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Fig. 1. The building tested within the ILVA-IDEM research project before
experimentation




Fig. 2. Technigues under study: (1) Bl: (2) BRB: {3) C-FRP; (4) EB; {5) SMA, S5P and ASP.
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Fig. 4. The structure equipped with BRB (a): BRE type 1 (b}, results of the testn, 1 {c), BRB type 2 (d) and results of the test n. 2 {e),
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Fig. 5. The structure retrofitted with C-FRP ( a), the collapse mechanism of the bare structure (b) and the summary of test results (cl.
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Table 1
Weizhts of criteria for seismic upgrading of an existing RC structure.

Criternion Weight { %)

Ciost 7.00
Feasibility 5.00
Disturbance to occupiers 20.00
Functional and aesthetic compatibility 10.00
Rewversibility 35.00
Vulnerability reduction 20.00
Frotection from damage 7 3.00
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Table 2
The decision matrix D for the seismic upgrading problem of an existing RC structure.

Alternative Criterion
C1

Base isolation £36,350.66
Buckling restrained bracings € 2649.22

Carbon fibre-reintorced polymers €42,821.28
Eccentric bracings € 1537.68

Shape memory alloy bracings € 45,000.00
Steel shear panels £ 12,466.85
Aluminium shear panels €13,010.83

2 g

Table 3
The matrix R (EC structure — TOPSIS method ).

C1 2 3 C4

0.4737 06712 00797
0.0345 0.1461 0.7136
0.5579 06276 01293
0.0200 01258 02158
0.6384 00730 02215
01624 02415 04349
0.1655 02340 04277
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Table 4
The matnx V (RC structure = TOPSIS method ).

Cl c2 3 C4 Co

0.0805
00795
00328
0.0841
0.0880
00703
0.0798
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Table 5
The virtual alternatives (RC structure = TOPSIS method ).

C1 c2 c3 C4 C3 Ce

A 00014 0.0331 0.0146 0.0714 0.2291 0.0880
A 00447 00025 0.1342 0.0080 0.0150 0.0328
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Alternative

First
Second
Third
Fourth
Fifth
Sixrh
Seventh

Aluminium shear panels

Sted shear panels

Buckling restrained bracangs
Eccentric bracings

Shape memory alloy bracings
Base isolarion

Carbon-fibre reinforced polymers

lad == LA s bd S ]
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Criteria Weight AT Sensitivity

C1 0070 36 0001
[ 0050 0.001
C3 0200 0.002
C4 o100 | 0.002
5 0.350 0011
C6 0200 -

c7 0030 0,001

c1 2 5 5 |

04737 DO495 (L0542 (L8281
n0345 00789 03322 0.1518
05579 03430 00943 00566
DO0200 01695 2 02468 03827
06384 01186 01820 0,133
D.1624 056629 05962 02638
01885 06256 06545 0.2328

1 2z c3 cs CH

00332 DO025 D.1342 00190  OOS05
Do024  0003s 00292 1163 (L0795
00391 00171 Q1255 0.0330 00328
nool4  DoDss 00252 00864 Q0841
00447 DO052 00146 00637  O.O0SED
noilgd Do3x 00483 02087 0.0703
noits D0o0313 D4GE 02291 00758
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Table 10
The matriz E (RC structure - ELECTRE method).

Al AZ A3

= =00 0=0 E




Altemative 5

Base isolation 07787
Buckling restrained bracings 03188
Carbon fibre-reinforced polymers 09212
Eccentnic bracings 04057
Shape memory alloy bracings 04945
Steel shear panels 02366
Aluminium shear panels DA718

11d52>

Altemative

First Aluminium shear panels

Second Sted shear panels

Third Buckling restrained bracings
Fourth Eccentric bracings

Fifth Shape memory alloy bracngs
Sixth Base isolation

Seventh Carbon fibre-reinforced polymers
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BBase isolation (A1)

HBuckling restrained bracings
(AZ)

OCarbon fibre-reinforcad
polymars (A3)

OEccantric bracngs (Ad)

B Shaps memary alloy bracings
(AS)

B 5teal shear panels [AS)

B Aluminium shear panels [AT)




@mBase solation (A1)

HBueking restranad bracings
(A2)

OCarbon fibre-rednforced
polymerns (Ad)

OE ccentne bracings (A4)

BShape memay alloy bracing
(A5)

BSeal shear panels (AG)

BAJuminium shear panels (A7)




Table 13
The decision matrix D for the vertical addition problem of an existing masonry building.

Alternative LCA EF; Cost of the vertical
addition system
= kW m/m® year €/m*
1 2 ac}
Glued laminated timber 16280 174.00
Reinforced concrete 149.80 85.62
Hot-rolled steel 195.70 9548
Tuff masonry 168.30 10382
Cold formed steel 183.60 11194
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Table 14
Weights of criteria for the vertical addition problem of an existing masonry building,

Criterion Weight (X}

LCA 2.00
EP; 5.00
Super-struciure cost 37.00
Qv of 20,00
PGA 30.00
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Cl c2 Lo o4 &=

o4 4214 06574 03235 04570
05943 03877 03235 IRERE] L4787
0.3585 0.5065 03607 0.3072 04352
0.5688 04356 0.3926 n5514 03645
0.3885 04752 04229 06926 L4596
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Cl 2 O L 57

007 14 00211 0.2432 00647 1371
0475 00154 01187 00263 L1436
no3n 00253 01335 noal4 01306
00456 oO218 01453 n1o3 nipa3
00311 00238 0.1565 0.1385 (L1465

16d 52

Cl L a 4
00475 00194 01197 01285
o4 00253 02432 0.0263
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Alternative

First Cold formed steel
Second Tuff masonry

Third Hot-rolled steel
Fourth Reinforced concrete

Fifth Glued laminated rim ber

18U

Criterion Weight AT Sensitivity

Ci 0.076 0,339 : 0002

2 0045

03 0156 =

c4 0.268 0235 oo
0451 -

1952

] c2 3

01421 04214 06574
0.5943 03877 03235
0.3885 05065 03607
0.5698 04356 03926
03885 04752 04229
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c3
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Alrernative 5

Glued laminated timber 06156
Reinforced ¢ oncriete 03561
Hot-rolled steel 03526
Tuff masenry 05325
Cold formed stesl D670
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Cold formed steel 0000
Hot-rolled steel 0259
Reinlorced concreéte D384
Tulf masonry 0773
Glued laminated tmber 1.000
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