AVALIACAO E MITIGACAO DO POTENCIAL DE
LIQUEFACAO NA ZONA DO TERREIRO DO
PACO EM LISBOA

F.M. Salgado, LNEC
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Sistema dos interceptores da Simtejo

2008 - 2009

Interface do Terreiro do Pago

2008 - 2010

Tunel do Metropolitano de Lisboa
2000 - 2007
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Tunel do Metropolitano de Lisboa no Terreirodo Pag o

Introducao
Avaliacao do potencial de Liguefacéo e de
Mobilidade ciclica
Consequéncias de liguefaccao
Parametros de rigidez e de resisténcia para analises
de estabilidade
Métodos de analises de estabilidade
Conclusoes
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1755: Lisboa foi devastada por um terramoto de grande
intensidade (M= 8)
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Avaliacao do potencial de
liguefacao e de mobilidade
ciclica
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Perfil longitudinal passando pelo eixo do tunel
(V.J. & C.M., FERCONSULT 2002) editado por Salgado (2008)
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* Principais preocupacoes:
a) Mobilidade ciclica ou liguefacao (?) - soils 3 & 4;
b) Liquefacao 2 - soil 5

Solo 5 — aluvides arenosas
Solos 3 e 4 — aluvides argilosas
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Principais preocupacoes:
a Mobilidade ciclica ou Liquefacao solos ? Solos 3 e 4
b) liquefacao ? solo 5
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PLANTA

Detail of section B (Offsﬁore)

In situ : SPT; Vane; CPTU; CH-VS |
Laboratory : Index and grain size testing; Resonant = 5
column, Cyclic hollow cylinder ; static, dynamic and N Tl
post-dynamic simple shear testing.
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Chinese Criteria

Clay Fraction (% finer than 0.005mm)
= N w B w [e)] ~ (0] o
o o o o o o o o o

o

* Mobilidade ciclica / Liquefacéo ?

LL<35% and W>0.9 LL
and Clay fraction <15%
(Seed and Idriss 1982)

O
u
O
O
O
P B o e
m [ °® x

10 20 30 40 50 60 70
Liquid Limit, LL

@ (al)sup-soil 3 B (a2)sup-soil 4
A (al)inf-soil 5 X (a2)inf - soil 6
—— LL=35% (%<0.005mm)=15%

Depth (m)
w w N
(9] o (0]

N
o

45

50

Plasticity Index, PI

0 20 40 @ soil 3-(al)sup

. . (IP=16.3)

B Soil 4-(a2)sup

(IP=13.5)

A Soil 5 - (al)inf

(IP=3.3)

X Soil 6 - (a2)inf
(IP=14.2)

- No Liquefaction
IP>7%

(Boulanger and
Idriss, 2006)

Boulanger & Idriss (2006)
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Mobilidade ciclica / Liquefacéao

Plasticity Index, Pl Plasticity Index, PI Plasticity Index, PI Plasticity Index, PI
Section A Section B Section D Section C
0 20 40 O 20 40 O 20 040 20 40
0 1 10 1 0 1 0 J 1 J
¢ (al)sup (PI=14.0)
B (a2)sup (PI=19.9)
10 o 10 10 10 A (al)inf (PI=5.0)
m .’ X (a2)inf (PI=14.2)
.é. [ | E s P| =7 %
| E
=t [ | O
£ 20 20 20 520
g - a = 0 "I .
a Al | £ O E a
£ O £ O |
& & O
A o m a B A
30 T 30 A 30 % Y 30
A % A A * *
10 m (*) . 8.5 m (¥ Alr 6.0m(* 1.0 m (*)
40 40 a0 = 40
X X X
X
(*) Espessura da X
aluvido potencialmente 50 50

liquefavel
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Mobilidade ciclica

A maior preocupacao era analisar a possivel
degradacao da rigidez e da resisténcia dos solos 3
e 4 com a acao sismica:
Ensaios de corte simples estaticos, ciclicos e pos-
ciclicos foram executados em amostras
iIndeformadas obtidas na vizinhanca do tunel.
Os resultados indicaram nao haver reducao de
rigidez nem de resisténcia. Nalguns casos
observou-se o0 aumento da rigidez.
Contudo, mesmo assim, podem desenvolver-se
deslocamentos por Mobilidade ciclica da ordem dos
27 cm
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Mobilidade ciclica

