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XAY DUNG CONG TRINH NGAM VA MO

PHAN TiCH SU €O DAY TROI
KHI THI CONG CONG TRINH NGAM TAl
DUAN TUYEN TAU BIEN NGAM SO 1 TP. HO CHi MINH

f\ W phat trién nhanh clia nén kinh t& xa hoi dan
~) dén dan cw tap trung déng, dac biét tai cac khu

virc dd thi. Van dé& tic nghén giao théng
thuwdng xuyén xay ra va tré thanh van nan clia xa
héi. Do khéng gian trén mat dat ngay cang tré nén
chat hep, cac cong trinh ngam thanh pho (nhw cac
tuyen metro, bai 36 xe ngdm,...) tr& nén hét strc can
thiét. Hién nay, cac cong nghe thi cdng cac cdng
trinh ngam thanh phé bang may dao hadm TBM ngay
cang phéd bién va dwoc rng dung rong rai trén thé
gidi, dac biét trohg dleu kién dia chat dat yéu, voi
cac yéu cau khat khe v& do Itn, giam thidu mac dé
anh huwdng dén cong trinh xung quanh. Trong do,
cac dw an xay dyng duong ham c6 I16p dat phi
maong, yéu 1 thach thirc I&n khi thi cong. Giai phap
thiét ké cac nha ga, tuyen dwdng voi chidéu sau nong
co cac wu diém: tiét kiém chi phi xay dwng; gidam
thri gian di chuyén hanh khach.

1. Téng quan

Tai cac thanh pho I&n, cac tuyén dwdng ham
thwdng duoc thlet ké va thi cong di qua cac khu
vire di tich, phd cb, danh lam thang canh va cac
diém du lich quan trong Viéc han ché cac anh
hwcmg va tac dong cla qua trinh thi cong duéng
ham dén cac cong trinh va hé thong ha tang hién
hibu la hét strc quan trong khi thiét ké va thi cong
Vi thé, khi thi cdng du’o’ng ham néng trong diéu
kién dat yéu, thueng st dung cac may dao ham
bom dung dich bun (AVN TBM) hodc may dao ham
lam vigc trén nguyén Iy can bang ap Iwc dat (EPB
TBM). Ap luc bom dung dich tai mat guweong dao
cling nhw tai dudi may dao ham sé anh hwéng dén
do 1an trén bé mat va dén cac cbng trinh lan can.
Mat khac, khi bom dung dich bun tai vj tri gwong
dao vé&i ap lwe qua nho nén dat sé tran vao trong
bubng dao ctia may dao hdm TBM, dan dén sw lun
sut trén bé mat va co thé gay ra cac hd sut Ién.
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Diéu kién nay thwong dugc s cung @ @nh toan
ap lwc bom dung dich can thiét nho nihdt khi thi
cong duwdng ham bang cac may d20 “é" —:‘.‘ va
cac may dao ham tiét dién nhd TEM oz may
khoan kich ngadm cé duwong kinh Gurong Ong iir 0,5
dén 3,0 m) voi céc duong kinh thay a4 = cac 40
sau va trong diéu kién dia cf* kihac nihau [1]. [6],
[7]1, [9]. Khi bom dung dich bin = mat gwong dao
hodc tai dudi may dao har** v a3p e bom qua
Ion, khdi dat phia trén may 620 nam 2 & 22y trdi
Ién. Dung dich bun khi dé se :'::' a2 Ngoa va ép
luc tai be mat gwong dao s giam &dt nodi. gdy ra
sw mét én dinh mat gwong dao va sup @0 nén dat,
gay hu hong may dao ham va ngudi th cong, anh
hwdng dén cac cong trinh En can &30 ba mat.
Hién twong nay dwoc dinh ngniz 12 hign twrong day
trdi khi thi céng duong ham.

Trong thiét ké thi cang & romg ham, ap lec bom
dung dich gay ra hién teong @2y ¥& duroc s dung
nhw diéu kién bién trén a2 nh oan ap lyc bom
dung dich 1&6n nhéat. Viéc kiém so2t 2p lyc bom

dung djch trong qua trinh thi cing duwdng hém tai vi
tri gwong dao hodc tai dud may d2o ham quyét

dinh sy thanh coéng cia dw 2n. Cang tac nay phu
thuéc kinh nghiém ciz nguwdr van hanh méy dao
ham ciling nhw nguwai thiet ke # chire thi cong.

