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Questions on “Report on Structural Performance of Hotel Grand Chancellor” 
12/12/11 

 
It is important that the findings from the analysis of the performance of the Hotel Grand 
Chancellor in the Christchurch are understood so that any lessons can be applied both to assist in 
identifying; 

 other buildings with similar characteristics which may as a result be earthquake risk 
buildings; 

 changes that should be made in the design of new structures. 
 
There are some outstanding features of the report.  In particular I note the diagrams outlining the 
form of the structure made it very easy to understand how this structure worked.  
 
There is no doubt why the building failed.  This was caused by the collapse of a wall close to 
ground level.  It is also apparent that this wall did not fully comply with the design provisions of 
the time or with current design requirements.  However, the question remains if either the 
analysis undertaken when the structure was designed could have identified the inherent weakness 
in the wall for a design level earthquake. 
 
The questions below are aimed at trying to identify additional information to clarify some aspects 
of the report and to gain additional information on the behaviour of the building in the 
Christchurch earthquakes. 
 

1. On pages 13 and 14 in Figure 6 parts (a) and (c) of the report the spectral accelerations 
are shown for the September and February earthquakes together with the design spectral 
accelerations given in the design standards, NZS1900: 1965, NZS4203: 1976 and 1984 
and NZS1170.5: 2004.  In the design standards of 1965, 1976 and 1984 the spectral 
accelerations are shown as constant for periods between 1.4 and 5 seconds.  In Figure 6, 
parts (b) and (d) the corresponding spectral displacements are shown as constant over the 
range of 3 to 5 seconds.   Is this logical and is it consistent with the clauses in the relevant 
standards? 

 
2. On page 17 Figure 7 there is reference to the “Centre of mass”.  Can you please define 

what is meant by this term? 
 
3. On page 15 of the report in the first bullet point it is indicated that; in September the 

maximum possible displacement was 700mm (average) while in February it was 
1050mm (average) displacement.   

 By (average) are you referring to a response spectra found by taking the mean 
values at each period of the 4 CBD records in the same direction? 

 
 How do you know that the response of the structure to the September earthquake 

did not match what is indicated by the spectra? 
 
 How do you relate the spectral displacements values from the response spectra to 

the predicted displacements of 700mm and 1050mm and what is the position on 
the structure where these displacements predicted are expected to occur?   
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 Do these predicted displacements include allowance from; higher mode effects, 
bi-axial actions (North-South and East – West excitation), and in particular what 
allowance has been made for torsional rotation of the building?  

 
 In the assessment of the displacements of 700mm and 1050mm was any 

allowance was made for deformation associated with P-delta actions? 
 

 What allowance was made for the expected change in deflected shape between an 
elastic structure and a ductile structure? 

 
4. On page 16 it is indicated that the ductility demand (which I assume refers to 

displacement ductility) is in the range of 2-4 for the February earthquake (values of 2.3 
and 3.3 are quoted in the report).   
 Did you consider assessing the predicted displacements demands for the February 

and September earthquakes from the response spectra for ductile structures (these are 
given in the Carr report, available on the Royal Commission web site)?  

 
 For the September earthquake see page 40, Figure 46 in the Carr report, the spectral 

displacement for a ductile structure in the period range of interest is of the order of 
700mm in the North South direction, while for the February earthquake, see pages 42 
and 108 of the Carr report, the spectral displacements in the East West direction are 
of the order of 500mm for the bilinear hysteretic model and 450mm for the Takeda 
hysteretic models. 

 
 Given these figures what would you conclude about relative severities of the two 

earthquakes for the Hotel Grand Chancellor?  
 
 

5 On page 25 in second to last bullet point, it is indicated that the calculated axial load 
acting on wall 5-6 in line D was possibly more than twice the value assumed in the 
original design.  
 The original design calculations are available so why is it possibly twice? 

 
 How would the axial force found using current design standards compare with the 

value in the original design calculations following the then current design standards?  
 

6 On page 25 the axial load on the wall 5-6 on line D has been assessed as 28MN if vertical 
acceleration is ignored and up to 45MN if vertical acceleration is included. 
 Do current design standards require allowance to be made for vertical ground motion 

in determining design actions in buildings? 
 

 How did you assess the increase in seismic force due to vertical acceleration to be 
17MN? 

 
 Would speed of loading associated with vertical ground motion have had a 

significantly influence on the strength of wall 5-6 on line D? 
 

 Does this indicate that current design practice should be changed to include allowance 
for actions induced by vertical ground motion? 
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7 In the assessment of the building axial loads of the order of 28MN and 45MN have been 
predicted for the wall 5-6 on line D.   
 How does this compare with the calculated crush load using the measured concrete 

strength?  (about 68MN by my estimate assuming fc’ is 40MPa) 
 

 What other factors would you require before it is possible to predict that the wall 
would fail or survive the assessed axial load? 

 
8 On page 29 in the last bullet point it is indicated that a factor contributing to vulnerability 

of the wall was “Code defined actions exceeded by the February Earthquake”.  The axial 
load was determined by capacity design and the displacement response spectra for 
structures with a displacement ductility of between 2 and 4 is of the order or 400-500mm 
(see Carr report and question 4) and the design spectral displacement is a little under 
600mm (see figure 6 (b) in the report).  What code actions are you referring to and in 
which code? 

 
9 Page 31, section 10.5, comments are made about %NBS.  It is indicated that the structure 

clearly did not meet 100%NBS.  How would you assess what %NBS the building would 
have had before the February 22nd earthquake?  (Note the design strength for seismic 
actions was based on a base shear coefficient of 0.048 with a structural ductility factor of 
4 while the corresponding coefficient in NZS1170:2006 is 0.0405 for a structural ductility 
factor of 4) 

 
10 What methods of analysis were used in the original design of the Hotel Grand Chancellor?  

(Equivalent static, Modal response spectrum or time history?) 
 
11 Do you agree that elastic response spectra for both accelerations and displacements are 

based on the assumption that a single degree of freedom structure has equal strengths and 
stiffness in for both backwards and forwards displacements for ground shaking?  (see 
sketch 1) 

 
12 Do you agree that the equal displacement concept implies that a single degree of freedom 

ductile structure subject to earthquake shaking sustains approximately the same magnitude 
of peak displacement as an elastically responding structure with the same initial stiffness?  
(see sketch 1) 

 
13  The top ¾ of the building (HGC) consists of a tower in which the lateral force resistance is 

provided by moment resisting frames.  A portion of the floor on the East side of the 
building is cantilevered out from the moment resisting frames, see Sketch 2.  This 
cantilever action induces bending moments into the structure as a whole as illustrated in 
sketch 3.   
 How would this cantilever action influence the behaviour of the building in a major 

earthquake? 
 

 What would be the likely significance of the cantilever actions for the behaviour of 
the building in the 22nd February earthquake of 2011? 

 
 Do you agree this would cause the building to ratchet towards the East? 

 
 Does your analysis make any allowance for this ratcheting action and if so how much? 
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 What would be the significance of the cantilever actions in the 4th September 2010 

earthquake? 
 

 Are there any other features of the design of the building which could give rise to 
ratcheting? 

 
14 Do you have any idea of why the wall 5-6 on line D failed on a diagonal near the base with 

top part of the wall moving to the West relative to the base of the wall? 
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