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TOM TAT

Céc sur ¢ sap him thuong xay ra khi dio hdm qua cac phay (dit giy), cac d6i pha huy, hoic khbi da nut
né. Khoan phut truéce khi dao dé gia c¢b khdi d4 1a mot giai phap duoc ap dung rong rai trén thé gisi. Tuy
nhién, dé c6 thé c6 phuong an khoan phut thanh céng, can tién hanh phan tich, danh gi4 kha ning 6n dinh
ctia khéi d4 sau khi d3 khoan phut. theo cac phuong an khac nhau do nguoi thiét ké d& xuét. Cong cu md
phong sd, dic biét 1a phuong phap phin tir roi rac chi ¥ duge cac cdu triic dia cht thuc cua khdi d4, nén
dugc str dung phuc vu phén tich 6n dinh cua khdi da. Bai viét gidi thiéu Kkét qua phéan tich $6 muc do 6n
dinh khéi da dao qua phay duoc gia ¢b bing khoan phyt trudc mot ving ciia phay. Két qua phan tich sb,
duoc trién khai cho hai phuong an khoan phut, cho thiy rd hiéu qua ciia timg phuong an. Tir d6 cho thiy
¢6 thé ap dun phan tich sé dé c6 dugc phuong xtr 1y tity theo diéu kién thuc té.

Tir khéa: duong him; phay; sap sat 10; khoan phut trueéc; phan tich 6n dinh

1. Pit van dé

Sat trugt d4, sap 16 hay trut 16 d4 da xay ra & nhidu cong trinh ngim & nudc ta trong qué trinh thi cong
xdy dung (Q.P. Nguyén 2014 ,2015) va ngay ca khi tién hanh cai tao hdm cii (Poan Loan 2024; Nguyén
Hoang 2024). Céc bién phap xtr 1y sau su ¢6 thuong 1a cung cb guong dio, khoan phun 14p diy va khoan
phut gia cb, neo chdt, phun bé tong ( D.G. Nguyén va nnk, 2014 ; Q.N.Pham, 2014).

Dé phong, tranh sép 16 trong khi thi cong dao cac dudng him, nhim dam béo an toan lao dong han ché
hoic ngin chin thiét hai, da co nhiéu giai phap k¥ thuat xi 1y trwée khi dao duge dé xuit va ap dung. Cac
phwong phap déu dya trén nguyén 1y 1a gia ¢ ving khéi da c6 kha ning sip 16; tao ving c6 kha ning chiu
duoc ap luc, gay ra tir phan khoi da roi rac trong déi pha huy, d6i long rdi hay nirt né, tao cac két cu chéng
trude khi dao. Mot trong cac phuong phap dién hinh 1 khoan phun truée khi dao (pre-excavation grouting)
qua ving c6 phay, d¢i pha hay, khdi da nirt né dé cai thién céc tinh chét co hoc cuia khéi d4, da kha ning
chiu cac tac dong co hoc do qué trinh tao khong gian ngdm gdy ra (Opnos 1970, Knut F. Gashol 2003,

BASF 2011, Norwegean Tunnelling Society 2014). Ngudi thiét ké, thi cong ¢o thé 14p cac phuong an
khoan phut truéc, gia ¢ trudc theo kinh nghiém, theo cac chi din, hwong dn trong cAc tai liéu d6. Ngoai
ra, ciing c6 nhiéu cong trinh nghién ctru da duge cong b, lién quan coéng tac khoan phut trude, vi du nhu:

xac dinh céc tinh chit co hoc ctia khéi d4 sau khi khoan phut ( Bin Liu va nnk 2020); nghién ctru hi¢u tng
khoan phut dén kha niang chéng truot ciia khdi da nut né (Wang C. va nnk 2019); xdy dung mo hinh vét
liéu cho khéi da & pham vi vi md va pham vi trung binh (Liu, Y. va nnk 2023); Du, J va nnk. 2022, da tién
hanh nghién ctru quy luét gia ¢b khéi da xung quanh mot tram ngim bing phuong phap gidi tich [16]. Tuy
nhién, phén tich s6 d danh gi4 mirc d6 6n dinh cia khdi da sau khi dao trong trudng hop hdm dao qua phay
con it duge cha y.

