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Overview

Underground structures
Cultural heritage
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Underground structures in urban environment
Cultural heritage buildings
O Historical constructions ¢ of high social and cultural value ¢ extremely

susceptible to damage and deterioration due to weathering and
environmental actions * Low mechanical properties and brittle failure

L Often in close proximity of underlying networks ¢ estimation of the
related damage and employment of extensive monitoring and
appropriate mitigation technigques
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Underground structures in urban environment
Cultural heritage buildings

O Historical constructions ¢ of high social and cultural value * extremely
susceptible to damage and deterioration due to weathering and
environmental actions ¢ Low mechanical properties and brittle failure

O Often in close proximity of underlying networks ¢ estimation of the
related damage and employment of extensive monitoring and
appropriate mitigation techniques

O Emerging demand on underground constructions ¢ aspects of efficacy,
time transferring needs and obstruction in over-concentrated
overground urban networks

O Induced settlements during excavation and service life ¢ design and
construction stages still remain an open challenge ¢ efficient mitigation
techniques
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Underground structures in urban environment
Analytical approach

O 1st preliminary assessment ¢ Greenfield settlement troughs in 3D space
 overlying space with no structure accounted ¢ verification through

data collection
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Underground structures in urban environment

Analytical approach

O 1st preliminary assessment ¢ Greenfield settlement troughs in 3D space
 overlying space with no structure accounted ¢ verification through

data collection
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Underground structures in urban environment
Analytical approach

O More than one tunnels e relative depth and distance from centre points,
* settlement troughs is derived as the superposition of troughs from
single tunnels ¢ lower the quality of Gaussian fitting
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Underground structures in urban environment
Short-term settlement profile — Construction process

O Face loss: Counteracting applied pressure in the plane of the cutter
head ¢ the induced settlement can be controlled and minimized

O Radial loss in shield: By the use of EPB, the soil pressure in the
circumference of the boring machine can be reduced

O Radial loss behind the shield (tail void): Portion of the face is
unsupported and radial deformations evolve * common practice to
directly inject grout under pressure and can keep the deformation of the
tunnel face within certain limits (V).
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Underground structures in urban environment
Overlying structures — Damage categories

L

Typical crack Maximum
Description of typical damage and form of repair widths tensile strain
(mm) %

Category Degree of
of damage damage

*

cm

sk

S/L

0 Negligible Hairline cracks of less than about 0.1 mm width. 0-0.1 0-0.05

<3

1
<300

Fine cracks which can easily be treated during
normal decoration. Perhaps isolated slight
fracturing in building. Cracks in external
brickwork visible on close inspection.

1 Very slight 0.1-1 0.05-0.075

3-4

Y300 to

1
/240

Cracks easily filled. Redecoration probably
required. Several slight fractures inside building.
2 Slight Exterior cracks visible; some repointing may be 1-5 0.075-0.15
required for weather-tightness. Doors and
windows may stick slightly.

inflection point

4-5

Y240 to

1
/175

Cracks may require cutting out and patching.
Recurrent cracks can be masked by suitable
linings. Repointing and possibly replacement of a
3 Moderate small amount of exterior brickwork may be 5-15 0.15-0.3
required. Doors and windows sticking. Utility
services may be interrupted. Weather tightness
often impaired.

5-8

Y175 to

1
/120

Extensive repair involving removal and
replacement of sections of walls, especially over
doors and windows required. Windows and door
frames distorted. Floor slopes noticeably. Walls
lean or bulge noticeably, some loss of bearing in

beams. Utility services disrupted. >0.3

4 Severe 15-25

Major repair required involving partial or
Very complete reconstruction. Beams lose bearing,
severe walls lean badly and require shoring. Windows
broken by distortion. Danger of instability.

6]

>25

8-13

Y120 to

Y70

>13

>1/70

*Maximum vertical differential settlement

**Deflection slope
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Underground structures in urban environment
Cultural heritage buildings — Soll/structure interaction

The Kuio Tambo Church, Peru

Mode 1 (1.59 Hz) Mode 2 (2.15 Hz) Mode 3 (2.68 Hz)
Damping=0.71% Damping=3.67% Damping=0.63%

O Dynamic identification tests St Ut Pl Compni

O Independent orthogonal bending
modes, of 1st and 2nd order

0 Mode shapes in out-of-phase
symmetric patterns, with high
peaks and similar amplitudes

O Low level of connectivity

d Damage related
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Underground structures in urban environment
Cultural heritage buildings — Soll/structure interaction

Global model with material properties from sonic tests [3]

Interfaces

T h e Ku ﬁ O Tam bo C h u rC h y P e ru SITEDEEES South facade North facade Sacristy Buttresses Baptistery

KZ KX,y Kn KS Kn KS Kn KS Kn KS Kn KS
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2900 | 1160 | 0.0022 | 0.0011 | 0.0022 | 0.0012 | 0.0022 | 0.0012 | 0.0022 | 0.0011 | 0.0022 | 0.0011

iViodal analvysis

Dvynamic test

. . Mode 1 (1.59 Hz) Mode 1 (1.59 Hz)
O Correlation of experimental Damping=0.71% g Pl i

and numerical
modal results

O Adjusting the frequency and
mode vectors of the 1st Mode
(1.59 Hz)

Foundation WA

s553%
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Underground structures in urban environment
Cultural heritage buildings

Advanced numerical modelling

L Tunnel construction sequence and
techniques

O Multiple tunnel construction

O Arbitrary alignment of tunnels’ main axis
with structures of interest

i

X (m)
0 -0 -20 -30 <40 -50 60 -70 -80 -90 -100
A

0 Complex solil stratigraphy and hydraulic

conditions " /
£°1E9 )
O Local ground treatments §7 154 gt
(i.e. grouting) wl ]

O Adjacent overlying structures and
services

U Long term settlement conditions and
brittle failure
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Underground structures in urban environment
Cultural heritage buildings

|
Instrumentation Sites Location Map
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