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Experimental and numerical research of the effect of blasting vibrations
during tunneling on surrounding structures (rock mass, existing tunnels,
buildings, etc.) was widely studied in recent years. However, the effect of
blasting vibration from a new tunnel on an existing adjacent tunnel is still
unclear. A few researches has been carried out to study the relationship of
the observed Peak Particle Velocity (PPV) on the lining areas along the
existing tunnel direction, due to either the lack of in situ test data or the
difficulty in conducting field tests, particularly for tunnels that are usually
old and vulnerable after several decades of service. The paper uses the
synthetic analysis method, study result of Croix-Rousse, Lyon, France to
propose on assessing the effects of blasting vibration on the existing lining
of the main tunnel during expanding excavation the auxiliary tunnel by
drilling and blasting method in similar conditions at Hai Van Pass Tunnel
in Viet Nam.
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Panh gia chan dong n6 min dén két cau vé chong cia duwong
ham Hai Van khi tién hanh dao mé rong ham lanh nan bang
phwong phap khoan n6 min

bang Van Kién”*

Khoa Xay dung, Trurong Pai hoc M6 - bia chdt, Vietnam

THONG TIN BAI BAO TOM TAT

Sllﬁ? trl!)r‘]h'28/8/2020 Nghién citu thwe nghiém va mo hinh s6'vé dnh hwdng ctia chdn déng nd min
an bal trong qué trinh dao hdm Ién c&c cong trinh 1an cdn (khéi dd, dwong hdm ton

Chap nhan 7/11/2020 tai trudc dé, cac tdoanha, v.v.) da duoc nghién citu rong réi trong nhitng ndm

bang online 31/12/2020 gdn ddy. Tuy vdy, dnh hwéng ctia chdn dong né min tir duworng hdm mdi doi

Tir khoa: vdi dwong hdm ldn cdn hién tai van chwa nghién citu ddy di. Mgt s6 nghién

ctbu da dworc thyec hién dé nghién ciru méi quan hé ctia van téc dao dong dinh
ctia phan tir (Peak Particle Velocity) trong vé chéng bé tong ctia dwong hdm
cti doc theo truc dwong hdm. Tuy nhién, do thiéu dir liéu thir nghiém hién
trwong hodc khé khdn trong viéc tién hanh thik nghiém hién trudng, va viéc
st ly két qud do, ddc biét véi dwong hdm cil, ton tai ldu bi hw héng sau mot
thoi gian dai str dung. Bai bao sir dung phwong phdp phdn tich téng hop st
dung cdc két qud nghién citu ctia hdm Croix-Rousse, Lyon, Phap dé dé xudt
ddnh gid dnh huéng ctia chdn déng né min dén vé bé tong lién khéi ctia ham
chinh trong qua trinh dao mé rong hdm phu bdng trong diéu kién twong tw
tai hdm deo Hdi Véan & Viét Nam.

Chan dong né min,
Cong trinh lan can,
bao ham,

Khai da.

© 2020 Truong Pai hoc M6 - Dia chit. T4t ca cac quyén dwoc bao dam.

chiéu rong ham 4,7 m, dién tich mat cit ngang
phan than ham la 15,46 m2, phan ctra ham la 22,2
m2, khong c6 xe qua lai). Khoang cach gitra hai
ham khong lén 1a 30 m nhw Hinh 1 (Ichizuru
Ishimoto, 2004). Sau hon 10 nam st dung va khai
théac (ttr ndm 2005) ham dwong bd Hai Van da boc
16 nhiéu nhwoc diém véi thiét ké trén nhu: leu
lwong xe thuwdng xuyén qua tai, nhat la vao nhirng
ldc cao diém, dan dén mat an toan giao thong, gay

1. Mé dau

Ham dwong bd Hai Van la mot trong 30 du an
ham Ién va hién dai nhat thé gidi, trong dé cé hai
ham: ham chinh (dai 6.345 m, chiéu rong xe chay
10 m, dién tich mat cat ngang ham 80 mz, 2 lan xe)
va ham tranh hay ham lanh nan chiéu dai 6.359 m,

