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TOM TAT: Bai viét dé cdp dén phwong phdp xdc dinh chiéu sau khéng can chong giir
khi thi cong cac hé dao phuc vu xdy dung cdc cong trinh ngam bang phwong phdp 16 thién.
Cdc phuwong phdp da cd trudc day da xem xét bai toan dat ra trong dit bdo hoa hodc trong
ddt khéng bdo hoa nhung coi ham lwc dinh la khéng doi hodc la thay doi tuyén tinh theo d¢
sdu ké tir mat dat dén muec nuwde ngam. Trong bdi viét cdc tac gia di xem xét dén quy ludt bién
doi lwc dinh trong ddt khéng béo hoa theo quy ludt phi tuyén. Sir dung cac 1y thuyét trong co
hoc ddt va phan mém todn hoc Maple cho phép tim dugc cong thirc xdc dinh chiéu sdu khong
can chong gitt khi dao hao xdy dung cong trinh ngam bang phwong phdp 16 thién. Bai viét
ciing minh hoa vi dy tinh todn so.

1.PAT VAN DE

Trong xay dyng cong trinh ngam bang phuong phép 16 thién nhu: tunnel giao thong,
tunnel dan nudc hay cac duong ham dat cac thiét bi co so ha tang (dién, nudc, cap thong
tin,...) thuong phai tién hanh dao cac hao véi chiéu rong, do sau va chiéu dai thich hop dé lip
dat két ciu ham (hinh 1) theo thiét ké:

mitddttr nhign
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h 2r h
b

myc nudc ngim my'c nrdc ngim

Hinh 1: Hao dao trong thi céng dudng ham

r - ban kinh trong cua két cAu ham tron hodc nira chiéu rong him chir nht.
& - bé day cua két cAu;H - chiéu sau dat ham; D - chiéu sdu muc nude ngim;
f - gbc nghiéng thanh hao.

Vén dé dat ra 1a khi goc déc mai hao # cang nho, khdi lugng dao ting 1én nhung thanh
hao s& 6n dinh va khé sup d6 hon. Khi thanh hao déc ding (3 = % ) thi khéi luong dao hao

14 it nhat va do d6 s& c6 lgi vé kinh té, nhung on dinh cua thanh hao 13 vAn dé can xem xét.
Trong truong hop nay phai tién hanh chong giir tam thoi thanh hao bang cac két cau tam (cu,
van, vang ngang,...).
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Piéu nay dan dén nhimng bat loi sau:
- Lam chat hep khong gian thi cong ham
- Ton kém chi phi cho viéc chong tam
- Lam cham tién d¢ thi cong
Trong bai viét nay dé cap dén van dé xac dinh chiéu sau khong can chdng giit ctia thanh
\ IS ‘a . T A \ Ao 2 4 . A ~ \ \
hao 4, v61 goc nghiéng 16n (S = 5) . Méi truong dat & day dugc coi 1a khong bao hoa va
dat roi, v6i chiéu sdu muc nudc ngdm cach mit dat ty nhién 1a D.

Trong thyc tién xay dung thi chiéu sdu can dao ctia hao phai thoa mén cac diéu kién sau:
H>2+5)2r=(4+10)r va D> H +m ; trong d6 : m — d6 day 16p dat dudi hao dao d¢ tranh
truong hop buc nude tir dudi 1én khi nude cd ap, xac dinh nhu sau [1]:

(1

m2

Ze—

Trong d6: y,,7,- 1an luot 1a dung trong ciia dat va ciia nude.
h - @6 cao muc nudc ap luc trén day hé khi bi buc nuée.

2. LUC HUT DINH TRONG PAT KHONG BAO HOA

Mot trong nhitng dic diém quan trong trong dat khong bio hoa 14 ap luc 16 réng 4m
(u <0). Ap Iuc nudc 16 rong am l1am phat sinh lyc hat dinh F,, = (u, —u,,). Ap luc nudc 16
rong cang am khi d6 4m cua dét cang giam hay d¢ bao hoa cua dat giam. Néu 4p luc nuée 16
rong cang 4m s& 1am ting luc dinh cua dat do d6 kha nang chéng cit cua dit ciing ting 1én.

