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ABSTRACT: The current version of NZSEE‟s Red Book provides limited guidance on 

how foundations of existing buildings should be assessed in a detailed seismic assessment 

(DSA). This paper describes a new performance based procedure proposed in the recent 

draft update to The Red Book. The performance is assessed through the three ranges of 

foundation seismic loading: Dependable Range, Performance Based Range and 

Resilience Range. An example is presented as a special case for a raft foundation on soils 

including lenses susceptible to liquefaction / cyclic softening. The main steps of a soil-

foundation-structure assessment of an existing building are summarised. 

1 INTRODUCTION 

The current version of NZSEE publication “Assessment and Improvement of the Structural 

Performance of Buildings in Earthquakes” (The Red Book; NZSEE 2006) provides limited guidance 

on how foundations of existing buildings should be assessed in a detailed seismic assessment (DSA). 

An update of the DSA sections of the Red Book has been drafted and is currently being reviewed. The 

draft update proposes performance based assessment of soil-foundation-structure and consideration of 

resilience beyond the assessed %NBS. This paper describes the procedure proposed and presents an 

example.   The proposed procedure requires consideration of the load /displacement behaviour of soil-

foundations at loads beyond the limits which could be imposed by conventional load and resistance 

factored design (LRFD) of new building foundations. 

In this paper we will consider three ranges of applied seismic loading. 

1. Dependable Range. That range of loading not exceeding the Reduced Ultimate Resistance (< 

ΦRu); Refer to Range 1 in Figure 1. (Conventional design; current approach) 

2. Performance Based Range. That range of loading up to that demanded by the structure in a 

design level event (design action / structure demand strength). For the assessment of existing 

buildings the design event is the proportion of the ultimate limit state (ULS) load which the 

structure can resist, or 100% ULS whichever is the lesser.; Refer to Range 2 in Figure 1. 

(Performance based; proposed new approach) 

3. Resilience Range. Loads and associated soil-foundation deformations beyond the design 

actions / structure demand strength; Refer to Range 3 in Figure 1. ( Resilience) 

For the seismic assessment of existing buildings as defined in the Building Act and The Red Book, 

only ultimate limit state (capacity and stability) is considered. Consequently this paper does not 

discuss serviceability limit state (SLS) on other loading levels.  
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Figure 1 - A graphical illustration to the three ranges of soil-foundation performance 

 

Sections 2 to 4 below discuss new foundation design and existing foundation assessment with 

reference to these 3 ranges. Section 5 presents an example of an existing foundation assessment. 

2 DEPENDABLE RANGE (CONVENTIONAL DESIGN) 

In New Zealand new building foundations are designed to meet the requirements of load and 

resistance factored design (LRFD): 

 

ΦR ≥ ∑ ψi Εi 

Ψ = combination factor for action effect i (load). 

Ei = nominal value of action effect i (load) 

Φ = resistance factor (strength reduction factor) for foundation element. 

R = nominal value of resistance for foundation element. 

 

Values of R and Φ are selected to provide a level of confidence that foundation capacity will not be 

exceeded and that deformations will be predictable. 
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3 PERFORMANCE BASED RANGE (PROPOSED NEW APPROACH) 

The draft update of The Red Book proposes that if LRFD requirements are not met for an existing 

foundation then the geotechnical engineer should assess the load/displacement behaviour of the 

foundations at loads greater than ΦR, and the structural engineer should assess the performance of the 

structure with this load/displacement behaviour. The limit of the design actions and displacements 

which can be tolerated by the structure are evaluated to inform the selection of a %NBS. The 

following publications provide further information on performance based assessments: 

 Gazetas 2014 

 Palmer 2013 

 ASCE 2014 

 FEMA 2000 

4 RESILIENCE RANGE 

For new buildings, the use of load and resistance factored design (LRFD) plus modern structural 

detailing, is likely to provide resilience in performance of the soil-foundation-structure at loads greater 

than the design actions (100% ULS). This may not be the case for an existing building and its 

foundations. The draft update of The Red Book proposes that resilience at earthquake shaking greater 

than that relating to the assessed %NBS be considered. If a step change in the behaviour of the soil-

foundations-structure is identified which could lead to collapse of the structure, down rating of the 

assessed %NBS may be required. It is proposed that the %NBS be down rated to provide a reselience 

factor of 1.5 or 2 from the step change/collapse. 

