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Tóm�tҳt�
Tính�ch̭t�c˯�lê�cͯa�than�là�m͡t�trong�các�y͇u�t͙�quan�trọng�gky�ra�hL͏n�t˱ͫng�tr˱ͫt�lͧ�g˱˯ng�than�

trong�quá�trunh�ÿào�lò�và�khaL�thác�làm�̫nh�h˱ͧng�nghLrm�trọng�ÿ͇n�an�toàn�s̫n�xṷt.�V͑a�than�s͙�14-5�
m͗�than�Khe�Chàm�là�v͑a�than�có�ÿ̿c�tính�c˱ͥng�ÿ͡�th̭p,�“than�m͉m´�ÿL͋n�hunh.�Các�k͇t�qu̫�nghLrn�
cͱu�th͹c�nghL͏m�ÿ͡�͝n�ÿ͓nh�cͯa�than�có�c˱ͥng�ÿ͡�th̭p�sau�khL�làm�̱m�và�các�tính�ch̭t�cͯa�nó�cho�th̭y�
l͹c�dính�k͇t�và�ÿ͡�͝n�ÿ͓nh�cͯa�kh͙L�than�tăng�d̯n�tͳ�ÿ͡�̱m�1,1���(ÿ͡�̱m�t͹�nhLrn��ÿ͇n�ÿ͡�̱m�15��(ÿ͡�
̱m�t͙L�˱u�,�sau�ÿó�gL̫m�xu͙ng�khL�ÿ͡�̱m�20�÷�25��(ÿ͡�̱m�bmo�hòa�.�KhL�s͵�dͭng�n˱ͣc�có�cho�phͭ�gLa�
NaCl,�gLá�tr͓�c˱ͥng�ÿ͡�dính�k͇t�cͯa�than�tăng�1,3�÷�1,��l̯n�so�vͣL�k͇t�qu̫�thu�ÿ˱ͫc�khL�s͵�dͭng�n˱ͣc�
th{ng�th˱ͥng.�Nh˱�v̵y,�có�th͋�tăng�ÿ͡�͝n�ÿ͓nh�cͯa�than�m͉m�b̹ng�cách�tăng�ÿ͡�̱m�trong�nó�ÿ͇n�ÿ͡�̱m�
t͙L�˱u.�B̹ng�cách�này,�có�th͋�gL̫m�chL͉u�r͡ng�cͯa�v�ng�phá�hͯy�d̓o�trrn�m̿t�g˱˯ng�khaL�thác,�h̩n�ch͇�
s͹�c͙�lͧ�g˱˯ng�và�tͭt�nóc�lò,�tăng�tính�hL͏u�qu̫�khaL�thác�và�an�toàn�lao�ÿ͡ng.

1. Ĉһt�Yҩn�ÿӅ
Trѭӧt� lӣ� gѭѫng� than� và� ÿá� vách� (hoһc� trҫn�

than)�vào�không�gian�lò�chӧ�thѭӡng�không�có�sӵ�
cҧnh�báo�rõ�ràng,�sұp�lӣ�trong�thӡi�gian�ngҳn,�ҧnh�
hѭӣng�nghirm�trӑng�ÿӃn�hiӋu�quҧ�khai�thác,�gây�
hӓng�hóc�thiӃt�bӏ,�thiӋt�hҥi�vӅ�kinh�tӃ�và�ÿe�dӑa�an�
toàn�lao�ÿӝng�cӫa�công�nhân.�Theo�thӕng�kr,�gҫn�
mӝt�nӱa�sӕ�vө� tai�nҥn� lao�ÿӝng� trong�năm�2012�
ӣ�các�mӓ�than�hҫm�lò�cӫa�Trung�Quӕc�là�do�sұp�
ÿә� lò� vӟi� 459�ngѭӡi� thѭѫng�vong� >1@;�ӣ�Hoa�KǤ�
giai�ÿoҥn�năm�1999�·�2008�có�hѫn�5.940�ngѭӡi�bӏ�
thѭѫng,�75�ngѭӡi�tӱ�vong�và�13.774�vө�không�gây�
thѭѫng�tích�>2@;�ӣ�ViӋt�Nam�giai�ÿoҥn�1995�·�2019�
sұp�ÿә�lò�chiӃm�hѫn�35%�>3@�các�vө�tai�nҥn.�ĈӇ�xӱ�
lê�hұu�quҧ�cӫa�sӵ�cӕ,�lò�chӧ�cѫ�giӟi�hóa�ӣ�vӍa�sӕ�
11�mӓ�than�Hà�Lҫm�ÿm�ngӯng�hoҥt�ÿӝng�lrn�ÿӃn�2�
tuҫn�(năm�2019).�Ѭӟc�tính�thiӋt�hҥi�kinh�tӃ�khoҧng�
140.000�USD�mӛi�ngày�ӣ�lò�chӧ�cѫ�giӟi�hóa�>4@.

Theo� các� nghirn� cӭu� >5-6@,� các� yӃu� tӕ� chính�
ҧnh�hѭӣng�ÿӃn�sұp�ÿә�than�vào�không�gian�lò�chӧ�
là:�ÿiӅu�kiӋn�ÿӏa�chҩt�(cҩu�tҥo�vӍa� than,� tính�chҩt�
ÿá�bao�quanh,�ÿӝ�sâu�khai�thác�v.v.);�tính�chҩt�cѫ�
lê� cӫa� than;�áp� lӵc�mӓ;� tӕc�ÿӝ�di� chuyӇn�cӫa� lò�
chӧ;�cҩu� trúc�vu�chӕng;�chiӅu�cao�khҩu�và�chiӅu�
dày�thu�hӗi�lӟp�than�nóc.�ĈӇ�kiӇm�soát�sӵ�әn�ÿӏnh�
cӫa�khӕi�than�trrn�gѭѫng�lò�chӧ�và�khu�vӵc�khai�
thác,�rҩt�nhiӅu�nghirn�cӭu�vӅ�ÿһc�ÿiӇm�và�kӻ�thuұt�

