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NGHIEN cUU QUY LUAT PHAN BO UNG SUAT BIEN DANG
VA BUONG CONG LUN SUT BE MAT DAT XUNG QUANH CAC
PUGNG HAM TIET DIEN NHO KHI THAY DOI PUONG KiNH
VA DO SAU DAT DUONG HAM

TRAN TUAN MIN H, N GUYEN DUYEN PHONG*

Study on distribution rule of stress deformation and subsidence curve of
ground surface surrounding small sized tunnels with changing diameter
and the depth where tunnel to be built.

Abstract: This paper presents the distribution rule of stress failure
(deformation) and the process of setting up of subsidence curve of ground
surface surrounding the walls of the small sized tunnels when the diameter
and the depth where tunnels have been built were changed

1. PAT VAN PE

Hién nay, viéc thi cong xay dung cac dudong
ham c6 tiét dién nho (duong kinh thuong nho
hon 2,5m) trong cdc khu vuc dan cu va thanh
phd & Viét Nam ngay cang dugc wu tién quan
tam nhiéu trong thoi gian gan ddy. Cac dudng
ham tiét dién nho nay c6 thé duoc sir dung lam
cac duong ham dan cap dién, ky thuat, cap,
thoat nuéc hodc 1am mot sé cong dung khac. Dé
thi cong xay dung cic duong ham nay cé thé sir
dung cac phuong phép khai dao 1§ thién, nhom
phuong phap kich day hodc cac khién dao tiét
dién nho chuyén dung. Tuy nhién, ngay nay
viéc hiéu biét dén su thay doi trang thai (g sut
- bién dang xung quanh cac duong ham tiét dién
nho con it dugc quan tdm chu y, déac biét 1a khi
duong ham bat budc khai dao bang phuong
phap ngam trong diéu kién thanh phd, khu vuc
nha ctra dong dan cu ma nhém phuong phap
khai ddo 16 thién khong thé ap dung dugc. Bai
bdo nay gidi thi€u viéc nghién ctu quy luat tng
suit - bién dang xung quanh duong ham tiét
dién nho khi thay d6i duong kinh va do sau dat
cong trinh. Ngoai ra cling gidi thiéu viéc xay

*  Truong dai hoc Mo - Dia chdt Ha Noi
Dong Ngac, Tw Liéem, Ha Noi
Email:tuanminhhung@yahoo.com

dung quy lut va xac dinh d6 lin bé mat trong
khi xay dung cac duong ham tiét dién nho.

2. ANH HUONG CUA SU THAY DPOI
PUONG KINH VA PO SAU PAT PUONG HAM

Thong thuong duong ham tiét dién nho dat &
gin bé mat dat thuong nim trong ving dat da
yéu nén c6 thé ndi né dugc khai dao trong moi
truong khong phai 1a dan hoi ma c6 thé 1a dan
hoi déo hodc méi truong déo. Cac phuong phép
ly thuyét trong moi truong déo thudng sir dung
cho duwdng ham dang tron, theo Bray (Goodman,
1989) thi gi4 trj ung suit trong ving dan hdi véi
duong ham tiét dién tron c¢6 ap luc p; = p, =p
6 thé dugce xac dinh theo cong thirc sau:

b

O, =P—r—2
(1)

Oy =p+—

0 p ]/'2

Trong d6 gid tri b dugc xac dinh theo cong
thire sau:

{tg2(45 + ;pj - 1}.p +0,

tg2(45 +(2Pj+1

O day ¢ 1a goc ma sat trong cua dat da
Khi dudng hdm cé ap luc bén trong p; thi

b= R’ (2)

trong ving déo cac gid tri ung suat dugc xac
dinh theo cong thure sau:
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0
0, = (pi +C, cot g(”i{rj —C; cot gy,
a

3)

0
5
oy =(p, +C cotgg,) tg(l/‘/gfw)[;j ~C, cotgg,

y¢ \y‘*’\(m

Rf’s

T

Hinh 1. So d6 bai todn ciia Bray
(Goodma, 1980)

