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TOM TAT

Ap luc dat dé tac dung 1én thanh giéng dimg la mét trong nhing théng sé quan trong, dnh huwéng
truc tiép dén viéc lua chon két cdu chéng va dam bao 6n dinh cong trinh trong qua trinh thi céng va
khai thac. Hién nay da cé nhidu cong thirc duwoc dé xuét dé xac dinh &p luc nay, tuy nhién méi cong
thire duoc xay dung dua trén cac gia thiét va diéu kién ap dung khac nhau nén pham vi st dung con
c6 nhing han ché nhét dinh. Bai bao tién hanh téng quan, phén tich va déanh gia céc céng thuc tinh
ap luc tac dung 1&n thanh giéng diing da duroc cong bé trong va ngoai nuée, déng thoi lam ré co sé ly
thuyét, cac gia thiét tinh toan va pham vi &p dung cda tirng phwong phéap. Trén co sé& dé, bai bao chi
ra rang viéc lyra chon codng thic tinh cén cédn ctr vao dac diém dia chét va dia chét thdy vén khu vuc
xay dung giéng dirng, nhw c4u tric phan 16p, chiéu day va goc nghiéng cac 16p dat da, tinh chét co ly
cla dat da ciing nhw diéu kién nuéc ngam. Két qud nghién ciru la co sé tham khao hiu ich cho viéc
lra chon phurong phép tinh toédn phu hop, gop phén néng cao dé tin cdy trong thiét ké két cu chéng,
d3m bao an toan va hiéu qua kinh té cho céng trinh giéng dung.

T khoa: Giéng dung; ap lue dia tang; ap luc tac dung I&n thanh giéng; tinh toan giéng dung.

1. DAT VAN BE

Ap luc dia tAng tac dung I&n thanh giéng rét
da dang va phirc tap, ching ta chwa thé hoan
toan nam virng dwoc nhirvng quy luat cta ap lwc
dia tAng xung quanh thanh giéng, nhung cé thé
nam bat duwoc twong ddi gan véi cac quy luat dia
ap nay bang cach dwa trén cac gia thiét sau do
tim ra cac coéng thirc hodc trén co s& cla cac tai
liéu da thi cdng ngoai thyc té va dwa ra cac cong
thire kinh nghiém. Ly thuyét ap luc tac dung lén
thanh giéng cé thé phan ra lam 2 loai: ly thuyét
méi tredng rovi va ly thuyét méi trudng lién tuc. Ly
thuyét méi trwong rdi coi dat da xung quanh
giéng dirng 1a mai trwdng roi khi nghién ctu st
dung thuyét can badng gi¢i han vat thé roi dé
nghién ctru, con ly thuyét méi tridng lién tuc coi
dat da 1a mai trwong lién tuc, dan héi dong tinh
theo moi phwong hoac méi trwdng lién tuc cé tinh
dan héi déo va khi nghién clru s dung co hoc
moi treong lién tuc dé nghién ciru.

Khi tinh toan thiét két vé giéng dao qua cac

|&p dat da mém yéu b roi, tinh toan ap lwc dia
tang chd yéu s dung ly thuyét can bang gi¢i han
thé roi rac dé tinh. Co thé ké dén cac gia thuyét
tinh ap lwc md lén thanh giéng ding dugc xay
duwng trén co s& ly thuyét ap lwc chi dong tac
dung lén tweng chan bao gdm: gid thuyét cia
Protodiakondp, Tximbarevich, ly thuyét thé day
ndi, ly thuyét hdn hop ap lwc nuwéc va dat da..vv.

Bai bao tdng hop va danh gia mét sé gia
thuyét thwdng dung khi tinh toan ap lwc mé tac
dung I&n thanh giéng, phan tich danh gia sw phu
hop clia cac gia thuyét khi tinh toan thiét ké giéng
ding. Trong xu huéng phat trién khai thac mé
xubng sau tai cdc mé than ham 16 ving Quang
Ninh, Viét Nam thi két qua nghién ctu trong bai
bao sé la co s& va tai liéu tham khao hiru ich cho
cong tac thiét ké lya chon phwong phap, két cau
vé chéng khi thi céng giéng dirng trong twong lai.
2. MOT SO LY THUYET TiNH AP LUC DIA
TANG TAC DUNG LEN THANH GIENG BUNG

2.1. Tinh ap Iwc dja ting theo twomg chan dat phang
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DPé&c diém cla ly thuyét nay la coi l&p dat da
phia sau lwng twdng chan khéng cé lwc dinh két
ho&c |a dat da bé roi cé lwc dinh két nhé, st dung
phwong phap ap Iwc chi dong tac dung Ién twdng
chan dat phang dé tinh toan ap luc tac dung 1én
thanh giéng.

