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ABSTRACT: A need for allocation of insurance losses to different earthquake events has arisen as a result of the 

Canterbury earthquake sequence.  This paper describes a broad framework for loss allocation that has been employed 

to allocate losses for a very large number of structures, and identifies the benefits of having a simple analytical method 

to aid allocation.  The main focus of the paper is to present an overview of a simple analytical method for determining 

damage ratios for a series of earthquakes.  This method is based on fundamental principles of structural dynamics, and 

is applicable to a broad range of simple structures. The key advantage of the process in comparison to more complex 

methods is that the effort required is measured in hours, rather than weeks or months.  Results from the method 

compare well with observed damage patterns. 
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1 INTRODUCTION 12 

The Canterbury earthquake sequence beginning in 

September 2010 has been a uniquely complicated event 

for the insurance industry due to the occurrence of 

numerous earthquakes over a period of approximately 18 

months, each of which have caused damage in the same 

region.  This has resulted in a large number of insured 

structures incurring damage during more than one of the 

earthquakes, with the time period between earthquakes 

generally being insufficient to allow full investigation 

and settlement of the claims.  This clustering of 

damaging events has resulted in a number of 

complications for insurers, including: 

 Structures having incurred additional damage prior 

to settlement of a claim, but after termination of the 

insurance cover; 

 Reinsurance being provided by different companies 

for different events, with reinsurers wanting to 

ensure they are only paying “their fair share”; 

 The need to avoid “averaging” the total damage 

across events when correct allocation of costs would 

result in available insurance cover being exceeded 

for one or more single events.  This problem can 

occur both between the insured and the insurer, and 

also between the insurer and reinsurer. 

After typical natural disasters the focus for the insurance 

industry is to determine the extent of damage and the 
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resulting cost.  In contrast, all of the above issues have 

lead to demand following the Canterbury earthquake 

sequence for realistic allocation of insurance costs 

between different earthquakes.  In conjunction with CAL 

Engineering Management (“CAL”), Compusoft 

Engineering Limited (“CEL”) have undertaken a number 

of projects centred on allocation of earthquake damage 

related costs to different events.  These projects have 

largely related to the allocation of costs to different 

reinsurers by insurers.  This paper overviews some of the 

problems encountered and a number of methods 

developed to solve these problems. 

2 OVERALL ALLOCATION PROCESS 

Structures in the Christchurch region that have been 

subjected to a series of earthquake events over a period 

of approximately sixteen months are the focus of loss 

allocation process discussed in this paper.  At the highest 

level the allocation process has two components: 

 Determination of allocation by assessment of 

existing reports and other relevant documents; 

 Analytical estimation of the relative magnitudes of 

damage occurring during different earthquakes. 

The second of these components is the main focus of this 

paper. 

Ideally, the reporting of the condition of each building 

after each earthquake would be sufficiently detailed to 

negate the need for the analytical estimation of damage.  

However this has proven to almost never be the case in 

Christchurch.  The extent and frequency of inspection 

and the level of detail provided in reports has been 

variable.  Differing information is also typically 



available depending on whether a structure was 

inspected by engineers or insurance representatives.  

Engineers tend to focus on “structural” damage and the 

safety of the building.  Insurance representatives can 

have a variable understanding of structural forms and 

structural detailing and tend to focus on the costs of 

fixing observed damage.  Thus a number of 

complications arise that hinder purely assessment based 

allocation: 

 Incomplete or no reports describing the damage 

after one or more significant earthquakes; 

 Damage resulting from a number of factors 

including shaking, liquefaction, and differential 

settlement; 

 Building inadequacies such as long term 

deterioration or poor construction that are not 

covered by insurance; 

 General acceptance in the insurance industry that 

initial estimates of damage and repair costs are 

almost inevitably lower than the actual cost. 

Due to the variable information available and the 

complicating factors listed above, analytical estimation 

of the relative magnitude of damage occurring during 

different earthquakes has typically been used in the 

allocation process undertaken by CAL and CEL, with 

the analytical estimation serving as a means of verifying 

the reasonableness of the allocation arrived at by report 

based assessment. 

