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Cac gia thuyét ap luc mé ham 10 va pham vi tng dung
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TOM TAT

Cac gid thuyét ap luc mo dong vai tr0 quan trong trong viéc gidi thich su tai phan bé &p luc mo-nguyén
nhan cé 18i cua cac hién tuong mét én dinh co hoc trong hoat dong khai thac khoang san ham 10. C4c gia
thuyét c6 lich sir phét trién 1au doi dya trén nén tang co hoc két cAu va khong ngirmg dugc cap nhat, bé sung
tri thac mai. N6i dung bai bao trinh bay mot danh gia tong quan c6 h¢ thong cac gia thuyét &p luc mo kinh
dién va viéc ung dung ching vao tinh toan trong thuc té san xuét. Cac két qua danh gia 1am rd dugc ban
chat, dic diém ciing nhu pham vi ¢ng dung cua céc gia thuyét ap luc mo. Céc két qua dat duoc 1am nén
tang giup ki su mo/don vi tu van lua chon ly thuyét tinh toan phu hop vai thuc tin, tir d6 dé xuét cac giai
phap ki thuat didu khién &p luc mo an toan, hiéu qua.

Tirkhéa: Ap luc mo; Dam cong x0n; Dam gbi; DAm vom; Vom can bang ty nhién; Lang try truot

1. Pat véan dé

Theo Qian, Shi, Zou, and Xu (2003), do ky thuat mé lién quan dén truong wng suat cia da goc trong qué
trinh hinh thanh d4 va tinh chat phuc tap cua khéi da, con nguoi ¢ nhiéu cach khac nhau dé giai thich hién
tuong ap luc mo trong 10 chg. Cac cach giai thich nay (thuong 1a suy doan hoac khéi quat héa khoa hoc
cho thdy méi lién hé bén trong cua hién twong ap luc mo) duoc goi la céc gia thuyét ap luc mo. Gia thuyét
&p lyc mo ¢6 ¥ nghia dinh hudng cho viée diéu khién dat da xung quanh khu vuc khai thac.

Theo D3 and Vii (2008), 4p luc mo 1a cac luc trong ¢4 mo xung quanh ham 10 tac dong lén vi chdng,
khbi d4 nguyén, try than, khdi da chén... va duoc gy ra bai trong luc cia da mo. Viéc hiéu ding ban chat
hinh thanh ap luc mo 1a diéu kién tién quyét dé lya chon céc giai phap didu khién &p luc mo pha hop, dam
bao an toan san xuit trong mé ham 10. Khac vai cac vat liéu nhan tao, dat da trong tw nhién c6 cac dac tinh
khong ddng nhat, khong lién tyuc, bat didng huéng va khong dan hoi. Viéc giai thich dic diém va lwong hda
ap lyc mo, do do, ciing phirc tap va phai van dung nhiéu gia thuyét ap lyc mo khac nhau. V& co ban cac gia
thuyét ap luc mo duoc xay dung dya trén cac nguyén 1y co hoc két cau (structural engineering principles).
Mac du cung dua trén Iy thuyet dam cb dién (Euler- Bernoulli) cho phép tinh toan tai trong va chuyén vi,
céc nguyén 1y co hoc két cau khac nhau da duoc van dung dé giai thich diac diém &p luc mé hinh thanh
trong cac diéu kién dia chit mo da dang. O Viét Nam, céc gia thuyét 4p luc mo kinh dién tir Lién X6 cii da
som duoc van dung vao cong tac diéu khién &p luc mo. Tuy nhién, trong bi canh diéu kién khai thac ngay
cang kho khan nhu hién nay, viéc &p dung céc ly thuyét trén can hét sic can than do cac gia dinh don gian
héa cua gia thuyét c thé khong con phu hop. Viéc viéc hiéu dung din va c hé thdng vé cac gia thuyét nay
1a hét stc can thiét dé ki su mo ¢6 thé van dung phu hop véi thuc té. Noi dung bai béo trinh bay mot danh
gia c6 hé thong vé dac diém va pham vi dp dung cua cac gia thuyét ap luc moé kinh dién. Céc ly thuyét ap
luc m6 gan day tir khoa hoc mo phuong Tay ciing duge danh gia dé 1am rd méi lién hé vai cac gia thuyét
kinh dién vén xuit phat tir cac nude xa hoi chu nghia. Cac két qua cua bai bao 1am nén tang giup ki su
mo/don vi tu van lya chon ly thuyét tinh toan phu hop véi thuc tién, tir d6 dé xuit cac giai phap ki thuat
diéu khién &p luc mo an toan, hiéu qua.