Trong d6: C; - cuong d§ luc dinh két du,

MPa; v =45 + ¢/2; Q:tg—w—l
15y - 9)

(a) T Ti’r'-' T - ib}

Py T

Va ban kinh ving bién dang déo duogc xac
dinh bang cong thirc sau:

2 0 ¢
2p-o, +l+tg 45+E C, cotgo

{1 + tg2(45 + ;PJ}(pl +C, cot go)

R,=a 4)

O day:

R4 - ban kinh viing dan hoi déo

a - ban kinh dudong ham

r - khoang cach tir tim him dén d6 4m dang xét

p - 4p luc bén ngoai dudng him

pi - ap luc bén trong duong him

G - d0 bén nén don truc cua dit da (UCS)

@ - gbc ma sat trong ctia dat d4

y - goc ma sat trong du

3. MO HINH PHAN TiCH SO

Trong phan ndy s& trinh bay viéc st dung
phuong phép sé phan tir hitu han trén co s& phan
mém s6 Phase 2 thiét lap cac quy luat bién dbi co
hoc xung quanh céc dudng ham tiét dién nho khi
thay d6i dudng kinh va do sdu dat dudng him, ciing
nhu xac dinh quy ludt duong cong lin bé mit cho
bai toan. Phuong phép phan tir hitu han xung quanh
duong ham tiét dién bat ky trong phuong phap phan
tir hitu han dugc thé hién nhu trong hinh 2.

ic)

[
¥ b P ' TT—-HJ.L&
‘\ b
b k ke
il i I
By W ’i.|_||
| ] f e T i
f —
“l..'”s'/ —
/ ;
¥ Tf ,.f/ ity
— o
— i — i
£ Rt | g

ko

Hinh 2. So' d6 phan tich bang phiong phdp phan tir hitu han trén mdy tinh
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O day pu Pyy> Pxy - 1a cac thanh phan ng
suit nguyén sinh

Trén hinh 2c, cac nut i, j, k ¢c6 ham chura cac
thanh phén chuyén V1 Uy, Uy, V.V. Va ma trdn
chuyén vi [u] trong cac nut khac nhau. Goi [N]
la ham chic nang va cé thé dugc xac dinh theo
cong thirc sau:

|y |- S NENEIE
Trong d6 ’
R O e G

Céc thanh phan trong ma tran [N], va N; la
cac ham chtrc nang c6 lién quan dén toa do

[u’] - véc to cOt ¢6 bao ham cac gia tri
chuyén V1 Uyi, Uyi, Ujs..

Ham chic nang [N] duoc chon ddi véi cac
chuyén vi trén cac nit. Vi vay co thé thu duoc
cong thuc sau: (7) va (8).

u, :L[(ai +biX+Ciy)uxi +(aj +ij+CjY)uxj +(ak +ka+Cky)uxk]

2A
Trong d6
A =X; Ve =XV,
b=y, =y (12)
¢ =X —X,

Trong céc nut 1, j, k ¢c6 bao ham aj,..va 2A =
I x y
2x dién tich phan tir tam giac =2|1 x LY
L x.

Cac két qua oy, as, 0 trong ham chirc ning
chuyén vi uy trong cong thirc (11) thu dugc boi
su thay d6i uy; va uy. Do d6, su thay doi chuyén
vi trong cac phan tr dugc quan sat trong cong
thirc sau:

[u]= {” =[N ]= [N N N e ] (13)

y

O day N, =(a, +bx+c,y)/2A

[Ni ]xi,yi = [I] (7

[Ni ]xi,yi = [0] » V.V. (3)

O day [I] va [0] - 1a cac ma tran chuyén vi, tir
cac thanh phan chuyén vi trén cc nit trong cac
ham chirc nang, thu duoc:

[Ni] = Ni[l]

O day N; - 13 ham v6 hudng trong phan tir
cac nut

Céc thanh phan chuyén vi trong ham sb toa
d6 duoc viét nhu sau:

U =o, +a,x+a,y ©)