2.1 EARTHQUAKE DAMAGE AND LOSS 

As noted above, numerous effects resulting from 

earthquakes cause structural damage and thus insurance 

losses.  Ignoring damage to contents (which was not 

included in the project described here), the main causes 

of damage are: 

 Ground shaking; 

 Differential settlement; 

 Infiltration of liquefaction ejecta; 

 Second order damage, for example water damage 

due to leaks resulting from other earthquake 

damage. 

The shaking of the ground causes the structures to 

oscillate, leading to deformations and accelerations 

being imposed on the structure.  Both deformations and 

accelerations cause damage to the structure and its 

contents [1].  Structural damage (for example concrete 

cracking, or bending of steel and timber) is typically 

related to the magnitude of building deformation or drift.  

Damage to non-structural items can also be directly 

related to building deformation.  For example, the 

breaking of glass in windows and ornate plaster will 

occur when the building has distorted beyond a threshold 

value.  Damage to contents can be related to either 

deformations or accelerations depending on the specific 

non-structural item being considered.  A typical damage 

type resulting from building acceleration is that of the 

overturning of contents, such as televisions. 

Differential settlement has frequently caused significant 

damage in the Christchurch region due to the deep soft 

soils typical of the region.  Differential settlement can 

cause insurance losses in two ways, either by causing 

actual damage, or by leaving the structure in a position 

that makes it unusable. 

All of the damage types listed above have to be 

considered during the allocation of damage to different 

earthquakes. 

2.2 OVERVIEW OF CAL/CEL ALLOCATION 

APPROACH 

The analytical methods that are the focus of this paper fit 

within a comprehensive allocation framework that has 

been developed and employed by CAL/CEL.  To 

provide context for the application of the analytical 

method a brief overview of steps comprising the 

complete allocation procedure is presented here. 

1. All available documentation relating to a structure is 

collected and reviewed.  Relevant excerpts 

regarding damage and loss allocation are noted, with 

each tagged as relating to a specific structure and 

specific earthquake. 

2. LiDAR information is obtained and processed to 

provide an understanding of ground damage and 

differential settlement.   

3. Information from reports and summaries of LiDAR 

data are entered into a propriety database developed 

by CEL.  The original documents are also linked to 

the database to subsequent re-reading of the reports 

directly from the database if required.  The 

operation of the database is summarised graphically 

in Figure 1. 

 

Figure 1: Summary of insurance assessment database 

4. Summary spreadsheets are generated from the 

information contained in the database.  One 

spreadsheet is generated for each structure, 

containing all pertinent information categorised 

according to earthquake and information type. 

5. The allocation of damage (loss) to a structure is 

approached in two complementary ways. 

i. An assessment approach using the summary 

spreadsheets mentioned above.  The amount of 

damage occurring during each earthquake is 

determined based on consideration of all 



available information and, where reports may be 

incomplete, judgements about whether the 

reported damage appears reasonable and 

comprehensive. 

ii. An analytical approach where an analysis 

procedure is employed to estimate the amount of 

damage that occurs as a result of each event.  

CAL/CEL have a number of different analytical 

approaches of varying complexity, with more 

detail about the different options presented in 

section 2.3. 

6. The final allocation is made using a judgement 

based process, and is undertaken by a team that 

typically includes a structural engineer, a quantity 

surveyor and an experienced loss adjuster.  The final 

allocation of damage costs will balance the findings 

from the two approaches (assessment and analysis 

listed above. 

