UNG DUNG TOAN THONG KE BE DANH GIA B0 ON DINH MOC c0o SO
PO LUN CONG TRINH TU KET QUA BO NHIEU CHU KY

Toéng Thi Hanh — Hoc vién K thudt Qudn suw
Bui Thi Kién Trinh — Dai hoc Thuy loi

Tom tit: Trong cdng tac quan trdc Lin cong trinh, sw 6n dinh cia cdc méc khong ché co so
quyét dinh dg chinh xdc ciia Két qua quan tréic. Dira trén co sé bai toan kiém dinh théng k&, ching
t6i tien hanh xdc dinh tiéu chudn hop Iy dé hoan thién phwong phdp danh gid do on dinh cia cdc
moc khong ché phuc vu do lin céng trinh tir két qua do nhiéu chu ky.

1. Mé dau

Nhu d4 biét, dé quan tric chuyén dich bién
dang cac cong trinh cdng nghiép hay dan dung
can c6 hé thong mdc do dac. Hé théng nay phan
thanh hai loai: mdc khéng ché co s 1a cac mde
chuan duoc bd tri & khu vyc on dinh (gan nhu
khong xay ra xé dich) va mbc quan tric gan trén
than cong trinh, tai nhitng vi tri dic trung dé
phét hién chuyén dich nhit.

Ban chit cia cong tac quan tric lin cong
trinh 1a do chénh cao tir cac mbc chuan dén cac
mbc quan tric, tir do tinh dugc do cao cac mdc
quan tric theo phuong phap binh sai chit ché.
Thong qua so sanh do cao cua cac mdc quan
tric & cac chu ky do khac nhau s€ xac dinh duoc
do lun cua cong trinh trong quang thoi gian do.
Nhu vay, mudn xac dinh chinh x4c d6 lan cua
cong trinh thi cAc méc chuan phai 6n dinh, va
viéc danh gia do on dinh cua cac mbc ndy co y
nghia quyét dinh chat lwong cua viéc tinh do
lGn, tinh cac tham sb lin va dy bao lan cong
trinh, dong thoi can thudng xuyén dugc nghién
ctru va hoan thién.

C6 rat nhiéu phuong phap danh gia do on
dinh mbc khdéng ché co s¢ (hay mdc chuan),
nhung cac phuong phap déu tap trung danh gia
d6 6n dinh cac mdc tir két qua do hai chu ky.
Ciing co mot vai phuong phap danh gla do on
dinh cac mdc chuan tir két qua do nhiéu chu ky
nhu phuong phép phan tich twong quan, phuong
phap dung luat phan bd D-Simon... Tuy nhién
co s& khoa hoc va kha ning ng dung thyc tién
ctia chiing c6 nhiéu han ché. Trong bai béo nay,
ching t6i phan tich co s& khoa hoc va kha nang
ung dung cua hai phuong phap trén, tir 6 hoan

thién phuong phap danh gia do 6 6n dinh ciia moc
khdng ché tir két qua do nhiéu chu ky.

2. Tong quan vé ciac phwong phap dinh
gia d9 on dinh mdc khong ché tir két qua do
nhiéu chu ky

Céc phuong phap danh gia d6 6n dinh mdc
chuan tir két qua do lun ctia nhidu chu ky hiu
hét déu dua trén bai toan kiém dinh thng ké,
nhung cach lya chon tiéu chuan va quy tic kiém
dinh ctia mdi phuong phap 1a khac nhau.

2.1 Phwong phap phdan tich twong quan

Gia thiét luéi khdng ché co so dd do k chu ky
Vvoi n tri do chénh cao la hjj (i=1+n, j=1+k). Ky hi¢u
cac chénh cao sau binh sai la hj; va sai $0 trung
phuong tuong tng la o,

hjj

Trong phuong phap phan tich tuong quan,
gia thiét théng ké Hy duoc tao:

Ho: hi =h!,=...=h] (@)

i 1a chénh cao hj; ¢6 dinh trong k chu ky do.

