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Key Objectives

1. Demonstrate how loss assessment could be an effective 
means of quantifying the benefits of innovative 
construction technologies

2. Test and develop options for simplified loss-assessment 
appropriate for preliminary design phase

3. Identify and develop loss functions for non-structural 
elements for NZ usage

4. Identify functions from literature suitable for NZ 
construction, and develop fragility functions for 
components unique to NZ.
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Objective 1 – Loss assessment of case 
study buildings

• Stage 1: Develop case study building layouts

• Stage 2: Obtain information required to estimate 
damage and losses (overlaps objectives 3 and 4)

• Stage 3: Design buildings featuring innovative 
construction technologies

• Stage 4: Apply loss assessment methodologies to 
assess benefits of using innovative technologies



Case Study Buildings – May Update

• First case to be examined:

– 4 storey office building

– 24 m by 40 m rectangular plan

– New construction

• 12 storey office and 4 storey 
residential to follow

40 m (4-s) or 48 m (12-s)

24 m (4-s)
or

32 m (12-s) 4.5 m

3.6 m

3.6 m

3.6 m

1.8 m
2.7 m

0.7 m
0.2 m

Floor slab

Structural beam

Ceiling

Services (i.e. HVAC, pipework) Bracing



Case Study Buildings – May Update

• Stage 1: Identified newly constructed buildings 
that is similar to desired case study building

109 Cashel Street 161 Cashel Street 293 Durham Street

71 Gloucester Street 200 Tuam Street 229 Tuam Street



Case Study Buildings – May Update

• Stage 1: Use building plans to estimate details of a 
“typical” building layout

– Report to be uploaded to QuakeCore wiki page

0

10

20

30

40

50

60

70

0 2000 4000 6000 8000 10000

N
u
m

b
e

r 
o

f 
R

o
o

m
s

Total Floor Area (m2)

Data from building plans

Best-fit for building plan data

Case Study Buildings

Outlier



Case Study Buildings – May Update

Room layout – ground floor



Case Study Buildings – May Update

Room layout – upper floors



Case Study Buildings – May Update

Sprinkler and HVAC duct layout



Case Study Buildings – May Update

All drawings will be made 
available via QuakeCore wiki
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Objective 1 – Loss assessment of case 
study buildings

• Stage 2: Identify typical components used in newly constructed 
buildings (excluding main structural elements)

Category Component Quantity Fragility 
Function

Consequence 
Function

x y

Structural

Floor slabs - Hollow core units
- Double tee units
- Comfloor units

?
?
?

?
?
?

×/?
×/?
×/?

×/?
×/?
×/?

Stairs 1 1 ×/? ×/?

Structural/non-
structural

Cladding - Precast panels
- Glazing

-
80 m

48 m
- OBJECTIVE 3

Non-structural

Partitions - Full height
- Partial height, braced at top
- Glazing

?
?

15 m

?
?

4.5 m



×/?
×/?



×/?
×/?

Ceilings ? ?  

HVAC ? ? ×/? ×/?

Heavy plant on roof ? ? ×/? ×/?

Sprinklers ? ? ×/? ×/?

Elevators 3  
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Loss Functions - Cladding
Aim:

• Developing storey-level normalized loss functions for use 
in simplified loss estimation approaches

Density Fragility

Consequence

Storey-level 
loss function

Example for partitions 
(Dhakal et al. 2016)



Loss Functions - Cladding
Aim:

• Developing storey-level normalized loss functions for use 
in simplified loss estimation approaches

• Steps:
– Familiarize with the types of cladding using in New Zealand

– Survey buildings in Christchurch to identify which is most 
commonly used

– Use data to obtain typical density of cladding elements

– Survey engineers and contractors involved in repair work 
following the 2010-2011 Canterbury earthquakes to obtain 
damage-loss relationships

– Obtain fragility functions for the most commonly used cladding 
types

– Perform Monte Carlo simulations to obtain EDP-normalized Loss 
relationships at a storey-specific level



Loss Functions - Cladding
Building Survey

• Building usage

• Total exterior surface area

• Type of cladding

• Percentage of exterior surface area covered by given 
cladding type (for building front, sides, and back)
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