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Shear Performance of High-Strength Reinforced Concrete
Beams using Fly-Ash Artificial Lightweight Aggregate

IR 2 = of 24 Al

Chung, Soo-Young Yun, Hyun-Do  Park, Wan-Shin

Abstract

This study 1is to investigate experimentally the shear capacity of high-strength
lightweight-aggregate reinforced concrete beams subjected to monotonic loading. Ten beams
made of fly-ash artificial lightweight high-strength concrete were tested to determine their
diagonal cracking and ultimate shear capacities. The variables in the test program were
longitudinal  reinforcement ratio;, which variabled (between 083 and 166 percent), shear
span-to-depth ratio (a/d=15, 25 and 35), and web reinforcement(0, 0137, 0275 and
055 percent). Six of the test beams had no web reinforcement and the other six had web
reinforcement along the entire length of the beam. Most of beams failed brittly by distinct
diagonal shear crack, and have reserved shear strength due to the lack of additional resisting
effect by aggregate interlocking action after diagonal cracking. Test results indicate that the
ACI Building Code predictions of Eq (11-3) and (11-5) for lightweight concretes are
unconservative for beams with tensile steel ratio of 166, a/d ratios greater than 25 without
web reinforcement. Through a more rational approach to compute the contribution of concrete
to the shear capacity, a postcracking shear strength in concrete is observed.

keywords : Fly-Ash, Lightweight Concrete, Shear Span—Depth Ratio, Reserved Shear Strength
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Table 1 Properties of specimens
Section . Yielding strength . Shear
Beam Asgrogate |_mm ) (e LI Al | s o | o
o | @ | M) G| e | pwids) (@/d)
1L15-N | Lightweight 170 270 39.2 431.2 5374 0.83(0.29b) - 15
1L25-N | Lightweight 170 270 39.2 431.2 5374 0.83(0.29b) - 2.5
1L35-N | Lightweight | 170 270 39.2 431.2 537.4 0.83(0.29b) - 35
2L15-N | Lightweight 170 270 39.2 431.2 5374 1.66(0.58th) - 15
SeII:ies 2L.1.5-W1 | Lightweight 170 270 39.2 431.2 5374 1.66(0.58ith) 0.275(45%) 15
2L1.5-W2 | Lightweight 170 270 39.2 431.2 537.4 1.66(0.58th) 0.554(90%) 15
2L25-N | Lightweight | 170 270 39.2 431.2 537.4 1.66(0.58th) - 25
21.25-W1 | Lightweight 170 270 39.2 431.2 5374 1.66(0.58ith) 0.137(45%) 2.5
21.25-W2 | Lightweight 170 270 39.2 431.2 537.4 1.66(0.58th) 0.275(90%) 2.5
2N2.5-N Natural 170 270 39.2 431.2 537.4 1.66(0.58th) - 25
Seﬁes 2N2.5-W1 Natural 170 270 39.2 431.2 5374 1.66(0.58i'h) 0.126(45%) 2.5
2N2.5-W2 Natural 170 270 39.2 431.2 537.4 1.66(0.58jb) 0.254(90%) 25

*]LL5-N © 1,(F2H], 1=0.83%, 2=1.66%); L( L=3 %32 LAYE, N=dd&A ZAYE); 15(E73ZH]);
NAGEZZH], N=0, W1=45%, W2=90%)
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Fig. 1 Details of specimens (Unit : mm)
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Fig. 2 Stress-strain relationship of concrete and steel

Table 2 Properties of concrete

Compressive| Ultimat | .. ;
Aggregate ; 5| Elastic modulus
] strength |e Strain| ™5
type (MPa) = E. (104MPa)
Natural 31.36 0.0058 2.00
Lightweight 37.24 0.0086 2.97

Table 3 Mechanical properties of steel

Yield | Tensile
Steel | strength | strength

Yield |Ultimate| Elastic

tvpe o - strain | strain modulus
v By | (\Pal £ eq | Es(104)MPa)
D13 | 431.2 565.3 10.00307] 0.169 14.3

¢$6 | 5374 | 589.5 | 0.0036 | 0.106 15.1
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Table 4 Test results for specimens

Bearn Costn?éfgstsﬁve ;gﬁ?& _ Load' ka) ' crgéglglﬁar Uls?l?;te +%r1n%1cea10f e
Initial Initial Ultimate strength strength crack
tvpe fo by | flexural | Inclined e 1, modes
(MPa) MP) | ek Vi | crack Vo Vi (MPa) (MPa) (deg.)
1L15-N 37.24 218 57.23 P45 195.41 1.04 2.13 40-50 S-C
1L25-N 37.24 218 30.77 65.56 80.16 0.17 0.87 35-45 S-T
1L35-N 37.24 218 16.46 71.93 71.93 0.78 0.78 25-35 S-T
2L15-N 37.24 218 9.37 122.89 21952 1.34 2.39 40-50 S-C
SeIIjieS 2L15-W1 37.24 218 92.32 131.91 2060.48 1.44 2.89 45-55 S-C
2L15-W2 37.24 218 101.23 161.9 285,57 1.76 311 45-55 F-S
2L.25-N 37.24 218 57.23 6.0 112.9 0.83 1.23 25-40 S-T
20L.25-W1 37.24 218 5351 94.08 186.79 1.03 2.03 30-45 S-C
20.25-W2 37.24 218 56.45 112.01 199.72 1.22 2.18 40-50 F-S
N 2N2.5-N 31.36 3.23 57.82 110.15 11564 1.20 1.26 40-50 S-T
Series 2N2.5-W1 31.36 3.23 59.19 9.18 154.35 1.08 1.68 45-55 S-C
2N2.5-W2 31.36 3.23 65.9%5 P45 196.20 1.04 2.14 50-60 F-S

+Angle of inclined crack with horizontal axis * S-C; Shear Compression, S—T; Shear Tension, F-S; Flexure Shear
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Fig. 4 Comparison of load—displacement relationship curve
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Table 5 Comparison of experimental results and code prediction
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Fig. 5 Variation of shear stress vs shear span to depth ratio (for beams without shear reinforcement)
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Fig. 6 Variation of shear stress vs shear span to depth ratio (for beams with shear reinforcement)
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Fig. 9 Effect of pV on ultimate strength
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