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1 INTRODUCTION

The New Austrian Tunneling method (NATM), integiatle principles of the behavior
of rock masses under load and monitoring the pexdioce of underground construction
during construction. The NATM is not a set of sfieciexcavation and support
techniques and has often been referred to as &gtdas you go" approach to tunneling
providing an optimized support based on observedrgt conditions but more correctly
it is a "design as you monitor" approach basedlseived convergence and divergence
in the lining as well as mapping of prevailing razinditions.

Detail design and under construction design are pWwases of engineering during a
project. Lots of geotechnical parameters shoulddmsidered in detail design of NATM
tunnel. It is necessary to consider some simplifsdumptions in design computer
models of these tunnels. This will cause some uaicgies such as weakness of tunnel
initial supports or over designing of the tunnelistural elements.

To avoid this fact, it is required to update comstiion drawings based on monitored
geotechnical properties during construction. Thdrsgvings will be updated base on the
monitoring of tunnel convergence and divergencernder construction design stage.
The convergences of the tunnels are monitoringdmwergence meter and pins which
installed on initial supports during excavation.eTiesults could support engineers to
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update detail design models by engineering judgraedt back analysis, optimize the
model and revise construction drawings and exeeytrecedures.

In this paper a case study of subway NATM tunnehted in Tehran, Iran is presented,
the field measurement results will be discussediawil be shown how the engineers
optimizing and modifying construction drawings.

2 TUNNEL GENERAL SPECIFICATIONS

The case study of NATM tunnel which is monitoredths paper is located between
two subway stations. As could be seen in Fig. ximam depth of this tunnel is about

9 m from tunnel crest to ground elevation.
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Figure 1. NATM tunnel profile between two subwastsin.

Tunnel section has 9.6 m width and 8.6 m heightmigork and Lining of tunnel has

almost 50 cm thickness. Tunnel was excavated inpavts entitled top and bottom. For
preventing collapse of initial support after exdava of top part of tunnel, two soil

berms were remained and excavated with bottomgdatinnel. Fig. 2 shows a typical
section of NATM tunnel in this case study.
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Figure 2. Typical section of NATM tunnel.

3 INSTRUMENTATION ARRANGEMENT AND READING PROCEDURE

There are lots of instrumentation systems whichdcbe used for NATM tunnels such
as borehole extensometers, settlement cells, coenee meters, etc. One of the most
significant current discussions in instrument s@&cis to have maximum required data
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with minimum cost and interface with other contaaist For instance, if one wants to
select borehole extensometer, he should have dmaation of urban utilities for
avoiding any clash. In many cases As-Is layoutrbfa utilities are not available. Also,
since lots of tunnels are located below the strdetsshould install and measure these
instruments in low traffic time like midnights. Tiedore, usage of this instrument is not
applicable in many cases of NATM tunnel.

One of the most important parameters in tunnelgiers to know the settlement at the
crest of initial supports. Designers compare setiats which extracted from computer
model with allowable settlements as per guidelimestructions. If the field
measurements show something different from desiget the models will updated by
real data. The results will cause to propose aaiest of the distance between each two
initial support (lattice). Therefore, one of thenai of the monitoring is to get in tunnel
crest settlements.

Monitoring of tunnel convergence by simple instrumselike convergence meters and
pins is the most practical method in NATM tunnelifignis method has minimum cost
impact and interfaces with excavation executiorraAgement of convergence pins in a
typical NATM tunnel section is shown in Fig. 3.

Figure 3. Pins installation arrangement on tunaetisn.

As could be seen in this figure, three pins artalfes] during tunnel top excavation and
two pins will be added after excavation of the bottpart. The pins install every 20 to
60 meters and this is based on filed geotechnmadlition. In this case study, the pins
installed in every 20 and 40 meters. The monitorarigtunnel convergence is an
alternative process. Table 1 shows measurementguoe of the convergences pins
during excavation.

Table 1. Measurement procedure of the converggmnesiuring excavation.

gggg ation Measuring Chord  Distance to the Excavation Border (

Top T-L, T-R, R-L 01 2 346 8 10 12 16 20 24
T-L, T-R, R-L - 2416 8 4 2 0 -2 4 -8 '24

Bottom

T-L1, T-R1, R1-

1 - 2416 8 420 - - - - -
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4 COMPARISON OF DESIGN MODEL AND INSTRUMENTATION
RESULTS

The analysis and design of initial supporting of ™A tunnel performed in PLAXIS
and SAP2000 software respectively. As could be dsmn Fig. 1, there is about 9
meters between crest of the tunnel and ground wbevaAs per geotechnical
investigation, clay soil type was considered in pater model. Initial support elements
is 31 cm thickness shotcrete and I-section lagiggport (IPE180) every 80 centimiters
as per shown in Fig. 4.

