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2.  Foundation assessment criteria and approaches
This section provides recommended criteria for the different levels of repair for house foundations that have damage from the earthquakes. The information in this section applies irrespective of house location – ie, both on the flat and on the Port Hills areas. Suggested assessment approaches are also outlined.
Given the wide variation in location, distribution and effects of settlement damage within any one house, it is expected that a certain degree of judgement and practicability will be applied alongside these guidelines. Accordingly, the indicative criteria presented within this section are not intended as ‘absolutes’.
2.1 Typical dwelling foundation types
Three broad groups of dwellings have been used in the subsequent sections of this document to describe dwellings on the flat, as represented in Figure 2.1.
Figure 2.1: Dwelling foundation Types A, B and C
Type A house – timber floor with piles
Type B house – timber floor with perimeter footing
Type C house – slab-on-grade
The Type B and C house foundations have been further subdivided into those supporting light- and medium-weight claddings (B1 and C1) and those supporting heavy claddings such as brick veneer (B2 and C2) (see Table 2.1).
Table 2.1: House foundation and floor types on the flat
Type A Timber-framed suspended timber floor structures supported only on piles. Stucco, weatherboard or light texture-clad house.
Type B1 Timber-framed suspended timber floor structures with perimeter concrete foundation. Stucco, weatherboard or light texture-clad house.
Type B2 Timber-framed suspended timber floor structures with perimeter concrete foundation. Brick or concrete masonry exterior cladding (veneer).
Type C1 Timber-framed dwelling on concrete floor (slab-on-grade). Stucco, weatherboard or light texture-clad house.
Type C2 Timber-framed dwelling on concrete floor (slab-on-grade). Brick or concrete masonry exterior cladding (veneer).
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2.2 Assessing foundation damage
For Type A and B dwellings, the foundation elements are discrete and identifiable (ie, timber or concrete short piles; perimeter concrete foundation walls). For Type C dwellings, the foundation includes the slab and the perimeter foundation beams.
Determining the level of foundation damage, and hence the degree of foundation structural repair or replacement required, involves consideration of the extent and interaction of three aspects:
1. differential and overall settlement of the dwelling
2. overall lateral extension or ‘stretch’ of the floor and foundations, and
3. damage to specific foundation elements.
For example, if significant differential and/or overall settlement (aspect 1) occurs, it can result in the need to rebuild foundations, even if there is only minor damage to the foundation or superstructure elements.
Conversely, severe damage to particular foundation elements (aspect 3) can be addressed via local repairs, if the differential and/or overall settlements are minor.
This section focuses on establishing the level of foundation damage in relation to aspects 1 and 2.
For aspect 3, this section will need to be read in conjunction with sections 4, 5 and/or 7, depending on the level of damage to the house. Section 4 is concerned with foundation repair and relevelling. Section 5 is concerned with new foundations (including replacement foundations). Section 7 is concerned with superstructure damage.
For a dwelling to be considered not to have foundation damage requiring structural repair, several criteria need to be satisfied. Table 2.2 provides indicative criteria for situations where it is considered that no specific structural repairs to foundation elements will be necessary.
It is common for Type B house foundation walls and Type C floor slabs to have cracks caused by shrinkage, which were present before the earthquake sequence. Some of these may have been exacerbated by the earthquakes. When assessing the width of fresh cracks, or the increase in crack width caused by earthquake actions, there are key observations to establish the history.
In perimeter foundation walls, the presence of accumulated soil, moss or paint penetration in cracks indicates that there was a crack at that location before the earthquakes. The width may have increased as a result of the earthquakes. In tied floor slabs, shrinkage cracks are characterised by an increase in width from the perimeter edge beam to the body of the slab. Cracks wider than 1 mm at the edge of the floor are likely to be earthquake related, and are a good indicator of the amount of earthquake-related stretch. These should also be reflected on the outside of the foundation. Further information on cracking in concrete slab- on-grade floors and concrete perimeter foundations is given in Appendix A4.
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Superstructure repairs may still be necessary, even if there is no foundation damage (see section 7).
Table 2.2: Indicator criteria for foundation damage not requiring structural repair (all
technical categories)
Dwelling Foundation
1 in 200 between any two points >2 m apart
and <20 mm  2 and
Pile tilt <15 mm per 1 m height and no
floor framing damage
perimeter foundation
slab
(1)  Crack widths are those principally related to earthquake actions
(2)  A maximum lateral stretch of 20 mm is based on a resulting potential out of plumb of house end walls of 10 mm.