2.3 ANALYTICAL METHODS USED IN THE 

ALLOCATION PROCESS 

Analytical estimation of damage in structures is not a 

trivial problem.  State-of-the-art methods for such 

estimation typically rely on non-linear time history 

analyses to determine demands on the structure in 

conjunction with use of probabilistic “fragility” curves to 

determine expected damage levels and repair costs 

[1,e.g. 2–5].  While this approach is accepted as the most 

accurate approach, it is by no means “exact” as best 

estimates of material, structural, and soil properties need 

to be determined, along with representation of the site 

ground motion.  The effort required to undertake such 

analyses requires a substantial budget, both in terms of 

time and money.  While justifiable for very high value 

individual structures, the allocation project discussed 

here has been focussed on consideration of a large 

number of relatively small structures in a short 

timeframe.  Thus neither the time nor budget has been 

available to apply such complex methods to individual 

structures. 

As an alternative to the “complete” analyses described 

above, CEL developed a conceptual framework of 

simpler analysis methods for use in the project.  In 

summary, these methods comprised four different 

“levels” of analysis as outlined below: 

Level 4 Full analysis to estimate actual damage based 

on non-linear time history and fragility 

methods as discussed previously; 

Level 3 Estimation of relative damage based on linear 

time history analysis, with calibration based 

on comparison of analysis results with 

damage observed in “fully investigated” 

regions of the structure. 

Level 2 Not clearly defined, but anticipated to involve 

elastic multi degree of freedom analysis, or 

non-linear time history analysis of a 

representative single degree of freedom 

oscillator to allow consideration of earthquake 

duration. 

Level 0-1 Estimation of relative damage based on 

representation of the structure as a single 

degree of freedom (SDOF) oscillator and use 

of ductile displacement spectra. 

Note that most of the methods described above are stated 

as being for estimation of relative damage rather than 

actual damage.  This distinction is important, indicating 

that the simpler methods are not viewed as being suitable 

for predicting how damaged a structure will actually be; 

rather the intention is to estimate the proportion of the 

total known damage that occurred during a series of 

sequential earthquakes. 

In practice the complete framework has not actually been 

employed on the current project.  Most structures have 

been assessed using the “Level 0-1” procedure, while a 

small number of more significant and poorly 

documented structures have been assessed using the 

“Level 3” procedure.  The remainder of this paper 

focuses on discussion of the Level 0-1 analysis method. 

3 THE 0-1 ANALYTICAL METHOD 

The 0-1 analytical method is aimed at providing a 

solution to proportioning damage resulting from building 

deformation (i.e. interstorey drift) as a consequence of 

ground shaking.  The requirements that guided 

development of the 0-1 method were: 

1. To provide suggested ratios to proportion the 

damage that occurred during a series of earthquakes.  

2. To be able to be implemented without excess time 

spent on each structure.  The expectation was for a 

few hours effort per building, rather than weeks or 

months. 

3. To have a rational basis.  The approach developed is 

based upon the sciences of earthquake and structural 

engineering, with quantity surveying knowledge 

employed to interpret the results. 

In terms of complexity the 0-1 method should be 

considered similar to the IEP procedure for assessing 

existing buildings; that is it is a guide, rather than a 

precise tool.  It is acknowledged that the developed 

process is not exact, but satisfies the clients criteria that 

that the solution is “most likely” to be correct.  The 

method is only considered to be applicable to relatively 

simple structures; more complex structures require 

application of one of the more sophisticated analytical 

methods listed previously. 

3.1 OUTLINE OF APPROACH 

While significantly simpler, the basic framework of the 

0-1 analysis method follows the logic employed in more 

sophisticated loss estimation methods, for example 

“performance-based earthquake engineering” [2].  Thus 

the basis for the method is summarised in the following 

equation: 
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where in this instance DV is a decision variable (cost), 

DM is damage level, EDP is an engineering demand, IM 

is intensity of shaking, and G(xx/yy) represents a 

conditional probability for “xx” based on a specified 

value of “yy”.  The notation above has been retained for 

consistency with source literature.  However, the 

implementation of the 0-1 method relied on equation 1 

as a guiding framework rather than for mathematical 

purposes; thus the “probabilities” are effectively 

removed by use of judgement to estimate actual values at 

each step. 