Direction of permanent displacement

Terreiro do Pago: a=0,163g e M=8

:E E 140 .
E E 120 “
= 100 \\
A oS = 80
S s E \
Soil Block So e 60
E E 40 \
g | E E 20 \ 27 cm
i o= 0 Ay
0 0,27 05
MN/A
—+— Salgado, 2004 (M=8; A=0_16g) —*— Rathje and Sayqli (2009)
Velocity of =+—Bray and Travasarou (2007)
Soil Block
Disp. of
Soil Block
Toward
Bluff
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Avaliacao do potencial de liguefacao:

Following State of the Art procedures (*),

CSR.FSL 2CRR (1)
where:
CSR=r1,/0," = cyclic stress ratio (2)

and, 1= average cyclic shear stress mobilized by the seismic action
and o, = effective vertical stress before the seismic action.
FSL = factor safety against liquefaction

CRR=CRR, . . MSF . Ka . Ko 3)

where:

CRR; ; = cyclic resistance ratio correspondent to an
earthquake with magnitude, M = 7.5

MSF = magnitude scaling factor

Ka = static shear stress correction factor

Ko = overburden correction factor

(*) Summary report from the 1996 NCEER and 1998 NCEER/ NSF Workshops on
evaluation of liquefaction resistance of soils. Journal of geotechnical and
Geoenvironmental engineering, October 2001 (Youd et al. ,2001).



Estimativas de CSR e CRR
Seismic action — EC8 (Bilé Serra, LNEC, 2002)

Seismic action type 1 Seismic action type 2
faraway source; amax=160 cm/sec2 nearby source; amax=269 cm/sec2
M=8 M=5.9

10 artificial records; duration = 30 sec 10 artificial records ;duration = 10 sec
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CSR

One dimensional dynamic analysis using the
computer code SHAKE 91 (ldriss and Sun,
1991, after Schnabel et al., 1972) were carried

out to estimate CSR

§ —e—CH-S404
€ X CPTULR
~ O T T T T T
2 60 -50 -40 -30 20 -10 O
Elevation (m)
£ 10
{ o
‘gﬂ) 30
EIS 50 08,
02r Szm
I F= 00 . .néo
0,0001 Qoo1 ao1 o1 0000 0,001 001 [X] 1 10

Deformagdo de corte ciclica, 1 (%)

Vucetic and Dobry (1991)

Estimativas de CSR e CRR

CRR

The empirical approaches recommended by
Youd et al (2001) using SPT data (modified
from Seed et al., 1985), CPT data (Robertson
and Wride, 1998) were followed.

0. ‘ - ‘ .
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| 0.5
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A
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EStl m atlv aS d e Ensaio de Coluna Ressonante / Torgéo Ciclica

Tensido efectiva de confinamento p' = 140 kPa

IP= 9%
CRTC1 % Finos = 19%

o] ST

Laboratory testing was o RS _ L
carried out to confirm 3 o N E;g:g:;ﬂ
Vucetic and Dobry (1991) e=lo TS,
curves o1 = &

Y
Resonant column and cRTC 1
cyclic torsion tests were LI

carried out (Santos and
Lopes, IST (2001)

§ (%)
& 9
o =}
%‘»
AY
\
¥ al
X
»

I &CR
10.0 #rary TC, N=1 [[1]]
g n\ _ uTC, N=
lLLIP={15 ATC, N=20
5.0 Bz
Jll e dﬁzs«
0.0 }
1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01
Y
Cliente : Ferconsuit
Designagdo do trabalho : Estagé@o do Terreiro do Paco do Metropolitano de Lisboa

Identificagdo da amostra : CRTC 1 - sondagem SC3B
Profundidade (m) : 13.5-14.2
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FC(%) e Vs (m/sec)

Estimativas de CSR

Valores de velocidades de ondas de corte foram
registadas in situ (CH) e tambéem estimadas dos
resultados dos ensaios (CPTU) (Salgado, 2008)

e,
[ .r-n./ L
. b 1 S |

800
700
600
500
400
300
200
100

TERREIRO DO PACO - CPTU1R

MOKKR
xX

+ FC>35%

+ FC<35%

-30
COTA (m)

—Vs

@ Vsav.

