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Tém tat

Hb dao sau dang tron ngay cang dudc sif dung nhiéu trong cic hang muc ngim nhu truc thong gié, truc thoat
hi€m ctia cong trinh ngdm, hoic cdc truc ha va thu hdi ctia may khoan ham (TBM). Do dang két céu tru tron,
sé tao ra hiéu ing vom din dén 4p luc dit tac dung 1én tudng viy nho hon thong thudng, dong thai toan bo dp
luc huéng tim sé chuyén thanh luc vong theo phuong chu vi tudng. Bién dang hd dao va nén xung quanh do
d6 ciing nho. Thiét ké h6 dao sau dang tron hién nay chi yéu st dung phuong phap phan tit hitu han. Tuy nhién
viéc tinh toan phan tich h dao tru tron thudng phic tap, doi hdi phai sit dung cong cu mo hinh 3D. Trong bai
bdo nay trinh bay cach thiét k& hd dao hinh tru xuét phat tif cic cong thiic giai tich. Két qua tinh toan dudc so
sanh véi két qua quan tric ctia cong trinh thuc té. Trinh tu thiét ké nay c6 thé dudc st dung trong giai doan thiét
ké s0 bd ctia hd dao dang tru tron.

Tir khod: ap luc dat; hb dao sau; hd dao tru tron; dia ky thuat; hiéu Gng vom.
A METHOD FOR THE ANALYSIS AND DESIGN OF CIRCULAR SHAFTS OF DEEP EXCAVATION
Abstract

The circular shaft are increasingly used in underground works such as ventilation shafts, escape shafts of un-
derground structures, or lowering and recovery shafts of tunnel boring machines (TBM). The circular structure
of circular shaft creates an arch effect, which leads to a reduction in earth pressure on the retaining wall. Ra-
dial pressure will be converted into a circular force in the direction of the wall circumference. Deformation of
ground around the excavation is also small. However, the analysis of circular shafts is complicated, requiring the
use of 3D modeling. In this paper, the method of determining the earth pressure acting on the retaining wall of
a circular shaft is presented from analytical formulas. The calculated results are compared with the monitoring
results in-situ. The methodology in this paper can be used in the preliminary design stage.

Keywords: earth pressure; deep excavation; circular shafts; geotechnical engineering; arching effect.
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1. it van dé
Trong nhiing nim gan day, khong gian ngdm d6 thi dang ngay cang c¢6 nhu cau 16n, vi du nhu cic

tuyén tau dién ngdm, cic bai xe ngdm hay céc trung tim thuong mai ngim. D€ thi cong khong gian
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ngam do thi, ngudi ta c6 thé sit dung gidi phap hd dio md véi cac hinh dang khac nhau. H6 dao dang
hinh tron v6i két cAu tudng vay hinh tru thudng dugc st dung trong cic hang muc nhu truc thong gio,
truc thodt hiém ctia cong trinh ngam, hoic & céc truc ha va thu hdi cia may khoan ham (TBM) [1].
Uu diém chinh cta kiéu két cAu tuong vay tru tron 12 do cting vong clia tudng vy va hiéu ting vom
ctia dat xung quanh c6 thé tao thanh mot hé thdng tu can bang, cé nghia 1a dp luc dat tic dung lén
tudng vay chuyén thanh luc nén doc theo chu vi clia tudng vy tru tron. Do d6 tudng vay c6 thé dam
b4o chiu luc vé6i viéc st dung bé tdng cudng do thap, dong thdi c6 thé loai bd ci hé neo, gidng va
thanh chdng bén trong thanh hd dao trong qua trinh thi cong [2, 3]. Viéc st dung kiéu tudng vay nay
c6 thé giam dang k€ thdi gian thi cong hd dao, cling nhu c6 thé gidm dudc gia thanh thi cong.