The 0-1 analytical method is based on a number of 

assumptions that simplify the process of defining the 

variables in equation 1.  These assumptions are that: 

1. Damage to both structural and non-structural 

elements is related to displacement.  Thus 

displacement is used as the engineering demand 

parameter (EDP); 

2. The structure considered can adequately be 

represented as a single degree of freedom oscillator; 

3. The unknown ground motions at a specific site can 

be adequately described by taking the average of 

earthquake records [e.g. 6–8] from recording 

stations that approximately triangulate the site being 

considered.  For example, the site in Figure 2 would 

be predicted by averaging recordings from the 

PPHS3, CBGS4, and REHS5 recording stations. 

 

Figure 2: Selection of recording stations to triangulate an 
example site 

Based on the assumptions above, estimates are made of 

the values of the shaking intensity (IM), structural 

demand (EDP), and damage level (DM) as described in 

the following sections.  Eventual determination of the 
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cost (DV) is made in consultation with quantity 

surveyors, and is outside the scope of this paper. 

3.1.1 Definition of shaking intensity 

As outlined in the previous section, the average of 

earthquake records from nearby sites is used as the basis 

for defining the shaking intensity at a site.  However, 

further consideration is required to arrive at a shaking 

intensity that is relevant to the amount of damage in the 

structure. 

Due to the relationship between damage and 

displacement, displacement spectra are used to define the 

shaking intensity.  Consideration must also be given to 

the effects of ductility.  The equal displacement 

approximation is not necessarily appropriate due to the 

short periods typical of the structures for which damage 

is being allocated.  However, experience has shown that 

the equal displacement approximation does appear to 

apply for short period structures in Christchurch, at least 

for the low ductility levels being considered in the 

project discussed in this paper.  Figure 3 shows 

displacement spectra for ductilities of μ = 1 and μ = 2, 

obtained by taking the average of the PPHS, CBGS, and 

REHS spectra.  It can be seen that the spectra are similar.  

This observation has applied to all combinations of 

spectra considered to date.  Therefore the shaking 

intensity has been defined by averaging the μ = 1 and 

μ = 2 spectra, and then fitting a quadratic line to the 

resulting spectrum as shown in Figure 3.  The use of the 

fitted line allows quick estimation of the spectral 

displacement for structures when determining the 

engineering demand parameter as described in section 

3.1.2. 

 

Figure 3: Average of PPHS, CBGS, and REHS 
September 2010 north-south displacement 
spectra for μ = 1 and μ = 2 

3.1.2 Definition of Engineering Demand Parameters 

Having determined the shaking intensity at the site, the 

demand imposed on the structure being considered can 

be estimated by determining the period of the structure.  

This is estimated using common industry guidance, for 

example the information contained in the NZSEE “Red 

Book” [9].  After estimation of the structural period the 

engineering demand parameter is determined from the 

y = 0.128x2 + 0.006x
R² = 0.988
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average displacement spectrum discussed in the previous 

section. 

A number of “structures” that have been considered by 

CAL/CEL have had obviously poor connection between 

different parts of the structure.  For these cases the 

period of each independent part has been determined 

separately, with different engineering demand 

parameters for each part. 

In some instances an additional level of certainty has 

been added to the determination of the structural period 

by developing a simple finite element of the model.  

Generally this is not considered warranted due to the 

approximate nature of the 0-1 method. 

3.1.3 Definition of Damage Measures 

It has been stated previously that damage is assumed to 

be proportional to drift or displacement.  However, it is 

important to note that this statement is not meant to 

imply that the proportionality is linear.  That linear 

proportionality would be incorrect is logical, and can 

almost be verified by consideration of widely published 

“fragility curves” [e.g. 1,3–5] that relate damage to drift 

or displacement as shown in an example curve in Figure 

4.  Instead, considering “mean” probabilities of damage 

states from Figure 4 (i.e. cumulative probability of 0.5), 

it is evident that no damage occurs until a drift of 

approximately 0.2% occurs, and then damage becomes 

incrementally more significant until the wall panel fails 

at a drift of 4.0% on average. 

