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Abstract

This paper describes the study made of the Trasvasur tunnels {Canary Islands, Spain), which were excavated in rocky formations of
volcanic origin presenting metric levels of expansive clays The building of these tunnels had to be abandoned 30 years ago, owing to the
problems caused by the expansivity of the ground. It was subsequently decided to resume the project, making joint use of geotechnical
investigation campaigns, convergence measurements and numerical simulations, thereby contributing towards the optimisation of the
cross-section of the tunnelled area, support and lining. The work done has shown that when building tunnels in the presence of expansive
clays it is advisable to use circular or similar cross-sections It has also been found to be advisable to seal off the excavation as quickly as
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‘possible to prevent alteration due to the decompression of the expansive clay levels and thei absorbing water from the tunnel itself
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1. Introduction

The Irasvasur tunnels are part of a set of hydraulic
Works connecting several dams in the south of the island
of Gran Canaria (Canary Islands, Spain) to the Tirajana
Gorge The water-transfer channel has an average slope
0f 0.3% and a total length of 13 8 km, of which 102 km
run through a tunnel to be excavated by ripper. The works
commenced in 1974 but were interrupted shortly after-
wards because of the instability problems found in the tun-
nels known as tunne] IV and tunnel V. In both cases the

instability was associated with the presence of levels of

expansive clay embedded in a rocky matrix with varying
degrees of alteration. Fig 1 schematically illustrates the
state of the works when they were interrupted

Tunnel IV had been designed to have a total length of
3148 m, of which 1206 m was built from mouth 3, located
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in the Fataga Gorge, and 434 m from mouth 4, located in
the Vicentes Gorge. The sections built had been lined with
concrete 0.20-030m thick in the side-wall and crown
areas, but the floors had not yet been lined when the work
was stopped. In 1995 the state of the tunnel was inspected
{Fig 2) and the lining was found to be deformed and sexi-
ously cracked between kilometre points 0+715 and 0-+840
Fig 3 schematically illustrates the damage found, consist-
ing of the breakage of the lining key, where the clay
appears at the top of the tunnelled area, as well as major
horizontal deformation of the lining where the clay levels
are located in side-wall or floor areas.

Tunne! V is 2844 km long, of which 464 m had been
excavated from mouth 1, located in the Tirajana Gorge,
and 870 m from mouth 2, which like mouth 3 is located
in the Fataga Gorge. Since much of the work done was
tunnelied in healthy rock no lining had been placed. When
this tunnel was inspected, the floor had risen considerable
between kilometre points 0+670 and 04880, as Fig 4
shows, swing to the intrusion of terrain from a clay level
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Fig. 1. State of the works when they were interrupted

-

Fig 2 State of tunnel IV in 1995

that was located in the lower part of the tunnelled section
(Fig. 5).

The project was resumed about 25 years later, with a
view to completing these tunnels. A total of six different
sections were designed, to be supported by grout 0.05-
0 20 m thick, bolts injected with resin and arcwelded mesh.
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Fig 3 Damage observed in tunnel IV

The interior housed a ““U”-shaped reinforcedconcrete
channel, as shown in Fig. 6.

2. Geological framing

Fig 7 shows the geological profile of tunnels IV and V,
indicating the sections tunnelled before the Works were
abandoned in 1974,

The base level in the area consists of sub-horizontal lay-
ers of ignimbrites composed of pyroclastic fragments of
sand and silt embedded in 2 clay matrix (Fig. 8¢) In some
levels the clay fraction is clearly dominant, and smectite
concentrations of over 90% have been detected (rnainly
montmorillonite and Na-montmoriilonite}.,

Above the ignimbrites phonolitic lava flows are found
{Astudillo et al., 1994), consisting of latites and quartzla-
tites with the usual hypocrystalline, phaneritic, porphyritic
and vesicular flow structure (Fig. 8b). Expansive clay levels
of volcanic tuffs have been identified, of decimetric and
even metric thickness, located between the phonolitic
(Fig. 8a). Finally, in the more superficial areas colluvial
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Fig 5 Damage observed in tunne] V

and eluvial levels appear, resulting from the disturbance of

the underlying formations.

