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Building functionality analytics lab @ OU

Building restoration function

QQ.
Lk
e_rijkt

t
Qiik = —0
Ljk 0
e—?"ijkt + (1 o Qijk)

Qfx : Building functionality
Qiojk : Starting level of building functionality right after disaster

Tijk * based on Qiojk and repair time to reach 100% of building functionality
t:recovery time after disaster impact



Damage State and Damage Factor analytlcs \ab @ OU

Table 2. ATC-13 Damage States and Corresponding Damage Factor
Ranges [Adapted from Applied Technology Council (ATC 1985)]

Damage factor range

Damage state (%)
|-None 0
2-Slight 0-1
3-Light 1-10
4—-Moderate 10-30
5-Heavy 30-60
6—Major 60-100
7-Destroyed 100

There is no study done about the damage states and damage factor
for tornado disaster. Therefore, | used the available information from
earthquake studies to proposed a table for Joplin project.



Damage State and Damage Factor for Joplin analytlcs \ab @ OU

There is no study done about the damage states and damage factor for tornado
disaster. Therefore, we proposed the following table for Joplin project to calculated
the loss estimation and initial values of buildings functionality.

Damage State Damage Factor(%)
None(N) 0

Insignificant(l) 5

Moderate(M) 30
Heavy(H) 68

Complete(C) 100




Tornado Building Fragility Curve Parameters analytics lab @ OU

We use this information to create fragility curve on building type 1 and 5

Considered Retrofit Strategies Based on Different Types of Roof Covering, Roof Sheathing Nailing Patterns, and Roof-to-Wall Connections

Retrofit strategies # .Roof covering : Roof sheathing nailing pattern F{oof-to-wall com}ection type :
Asphalt shingles Clay tiles 8d C6/12 8d C6/6 Two 16d toe nails H2.5 clip Two H2.5 clips
1 X - X - X : i
2 X - - X R ) X
3 - X - X - - X

Note: this table is referenced from the paper written by Masoomi et al. (2017)

1

Building-level Tornado Fragility Curves for Residential Buildings (Archetype 1 - Archetype 5)

Damage state Construc'fion.product Archetype 1 Archetype 2 Archetype 3 Archetype 4 Archetype 5
combination # [ o 0 o 0 o n c n c
DS1 1 3.47 (4.28) 0.14 (0.14) 3.44 (4.25) 0.14 (0.13) 3.43 (4.24) 0.14 (0.14) 3.57 (4.37) 0.13 (0.13) 3.41(4.21) 0.13 (0.13)
2 3.86 (4.67) 0.14 (0.14) 3.82 (4.62) 0.14 (0.14) 3.82 (4.63) 0.14 (0.14) 3.83 (4.64) 0.14 (0.14) 3.79 (4.59) 0.14 (0.14)
3 3.87 (4.68) 0.15 (0.15) 3.84 (4.64) 0.14 (0.14) 3.83 (4.64) 0.14 (0.14) 3.96 (4.77) 0.14 (0.14) 3.80 (4.60) 0.14 (0.14)
DS2 1 3.55 (4.35) 0.13 (0.13) 3.51(4.32) 0.12 (0.12) 3.50 (4.31) 0.12 (0.12) 3.63 (4.44) 0.12 (0.12) 3.47 (4.28) 0.12 (0.12)
2 3.93 (4.74) 0.13 (0.13) 3.88 (4.68) 0.13 (0.13) 3.89 (4.70) 0.13 (0.13) 3.89 (4.70) 0.12 (0.12) 3.86 (4.66) 0.12 (0.12)
3 3.95 (4.76) 0.13 (0.13) 3.91 (4.72) 0.12 (0.12) 3.91 (4.71) 0.13 (0.13) 4.04 (4.84) 0.12 (0.12) 3.87 (4.68) 0.12 (0.12)
DS3 1 3.62 (4.42) 0.12 (0.12) 3.57 (4.38) 0.12 (0.12) 3.57 (4.38) 0.12 (0.12) 3.70 (4.50) 0.12 (0.12) 3.53 (4.34) 0.12 (0.12)
2 4.01 (4.82) 0.12 (0.12) 3.95 (4.75) 0.11 (0.12) 3.97 (4.78) 0.11 (0.11) 4.04 (4.85) 0.11 (0.11) 3.94 (4.74) 0.12 (0.12)
3 4.03 (4.84) 0.12 (0.12) 3.98 (4.79) 0.12 (0.12) 3.98 (4.79) 0.12 (0.12) 4.10 (4.90) 0.12 (0.12) 3.94 (4.75) 0.12 (0.12)
DS4 1 3.64 (4.45) 0.14 (0.15) 3.57 (4.37) 0.15(0.14) 3.61 (4.42) 0.14 (0.15) 3.61 (4.41) 0.14 (0.15) 3.50 (4.31) 0.15 (0.15)
2 4.05 (4.86) 0.12 (0.12) 3.97 (4.77) 0.12 (0.12) 4.03 (4.83) 0.12 (0.12) 4.04 (4.84) 0.11 (0.11) 3.98 (4.78) 0.11 (0.11)
3 4.24 (5.04) 0.12 (0.12) 4.14 (4.94) 0.12 (0.12) 4.21 (5.02) 0.12 (0.12) 4.18 (4.98) 0.13 (0.13) 4.03 (4.84) 0.14 (0.14)