Quy tic dé kiém dinh gia thiét thong ké (1) la
dai lugng thong ké:

F=—1 )

trong do: G%_ la binh phuwong sai s6 trung
I

phuong cua tri chénh cao trung binh tir k chu ky
do duoc tinh theo cong thurc:

k —\2
2. (M =)
2 _JE 3
o = Rk D) 3
Pai luong théng ké (3) s& c6 luat phan bd
Fish-Snedec voi s6 bac tu do {k(k-1),r}. Tinh
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dugc tri thuc té £, theo cong thirc (3) va kiém tra
gia thiét (1) theo nguy@n tac:
a Neu f, <f_ .. tachap nhan gia thiet (1),

nghia 1 chénh cao hj; cb dinh trong k chu ky do.

b. Nguoc lai, néu f,>f, qka)} thi gia thiét
(1) bi phu dinh, nghia 1a chénh cao h;;” khong cb
dinh trong k chu ky do.

2.2 Phwong phdp dung ludt phin bo D-
Simon

Phuong phap dung luat phan bé D-Simon
dugc chung t6i trinh bay trong tai liéu tham
khao [3]. Phuong phap nay dugc thuc hién voi
tirng mbc chuan cia luéi khdng ché co so. Véi
ludi co s& do lan gdm p mbc chudn duoc do k
chu ky, ndi dung cia phuong phép c6 thé tom
tit qua 3 budc nhu sau:

Buwéc 1: Tir do chinh x4c quan trac lan tong
hop o Ayoy s€ tinh duoc do chinh xac do lin yéu

cau cua cap ludi co so theo cong thirc:
cyAnyu
O\ = 4
Acs \/m ( )

Tién hanh binh sai lu6i theo phuong phap
binh sai ludi tu do, c6 thé theo chénh cao do
hoic hiéu chénh cao do. Néu binh sai theo
chénh cao do can luu y 1a khi binh sai cac chu
Ky sau ta liy tri gin dung cta cac an sb bang tri
binh sai do cao cic mbc twong ung & chu ky
binh sai trudc.

Buwoc 2.

a. Xéc dinh do lin Ay va sai sO trung

phuong d¢ lin Oy voi (i=1+p) va (j=1+Kk):

Viéc xac dinh hai dai luong nay sé€ phu thudc
vao doi tugng tri do dugc st dung trong bai toan
binh sai ludi:

- Néu binh sai luéi theo ddy hiéu chénh
cao do thi s& nhan dugc ngay do lin Aj va sai s6
trung phuong do lin o Aj

- Néu binh sai theo ddy chénh cao do, dua
Va0 Ccac gia tri binh sai do cao Hjj, trong s6 dao
tuong Ung QHij va sai 6 trung phuong trong SO

don vi o, j ta xac dinh duoc:
+ Dé lﬁn: Alj = HIJ - Hi(j—l) (5)
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+ Sai 6 trung phuong do lan theo cong thirc:
GAij = 60”‘ 1’QAij = 60”‘ QHij +QHi(j—1) (6)

2 2
I \Co(it) T TiCoi
trong do: c—;oij: (i 1)r0(J 1_)” i%0j )
(i-1) i

b. Tao ddy d6 Iin cung do chinh xac.

Tir diy do in Ajj cia mdc chuan (i) khac d
chinh xac chlng ta phai can bang chiing bang
cach tao day d6 lun twong duong:

ij
trong do P, la trong s6 cua do lin A va

duoc xac dinh theo mot trong cac cach sau:
- Néu yéu cau xac dinh d6 lan cac mdc khdng
ché 14 o, thi chon trong s6 theo cong thirc:
2
c
= ©)
Ajj
- Khi gidn céach thoi gian gitra cac chu ky
chénh léch 16n thi trong sb PA“_ c6 thé chon theo

cong thic:

Ty o)

Aij Ti Giij (10)

v6i To chon phu thude vao thoi gian gitra cac
chu ky dung dé tinh cac d6 lan.

- Dua vao két qua binh sai ta ciing co thé
xac dinh trong sé cua do lan theo cong thirc:

1
Paj = (11)
! QAij

Buwéc 3: Panh giad do 6n dinh cia cac mdc
chuan.

