
Sensitivity to change in the length scale
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 ⇤` = constant
<latexit sha1_base64="6QohkDAueCHhPIhvsEUwxUeSvbg="></latexit><latexit sha1_base64="6QohkDAueCHhPIhvsEUwxUeSvbg="></latexit><latexit sha1_base64="6QohkDAueCHhPIhvsEUwxUeSvbg="></latexit><latexit sha1_base64="6QohkDAueCHhPIhvsEUwxUeSvbg="></latexit>

<̀latexit sha1_base64="fnhfYIYRsGoSTVW6vPwIBLNTxHc="></latexit><latexit sha1_base64="fnhfYIYRsGoSTVW6vPwIBLNTxHc="></latexit><latexit sha1_base64="fnhfYIYRsGoSTVW6vPwIBLNTxHc="></latexit><latexit sha1_base64="fnhfYIYRsGoSTVW6vPwIBLNTxHc="></latexit>

2`
<latexit sha1_base64="H8S+SrKHlrmop5gqrhy+fKbOes8="></latexit><latexit sha1_base64="H8S+SrKHlrmop5gqrhy+fKbOes8="></latexit><latexit sha1_base64="H8S+SrKHlrmop5gqrhy+fKbOes8="></latexit><latexit sha1_base64="H8S+SrKHlrmop5gqrhy+fKbOes8="></latexit>

�a
<latexit sha1_base64="EohOzQ2UZoEBeKwHApI1ngGru2A="></latexit><latexit sha1_base64="EohOzQ2UZoEBeKwHApI1ngGru2A="></latexit><latexit sha1_base64="EohOzQ2UZoEBeKwHApI1ngGru2A="></latexit><latexit sha1_base64="EohOzQ2UZoEBeKwHApI1ngGru2A="></latexit>

• Energy dissipated in the shown volume

/  ⇤`�a

• The energy dissipated per unit surface
area of crack extension

/  ⇤`

<latexit sha1_base64="+MldOaiWN4FWbte8TOAqdgpBMCw="></latexit>



3-Pt Bend tests of Bazant and co-workers
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• Multi-million experimental research effort on concrete funded by DOT in
2013, to obtain pedigreed data from a single batch of concrete.

<latexit sha1_base64="gdZ3A/cstCo3vmIRmjeVeNWkB2c="></latexit><latexit sha1_base64="gdZ3A/cstCo3vmIRmjeVeNWkB2c="></latexit><latexit sha1_base64="gdZ3A/cstCo3vmIRmjeVeNWkB2c="></latexit><latexit sha1_base64="gdZ3A/cstCo3vmIRmjeVeNWkB2c="></latexit>



3-Pt Bend tests of Bazant and co-workers
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Notch width: 1.5 mm

Thickness of specimens: 40 mm D= 40 to 500 mm



(Hoover and Bazant,2013)

D
<latexit sha1_base64="jzHNDnkZCeZMuLp27f4bdcTa35g=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrezevsJleaxfDCTBP2IDiUPOaPGWo27frniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDl2uMyA==</latexit><latexit sha1_base64="jzHNDnkZCeZMuLp27f4bdcTa35g=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrezevsJleaxfDCTBP2IDiUPOaPGWo27frniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDl2uMyA==</latexit><latexit sha1_base64="jzHNDnkZCeZMuLp27f4bdcTa35g=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrezevsJleaxfDCTBP2IDiUPOaPGWo27frniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDl2uMyA==</latexit><latexit sha1_base64="jzHNDnkZCeZMuLp27f4bdcTa35g=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU8WwyWIRq05ANQousWm4EdhJFNIoENgOxrezevsJleaxfDCTBP2IDiUPOaPGWo27frniVt25yCp4OVQgV71f/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/my86JWfWGZAwVvZJQ+bu74mMRlpPosB2RtSM9HJtZv5X66YmvPYzLpPUoGSLj8JUEBOT2dVkwBUyIyYWKFPc7krYiCrKjM2mZEPwlk9ehdZF1bPcuKzUbvI4inACp3AOHlxBDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyR8/kDl2uMyA==</latexit>

