TAP CHI PHAT TRIEN KH&CN, TAP 12, SO 18 - 2009

KHAO SAT PQ ON PINH MOC LUOI PQ CAO CO SO BANG THUAT TOAN BiNH
SAI LUOI TU DO

Pao Xuan Loc, Chu Manh Hung
Truong Pai hoc Bach khoa, PHQG-HCM
(Bai nhan ngay 06 thang 10 nam 2008, hoan chinh sira chita ngay 15 thang 04 nam 2009)

TOM TAT: Bai bdo trinh bay quy trinh tinh todn binh sai lwdi cao d ti do dé phan tich do on
dinh moc do cao co s0. Két qua khdo sdt tinh téan bang chwong trinh “CBSC1” véi ludi do lap cao do
gom 3,4,5 méc cho thdy so voi phuong phdp cao do trung binh va phuong phdp 1 méc goc dg léch do
cao tir 0.1 dén 0.2 mm .Do d6, c6 thé sir dung phwong phdp nay dé phan tich dg on dinh moc goc khi do

lin cong trinh.

Tir khéa: méc luéi do cao, a6 én dinh méc g(fc.

Phan tich, danh gia d6 6n dinh hé théng
méc gbe Iudi do cao co sé trong quan tric lan
cong trinh 13 yéu cu bt bugc[7], nhét 1a cac
cong trinh nha cao téng, cac nha may cong
nghiép, cd6 hé mong coc ving chic ma do Iun
tuyét dbi cua chung khong 16n .

Trong [1], [2] da trinh bay phuong phap
cao do trung binh hé thong mdc co s& va
phuong phap 1 mbc dé phan tich sy thay doi
cao d cac mbc gbe. Trong bai bao nay chung
toi ap dung thuat tdéan binh sai Iudi tu do dé
khéo sat cho mot sb loai ludi co s& dudi dang
cum 3 méc, 4 mbc hodc 5 mée 1a dang hay
ding ngoai thyc té san xuét hién nay.

1. T(’)M'TAT CO SO LY THUYET BINH
SAILUOI TU DO

Luéi d6 cao co s6 lugng mbe goc t6i thleu
1 moc 1a luoi ty do bac “0”, con so luong mbc
gbc 16m hon 1 1a lwéi phu thude. Néu ludi cao
do khong c6 diém gdc nao ca thi day chinh la
luéi tu do.

Ludi tu do c6 mot sb wu viét so voi ludi
phu thudc & ch5 Kkét qua binh sai khong bi anh
huéng sai sb s liéu goc, sai s6 trung phuong
cao d¢ dugc phan b6 déu cho cac diém trong
ludi, trong khi d6i voi ludi bac “0” thi sai s6
trung phuong cao do diém cang xa gbe €0 gia
tri cang 16n, diém cang gan goc sai sO cang
nh6. Nhu vay, d6 lon diém xa goc c6 d9 tin cdy
kém hon han so véi diém gan gdc. Tuy nhién,
sai s6 trung phuong ham tri do trong ca hai lugi
la nhu nhau. Ngoai ra, ca 2 truong hop déu
theo nguyén tic V'PV = min.

Khi binh sai luéi tw do v6i phuong trinh s6
hiéu chinh v=AAx+1 (1) thi s6 khuyét d>0 (dé
ludi cao d6 dipa=1), bd sung d phuong trinh:

C"AX+Lc=0 )

(P6i véi ludi dé cao thi tong cdc sé cdi
chinh véo cdc cao do bang 0)

Nghia 1a Lc=0.Ta c6 hé phuong trinh
chuan:

e o) o

Trong d6 K 14 vector 6 lién hé.

Ta c6 thé nhan thdy rang (3) chinh 1a hé
phuong trinh chuan khi binh sai tham s6 kém
didu kién ,c6 thé tham khao co so 1y thuyét
phuong phap nay tai muc 6.5.1 tr 172 trong
[3].Khi kém diéu kién (2)thi ma tran

CT

ma trin nghich dao tdng quat c6 dang:

R C .
R. = [ Oj khéng suy bién va do do,

RI=| BT @
T" 0
Theo[5] tr.84 T=B(C'B)" v
R = (R +CC’ ) —TT" . Noai voui 166ui

caofiod C'=B™=(111...1).