Nghién ciiu vé hd dao sau hinh dang tron con kha han ché so v6i cac h dao sau dang hinh chit
nhat da dudc nghién cifu rong rai trudc day [2]. Cc nghién ctiu vé hd dao sau dang tron chii yéu tap
trung vao xac dinh 4p luc dit tic dung 1én thanh h6 dao, ti nhitng nghién cidu phat trién theo phuong
phép giai tich, theo phuong phap mo hinh héa dén cac phuong phap thuc nghiém mo hinh nhé trong
phong. Khong nhiéu cic nghién ciu vé hd dao sau dang tron trong linh vuc thiét ké, dic biét thiéu
nhitng huéng dan tinh toan thiét ké hd dao sau dang tron nay.

Thiét ké h6 dao dang tru tron hién nay thudng st dung phuong phap phan ti hitu han d€ x4c dinh
chuyén vi va ndi luc ctia tudng. Phuong phap nay c6 uu diém 12 mo ta dudc nhitng ting xi thuc té clia
hd dao trong tiing giai doan thi cong. Tuy nhién do tinh khong gian ctia hd dao tru tron nén thudng
phéi st dung mo hinh tinh toan 3D. Diéu nay dan dén khéi lugng tinh toan 16n, thai gian xi ly bai
toan lau, tif yéu cau sb liéu dau vao dén phan tich mo hinh.

Trong nghién cifu nay, nhém tdc gid nghién ctu thiét ké h6 dao sau dang tru tron theo phuong
phdp gidi tich. Phuong phap hudng dén viéc don gian trong cong tac thiét k&, dé ing dung trong giai
doan thiét ké so bd. Phuong phdp giai tich dé xuit dudc 4p dung cho mot trong trinh thuc té dé kiém
nghiém lai. Két qua tinh toan chuyén vi tit phuong phap dé xuit dugc so sanh vé6i két qua quan tric
thuc t& d€ danh gi4 tinh chinh x4c ciing nhu hiéu qua ctia phuong phap.

2. Thiét ké h6 dao sau dang tru tron

Thiét ké ctia hb dao sau dang tron dua trén khai niém tng suit vong. Ap luc dit xung quanh truc
sé tao ra ing suit vong nén 1én 16p két cau thanh hé dao. Khi dp luc dat thay d6i theo do sau, ting suit
vong gay ra ciing sé thay ddi theo, diéu kién bén can dam bao ting suit vong khong dugc vuot qui
ting suit nén cho phép ctia két ciu thanh hb dao. Dua trén nguyén ly nay, trinh tu cac budc thiét ké hd
dao sau dang tron dé xuét nhu sau:

Buéc 1: Xac dinh thong s6 dau vao (thong s dia chét, thong s6 tudng, ...).

Buéc 2: Xd4c dinh 4p luc dit tic dung 1én thanh hd dio theo do sau, theo cdc phuong phap dé xuit
trong (muc 2.1).

Buéc 3: Xac dinh ting suit bién dang ctia thanh hd dao theo do sau (muc 2.2).

2.1. Ap luc ddt lén hé dao hinh tron

Trong céc bai toan phang, cac bai toan dbi xting truc, ap luc dit tic dung I1én thanh h6 dao thudng
dudgc xéac dinh bang ly thuyét ctia Rankine hoic Coulomb. Ca hai ly thuyét nay déu dua trén can bang
déo, va 4p luc dét thu dudc c6 dang phan bd tuyén tinh theo do sau. Tuy nhién, trong cdc bai toan hd
dao sau dang tron (bai toan khong gian), do 4nh hudng cda hinh dang két ciu va hiéu ting vom, dp
luc dat xdc dinh theo Rankine va Coulomb khong con phui hdp, c6 nhiéu sai khéc so véi thuc té [4].
Mot vai phuong phéap thuc nghiém cling nhu 1y thuyét da dugc phat trién nham xic dinh ap luc dét
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tac dung 1én hd dao dang tru tron, Westergaard [5] va Terzaghi [6] da dé xuat 10i gii gidi tich; Prater
[7] da st dung phuong phap can bing gidi han; va cic tic gia khac [8—13] da st dung phuong phap
dudng trugt dé xac dinh ap luc dét 1én hd dao dang tron. Ap luc dit chii dong dudgc tinh todn bing
phuong phép c6 dién theo Coulomb hoic Rankine cd ban 1a cho két qua giéng nhau véi cé ¢ bai toan
phang, tuy nhién trong diéu diéu kién bai toan khong gian két qua ap luc dat c6 thé khac nhau dang
ké tiry thudc vao phuong phap phan tich da chon [14].