 

Figure 4: Example fragility curve for plaster board on 
timber wall [adapted from 1] 

While fragility curves provide a useful source of 

information relating the damage of structural elements to 

the imposed displacement, a less itemised approach is 

taken to determination of damage in the 0-1 method.  

Thus while analysis based on fragility curves identifies 

discrete performance states for discrete items within the 

structure, a “smeared” approach is adopted for the 0-1 

method.  In this approach, judgement and consideration 

of available information about the behaviour of 

structures is used to determine a “threshold” 

displacement, below which the structure is assumed to 

be undamaged.  The extent of damage is then assumed to 

increase linearly beyond this threshold.  Logically there 

should be a displacement that relates to “total” damage, 

i.e. collapse occurs.  However, for the purposes of loss 

allocation this displacement is not important as the final 

damage state is determined based on inspection of the 

structure or final reports about the structure, and the 

purpose of the analysis is solely to determine the relative 

damage levels in each of several earthquakes.  Threshold 

displacement values are determined based either on 

available fragility curves, or information about 

“immediate occupancy” displacement limits [10]. 

3.2 LIMITATIONS OF 0-1 METHOD 

As a simplified process the 0-1 method has a number of 

limitations that restrict the information that can be 

obtained by its use and the types of structures to which it 

is applicable.  Aside from the aforementioned inability to 

predict actual damage (as opposed to relative damage), 

these limitations include: 

 Only being able to determine relative damage levels 

within the same damage state.  Thus if a structure or 

significant portion of a structure collapsed during a 

particular earthquake, the method would not predict 

the magnitude of this damage relative to earlier (for 

example) “cracking only” damage.  This limitation 

requires the method to be used in conjunction with 

observed damage reports. 

 The method is applicable only to short period 

(T ≤ 1.0 seconds), low ductility (μ ≤ 2.0) structures 

that can reasonably be represented as single degree 

of freedom oscillators. 

 The procedure is not able to assist in proportioning 

damage attributable to historic construction issues. 

 The method is not able to assist in the proportioning 

of damage resulting from ground distortion.  The 

proportion damage from this source can however be 

determined from damage reports and LiDAR data. 

4 IMPLEMENTATION OF 0-1 METHOD 

FOR A SERIES OF EARTHQUAKES 

The purpose of the 0-1 method is to estimate the relative 

magnitudes of damage that occur in each of a series of 

earthquakes.  The steps required to apply the method in 

this situation are described in this section.  To aid the 

explanation and also to clarify the concepts described in 

the previous section, a simple example is developed at 

each step described. 

4.1 SUMMARY OF EXAMPLE STRUCTURE 

The example structure considered in this section is a 

1960s two storey reinforced concrete moment resisting 

frame, located at the position marked in Figure 2.  The 

shaking intensity at the site can thus be determined based 

on the spectra shown in Figure 3 and similar spectra 

developed for other earthquakes.  Only north-south 

shaking of the structure will be considered here, 

although in practice both orthogonal components of 

shaking are considered. 

The period of the structure can be determined based on 

the approximate method found in the NZSEE “Red 

Book” [9].  Assuming the height of the structure is 8 m, 

the period of the structure is: 
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seconds43.0809.009.0 75.075.0
 nhT  (2) 

It is considered reasonable to represent the structure as a 

single degree of freedom oscillator.  Assuming a mode 

shape based on knowledge of displaced shapes for frame 

structures, and taking the mass of the second storey as 

60% of that of the first storey, the height of the 

equivalent SDOF system is approximately 

0.77 × 8 = 6.18 m.  The yield drift of the structure is 

taken as 0.5% based on relevant literature [11], resulting 

in the yield displacement of the equivalent SDOF system 

being 31 mm. 

