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Thesis Plan Scheduling

Seismic Risk Mitigation Thesis First Year Second Third Year Forth Year

Year

Essential Courses

Literature Review

Data Collecting

Research Methodology Plan

Selection of appropriate research techniques

Studying the current LNECLOSS Platform

Development of Structural Methodology

Choosing the Mitigation Techniques

Calculate Attractiveness of Mitigation Alternatives

Determining the Direct Costs of Mitigation Alternatives

Determining the Benefits of Mitigation Alternatives

Choosing the Best Alternative
Submission of ISI Journal

Writing up and Dissemination of the Thesis
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Mitigation Framework; Cost Effectiveness Analysis

N

l

l

Exposure ”_ i
Hazard Module Module Vulnerability Damage & IR’SetlroPttlng ! Benefit and
| | Module Loss Module olutions ! Sensitivity
Modules i Module
Soil i
Location Typology Number of :
Magnitude household !
Frequency of / time Social Direct Shear :
Occurrence Building depended || Vulnerability Loss wall i
Typology/ census ' | Direct
age/height i | Benefits
Physical : i
Indirect i
Vulnerability o Concrete |
Jacketing !
i | Extended
Number Displaced ! Benefits
household/ Temporary |
Settlement Bracing :
i Sensitivity
i Analysis
Fragility Curves FRP !

#HAlternatives

NOTE: Dashed-Cycles repeat in terms of
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Case Study Building Stock ~70%

= 25% I

* Censos 2011:
97% of building stock < 5 storeys

% Buildings
[ERY
o

= 70 % of building stock was not
designed against earthquakes and is 0 -
potentially vulnerable to seismic actions

INN]

1919 1945 196p 1970 1980 1990 1995 2000 2005 2011

1st Seismic code (RSCCS, 1958) Year  (Adapted from Neves, 2015)

Seismic code in force (RSA, 1983)

Vulnerability and inventory definition

. 1,500,000
® 7 vulnerability classes x 7 n? floors e
y 2 1,250,000 35,1% 35,6%
o = ; % 750,000 21,0%

Adobe + rubble stone + others

v 500,000
Masonry before 1960 € 250,000 1 5o, 3,8%
:E ’ ’5% z
Masonry 1961-85 5 0 +——— . ; .
a 1 2 3 4 5
Seismiczone

RC before 1960
RC 1961-85
RC 1986-01

RC before 1960
RC 1961-85

Up to 4 storey Building

|
|
|
Masonry 1986-01 \
|
|
|
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Case Study Area

» Metropolitan Area of Lisbon - MAL

Gg);lend Stratigraphic profile v, [m/s]
A Rock and hard soil > 350
B Intermediate soil 200-350
C Soft soil < 200

Soil_Class y
[ | <all other values=}~
Soil_class

- Hard soil
B interm. soil
[ Soft soil

3 soil classes

37 soil profiles

REER NONRCHNN NERC 0N NNNREER EORDCH

WX 96
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Case study: RC Portuguese pre-seismic code building stock up to 4 storey

Variables of material and geometry properties

80,000
60,000
40,000
20,000

Variaveis Média CV (%) A B Referéncia
G (kN/m?) 8 12.5 6 10 Sousa et al., 2016
N° pisos 1/2/3/4 28/42/15/15 - - Censos, 2011
H, 3.2 10 25 5
Existing buildings >~ 28 ° 25 4 Shactal20u
Ly (M) 4.4 16 25 6.5  Furtado et al., 2015
e (M) 0.23 24 0.1 0.35
f.m (MPa) 23.8 49 5.0 80.0 Silva et al., 2014
> f« (MPa) 235/400/500 25/50/25 - - Silva et al., 2014
pi (%) ! 40 0.3 35 ?:fsioeitael,.l ’22001165
Total
0,000
45% 0,000

Hard soil

Interm. soil

RC Non ductil - low rise

Soft soil

H Total

0,000

0,000

0,000

0,000

Masonry

RC Medium
Ductility

RC Non ductil - low  RC Non ductil -

rise

med/high rise

Soil_class
™ Hard soil

o Interm. soil

m Soft soil
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Retrofit Solution

