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PHAN TiCH UNG SUAT, BIEN DANG VA ON PINH
CUA HAM NHA MAY THUY DPIEN

Dao Vian Hung !

Tém tit: Khi xdy dung cong trinh thiy dién cé hang muc nam ngam trong long dat, ddc biét la nha
mdy ngam véi kich thuée 16n ca theo chiéu réng va chiéu cao, viéc tinh img sudt, bién dang ciia
ham nha mdy, ciing nhw tinh todn 6n dinh dé xung quanh ham la mét trong nhiing van dé mau chot
can chii y trong qud trinh thiét ké va thi céng. Can cik vao dia hinh, dia chdt, quy mé céng trinh,
can bo tri, thiét ké cong trinh ham nha mday mét cach hop Iy. Néi dung bai bdo mé phong céng trinh
ngam trong qud trinh thi cong bang phan mém FLAC® dé nghién ciku truong g sudt, bién dang,
chuyén vi trong két cau. Tir d6 xdc dinh khu vwee dan déo ciia ham nha mdy sau khi thi cong, lam ré
quy ludt phin bé ciia noi tdp trung vmg lic va noi tiém an nguy co phd hai cia da xung quanh ham.
Phan tich két qua tinh todn chi ré tai I6p dirt gdy dia tang, vi tri giao nhau cdc dwong ham la nhén

16 chii yéu dnh hwéng dén vmg sudt, bién dang, on dinh cia da xung quanh ham.
Tw khoa: Cong trinh thuy dién, ham nha may, on dinh, chuyén vi, truong ng suat.

1. PAT VAN PE

O Trung Qudc, khi xdy dung cac cong trinh
thiy dién co cong suat 1on, dé dam bao su an
toan, ting tinh 6n dinh cho cong trinh, da s6 céc
nha may thuy dién déu dugc thiét ké dat ngam
trong long dat. Tai Viét Nam ciing d4, dang xay
dung cac cong trinh Thily dién c6 nha may ngam
nhu: Hoa Binh, laly, Hudi Quang,... Viéc tinh
toan thiét ké va thi cong cong trinh thuy dién
ngam ciing gip rt nhidu kho khan, phai dbi mat
v6i rat nhidu van dé vé tinh 6n dinh ciia moi
truong da ty nhién khi xét dén sy pha vo trang
thai can bang ban dau trong qua trinh thi cong,
cac dut giy dia tang va khi kich thudc him nha
méy 16n ca theo chiéu rong va chiéu cao. Theo ly
thuyét tinh toan ¢ dién van dang duoc ap dung &
Viét Nam, viéc tinh toan trong thiét ké nhiéu khi
mang tinh chu quan, khong phan anh dugc nhiing
didu kién lam viéc thuc té trong qua trinh thi
cong cling nhu van hanh sau nay.

Do dé, can nghién ctru, tinh todn mot cach
day du vé ung suit, bién dang cta duong ham
dé biét dugc su thay d6i cta truong ing suét tu
nhién trong qua trinh thi cong, diéu kién tuong
tac gitta cong trinh ngdm va mai truong thuc, tir

" Khoa Cong trinh - Truong Pai hoc Thuy loi.

d6 co co so trong tinh toan thiét ké, thi cong
cong trinh ngim trong tuong lai nhu: nha may
thiy dién ngam, tau dién ngdm, metro, kho
ngam, ham quan su,... khi quy dat ngay cang
han hep ¢ Viét Nam.

2. NOI DUNG TINH TOAN

2.1. Lya chon phwong phap tinh

Pb6i voi mot cong trinh ngdm dat sau trong
moi truong tu nhién sau qua trinh thi cong, cac
tai trong tic dung cong trinh hét sirc phirc tap,
khong tudn theo diéu kién 1y thuyét va truong
(g suét ban dau nira. Tinh 6n dinh ctia d4 xung
quanh hdm, chi yéu chiu anh hudng cua hai
nhan té sau déy:

- Anh huoéng ctia nhan t6 hinh thanh dia chét,
chat luong ciia 16p da va tinh chat gian doan
phién da, tinh chit co hoc cia da, hinh thai
khong gian dut gy, chi sd chat lugng da... 1a
mot trong nhitng nhan t6 quyét dinh tinh 6n
dinh ciia d4 xung quanh him (Pao Vin Hung,
2010; Nghiém Hiru Hanh, 2005; Vo Trong
Hung, nnk, 2005).