The route of tunnels IV and V passes through all the
mazterials mentioned above. Specifically, the route of tunnel
V islocated in a thick formation of ignimbrites containing
a highly plastic and expansive clay level located both in the
side-wall area and beneath the floor of the tunnel section,
whereas tunnel IV mostly passes through phonolites with
the presence of a significant subhorizontal level of volcanic
tuffs, which are also expansive and highly plastic, up to

_BULLONS

2,10m:

REINFORCED
CONCRETE

Iz

Fig 6 Project cross-section in unstable areas

1,65m:

2.50m thick, appearing above the tunne! crown and
descending below the floor.

There is a clear link between the presence of these highly
plastic expansive clay levels and the pathologies described
above that forced the works to be abandoned
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Fig 7 Geological profile of tunnels IV and V

Fig 8 Texture of the lava flows and expansive pyroclastic tevels

3. Geotechmical characterisation of the materials

In 1995 a new construction firm (Dragados) began to
work on the completion of tunnels IV and V. A number
of geotechnical research studies were commissioned from
the consuiting firm Intensa-Inarsa, in order to design solu-
tions for the expansive clay areas.

In this section the prospecting work and laboratory tests
that were carried out, mostly to characterise the compress-

ibility properties, expansive potential and structure of the
clay levels that had affected and damaged tunnels IV and
V, are described In areas presenting the most serious
expansivity problems, six rotating boreholes with continu-
ous core-sample recovery were drilled in the interior of tun-
nels IV and V The clay levels were found to be 0 10-2.50 m -==-—
thick.

Laboratory tests were performed on nine paraffin sam-
ples extracted form the boreholes, and on six samples
obtained with a thin-wall sampler in superficial parts of
the tunnetled areas Tt should be clarified that by the time -
the sampling was done the tunnels had been abandoned
for nearly 20 years after they were first excavated, and they
had sometimes been used as water-storage tanks, so the
properties of the ground close to the tunnelling perimeter
were affected by the consequent decompression and mois- N
ture changes

Table 1 shows the results of the laboratory tests carried
out on these samples. As can be seen, the samples taken
near to the tunnelling perimeter (samples MA-1 to MA-
6) have a higher relative water content, generally presenting
higher liquidity indices (LI), and a cousiderable lower dry
density (vq); the degrees of saturation (Sr} of these samples
are very high, sometimes approaching 100%. This demon-
strates the intense alteration of the clay near the tunnelled
areas, where it has undergone major tensional relaxation
and an increase in moisture from the excavation itself

A further indication of the alteration that the clay had
undergone can be found in the values for resistance fo
unconfined compression in the interior of the boreholes
ranged between 400 and 1200 kPa, whereas the decom-
pressed clay close to the tunnelled area presented values
of around 30 kPa

With regard to the expansive potential of the clay, swell-
ing-pressure values were zero to highty variable, between |
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this plane, as has the value for the effective vertical yield
stress (ouvy’) for each test performed. Samples B, C and D
were taken from the interior of the boreholes, while the
remaining two samples (F and H) are disturbed, having
been taken from the tunnelling perimeter. As it can be seen,
the behaviour of the samples largely depends on the site
where they were taken. Thus, the samples from the tunnel-
ling perimeter present a higher value for the standardised
voids index (Iv), while for vertical-stress range applied,
the samples from the interior of the boreholes are highly
overconsolidated and also present somewhat higher values
for effective vertical yield stress.

In short, the evidence is clear that the conditions of depo-
sition of these clays, possibly at high temperatures, have
provided their structure with a fabric of particle bonds that
play a decisive role in their mechanical behaviour.

Considering all the data available, geotechnical parame-
ters have been assigned for the clay levels and for the solid
rock (Table 2).

Tatle ]
Indlex properties for samples from tuanels IV and V
Sample Prospect Tunnel Kilometre point  Dry specific Percentage of Water content 1L PL  Pi 1l Sr USCs
weight 74 (KN/m®  fines (%) in situ (%) ) (%) (%) (%) (%)