Steel/FRP Jacketing 4 / /7
strengfh / ‘,«’f L zzinecfroer?r;:’:bility
S T w—

Considering Confinement

—_— 1
) ) ) ) —
(| \lw | | )
. I ]
I I
/ / / / /
. . :‘F ”ﬂ / / / /
Effectiveness Confinement M — Hl
I/l — (LA
o e s O L O 5
) ‘ { l
; zrileuvrzm lap-splice Rebar Delay buckling
buckling Many layers may
prevent buckling

Confinement factor varies: 1.50, 2.00

results in 2 scenario of Retrofit Solution
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Retrofit Solution

Technique for
Column Jacketing

Properties of Jacket

(Shri. Pravin B. Waghmare, 2011)

Percentage of steel in the
jacket between 0.015and
0.04 of jacket Area

Minimum width of jacket
10 cm for concrete cast-
in-place

/_SIab
5 STk ] : {
( U3 Added ties
| . | TBeam l'
. i ¥ :
=t Existing {u 0}
Columor
ﬂ d[ﬂ )
= Jacket /
£ OO I 7
[nC i ais i Added longitudinal
reinforcement
L 1 Section B-B
=1 —
I I
N

Properties of jackets

Match with the concrete of the existing structure.
N\ompressive strength greater than that of the existing structures by 5 N/mm’or at
lea\t equal to that of the existing structure.

Minimum width of jacket

10 ¢k for concrete cast-in-place and 4 cm for shoterete.

If poskible, four-sided jacket should be used.

A morlithic behaviour of the composite column should be assured.

Narrow gap should be provided to prevent any possible increase in flexural capacity.

Minimum area of
longitudinal reinforcement

3Af,, where, 4 is the area of contact in em” and f, is in  kg/em’

Spacing should not exceed six times of the width of the new elements (the jacket in
the casg) up to the limit of 60 cm.

Percenfage of steel in the jacket with respect to the jacket area should be limited
betwegn 0.015and 0.04.

At legst, 12 mm bar should be used at every comer for a four sided jacket.

Minimum area of transverse
reinforcement

Desjgned and spaced as per earthquake design practice.
fimum bar diameter used for ties is not less than 10 mm or 1/3 of the diameter of
e biggest longitudinal bar.

The ties should have 135-degree hooks with 10bar diameter anchorage.

Jacketing factor varies: 2R, 3R
results in 2 scenario of Retrofit Solution
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s Sections Flement Classes

*

| rcjrs: Reinforced concrete jacketed rectangular section ~

Section Name:
- Section... 3 | Jacketed Reinforced concrete
Section Type:
Add | sCol111
sCol211

Materials and Dimensions  Reinforcement  Section Characteristics
sCol311

Steel Profile sCol411 Section Material(s)
sCol511 External Reinforcement
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sCols11 reinJack
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Show Transverse Reinforcement
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Analysis Output
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Capacity Curve of Retrofit Scenarios

Capacity Curves

Ay. x— Du.
S(x,i) :=if| x<Dy,, if Dy=0, 0, x— |, if| xSDu, ¢.-sin  acos || +d,Au,
Dyi a,
Least Mean Square Root Ay=Csy/ o Dy = Ay Te? / (271)2
[Ay,Dy], [Au,Du]
Au = A Ay Du=A u Dy

000000

1 ( sd
P (D>d|Sd)= @ — In| =2
(D454 Pd I{deJ
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Defining the Limit States

¢ lelt StateS Maximum global drift
— Slight Damage (SD)
o The structure is only slightly damaged and economic to repair

o 50% of Maximum Base Shear is achieved

SD

>
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Defining the Limit States

* Limit States
— Slight Damage (SD)
o The structure is only slightly damaged and economic to repair
o 90% of Maximum Base Shear is achieved
— Moderate Damage (MD)
o The structure is moderately damaged
o 75% of Maximum Base Shear is achieved