↵D
<latexit sha1_base64="3uqO0VCWCobQgqcHY/+2FCqNEBc=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPHCvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO565Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qEODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QNx5I+Q</latexit><latexit sha1_base64="3uqO0VCWCobQgqcHY/+2FCqNEBc=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPHCvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO565Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qEODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QNx5I+Q</latexit><latexit sha1_base64="3uqO0VCWCobQgqcHY/+2FCqNEBc=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPHCvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO565Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qEODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QNx5I+Q</latexit><latexit sha1_base64="3uqO0VCWCobQgqcHY/+2FCqNEBc=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY1IPHCvYD2lAm2027dLNJdzdCCf0TXjwo4tW/481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0VZg8YiVu0ANRNcsobhRrB2ohhGgWCtYHQ7q7eemNI8lo9mkjA/woHkIadorNXuokiGSO565Ypbdeciq+DlUIFc9V75q9uPaRoxaahArTuemxg/Q2U4FWxa6qaaJUhHOGAdixIjpv1svu+UnFmnT8JY2ScNmbu/JzKMtJ5Ege2M0Az1cm1m/lfrpCa89jMuk9QwSRcfhakgJiaz40mfK0aNmFhAqrjdldAhKqTGRlSyIXjLJ69C86LqWX64rNRu8jiKcAKncA4eXEEN7qEODaAg4Ble4c0ZOy/Ou/OxaC04+cwx/JHz+QNx5I+Q</latexit>

Three point bend tests -Concrete

34D= 40 to 500 mm



Simulation

�
<latexit sha1_base64="n+37S20jEjgxzEzS1rFce4RN6e4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLtWLssunFZwT6gHUomk2mjmWRIMkIZ+g9uXCji1v9x59+YPgQVPXDhcM693HtPmHKmDUIfTmFldW19o7hZ2tre2d0r7x90tMwUoW0iuVS9EGvKmaBtwwynvVRRnIScdsO7y5nfvadKMyluzCSlQYJHgsWMYGOlziCi3OBhuYJc5NfPah5EbrVWa/i+Jb7XQHUEPRfNUQFLtIbl90EkSZZQYQjHWvc9lJogx8owwum0NMg0TTG5wyPat1TghOogn187hSdWiWAslS1h4Fz9PpHjROtJEtrOBJux/u3NxL+8fmbiRpAzkWaGCrJYFGccGglnr8OIKUoMn1iCiWL2VkjGWGFibEAlG8LXp/B/0qm6nuXXfqV5sYyjCI7AMTgFHjgHTXAFWqANCLgFD+AJPDvSeXRenNdFa8FZzhyCH3DePgHrRo9a</latexit><latexit sha1_base64="n+37S20jEjgxzEzS1rFce4RN6e4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLtWLssunFZwT6gHUomk2mjmWRIMkIZ+g9uXCji1v9x59+YPgQVPXDhcM693HtPmHKmDUIfTmFldW19o7hZ2tre2d0r7x90tMwUoW0iuVS9EGvKmaBtwwynvVRRnIScdsO7y5nfvadKMyluzCSlQYJHgsWMYGOlziCi3OBhuYJc5NfPah5EbrVWa/i+Jb7XQHUEPRfNUQFLtIbl90EkSZZQYQjHWvc9lJogx8owwum0NMg0TTG5wyPat1TghOogn187hSdWiWAslS1h4Fz9PpHjROtJEtrOBJux/u3NxL+8fmbiRpAzkWaGCrJYFGccGglnr8OIKUoMn1iCiWL2VkjGWGFibEAlG8LXp/B/0qm6nuXXfqV5sYyjCI7AMTgFHjgHTXAFWqANCLgFD+AJPDvSeXRenNdFa8FZzhyCH3DePgHrRo9a</latexit><latexit sha1_base64="n+37S20jEjgxzEzS1rFce4RN6e4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLtWLssunFZwT6gHUomk2mjmWRIMkIZ+g9uXCji1v9x59+YPgQVPXDhcM693HtPmHKmDUIfTmFldW19o7hZ2tre2d0r7x90tMwUoW0iuVS9EGvKmaBtwwynvVRRnIScdsO7y5nfvadKMyluzCSlQYJHgsWMYGOlziCi3OBhuYJc5NfPah5EbrVWa/i+Jb7XQHUEPRfNUQFLtIbl90EkSZZQYQjHWvc9lJogx8owwum0NMg0TTG5wyPat1TghOogn187hSdWiWAslS1h4Fz9PpHjROtJEtrOBJux/u3NxL+8fmbiRpAzkWaGCrJYFGccGglnr8OIKUoMn1iCiWL2VkjGWGFibEAlG8LXp/B/0qm6nuXXfqV5sYyjCI7AMTgFHjgHTXAFWqANCLgFD+AJPDvSeXRenNdFa8FZzhyCH3DePgHrRo9a</latexit><latexit sha1_base64="n+37S20jEjgxzEzS1rFce4RN6e4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLtWLssunFZwT6gHUomk2mjmWRIMkIZ+g9uXCji1v9x59+YPgQVPXDhcM693HtPmHKmDUIfTmFldW19o7hZ2tre2d0r7x90tMwUoW0iuVS9EGvKmaBtwwynvVRRnIScdsO7y5nfvadKMyluzCSlQYJHgsWMYGOlziCi3OBhuYJc5NfPah5EbrVWa/i+Jb7XQHUEPRfNUQFLtIbl90EkSZZQYQjHWvc9lJogx8owwum0NMg0TTG5wyPat1TghOogn187hSdWiWAslS1h4Fz9PpHjROtJEtrOBJux/u3NxL+8fmbiRpAzkWaGCrJYFGccGglnr8OIKUoMn1iCiWL2VkjGWGFibEAlG8LXp/B/0qm6nuXXfqV5sYyjCI7AMTgFHjgHTXAFWqANCLgFD+AJPDvSeXRenNdFa8FZzhyCH3DePgHrRo9a</latexit>