Nhu vdy, sau khi tim véc to 4n
Ax=—-Rb (5 quay lai (1) tinh cac sO cai
chinh V. Con sai s6 don vi trong sb 4 va
trong s6 dao ham Q¢ duogc tinh:
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[pv]
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ek +d (©)

0, =R.J" ()
Véi f 1a ma trdn hang dao ham

F OF /a
riéng [ = (5_ 5_ a—) n vak 1a tong tri

Ox, Ox, Ox
do va sb diém trong ludi. Can phai Ivu y thém
mot didu 1 gia tri d6 cao gan ding trong binh
sai ludi do cao tu do khong phai 1a gia tri gan
dtng nhu ludi phy thude ma do chinh 1a cao do
binh sai ctia lu6i bac “0” vi chinh diéu kién (2)
rang budc nguyén tic vira néu. Lay vi du ludi
¢6 3 mdc va do 3 chénh cao giira cac mdc nay
,néu chon ma tran ¢ —(1 1 1) nghia la sau binh
sa1 ludi tu do nay tong 6H1+6H2+6H3 = 0 hay
téng cao do gin dung H’bing tdng cao do binh
sai H™ Jhay:
H)+H)+H)=H"+H"+H (8

DPbi véi ludi co s¢ do 1an, véi cach lwa
chon ma tran C nhu trén c6 nghia la tdng cao
d6 cac méc ludi co sé chu ky sau bing tong
cao do6 ciia chinh cac mde nay & chu ky trude.
Céch lya chon nay chi ding trong truong hop
tat ca cac moc ludi co s& on dinh khong thay
ddi cao d6. Nhu vay, néu phat hién méc co so
nao do c6 dd cao bi thay ddi vuot qua gidi han
sai s6 do thi phai duoc loai, diéu nay déng
nghia véi viéc lya chon matran C. Vi du ¢ chu
ky 2 phat hién mdc s6 1 ¢6 dich chuyén, véy thi
ma tran

C"™=(0 1 1),néu chi phat hién mbc so 2 thay
dbi cao do thi C"™=(1 0 1),con néu chi mde sb 3
thay déi cao d6 thi C™=(1 1 0).

Nhu vy, v& mat 1y thuyét phuong phép
nay va phuong phap cao dd trung binh néu
trong [1] 1a twong ddng va dya trén co s6: cao
djp trung binh cdc méc géc éon dinh khong
thay déi giita cic chu ky do.

Tiéu chuén dé phat hién mdc bi dich
chuyén, thay d6i d6 cao qua gidi han la

|57 < 120, ©)

Trong d6 ASI.J%"’. = Hl:/ - IT‘II:F1
(10) 1a chénh Igch cao d§ méc I giira chu ky j-1
va J ,t theo ti€u chuan xay dung Viét nam béang
2, Qy la trong so dao cao d¢ i ( phan tir thir i

n

trén dudng chéo ma tran R ).

Nhu vay, dung thudt téan binh sai ludi tu
do dé khao sat sy on dinh moc cao dd co so co
thé tién hanh theo trinh tu sau:

1.Binh sai luéi tu do bac “0” cho chu ky
do 0. Co thé chon diém bét ky trong ludi do
cao co s& lam mde gbe dé binh sai.

2.Binh sai luéi tu do chu ky 1véi cao do
gin dung,lay két qua binh sai giai doan 1 va
diéu kién lya chon 14 ma trin C'= (1 1 ...
D(11) ddng nghia véi su lya chon 1a tong cac
sO cai chinh vao cac mdc cao do bang 0, két
qué binh sai tim dugc cac s6 cai chinh vao cac
cao do theo (5) va cao d6 binh sai ludi tu do
keém danh gia d6 chinh xac (6),(7);.

3XKiém tra d6 én dinh cac méc qua (9).
Néu tat ca cac méc ludi dd cao co s& théa man
(9) thi két luan luéi 6n dinh , khong c6 mbe
nao dich chuyén cao do hodc gia tri dich
chuyén bé trong pham vi sai s6 do.Néu méc J
khong théa (9) thi trong sy lya chon (11) ¢
phén tir j phai bang 0. Tién hanh binh sai lai va
kiém tra (9) cho dén khi cdc mébc dugc lya
chon 14 én dinh phai théa man (9).

