
QUANTIFYING THE DYNAMIC RESPONSE 
OF FLEXIBLE FLOOR DIAPHRAGMS

Matthew Spooner, Gregory A. MacRae, Bruce Deam, 
Debra Gardiner and Vinod Sadashiva2009 NZSEE Debra Gardiner and Vinod Sadashiva2009 NZSEE 

Conference

INTRODUCTION

Current seismic design codes allow a floor diaphragm to be treated as rigid
if the diaphragm flexibility index, γ, is not greater than 2. This index is
defined as the maximum displacement of the diaphragm to that of the walls
alone under static horizontal uniformly distributed loading to the diaphragm.
The value of 2 is based on engineering judgment and it is not clear what

RESPONSE SPECTRA EXPLANATION

The behaviour observed above can be explained through the median
response spectra for the 20 ground motion records analysed. For structures
with a fundamental period less than the peak period shown in the spectral
acceleration plot, by increasing the flexibility, the period increases as does
the acceleration and peak force. For longer period structures, theg g j g p g p ,
acceleration and peak force tend to decrease. Similarly, the increase in
period tends to cause an increase in peak displacement response for
structures in the range of those used in this study.

 

 

 

 

 

 

 (a) Rigid diaphragm (γ=1)  (b) Flexible diaphragm (γ>1) 
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This poster aims to address these issues by answering the following

change in forces or
displacements is
associated with this, or
any other value of,
diaphragm flexibility.

MODELLING AND ANALYSIS
Models of structures not subject to significant torsion were analyzed to
evaluate the effect of in-plane diaphragm flexibility Each structure was

DESIGN RECOMMENDATIONS

Three possible design approaches were developed with differing
conservatism and complexity. The method described below was shown to
conservatively estimate the displacement response for multi-storey
structures, while explicitly considering the period of the structure.

This poster aims to address these issues by answering the following
questions:

• What is the likely change in demand for a range of structures in which 
the diaphragm is flexible?
• Can simple rational design recommendations be developed?

evaluate the effect of in plane diaphragm flexibility. Each structure was
subject to a suite of 20 ground motion records scaled for a Los Angeles site
with a probability of 10% in 50 years.

Step 1: Obtain the rigid diaphragm model response
using standard methods

Step 2: Compute the diaphragm period. Approximate the system
period by adding the floor period to the period found in step
1.

Step 3: Use the periods obtained in steps 1 and 2 to interpolate the
changes in spectral acceleration and spectral displacement
using response spectra satisfying code requirements.Analysis Methodology

Structures modelled included; simple elastic,
yielding, single storey, and multistorey
structural models, and single storey models
with different vertical lateral force element
(VLFRE) configurations.

These changes are then used to estimate seismic forces and displacements
in the actual structure. It should be noted that when the equivalent static
method of NZS 1170.5 is used, no amplification of forces and moments is
necessary because the spectral acceleration plot decreases.

The method is compared with the actual time-history (Ruaumoko) results for
an elastically-responding 2-storey system below and the level of
conservatism can be seen.
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The step by step
methodology shown
was used to batch time
history analyses.

EFFECTS OF DIAPHRAGM FLEXIBILITY
The maximum increase in response was not for yielding structures,
multistorey structures, or for structures with many walls. Instead, it was for
simple elastically responding structures. The response for these structures
with initial periods of 0.1s, 0.5s, 1s and 2s are shown below. Force demands
generally decreased, except for T = 0.1s. Displacements generally increased.
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CONCLUSIONS
Changes in floor displacement, bending moment and vertical lateral force
resisting element (VLFRE) actions, due to diaphragm flexibility were
quantified for a range of structures subject to a suite of ground motion
records. The major findings include the following:

• The demands were independent of the structure dimensions and
material properties but dependent on initial period and flexibility index γ

γ

material properties, but dependent on initial period and flexibility index, γ.

• The maximum observed response was for simple elastic single storey
structures, as opposed to multistorey, yielding or complex structures.

• Models were developed to predict the response. Then, simple design
recommendations to consider diaphragm flexibility were proposed.
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