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1, Table 2 The largeichange in the magnitude of the periods of some of the taller chimneys warrants an
analysis which takes Into account the effect of the stiffness and mass of the reinforcing cage.
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Effectiveness of Technique

The effectiveness of this technique is best illustrated through the use of an example. A chimney

with a height ratio of 20 and a diameter: l'-atio c?f 3.0 was selected (configuration 13). This chimney’s
f;ndamental mode was the strongest participant in the response when subjected to intermediate a/v ratio

ground motion records. W'hen the chimney was subjected to high a/v ratio ground motion records, the
-econd mode was predominant.

The critical section in the design of the reinforcing steel is that at the base of the chimney. This
s the location of the maximum induced bending moment. This section is critical when the structure is
subjected to both intermediate and high a/v ratio events. Previous work (Baumber and Ghobarah, 1990)
showed that for high a/v ratio events the maximum bending stress occurred at a section at the top third

of the chimney's height. The bending stress at this section is at a maximum even though the bending
moment is not. This Is a result of the taper of the chimney.

The reinforcing steel designed to resist the base moment is continued along the entire height of
the chimney for convenience in the analysis. Ideally, the reinforcement should be decreased with height
as the earthquake loads imposed on the structure decrease with height. This will provide a design that
s economical as well as capable of resisting the forces induced by the earthquake ground motions.

When the resistance offered by the retrofit system is compared to the bending moments

experienced by the original geometry, the system was found to perform adequately. The induced bending

moments are always less than the resistance offered by the retrofitted section. This comparison is
presented in Fig. 2.

This retrofit system is an adequate means of strengthening masonry chimneys. The system is

effective for chimneys of small height ratios. These chimneys experience relatively low earthquake induced
oending moments. A small amount of steel is required for the chimney to be able to resist the applied

'0ads. The moment capacity and maximum applied bending moments for four chimney configurations are
Presented in Table 3.

POST TENSIONING RETROFIT SYSTEM

~ This retrofit technique involves the application of a compressive force onto the existir?g structure.
"is force is applied to the chimney by post-tensioning tendons placed parallel to the height. These

tendons gre anchored at both the foundation and the top of the chimney to a steel hoop. e enenng

faor? N0t bonded to the exterior of the chimney and thus only provide a means to apply a compressive
ce.
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Cable 3. Resistance provided by reinforcing cage

g5 (mm sq.) (kN m) (KN m)
: 01 1400 8555 /544
o 13 1500 32638 29426
;H 16 6000 63167 60627
fige 17 2500 55395 52903

* * Total steel area of one bundle, chimney reinforced by 32 such bundles
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Table 4. Post tension vibrational period
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