Phwong phap tinh ap Iwc chi dong Ién twdong
chan dat phéng do Coulomb dé& xut nam 1773.
Ap lwc dét cha dong la chi khdi dat sau lung
twdng cé dang khéi lang tru trwot hinh tam gia
trwot |1& tac dung 1&n lwng twdng gay ra chuyén
dich nho vé phia trwdc. D& don gidn khi tinh toan
tac gid dwa ra cac gia thiét sau:

- Coi mat trwot BC la méat phang nhu trong
hinh 1.

- Thanh giéng la twdng thdng dirng, mét
twdng nhdn bong, khdng cé ma sat.

- Tworng c6 chiéu dai vo han, do d6 khéng cé
chuyén dich theo phwong chiéu dai cia twong
(bién dang phéang).

- Mé&t trén cla dinh twéng bang phang (mét
phéng AC).

Xét mot diém trén mat twong AB, dudi tac
dung trng suét ty trong ctia khéi dat b truot o, =
yH sé sinh ra ap lyc theo phwong ngang (ap lwc
dat cha dong Ps) tac dung 1én twdng chan va
twéorng chén lai tac dung phan lai vao khéi dat mot
lwe oy, ta c6 Ps = ox (hinh 1). Vi trong gia thiét trén
bé mat tiép xuc gilra twong va khbi dat da khoéng
c6 lwc ma sat, do vay o, va ox déu |a &ng suét
chinh, con &ng suét chinh oy trong van dé bién
dang theo phwong ngang khéng gay anh hwéng
dén ap lwc 1&n thanh giéng dirng, khi nghién ctru
pha hdy thi ’ng suat nay bd qua khéng can tinh
dén. Nhw vay sir dung dwéorng bao (rng suét gidi
han Mohr-Coulomb va diéu kién cwdng do
Coulomb ta c6 céng thirc tinh ap lwc dat chi dong
tac dung lén twéng chén nhw sau [2], [3], [7]-

92— O =[Ctgp+ax+azjsinp 1)
zeazl—s!np_zc COS-p )
1+sinp 1+sinp
po onp =t@12(450 _B) 3
1+sinp 2

cos p
1+sinp

~tg (450 —gj 4)
Vi vay
p, =, = yHtg’ (450 —gj —~2Ctg (450 —gj (5)

Trong do:
y - Dung trong ctia dat, T/m3;
H - Chiéu sau tinh toan, m;

p - Géc ma sat trong cuia dat, do;
C - Lwc dinh két, T/m2.

L— C- COT(P e

Hinh 1. So’ d6 tinh ap lwc cha déng tac dung
Ién twong chan

2.1.1. Tinh ap lwc tac dung Ién thanh giéng
dirng theo Protédiakondp

Nam 1908 Protddiakondp da dé xuat nguyén
ly tinh toan ap lwc dat da tac dung lén thanh giéng
dirng, v&i gia thiét thanh giéng |a twerng chéan dét,
khéi dat da xung quanh toi roi (6 lwe dinh két C
= 0), ap lwc ngang tac dung lén thanh giéng ding
P chinh bang ap lwc cht ddng, so dd tinh thé hién
& hinh 2 [1], [2], [4], [5].

P = yHitg’ (45O —%) (6)

pst A=tg? (450 —%)
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B P=yHA

Hinh 2. So’ db tinh ap lwc tac dung lén thanh
giéng dirng theo Prétddiakéndp

O day, A goi la hé sb ap lwc ngang,
Protodiakondp da cho rang ap luc tac dung 1én
thanh giéng ding tang ty 1& thuan vai chiéu sau
clia giéng, biéu dd phan bb ap lwc c6 dang hinh
tam giac (hinh 2).
2.1.2. Tinh ap lwc dat da tac dung Ién thanh
giéng dirng theo Tximbarevich

