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NGHIEN CUU TiNH TOAN TRANG THAI UNG SUAT BIEN DANG
CUA VO CHONG CONG TRINH NGAM TIET DIEN NHO TREN
CO SO HE TUONG TAC “VO CHONG - KHOI PAT”

Nguyén Duyén Phong*, Dang Trung Thanh, Tran TuiAn Minh
Truong Dai hoc Mo - Dia chat

Tém tit

Hién nay dé giai quyét cac van dé vé duong ham k¥ thuat trong cac thanh phd 16n, mat d6 d6
thi day ddc va thi cong trong dat da yéu 1a bai toan can thiét. O nudc ta cac cong trinh xay dung
duong 6ng k¥ thuat, cong trinh cap dién, duong dng cip thoat nudc,... tai cac thanh phd 16n nhu
TP. Ha Noi, TP. Hd Chi Minh,... vin 12 mot bai toan chua c6 16i gidi thich dang. Trong khuon
khé bai bao dwa ra phuong phap tinh toan két ciu chéng cho dudng ham tiét dién nho bing
phuong phap kich day. Phuong phap kich day cé loi thé thi cong trong diéu kién dat da yéu va
khong gian chat hep, do d6 viée tinh todn lya chon cAu tao cta vo chéng cho céc duong ham 1a
yéu td hét sirc can thiét va mang tinh thoi sy khi tinh toan cho timg khu vuc cu thé dé dam bao
tinh 6n dinh, thAm my, kinh té.... cho cong trinh.

Tir khoa: Trang thai ung sudt bién dang; Vo c}zéng; Céng trinh ngam tiét dién nhé,; Phwong
phap kich day; Co hoc cong trinh ngam.

1. Pat vain dé

O nudc ta, vin d& nghién ciru tinh toan vo chéng duong ham tiét dién nho khong nhiéu, mot
sO tac gia méi chi nghién ciru chu yéu 1a céc loai duong ham tiét dién 16n nhu mot sb tic gia
(Nguyén X.M., 1998; Nguyén Q.P., 2007; Vo T.H. and Phungm.D., 2008; Do N.A. and Dias D.,
2017; Tran T.M., 2014a, 2014b; Nguyen D.P., 2016a, 2016b; Nguyén D.P. nnk, 2017, 2019;
Nguyén X.M nnk, 2021). M6t s6 nghién ctru trén thé gidi ciing dd dua ra cac phuong phap tinh
toan duong ham tiét dién nho (A.N. Pankratenko nnk, 2016; Baklashov I.V. and Kartoziya B.A.,
1984; Bulychev N.S., 1989, 1994; Bulychev N.S., nnk, 1986; Nguyen D.P., nnk, 2017, 2018).

Phuong phap xac dinh trang thai tng suit cia vo chéng dudng ham tiét dién nho véi anh
huéng tai trong riéng ctia dt trén co so tinh toan trong co hoc cong trinh ngam (Bulychev N.S.,
1989, 1994; Bulychev N.S., nnk, 1986; Nguyen D.P., nnk, 2017, 2018; Pankratenko A.N., nnk,
2016; Tran T.M. and Nguyen D.P., 2012) vé su tuong tic cdu tao cong trinh ngam v6i khoi dét
da xung quanh bang hé cac phan tir bién dang dong thoi. Hién nay khai niém “Cong trinh ngdm
tiét dién nho” 1a mot khai niém tuong ddi vi nd phu thude vao rit nhiéu yéu td, trong do yéu to
cong nghé thi cong c6 vai tro rat quan trong. Vi du, khi cong trinh ngdm (CTN) thi cong bang
phuong phap khoan n6 min, str dung bang khoan tay thi dudng ham tiét dién nho thudng c6 dién
tich nho hon 18 m” Theo V& T.H., 2017 thi CTN tiét dién nhé c6 dién tich mat cit ngang dén
20,0 m?. Theo Nghiém H.H., 2012; Tran T.G., Ta T.D., 2011 phan loai theo kich thudc CTN thi
CTN tiét dién nho c6 chiéu rong st dung nho hon 4,0m. Ngoai ra theo dinh nghia ctia Hiép hoi
k¥ su xay dung Hoa Ky (American Society of Civil Engineering - ASCE, 2001) cong nghé kich

