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Experimental Investigation for ECC Tensile Property Quality Control Using a Flexural Test
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Table 1 Experimental Parameter

Experimental
Level
parameter
Cement type Ordinary Portland cement
P Moderate-heat Portland cement
Ambient Spring (17-20 deg.)

temperature Winter (9-16 deg.)

Plant#1
Manufacturer Planté2

Table 2 Combination of Experimental Parameter

Exp. Parameter Testing item
Ambient| Cement . Fresh |Comp.} TC TP |Flexural
Plant temp. type Mix test test test tost test
P1 Spring | OPC | PIN1| done - done | done

P1N2 | done | done | done

P1N3 | done | done | done

P1N4 | done | done | done

P1N5 | done | done | done
MPC | P1M1| done | done | done
P1M2| done | done | done
Winter | OPC | P1N6| done | done | done | done | done

P1iN7 | done | done | done | done | done
MPC | PIM3| done | done | done | done | done
P1M4 | done | done | done | done | done

P2 Spring | OPC | P2N1| done | done | done

MPC | P2M1| done | done | done - -
P2M2| done | done ] done | done | done
P2M3 | done | done | done | done | done
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Table 3 Mix Proportion

"Water . Anti- Fiber )

. by unit S?”" by shrinkage| volume Alr
Mix ) water | binder ) content

binder ka/m® ratio agent fraction %)

ratio | {ko/m") (ka/m® | (%) ;
Mix-N 0.46 364 0.64 15 2 10
Mix-M 0.46 364 0.65 15 2 10

1) Fly ash is added by 0.3 of binder weight
2) Expansive agent replaces sand weight by 10%.

Table 4 Testing Item

Test Property Testing method
Fresh
test Fresh temparature
Specific gravity JISA 1116
Air content JIS A 1128
Slump JISA 1101
Slump flow JIS A 1150
Comfer:tssmn Compressive strength JISA 1108
Elastic modulus JIS A 1149
Tensile Tensile strength

test and strain capacity Tensile-coupon (TC)
Tensile strength

and strain capacity Tensile-ptism (TP)
Flexural strength Modified JSCE-G552-

and curvature capacity 1999

Flexural test

Loading
grip

2
LvDT
Lvot holder ™

330

l Plan

Fig. 1 Tensile Coupon Test Fig. 2 Tensile Prism Test

Elevation
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Fig. 3 Flexural Test

Photo 1 Example of Omuni-Mixer
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Table 5 Fresh Property

Table 6 Mechanical Property

i Comp. Test TC test TP test Flexural test
Mix Mixing Fresh Spsc‘mc Air Siump Slump - -
vol femp. | gravity | cont flow Mix | Comp. | Etastic ‘ig‘r::ﬁ;e Tensile L:'e‘;"s‘:;e Tensile | Uttimate |Modutus of
- strength | modulus| .~ | strength .~ Istrength{ curvature | rupture
(ma) (deg C) (kg/ms) (%) (cm) (em) strain strain o
P1N1 05 280] 1870 | 60| 235 495 wpa) | @y | 0 | apa) | o0 | wPa | LU0 | pa)
P1N2 05 317] 17es | 10s] 255 55.0 P1N1 ’ 4 290] 514 1.18] 276
PIN3 [ os ats| 1752 |120] 250 55.0 PiN2 | 315] 142 3.00] 457 ’
P1N4 0.8 30.9 1789 11.0] 245 51.5 PINS 275 127] 308 4.06) -
PING o8 YUY P R oo PiN4 | 334] 152 249] 4.89
PiNs | 374] 167] 245] 5.9
P1M1 038 316] 1868 7.8 25.0 55.0
BIND - pys g — o P1M1 315 150] 196] 4.0 i l
- 2 . . PimM2 ]| 279] 139] 329] 393 - » l -
PiN6 | o8 260f 1788 ] 135] 250 455 PIN6 | 316| 149 3.17] 395 165] 363 319 136
PiN7 | 08 320] 1866 | 88 ] 265 530 PIN7 | 366 17.2] 255] 451 160] 356 249 14.1
PiM3 | o8 300] 1808 | 140} 27.0 570 PiM3 | 304] 144] 251] 340 198 389 297 13.0
PiM4 | os 310] 1824 ] 105] 275 56.0 piMa | 320] 152 3s0] 401 210f 360 344 13.8
P2N1 0.4 23.9 1845 9.1 22.0 39.0 P2N1 28.1 143 205 434 -
P2M1 0.4 235] 17838 ] 10s| eso 49.5 P2M1 247 123 368 393 - l i -
P2m2 0.4 25.1 1757 12.9 25.0 51.0 P2M2 24.0 123] 3.96 4.00f 2.22 3.94] 370 12.0
P2M3 0.4 25,9 1767 12.5 25.0 51.0 P2M3 24.6 12.6 4.34 3.96] 2.59 3.27] 382 13.5
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Fig. 4 Assumption of Strain Distribution in Flexural Specimen Section

(left; strain distribution, right: stress distribution)
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Photo 2 Slump Flow of ECC
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Fig. 5 Compressive Stress-Strain

Photo 3 Casting ECC in Form Work
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Table 7 Effect of Experimental Parameter
Property Ambient temp. Cement type Manufacturer
Spring | Winter | Mix-N | Mix-M P1 P2
Compressive MPay| 324 341] 330 304 330 244
strength
Elastic
14.7)
modulus (GPa) 15.8 151 14.6) 151 12.4
Ultimate o
tensile strain (TC test) (%) 2.88; 2.86 2.88] 2.93| 2.88 3.99
Tensile
strenath (TC test) (MPa) 4.57] 4.23 4.49 3.81 4.49 3.96
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Fig. 6 Tensile Stress-Strain Profile in TC Test
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Fig. 7 Tensile Stress-Strain Profile in TP Test
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Fig. 8 Flexural Test Result
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