Hién twong day roi ki

hi i cong dwong ham
bang may dao ham TBM d3 x3y

2 tal mot sO du an

dwéng ham trén thé gidi. Su oo G2y irdi dAu tién tai
Blrc nam 19089 khi thi :i“; 3wong hdm Old Elbe.
Sw cb tiép theo a2 x2y r2 12 dv an dwong ham
Second Heinenoord Tunnel vao nam 1997 tai Ha
Lan gay ra sut lin nghigm frong va gian doan thi

cong trong mat the :a* dal. Sau do, nghién ctru
hién tuong day :'i g2 dwoc tién hanh tai Geo
Delft, Hz Lan dudi su m 32t cia COB & tru’orng
Pai hoc Cong nghé Dev nham xac dinh cac
nguyén nhan, co ché, cac yéu td anh hwéng va
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dwa ra cac phwong phap tinh toan cho hién tugng
day trdi khi thi céng dwerng hdm trong déat yéu [3].

O Viét Nam, khi thi cong duwong ham Dy an
tuyén tau dién ngdm s6 1 Tp. H6 Chi Minh Bén
Thanh-Sudi Tién d& ghi nhan mét tredng hop day
trdi vao thang 4 ndm 2018. Sy cb6 nay xay ra khi thi
cong tuyén dworng hdm lam cho mét lwong dung
dich polymer thoat ra trén mat dwdng tai ly trinh
Km1+500. Qua trinh thi cdng dwdng hdm da tam
dirng va cac bién phap an toan da duwoc trién khai
kip thoi nhdm gidm thiéu rdi ro va dam bao an toan
cho qua trinh thi céng va cac cong trinh 1an can.

Bai bao tong hop cac phuong phap phan tich
hién twong day troi khi thi cong dwong ham, tir do
xac dinh ap lwc bom dung dich 1&n nhat khi thi
cong, dé xuét mé hinh phan tich hién twong day
trdi khi thi cong dwdng ham trong diéu kién nhiéu

I&p dia chat khac nhau. Dwa vao mé hinh dé xuét,
tac gia ap dung phan tich sw cb day troi tai Dw an
tuyén tau dién ngam s6 1 Tp. Hd Chi Minh Bén
Thanh-Sudi Tién dé rut ra cac kinh nghiém cho cac
dw an thi cong dwdng hadm sép téi & Viét Nam.

2. Co s& ly luan phan tich hién twong day troi

Hién twong day troi thwong duge sl dung la
diéu kién bién trén dé xac dinh ap lwe bom dung
dich 1&n nhét tai mat gwong dao (thuwéng la dung
dich bentonite, foam hodc polymer) va tai dudi may
dao ham trong.qua trinh thiét ké thi céng cac
dwo’ng ham. Hién nay, cac mé hinh thwdng dugc
str dung trén thé gioi dé phan tich hién twong day
trdi cé thé ké dén cac mé hinh do Balthaus nam
1991 [2], Wout Broere nam 2001 [6], Vi Minh Ngan
va cac cong s nam 2016 dé& xuét [10].

H.1. M6 hinh tinh toén day trbi theo dé xuat béi Balthaus ndm 1991 [2]

Hinh H.1 mé ta khéi dat phia trén may dao ham
bi day tréi dwoc gia thiét c6 dang hinh ném vdi
trong lwgng “G”. Gia thiét ap lwe bom dung dich
phan bb tai guwong dao co gia trj la “s”. Theo [2], ap
lwc bom dung dich “s” khi hién twong day troi xuat
hién dwoc xac dinh dwa trén diéu kién on dinh cla

knhoi d4t trén ham theo cong thirc hé sé an toan:

Y.C.(B’+C.cot[45° +5§D
n=Z>m=

S B's(z,)

y S W

_yC
< s(z)
o (1)
Trong d6: C - Chiéu sau tang dat phd (m); ¢ - Géc
ma sat trong (dd); y - Dung trong rieng cla dat
(kN/m®); s - Ap lwc bom dung dich (kN/m?).

‘M6 hinh trén hinh H.1 thwdng dwa ra dy bao gia

o

tri ap lwe bom dung dich gay day tréi Ion so voi gia
tri do thwc t&, do khéng xét dén lyc ma sat gitra
khéi dat bi day troi va moi treong dét xung quanh
khi xay ra hién twong day trdi. Khi khéi déat phia
trén dudng ham cao tai gwong dao va/hodc tai
dudi may dao ham bi day troi do st dung 4p luc
bom dung dich 16n, trng suat cat sé xuét hién gilra
khéi d4t bi day trdi va méi trwdng dét xung quanh.
Mé hinh néu & hinh H.2 do Wout Broere dé xuét
vao nam 2001 [6] co xét dén trng suét cat nay.