d
<latexit sha1_base64="ROx/Xw0XRiZy5/Eopabg5924NLE=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWzmbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDerd55QaZ7IBzNJ0Y/pUPKIM2qs1QwHlapbc+ciq+AVUIVCjUHlqx8mLItRGiao1j3PTY2fU2U4Ezgt9zONKWVjOsSeRUlj1H4+X3RKzq0TkihR9klD5u7viZzGWk/iwHbG1Iz0cm1m/lfrZSa68XMu08ygZIuPokwQk5DZ1STkCpkREwuUKW53JWxEFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPH64zo</latexit><latexit sha1_base64="ROx/Xw0XRiZy5/Eopabg5924NLE=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWzmbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDerd55QaZ7IBzNJ0Y/pUPKIM2qs1QwHlapbc+ciq+AVUIVCjUHlqx8mLItRGiao1j3PTY2fU2U4Ezgt9zONKWVjOsSeRUlj1H4+X3RKzq0TkihR9klD5u7viZzGWk/iwHbG1Iz0cm1m/lfrZSa68XMu08ygZIuPokwQk5DZ1STkCpkREwuUKW53JWxEFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPH64zo</latexit><latexit sha1_base64="ROx/Xw0XRiZy5/Eopabg5924NLE=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWzmbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDerd55QaZ7IBzNJ0Y/pUPKIM2qs1QwHlapbc+ciq+AVUIVCjUHlqx8mLItRGiao1j3PTY2fU2U4Ezgt9zONKWVjOsSeRUlj1H4+X3RKzq0TkihR9klD5u7viZzGWk/iwHbG1Iz0cm1m/lfrZSa68XMu08ygZIuPokwQk5DZ1STkCpkREwuUKW53JWxEFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPH64zo</latexit><latexit sha1_base64="ROx/Xw0XRiZy5/Eopabg5924NLE=">AAAB6HicbZBNS8NAEIYnftb6VfXoZbEInkoigh6LXjy2YD+gDWWzmbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDerd55QaZ7IBzNJ0Y/pUPKIM2qs1QwHlapbc+ciq+AVUIVCjUHlqx8mLItRGiao1j3PTY2fU2U4Ezgt9zONKWVjOsSeRUlj1H4+X3RKzq0TkihR9klD5u7viZzGWk/iwHbG1Iz0cm1m/lfrZSa68XMu08ygZIuPokwQk5DZ1STkCpkREwuUKW53JWxEFWXGZlO2IXjLJ69C+7LmWW5eVeu3RRwlOIUzuAAPrqEO99CAFjBAeIZXeHMenRfn3flYtK45xcwJ/JHz+QPH64zo</latexit>