MIl 82 v 0-+825 15.5 99 9 0 o© 0 - 35 ML
MI-2 5S4 v 04760 120 97 - 114 44 o o- - CH
MI3 54 v 0-+760 129 100 4 137 47 9 -05 8 CH
MX4 S4 v 0+760 13.2 99 34 129 56 73 =03 91 MH
ME5  S4 v 0+750 155 100 24 115 48 67 -~04 92 WMH
MI-6 56 v 0-+645 - 100 - 84 48 36 - - MH
MI7  S6 v 0-+645 - 100 - 86 45 41 - - MH
MI18 56 v 0-+645 - 99 - 85 48 37 - - MH
MI9 S5 v 0-+675 196 92 - 54 23 31 - - CH
MA-1 - v 0-+820 100 91 64 208 44 164 0f 100 CH
MA-Z - v 0+814 102 90 60 198 49 149 0! 100 CH
‘MA-3 - v 0-+805 133 36 21 7% 38 41 =04 57 MH
MA4 - v 0+685 136 64 27 % B 49 00 77 CH
MA-S - v 0-+698 105 94 © 51 103 45 58 01 90 MH
MAS -~ v 04705 15.8 30 25 79 28 51 -01 98 GC
180 and 1600 kPa, depending on the moisture content, 1
while the values for free volumetric swelling during soaking ;ﬁ:ﬂg!g:;mm
exceeded 15% In situations of semiconfinement, the volu- —
metric-swelling values ranged between 4.5% and 12 5%,
which gives some idea of the major expansive potential of
the clay levels - —u—

Six X-ray diflraction tests were performed, with very O "
high smectite percentages being found, in general close to
90%, which are clearly related to the expansive nature of
the formation. o o V| onssturted

Finally, five cedometric tests were cartied out, the samples e
results of which allow the structure of the clay and the At 5
manner in which it is altered by the decompression and O
swelling processes to be studied (Pérez-Romero et al, e —
2002). In Fig 9 the deformation curves are presented in a
representation plane with the standardised voids index
(Tv, Butland, 1990) compaied with the effective vertical
pressure {(at logarithmic scale). The intrinsic compression ) : : :
lime (ICL) and sedimentati.on compression Iint? (S.CL) pro- 1 10 100 1000 10000
posed by Burland (1990} for clays have been indicated on oy (ko)

Fig 9 OQecdomctric tests of expansive clay samples

4. Results from the building of an experimental tunnel

Once the properties of the expansive clays had been
determined, the possibility of altering the cross-section of
the project was studied, as shown in Fig. 6, to which end
a numerical analysis was performed on the interaction
between the tunnel excavation and lining (Oteo et al,
1999} An elastic model of the teirain and two hypotheses
for its expansivity were considered: the first with volumet-
ric expansion of up to 2% throughout the tunnelfing perim-
eter, and the other incorporating the presence of an
expansive horizontal layer 1.50 m thick centred on the axis
of the tunnel. The laws of bending moments and maximum
stresses forecast were compared for thiee different cross-
sections: the project crosssection (horseshoe/with a semi-
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Table 2

Geotechnical parameters of the expansive clay levels and solid rock

Matexial Symbol Parameter Units Value

Expansive clay G Specific weight of solid particles kN/m? 267
K Permeability coefficient m/s 1% 10°3 g8
@' Angle of shearing resistance ° 270
Kp Coefficient of earth pressure at rest - 0.8
IL Liquid limit % 80
e, Void ratio at liquid limit - 218
C; Intrinsic compression index - 0.5181

e Compression index - 04 C;

o Swelling index - . 01 ¢

Solid rock Y Unit weight of rock kN/m® 20
E Young’s modulus MPa 1500
v Poisson’s coeflicient - 0.2
ucs Unconfined compression strength MPa 50

circular arch), a circular cross-section and an oval cross-  ported by steel frames, Bernold sheets and a layer of
section (Fig 10). The numerical analysis revealed that the  sprayed concrete 007 m thick The support base would
project cross-section was not ideal, since it had to bear  be made of concrete that was reinforced mmmediately, in
the highest bending moments, while the optimal possible

behaviour was offered by the circular ctoss-section

It was not considered advisable to use the tunnel sec- 2mem. BERNOLD PLATE

tions that had been previonsly damaged, since working
inside them would be too dangerous The building of a
bypass was proposed to avoid the affected sections, the axis
of would lie at a distance of 15 m. This change in the hor- CONCRETE 5@20/m

; 0.30 m WIDTH
izontal route would not create any problems because the
purpose of the tunnels was to house a water channel. e
- . ; STEEL FRANE SPRAYED
It was decided to build an experimental tunnel that TH21 118 8m SHOTCRETE
would provide enough information to aliow the remainder 2 IN TRISDOS.
o~

of the Project to be undertaken with the necessary safe-
guards Fig 11 shows the cross-section considered (“SC™ [T~ —— """,
for the sections suffering from the presence of expansive -
clays This cross-section has a circular inner perimetes, sup-