Pé danh gid do 6n dinh cua mdc chuan (i)
trong day k chu ky do ta tao gia thiét:

Ho: E(Ai1)) = E(A) = ... = E(Aixn)) = O
(12)
Dung dai luong théng ké:
D= Rmax — Amax —Anin (13)
Oa OA

lam quy tac dé kiém dinh gia thiét (12). Pai
luong thong ké (13) s& ¢6 luat phan bé D-Simon
V6i s6 bac tu do (k-1).

Trong quy tic (13), dé tinh tri thuc té caua quy
tac tac gia dd nhan tri cuc dai Amax= | A’max‘ va



tri cuc tiéu Amin=0. Chon mirc xac suét o va tra
bang D-Simon ta tim dugc tri gidi han dgk-1),
sau d6 so sanh véi tri thyuc té dp cua quy tac (13)
va rit ra két luan:

- Néu dp < dg1): chip nhan gia thiét (12),
nghia 1a mdc chuan (i) 6n dinh trong k chu ky do

- Nguoc lai, néu dp < dg, 1) ta n6i moc chuan
(i) khdng 6n dinh trong k chu ky do, nghia 1a c6
it nhat mot chu ky do c6 mdc chuan (i) khong
6n dinh.

3. Lwa chon phwong phap hop ly dé dinh
gia d 6n dinh mdc do lun nhiéu chu ky

Pé chon phuwong phap hop 1y nham danh gia
d6 6n dinh cac mdc do 1Gn nhiéu chu ky, ching
ta nén can cr vao cac muc tiéu sau:

Muc tiéu 1: Phai dugc xay dung trén co so
toan hoc chat ché va phai phu hop vai tinh thuc
té d6 lan cac mdc.

Muc tiéu 2: Quy trinh tinh todn don gian va
c6 kha ning ty dong hoa, khdi luong tinh toan
it, tinh phé cap cao.

Dua vao hai myc tiéu trén, ching téi s¢ phan
tich wu nhugc diém cia timg phuwong phép tir 46
lya chon phuong phéap hop 1y nhét.

- Phwrong phdp phan tich tuong quan: Xét vé
mit co so Iy thuyét thi phuong phéap nay c¢6 co s
toan hoc chit ch& vi néu mdc khong ché khong bi
IGn thi chénh cao trong cac chu ky twong g sé
nhu nhau. Tuy nhién, phuong phap nay cé khoi
luong tinh toan lon, dac biét khi udi co s& cod sd
diém mdc nhidu. Pong thoi kha ning ty dong
hda ctia phuong phap khong cao vi trong truong
hop c6 it nhat mot chénh cao khéng 6n dinh thi
viéc xac dinh mbc khong 6n dinh s& rat phic tap
Vi s& phai phéan tich dya vao cau tric ludi hoic
gi tri ctia cac hé sb twong quan.

- Phwong phdp diing ludt phdn bé D-Simon:

Phuong phdp nay ciing dua trén co s bai
toan kiém dinh thong ké c6 gia thiét thong ké va
quy tic kiém dinh hop ly. Tuy nhién, c6 nhiéu
cong thac tinh trong sb cua do lin cac mdc
khéng ché nén viéc lya chon cong thic cu thé
nao s& gip khé khian. Pong thoi phuong phap
nay chua xdc dinh dugc chu ky do cé mbc
chuan khong 6n dinh - ma day 1a yéu cau thiét
yéu. Tuy vay, phuong phap c6 wu diém 1a quy

trinh tinh toan rd rang va cé kha nang tu dong
hda qua trinh tinh toan.

Do véy ching t6i d4 ké thira nhitng wu diém va
hoan thién cac ton tai ctia phuong phap ding luat
phan bé D-Simon, nham danh gia d6 6n dinh mbc
chuan trong do Kin cong trinh [3], tom tat nhu sau:

3.1.Lwa chon cong thirc tinh trong so dp
IGn phu hep véi dac thu cia cong tic quan
tréic dg on dinh ludi khéng ché.