kiӇm�soát�sӵ�mҩt�әn�ÿӏnh�cӫa�vӍa� than�ÿm�ÿѭӧc�
thӵc�hiӋn.�Mӝt�sӕ�tác�giҧ�ÿm�nhұn�thҩy�rҵng�v�ng�
phá�hӫy�dҿo�ӣ�phía�trѭӟc�cӫa�gѭѫng�than�khi�tăng�
chiӅu�cao�khҩu�gѭѫng�lò�chӧ�rõ�ràng�là�lӟn�hѫn�
rҩt�nhiӅu�so�vӟi�lò�chӧ�có�chiӅu�cao�gѭѫng�khҩu�
nhӓ�>7@.�Tính�chҩt�phân�mҧnh,�giҧm�dính�kӃt�và�lӣ�
gѭѫng�than�cǊng�ÿm�ÿѭӧc�nghirn�cӭu�bӣi�Wu�và�
cӝng�sӵ�>8@.�Mô�hunh�phân� tích� lӵc� tác�ÿӝng� lrn�
gѭѫng�than�và�cѫ�chӃ�phá�hӫy�nó�cǊng�ÿm�ÿѭӧc�
nghirn�cӭu�>9@.�Trrn�cѫ�sӣ�ÿó�hӑ�phát�hiӋn:�dѭӟi�
tác�dөng�cӫa�áp�lӵc�tӵa,�gѭѫng�than�bӏ�biӃn�dҥng�
và�ép�trӗi�vӅ�phía�không�gian�lò�chӧ.�Tҥi�vӏ�trí�khӕi�
than�nҵm�trong�v�ng�ӭng�suҩt�cӵc�ÿҥi,�các�vӃt�nӭt�
xҧy�ra�ӣ�phҫn�trrn�cӫa�gѭѫng�than�ӣ�ÿӝ�cao�0,35�
lҫn� chiӅu�cao�gѭѫng�khai� thác� và� sau�ÿó� tҩt� cҧ�
gѭѫng�than�bӏ�vӥ�ra.�

Trrn�cѫ�sӣ�làm�rõ�các�yӃu�tӕ�ҧnh�hѭӣng�ÿӃn�
sӵ�mҩt�әn�ÿӏnh�cӫa�gѭѫng�than�thông�qua�các�kӃt�
quҧ�nghirn�cӭu,�nhiӅu�giҧi�pháp�kӻ�thuұt�ÿѭӧc�ÿӅ�
xuҩt�nhҵm�tăng�cѭӡng�sӵ�әn�ÿӏnh�cӫa�gѭѫng�than�
trong�quá�trunh�khai�thác�lò�chӧ�ÿm�ÿѭӧc�thӵc�hiӋn�
nhѭ:�phun�ép�hóa�chҩt,�phun�ép�nѭӟc,�xӱ�lê�sӵ�cӕ�
tөt�lӣ�bҵng�thanh�nhói�và�xӃp�cǊi�gӛ.�Kӻ�thuұt�hiӋn�
trѭӡng�cho�thҩy�viӋc�phun�nѭӟc�và�hóa�chҩt�vào�
vӍa�than�có�thӇ�cҧi�thiӋn�mӝt�sӕ�tính�chҩt�cѫ�lê�cӫa�
than�và�ngăn�ngӯa�tai�nҥn.�ĈiӅu�này�ÿm�ÿѭӧc�áp�
dөng�thành�công�ӣ�nhiӅu�mӓ�than�trrn�thӃ�giӟi�>10@�
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cǊng�nhѭ�ӣ�ViӋt�Nam�tҥi�mӓ�than�Khe�Chàm,�Hà�
Lҫm,�v.v.�Nhѭ�vұy,�tính�chҩt�cѫ�lê�cӫa�than�mӅm�
cǊng�là�mӝt�trong�nhӳng�yӃu�tӕ�rҩt�quan�trӑng�gây�
ra�hiӋn�tѭӧng�trѭӧt�lӣ�gѭѫng�than�trong�ÿào�lò�và�
khai�thác.

ĈӇ� nghirn� cӭu� ÿһc� tính� cѫ� hӑc� cӫa� than� có�
ÿһc�tính�cѭӡng�ÿӝ�thҩp�“than�mӅm´,�nhiӅu�tác�giҧ�
ÿm�thӵc�hiӋn�nghirn�cӭu�thӵc�nghiӋm�vӅ�ÿӝ�bӅn�
và�biӃn�dҥng�cӫa� than�vӟi�các�hàm�lѭӧng�nѭӟc�
khác� nhau.�Thӱ� nghiӋm� nén� mүu� than� cӫa� Mӓ�
than�Luling�ӣ�Hoài�Bҳc,�Trung�Quӕc�dѭӟi�các�ÿӝ�
ҭm�khác�nhau�ÿѭӧc�thӵc�hiӋn�bҵng�thiӃt�bӏ�ba�trөc�
TSZ10.�Và�ngѭӡi�ta�nhұn�thҩy�rҵng�ÿӝ�kӃt�dính�và�
ÿӝ�bӅn�cҳt�cӫa� than�có� thӇ�ÿѭӧc�cҧi� thiӋn�bҵng�
cách� bѫm� nѭӟc� hӧp� lê� vào� than� >11@.�Các� thӱ�
nghiӋm�nén�mӝt�trөc�và�ba�trөc�cӫa�mүu�than�tҥi�
Mӓ�than�Tân�Trang�Tӱ�ӣ�Hoài�Nam,�Trung�Quӕc�
trong�các�ÿiӅu�kiӋn�hàm� lѭӧng�nѭӟc�khác�nhau�
cǊng�ÿm�ÿѭӧc�thӵc�hiӋn.�KӃt�quҧ�cho�thҩy�ÿһc�tính�
cѭӡng�ÿӝ�và�biӃn�dҥng�cӫa�than�có�lirn�quan�ÿӃn�
hàm�lѭӧng�nѭӟc�và�cѭӡng�ÿӝ�cӫa�than�tăng�lrn�
sau�khi� bѫm�nѭӟc�hӧp� lê� >12@.�Các�nghirn�cӭu,�
xác� ÿӏnh�góc�nӝi�ma�sát� trong�cӫa� than�và�hàm�
lѭӧng�nѭӟc�khác�nhau�cǊng�ÿm�ÿѭӧc� thӵc�hiӋn�
>13@.�Mӕi�quan�hӋ�giӳa�góc�nghӍ�và�tính�lѭu�ÿӝng�
cӫa�bӝt� than�cǊng�nhѭ�sӵ�gҳn�kӃt�giӳa�các�hҥt�
ÿm�ÿѭӧc�thҧo�luұn.�Ngѭӡi�ta�cǊng�nhұn�thҩy�rҵng�
các�tính�chҩt�cѫ�lê�cӫa�than�mӅm�có�thӇ�ÿѭӧc�cҧi�
thiӋn�ÿáng�kӇ�sau�khi�phun�nѭӟc,�ÿiӅu�này�có�tác�
ÿӝng�tích�cӵc�ÿӃn�viӋc�kiӇm�soát�ÿӝ�әn�ÿӏnh�cӫa�
khӕi� than.�Tuy�nhirn,�cѫ�chӃ�phun�nѭӟc�ÿӇ�tăng�
ÿӝ�әn�ÿӏnh�cӫa�khӕi� than�vүn�chѭa�rõ�ràng.�Ĉһc�
biӋt�ÿӕi�vӟi�các�vӍa�than�mӅm�tҥi�bӇ�than�Quҧng�
Ninh�-�ViӋt�Nam�vүn�chѭa�ÿѭӧc�nghirn�cӭu�thӓa�
ÿáng.�Vu�vұy,� trong�nghirn�cӭu�này�ÿm� tiӃn�hành�
thí�nghiӋm�và�phân�tích�ҧnh�hѭӣng�ÿӝ�әn�ÿӏnh�cӫa�
khӕi�than�sau�khi�làm�ҭm�trrn�mô�hunh;�xác�ÿӏnh�ÿӝ�
bӅn�nén�ÿѫn�trөc�và�lӵc�dính�kӃt�thông�qua�cѭӡng�
ÿӝ�kháng�cҳt�ӣ�các�ÿӝ�ҭm�khác�nhau�cӫa�than.