Mot vai nghién ctiu da chi ra ring, ap luc dét tac dung 1én hd dao dang tron nhod hon so véi ap luc
dét trong trudng hop bai toan dbi xing truc. Kim et al. [4] da thuc hién thi nghiém mo hinh ly tim
trong phong va thif nghiém hién trudng ty 1& 1:1 déi véi trudng hop hd dao hinh tru ding. Céc tac gid
da két luan rang ap luc dét tac dung 1én tudng vy tru tron (truc thang) nhd hon dbi véi cac két ciu dia
ky thuat khac, nguyén nhén 1a do céc hiéu ing hinh cung ba chiéu (hinh cung 1i vd/hodc vom ngugc).
Cho et al. [15] trong nghién cifu ctia minh di chi ra, trong trudng hgp mot tru tron thang ding, dnh
hudng ctia vom dbi véi ap luc dat ngang phu thudc nhidu vao dudng kinh va chiéu cao ctia tru, goc
ndi ma sat va luc dinh ctia dit. Cac tac gia ciing phat hién ra rang khi xem xét hiéu ving hinh cung,
ap luc dat 1én mot tru tron thang diing nhd hon khoang 80% so véi ap luc dét dugc tinh toan bing ly
thuyét cia Rankine. Shin et Sagong [16] da két luan ring ap luc dAt 1én tudng tru tron giam ddng ké
néu xay ra bién dang tudng 16n hon 1,5% ban kinh tru. O nhitng bién dang nhd, ap luc dit nim trong
khoang gitta 4p luc dét tinh va ap luc dat chii dong. Ap luc dét tac dung 1én bé mit bén ngoai clia tru
tron nhé hon 4p luc dét tinh néu tudng c6 bién dang dii 16n, x4y ra khi bién dang mit phang do tng
suAt gidm trong qua trinh dio [16]. Céc hiéu ting vom theo chiéu ngang ciing 4nh hudng dén su phan
bd ctia 4p luc dat 1én bé miit tron bén ngoai cia tru tron [17]. Do cic két cAu tudng vAy chi c¢6 bién
dang nho, do d6 do 1éch cia ap luc dat tir diéu kién tinh sang diéu kién chii dong do bién dang tudng
khong déng ké, ngay ca khi duong kinh tru 16n.

Trong nghién ctiu nay, nhém tac gia lua chon 3 phuong phép xéc dinh 4p luc dat 1én thanh h6 dao
dang tru tron diing, bao gdm phucng phép can bing gi6i han ctia Kim et al. [4], phuong phap dudng
trugt cia Cheng [9] va Berezantzev [8].

a. Ap luc dét theo phuong phap cén bing gidi han ctia Kim Kyoung-Yul

Kim et al. [4] md rong phuong phap cin bang gidi han clia Prater [18], dua trén gia thiét bé miit
truct pha hoai 1a mét phang, va dbc mot goc 8 = 45° + ¢/2 (Hinh 1), xét dén hiéu ting vom ba chiéu
véi ba thanh phan tng suit (o], o, o). Ap luc dét tic dung dugc xac dinh nhu sau:

pi = Kwao—; (1)
- K,y 12 hé s6 clia 4p luc dat huéng tam:

3 (NcosZH + sinze)

= 2
YT 3N — (N = 1) cos20 2)
v6i N va 612 hé s6 dudc xic dinh theo phuong trinh:
N = tan? (45 N g) 3)
1+ — 1)’4Ntan2
6 = tan- | Y 2 1% VOV - D4Ntan’s @)
2tan ¢
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- 0, 1a ng suét hitu hiéu theo phuong ding:

