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Trong thiét ké t6i wu lwdi trdc dia hién nay & Viét Nam, tir cdc cong trinh
thuwc té'va cdc nghién civu cé lién quan chu yéu dwa trén tiéu chudn vé do
chinh xdc, dé tin cdy, dé nhay (cta lwéi quan trdc bién dang) va chi phi
xdy dwng lwdi. Rdt it nghién cteu dp dung chi tiéu mikc tri do thira cta tri
do, ddc biét la mirc do thira trung binh ctia tri do trong lwdi. Bai bdo nay
phdn tich tdm quan trong ctia mitc do thira cta tri do, tinh chdt va mirc
do cdn thiét cia mirc tri do thira trong thiét ké t6i wu ludi trdc dia. Trén
co sé¢ dé, dwa ra cdch tinh mikc do thira trung binh cta tri do va ldy gid
tri nay lam mot tiéu chudn dé thiét ké téi wu lwdi. Tinh todn thwce nghiém
thiét ké toi wu lwéi thi cong cdng trinh cdu dé minh chitng cho két qua
nghién ciru.
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1. batvan dé

Bai toan thiét ké t6i wu lwdi trac dia thwong
duwogc biéu dat dwdi dang tong quat nhw sau (Tran

Vinh Ky, va nnk, 1996)

toan tdi wu la trong moét s6 diéu kién rang budc
nao do, thong qua tim cyec tri (min hoac max) caa
ham muc tiéu dé tim loi gidi toi wu. C6 hai phwong
phap giai bai toa t6i wu la phwong phap giai tich va
phwong phap mé phdéng. Phwong phap giai tich

min (X) cho két qua toi wu trén li thuyét nhwng c6 khéi
<" lwong tinh todn 16m va rat kho tw dong hoa trén
. 1 may tinh; phwong phap mé phong la thiét ké toi

9i (X ) 20,1=12..m (1) wu dua trén nhiém vu téi wu va kinh nghiém cda
h i (X ) =0,]=12,..,1 ngudi thiét ké théng qua may tinh dién tir, nhwoc

Trong d6, biéu thirc thir nhit trong céng thirc
(1) goi 1a ham muc tiéu, biéu thirc thit hai va thi
ba goi la diéu kién rang budc. Thyc chit cta bai
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diém cta phwong phap nay la ngwoi thiét ké phai
c6 kién thirc va kinh nghiém, véi nhitng nguoi
thiét ké khac nhau, phwong an thiét ké c6 thé khac
nhau v&i khac biét twong ddi nhiéu. Mirc do thira
cua tri do trong bai toan thiét ké t6i wu thuwong
dwgc dunglam chi tiéu xac dinh d6 tin cay cua lwéi
thiétké (Nguyen va Hoang, 2016; Tran Vinh Ky va
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nnk, 1996; Trwong Chinh Loc, 2001). Pac biét, st
dung mic do thira trung binh ctia tri do lam chi
tiéu dé thiét ké tdi wu lwdi chi méi dwoc dé cip gin
day (Trwong Chinh Loc va nnk, 2008). Pay la cach
ti€p cAn mai, khac biét so véi cach lam tir trude
dén nay. Viy lam thé nao st dung mic do thira
trung binh dé lwa chon tri do trong bai todn thiét
ké t6i wu la ndi dung chinh dwoc nghién ctru trong
bai bao nay.

2. Mirc do thira cua tri do va tinh chit cia né

2.1. Mirc do thira cia tri do

D6i véi mot mang lwdi khdng ché tric dia, khi
binh sai hodc wéc tinh theo mé hinh chat ché gian
tiép, binh sai lwdi tw do sé tinh dwgc mire do thira

I ctiatrido |, cling goi 1a d6 tin cay néi bo cta tri
do, 14 (Ly Pirc Nhan, 2012):
0 =(QuP), @

bong thoi thoa mén:
n
dr=r=n-t 3)
i-1

trong do, Trong d6, n la so tri do trong ludi
duwdng chuyén phtthop, Q. 1a matran hiép trong
sO dao so hiéu chinh cta tri do, P 1a ma tran trong

s cta tri do. Khi cac tri do 1a doc 1ap nhau thi:
2
o
r=1-— (4)
O
Véi, O'i2 la phwong sai tién nghiém cua tri do

l., o;" la phwrong sai sau binh sai cua tri do ..