2. ĈӕL�tѭӧng�Yà�phѭѫng�pháp�nghLrn�cӭu�
VӍa�than�sӕ�14-5�ӣ�mӓ�than�Khe�Chàm�là�vӍa�

than�có�ÿһc�tính�cѭӡng�ÿӝ�thҩp�“than�mӅm´�ÿiӇn�
hunh�ÿѭӧc�ÿánh�giá�có�ÿһc�ÿiӇm�hunh� thái� -�cҩu�
trúc�rҩt�phӭc�tҥp.�VӍa�có�nhiӅu�nӃp�uӕn,�ÿӭt�gmy�
và�biӃn�ÿӝng� lӟn�vӅ�chiӅu�dày� (tӯ�0,2�·�38,8�m,�
trung�bunh�5,7�m)�và�góc�dӕc�vӍa�(tӯ�3�·�60o,�trung�
bunh�27o).�Trong�quá�trunh�khai�thác�và�ÿào�lò�tҥi�
vӍa�than�sӕ�14-5,�thѭӡng�xuyrn�xҧy�ra�các�sӵ�cӕ�
tӵ� sұp� lӣ�gѭѫng�và�nóc� lò� vӟi�quy�mô� lӟn,�ҧnh�
hѭӣng�nghirm�trӑng�ÿӃn�an�toàn�sҧn�xuҩt.�Vu�vұy,�

than� tҥi� vӍa� 14-5� cӫa�mӓ� than� Khe�Chàm� ÿѭӧc�
chӑn�ÿӇ�nghirn�cӭu�trong�công�trunh�này.�

Các�mүu�than�ÿѭӧc�lҩy�ӣ�ÿӝ�sâu�260�·�300�m.�
ĈӇ�duy�tru�ÿӝ�ҭm�tӵ�nhirn,�mүu�than�ÿѭӧc�cho�vào�
túi�chӕng�ҭm�ngay�sau�khi�lҩy�ra�khӓi�vӍa.

Các�nghirn�cӭu�ÿѭӧc� thӵc�hiӋn� trong�phòng�
thí�nghiӋm�vӅ�các�tính�chҩt�cѫ�lê�và�sӵ�phá�hӫy�ÿá�
tҥi�Ĉҥi�hӑc�Mӓ�Sankt-Peterburg,�LB�Nga�và�theo�
các�phѭѫng�pháp�cӫa�hӑ.

3.�KӃt�quҧ�nghLrn�cӭu�mӝt�sӕ�tính�chҩt�cѫ�lê�
cӫa�than�trѭӟc�Yà�sau�khL�làm�ҭm

3�1��;ác�ÿͣnh�mͱt�sͩ�tính�ch̽t�c˿�lê�cͿa�than
Khi�quan�sát�bҵng�mҳt� thѭӡng,� than�có�màu�

xám�ÿen,�khӕi�than�có�sӕ�lѭӧng�lӟn�các�lӟp�mӓng,�
hҫu�nhѭ�không�có�sӵ�kӃt�dính�trong�than�nrn�nó�
cӵc�kǤ�dӉ�vӥ.�Than�có�ÿһc�ÿiӇm�giòn,�nhҽ,�kích�
thѭӟc�trung�bunh�cӫa�tӯng�hҥt�dao�ÿӝng�tӯ�0,2�ÿӃn�
35�mm.�Kích�thѭӟc�tӕi�ÿa�cӫa�tӯng�hҥt�than�rirng�
lҿ�không�vѭӧt�quá�30�·�35�mm,�tӹ�lӋ�các�hҥt�nhѭ�
vұy� trong� tәng� khӕi� lѭӧng�mүu� không� vѭӧt� quá�
2%�(hunh�1).

Các�tính�chҩt�cѫ�lê�phӭc�tҥp�cӫa�than�ÿm�ÿѭӧc�
xác�ÿӏnh�theo�tiru�chuҭn�cӫa�Nga�nhѭ:�ÿӝ�ҭm�cӫa�
than�theo�phѭѫng�pháp�sҩy�khô�ÿӃn�trӑng�lѭӧng�
không�ÿәi� (GOST�5180±2015);�mұt� ÿӝ�cӫa� than�
(GOST� 5180±2015);� các� thông� sӕ� vӅ� cѭӡng� ÿӝ�
bám�dính,�góc�nӝi�ma�sát�xác�ÿӏnh�theo�bҵng�sáng�
chӃ� sӕ� 2521116� cӫa� Lirn� bang� Nga� “Phѭѫng�
pháp�xác�ÿӏnh�tính�chҩt�cѫ�hӑc�cӫa�ÿá�và�vұt�liӋu´.

Các�mүu�than�ÿѭӧc�thӵc�hiӋn�thí�nghiӋm�nén,�
kéo�và�uӕn�mӝt�trөc�trrn�máy�thí�nghiӋm�nén�và�

a)�Than�sau�khi�l̽y�ra�khͧi�m̓u

b)�Ǵ˿ng�than
Hunh�1.�Hunh�d̹ng�tͭng�quát�cͿa�than�ÿ́ͻc�l̽y�ra�

t΃�v͡a�than�sͩ�14-5,�mͧ�than�Khe�Chàm
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kéo�SDM�2.5�(Ĉӭc).�Lӵc�tӕi�ÿa�là�2,5T�(hunh�2).
KӃt�quҧ�thí�nghiӋm�xác�ÿӏnh�tính�chҩt�cѫ�lê�cӫa�

mүu�than:�ÿӝ�bӅn�nén�mӝt�trөc�thay�ÿәi�tӯ�11�·�48�
kG/cm2;�ÿӝ�bӅn�kéo�mӝt�trөc�tӯ�3,4�·�18,7�kG/cm2;�
lӵc�bám�dính�6,8�·�20�kG/cm2;�tӹ�trӑng�than�1,31�
·�1,38�g/cm3;�góc�ma�sát�trong�tӯ�8,5�·�16,8o;�ÿӝ�
ҭm�tӵ�nhirn�cӫa�than�thay�ÿәi�tӯ�0,8�·�1,3%�và�tӹ�
trӑng�than�1,31�·�1,38�g/cm3�>18,19@.