) T\ ¢ T
r=(a-5) e g ®)

v6i T va S 13 hai hé sb dudc xdc dinh theo phuong trinh:

2 1 1+t Xt
T=)/——7r cw+cR+r)[1+ + anfs x tan ¢ 6)
A tan B tan — tan ¢
2 1+t Xt
S = 2| Ky + Rtans + (K R + Ar) + 0B X tang 7
A tanB — tan ¢

trong d6 y 1a trong luong cia dit (kN/m?); ¢ 1a géc ma sét ctia dat (°); ¢ 1a hé sé dinh (kPa); R 1a ban
kinh ngoai clia tru tron (m); r 1 chiéu rong cta viing déo & do sau xic dinh (m); A 12 dién tich mit
cit ngang cia viing déo (m?); B8 1a gbc clia mit truot 45° + ¢/2; ¢ 12 tai trong phu thém trén bé mit
(kN/m?) ; & 1a géc ma st trong giita bé mit tudng va dit.

Ving déo

Koovo

Hinh 1. Ung xt ctia d4t xung quanh tru tron thang diing: mo hinh tng suit - mat trugt gia dinh

b. Ap luc dit theo phuong phap dudng trugt clia Berezantzev

Berezantzev [8] di md rong phuong phdp dudng trugt dé tinh ap luc dit tac dung Ién thanh hinh
tru c6 mit dat nim ngang va tai trong phu thém phéan bb déu. P& gidi cac phuong trinh can bang trong
diéu kién khong dbi xiing truc, tic gia da gia dinh rang bén trong viing déo, Ung sut tiép tuyén va ting
sudt hudng tim tuong tGing bing ting suit chinh 16n va ting suit chinh nho, o, = o, = oy va 0. = 0.
D¢ don gian héa tinh toan, cac dudng trudt dudc gia dinh la cic dudng thiang theo tiéu chi pha hoai
Mohr — Coulomb. T4c gia di thu dugc két qua 4p luc dét 1én thanh h6 dao dang tron nhu sau:

VK, 1 1 1
pa:an_[{ I—IF +qﬁKa—c l—ﬁKa coty (8)
b b b

trong do: K,,n va Ry, 1a cac hé sb xdc dinh theo nhu dudi day:

K, = tan? (450 + g) )
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7 = tan’ (45°+ g)—l (10)
h
Ro= 1+ AR, (11

v6i ¢ 12 tai trong phan bd trén bé mit (kPa); ¢ luc dinh ctia dt (kPa); R 14 ban kinh truc (m); / 1a chiéu
siu dao (m).

c. Ap luc dét theo phudng phap trugt dudng clia Cheng

Cheng [10] da m& rong ly thuyét clia Berezantzev d€ phat trién mot giai phap tong quat hon xem
xét hé s ap luc dit thay d6i. Ap luc dit dugc tinh theo cong thifc sau:

Pa = Kay'yz + Kaqq — Ky (12)

v6i cdc hé s6 dp luc dat Ky, Kug va Kge:

VK, R | 1

Kqy = - (13)
n=lzl (14 3vK)"
Koy = L« (14)
“ T raE)
- K,
Koo = | 720 7 |cote as)
n (1+ % VKa)
1 + sin)?
_ Aw ~ 1 = Atan? (450 + f) ~1 (16)
COS* 2
1_
go 1A (45° + g) +1 17)

trong d6: K, 1a hé sd xac dinh theo phuong phdp clia Berezantzev [8]; R 1a ban kinh ngoai cta tru
(m), z 12 do sau tinh toan 4p luc dat (m); A 1a hé sb ty 1é gilta Ung suét tiép va dng suat huéng tim
(= /), theo Berezantzev [8] gia dinh ring bén trong ving déo, ting suit tiép tuyén va ting suét
Xuyén tdm tuong ting bang ting sudt chinh 16n va nho, o = o7, = o va 0, = 03, A 5€ nam trong
khoing A =1 va Ko = 1 — sin ¢; c 1a luc dinh (kPa) va ¢ 12 géc ma sit trong ctia dit (°).