X CH-Vs

'§  4‘ CPTU1B{_£{,
o ”‘ - @*fl 5
= ; \K\ R

Section B



Estimativas de CRR
CRR=CRR, . . MSF . Ka . Ko

Magnitude Scaling Factor, MSF

45
[
—4— Seed and Idriss, (1982)
4 \ Rdnge of recommended | —@— Idriss EC8 endorses
35 s, MSF from NCEER & Ambraseys (1985)
a Workshop ¢ Arango (1996) Ambraseys
3 o \ ¢ Arango (1996) (1985)
—e— Andrus and Stokoe
2.5 2z A Youd and Noble, PL<20% proposal
' A Youd and Noble, PL<32% .
2 A Youd and Noble, PL<50%| 1 N€ Lisbon Metro
15 blue line analysis
| used ldriss
05 proposal (Youd et
| al. 2001)
0
50 6.0 7.0 8.0 9.0

Earthquake Magnitude, M,



Estimativas de CRR

CRR=CRR, .. MSF . Ka . Ko
Ka= 1 (the static shear stresses are low)

Ko = ((o,,/Pa) I
Proposed by Hynes and Olsen (1999) and endorsed by Youd et al. (2001)

A value for f = .75 was considered in the analysis and corresponds to
the relative density, Dr=50%, (N1),,.s=12.3, of the alluvium soil n° 5.

Note: EC8 proposes CRR = CRR, . . MSF
and omits Ka . Ko
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Zonas com potencial para liguefacao:

Sec.A (tunnel): CSR&CRR

Sec.D (tunnel): CSR & CRR

¢ CSR (shake)
0: FaWila) ﬂ: 0O-9.
g _’.wmrm U2 # CSR (shake) % 00000 03 B S406
U.1lO & "."
B —— ot  S402 E LAY ’x’x’x“ ; i S407
G —lzx%im aarc Tl + .
v —  r $403 o R SDGS
8 O X vs-Nspt
40 -35 -30 -25 -20 -15 -10 SDG4 -40 -35 -30 -25 -20
®\/S406
ELEV (m) X CPTU3 ELEV (m)
+CPTU2
Sec.B (tunnel): CSR&CRR Sec.C (tunnel): CSR&CRR
—— CSR(from
x o SHAKE) hd 625
Ind 04 B S404 [nd p
O S 03 O v 62 # CSR (shake)
2 -2 S405 T - 0o
5 ’:tﬁﬁmr"‘_ﬁ_ S = o5i1 | mcPTU4
% R+ o SDG3 x : ’ . —9
N T T T U ]
O 0 35 30 o5 20| X VSNSPT ©33 32 31 30 -29 -28
Elev(m) ® VS404 Elev (m)




Consequéncias de
Liquefacao (?)

nota: este assunto estd omisso no EC8 e no
NCEER/NSF
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Consequéncias de liguefacao ?
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Consequéncias de Liquefacao ?

Ot Ddbestas ,-J"'/—R\

Geometry of bottom river Tejo
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and average slope = 6%
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Blue line - Terreiro do Pacgo




Métodos empiricos e semi-empiricos
Hamada et al. (1986): (1)
D=0.75xT1291/3

Youd et al. (2002): (2)
log Dh =-16.213+1.532 M-1.406 log R*
-0.012 R+0.338 log S+0.540 logT+3.413
x log (100-F)-0.795 log (D50+0.1 mm)

where: R* = (10 (08M-5.64))4R; (R=R,,,.)

Shamoto et al. (1998): (3)
Dh= Ch x (Dh)max. = Ch x [ (Y),,.., dz

where: Ch=1 (water front) and(Dh)max is

assumed = ((V,)madav X T

i engenharia para a sociedade
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Residual

shear
strain(%)

A 10.0 22.0 .168 24.1 12.2
B 8.5 28.5 125 22.8 12.6
D 6.0 23.0 .160 24.8 12.0
C 1.0 26.0 .139 213 13.1

T is the thickness of the liquefiable deposit;

(Ny)gocs the average equivalent clean sand normalized value of SPT;

((Y)) max) av IS Shamoto’s correspondent average maximum residual shear strain;
The average slope, 6, is 6%;

The maximum base acceleration, (ab),,,,,. iS .163g;

The earthquake magnitude, M, is equal to 8;

The equivalent source distance, R, is estimated to be 55 Km (Youd et al, 2002).