3�2��;ác�ÿͣnh�lΉc�dính�k͗t�cͿa�than�sau�khL�
làm�́m

Lӵc�dính�kӃt�cӫa�than�ÿѭӧc�xác�ÿӏnh�thông�qua�
giӟi�hҥn�lӵc�cҳt�theo�ÿӏnh�luұt�Coulomb�>15@.�ThiӃt�
bӏ� cҳt� gӗm� hai� hӝp� gӛ� hunh� vuông� có� cҥnh� 100�
mm,�cao�50�mm�(hunh�3).�Hӝp�phía�dѭӟi�ÿѭӧc�cӕ�
ÿӏnh� trrn�bàn�bҵng�kҽp�vít,�hӝp�phía� trrn�có� thӇ�
di�chuyӇn�theo�phѭѫng�ngang�dѭӟi�tác�dөng�cӫa�
tҧi� trӑng� cҳt� ngang.�ĈӇ� loҥi� bӓ�ma� sát� giӳa� hai�
hӝp,�ngѭӡi�ta�sӱ�dөng�miӃng�ÿӋm�nhӵa�dày�1�mm�
trong�quá�trunh�tҥo�mүu�và�nó�ÿѭӧc�tháo�ra�trѭӟc�
khi�tiӃn�hành�thí�nghiӋm�cҳt.�Than�ÿә�vào�thiӃt�bӏ�
cҳt�và�ÿѭӧc�nén�chһt�thành�tӯng�lӟp�dày�5�mm�ÿӇ�
ÿҥt�mұt�ÿӝ�1,31�g/cm3�(hunh�4).

ĈӇ� thӵc�hiӋn�nghirn�cӭu,� 09� thӱ�nghiӋm�cҳt�
ÿѭӧc� thӵc� hiӋn� cho�mӛi�mүu� than�ӣ� các� giá� trӏ�
khác�nhau�cӫa�tҧi�trӑng�nén�thҷng�ÿӭng�N.�Tӯ�ÿó,�
vӟi�mӛi�cҩp�tҧi�σi,�ngѭӡi�ta�tum�thҩy�giá�trӏ�cѭӡng�
ÿӝ�cҳt�tѭѫng�ӭng�Ĳi�(hunh�5).

Quá�trunh�nghirn�c΁u:�Ӣ�mӛi�giá�trӏ�ÿӝ�ҭm�cӫa�
than�(1,1%;�5%;�7%;�10%;�15%;�20%�và�25%),�09�
lҫn�thӱ�ÿӝ�bӅn�cҳt�ÿѭӧc�thӵc�hiӋn�ӣ�các�giá�trӏ�tҧi�
trӑng�thҷng�ÿӭng�là�100�kPa,�200�kPa�và�300�kPa.�
Tҥi�mӛi� giá� trӏ� cӫa� tҧi� trӑng� thҷng�ÿӭng,� 03� thӱ�
nghiӋm�ÿm�ÿѭӧc�thӵc�hiӋn.�Trrn�cѫ�sӣ�giá�trӏ�trung�
bunh�cӫa�03�lҫn�thӱ�nghiӋm,�xây�dӵng�ÿӗ�thӏ�vӅ�sӵ�
phө�thuӝc�cӫa�khҧ�năng�chӕng�dӏch�chuyӇn�tӕi�ÿa�
vào�ӭng�suҩt�nén�tiru�chuҭn�theo�phѭѫng�thҷng�

ÿӭng,�tӯ�ÿó�xác�ÿӏnh�lӵc�dính�kӃt�C�ӣ�các�giá�trӏ�ÿӝ�
ҭm�cӫa�than�(hunh�5).

Trong�các� thí�nghiӋm,�hai� loҥi�nѭӟc�ÿm�ÿѭӧc�
sӱ� dөng� làm� ҭm� than:� làm� ҭm� than� bҵng� nѭӟc�
thông�thѭӡng�và�nѭӟc�có�thrm�phө�gia�NaCl.�

Hunh�2.�Máy�thí�nghi͟m�nén�và�kéo�mͱt�trͽc�
SDM2.5�(Ĉ΁c)

Hunh�3.�Thi͗t�bͣ�xác�ÿͣnh�lΉc�dính k͗t�cͿa�than
�N�±�lΉc�nén��T�±�lΉc�c͇t��A�±�Di͟n�tích�m͏t�c͇t�

ngang�cͿa�m̓u

Hình�4.�Quá�trình thΉc hi͟n thí�nghi͟m xác�ÿͣnh 
ÿͱ b͙n c͇t cͿa than

Hunh�5.�Ĉͫ�thͣ�bi͛u�di͝n�sΉ�phͽ�thuͱc�cͿa�s΁c�
kháng�c͇t�vào�ÿͱ�lͳn�΁ng�su̽t�nén�th͋ng�ÿ΁ng
σ�±�΁ng�su̽t�pháp��Ĳ�±�΁ng�su̽t�c͇t���góc�ma±�כ�

sát�trong��c�±�lΉc�dính k͗t
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KӃt� quҧ� thí� nghiӋm� xác� ÿӏnh� cѭӡng� ÿӝ� bám�
dính�cӫa�than�thông�qua�khҧ�năng�kháng�cҳt�cho�
thҩy,� lӵc� dính� kӃt� cӫa� than� tăng� dҫn� tӯ� ÿӝ� ҭm�
1,1%�(ÿӝ�ҭm�tӵ�nhirn)�lrn�15%�sau�ÿó�giҧm�xuӕng�
khi�ÿӝ�ҭm�20�-�25%�(ÿӝ�ҭm�bmo�hòa).

Tӯ�biӇu�ÿӗ�hunh�6,�vӅ�mһt�tuyӋt�ÿӕi�lӵc�dính�kӃt�
cӫa�than�tăng�tӯ�2,9�kPa�ӣ�ÿӝ�ҭm�1,1%�lrn�23,9�
·�29,2�kPa�ӣ�ÿӝ�ҭm�15%�và�giҧm�xuӕng�7,9�kPa�
ӣ�ÿӝ�ҭm�25%.�Khi�sӱ�dөng�nѭӟc�có�cho�phө�gia�
NaCl�giá�trӏ�cѭӡng�ÿӝ�dính�kӃt�cӫa�than�tăng�1,3�·�
1,9�lҫn�so�vӟi�kӃt�quҧ�thu�ÿѭӧc�khi�sӱ�dөng�nѭӟc�
thông�thѭӡng�>14@.

