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Project Description

To achieve widespread implementation of low-damage systems, the economic benefits of such systems must be demonstrated. This requires a long term
outlook and an assessment of life-cycle costs. To address this need, this strategic project will firstly highlight the potential benefits of adopting a life-cycle
costing framework. By applying an assessment framework that permits comparison of both up-front and long-term costs, including future losses from
earthquakes, to a selection of case study buildings realized with different design alternatives, it can be demonstrated that life-cycle cost analysis could be
used to effectively quantify the improved performance offered by low-damage construction technologies.

Secondly, in order to assist the NZ engineering profession make a smooth transition towards such probabilistic seismic loss assessment, the project
proposes to test and develop different simplified loss assessment methods.

Finally, recognizing that the accuracy of any loss assessment will depend on the quality of the inputs used, the project will identify and develop loss and
fragility functions for elements typical of NZ construction practice.

Key Objectives

The main objectives of this project are as follows:

1. Demonstrate, via loss-assessment of a selection of case study buildings, 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, thus assisting the NZ engineering profession
make a smooth transition towards probabilistic seismic loss assessment.

3. Identify and develop loss functions for non-structural elements that will assist with the application of loss assessment in New Zealand.

4. Review procedures for the definition of fragility functions, identify functions from literature suitable for NZ construction, and develop fragility
functions for components unique to NZ buildings.

Case Study Building Plans

Most up-to-date version of the case study building plans are provided below.
Four-Storey Office Building
Summary Report

® Indraft

Ground floor drawings

Floor Plan and Partition Layout
Above Ceiling Details
Sprinkler Layout

HVAC Layout

Ceiling Layout

Upper floors drawings
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Above Ceiling Details
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HVAC Layout
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Case Study Component Quantity and Assumed Fragility/Loss Functions

IMPORTANT NOTE: There are two sets of component quantities and assumed fragility/loss functions presented herein. One was used for a case study on
the cost-effectiveness of steel beam-column friction joints by Yeow et al. (submitted). The other is a more updated version for general use.


https://wiki.canterbury.ac.nz/download/attachments/54853779/CommercialLow_Ground_PARTITION.pdf?version=2&modificationDate=1495625688550&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CommercialLow_Ground_ABOVECEILING.pdf?version=1&modificationDate=1495707531680&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CommercialLow_Ground_SPRINKLER.pdf?version=4&modificationDate=1495707197423&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CommercialLow_Ground_HVAC.pdf?version=1&modificationDate=1495707212447&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CommercialLow_Ground_CEILING.pdf?version=2&modificationDate=1495707221830&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CommercialLow_singleOcc_PARTITION.pdf?version=1&modificationDate=1495625266617&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CommercialLow_singleOcc_ABOVECEILING.pdf?version=3&modificationDate=1495625275510&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CommercialLow_singleOcc_ABOVECEILING.pdf?version=3&modificationDate=1495625275510&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CommercialLow_singleOcc_SPRINKLER.pdf?version=7&modificationDate=1495625487393&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CommercialLow_singleOcc_HVAC.pdf?version=2&modificationDate=1495625290963&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CommercialLow_singleOcc_CEILING.pdf?version=2&modificationDate=1495707609293&api=v2

Data used by Yeow et al. (submitted)

® Non-structural elements: quantities, fragility/loss functions
® Traditional steel moment resisting frame structural elements: quantities, fragility/loss functions
® Steel moment resisting frame with friction connections structural elements: quantities, fragility/loss functions

Ground Motion Records (IN DRAFT)

Please reference the following publication if you are using the ground motion records provided below:
Yeow TZ, Orumiyehei A, Sullivan TJ, MacRae GA, Clifton GC, and Elwood KJ. (submitted). Seismic performance of steel friction connections
considering direct-repair costs. Bulletin of Earthquake Engineering.

Documentation - IN DRAFT
Auckland (subsoil class C)

® Sa(0.5s): Hazard levels 1-3, 4-6, and 7-9, scaled vertical components [hazard data]
® Sa(1.0s): Hazard levels 1-3, 4-6, and 7-9, scaled vertical components [hazard data]
® Sa(2.0s): Hazard levels 1-3, 4-6, and 7-9, scaled vertical components (ptl1,pt2) [hazard data]
® Sa(4.0s): Hazard levels 1-3, 4-6, and 7-9, scaled vertical components (ptl1,pt2) [hazard data]

Christchurch (subsoil class D)

Sa(0.5s): Hazard levels 1-3, 4-6, and 7-9, scaled vertical components [hazard data]
Sa(1.0s): Hazard levels 1-3, 4-6, and 7-9, scaled vertical components [hazard data]
Sa(2.0s): Hazard levels 1-3, 4-6, and 7-9, scaled vertical components [hazard data]
Sa(4.0s): Hazard levels 1-3, 4-6, and 7-9, scaled vertical components [hazard data]

Wellington (subsoil class C)

Sa(0.5s): Hazard levels 1-3, 4-6, and 7-9, scaled vertical components [hazard data]
Sa(1.0s): Hazard levels 1-3, 4-6, and 7-9, scaled vertical components [hazard data]
Sa(2.0s): Hazard levels 1-3, 4-6, and 7-9, scaled vertical components [hazard data]
Sa(4.0s): Hazard levels 1-3, 4-6, and 7-9, scaled vertical components [hazard data]

NOTE: Hazard levels 1 to 9 corresponds to (1) 80%, (2) 50%, (3) 20%, (4) 10%, (5) 5%, (6) 2%, (7) 1%, (8) 0.5%, and (9) 0.2% probability of exceedance
in 50 years, respectively. The conditioning IM value at each hazard level is provided in the hazard data.