Cac nghién ctru chi ra rang [2], luc hut dinh cua dat khong bio hoa thay doi theo chiéu
sau ké tir mat dat va giam dan dén gia tri bang khong tai ranh giGi ctia myc nude ngam.

Trong cac tinh toan [3] da dé cap dén 2 truong hop (hinh 2a,b) :

- Luc hit dinh khong doi tir mat dat dén muc nude ngam: F,,(y) =const ;
(2a)
- Luc hat dinh gidm tuyén tinh tr mat dat dén myc nuéc ngam: F,,(y)=m—ny;
(2b)
 Trong bai viét nay ching t6i dé cap dén su thay ddi luc hat dinh theo chiéu sau ké tir mat
dat theo quy luét ham da thirc bac 3 c6 dang sau day:
F,(v)=a+by+cy’ +dy*; y — chidu siu xem xét. 3)
Phuong trinh (3) can thoa mén cac diéu kién sau:
Khi y=0—F,(y)=max=ky,gD;khi y=D—F, (y)=0
Qua phén tich chung t6i thiy dang thich hop véi thyc tién ciia (3) nhu sau:
A
Fy(0)=75(D* =2y +* /D) (4a)
hay: F, (y)= AD(1~y* /1 D*) ; (4b)
Véi: A=ky,g; k- hé s6 biéu dién ap lyc nudc 16 rong theo phan trim so voi mat
nghiéng ap luc thuy tinh; y, - dung trong cua nudc; g - gia tdc trong truong.
Nhu vay Iuc hut dinh giam tir gia tri AD = kDy,g (tmg véi y=0) dén gia tri bang
khong (tmg v6i y = D). DB thi biéu din lyc hat dinh theo (4a) thé hién trén hinh 2c.

3. AP LUC CHU PONG TAC DUNG LEN THANH HAO
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) Ap luc chu dong tac dong lén thanh cua h6 dao chinh 14 thanh phan 4p luc nim ngang
xudt hién trong dat.

ky, gl ky, gD ky, gl
FouBL ) Y80 ) FREL
mat dat it dat r—" mét dat

. | ¥

mat mrdc ngim

Hinh 2 : Phan b6 luc dinh theo chiéu sau

a) —Phéan b khong do6i theo chiéu sau; b) — Phan bd giam tuyén tinh theo chiéu sau;
¢) — Phén b6 phi tuyén theo chi€u sau. (1)- Mat nghiéng ap lyc thuy tinh; (2)- Dudng phan
bo luc hut dinh

Theo 1y thuyét ap luc 1én tudong chin cia Culdng va Rankin ddi v6i dat dinh thi phan b
ap luc chu dong s€ co dang [2]:

p.=(0,~u,)=(0, ~u,)eotg> (=) ~2C.cotg(;~ ) 5)

O day:  ¢'- goc ma sat trong hitu hiéu; u, - ap luc khi 16 rdng; p, - phan bd ap luc chi
dong tai d0 sau xem xét; o,,0, - thanh phan tmg suat nam ngang va thang dtmng.

o, - thanh phan tng suit thing dung do ap luc dia tang (ap luc mo) sinh ra, xac dinh
nhu sau : C,=Vs-8Y (6)

Voi dat khong bao hoa, luc dinh toan phﬁn C gém 2 thanh phﬁn 1a luc dinh hiru hiéu C’
va lyc hit dinh (v, —u ))ige,. Tacla: C=C'+(u, —u, )igy, @)

6day:  ¢@,- gbc ma sat img v6i nhitng bién d6i cua lyc hat dinh; C’- lyc dinh hitu
hiéu. o

DPua (7) vao (5) va bién doi cho ta:

T ¢ , T @
P =0, ~u,)= (0, ~u,)cotg (=)= 2C"+ (, ~u,)igp,)cot gy =)

T ¢ : T ¢
=(o, —u )cotg’(=—)=-2C"cot g(= -
( d a) g (4 2) g(4 2)

