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Cai tao va khoi phuc céc cong trinh ngam dé phat trién bén viing

Tréan Tudn Minh"" Ngnyén Duyén Phong!
"Trirong Dai hoc Mo - Dia chat, Nhém nghién cieu GCMS

TOM TAT

Cac duong hdm néi riéng va cac cong trinh ngdm noéi chung sau thoi gian dai van hanh, sir dung duéi
cac tac dong theo thoi gian, diéu kién dia chit, cac didu kién vi khi hau, nuéc ngam va mot s6 tac nhin khac
nhu dong dét, chay nd c6 thé lam hu hong vo chdng trong cac duong ham Hu hong nhe gay bong tréc, mat
thdm my, hu hong ning co thé gay sap do cuc bd hodc trén mot doan tuyen cong trinh ngdm. Diéu nay, doi
hoi phai c6 cac cong tac duy tu, bao dudng, danh gia do 6n dinh ctia vé him ciing nhur mirc d an toan cua
duong him dam bao van hanh an toan dudng him. Tuy nhién, hién nay tai Viét Nam van dé duy tu, bao
dudng va bao quéan cac cong trinh ngam con it dugc quan tdm, va trén thye té dad c6 nhitng tai nan da xay
ra do chua c6 nhing quy trinh quan tric, danh gia va 6n dinh v6 him ciing nhu chua ¢6 nhimg quy trinh
cho viéc sira chita, cai tao khoi phuc céc cong trinh ngdm. Bai bo gidi thiéu mét sb nguyén nhan gy hu
hong dudng ham va mot s6 giai phap dinh huéng trong cong tac sira chita cac dudng ham trong thoi gian
van hanh.

Tir khoa: duy tu; bao dudng; cai tao; khoi phuc; cong trinh ngam

1. bat van dé

Ngay nay mot s6 duong ham dang trong thoi gian van hanh va st dung nhung do yéu tb thoi gian va cac
yéu td moi truong xam thye, yéu té dn mon, yeu t6 chiu lyc va mot s6 yéu té khac da bi hong hoc gay anh
huong dén viéc van hanh va st dung dudng him mot cach binh thuong. Céc duong him bi hu hong ¢6 thé
tr hu hong nhe nhu trong boc, mét thim L my dén hu hong néng nhu dudng him bi bép bep, sap d6 vo chéng,
két cau chdng cuc bo, trén mot doan him nao do dan dén budc phai dirmg vige str dung dudng ham. Cac
nguyen nhén gay ra hu hong dudng him c6 nhiéu dang khéac nhau tir chu quan dén khéach quan, khach quan
tir cac yéu té nhu dit d4, diéu kién dia cht blen dbi, dat da bi phong héa, ngdm nuéce 1am cho duong him
bi tang 4p luc, vo him bi nén bep, bi nude ngdm xam nhap, bi sap do hodc can thi€t phai m& rong dé dam
bao luu lugng luu thong cho dudng hdm, hoic ciing co thé do cac yéu té chi quan do con nguoi va cac tic
dong k§ thuat trong qua trinh vén hanh va sir dung cac duong him nhu c4c hién tuong chay, nd...1am budc
phai dimg van hanh duong him d¢é sira chira, khic phuc.

Trén thé gi6i vin dé duy tu, sira chira bao dudng duong ham d3 duoc nhidu nha khoa hoc quan tdm.
(Michael Sprinkel, P.E, 2014) d dua ra nhitng quan diém vé sira chita ci tao cac dudng him & Virginia
My, trude d6 (Toshihiro Asakura va Yoshlyukl KO_]lma 2003) da cong b6 bai bao vé cong tac duy tu sira
chita duong him & Nhat Ban & tap chi TUST glOl thi¢u khai qudt vé cong tdc duy tu stra chira duong ham.
(Ndm 2003 Timo SeldenfuB) nguoi Due da gidi thiéu cac dang sip d6 dudng ham trong ludn vin thac si,
da danh gia téng quét cac dang mét 6n dinh sap b duong ham trong d6 c6 cong tac duy tu bao dudng
duong ham ¢ Pirc. (Nam 2001 A.Bothma da gici thi€u viéc stra chita khoi phyc gi€ng dung ¢ tr ong tap chi
cua Nam Phi ¢6 gici thi€u cong tac duy tu stra chira gleng dung do bi thdm xung quanh thanh giéng.