Tur didu kién can bang ctia khéi dat phia trén
dwdéng hdm bao gébm co tong hop ap lwc bom
dung dich s, trong lvong cla khoi dat phia trén
may dao ham Gy va luc cat hai bén khéi dat bi da
trdi ¢, 4p lwc chdng I&én nhat tai gwong dao cod the
dwoc xac dinh nhw sau:
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B =C{y+2'c+c'g'yl'tanq’i|. (2)

Trong dé: ¢ - Luc dinh don vi, kN/m?.

0ok

TATTTR]

| D |
H.2. M6 hinh tinh toén day troi do -
Wout Broere dé xuat vao nam 2001 [6]

Tuy nhién, mé hinh cta Wout Broere (2016) da bé
qua trong Iwong phan dat doc theo chu vi clia hdm va
chwa xét dén dac trung giam ap lwc khi dung dich
bom di chuyen lap day khoang trong gitra vo ham va
may dao h&m tao ra nén gia trj ap lwc bom dung dich
gay day trdi theo mé hinh nay thwdng nhé hon so voi
thuc té. Khi bom dung dich tai mat gwong dao, dung
dich sé di chuyén Iap day cac khoang trdng nay va do

a)
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do ap Iyc dung dich bom sé gidm di [4]. 51 7= -
liéu [10], Vid Minh Ngan va céac cong s &5 & >
mé hinh phan tich hién twong dy troi oo === e s
thay dcn ap lirc dung d|ch tuyen tmh Xung o=t 2,

chirng voi s6 liéu do trong tnycyng hop siF o2 2= “:
xay ra kh| th| cong ham Second Helnenoor— e

nghiém hon so v&i cac két qua tinh toan bam C2C ’“‘5
hinh @& xu4t béi Balthaus va Wout Broere. Khi civ x5t
dén khéi dét phia trén duéng hadm bj day rdi do ap
lwc bom dung dich 16n tai phan phia trén ham (hinh
H.3.a), ttr diéu kién can bang cla khéi dat trén durong
ham, ap lwc bom dung dich I6n nhat dinh hAm Sg:max
dwoc xac dinh theo cong thirc:

T H ‘ aD
S =v.|H-=D|+2—{c+HK v tang)-——. (3
0.t max Y[ 8 J D( . (P) 2 (3)
Khi ca duo’ng ham va khéi G2t phia trén dwong
ham bj day trdi do ap luc bom Jung dich I&n tai
phan dwéi ham (hinh H.3.b), tr &i2u kign can bang,
ap lyc bom dung dich Ién nhat &2 d3v ham Sg b max
duwoc xac dinh theo cong thirc szu
m H . aD

Sobmex =y.[H-—8.DJ+2D.{c+H}g."aan: Rl (4)
Trong d6: H - Chiéu sau ham (m). + - Trong lvong

riéng clia vo ham, yr=24 kN/m* z - Gradient theo
phwong dirng cla dung dich bom.

D)

H.3. M6 hinh tinh toan d‘ay tréi do Vi Minh Ngan va céc cong sy dé xuét bao gom gradient ap luc vira
“a” a - Phén trén; b - Phan dudi: G, - Trong Iuvo’ng cha khoi dét phia trén duong ham; G, - Trong lrong
cla ham, ¢ - Luc cat doc theo hai bén khéi dat déy trdi; s - Ap luc bom dung dich tai guong dao hodc tai

dubi méy dao ham

mfma NGHIEP MO. S0 5 - 2019




®

XAY DUNG CONG TRINH NGAM VA MO

? i
2000 T e e | : j
i e

3. Phan tich hién twong day tréi tai dw an

tuyén tau dién ngadm sé 1 Tp. H6 Chi Minh
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H.4. Biéu kién dja chét tai Iy trinh Km 1+500 Dy &n
tuyén tau dién ngdm s6 1 TP. H6 Chi Minh