KӃt�quҧ�thí�nghiӋm�nghirn�cӭu�lӵc�dính�kӃt�cӫa�
than�phө�thuӝc�vào�ÿӝ�ҭm�cӫa�nó�ph��hӧp�vӟi�các�
nghirn�cӭu�lê�thuyӃt�vӅ�vҩn�ÿӅ�này.�Khi�bѫm�nѭӟc�
vào�vӍa� than,� lӵc�dính�kӃt� tăng� lrn�do�nѭӟc�bao�

phӫ�xung�quanh�các�hҥt�than�dѭӟi�dҥng�mӝt�màng�
mӓng� tiӃp�xúc�gҫn,�ÿӫ�ÿӇ�biӇu�hiӋn� lӵc�phân� tӱ�
dүn�ÿӃn�sӵ�lirn�kӃt�cӫa�tӯng�hҥt�rirng�lҿ�thành�mӝt�
khӕi�than�әn�ÿӏnh.�Khi�lӟp�chҩt� lӓng�bao�bӑc�các�
hҥt�than�càng�mӓng�thu�khoҧng�cách�giӳa�chúng�
càng�nhӓ�và�tác�dөng�cӫa�lӵc�bám�dính�phân�tӱ�
càng�mҥnh.�Vu�vұy,�khi�ÿӝ�ҭm�cӫa�than�tăng� lrn�
20�-�25%�(ÿӝ�ҭm�bmo�hòa)�dүn�ÿӃn�ÿӝ�dày�màng�
nѭӟc�tăng�lrn,�lӵc�bám�dính�giҧm.

3.3. NghLrn�c΁u�̻nh�h́ͷng�ÿͱ�ͭn�ÿͣnh cͿa 
khͩL than sau khL làm ́m trrn mô hình

Các�nghirn�cӭu�vӅ�ҧnh�hѭӣng�ÿӝ�ҭm�cӫa�than�
ÿӃn�ÿӝ�әn�ÿӏnh�cӫa�nó�phía�trѭӟc�lò�chӧ�(gѭѫng�
và�trҫn�than)�ÿѭӧc�thӵc�hiӋn�trrn�mô�hunh�có�dҥng�
hӝp�hunh�chӳ�nhұt,�kích�thѭӟc�390�x�680�cm�(hunh�
7),�cho�phép�tái�tҥo�các�tunh�huӕng�ÿiӇn�hunh�phát�
sinh� ӣ� các� giai� ÿoҥn� khác� nhau� trong� quá� trunh�
lò�chӧ�khai�thác:�khi�khҩu�than;�khi�lӝ�trҫn;�khi�di�
chuyӇn�giá�chӕng.�Tӹ�lӋ�mô�hunh�1:40.

ViӋc�thӱ�nghiӋm�mô�hunh�ӣ�mӛi�ÿӝ�ҭm�cӫa�than�
(1,1%;�5�%;�7%;�10%;�15%;�20%�và�25%)�ÿѭӧc�
thӵc� hiӋn� qua� 06� giai� ÿoҥn.� Tҥi� mӛi� giai� ÿoҥn,�
bѭӟc� di� chuyӇn� van�ÿiӅu� tiӃt� trҫn� than� thu� lҥi� 2�
cm,�tѭѫng�ӭng�vӟi�ÿiӅu�kiӋn�thӵc�tӃ�0,8�m�bҵng�
vӟi�chiӅu�rӝng�khҩu�gѭѫng�(hunh�7).�Trunh�tӵ�thӵc�
hiӋn�nhѭ�sau:

(1)�Công�tác�chuҭn�bӏ:�Cҩp�than�vào�mô�hunh�
và�nén�chһt� thành� tӯng� lӟp�dày� ˾�mm�ÿҧm�bҧo�
mұt�ÿӝ�1,31�g/cm3�ÿӃn�hӃt�chiӅu�cao�cӫa�buӗng�
làm�viӋc.�Sau�ÿó�chҩt�tҧi�lrn�bӅ�mһt�cӫa�than�bҵng�
các�tҩm�sҳt�có�tәng�trӑng�lѭӧng�86�kg.

Hunh�6.�̺nh�h́ͷng�cͿa�ÿͱ�́m�than�ÿ͗n�lΉc�dính�
k͗t�cͿa�“than�m͙m´�>14@.

�1-�ÿͩi�vͳi�ńͳc�có�phͽ gia��2-�ÿͩi�vͳi�ńͳc�thông 
th́͵ng 

��������Hunh�7.�Tͭng�quan�v͙�mô�hunh�và�tunh�tr̹ng�cͿa�ǵ˿ng và�tr̿n�than�lò�chͻ�khi�khai�thác�than�trrn�
mô�hunh�ͷ�các�ÿͱ�́m�than�khác�nhau�>14@

a,�b,�c,�d�t́˿ng�΁ng�than�có�ÿͱ�́m�than�1���5-7���15���20-25���1�±�ǵ˿ng�lò�chͻ��2�±�tr̿n�than��3�±�
van�ÿi͙u�ti͗t�tr̿n�than�(giá�chͩng)��a�±�tr̿n�than��б�±�không�gian�lò�chͻ��в�±�th�ng�ch΁a�than��г�±�van�

ÿi͙u�ti͗t�ǵ˿ng�lò�chͻ��д�±�van�ÿi͙u�ti͗t�tr̿n�than,�kích�th́ͳc:�28�cm�î�5�cm�(giá�chͩng)
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(2)�Công�tác�khai�thác:�Giai�ÿoҥn�1,�di�chuyӇn�
lҫn� lѭӧt�van�ÿiӅu� tiӃt�gѭѫng� lò�chӧ�và� trҫn� than�
ÿӃn�hӃt�chiӅu�dài�mô�hunh�(40�cm).�Sau�ÿó,�thӵc�
hiӋn� lҫn� lѭӧt� tӯ� giai� ÿoҥn� 2� ÿӃn� giai� ÿoҥn� 6,� di�
chuyӇn�van�ÿiӅu�tiӃt�trҫn�than�(giá�chӕng),�mӛi�giai�
ÿoҥn�2�cm.�Tәng�diӋn�tích�lӝ�trҫn�cӫa�06�giai�ÿoҥn�
là�12�cm�theo�chiӅu�rӝng�(tѭѫng�ӭng�vӟi�ÿiӅu�kiӋn�
thӵc�tӃ�là�4,8�m�±��chiӅu�dài�giá�chӕng)�và�40�cm�
theo� chiӅu� dài� (tѭѫng� ӭng� vӟi� chiӅu� dài� lò� chӧ�
thӵc�tӃ�là�16�m).