MD
SD

>
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Defining the Limit States

 Limit States

— Extensive Damage (ED)
o The structure is significantly damaged

o 100% (Maximum) Base Shear is achieved

ED
MD

SD

>
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Defining the Limit States

 Limit States

— Extensive Damage (ED)
o The structure is significantly damaged
o 100% (Maximum) Base Shear is achieved
— Collapse (C)
o The structure is completely damaged
o 80% of Max Base Shear is achieved
ED

MD
SD

>
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Capacity Curves — 4storeys buildings
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Capacity Curves — 3storeys buildings
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Capacity Curves — 2storeys buildings
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Capacity Curves — 1storey buildings

14.0

12.0

10.0

w0
=

6.0

Accelaration(m/s*2)

4.0

20

s ORGINAL
=  BA1960-1985
+ MODERATE DAMAGE

0.2 0.3 0.4
Displacement(m)

s C ONFINEMENT LEVEL 1 s CONFINEMEMNT LEVEL 2 s < BA 1960
e | ACKETING 2R s JACKETING 3R ® SLIGHT
EXTENSIVE B COLLAPSE

0.5

Sanam Moghimi/ Seismic risk of PreCode RC buildings retrofitted with Jacketing




Limit States for No Confinement 7.2M Vale inf Tejo
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Hazard: Seismic input Identification

Scenario of Earthquake

Return period

Inland Inland Offshore
Name 3 X Y Return Period M | Return Period | M
Vale inf Tejo 6 124743.00 220791.00 40 5.5 100 7
Vale inf Tejo 6,9 124743.00 220791.00 100 6 300 7.5
Vale inf Tejo 7,2 124743.00 220791.00 200 6.5 475 7.7
Benavento 6.9 140348.00 220658.00 475 6.7 600 8
offshore 975 6.9 975 8.2
Name M X Y 1300 7 2800 8.5
1755 Earthquake | 8.5 -10814.0 -6607.0 5000 7.2 5000 8.7
Sc1_1 8,5M 1755
Sc2_1 6M Vale inf Tejo
Sc2 2 7,2M Vale inf Tejo
Sc2_5 6,9M Benavente
Sc2 6 6,9M Vale inf Tejo @
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Defining the Loss Area

— Slight Damage (SD)

o 2% of structure is slightly damaged

— Moderate (MD)
o 10% of structure is damaged
— Extensive Damage (ED)

o 950% of structure is significantly damaged

— Collapse (C)
A o 100% of structure is completely damaged
VD ED
C
SD
>

Damage states Loss Ratio
Slight 2%
Moderate 10%
Extensive 50%
Collapse 100%
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Vulnerability Classification

Vulnerability Classification Sum of Area_total_m2
Masonry 67,414,361
RC Medium Ductilit 66,564,130
RC Non ductil - med/high rise 36,580,119
Grand Total 234,967,173

7,2M- Lower Vale de Tejo
OIdLNECLoss
Sum of Loss(m”2)

Vulnerability Classification

Hard soil Interm. soil Soft soil Grand Total
Masonry 493,928 626,298 307,217 1,427,443
RC Non ductil - low rise 148,714
RC Non ductil - med/high rise 43,773 38,405 31,871 114,050
Grand Total 675,728 887,522 429,469 1,992,720
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Importance of case study: Example of results

« Total Damaged Area
— 7,2M Vale inf Tejo

— No Confinement
[Original buildings]

— All typologies

ALL TYPOLOGY-7,2M
Sum of Area_Loss(m*2)-ALL TYPOLOGY
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Importance of case study: Example of results

|
15.00% -

10.00%

5.00% 4',;_.,. !

0.00% -
Hard soil
Interm. soil

Relative Loss Area[%]

Original buildings

W
s
—_
2
°
1
G
-]
©
c
o
=2
Q
2

Masonry
RC Medium Ductility \
RC Non ductil - med/high rise ‘
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Damaged Area (m”2) for Case Study

8.5M 1755

Legend — p
y. N
1755- 8,5M - AML [ A"
Inecloss-RC non ductile Li'mée
I o-100
I 100-500
500-1000
1000-10000
[ 10000-50000
I 50000-116000

Legend
1755- 8,5M - AML
No Confinement-RC non ductile Lowrise
N o100
I 100-500

| 500-1000

1000-10000

[ 10000-50000
I 50000-116000

Legend
n755- 8,5M - AML

BRJacketing-RC non ductile Lowrise
0-100
100-500
500-1000
| 1000-10000
10000-50000
50000-116000

