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Morphological optimization of concrete reinforcements by using the stress measurement
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Abstract

In this study, the effect of the rib pattern of rebar on the bond performance was investigated by evaluating three types
of deformed rebar with different rib patterns. In detail, the bond stress-slip curve and the rebar stress distribution was
evaluated by pull-out test and by Neutron Diffractometer for Residual Stress Analysis (RESA) respectively. The
relationship between measurement time and accuracy of stress measurement was also examined for the reinforced concrete
specimens. Experimental results showed that the standard deviation of rebar stress was inversely proportional to the
measurement time, and that the standard deviation was less than 10 N/mm? when the measurement time was 20 minutes
or longer. The results of the pull-out tests showed that the ratio of rib spacing to height had a dominant effect on the bond
stress of rebars with different rib patterns. Furthermore, it was inferred that the rib pattern of the rebars affects the shape
of the bond stress-slip curve. On the other hand, the effect of the rib pattern on the stress distribution in the rebar was

found to be small, and the reasons for this are discussed.
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Table 1. Materials used (Chapter 2, Chapter 4)

Unbonded region  Rebar(D13)

Types* Remarks

| | Water (W) Deionized water
<:]i| | I ] 56 Cement High early strength portland cement
} 30 | | | © Density : 3.14g/cm’
| 100 L 52 78 20, Fine aggregate Oi river system land sand
| " 50 " . () Absolute dry density : 2.58g/cm’
| | (Unit : mm)
Coarse aggregate Crushed stone from Oume

(G) Maximum particle size : 10mm __ Absolute dry density : 2.66g/‘:m3

Figure 1. Specimen (Chapter 2)

Chemical admixture (Ad) Standard type
Table 2. Mix proportion (Chapter 2)
W/C s/a Unit weight (kg/m®) Ad | Slump | Air |o (Testday)|E (Test day)
(%) | (%) W C S G (® (cm) | (%) | (N/mm®) | (KN/mm’)
55 46 175 318 805 975 |Cx2.0%| 20.0 4.8 44.0 26.2
5 SHIT N N S el e N
e 22 JEFHER KO E
Research

Smm g
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10mm

Specimen Monochromator
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Incident slit

Radial cdllimator
1D detector

Figure 2. Overview of the RESA

Load cell Specimen

Hydraulic jack

Figure 3. Overview of loading equipment
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Figure 4. Relationship between Intensity and diffraction
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Figure 5. Relationship between strain and measurement time
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(A) Bamboo-shaped rib
[ AR Table 3. Shape of each rebar
AEEEETRETTTETTTTTITYY Nominal [ Rib avese Ty 1 gy [ Sum of the
R diameter spacing [L] (mm) rib gap H/L
(B) Screw—shaped rib (mm) (mm) (mm)
m Bamboo 8.16 0.56 6.57 0.069
D13 Screw 12.7 7.36 0.97 5.83 0.132
Cross 7.61 0.73 4.42 0.096
(C) CI'OSS shaped rib Bamboo 10.42 1.04 7.87 0.100
Di16 Screw 15.9 8.22 1.18 8.93 0.144
Flgure 7 R]b pattern Cross 9.35 0.84 6.65 0.090
Spiral reinforcement 3'-;]3 12 Table 4. Materials used (Chapter 3)
D4, @30 I
D@0 : Types - Remarks
Unbonded region | 4D 6D 0 Water (W) Deionized water
= T Cement Ordinary portland cement
2D Density : 3.16g/cm’

I

Fine aggregate

Oi river system land sand
Absolute dry density : 2.58g/cm’

Rebar L=450 6D
D : Rebar nominal diameter h
Unit : mm )

Coarse aggregate

Crushed stone from Oume
Maximum particle size : 10mm__ Absolute dry density : 2.66g/cm’

Chemical admixture (Ad) Standard type
Figure 8. Pull-out specimen
Table 5. Mix proportion (Chapter 3)
w/C s/a Unit weight (kg/m?) Ad | Slump | Air | o(28day) | E (28 day)
) | ) | w C S G | @ | (m | % | Nmnm) | (KNmm’)

60 46 175 294 808 993

Cx1.8%]| 20.0 5.3 35.2 25.0
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Figure 10. Bond stress-slip (D13)
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Figure 12. Bond stress (D13)
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Figure 14. RESA specimen and Measurement point

Table 5. Mix proportion (Chapter 4)

w/C s/a Unit weight (kg/m®) Ad | Slump | Air | c(28day) | E (28 day)
(%) | (%) w C S G (® | (m | (%) | Nmm®) | (kN/mm’)
55 46 175 | 318 805 | 975 |Cx2.0%| 200 | 5.3 45.0 27.4
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Figure 15. Rebar stress distribution (RESA)
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