Mot s6 tac _gia Lién Bang Nga ciing d3 quan tm nhiéu den van dé sira chita, cai tao va khdi phuc cac
cong trinh ngam c6 thé ké dén (KopoGosa O.A., 2008) da xuét ban tai ligu vé gia cuong cac mong nha va
stra chita két cdu cac mong nha. (ITonomapes, A b.,2014) Xay dyng cong trinh ngdm, cudn sach gioi thi¢u
cho ngudi doc va sinh vién vé viée xdy dung va stra chira cac cong trinh ngam. (Iuxos, A.H., 2015) da
xudt ban sta chita cac toa nha dan dung va cong nghlep, (Wnmn A.A., 2009) da xuét ban bai bao Ve sua
chita két cdu ching glu cong trinh ngam voi sy trg giup cia cong tac bom €ép O nha xuét ban «Gornaya
knig » va stra chira cac ket chu cac cong trinh ngam dudi sau, dang & hoi nghi Tudn 1& mé, Matxcova.
(A.®. bop3sl., 2004) da xuat ban bai giang vé stra chita cac duong 10 trong mo day 242 trang.

Tai Viét Nam, vige nghlen ctru van dé cai tao, sira chita va khoi phyc cac cong trinh ngim ciing da duoc
aé cap den trong mot sO bai giang, glao trinh va mét s6 d8 tai nghlen clru co sd. Ta1 truong Pai hoc Mo-
Dia chit Ha Noi, mon hoc Stra chita, cai tao khéi phuc cong trinh ngdm d dugc bo sung va dua vao trong

* Tac gia lién hé
Email: trantuanminh@humg.edu.vn; tuanminhhumg@yahoo.com
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giang day tr ndm 2010. Tuy nhién, da phan van su dung bai giang viét tay lam cho mén hoc chua dugce
ximg tdm véi kién thirc va chuyén mon. Trin Tuén Minh va nnk, 2019 da xuat ban cuon gido trinh Stra
chira, cai tao khdi phuc cong trinh ngam mang tinh cht quy mo hon va da phén nao tiép can, du bdo ciing
nhu dua ra dugc nhitng kién thirc tong quan ve cong tac sua chira, cdi tao khdi phuc cong trinh ngim. Tuy
nhién, né van chi ‘mang tinh hoc thuat nhiéu hon 1a tinh timg dung, kinh nghiém sira chita, cdi tao cac duong
ham trong thuc té do han ché cac du an & Viét Nam cling nhu it ¢6 mét s6 duong ham, cong trinh ngam bi
hu hong trong thoi gian s dung, da phén ching vin duoc quan tim & dang riii ro trong thi céng cac cong
trinh ngam.

Thot gian gan dy, mot s0 duong ham dudng sét sir dung lau nim nén da xuat hién hu hong, cu thé: vu
sap duong him duong sat Chi Thanh (Hinh 1) khoang 10h30 sang ngay 26/5/2024 trong lic cong nhan
dang hot don lugng dat, dd sat 16 con lai tai dudng ham thi bat ngd mot lugng 16n dat, da tiép tuc sat xuong
bit kin dudng ham. V&i ham Bii Gi6 (Hinh 2) trong 2 ngay 12 va 13/4/2024 da xdy ra hién tuong sat 16 voi
tong khéi lugng hon 200m3 dat da gay té liét duong sdt Bic-Nam doan qua 2 tinh Phu Yén va Khanh Hoa.
Sau 9 ngay no luc, den dém 21/4 nganh duong sit mai khic phuc xong duge sy ¢b him Bai Gio va tau co
thé di chuyén qua him nay.