2.2. Ung sudt va bién dang trong tuong vdy dang tron

Ung suét trong tudng vy dang tron c6 thé dudc udc tinh bang cach xac dinh su phan bd ng suit
trong mot hinh tru chiu 4p luc huéng tim déu, thay ddi theo do sau, tdc dung 1én mit ngoai cla tru.
Ly thuyét nay dudc dng dung tit két qua clia bai toan Lamé [17, 19, 20].

Ddi véi bai todn két cAu thanh tru tron, chiéu day cda thanh tru ¢6 anh hudng 16n dén phan b ting
suit va bién dang ctia thanh tru. Néu chiéu day ctia thanh tru 16n hon 1/10 ban kinh ctia thanh try, day
dudc coi 1a thanh tru day. Trong truong hdp nay, Vullo et al. [20], va Chehadeh [21] da dua ra cong
thic xdc dinh ng suit bién dang trong tru tron chiu Gng suit huéng tim bén ngoai déu, p,, ing suit
huéng tim bén trong biang 0 va ing suit doc truc bang 0 (hoic cin bing véi bén ngoai) nhu sau:

0. =0 (18)
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2(r+r?)
L
o= —pe—Fr—ot
r? (rg - r.z)
l
2(.2 2
r (r - ri)
Or=—Pe—ri—\
r2 (r2 - rlz)

Ung suét 16n nhét trong thanh tru dugc xdc dinh nhu sau:

21%
Otmax = ~Pe—5— 55 I'=Ti
rg =

Ormax = —Pes T =Te

2
(0 = ) max _ Te

Tmax = = Pe 5
R

r=r;

Chuyén vi cua tru tron dugc xac dinh theo phuong trinh sau:

2 2
U _ pe(re"'ri v]r
r:r‘,—__ 2 2_ e
E re =13
2
R R i
r=ri = i
' E y2—r?
1
2
w=vEe 27 b4
E;’Z—rl.2

(19)

(20)

1)

(22)

(23)

(24)

(25)

(26)

trong d6, cc dai lugng dudc minh hoa trong Hinh 2 gom o, 1a ting suit theo phuong diing; o, 1a ting
suat huéng tam; o, 1a dng suit tiép (ing suét vong); r, va r; 1a ban kinh ngoai va ban kinh trong ctia

“
X —

Hinh 2. Mit cit ngang ctia mot hinh tru tron c6 thanh day, véi mot phan tit vi phan ciia né
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tru tron; r 1a ban kinh tai diém tinh toan; 7 Gng suét cit; u,, 1a chuyén vi ctia thanh ngoai tru tron;
uy; 12 chuyén vi ctia thanh trong tru tron; w 1a chuyén vi theo phuong diing ctia tru; E 12 mo dun bién
dang ctia vat liéu tru; v 13 hé s6 Poisson ctia vt liéu tru.
Déi v6i trudng hop tru tron déu chiu ¥ng suit hudng tim ca trong va ngoai thanh tru p, va p;, ing
suat va chuyén vi dudc xdc dinh theo bai toan Lamé nhu sau [19]:
_pirt —pere  (pi=porin;

- - 27)

- 2_ 2
Te —1; rz(rl.z—rg)

pirt — per?  (pi— pe)rir?

oy = + (28)
re =} r2(rl.2—r3)
A Ve (s L) (pi = pe) 1712 29)
E| r2- rl.2 2 r: — rl.2

2.3. Cdc thuyét bén trong tinh todn thiét ké tuong vdy dang tron

Ung suét trong hé toa do cuc (o, 0gs, 0. trong két cAu dang tron dudc kiém tra theo thuyét bén
ting tuong tng, Vullo et al. [20] dua ra bén ly thuyét cudng dd d€ phan tich thiét ké véi ting suét tuong
duong o, dugc dinh nghia & dudi day.