Displacements magnified 10x

D = 93KK
↵ = 0.3

<latexit sha1_base64="S5hIb6KHQkPQCHcypE28o2ST/Sg=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjAqFhJ2jaAWQlALywjmAtklzE4myZCZ3WXmrBiWvICNr2JjoYitvZ1v4yTZQhMPDHz8/zmcOb8fCa7Btr+tzNz8wuJSdjm3srq2vpHf3KrpMFaUVWkoQtXwiWaCB6wKHARrRIoR6QtW9/tXI79+z5TmYXAHg4h5knQD3uGUgJFa+b1rfHCBz0vYPXKBPUAi5RC7bs4lIuqRkWcXS618wS7a48Kz4KRQQGlVWvkvtx3SWLIAqCBaNx07Ai8hCjgVbJhzY80iQvuky5oGAyKZ9pLxNUO8b5Q27oTKvADwWP09kRCp9UD6plMS6OlpbyT+5zVj6Jx5CQ+iGFhAJ4s6scAQ4lE0uM0VoyAGBghV3PwV0x5RhIIJMGdCcKZPnoXacdExfHtSKF+mcWTRDtpFh8hBp6iMblAFVRFFj+gZvaI368l6sd6tj0lrxkpnttGfsj5/ADOnmHk=</latexit><latexit sha1_base64="S5hIb6KHQkPQCHcypE28o2ST/Sg=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjAqFhJ2jaAWQlALywjmAtklzE4myZCZ3WXmrBiWvICNr2JjoYitvZ1v4yTZQhMPDHz8/zmcOb8fCa7Btr+tzNz8wuJSdjm3srq2vpHf3KrpMFaUVWkoQtXwiWaCB6wKHARrRIoR6QtW9/tXI79+z5TmYXAHg4h5knQD3uGUgJFa+b1rfHCBz0vYPXKBPUAi5RC7bs4lIuqRkWcXS618wS7a48Kz4KRQQGlVWvkvtx3SWLIAqCBaNx07Ai8hCjgVbJhzY80iQvuky5oGAyKZ9pLxNUO8b5Q27oTKvADwWP09kRCp9UD6plMS6OlpbyT+5zVj6Jx5CQ+iGFhAJ4s6scAQ4lE0uM0VoyAGBghV3PwV0x5RhIIJMGdCcKZPnoXacdExfHtSKF+mcWTRDtpFh8hBp6iMblAFVRFFj+gZvaI368l6sd6tj0lrxkpnttGfsj5/ADOnmHk=</latexit><latexit sha1_base64="S5hIb6KHQkPQCHcypE28o2ST/Sg=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjAqFhJ2jaAWQlALywjmAtklzE4myZCZ3WXmrBiWvICNr2JjoYitvZ1v4yTZQhMPDHz8/zmcOb8fCa7Btr+tzNz8wuJSdjm3srq2vpHf3KrpMFaUVWkoQtXwiWaCB6wKHARrRIoR6QtW9/tXI79+z5TmYXAHg4h5knQD3uGUgJFa+b1rfHCBz0vYPXKBPUAi5RC7bs4lIuqRkWcXS618wS7a48Kz4KRQQGlVWvkvtx3SWLIAqCBaNx07Ai8hCjgVbJhzY80iQvuky5oGAyKZ9pLxNUO8b5Q27oTKvADwWP09kRCp9UD6plMS6OlpbyT+5zVj6Jx5CQ+iGFhAJ4s6scAQ4lE0uM0VoyAGBghV3PwV0x5RhIIJMGdCcKZPnoXacdExfHtSKF+mcWTRDtpFh8hBp6iMblAFVRFFj+gZvaI368l6sd6tj0lrxkpnttGfsj5/ADOnmHk=</latexit><latexit sha1_base64="S5hIb6KHQkPQCHcypE28o2ST/Sg=">AAACDXicbZC7SgNBFIZn4y3GW9TSZjAqFhJ2jaAWQlALywjmAtklzE4myZCZ3WXmrBiWvICNr2JjoYitvZ1v4yTZQhMPDHz8/zmcOb8fCa7Btr+tzNz8wuJSdjm3srq2vpHf3KrpMFaUVWkoQtXwiWaCB6wKHARrRIoR6QtW9/tXI79+z5TmYXAHg4h5knQD3uGUgJFa+b1rfHCBz0vYPXKBPUAi5RC7bs4lIuqRkWcXS618wS7a48Kz4KRQQGlVWvkvtx3SWLIAqCBaNx07Ai8hCjgVbJhzY80iQvuky5oGAyKZ9pLxNUO8b5Q27oTKvADwWP09kRCp9UD6plMS6OlpbyT+5zVj6Jx5CQ+iGFhAJ4s6scAQ4lE0uM0VoyAGBghV3PwV0x5RhIIJMGdCcKZPnoXacdExfHtSKF+mcWTRDtpFh8hBp6iMblAFVRFFj+gZvaI368l6sd6tj0lrxkpnttGfsj5/ADOnmHk=</latexit>
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Simulations vs. Experiments
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Simulation (Our model)Experiments (Hoover and Bazant)