* Ngay nhdn bai: 27/02/2022; Ngay phan bién: 30/3/2022; Ngdy chdp nhén ding: 12/4/2022
* Tac gia lién hé: Email: nguyenduyenphong@humg.edu.vn
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day ham tiét dién nho bang may dao ham loai nho 1a mot hé théng gdm nhiéu ddt ham duoc lap
dit truc tiép ¢ phia sau mot may dao ham, duoc diy di bang hé thong kich thuy luc, tir mot cong
trinh kich ddy (giéng kich) dén mot cong trinh nhan (giéng nhan) dé tao thanh mot CTN trong
long dat. Mot sb két qua trén thé gidi cua linh vuc nay nhu sau: Rohner, R., nnk., 2010 dua ra
phuong phap tinh toan luc kich diy bang phuong phap méi ATV A-161; Baklasov LV. nnk,
2009 da dua ra ly thuyét tong quat xac dinh tai trong dén vo chéng khi thi cong bang phuong
phap dao ham tiét dién nho; Bulutrev N.S. nnk, 1994 phan tich lga chon clu tao duong 6ng bé
tong c6t thép khi xay dung dudng ham tiét dién nho, ...

Vé6i muc dich nang cao kha ning mang tai cho két ciu chéng CTN, khi xay dung duong ham
trong diéu kién dia chat mo phuc tap, dic tinh dat da yéu chtra nudc, s dung phuong phap kich
day va ap dung phuong phap tinh toan vé chéng trén co s& nguyén 1y xac dinh trang thai can
bang hé “v6 chéng - khdi dat” trén mot thé thong nhat bién dang.

2. Co sé 1y thuyét va phwong phap nghién ciru

Dé giai quyét nhiém vu tinh toan trén co s& cac tham sd, cho thiy su ton tai cac yéu té anh
huong dén trang thai img suit cua vo chdng:

- Chiéu sau dit him va kich thudc vo ham;

-S6 lugng 16p vo chéng, chiéu day vé chéng, dic tinh bién dang cua vat li€u cac 16p;

- Bic tinh tng suét ban dau trong khdi dat da, gay ra tai trong riéng khéi dit d4, tinh chat luu
bién ciia khoi dat d4 (trong gi6i han 1y thuyét c6 tinh chat tuyén tinh tir bién).
2.1. Xdc dinh viing irng sudt ban diu

Dé xéac dinh tmg suét trong cac 16p vo chéng duong ham tiét dién nho cho thiy véi bai toan
tiép xtic phang nhiém vu 1y thuyét dan hdi vong nhiéu 16p, gia cb dudng ham voi bién dang
tuyén tinh trong moi truong dong nhat dang hudng vo tan. So dd tong quét tinh toan dugc dua ra
trén hinh 1.
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Hinh 1. So dé tinh todn

1 - V6 chéng dwong ong bé tong cot thép, ¢é mé dun bién dang E; va hé sé Possion v,, véi khoi ddt dd
¢6 mé dun bién dang Eyva hé $6 Possion vy; 2 - [6p vo Bentonit co mo dun bién dang E, va hé 56
Possion vy, rg =R, ¥1 = R, ¥y = R, ban kinh cdc lop vong, m; y - trong luong riéng cua dat da, kN/m’;
H - chiéu sau ddt ham, m; ) - hé sé ap e ngang.
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Véi dic tinh cong nghé thi cong duong ham tiét dién nho, dao duong dng quan sat cho thay
trong hai 16p vong tron, dwdong ham dat ¢ chiéu sau H, 16p ngoai Sy, cd md dun bién dang E, va
hé Possion vy, md hinh hoa khéi dat da. Lop tha nhat c6 bién Ly - truc tiép 16p dat da, 16p thir hai
v6i dudng bién L; - 10p xen giita bé tong, giam luc ma sat khi kich ddy dét ham trong khdi dat,
va 1op thtr ba v6i duong bién L, - 16p vo chdéng (thanh vo chdng) cong trinh ngim, theo
Bulychev N.S., 1994.

