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= EXisting loss estimation tools most often lack

accurate building inventory.
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"« RS data ﬂ'&_'ee-becommg | -ore aff‘ordable c‘mp’ared to
land surveys. |
= Frequent bunding inventory updates are not

available.

= Electronic building inventory information is not
available at many locations in the world.
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. ThIS study also presen'ts"aéD-urban h
modeling tool called MIHEA which is
developed for the purpose of updating

current building inventories.
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General Building Stock Occupancy Mapping

SpecificBuilding Type  CensusMapping Scheme | Generalfzpecific |

Select firzt the desired cenzuz tract(z) by clicking on the row number(z), then double-click on a
mapping scheme b azsign.

— Censuz Tract to Occupancy Mapping Table:————————— —&wailable Mapping Schemes:
Cenzuzs Tract ing Scheme

1 |oe0zzas4101 1 1 g%gﬁ

2 |0B03T2E4201 OTESTA 1133014

3 |0E0ET2ET401 OTESTA 1133054

3 ANE037267402  OTESTA, H%g?ﬁ

5 |0B0372E7302 OTESTA 1124014

5 |06037271400 OTESTA

Specific/Building Typel CensusMapping Scheme | GeneralfSpecific | MOd el B u | I d | ng (StrUCtU re) TypeS
(W1, W2, S1L, S1M, S1H, S2L, S2M,
‘ Design Level: Hig Building Quality: ICode .l ‘ hliformid SZH _an d Qual |ty
= — Occupancy Mapping: DFLTOEH [double-click. to edit): N
occup.| Total | w1 | w2 | stk | stm | sie | osot | osom | - RES1~6
RES1 25 25 0 0 0 0 0 0 0] =
RESZ2 25 ] 0 ] 0 ] 0 o] C COM1~10
RES3 25 al 0 0 0 0 0 0 E C IND1~6
RES4 25 15 0 0 0 0 0 0 -~
U . .

RESS 50 18 g 0 g 0 g 0 P AGRL Code Inferior Superior Total
RESE 40 0 0 0 0 0 0 0 N o o o
COMI 25 0 B 3 i 0 i 0 A (C %) (%) (S %) (100%)
COM2 25 0 2 1 ] 0 ] 0 N REL1
COmM3 25 0 4 0 0 0 0 0
COM4 25 0 12 0 0 0 0 0 C GOV1-~2
kS a8 n 17 n n n n nl = Y
KN _'I_I EDU1~2
Total % for all 3 design levelz: 100 [ I Print... |
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Floor Area

characteristics. Concrete

Industria -
Occupancy Class Masonry  Model Building Type
pancy Other™ vobile Home g 1yp

= Attributes for high-rise
buildings rarely
captured by regional
statistics used in
inventories.
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o m e

Loss Estimation Report Natural Hazards

Occupancy/Mapping Scheme
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Study area K Plan of building areas
————— Story Heights (%)
Lo WModerate High
1-3 Stories | 4-7 Stories | =8 Stories
Tract Usze 1-11m 12-23 m =23m
2046001 1 93 0
207700C a3 18 24
207300C a5 23 22
2075000 a8 31 11
207500R a8 41 1
2242001 60 32 5]
_ _ 207500C ED E 13
Aggregate building area by height 197700R 70 2 g
Height = Z Height = Z Height = Z Height = Z A UUE il i 2
— — — — 2073001 74 26 0
| | 7017011 75 25 0
267100C 78 14 g
LN LN =N I:l 267800C 79 ey 1]
_|/ _|/ _l/ 267900C 79 18 3
I:I 265302R a0 20 0
2092001 A
sqft,=a, saftz=a2+a3 saft,=a, +a sqft, = a, S E! New Mapping Scheme Parameters (%)
T soft,=a, Tsaftz=alraz+as T sqft,=a, +a, + a,+a, +a, T sqft,=a, +a,+a,+a, : | = —
+a,+a, d ; | A chge Height:_ ] ok, |
4' Building Inventory Plot |—| Percentage of Heights |7 +Eng b 5 | Fre1350: I J Lowirise [1-3 stonies) I 100 \—I i ]
A : — E 19580 to 1570 I 0 Medium-rise [4-7 stonies]: I 0 Cancel |
esqft = f(2) S —— Fs i "',_ g Post 1970: lﬁ High-nize [8+ ztoriesz): I_D
. % — Building Quality [Bias): — — Design Level:
_‘Gﬂm{' ﬁ ;’; 0 z Code: I i Low seismic: I 5
s %I\Eé E E g Inferior: I 100 Moderate seismic: I 50
q S‘;ﬁ’g% 5 :‘5 Superior: I i] High seizmic: I 25
f 1
‘ > me o e |
4 " Building Height (stories) = - -
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Background and Motivations
Objective of the Research