Nam 1933 Tximbarevich da xay dwng cong
thire tinh ap lwe tinh ap lwc 1én thanh giéng ding
& tirng |6p dat da dwa trén co s& cong thire tinh
ap lyc 1én thanh giéng ding cuia Protodiakondp.
Ong gia dinh khi dao giéng qua dat da phan 16p
thi méi 1&6p khi bi pha hay sé tao ra mét lang tru
trwot tac dung vao thanh giéng va coi lop dat da
phia trén la tai trong phan bd déu (hinh 3), lang
tru triot tdc dung mét ap Iwe chd déng Ién thanh
giéng va goi la ap lwc tac dung 1én thanh giéng
dirng. Dbi v&i I6p dat da thir n thi &p lwe tac dung
lén thanh giéng ding nhw sau [1], [2], [4], [5], [6]:

Pntr = (7lhl + }/2 h2 +..... + 7n71hn,1) A1
P =(nh + 7,0+t yah 7,00 A
Trong dé:

()

Pnt", Pod - Dinh, day Iop dat da the n gay ap
lwc ngang tac dung I&n thanh giéng ding, T/m2;

V1, Y2...Yn - Dung trong céac I6p dat da, T/ms;

h1, ha..h, - Chiéu sau cac |&p dat da, m;

An- Hé s6 ap lyc ngang cla |&p dat da thir n.

TR 7R Z\ Z\ R 7R 7R
§\ Yihipy
%\ 141272
E\ Pn=7n—1hn—lpn—l
o, P
—

Hinh 3. So’ do tinh ap lwc tac dung lén thanh
giéng dirng theo Tximbarevich

Tximbarevich kién nghi hé sb gia tri ap lwc
ngang A cla céac |6p dét da twong rng nhu sau:
déi v&i cat chay bang 0,757; cat va dat cé tinh cat
bang 0,526, d4t sét 0,387. Do vay khi st dung
cong thirc clia Tximbarevich dé tinh toan thi nén
dwa vao tng loai dat da ma lwa chon gia tri A
twong wng.
2.2 Tinh ap lwc dat da tac dung lén thanh
giéng theo ap lwc day néi

Khi dao giéng dirng qua cac I6p dat da chira
nhiéu nwéc, thi ap lwc dia tang bao gébm hai loai
ap lwc do 1a ap lwc dat da va ap lwc thay tinh.
Cong thire dwgce xay dwng trén co sé cong thire
cta Tximbarevich thé hién trén hinh 4

L

R AT T TN Y ARy R Y XY XY AV %
| 71hipy
St \v4 j\ T ohnPn
3 \ !’ ’ !
= —\ 71h'1p"
! ﬁ‘
H, a
:‘ Py K p
3 o
450 + 2 '
NT=N

Hinh 4. So’ d6 tinh ap Iwc tac dung lén thanh
giéng dirng khi cé6 nwéc ngadm
Cong thire tinh ap lwc dia tAng c6 dang [7]:
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P :(z7nhn +Z7/rl1—1h‘n—1)A1 +7oHu
F)nd :(Zynhn +Z}/nhn)A1 +7/0Hn

Trong cong thire (8) &p lwe dat da tinh nhw
cong thirc clia Tximbarevich nhwng dung trong
cla dat da trong tang dat da phia dudi co chira
nwdc ngam thi si dung dung trong day néi v,
ngoai ra con thém ap lwc thay tinh.

(8)

Trong do6

vy’ - Dung trong day ndi cia dat da, T/m3;
7 =(A-1)(1-n)

A- Ty trong kho cuia dat, T/m3;

n - Do réng cla déat;

An- Hé sb ap luc ngang tang dat da thi n.

g2 o_P
A =tg (45 Zj

Yo - Ty trong cla nwérc, yo = 1, T/m3;
2.3. Tinh ap lwc dat da tac dung lén thanh
giéng theo hén hop ap lwc dat da va nwéc

Dé don gian cé thé coi nwéc va dat da 1a hdn
hop cla thé d4t va nwéc, va tinh toan ap lwc theo
phwong ngang tac dung Ién thanh giéng dirng st
dung cdng thire tinh &p lwe theo hén hop ap luc
d4t da va nwéc [6], [7]

P=yH 9)

Trong do:

H - Chiéu sau tinh toan, m;

Ve - Ty trong clGa hdn hop dat va nwéc, T/ms;

Déi véi gia tri ye cac nuwéc lay ciing khong
gidng nhau, théng thuwéorng thoi ky dau thuwong lay
gia tri nay I&n sau dé qua kinh nghiém cta nhiéu
cbng trinh thi gia tri nay dwoc 1y gidm di. Ty
trong ctia hén hop dat va nwéc ye mot sb nwéc
dwoc lay nhw sau: Phép ve = 2; Dlrcye = 1,3 +1,7;
M§ ve = 1,4; Lién X6 ye = 1,2 +1,6; Trung Quéc,
Ha Lan, Ba Lan ye = 1,3; Anh ye = 1,2; Nhat Ban
Ye=1,1+1,2[1].