“TAc gid lién hé
E - mail: dangvankien@humg.edu.vn
DOI: 10.46326/JMES.HTCS2020.18

raun tic. Ngoai ra, hAm d& xay ra cac vu chay trong
dwong ham do han ché cua hé théng théng gid khi
str dung mot dwdrng ham chinh véi hai chiéu,... Vi
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vay, viéc dau tw mé réng ham lanh nan thanh ham
giao thong cua dw an Haim dwong bo Hai Van
nham dap ng nhu cau giao thong van tai hién tai,
giam thiéu cac rai do mat an toan trong khi van
hanh la v6 cung can thiét. Viéc thi cong mé réng
ham lanh nan gdp nhiéu khé khin nhw phan dat
d4 xung quanh hdm dwoc gia ¢d virng chic bang
cac két cau chong theo phwong phap dao ham maéi
cta Ao (NATM), khoang céch giira ham lanh nan
va ham chinh qua gan,... Do vay, viéc nghién ctiru
du bao chian dong né min nham diéu chinh khéi
lwong thuéc no 16n nhit cho mot dot no, lwgng
thuéc 16n nhat cho mat ho chiéu nham dam bao
an toan cho vo chdéng bé tdng ¢é dinh cua dwong
ham chinh la hét sirc quan trong.

a) Phéi cdnh dw an hdm dwong bé Hdi Van
Ichizuru Ishimoto, 2004

S s b)
b) Khodng cdch hai dwong hdm
Hinh 1. Dw &n hdm Hdi van.

2. Tong quan vé cac van dé ky thuat khi mé
rong dw an ham Hai Van

2.1. Pdc diém vo chéng bé tong cé dinh ham
chinh ctia dw an ham Hadi Van

Tai dw &n ham Hai Van, két ciu vo chéng bé
téng c6 dinh cta duwong ham chinh va ham lanh
nan thay doi theo tirng loai duwdrng ham va diéu
kién dia chit khu vuc hidm dao qua. HAm chinh Hai
Van dwoc thi cong theo NATM, vé chéng gom hai

I6p chinh: 16p vo chéng tam theo NATM thay dai
theo tirng loai da vai chiéu day 0,05+0,25 m, 16p
vo chdng c6 dinh bén trong la bé téong xi mang
Portland dtc tai ché day 30 cm, loai B. Ham lanh
nan c6 lép vé chong ¢d dinh 1a bé tong xi mang
Porland day 20 cm.

2.2. bdc tinh cac loai dd hadm dao qua

Ham Hai Van dwoc thi cong theo phwong phap
NATM, dit da xung quanh dwong ham va trén
guong dwoc chia lam 6 loai. Theo tai liéu khao sat
dia chat duwong ham chi yéu dao qua da granit
thudc loai | va loai II nhw sau:

Loai daI: Loai da nay gom cac I&p da clieng, nit
né nhe nhung 6n dinh. Do da nit nén co thé co
nhitng manh da roi nhwng nhitng manh nay
khong gay tac hai cho tinh 6n dinh ctia gwong dao.
Vi loai da nay sw bién dang ban dau cé tinh chat
dan hoi 1a khong dang ké.

Loai da II: Loai da nay gbm c6 da cirng, nirt né
nhe nhung 6n dinh. Do c&c vét nitt trong d4, nhirng
manh da nay c6 thé roi ra, tuy nhién tinh dn dinh
cua gwong dao van co thé duy tri dwoc: da c6 thé
chiu dwng dwoc vai ngay. Vi loai da nay sw bién
dang ban dau la rat nhd.

Trén co s& dé, bai bdo sé tap trung nghién ciu
chu yé&u d4 loai | va loai II 1a dan ran cig c6 diéu
kién giong vé&i da tai de an ham Croix-Rousse,
Lyon, Phap. Viéc thi céng dwong ham bang
phwong phap khoan né min théng qua viéc dung
mot lwong thude no 16n dé pha v do vy sé gay
anh hwdng dén vo chong bé tong ciia ham chinh.