Hinh 1. Sat l6 ham Chi Thanh - Tuy An, Phu Yén Hinh 2. Sat 16 ham Bai Gi6 - Tuy An, Phii Yén

Nguyén nhén gy hu hong 2 duong ham trén dugc xic dinh la trong qud trinh sira chita, duc bo vo chéng
dudng ham da gay tut 16 ndc cac duong ham két hop véi dleu kién dia chat yeu dat da phong hoa trén noc
him gay tut 16 ldiy tién (tién tuc, ban dau sat 16 nho sau d6 khéi sat mO rong ra xa hon néc him vé phia trén
bé mat dét). Qua trinh khoi phuc, duy tu cac duong him thye té 1a cong viée kho khin phire tap vi khi d6
phal dirng hoat dong dudng him cuyc b6 trong mot thoi gian nao do trong ngay, cong tac khdo sat, dénh gid
on dinh v6 him cling nhu dleu kién dit da bén ngoai vo ham cin phai c6 nhiing quy trinh danh gia cy thé,
su phirc tap, bién ddi cua dleu kién dia chat cling nhu tinh chu quan cua con ngudi lam tdng thém tinh kho
du doan cua qua trinh sap d6 duong ham Diéu nay doi hoi cén phai co nhung nghién cltu, danh gia chi tlet
va ti mi hon v€ hién trang, mic d6 6n dinh va thoi gian ton tai lau dai cta vo chong céc cong trinh ngdm
trong tuong lai 1a diéu cac nha khoa hoc vé linh vuc cong trinh ngam & Viét Nam cin quan tam.

2. Cic nguyén nhin giy hu héng céng trinh ngam
2.1. Nguyén nhdn chii quan

C6 nhidu nguyen nhan chi quan khéc nhau dan dén hu hong céac cong trinh ngam c6 thé ké dén nhur:

- Do mot s6 16i trong qua trinh thlet ké vo chong duong ham, tudi tho ctia v6 him, khong dat dugc nhu
mong doi nén mot so dudng ham v6 ham thudng c6 tudi tho nho hon thiét ké, hodc trong qua trinh thiét ké
viéc du dodn 6 6n dinh, bién dang ciia dat da bién him theo thoi gian, tinh toan c6 xem xét dén tir bién cia
dat da con it duge chu trong;

- Do 16i trong qua trinh duy tu stra chira cac duong ham, sy bat can cta can by, cong nhan trong qua
trinh duyc, pha vo him lam cho vo ham bi sap d6 ma khong cb bién phap giai phap 6n dinh khéi da bén
ngoai xung quanh (nhu mot s6 giai phap khoan phun ép vira gia cuong tir bén trong vo6 ra bén ngoai trudc
khi duc vo ham,...);

- Do chay nd trong dudng ham tir hoat dong van hanh khai théc cong trinh ngdm, hién twong nay c6 thé
x4y ra khi do ¥ kién chu quan cua con ngu0‘1 cling nhu phwrong ti¢n phat sinh tia ltra giy hoa hoan trong cac
duong ham gay hu hong két cu vo ham va can phai sira chira, khac phuc.

2.2. Nguyén nhin khach quan

Nguyen nhan khach quan ¢ day chu yeu la nhitng vén dé khéng du doan trude duge cia cac van dé dia
ky thudt va cac yeu t6 khac, ¢6 thé ké dén nhur: . o .
- Thim dét, ro ri nudce qua cac 16p cach nude va 16p vo ham theo thoi gian gay hue hong két ciu vo ham
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can phai xtr 1y va sira chita, duy tu dudng ham

- Lii lut gdy ngdp lut va lam hu hong két cAu vo ham ciling nhu duong him cén pha1 stra chita chung;

- Dong. dat gy hu hong cuc b hodc hu hong nang cac duong ham trong thoi gian str dung;

- Sur bién doi, phong héa cta dat da gay tai trong tang theo thoi gian trong mot 0 truong hop dat daco
tinh truong nd, ngdm nurde. Ngoai ra, con cd the do céc hoat dong kién tao hién tai vin con dang tiép dién
1a tic nhan gay hu hong duong hdm, va mot s nguyén nhén khac.