Phwong phép phan tir roi rac DEM (Discrete Element Method) véi phin mém UDEC (Universal Distinct
Element Code) (Q.P. Nguyén va nnk 2007), P.A. Cudall and R.D. Hart. 1992) 1 phuong phap s0 cho phép
cd the md phong khéi da vai sy 6 mit ciia cac hé khe nut, dut gay khac nhau. Trong bai viét nay giéi thiéu
mot s két qua str dung UDEC phan tich mirc d9 6 én dinh cua khéi d4 dao qua phay, sau khi da khoan phut
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trude, nhim gidi thiéu mdt kha nang du bao, lya chon giai phap khoan phut trude hop 1y, han ché su ¢b khi
dao ham.

2. Phan tich s6 mirc d9 6n dinh dwong hadm khi khoan phut truée

Tién hanh phén tich hay dv bao kha nang khéi da c6 6n dinh hay khong trong khi dao, sau khi da khoan
phut trude, duoc thuc hién theo trinh ty trén Hinh 1. Cac déc diém dia chét va cc tham s6 co hoc cho vung
duogc khoan phut dugc xac dinh tir cac tai liéu khao sat trude va sau khoan phut.

Vi du sau ddy duoc thyc hién cho truong hop khdi d4 nit né, cit qua mot phay. Cac dic diém dia chit
va cac tham s6 co hoc dit trung cho cac ving dugc liét ké trong Bang 1.

Thiét 13p mé hinh
(1) Tao khéi mé hinh, cit khdi dé tao hinh dang thich hop
(2) Pinh nghia biéu hién co hoc va tinh chit ciia vat liéu
(3) Gan diéu kién bién va diéu kién ban dau

v

Tinh dwa vé trang thai cin bing
Kiém tra biéu hién ciia mé hinh

Thuc hién thay dbi didu kién phéan tich
Vi du: Dao, tich boc dat d4; thay dbi didu kién bién
Tinh 13p dat két qua du kién
Kiém tra biéu hién ciia mé hinh

Lip lai v6i cac diéu kién thay déi, phan tich tham s

Hinh 1. Trinh tw mé phong sé bang UDEC
Bang 1. Cac tham $6 hinh hoc va co hoc ciia cdc hé khe nirt

Tham s0 Ving trai Dt gay/phay Vung phai
Goc cam (dd) -10%+5° va 80°+5° -10° va 80° -10° va 80°
Khoang cach khe nirt (m) 1,5va2,5 0,5va0,5 2,0va4,0
Khoi lugng thé tich (g/cm?) 2,5 2.4 2,65
M6 dun nén thé tich K (GPa) 16,667 0,116 16,667
Mo dun trugt G (GPa) 10 0,111 10
Gobc ma sat trong (d0) 30 20 25
Luc dinh don vi (MPa) 1,0 0 0,6

H¢ s6 do cung phap tuyén k, (GPa/m) 2,0 5.10% 2,2

H¢ s6 dd cing tiép tuyén ks (GPa/m) 1,0 4.107 1,5
Goéc ma sat trén mat khe nit (d9) 40 20 25

Trén Hinh 2 & mot vai két qua cua bai toan phan tich &n dinh khi chua tién hanh khoan phut gia b, cu
thé 1a: so dd bai toan a); cac véc to tng sudt chinh v&i viing sap 16 b) va cac véc to dich chuyén voi ving
sap 10 ¢) (Q.P. Nguyén, 2023)

Giai phap khoan phut trudce khi dao duoc lya chon dé gia ¢ ving c6 thé sap 16. Cac théng dau vao duoc
dé xuét va thiét ké theo cac tai liéu chuyén mén gdm: kich thu6c ving khoan phut; cic théng sé ki thuat
nhu ap luc, chidu sau, vét lidu khoan phut, trinh ty phut vat li¢u. Thong s6 vé két qua khoan phut gia cb
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khdi d4 co6 thé lira chon theo kinh nghiém vén c¢é ciia don vi thi cong, theo két qua thi nghiém, ciing nhu tir
c4c tai liéu tham khéo cho diéu kién tuong duong

T~

Hinh 2. Phan tich 6n dinh khéi dd khi dao ham dao qua dirt géy (O.P. Nguyén, 2023)
3. Két qua mé phéng sé va thao luin

Hai phuong an vé chét lwong khaon phut duge st dung dé cho the‘iy kha ning phén tich mirc d6 6n dinh
khi 4p dung UDEC: a) Phuong én 1(PA1) coi vung gia co 1a ddng nhét; b) phuong 4n 2 (PA2) ving gia co
1a ving c6 cac khe nit dugc lap ddy voi cac tham s6 co hoc cua khe nirt duge cai thién. Cac tham sé cau
tric dia chét va co hoc cua vung dugc khoan phut trude theo hai phuong an, thé hién trong Bang 2.

