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Abstract— In this study, the Champlain Towers South building collapse in Florida allegedly caused by a deck collapse was examined through the finite
element analysis based on the existing hypotheses and investigation. The Adaptively Shifted Integration (ASIl) — Gauss code was applied for the numerical
analysis. In addition, the member strength failure algorithm of RC components was modified, and the flat-plate structure was introduced into the
numerical model of the building. According to the analyses, the building did not collapse when the pool deck beams connecting to the columns of the 1st-
floor interior, so-called key columns, were removed by the collapse of the pool deck. When the model was revised to include deterioration of concrete slab
and corrosion of rebars, and then triggered by the removal of columns in the underground parking garage, the middle section of the buildings reached a
total collapse. This supports the latest collapse theories, which cite punching shear failure at pool deck columns as the initiating event.

Index Terms—collapse analysis, flat-plate structure, RC building, deterioration, corrosion, ASI-Gauss code

- T - \ T The middle and eastern sections of Champlain Towers South in It is currently believed by many that the direct cause was the additional
COLLAPSE OF THE CHAMPLAIN TOWERS SOUTH Florida (Fig. 1), USA, a 13-story condominium built in 1981,  concrete, sand, and pavers placed on the surface layer of the pool deck
collapsed without warning at approximately 1:25 a.m. on June 24, located in the southeast area of the building in 1996. This increased its

2021. According to the surveillance video, the collapses of the  weight, causing the deck to finally cave in as punching shear gradually
middle section and the following eastern section only lasted for 12 progressed between it and the columns in the basement. The collapse
seconds (Fig. 2). At least half of the 136 units in the building had  of the deck reduced the buckling capacity of the first-floor columns, or
collapsed (Fig. 3), and all of them were characterized by the fact that  the failure of the connection dragged the columns into failure, leading
they collapsed instantly after it began to collapse. to the progressive collapse of two-thirds of the building. Others believe

- that the main causes of the collapse were water infiltration and the
deterioration of the reinforced concrete of the parking lot beneath the
housing units due to corrosion of the rebar. Florida is a regular

e hurricane zone, and as buildings are exposed to saltwater, deterioration
4 Is likely to progress. Also, the possibility that the direct trigger of the
PSS collapse was a collision of a vehicle with a column in the basement
L garage cannot yet be ruled out.
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Figure 1. Champlain Towers South Condominium. (©) P (@ P B w BN -
Figure 2. Collapse sequence of the Champlain Towers South. Figure 3. Collapsed site of the Champlain Towers South.

NUMERICAL SIMULATIONS BASED ON THE HYPOTHESES PRESENTED IN THE WASHINGTON POST
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A 13-story RC building model was analyzed based
Key column 1% FL interior on the hypotheses published in newspapers (Fig. 4).
™. / In the case where the extent of pool deck collapse
exceeded the key column (Hypothesis 1), neither
%—- 7 the final state nor buckling of the key column was

[ : ) confirmed. In the case where the extent of pool

Ha iéﬂn al load deck failure did not exceed the key column

Pool deck

Collapsed area Collapsed area (Hypothesis 2), the key column was in the final (a) Hypothesis 1 (b) Hypothesis 2
(a) State before collapse (b) First hypothesis by Mosalam et al. (c) Second hypothesis by Porter et al. ;tate, but the entire building did not collapse (Fig. Figure 5. Numerical results based on the hypotheses with pool deck collapse
Figure 4. Hypotheses of the building collapse. ) as the main cause.

NUMERICAL SIMULATIONS BASED ON THE HYPOTHESIS WITH DETERIORATION OF CONCRETE SLABS, CORROSION OF REBARS, AND LOSS

OF KEY COLUMNS AS THE MAIN CAUSE f
"' X T - Ap——
S— ;. B |
* GLEELEINE 5 i ﬁfi —— &1 |
e pe— e ;
ZUP) s { k;‘ | o1 T — gy ' ZUF)
” Ss s S4 | Al | 7a I I O tine |+ G.00ef tod )
I—ok(l-:) | % - TIIROATIX \’(S)._I
(@)t=0.0s
. | ~ ; T - %, """"
Figure 10. South end of the uncollapsed western section. i s o — g
This photo is looking west. It can be inferred that the  Figure 11. Slabs of the eastern section. This photo Is IR %i =
entire pool deck plus two bays of the first level parking looking north from the pool deck across the debris WE = @
slab collapsed in punching shear. The columns of the  pile. The roof is at the left, the tan tile is on the 13th ORI &K; ;
building did not collapse despite the increased unbraced story balcony slab, the red tiles on 12th, and so on, e W — X
length. The column labeled for parking space 75 is K-13.1 ~ with the pink tile at far right the 9th floor balcony. B | e oS S X n- X ¢
and the one in front of it is L-13.1. The pool deck collapse ~ This indicates the eastern section toppled south and B t= 2.0
IS attributed to these two slab-column failures. then west. . = (b)t=20s —
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Figure 12. Numerical conditions based on the hypothesis with deterioration of TR :_—71 Coiur]
concrete slabs, corrosion of rebars, and loss of key columns as the main cause. R K . 02020l
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A collapse analysis was conducted based on the hypothesis that removal of key columns was the main cause of the H *' i
collapse, by constructing a model that considered the pullout of the rebar and the reduction in the bearing capacity of the N —— T I
reinforced concrete based on the investigation (Fig. 6 — Fig. 12). The model confirmed the collapse of the middle section, AR = = —— T 1 = (M —]
_ _ _ but no collapse was observed in the eastern section of the building (Fig. 13).. These results suggest that the pullout of the T TErTrwed L I ITTTrT 1T DA BRI
Figure 9. Wind-resistant wall of western rebar at the connection joint between the wind-resistant wall and the flat-plate floor, the reduction in bearing capacity of (e)t=8.0s
section left at accident site. the basement columns, and the removal of key columns were some of the main mechanisms of the collapse of the Florida 0 R —
Condominiums. | f | Ii } %
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CONCLUSIONS AND FUTURE WORKS R
In recent years, the progressive collapse of buildings due to the deterioration of structural members has been occurring frequently, posing a significant threat to social assets and | | > ‘ oL \
human lives. Understanding the collapse mechanism of buildings with deteriorated components or construction defects will enable effective reinforcement of buildings and prevent g | eI
unexpected collapses. T T TTT TT TR " et 1 I [T [ T
There is still room for further study of the phenomenon considering the more recent evidence provided by investigating engineers. Revising the numerical model to reflect ft=15.0s
construction flaws can provide further confirmation of the hypothetical causes and the observed mechanisms. (i) Elevation (ii) Right side view
Since there are thousands of similar condominium developments in the USA alone, the number of such collapses could increase in the future. Engineers must continue to elucidate the
collapse mechanisms of buildings with deteriorated or flawed members. In Florida, and other parts of the world, flat-plate structures have been used because they are economical. Figure 13. Numerical results based on the hypothesis with deterioration of concrete slabs,
New codes and standards mean that many existing buildings must now be re-evaluated, and their collapse mechanisms in worst scenarios, if needed, should be investigated. corrosion of rebars, and loss of key columns as the main cause.
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