T @ ®)
—2(u, —u )tep,.cot g(—— =
(ua uw)ggoh g(4 2)
Pua (4a) vao (8) nhan dugc:
pa = (Gn _ua) = (Gd _Ma)COtgz(z—g)—2C'Cotg(£—£)
v v ©)

T @ A, 2 3
—2tgp,.cot g(———).—[D" =2y~ +y’ /D
2P, g(4 2)D[ y +y /D]
Pua (6) vao (9) nhan duogc:
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T ¢ , 7 @
=(o,—u,)= —u,)cotg*(=—)—-2C'cot g(=——
p,=(0,—u,)=(,8-u,) g(4 2) g(4 2)

4
D

(10)

— 2tg(/)b.cotg(% —%). [D2 —2y2 +y3 / D]

HI
Tong luc dat chi dong tac dung 1én tudng c6 chiéu cao H,: P, = f p.dy
0
(11a)
4. CHIEU SAU KHONG CAN CHONG GIU CUA THANH HAO

Biéu d6 phan b ap lqc chi dong s€ co yt‘mg kéo Vé: vung néq duoc phén chia ranh gidi
tai do sau y, . Vung ung suat chiu kéo voi chiéu sau y, ké tir mdt dat lam cho ap lyc chu dong
am, tirc co xu hudng tach ra khoi bién ciia mit ding thanh hao (hay tudng chan). Tri s6 Vi
xac dinh tir cong thtrc (8) két hop voi (4) véi didukién p, =0 va u, =0, tirc la:

o, cotgz(%—%)—2C'cotg(%—%)—2tg(pb.cotg(%—%).%[D2 2y +y*/D]=0.

(11b)
Giai phuong trinh (11b) cho ta gia tri y, .

Néu tong ap luc chii dong P, tac dong lén tuong hao triét tiéu thi do sau tuong ung s¢€ la
chiéu sau khong can chong gilt cua thanh hao. Nhu vay chiéu siu thanh hao khong can chong
gir khi thi cong cong trinh ngdm bang phuong phap 16 thién trong dat khong bao hoa dugc

y
xac dinh tir phuong trinh : P, = J.pady =0;
0

(12)

Pua (9) vao (12) va giai phuong trinh d6i v6i bién y cho ta d sau khong can chéng giir
ciia hao dao yi. C6 thé sir dung phan mém toan hoc Maple dé giai phwong trinh (12) va
nghiém  cua  (12) ¢c6  dang Vie = f (@ 0y,u,,0,,D,A4).

(13)
5. TINH TOAN MINH HOA SO
V6i mot to hop cac thong s6 W, ,74,7,.D, 9", 95, k) chung ta xac dinh dugc gia tri y,.
tir cong thirc (13) va y, chinh 1a chiéu sau khong can chéng gitr (hy = y,.).

Duéi day 1a tinh minh hoa s véi cac chi tiéu dia k¥ thuat ciia méi truong dat ving Pong
Nam by Viét Nam; dwoc liy nhu sau: C' = S0kN/m’ k=1,5; ¢'=22°. ¢, =14%
Vi= 18kN/m’ Y= 10,18kN/m’. Gia tri ap luc khi 15 réng trong tinh toan 1a u,=0 (coila
bang ap suat khong khi).

Céc két qua tinh toan cho trong cac bang 1,2,3 va 4 dudi day:

a) Thay doi myc mede ngam D:
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Bang 1: phu thudce gitta hy, voi D

D - B sau muc nudc ngﬁm, m 8 9 10 11 13 15
hy, Chicu sau khong can chong gitt, m | 4,38 | 4,97 | 525 | 583 | 6,19 | 7,18 | 7,34
b) Thay doi géc ma sdt hitu hiéu ¢ :
Bang 2: phu thudc gitra hy, véi @
¢ - goc ma sat hiru hiéu, do 10 14 18 22 26 30 35
’n’n’“ - Chi€u sdu khong can chong gilt, | 4 o5 | 455 | 434 | 421 | 387 | 357 | 332
¢) Thay d6i lwc dinh hitu hiéu C
Béng 3: phu thudc giira hy, v6i C
c 20 40 50 60 70 75 &5
Luc dinh hiru hiéu
M hkt 2\ r
Chiéu sau khong can chong gitr, | 3,71 | 4,09 | 423 | 431 | 439 | 445 | 4,63
m
d ) Thay doi hé s6 k:
Bang 4: phu thudc gitra hy voi k
K - Hé s6 biéu dién ap luc nuée 16 rdng theo 10 12 15 17 20
phan tram so v&i mat nghiéng ap luc thuy tinh ' ' ' ] '
hy, - Chieu sdu khong can chong gilt, m 322 | 3,69 | 423 | 452 | 4,98