2.3. Phwong phdp dao mé réng hdam Hdi Van

Do ham lanh nan dao trong khdi d4 ran cirng
(gom da granite va mét sé loai da khac c6 do bén
cao) nén phwong phap dao mé dang st dung la
phwong phap khoan né min vi sai tao bién do hiéu
qua thi cong cao va gia thanh hop ly. Phiwong phap
no trén cho phép gidm chan dong dén khoi da
xung quanh dwong ham, dong thoi giam chi phivé
két ciu chong gitr dwong ham nham st dung toi
da sy mang tai cua khoi da xung quanh, giam chin
déng dén vo chong bé tong c6 dinh cta dwong
ham chinh & khoang cach gan. Miac du vy,
phwong phap van c6 nhugc diém la gay chan dong
dén khoi da va hinh thanh cac khe n&t thi¢ sinh,
ngoai ra trong quéa trinh né min dao ham chan
dong gay ra béi cong tAc nd min sé dnh hwdng Ion
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dén vo chdng bé tong cua dwong ham chinh nam
cach d6 khoang 30 m nhw Hinh 1. H6 chiéu khoan
n6 min mé rong dién hinh ham lanh nan dwoc thé
hién trén Hinh 2.

Mot trong cac giai phap gidm chan dong dén vo
chong bé téng cd dinh ctia dwong ham chinh la
khong ché khéi lwgng thudc nd déng thoi 16n nhit
dwa trén van toc dao déng dinh phan ti cho phép
va khoang céch tir vi tri gwong ham mé rong dén
v6 chong bé téng cua dwong ham dwa trén cac s
liéu do dac tai hién trwong trén co sé cac loai da
khac nhau. Theo dinh nghia, khéi lwong thuéc no
I&n nhat dong thoi la khoi lweng thude nd né tic
thoi 1on nhit trong khoang thaoi gian 8 ms (Olsson,
M, 2001; Saharan va n.n.k, 2008).

2.4. Phwong phdp nghién ciru dw bao chdn
déng né min hdm Hdi Van

Hién nay trén thé gi¢i khi nghién ctu anh
hwdng ctda chan dong né min nguoi ta thuong st
dung hai phwong phap chd yéu gom:

Phwong phap do dac hién trueong, st dung cac
cam bién do van t6c dao dong dinh phan tir (Peak
Particle Velocity-PPV); do gia t6c dao dong dinh
phan tr (Peak Particle Acceleration-PPA) va
chuyén vi ctia cac phan tir (Displacement,...) theo
cac dai tan s6 khac nhau. Trong cac nghién ctru
(Dang V.K, 2013; bang Van Kién, 2014; Pang Van
Kién; 2016, Pang Van Kién, 2017; F. L. Pellet, V. K.
Dang va n.n.k, 2013); (M. Keshavarz, VK. Dang va
n.nk, 2013); (Van Kien DANG, 2013; Van Kien
Dang, 2016; V6 Trong Hung va n.n.k, 2018). tac gia
st dung dir liéu do dac tai ham Croix-Rousse,
Lyon, CH Phap la két qua cua phwong phap do dac
thuc nghiém dé nghién ciru déc tinh truyén séng,
ki€ém chirng mo hinh s xay dung dwoc. Tir két qua
do dac sé tién hanh phan tich dix liéu do, xay dwng
cac quy luit vé si dnh huwdng cia cac thong sé co
ly cia khéi d4, dic tinh va khoi lwong thude no 1om
nhat dong thoi, khoang cach tir vi tri né min dén vi
tri quan sat tir dé xay dwng cac cong thirc kinh
nghiém cho phép xac dinh khoi lwgng thudc né
I&6n nhit dong thoi, khéi lwong thuée né cho mot
chu ky né nham dam bao an toan cho vé chéng bé
tdbng ctia dwong ham ci (Dang V.K, 2013; Pang
Van Kién, 2014; Pang Van Kién; 2016, Pang Van
Kién, 2017; F. L. Pellet, V. K. Dang va n.n.k, 2013);
(M. Keshavarz, VK. Dang va n.nk, 2013); (Van
Kien DANG, 2013; Van Kien Dang, 2016; V6 Trong
Hung va n.nk, 2018).
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Hinh 2. Céng tdc khoan gwong mé réng hdm lanh
nan (a) va hd chiéu khoan né min mé réng dién
hinh hdm lanh nan (b).