T cong thire trén thay rang mot sd nwéc nhw
Trung Quéc, Ha Lan, Ba Lan Iy hé s6 ye = 1,3
vay cong thire tinh ap Iwc 1&n thanh giéng nhw
sau:

P=13H (10)

Ta thdy rang trong thi cong giéng ding
thwong dung viva xi mang (thwdng co ty trong
bang 1,1 +1,2 T/m?3) d& gia cb tam bao vé thanh
giéng, nhw vay c6 thé néi cong thire (10) 1a cong
thire kinh nghiém thién vé an toan, ngoai ra céng
thirc cling c6 co s& khoa hoc nhét dinh, gia thiét
coi dia 4p la tdng hop ctia &p lwc dat da va ap luc
nuwéc, ta co thé 1y Iop cat chay cé (n = 0,35; A=
2,6; p = 339 dwa vao cdng thirc tinh dja ap theo
ly thuyét day ndi ta co:

P=PS+PW=%Ht92(45°—§J+7oH (11)
=(A—1)(1—n)Htgz(45°—§j+7/o|‘| (12)

:(2,6—1)(1—1,35)Htg2[45°—%J+H:1,3H (13)
%\ m

P-13H
Hinh 5. Tinh toan &p lwc dia tang theo ap lwc
nwéc va ap lwe dat da

Hinh 5 thé hién so db tinh toan va phan bd ap
lwc dia tang bao gébm ap lwc dat da va ap luc
nuwéc. CO thé thay, ap lwc dat da tac dung lén
thanh giéng tang ty 1& thuan theo chiéu sau cta
giéng, biéu dé phan bé &p luc tac dung Ién thanh
giéng c6 dang hinh tam giac. B4t ké dia tAng sau
hay néng déu lay gia tri ty trong ctia hén hop dat
va nuéc Ve la ¢b dinh, nhw vay so véi thuce tién 1a
khéng phu hegp, va thuwdng I&én hon gia tri do
dwoc ngoai hién trwerng, dac biét 1a déi vai giéng
dao qua I&p dat co chiéu day Ion. Hién nay tai
Tay Burc khi thiét ké cac mé & duei sau da thay
ddi gia tri ye = 1,3 thanh ye = 1,15 va cong thirc
tinh &p lwc dia tang la.

P=115H
3. PANH GIA CAC PHUONG PHAP TiNH AP

LUC PIA TANG TAC DUNG LEN THANH
GIENG
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Tw céc gia thiét khac nhau cac tac gia da dua
ra cac cdng thirc tinh toan ap lyc dia tang tac
dung I&n thanh giéng dirng, tlr cac cong thire trén
ta c6 mot sd danh gia nhu sau:

Coéng thirc tinh ap lwc theo Protodiakondp
mdi chi xét dén anh hwdng cla ap lwc dat da theo
chiéu sau cua giéng ding, chwa xét dén anh
hwéng cla &p lwc nwéc, vi thé chi cé thé ap dung
tinh toan tai nhirng noi cé giéng dao qua I&p dat
da khong chra nwée, khdng phu hop khi giéng
dao qua lop dat & dwdi sau cé nwéc ngam.

Cong thirc cua Tximbarevich cling chwa xem
xét dén tac dung ctia nwéc ngadm, nhung Ong da
dwa vao hé sb ap luc ngang tang twong rng, sw
tang cla ap lwc ngang nay ciing cé thé coi nhw [a
anh hwéng cua ap lwc nwéc ngam.

Coéng thire tinh &p lwc dat da tac dung lén
thanh giéng theo &p lwc day ndi & day da ké dén
ap luc ciia nwédc ngam, cong thirc nay cé thé sty
dung thich hop trong trwdng hop giéng ding
dwoc dao qua l&p dat da ngam nuwéc.