4.Cac chu ky 2,3,4 vv... thuc hién cac
budc 3,4 theo trinh ty nay.

C6 moét thuc té& cn luu v 1a sau khi thuc
hién muc 3 néu trén c6 thé phat hién ) luong
mobc thay dbi cao d6 16n hon 1. Khi d6, phan tir
j trong (11) s& duoc chon cho mdc j c6 thay dbi
cao do 16n nhét, vi c6 mot thuc té 1a cao do
mdc j thay ddi 16n s& c6 phan tmg dén cac mébe
khac trong ludi nhu phan tich trong [2]. Chi
sau su lua chon nay binh sai lai ludi ma mde
gbc nao do van khong théa (9) thi moi bd sung
Ira chon tiép theo va binh sai tiép.

Dua trén co s thudt téan binh sai ludi ty
do, ching t6i da viét phan mém “CBSC1” dé
xt 1y tinh toan.
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2. KHAO SAT PQ ON PINH MOC GOC

CUA MOT SO DANG LUOI

chy Vi du tr.112 [2] v6i s6 liéu bang sau:

Chu h;,mm h;;mm hy;mm

ky
1 +0,90 -0,34 -1,24
2 0,82 -0,50 -1,32
3 0,76 -0,58 1,34
4 0,62 -0,78 -1,40
5 -0,24 -0,86 -0,62
6 -0,40 0,96 0,56
7 -0,52 -1,12 -0,60
8 -0,68 -1,22 -0,54
9 -0,34 -1,28 -0,46
10 -1,00 -1,48 -0,48
11 -1,04 -1,98 -0,94
12 -1,08 -2,00 -0,92

Phuong phap 1 moc goc

H1 H2 H3 H1
0.00 020 034 0.00
0.08 0.20 0.42 0.0s
0.14 0.0 0.44 013
0.23 0.20 -0.50 0.24
0.36 0.12 -0.50 0.28
0.46 0.08 050 032
058 0.05 054 0.41
0.68 0.00 054 0.50
0.74 -0.03 0.54 0.57
0.92 -0.03 -0.56 0.69
0.96 -0.03 -1.02 0.70
1.00 -0.038 -1.00 0.71

Qua lgét qgé khao sat, dd thi bién ddi cao
d0 cac moc thé hién & cac hinh 2,3,4.

Phuong phap bs luai tu do

M,

Hinh 1

 Két qua khao sit do On dinh 3
mocM;,M,,Mj; theo 3 phuong phap duogc trinh
bay ¢ bang dudi day:
phuong phap cao do th

H2 H3 H1 H2 H3
0.80 0.34 0.00 0.0 -0.34
0.s0 0.42 0.0 0.20 -0.42
0.89 0.45 0.1z 0.85 -0.44
0.86 0.54 0.24 0.86 -0.54
0.04 0.58 029 0.05 -0.689
0.0z 0.60 0.35 0.05 -0.61
0.0 0.66 0.45 0.04 -0.6B
0.09 0.65 0.55 0.13 -0.68
.17 067 0.61 0.23 067
4. 0.74 0.76 0.24 0.73
.22 -1.22 .77 0.27 -1.21
0.23 -1.22 0.80 0.23 -1.21

Cao do moc H1
1.20
1.00
0.80
) - - - —e— 1 moc goc
S
o 0.60 1 —=— b/s luoi tu do
0.40 /0/:/'/ co do trung binh
72;/
0.20
n
0.00 +— T
1 2 3 4 5 6 7 8 9 10 M 12
chu ky
Hinh 2
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cao do moc H3
0.00 : ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
_0'207123456789101112
0401 "N_‘_‘\o—o—o\* ——
— 1 moc goc
9 -0.60 D Pp 1 moc g
o —~a —=— bs luoi tu do
S -0.80 | )
pp do cao trung binh
-1.00 e
-1.20 y——y—
-1.40
chu ky do
Hinh 3
cao do moc H2
1.00
r
0.80 +
0.60
-8 0.40 | —e—pp 1 n.“uoc goc
o —=—bs luoi tu do
§ 0.20 1 pp do cao trung binh
0.00
-0.20 - 1
-0.40
chu ky
. Hinh 4
D¢ khao sat ludi c6 4 moc ,chung toi lay rang hy,hs.,hs3 phai thay d6i dau so védi so
két qua do tai tr.45[7] cho 4 chu ky .Can luu y liéu & [7]. SO liéu do tir tr.45 [7](don vi mét)