Note: p refers to logarithimic mean of curves and o refers to logarithmic standard deviation of curves, and the unit is m/s (mph).



Actual data of Fragility

curve for Joplin

analytics lab @ OU

solving problems that matter

Archtype 1

Archtype 5
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0.999301483
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Tornado Building Fragility Curve analytics lab @ OU

3-sec Gust Wind Speed (m/s)
40 49 5 8 67 76 85 Table 1. Damage States for the Wood-Frame Building

Damage indicators

Damage

state Roof covering failure Window/door failure Roof sheathing failure Roof-to-wall connection failure
1 >2% and <15%" 1# No No
L 2 >15% and <50%" 2 or 3* 1-3* No
3 >50%" >31 >3 and <35%" No
4 Typically > 50% Typically > 3 >35%" Yes*

Note: Each damage state is defined as occurrence of any of the damage indicators in a given row marked with 2.
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Building Economic Loss Estimation

analytics lab @ OU
solving problems that matter
| 1 : Damage State Damage Factor(%)
Y R i
- H B B H tone(t) °
Lol g H H BH B B = Insignificant(l) 5
l‘? - 8 — 162 Moderate(M) 30
North Elevation Archetype 4 West Elevation Heavy(H) 63
i=1j=5k=1 Complete(C) 100
Calculate the estimation of loss of building at zone i = 1 of archetype j = 5 atlevel k=1

(M15: appraised value of buildings for building in block 1 of archetype 5)

l151

o (Plesx 0+ P,|WS>< 0.05 + PM|WSX 0.3
+ Plesx 0.68 + PC|WSX 1) X M15



Calculate Q le K iﬂgam!%ﬁﬁ'tﬁtﬂfb @OU

Damage State Damage Factor(%) Damage state Description
Insignificant (I)  Damage requires no more than cosmetic repair. No
NOHE(N) 0 structural repairs are necessary. For nonstructural
elements, repairs could include spackling, partition
Insignificant(l) 5 cracks, picking up spilled contents, putting back
fallen ceiling tiles, and righting equipment.
Moderate(M) 30 Moderate (M) Repairable SD has occurred. The existing elements
can be repaired essentially in place, without
Heavy(H) 68 substantial demolition or replacement of elements.
Complete(C) 100 For nonstructural elements, repairs would include

minor replacement of damaged partitions, ceilings,
contents, and equipment or their anchorages.

0 W S Heavy (H) While the damage is significant, the structure is still
Qijx(WS)

standing. SD would require major repairs, including
substantial demolition or replacement of elements.
— 1 — E [p e’rcentage lOSS Of bULdllng—l For. nonstructural elements, repairs ?v‘ould 1nc.:l'ude

major replacement of damaged partitions, ceilings,
—_— contents, equipment or their anchorages.

Complete (C) Damage is so extensive that repair of most structural
elements is not feasible. Structure is destroyed or
most of the structural members have reached their
ultimate capacities.

Q%5 (WS = 135mph)
+ Plesx 068 + PchSx 1)




: analytics lfb @ OuU
Strategy Cost Calculation — Building type
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Retrofit Strategies analytics lab @ OU

e . Roof sheathing nailing e : :
oof covering oof-to-wall connection type
Retrofit pattern

strategies
Asphalt = tiles  8dce/12  sdcefe WO 18d o5 TWOH2S
shingles toe nails clips
X - X - X - -
X - - X - - X




Retrofit Cost analytics lab @ OU

1 0.1141
Strategy 1

5 0.0826

1 0.1733
Strategy 2

5 0.1434

1 0.3533
Strategy 3

5 0.2574

The final retrofit cost =
Appraisal Value of the building * Retrofit cost percentage