2.2. Tinh chdt mirc do thira ctia tri do

Do tin cay ndi bo I, ctia tri do |, c6 tinh chat
sau (Ly Ptrc Nhan, 2012):

(1) 0<r, <1: r, cang nhé thi mirc d6 quan
trong cta tri do trong lwéi cang cao. Néu I, =0 thi
tri do nay khong thé lwgc bét khi téi wu lwdi. I,
cang 1én thi mirc d6 quan trong cuda tri do cang
thap, néu I, =1 thi tri do khong can thiét phai do.

(2) Trong mot phwong an thiét ké lwdi nhit
dinh gobm: d6 hinh, s6 lwong tri do, dd chinh xac,
dd nhay, tri do cé dd chinh xac cang cao, mitc do
thira cta tri do I, cang nho; ngworc lai, tri do c6 do

chinh xac cang thip, mic do thira cta tri do I
cang 16n. C6 thé thiy, mirc do thira cta tri do (hay
do tin cay noi bo) trai ngwoc vdi do chinh xac cua
tri do.

(3) Trwong hop dod chinh xac tri do da dwoc
xac dinh thi tri do trong lwéi cang nhiéu, mirc do
thira cda tri do I} cang lén, tirc 6 sO tri do thira
l6mn.

(4) béi voi mot mang lwdi doc 1ap, mie do
thira cta trj do I} khong lién quan dén vi tri cia
moc goc hay méc co so. Gia thiét tong so tri do
trong lwdi 1a n, s6 tri do can thiét la t thi s6 tri do
thira va mirc do thira trung binh ctia tri do trong
lwéi dwoc tinh:

r=n-t (5)
_r

r=— (6)
n

Trong thiét ké toi wu, tly thudc loai hinh lwdi,
dé tri do c6 tac dung khdng ché tot, mic do thira
clia tirng tri do phai nam trong khoang (0.3,0.6)
(Tran Vinh Ky va nnk, 1996; Trwong Chinh Loc va
nnk, 2008). Néu ky hiéu mic do thira trung binh

cta tri do nam trong khoang tin cdy & trén la re,
thi ¢6 thé tinh dwoc s6 tri do cta lwéi n° ing véi
mirc do thira trung binh d6 la:
A )
1-r1
Vi du: lwéi dwong chuyén 1a lwéi cé rat it tri
do thira, trong Bang 1 thong ké cho ludi duwong
chuyén phu hgp (do hwéng), voi s6 lwgng diém
chwa biét trong lwéi khac nhau, s6 lwong tri do
khac nhau sé c6 mirc do thira trung binh cta tri do
khac nhau. Khi s6 diém chwa biét nhiéu hon 4,
mitc do thira trung binh 1a 0.2, theo chi tiéu do tin
cay thi khong nén st dung dwong chuyén phtt hop
thanh 14p lwdi thi cong va lwdi quan trac bién dang
cdng trinh day (Trwong Chinh Loc va nnk, 2008)

Bdng 1: Mikc do thira trung binh ctia dwong chuyén phi hop (do hwéng)

S6 diém chwa biét 1 2 3 4 5 6 7 8 9
n 8 11 14 17 20 23 26 29 32
r 0.38 0.27 0.21 0.18 0.15 0.13 0.12 0.10 0.09

=l
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3. Thiét k€ wu héa lwéi theo T