(0 (0)

(0) (0) )

) =D, +p2 cos20; 1.9 =q, sin20, (1)
o day: P(O) = VH ; p§°) = )/H ; qéo) = pgo) —YH %’1, nhan gia tri am la gidm

g suit; o, 7 - 1a cac thanh phén tmg suat huéng kinh va tiép tuyén; p, ¢ - cac thanh phan tai
trong theo huéng kinh va tiép tuyén.
2.2. Xdc dinh viing irng sudt bé sung

(1) = pél) + pgl) c0s20,1,5 =q, sin20, 2)
1-1

o day: " = —yH 2, p = —yH =2, q{P = yH =2

o _ @

2.3. Xdc dinh hé so truyén g sudt trén bién cdc l6p vo‘ng tron bang biéu thirc

d. .
e 10 3)
0@ 1(1)+X0(d2(1+1) K;(L+1)d1(i+1))
_ (b3+3bs)—(as+3as)

Kll(l 1) (b1+3b1) (a1+3a1) (4)
* _ (b4+3b‘;)—(a4+3a;)

¢ day: Kyy-1) = K33(-1) = 0 (khi q2=0); dé don gian trong tinh toan sir dung cac an sb
phu: a; = c2(c? +3);a) = c?2QRc*+c?+1);a, =c?2(3—c?);a, = c?(c?+1);a; = 3c% +
1+D;a;=2c*+c®+c*—D;a,=3c?-1-D;ay,=c*(c>?+1)—-D; b, =c*B—-c?)+
D; bij=2c*+c*>+1+D; b,=c*3-c®)+D; by=c?+1+D; b;=c?*@Bc?+1);

2_ 3
by =c?(c?+1) +2: by = B~ i by = X2+ 1): D=L x=3-av; e =2,
2

di=c?(R+1);dy; =2c?+R—1;dy =c*(R—1) + 2;d, = X+ 1.

2.4. Biét hé so truyén wng sudt bo sung, xdac dinh vwng sudt bo sung trén bién cac lop

iy 1—/1 . .
Vo1 r=Ry: p0(1) )/H—Ko(l), Pz(l) T (K11(1) o K12(1)) (6)
iy 1+
Voi r=Ry: pO(Z) = _yH_KO(l) KO(Z)’
@ _ _, gyl 1 *
P22) = T (K11(1) - K12(1))(K11(2) - K12(2)) (7

2.5. Tong teng sudt bé sung trén bién cdc I6p véi g sudt ban dau ta xdc dinh dwoc toin bj
wng sudt trén bién

. 141 .
Véi r=R, oy = YH— (1 = Ko1));

P2(1) = VH_(l 11(1) + K12(1)) (8)
Véi r=R, Po2) = VH - (1 0(1)K0(2))

P22) = VHT(l - (K11(2) + KlZ(Z))' (K1*1(1) + K1*2(1))) ©)
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2.6. D§ I6n toan bé ting sudt trén bién cdc I6p dwoc xdc dinh irng sudt tiép tuyén o, trong méi
lop vo chong dwong ham tiét dién nho

Voi I"=R(i_1)

0p = Po(iyM1 — Poi-1M2 — (P2()M1 — G202 — Pa(i-1)N3 + qai-1)Na) COS 20 (10)
Vé’l r=R,~

09 = Po(i)M1 — Po(i-1)M2 — (Pz(i)n1 — q2()N2 — P2(i-nN3 + q2(i—1)n4) cos26 (1)
o aAL L o 2¢? _ 241 r . P2 _ 5 241 _ 4ct
o day: my S M = My =My My = 5—1my =4c oy 2 = e ns
c*+6c2+1 . zc4+2c2—1_ . o 22c2—c4+1. ) c?2+1 r
r—nz M T Tz M T e T T LT s T My e T T

Trong diéu kién thanh phd sir dung cong nghé dao ham tiét dién nho cé gia tri 16n nhat anh
huong dén duong ham véi bé mit 1a cac thanh phan tai trong (trong luong phuong tién van tai,
nha va cac cong trinh xay dung).