Tuyendo sotramdochuky 1 [chuky2 chukyd chukyd

W1-M2 1 086856 08633 -08R05 086752
Wd-M3 1 020413 020423 020433 020448
W3-M1 1 04531 045351 045337 045304
W1-M2 1 02133 021084 021043 020781
W2-h3 1) 166451 -0 RB4RE -0RRITA -0.6R319
Két qua binh sai theo 2 phwong phap trinh
bay tai bang sau (d:
Phuong phap 1 moc goc Phuong phap bs luoi tu do
Hrn1 Hrr2 Him3 Hrrid Hr1 Hrr2 Him3 Hrrid
Chu ky1 722500 7436200 BY7152 BSET36 722500 7436200 BY7152 BAETAT
Chu ky2 722500 743508 B77152 BAET4 7225100 743509 B77154 BG5ET46
Chu ky3 722609 743551 BYT17Y BAET4S 722602 743544 BYTI70 BAETIR
Chuky 4 722609 7435000 B.77194) GAET4T 722495 743487 B8 G673
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Ket qua tai [7]
Hrn1 Hrn2 Hm3 Hrmd
7.22800 7436200 B.77150 5.56730
722510 743800 6.77150 5.56740
722490 7435300 B.77160 B.56730
7.22490 743480 B.77170 6.56720

lech cao do tu phuong phap Tmoc goc va bs luai tu do lech cao do tu[/] va bs luai tu do

lech HT  lech H2  lech H3  lech hd lech H1  lech H2  lech H3  lech hd
Chu kyl 0000000 000000 000000 -0.00001 0.000000 0000000 -0.00002 0 -0.00007
Chuky2 000001 -000001 -D.00002 -0.00002 0.000000 000001 -0.00004  -0.00008
Chuky3 000007 000007 000007 O.00007 -0.000120 000014 -0.00010 -0.00008
Chukyd4 = 000014 000013 000013 000013 -0.00005 000007 -0.00011 -0.00014

do tinh lai cac chénh cao “do” va ) luong mf}c
dich chuyén t6i da la 2 (dam bao s6 moc
chuyén dich nhoé hon 50% tong s6 moc).

Mb hinh 1i¢i 5 diém, 10 chu ky do Hinh 5
duoc xay dug nhu sau: Cao do céc diém cac
chu ky do duogc cho, nghia la gia tri ‘dich
chuyén” thyc giita cac chu ky do dugc biét, sau

4?%
i

M3

Hinh 5 ) .
Két qua tinh dich chuyén theo phuong

Két qua tinh dich chuyén theo phuong phap binh sai luéi tur do (mm):

phap 1 mbe géc:

[Chuky| MI M2 M3 M4 M5 [Chuky] M1 M2 M3 M4 M5
| 1| 0.000.00 0.00 0.00 0.00 | 1] 0.0 0.00 0.00 0.00 0.00
[ 2] 0.05-0.03-0.03-0.05 0.06
| 2| 008000-0.01-002 009 | 3] -0.05-0.03 0.06-0.53 -0.33
[ 3] 0.080.09 0.18-041-0.21 4] 006005002 095064
| 4 | 0260.150.18-0.78 -0.44 | 5] -0.03-0.07 0.08-1.51-1.73
[ 5] 0.700.66 0.81-0.78 -1.00 | 6 0.08-0.07-0.02-245-258
[ 6 | 0.900.75 0.81-1.63 -1.75 | 7] -0.03-0.05 0.07-3.41-3.77
8|  0.06-0.09-0.03 -3.50 -3.63
0.90 0.88 0.99 -2.48 -2.84 |
' ; | 1(9)3088 033 ST | 9] 0.02-0.04-0.00 -3.45 -3.72
| 8 | 020,86 V75 2203 -~ [10 | 0.07-0.09-0.03 -3.50 -3.65
[ 9] 096090 0.93-2.51-2.78
[10 |  1.030.87 0.93-2.55-2.68
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Do lun thyc :