Bdng 2. Cdc tham s6 co hoc ciia ving phay sau khoan phut

Céc tham sb co hoc PA1 PA2
Khoi lugng thé tich (g/cm?) 2,4 2.4
Mo dun nén thé tich K (GPa) 16,667 16,667
Mo dun trugt G (GPa) 10 10
Goc ma sat trong (d0) 30 30
Luc dinh don vi (MPa) 1,0 1,0
H¢ s6 dd cung phap tuyen kn (GPa/m) - 2,0
Hé sb d6 cimg tiép tuyén k, (GPa/m) - 1,0
Go6c ma sat trén mat khe nut (d0) - 30

Trén Hinh 3 minh hoa so d5 mé phong sé twong {Umg cho hai phuong 4n da néu. Hinh 4 1a két qua

phén tich cho PA1 ¢ vung lan cén xung quanh duong him, bao gdm a) cac véc to dich chuyen va b) quy
luat phan bd cac tng sudt chinh cing vdi véc to dich chuyén. Trén Hinh 5 thé hién cac két qua mé phong

nhén duogc cho PA2.
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Hinh 4. Bién déi co hoc sau khi mét viing ciia phay dwoc gia cé bang khoan phut PA1
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ném, ndm canh bién ving gia cb va ving khéi d4 tai vi tri noc hdm co kha ning dich chuyén manh xudng
phia dudi, vdi véc to dich chuyén 16n nhat 1a 1,65¢cm va nhu vay chua lam khoi ném tach, roi vao khoang

trong.

JOB TITLE | Gl GO HAM DAO QUA PHAY.

JOB TITLE | GIA CO HAMDAQ QUA PHAY

UDEC (version 5.00)

LEGEND

UDEC (Version 5.00)

LEGEND.

6-Aug-2024 183727
cycle " 10000

6-Aug- 2024 16:37.27
10000

‘time = 1.208E+00 sec

block plot

priciosl slresses

minimum = -3 8386400
masimum = 12266400

77050
1691602
2212802
3082602

[FIFSTTTE T
0 €1

B U3ED
7708502
s4mER

b)

ftasca Consulling Grow, Inc.
Mnneapolis, Minnesata USA

a

tasca Consuling Group, Inc
Minneapolis, Mnnesota LIS&

1
con

Hinh 5. Bién déi co hoc sau khi mét ving ciia phay dwoc gia cé bang khoan phut PA2
PA2 cho thay a) cac véc to dich chuyen trong ving gia c¢b co gid tri 16n hon so vdi trudng hop ving
gia c6 1a viing dong nhat, dat gia tri 16n nhét bang 8,5 cm, phan bd déu va khong c6 hién tugng dich chuyen
tap trung vao mot khdi ném trén noc ham nhu trén Hinh 4 va b) quy luat phan b tng suit duoc dan déu
trong cac mién vay quanh vung gia ¢b. Hinh anh 8 nét vé hién tuong sap 16 ciia moét “tang da” céu thanh
tir cac khdi nut ciia phay sau khoan phut thé hién rat rd nét trén Hinh 6, nghia 1a sau khi khoan phut, mat
6n dinh khéng con ¢ dang sat 16 timg khdi nirt nhu trén Hinh 2.
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Hinh 6. Dich chuyén theo phiong y (bén trdi) va theo phuwong x (bén phdi ciia khéi da
xung quanh du'ong ham sau khi di khoan phut theo PA2

Nhu vy, 6 PA 2, két qua du bao c6 thé van hinh thanh ving sap 1& phia noc ham Didu d6 co nghia 1a
v6i cc théng s6 dau vao (tuong tng v6i chit lwong khoan phut) thye sir dam bao 6n dinh cho khéi d4 phia
noc néu thi cong dao. Dé dam bao khdi d4 én dinh can mé rong ving khoan phut thém 18n phia ndc va vao
viing vom ciia dudong ham. Sau do tién hanh mé phong voi cac tham s co hoc, hinh hoc twong tmg, cho
dén khi c6 duogc két qua kha quan. Didu d6 ciing c6 nghia 1a bang cach nay s& x4c dinh dugc kich thudc
viing can gia ¢d phit hop.