2. Co s ly thuyét 4p luc mé
Co so ly thuyét cua &p luc mo 1a cac nguyén ly ki thuat két cdu nhu dugc trinh bay dudi day.
2.1. Dam géi (ddm d) don gian (simply supported beam)

Dam (beam) la két cau chiu lyc (chiu tai) ngang theo chiéu dai (Galvin, 2016). Dam 901 don gian 1a két
céu chiu luc chi c6 thé c6 chuyén dong xoay ma khong thé chuyén dong tich tién tai diém dat luc. Mot

*Tac gia lién h¢
Email: t.d.le@humg.edu.vn
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minh hoa két cau dam gdi don gian thé hién trong Hinh 1. Kha ning chiu tii cua dam dwoc xac dinh boi
chiéu dai (span), chiéu day (thickness), va tinh chét co hoc vat liéu dam (UCS, UTS, E). Ly thuyét dam godi
don gidn gilp giai thich vai tro quan trong cua dang hinh hoc dam (vi du céc Iép d4 nam ngang bén trén
khoang trong khai thac) téi sy on dinh chinh nd. Chd y rang trong moé ham 16 cac dam d4 khong chi chiu
mdi luc tac dong thang diing ma con chiu luc tac dong ngang, ciing nhu c6 nhiéu cach thie dat luc (end
constraint) khac nhau: ngam (clamped), khép/ban Ié (hinged), hay truc lin/ngam trugt (roller). Mot ung
dung cua ly thuyét dam trong nghién cau vi tri va budc tai trong dong dugc trinh bay trong Gray and
Gibbons (2023).

Applied load
A
) Thickness UCS, UTS, E
Span

Hinh 1. Minh hoa két cdu dam goi don gian (R. Frlth 2017)

Mot dang dic biét cia dam gdi don gian 1a dam cong xon (Hinh 2). M6t dau cua dam dwoc ngam con
dau kia Ia ty do. Chiéu dai ngam I6n nhit duoc x4c dinh trén do bén kéo cua vat liéu dam, chiéu day dam,
va lyc tac dung trén mot mét dai dam. Dam cong x6n duoc tng dung rong réi trong khai thac mo dé tinh
toan chiéu day va budc sap d6 vach truc tiép.

Clamped Applied load
- l' l 1 l 1
A
Thickness ucs,uts,E | Free
end
Y
4
< Lenglh >

Hinh 2. Minh hoa két cdu dam cong x6n (R. Frith, 2017)
2.2. Cét chju tdi (nén) ding tam (axially loaded column)

Cot chju nén dung tdm, nhu tén goi, 13 két cAdu dAm ma luc nén (tai) di qua trong tam cua két cau (Galvin,
2016). Tuy thudc vao cach thire dat lyc va d6 manh cot ma cot c6 thé bién dang khac nhau. Vé co ban, do
manh cot (ti s6 chiéu dai cot trén ban kinh hoi chuyén/ban kinh quan tinh (gyration)) thap gay ra bién dang
deu (n¢ hong), con do manh cao gay ra bién dang oin (Euler buckling) (Hinh 3). Ban chat cua bién dang
0an 1a sy mat 6n dinh dan hdi (elastic instability). Ly thuyét cot chiu nén dung tdm da dugc ing dung vao
giai thich sy mat on dinh I6p guong than thang ding (R. C. Frith, 2015). Chl y rang véi céc cach thuc dat

luc khac nhau thi d¢ bién dang oan ciing khéc nhau.
Applied stress

Beam
length
Beam
thickness
Low

slenderness High slend
ratio igh slenderness
ratio

Applled stress
Hinh 3. Minh hea cgt chju nén diing tdm va bién dang

2.3. Dam vom (voussoir beam hogc linear arch)

Ly thuyét dam vom ra doi dé giai thich sy 6n dinh cac két cau ma néu danh gia theo 1y thuyét dam co
dién thi cho két qua thip hon thyc té (Galvin, 2016). Cu thé, mét ciu trdc dim chira cac nit né thing dang
s& hinh thanh sy ép ngang tai cac bién gioi khi dam véng xudng. Su ép nay hinh thanh vom ap lyc 6n dinh
bén trong gilp dim chiu duoc tai trong (trong lwong chinh né va khéi da bén trén, néu c6) Ié6n hon so véi
tinh toan bang ly thuyét dim don gian. Mot minh hoa két ciu dam vom dugc thé hién trong Hinh 4. Ly
thuyét dam vom sém dwoc (ng dung vao giai thich su én dinh cac ting d4 phéan 16p chtra niit né bén trén
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ving di khai thac (Sofianos, 1996). Brady and Brown (2004) da tong hop cac dic diém quan trong cia dam
vom trong moi truong da nut né nhu sau:

- Tang d4 khong thé md ta nhu dam lién tuc dan hoi boi biéu hién cua tang bi chi phdi boi cac khoi
(voussoirs) hinh thanh tir cac nurt né tu nhién hodc khe nut ngang thu sinh.

