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Calculations of Flat Plate Deflections Considering Effects of Construction
Loads and Cracking
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ABSTRACT The structural designs of RC flat plates that have insufficient flexural stiffness due to lack of support from boundary
beams may be governed by serviceability as well as a strength criteira. Specially, since over-loading and tensile cracking in early-aged
slabs significantly increase the deflection of a flat plate system under construction, a construction sequence and its impact on the slab
deflections may be decisive factors in designs of flat plate systems. In this study, the procedure of calculating slab deflections con-
sidering construction sequences and concrete cracking effects is proposed. The construction steps and the construction loads are
defined by the simplified method, and then the slab moments, elastic deflections, and the effective moment of inertia are calculated
in each construction step. The elastic deflections in column and middle strips are magnified to inelastic deflections by the effective
moment of inertia, and the center deflection of slab are calculated by the crossing beam method. The proposed method is verified by
comparisons with the existing test result and the nonlinear analysis result. Also, by applications of the proposed method, the effects
of the slab construction cycle and the number of shored floors on the deflections of flat plates under construction are analyzed.

Keywords : flat plate, deflection, construction load, crack
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Table 2 Material properties and loading conditions of tests by Gardner and Fu"

Concrete Reinforcement Loading condition
Comp. strength |Elastic modulus| Reinforcement ratio Slab 1 Slab 2
Yield strength
(MPa) (MPa)
I z (MPa) Column strip | Middle strip | 4-day | 7-day | 28-day | 4-day | 7-day | 28-day
ck c
Top 0.253% Top 0%
45. 41 DL 245DL | 1.84DL | DL ADL | 2.55DL
33 38,500 ! Bottom 0.507%| Bottom 0.253% > 8 3 33
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Table 3 Material properties and reinforcement for comparison with existing nonlinear analysis

Concrete Reinforcement
Comp. strength (MPa) | Elastic modulus (MPa) | Yield strength Reinforcement ratio
for E, (MPa) Column strip Middle strip
24 23,000 400 Top 1.04/0.14% Bottom 0.42% | Top 0.32/0.14% Bottom 0.28%
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Fig. 5 Slab construction loads with concrete age
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Table 4 Example of flat plate deflection calculations for 4-day cycle and 4-story shored condition

Column strip Middle strip
Step Age LF; 2y cel,illerm il Lee,i Der, illmem, il Ime, i S;
(day) "I E, | Mo | Mo 7 7 ; ]’ Abeei| Ouei | Oci | Myt i | Mymi 7 - 7 - ]’ Abye| Omei | Omi '

g g g g g g
1 1 [024]045|—-43| 19 (1.00|1.00|1.00|0.85|0.85|0.85|—-14| 1.2 | 1.00| 1.00 [ 1.00| 0.82 | 0.82 | 0.82 | 1.67
2 4 1046|0.74|-83| 3.5 |1.00| 1.00 | 1.00 [ 0.48 | 1.33 | 1.33 | —2.7 | 2.4 | 1.00 | 1.00 [ 1.00| 0.46 | 1.28 | 1.28 | 2.61
3 5 10.80|0.78 |-14.4| 6.2 | 0.80 | 1.00 | 0.90 | 0.70 | 2.03 | 226 | —4.7| 4.1 | 1.00 | 1.00 | 1.00 | 0.68 | 1.96 | 1.96 | 4.22
4 8 | 1.05|0.86 |-189| 8.1 | 0.68 | 100 | 0.84 | 047 | 2.50 | 296 | -6.2| 5.4 | 1.00 | 1.00 | 1.00 | 0.45 | 2.41 | 2.41 | 5.37
5 12 | 141 0.92 [-25.4| 109 | 0.60 | 1.00 | 0.80 | 0.63 | 3.12 | 391 | -8.3| 7.2 | 1.00 | 1.00 | 1.00| 0.61 | 3.01 | 3.01 | 6.92
6 13 | 1.67 | 0.93 |-30.0{ 12.9 | 0.57 | 1.00 | 0.78 | 0.45 | 3.57 | 455 |—9.8 | 8.6 | 1.00 | 1.00 | 1.00| 0.43 | 3.45 | 3.45 | 8.00
7 16 |2.05|0.95(-36.9| 15.8 | 0.54 | 0.63 | 0.58 | 0.64 | 4.21 | 7.22 |-12.0{ 10.5 | 1.00 | 1.00 | 1.00 | 0.62 | 4.06 | 4.06 |11.29
8 17 |232]0.96 |—-41.7| 17.9 | 0.53 | 047 | 0.50 | 0.45 | 4.66 | 9.32 |-13.6 11.9 | 1.00 | 1.00 | 1.00 | 0.44 | 4.50 | 4.50 |13.81
9 18 | 1.00 | 0.97 |-18.0| 7.7 | 0.53 | 047 | 0.50 |-2.19| - |7.12|-59]| 5.1 | 1.00 | 1.00 | 1.00 |-2.12| - |2.38] 9.5l

(unit : “kN.m/m” for moments and “mm” for deflections)

802

| sl==3e|E8ts

==& M21d Mes

(2009)



20

=+—2-daycycle
—&-3-daycycle
—4—4-daycycle
LI am.n —5-daycycle

10 ——— —*=6-daycycle

L f o —e-7-daycycle
J —e—8-daycycle

5

=82-9-daycycle

Slab D eflection (mm)

—2—10-day cycle

0 10 20 30 40
Slab Concrete Age, t (day)

(a) 4-story shored condition

—e—2-story shored
~&-3-story shored
=44 -story shored
=»=5-story shored

gl —4—6-story shored

Slab Deflection (mm)

—&—7-story shored

~—+=8-story shored

0 10 20 30 40
Slab Concrete Age, t (day)

(b) 4-day cycle condition

Fig. 6 Slab deflections with concrete age
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Table 5 Maximum slab

deflection (unit: mm)

Construction cycle (day)
2 |3 4 5 6 | 7 819 |10
2 (23.9]20.7|18.9|18.1|17.5|17.1|16.7|16.3|16.1
3 |18.4(16.8(15.6(14.914.5/14.2|14.0|13.8|13.7
Number | 4 [16.4[14.7|13.8113.5|13.1{12.9(12.7|12.5|12.4
of shored 5 |14.9/13.6/13.0|12.5|12.2|11.9|11.8|11.7|11.5
floors | 6 13.9{12.9]12.2(11.8|11.6|11.3{11.3]11.1[11.0
7 |13.31123(11.6|11.3]{11.1|10.9{10.8(10.6]/10.6
8 |12.8|11.8|11.2(10.9/10.7{10.5{10.5{10.3|10.3
Table 6 Residual slab deflection (unit: mm)
Construction cycle (day)
2 (3|4 5|6 |7]8]|9]10
2 |18.1115.3]13.7(13.1|12.6/12.3|11.9|11.6|11.4
3 (13.3]12.0{11.0({10.4|10.1{ 9.9 {9.7]9.5|9.3
Number | 4 [11.7/10.2{9.5(9.2|9.0|8.7 85|83 |83
of shored| 5 [10.4/94 (8884|8279 (787776
floors 6 (978882797774 73(72]72
7 191(83(77|75|72(71|7.0]69|6.8
8 |88(79(74171]69|68|6.7]|6.6|06.6
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