U, =a, +asx+agy

Khi sau thanh phan trong cic ham trén duoc
xéac dinh thi c6 thé xac dinh duoc cac chuyén Vi
Uy, Uy trong cac nat. Do d6 o, o, oz duge xac
dinh bang cach giai cac phuong trinh sau:

Uy =0 +0LX, + Q3

U, =0, +0,X; +a3,; (10)
Uy =0 T QX T3,

Sau khi giai cac phuong trinh trén, thu dugc:
(1)

Cong thirc don gian Nj, Ny va I 1a cdc ma
tran 2x2

Chuyén vi trong cac phan tir c6 thé dugc xéac
dinh theo cong thic sau:

ou
s 2,
&, 6ax Ox -
u u
l=|e, <] 2 |0 2 x}(M)
’ oy oy || u,
ol lou, oOu, | |Oou 0
_+_ - e
i 6)} 6)/ i _6y 8)(7_

Hay la

le]=[L]u] (15)

Tu cong thac (14) va (15), viét duoc
nhu sau:

[#]=[LIN]ue | = [B]]

Trong do:
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N, o, N, N,

0

ox ox Ox (16)
B]=| o P o N, N,
oy oy oy

ON i ON, i ON, 7 ON J ON ke ON, k
| Oy ox oy ox oy ox |

o, 1 v/(1-v)
o = BV gy

Y (1+v)1-v)
o, 0 0

Hay[o]=[D]e}+ |0’ |=[PIB]w |+[o" | 17)

Trong d6 [o] - véc to téng ung suét, [D] - ma
tran dan hoi, va [c°] - véc to tdng Gmg suat
nguyén sinh ban dau.

Sw can biang Iwc ¢ cAc nat

Trong phuong phap phan tir hiru han dé dat
cac IIC qui» Gyir--1én cic nut phai can bang giita
cac luc bén trong cua cac nut véi trong luong

cua cac nut:
A’ (&Y [o]-[a] 5] - (B ) o]

(1—=2v)/2-v)] 7, | |o?

- (v ]ae ) o]

Khi chuyén vi 1a cac thanh phan bién dang
dan hoéi thi cdc hang sb trong ma tran [B] 1
hing s6, cac thanh phan Gng sudt trong cac phan
tr s€ dugc xac dinh theo cong thuc sau:

0
0 gXX GXX

0
0 £, |+ o,

Xy

bl -l Lo s

y
[8u°] - chuyén vi bén trong cac niit
néu lyc bén ngoai tac dong 1én nut 1a [q°] thi
e e " c
we =y
Charlton (1959) da xac dinh Aw® theo cong
thurc sau:

= lou ][ [o]-[NT [2)

Tich phan trén toan bd the tich ctia phan tir thu duoc:

[q]] G]dVI ['lbkv

tur (17) thu duzoc
)= J1] [PL5]: ]dV+I[B Ilo"hr-[Iv]
thanh phan_“ [ ]dV 12 ma tran 6x6

Ve

(18T [0 ]dV-lé ma tran 6x1; [[N] [plav -

Ve Ve
la ma tran 6x1

Khi thé tich cac phan tir tam gidc 1a VE, cac
thanh phan [B] va [N] - 1a hing sb trén toan
bo thé tich cua cac phﬁn te. Do d6 thu duogc
cong thuec:

lg° J=v.[8Y [DIBlw [+ . [8] [o* |-, [NT o]

Trong hau hét cac truong hop

loe =& Jue J+ L] @21)

[q°] - ¢6 lién quan dén chuyén vi tai cac nut [u°]

[K°] - ma tran do cung

[£] - véc to luc tdc dOng bén ngoai

[K°] va [f] duoc xac dinh tir hinh hoc céac

(19)

"[blav

phan tir va mg suat nguyén sinh ban dau ciing
nhu dung trong dat da.