S .
-‘Illl!li'||“"!\'..;h"—'— — .

o

Hinh 2. So d6 cong nghé phwong phap kich day (Herrenknecht AG).

Tai trong cho phép tic dong dén duong ham giao thong va dudng sit van tai (Osetrova O.V.,
1999) duoc xé4c dinh bang biéu thic:

H
a(1+8Y’

Trong d6: H - chiéu sau dit hAm, m; a - nira kich thude cia tai trong tac dung tur bé mat doc
theo truc duong him, m; P - tac dong cua tai trong tir bé mat; (1+p) hé s6 tinh toan tac dong
dong luc hoc dén vo chdng vai tai trong c6 vét banh xe (theo NK-80), banh xich (theo NG-60)
va duong sit (theo SK-14).

2 H
Pp=1- - <arctan; -

)P(l + 1) (12)

CAu tao két cau vo chéng (chiéu dai, chiéu day va duong kinh) vo chéng bé tong cot thép la
tham sb cong nghé khi xdy dung duong ham tiét dién nho theo chiéu sau dat hAm. Vi tinh toan
d6 bén nén cuia bé tong xac dinh dudng kinh cta vo chdng dé thoa méan tai trong tinh toan.

Tinh toan xac dinh gia tri a,, (theo SniP 2.03.01-84, 1984):

M
m = RpbhZ (13)

Trong d6: M - md men udn tinh toan 16n nhat, kNm; R;, - d6 bén nén tinh toan ctia bé tong gidi
han mot d6t ham, MPa; Ay - chiéu cao lam viéc mat cit cia ddt hAm (chjéu day vo chéng), mm;
b - chiéu rong mit cit ngang cua d6t ham (chidu dai @bt vo chdng), 1y bang 1.000mm (hinh 3).
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b=1000mm

b=1000 mm

Hinh 3. So do tinh todn xdc dinh chiéu dai dot vé chong
Trén co so gia tri a,, dua ra trén bang huéng dan gia tri { (theo SniP 2.03.01-84, 1984).
Dién tich mat cit ngang cua ddt hdm duoge xé4c dinh bﬁng biéu thuc:
__ M.10°
$ 7 RsCho

(14)

Ving mé rong c¢6 thé bang phia trong 16p vo chdng d6t ham, cbt thép 16p thir duge xac dinh
nhu sau:

As = -Ag (15)
Trong d6: A, - dién tich gia cd trén mot hang trong mat cét tinh toan.
Xac dinh s6 luong vong K trén 1,0 mét tuyén vo chéng:

=4
K =2 (16)

Trong d6: 4, - dién tich mat cit ngang mot vong lién két dé gia cb cho mot vong,
Xac dinh budc chéng AL:
AL=b/K (17)

Tac dong luc tir tram kich day trong cong nghé xay dung ham tiét dién nho cé gia tri quan
trong khong nho dén viéc Iya chon khoang cach hinh dang cta vo chong dé st dung va kich day
trong khoi dat.

Can phai dua ra tinh toan v chdng trén co s tac dong tir tram kich day:

N - luc kich déy 16n nhat, tac dong trén mot éng, MN; F - dién tich mat cét ngang 6ng, m2;
E - md dun bién dang bé tong, MPa; [o] - gidi han d6 bén nén cia bé tong, MPa; ¢ - chiéu day vo
chéng (thanh dng), m; 7 - ban kinh trung binh két cu chdng (thanh 6ng), m; b - chiéu dai éng,m.