https://wiki.canterbury.ac.nz/download/attachments/54853779/NS-Quantities.pdf?version=1&modificationDate=1519160749480&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/NS-fragilityandloss.pdf?version=2&modificationDate=1519162495167&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/MRF-Quantities.pdf?version=1&modificationDate=1519160961023&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/MRF-fragilityandloss.pdf?version=1&modificationDate=1519163071713&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/SHJ-Quantities.pdf?version=1&modificationDate=1519160963813&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/SHJ-fragilityandloss.pdf?version=1&modificationDate=1519164048493&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC0p5pt1.zip?version=1&modificationDate=1515747884167&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC0p5pt2.zip?version=1&modificationDate=1515747894613&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC0p5pt3.zip?version=1&modificationDate=1515747901723&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC0p5VERT.zip?version=1&modificationDate=1520827309797&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/IMrateSa0p5auck.txt?version=1&modificationDate=1517789193023&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC1p0pt1.zip?version=1&modificationDate=1515748011830&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC1p0pt2.zip?version=1&modificationDate=1515748019743&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC1p0pt3.zip?version=1&modificationDate=1515748028237&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC1p0VERT.zip?version=1&modificationDate=1520827322350&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/IMrateSa1p0auck.txt?version=1&modificationDate=1517784563593&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC2p0pt1.zip?version=1&modificationDate=1515748078767&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC2p0pt2.zip?version=1&modificationDate=1515748088077&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC2p0pt3.zip?version=1&modificationDate=1515748097307&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC2p0VERTpt1.zip?version=1&modificationDate=1520831251873&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC2p0VERTpt2.zip?version=1&modificationDate=1520831275430&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/IMrateSa2p0auck.txt?version=1&modificationDate=1517784621943&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC4p0pt1.zip?version=1&modificationDate=1515748136283&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC4p0pt2.zip?version=1&modificationDate=1515748146017&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC4p0pt3.zip?version=1&modificationDate=1515748155667&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC4p0VERTp1.zip?version=1&modificationDate=1520831290230&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/AUCKC4p0VERTp2.zip?version=1&modificationDate=1520831301247&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/IMrateSa4p0auck.txt?version=1&modificationDate=1517788693367&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/ChchSa0p513.zip?version=1&modificationDate=1520808359627&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/ChchSa0p546.zip?version=1&modificationDate=1520808379557&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/ChchSa0p579.zip?version=1&modificationDate=1520808404333&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/Vertical%20Records.zip?version=1&modificationDate=1520808421400&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/IMrateSa0p5chch.txt?version=1&modificationDate=1517787855997&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CHCHD1p0pt1.zip?version=1&modificationDate=1517783410267&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CHCHD1p0pt2.zip?version=1&modificationDate=1517783476470&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CHCHD1p0pt3.zip?version=1&modificationDate=1517783487247&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CHCHD1p0VERT.zip?version=1&modificationDate=1520821986333&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/IMrateSa1p0chch.txt?version=1&modificationDate=1517784670337&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CHCHD2p0pt1.zip?version=1&modificationDate=1517783649397&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CHCHD2p0pt2.zip?version=1&modificationDate=1517783666113&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CHCHD2p0pt3.zip?version=1&modificationDate=1517783676873&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CHCHD2p0VERT.zip?version=1&modificationDate=1520822001110&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/IMrateSa2p0chch.txt?version=1&modificationDate=1517784812883&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CHCHD4p0pt1.zip?version=1&modificationDate=1520811895377&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CHCHD4p0pt2.zip?version=1&modificationDate=1520811907807&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CHCHD4p0pt3.zip?version=1&modificationDate=1520811926710&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/CHCHD4p0VERT.zip?version=1&modificationDate=1520817420237&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/IMrateSa4p0chch.txt?version=1&modificationDate=1517787621827&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC0p5pt1.zip?version=1&modificationDate=1520815298540&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC0p5pt2.zip?version=1&modificationDate=1520815307960&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC0p5pt3.zip?version=1&modificationDate=1520815317543&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC0p5VERT.zip?version=1&modificationDate=1520822019570&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/IMrateSa0p5Well.txt?version=1&modificationDate=1517788425883&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC1p0pt1.zip?version=1&modificationDate=1517784301003&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC1p0pt2.zip?version=1&modificationDate=1517784312350&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC1p0pt3.zip?version=1&modificationDate=1517784324383&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC1p0VERT.zip?version=1&modificationDate=1520822036603&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/IMrateSa1p0Well.txt?version=1&modificationDate=1517784859127&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC2p0pt1.zip?version=1&modificationDate=1517784346143&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC2p0pt2.zip?version=1&modificationDate=1517784358477&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC2p0pt3.zip?version=1&modificationDate=1517784369900&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC2p0VERT.zip?version=1&modificationDate=1520822048607&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/IMrateSa2p0Well.txt?version=1&modificationDate=1517784891490&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC4p0pt1.zip?version=1&modificationDate=1517784392303&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC4p0pt2.zip?version=1&modificationDate=1517784405053&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC4p0pt3.zip?version=1&modificationDate=1517784420577&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/WELLC4p0VERT.zip?version=1&modificationDate=1520822057687&api=v2
https://wiki.canterbury.ac.nz/download/attachments/54853779/IMrateSa4p0Well.txt?version=1&modificationDate=1517788109047&api=v2
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