- Biéu hién tang d4 duoc xac dinh boi sy ép ngang sinh ra bai su léch dam dudi trong luong khdi da.

- Dam vom biéu hién mot cach dan hdi trong giéi han cho phép.

- Dam c6 ti s6 chiéu dai trén chiéu day Ién thi c6 thé bién dang oan.

- Dam c6 ti s6 chiéu dai trén chiéu day trung binh hoidc do bén vat liéu da thap c6 thé phéa huy ¢ dang v&
vun (crushing) hoic I (spalling) tai tim hozc bién gii dam.
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Hinh 4. Minh hoa niza dam vom (Diederichs & Kaiser, 1999)

3. Céc gia thuyét &p luc mé
3.1. Vom cén bang tw nhién

Quan sat thyc té khi dao 10 cho thiy sy ton tai ciia mot vom &p luc can bang tw nhién ma bén trén no, ap
lyc tir cAc tang da vach dugc mat vom tiép nhan roi truyen xu0ng chan vom, gay ra ap luc tua ¢ phia truéc
va phia sau duong 10. Bén dudi mat vom, ap luc tu khéi dat da dugc vi Chong tiép nhan va truyén xudng
nén 10. Theo Qian et al. (2003), gia thuyét vom can bang tu nhién duoc d& xuét bai ngudi Bac 14 W. Hack
va G. Gillitzer vao nam 1928. O Viét Nam gia thuyét vom can bang ty nhién thuong dugc &p dung cho thiét
ké dao 10 theo md hinh cua cac nha khoa hoc Lién X0 cii 1a Protodiakonov hodc Tsimbarevich (P& and Vi,
2008). Luu y rang theo Iy thuyet nay, cac khdi da bén trong vom du khdng chiu ap luc thang dirng tir cac
tang d4 bén trén nhung van tlep nhan céc ap luc ngang hinh thanh boi co ché wng suat mo.

Hinh 5 minh hoa vom can bang tu nhién cho qua trinh hinh thanh 16 cho tir 10 cit t6i khai thac thudng
ky. Can chi y rang Iy thuyét nay khi 4p dung cho 10 cho s& khong con diing néu su sap do va dich dong dat
d4 lan truyén t6i mat dat. Co thé thiy gia thuyét vom can bang tu nhién c6 ban chit giong véi Iy thuyét dam
vom (voussoir beam) cua cac nha khoa hoc phuong Tay néu & trén. Gan day, cac tac gia Le, Oh,
Hebblewhite, Zhang, and Mitra (2018) van dung ly thuyét dam vom dé giai thich sy 6n dinh va sap d6 ban
dau cua vach co ban trong 16 cho co gidi hoa ha tran.

) Hinh 5. Vom can bang tw nhién khi 5
(a) tao 10 cdt, (b) pha hoa ban dau va (c) khai thdc thuong ky (P6 & Vi, 2008)
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3.2 Dam cdng xon

Gia thuyét dam cong x6n dugc K. Stoke clia Pirc dé xuat vao nam 1916 va sau d6 dwoc 1. Friend cua
Vuong quc Anh, Gelman cia Lién X6 cii va nhitng nguoi khac ung ho (Qian et al., 2003). Con theo P&
and Vii (2008), gia thuyét dam cong xon dugc dé xuat boi cac gido su Slesarev va Cuznhesov cia Lién X6
cii. Gia thuyét dam cong xon cho rang khi ting da vach 10 chg du dai thi n6 s& biéu hién nhu nhiing tim
dam cong x6n. Tam dam c6 mot dau duoc ngam chit trong khéi nguyén trude guong 10 cho, va dau con lai
thi treo tu do bén trén khoang tréng khai théc, hoac tua 1én vi chdng 10. Tay thudc céc tinh chat 16p da vach
truc tiép va vach co ban, ¢6 hai truong hop xay ra. Thi nhat, ¢6 vong dam véch tryc tiép 1on hon d6 véng
dam vach co ban theo tuyén gay cua vach truc tiép (Hinh 6a). Ap luc tac dung 1én vi chong 10 cho chi yéu
gay ra bai vach tryc tiép. Thu hai, khi @6 véng dam vach tryuc tiép nho hon d6 véng dam vach co ban, &p
lyc tac dung Ién vi chdng 10 cho gay ra bai ca véch truc tiép va vach co ban.