3. Ly ludin vé duy tu khdi phuc céng trinh ngim

Nhin chung, qua trinh duy tu, stra chita cling nhu khoi phuc cac cong trinh ngdm cén phai dugc hleu &
nhing 1y ludn vé tu duy tuong tw nhu vige bét ddu qué trinh dao mot duong him méi (tu khao sat, thiét ké
k¥ thuat, thiét ké to chirc thi cong, hoan cong cong trinh ngim). Khi xéc dinh dugc vi tri duong him phai
sta chita thi vige thiét ké du bao trude khi sira chira cong trinh ngam 1a van dé bt budc can phai thue hién.
Dé thuc hién dugc viéc nay thi rd rang budc tiép theo dau tién la phai danh gia duge diéu kién dja chat thay
van, dia chat cong trinh khu vyc duong him bj hu hong. Viéc dinh gia dieu kién dia chat khu vuc duodng
ham bj hong la di€u hét strc can thiét trong qua trinh thiét ké k§ thuat, thi _cdng va mo rong cac duong ham
trong thyuc t€ khoi phuc va cai tao cac dudng him. Panh gia dia chat & xem xét, tim h1eu dugc nguyén
nhan giy pha hay két cdu chong git duong ham, hodc nguyén nhéan lam duong him mét on dinh khong thé
su dung dugc. Viéc danh gia dia chét & day c6 thé dugc thuc hién bing cach vao khu vie ham quan sat truc
tiép hodc sir dung cac thiét b khoan tham do tir phia bén trong dudng ham vao khéi da xung quanh dé kiém
tra, khao sat lai cac dic tinh dat d, diéu kién dia chét, dia chat thuy van cong trinh khu vic duong ham bi
pha huy.

Chi tiét chd hong Bé mat dt

Cac neo két néi - Béténg phun

Tém chéng thim c—

\ B doc tam
B8 téng phun = >< i thi khai dio
N Ve \ s
g 5 \
A r — \.l\_ ——

==
/ 1
Pudng ray \‘L/CLN

\ Két cdu neo dal ‘" Ong thoat nude

Hinh 3. Vi dy mat cdt ngang dwong ham & khu vuc bi hong hoc sau khi khao sat,

Viée sir dung cac phan tich n dinh trudc khi sira chira cai tao voi cac cong trinh ngam 4 can thiét dé du
doan thém vung pha huy va kiém tra lai sy an toan cia két cau chong méi trong khi stra chira cai tao. Véi
su phat trién clia khoa hoc va cong nghé may tinh ngay nay c6 rat nhiéu cac phan mém chuyén dyng dé du
béo 6n dinh. Cac phan mém s hién nay thong thuong duge xay dung trén mot co sé nguon nao do nhu sy
sup do khéi ném, cac phuong phap sb hodc phuong phap dudng dic tinh khéi da. Tuy nhién co6 the nhan
thay rang du phwong phap nao di nira thi n6 ciing thuong duge xdy dung trén co sd gia thiét 1a khéi da co
tinh nit né, phan cach khong lién tuc (céac phuong phdp sai phan hiru han, phuong phap o1 rac) hoac trén
co s6 coi khoi d4 1a moi truong lién tuc (phan tir hitu han, phan tir bién). Trén hinh 4 va 5 g101 thiéu ket qud
mo phong 0 on dinh cta dudng ham va hé théng cong trinh ngdm cén sua chita aé xac dinh cac thong 5O két
chu chdng gitr can thiét khi tinh toan phan tich va lya chon két cdu chéng giir dé duy tu sira chita duong
ham.

W WS . an
a3 4 2! L

UNWEDGE UDEC Phases?