(20)

(D
. U

X

Xac dinh chuyén vi tai cac nut:
Tac dong bén ngoai tac dong lén cic nut
dugc xac dinh theo cong thire sau:

T
[7"] [rxlrylrx2ry2rx3ry3rx4ry4] (22)
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voi haiphantiravab

[q“]r = [q;q;q;lzq;’zq?gq;]
'] =lata"a"idsa"sa"s ]

(23)

ST . _ a
boivoinut 1 r, =q;; r, =49,

K- 7. 4 _ a b . _ a b
Doivéoinut2 r, =q, +q.,; Fa=9q5+4,,

Va cuoi cung thu dugce cac cong thuc gilta

cac luc va cac chuyén vi nhu sau:

St dung phin mém sé Phase 2 dé phan tich
va tim hiéu quy luat ctia mg suat va bién dang,

cling nhu xdy dung duong cong lin bé mit
trong bai toan phang, co s& dit liéu dau vao

Ka

b
K+K Uy

+
-fx}

fa
fu

fa

s

fa

72

fo| 24

dugc thé hién nhu trong Bang 1. Trudong hop
thir nhat 1a xem xét sy thay d6i dwong kinh
duong ham dén ung suit, bién dang xung quanh
dudng ham sau khi khai dao.

Bang 1. Cac tham s6 diu vao cho phén tich

TT | Tén tham sb Ky hiéu Gia tri Pon vi
1 Dung trong dat da Y 0,016 MN/m’
2 | D¢ bén kéo dét da ok 0,0 MPa
3 | Cuong d6 Iyc dinh két c 0.05 MPa
4 Goc ma sat trong 0] 25 bo
5 | M6 dun dan hdi E 500 MPa
6 Hé 6 Poisson u 0,35 -

7 Goéc dan nd \ 0 bo
8 Go6c ma sat trong du Qre 26 bo
9 Cuong dd luc dinh két du Cre 0,5 MPa
10 | Puong kinh dudng ham D 0,5;0,7;1,0;1,2; 1,5 m
11 Loai vat liéu Déo - -
Tiéu chuan sir dung Mohr -
12 - -
Coulomb
13 Hé s6 1’rng§r suét, nguyén sinh ban dau /o, 0.5 ]
(ngang/thang ding)
14 | Do sau dat duong him H 5 m
" b 5
(Y
-
a) Mo hinh phén tich b) khi D =0,5m ¢) Khi D =0,75m
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d) Khi D = 1,0m

¢)KhiD = 1,2m

fHKhiD=15m

Hinh 3. Két qua mé hinh va phdn bo tong bién dang khi thay doi dwong kinh ham D

Bang 2: Thong két qua sau phén tich

Tham s6 Du’(;’ng kinh 0,5m 0,7m 1,0m 1,2m 1,5m
ham (D)
Néc 0,04 0,04 0,04 0,04 0,04
o1, MPa | Sudn 0,17 0,17 0,17 0,17 0,17
Nén 0,04 0,04 0,05 0,04 0,04
Néc 0,00 0,00 0,00 0,00 0,00
o3, MPa | Sudn 0,01 0,01 0,01 0,01 0,01
Nén 0,00 0,00 0,00 0,00 0,00
Noéc 5,25.10° | 7,00.10° | 9,30.10° | 1,11.10* | 1,36.10"
Exy, M Sudn 1,75.10° | 2,45.10° | 3,85.10° | 4,55.10° | 5,60.107
Nén 6,00.10° | 8,05.10° | 1,21.10" | 1,50.10* | 1,92.10"

Sau khi phan tich bang Phase 2 c6 thé thu
duogc két qua cac gia tri ng sudt va bién dang o
néc, suon, va nén duong ham nhu trong bang 2.

Quy lujt bién doi giira tong bién dang va dwdng kinh
dwdng him tiét dién nho
0.0002500

;ao,ooozooo 4 ‘

2 = E05D + [E05 4 Oténnic i

& 00001500 3 =B () bén suon him
'; R=0,9995 O dudinén him

<€ 0.0001000 Gt rung bih
ﬁ — Quy it bidn thign

3 0.0000500

i

0 02 04 06 08 1 12 14 16

0.0000000

Str thay dbi diromg kinh dwdng him, m

Hinh 4. D6 thi biéu thi quan hé giiva tong bién
dang va s thay déi dwong kinh dwong ham D