(b)

Hinh 6. Sor d6 tinh ap luc mé theo gid thuyét dam cong xon
3.3. Lang tru truot (detached block)

Gia thuyét lang tru truot duoc xay dung dé thiét ké vi chdng 10 cho, dugce dé xuit boi Kuznetsov cua
Lién X6 cii tir nam 1950 dén 1954 (Qian et al., 2003). Theo d6, trong trudng hop (i) 16 cho khdng & qua
sAu va vom can bang tu nhién khdng xuat hién va/hoic (i) vach co ban 16 cho 1a vach ning trong khi vach
truc tiép day it nut ne, vi chdng 10 cho s& chi chiu tai trong tir khdi ling tru truot (tach) ngay bén trén vi.
Trong diéu kién mo & Vuong qudc Anh, chiéu cao khéi lang tru bang hai lan (Hinh 7a (Whittaker, 1974)),
hodc 4-6 lan chiéu cao khai thac (Wilson, 1975). O Viét Nam gia thuyét ling tru trugt thudng dugc biét
dén thong qua md hinh cua Tsimbarevich (Hinh 7b (D& & Vii, 2008)).

detached block of roof strata
the dead weight of which Is
assumed to rest on the support

volume increase of caved waste
by 50% allows the upper beds
to span the ground carried by
the supports

Hinh 7. Gid thuyét lang tru trirot N
(a) cua Whittaker (1974) va (b) cuia Tsimbarevich (b6 & Vi, 2008)

3.4. Gid thuyét &p lwc mé nit né ban ddu ciia Labass

Theo Qian et al. (2003), gia thuyét &p luc mo nut né ban dau (hay con goi l1a gia thuyét vét nit dinh hinh
truée) duoc dé xuit boi hoc gia ngudi Bi A. Labass vao nam 1950. Gia thuyét nay cho rang theo muc do
dich chuyén cua 106 cho xuit hién sy ha véng cac 16p da vach, giy ra su nut né so bd phia trude guong 10
cho. Gia thuyét chia &p lyc xung quanh 16 cho thanh ba vang: (i) viing tng sut thip, twong tng vai ving
dét d4 chiu phéa hiay manh, (ii) viing tng suét cao, trong (ng v&i ving dat dé bi tach 16p, va (iii) ving lan
truyén &p lyc tua, dat gia tri I6n nhat & mat uén vang thi hai va suy giam dan vé trang thai @ng suat ban
dau ciia dia tang ¢ bién viing anh huang (Hinh 8a). C6 thé thiy vé ban chét, gia thuyét ciia Labass cho rang
dudi tac dong cua viéc khai thac mo, tinh toan ven cua céc thanh tao da nam trén ving khai thac 10 cho bi
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pha huy va tro nén khdng lién tuc. Gan day, tinh dung dén cua gia thuyét dugc khing dinh thém trong cac
nghién cau str dung mo hinh sé khi nghién ciru phan bé ap luc xung quanh 16 chg ha tran (Hinh 8b).
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H|nh 8. Gid thuyét &p luc mé niit né ban dau
(a) cua Labass (P6 & Vi, 2008) va trong (Xie, Chang, & Yang, 2009)

4. Két luan

Céc gia thuyét ap luc mo c6 ddc diém chung Ia ¢6 ging cu thé hda hinh dang cuia cac ving thay doi tng
suit va kéo theo d6 1a cac vung bién dang, phé& huy. Tur do, xay dung duoc cic cong thuc tinh toén tai trong
tac dung 1én vi chong mo6 ham 16 théng qua thé trong cua da trong ving pha huy (Pham, 2022). Céc gia
thuyét ap luc mo 1a nén tang co ban gitp hiéu rd ban chat co hoc cua cac biéu hién dat da va nhan dién cac
yéu té anh hudng quan trong téi cac biéu hién, tir d6 gitip dua ra cac hanh dong ung pho tai hién truong va
phuc vu nghién ctru sau hon. Tuy nhién, can chli ¥ rang cac gia thuyét dugc dua ra trong diéu kién dia chat
mé 1y tudng, do do, viéc ap dung vao thuc té can hét sic can than khi ma cac diéu kién dia chat mo va hoat
dong khai thac thudng xuyén bién d6i dan toi diéu kién chét tai thay doi. Thém vao do, cac ly thuyét dam
cb dién duong nhu tap trung vao biéu hién cua ciu tric chiu nén, trong khi dbi twong chiu luc trong mé
ham 10 1a dat da thudng c6 do bén kéo yéu hon nhiéu so véi do bén nén.
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ABSTRACT
Theories of ground pressure and their application
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Theories of ground pressure play an important role in explaining the redistribution of mining-induced
stress-a core reason for instability incidents in mineral underground exploitation operation. The theories
have a long history of development and establishment that are mostly based on structural engineering
principles. This paper presents a systematic review of classical ground pressure theories and their
application in mining practice. The paper’s results help reader to understand the essence, characteristics,
and scope for use of the theories. The results serve as fundamentals for mining engineer/consultancy unit
to properly design technical solutions for safe and effective ground control.
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