GRAMULAR
YMATERIAL
P
(MAX AXIAL FORCE = 850KN} {MAX AXIAL FORCE = 1050KN)
w'—‘—..\
—
- ’ STEEL FRAME
SPRAYED SHOTCRETE 29
BENDING ) 2,60 J
MOMENTS
| 1,18
2mm. BERNOLD SPRAYED CONCRETED iN
PLATE TRASDOS QF BERNOL PLATE
ABA2soe WL RGN
™ 0.0 ) .: x e
[ '-"_ _ ﬁgﬁ.&ﬁ&fﬁh\ﬁ,-rv T
3 8 e
= S, '7 AR it
— ~ Y
0 100 200 300 mKN
BENDING MOMENTS {TH-21)
(MAX AXIAL FORCE IN CIRCULAR SECTION ~ 1050 KN} SECTION A-A
Fig 10 Stress laws for two sections and volumetric expansion for the Fig 1! Cross-section {SC) considered fo: the experimental tunnel in

entitr¢ perimeter of the tunneiled area expansive clay arcas
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order to increase its horizontal rigidity Finally, a concrete
liming would be fitted, working backwards, to obtain a sec-
tion with a total thickness of un 0.30 m. For part of the
route (SC') it was decided not to place the final concrete
lining, in order to enable the influence of the lining on
the behaviour of the tunnelling area to be studied

Fig. 12 shows an altermative, less reinforced cross-

section, which would be used for the first sections of

the experimental tunnel to compare its behaviour with
that of the previous ones {sections SC and SC’'). At the
beginning of the expetrimental galleria two different cross-
sections were unsed: cross-section IV, with a sprayed-
concrete lining, and cross-section V, which was further

SPRAYED
CONCRETE
e=VARIABLE -
{ ) -

=

HYDRAULIC CHANNEL
{REINFORCED CONCRETE)

F————

™~

Fig 12 Alternative cross-section (IV and V) considered for the experi-
mental tunnel

. . REINFORCED SECTION
7 :

OLD TUNNEL
r———
- . j <
e— |
EXPERIMENTAL

TUNNEL

SECTION v
SECTION YV

SECTIONSC
SECTION 8¢’
(SC WITHOUT CONCRETE)

Fig. 13 Plan of the experimental gallery exectted in tunnel V.
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Fig. 14 Convergences measured in the experimental galiery

reinforced with steel frames and Bernold sheets. Fig 13
shows a plan of the experimental gallery, indicating the
cross-sections used for each tunnel section (two new SC
and SC’ cross-sections and two that were the same as those
in project IV and V).

Convergence measurements were taken in the experi-
mental gallery, the results of which are presented in
Fig. 14. The behaviour of the complete section (SC) was
satisfactory, since any deformation was stabilised as soon
as the floor was reinforced, and the convergence values
recorded were lower than 0.0l m. However, in the other
sections (IV, V and SC’) deformation that increased over
time was recorded, reaching 0 08 m, which meant that the
base had to be reinforced as the final stabilisation
measure

5. Numerical and parametric analysis of the interaction
between the funnel excavation and the support

5 1. Deseription of the numerical analysis

The building of the experimental galleries demonstrated
the feasibility of the solution and highlighted the difference
between the behaviour of sections that had been reinforced
to greater or lesser degrees. For these reasons a parametric
study was carried out, based on nmumerical analysis, to
determine the relative influence between the various differ-
ent factors present in the project (Pérez-Romero, 2000)
The following variables were taken into account:

A Excavation cross-section: semicircular (Fig. 15a), cir-

cular (Fig 15b) and round arch (horseshoe —
Fig. 15¢).

B Position of the expansive clay level: crown, side walls
and floor.

. C Thickness of the expansive clay level: 1 and 2 m thick.
D. Free volumetric swelling of the clay: 0% (nonexpan-
sive), 2.5% and 5.0%.
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Fig 15 Excavation and lining cross-sections consiclered in the parametric analysis

E. Depth of the tunnel axis: 18, 30 and 50 m.

F Lining: concrete petimeter lining €.30 m thick (simi-
lar to section SC in the expermmental gallery), con-
crete lining 0.30m thick on the crown and side
walls but not in the floor area (similar to section
SC’ in the experimental gallery), and finally concrete
lining 0.30 m thick on the floor and sprayed-concrete
lining 0.05 m thick on the side walls and crown (sim-
ilar to Section 5 of the experimental gallery).

