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Analytical Modeling for Reinforced Concrete Beam Deflections
Using Layered Finite Elements

S 4 Hg S

Choi, Bong-Seob Kwon, Young-Wung

ABSTRACT

The use of higher strength materials with the strength methed of design has resulted in
more slender members and shallower sections. For this reason, it is necessary to satisfy the
requirements of serviceability even though the structural safety is the most important limit
state. This paper is only concerned with the control of deflections in the serviceability.

In this study, an analytical model is presented to predict the deflections of reinforced
concrete beams to given loading and environmental conditions. This model is based on the
finite element approach in which a finite element is generally divided into a number of
layers over the depth. The model takes account into the non-linear effects such as tension
stiffening effect due to cracking, creep and shrinkage. Comparisons are made with available
measured deflections reported by others to assess the capability of the layered beam model.
The calculated values of instantaneous and long-term deflection show good agreement with
experimental results in the range of tension stiffening parameter 8 between 2.5and 3.0.

Keywords : reinforced concrete beam, tension stiffening, cracking, creep. shrinkage,
deflection. layered beam model
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Fig. 1 Linear Stepped Model for Tension Stiffening
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Table 1 Beam Details and Concrete Section Properties for Simple Span Test Beamns

Reference Designation W frc‘ f'. L .1 .b .h A*E ASb
(plf) (psi) (psi) (in) (in) (in) (in%) (in%

B1.B4 107.0 3.020 413 240 6 8 0.62 0.62

B2.B5 107.0 3.020 413 240 6 8 0.31 0.62

Wjjga B3.B6 107.0 | 3.020 413 240 6 8 - 0.62
Fluck D1.D4 229.0 2,920 405 150 12 5 0.8 0.8
D2.D5 L 229.0 2,920 405 150 12 5 0.4 0.8

D3,D6 229.0 2.920 405 150 12 5 - 0.8

Hollington #61~63 234.0 5.460 495 240 18 9 - 1.06
#73~75 234.0 5,460 495 240 18 8 - 1.06

Branson SB1 62.4 5,130 539 108 4 5 - 0.11
SB3 135.2 5.130 539 108 4 5 l - 0.33
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Effect Considered? Creep Necessary? Constant
No No
Calculate Displacement for
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Stop
Fig.3 Program Outline of Deterministic Layered Beam Model
Table 2 Concrete Section Properties for Long-Term Defiection of Simple Span Test Beams
Age at . Ultimate Creep Creep Aging "
Reference | Designation | Loading I,?,Z;s(%o; so)f Coefficient Coefficient | Coefficient E(fh 71(;
(Days) v (44) (80 (x) m/in
Wasga D2.D5 14 913 4.92 4.22 0.85 750
an
Fluck D3,D6 14 913 4.92 4.22 0.85 750
. #61~63 28 706 1.30 1.08 0.731 477
Hollington
#73~175 28 482 1.08 0.867 0.695 467
SB1 28 60 1.80 0.97 0.775 245
Branson
SB3 28 60 1.80 0.97 0.775 245
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