslo] Aol 4(static analysis). 08 s on] Avl=Fig, 63} 2t @A) 525
A melofl A e Age] @ M2 shohieko 2 mHlg o] o)k s ATNE W, AT iheko & QIS sith o 2 o
W97 RSt wheba] @ TAlo] ot S ee we| g @ A whgko] Wil Higko 2 WAyt 71 0 2 o E|]rh(Fig. 6(a)).
1], ofof| whE -§ 352 Hu| AT} AAH 2T o] o) TEE9le] TsH= 218 BRIFITE 2 & o]e]o] FH, Hep |
Hl2g K91 Von-Mises S 20| AtH 0 2 uf§- Uit} o] 5 4|2 BAISHH Table 291 2tk Ae) RHol 2E fzE
HollA HIRE § FEAES ZARI, 582 ] kg2 9] Hlg-S ZARIATE 1 HlEo] REE 1.05%, 2E&
64.6%= EEFo] o2 2 oo Wy Y ofof w2 Ui Qg Ao] AEAIE Al 7P F-ask BSsloF d RS

& = AT

TUNNEL & UNDERGROUND SPACE Vol. 33, No. 5, 2023



Compression Test of a TBM Thrust Jack for Validating Buckling Stability < 345

-0.0020344
-0.0023215
-0.0026086
-0.0028957
-0.0031828 Min

(a) Flexural deformation

(b) Von-Mises stress () Stress concentration of rod

Fig. 6. Static analysis results of thrust jack compression test

4. Y=Y

4.1 NEAAS Y Al

AT R EE 5] 91e Ao RTRS A, Akl T S0 SN SIek AR TasltkFig. 7). 254
A ofefet gk

® TS AFae] 55 02 gk

@ AAHE AR 5 QRS I

® daeie] Hrielzo] 28 5he S el Btk

Y 51 F=100,000 kgf =980 kN

F 980 kN
Al 2ok . p— £ _
Ae I dE P I~ 59,300 >x10=16.5 MPa
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169 bar®] 2 180 sec o1 711t & A2S AASIH(Fig. 8(a)). ©1F HlEIAE, 25, 29l 4 7910 g
i oRE Soto 2 PEsigitt. 1 AT, wd A, RO AHES SRR (I9hT, @ A RO g ek uAieHA]

2= BIsI(Fig. 8(b), (c)).

PEAFL The} o] Aalsi ek, AelElS Aegulo] Hets] 48 0 2 sy, BEE S T vheie] s
(]

d

Pressure [MPa]

0 20 40 60 80 100 120 140 160 180 200
Time [sec]

(a) Pressure curve

(b) Rod ' I | (c) Oil seal

Fig. 8. Compression testing results

TUNNEL & UNDERGROUND SPACE Vol. 33, No. 5, 2023



Compression Test of a TBM Thrust Jack for Validating Buckling Stability < 347

£ e T4 Fh A A SRt B ASAI RS AL ASATE AlaEe sl ] S-S

H H
rdlgsto] fAfslae Fofl TR dS ZASIAT ol F USFAIAA LTS T8, A 05 2o HHfslE< 7 1))

e
b
9,
-,
rir
H
i)
[>
)
o,
(=)
i
N
Y
9,
-,
rx
)
[o
2,
oK
g2
e r
C‘JIE
(o]
=2
g
:‘?—l'_',
H
i)
[>
)
H
2,
©
o
)
_IN
1o
o
rO
)
ox,
o
oy
o|X
el

|

0|

B A 2023WE FE WS HE NSNS |E2159) 0] ‘TBM ZXIAE 9t a1&-22} 71471 R S-2022-00144188)’

REFERENCES

Korea Testing certification Institute(KTC), 2015, Group Standard, Hydraulic Cylinders, 2015, SPS-KTC-B6370-6288

Choi, Y.T., Lee, D.G., Kim, M.G., Oh, J.Y., and Cho, J.W., 2022, Continuous Excavation Type TBM Parts Modification and
Control Technology for Improving TBM Performance, Tunnel & Underground Space, 32(6), 345-352.

KATA(Korea Agency for Infrastructure Technology Advancement), 2022, Consecutive Excavation Technological Development
Project of Tunnel Boring Machine (Host organization: Korea University Research Institute Company).

Wehrmeyer, G., 2022, Herrenknecht Pioneering Underground Technologies Semi-Continuous Advance, Online seminar of
consecutive TBM project (June, 2022).

TUNNEL & UNDERGROUND SPACE Vol. 33, No. 5, 2023