Tuyén tau dién ngadm sé 1 Tp. H6 Chi Minh co
chidu dai 19,7 km t&¢ Cho Bén Thanh té&i cong vién
Subi Tién bao gébm 2,6 km ngadm dwai Nha hat 1én
thanh phd, cang Ba Son va dudi sbng Sai Gon.
Phan lon dwong ham duoc thi cong béng may dao
ham loai can bang ap lwc dat EPB TBM dudi I0’p
d4t bao gdm c6 I&'p dat ph, cac vat liéu phu sa boi

dap ky thir tw Alluvium va 1a tich Diluvium. Lop dat
phtl bé mat c6 chiéu day khoang 2 m. Lop tiép theo
la cac lop phu sa boi dap ky thee tw Alluvium co
chiéu day khoang 30 m bao gébm cac 16p bun sét,
sét pha cat mém. Cac Iép |i tich Diluvium gém co
bun sét va cac I&p bun cat bén dwéi cac Iop phi
sa bbi dap ky tht tw Alluvium. Hinh H.4 mé ta dac
treng dia chat va vi tri dwong ham tai khu vuc xay
ra hién twong day trdi tai ly trinh km1+500.

Hién twong day trdi duoc ghi nhan vao lic 8 gio
sang ngay 23/4/2018, tai ly trinh km1+500 trén
tuyén ham phia’ Tay, tai noi ham co chiéu sau -
11,67 m. Tai thoi diém xay ra sy ¢d nhw trén hinh
H.5, dung dich phun I&n mat duwdng la dung dich
polymer dwgc bom tai gwong dao. Ap lwc bom
dung dich tai gwong dao do dwoc tai thei diém xay
ra sy c6 1a 380 kN/m?, day la gia tri ap luc polymer
cao nhéat tai hai du’o'ng ong cap polymer hoat déng
tai thoi diém xay ra sw cb (tren thwe té co 5 dwo’ng
éng céap polymer nhwng chi sir dung 2 dwdng bng
tai thoi diém do).

*"3

H.5. Dung dich polymer phun lén
trén mat dwong khi xay ra sw co day troi

Bang 1. Sé liéu dia chét tai Dw an tuyén tau dién ngém sé 1 TP. H6 Chi Minh (theo Béo cdo UMRTL1-

CP1b-TBMS-CGE-RPT-00073-C )

. Trong lwong | Lwc dinh | Gécma | Hé sb
. 5 Cao dd : . g j
Lép Mo ta - — riéng e donvi | sattrong | apluc
) Tw Toi kN/m c, kNm? | ¢, d6 | tinhK
1 |Lop bdi dap 2,58 0,23 19 10 25 0,6+0,5
2 |L&p bun sét mém Alluvium 2 0,23 -1,77 16,5 0 24 0,6+0,5
:3 |L&p cat lan bun Alluvium 1 -1,77 -13,2 20,5 0 30 0,6+0,5
4 |Lép cat Alluvium 2 -13,2 -17.4 20,5 0 33 0,5

Nhw da dé cap & phan trén, khi so sanh két qua
phan tich hién twong day trdi theo cac mé hinh tinh
toan khac nhau trong tai liéu [10], md hinh tinh toan
vGi ap lwe bom dung dich thay ddi tuyén tinh theo
chidu sau hdm do Vi Minh Ngan va cac cong sw
dé xuat (2016) dwa ra két qua tinh ap lwc bom

dung dich 1&n nhét trong didu kién day tréi chinh
xac hon cac két qua tinh toan tlr cac mé hinh phan
tich do Balthaus va Wout Broere dé& xuét khéng chi
ddi voi cac thi nghiém ly tm ma con dung trong
trwdng hop thuc t& tai ham Second Heinenoord
Tunnel. Tuy nhién, md hinh phéan tich hién twong
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ddy tréi nhu hinh H.3 chi tinh toan cho tredng
hop dat déng nhat va dang hwéng. Trong bai
bao nay, tac gia dé xuat m& hinh tinh toan voi
diéu kién dija chat bao gom nhiéu I6p dat duwoc
thé hién trong hinh H.6 dé phan tich sw cb day
trdi. Trong mé hinh tinh toan nay, ham dwoc dat
¢ d6 sau -11,67 m. Cac thong sb dia chét duoc
thé hién nhuw trong Béng 1. Twong tv nhw mo

H.6. M6 hinh phén tich higén tuong day tréi tai D &n t uye

hinh néu trong hinh H.3, mé hinh mé & trong
hinh H.6.a phan tich cho truong ho’p chi xét dén
khéi dat phia trén dudng ham bj day troi do ap
e bom dung dich I&n tai phan phia trén ham.,
mo6 hinh mé ta trong hinh H.6.b phén tich cho
trwong hop ca duong ham va khéi dat phia trén
dweng ham bi ddy trdi do ap luc bom dung djch
I&n tai phan dwéi ham.