Hinh 4. Phén tich bang phan nzém doi voi nhing khu vuc  Hinh 5. Phdn on dinh cho cdc duong ﬁcfm
c6 mit né va hinh thanh cdc khoi ném sdp do bang phan can sika chita cdi tao bang phan mém
meém Unwedge va UDEC Phase 2
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4. Mot sb gidi phap dé khic phuc s ¢b cong trinh ng?lm trong thoi gian van hanh

Viée khic phuc sy ¢b cong trinh ngdm trong qué trinh st dung hay dugc sir dung rong rai nhat s& tiy
thudc vao mirc d6 hur hai ciia cong trinh (ndng, nhe, cuc bo hay trén mot pham vi chu tuyén dai cta dudng
ham). Ddi v6i viée sira chira nho, bén trong dudng ham hién nay hay st dung gidi phap bé tong phun. Day
dugc xem 1a giai phap sira chita voi céc cong trinh ngdm danh gia dwoc vo ham, két ciu chéng vo him van
du kha nang lam viéc va mang tai. Bé tong phun chi mang tinh trang tri va lam dep, cong viéc stra chira nay
khéng yéu cau sy phtic tap ciia cong ngh¢, xong no6 ciing tiém an nhiéu riii ro gay tai nan, sap d6 trong qua
trinh thuc hién duy tu, stra chita duong ham. Him Brunel Thames tunnel London (Hinh 6) dugc xay dung
tir nhitng ndm 1825 va phai phuc hi sira chita, sir dung bé tong phun viéc hoan thanh sira chira vao nim
1997, ham Bergen Tunnel (Hinh 7) Jersey City, New jersy My dugc xay dung tir nhitng ndm 1870 va
phai stra chita vao nam 2001, van hanh lai 2002, kinh phi sira chita 1a 65 triéu d6 la, him Berry Street
Tunnel (Hinh 8) dugc xdy dung tir nam 1865 chiéu rong 4m va dugc mo rong 1€n 8m vao nam 1873, dén
nam 1996 phai stra chita va dugc dua vao str dung lai vao ndm 1997, kinh phi stra chira 18 tri¢u do.

Hinh 6. Sir dung bé tong phun sira chita cdi tao cong trinh ngam Brunel Thames tunnel London

Hxnt 2. B® t«ng phun 36 déng v hun g%n nh+1 g che h- ha g nhN

Hinh 7. Vi du sir dung bé tong phun sita chita cai tqo dwong ham Bergen Tw?nel
_ Trong truong hop ket cau chong dudng ham khong con du kha néng chiu lyc, dudng ham phai thay doi
két cau chong gitt, can thi€t phai mo rong duong ham. Truong hop stra chira 16n (Hinh 8).

Hinh 8. Duc bé vé ham thay thé va mé réng dwong ham khi sira chita cdi tao dirong ham Berry Street

Trong truong hop xéc dinh duge vo ham yéu, khong du kha ning chiu lyc khi sira chita va mo rong
duong ham thi giai phap g1a cuong vo chong va gia cuong dit da ¢ bén ngoai vo ham dé nang cao kha nang
chiu tai ciia vo him va d6 6n dinh ciia dit d4 bén ngoai vo ham tao didu kién dé dyc, pha vd vo ham cii thay
thé v6 haim méi.

Giai phap bom ép gia cudng hoa chét truc tiép vao trong vo chéng duong him, truong hop nay nguoi ta
str dung céc 16 khoan nong vao xung quanh khu vyc vo him bi nut, sau d6 sir dung bom ép vita véi ap luc
cao bom ép vira vao trong vo chéng duong him. Vita bom ép co6 do linh hoat nhét dinh s& len 161, chui vao
cac khe nit va chén 1dp kin céc khe nut, vira cling c6 tic dung lién két giira vira va 16p két cau chong cii
gitra hai bén thanh khe nut tao cho vo chong ¢6 tinh lién tuc va tang kha ning chiu lyc, ting kha ning bén
va ciing lam giam kha niang nude c6 thé xam nhap duge qua cac khe nut cua vo chong