Phurong phap md hinh s6 dwoc xay dung trén
phwong phap phan tir hitu han, sai phan hiru han,
phan t bién,... Cac mé hinh s6é dwoc xay dwng
trong diéu kién gan giong véi diéu kién thuc té cho
phép dw bao twong déi chinh xac chan dong gay ra
b&i nd min dao ham . Sy két hgp cda hai phwong
phép thuc nghiém va phwong phép sd bang phan
mém Abaqus sé dwa ra két qua dw bao twong déi
chinh xac anh hwdng ctia chian dong né min dén
két cau chong cong trinh ngdm. Thong qua két qua
do dac, cac két qua cua md hinh s6 dwoc kiém
chirng va dwoc st dung dw bao trong cac diéu kién
twong tw. Ngoai ra, dua trén mo hinh s da dwoc
kiém chirng ching ta c6 thé tién hanh khao sat anh
hwéng cua cac thdng s6 dau vao nhu: dic tinh co
ly cia dat d4, dac tinh 4p luc n6 caa thudc no, hé
s6 giam chin dén chin dong n6é min. Mic du khi
tién hanh mé rong ham lanh nan tai dw an ham
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dwong bo qua dé Hai Van cd st dung phwong phap
do dac hién trwong tuy nhién qua danh gia cho
thay céc dir liéu do chwa hoan toan dwoc kiém
chirng va kho st dung dé két hop véi md hinh so.
Bai bao st dung két qua cia mot sé6 nghién ciru
trweéc dd dwoc cong bé cho ham Croix-Rousse,
Lyon, Phap dé ap dung cho viéc du bao chin dong
n6 min cho hdm Hai Van trong diéu kién twong tw
khi ham di qua da granite ran ctrng can chi phi mot
lwong thude né 1on.

2.5. Mgt sé'thdng sé ddnh gid dnh hwéng cia
chdn déng né min theo cac tiéu chudn cuia Viét
Nam

Khi danh gia anh hwéng cta chan dong né min
dén khéi da hoic cac cong trinh lan cin nguoi ta
can str dung céc thdng sé co ban cho phép c6 thé
danh gia dwoc anh hwdng cta chian dong né min
va 1a co s& dé tién hanh do chin déng tai hién
trweong tir d6 diéu chinh lwong thuée né 16n nhat
cho mdi lan nd min nham giam thiéu chan dong
dén vo chong bé tong, han ché cac vét nit xuit
hién trong vo khi tién hanh né min dao ham.

Cac thdng s6 danh gid anh hwéng cia chan
dong né min. b€ danh gia chian dong nd min khi
dao hdm bing phwong phap khoan nd min ngudi
ta thwong st dung cac théng sé co ban bao gom:

Van toc dao déng phan ti 16n nhat- PPV;

Gia téc dao déng phan ti Ion nhat;

Chuyén vi phan tx I6n nhat;

Tan s6 dao dong riéng caa két ciu cong trinh.

Trong cac thoéng sé trén thi hai thong sé van téc
dao dong Ién nhat va tin s6 dao dong riéng cia
cong trinh dwoc sir dung nhiéu hon ca. Trong
nghién ctru nay kién nghi str dung hai théng sé la
van téc dao dong phan tir Ién nhit va tan s6 dao
dong dé nghién ctru danh gia chan dong tai dw an
ham Hai Van.

2.6. Tiéu chudn quy pham cuda Viét nam vé
ddnh gid anh hwéng cia chdn déng né min

Tai Viét nam hién nay dang str dung Quy
pham QCVN 02_2008 BCT cta B cong thwong, ti
Ié khodng cach va gia tri van toc dao dong phan tir
I&n nhat dé dam bao cong trinh an toan phai thoa
man yéu cau trong Bang 1 (QCVN 02:2008/BCT).
Ngoai ra cho phép ap dung do thi Hinh 3 dé xac
dinh mic cho phép cta van toc dao dong phan ti
cuc tri & dai tan so6 thap thay cho Bang 1.

Bdng 1. Hé sé t7 1€ khodng cach va vdn téc dao dong
I6n nhdt theo quy pham (QCVN 02:2008/BCT).

trinh gan nhit cho phep dong cue tri
cho phép
T 0dén91,4 m SD>226 | 31,75mm/s
T 92 m dén 1524 m| SD> 24,9 25,4 mm/s
1524 mtré Ién SD> 29,4 19 mm/s
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Hinh 3. Mitc cho phép ciia vén téc dao dong phdn tir
cuee tri & ddi tdn sé'thdp (QCVN 02:2008/BCT).

