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At the beginning of 1987 a series of non destructive tests, was
made in order to define the integrity of the Italian part of the
tunnel of Monte Bianco and therefore decide the appropriate for
restoration.

This survey campaign was aimed at defining:

- exlsting deteriorations

- mechanics of tunnel lining

- state of tension of tunnel lining

- state of stress and integrity of the rock behind the tunnel
lining

- contact rock-tunnel lining

The wutilised methodology for integrity checking is exposed
togheter with the two phases of investigations:

- preliminary global investigation (survey and radar)

- local finalised investigations (ultrasonic speed, sclerometer,
windsor gun, boring and laboratory tests, flat-jack tests and
tension tripping, sonic logging and cross-hole measurements.

Results of investigations are partially exposed and two defferent
numerilcal classification systems are presented, by means of "dam-
age index" in order to try and to give an objective evaluation of
the Integrity of different sections of tunnel,




1. INTRODUCTION

In 1986, Spea - Ingegneria Europea, with the collaboration of
Geoconsult and ISMES, carried out, on behalf of Societd Itallana
per 11 Traforo del Monte Bianco, a campaign of mostly non-destruc-
tive tests at the Italian end of the Mont Blanc tunnel, to check
its structural soundness and provide for necessary repairs,

The global-approach operative methodology used for this job seems
to the writers to be especially interesting although evidently
open to improvements in the future. It 1s however felt that it
can represent a basis for discussion and a guideline for an over-
all check of the soundness' of the many tunnels of the Italian
road, motorway and rallwav networks.

2. METHODOLOGICAL APPROACH

Careful investigation of the more significant characteristics of

a tunnel, such as:

- current state of decay

- the mechanical characteristics of the concrete lining

- the stress pattern of the lining

- the structural and mechanical properties and stresses of the
rock mass behind the lining

- the characteristics of the rock-lining interface

is needed to diagnose 1ts soundness.

The method followed to check the static conditioms of the tunnel

is outlined in Fig. l.

The campaign was organized in two stages. In the first stage, the

damaged zones were identified and classified; in the second

stage, the static conditions of the structure were analyzed in

detail.

FIRST STAGE

First of all, a historical research was carried ocut to gather all
the information, chiefly of a geological character (Fig. 2),
necessary to determine the construction and maintenance problems
of the structure, Then, the entire Italian section was visually
inspected to determine the lining's superficial damage (cracks,
superficial alterations of the concrete, water seepage, etec.),
using motor vehicles with special equipment, so as to explore the
entire surface of the tunnel.

Besides examining the lining surface, tests were made to check
the conditions of the rock-lining interface. The radar detection
technique, based on the reflection of electromagnetic waves at
the interface between materials having different dielectric con-
stants, proved to be especially effective. Gaps between the lin-
ing and the rock mass generate a reflected signal, clearly visi-
ble in the recordings (fig. 3). Other radar signal reflections
occur in the presence of moisture or concrete decay or in the
presence of metal bodies (wirenets, ribs). This type of checking
can reach a depth of 2-3 m from the lining surface, and can there-
fore detect possible faults in the rock mass (cavities or wide
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cracks). The radar readings were taken with a suitably equipped
mobile laboratory, fitted with an orientable arm carriyng the
antenna that generates and receives the electromagnetic waves
(300-900 MHz).

Occasionally, the thermovisual detection technique was also used
to examine certain areas evidently affected by water seepage.
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CLASSTFICATION OF DIFFERENTLY DAMAGED ZONES AND PLANNING OF THE
2ND STAGE OF THE INVESTIGATION

The data collected during the first stage led to classifying the
areas into highly damaged, damaged and slightly damaged, and made
it possible to draw up a more detailed, targeted investigationm
plan.

Specifically:

~ 1In the highly damaged areas, all the tests required to deter-
mine the state of decay were carried out as thor-oughly as
possible.

- In the damaged areas, only the measurements and tests required
to obtain information on the type of decay were made.

- In the slightly damaged areas, only the mechanical properties
of the concrete lining were examined by a combination of ultra-
sonic tests, hardness tests and Windsor gun measurements.

