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AHHOTAIHSL.

ITpu mpoxoake TOHHEJICH C HCMOJIL30BAHHCM IMHTOBBIX ArperaTroB HIIH
OTKPBITBIX TOHHCIBHBIX OYPOBBIX CTAHKOB I8 KPEILICHHS TOPHBIX TIOPOT
HCTIOIB3YHOTCS PA3HbIC TCXHOJIOTHH, THOOHHTOBBIC OMOPEI OOBIMHO COCTO-
AT H3 HECKOJbKHX OCTOHHBIX CErMEHTOB. B cilydyae BBICOKHX 3HAYCHHH
KOHBCPICHIMH MOPOJ KPEHb A0JDKHA HO3BOLATH BBLACPKHBATH OOIBLIYIO
HATPY3Ky. ITO MOKCT OBITh PCATH30BAHO C MOMOMIBI0 COOTBETCTBYHOIIHX
aneMeHToB, Takux kak WABE c ero xapakrepHoii «coToBoiD» CTpyKTY-
poii. [l MHOTHX M3 3THX PCIUCHHN XAPAKTCPHCTHKH C3KUMACMBIX 37C-
MEHTOB OBLTH NPOBEpPEHBI B TECTAX HA CHKATHE. 3a7a4ya 3aK/0YaIach B
pa3paboTKe MHCTPYMCHTA JJIA1 BBHICOKOKAYCCTBCHHOTO IPOTHO3MPOBAHUA
TOBCACHHS CHKMMACMBIX JIEMCHTOB. Bbrma paspadorana pacucTHas Mo-
JeNnb U PAacyeTa XAPAKTCPUCTHK CHJIOBBIX OTKJIOHEHUIl MO Pa3IH4HBIM
mapamMeTpaM. XapaKTepPHCTHKH MOTYT OBITh PACCHHTAHBI B THATIA30HE OT
npsaMoii TpyOs! (0e3 mporuda) 10 MAKCHMATBHOTO OTKJIOHEHHS (CILIIO-
meHHas Tpyoa). IlpeacTaBneHHBI HHCTPYMEHT JA€T HOBBIC BO3MOSKHO-
CTH 711 IPHMCHCHHS C3KHMACMBIX 3JICMCHTOB /151 THOOMHIOBBIX CHCTEM H
CHCTEM AapOYHOH Kpemu. XapaKTEPHCTHKH MOTYT OBITh CIUIAHHPOBAHBI
TOYHO B COOTBETCTBHH C TPEOOBAHUAMH, KACAIOLIMMHICA KOHBEPICHIUH H
KPCIUICHHA HOPOJ.
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Abstract.

During tunneling using closed shield machines or open tunnel boring ma-

chines, different technologies are used for rock support. Tubbing supports

typically consist of several concrete segments. In case of high convergences
supports must be able, to avoid too high load effects on themselves. This

may be realized by compliance elements like WABE with its characteristic

“honey comb” structure. For a lot of these solutions the characteristics of

the compression elements were verified in compression tests. The challenge

was to develop a tool for the high quality forecast of compression element
behavior. A calculation model was developed in order to calculate the force-

deflection-characteristics regarding various parameters. The characteristics

can be calculated from no deflection of the pipe until maximum deflection
(flat pipe). The introduced tool gives new opportunities for the application
of compression elements for tubbing systems and arch support systems. The

characteristics can be planned exactly according to the requirements regard-
ing rock structure convergence and support system.
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Mining Supports

During tunneling using closed shield machines or open tunnel boring machines different technol-
ogies are used for rock support. Tubbing supports typically consist of several concrete segments. The
segments are assembled to a closed ring, which is finalized by a so called key segment. Tubbing sup-
ports are more or less rigid. Concrete quality and reinforcement are suitable to bear rock pressure. If
rock pressure exceed limit states tubbing failure can be expected. The same behavior may be expected
in usage of grid girder rigid supports (Fi 1. Fig. 2).

Co. KG]

A¥ : B
Fig. 2: Grid g1rder rigid support WIth compression elements [Bochumer Eisenhiitte GmbH &
Co. KG]
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Compliance elements for mining supports

In case of dynamic, high pressures, fault zones in rock respectively high convergences supports
must be able, to avoid too high load effects on themselves. This may be realized by compliance ele-
ments (Fig. 3). They must be designed to absorb the rock convergence without overloading the rigid
support, which is not able to deform significantly.