Céc biéu d6 minh hoa (hinh 3,4, 5 va 6 xdy dung theo cac bang 1,2,3 va 4) cho duéi

day:
16+
144
12]

109

a0

D

a0

10

50

H.3 - Biéu d6 quan hé giita hy, va D ( theo s6 liéu bang 1)
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10 20 o 0 40 &0
H.4 - Biéu d6 quan hé giira hy, va D khi ¢ thay ( theo sd liéu bang 2)

20 k=20
181 k=17
164 k=13
14 k=12
hg
12 k=10
10
B_
E_
4
10 P 30 a0 & i 20 30 4D £0
2 1 D 2 \D
H.5 - Bi€u do quan h¢ gitra hye va D H.6 - Bicu do quan h¢ gitra hye va D
khi C thay doi (theo so liéu bang 4) khi k thay doi (theo so li€u bang 5)

6. KET LUAN

a- Trong dat khong bio hoa ton tai ap luc nudce 16 rdng am. Ap luc nudc 16 réng 4m
lam xuét hién luc dinh hit va do d6 luc dinh téng tang 1én. Vung gﬁn mit dat xuat hién
nhitng vét nirt (ving chiu kéo), 1am cho dit c6 xu hudng tach ra khoi mat 16 thanh hao, tao
ap luc chu dong am — day 1a co s dé xem xét kha ning khong can chdng thanh hao & do
sdu nao do6 (can xac dinh) khi thi cong cac cong trinh ngam 16 thién..

b- Trong cac tinh toan di c6 trude ddy quy ludt phan b lyc hut dinh do 4p luc nude
16 rdng am 1a khong d6i hay giam tuyén tinh theo chiéu sau — diéu nay tao nén sai sé 16n
s0 véi thue té.

¢- Trong bai viét ndy chung t6i xem xét quy ludt phan bd Iyc hat dinh phi tuyén theo
da thirc bac ba (xem cong thure (4a)) .

d- Két qua tinh toan bang sb minh hoa cho thay:

- Chiéu sdu khong can chdng ctia hao tang phi tuyén so v6i chidu sdu muc nude
ngam. Khi chiéu sau muc nudc ngam kha 16n thi chiéu sau khong can chdng ciia hao hau
nhu khong ting s& dan dén mot gisi han.

- Vé6i cung nhitng diéu kién nhu nhau thi:
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+ Chiéu sau khong can chong ciia hao giam khi goc ma sat hitu hiéu cua dat ting.
+ Chiéu sau khong can chong ciia hao tang khong dang ké khi lyc dinh hiru hiéu ting.
+ Chiéu sau khong can chdng ciia hao ting manh khi hé s6 k ting

DEPTH OF TRENCHS WITHOUT PROPPING - UP IN BUILDING
UNDERGROUND WORKS ON UNSATURATED SOILS BY OPEN -METHOD

Nguyen Xuan Man), Pham Thanh Tien”
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(1) Institute of Applied Mechanics
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(3) Hanoi University of Mining and Geology

ABSTRACT: This article presents a method to determine the depth of trench without
propping up in building underground works — by open method. It is known that, almost
previous methods have solved this problem on saturated or unsaturated soils with constant
cohesive forces or linear depth (from ground to underground water level). In this paper, we
focus on the variation of the cohesive forces by the non-linear function.

Using the software Maple and theories of soil mechanics, we propose a formula that can find
out the depth of trench. Some numerical results are presented.
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