Thuyét bén (Strength theory) Ung suit tuong ducng (General relation - o, )
O max O¢ = Omax = 0¢
Emax Oe = E€max = Omax = 04— v (o, + 07)
Tmax O¢ =Omax —Omin =0t —O0r
EDpax 0'5 = a't2 + 0'? + 0'% — (040, + 000y + 00))

3. Kiém nghiém phuong phap dé xuit

Dé kiém nghiém lai phuong phdp dé xuit, mot tinh toan cho trudng hop cu thé hd dao sau tru tron
da dugc thuc hién, két qua tinh todn dudc so sanh véi két qua quan tric thuc t& d€ danh gia hiéu qua
ctia phuong phap giai tich dé xuAt.

3.1. Céng trinh hé dao sdu dang tron si dung coc cdt tuyén

Cong trinh lya chon 13 ndm & phia Tay Bic ctia dio Caofeidian, Trung Qudc. Tudng viy tru tron
c6 chiéu dai 45 m, dudng kinh ngoai 15m, dudng kinh trong hd 14 m, bé day tudng 1a 1 m, chiéu sau
hd dao 28 m, tudng dugc gia cudng bing mot dAm trén cling va siu dim gitta (dudc tao ra trong qué
trinh d30). Thong s6 chi tiét cia cong trinh dugc trinh bay trong [22]. Trong bai todn nay, tic gid da
gia thiét bd qua cdc sai s6 c6 thé xay ra trong thi cong tudng, bd qua cac hé sd diéu kién 1am viéc ciing
nhu c4c hé s6 anh hudng ctia bién phap thi cong tudng; bd qua dnh hudng ctia dp luc nudc trong dit
(muc nuéc ngim di sau). Cac chi tidu co ly ctia d4t nén va thong sb clia tudng dudc trinh bay 1an lugt
trong Bang 1 va Bang 2. Trong qua trinh thi cong, 8 vi tri do bién dang, do ap luc dit va do chuyén vi
ngang cua tudng dac lép dat tai cac do sau 5 m, 10 m, 15 m, 20 m, 25 m, 30 m, 35 m va 40 m.

Cic giai doan dao dugc thé hién trong Bang 3. Két qua do chuyén vi huéng tam va ting suit vong
& céc giai doan dao dudc thé hién trong Hinh 3. Hinh 3 cho thiy chuyén vi ctia thanh hd dao kha nho,
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Bang 1. Thong s6 dia chét khu vuc xdy dung h6 dao [22]

Lép Phan loai Chiéu day Dung trong tu Luc dinh Go6c ma sat
dat dat (m) nhién y (kN/m?) ¢ (kN/m?) trong ¢ (°)

1 Dit lap 5 19,7 0 10

2 Sét pha 3 19,3 6,1 20

3 Cét min 6 19,6 2,0 25

4 Cit min 6 19,5 6,0 23

5 Sét pha 8 18,7 7,7 27

6 Sét pha 11 19,2 8,5 32

7 Cit bui ) 18,0 10 35

Bang 2. Thong s tudng trong hd dao [22]

Thong s6 Ky hiéu Gia tri Don vi
Modun bién dang E 31500 MPa
Bé day d 1,0 m
Hé sb Poisson % 0,2
Trong lugng riéng tuong YVwall 26 kN/m?
Ban kinh ngoai cua tru Te 15 m
Ban kinh trong cua tru T 14 m
Chiéu day tru d 1 m
Chiéu dai tru L 45 m

16n nhét 14 2,13 mm & giai doan dao cubi cung, chuyén vi huéng tim c6 xu huéng 16n hon & gitta do
sau dao va nhd hon & trén dinh va ddy hd dao. Chuyén vi huéng tim nhd cho thiy tic dung vom dang
ké clia tudng vay hinh tru, da han ché su bién dang bén.