Terreiro do Paco Tunnel and Station: FC versus D50
(50 SPT soil samples)

Predictions of Post-Liquefaction Displacements by
Simplified Models

(&

— & Tunnel - Section A

70
€ 60 \
G 50 \ B Tunnel - Section B

L
e A - 1
5 20 \ Tunnel - Section D
S 20 - -
8 [ ] X Metro Station
10 %—X‘
[%]
2o ; ANXA / ——— Youd's boundary
T 0,01 0,1 1 10 (2002)

IS

)
/ ‘\'\ —e— Hamada et al.(1986)

—=—Youd et al. (2002)

/ }\ —a— Shamoto et al. (1998)
[/ TR\
/ o\

150 200 250 300

w

N

[

Horizontal Post-liquefaction
Displacement (meter)

o

=
o
o

Mean grain size, D50, (mm)

Tunnel Ring n°
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Métodos empiricos e semi-empiricos
Hamada et al. (1986): (1)
D=0.75xT1291/3

Youd et al. (2002): (2)
log Dh =-16.213+1.532 M-1.406 log R*
-0.012 R+0.338 log S+0.540 logT+3.413
x log (100-F)-0.795 log (D50+0.1 mm)

where: R* = (10 (08M-5.64))4R; (R=R,,,.)

Shamoto et al. (1998): (3)
Dh= Ch x (Dh)max. = Ch x [ (Y),,.., dz

where: Ch=1 (water front) and(Dh)max is

assumed = ((V,)madav X T

Comentarios:

1) Estimativas dos métodos empiricos e
semi-empiricos ficam entre 0,5 a 2,0 dos
deslocamentos observados (Youd et al.

2002) Onder Cetin et al. 2004), Zhang et al.

2004);

2) Os métodos empiricos e semi-empiricos
nao consideram as cargas dos edificios
adjacentes (BL)

i engenharia para a sociedade
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Residual
shear
strain(%)
A 10.0 22.0 .168 24.1 12.2
B 8.5 28.5 .125 22.8 12.6
D 6.0 23.0 .160 24.8 12.0
C 1.0 26.0 .139 21.3 13.1

T is the thickness of the liquefiable deposit;

(Ny)gocs the average equivalent clean sand normalized value of SPT;

((Y)) max) av IS Shamoto’s correspondent average maximum residual shear strain;
The average slope, 6, is 6%;

The maximum base acceleration, (ab),,,,,. iS .163g;

The earthquake magnitude, M, is equal to 8;

The equivalent source distance, R, is estimated to be 55 Km (Youd et al, 2002).

Predictions of Post-Liquefaction Displacements by
Simplified Models
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Tunnel Ring n°
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—a— Shamoto et al. (1998)
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=
o
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Analises simplificadas dinamicas de “Bloco”
Resisténcia pos-liquefagao

°*Byrne and Beaty (1999) ¢ Olson and Stark (2002)

| ® Beck-caloulatad liquefiad &rr-englh ratio anc measured SP’;
® Back-calcwalad liquefiad strangih ratio ans converter SPT
fram measured GPT A
i Back-calcuated llquefied swength ratio and estimateg SH1 g
134 | & Ersﬂ:ttls’:iaa:‘!ali;lélepllred strength ratle and measured, sorvarked _'/
Mad. Seedt d Farder {1590} !‘ s 03 - | (numoer besio yymbel indicates svorsge wescorort |, o
fUpper and Lower Bound) . %" ﬁ;ﬁdzwi:ghm;mmi » ///
i3 HE \\ s
] Davies and Campanella (199¢) —,_ 7 7
b . 1driss L 2 3 02 - ,}\
. 3 . i B 3 vl
:‘:-_, . [1U9E) E E Proposed relationship ﬁv—\ // \
5 B L = \v \
=15 o N >
2 - Oy ' - 4
{ S N
ol | g
=T el _' fo i ard Mesrl (1892)
/ = Tl - T Lalio gopsyy,,
2 pl=—""1 ik L T .
y ; o 2 4 i 5 0 o® 14 1 18
b 3 W 1= 20 Normalized SPT blowcount, m1)50
(M1 Jani
w1 Co, 400 DY Tunnel Tower/crest
4 Pit sand
o Mildved Lake sand
Massey sand
: EQ-Induced Case Histories (Idriss, 1998) ( N 1) ( N 1) ( N 1) ( N 1)
7] 0
|
JE‘I_ 60cs 60 60cs 60
= R O T 0
S s o - | A 12.2 7.1 17.3 13.1
i == uannaar , |
5 B 12.6 6.4 14.8 12.3
(Stlo,,) = (Stlo,,’), x Ko* (Byrne and Beaty, 1999) D 12.0 6.9 174 13.0
Ko* = Ko = ((o,,/Pa) It ; with f=0.75 (Hynes and Olsen, 1999) C 13.1 738 14.3 12.4



e Valor limite de distorcao pos-
liguefacao, includindo dados de
Seed et al. (1985)