As noted previously, the 0-1 method implements a 

“threshold” displacement concept, with displacements 

smaller than the threshold assumed not to cause any 

damage.  This threshold is typically implemented as a 

proportion of the yield displacement, based on 

judgement and the flexibility of the system being 

considered relative to typical non-structural damage 

thresholds.  For the relatively flexible moment resisting 

frame being considered here it is assumed that damage 

occurs when the displacement exceeds 25% of the yield 

displacement, i.e. 8 mm. 

The 0-1 method also accounts for the softening of 

structures on repeat loading that occurs after yielding.  

The implementation of this concept and its effect on the 

threshold displacement will be explained as part of the 

example in the next section. 

4.2 DETEMERMINATION OF RELATIVE 

DAMAGE RATIOS 

During the project described in this paper, damage 

allocation has been linked to five “main” earthquakes 

that occurred in the Canterbury region.  These 

earthquakes are listed in Table 1.  The selection of these 

five particular earthquakes was guided by the 

requirements of the insurance industry, and also by the 

perception of these being the “major” events. 

Table 1: Earthquakes used to define damage allocation 

Earthquake Magnitude 

(ML) 

GNS record 

time 

Darfield 7.1 16:35:41 

03/09/10 

Boxing Day 4.9 21:30:15 

25/12/10 

Feb. 22 2011 6.3 23:51:42 

21/02/11 

Jun. 13 2011 6.3 02:20:49 

13/06/11 

Dec. 23 2011 6.0 02:18:03 

23/12/11 

The initial step of the process is to determine the 

displacement of the structure during the first earthquake, 

and from this to determine the amount of “damage” 

displacement that occurred (i.e. the total displacement 

less the threshold displacement).  For the example 

structure, the displacement during the Darfield 

earthquake can be estimated from the spectra shown in 

Figure 3 and the period determined in section 4.1 as: 

mTTDarfieldT 026.0006.0128.0 2

,   (3) 

This displacement exceeds the threshold displacement 

(0.008 m), but did not exceed the yield displacement of 

the structure (0.03 m).  The exceedence of the threshold 

displacement indicates that damage occurred to the 

structure, with a “damage displacement” (ΔD) of 0.026 –

 0.008 = 0.018 m being recorded.  This damage 

displacement is meaningless in isolation, but will be 

used to compare the extent of damage during the 

Darfield earthquake to the damage occurring during 

other earthquakes. 

Due to the yield displacement of the structure not being 

exceeded during the Darfield earthquake, no softening of 

the structure is predicted to occur; thus the yield and 

threshold displacements remain at the initial values for 

the analysis of displacement during the second (i.e. 

Boxing Day) earthquake. 

The displacement of the example structure during each 

of the five earthquakes listed in Table 1 is shown in 

Table 2.  Generally the process for determining the 

displacements and damage is similar for each of the 

earthquakes.  However, some elaboration regarding the 

February 2011 earthquake is required to explain the 

period change shown to occur as a result of that event. 

Table 2: Summary of damage allocation calculations 

Earthquake T (s) ΔT (mm) ΔD 

(mm) 

Damage 

ratio 

Darfield 0.43 26 18 23% 

Boxing Day 0.43 13 6 8% 

Feb. 22 2011 0.43 39 31 39% 

Jun. 13 2011 0.44 22 14 18% 

Dec. 23 2011 0.44 19 10 13% 

  ΣΔD = 79  

Based on similar spectra to those shown in Figure 3, the 

displacement of the structure during the February 2011 

earthquake was determined to be 39 mm as shown in 

Table 2.  This value is greater than the (31 mm) yield 

displacement of the structure.  Therefore the structure 

would be expected to soften if subjected to further 

displacement cycles (i.e. another earthquake).  As noted, 

the 0-1 method allows for this effect to be estimated, and 

has been in this instance.  Thus the period of the 

structure increases to 0.44 seconds for the June 2011 and 

December 2011 earthquakes.  The logic for this change 

is explained in the next section. 