D)
- g ]
e T-l 1’3 IT Lop 1
T{ 13 lt Lép 2

T, 3C- l:

h'l

tau dién ngdm sé 1 TP. H6 Chi Minh: a - Phan trén; b - PF:" duon

a)
H
i T1l 161 lrw Lop 1
r:l le lr: Lép 2
T;.! gy 1&
Lop 3
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700
————— AD e chong Iém nhat phdn trén hdm
- Ap luc ch8ng 16n nhit phin dwdi him
600 Ap lc chéng 1én nhét tai tam him ‘
#* 50 ligu quan trac tai duf &n
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H.7. Két ‘qua phan tich hign twrong day troi tai D
an tuyén tau dién ngam sé 1 TP. Hé6 Chi Minh

Hinh H.7 thé hién két qua tinh toan theo cac
cong thirc (3) va (4) voi cac ty sb chiéu sau tang
dat phu/duwdng kinh ham C/D khac nhau theo didu
kién dia chat nhw trén hinh H.6 va Bang 1 nham
dwa ra cac gia tri tinh toan ap lwc bom dung dich
I&n nhat voi cac vi tri hdm khac nhau. Trén hinh

m CONG NGHIEP MO. SO 5 - 2019

H.7, vi tri ddu (*) thé hién 2p Iyc bom dung dich
do duwoc khi xay ra ::‘. troi tai vi tri cé ty sb
C/D=1,76. Ap lwe day t Jurgre tai vi tri nay cd
gia trj 380 kN/m?.

Hinh H.7 cho thay k&t qua tinh toan ti¥ cac mo
hinh tinh toan phan tich hién trong day trdi va két
qua quan trac co su sai khac khong dang ké
(khoadng 7 %). Dicu nay cho thay cac két qua tinh
toan tlr mod hinh phan tich d& xuét la hoan toan tin
cdy va cho k&t qua chinh xéc vé& ap luc ddy trdi
trong sy ¢b nay.

Viéc thi cong ham tai Dy an tuyén tau dién
ngam s6 1 TP. H& Chi Minh da két thic va khéng
ghi nhan s ¢ va anh hudng nguy hiém xay ra.
Viéc phan tich lai s ¢ day trdi nay rat ra mot sé
bai hoc kinh nghiém nhuw sau:

» Kiém soat 16t cac ap lwe chdng tai guong
dao va khoang tréng phia sau may dao ham I3 rat
quan trong trong viéc dam bao sy thanh cong cla
dv an;

» Cac giai phap chuan bi khi xay ra su cb trudc
do trong Bién phap thi cdng c6 thé giam thi eu murc
dé ton that trong cac trudng hop xay ra sy cb;

» Mo hinh tinh toan ap lwc day trdi véi sw thay

L
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dabdi tuyen tinh ap lwc chong tai phan trén va phan
dwdi clia hadm c6 thé dy bao chinh xac ap luc day
trdi khi thi cong ham néng trong dat yéu. Cac so
sanh kiém chirng v&i hai trwong hop thuc té tai
ham Second Heinenoord Tunnel va Dw an tuyén
tau dién ngdm sé 1 Tp. H6 Chi Minh cling nhw 3 thi
nghiém ly tam khang dinh diéu nay;

> Trong didu kién dia chét tai Tp. H6 Chi Minh,
cac rdi ro day tréi khi thi cong hadm néng voi ty sb
C/D nho hon 2,0 1a co thé xay ra (trong truwong hop
nay ty sb C/D=1,76). Cac nha thau thi cdng can
chl y trong céng tac quan tréc khi thi cong ham
bidng TBM hodc mTBM trong thanh pho hoac can
chu y ap dung cac bién phap XU Iy nén dat yéu khi
thi cong nham giam thiéu rai ro day troi;

» Voi cac dy an xay dwng duéng ham trong
twong lai tai Tp H& Chi Minh va tai Ha Noi trong
diéu kién dia chét dat yéu nhu du an tuyén tau dién
ngam s6 2 Tp. H6 Chi Minh, tuyen tau dién ngam
s6 3 Ha Ndi, cac dy an dao ham tlet dién nho bang
phwong phap khoan kich ddy ngam (pipe jacking)
nhw cac dy an cap thoat nwoc thanh pho hién
twong day trdi can duoc xét dén trong thiét ké va
trong qua trinh thi céng nh&dm han ché cac hau qua
I&n co6 thé xay ra.