08@150x150 ‘

Figure 4. Initial support of NATM tunnel (latticend shotcrete).

Considering above assumptions, maximum settlemietiteotunnel crest is equal to 5
cm as per computer modeling. This is due to sabvigmtional loads which resist by
initial support. Since the soil characteristics ag¢ constant and varying align tunnel
profile, it is necessary to control structural deflons during construction by
monitoring system. If the deflections become mdrant design model results, it is
necessary to reduce lattice distance for moreshtetif deflections are less than model
results, lattice distance could increase. This e¢educonstruction cost impact and
increase construction speed.

Since lots of collapses occur during top excavatibtunnel s, settlements during top
excavation is more important than the bottom falying of the tunnel behavior based
on field measurements. Also, lattices distance®radehed during top excavation.
Appendix Al to A4 shows field measurement resultfoar monitored sections of the
tunnel in km 0+557 m., 0+599 m., 2+940 m., 2+960 m.

As could be seen in table 1, every section of cayerece pins should be measured in
twelve steps. But, some execution problems suchnesfaces with construction
contractors and workers cause these steps couldendbne completely. In this case
study, every section were monitored in about egjbps. Therefore, an interpolation
line is shown in the appendix Al to A4 to show teinbehavior during excavation.
Interpolation line could be introduced Py - ax* +bx+c.

This shows that the pin convergence increase fiist axcavation. Since the most
effects of convergences should be near excavatodeb, it is logical to say that by

increasing of the distance between excavation lba@dé convergence section, the pin
convergences decrease. This could be seen in ésermged field measurement results
too.
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As mentioned before, the most important aims ofleaitoring of the tunnel structural
system during construction is to update design maxl@ drawings. From the results of
field measurement, it could be seen that the maxirnanvergence of the tunnel initial
support is about 0.8 cm and 1.1 cm in km 2+960 nd @+599 m. respectively.
Comparing these values with design model resulciviis 5 cm settlement at tunnel
crest, it could conclude that actual soil cohesaral friction is more than those
considered in design model and the actual settlesraee considerably less than model
results. In this case, the distance between latiicereased from 80 cm to maximum
allowable distance, 110 cm. in conclusion, fieldasiw@ements deflections changed
from 0.8 cm in km 2+960 m. to 1.1 cm in km 2+940(see App. A3) and from 1.1 cm
in km 0+599 m. to 1.6 cm in km 0+557 m. (see App).A

There is semi-strut element on the bottom partnitfali support to keep structural
stability against soil lateral loads. This elementild be seen in Fig. 5-a. In some cases,
soil cohesive and friction is so that the soil tabe without executing semi-strut
elements (see Fig. 5-b). Under same safety conglibbecause of the cost and time
impacts on the project, it is better for contrasttor execute as per detail shows in Fig.
5-b instead of detail presented in Fig. 5-a. Projgpsf this change is based on the field
measurement instrumentation by convergence pintidregard, if convergence of the
R1-L1 pins are negligible, it could be proposedxecute bottom part of the tunnel as
per Fig. 5-b.

a-with semi-strutelement b-without semisselement

Figure 5. Lateral support details of NATM tunneitiad support at foundation.

As could be seen in the appendix Al to A4, the Rlechord absolute convergence is
almost negligible in all sections except km 2+960Tinerefore, the contractor removed
semi-strut elements in these three sections intabdd meter length (3x40=120 m)
until next station of convergence pins.

5 CONCLUSION

The aim of the instrumentation in NATM tunnel canstion is to ensure about safety
and also updating of the construction drawings @éepktime and cost impacts of the
project. In this paper a case study of NATM instemtation system discussed. This
system was based on installation of convergenass g tunnel initial supports. The
length and absolute convergences of the chords wesasured as per defined
procedure. The results show that in some casesuid cpropose some changes in
construction drawings. Increasing of the distanevben lattices and also removing of
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the semi-strut elements in some regions was aatjloyeanalysis of instrumentation
results.
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Appendix Al.
Chord length and chord absolute convergence gbititeeat km. 0+599 m. of tunnel
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R1-L1 Pins distance
convergence

R1-L1 ChaAlzbsolute

Appendix A2.
Chord length and chord absolute convergence gbitieeat km. 0+599 m. of tunnel
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R1-L1 Pins distance R1-L1 Chord Absel
convergence
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Appendix A3.
Chord length and chord absolute convergence gbitieeat km. 2+940 m. of tunnel
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Appendix A4.
Chord length and chord absolute convergence gbitieeat km. 2+960 m. of tunnel
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