KHOA HOC VA CONG NGHE MO

DU BAO PUONG CONG LUN TREN Mm PAT
KHI THI CONG PUONG HAM
BANG PHUONG PHAP HOI QUY PHI TUYEN

1. Dat van dé

Xay dwng cac dwéng hdm nam néng trong dat
mém thuomng dan t&i su phat trién cta phéu lin
trén mét dat. Trong thye té, phéu lin b& mat
thuong duoc gia thiét tuan theo phwo'ng trinh cla
Peck [10], dac truwng bdi hai thong s6 co ban la do
lGn 16n nhét (Spa) va khodng cach tir diém udn
ctia phéu lan t6i tryc thang ding clia dwdng ham
(). D& dw bao phéu lun hinh thanh trén.mat dat
trong giai doan trwdc khi thi cdng, nhirng nguoi
lam cong tac thiét ké, thi céng céng trinh ngam
thwdng dwa vao rat nhiéu céng thirc thwe _nghiém
khac nhau dé xac dinh gi4 tri cta diém ubn (i) va
dwa vao mirc dd dich chuyen du kién cta bién
duwérng hdm (théng qua hé sb mét thé tich dat vV,
dwoc tinh bang phan tram dién tich tiét dién ngang
khi dao cta dworng hdm) dé tinh toan do lun lon
nhét (Smax) [1]. Cac cong thirc thwc nghiém xéc
dinh gia tri diém udn (i) thwong phu thude chi yéu
vao hai théng sé la do sau dat dwong ham (H) va
duong kinh dao cta dwdng hdm (D). Trong thuwc
té, gia tri diém uén (i) con phu thudc vao rat nhiéu
cac théng sb khac nhw méi trudng khoi dat (dat
révi, dat dinh, géc ma sét, lue dinh két, dd réng,...),
cac thong s lién quan dén k¥ thuat thi cong (thdng
s6 van hanh clia may dao ham, téc dd dao ham,...),
loai hinh két cAu chéng st dung,... R rang, khéng
cé cdng thirc chung dé dy bao diém ubn (i) ap
dung cho tat ca& moi trudng hop.

Trén co s& cac két qua khao sat dd lun bé mat
thu dwoc trong mé hinh sé 2D st dung phan mém
Plaxis2D, két hop v&i thuat toan hdi quy phi tuyén
dé xay duwng lai dwéng cong ltn phit hop véi két
qua phéu lGn t&r md hinh sb, bai bao da chi ra sw
phu thudc cla gia tri diém udn (i) vao dwdng kinh
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dao cla dwdng hdm va dé sau dat duwdng ham
Céac di liéu dia chat thu dwoc tir dy an nha gasd 5
thuéc san bay Heathrow & London, Vwong qubc
Anh da dwgc chap nhan lam thoéng sd dau vao
trong mé hinh sb [2].

2. Phéu lan trén bé mat dat

Puong cong lin phia trén mat dat phat sinh khi
dao cac dwdng ham nam nong trong. dat mém
thuwéng dwoe md ta gan ding bang phwong trinh
thwc nghiém ctia Peck [10}: ..

S=Smax@xXp[-X’/(2.i%)]. (1)
Trong d6: S - B3 IGn trén mat dat tai diém cach truc:
thdng dirng clia dwérng hAm mot khoang bang x,
m; Smax - DO lUn 1&n nhét trén mat dat, m; j -
Khoang cach tiv diém uén clta phéu lun téi truc
thang dlng cla dwcng ham, m; x - Khoang cach .
tlr diém tinh 1Un dén truc thdng dirng cla dudng
ham, mi

Trong thyc t&, dwdng cong lun trén mat dat
thwéng dwge dw bao trwée khi thi cong dwa vao
hai théng sb co ban 1a d6 1un 1&n nhat (Syax) va gia
tri diém udn (i). Hién nay tén tai nhiéu céng thirc
thuwec nghiém khac nhau dé wéc lwgng gia tri cla
diém udn (i) [1]. Trén co s& gia tri diém udn-(i) két
hop véi mirc dd dich chuyén, bién dang dy kién
cla bién ‘dwdng ham, nhEPng ngudi lam céng tac
thiét ké, thi cong cé thé du bao dd Iin Ion nhat
(Smax) phét sinh sau khi dao dwcrng ham.