KӃt� quҧ� thí� nghiӋm� cho� thҩy,� khi� ÿӝ� ҭm� cӫa�
than�lrn�tӟi�7�·�8%,�gѭѫng�lò�chӧ�tӵ�sұp�ÿә�ngay�
sau�khi�di�chuyӇn�van�ÿiӅu�tiӃt�gѭѫng.�ChiӅu�dài�
lӣ�gѭѫng�lò�chӧ�trung�bunh�mӝt�lҫn�là�5�·�10�m�vӟi�
chiӅu�sâu�xҩp�xӍ�bҵng�chiӅu�cao�khҩu�(2,2�·�2,5�
m).�Ĉӕi�vӟi�trҫn�than,�khi�ÿӝ�ҭm�cӫa�than�tăng�tӯ�
1�·�2%�lrn�14�·�16%,�tәng�diӋn�tích�sұp�ÿә�S�(tính�
theo�phҫn�trăm�bӅ�mһt� lӝ� trҫn)� trҫn� than� lirn�tөc�
giҧm,�ÿҥt�mӭc�tӕi�thiӇu�ӣ�ÿӝ�ҭm�14�·�16%.�Khi�ÿӝ�
ҭm�cӫa�than�tăng�lrn�20�·�25%,�than�trӣ�nrn�bmo�
hòa�nѭӟc,�bҵng�chӭng�là�xuҩt�hiӋn�nѭӟc�chҧy�tӯ�
gѭѫng�và�nóc�lò�vào�không�gian�lò�chӧ.�Ĉӗng�thӡi,�
ÿӝ�әn�ÿӏnh�cӫa�trҫn�than�giҧm�ÿáng�kӇ,�tәng�diӋn�
tích�sұp�cӫa�khӕi�than�này�ÿҥt�tӯ�30�·�67%�trӣ�lrn�
>14@.�Trong�mӝt�sӕ�trѭӡng�hӧp,�trҫn�than�sұp�ÿә�
hoàn�toàn�(hunh�8).

Nhѭ� vұy,� kӃt� quҧ� nghirn� cӭu� vӅ� ҧnh� hѭӣng�
ÿӝ�ҭm�cӫa�than�ÿӃn�ÿӝ�әn�ÿӏnh�cӫa�khӕi�than�phía�
trѭӟc� lò� chӧ� trrn�mô�hunh� ph�� hӧp� vӟi� kӃt� quҧ�
nghirn�cӭu�vӅ�lӵc�dính�kӃt�cӫa�than�ÿҥt�giá�trӏ�cao�
nhҩt�khu�than�có�ÿӝ�ҭm�15%.�Có�thӇ�khҷng�ÿӏnh,�
ÿӝ�ҭm�tӕi�ѭu�cӫa�than�vӍa�14-5�mӓ�Khe�Chàm�là�
15%.�ViӋc� xác� ÿӏnh�ÿӝ�ҭm� tӕi�ѭu� cӫa� than�có� ê�
nghƭa�rҩt�quan�trӑng�trong�quá�trunh�khai�thác�các�
vӍa� than�có�ÿһc�ÿiӇm�cѭӡng�ÿӝ� thҩp.�Khi�ÿӝ�ҭm�
bѭӟc�vào�giai�ÿoҥn�bmo�hòa�và�hӋ�tҫng�bӏ�nén�bӣi�
áp�lӵc�mӓ,�nѭӟc�chҧy�ra�khӓi�bӅ�mһt�gѭѫng�than�
và�có�thӇ�dүn�ÿӃn�các�sӵ�cӕ�làm�nhmo�lӟp�ÿá�nӅn�
lò,�ҧnh�hѭӣng�ÿӃn�công�tác�di�chuyӇn�giá�chӕng�
và�vұn�tҧi�than�trong�lò�chӧ.

3�4��1ghLrn�c΁u�̻nh�h́ͷng�ÿͱ�́m�cͿa�than�
thHo�th͵L�gLan

Trong�quá�trunh�khai�thác,�công�tác�làm�ҭm�khӕi�
than�phía�trѭӟc�gѭѫng�lò�chӧ�luôn�ÿѭӧc�thӵc�hiӋn�
tiӃn�trѭӟc�vӟi�mӝt� tiӃn�ÿӝ�nhҩt�ÿӏnh.�Vu�vұy,�ҧnh�
hѭӣng�cӫa�thӡi�gian�ÿӃn�sӵ�thay�ÿәi�lӵc�bám�dính,�
nhӳng�nhѭ�ÿӝ�bӅn�nén�cӫa�than�sau�khi�ÿѭӧc�làm�
ҭm�là�yӃu�tӕ�quan�trӑng�phҧi�ÿѭӧc�tính�ÿӃn�khi�sӱ�
dөng�kӃt�quҧ�nghirn�cӭu�trong�ÿiӅu�kiӋn�sҧn�xuҩt�
mӓ�thӵc�tӃ.�Trong�quá�trunh�thӵc�hiӋn,�sӕ�liӋu�vӟi�

thӡi�gian� làm�ҭm� than� tӯ�5�ÿӃn�70�giӡ�ÿm�ÿѭӧc�
sӱ�dөng.�Ĉӝ�ҭm�cӫa� than� trong�mӑi� trѭӡng�hӧp�
là�15%.�

Các� thí� nghiӋm� xác� ÿӏnh� cѭӡng� ÿӝ� nén�mӝt�
trөc�cӫa�các�mүu�than�ÿѭӧc�thӵc�hiӋn�bҵng�máy�
thí�nghiӋm�ÿa�năng�MTS�Insight�tҥi�Ĉҥi�hӑc�Mӓ�St.�
Petersburg.�Mүu�than�hunh�trө�dài�100�mm,�ÿѭӡng�
kính�46�mm.�Tәng�cӝng�có�12�mүu�ÿѭӧc�thӵc�hiӋn�
nghirn�cӭu.

KӃt�quҧ�nghirn�cӭu�giá�trӏ� lӵc�dính�kӃt�(tӯ�40�
·�45�kPa)�và�ÿӝ�bӅn�nén�ÿѫn�trөc�(tӯ�156�·168,7�
kPa)�cӫa�than�cao�nhҩt�ÿѭӧc�quan�sát�thҩy�sau�30�
ÿӃn�45�giӡ�làm�ҭm,�sau�ÿó�giҧm�xuӕng�dҫn�xuӕng�
theo�thӡi�gian�>14@.�ĈiӅu�này�ÿѭӧc�giҧi�thích�là�do�
sau�50�giӡ,�nѭӟc�bӕc�hѫi�ÿáng�kӇ�dүn�ÿӃn�ÿӝ�ҭm�
cӫa�than�giҧm�(hunh�9�và�10).