Bing phuong phap théng ké cac két
qué trong bang 2, sau khi phén tich, thiét
lap dugc cong thic tong bién dang véi su
thay d6i duong kinh cua dwong hdm nhu
sau:

&y =8.10°.D +10°, R*=0,9995 (25)

Trong d6: D - duong kinh dudong ham tiét
dién nho dem su dung, m

Truwong hop khi thay doi d§ sau dit
dwong him

Trong truong hop thay doi do sau dat dudng
ham, chiing ta van sir dung cac tham s6 dau vao
dat d4 va duong kinh duong ham nhu & trong
bang 1, & phan nay chi thay doi do sau H dat
duong ham lan luot twong Gng 1a H = 5, 6, 8,
10, 12m. Két qua mdé phong bang moé hinh va
két qua sau phan tich dugc thé hién nhu trong
cac hinh 5 va 6.
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a) M6 hinh dudng ham & d6 sau 5m b) Phan bé tong bién dang & d6 sau 5m

Hinh 5. Mé hinh dwong ham bang Phase 2 (a) va phdn bé tong bién dang khi H = 5m (b)

a) O do sau 6m b) O d6 sdu 8m ¢) O d6 sau 12m
Hinh 6. Két qua phdn bé bién dang, iing sudt khi thay doi dg sdu dét dwong ham
Tir cac két qua phan tich duoc trong bang 3 trong hinh 7, 8 tuwong tng cho ung suat, bién
va 4, bang thong ké chung ta ciing thu duoc biéu  dang va duong cong lun sut bé mit khi thay doi

d6 quy luat va biéu thirc toan hoc phu thudc nhu  d6 sau dat duong him.

Bang 3. Thong ké két qua khi thay d6i d§ sdu dit dwong ham tiét dién nhé

Chi s Do siu 5m 6m 8m 10m 12m
Gia trj & ndc 0,04 0,06 0,09 0,1 0,14
o1, MPa Gia tri & nén 0,06 0,07 0,11 0,12 0,16
Gia trj bén suon 0,21 0,26 0,33 0,38 0,38
Gia trj & ndc 0,00 0,00 0,01 0,01 0,01
o3, MPa Gid tri & nén 0,00 0,00 0,01 0,01 0,01
Gia trj bén suon 0,01 0,01 0,03 0,03 0,03
Gia tri & noc 3,15.10* | 3,80.10* | 5,10.10" | 6,30.10" | 8,05.107
Exy, M Gia tri & nén 3,30.10" | 3,80.10* | 5,10.10" | 6,00.10% | 7,35.107
Gid tri bén suon | 7,50.10° | 1,10.10% | 1,25.10% | 1,80.10% | 2,45.10"
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Bang 4. P§ lin bé mit khi thay doi diém d6 sau dit dwong ham tiét dién nhé H

Vi tri tir tam dAu’(‘)’ng 6m am im Am Sm
ham ra 2 bén

Do sau dat Sm 0,00 9,00.10” 1,35.10" 9,00.10” 0,00

Do sau dit 6m 0,00 1,00.10™ 1,40.10™ 1,00.10™ 0,00

Do sau dat 8m 0,00 1,25.10* 1,50.10™ 1,25.10" 0,00

Do sau dat 10m 0,00 1,20.10™ 1,50.10™ 1,20.10* 0,00

Do sau dat 12m 0,00 1,05.10" 1,40.10™ 1,05.10* 0,00

Cong thirc lién quan gitra ung suat thing
ding va d6 sau dat duong ham thiét lap
duoc nhu sau: o = 0,0174.H + 0,025, R? =
0,9722 (26)

O day H - d6 sau dat duong ham, m

St dung théng ké chiing ta ciing thu dugc
biéu d0 quan hé giita tong bién dang va su thay
ddi do sau dat duong ham nhu trén Hinh 7 va
cong thirc bién doi quy luat nhur sau:

&y =5.10°.H+10°, R*=0,9953 (27)

Quy luit bién d@di giira tmg suit thing dimg va sy thay dbi
d9 sau dit dwong him

0.4
§ 0.35 =—&— O noc duong him
& 031 or=4Y; b > =8- ( nén dudng him
z 02 2= O sudn dudng him
E" ()Oé :7 Gia tri tmng binh
E o1 % —— Quy lujt bién thicn
& oo0s

