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Fig. 1. The building tested within the IIVA-IDEM research project before
experimentation
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Fig. 2. Techniques under study: {1] BI; (2) BRB; (3) C-FRP; (4) EB; (5) SMA, S5F and ASP.
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Fig. 4. The structure equipped with BRB (a): BRE type 1 (b), results of the testn, 1 {c), BRE 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 {c}.
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Table 1
Weights of cntenia for seismic upgrading of an existing RC structure.

0 25 5 75 1012516 17520 2

2525

A—SP-Steeal

Criterion Weight { %)
Cost Cl 7.00
Feasibility 2 5.00
Disturbance to occupiers 3 20.00
Functional and aesthetic compatibility c4 10.00
Reversibility C5 35.00
Vulnerability reduction G 20.00
Protection from damage C7 3.00
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Table 2
The decision matrix D for the seismic upgrading problem of an existing RC structure.
Alternarive Criterion
Cl1 a2 3 c4 (] {us) c7
Base isolation Al £ 36,359.66 n.024 0317 0.036 0.025 2450 0404
Buckling restrained bracings A2 € 2649.22 0.039 0.069 0321 0.154 24720 0074
Carbon fibre-reinforced polymers A3 €42821.28 0.167 0.296 0058 0.044 1.000 0.028
Eccentric bracings Ad € 1537.68 0083 0.059 0.057 0114 2.560 0.187
Shape memory alloy bracings A5 € 4900000 0.058 0.034 0.100 0.084 2680 D065
Steel shear panels AB € 12,466.85 0.324 014 0.156 0.276 2140 0129
Aluminium shear panels A7 € 13,010,583 0.305 0110 0,192 0.303 2430 0114
2 g0
Table 3
The matrix R (RC structure = TOPSIS method ).
C1 C2 c3 c4 c5 Ce c7

Al 0.4737 00495 06712 00797 0.0542 04023 0.8281

A2 0.0345 00789 01461 07136 03322 03974 01518

A3 0.5579 03430 06276 01293 0.0543 0.1642 0.0566

A4 0.0200 01685 01258 02158 02468 04204 0.3827

AS 0.6384 0.1186 0.0730 02215 0.1820 04401 0.1331

AB 0.1624 066259 02415 04349 0.5962 03514 0.2639

AT 0.1695 06256 02340 04277 06545 035991 0.2328

3y
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Table 4
The matrix V (RC structure - TOPSIS method).

Cl 2 3 C4 C5 Ce c7

0.0332 00025 01342 00080 00190 00805 00248
00024 00039 00292 00714 01163 00795 004G
0.0391 0.0171 01255 00125 00330 00328 0007
00014 00085 00252 00216 00864 0041 00115
00447 000059 00146 00222 00637 00880 00040
00114 00331 00483 00435 02087 00703 00079
0.0119 00313 00408 00428 02291 00798 00070
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Table 5
The virtual alternatives (RC structure - TOPSIS method ).

C1 c2 c3 C4 C5 Cb c7

A 00014 0.0331 0.0146 0.0714 0.2291 0.0880 0.0248
A 00447  0.0025 0.1342 0.0080 0.0120 0.0328 0.0017
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Alternative c
First A 7 Aluminium shear panels 0.E31
Second A ] Sted shear panels 0.799
Third A 2 Buckling restrained bradngs 0588
Foarth A 4 Eccentric bracings 0486
Fifthu A 5 Shape memary alloy bracings 0436
Sixth A 1 Base Isolarion 017
Seventh A 3 Carbon-fibre reinforced polymers DOET
652>
Criteria Weight AT PT(X%) Sensitivity
1 0.070 0.585 536 0.0
[ e oos0 0,579 1158 0.001
C3 0200 0.542 2N 0004
C4 o100 0,640 G40 0.002
c5 0.350 0.320 91 0.011
CG6 0200 - - -
C7 0030 0.334 1113 0.001
7ds2>
c1 2 C3 c4 5 Cca o
Al 04737 0D495 06712 00797 00542 04023 (L8281
A2 DO0345 D078 01461 07136 03322 03974 01518
A3 05579 03430 06276 01283 0.0943 o4l 0.0566
A4 0DD200 01695 01258 02158 02468 4204 03827
A5  DBE3B4  0.1186 00730 02215 (L1820 04401 L1331
AG D624 D662 02415 04349 05962 03514 03638
A7 01895 05256 02330 04277 06545 0.3991 02328
8
1 2 3 4 Cs CH c7
Al 00332 DO025 01342 00080 QOIS0 00805 00248
A2 DODOZ4  D0O039 00252 00714 QL1163 Lo7es 0.004e
A3 D039 oor7l 01255 00129 00330 2 O0328 00017
A4  0DOI4  DODSS 00252 00216 DoEed DLOS4) nmis
AL DOD447 D005 001468 00222 OUDG3T OEED DLDD40
A6 DDIME DOIN 00453 00435 L2087 0.0703 00079
A7 DDIT®  DO313  OQa68 0M42E 02291 00798 00070
9J sa
Table 10
The matrix E (RC structure - ELECTRE method).
Al A2 A3 A5 Ab AT
Al 0 0 0 0 0 0 0
A2 1 0 1 1 1 0 0
A3 0 0 0 0 ] 0 0
Ad 0 0 0 0 1 0 0
AS 0 0 0 0 0 0 0
AB 1 1 1 1 1 0 0
AT 1 1 1 1 1 1 0
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Altemative 5 4
Al Base 1solation 07787 03500
A2 Buckling restrained bracings 03188 (IR
A3 Carbon fibre-reinforced polymers ng9212 03267
A4 Eccentnc bracings 04057 02377
AS Shape memory alloy bracings 04945 02755
AB Steel shear panels N23i66 00643
A7 Aluminium shear panels DAT718 0.0538
11d s
Altemative ]
First A7 Aluminium shear panels 0.000
Second Ab Sted shear panels 006 1
Third AZ Buckling restrained hracings 0325
Fourth A4 Eccentric bracings 4ps
Fifth A5 Shape memony alloy bradngs 0.590
Sinch Al Base isolation 0.905
Seventh Al Carbon fibre-reinforced polymers oBl
12J 52>

