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Study on the Flexural Minimum Reinforcement for Prevention of
Brittle Failure Specified in KCI and EN Codes
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ABSTRACT In the design of reinforced rectangular concrete beam structure, the minimum amount of flexural reinforcement is
required to avoid brittle failure. KCI code is based on concept of ultimate strength and usually used as a model code. But bridge
design code enacted by Ministry of land, transportation and maritime affairs in 2012 is based on concept of limit state and similar to
Euro code EN 1992-2. This means that the minimum reinforcement presented in both design codes has different origination and
safety margin. When rectangular concrete beams with minimum reinforcement are designed according to EN and KCI codes, the
amount of minimum reinforcement specified in EN code is only 76% of that in KCI code. This makes the design engineers to be
confused. In this study, flexural tests were conducted on nine beams with the two different minimum reinforcement specified in KCI
and EN design codes. In results, the measured ratios of nominal strength to crack strength from the test were about 25% greater than
those evaluated from the equations presented in KCI and EN codes. The EN beams having only 76% of the minimum reinforcement
for the KCI beams were fractured by rupture of steel reinforcement but in ductile manner. It is confirmed that the minimum
reinforcement concrete beams designed according to both codes have enough safety margin in flexural capacity and moreover in

ductility.
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Fig. 1 Comparisons of concrete rupture modulus

Table 1 Experimental plan
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S ec im ens fck fy As,min As,use / As' Shear Mn P n
p (MPa) (MPa) (mm?) (mm?) PPo (mm?®) | reinforcement | (kKN - m) (kN)
324.7
KCI-45-400 3354 2-DI13,1-DI0 0.10 31.8 56.5
400 198.6
EN-45-400 254.8 1-D16 0.06 19.6 34.9
» 253.4
KCI-45-500 268.3 2-DI13 0.10 31.0 55.1
200 142.6
EN-45-500 203.8 2-D10 0.06 17.6 31.3
397.2 142.6
KCI-60-400 387.3 2-D16 0.10 2-D10 D10@150 293 52.1
400 253.4
EN-60-400 296.4 2-DI3 0.06 25.0 44.5
324.7
KCI-60-500 60 309.8 2-DI3,1-DI0 0.11 39.8 70.8
200 198.6
EN-60-500 237.1 1-D16 0.07 24.5 43.6
198.6
EN-60-600 600 197.6 1-D16 0.09 29.4 52.2

Note) KCI-45-400 : KCI (design code : KCI, EN) - 45 (design strength of concrete : 45, 60) - 400 (yield strength of steel :

400, 500, 600)
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Table 2 Mix proportions of concrete

Design Weight per unit volume of concrete
W/B k 3
strength %) S/a (kg/m’)
(MPa) W | C|SP|B|S | G|AD
45 35.7| 48 | 150 | 420 | - | 420|864 939 | 4.2
60 28.0 47 | 150 (399 | 171 | 570 | 781 | 884 | 5.7

Table 3 Compressive strength results

Design Average compressive strength (MPa)
strength
(MPa) 18 hrs l1day | 3days | 7days | 28 days
45 28.9 322 37.6 46.5 45.7
60 48.0 50.4 - 583 68.2
P/2 P/2
200pm, 1125mm 0mi 1125mm 200mm.
[ Fa\ ! Fa) I o
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Fig. 2 Reinforcement detail and loading scheme

Fig. 3 Test scene
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Fig. 4 Comparison of initial crack loads for KCl and EN series
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Table 4 Summary of test results
- Yii\l/[dea:f]red E.stlmated Peak load | Yield load .
. Initial crack . Peak load Nominal strength |(measured)/ |(measured)/| Failure
Specimens reinforcement
. - peak load | crack load | modes
Load Load | Displacement |Load|Displacement| Crack Peak (estimated) | (measured)
(KN) (KN) (mm) (KN) (mm) load (kN) | load (kN)
KCI-45-400 36.0 72.8 6.9 93.2 50.7 36.1 56.5 1.65 2.02 Crushing
EN-45-400 25.0 45.1 5.3 60.1 39.8 41.8 34.9 1.72 1.80 Crushing
KCI-45-500 36.0 45.2 2.9 65.9 25.1 36.1 55.1 1.20 1.26 Rupture
EN-45-500 29.0 36.9 3.5 45.8 27.7 41.8 31.3 1.46 1.27 Rupture
KCI-60-400 41.0 89.5 6.8 98.9 27.8 41.6 52.1 1.90 2.18 Rupture
EN-60-400 41.0 65.1 7.5 70.5 25.5 48.6 445 1.58 1.59 Rupture
KCI-60-500 39.0 81.3 7.2 98.3 41.6 41.6 70.8 1.39 2.08 Rupture
EN-60-500 32.0 47.1 5.4 60.7 25.2 48.6 43.6 1.39 1.47 Rupture
EN-60-600 27.0 47.9 5.3 67.2 38.4 48.6 52.2 1.29 1.77 Rupture
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Table 5 Ductility index results

Specimen Ay Au | Ductility index .Ductilit}f
(mm) | (mm) (Au/Ay)  |index ratio
KCI-45-400| 6.87 50.74 7.46 1.00
EN-45-400 | 5.28 39.82 7.56 1.01
KCI-45-500| 2.90 25.11 8.66 1.16
EN-45-500 | 3.55 27.67 7.83 1.05
KCI-60-400| 6.84 27.77 4.20 0.56
EN-60-400 | 7.51 25.48 3.40 0.46
KCI-60-500| 7.21 41.61 5.86 0.79
EN-60-500 | 5.39 25.22 4.68 0.63
EN-60-600 | 5.34 38.41 7.20 0.97
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Table 6 The results of fracture energy

Specimen Fracture energy Ratio of fracture
(kKN - mm) energy
KCI-45-400 4088.29 2.00
EN-45-400 2045.45 1.00
KCI-45-500 1389.61 1.24
EN-45-500 1117.39 1.00
KCI-60-400 2429.94 1.56
EN-60-400 1560.56 1.00
KCI-60-500 3580.32 2.75
EN-60-500 1303.96 1.00
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