Dynamic tests were carried out tentatively in certain sections by

recording the structure's response to the excitation force gener~

ated by a vibrator with constant-amplitude sinusoidal force or by

a train of ultrasonic pulses.

SECOND STAGE

Analvsis of the Static Conditions of the Lining

Tests were first made on the site and in the laboratory to evalu-
ate the physical and mechanical characteristics of the concrete
of the tunnel lining. The tests included ultrasonic and hardness
teats on the ‘concrete surface and lab tests on samples taken by
coring,

.The depth of the 1lining cracks was determined with ultrasonic
tests, by positioning the emitter and receiver at opposite sides
of the crack.

The measure of the state of stress in
the 1lining was especially interesting
for evaluating the static conditions of
the lining. The measurements were made
by the stress-release technique. Accord-
ing to a first test method, stress re-~
lieving was achieved by making a plane
cut perpendicular to the wall and the
original stress pattern was reinstated
by inserting a thin, flat jack (Fig.4).
This made it possible to determine the
gtressg pattern in a direction perpendicu-
lar to the jack plane.

By another technique, stress release was
obtained by overcoring. In this case,
the strain measured during release per-
mitted evaluating the ©planar stress
pattern at the test spot, when the mate-
rial characteristics, E and , are knownm.




dnalysis of the Characteristics of the Rock Mass and Rock-Lining
Interface

In the areas where the radar detector indicated anomalies at

rock-lining interface, samples were taken by mechanical coring.

The samples were taken at a depth sufficient to investigate also

the structural characteristics of the rock mass in the bore. Lab

tests were carried out on the cores to identify the characteris-
tics of the concrete and of the rocks.

The following tests were made in the bores:

=~ TV-camera probing for visual inspection (with front and later-
al objectives) of the conditions of the 1lining and of the
structural characteristics of ‘the rock mass,

- Sonic logs and cross-hole measurements, to evaluate in detail
the sound velocity in the rock mass and at lining~rock inter-
face.

- Borehole overcoring tests, to measure the stress conditions in
the rock mass at various distances from the bore, by a
doorstopper technique.

~ Dilatomieter tests determining the deformability modulus of
the rock mass.

DIAGNOSIS

After the first-stage and second-stage tests, a clear, detailed
diagnosis of the inspected sections of the tunnel could be drawn
up. This made it possible to decide on the consolidation opera-
tions needed and to go over to the planning stage.

In general, concurrently with the stage of repair planning, a
plan for structure monitoring could be set up.

3, RESULT OF THE INVESTIGATION

The results of the visual examination were entered on a graph by
subdividing the lining perimeter into 14 sections, each having -
the first and last excepted - an equal plane—-proijected width
(Fig. S).

The damages were classified by a combination of graphic symbols
and an alphabetic notation, so as to identify the damage (e.g.,
by 1its extension) better, or evidence 1its danger-ousness (e.g.,
concrete decay).

The results of the radar tests were processed by sections of 250
m each, and the sum total of the tunnel lengths that had yielded
a disturbed radar signal was calculated and expressed as a per-
centage of total length. )

The percentage of the total length of the tunnel affected by the
damages found by visual 1inspection was also calculated every 250
m.

As apparent from Fig. 6, in wnich these percentage values are com-
pared, damage of any kind is more likely to be detected by radar
than by the naked eye. The percentage of anomalies detected by
the instrument is 10 to &40% greater than that detected by the
naked eve; 1in some cases, this difference exceeds 50%Z, with a
peak at 70Z.
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The distribution of the three different types of areas illustrat-
ed before was determined from the results of these preliminary
investigations, so that the second-stage investigations could be
planned.

In particular, approx. 20% of the entire length was classified as
highly damaged, 30% as damaged and the rest as slightly damaged.
The results of all the first-stage and second-stage tests on the
various types of sections were then analyzed to obtain a global
evaluation of the soundness of each sectiom.

Fig. 7 is part of a drawing showing the results of the tests, the
evaluation of the soundness of the tumnel sections and the re-
pairs planmned.