Cac dai Iwo’ng nay sé dwoc kiém chirng sau khi
d{ao dudng ham dwa vao di¥ liéu do quan trac 1tn
bé mat tai mot sd diém nhat dinh bd tri trén tirng
mét cat ngang va theo truc doc clia tuyén dwong
ham. Vi sb lwong cac diém quan tric lin c6 gioi
han nén can thiét phai s& dung cac thuat toan hdi
quy dé xay dung dwérng cong ltn trén mat dét.
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3. Thuét toan hdi quy phi tuyén dw bao phéu
lun trén mat dat

3.1. Thuét todn héi quy

Phan tich héi quy la tim quan hé phu thudc cla
mét bién; dwee goi la bién phu thudc vao mét hoac
nhiéu bién khac, dwoc goi la bién doc lap nham
muc dich wéc lwgng hoéc tién doan gia tri ky vong
cta bién phy thudc khi biét trudc gia tri ctia bién

N(8.,i,8,,i,)=8 exp( r
3 =2

R dwoc xac dinh béi ma tran dw ctia m diém div
liéu trong phéu lan [3], [5]:

M

R 3)

Ham muc tiéu F dwgc xac dinh nhw sau [4]:
F=ZG(S1J1.82J2)2- (4)

Ham F 1a thwoc do tong thé danh gia sw khac
biét gitra két qua dw bao hoi quy phi tuyén va dir
lidu thwc té. Bang cach giam thiéu F, gia tri clia cac
tham sb (S, i) phu hop nhiat véi méd hlnh di liéu co
thé duwoc woc tinh. Tuy nhién, né la van de khéng
gi¢i han trong tdi wu hoa. Khong gibng nhu
phwong binh phwong nhé nhat tuyen tinh, md hinh
phi tuyen tinh khong thé tryc tiép thu dwo'c cac
thong s phu hop nhat tir dir ligu do. N6 can xac
dinh bang cach lap di Iap lai nhigu Ian. T nhikng
dac diém trén, ta c6 thé khai thac dé cai thién trong
cac tinh toan lap.

Theo Ling Ma [4] dé giai bai toan hdi quy
trong viéc xac dinh hinh dang phéu lun, phuong
phap -cua Levenberg- -Marquardt cho sai s6 nhé
nhat va vi vay dwgc chap nhan s dung trong
nghlen clru nay.

3.2. Giai bai todn héi quy trong Matlab

Ham LMFsolve.m trong Matlab dwgc st dung
dé tlm ra giai phap ti wu cho mot hé phwcrng trinh
c6 sb6 an nhiéu hon sb phwcrng trinh cla cac

* phwong trinh phi tuyen khi st dung phwong phap
binh phwong nhd nhat. Thuat toan Levenberg—
Marquardt chudn da dwoc Fletcher sira ddi va da
dwoc ma hoa trong FORTRAN. Ham LMFsolve 14
phlen ban rat ngan dwoc thuwe hién trong Matlab va
bd sung thém cai dat cac tham so I&p tay chon.
Bén canh d6, mét phép xap xi sai phan hitu han
ctia ma trén Jacobian dwgc thém vao nhw 1a mot
ham cong 16ng nhau (ham dé phan bd cac két qua
trung gian) [6], [7].

Ham LMFsolve trong Matlab cé dang nhuw sau:

x? (x, -u)?
+S it |
2 J exp[ 2.

déc lap. Trong pham vi clia bai bdo, nhém tac gia
str dung phwong phap binh phuong nhd nhat dé
tinh toan hoi quy, phi tuyén tinh cac dir liéu IGn bé
mat da do dac dé phu hep véi md hinh Gauss khi
xay dyng dwérng ham.

Goi r; la d6 léch cla diém div lidu jth trén
dwong cong hdi quy phi tuyén véi két qua do S
twong ng [4]:

}sj. 2)

[x,ssq,cnt]éLMFsoIve(Equations,XO): % or

[x,ssq,cnt]=LMFsolve(Equations,X0,'Name',
Value,...); % or

[x,ssq,cnt]=LMFsolve(Equations,X0,0ptions) %.