Some inconsistencies have been discovered in the advice given previously in the Guidance about dealing with cracks in slabs and foundation walls. Cracks can be caused by other than earthquakes, and shrinkage is a particular contributor to the formation of cracks in floor slabs. In perimeter foundation walls, cracks have often occurred at vents (where the cross- section is reduced) over the life of the foundation as a result of local foundation settlement unrelated to earthquake activity.
2.3 Indicator criteria for repairs and rebuilds
Applicable standards for floor-level tolerance
For in-service conditions, Verification Method B1/VM4 refers in an informative Appendix B to limiting a foundation design to a probable maximum differential settlement over a horizontal distance of 6 m to no more than 25 mm under serviceability limit state load combinations. This could result in a slope of 1 in 240 or 0.4% over the service life of the dwelling.
For construction tolerances (ie, as-completed conditions) the relevant Standards are NZS 3604, NZS 3109 and NZS 3114.
Table 2.1 of NZS 3604:2011 states that for timber framing, the maximum deviation from horizontal is 5 mm in 10 m, or a total of 10 mm over any length greater than 10 m. The bottom plate of a wall fits within the definition of ‘timber framing’, but in new concrete floor construction this would be expected to be packed to level.
The clearest requirement for floor level tolerances for houses is included in Table 2 of NZS 3124:1987. While this Standard refers to NZS 3604 and NZS 4229 for its application, the reference is unfortunately no longer reciprocal. NZS 3124 requires the variation in bearing surfaces for timber to be within ±5 mm, and also requires the maximum depression from a straight line between two high spots 3 m apart on a floor to be 8 mm. The maximum floor slope associated with the second criterion is 0.53% (1 in 190).
UPDATE: December 2012 The 5 mm crack width criteria in Table 2.2 was aimed at distinguishing between foundation damage requiring specific engineering input and lesser structural damage that could be simply repaired if found to be caused by the earthquake. The crack-width criteria correlate well with work undertaken in the USA and reported in the January 2004 CUREE publication No. QED-02 titled ‘General guidelines for the assessment and repair of earthquake damage in residential woodframe buildings’.
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NZS 3109 and NZS 3114 provide a range of acceptable surface deviations for different situations of flatness and straightness. None of these is considered to comprehensively address the various situations covered by this document.
A survey of new concrete floors conducted by members of the Engineering Advisory Group in January and February 2011 found that an overall variation in floor level of between 15 mm and 20 mm was typical over a new concrete foundation slab. The same survey found that the average slopes between two points 2 m apart varied from 0.35% to 0.65% (approximately 1 in 300 and 1 in 150).
Furthermore, after the December 2010 guidance was issued, it was realised that the instruments typically being used by assessors to measure floor out of tolerances were only accurate to +/- 3 mm, a significant range of variation compared with the 5 mm tolerance originally allowed over 2 m in that document.
The above review of relevant Standards, consideration of finished floor level survey results, and the limitations of assessment measurement techniques has resulted in the indicator criteria provided in Table 2.3. These indicator criteria contain out-of-level tolerances and settlement limits that are considered to better reflect damage related to the earthquake than general (historical) settlement or initial construction tolerances.
Indicator criteria – Table 2.3
The indicator criteria contained in Table 2.3 can be used to indicate first whether a house is likely to need relevelling, and then secondly, if it does, whether a relevel, a foundation rebuild or a house rebuild is likely to be required.
The indicator criteria provide guidance. They are not absolutes, as suggested by the dotted vertical lines between the columns.
The indicator criteria stated in column 2 of Table 2.3 are suggested threshold values – below these it is considered that no action is required to relevel or rebuild the floor. Where these thresholds are exceeded, the recommended process to follow will be determined by how much they are exceeded. This means that as long as the thresholds in column 3 are not exceeded, a relevel should be able to be undertaken. If the limits in column 4 are exceeded a foundation rebuild should be an option. Finally, if the damage to the superstructure is uneconomic to repair, because the house has collapsed off the piles for example in floor Types A and B, then a complete house rebuild is indicated. If the floor profile fits within the criteria in column 3, the expectation is that the relevelling processes will result in a floor that is as near as reasonably practical to level and certainly within the criteria stated in column 2. These are the maximums of desired slope and differential displacement, and tighter tolerances should be targeted during relevelling processes. Some insurance policies may require a higher standard of reinstatement than suggested by column 2 of Table 2.3.
UPDATE: December 2012
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If there is a question around whether a specific criterion applies to a particular situation, professional engineering input should be sought. Factors that need to be considered in relation to floor-level differences in a house include:
• the intended use of the space
• construction materials of the floor surfacing
• practicality of the repair (ie, cost vs benefits)
• the effect of gradients…
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