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INTRODUCTION

COMPARISON WITH DBE & CODE METHODS

Vertical ground accelerations in excess of 1.0g have been recorded in past 
earthquakes. Designers have traditionally ignored the effects of vertical 
accelerations when designing buildings for earthquakes. However no 
rigorous analysis has been undertaken to show that vertical shaking can be 
safely ignored. Hence, realistic models need to be developed which can 
represent the vertical characteristics of the structure. This study aims to 
answer the following questions for gravity frames of structures:

• Can a simple 3D model be developed which considers the floor slab?

• How well do current codes predict vertical acceleration effects?

• Can vertical accelerations safely be ignored in design?

STRUCTURES MODELLED

The structures modelled ranged 
from a single degree of freedom 
(SDOF) oscillator and simply 
supported beam to a 3D multi-
storey gravity frame.

Simple to a complex models 
were analyzed to verify the 
models and to determine  
whether any modelling 
simplifications could be made. 

The beam span used in all 
analyses was 6m, and the dead 
and live uniformly distributed 
loads were 3.5kPa and 3.0kPa 
respectively. Live load reduction 
was considered using NZS1170

ANALYSIS VERIFICATION

EARTHQUAKE RECORDS

CONCLUSIONS

All elastic time history analysis was carried out using SAP2000. Closed form 
solution checks were conducted. Firstly, the time period of a simply supported 
beam with mass distributed obtained from a modal analysis in SAP2000 was 
checked with the closed form solution. Secondly, a SDOF oscillator and a 
simply supported beam were subjected to a ground motion excitation in 
SAP2000. The peak displacements from time history analysis were then 
verified with spectral displacements for the ground motion record

EFFECTS OF VERTICAL ACCELERATIONS

Twenty SAC near field (NF) record sets were chosen for this study. Each record 
set had strike normal (SN), strike parallel (SP) and vertical shaking. The median 
vertical unscaled response spectrum for the record suite is shown below for the 
range of the periods of interest.

Both ASCE 7 and NZS1170.5 methods for vertical acceleration effects 
underestimated the actual median axial force response. An alternative/modified 
NZS1170.5 method was considerably more conservative. As shown in the 
previous section, gravity load design was generally more severe than the 
median axial force response in the lower stories. However, in the upper stories 
it is less severe. Nevertheless, columns in actual buildings designed 
considering gravity load design only are still likely to be conservative because 
members in the upper stories tend to have large reserve strength capacities.
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CODE METHODS

Methods for considering vertical accelerations in the New Zealand code, 
NZS1170.5 and the American code, ASCE 7 were investigated.

• NZS1170.5 scales the design horizontal response spectrum for modal 
analysis by 0.7 to obtain the vertical response spectrum. The vertical 
fundamental period is taken as 0s.

• ASCE 7 scales the horizontal response spectrum by 0.2 to obtain the vertical 
response spectrum. The actual fundamental vertical period is used for design.

• An alternative to NZS1170.5 uses the 0.7 scale factor as before, with the 
actual fundamental vertical period for design. 

The parameters of interest in this study are the interior gravity column axial 
force, beam moments and beam shears. This is due to the fact that past 
studies by MacRae et al. (1998) and Christopolous (1998) have shown that 
vertical shaking mainly affects these structural elements. The plot below 
shows the axial force in the interior gravity column of the six storey 3D frame 
up the height. The beam moments and shears also follow a similar trend with 
the median design gravity force (1.2G + 1.5Q) being higher than the force due 
to vertical ground accelerations (G + 0.4Q + Emedian) at the base of the 
structure, while the force with vertical shaking was slightly greater at the top. 
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Model considered

It was found that:

• For the models analysed, the slab did not have any major influence on the 
force as the 2D and 3D models (e and g respectively) had similar response.

• Forces from vertical accelerations were generally higher than that predicted 
by ASCE 7 and NZS 1170.5 methods. 

• Forces from vertical accelerations were generally lower than those from the 
design gravity case (1.2G + 1.5Q) except in the upper levels of the structure. 
Since upper levels of structures generally have members with significant 
reserve strength capacities many structures designed ignoring vertical 
earthquake effects may behave satisfactorily during design level vertical 
shaking.

Structures modelled had 
fundamental vertical periods 
ranging from 0.08s to 0.26s, which 
is the range of peak vertical 
spectral acceleration. For each 
record, accelerations were scaled 
by the factor, SF, where PGA is 
the horizontal peak ground 
acceleration, and 10in50 
represents the design level 
accelerations. The average scale 
factor was 0.96.
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