4.2.1 Method used to predict structural softening 

The fact that yielding of members and structures reduces 

their stiffness for further displacement cycles is well 

documented experimentally [12] and recognised in 

common hysteresis rules [e.g. 13,14].  However, 

accurate determination of the significance of the effect is 



complex.  For the 0-1 analysis method, the approach 

used to estimate softening is based on recalculating the 

yield displacement based on the ductility demand in the 

previous earthquake according to the following equation: 

 11
,

,





b
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newy  (4) 

where b is a factor that determines the extent of 

softening, and typically has a value of 0.0 ≤ b ≤ 0.4.  The 

equation is plotted in Figure 5 for various values of b.  

Selection of the value of b is dependent on the type of 

structure being considered.  For modern engineered 

structures the increase of yield drift is expected to be 

minor (b ≈ 0.1).  However for older buildings, especially 

timber clad structures a more significant increase would 

be expected to occur (b ≈ 0.3-0.4).  The 1960s frame 

considered in the example would be expected to 

experience a moderate degree of softening, and thus 

b = 0.2 was adopted.  The ductility occurring during the 

February 2011 earthquake is 39/31 = 1.26, and thus the 

yield displacement increases by 5% to 32.5 mm. 

 

Figure 5: Yield displacement increase vs. ductility 

The effect on the later analyses of the increased yield 

displacement is to increase the period, and also increase 

the damage threshold displacement because the threshold 

is considered to remain at the same proportion of the 

(new) yield displacement.  The increased structural 

period is calculated on the basis that the strength remains 

unchanged.  Thus: 

origy

newy

orignew TT
,

,




  (5) 

The new period calculated using the above equation is 

used as the basis for determining displacement during 

the next earthquake.  Although not the case for the 

example presented here, softening and resulting period 

change could occur in any number of the earthquakes 

considered. 

4.2.2 Damage ratios 

The final step of the implementation of the 0-1 analytical 

method for a series of earthquakes is to determine 

damage ratios that are then used to assist allocation of 

insurance losses.  The damage ratios are calculated by 

summing the damage displacements (Δd) for all 

earthquakes considered, and then taking the ratio of 

Δd,i/ΣΔd for each earthquake.  Table 2 shows the results 

of this calculation for each earthquake, indicating for 

example that 23% of the damage to the structure 

occurred during the Darfield earthquake. 

5 DISCUSSION 

The relation of the damage ratios calculated using the 0-

1 analytical method to the overall loss allocation process 

is achieved by a team typically comprising an engineer 

and a quantity surveyor.  Due to the 0-1 method damage 

ratios only being applicable to structural and non-

structural damage caused directly by shaking (as distinct 

from damage caused by differential settlement or 

liquefaction), the components of the structure to which 

the ratios are applicable must be determined on a case by 

case basis.  The damage ratios are then used for 

comparison with the allocation ratios for the same 

components arrived at by assessment of reports on the 

structure.  The identification of relevant structural 

components and the assessment procedure are outside 

the scope of this paper.  However, as a general 

observation it has been noted that the ratios arrived at by 

the 0-1 analytical method generally compare well with 

the observed damage, and where differences are noted it 

is normally explainable by insufficient reporting having 

occurred for one or more earthquakes. 

6 CONCLUSIONS 

This paper has discussed the need for allocation of 

insurance losses to different earthquake events that has 

arisen following the Canterbury earthquake sequence.  A 

broad framework for loss allocation that has been 

employed by CAL and CEL to allocate losses for a very 

large number of structures was presented, and the 

rationale for having a simple analytical method within 

this framework was outlined.  The focus of the paper 

was on the development and implementation of a 

suitable simple method.  Key features of the method 

developed include: 

 The basis of the method being fundamental 

principles of engineering dynamics. 

 The method being applicable to a wide range of 

simple structures, and for any number of 

earthquakes. 

 The method being employable in hours rather than 

days or weeks as is required for more complex 

procedures. 

It was concluded that the developed procedure results in 

the calculation of damage ratios for loss allocation that 

are in good agreement with observed damage patterns. 
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