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ABSTRACT

During construction of reinforced concrete building, construction load two times as much as the self weight of a slab,

is imposed on the slab, and strength and stiffness of the early-age concrete are not fully developed. As the result, the
construction load frequently causes excessive deflection and cracking in the flat plate. The minimum thickness of flat
plate specified by the current design codes does not properly address such effect of the construction load. In the
present study, a simplified method was developed to calculate the deflection of flat plate affected by the construction

load. The proposed method can consider the effects of a variety of design parameters such as the aspect ratio of plate,

boundary condition, concrete strength, and construction load. A design equation for the minimum thickness was

developed based on the proposed method.

Keywords : flat plate, deflection, minimum thickness, construction load
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Table 1 Existing methods for calculating deflection

ACIY

Multiplier method Calculation

Gardner”

3)
Asamoah

6[ = /1 tasus
A=14+2g61 2,
8= 0t 0yt 8
ds=total deflection
dus=immediate

deflection
due to sustained load

Ag=multiplier for
shrinkage
Ag=multiplier for

creep

dg=additional deflection
due to shrinkage

dp=additional deflection
due to creep

8=08,+ 6,%[1 + C;(l L

Ci= creep coefficient

CL=maximum construction
load
UL=design capacity

CL

271 1

E cm28 '3
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h=slab thickness (m)
/,=longer clear span (m)

x=1.0 for corner panel and 0.4
for an interior panel

fy=construction cycle

E ;3=mean modulus of elasticity
at 28 days (GPa)
B=aspect ratio

Table 2 Recommendations for minimum thickness of slab
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Boin = 36000 hoo o= ky=a factor to Bonin == ton.z [f—] (1.15—0.158)
w30 account for support 0 B

KB =1.20-0.280.9

l,=clear span

fy=yield strength of
tensile flexural
reinforcement,(psi)

l.=clear span
B=aspect ratio

conditions

ky=a slab-system factor to
account for two-way

action
Om=limit deflection
y =1 o Ig

b =width of slab
w; = distributed live load

Was=distributed sustained
load

A = long-term multiplier

R min =minimum slab thickness (m)
x=span/thickness

ST 8 = 28 day mean
concrete strength,(MPa)

Sfas=28 day characteristic of
specified, Concrete strength,(MPa)
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0.00 0.00 1.00 0.86 1.00 0.89
1.00 1.00 0.00 014 0.0 0.11
0.00 0.00 1.00 0.89 134 119 1.00 0.99 100 102
1.00] 1.00 0.00 0.1t 0.66 0.81 0.00 0.15 0.00 0.09
0.00 0.00 1.00HHH 162 133136 1.00 1.05 1.00 1.9
200 2.00 0.00 009 033 0.45 0.00 0.10
0.00 0.00 1.00 109 133 as oo 10 1.00 1.00
300 3.00
21 days 28 28 35 35
0.00 0.00 1.00 0.86
1.00 1.00 0.00 0.14
0.00 0.00 1.00 .86 1. 0.89 L3HTHLIS 1.00 0.9
1.00 100 0.00 0.14 000 011 0.6 0.81 0.00 0.15
1.34 119 1.00 0.99 1. 102 1.33 136 LOOHAHH1.05
0.6 081 0.00) 0.15 0.00 0.09 033 0.45 0.00 0.10
1.3 136 1.00 105 1.00 1.09 13345 1.00 1.00
033 045 0.00 0.10
1.33 145 1.00 LI10 1.00 100 1.00——{1.00 1 1.00
1.00—‘1.00 1.00 100 1.00 1.00 1.00 100 1.00 1.00
35 a2 42 2 49

Fig. 1 Construction loads for shored construction
with 7 day-construction cycle (Mosatlam”)
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(a) Actual load history; (b) Simplified load history;
and (c) Deflection history

Fig. 2 Simplified load history and corresponding
deflection history ;

Maximum load
Critical load l R

'

Load ratio to slab self-weight

= Construction load

Slab capacity

Day

Fig. 3 Maximum and critical construction loads
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Table 3 Critical construction load

Number Construction cycle (day)
of shored
floors 2 3 4 o 6 7

3 1.809D|1.748D(1.721D{1.703D | 1.693D | 1.69D
4 1.672D|1.618D|1.591D|1.577D|1.569D | 1.564D
5 1.585D|1.536D|1.513D| 15D | 1.49D |1.483D
6
7

1.524D| 1.48D |1.459D|1.446D (1.437D |1.429D
1.478D|1.438D|1.419D|1.406D | 1.397D{ 1.39D
10 1.393D| 1.36D |1.343D{1.331D{1.311D|1.314D
12 1.358D|1.328D|1.311D|1.299D| 1.29D |1.283D

D = self weight of slab
form+shore = 0.1D
construction live load = 0.5D
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Fig. 4 Equivalent beam models for calculating
deflection of two-way slab
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Table 4 Coefficient C in Eq. (16)

Interior Exterior Corner
Locations panel panel panel
Fig. 4(a) | Fig. 4(f) | Fig. 4(g)
Positive | 119.058 119.058 5342
Middle | moment x(2B-1) x(2B~1) '
Strip | Negative | 102.568 102.568 3175
moment | x(2B-1) x(2B-1) :
Positive | 79 57 53.42 53.42p
Column | moment
stri ;
P |Negative] 5,9 31.75 31.75
moment
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Table 5 Coefficients in Eq. (20)

Limit deflection D E
Interior 1/240 0.19 0019
panel 1/480 0.23 0.023
Exterior 1/240 0.26 0.030
panel 1/480 0.32 0.023
Corner 1/240 0.28 0.020
panel 1/480 0.35 0.025

Table 6 Load history of Gardner’s experiment

28-day
L/D capacity D(kPa) | Day4 | Day7 | Day10| Day28
Slab1| 1.0 | 31D | 1.82 |085D| 2D | 2D E;Iég
Slab2| 05 | 225D | 252 |060D| 2D | 2D 3*5%)
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Table 7 Verification of the proposed method for calculating deflections

F.E. analysis Proposed method Comparison
Immediate ang~term Immediate lor_lg—term @/ | @@
deflection (mm) (1) | deflection (mm) (2) | deflection (mm) (3) | deflection (mm) (4)

m=2 6.6 409 6.3 31.2 0.96 0.76

RO m=3 6.3 40.8 6.0 30.2 0.95 0.74
m=4 6.2 40.3 6.0 30.1 0.97 0.75

m=6 6.1 39.8 59 29.9 0.97 0.75

c=3 82 46.7 838 41.2 1.07 0.88

c=4 75 44.1 7.8 36.9 1.04 0.84

m?=2| ¢=5 71 42.7 7.1 34.4 101 0.81
c=6 6.8 42.0 6.6 325 0.97 0.77

c=7 6.6 40.9 6.3 31.2 0.96 0.76

Span {(m) = 6.65x6.65, Column (m) = 0.65x0.65 / fu = 24 MPa,

1) @ Construction cycle (days), 2) : Number of shored floors

fy = 400 MPa
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Fig. 10 Comparison of long-term deflection

calculated by F.E. analysis and proposed
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