Trong ba cong thirc tinh trong sb (9), (10), (11)
d4 néu, c6 thé thay cong thire (11) phl hop nhét
V6i ludi khdng ché quan tric lun, vi vé 1y thuyét,
trong s6 do lin ty 1& nghich véi trong s6 dao do
lin. Mat khéc, khi dua trong s6 dao vao qua trinh
tinh do lan thi s& thé hién duoc su tic dong cua
cau hinh lu6i & chu ky do twong tmg dén do lan.

3.2 Xdc dinh chu ky do c6 méc chuin (i)
khoéng én dinh khi da két lugn 13 méc chuin
dé khéng on dinh.

Pé xac dinh chu ky do c6 mdc chuan khong
6n dinh chdng ta tién hanh nhu sau:

- Khi nhan tri cuc dai Amax=|A’|max Va tri cuc
tiéu Amin =0 thi quy tic (13) c6 dang:

5= Ve
SN

- Pai lugng théng ké (14) c6 luat phan bd D-
Simon. Tinh tri thuc té d, cua quy tac theo (14)
va S0 sanh Vi tri téi han dg -1y tra tue bang tra
cta luat phan b D-Simon:

+ Néu dp < dgk-1) thi gia thiét (12) duoc chap
nhan, tc 1a mdc chuan (i) on dinh trong tat ca
cac chu ky do va két thuc bai toan danh gia do
6n dinh.

+ Néu dp > d,, k1) thi gia thiét (12) bi bac bo,
ttrc 1 mbe chuan (i) khdng 6n dinh tai chu ky ¢o
do lan cuc dai, gia su tai chu ky (j) 12 |A’|max()-
Pé kiém tra xem liéu rang coOn chu Ky ndo c6
méc chuan (i) khong 6n dinh nira hay khong thi
chding ta tién hanh loai bé |A’|maxg) © chu ky (),
sau d6 kiém nghiém ddi v6i |A’|max trong day
cac chu ky con lai, néu gia thiét gdc bi bac bo
tie 1a con ¢6 chu ky do c6 méc khong on dinh
thi tiép tuc kiém nghiém cho dén khi tim duoc
tat ca cac chu ky c6 mdc chuan khong on dinh,
cac chu ky con lai 1a cac chu ky do c6 mdc
chuan 6n dinh.

(14)
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4. Tinh toan thuc nghiém

hy

Pé minh ching cho cac phan tich trén, chling Ry R,
t6i tién hanh thuc nghiém kiém tra d6 6n dinh
cta 4 mdc Ry, Ry, R3, Ry cua ludi co s& & hinh hs h
bén. Ludi duoc xay dung nhim do lin cong '
trinh v6i d6 chinh xic o e = +1mm nén
Op,, =0.32mm. Rs e Ry
Ludi duoc do 9 chu ky, s6 lidu do ghi ¢ bang 1.
Bang 1: S6 liéu thuc nghiém
Chu hl Ny h2 Ny h3 N3 h4 Ny
ky (mm) (tram) (mm) (tram) (mm) (tram) (mm) (tram)
1 979.52 4 484.28 3 398.84 4 96.67 5
2 980.31 4 483.92 3 398.49 4 97.58 5
3 979.97 3 483.24 5 398.33 5 97.60 5
4 978.71 3 481.53 5 398.84 5 98.13 6
5 977.31 3 481.16 4 399.09 4 96.75 4
6 976.77 3 480.68 4 398.96 5 96.22 4
7 976.52 5 480.12 4 399.18 3 96.92 5
8 978.15 3 481.83 3 398.79 5 97.11 5
9 974.72 4 479.24 4 398.96 3 96.14 4
Sau khi binh sai thu duoc cac két qua trong bang 2.
Bang 2: D¢ cao cac moc va trong $6 ddo d6 cao cde méc sau binh sai:
Chuky | Hru(m) Hro(m) Hrs(m) Hra(m) Qe | Qhir, | Qhigs | Qs
1 9.99997 10.97956 10.49533 10.09656 1.36 111 111 1.36
2 9.99932 10.97955 10.49557 10.09700 1.36 111 111 1.36
3 9.99935 10.97919 10.49572 10.09717 1.25 1.25 1.53 1.53
4 9.99940 10.97806 10.49645 10.09753 1.36 1.28 154 1.67
5 10.00034 10.97758 10.49634 10.09717 1.10 1.10 1.23 1.23
6 10.00067 10.97727 10.49636 10.09712 111 111 1.36 1.36
7 10.00044 10.97687 10.49668 10.09745 151 1.37 1.13 1.22
8 9.99999 10.97806 10.49615 10.09723 1.19 1.00 1.19 1.50
9 10.00132 10.97594 10.49660 10.09756 1.23 1.23 1.10 1.10