:MCDM sla g, Lol sl>1-4-2

A Lo M3 4 el sgas az g Blaal g dse &S Col alise sl g, c MCDM sla )= oly a3
S galamdl g sl ojlo sloyial)ly Lo a5 a5 oo 13 Jlaioe a5 Conl (upe cabogr o Jlre 0)bys ¢ (Boe o
(5955 S 3 s el oah B, L5 5 bl g L (FaY] 2 4 bppye e Jole
ol 418 )5 )18 )0 0590 ) slere

goges GRlBl I 0 &5 ole 1Sy dacgazme S a5 sl (Lo by, a5 (LCA) jee Jsb b5 -
o055 Ghsite By 5 T olS yee Jsbo a5 ams (oo 518 (b5l 0550 1) 055 (o0 D90 Lazma b o5l

D oo Jolls

mBase iolation (A1)

BByckiing restrained bracings
(AZ)

OCarbon fibre-reinforcad
polymans {A3)

OEccantric bracngs (Ad)

B Shaps memaory alloy bracings
(AS5)

B Steal shear panels [AS)

B Aluminium shear parels (AT)

(a) (b)

1055
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13 s

Table 13
The decision matrix D for the vertical addition problem of an existing masonry building.
Altermative LCA EF; Cost of the vertical QA eF PGA
addition system
- kW m/m* year €fm* KNfm* m/s*
C1 2 4 4 ]
Glued laminated timber Al 0.2096 162.80 174.00 616 01680
Reinforced concrete A2 08766 148,80 85,62 250 01760
Hot-rolled steel A3 0.5731 19570 8548 5.85 0.1600
Tuff masonry A4 0.8405 168.30 10382 1050 0.1340
Cold formed steel A5 0.5731 183.60 11194 13.19 01800

13 Jga=
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Table 14
‘Weights of criteria for the vertical addition problem of an existing masonry building,
Criterion Weight (%)
LCA C1 3.00
EP, ] 5,00
Super-structure cost L 37.00
[ll.' eff c4 20,00
PGA C5 30,00
Cl c2 [ | (e G
Al o4 04214 06574 03235 (.4570
A2 0.5943 03877 03235 01313 L4787
Al 0.3885 0.5065 10,3607 0.3072 0.4352
A4 0.56898 04356 0,396 m5514 L3645
AS 03885 04752 042249 06926 48596
15J 52>
cl 2 a 4 o
Al Dot 14 noz11 02432 s 7 w137l
AZ 075 00194 0.1187 00263 L1436
Al noan 00253 0,1335 DG4 01306
Ad D56 00218 0,1453 01103 i3
AS 003 00238 0. 1565 0.1385 L1469
16J 52
1 L a 4 8]
AT 00475 00194 01197 01385 01469
A [LTIRE 00253 02432 D263 o103
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17d 52>
Alternative | o'
First AS Cold formed stea 785
Second Ad Tuff masonry 0714
Third A3 Hot-rolled steel 0.552
Fourth AZ Reinforced concrete 0543
Fifth Al Glued laminated timber 0.242
18J52>
Criterion Weight AT PT {X) Sensitivity
C1 0076 0n33a 343 o0
ca 048 1]
3 0156 1] -
4 0.268 0.235 B3 oo
0451 - (1] -
19d s
Ci c2 3 c4 5
Al n.1421 D4214 06574 03235 04570
A2 0.5043 03877 naxs 01313 04787
A3 D.3885 05065 D3s07 D3072 04352
A4 0.5688 04356 035926 05514 03645
AS D.3885 04752 04229 D5926 04896
20d s3>
c1 2 c3 4 5
Al 00114 00211 02432 D047 01371
A2 0.0475 00194 01197 00263 0.1436
A3 0.0311 00253 D.1335 o614 0.1306
A4 0.0456 00218 0.1453 01103 01093
A5 00311 00238 01565 01385 01469
21d 52
Al A2 A3 A4 AS
Al ] 1 1 1 0
A2 ] 1] 1] (1] L
A3 ] 1 (1] 1] 0
A4 0 1 (1] (1] 0
AS ] 1 1 1 D
22d52>
Alrernative 5 R
Al Glued laminated tfimber 06156 03700
A2 Reinforced ¢ oncrete 03561 02000
A3 Hot-rolled steel 03526 0ni3T
A4 Tuff mazonry D5315 03000
A5 Cold formed steel 01670 oo
23 Jsaa
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Rank aQ,

First A5 Cold formed steel 000

Second A3 Hot-rolled steel 0259

Third Al Reinforced concrete D384

Fourth Ad Tulf masonry 0773

Fifth Al Glued laminated timber 1.000
242>
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