Bang 3. Céc giai doan thi cong hb dao [22] 0
54 R
— cond%l{on 1
Giai doan dao Do siu dao ol & Condition |
—¥— condition 4
1 4 3 cniiion s
154 & condition 7
condition 8
2 8 = 204
3 12 g
2 251
4 16 =
30
5 20
6 23 1
7 26 40
8 28 45

T T T
00 05 10 15 20 25 30

radial displacement/mm

Hinh 3. Két qua chuyén vi huéng tim tai cic di€ém quan
trac doc theo thanh hd dao trong cic giai doan dao [22]
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3.2. Ap luc ddt 1én hé dao dang tron theo cdc phuong phdp

Tic gia da tinh toan dp luc dit 1én hd dao tru tron theo cic phuong phép cia Kim, Cheng va
Berezantzev, ciing v6i ap luc chi dong thong thudng theo Coulomb véi muc dich so sanh. Ddi véi hd
dao tru tron Iua chon, két qua quan tric chuyén vi hudng tim nhd cho thiy chua cé chuyén vi di 16n
dé€ hinh thanh 4p luc chi dong, do d6 4p luc dat tinh da dudc tinh todn d€ so sdnh danh gia.

p (kPa)
-100 0 100 200 300 400

fa)
V)

5
10 ’.'.:. :.

15 e, e,

20 o3 e—u o
25
30
35

40 F

h (m)

45°
o« p K o p. T * p Cb e pC p_B

Hinh 4. Ap luc dit tac dung 1én thanh ngoai hb dao theo cac phuong phap (p_T : ap luc 1én tudng la ap luc tinh,
p_CD ép luc 1én tuong la ap luc chi dong, p_C ap luc 1én tudng phudng phap ctia Cheng, p_B ap luc 1én tudng
theo phuong phép ctia Berezantzev va p_K ép luc 1én tudng theo phuong phéap cta Kim)

Hinh 4 thé hién két qua tinh ton 4p luc dat tic dung lén thanh ngoai clia tudng vay. Ap luc dat
theo phuong phap ctia Cheng (2005) va ctia Berezantzev (1958) ra két qua tuong dbi gan nhau va nho
hon nhiéu so vé6i ap luc chi dong ciing nhu p lyc tinh khi tinh toan theo Coulomb. Ap luc dit theo
phuong phap ciia Kim (2009) c6 xu hudéng vé gia tri biang 0 tai chan hd dao, gid tri dp luc nay ciing
nhoé hon nhiéu so véi dp luc chii dong va ap luc tinh. Cac gid tri ap luc nay sé dugc st dung dé tinh

toan chuyén vi va ing suit trong tudng vdi cic giai doan dao khic nhau, két qua dudc thé hién trong
muc dudi day.

3.3. Chuyén vi ciia tuong vdy

Chuyén vi ctia h6 dao trong cic giai doan dao dudc xdc dinh theo muc 2.2. Két qua tinh toan dudc
so sanh véi két qua quan tric, dudc thé hién trong Hinh 5 va Hinh 6. Trong bai bao nay chi minh hoa
két qua dién hinh tinh todn cho cic giai doan dao 2, 4, 6, 8, tuong ting vé6i chiéu sau hd dao c6 su thay
doi 16n.