Bdng 3: Chénh cao sau binh sai, chénh cao trung binh va sai sé trung phirong xdc dinh chénh cao
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sau binh sai
Chu ky | hy(mm) h,(mm) | hs(mm) | hy(mm) m,, (mm) | m, (mm) | m, (mm) | m, (mm)

1 97959 | 484.23 | 398.77 | 96.59 0.12 0.11 0.12 0.13
2 980.23 | 483.98 | 398.57 | 97.68 0.14 0.12 0.14 0.15
3 979.84 | 483.46 | 398.55 | 97.82 0.30 0.36 0.36 0.36
4 978.66 | 481.61 | 398.92 | 98.23 0.11 0.14 0.14 0.14
5 977.25 | 481.24 | 399.17 | 96.83 0.12 0.14 0.14 0.14
6 976.60 | 480.91 | 399.24 | 96.45 0.36 0.39 0.42 0.39
7 976.43 | 480.19 | 399.23 | 97.01 0.14 0.13 0.11 0.14
8 978.07 | 481.91 | 398.92 | 97.24 0.16 0.16 0.19 0.19
9 974.62 | 479.34 | 399.04 | 96.24 0.17 0.17 0.15 0.17
h; 977.92 | 481.87 | 398.94 | 97.12




Tir két qua binh sai, chung tdi tién hanh danh
gia d6 6n dinh cac mdc chuan theo hai phuong
phap gom: phuong phap phan tich twong quan
va phuong phap dung luat phan bé D-Simon d4
hoan thién. Cu thé nhu sau:

Bang 4: Kiém dinh sur 6n dinh cia

a. Panh gia d6 on dinh cdc mbc chuan theo
phuong phap phén tich twong quan.

Tri gi61 han:

fgnan = f(x,k(k—l),l - fo.05,9(9—1),1 =3.98

chénh cao h; trong k chu ky do:

Kiém dinh hy Kiém dinh h, Kiém dinh hy Kiém dinh h;
Chu Gg — \2 Gg — \2 Gg — \2 2
N = hi - h b h! h. —h Oy,
Ky (hllj _hl)z fu=— (hzl hz) fo2 =—* (hsj h3) fp3 = 23 ("% 4) foa = cszh
Ghy, hy; hy; hij
1 2.781 30.288 5.567 29.174 0.028 0.667 0.286 3.384
2 5.336 21.563 4.452 20.769 0.137 0.100 0.314 2.409
3 3.674 4.657 2.535 2.523 0.150 0.687 0.493 0.413
4 0.549 32.400 0.067 17.387 0.000 0.681 1.227 2.552
5 0.452 26.925 0.394 17.241 0.054 0.072 0.083 2.820
6 1.744 3.282 0.926 2.087 0.093 0.979 0.452 0.341
7 2.215 22.157 2.820 20.008 0.086 0.338 0.012 2.836
8 0.023 15.406 0.002 12.057 0.000 0.390 0.015 1.398
9 10.899 17.352 6.394 10.978 0.009 0.390 0.772 2.479
9 —\2 9 _ 9 — \2 _
2 (M) (PR > (ns; =) 3 (hy =)’
o2 = 0384 ok = 03206 =F _— _ -0008| 2= _0051
Mo 9(9-1) M 9(9-1) s 9(9-1) T 9(9-1)

So sanh cac gia tri thuc té fy, T, frs, Tou VOi
trj giéi han fyhe ching t6i rat ra két luan sau:

- Cheénh cao h; la khdng ¢ dinh trong 9 chu
ky do.

- Cheénh cao h, la khdng ¢ dinh trong 9 chu
ky do.

- Chénh cao hs la ¢6 dinh trong 9 chu ky do.