KӃt�quҧ�nghirn�cӭu�cѭӡng�nén�ÿѫn�trөc�theo�

a) than sͅp lͷ các kho̻ng cách khác nhau t΃ giá�
chͩng�ÿ͗n ǵ˿ng lò�chͻ

b) tͭng di͟n tích sͅp lͷ tr̿n than theo�ÿͱ ́m 
Hình�8.�̺nh h́ͷng�ÿͱ ́m cͿa than�ÿ͗n di͟n tích 

sͅp lͷ tr̿n than�(S)�>14@
1,�2,�3,�4,�5,�6�±�t́˿ng ΁ng vͳi các giai�ÿo̹n dͣch 
chuy͛n giá�chͩng l̿n ĺͻt b͉ng�0,8�m,�1,6�m,�2,4�

m,�3,2�m,�4,0�m,�4,8�m
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thӡi�gian�ph��hӧp�vӟi�kӃt�quҧ�nghirn�cӭu�cѭӡng�
ÿӝ�lӵc�dính�kӃt.�

4. KӃt luұn
Quá�trunh�nghirn�cӭu�thӵc�nghiӋm�ÿӝ�әn�ÿӏnh�

cӫa�than�có�cѭӡng�ÿӝ�thҩp�sau�khi�làm�ҭm�và�các�
tính�chҩt�cӫa�nó�có�thӇ�rút�ra�mӝt�sӕ�kӃt�luұn�sau:

-�VӍa�than�sӕ�14-5�ӣ�mӓ�than�Khe�Chàm�là�vӍa�
than�có�ÿһc�tính�cѭӡng�ÿӝ�thҩp�“than�mӅm´�ÿiӇn�
hunh,�giá�trӏ�cѭӡng�ÿӝ�nén�mӝt�trөc�(11�·�48�kG/
cm2),�và�lӵc�dính�kӃt�(6,8�·�20�kG/cm2)�và�ÿә�ҭm�
tӵ�nhirn� thҩp�hѫn�khoҧng�3�·�4� lҫn�so�vӟi� than�
bán�antraxit�thông�thѭӡng.

-�KӃt�quҧ�nghirn�cӭu�ҧnh�hѭӣng�ÿӝ�әn�ÿӏnh�cӫa�
khӕi�than�sau�khi�làm�ҭm�trrn�mô�hunh�ӣ�các�giai�
ÿoҥn�khác�nhau�trong�quá�trunh� lò�chӧ�khai� thác�
ph��hӧp�vӟi�các�kӃt�quҧ�nghirn�cӭu�thí�nghiӋm�vӅ�
lӵc�dính�kӃt�và�cѭӡng�ÿӝ�nén�mӝt�trөc.�Theo�ÿó,�
lӵc�dính�kӃt�và�ÿӝ�әn�ÿӏnh�cӫa�khӕi�than�tăng�dҫn�
tӯ�ÿӝ�ҭm�1,1%�(ÿӝ�ҭm�tӵ�nhirn)�ÿӃn�ÿӝ�ҭm�15%�
(ÿӝ�ҭm�tӕi�ѭu),�sau�ÿó�giҧm�xuӕng�khi�ÿӝ�ҭm�20�·�

25%�(ÿӝ�ҭm�bmo�hòa).�Nhѭ�vұy,�có�thӇ�tăng�ÿӝ�әn�
ÿӏnh�cӫa�than�mӅm�bҵng�cách�tăng�ÿӝ�ҭm�trong�nó�
ÿӃn�ÿӝ�ҭm�tӕi�ѭu.�

-�Cѭӡng�ÿӝ�lӵc�dính�kӃt�và�cѭӡng�ÿӝ�nén�cӫa�
mүu�than�có�ÿӝ�ҭm�15%�tăng�dҫn�theo�thӡi�gian�
và� ÿҥt�giá� trӏ� tӕt� nhҩt� trong� khoҧng� thӡi� gian� 30�
·��45�giӡ�và�sau�ÿó�giҧm�dҫn.�Nguyrn�nhân�làm�
giҧm�cѭӡng�ÿӝ�nén�và�ÿӝ�bám�dính�sau�50�giӡ�là�
do�nѭӟc�bay�hѫi�làm�thay�ÿәi�ÿӝ�ҭm�cӫa�than.�Tuy�
nhirn,�ÿӝ�ҭm�tѭѫng�ÿӕi�trong�môi�trѭӡng�mӓ�hҫm�
lò�thѭӡng�rҩt�cao,�kèm�theo�ÿó�còn�có�sӵ�ngѭng�
tө�hѫi�nѭӟc�hay�còn�gӑi� là�ÿiӇm�sѭѫng,�nrn�sӵ�
bӕc�hѫi�nѭӟc�trong�vӍa�than�là�khó�xҧy�ra.�Vu�vұy,�
viӋc�làm�ҭm�kӏp�thӡi�khӕi�than�phía�trѭӟc�mһt�luôn�
ÿѭӧc�thӵc�hiӋn�trѭӟc�khi�khҩu�gѭѫng�tӯ�30�·�50�
giӡ�là�ph��hӧp.

-��Khi�sӱ�dөng�nѭӟc�có�cho�phө�gia�NaCl,�giá�
trӏ�cѭӡng�ÿӝ�dính�kӃt�cӫa�than�tăng�1,3�·�1,9�lҫn�
so�vӟi�kӃt�quҧ�thu�ÿѭӧc�khi�sӱ�dөng�nѭӟc�thông�
thѭӡng.�Ĉây� sӁ� là� chӫ� ÿӅ� nghirn� cӭu� tiӃp� theo�
trong�lƭnh�vӵc�này.

KӃt�quҧ�nghirn�cӭu�trrn�là�cѫ�sӣ�ÿӇ�luұn�giҧi�
các� thông� sӕ� bѫm�ép� nѭӟc� vào� vӍa� than,� nhҵm�
nâng� cao� ÿӝ� әn� ÿӏnh� cӫa� khӕi� than,� giúp� giҧm�
cѭӡng�ÿӝ�sөp�ÿә�tӵ�phát�cӫa�than�vào�không�gian�
lò�chӧ�khi�khai�thác�vӍa�than�có�ÿһc�tính�cѭӡng�ÿӝ�
thҩp.

7àL�lL͟u�tham�kh̻o:
>1@.� Bai�Q.,� et� al.�(2016).�Numerical�modeling�

of�coal�wall� spall� in�a� longwall� face.�International�
Journal� of� Rock� Mechanics� and� Mining�
Sciences,�88,�242-253.

>2@.�Pappas�D.,�Mark�C.�(2011).�Roof�and�rib�fall�
incident�trends:�a�10-year�pro�le.�In:�WORTMAN-
WUNDER,�E.�(ed.)�SME�Transactions�Volume�330.�
Society�for�Mining,�Metallurgy�and�Exploration,�Inc.

>3@.�Ĉinh�Văn�Cѭӡng�và�nnk�(2020).�Ĉánh�giá�
thΉc�tr̹ng�tai�n̹n�lao�ÿͱng�t̹i�các�mͧ�than�h̿m�lò�
và�ÿ͙�xu̽t�mͱt�sͩ�gi̻i�pháp�nh͉m�h̹n�ch͗�nguy�c˿�
gây�m̽t�an�toàn.�Thông�tin�KHCN�mӓ,�ViӋn�KHCN�
Mӓ�-�Vinacomin,�sӕ�3,�trang.�10-15.