Trong moi trwdng hop, cac bién dwoc dinh
nghia nhw sau:

» Equations 1a tén clia mét ham (chudi) hosc
dinh nghia mét chudi cac ham:;

> X0 la vector clia wéc lwgng ban dau cha cac
gidi phap; .

> xla phuo’ng phap binh phwong nhé nhét;

» ssq la tong binh phwong phan duw;

> cnt la sé lan lap lai.

Dwa vao ham hoi quy LMFsolve.m, nhém tac
gia da xay dwng chwong trinh tinh toan dé& xay
dwng phéu IGn phia trén mat dat tiy mot vai két qua
di liéu do dac lun (di¥ liéu dau vao).

4. M6 hinh s6 2D mé phéng dwéng hidm

Hinh H.1 thé hién mé hinh sé 2D trén co sé& bai
toan bién dang phéng str dung trong phan mém
phan té hibu han Plaxis2D dé moé phong du’ong
ham d&o trong d4t mém & d6 sau nhod dé xac dinh
do lan phia trén mat dat gay ra béi qua trinh thi
cong dwdng ham.
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H.1. M6 hinh 2D duvng hé&m
trong bai toan bién dang phéng

M6 hinh sb c6 kich thwdc chiéu rong 200 m,
chiéu cao 80 m. Hai bién ngang cta mo hinh dwoc
gan diéu kién bién han ché dich chuyen theo
phuong ngang. Trong khi do, day clia mé-hinh
dwgc gan diéu kien han ché dich chuyen theo
phwong thdng dirng. Bién phia trén cta md hinh
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tong (rng véi bé mat dat dugc dé bién dang tu do.

Trong mé hinh s, qua trinh giam tai ciia dét xay
ra sau khi dao va trwéc khi lap dyng két ciu chéng
dwgc mo phdng s dung nguyén ly cua phwong
phap han ché dich chuyén héi ty (CCM) [9]. Theo
do, (g suat trong khoi dat trén bién dwong ham
trwdre khi lap dung két cAu vo chdng duoc gia thiét
giam 30 % so v&i gia trj ting suét ban dau.

Céc buwéc mé phéng dweérng ham nhw sau:

> Buwoc 1 (thiét I1ap mé hinh sb): xay dung bién
m6 hinh, lwéi phan tde bén trong mo hinh, gén didu
kién trong (rng suét, gan didu kién bién:

> Buéc 2 (giam tai trong khdi dét sau khi dao

Béng 1. Tinh chét co ly cda dat sét London [2]

va truéc khi lap deng két ciu chéng): giam tai
30 % wng suét trong khéi d4t tac dung trén bién
dao cla duong ham so v6i tredng (ng suét ban
dau [8];

> Buéc 3: lap dwng két cu vé chéng va d& mo
hinh dat t&i trang thai can bdng méi. xac dinh d6
IGn phia trén bé mat.

Trong mé hinh phan t& hitu han, khéi dat duoc
gia thiét tuan theo mé hinh @4t héa cing. Két qua
nghién ctru clia Hejazi [2] da chirng minh mé hinh
dat héa cirng cho phép mé phéng gan dtng ban
chét ciia khdi dét sét London trong mé hinh sé.
Cac théng s6 clia khbi dat thé hién trong Bang 1.

Dat Yunsat, kN/m® Ysats kN/m®

Cref, an’lm2

0, d(?) Emfoeud, kN/mz Erefm, kN/m2

Sét 18 19,5

20,5° 3,25E+04 3,25E+04

S dung md hinh sb trong phidn mém PTHH
Plaxis2D, bai bao da khao sat ba trwong hop
duong ham co dwong kinh Ian lwot 1a 4 m, 6 m, 8
m va dao & cac d6 sau khac nhau Ia: 1,0D; 2,0D;
3,0D; 4,0D; 5,0D. V&i méi trwdng hop tinh “toan,

chiéu day cia 16p vo chéng duwdng ham dwoc thay.