Limiting Shear Strain

(N1)60cs versus Limiting Shear Strain

—e— Seed's Lower bound
—=— Seed's Upper bound
Shamoto et al.(1998)
o Zhang et al.(2004)

(%)

s 5
%
[ 2

20 -
10 4 X Byrne (1991)
0 @ Upper S.F.Dam
0 5o | X LowerS.F.Dam
0 Duncan Dam

(N1)60cs
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® OpcOes de tensao-deformacao
consideradas nas analises(Salgado,

2005)
Parametro Mod. Mod. Mod.
Newmark- Newmark- Newmark-
1 2 3
Resisténcia Mod.* Mod. * Average of
residual Idriss Seed and Olson and
(1998) Harder Stark
Lower (2002)
bound
(1990)
Valor limite  Average of Upper Upper
de Seed et al. bound of bound of
distorcéo (1985) Seedetal. Seedetal.
pos (1985) (1985)
liquefagao

* Byrne and Beaty (1999)

36



engenharia para a sociedade
investigacao e inovagdo

¢ Resultados considerando as cargas dos ®  Resultados considerando as cargas dos

edificios = 0 ( BL=0) edificios > 0 (BL>0)
(Sec. A-BL=127.5 kPa, Sec. B - BL=200 kPa)

Mod. Mod. Mod. Mod. Mod. Mod.
Newmark-1 Newmark-2 Newmark-3 Newmark-1 Newmark-2 Newmark-3
FS a, FS a, FS a,
A

FS

A 3.39 .073 2.62 .049 2.01 .032
1.98 .053 1.55 .029 1.19 .011
B 3.81 .097 3.24 .062 2.62 .045
B 1.60 .049 1.40 .032 1.22 .018
D 363 .073 279 .050 2.68 .046 _ o
FS=Factor Safety against sliding
C 385 .102 322 079 269 .060 a, = Yield acceleration
Predictions of Post-Liquefaction displacements by Predictions of P.ost—.quuefacnon displacements by
- s simplified models (BL>0)
simplified models (BL=0)
—e— Hamada et al.(1986) —¢—Famda et al(1986)
5 8
5 — —=— Youd et al. (2002) é = 7 i —=— Youd et al. (2002)
2o 826
% 5 /)K \ 03.) g 5
zE3 - —a— Shamoto et al.(1998) g< %_® —a— Sharmoto et al.(1998)
%8 224 /X
g5 2 . & 83 i
- 9 X Mod.New mark-1(Mod.ldriss T @ X Mod.New mark-1(Mod.Idriss
*g % (1998);av. Seed et al(1984) g g 2 / K x (1998);av. Seed et al(1984)
S .o 1 NA
-g ° X Mod. New mark-2 (low bound :‘[6: 1 / ‘W\ X Mod. New mark-2 (low bound
T 04 Seed & Harder (1990)- upper & Seed & Harder (1990)- upper
‘ ‘ ‘ bound Seed et al.(1984)) 0+ % ‘ ‘ ‘
100 150 200 250 300 bound Seed et al.(1984))
: o Mod.New mark-3 (av. 100 150 200 250 300 1§ \odNewnmarie (av.
Tunnel Ring n® E’(';‘:;&Se‘::jk(eztoi_zgi:‘;’g Tunnel Ring n° Olson&Stark(2002)-upper

bound Seed et al. (1984)) 3 5
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Resultados de analises de Elementos Finitos Pseudo-Dynamicas

Para calcular deslocamentos poés-liquefacdo em locais “cha ve” como o
tunel e o Torredo da Marinha, foi necessario efetuar analise s de Elementos
Finitos uilizando o método Pseudo-Dinamico seguindo 0s pro cedimentos
desenvolvidos por Byrne, Salgado and Jitno (1992).

