Article highlights
Experimental research on damage evolution and stability control of surrounding rock in deep coal mines
· [bookmark: _Hlk228044780]A three-tier strategy integrates support, grouting, and borehole pressure relief.
· Physical models reveal damage evolution and stress transfer during unloading.
· Unsupported rock damage drives peak stress migration into deeper regions.
· Model supports remain stable at twice the initial in situ stress.
· Field monitoring confirms restrained deformation and improved rock stress states.