- On dinh cua v6 him phu thudc vao kich thuéc
va hinh dang ham, qua trinh thi cong, bién phép gia
cb va thoi gian gia co,... (Ceng Jing, nnk, 2006;
Ceng Jing, nnk, 2007; ZhuWei Sheng, 2004).

50 KHOA HOC KY THUAT THUY L1 VA MOI TRUONG - SO 54 (9/2016)



Do cong ngh¢ va ky thuat may tinh ngay cang
phat trién, rat nhiéu phan mém tinh toan két cau
cong trinh sir dung phuong phap sé da duoc ap
dung. Phan mém co thé mo phong khéi dat, da
khong gian ba chiéu va dic tinh co hoc khdi vat
liéu khac nhau, dic biét 1a ddc tinh luu bién dan
déo khi dat dén trang thai gidi han, mé rong ng
dung trong nhiéu linh vyc nhu danh gia tinh on
dinh ma1 déc, thiét ké va danh g1a g1a ¢ cong
trinh ngam. Caic phan mém ndi tiéng nhu:
ANSYS, DDA, 3DEC, FLAC... (Ceng Jing,
nnk, 2006; Ceng Jing, 2007; Ding Xiu Li, nnk,
2002). Trong bai bado nay, tic gida st dung
chwong trinh FLAC’ tién hanh mé phoéng mé
hinh, s6 liéu tinh toan ddi v6i qué trinh thi cong
ham nha may, c6 dit gy dia tang voi bién dang
ctia d4, anh hudng ciia phan b dic trung tng lyc
va khu dan déo, déanh gia tong hop tinh on dinh
cuc bo va tong thé cua d4 xung quanh.

2.2. M6 hinh tinh toan

2.2.1. Khdi qudt céng trinh va diéu kién dia
chit

Cong trinh ung dung dugc lua chon trong
nghién ctru 1 cong trinh thyc té ¢ tinh Quéang
Tay, Trung Qudc, c6 8 t6 may. Cong trinh nha
may ngam, duong ham din nudc, phong diéu
hanh chinh,... nim trong kién tric thé da do-1é-
rit (diabasic). Tong chiéu dai nha may Ia
127,2m (bao gébm nha méay phu 14m), chiéu
rong 27,5m, chiéu rong luu khong ciia phan trén
can truc 13 30,8m, ty 1¢ khoang trén vom la 1/5,
chiéu cao 16n nhét 1a 76,67m, nha may phu va
phong 1ap dit sip xép theo thir t bén trai va
bén phai cia nha mdy chinh; phong bién ap
chinh cach nha may chinh vé phia ha luu 32m,
véi chiéu dai 1a 53,8m, chiéu rong la 16m.

Trong bai bao nay nghién ctru, tinh toan voi hai
to may $6 5, s6 6 vi ¢6 nhiéu diém dic biét vé dia
chit co dut giy nim ngang va thang dimg; cac t6
may déu c6 duong ham din nude. Bén canh do
dudng him dan nudc tuyén cong, cd mit cit
ngang hinh vong cung, tudng thang dimg, kich
thudc trude cua duong ham 13 12,8m x 15,5m.