Nhuw da biét, chung ta str dung mot s6 chi tiéu
dé biéu thi chat lwong lwédi khdng ché. Can ci vao
yéu ciu khac nhau déi v&i lwdi khong ché, thuong
c6 4 chi tiéu chat lwgng 1a d6 chinh xac, do tin cy,
chi phi xay dung lwdi va tiéu chudn vé do nhay (déi
vOi lwéi quan trac bién dang). Do nhay cta lwéi
quan trac bién dang biéu thi kha nang phat hién
bién dang clia ddi twgng quan trac trén mot hwéng
da dinh nao dé. Cho nén, do tin cy ndi bd cla tri
do cung v&i d6 chinh x4c quan tréc, chi phi xay
dung lwdi va do nhay cla lwdi c6 quan hé chat ché
va mat thiét véi nhau. C6 quan hé dwoc don gian
héa, nhwng c6 quan hé rit khé dung phwong trinh
toan hoc dé biéu dat (Tran Vinh Ky va nnk, 1996).
Vi vy, c6 thé quy nap mikc tri do thira trong do tin
cdy cua tiét ké t6i wu nhw sau (Trwong Chinh Loc,
2001):

- Mot mang lwdi trac dia bat budc phai c6 mirc
do thtra ctia tri do khong it thi nhiéu, mirc do thira
cua tri do I} cang lén thi do tin cay clia lwéi cang
cao, nhwng chi phi xay dwng lwéi theo dé cling cao
do phai do nhiéu tri do.

- V&i mire do thira nhat dinh nao do cia tri do,
do6 chinh xac gitra cac tri do nén twong dong véi
nhau. Nghia 13, do chinh xac do gdc, do canh trong
lwdi phai pht hop.

- Dwa vao yéu ciu cua lwdi can thanh 14p (do
chinh x4c, do tin cdy, do nhay hay chi phi), tién
hanh thiét ké trén ban d6 két hop véi khao sat thuc
dia dé xac dinh phwong 4n ban dau. Tuy thudc may
moc thiét bi str dung do dac lwdi, can thiét ké do tat
ca cac tri do c6 thé (goc, canh, phwong vi) dé c6
mtrc do thiralén nhat cta tri do, thudn loi cho buéc
t61 wu lwdi.

- Uéc tinh lwdi theo phwong an thiét ké

ban dau, tinh dwgc mirc do thira trung binh
cta tri do [;.So sanh gia tri nay v&i khoang tin cdy
mitc do thira trung binh cta lwéi, phan tich lwéi
xem c6 thé t6i wu héa dwoc khong. Néu lwdi c6 da
diéu kién dé t6i wu hda thi chon mirc do thira trung
binh tdi wu nhé hon, tién hanh tinh toan lwoc b6t
tri do va wéec tinh lai lwéi xem cé dat yéu cau ban
dau dé ra khong; néu chwa dat yéu cau thi cin phai
diéu chinh lwdi roi tién hanh wéc tinh lai cho dén
khi dat yéu cau thi dirng.

4. Thwc nghiém thiét ké t6i wu lwéi thi cong
cong trinh cau

D€ minh chirng cho phan ly thuyét da trinh
bay, tién hanh thiét ké tdi wu theo tiéu chuin dé
chinh x4c vi tri diém mot lwdi khdng ché thi cong
cong trinh cau dwa vao chi tiéu mirc do thira trung
binh ctia tri do. Lwdi thiét ké gom 8 diém (ky hiéu
cacdiém luwdila A, B, C, D, E, F, G, H) trong d6 diém
A va B trung truc cidu nhw hinh 1. Theo quy dinh
quy pham thi d6 chinh xac diém yéu nhat cua lwéi
khong dwoc 16n hon 10mm. Chia thanh 2 phwong
an thiét ké thwc nghiém nhuw sau.