BL=0 BL>0
Finite Element Pseudo-Dynamic Results (BL=0) Comparison between Finite Element Pseudo-
Dynamic and Dynamic Block analysis results
6
0
c & Hamada et al. (1986) 8
© —
% = Youd etal. (2002) 7 f\\\ ' E':gﬁ dfe;;]r:;’c
o . .
© =6 5 -
% = A Shamoto et al. (1998) g —- / A \ —@— Finite Element-2
5 % o ‘2 5 / \ Pseudo-dynamic
c —>¢— Finite Blement-1 Pseudo- ) -
s & dynamic qg’_ c 4 / / )K\\ —4— Finite Element-1
© - S o Pseudo-dynamic
8 —*— Finite Blement-2 Pseudo- 2483
g d_yr_1an1c et ) //M —-%—- Mod. N?W mark-3
g —e— Finite Element-3 Pseudo- Q= Dynamic model
1 dynamic 2 1 /// w‘x ---X-- - Mod. New mark-2
o )
o 0 _f ‘ ‘ : Dynamic model
100 150 200 250 300 | ¢ Moo Newmarkl
) Dynamic model
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Torredo da Marlnhag>

. . tunel

¢ Conseqguéncias de Liguefacao e de Mobilidade ciclica?

(NN
I
/

| ]
/

-

Deslocame”\os de 2,26 m (H) e - 0,09 m (V) na zona do tunel e de cerca dos 2,15 m (H) e - 0,99 m (V) na zona do Torredo da Marinha

i

Mobilidade ciclica
/

| |

/ - —

___—Zonatratada

- —
., =

LT
o

_?'.?'I?'? — — - .--""

Deslocamentos de 0,27 m (H) e 0,13 m (V) na zona do tinel e de cerca dos 0,22 m (H) e - 0,15 m (V) na zona do Torredo da Marinha
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Decisao de activar medidas mitigadoras — Reforco do solo

* Sem Tratamento * Com tratamento

¥
AN
i S B 2 )

P |
i

e
XX XRXRRRRLLLL =

(Section B - scale exaggeration = 3) (Section B - scale exaggeration =5)

Eurocode 8 Percentagem de tratamento (%) — Section B
Coeficientes (assumindo a resisténcia do jet grout=3.65 MPa)
parciais (*)

Opgao 1 Opgao 2 Opgao 3
(Mod. Idriss) (Mod. Seed and (Olson and Stark)
Harder)
ON (>1) (*) 7.00 7.35 7.67
OFF (=1) (**) 5.60 5.96 6.32

(**) exceto para o solo tratado, em que, ycu=1.4
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Decisao de activar medidas mitigadoras — Reforco do solo

* Com tratamento * Sem tratamento
Ry l HHg?E *jﬂ ==
.

e
XX XRXRRRRLLLL =

(Section B - scale exaggeration = 3) (Section B - scale exaggeration =5)

Eurocode 8 Custo do tratamento (milhdes de Euros)
Partial Factors (assuming shear resistance of jet grout=3.65 MPa)
of Safety

Option-1 Option-2 (Mod. Option-3
(Mod. Idriss) Seed and Harder) (Olson and Stark)
ON (>1) (*) 4.55 4.80 5.00
OFF (=1) (**) 3.65 3.90 4.10

(*)yeu=1.4;y@ =1.25
(**) except for treated soil, where ycu = 1.4
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Decisao de activar medidas mitigadoras — Reforco do solo

Baseado nos estudos do LNEC a Administracao do Metropolitano de
Lisboa, ML, decidiu investir 5 milhdes de Euros para efectuar o
tratamento de solos.

Uma Comissao técnica constituida pelos Professores Antonio
Mineiro (UNL), Emanuel Maranha das Neves (IST) and Matos
Fernandes (FEUP), foi constituida para em conjunto com o LNEC
desenvolver o projeto de execucao correspondente ao tratamento
de solos na zona envolvente ao tunel do Metropolitano de Lisboa e
ao Torreao da Marinha.

O tratamento de solos terminou em Agosto de 2007 utilizando
colunas de Jet Grout de 2,0 m de diametro e estacas de betao
armado com diametrosde 1,2e 1,4 m.
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CONCLUSOES

Este estudo realca que a data nao existem, no Eurocodigo 8
ou noutro cédigo internacional, recomendacdes para avaliar
as consequéncias do fendmeno de liquefacao.

O estudo também mostra que a utilizacao de modelos
empiricos e semi-empiricos, fundamentados em casos
historicos, foram fundamentais para ganhar a confianca
necessaria na utilizacado do método de Elementos Finitos
seguindo o procedimento Pseudo-Dinamico, assim como, a
confianca politica pela Administracao do Metropolitano de
Lisboa para mandar efectuar o tratamento de solos na zona
do Terreiro do Paco.
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