Céng thirc tinh &p lwc dat da tac dung lén
thanh giéng theo Tximbarevich va theo ap luc
day ndi déu dwa vao mdi I&p dat da dé tinh ap
Iwc, so v&i cac cong thirc khac thi cling kha la
khoa hoc nhung do trong ly thuyét st dung mét
sb gia thiét khéng thuwc t& véi hién trwdng, nhw
cac tham sbé co hoc vat ly ciia dat da & day khong
phai la tham sé co hoc nguyén trang ctia khéi dat

da, do vay két qua con sai léch so véi thyc té,
cling chinh vi thé cling cé nhiéu nha khoa hoc
cho rang tinh toan ap lwc khéng nén qua phic
tap héa cac van dé va co thé st dung céac cong
thire kinh nghiém gan dang dé tinh toan.

Goc nghiéng phan Iép cha dat da va hinh
dang kich thuéc tiét dién ngang ctia giéng c6 anh
hwéng dén gia tri ap lwc tac dung lén thanh giéng
dirng. T& cac gia thiét tinh ap lwc tac dung lén
thanh giéng cac tac gia déu chwa dé cap dén anh
hwéng ctia goc nghiéng phan 1&p, hinh dang kich
thwéc tiét dién ngang cda giéng dén do I6n gia tri
ap lwc tac dung lén thanh giéng ding. Nhw vay
trén co sé cac gia thuyét tinh &p lwc tac dung 1én
thanh giéng chang ta cé thé nghién ciru bang
thwc nghiém két hop véi hién trwong dé duwa
thém céc hé sb anh hwéng ctia géc nghiéng phan
I&p va hinh dang kich thwéc tiét dién ngang cla
giéng dén gia tri ctia ap lwc dét da tac dung lén
thanh giéng.

V6i cac gia thiét tinh &p lwc dia tAng tac dung
lén thanh giéng theo tng 1&6p dat da ta co thé
thdy rang &p lwc Ién nhét trong cac 16p dat da
thworng & vi tri dwdi day Iép, néu lay dung trong
trung binh cla I&p dat y = 1,8 T/m3, dung trong
day ndi y= 0,9 T/m3, géc ma sat trong clia dat da
p = 20 +309, thay vao cac cong thic trén ta co
quan hé ap luwc dat da tac dung Ién thanh giéng
dng nhw bang 1.

Bang 1. Cong thtc tinh ap lwe dat da gian héa tac dung |&n thanh giéng dirng

Tén cdng thirc Coéng thirc gian hoa Hé sé ap lwc Quan hé vei
ngang chiéu sau

Céng thirc theo twérng chan

e " P=yHA, 0,757 P=136H

dat (Tximbarevich)
Cong thire tinh theo thé d4 :

g g y P:]/Htgz(450_§j+H 0,49 +0,33 P=(l3+L44)H

noi
Céng thirc hdn hop ap lwc
£ o P=13H P=13H
dat va nwéce

T bang trén cé thé rat ra mot sd nhan xét
nhw sau:

- Bt ké chiéu sau cua tang dat da nhw thé
nao, ap luc dia tang déu tang ty |é thuan véi chiéu
sau, gia tri tinh toan bang ho&c I&n hon 1,3H.

- Phan b ap lwc d4t da trong ap luc dia ap ciing
tang ty I& thuan véi chiéu sau, va khéng c6 quan hé
v6i kich thwérc tiét dién ngang cla giéng.

- Ap lwc nwéc tac dung nén thanh giéng ding
la ly thuyét ap lwe nwéc trén toan chiéu sau giéng
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Trong théi gian gan day da co rat nhiéu tac
gia trong va ngoai nwédc di sdu vao nghién clru
ap lwc dat da tac dung 1én thanh giéng va da téng
hop dwa ra mét sé nhan dinh nhw sau:

- Céc cong thirc tinh toan ap lwc dat da tac
dung 1én thanh giéng ding theo ly thuyét twéng
chan c6 su sai léch so véi két qua hién trwong
khi chiéu sau Ién hon 200m khoang 16% + 25%;

- Khi dao giéng dirng qua vung dat da co
cha nhiéu nwéc thi ap lwec nwdc ngdm thuwong
la cht yéu, va gia tri ap lwc nwédc ngam co thé
chiém khoédng hon 85% téng gia tri ap lwc dia 4p
tac dung lén thanh giéng dong;

- Ap lwc dat da tac dung lén thanh giéng
khéng tang ty 1& thuan véi chiéu sau cla giéng,
ma khi chiéu sau giéng tang thi ap lwc ciing tang
nhwng cang sau thi gia tri tdng cang nhd, dén mot
do sau nhét dinh nao d6 thi &p lwe dat da tac dung
lén thanh giéng sé dat dén gia tri gi¢i han va hau
nhw khéng thay déi;