These variables were combined to generate a total of 28
different scenarios, named according to the nomenclature
given in Table 3

Fig 16 shows the finite-element mesh used for the
calculations

The constitutive model used for the calculation was that
of a partially saturated soil The clay levels were described
by a critical-state model (modified Cam-clay) and the solid
rock was simulated by means of an elastic model For both
matetials the parameters deduced from the laboratory tests

shown in Table 2 were used Once a geostatic stress state in
equilibrium had been obtained, the elements corresponding
to the excavation cross-section were elirpinated, such that
the normal pressure at the limit of the excavation was can-
celled. A boundary condition was later imposed for zero
suction on the perimeter of the excavation, starting a pro-
cess of saturation on the ground that progressed inwards.
A certain time after the excavation the lining was placed,
at which time an impermeable perimeter of the tunnelled
arca was obtained

5.2. Behaviour of the tunnelled area

It is interesting to note the tenso-deformational behav--

iour of the ground near the tunnelled area. A good case
in point is the one called “cs28t”, consisting of a circular
excavation with an expansive level (tuffs) 2 m thick located
at the level of the axis (Fig. 17). The lining corresponds to a

thickness of 0.30 m of concrete for the entire perimeter of

the tunnelled area (Fig. 15b).
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Table 3

Nomenclature of cases studied in parametric analysis

1st Letter ovoidal

circular

horseshoe — round arch

Tunnel section )

vertex (crown)
sidewall
floor

Position of the
swelling layer

2nd Letter

- = o]

3rd Letter  Thickness and
change in volume

of the swelling layer

o

I m thick ~ 2.5% volume increase
upon soaking

2m ~ 2.5%

2m - 0%

2m - 5%

18 m

0m
50m

4th Letter

2
n
d
Depth of the 8
tunnel axis 3

5

5th Letter Lining t concrete perimeter lining 0.30 m
thick (similar to section SC in the
experimental gallery)

p concrete lining ¢ 30 m thick on
the crown and side walls but not
in the floor area {similar to
section SC)

g concrete lining 0 30 m thick on
the floor and sprayed-concrete
lining ¢ 05 m thick on the side
walls and crown (similar to
section V)

36m

18m

pH

ik

3
31.5m

13.5m

1445 nodes.
468 elements, 8-node biquadratic displacement
bilinear pore pressure
16 quadratic beam elements, 3-node.

Fig 16 Finite-clement mesh used in the parametric analysis

Fig 18 shows the changes in the voids ratio (¢} and the
angular deformation (d¢) one hour, one day and one week
after the excavation The combined effect of the decom-
pression of the material, the swelling because of expansivity
and the proximity of the clay to a critical state generates

R A B TR T enss IR
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rock mass from
lava flows

=l swelling cl / circular E=
= Vamthe % tunnel =
= = R=2m )

Fig. 17 Diagram of a case study (cs28t)

volume increases of up to 4 5% and angular deformations
of over 3%

Fig 19 shows the stress—strain path of a point located in
the expansive clay level (point A in Fig. 17) The initial site
conditions have been marked with a white dot. Owing to
the excavation of the tunnel, point A describes an stress
decompression path (using the Cambridge variables: p’
mean pressure, ¢ deviatoric stress) that approaches the crit-
ical-state line (Fig 19a), which explains the angular defor-
mations estimated in the calculation and the creeping
processes observed in 1995in the unsupported sections
(Figs 4 and 5).

The volumetric change estimated (Fig 19b) has two
parts: an initial section where the volume increases, associ-
ated with the decompression of the clay, and another sec-
tion where the volume also increases but as a result solely
of its expansive potential The first section is the result of
the mechanical interaction between the excavation, the
support and the lining, such that fewer deformations will
occur in sections where the support is closed and thicker.
The second section mentioned is related to the supply of
moisture from inside the tunnelled area (which houses a
water channel) and the expansive potential of the clay.
These factors are favoured if the perimeter of the tunnelled
area is not scaled off

Finally, the influence of -the clay stiucture on 1its
mechanical behaviour has been described above, with dia-
genetic bonds between particles. The undisturbed samples
were found to have a lower expansive potential than the
samples taken from whete the ground intrudes into the tun-
nelled area, which are extremely disturbed and partially
remoulded, aflfecting their diagenetic bonds. Thus, the
decompression and swelling phenomena have a positive
synergy effect, since the alteration of the clay implies
greater expansive potential, which in turn leads to greater
deformation of the clay structure, with the consequent
destruction of bonds between particles.