4. Két luan va Kién nghi

Tir cac két qua nhan duoc co thé rat ra cac két ludn sau:

Phén tich s6 bang UDEC cho phép chii ¥ dwoc cac dic diém cdu triic va co hoc phire tap va da dang cua
khéi da; cho phép danh gia dinh tinh va dinh luong v& mirc d6 dn dinh cua khéi da, trude va sau khi dao,
trude va sau khi khoan phut. Nhu vy, c6 thé phan tich s6 cac phuong an gia c¢b khac nhau, dé tir d6 chon
duogc phuong 4n kha di, phu hop v6i cong nghé thi cong trong diéu kién cy thé.

Ciing tir cac két qua di nhan dwoc & day c6 vai kién nghi sau cho viéc ap dung trong thuc té:

1) Bén nay, cong cu md phong s6 thyc sy hitu ich {trong viéc du bao tai bién dia chat, phan tich mirc d6
6n dinh cua khdi da vay quanh duong ham, do vay cin c6 quy dinh bat budc ap dung trong giai doan thiét
ké. Va trong giai trinh thiét k& can thé hi¢n day du cac két qua tinh toan, mo phong so.
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2) Khi tién hanh cai tao cac duong ham cii, can thiét phai trién khai khao sat, tham do than trong trang
thai khdi d4 xung quanh hdm, dic biét 14 tai cic him dwoc thi cong da 1au. Xung quanh cac hdm cii co thé
tdn tai cac ving toi roi, do tru6e day chua dugc khoan phut 14p diy, tham chi con ¢6 cac két cAu g6 da st
dung dé chén khoang tréng sap 10 cil, gdy dich chuyen lau nam trong khéi da vé phia khong gian ham. Xac
dinh dugc ving cin khoan phut, hodc cim neo gia ¢d, sau d6 méi c6 thé tién hanh cai tao, tranh tinh trang
sap sat 10 nhu & cac hAm Bii Gi6 va Chi Thanh. Tuy nhién, dé dam bao khong c6 su ¢b xay ra, can thiét
phai thuc hién cac tinh toan, dac bit 1a sir dung cac phuong phap s6 d& phan tich, du bao kha ning ¢ con
Xdy ra sp, sat 16 ¢6 hay khong theo phwong an gia ¢d. Chi co nhu vay méi c6 thé c6 dugc giai phap an
toan khi cai tao.
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ABSTRACT

Numerical analysis of stability of tunnels
excavated through fault, reinforced by pre-excavation grouting

Quang Phich Nguyen!, Van Manh Nguyen?, Quang Minh Nguyen?,
Van Duc Bui?, Thanh Luan Nguyen3, Ngoc Hue Nguyen*
Van Lang University, Ho Chi Minh City,

’Hanoi University of Mining and Geology
3Boley Geotechnik, Munich, Germany, *Thu Dau Mot University

Tunnel collapses often occur when tunneling through faults, failure zones, or fractured rock masses.Pre-
excavation grouting to reinforce the rock mass is a widely used solution in the world. However, in order to
have a successful grouting plan, it is necessary to analyze and evaluate the stability of the rock mass after
grouting. according to different plans proposed by the designer. Numerical simulation tools, especially the
discrete element method that takes into account the real geological structures of the rock mass, should be
used to analyze the stability of the rock mass. The article presents the numerical analysis results of the
stability of a tunnel excavated through a fault, reinforced by pre-excavation grouting a section of the fault.
The results of numerical analysis, implemented for two grouting schemes, clearly show the effectiveness
of each scheme. The analysis results show that numerical analysis can be applied to obtain a treatment
scheme depending on the actual conditions.

Keywords: tunnel; fault; colapse; pre-excavation grouting; stability analysis
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