[Chuk M1l M2 M3 M4 MS
| 1| 0.00 0.00 0.00 0.00 0.00
| 2| 0.01 -0.01 0.01 -0.02 -0.02
| 3] 0.02 -0.02 0.02 -0.56 -0.24
| 4| 0.03 -0.03 0.03 -0.95 -0.71
| 5| 0.05 -0.05 0.05 -1.53 -1.63
|
|
|
|
|

6] 0.05 -0.04 0.04 -2.41 -2.65
7] 0.04 -0.04 0.03 -343 -3.67
8] 0.04 -0.05 0.03 -3.45 -3.69
91 0.04 -0.04 0.03 -347 -3.71
10| 0.04 -0.05 0.03 -3.47 -3.72

3.KET LUAN

Véi két qua khao sat cho cac loai ludi do
cao co s& 3 mbe, dd 1éch cao dd cac mbe giira
phuong phap cao do trung binh va binh sai ludi
tir do 14 rat bé vi ban chat 2 phuong phap nay 1a
cao d¢ trung binh cia cac méc co s& on dinh,
gitta 2 chu ky khéng thay dbi. Do léch 2
phuong phap nay so véi phuong phéap 1 diém
gbc co 16n hon, nhung khong qua 0,2 mm. Do
léch nay tang dan, khi s6 chu ky do ting lén.

D6i voi ludi co so cd 4 mde gbe, birc tranh
bién d6i cao do cling tuong tu. DY 1éch Kkét qua

binh sai luéi tyr do qua phan mém “CBSC1” do
chung t6i viét va [7], trong pham vi 0.14 mm.
Nguyén nhan chinh, theo ching t6i, 14 sai s6
lam tron s6, vi s liéu binh sai tai [7] chi liy 4
sb 1é.Ngoai ra, do chinh xac cac moc cao dg,
sai s& don vi trong s6 tir [7] va sb lidu chung t6i
tinh 1a hoan toan phu hop.

Dbi véi lusi 5 diém 10 chu ky do, két qua
tinh cho thay d¢ léch giita tri dich chuyén thuc
va dich chuyén qua sir dung thuat toan binh sai
lusi tu do 1a rat bé nho hon 0.1 mm. D léch
giita phuong phap 1 mot mbe gbc va phuwong
phéap binh sai ludi tu do dat t6i don vi mm cho
nhitng chu ky cubi. Qua khao sat nhan thy st
dung thuét toan binh sai ludi tu do dé danh gia
6 6n dinh méc gdc 1a hoan toan hop 1y.

Diéu nay cho phép co thé ding phan mém
“CBSC1” do chung t6i viét dé& xur 1y sb lidu
ludi co so va phan tich d6 6n dinh mdc goe dé
lam s6 lidu géc chinh x4c nham xir 1y ludi quan
trac ln cong trinh.

Ciing can luu ¥ rz"mg tat ca cac phuong
phép néu trén chi c6 thé phat hién néu s6 lugng
mdc bi dich chuyén nho hon 50% téng s6 mébc
ctia ludi, vi thé khi xdy dung ludi co s phai
thiét ké két cAu mdc va chon lva vi tri dit méc
that 6n dinh.

ESTIMATION OF BENCHMARK’S STABILITY BY ADJUSTMENT OF FREE
GEODETIC ELEVATION BASE NETWORK

Dao Xuan Loc, Chu Manh Hung
University of Technology, VNU-HCM

ABSTRACT: The paper presents a procedure to estimate benchmark’s stability by adjustment of
free geodetic elevation base network. The changes of adjusted heigh by software “ CBSC1” for free
networks consisted 3,4,5 benchmarks are 0.1-0.2 mm when to compare this method with a method one
benchmark is unchanged in height and method the mean of heigh for benchmark group is unchanged .
So, we can use this method for estimation of benchmark’s stability when to measure settlement for

engineering constructions.
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