Material Parameters

E ⌫ Sc { ✏ccrit  ⇤ ` ⇣

41 0.17 4.5 0.7 4.4x 10�4 3.8 2 40
GPa - MPa - - kJ/m 3 mm kPa-s

<latexit sha1_base64="mDFoopp5BS97ZsMI+LBGK+LG4a0="></latexit><latexit sha1_base64="mDFoopp5BS97ZsMI+LBGK+LG4a0="></latexit><latexit sha1_base64="mDFoopp5BS97ZsMI+LBGK+LG4a0="></latexit><latexit sha1_base64="mDFoopp5BS97ZsMI+LBGK+LG4a0="></latexit>

Lo
ad

(k
N
)

<latexit sha1_base64="Zia7aQzUmdNhkL58TBP7oCpqp7c="></latexit><latexit sha1_base64="Zia7aQzUmdNhkL58TBP7oCpqp7c="></latexit><latexit sha1_base64="Zia7aQzUmdNhkL58TBP7oCpqp7c="></latexit><latexit sha1_base64="Zia7aQzUmdNhkL58TBP7oCpqp7c="></latexit>

Opening displacement (mm)
<latexit sha1_base64="2Vx/szlOW8lWNkwR1yG2asutQog="></latexit><latexit sha1_base64="2Vx/szlOW8lWNkwR1yG2asutQog="></latexit><latexit sha1_base64="2Vx/szlOW8lWNkwR1yG2asutQog="></latexit><latexit sha1_base64="2Vx/szlOW8lWNkwR1yG2asutQog="></latexit>

D = 93mm
↵ = 0

<latexit sha1_base64="aLESHmmbMn/iziu3nB/aJAvD9AE="></latexit><latexit sha1_base64="aLESHmmbMn/iziu3nB/aJAvD9AE="></latexit><latexit sha1_base64="aLESHmmbMn/iziu3nB/aJAvD9AE="></latexit><latexit sha1_base64="aLESHmmbMn/iziu3nB/aJAvD9AE="></latexit>

D = 93mm
↵ = 0.15

<latexit sha1_base64="8Cjlc/+hSvt7f9WzsvxEHDCl5yE="></latexit><latexit sha1_base64="8Cjlc/+hSvt7f9WzsvxEHDCl5yE="></latexit><latexit sha1_base64="8Cjlc/+hSvt7f9WzsvxEHDCl5yE="></latexit><latexit sha1_base64="8Cjlc/+hSvt7f9WzsvxEHDCl5yE="></latexit>