Khu nha may chu yéu 1a da do-1é-rit co dai
(B1, p4), da thach anh cudi ky thim nhap tao
thanh phién da thach anh (q) va da do-lé-rit
phong héa (Q, Pi, 14); d4 xung quanh ham nha
may cha yéu 1a da do-l1é-rit hat th hoa clic va
hat th6 dai tao thanh, trén dinh vom nha may co

xuit hién cic phién d4 thach anh (Ceng Jing,
nnk, 2006; Lu Shu Qiang, nnk, 2005). Dia chat
nha may co6 dut giy dia ting doc nguogc F48 va
dut gy kién tao F211. Ap lyc tac dung 1én khi
da to nhé khong déu, cu tao bé mat bat thuong,
khong theo quy luat va kep chét gitra cac tang
da do-lé-rit. Cau tao khe niit twong d6i phat
trién, dic biét la dut gay dia tﬁng va su chén ép
trén 16p da dut giy F48 v6i ving 1an can, do doc
va goc nghiéng khe nut cung phat trién, hinh
thanh nhiéu khe nat. Hinh 1 1 hinh khai quat
diéu kién dia chit khu vuc tinh toan cua cong
trinh nay.

Phia trroc dirt gay F48 \\ \\

‘ ; L
Hinh 1. Mt cdt dia chat khu vuee tinh todn

Pa xung quanh him nha may cing, mic do
phong hoa thap, tinh ning co hoc tuong ddi cao,
nhung kich thudc ham 16n, dong thoi cac cu
tao dut gay F48, F211 va co cac phién thach anh
phat trién. Do d6, tinh toan ung suit, bién dang,
on dinh cua da xung quanh khi c6 diém giao
nhau cta ham, cung su bat lgi ddi voi ciu tao
dia chat 14 van dé rat dugc quan tim trong tinh
toan thiét ké va thi cong him nha may.

2.2.2. M6 hinh tinh toin Flac’™

B6 tri két cAu nha may ngam hién thi nhu
hinh 2, giéi han bién khu vuc tinh toan dua theo
diéu kién dia hinh cta khu nha may, dong thoi
dap ung lya chon yéu cau hiéu ung bién nhat
dinh. M6 hinh tinh theo h¢ truc XYZ, pham vi
tinh todn 1a 395m x 420m x 410m, trong d6 truc
X tu thuo*ng luu vé ha lvu nha may, truc Y theo
huéng thang 1én, truc Z theo phuong truc nha
may, vi tri mat cit duong trung tam to may s6 5
la Z=0, cao trinh cao nhat khoang 370m, cao
trinh thap nht 13 -100m. Khu vuc tinh toan sir
dung chu vi gidi han theo 4 phuong, phia mat
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dat tu do. Két hop sb lieu ung luc thuc do dé
taing thém vao truong ung luc, hé sb theo
phuong nha may Z 1a 1,45, hé s6 vudng goc X
la 1,20, hudéng thang dimg duoc ap dit theo
truong Gng luc trong luong khdi d4 phia trén.
Khu vyc tinh toan bao gdm duong him din
nude, nha méay chinh, phong lip dat, nha may
phu, duong ham chinh, phong bién ap chinh,
ham thoat nudc, hanh lang cira cong thoat nude,
dia chat chu yéu khu vyc tinh 1 d4 d6-18-rit.

Hinh 2. Tong thé cdc hang muc cong trinh
tinh toan

Trong md hinh tinh toan FLAC’® ba chiéu ap
dung mo phong thyc thé don cua da, dut giy dia
tang va mach d4, trong 6 do day cua dia tang
dut gay F48 la 6m, d¢ day F211 1a Sm, d¢ day
phién d4 thach anh 1a 20m. Trong phan tich, tac
gia st dung md hinh vat liéu dan déo Mohr -
Coulomb, dic trung co 1y ctia mdi loai vat liéu &
bang 1. Khu vyc tinh toan chia 153312 phan tt,
téng cong 27233 diém nat (xem hinh 3).

2.2.3. Phén tich két qud tinh todn

a) Bdc trung bién dang, chuyén vi

Qua trinh thi cong xay dung cong trinh s€
lam thay do6i két cdu tu nhién ciia da xung quanh
ham nha may, pha v& trang thai can bang ban
dau anh huong toi két cau chiu luc, chu vi hAim
bi bién d6i hudng vao bén trong ham, dinh mai
vom chuyén vi xudng, diay ham day noi Ién,
tuong hai bén s€ nén vao trong. Khi thi cong
xong, chuyén vi dinh vom va bén tuong ting
nhanh phu thude vao xu thé bién dang cua nha
may va ham hudng vio trong ham, trong nha
may ngam. Nha may chinh chiu dirt gy cua dia
téng F211, xuét hién rd bién dang 16n & nhiéu
noi; bién dang tai vi tri giao nhau cua him ciing
tuong dbi 16n; phién da thach anh khong anh
hudng 16n dén bién dang dinh ham.