0 — T T T T T T

3 4 5 6 7 8 9 1011 12 13 14 15
P§ sdu diit dwong him, m

0.0009

. 0.0008

g 0.0007

'El 0.0006 =&~ 0 ndc ciia duong him
‘% 0.0005 8- 0 nén duodng him
%ﬁ 0.0004 1 O bén suon duong ham|
= 0.0003 1 Gid trj trung binh

% 0.0002 —— Quy luit bién doi

0.0001 -
0

Quy luat bién ddi giira tong bién dang va do sau dit dwdng him

4 6 8 10 12 14
S thay ddi dj sAu diit dwong him, m

Hinh 7. Két qua quy ludt bién déi ciia vng sudt theo sw thay doi do sau dat dwong ham
va su thay doi bién dang theo do sdu dat duong ham H

Quy lugt bién dbi d lin sut b& mit véi su thay déi dj siu dit dwdng him

7 5 4 Yimepebiin giuthtim deng himem

=== Khi duong ham dat ¢ dg siu Sm
=& Putng ham djt ¢ dj siu 6m

Buong ham dat ¢ d9 siu Sm

Gia tri lan sut, m

'+ 4E-06x" - 8E-06x - 0,0001
R=1

Hinh 8. Quy ludt bién doi ciia dwong cong hin
khi thay d6i do sdu dat dwong ham

Chiing ta ciing ¢6 thé thiét lap duoc dudng
cong phéu lun sut bé mat dat tir tim dudng ham
ra 2 phia xung quanh trong bai toan phang theo
cong thirc nhu sau:

U=-2.10%"+ 1.107x’ + 4.10°%* - 8.10"x -
0,0001, R* =1 (28)

O day x - toa do theo truc nam ngang bén
trén bé mat dat nhu trén hinh 8.

4. KET LUAN VA KIEN NGHI

Qua phan tich & trén c6 thé dua ra cac két
luan nhu sau:

- Su thay ddi dudng kinh c¢é anh huong 16n
dén trang thai ing suat va bién dang xung quanh
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cac duong ham tiét dién nho. Gia tri ing suét va
bién dang ty 18 thuan (cong thirc 25) vdi su ting
lén cia duong kinh duong ham, diéu nay la
hoan toan hop 1y véi phan tich 1y thuyét trude
day. Trong cung modt diéu kién dia chét thi
khoang tréng dudng him ting thi ving anh
huong dén dat da xung quanh ting, Gng suét va
bién dang déu tang.

- Trong trudng hop thay ddi d6 sau thi quan
hé mg suat, bién dang ciing ty 1¢é thuan (cong
thirc 26, 27) vdi su tdng 1én cua do sdu dat
duong ham, do bai toan xét dén trong luong ban
than dat da nén diéu nay 1a hoan toan phu hop
v6i ly thuyét dai sé trude day.

- Qua phén tich chiing ta ciing c6 thé thiét lap
dugc dudong cong lun sut bé mat dat trong mat
cit ngang tr tdm duong him ra 2 bén canh
(cong thuc 28). Quan sat cong thirc ndy vdi cac
cong thirc giai tich trudc day ciing thay su tuong
hop déu 1a ham sb bac 4 va dat cuc tri tai dinh
néc ham, cang ra xa thi canh cung cua phéu lin
giam dan va & vi tri khoang 7m tir tim dudng
ham (trong truong hop cu thé phan tich) thi bé
mit dat khong bi Iun sut nita. Nhu vay néu trén
bé mat dét trong khu vuc phéu lin sut ndy cac
cong trinh dad cé hodc s& xdy dyng sau nay déu

Bang phuong phap s ching ta ciing thiy
rang 101 giai s& tré 1én nhanh gon va cé tinh don
gian hon di rt nhiéu. Pay ciing 1a wu thé vuot
troi ctia phuong phép sé va mé hinh sé trong
qua trinh gidi cac bai toan dia k¥ thuat hién nay.
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