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Fig. S1: The normal displacements of Σ5(210), Σ5(310), Σ17(410) and Σ13(510) GBs for (a) pure Cu, (b) 2 at.% Al solute and (c) 3 at.% Al solute, respectively. For the interpretation of the legend color of the figures, the reader is referred to the online version.
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Fig. S2: The figure shows average stress-drop values in each period for Σ5(210) GB with 2 at.% and 3 at.% Al solute concentration at different temperatures. For the interpretation of the legend color of the figures, the reader is referred to the online version.
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Fig. S3: Average critical stress of Σ5(210) GB as a function of temperature for each doping Al concentration. For the interpretation of the legend color of the figures, the reader is referred to the online version.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Fig. S4: Average critical stress of Σ5(210) GB as a function of Al solute concentration at each fixed temperature. For the interpretation of the legend color of the figures, the reader is referred to the online version.

To further explore the dependence of average critical stress of Σ5(210) grain boundary subjected to shear loading, we have fit the average critical stress as a function of Al solute concentrations for each fixed temperature between 200 and 800 K. It is found the linear relation  possesses best fitting (Fig. S4). The parameters a and  for each case are listed in Table S2, where a depends on the temperature, attempt frequency and others, and  is the critical stress corresponding to the pure Cu with the same GB structure and temperature. It is noticed that the value of  at each case is close to the one for pure Al in similar conditions as reported in Ref. [38].  
Table S1: The fitting parameters for the dependence of critical stress on temperature.
	
	2 at.% at.00 K
	4 at.%
	6 at.%

	B(GPa˙K-2/3)
	0.014
	0.023
	0.026

	

	1.709
	2.459
	2.813



Table S2: The fitting parameters for the dependence of critical stress on Al concentration.
	
	200 K
	400 K
	600 K
	800 K

	a(GPa)
	0.17
	0.12
	0.07
	0.05

	
	0.97
	0.74
	0.62
	0.47
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Fig. S5: Cloud picture for GB motions of Cu-Al alloy with Σ5(210) with respect to temperatures and Al concentrations. For the interpretation of the legend color of the figures, the reader is referred to the online version.
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Fig. S6: The normal displacement evolutions for Σ5(210) GB with 2 at.% Al solute and different heights of grains at 200 K. For the interpretation of the legend color of the figures, the reader is referred to the online version.
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[bookmark: _GoBack]Fig. S7: The normal GB displacement for Cu-Al alloy with 0.2 at.% (a) and 1 at.% (b) Al solute. The atoms in red color represent those migrate latter which have higher positions, while those in blue color migrate earlier with lower positions. For the interpretation of the atomic color in the figures, the reader is referred to the online version.
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