The resistance of the compression elements has to be somewhat lower than that of the support
structure. During absorption the support circumference has to be reduced. Result of this process is a
new state of equilibrium. This especially applies for concepts, where the rock structure supports itself
after convergence instead of taking full forces by the implemented support. During this process con-
siderable deformations may occur during several months.

h.‘ LN - /
Fig. 3: Compression e¢lements of different types [ Bochumer Eisenhiitte GmbH & Co. KG]

Compression elements type WABE

One solution to ensure deformability of the rigid support are compression elements type WABE
with “honey comb” structure of Bochumer Eisenhiitte GmbH & Co. KG (Fig. 4). The compression
clements consist of circular hollow sections, which arc divided respectively linked by intermediate
sheets. The upper and lower sheets include mounting clements for installation at support as well as
reinforcement elements for concrete interconnection. Deformability is achieved by complete com-
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pressibility of the gaps in comb wise structure. Therefore approximately total height of stress control-
ling compression elements is used as yield way. Advantages of this solution are:

= Selectable, additional deformation resistance by application of variable intermediate supports.

» Prearranged adjustable resistance.

= Selectable deformation distance.

= Possibility to use different types and materials of intermediate elements.

= Easy handling by module design options.

= Continuous interconnection element by spraying with porous concrete for higher acceptance
of transverse and bending forces.

= Customizable shaping.

The elements type WABE allow force absorption in tangential (normal forces), radial (lateral
forces) and axial (Longitudinal force in the direction of advance) direction.

The chosen characteristics of the compression element is controllable and depends on diverse pa-
rameters as pipe diameter, pipe wall thickness, pipe length and pipe material and quality.

Various parameter combinations and different pipe combinations allow the adjustment of re-
quired characteristics. Additionally the characteristics can be adjusted during use by implementation
of additional pipes inside the original pipes. So the compression element can be adjusted to the
strength of hardening concrete.

®

Fig. 4: Compression clement of type WABE [Bochumer Eiseniﬁtte GmbH & Co. KG]

Measurement of Characteristics

In the meantime a lot of compression elements were designed, built and implemented already. For
most of these solutions the characteristics of the compression elements were verified in compression
tests (Fig. 5, Fig. 6). Result of these tests are force-deflection-characteristics (Fig. 7). They separate in
three phases. In phase one the force is rising within a small deflection. This happens just according to
the setting of the whole mechanical sctup. In phase two the force is increasing slightly over about 70%
of the maximum theoretic compression. In phase three, occurring after exceeding about 70% of the
maximum theoretic compression, the force is increasing with higher gradients. As to be expected forc-
es are higher with higher yield strength of the pipe material (Fig. 7).
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Fig. 6: Compression test, compressed condition [Bochumer Eisenhiitte GmbH & Co. KG]
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Fig. 7: Measured compression element characteristics [Bochumer Eisenhiitte GmbH & Co. KG]

On basis of these test results a database and expert system was built up and developed, in order to
have a base for planning of upcoming projects. This database is an excellent base for forecasting com-
pression element behavior, if system parameters are not differing too much from cases covered by the
database. In combination with verification of every built element this is a profound planning base.

Calculation of Characteristics

The challenge was to develop some tool for the high quality forecast of compression element be-
havior. Especially this tool should be able to deal with elements of very new parameter sets. To realize
this target a new mechanical model considering plasticity was developed. Aspects of this model are:

= Modeling as four joint.

= Corners of four joint fully plasticized at every moment.

= End of pipe circular at every point of time.

= Radius of circular end decreasing according to element deformation.
= Rest tube shell length laid out flat.

= According radius reduction size of four joint is reduced.

With this model it is able, to calculate the force-deflection-characteristics regarding following pa-
rameters: Quter pipe diameter, pipe wall thickness, pipe length, pipe material parameters, number of
columns of pipe arrangement, number of rows of pipe arrangement. The characteristics is calculated
from no deflection of the pipe until maximum deflection (flat pipe). The characteristics of the pipe
considered looks as follows (Fig. 8).

Accuracy

In order to estimate the quality of the model a bundle of realized projects was analyzed. The dia-
gram (Fig. 9) shows the medium deviation of measured data from the calculated data. depending on
the convergence of the element. At smaller convergences a maximum medium deviation of about 9%
is occurring. This value is not of high importance. It just indicates, that the surrounding construction
has to bear somewhat higher forces at smaller convergences. At higher convergences a maximum me-
dium deviation of about -4% is occurring. In this situation the surrounding construction has to bear
somewhat lower forces at higher convergences. This can be interpreted as some additional protection
to the surrounding construction.
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Fig. 8: Calculated compression element characteristics [ AppliedDesign|
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Fig. 9: Medium deviation of calculated data against measured data [AppliedDesign]
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Conclusions

The introduced calculation of the force-deformation-characteristics gives new opportunities for
the application of compression elements for tubbing systems and arch support systems. The character-
istics can be planned exactly according to the requirements regarding rock structure convergence and
support system. Diverse parameters of the compression element offer diverse degrees of freedom to
find a suitable design. These means of planning prevent non-suitable designs, which are not realized
not until the built parts are tested. So product development is accelerated and more focused on the tar-
get.
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