- Chénh cao hy la c6 dinh trong 9 chu ky do.

Két hop v6i viéc phan tich so db ludi ching

a. Két qua tinh d6 lan va trong s6 dao do lun cac

ta thiy: méc R lién quan dén cac chénh cao
khéng cb dinh hy, h; nén méc Ry 1a mbc khong
6n dinh. Cac mdc Ry, R, Ry 12 mbc dau va moc
cudi cua cac chénh cao cb dinh hs, hs nén la cac
mdc 6n dinh hoic in déu.

b. Panh gia d6 6n dinh cac mdc chuan theo
phuong phap dung luat phan bé D-simon.

Dua vao d6 cao va trong s6 dao do cao cac
méc sau binh sai ching tdi tinh duoc:

méc theo timg cdp chu ky lién tiép:

Cipchuky | Ara(mm) | Ao(mm) | Ags(mm) | Are(mm) | Quags | Qs | Quns | Quarg
1-2 -0.66 -0.01 0.23 0.44 272 | 222 | 222 | 272
2-3 0.03 -0.36 0.16 0.17 261 | 236 | 2.64 | 2.89
3-4 0.05 -1.13 0.72 0.35 261 | 253 | 3.07 | 3.20
4-5 0.94 -0.47 -0.11 -0.36 246 | 2.38 | 277 | 2.90
5-6 0.34 -0.31 0.02 -0.05 221 | 221 | 259 | 259
6-7 -0.24 -0.40 0.31 0.33 262 | 248 | 249 | 258
7-8 -0.45 1.19 -0.53 -0.22 270 | 237 | 232 | 272
8-9 1.33 -2.12 0.45 0.33 242 | 223 | 229 | 2.60
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b. Két qua tinh trong s6 d6 lan va do lan sau khi can béng trong s6:

Cap chu ky PARl PAR2 PAR3 PAR4 ’Rl (mm) ’RZ (mm) ’Rs (mm) i:24 (mm)
1-2 0.37 | 0.45 | 0.45 | 0.37 -0.40 -0.01 0.16 0.27
2-3 0.38 | 042 | 0.38 | 0.35 0.02 -0.24 0.10 0.10
3-4 0.38 | 040 | 0.33 | 0.31 0.03 -0.71 0.41 0.20
4-5 0.41 | 042 | 0.36 | 0.34 0.60 -0.31 -0.06 -0.21
5-6 0.45 | 045 | 0.39 | 0.39 0.23 -0.21 0.01 -0.03
6-7 0.38 | 0.40 | 0.40 | 0.39 -0.15 -0.26 0.20 0.20
7-8 0.37 | 042 | 0.43 | 0.37 -0.27 0.77 -0.35 -0.13
8-9 0.41 | 0.45 | 0.44 | 0.38 0.86 -1.42 0.30 0.21

c. Két qua danh gia d6 6n dinh theo phuong phap D-Simon

TT | Ténméc Tri thyc t¢ Tri gi6i han Két luan
Cua quy tac D Cua quy tac D
1 R: 2.68 4.29 R: 6n dinh
2 R, 4.43 4.29 R, khéng 6n dinh tai chu ky 9
3 Rs 1.29 4.29 R; 6n dinh
4 R, 0.83 4.29 R, 6n dinh
5. Két ludn phuong phap st dung luat phan bé D-Simon d4

T két qua phan tich va tinh toan thyc hoan thién c6 d¢ tin cay cao hon phuong phap
nghiém co thé thidy phuong phap st dung luat tuong quan va khong han ché s6 lugng moc
phan bd D-Simon d& hoan thién c6 quy luat chuan trong ludi. Pic biét, phuong phap nay
tinh toan chat ché nhung don gian, ¢ thé tu co thé ap dung d6i voi cap ludi quan tric khi
dong hoéa qua trinh tinh toan. Pong thoi, can thiét.
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Summary
The proposal of asolution for assessing the stability

of the benchmark in the monitoring control network is based
on the adjustment results of multi-periods

The paper proposes one way to assess the stability subsidence benchmark that were measured by
multi-periods result. This method is based on statistical hypothesis testing with distribution D-Simon.
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