2.7. Piéu kién dé bén vé chéng (thanh 6ng) phu thudc lwc kich ddy tiv tram kich ddy (Kopylov
S.I1., 2002)

[6] <o =yf% (18)

2.8. Xdc dinh irng sudt phdp tuyén va tiép tuyén bo sung trong thanh oéng dwéi tic dong ciia
lwc kich day tw tram kich

. N
0; = Yf 3 =v(0y + 0p); 0gin = 0, = Q = YFb; 0gex = g9 = (0 = Q)y. (19)
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2.9. Ngi luc ciia vo chong

O‘ein_o'gex

M =

O, int0Ogex
bt?; N = ——"—
12 ’ 12

M - m6 men cuia vé chong; N - luc doc cua vo chong.

bt. (20)

Hodc dé tinh toan tai mat cét nguy hiém:

M
po(D)my — po(i — D)m, — (P (D)ny — g2 (Dny — p (i — )nz + q,(i — 1)ny) cos 26 _
_ 12
_ po(i)mi —po(i — 1)m'2 - (pz (i)ni —q2 (l)nz —po(i — 1)"3 + q,(i — 1)”4,1) cos26
12
N
po()my — po(i — Dmy — (p2()ny — q2(n, — po(i — Dng + q2(i — 1)ny) cos 26 +
2
= . ’ . ’ . ’ . ’ . ' . ' bt
n po(Dmy —po(i —1)m, — (Pz (Dny — q2(Dny —p2(i — Dng + (i — 1)"4) cos26
2
2.10. Piéu ki¢n d@é bén ciia vé chong, théa man diéu kién
N
(] <o=yf2 @1)
1

Néu diéu kién d6 bén khong dam bao, can phai ting dic tinh do bén cua vo chdng cho phu
hop véi tai trong tinh toan. Sau d6 kiém tra lai diéu kién d6 bén.

Yéu t6 quan trong trong cong tic xay dung duong ham 13 can phai xac dinh s luong tram
kich day.

Luc kich day thanh 6ng tir giéng kich dudng ham tiét dién nho phu thudc vao luc can ma sat
thanh ong trong dung dich Bentonite trén toan bo tuyén dng ciing nhu tir diéu kién dia chét dao
ham.

P> Ry.K. (22)

Trong do6: K - h¢ sb antoan, K=1,0-1,1

Kha ning strc chéng thanh dng tir luc kich day xac dinh bang biéu thirc (Metrostroy, 1981):

Ry = [(2(q + p)Dy + G)fpt + DN Cpe]L. (23)

Trong d6: ¢ - thanh phan 4p luc thing dimg, kN/m?*; p - thanh phin ap luc nim ngang,

kN/mz; foe=0,1 - h¢ s6 ma sat cta bé tong voi dung dich bentonite; Cy, - h¢ s6 dinh két cua bé

tong cdt thép voi dung dich bentonite; Dy - dudng kinh ngoai, m; G - trong luong dng, kN (RK
2411-02); L - chiéu dai tuyén (kich day phan 6ng), m; N - luc kich day trén co so giéng kich.

3. Két luan

Céc tham sb cong nghé xay dung dudng ham tiét dién nho va mé phong toan hoc dé tinh
toan trén co s& d6 xac dinh lya chon kich thudce va cac thong sb ciia vo chdng bé tong cot thép.
Puong ham tiét dién sir dung cac tham s diéu kién dia chit dua ra trén co s& d6 xac dinh duoc
kha ning do bén cia vo chng trong khéi dét da.

Két qua nghién ciru trén day cho thay viée str dung so dd thuat toan tinh toan ¢mg suét trong
mdi d6t ham véi két qua chinh xé4c cao trén co sd tinh toan ndi luc ctia vo chdng thong qua hé sb
an toan. Bai todn méi chi dung lai ¢ nghién ctru cho dudng ham mat cit ngang tron. Vi vy, dé
nghién ctru st dung cho nhitng duong hdm c6 mit cit ngang khac van phai ¢6 nhimg nghién ciru
bo sung.
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