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Figure 2.1 Fracture energy test performed using an MTS closed-loop electro-
hydraulic testing system.
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Figure 3.1 Schematic representation of fracture energy test specimen.

Wo = area under joad—deflection curve;

| = length of specimen between the supports;
L = length of the tota! specimen.
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Figure 3.2 Fracture specimen load-deflection curves for basalt and limestone high-strength concretes -
high aggregate content. (HB-12h.3 and HL-12h.2)
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Figure 3.5 Profile of fracture surfaces for basalt and limestone normai and high-strength concretes --

12 mm (1/2 in.) high aggregate content.
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Figure 3.6 Fracture specimen ioad-deflection curves for 12 mm (1/2 in.) and 19 mm (3/4 in.} basalt high-strength
concrete -- high aggregate content. (HB-12h.2 and HB-19h.1)
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Figure 3.7 Fracture specimen load-deflection curves for 12 mm (1/2 in.) and 19 mm (3/4 in.) basalt high-
strength concretes -- high aggregate content. (HB-12h.3 and HB-19h.2)
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Figure 3.8 Fracture specimen load-defiection curves for 12 mm (1/2 in.) and 19 mm (3/4 in.) basalt normai-
strength concretes -- high aggregate content. (NB-12h and NB-19h)
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Figure 3.10 Fracture specimen load-deflection curves for high and low basalt aggregate contents --
high-strength concrete. (HB-12h.3 and HB-121.2)
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Figure 3.11 Fracture specimen load-deflection curves for high and low limestone aggregate contents --
high-strength concrete. (HL-12h.2 and HL-121)
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Figure 3.12 Fracture specimen load-deflection curves for high and low basalt aggregate contents --
normal-strength concrete. (NB-12h and NB-12I}
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Figure 3.13 Fracture specimen load-deflection curves for high and low limestone aggregate contents -
normal-strength concrete. (NL-12h and NL-121)
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Figure 3.14 Flexural strength versus compressive strength for normal and high-strength concretes.
*B=basalt; L=limestone; 12=12 mm; 19=19 mm; h=high aggregate content; {=low aggregate content.
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Figure 3.15 Fracture energy versus compressive strength for normal and high-strength concretes.
* B=basalt; L=limestone; 12=12 mm; 19=19 mm; h=high aggregate content; I=low aggregate content.
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Figure 3.16 Fracture specimen load-deflection curves for normal and high-strength concretes containing
19 mm (3/4 in.) basalt --high aggregate content. (HB-18h.1 and NB-19h)
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Figure 3.17 Fracture specimen load-deflection curves for normal and high-strength concretes containing
12 mm (1/2 in.) basait -- high aggregate content. (HB-12h.3 and NB-12h)
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Figure 3.18 Fracture specimen load-deflection curves for normal and high-strength concretes containing
12 mm (1/2 in.) basalt -- low aggregate content. (HB-121.2 and NB-121)
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Figure 3.19 Fracture specimen load-deflection curves for normal and high-strength concretes containing
12 mm (1/2 in.) limestone -- high aggregate content. (HL-12h.2 and NL-12})
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Figure 3.21 Fracture energy versus flexural strength for normal and high-strength concretes.