Hinh 5(a) cho thiy trong giai doan dao 2 (dao dén do sau 8 m), két qua quan trac kha gin véi két
qua tinh todn chuyén vi theo 3 phuong phap dé xuét trong muc 2.1. Chuyén vi ting dan theo chiéu
sau ddo, sau khi vugt qua chiéu siu hb dao chuyén vi gidm dan. Cac dudng du bio ¢ két qua 16n hon
dudng quan tric (mau den) trong pham vi trén chiéu sau dao. Trong giai doan dao 4 dén d6 sau 16 m
(Hinh 5(b)), két qua tinh toan c6 xu huéng pht hop véi két qui quan tric, dic biét 1a két qua chuyén
vi tinh to4n theo ap luc chii dong va dp luc tinh. Két qua chuyén vi tinh toan theo 3 phuong phép dudc
lya chon nhd hon két qua quan trac.
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ur (mm) ur (mm)
-1 0.2 -2 0.5
E E
= =
e—ur C ——ur_B «—ur Ch «—urC ——ur_B «—ur_Cb
—e—ur T ——ur K —e—ur Do —e—ur_T —e—ur_K —e—ur Do
(a) Giai doan dao 2 (b) Giai doan dao 4
Hinh 5. Két qua tinh chuyén vi huéng tim
ur (mm) ur (mm)
-2 0.5 -2.5 0.5
p E B
I U N :
Vo5
«—ur_C ——ur_B «—ur_CP e—ur_C ——ur_B «—ur CPb
—e—ur_T —e—ur_K —e—ur_Dbo —e—ur T —e—ur K —e—ur Po
(a) Giai doan dao 6 (b) Giai doan dao 8

Hinh 6. Két qua tinh chuyén vi huéng tim

Chu thich: (ur_T : chuyén vi tinh todn véi ap Iuc tinh, ur_CD chuyén vi tinh toan véi 4p luc chii
dong, ur_C chuyén vi tinh todn véi 4p luc theo phuong phdp ctia Cheng, ur_B chuyén vi tinh toan véi

ap luc theo phuong phédp ciia Berezantzev va ur_K chuyén vi tinh todn véi ap Iuc theo phuong phap
cua Kim).
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Giai doan dao 6 t6i do sau 23 m, va giai doan dao 8 t6i d6 sau 28 m (Hinh ??) cho thy chuyén vi
tinh todn theo 4ap luc dit tinh 12 phii hop nhét véi két qua quan tric. Két qua theo ba phuong phap dé
xuit c6 cuing xu huéng nhung gia tri nhd hon véi két qua quan tric. Piéu nay ciing c6 thé giai thich
do chuyén vi ctia hd dao nho (16n nhat 2,13 mm) nén chua thé hinh thanh mit trudt nhu trong gia thiét
clia cdc phuong phdp st dung d€ phan tich. Nhu [16] da chi ra rang 4p luc dét 1én tudng tru tron gidm
dang ké néu xdy ra bién dang tudng 16n hon 1,5% ban kinh truc.

Két qua ki€ém nghiém cho thiy két qua tinh toan chuyén vi theo cic phuong phap tuong dbi phu
hop véi két qua quan trac. Diéu nay cho phép phuong phap dé xuét 1a kha thi dé thiét ké so bo hd dao
sau dang tron. Tay thudc vao chiéu sau hd dao, ta c6 thé xac dinh ap luc dit theo cac phuong phap
khéac nhau dé khéo sit trong giai doan thiét ké so bo.

4. Két luan

Trong bai bdo nay chiing t6i da dé xuit thiét k& hd dao sau dang tru tron theo phuong phap giai
tich, trong d6 c¢6 khuyén nghi cic phuong phap khic nhau xdc dinh dp luc dit tic dung Ién tudng vay
ctia hb dao sau dang tru tron. Két qua tinh toan cho thiy phuong phap dé xuit 1a phit hop va c6 thé ap
dung trong giai doan thiét ké co sd. Trong tinh toan so bd c6 thé tinh todn dong thai dp luc dit theo
céc quan diém khéc nhau (theo quan diém 4p luc tinh, 4p luc chi dong hay 4p luc dt ké dén hiéu ing
vom ctia Kim et al., Cheng hay ctia Berezantzev) d€ phan tich dng suét va chuyén vi ctia hd dao sau
tru tron. Két qua chuyén vi nho trong tinh todn ciing nhu quan tric cho thdy hiéu qua ctia giai phap
hd dao sau try tron, khi hau hét 4p Iuc dat hudng tam chuyén thanh dng suét nén trong két ciu tuong,
giam bién dang va chuyén vi clia tudng.
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