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Method of building seismic environmental impact assessment
and its application to seismic resilience steel frames
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Abstract; In the accelerated process of urbanization, the deterioration of aging buildings, and the rapid climate
change in current times, the resilience and sustainability of buildings have become increasingly important. Post-
earthquake rehabilitation of buildings often requires significant economic and downtime cost, while also causing
severe environmental impacts such as carbon emission. However, it is still lack of reasonable and rapid assessment
method for evaluating seismic environmental impact. Therefore, this study proposes an improved building life cycle
seismic environmental impact assessment method, using the input-output database and the “repair cost-ratio”
assumption to convert existing seismic economic loss data into environmental impacts, considering the key factors
that reduce the feasibility of building rehabilitation due to residual deformation. It quantifies the life cycle seismic
environmental impact of buildings under seismic risk through seismic hazard analysis, structural analysis, damage
analysis, and loss analysis. Based on this method, the life-cycle seismic environmental impact assessment of steel
frame buildings strengthened by self-centering braces ( SCB) and buckling-restrained braces ( BRB) was carried

out. The results show that if the reduction in rehabilitation feasibility caused by residual deformation is not
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considered, the seismic environmental impact will be seriously underestimated. After considering the residual
deformation, compared with BRB, the frame strengthened by SCB shows a significant advantage in reducing the
impact of the seismic environment with the minimal residual deformation.

Key words: earthquake engineering; self-centering structure; life cycle assessment; carbon emission; seismic

resilience ; sustainability
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Fig.1 Basic process of seismic environmental impact analysis
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Table 4  Calculation of overall factors for different types of components

F 261 ¥4 it il % NAICS it Hef ¥ LN
£ SCHERIHESE 100.0 332310 0.585 0.585
o RS B A P 13.1 332310 0.585 0.749
HhET 13.2 332320 0.567
Hhi 67.3 327390 0.823
! 5.1 313200 0.710
i 1.3 332320 0.567
o A A HVAC 30.0 333415 0.658 0.462
ek 27.1 335999 0.249
i I 12.2 327100 0.780
S 1.5 326120 0.677
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WiE 8.1 334290 0.239
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Table 5 Proportion of rehabilitation environmental impact to replacement environmental impact Yo
e EL /RIS
Fyl . . .
L ] TR A FEAA /PR R /A5
ENS,, 0.4 1.9 9.7 19.4
END,, 0.9 43 21.2 425
ENA,, 0.7 3.8 11.5 38.1
CD,, 1.0 5.0 25.0 50.0

MR A R R T T A AR SCT ST AR D HAZUS MR 2256 75 1 $ it 1 7 I e e i Al it RIS [ 43
PpbRZST Bf  SUTE AR AT BE 7 AR AR A1 TR EE L AR R AR BRI 2 0L HAZUS HoR T, R4 b
B T 2D TR T T RE R s i i R R R R R A =X (12) .

K
ENygy = 2 d, Xn, x ECI, X EFfuel,k (12)
k=1

b, K AT B i 4 2R AR s d, B i A B I3 T 5 B2 S G2 S BE 8 s n, AR b SRR A
ECL o MAETERR , 7 M7 12 B e B (IR B R, R, BRHERC DR 7, 3678 B R Ao B R, A< SO
Bt A s A 7 (P BE B R 40 km, AERAT AR AR, WASRH G R B, BT
BRI AEFETS /L DR AR B IR [0 A S O A b B S 11 235 T — YR i R Y AR R A
67 km, R H R —2 8 1 S8l K24 JhFETEHr  0.285 L/km , SihBRHEL R EEUH 2.64 kg CO,e/LIP,

MRAE R fE BAIA, 158 T DR E S e 25 M=o B /K e T BT IR SR . AR5 MR R (1)
AN (2) T DA AR R PR BT S



55 4 1 FREER 25 A SRBT AL BRI R WAl O 1 B A TR A2 S REAHE AL b (4 15 23

3 SWERSWiE

YA A ¢ N 50 a I, SCBF 1 BRBF By #4475 45
AR ENg(e, X) , QN8 7 iR, 7575 Bk AR 7S
5B R ,SCBF i) ENy(t, X) %1% 250 t, 1fii BRBF £
h 380 t, 3K JEIL T B A S5 AE /D b 7= PRI S e T
R E LR, Toie &R F IR R AR, SCBF /) EN,

| *STR ~NSD =NSA =CON = DEB

BEN,(t, X)/(x 10* kg COe)
D N W W B
S L © W O

(1, X) JLTARIR U0 T JCH 1 13 5 o 2 4 ol

W2 G AR AR LT vl L Z W . 1 BRBF 9 ENg(¢, X) 5| N
05 5% A A8 B DRI OGS 6 1 vh % 0 A A B I G olmm mm BN W
BRBF ¥R L) A% 0 2.3 15, ik, YLs 0 1E 5= Bk AEE R AEE

R B AT, G T A P g 7 RIDXTRESZGWERIN EN (1, X) KR
N AR B Ay S SR AISE A g | 57 S A RN Fig.7 Impact of RID on the life-cycle environmental
TR R B 22 W (A B A i F SCBF AT Tk impact £N5(t, X of buildings
AT S8 e 7, Lo T R TR R A B 2 PR RS ot PO o B o, TEAN T SRR AR TR R L, 23 SCBF
IR = T BRBF

T BEURBA 2 A T 0 i A= i R R HE O X /N SR R 25 18 T MR i R A e, (3
A L THRIR T R X AR B A KM RE P (4 B 7 #5273 T Sl i, e IR i i
(A UG S A A B SR HE I Y S sk B T, R0, b XU o 1) R 5 2 ) R 75 2200

AN R By B T 7 AR i AR S S R A &) 8 I o 5 UM AR R] , 45 K 1) P45 5 i 340 28 41 B 7 b 7R
S S IR N, 5 BRBF A% 55 52 1 i 5 iR e 85 184 R A B SR T PR, Sy ifE — 2D 48 7R S SR 45 17 Bl
FET B ENG(1, X)XEEENG(1, X) B TTER, 7E 18 8 (3L Al -, 25 FEAN [A] M2 0 B 19 4 & AR, il 9 I,
XFF SCBF SRt , AR HbZsR B K AE R AY ENG(1, X)XF B EN(1, X) A9 5Tk BEZ s o B A9 38 K midi >, X
Fo SR A N R MR A R AR LR AR, X T BRBF, SRk 00 ENG(1, X) IR AL B /N3 e
MR AE €2, 3% B2 Ko s BRBF JF44 BRI S 5% A28 I |

2000
6_
o 1750
ol <) 1500
(5]
<l <
% 4f gz\ 1250
2 4l = 1000
Z oy
B m 750
N B s00
-y =
£ 250
e 0
el €2 e3 e4 e5 eb6 €7 e8 el e2 e3 ed e5 e6 e7 e8
HORE BRI K RSN K
B8 FtEINEETHWHEREZM(ERERER) B9 ENg(1, X)BREIREMENRE (FERRETRE)
Fig.8 Expected environmental impact under various Fig.9 ENy(1, X) decomposed into different earthquake
earthquake intensities (residual deformation is considered) intensities ( residual deformation is considered)
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