dbi tir 0,3 m dén 0,5 m.
5. Phan tich két qua khao sét trén mé hinh sé

V&i méi trwong hop tinh toan, phdn mém PTHH
Plaxis2D dwoc si dung dé thu dwoc dwong cong
lGn phat trién trén bé mat d4t sau khi dao ham. Sau
d6, mét chwong trinh tinh toan dwoc xay dwng trén
phdn mém Matlab s dung thuat toan hdi quy phi
tuyén dwoc ap dung dé xac dinh dwéng cong lin
trén bé mat dat tuan theo phwong trinh Gaussian
cta Peck [10] v&i hai théng sb co ban la d@é Itn Ién
nhat (Smax) va vi tri diém udn (i). udng cong thu
dugc tir thuat toan hdi quy phi tuyén trong phan
mém Matlab cho két qua gan dang nhét véi duong
cong clia phéu Itn thu dwoc tr phdn mém PTHH
Plaxis2D. Hinh H.2 thé hién sw phu thudc cha dé
Iin t6i da trén mat d&t (Spa) vao dwéng kinh
dwong ham, d6 sau dat dworng hdm twong (rng voi
cac chiéu day két chu vé chéng khac nhau. Dung
nhw dy doan, d6 Iun I&6n nhat thu dugc khi tang
duong kinh dwéng ham va gidm d6 sau dat dweng
hadm. Tuy nhién, anh hwéng clia chidu day vé
chdng dén do lun phia trén mat g4t c6 thé bd qua.

Co thé nhan thdy, duong hdm cé dweng kinh
cang nho, chiéu sau gi¢i han gay anh huéng dén
d® lin cang nhé. Chiéu sau gidi han gay anh
huwéng dén d6 lun dwoc hidu 1a d6 sau clia duong
h&m ma khi chiéu sau dat dwong ham 16n hon gia
tri nay, d6 Iin lén nhét phia trén mat dat khong
thay doi. Chiéu sau gi6i han gay anh hwéng dén

“ CONG NGHIEP M0. S35 - 2017

dd lun &ng voi trweong hop dwéeng hdm cé kich
thwéc 4 m, 6 m, 8 m lan lwot 1a 2D, 3D va 4D (D Ia
dwong kinh dao cia dwéng ham). Hinh H.3 thé
hién sy thay d6i ctia vj tri diém uén (i) phy thudc
vao duong kinh'ham, do sau dat hdm va chiéu day
vé chong. Tuong tw nhw ddi véi db Ian Ién nhat
(Smax), két qua‘phan tich hdi quy phi tuyén st dung
chuwong trinh Matlab trén co s& dwong cong lun thu
duoc tir phan mém PTHH Plaxis2D cho' thdy anh
hudng khéng dang ké clia chiéu day két ciu chéng
dén gia tri diém udn (i). Vi vay, trén hinh H.3 chi thé
hién két qua xac dinh gié tri diém uén (i) trong truong
hop chiéu day két cAu chéng bang 0,3 m.

Co thé nhan thdy, khi dwong kinh dao cia
dwdng ham va chidu sau dat hdm ting lén, khoang
cach tr diém ubn dén truc thdng ding ‘clia dwdng
ham (i) hay d6'mé clia phéu Iun cang I&n. Méi
quan hé.gilra chiéu sau dat duong ham va gia tri
diém udn (i) 1a tuyén tinh voi ca ba trwdng hop
duéng ham cé dwéng kinh 4 m, 6 m va 8 m.

Trén co s& cac dir lieu thu duoc vé gia trj
diém ubn (i) trong cac trwong hop dwoc khao
sat, mot phuong trinh lién hé méi gitra gia tri
diém uén (i) phy thudc vao dwong kinh dao cla
dudng ham (D) va do sau dit hadm (H) da duoc
dé xuét trén co s& thuat toan hdi quy da bién,
sai s6 dw kién 1a 1,37 m:

1=(1,94.D+4,09.H-12,41). @) "
Trong do: i - Khoang céch tir diém uén ctia’ phéu
lin dén truc thang dirng clia dwdng ham, m; D -
Buwéng kinh dao ctia dwong ham, m; H - Chidu sau
ké tir mat d4t dén mirc tam dwong ham, m.