Bang 1. Dic trung co ly da xung quanh

Trong N X Luc Modul Cuong do N L
X , e Hé¢ so 1 X i , He¢ so
Tang da lugng riéng ma st | DEUNg két | bien dang | khang kéo Poisson
(kN/m?) (MPa) (GPa) (MPa)

ba do-le-rit 30,0 1,0 1,0 15 8,0 0,2
b4 thach anh 28,5 0,9 0,8 10 6,0 0,25
Put giy dia tang F211 28,0 0,7 0,5 4,5 5,0 0,32
F48 19,0 0,45 0,1 0,8 0,0 0,35

Két qua tinh toan (Hinh 4) cho thay: bién dang
cta dinh vom nha may chinh thuong la tur 3,5 +
7,4 mm, chuyén vi 16n nhat theo phuong thing
dimg xudng phia dudi 1a 4,39 mm, xay ra & vi tri
trung tAm lap dat to may sb 5 voi do cao da xung
quanh dinh vom 12m. Chuyén vi phia tudng
thugng Iuu khoang tir 7,5 + 22,0mm, phia tudng
ha luu khoang 5,0 + 13,0 mm; tai cao trinh 147m

clia tudng thuong luu va clra vao dudng ham sé 6
noi dut giy dia tang F211 xuat hién gia tri bién
dang lon nhat 13 22,56 mm. Bién dang dan hdi ban
day & vi tri ddt may thuong 1a 4,0 + 8,0 mm, bién
dang 16n nhit 13 8,0mm xuét hién & gﬁn vi tri
trung tim t6 may sd 5. Bién dang 16n nhat cua
tuong nha may gan phong lap may khoang 6,22
mm, cua tudong nha may phu khoang 11,24 mm.
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Hinh 4. Phan ving va véc-to chuyen vi mdt cat
trung tam té mady sé 5

b) Pdc trung phdn bé irng sudt

Sau khi dao ham, trang thai can bﬁng tu
nhién thay d6i, nén trudng ung luc da xung
quanh bién d6i nhiéu. Pinh vom phia thuong
lwu nha may sb 5, s6 6 xuat hién (mg suat nén
16n nhit 14 14,4 MPa, goc ban day xut hién tng
suét tap trung 1on nhat 1a 16,9 MPa. Ung suét da
bén tuong nha may chinh gidm, khu vuc Ung
sudt kéo cua tuong thuong - ha luu chi yéu tap
trung & ham lay nudc, vi tri giao nhau ctia him
chinh va vi tri cit dirt gdy dia ting F211, d6 sau
kéo dai khoang 5 + 9,0 m, ng suét kéo 16n nhat
khoang 1,3 MPa tai vi tri gﬁn clra vao truc ham
chinh cua tuong ha luu.

Gi4 tri ing suat nén bén tudng thuong - ha luu
1a 3,0 = 13,2 MPa, gan phong lip dit 1a 3,0 +
7,78MPa; twong nha may phu 1a 4,0 + 8,0 MPa.

¢) Pdc trung phan bé khu dan déo

Sau khi hoan thanh thi cong cum coéng trinh
ngam, phan ving khu vuc dan déo ciia nha may
chinh, vi tri giao nhau gitta cac duong ham, da
xung quanh noi giao tiép dut giy dia tang xuat
hién khac nhau. D9 sau kéo dai cua khu dan déo
phia bén tudng thuong - ha luu nha may chinh
binh thuong khong vuot qua 10m, & dinh ham
co ban khong c6 khu dan déo, ban day c6 xuat
hién nhung rat it. PO sau khu dan déo trude sau
tuong nho hon 6m; da xung quanh nha may gan
2/3 thude khu dan déo, phia dudi quanh t6 may
khu dan déo tuong ddi tap trung. Tinh dan déo
cua da xung quanh nha may chinh chiu pha