*B=basalt; L=limestone; 12=12 mm; 19=19 mm; h=high aggregate content; I=low aggregate content.
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Table A.1
Fracture Energy Test Data
(S.I. Units)
Group | Peak Load | Deflection*| Wo Area mi
(N) (mm) (m-N) | (mm% | (kg)
9,899 0.863 1.00 7658
HB-19h.1 | 10,801 0.945 0.99 7813 7.7
11,201 1.818 1.32 7819
10,574 1.524 1.57 7865
HB-1Sh.2 | 9,147 1.266 1.00 7839 7.7
10,263 0.701 1.12 7742
11,588 0.796 1.09 7833
HB-12h.1 | 12,081 0.876 1.18 7645 7.8
10,668 0.879 1.11 7839
9,921 1.218 1.21 7742
HB-12h.2 | 11,357 1.369 1.39 7710 7.7
11,837 1,087 1.09 7806
11,405 1.027 1.26 7813
HB-12h.3 | 11,054 1.300 1.52 7865 7.8
9,321 1.146 1.09 7651
10,103 1.330 1.20 7865
HB-121.1 X X X X 7.7
X X X X
8,996 1.686 1.11 7845
HB-121.2 | 10,090 2.038 1.43 7826 7.6
8,956 1.247 0.92 7961
7,912 0.486 0.50 7845
HL-12h.2 | 7,316 0.486 0.44 7613 7.6
7,374 0.415 0.43 7865
7,396 0.531 0.49 7787
HL-12] 7,418 0.526 0.49 7742 7.4
7,294 0.417 0.42 7774
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Group | Peak Load | Deflection*| Wo Area mi
(N) (mm) | (m-N) | (mm?) | (k)
6,529 2.034 1.67 7968
NB-19h 5,658 3.057 1.50 7916 7.7
6,516 2.963 1.54 7806
6,241 3.884 1.18 7703
NB-12h 5,192 2.259 1.08 7658 7.5
5,414 3.067 i 1.28 7658
5,458 2.741 1.17 7573
NB-12| | 5,645 2.363 1.23 7677 7.4
i 5,565 2.465 1.19 7728
| 6,276 0.730 0.49 7884
NL-12h 5,396 0.731 0.46 7781 7.5
5,427 0.592 0.42 7800
4,876 0.599 0.36 7651
NL-12] 5,103 0.577 0.32 7632 7.5
4,640 0.697 0.44 7503
For all tests: |=0.3048 m
L =0.3556 m
m2 = 0.227 kg

*at failure
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Table A.2

Fracture Energy Test Data
(Customary Units)

Group | Peak Load | Deflection® Wo Area m1
(Ib) (in.) (in-Ib) (in%) (Ib/g)
2,227 0.034 8.83 11.9
HB-19h.1 2,430 0.037 8.80 12.1 0.53
2,520 0.072 11.68 12.1
2,379 0.060 13.90 12.2
HB-19h.2 2,058 0.050 8.83 12.2 0.53
2,309 0.028 9.93 12.0
2,607 0.031 - 9.66 12.1
HB-12h.1 2,718 0.035 10.46 11.9 0.53
2,400 0.035 9.83 12.2
2,232 0.048 10.72 12.0
HB-12h.2 2,555 0.054 12.30 11.9 0.53
2,663 0.043 9.67 12.1
2,566 0.040 11.20 12.1
HB-12h.3 2,487 0.051 13.43 12.2 0.53
2,097 0.045 9.69 11.9
2,273 0.052 10.67 12.2
HB-121.1 X X X X 0.63
X X X X
2,024 0.066 9.82 12.2
HB-121.2 2,270 0.080 12.64 12.1 0.52
2,015 0.049 8.11 12.3
1,780 0.019 4.43 12.2
HL-12h.2 1,646 0.019 3.92 11.8 0.52
1,659 0.016 3.83 12.2
1,664 0.021 4.35 12.1
HL-12i 1,669 0.021 4.35 12.0 0.51
1,641 0.016 3.76 12.0
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Group | Peak Load | Deflection®) Wo Area mi
(Ib) (in.) (in-b) (in%) (Ib/g)
1,469 0.080 14,79 12.4
NB-19h 1,273 0.120 13.24 12.3 0.53
1,466 0.117 13.62 12.1
1,404 0.153 10.44 11.9
NB-12h 1,168 0.089 9.59 11.9 0.51
1,218 0.121 11.33 11.9
1,228 0.108 10.39 11.7
NB-12I 1,270 0.093 10.86 11.9 0.51
1,252 0.097 10.55 12.0
1,412 0.029 4,34 12.2
NL-12h 1,214 0.029 4.09 12.1 0.52
1,221 0.023 3.76 12.1
1,097 0.024 3.20 11.9
NL-121 1,148 0.023 2.84 11.8 0.52
1,044 0.027 3.93 11.6
For all tests: I=12.0in.
L =14.0in.
m2 = 0.0155 Ib

*at failure