Loss Estimation Tools, Loss Estimation Methodology
and its Shortcomings (example: HAZUS®)

Building Inventory Updates and Loss Estimation
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<} MIHEA

Selection
Tool

= Single high-resolution
satellite images

Developed at Stanford
University in
collaboration with
ImageCat, Inc.
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Building Name
Flantation Flace

2 Minster Court

1 Minster Court

20 Fenchurch St

1 America Sq, Cross YWall
Auviva Tower, Undershaft
Petticoat Tower

99 Bishopsgate

9 10 Exchange =q

10  Bishops gate exchange 135, 155 & 175
11 Exchange House, Exchange Sg
12 Cromwell tower (Barbican)

13 5t Alphage House, Fore st

14 Shakespere tower (Barbican)

15 Lauderdale Tower (Barbican)

16 125 London Wall

17 Citypoint

18 Drapers Gardens

19 City Tower Basinghall St

20 1 Angel Court

21 5t Pauls Cathedral

22 Tower 42

23 Stock Exchange

[ e T T o Y SN I T N )

Height (m)
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Validation of Heights

—¢— Field Survey

—a— LiDAR
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Background and Motivations
Objective of the Research

Loss Estimation Tools, Loss Estimation Methodology
and its Shortcomings (example: HAZUS®)

Building Inventory Updates and Loss Estimation
MIHEA: Bwldlng Inventory Extrabtlpn qul _

n
1:-_1-
"1

Loss Estimafi‘_on Using Updatépl Inventory Data.
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P& WALLE
0.02-0.10
0.10-0.18
0.18 - 0.26
0.26 - 0,33

N 0.33 - 0.41
N 0.41 -0.42
I 0.49 - 0.58
I 0.55 - 0.66

Selected areas: Valley, Wilshire, Downtown
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Damage State

Description

Slight

Small plaster cracks at corners of door and window openings and wall-
ceiling intersections; small cracks in masonry chimneys and masonry
veneers. Small cracks are assumed to be visible with a maximum width of
less than 1/8 inch (cracks wider than 1/8 inch are referred to as “large”
cracks).

Moderate

Large plaster or gypsum-board cracks at corners of door and window
openings; small diagonal cracks across shear wall panels exhibited by
small cracks in stucco and gypsum wall panels; large cracks in brick
chimneys; toppling of tall masonry chimneys.

Large diagonal cracks across shear wall panels or large cracks at plywood
joints; permanent lateral movement of floors and roof; toppling of most
brick chimneys; cracks in foundations; splitting of wood sill plates and/or
slippage of structure over foundations.

Complete

\
. Extensive
4

Structure may have large permanent lateral displacement or be in
imminent danger of collapse due to cripple wall failure or failure of the
lateral load resisting system; some structures may slip and fall off the
foundation; large foundation cracks. Three percent of the total area of

buildings with Complete damage is expected to be collapsed, on average.
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Slight Damage

Slightly Damaged Bldg (Default) Slightly Damaged Bldg (Defauk

O Oto 100 (33) Oto100 (B4

[0 1o0to 200 (34 E 100':2 200 E43§

[0 200to 300 (190 O z00tozo0 (9)

= J00to 400 (6) B z00tod00 1)
400to 500 (12)