D = 93mm
↵ = 0.3

<latexit sha1_base64="gqIq2uCUO0ZRrkb0LLThgml0J/c="></latexit><latexit sha1_base64="gqIq2uCUO0ZRrkb0LLThgml0J/c="></latexit><latexit sha1_base64="gqIq2uCUO0ZRrkb0LLThgml0J/c="></latexit><latexit sha1_base64="gqIq2uCUO0ZRrkb0LLThgml0J/c="></latexit>



Simulation vs Experiment
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Material Parameters
E ⌫ Sc { ✏ccrit  ⇤ ` ⇣

41 0.17 4.5 0.7 4.4x 10�4 3.8 2 40
GPa - MPa - - kJ/m 3 mm kPa-s

<latexit sha1_base64="mDFoopp5BS97ZsMI+LBGK+LG4a0="></latexit><latexit sha1_base64="mDFoopp5BS97ZsMI+LBGK+LG4a0="></latexit><latexit sha1_base64="mDFoopp5BS97ZsMI+LBGK+LG4a0="></latexit><latexit sha1_base64="mDFoopp5BS97ZsMI+LBGK+LG4a0="></latexit>

Simulation (Our model)Experiments (Hoover and Bazant)

Opening displacement (mm)
<latexit sha1_base64="2Vx/szlOW8lWNkwR1yG2asutQog="></latexit><latexit sha1_base64="2Vx/szlOW8lWNkwR1yG2asutQog="></latexit><latexit sha1_base64="2Vx/szlOW8lWNkwR1yG2asutQog="></latexit><latexit sha1_base64="2Vx/szlOW8lWNkwR1yG2asutQog="></latexit>

Lo
ad

(k
N
)

<latexit sha1_base64="Zia7aQzUmdNhkL58TBP7oCpqp7c="></latexit><latexit sha1_base64="Zia7aQzUmdNhkL58TBP7oCpqp7c="></latexit><latexit sha1_base64="Zia7aQzUmdNhkL58TBP7oCpqp7c="></latexit><latexit sha1_base64="Zia7aQzUmdNhkL58TBP7oCpqp7c="></latexit>

D = 40mm
↵ = 0.3

<latexit sha1_base64="LfHpUrMpm75svOAiGPm7+zFEi7w="></latexit><latexit sha1_base64="LfHpUrMpm75svOAiGPm7+zFEi7w="></latexit><latexit sha1_base64="LfHpUrMpm75svOAiGPm7+zFEi7w="></latexit><latexit sha1_base64="LfHpUrMpm75svOAiGPm7+zFEi7w="></latexit>

D = 215mm
↵ = 0.3

<latexit sha1_base64="oADb4J/EEKcfsyMEvb5lXZUmjZ0="></latexit><latexit sha1_base64="oADb4J/EEKcfsyMEvb5lXZUmjZ0="></latexit><latexit sha1_base64="oADb4J/EEKcfsyMEvb5lXZUmjZ0="></latexit><latexit sha1_base64="oADb4J/EEKcfsyMEvb5lXZUmjZ0="></latexit>

D = 500mm
↵ = 0.3

<latexit sha1_base64="9kPVwixUICA2gr/TT40WmLZ+iEY="></latexit><latexit sha1_base64="9kPVwixUICA2gr/TT40WmLZ+iEY="></latexit><latexit sha1_base64="9kPVwixUICA2gr/TT40WmLZ+iEY="></latexit><latexit sha1_base64="9kPVwixUICA2gr/TT40WmLZ+iEY="></latexit>
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Mixed-mode fracture tests



Asymmetric bend tests

39

(Galvez et al, 1998)

Notch width : 2 mm

Dimensions in mm

Thickness : 50

37.5 300

150
75

150300

675

150
u,P

u,P

Three-point bend : 

simulated crack path

Four-point bend : 

simulated crack path



Comparison of predicted and measured crack paths

40

Reported crack paths  
(Galvez et al,1998)

Three-point bend:  
Crack paths — Expt. and Simulation

Four-point bend:  
Crack paths — Expt. and Simulation