Old Lnecloss
No confinemnet

Present study
No Confinement

Jacketing 3R
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Damaged Area (m”2) for Case Study

6,0M Vale inf Tejo

egen
tal
o N
[ 100 B 10
[ 500 [Jsm-
100( [ 1woo0
Legend B 200 I o0

Legend

7,2Mm
TotalLossArea-NoConf-lowrise

3
=

ossArea-3R-lowrise

Old Lnecloss
No confinemnet

Present study
No Confinement

Jacketing 3R
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Relative contribution to Damaged Area

Different Retrofit Strateqies, 7,2M Vale inf Tejo

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Confinemnet 2
Vale Tejo EARTHQUAKE
7.2M

%%%%%
1111111

s
Y
3 n @ & 08
2 g X F

7

]

F4
a @ w2 o %
2288335 8
Fffeels 7

No Confinement Confinement 2

Jacketing 3R
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Relative contribution to Damage Area
Different Earthqguake Scenarios

Vale de Tejo 7,2M Benavento 6,9M 1755 -8,5M
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Damaged area vs. Soil type vs. Scenario
6,0M vs. 7,2M Vale inf Tejo for No Confinement

60.00% -
50.00% -
40.00% -
30.00% - A. soil / A. total
20.00% -
562 2

0, -
1000% 1 o & & s21
0.00% S ———

N N N
*br_,o\ @.60\ o % of Dam. Area
o) . -
N \635 < in each soil type

Contribution of each soil type to the
% of Dam. Area

60.00% -
40.00% - Sc2_2

0, —
20.00% Sc2_1

0.00% [ ; :
Hard Interm. Soft soil
soil soil
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Damaged area vs. Soil type vs. Retrofit Strategy
No Confinement vs. RC Jacketing 3 for 7,2M Vale inf Tejo

60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

] 2
///
. " A soil / A total
| ” " Nconf
pert //L
&y &y & R

& & & % of
i % of Dam. Area

& o in each soil type
N

Contribution of each soil type to the
% of Dam. Area

60.00% -

40.00% - Nconf

0, -
20.00% ’ 3R

0.00% . . :
Hard Interm. Soft soil
soil soil
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Uncertainty propagation example

« Uncertainty in the determination of Target Displacement
— Contribution of Capacity Curves variability (TD1)
— Contribution of Seismic Spectra variability (TD2)

Standard deviation () of TD, assuming LOGNORMAL Distributions
for both variables:

90%
2 2 80%
Brp = \/IBTm + Brp2 0% )

/
60%
: /

Bfp1 +Bfpp, TD=1.0

Increase in Damaged Area

1.0 —r 1.4 50% /

g 0.8 1.2 40% 7

5 - 10 30% /

& 0.6

;‘ b=t 0.8 20% //

%

2 04 Lo 10% / «@=No confinement, 7,2M Vale inf Tejo

>

8 0.2 | os 0% =" : : : :

5 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
%0 0.2 0.4 0.6 0.8 o 7 CoV TD1 =CoV TD2

CoV TD1: Variability of Capacity curves
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Future Development:

Review the damage to cost function
— Repair techniques for each limit states
— Measuring cost of repair (direct/indirect)

— To value the loss of properties

Develop the cost model to related retrofit solutions

Develop a model for benefits

Cost benefit algorithm to find the suitable solution
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Thank You for Your Attention

30 M
I‘ -
| a: .
s e p yameane L
ey, ©.) g 45 £
L I O Wl A
j LA ; ,:.: .
| A i1 )'-1 :
L ol [ 34 24
. H = i = e e p— e~y e
et sep vt wrEy
{ S ;
| R . e
2 1
) I l - r I §
°, 2
== (S S O 3
Y3 3 K
{= ¥ A
R b W X ¥
3 3 U S
s ~ . : T
| L 1 ) * L . \
Y g -
i £ -
- = - = . e

Sanam Moghimi/ Seismic risk of PreCode RC buildings retrofitted with Jacketing



