6.5.5 52 Cathedral Square: Novotel Hotel building 
	Current status

	To be repaired.



Figure 133: View looking east from Cathedral Square (source: CCC)
6.5.5.1 Introduction
The Novotel Christchurch building (Figure 133) is a 14-storey hotel located in the north-eastern corner of Cathedral Square. The building consists of 11 storeys of hotel accommodation with three levels of mixed retail and back-of-house space above a basement car park. A plant room floor is located at the top storey of the building. The building was designed and detailed in 2007 in accordance with AS/NZS 1170:200410 and was built in 2008 and 2009, with a formal opening in early 2010.
The Royal Commission has relied on the information provided by Lewis Bradford and Associates Ltd, Consulting Engineers, for the assessment of this building. The crack pattern observed in the southern shear wall above level 4 was of particular interest to us, as it illustrated the expected performance that was, unfortunately, not shown in many buildings. For this reason, the discussion is mainly limited to that part of the building, with some limited comment on the performance of the concrete panel cladding system.
6.5.5.2 Underlying ground conditions
The Novotel site is underlain by sandy gravel, sand and silt to a depth of about 24m below the existing ground surface and overlying dense to very dense sandy gravels. There is a low to moderate risk of liquefaction in the soils underlying the site in a future ultimate limit state event. Under an ultimate limit state event the estimated liquefaction-induced total settlement was about 0–10mm.
6.5.5.3 Gravity load system
The floors are built up from a metal tray (Traydec) with in situ concrete that varies in thickness from 125–170mm, depending on the location of the floor in the building. The floors are supported by steel beams, which in turn are supported on steel columns and the concrete walls.
6.5.5.4 Lateral load system
Lateral forces are resisted by four reinforced concrete in situ walls with thicknesses that vary from 400mm at their base to 200mm at the top of the building. The location of the structural walls is shown on Figures 134 and 135 for the podium (to level 4) and the tower, respectively. 

Figure 134: Floor plan at level 1 (similar up to level 4). The major structural walls are shown in red

Figure 135: Typical floor plan for the upper levels. The major structural walls are shown in red
The details of the four walls are as follows: the wall on the eastern side of the building is 8m long above level 4 and below this level it occupies the full width of the building. The wall on the southern side of the building is 8m long above level 4 and below this level it is about 50 per cent longer. The wall on the northern side is more than 11m long and is continuous with an 8m wall on grid line D. These two walls act as an L-shaped structural member, with an appreciably higher lateral stiffness than the other two walls. With this arrangement the centre of stiffness is located about 5m from the northern wall and close to the intersection with grid line D. Owing to the change in length of two of the walls below level 4, the floors at levels 4 and 5 act as transfer diaphragms. 
Drag bars in all the floors were cast into the topping concrete to carry the inertial and transfer forces to the walls. 
6.5.5.5 Performance of structural walls
In the February earthquake the most intense shaking was in the east–west direction. As pointed out by Mr Lewis Bradford, because the centre of stiffness was in the northern half of the building, the greatest displacement imposed on the walls from this direction of earthquake actions would be in the southern wall. Inspection of the building showed that flexural cracking did occur above level 4 in this wall, with crack widths of 0.5–0.8mm. This zone was detailed as a potential plastic hinge region. The open cracks indicated that some plastic deformation developed in this zone. Of particular interest was a series of cracks developed at a spacing in the range of 150 to 500mm. Given the angle of the cracks and their reported widths, it was evident that they were due to flexure and axial loads. Because the cracks were inclined at less than 20o to the horizontal it is unlikely that the horizontal reinforcement would have yielded.
The wall at level 4 is 300mm thick and 8m long. Above this level it extends to a height of about 27.5m. The wall is reinforced with longitudinal bars at 200mm centres on each face. The 1m strips at each end of the 8m long wall each contain 10 32mm grade 300 bars (2 by 5). In between these two strips were sixty 20mm Grade 500 bars (2 by 30). The area of concrete surrounding each group of 10 32mm bars is 240,000mm2. Allowing for the transformed section, the stress the 32mm bars can induce in the concrete when they reach the yield point is 6.9Mpa, which should be more than adequate to ensure that secondary cracks can form. The corresponding tension stress that can be induced into the concrete surrounding the 20mm bars if they reach yield is 4.9MPa, clearly enough to cause the cracks initiated in the heavily reinforced end strips to extend into the mid-region of the wall.
Creep and shrinkage in concrete can influence crack formation in structural walls. Assuming typical values for the concrete, namely, free shrinkage strain of the concrete of 500 x 10-6, a creep factor of 2.5 and an axial stress due to gravity (based on gross section) of 1MPa, the resultant stresses in the concrete are of the order of 0.13MPa in tension and 46MPa in compression in the reinforcement. In this case, the creep due to gravity loads almost cancelled out the tensile stresses induced in the concrete by shrinkage.
In the Lewis Bradford damage report, it was indicated that the cracks in the potential plastic hinge zone of the wall on the southern side of the building, just above level 4, were 0.5–0.8mm wide. On the basis of the cracks that can be observed in the diagram derived from a photograph provided by Lewis Bradford (see Figure 136), the material strain sustained by the potential plastic hinge can be assessed on the basis that the cracks were 0.8mm wide and the distance to the neutral axis from the extreme tension fibre was 7m. Based on these assumptions the material calculated, as detailed in NZS 3101:200612, was less than 15 per cent of the maximum permitted value given in that Standard. 
[bookmark: _GoBack]
Figure 136: Crack patterns to the southern wall between levels 4 and 6 
6.5.5.6 Performance of cladding panels
Under the very high ground motions that occurred during the February earthquake, the building could have moved horizontally 50mm or more at each floor. This level of inter-storey movement would be expected to cause some damage to the cladding panels owing to tightening of normal construction tolerances. The damage observed was significantly exacerbated where panel movement was impeded by solid high strength mortar joints between panels, butt joints or steel brackets between panels. This is an example of where the construction of the building has not met the intention of the design, and the seismic gaps and joints have not been maintained as intended. This has also been discussed in section 6.3.4 of this Volume with the western wall of the building at 151 Worcester Street.
Conclusions
We conclude that:
1.	The cladding panels were installed in some cases so that the seismic gaps were compromised. Some damage was expected given the magnitude of the February earthquake, but the damage was exacerbated by the installation deficiencies. 
2.	Cracking in the walls, particularly in the potential plastic hinge region in the southern wall immediately above level 4, has been well controlled by the quantity and arrangement of reinforcement in the wall. The performance of this wall was excellent given the seismic ground motion to which the building was subjected. The distribution of reinforcement in the walls ensured reinforcement strains remained in an acceptable range and cracking was well controlled. 
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