B s00to OO (30 SR

B &00to2000 (51

%,, 4 %y i

HAZUS default (inventory and mapping schemes) HAZUS inventory + Updated mapping schemes using RS data
Slightly Damaged Bldy (Tax-Assessor) Slightly Damaged Bldg (Remate-Sensing)
[0 0to 100 (58) O ote 100 (53)

100ta 200 (20 O 100to 200 (19)
g 20010 300 ((gg O 200te 300 (1)
300t 400 (3 [ s00to 400 (12)
N0to 500 (7) W 400t s00 ()
s00to E00 (8) W s00to 600 (B)
60010 2,000 (8) W e00toz000 (9)
i
b -

<7
Updated inventory using tax assessor data + HAZUS mapping Updated inventory using remote sensing data
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Moderate Damage

%y

&

Maoderate Damaged Bldg (Defaul)

[0 0Otot100 (83)
100to200 (8
200t0300 (12
300to 400 (13
400tos00 (4

i o o |

HAZUS default (inventory and mapping schemes)

O oto 100
100to 200
200t0 300
300t 400
400t 500
£00to 2,000

EEECOO

Moderate Damaged Bldg (Tax-Assessar)

(82)
[

(m
an

2
m

Updated inventory using tax assessor data + HAZUS mapping

% !%@

g &

HAZUS inventory + Updated mapping schemes using RS data

Oto
100to
200 to
300 to
400 to
a00 to
600 to

EERECOCOO

Moderate Damaged Bldg (Defaulf)

100 (35)
200 (37)
300 (18)
400 (16)
500 (9)
600 (2)

2000 1)

toderate Damaged Bldg (Remote-Sensing)

O ote
100ta
20010
300ta
400 ta
500 4a
EO0to 2

I I [ [ [ ]

100
200
300
400
500
600

fuli

(50
(12
n

7

)
)
)
)

SED

Updated inventory using remote sensing data
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Extensive Damage

Extensive Damaged Bldg (Default)

O otot00 (18
Jr_‘r O 1oote200 (2

i
&

v &

Extensively Damaged Bldg (Remote-Sensing)

O Oteton (116)
O 10t ()

HAZUS default (inventory and mapping schemes) HAZUS inventory + Updated mapping schemes using RS data

Extensively Damaged Bldy (Tax-Assess)
—ﬁi 0 otetoo .II:”__|

(]
—(

r\‘ | } Ot ) rl\l
S % % Sl
¥

Updated inventory using tax assessor data + HAZUS mapping

@%%

Updated inventory using remote sensing data

Extensively Damaged Bldg (Default)

Oto 100 (B7)
100t0 200 (22)
200to 300 (7)
300to 400 (117
400to 500 (7)
s00to GO0 (3)
600to 2,000 (1)

oo
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Complete Damage
Cormpletely Damaged Bldg (Default)

Completely Darmaqed Bldy (Defauf] O oteton @2
O 100ta 200 (12)

}_ﬁ [ oto1oo (118) O 200to300 (12
J; H =0tednn )
S ﬂ@‘ﬁj A
\: - |
i % a7 %
d %

¢

d

HAZUS default (inventory and mapping schemes) HAZUS inventory + Updated mapping schemes using RS data

Carmpletely Damaned Bldg (Tax-Assessar) CarelelDenaged 8y Pecie Sensing

0 otof00 (118)
;giqd u @; 0] D0 (i

|

o g |

Updated inventory using tax assessor data + HAZUS mapping Updated inventory using remote sensing data
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Loss Estimates from Building Damages

%

c
2
o

Money Loss

HAZUS Default

RS Update SQFT TA Update SQFT

Methodology

RS Update
Mapping scheme
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» Building speczf' ¢ information

Additional 1nvent0ry information is shown to result in change
of loss estimates.

As Remote Sensing data become increasingly more available,
inventory information can be obtained in an efficient and

cost effective manner.

e T T e Interdisciplinary workshop on Management of Earthquake Risks
B]_ume ETH Zurich, Switzerland - August, 28-29, 2006




Develop a bu11d1ng 1nventory from RS for a region without
existing building information.

Develop additional tools for near-real time multi-level
damage identification using 3D inventory information.
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o ImageCé‘:t--t___2 Iné., Long Béacli; CA
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