hong chu yéu luc cat, mot sb it bi pha hong baoi
luc kéo. Trang thai ing suat xuét hién cuc bd
trén chu vi cia da xung quanh ham nha may,
tryc chinh duong hdm, him bién ap, d6 sau kéo
dai theo phuong truc chinh him khoang 6 m.
Tudng va ban day cuia him bién 4p chinh xuat
hién khu dan déo c6 pham vi nhét dinh, do siu
kéo dai khoang 2 + 5m. Ngoai ra, diém giao
nhau giita cac hang muc cong trinh ngdm nha
may va dit giy dia ting F48, F211 ciing 14 vi tri
tap trung khu dan déo.

Hinh 5. Khu dan déo mdt cdt tam t6 may $65

3. KET LUAN

(1) Sau khi thi cong xong cac hang muc cong
trinh nha may ngam, dic trung ciia truong chuyén
vi 1a da xung quanh dich chuyén theo huéng bé
miat tw do, bién dang cua dinh vom 16n hon
chuyén vi 1én ciia ban day, bién dang 16n nhét xay
ra & thugng - ha luu bén tuong ham. Khu nguy
hiém nhét sau khi thi cong ham xdy ra & noi giao
cét giita durt gy dia tang va truc ham chinh.

(2) Sau khi thi cong hdm, xu hudng tong thé
clia truong ng suat da xung quanh la phan dinh
va day chiu ing suat nén 1a chinh, turong bén
Xuat hién tng suat kéo, hién tuong tng suat tap
trung xuat hién ¢ diém giao nhau cta ham va
dut gay dia tang.

(3) Tinh chat co hoc cua phién da thach anh
¢6 anh huong 16n ddi véi bién dang cia dinh
ham va c6 anh hudng nho dbi voi bién dang cia
tuong bén khi thi cong. Do da thach anh phan
bd & trén cac dinh ham, ma khu ung suit kéo,
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khu dan déo chil yéu phan bd & phia dudi phan
tiép giap. Tinh chat co hoc phién da thach anh
giam cting khong anh hudng quy luat phan bd
truong Ung suat khi thi cong, ciing nhu khong
thay do1 nhiéu d6i voi pham vi phin bd ving
g sudt kéo, ving dan déo sau thi cong.

(4) Put giy dia tang, dic biét la dut gay dia
tang noi giao nhau cia ham 14 nhan té chu yéu
anh huong dén tinh 6n dinh cua d4 xung quanh

ham nha mdy. Noi giao nhau cia dut giy dia
tﬁng xuét hién: chuyén vi tuong ddi 16n, c6 hién
tuong ung suét tap trung va khu dan déo, do d6
can dac b1et quan tdm trong qua trinh thi cong
va gia ¢b cong trinh ngam.

(5) Cac két qua tinh toan Gmg suat, chuyén vi
cong trinh. ham nha may thiy dién trong bai bao
nay déu nam trong gioi han cho phép, dam bao
diéu kién bén va 6n dinh.
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Abstract:
ANALYSIS OF STRESSES, DEFORMATION AND STABILITY
OF TUNNELS FOR HYDROPOWER PROJECTS

The excessive stress and deformation of the hydropower tunnel and the stability of its surrounding
rocks are main indicators which should be taken into consideration in the designing and
construction of hydropower plant projects, especially the large and high underground item plants.
The underground items of the plant are designed and arranged basing on the topography, geology
and scale of the project. Simulating the process of constructing the underground work by FLAC
to research stress field, deformation, and displacement so as to determine the elastic section of the
tunnel clearly shows the rules of distributing the centralized stresses and the potential failure
positions of the rocks surrounding the tunnel. Data analysis indicates that the locations of the
tunnel junctions are the major element impacting to the excessive stress, deformation, and stability
of the rocks surrounding the tunnel in the faults of stratigraphic layers.

Keywords: iydropower projects, tunnels, stability, displacement, stress field.
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