Bén canh @& 1Gn I&n nhat (Sp.) va gia tri diém
udn (i), trong qua trinh danh gia d6 1an phat sinh
khi d&o ham ciing can cha y dén dai lwong méat thé
tich clia dat (VL - Volume Loss).
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H.3. Quan hé gitra duong kinh duong hdm
va gia tri vj tri diém uén i
Dai lwvong nay dugc tinh bang ty sé phan tram
cua dién tich phéu IGn trén'mat cat ngang hay phan
dién tich bi thu hep do bién dang ctia bién duong
ham chia cho dién tich tiét dién ngang ban dau khi

dao cla dudng ham. St dung két qué khéo sat tir
mé hinh PTHH Plaxis2D, hinh H.4 thé hién sw phu
thudc clia gla tri VL vao dwo’ng kinh va chiéu sau
dat ham. Chiéu day cla két ciu bang 0,3 m. Co thé
thay, sw phu thudc khong déng ké cla gia tri VL
vao chidu sau dat hdm voi cac duwdng hdm cé
dwdng kinh nhé (D=4 m va 6 m). Tuy nhién, vé&i
duong h&m c6 dwdng kinh 1&n (D 8 m), chiéu sau
dat ham co anh hwdng dang ké véi gia tri VL. Khi
ham cang nam nong, gua tri VL cang I&n. Gia tri
giam dan va dat dén tri sé 6n dinh khi chidu sau dat
ham bang khodng 4D.
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PO SAU PAT HAM (x D)
H.4. Quan hé gidra phan tram mét thé tich
cua dat (V) voi dé sdu dat ham
6. Két luan

Qua trinh thi cong cac dwong ham trong 3t mém
& dd sau nho thuwrong dan t&i s hinh thanh phéu Iun
trén bé mat dat co thé dan toi nguy co pha hiy cac
cdng trinh trén bé mat. Dy bao sir hinh thanh pheu
ln va x&c dinh cac théng sé clia pheu lin 1a van dé&
phirc tap, phy thudc vao nhiéu yéu t6. Néi dung bai
bao da gi¢i thleu két qud khdo sat trén mo hinh sé
bang phan mém PTHH Plaxis2D nhdm xac dinh cac
théng s6 dac trung cla phéu Iun trén mat dat. Dya
vao thuat toan hdi quy phi tuyén két ho*p vaGi diy lieu
thu dwoc tir mé hinh s6, anh hwéng ciia chidu sau
dat ham, dwo'ng kinh dao cla dwong ham chiéu
day két cau chbng gilv dén gia tri diém uén (| da
duoc khdo sat. Mot phwong trinh lién hé méi thé
hién sy phu thudc cda (i) vao cac dai lwong nay da
dugc dé xuét cho phép wéc lwgng dwdng cong lin
trén bé mé&t d4t trwde khi thi cong céac CTLPO‘ng ham
nam néng trong dat mém, 1am co s& dé giam thiéu,
han ché cac rii ro co thé xay ra.0
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SUMMARY

. Tunnelling at shallow depth usually leads |
| to ground settlement. The ground settlement |
. trough over a single tunnel is generally f
| described using Peck’s formula, which is |
| represented by the maximum settlement Spa b
| and the distance from the tunnel centerline to |

| the inflexion point of the curve i. This paper |
| introduces a nonlinear regression procedure
| to  evaluate

these . two parameters of |
. settlement troughs over a single tunnel on the
basis of a numerical analysis. Newf

| relationship describing the dependence of |

| settlement trough’s parameters on the tunnel

| depth, tunnel dimension, etc. is presented.
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SUMMARY

The article presents an experimental § B

i measure method to the insulation {
| parameters of the low voltage 660 V §
-network of Nam Mau Coal Company. The §{
experimental results were made at the §
faces of V8, levels +200/+250 and
305/+348 of V7. From the experimental
the authors have identified the

esults,
'values and the frequency distribution of
the insulation parameters of the low
voltage 660 V network Nam MAau Coal

ompany. From there, it is possible to
identify the safe level of electric shock
when touching the phase of the low
-voltage network at the Nam M3&u Coal




