METHODS AND PROCEDURAL CONSIDERATIONS IN DEMOLISHING TALL
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ABsTRACT: This paper reports on a study of possible demolition methods for tall concrete chimneys. In
particular it discusses a case where the adjoining plant functions had to remain fully operational during the
demolition process. Therefore, both operational and cost concerns in relation to demolition methods and pro-
cedures are discussed. In fact, operational risk factors can be critical in the selection of demolition methods. It
was found that when diamond sawing was chosen as the method for demolishing reinforced-concrete structures,
the cutting pattern can have a significant impact on project cost.

INTRODUCTION

The chimneys which served as the basis of this study were
located at an electric generating station operated by the Salt
River Project in Page, Arizona. As part of an environmental
upgrade of the station, replacement chimneys were to be con-
structed, making it necessary to demolish the existing chim-
neys for aerodynamic reasons. Specifically, there was concern
that in the case of high winds having to pass between two sets
of three chimneys, vortexes could be created, causing unantic-
ipated forces on these tall structures.

The three existing chimneys were constructed in the mid
1970s using a jump-form concrete placement construction
method. The concrete was placed in 2.3 m (7.5 ft) high lifts,
except for the final lift, which was 2.6 m (8.5 ft) high. The
total height of each chimney was 235.8 m (773.5 ft), with 103
lifts.

Concrete shell thickness generally decreased with increasing
elevation. However, there were some noticeable exceptions as
shown in Fig. 1. The concrete shell increased in thickness
between the 22.9 m (75 ft) and 45.7 m (150 ft) elevation be-
cause the flue gas ductwork emptied into the chimney in that
section. The increased thickness at the 106.7 m (350 ft) (lift
57) and 231.6 m (760 ft) (lift 2) elevations were for structural
support of the interior steel liner. The maximum shell thick-
ness was 914 mm (36 in.) at the ductwork openings and the
minimum was 203 mm (8 in.) at the top of the chimney. The
exterior diameter of the chimney was 16.1 m (52 ft 11 in.) at
the bottom and 8.3 m (27 ft 1 5/8 in.) at the top.

There were many openings in the concrete shell but only
three were large enough to be significant with respect to dem-
olition considerations. The first opening was an access door at
the base of the chimney. The door had a height of 4.3 m (14
ft) and a width of 3.7 m (12 ft). The other two openings were
for ductwork and were each 13.3 m (43.5 ft) high by 5.8 m
(19 ft) wide. The elevation of the bottom of both ductwork
openings was 30.0 m (98.5 ft) above the base, and the top was
43.3 m (142 ft) above the base. The thickness of the shell at
all three of these locations was in excess of 762 mm (30 in.).

'Captain, U.S. Air Force, Luke AFB, AZ.

*Eminent Scholar, Del E. Webb School of Constr., Arizona State Univ.,
Tempe, AZ 85287.

3Assoc. Prof., Del E. Webb School of Constr., Arizona State Univ.,
Tempe, AZ.

*Asst. Prof., Del E. Webb School of Constr.,, Arizona State Univ.,
Tempe, AZ.

Note. Discussion open until February 1, 1997. To extend the closing
date one month, a written request must be filed with the ASCE Manager
of Journals. The manuscript for this paper was submitted for review and
possible publication on October 13, 1995. This paper is part of the Jour-
nal of Construction Engineering and Management, Vol. 122, No. 3,
September, 1996. ©ASCE, ISSN 0733-9364/96/0003-0223 ~0230/$4.00
+ $.50 per page. Paper No. 11807.

The percentage of concrete volume above each level in the
chimney shell is shown in Fig. 2. Approximately half of the

‘concrete volume was contained in the lower 59.4 m (195 ft)

of the chimney, below lift number 77. Stated another way,
there is as much concrete contained in the bottom 59.4 m (195
ft) of each chimney as there is in the upper 176.3 m (578.5
ft). The bottom elevation of lift number 77 is 59.4 m (195 ft).

REINFORCING STEEL

The existing chimneys had vertical reinforcing steel ranging
in size from number four to number eleven bars, with number
eight bars used in the majority of lifts. Horizontal reinforcing
bars ranged in size from number four to number eight, with
number four bars used in more than three-fourth of the lifts.
The reinforcing steel was placed as two mats, one imbedded
in the interior face of the shell and one imbedded in the ex-
terior face. Typically, each mat had number eight bars placed
vertically on 305 mm (12-in.) centers and number four bars
horizontally on 254 mm (10-in.) centers. All reinforcing steel
was ASTM A615-68 grade 40, except for the vertical bars in
the exterior mat, which were grade 60.

CONSTRAINTS ON DEMOLITION METHODS

The critical constraint limiting the selection of a chimney
demolition method at the generating station was the require-
ment that generating capacity would not be interrupted at any
time. The replacement chimneys would be constructed and in
operation before any demolition activities would begin. After
construction of the replacement chimneys the physical position
of the existing chimneys would be between the generating
units and the replacement chimneys, with all of the flue gas
and scrubber equipment mechanicals stretched around the ex-
isting chimneys’ bases. Fig. 3 shows the ductwork extending
from the plant on the left to the existing chimney in the middle
of the picture. The replacement chimney is on the right. At
the iime of the photograph the ductwork had not been ex-
tended to the replacement chimney. The approximate position
of the extended ductwork is indicated on the picture.

The arrangement of the ductwork and mechanicals was ne-
cessitated by the requirement for continuous operation of the
generators during construction of the replacement chimneys.
However, this physical layout introduced special challenges
for the demolition of the existing chimneys at the facility. No
demolition procedure was acceptable which could possibly
cause a shutdown of the station’s generators. Within 9 m (30
ft) of each chimney’s exterior face there were three critical
station functions that would be placed at risk during demoli-
tion operations. Those functions were:

1. Exhaust fans for the coal combustion draft system: Vi-
bration of the fan motors (lower left of Fig. 3) could
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