Tai Viét Nam, nha thau khi thi cong cac du an
nhw hdm dudng sat U6ng Bi ham dwong bd qua
deo Ca (Tong cong tu Song Pa), dw &n mé rong
ham Hai Van (Cong ty CP Peo Ca) khdng co thiét
bi do chuyén dung nén khi phai giam sat chin
dong thwong thué mét don vi thir ba. Hién tai &
Viét Nam, Hoi Ky thuat né min dang cé thiét bi nay.

Tai ham Hai Van va C6 M4, Hoi da tién hanh sir
dung thiét bi do Minimate Plus cta hang Instantel
dé tién hanh do chin déng hAm dwong sat nham
diéu chinh lwong thuéc né Ién nhat cho mai lan né
min nham giam thiéu chin dong dén vé chong bé
tong, han ché cac vét nit xuit hién trong vo khi
tién hanh né min dao ham. Tai diy cling da st
dung Quy pham QCVN 02_2008 BCT cta B6 cdng
thwong dé danh gia chan déng cho vé chéng cta
ham dwong sat va két qua la vé chéng an toan. Tuy
nhién viéc danh gia chin dong tai du an nay méi
dirng lai & viéc do dac va so sanh két qua do voi
cac tiéu chuan quy pham hién hanh caa Viét Nam.
V6i nhwoce diém la chi c6 két qua do mai c6 thé
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danh gia dwoc chan déng trong khi viéc do dac
thudng xuyén larat khé nén viéc phat trién cac mo
hinh s6 dé danh gia chdn déng trong cac diéu kién
twong dwong 1a hét strc can thiét.

3. Panh gia chin doéng né min dén két cau vo
chong cia dworng ham Hai Van khi tién hanh
dao mé rong ham lanh nan bang phwong phap
khoan né min

Bai bao str dung két qua nghién ciru ctia tac gia
trong cac cong trinh (Dang V.K, 2013; Pang Van
Kién, 2014; Pang Van Kién; 2016, Pang Van Kién,
2017; F. L. Pellet, V. K. Dang va n.nk, 2013); (M.
Keshavarz, V.K. Dang va n.n.k, 2013) ; ( Van Kien
DANG, 2013; Van Kien Dang, 2016; V0 Trong
Hung, bang Van Kién va n.n.k, 2018) vé danh gia
anh hwdng ctia chian déng ndé min khi né min ham
ma&i dén vé chéng ham cii tai dw an ham Croix-
Rousse, Lyon, Phap. Trén co s& két qua cac dir liéu
do dac tur thuc té va cac két qua dat dwoc tir qua
trinh khao sat cdc md hinh s6 trén day, tac gia da
tién hanh xay dwng mai twong quan giira gia tri
PPV va khoang cach tinh tir gwong dwong ham
dén cac diém khao sat (D) doc theo truc dwong
ham chinh cta duw an ham dwong bo qua Beo Hai
Van cho hai trweong hop cac diém quan sat truéc
gwong ham lanh nan (H> 0) va cac diém trong vo
chong bé téng ciia ham chinh sau gwong ham lanh
nan (H < 0) nhu so d6 Hinh 4. Trén co s& do, tac
gia tién hanh xay dwng céac cong thirc thuc nghiém
dw bao gia tri PPV trong vo chéng bé tong cta

Khéi da

Duomg ham lanh nan Guong him dao mé réng

. . D
Khéi dd gifia hai dudn him /

dwong hAm ham chinh trong khoi da granite véi
diéu kién nhw cia ham Croix-Rousse, Lyon, Phap.

Ap dung két qua nghién ctru cho dwong ham di
qua khu vuc dat da granite véi diéu kién twong tw
nhw hdm Croix-Rousse. Khi diéu chinh khoang
cach tir gwong ham mé rong tai ham lanh nan dén
vi tri diém khao sat trong vé chéng ham chinh (D)
ta nhan dwoc biéu dé6 méi quan hé gitra van téc
dao dong phan ti Ién nhat véi khoang cach (D)
gitta gwong ham lanh nan va diém khao sat trong
vo bé tong do truc ham chinh cho hai trueong hop
H>0va H <0 nhw Hinh 5.