Giai phap bom ép vita ra bén ngoai vo chdng tao mét 16p vo gia cuong bao vé 16p vo chdng cd dinh cua
duong ham cii. Giai phap nay sé& phai str dung choong khoan ¢6 chiéu dai 16n hon, viée khoan céc 16 khoan
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ciing phirc tap va kho khin hon, sé lugng 15 khoan ciing 16n hon so véi viéc khoan bom ép vira cuc bo &
nhitng vi tri nit cta vo ham cii. Mot vai hinh anh vé cong tac bom ép gia cudong vo chdng cii cua duong
him dugc mé ta nhu trong hinh 9, 10. Bay ciing la giai phap htru hiéu phu tro trong qua trinh pha d vo
chdng cii ctia duong ham dé thay 16p vo ham méi khi duy tu, sira chita cac duong ham.

Bé mit phuc
héi véi fusi
thép va vita
phun

http://tunnelingonline.com/cement-grout-  https://www.theconstructionindex.co.uk/news/view/haymar
vs-chemical-grout-one-use-2/ ket-tunnels-strengthening-paves-way-for-200m-
development
Hinh 10. Gidi phdp bom ép vita gia cé dat da bén ngodi vé ham
5. Két luan

Viéc sira chira, cai tao khoi phuc cong trinh ngdm 1a didu can thiét déi v6i cac duong hdm trong thoi
gian van hanh cong trinh. Khi xac dinh duoc nguyén nhan gdy hu hong, cén thiét phai c6 cac danh gla ti mi
truge khi di xay dung quy trinh cai tao stra chira cac duong ham Trong qua trinh stra chira, can thiét phai
co cac danh gia lai kha ndng mang tai cla két cAu, dic diém cAu tric, diéu kién dia chit thiy vin, dia k¥
thudt cta dat da khu vue bén ngoai vo ham. Xay dung dugc quy trinh sita chita nho, 16n tiy thuge vao mirc
d0 hu hai cta vo ham va duong him.

Phai khio sat, quan tric k¥ diéu kién dét d4 xung quanh tranh riii ro khi pha v& vé him lam tut 16 dét d4
xung quanh vao bén trong duong ham, dic biét trong khu vuc dAt d4 phong hoa, bo roi, qua trinh sup a6
lity tién. Str dung thém mét sb giai phap phu trg, gia ¢6 dat da va vo chdng trude khi thao d& vo ham dé
dam bao an toan trong qua trinh duy tu, sira chita cic dudng hdm. Qua trinh stra chita cin thiét phai c6 thiét
ké lai hé thdng két cau chdng d& dudong hdm, viée tu duy Iy ludn thiét ké c6 thé sir dung cac Iy thuyét dai
s6 hodc cac phdn mém mé phong s dé phan tich, dy bao céc tinh hudng c6 thé xdy ra dé dé xuét cac giai
phép thich hop. Céc bién phap gia cb tam khi sira chira nhu bé tong phun két hop neo va luéi thép, gia cb
bén ngoai vé ham 13 cac giai phap cén dugc quan tim sir dung c¢6 hidu qua trong khi thi cong sira chira,
khoi phyc cac cong trinh ngam.

Dé nam vitng va van dung tdt cac gidi phap cai tao, sira chira va khoi phuc cong trinh ngam doi hoi nguoi
k¥ su phdi dugc trang bi cac klen thirc co ban nhu dia chit cong trinh, co hoc dit, co hoc d4, nén- mong,

co hoc cong trinh ngam, gia b nén dat yeu thi cong ham, phwong phép sé trong dia k¥ thuat, ..

Tai liéu tham khao

Tran Tuin Minh, Nguyén Huy Hiép, 2019. Gido trinh sita chita, cdi tao khéi phuc cong trinh ngam,
NXB Xay dung.

Michael Sprinkel, PE. 2014. Preservation, Repair and Rehabilitation of Concrete Bridges, Pavements
and Tunnels in Virginia. International Concrete Repair Institute Spring Convention Reno, Nevada March

1143



20.

