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Applications of Practical Analysis Scheme for Evaluating Effects of Over-Loads
during Construction on Deflections of Flat Plate System
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Abstract

RC flat plate, which has no large flexural stiffness by boundary beams, may be governed by serviceability as well as strength
condition. A construction sequence and its impact on distributions of construction loads among slabs tied by shores are decisive
factors on immediate and long term performances of flat plate. The over-loading and tensile cracking in early-aged slabs
significantly increase the deflection of flat plate system. In this study, for slab deflections, the practical analysis scheme using a
linear analysis program is formulated with considering construction sequence and concrete cracking effects. The concept of the
effective moment of inertia in calculating deflections of one-way bending member, that is presented in structural design codes, is
extended to the finite element analysis of the two-way slab system of flat plates. Effects of over-loads during construction on
deflections of flat plate system are analyzed by applying the proposed practical analysis scheme into the critical construction load
conditions calculated from the simplified method.

Keywords - flat plate, deflection, construction load, crack
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(a) Compressive Strength Development
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(b) Elastic Modulus Development

33 1 Material Properties with Concrete Ages
(KBC 2005)
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(a) Geometry of Slabs

(b) 3-D Analysis Model
2] 2 Flat Plate System in Cardington Test

F 1 Material Properties and Reinforcement of 3rd
Floor Slab in Cardington Test

Concrete Reinforcement
Compressive Elastic Yield . .
Strength(MPa) Modulus(MPa) |Strength Reinforcement Ratio
S8 feo E. | E, | (MPa) Top Bottom

0.13~ 0.23~
41.6 | 19.8 (37,7 ,
50133,000| 400 0.63% 0.64%
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E 2 Comparisons of Analysis Results with Deflections
of Cardington Test

Measured Analyzed
Location Deflection Deflection |4,,,,/A inalysis
(A,) (Aynatysis)
A 7.85mm 7.91mm 0.992
Corner Slab B 7.50mm 7.54mm 0.995
I 6.24mm 7.81mm 0.799
J 6.40mm 7.90mm 0.810
C 5.89mm 6.21mm 0.948
Hdge Slab E 5.05mm 6.18mm 0.817
F 5.20mm 6.21mm 0.837
H 5.25mm 6.26mm 0.839
Internal Slab D 3.35mm 3.99mm 0.840
G 3.70mm 3.95mm 0.937
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E 3 Material Properties and Reinforcement for
Comparison with Existing Nonlinear Analysis

Concrete Reinforcement
Comp. | Tensile | Elastic
Strength [Strength* Modulus| Yield | Reinforcement Ratio
(MPa) | (MPa) | (MPa) |Strength
fa , g (MPa) Colu@n Midfﬂe
Strip Strip
Top 1.04 /iTop 0.32 /
0.14% 0.14%
24 2.4 23,000 400 Bottom Bottorm
0.42% 0.28%

* Tensile strength is used for the nonlinear analysis.

—by nonlinearanalysis program
® by proposed practical analysis scheme

] 20 40 60 80
CenterDeflection{mm)

33 4 Comparison of Existing Nonlinear Analysis and
Proposed Analysis Results
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33 5 Construction Loads by
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3%l 6 Construction Loads with Concrete Ages - 4-Day
Construction Cycle & 4 Shored Floors
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(b) Construction Loads for 4-Day Construction Cycle
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E 4 Maximum Construction Loads

A8

Construction Cycle(Day)

2 3 4 5 6 7 8 9 10

2 2.42 2.43 2.44 2.44 2.44 2.45 2.45 2.45 2.45

3 2.36 2.37 2.37 2.37 2.37 2.37 2.37 2.37 2.37

4 2.32 2.32 2.32 2.32 2.32 2.32 2.32 2.31 2.31

Sfi‘rl;b;o"ofrs 5 2.29 2.28 2.28 2.98 2.28 2.97 2.27 2.27 2.96

6 2.26 2.26 2.25 2.25 2.25 2.24 2.24 2.23 2.23

7 2.24 2.24 2.23 2.23 2.22 2.21 2.21 2.20 2.20

8 2.23 2.22 2.21 2.20 2.20 2.19 2.19 2.18 2.18

All values mean the coefficients for DL.
E 5 Maximum Slab Damage Parameter
Construction Cycle(Day)

2 3 4 5 6 7 8 9 10

2 2.68 2.61 2.58 2.54 2.52 2.51 2.50 2.49 2.48

3 2.54 2.49 2.45 2.42 2.41 2.39 2.38 2.37 2.37

Number 4 2.45 2.40 2.37 2.35 2.33 2.32 2.32 2.31 2.31

Sh(;ied 5 2.39 2.33 2.31 2.29 2.28 2.27 2.27 2.27 2.26

Floors 6 2.34 2.30 2.26 2.25 2.25 2.24 2.24 2.23 2.23

7 2.30 2.26 2.23 2.23 2.22 2.21 2.21 2.20 2.20

8 2.28 2.23 2.21 2.20 2.20 2.19 2.19 2.18 2.18
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(b) Increases of Deflection by Construction Load
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