4.1 Thwc nghiém 1

Hinh 1. Lwdi khéng ché thi cong cdu

Lwéi do goc-canh véi 1 diém goc A va 1
phuong vi gid dinh AB c¢6 d6 chinh xac rit cao, s6
tri do goc la 34, so tri do canh la 20 nhw Bang 2.
Chon may Set2B v&i do chinh xac do goc 1a 27, do
chinh xac do canh la 3+2ppm dé tién hanh wéc
tinh. Mirc do thira trung binh cda cac tri do trong

thue nghiém nay 1a r° =0.75.

4.2 Thwc nghém 2

Lwéi do goc-canh véi 2 diém goc 1a A va B, s6
tri do goc trong lwdi 1a 34 va s6 tri do canh la 19,
van chon may Set2B dé wéc tinh. Mirc do thira
trung binh tinh dwocla F° =0.77.
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Sau khi thiét ké t6i wu lwdi voi mirc do thira
trung binh cta cac tri do 7° =0.50. Theo cong
thirc (7), thuwc nghiém 1 va 2 Ian lwot sé c6 28 va 24
tri do dworc lwgce bét. Cac tri do goc va canh lwoc
bét clia phwong an 1 va 2 1a cac tri do trong Bang
2, 3,4 va 5. Sau khi lwoc bét tri do tién hanh wéc
tinh lai lwdi, két qua dwoc tong hop trong Bang 6.

4.3. Nhdn xét

Tir két qua thue nghiém thiét ké t6i wu lwdi
tam giac ciu & trén c6 thé thiy:

- Tri do dworc lwgce bét c6 mirc do thira tir cao
xuéng thip va dwoc tinh theo (7);

- Thiét k€ lwdi ban dau cha hai thuwe nghiém cé
su khac biét khéng 16 nén két qua thiét ké téi wu
cling gan nhw nhau;

- S6 lwong tri do trwde va sau khi toi wu cach
biét twong d6i 1on, x4p xi 50% nhung van ddm bao
do6 chinh xac vi tri diém yéu nhit theo yéu cau ban
dau cua ludi;

- Thuwc nghiém nay chwa xét dén anh hwdng
cua vi tri tri do trong lwéi d6i vai két qua toi wu.

Bdng 2: Danh sdch géc do ban ddu va tri do lwoc bét thwe nghiém 1

STT "t | sia |phai| " 577 ‘wai |giom phit| " |STT| i | giva | phai |
1 D A 0.940| 13| H B A ]0949| 25| E F B ]0.949
2 B A C |0951| 14| H C A |0971) 26| B F A |0.759
3 C A H [0672) 15| A C B 0.841| 27| A F H 0.883
4 H A G |0.664| 16| B C E 10.825| 28| H F G 1|0.786
5 G A F 10.679| 17| E C D ]0.795[ 29| F G A |0.751
6 F A E 10.698] 18| C D B |0.768] 30 | A G H 0.751
7 E A D [0965| 19| B D A 10879] 31| G H F (0.768
8 A B F (0941} 20| A D E |0.712) 32| F H A ]0.859
9 F B E (0718 21| D E C |0.762) 33| A H B ]0.760
10 E B D 1]0.792| 22| C E B [0.842| 34| B H C 10961
11 D B C |0.759| 23| B E A ]0.849
12 C B H |0.702) 24| A E F 10.966
Bdng 3: Danh sdch canh do ban ddu va tri do lwoc bét thwe nghiém 1
grr | Diém | Diém | | gpp | Di€m | Diém || gpp | Diém | Diém |
dau cudi dau cudi dau cuodi
1 A D 0.786 B C 0.614 15 C H 0.712
2 A B 0.770 B D 0.651 16 D E 0.538
3 A C 0.753 | 10 B E 0.622 17 E F 0.688
4 A H 0.604 | 11 B F 0.700 18 F G 0.584
5 A G 0.610 | 12 B H 0.716 19 F H 0.624
6 A F 0611 | 13 C D 0.585 20 G H 0.582
7 A E 0.757 | 14 C E 0.629
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Bdng 4: Danh sdch goc do ban ddu va tri do lwgc bét thwe nghiém 2