T biéu d Hinh 5 ta vé dwong gian dung
(dwong mau den), trén co s& doé xac dinh dwoc
phwong trinh gan ddng cia ham PPV theo khoang
cach (D) cho phép xac dinh gia tri PPV trong vo
chdng bé téng ctia dwdng ham chinh cho cic diém
phia truéc gwong hdm c6 thé du bao gan diang
bang cong thirc (1), nguoc lai cac diém phia sau
guong him trong méi treong khéi da granite cé
thé du bao gan dung bang cong thirc (2).

» Cac diém phia trwdc gwong dwong ham (H <
0):

PPV=(-0,0002D3+0,0237D2 -
0,9252D+15,4487); R2=0,9991

» Cac diém phia sau gwong dwong ham (H>0):

PPV=(0,00035D3+0,03349D2- 2)
1,08508D+15,20692); R2=0,9955

Viéc str dung cac cong thic (1) va (2) c6 thé cho
phép du bao gia tri cia PPV xuat hién trong khoi
da granite trong diéu kién thi cong mé réng du an
ham Hai Van nham dam bao an toan cho vé chang
bé tong ctia duwdrng ham lanh nan.

Khu vire
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\ M¢ rong him lénh nan
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Hinh 4. Sor d6 nghién citu s dnh huéng cia chdn déng né min tai gwong ham lanh nan dén vé chéng bé
téng ctia dwong hdm chinh theo phwrong doc truc hdm tai dw an hdm duwong bé qua deo Hdi Van.
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Hinh 5. Méi quan giira gia tri PPV va khodng cach tinh tir gwong
dwong hdm dén cdc diém khdo sat (H). (Pwong mdu xanh la dwong gdn diing; dwong mau den la do thi
phwong trinh thu dworc)

Tir biéu d6 Hinh 5 cho thay gia tri van toc dao
dong dinh phan t& 1én nhat ti 1€ nghich véi
khoang cach tir gwong ham dén vi tri quan sat doc
truc ham chinh, cang xa gwong hdm lanh nan, gia
tri nay cang giam. Theo két qua trén PPV la ham
bic 3 cta khoang cach (D) véi hé s6 twong quan
cao, I6n hon 0,9 nén c6 do tin cay. Ngoai ra, cac
két qua nghién ciru tai dw an ham Croix-Rousse
da dwoc kiém chirng bang hai phwong phap s6 va
phuong phap do dac thuc nghiém tai nén c6 do tin
cay cao. Do vay viéc ap dung két qua tai dw an ham
dwong bo qua deo Hai Van hoan toan co sw tin cay.

4. Két ludn

Cac két qua trong bai bao nay cho phép rit ra
mot sO két ludn dwoc rut ra sau day:

- Khoang cach gitra ham lanh nan dang dao mé
rong va ham chinh la nhé dé doi héi cong tac
khoan né min khi né min mé rong cin dwoc giam
sat theo céc tiéu chuin cua VIét Nam nhuw QCVN
022008 BCT.

-Viéc ap dung két qua nghién ctiru truéc cho
ham Croix-Rousse trong diéu kién twong tw cho
ham Hai Van cho phép du bdo anh hwéng ctia chan
dong né min ham lanh nan dén két ciu chdng cia
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dwong ham chinh. Két qua 1a co sé quan trong dé
diéu chinh hé chiéu khoan né min va bién phéap thi
cong ham nham dam bao an toan cho vé chéng ctia
ham chinh.

- Theo két qua nghién ctru, tai dw an ham
dwong b qua déo Hai Van khi dao qua da granite,
gia tri PPV la ham bac 3 ctia khoang cach (D) nhw
cac cong thire (1) va (2), cac cong thirc trén la két
qua ap dung tir dw an ham Croix-Rousse, Lyon,
Phap da dworc xay dwng dwa trén hai phwong phap
s6 va phwong phap do dac thuc nghiém hién
truedng nén c6 do tin cay cao.
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