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INTRODUCTION 

Most older multi-storey buildings with riveted steel frames are not purely frame or wall structures; 
they are usually dual wall-frame systems. Structural walls are provided as service cores and/or 
partitions and are designed to resist lateral loads, while frames allow open spaces and are designed to 
carry gravity loads only (FEMA 356 2000). However, in some older buildings, apart from the gravity 
loads, due to the semi-rigid nature of the beam-column joints, the frames could carry a certain portion 
of the lateral loads as well. In such cases, while structural walls have a lower lateral displacement 
capacity, they control the lateral displacement capacity of the building and carry the majority of the 
lateral loads too.  

Dual-system buildings comprise some portion of buildings of historical significance in NZ. These 
buildings were constructed before and during the early 20th century following a different design 
philosophy than today with little or no consideration for seismic loading. Therefore assessment and, if 
necessary, retrofitting of such structures with no loss of heritage attributes is very crucial in order to 
safeguard their occupants and the public in general. In light of this need, a reasonably accurate 
assessment of their seismic performance is indispensable.  However, this has been made difficult since 
until recently sufficient data on the inelastic cyclic behaviour of components of these buildings and a 
numerical tool which could model these properties have been unavailable. In this research work a 
numerical assessment of the seismic performance of a dual RC wall - riveted steel frame building is 
conducted using the latest numerical tool and experimental data on components of the building. 

BUILDING DESCRIPTION 

The Hope-Gibbons building in Wellington was selected for this study. It was built in 1928 and is 
classified as ‘Historic’ by the New Zealand historic places trust. The building is located at the corner 
of Dixon and Taranaki streets at the heart of the Wellington CBD. It has RC encased steel frames and  
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Figure 1. A typical cross-section in the MRF direction and a typical floor layout  



RC perimeter walls as its lateral load resisting systems. The beams & columns of the steel frames are 
rolled sections, and the columns have additional riveted flange/web plates. The moment resisting 
frames (MRFs) comprise seven parallel internal double-bay frames running in the east-west direction. 
The column flanges of the two perimeter non-MRFs in the east-west direction are partially embedded 
in the RC walls. The centreline of the walls doesn’t lie in the same plane as the two perimeter frames; 
hence the walls are not infill but rather are continuous past the frames. In the north-south direction, the 
frames are non-MRFs and the lateral load resistance is mainly provided by the western perimeter 
walls. The lightly- & singly reinforced RC walls are monolithically cast with the floors and the steel 
frame encasement. At the wall-floor connections reinforcement is continuous between the two 
components, ensuring transfer of forces from the walls to the floor diaphragms.  

NUMERICAL MODEL & SEISMIC ANALYSIS 

The Nonlinear Dynamic Procedure (NDP) (FEMA 356 2000; NZSEE 2006) was implemented to 
assess the building’s seismic performance. Details of the structural configurations and member 
properties for the analyses were determined from the original engineering drawings, the specifications, 
concrete strength test results, and literatures on the properties of steel sections used at the time of 
construction (Bates 1991). The assessment has also utilized important guidelines & recommendations 
of FEMA 356 (2000) and NZSEE (2006). 

The inelastic cyclic properties of the building’s beam-column connections were obtained from 
experimental tests conducted on reconstructed specimens and finite element analyses (FEA) by Naderi 
et al. (2010) at the University of Auckland. The connections are found to have a low stiffness & yield 
strength with a pinched hysteretic behaviour. The inelastic cyclic properties of the structural walls 
were adapted from tests conducted on poorly-detailed pre-1970 walls (Ireland 2007) pending 
experimental tests planned for 2010. 

The numerical model was developed using facilities in the structural analysis program RUAUMOKO 
(Carr 2009). The steel beams and columns were modelled using frame elements. Two nonlinear 
springs in parallel were used to model the behaviour of the beam-column connections. An accurate 
modelling of the structural walls was a challenge. Using the finite element method (FEM) both the 
global and the local nonlinear behaviour of the walls could be captured satisfactorily, but it was 
computationally expensive and is more appropriate for analyses of individual walls only. Moreover, it 
could not be implemented in framework analysis programs like RUAUMOKO. For these reasons, the 
equivalent frame method was adopted. This method involves representation of the bending, shear, and 
axial properties of a wall using a column element at the wall’s centreline with shear deformation taken 
into account in the member properties. To ensure that the column behaves like a wall, rigid beams 
with a length equal to the wall’s width were used at the top and bottom of the columns. 

Pushover analyses of the walls and the frames were performed independently to determine their 
relative stiffness and strength. Subsequently, inelastic time history analyses (ITHA) of the building 
were conducted at different levels of seismic excitation with a suite of seven earthquake records 
relevant to the seismicity of the building location (provided by Oyarzo Vera et al. (2009)). The 
assessment then involved determining the strength and deformation demands imposed on the building 
and performing checks to determine whether the capacity of the building had been exceeded. 

CONCLUSION 

Modal properties of the numerical model compare well with results of physical testing on the building. 
The assessment has identified the structural walls as the primary lateral load resisting system of the 
building. They provide significant seismic strength and lateral stiffness in both principal directions; 
however the differential nature of this contribution renders the building torsionally irregular. Detailed 
results are presented in the poster.  
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