5 3. Parametric analysis of results
Table 4 shows the results of the 28 cases analysed: max-

imum stresses in the lining and estimated displacements on
the crown, side walls and floor




Fig. 18 Deformations estimated in the proximity of the tunnelled area

Itis found that the most damaging position for a clay
leverl harmful is on the side walls, at the same height as
the axis of the tunnel, since this is where the highest stresses
in the lining are generated Fig 20 shows the bending
moxnents estimated for the three sections of the tunnelled
area It is clear that the excavation planned in the building

project (Fig. 6) is the one that works the wo1st, while the
section tested in the experimental gallery seems to be opti-
mal (Fig 11), being subjected to the smallest bending
moments.

According to the results of the numerical analysis, the

linings with grout 0.05 m thick are subjected to very high (\ _




void ratio

Fig 19==Stress-strain path of a point close to the tunnelled area

Table 4

Summary of results for a series of different cases

St 5 3
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300
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1.35 :
0 100 1000
p'(KPa)

stresses, which is consistent with the behaviour observed
in section SC' of the experimental gallery, which had to
be reinforced with 0 30 m of concrete lining. It is advis-
able for the lining to be applied to the entire perimeter
of the tunnelled area in order to make the section water-
tight and prevent the clay from continuing to absorb
water Finally, the resulis of the numerical analysis of sec-
tions with concrete linings 0 30 m thick enables conver-
gences of 0.01-003 m to be estimated, ie. similar values
to those for the convergences measured in the experimen-
tal tunnel.

Table 5 summarises the relative importance of the fac-
tors considered, among which the position of the expansive
layer and its swelling potential, the cross-section of the tun-
nelled area and the support and lining thickness particu-
larty stand out

6. Optimisation of the lining during the course of the works

Once the studies reported above had been carried out,
the woiks commenced, using the cross-section design
shown in Fig 11, with the following construction phases.

Phase 1:
11 Excavation in 1 40 m advance sections
12 Fitting TH-21 trusses.
1 3 Fitting Bernold sheets welded to the truss wings.

CASE Maximum stresses in the lining Estimated displacements
_ Tensile (MPa} Compression (MPa) Downwards at crown (mm} Inwards at side walls (mm) Upwards at floor (mm)

bv28t 038 ~0 56 -234 —40 2.0
hs28t 1233 -10.97 ~62 227 23
hf28t 268 -3.70 14 26 187
cvnt .55 -0.81 -17.0 -25 29
ov28t G679 -2.14 -18 4 -23 1.5
cvd8t 142 -3 63 -200 20 13
w23t 086 ~218 -134 ~22 20
cv25t 133 —2.55 -137 22 28
cs18t 695 —-4.78 ~&0 -236 27
csnlt 110 -1 03 -123 -199 28
cs28t 1199 ~11.13 -63 -253 22
csdft 1873 -17 76 ~18 —-298 17
cs23t 16 97 ~15.54 -62 ~20.2 26
cfnBt 024 —(3.53 -6 4 -24 12.8
cf28t 131 -243 02 -26 188
cfdst 198 —-401 50 -27 239
cf 23t 294 -4 55 90 -24 23.3
cf25t 435 ~6.08 185 ~F7 262
ovaBt 0.84 -207 -193 25 1.7
os2bt 11.61 ~992 -76 ~26.9 25
of28t 0.31 -132 -0 4 -24 211
eviip 069 -199 -184 -23 1.6
cs28p 881 ~10 08 ~-50 -301 24
cf28p 3.02 ~3.59 17 -36 215
hs28g 1144 ~118 28 -35 ~38 3 20
cslig 38 69 —31 3¢ ~4 6 -295 24
cs28g 44 60 --50.92 —4 .1 -346 ) 17
os28g 61.17 66,22 7.6 -26.9 2.5
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