4, Két luan .

Hién tu'o’ng day trdi'1a hién twong nguy hiém va
nhét thiét phai dwoc xét dén trong thiét ké thi cong
ham, dac biét khi thi cong dudng ham véi do sau
ndéng trong diéu kién dat yeu nham gidm thiéu va
phong tranh cac ton that xay ra. Trong bai bdo, tac
gia da phat trién md hinh phén tich hién twong day
trdi do Vi Minh Ngan va cac cong sw dé xuat [6]
cho tru’ong hop thi cong ham trong diéu kién dia
chét nhiéu I6p dét khac nhau. Két qua tinh toan
kiém chung V@i trwang hop sw co day troi trong Du
an tuyen tau dién ngam sbé 1 Tp. H6 Chi Minh da
cho thdy mé hinh tinh toan dé xuét co thé tinh toan
va dw bao tdt ap Iwc bom dung dich thyc té. Cac
giai phap ky thuat str dung trong Dy an tuyen tau
dién ngadm sé 1 TP. H5 Chi Minh cho théy viéc
chuan bi kT cang cac bién phap k¥ thuat cho cac rai
ro khi thi cdng ham 1a can thiét ddm bdo sy thanh
céng clia dy an.OJ
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Trach nhiém phap ly cla cac tac gia bal bao:
cac tac gia hoan toan chiu trach nhiém vé céc sb
liéu, ndi dung céng bé trong bai bao theo Luat Bao
chi Viét Nam

SUMMARY

| The article shows the research result |
| selecting the quantity, ingredient, properties |
| for the machines, equipments using for
. driving underground construction when the

driving tunnel face velocity is selected
before. :

* 1. Sw mat binh tinh va mau thuan vo’i
chinh minh la diém yéu 16n nhét cla ban
chét con nguroi. Joseph Addison.

2. Khéng biét bao nhiéu lan con nguoi
buong tay tir bo khi ma chi mot chdt no lwe,
mot chidt kién tri nira théi la anh ta sé dat
dwoce thanh cong. Elbert Hubbard.

3. Nhirng nguwoi thanh céng ludn fudn tim
kiém co hoi dé gilp d& nguodi khac. Nhing
nguoi khong thanh céng ludn ludn hoi: “Téi
duwoc lgi gi?”. Brian Tracy.

VTH swu tém

PHAN TiCH SU C0...

(Tiép theo trang 35)

SUMMARY

When supporting pressures applied at the |
. tunnelling face and/or the TBM tail are too |
. high, blow-out occurs leading to the collapse |
| of tunnelling process. This blow-out condition |
. is normally calculated as the upper boundary |
| of supporting-pressures in tunnelling design,
| especially when tunnelling in soft soil conditions |

. and with shallow depths. This paper presents |
| recent blow-out models in the world and |

introduces a new model for analysing blow- |

' out when tunnelling in multi-layered soil. An

analysis for a blow-out case study of Hochiminh |
Metro Line 1 Bén Thanh-Sudi Tién, Vietnam |

. shows a good agreement between observed |

' data in the field and analysed results from |

. the multi-layered soil blow-out model.

NGHIEN CUU SU DUNG...

(Tiép theo trang 39)

Trach nhiém phap ly cha cac tac gia bai bo:
Cac tac giad hoan toan chju trach nhiém vé cac sbé
liéu, ndi dung céng b6 trong bai bao theo Luét Bao
chi Viét Nam

SUMMARY

Toprotectthe large cross-sectionunderground |

| constructions at large depths, some countries |
| in the world (such as Russia, Poland, Ukraine, ||
| etc.) have put into use V-shaped steel (SVPU) |
| replacing U-shaped steel (SVP). Because, V- |
| shaped steel (SVPU) has many improvements |
| in geometric cross-section characteristics, the |
| mechanical properties and joints construction |
. wich help to increase the load carrying |
| capacity, bending, twisting and stability level. |
. Nowadays, Quang Ninh underground coal |
| mines are going deeper, so that the applying |
| the V-shaped steel (SVPU) increases the |
| stability and security level for underground §
| constructions in mines.
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