>4@�Le,�T.�D.�(2020,�October).�Analytical�Study�
on�the�Stability�of�Longwall�Top�Coal�Caving�Face.�
In�Proceedings� of� the� International� Conference�
on� Innovations� for� Suႋainable� and� Responsible�
Mining:� ISRM� 2020-Volume� 1�(pp.� 308-319).�
Cham:�Springer�International�Publishing

>5@.� Le� Tien,� D.,� 	� Dao,� H.� Q.� (2021).� Field�
inve௾igation� of� face� spall� in� moderate� ௾rength�
coal�seam�at�Vang�Danh�coal�mine,�Vietnam.�VNU�

Hình 9. ̺nh h́ͷng cͿa th͵i gian�ÿ͗n lΉc dính k͗t 
cͿa m̓u than có�ÿͱ ́m�15��>14@

Hình�10.�̺nh h́ͷng cͿa th͵i gian�ÿ͗n�ÿͱ b͙n 
nén�ÿ˿n trͽc cͿa m̓u than có�ÿͱ ́m�15��



KHCNM�SӔ�6/2023�
�AN�TO¬N�MӒ

THÔNG�T,N�KHOA�HӐC�CÔNG�NGHӊ�MӒ

41

Journal� of� Science:� Earth� and� Environmental�
Sciences,�37(2).

>6@�Yang,�S.,�Song,�G.,�	�Kong,�D.�(2019).�An 
evaluation� of� longwall� face� ௾ability� in� thick� coal�
seams� through� a� basic� under௾anding� of� shield±
௾rata� interaction.� Journal� of� Geophysics� and�
Engineering,�16(1),�125-135.

>7@.� Y.� Pang,� G.� Wang,� and� H.� Ren� (2019).�
Multiple� inÀuence� factor� sensitivity� analysis� on�
coal� wall� spalling� of� workface� with� large� mining�
height.�Journal�of�Mining�and�Safety�Engineering,�
vol.�36,�no.�4,�pp.�736±745.

>8@.� Y.� Wu,� D.� Lang,� and� P.� Xie� (2016).�
Mechanism�of�disa௾er�due�to�rib�spalling�at�fully-
mechani]ed� top� coal� caving� face� in� soft� ௾eeply�
dipping�seam.�Journal�of�China�Coal�Society,�vol.�
41,�no.�8,�pp.�1878±1884.

>9@.� Y.� Ning� (2009).� Mechanism� and� control�
technique� of� the� rib� spalling� in� fully�mechani]ed�
mining�face�with�great�mining�height.�Coal�Science�
and�Technology,�vol.�34,�no.�1,�pp.�50±52,�2009

>10@.� J.� Guo,� Y.,� et� al.�� (2018).� E௺ect� and�
application� of� water� injecting� technology� in� coal�
seam�of�Zhenxing�No.�2� coal�mine.�Coal�Mining�

Technology,� vol.� 23,� no.� 6,� pp.� 122±124+107,�
2018.

>11@.� J.� Wang� (2007).� Mechanism� of� the� rib�
spalling� and� the� controlling� in� the� very� soft� coal�
seam.�Journal�of�China�Coal�Society,�vol.�32,�no.�
8,�pp.�785±788,�2007.

>12@.�L.�Wang,�et�al.�(2016).�Research�on�soft�
coal� mechanics� characteri௾ic� te௾� for� moi௾ure�
content� e௺ect.� Journal� of� Mining� and� Safety�
Engineering,�vol.�33,�no.�6,�pp.�1145±1151,�2016.

>13@.� W.� Wang,� et� al.�� (2010).� Experimental�
௾udy� on� the� angle� of� repose� of� pulveri]ed� coal.�
Particuology,�vol.�8,�no.�5,�pp.�482±485.

>14@.� Зɭбов,� В.ɉ.,� Тɯан� Ван� Зɭɢ,� Ɏɟдоров�
А.С�(2023).�Тɟɯнологиɹ�подзɟмной�разработки�
мощныɯ�пластов�ɭглɹ�с�низкими�проɱностными�
ɯарактɟристиками.�Уголɶ.�±�2023.�±�ʋ�5.�±�С.�
41±49.�

>15@.�Бабаскɢн,�ɘ.Г.,�Лɟоновɢɱа�ɂ.ɂ�(2002). 
ɍкрɟплɟниɟ� грɭнтов� инъɟктированиɟм� при�
рɟмонтɟ� автомобилɶныɯ� дорог.� Ɇɢнск:�
Тɟɯнопрɢнт.�±2002.�±�176�с;

(xperLmental�ဧudy�on�the�ဧabLlLty�of�low-ဧrength�coal�after�humLdL𿿿catLon�and�
Lts�propertLes

Dr.�Than�9an�Duy,�MSc.�Pham�9an�Quan�-�VLnacomLn�-�,nఅLtute�of�MLnLng�ScLence�and�Technology
Dr.�Le�Quang�Phuc�-�HanoL�UnLversLty�of�MLnLng�and�Geology

Abstract�
The�physLcal�and�mechanLcal�propertLes�of� coal� are�one�of� the� Lmportant� factors� that� cause�coal�

landslLdes�durLng�the�excavatLon�and�mLnLng�process,�whLch�have�a�serLous�Lmpact�on�the�productLon�
safety.�Coal�seam�No.�14-5�of�Khe�Cham�coal�mLne�Ls�a�coal�seam�wLth�low�LntensLty�characterLstLcs,�
typLcally�“soft�coal´.�The�results�of�experLmental�research�on�the�stabLlLty�of� low-strength�coal�after�
moLstenLng�and�Lts�propertLes�show�that�the�cohesLve�force�and�stabLlLty�of�coal�mass�gradually�Lncrease�
from�a�moLsture�content�of�1.1��(humLdLty�natural��to�15��humLdLty�(optLmal�humLdLty�,�then�reduced�
to�20�÷�25��humLdLty� (saturated�humLdLty�.�When�water�used�wLth�NaCl�addLtLve,� the�bond�strength�
value�of�coal�Lncreases�1.3�÷�1.��tLmes�compared�to�the�results�obtaLned�when�normal�water�used.�Thus,�
Lt�Ls�possLble�to�Lncrease�the�stabLlLty�of�soft�coal�by�LncreasLng�the�moLsture�content�Ln�Lt�to�the�optLmal�
moLsture�content.�,n�thLs�way,�Lt�Ls�possLble�to�reduce�the�wLdth�of�the�plastLc�faLlure�]one�on�the�surface�
of�the�mLnLng�face�and�lLmLt�the�LncLdent�of�face�erosLon�and�roof�collapse,�and�Lncrease�mLnLng�e৽cLency�
and�labor�safety.