ST\t | gia | phai | ® |57t | giwa | phai | " |STT| it | gioa | phéi | "
1 D A B |0940| 13| H B A 0946 | 25 | E F B | 0.954
2 A C |0953|14| H C A 10969 | 26 | B F A ]0.790
3 C A H (0684 15| A C B |0859] 27| A F H | 0.908
4 H A G |0645] 16| B C E [0835| 28| H F G | 0.768
5 G A F (068117 | E C D |0795| 29| F G A ]0.751
6 F A E [0701|18| C D B |0770] 30| A G H |0.798
7 E A D |0966| 19| B D A (088031 | G H F | 0.800
8 A B F 0945 20| A D E |0.713 | 32 F H A | 0.870
9 F B E [0721|21| D E C 1076233 | A H B | 0.754
10| E B D [0800] 22| C E B |0853] 34| B H C | 0.960
11| D B C |0771 23| B E A |0.873
12| C B H (0699 24| A E F |0.967
Bdng 5: Danh sdch canh do ban ddu va tri do lwoc bét thwe nghiém 2
grr | Diém | Diém | | gpp | Diém | Diém |, | gpp | Diém | Diém |
dau cudi dau cudi dau cudi
1 A D 0.846 B C 0.686 15 C H 0.538
2 A B 0.818 9 B D 0.640 16 D E 0.722
3 A C 0.585 | 10 B E 0.811 17 E F 0.576
4 A H 0.605 | 11 B F 0.845 18 F G 0.619
5 A G 0612 | 12 B H 0.586 19 F H 0.590
6 A F 0.815 | 13 C D 0.631
7 A E 0642 | 14 C E 0.750

Bdng 6: Bdng so sdnh cdc phwong dn thiét ké thuc nghiém

Thue nehiém _o | SO goc | S6 canh [S6 phwong vi| Tong s& | Sai s vi tri diém | Hiéu qua
¥C nghie r do do (giadinh) | trido | yéunhit(mm) (%)
Phwong an 'bAan dau 075| 34 20 01 55 5.0
thwc nghiém 1
Phwong arhton wu | 9 18 01 28 7.3 49.1
thwc nghiém 1
Phwong an .bAan dau 077! 34 19 0 53 48
thwc nghiém 2
Phwong an fon wu o0l 14 0 24 6.9 54.7
thwc nghiém 2
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5. Két luin

- Mirc do thira trung binh cta tri do 1a chi tiéu
quan trong trong thiét ké toi wu lwdi, tir gia tri nay
c6 thé tinh dwoc s6 lwong tri do sau tdi wu lwdi.

- Phwong phap nay chi cin lwong héa mét chi
tiéu la mirc do thira trung binh dwoc tinh tr mc
do thira cta cac tri do. Két qua téi wu khong phu
thudc vao kién thirc, kinh nghiém ctia nguoi thiét
ké& ma van cho két qua c6 tinh chit ché va théng
nhit.
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ABSTRACT

Optimal design of geodetic networks according the average
redundant of measurement

Khanh Quoc Pham
Faculty of Geomatics and Land Administration, Hanoi University of Mining and Geology, Vietnam

Concerning the optimal design of geodetic networks nowadays in Vietnam, both factual
constructions and theoretical studies are mostly based on the standard of accuracy, the reliability, the
sensitivity (in deformation monitoring) and the expended cost. Very few studies have applied the
redundant level of measurement, especially the average one of the network measurement. This article
analyzed the importance, the quality and the necessity of the redundant level of measurement in the
optimal design of geodetic networks. Consequently, the method of calculating the redundant level of
measurement has been suggested and considered as a standard in designing optimal networks. The
factual calculations of optimal network design in building bridge construction were used to prove the
study results.

Keyword: Optimal design, redundant level of measurement, average redundant level of
measurements


http://en.humg.edu.vn/history-of-humg/faculties/16-facilities-list/11-faculty-of-geomatics-and-land-administration.html