4, NUMERICAL CLASSIFICATION SYSTEM

In order to judge the global soundness of the tunnel in the sec~
tions believed to be homogeneous, in the most objective way and
independently from the whims and skills of the individual techni-
cians, we tried to rank such soundness by numerical values to be
considered as "global severeness factors.'" For this purpose, we
followed two different methods.

The first, simplified method considers, for each tumnmel section,
only those damages above a preset threshold, each being given its
"severeness index".

When determining the indices, the implications of each type of
damage on the static and functional performance of the tunnel
were taken into account,.

Specifically, the damages considered in this stage and their se-
vereness indices "i" are:

Distressed concrete thickness
Gunite and/or concrete detachments
Moisture areas

Single or ramified cracks

Bad rock/lining interface
Fractured rock mass
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To define the sereveness indices quantitatively, we used the
scales shown in Table 1.

In this first method, only the damages having a high index were
taken into consideration. In addition, we took 1into account con-
crete decay when greater than 6 cm, concrete stresses when great-
er than 30 kg/cm and the presence of crushed rock.

The global severeness factors were calculated as the sum of the
individual "severeness indices"; therefore, thev can range from
0, for a tunnel section in top condition, to 15 for a section
significantly affected by all the types of damages indicated
above.

In this way, the diagram of Table 2 was drawn up and a global
evaluation of the soundness of the various tunnel sections was
given. The scale used for this evaluation in the simplified meth-
od is the follewing:

Section soundness evaluation Severeness factor
Good (G) 0- 2
Suffieient (S) 3 - 5
Mediocre (M) 6 - 8

Poor (P) 9 - 12

Very poor ﬁVP) > 12

In the second evaluation method, we considered all the damages
detected during the various investigations, and ranked each of
them with the same severeness index "i'" mentioned above and with
a ponderal index "J", which accounts for the importance of the
individual damage.

Moreover, we distinguished ‘between the loosening of gunite and
that of the lining itself, and between a simple and a ramified
crack. '

SCALE FOR DAMAGE QUANTITY EVALUATION

Quantity evaluation Absent Low Medium High

- petachmants of plaster and/or

concrete 0-2 3-5 6-10 > 10
- Moisture dreds 0-5 6-10 10-20G > 20
- Single and/er ramified cracks -2 2-5 5-1¢ »10
- Preschce of veids at rock-1i-

ning contact 0-2 3-10 1i-20 > 20

Total length of the damaged zenes

bamage quantity (%) =
Total length of the investigated zone

Tab. 1
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DAMAGE QUANTITY INDEBX "J

Damage Damage quantity Damage quantity

evaluation index "J"
- Spoiled concrete Thickness 14 cm. 1
5+7 cm. 2
g-10 cm. 3
>10 cm. 4
-pDetachment of plaster Absent 4]
and/or concrete Low I
- Damp patches Medium 2
- single ramified cracks High 3
- Presence of veids at Absent of low o
rock-lining contact Medium 1
High 2
- Rock mass condition Compact 0
Medium fractured 1
Fractured 2

Tab. 3

The ponderal 1indices "J" appear in Table 3.
It was thus possible to draw up Table 4, in which the ponderal

index shows at the top and the product ixJ at the bottom, for
each section and for the various damages.

It can be that in this case the severeness factor may range from
0 to 48.

The evaluation scale in this method is the following:

Section soundness evaluation Severeness factor
Good (G) 0 - 10
Sufficient (S) 11 - 20
Mediocre (M) 21 - 30

Poor (P) 31 - 40

Very poor (VP) > 40

When the diagram of Table 4 is compared against that of Table 3,
the results of both methods are fairly consistent but do not al-
ways coincide.

Since the method is still in the experimental stage, the most
pessimistic evaluations of the various sections were conservative-
1y considered. This was taken into account when planning the
maintenance operations.,

The method herein illustrated should still be considered as exper-
imental, as said before, and is therefore open to modifications
and {improvements, both as concerns the definition of severeness
and ponderal indices and as concerns the evaluation scale of the
soundness of the varilous sections.

These values may be adjusted in the future on the basis of the
results of other diagnostic campaigns and chiefly of the long-
term results of repair work done on other .tunnels.
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