5 EXAMPLE (RAFT FOUNDATION) 

Figures 2 and 3 show an example of a high-rise building founded on a raft. There is a 4m thick silt 

layer beneath the raft which includes lenses of “sand-like” and “clay-like” silts as defined by 

(Boulanger and Idriss 2006). The “Clay-like” silts has been assessed to be susceptible to cyclic 

softening due to the seismic loading from the foundations (cyclic undrained loading). The “sand-like” 

silts have been assessed to be susceptible to liquefaction and loss of strength.  

In Figure 3 the “Ground Resistance” and “Applied Load” are overlayed on the same plot against 

intensity of earthquake shaking (%DBE, new building Design Basis Earthquake).  

 Ground Resistance: 

At L1 %DBE (See Figure 3) the liquefaction/cyclic softening of the silt is triggered. At higher 

levels of shaking (>%DBE) than L1, progressively an increasing proportion of the 4m silt 

layer liquefies/cyclic softens reducing the Ground Resistance to the raft foundation. At L2 

%DBE all susceptible lenses within the 4m silt layer are liquefied/cyclic softened and a 

“minimum” Ground Resistance is assumed to occur. (See Figure 3).   

 Applied Load: 

The structure demand curve (Applied load) is the curve indicating how much the structure 

demands from the ground as a strength to equally react to the applied loads (Refer Figure 3).  

 

Range 1 - Dependable Range  

Conventional load and resistance factored design (LRFD) would limit acceptable loading of the 

foundation to X1 %DBE (See Figure 3), i.e. where the structure demand curve intersects with the 

ground reduced ultimate capacity. This is described in the previous sections as the Dependable Range 

(range 1 in Figures 1 and 3). It is often found in assessment of existing buildings that the demand from 

the structure exceeds foundations reduced ultimate capacity (as indicated in Figure 1). It is therefore 

proposed that soil-foundation-structure performance be considered at loadings greater than the 

foundations reduced ultimate capacity. 
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Range 2 - Performance Based Range  

With the new approach for assessing existing foundations, we consider the soil-foundation-structure 

interaction beyond the Dependable Range. This is described in the previous sections as the 

Performance Based Range (range 2 in Figures 1 and 3).  

To assess the applied load (Structure Demand Strength) plotted on Figure 3 the soil-foundation-

structure interaction was considered. 

In the assessment, deformations of the ground and the structure and the ability of the structure to 

tolerate these was considered. It was concluded that the limit for the structure was X2 %DBE; X2 was 

70% DBE in this case and thus a 70% NBS rating was applied to the building.  

Separately a sensitivity check was undertaken allowing for the possibility of soils being considerably 

stronger/stiffer than assumed (rigid base was considered). This concluded that with some local 

structural modifications the 70% NBS could be achieved. 

Range 3 - Resilience Range  

There was concern that a structural collapse or global overturning mechanism could exist beyond the 

assessed 70% DBE and so resilience was considered. It was concluded that ground deformation to the 

extent that the building could overturn was not expected. Resilience was satisfied and 70% NBS 

concluded.  

 

Figure 2 - Ground model 
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Figure 3 - Ground resistance and structure demand strength as the level of shaking (%DBE) increases 

 

Notes related to Figure 3: 

1. The structure demand (dashed line) follows the foundations ultimate resistance (solid line) 

because at the level of loading any additional loading causes further deformation; limiting 

load/resistance. 

2. X2 is the assessed limit for the soil-foundation-structure because this is the assessed capacity 

limit (load/deformation) of the structure. 

6 CONCLUSION 

The example presented in this paper is a special case (raft foundation on soils including lenses 

susceptible to liquefaction / cyclic softening) however the overall principals can be applied to other 

situations. 

The main steps of a soil-foundation-structure assessment of an existing building as proposed in the 

draft update to The Red Book are presented in Figure 4. This process requires close collaboration 

between the structural and geotechnical engineers. 
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Figure 4 - Soil-Foundation-Structure assessment; flowchart 

Notes related to Figure 4: 

1. Liquefaction, cyclic softening and other seismic effects on the soil-foundation must be 

considered when checking the LRFD requirements and assessing performance beyond ΦR. 

 

2. Only capacity/stability is considered in the assessment. Serviceability and other considerations 

are beyond the scope of a DSA as described in The Red Book. 
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