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Lightweight Concrete Fracture Energy Derived by Inverse Analysis

Kyeong-Bae Lee', Min-Ho Kwon™", Hyun-Su Seo’, Jin-Sup Kim4, Jae-Young Cho’

Abstract: Modern structures is the tendency of being increasingly taller and larger. The concrete with large weight has the disadvantage of increasing
the weight on the structure. therefore, the method of carrying out the weight saving of the concrete is required. one of such method is to use a lightweight
aggregate. However, studies on structural lightweight concrete, lacking for the recognition of the lightweight concrete, so also is lacking. therefore
it is necessary to study on the physical characteristic value of the lightweight concrete. In this study, in order to investigate the tensile properties of
lightweight concrete, Crack mouth opening displacement (CMOD) experiments were carried out. the fracture energy of the lightweight concrete
subjected to inverse analysis were derived from the CMOD experimental results.
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Table 1 Concrete mix
. Unit Mass (Kg/m3)
Specimen
W C F/A S/F S G SP
Normal Concrete 165.17 549.00 61.00 0 701.42 902.42 7.32
Lightweight Concrete 155.00 531.25 63.00 44.75 681.00 518.75 7.68
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Table 2 Size of specimen

No. W(@mm) D@mm) S(mm) L(@mm) N (mm)
1010 100 400 500 40
1015 150 600 700 60
1020 100 200 800 900 80
1030 300 1200 1300 120
2010 100 400 500 40
2015 200 150 600 700 60
2020 200 800 900 80

Table 3 Cement physical properties

Setting time Compressive strength
Density Fineness (min) (MPa)

(g/em’) (em’/g) Initial  Final

set setting 3-Day 7-Day 28-Day

above above above

3.15 3400 230 390 125 15.0 35

Table 4 Aggregate physical properties

UTM
Load
Cell

linge.

Fig. 7 Concrete tensile fracture test picture

Table 5 Compressive Strength

Normal concrete  Lightweight concrete
59.3 4421
Compressive strength
(MPa) 61.2 43.61
60.8 41.18
Average compressive 60.4 43.00

strength (MPa)

. Unit volume Agg¥egate
Density . maximum
Aggregate 3 weight .
(g/em’) ( g/cm3) size
(mm)
Normal aggregate 2.68 1.52 15
Lightweight aggregate 1.75 0.71 8

Normal aggregate Lightweight aggregate

Photo 1 Shape of the aggregate
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Fig. 9 Lightweight concrete Load-CMOD curve
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Table 6 Normal concrete results of tensile cracks fracture tests

Specimen Peak Load Peak CMOD  Max CMOD

™) (mm) (mm)
1010 3692.31 0.0351 0.8777
1015 4918.95 0.0514 0.8667
1020 6553.91 0.0569 1.0238
1030 8268.91 0.0733 1.0672
2010 7811.91 0.0322 1.2882
2015 10372.00 0.0469 0.9898
2020 12582.54 0.0514 1.0640

Table 7 lightweight concrete results of tensile cracks fracture tests

Specimen Peak Load Peak CMOD  Max CMOD

™) (mm) (mm)
1010 2460.78 0.0440 4.7741
1015 3320.24 0.0403 4.0409
1020 4433.52 0.0575 4.6660
1030 4548.18 0.0617 5.1391
2010 5395.88 0.0368 4.0693
2015 7031.50 0.0443 5.2743
2020 7835.10 0.0496 5.0584
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Table 8 Parameters and fracture energy of normal concrete
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Fig. 13 Lightweight concrete fracture energy

Table 9 Parameters and fracture energy of lightweight concrete

Fracture Fracture

Specimen ft fl 2 wl w2 we Energy Specimen ft fl 2 wl w2 we Energy
(N/mm) (N/mm)

1010  4.70 1.60 1.15 0.0085 0.0800 0.1200 0.1481 1010 320 1.22 0.48 0.0070 0.1100 0.4500  0.1846

1015 4.00 3.00 0.91 0.0066 0.0137 0.3000 0.1672
1020 728 2.79 0.47 0.0332 0.0250 0.6000  0.1868
1030  5.00 2.30 0.45 0.0055 0.0198 0.8000  0.2153
2010  7.07 2.58 0.57 0.0026 0.0376 0.6000  0.2280
2015 4.00 3.41 026 0.0020 0.0400 1.500  0.2669
2020  7.00 2.00 0.35 0.0047 0.0400 1300  0.2831

1015 3.50 1.11 0.39 0.0052 0.1000 0.6300  0.1864
1020 3.00 043 030 0.0150 0.1000 1.0000  0.1918
1030 2.10 0.63 0.20 0.0100 0.0750 1.8000  0.2131
2010 3.20 1.30 0.61 0.0080 0.0980 0.5000 0.2266
2015  3.50 1.38 0.59 0.0552 0.0650 0.6000  0.2294
2020  3.00 0.95 0.29 0.0070 0.0800 1.3000  0.2360
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Table 10 Average, standard deviation, coefficient of variation for

fracture energy
. Standard Coefficient of
Specimen Average .. .
deviation variation
Normal concrete 0.2136 0.0501 0.2344
Lightweight concrete ~ 0.2097 0.0219 0.1043
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