Toshihiro Asakura, Yoshiyuki Kojima, 2003. Tunnel maintenance in Japan. Tumnelling and
Underground Space Technology, 18: 161-169

Manftred N. Part and Sivotha, Hean, Mastic asphalt and waterproofing components for bridge and tunnel
construction, Switzterland, 2003.

Timo SeidenfuB. Collapses in tunneling, master thesis, Laussane, Stuggart, Germany - 2006, 194p.

Rich Humphries and Mark Sandfort Golder Associates, Stabilization and upgrading old transportation
tunnels, 66p.

A. Bothma, 2001. The rehabilitation of Tmpala N°.1A ventilation shaft, The Journal of the south African
institute of mining and metallurgy, 177-182.

Kopo6oBa O.A. Vcunenue ocnosanuti u pexoncmpykyus @yHoamenmos: yued. mocodue /O. A.
Kopo6oBa ; HoBocub. roc. apxurexryp.-crpout. yH-T (Cuberpusn). - HoBocudbupck : HTACY (Cuberpun),
2008.-332c.

[onomapes, A.b. Ilodsemnoe cmpoumenvcmeo: yue6. nocodoue/A.b. Tlonomapes, 10.JI. Bunuukos. -
[lepmb: U3a-Bo Ilepm. Hal. uccnes. noiauTexH. yH-Ta, 2014 - 262 c.

uxoB, A.H. Pexoncmpykyus epaxcoauckux u npomviuiienuvix 30anuii: MoHo-rpadus/AH. 1lIuxos;
M-Bo c.-x. P®, denepanbHoe roc. OromkeTHOe 00pa30BaT. YUPEKJICHHE BBICIIETO Mpod. 00pa3oB.
«IIepmckas roc. c.-x. akan. um. akan. J[.H. [IpsaummukoBay. - [lepms: UL «IIpoxpocTsy, 2015. - 399 c.

[Hunun A.A. PevMonm cmpoumenbhblx KOHCMPYKYUTLL ¢ HOMOWbIO unbekmupogarus. - M: 13natenscTBo
«l"opnast kauray, 2009.-170c.

unua A.A. (MITY, 3AO Tpuana-XonauHr). Pemorm u peKOHCmpYKyus 3a21y01eHHbIX U NOO3EMHbIX
coopyscenuil. Henens Fopusika. Mocksa - 2009.

A.®. bop3sl. Koucnekm nexyuiicooepicanue U peMOHM 2OPHbIX 6bIpAOOMOK. MHHUCTEPCTBO
00pa3oBaHKs U HAYKH YKPauHbI JJOHOACCKUI TOPHO-METAJLTY prudyecKuid HHCTUTYT. AirdeBck, 2004.-242c.

ABSTRACT

Underground construction renovation and rehabilitation
for sustainable development

Tran Tuan Minh!, Nguyen Duyen Phong!
!Hanoi University of Mining and Geology

Tunnels and underground constructions in general in a long-term period of operation and use are often
affected by time, geological conditions, microclimate conditions, groundwater and the other factors such
as Earthquakes, fires and explosions can be damaged for support linings in tunnels. Slight damage causes
expose the linings, changes architecture, heavy damage can be collapsed locally or on the section of
underground construction. In these cases, the requirement of maintenance work and assessment of the
stability of tunnel lining as well as the safety of tunnel must be applied to ensure safety operation of them.
However, currently in Vietnam, the problems of maintenance, rehabilitation and renovation of tunnels have
been inappropriate attention. Accidents have been occurred due to the lack of monitoring and assessment
procedures the stability of the tunnel lining, also there are no procedures for rehabilitation, renovation and
restoring of the tunnels. This article introduces some causes of tunnel damage and some directional
solutions for rehabilitation and maintenance of tunnels during their operation.

Keywords: maintenance; renovation; rehabilitation; restoring; tunnels
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