- Kich thwée dworng kinh giéng c6 anh hwéng
ré rét dén ap lwc dat tac dung lén thanh giéng;

- Thye tién cho thay, dai da sb khi dao giéng
qua I&p dat sét khong thdm nwédc & dwdi dd sau
Ion, thi &p lwc theo phwong ngang kha lén, gia tri
ap lwc nay co thé bang 0,9 dén 1,2 1an 4p luc cla
nwéc ngam tac dung tai vi tri dé, thwe té cho thay
|&p dat sét nay thuwong cé tinh trwong né va tinh
lwu bién.

4. KET LUAN VA KIEN NGHI

Trén co s& ly thuyét ap lwc dat tac dung lén
twéong chan, nhidu tac gid da phat trién cac cong
thire tinh &p lwc tac dung lén thanh giéng ding
dwa trén nhirng gia thiét va diéu kién dia chét cu

thé. Do sw khac nhau vé co s& ly thuyét, gia
thuyét tinh toan va pham vi &p dung, médi cong
thire chi pha hop véi mot sb diéu kién nhat dinh.
Vi vay, khi lwa chon cdng thire tinh toan can xem
xét day di cac yéu té dac trwng clia méi trwong
dat da xung quanh giéng dirng, nhw clu tric
phan 16p, chiéu day va goéc nghiéng cta cac lép
dét da, tinh chat co ly cta khéi dat da, diéu kién
nwédc ngdm ciing nhw cac yéu td dia chéat thiy
van khac. Viéc lya chon dung phwong phap tinh
sé gop phan nang cao do tin cay cla két qua tinh
toan va 1a co s& dé thiét ké két cAu chéng hop ly.

O Viét Nam, nhu cau tiéu thu than ngay cang
tang trong khi triv lwvong c6 thé khai thac 16 thién
va & do6 sau nong dang dan can kiét, khién xu
hwéng khai thac xubng sau bang phwong phap
m& via qua giéng dirng tré thanh yéu cu tat yéu.
Tuy nhién, phwong phap xac dinh ap luc dia tang
tac dung Ién thanh giéng dirng dwoc ap dung tai
cac quéc gia thudng co sw khac biét do diéu kién
dia chat, dia chat thay van va dia chat cong trinh
khéng giébng nhau. Vi vay, trong diéu kién Viét
Nam, viéc tinh toan ap lwc dia tAng c6 thé tham
khao cac phwong phap va cong thirc thyc
nghiém da dwoc 4p dung tai cac nuéc co diéu
kién khai thac twong ddng. Bong thoi, can két
hop véi cong tac quan trac, theo doi bién dang,
do dac ap lwc trong qua trinh thi cdng va khai thac
dé hiéu chinh cac tham sb, xay dwng cac hé sb
phil hop voi didu kién dia cht va dia chét thay
van trong nwéc. Day la co sé quan trong nhadm
nang cao dd chinh xac cuda tinh toan, dam bao an
toan, 6n dinh va hiéu qua kinh té trong thiét ké va
xay dwng céc giéng ding khai thac than & Viét
Nam.
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ABSTRACT:

Rock pressure acting on the shaft lining is one of the most critical parameters affecting the design
of shaft support systems and the long-term stability of vertical shafts during construction and operation.
Numerous methods have been proposed to estimate this pressure; however, each method is
developed based on different theoretical assumptions and boundary conditions, resulting in specific
ranges of applicability. This paper presents a comprehensive review and comparative evaluation of the
existing analytical methods for calculating rock pressure acting on vertical shaft linings. The theoretical
basis, underlying assumptions, and applicable conditions of each method are systematically analyzed
and discussed. The review indicates that the selection of an appropriate calculation method should be
based on the geological and hydrogeological characteristics surrounding the shaft, including rock
stratification, layer thickness, bedding inclination, mechanical properties of the rock mass, and
groundwater conditions. The findings provide a useful reference for selecting suitable analytical
methods, thereby improving the accuracy of rock pressure estimation and supporting the rational
design of shaft lining systems to ensure safety, stability, and economic efficiency in vertical shaft
construction and operation.

Keywords: Vertical shaft; ground pressure; pressure acting on shatft lining; vertical shaft design.
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