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Seismic design of concrete water retaining structures

M. Reza Kianoush'

ABSTRACT

This paper presents simplified approach for seismic design of concrete water
retaining structures using the provisions of the National Building Code of Canada (NBCC).
The proposed approach is based on serviceability criteria and the level of performance for
~oncrete structures. Four levels of damage are identified and discussed. The application
of the proposed design method is illustrated with the aid of an example. Results are then
compared with two other widely acceptable design methods.

INTRODUCTION

Concrete water retaining structures are considered as essential facilities that require
special care and accuracy in their design. In these structures, crack and leakage control are
of prime design considerations. For this reason, serviceability becomes the major factor in

the design.

The objectives of building codes such as CAN3-A23.3-M84 (1984) and ACI 318
(1989) are that reinforced concrete structures should be designed in a ductile manner to
allow these structures absorb energy in the inelastic range during a major earthquake
without major loss in strength. However, in the case of water retaining structures, these
structures should be designed to remain safe during a major earthquake and maintain the
required serviceability after a major earthquake. Therefore, the concept of serviceability
in terms of performance criteria becomes an important parameter for the design of these

types of structures.
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convective force. Although Housner’s approach is based on simplifications and
assumptions, it has proved to be sufficiently accurate for design purposes and is widely
used by engineering profession. ~However, other researchers have made certajy
modifications to Housner's model. Some of these improvements have been made by
Veletsos and Yang (1977), and Balendra (1982) for determining impulsive forces.
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The copcept of performance criteria has been discussed by Priestley et al (1986) and
recommendations have bee'n made to the New Zealand National Society for Earthquake
Engineering for inclusion in a code form for use by the design profession. A similar

concept has also been discussed by Ikeda (1989) and has been adopted by the Committee
on concrete in the Japan Society of Civil Engineering.

PROPOSED DESIGN CRITERIA

Based on the concept of performance criteria, an il:u'tial step in des}gn of concretg
water retaining structures 1s to categorize these structl_:trt?s in accordance with the t}éPeaz?e :
importance of the structure. In categorizing water retainng structures, conseg$::;6t1asmng
such as gas explosion and fires should be considered. In general, concrete W

structures can be divided into four different categories as follows:

Category 1 - Non-critical structures ‘ _ he entire system may
For structures in this category, significant damage is not important. p

be shut down after a major earthquake. These‘ S .
without collapse. Strengthening bt s

major earthquake.
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Category 2 - Semi-critical structures S limited damage W1thout_ any I€q
These structures are allowed to ull
strengthening after a major ear’thql—"a]‘“?“f
should be possible to repair damages 4 =
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Based on the concept of the proposed design method using the performance criter;,
described above, it is possible to estimate the design forces for concrete water retainip, :

tructures using the NBCC (1990). 5.5
fn the NBCC, t}gle i um lateral seismic force at the base of the structure is given by

vV = (V/R)U

U = 0.6
V. denotes the equivalent lateral seismic force
R denotes the force modification factor that reflects the capability of

a structure to dissipate energy through inelastic behaviour.

where

In this formula, the R value can be assigned different values depending on the level of
damage that can be tolerated. The suggested values for R are as follows:

Category 1 - Non-critical structures, R=25
Category 2 - Semi-critical structures, R = 1.8
Category 3 - Critical structures, R=14
Category 4 - Highly-cnitical structures, R = 1.0

Design example

The application of the proposed design method is illustrated here with the aid of an

example. Results are then compared with two other well known design techniques tha!

are commonly used by engineering profession. These are the TID-7024 (1963) method and
the NSF (1980) method.

ary. In the NSF approach, information regarding the

- The TID-7024 approach is based on Housner’s method. Using this approach,
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The working strength method is used in design.
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