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UNG DUNG PHUONG PHAP PELZER
KIEM NGHIEM PQ ON PINH PIEM LUOI CO SO
TRONG QUAN TRAC BIEN DANG CONG TRINH
PHAM QUOC KHANH!?, ZHANG ZHENGLU?
! Bai hoc Mé-Pja chat,
2Hoc vién Trdac Héi-Bai hoc Vii Han-Trung Quac
Tom tit: Phuong phap Pelzer (con 9oi la phwong phap Hannover hodc phwong phap chénh léch
trung binh) ¢é dé tin cdy cao trong klem nghiém dé on dinh diém luéi co so quan trac bién dang
cong trinh. Phuwrong phdp nay bao gom 2 bude co ban 1a “kiém nghiém tong thé” va “kiém nghiém
cuc bg” mang ludi. Bai bao gigi thiéu nguyén ly co bdn cia phuwong phdp chénh léch trung binh,
thong qua vi du thuc té trong quan trdc bién dang dé phan tich, chizng minh ¢ng dung cia phirong

phéap.

1. Mé dau

Mot trong nhitng muc dich chu yéu cua
cong tac quan triac bién dang cong trinh 1a xac
dinh bién dang hinh hoc cua ddi twong quan
trac. Do d6, mau chét cua xu ly sé liéu quan
trac bién dang Ia phai tinh duoc lugng chuyén
dich thyc cua diém quan tric. Vi lugng chuyén
dich cua diém quan tric duoc tinh dya vao diém
lu6i co s nén néu diém co so bi chuyén dich
s& anh huong tryc tiép dén két qua tinh toan cua
diém quan trac. Ngoai ra, hé tham khao khac
nhau, phuong phéap binh sai cling khac nhau.
Hién nay thuong sir dung 3 phuong phap binh
sai la binh sai gian tiép, binh sai luéi tu do va
binh sai ludi ty do dya trén cac diém ludi 6n
dinh [1], con goi la phuong phap binh sai gidn
tiép kém diéu kién, dé xur ly 50 lieu quan trac;
twong tng Vai viéc chon gbc ¢ dinh, gdc trong
tam va goc 1 trong tdm cua cac diém ludi 6n
dinh. Vi vay viéc chon phuong phap binh sai
nao dé tinh toan luong chuyén dich cua diém
lugi quan tric phy thugc vao viéc phan tich do
6n dinh caa ludi co so ¢ chinh xéac hay khéng?

Pé giai quyét vin dé trén, nha tric dia
nguoi buc Pelzer thudc truong dai hoc
Hannover nam 1971 di d& xuit phuong phap
chénh Iéch trung binh (hay con goi la phuong
phap Hannover hodc phuong phéap Pelzer),
phuong phap nay ung dung ly thuyet kiém
nghiém thong ké phan tich d6 6n dinh diém ludi
co s0, dang duoc (ng dung rat rong rai trén thé
giai.

2. Nguyén ly cia phwong phap chénh léch
trung binh

Nguyén ly co ban cia phuong phap nay la
truéc tién kiém dinh tinh théng nhat @6 hinh
cua hai chu ky can phan tich (xem sé luong
diém co so cua 2 chu ky va do chinh xéac do dac
c6 giéng nhau khong). Sau d6 s& kiém nghiém
téng thé. Néu kiém nghiém duoc chap nhan thi
xAc nhan tat ca cac diém ludi co so déu on dinh.
Nguoc lai, can phai tim diém khdng 6n dinh
thong qua “kiém nghi¢ém cuc bo”. Budc nay
duoc tién hanh kiém tra tv diém ludi co do
chuyén dich I6n nhat, sau khi loai trir diém
khong 6n dinh, Iap lai qua trinh néi trén cho dén
khi kiém nghiém théng qua thi ding [2,3].
2.1. Kiém nghigm téng thé

Gia thiét 1, j 1a hai chu ky quan tric ¢ thoi
diém khac nhau, tién hanh kiém nghiém tong
thé mang ludi 2 chu ky, dua vao két qua binh
sai ludi hoan toan ty do cua méi chu ky, théng
qua sb cai chinh va ma tran trong sé cua cac tri
do tinh duwoc phuong sai trong sé don vi lan
luot la:

VPV)!
ue =PV : )
. (VPV) @
Hj:T

J
trong d6, f, vaf;1a sé tri do thira cua chu ky 1
va chu ky j. Thong thuong, cb géng sao cho do
chinh x&c quan trac caa 2 chu ky khac nhau la
twong duong nhau, nhung do anh hudng cua sai
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s6 nén phuong sai wéc lwong khdng thé nhu
nhau, khi do, truéc khi ap dung phuong phap
chénh léch trung‘b‘lnh, can kiém nghiém d6
chinh xdc twong dong cua 2 chu ky, phuong sai
trong so don vi lién hop duoc tinh nhu sau[1,5]:
V'PV)' +(V'PV)

2 _(VPVY) f (VPV) @)

trong do, f =f, +f;. Dua vao két qua sau binh

sai ciia 2 chu Ky quan tric tinh duoc véc to hiéu
toa d6 gita 2 chu ky (hay goi la khoang chénh
lach) 1

A A

d=X-X, . @3)
Ma tran hé s trong sb cua khoang chénh
léch dla Q, =Q,+Q; . 4
Phuong sai cua khoang chénh léch d
TA+ T
Mg =% hodc u; =% , (5)

trong d6, P, =Qy, voi Qg 1a ma tran nghich

dao téng quat cua Q,, f,1a sd lugng s6 higu

chinh toa d doc lap d. ,
Dung phép kiém dinh F, lap lugng thong ké

2
T=-H 6)
u

Tai gia thiét goc H,, vi tri cac diém giira 2
chu ky quan trac déu on dinh, luong thong ké T
tuan theo luat phan phdi Fvéi bac ty do 1a
(f,,f), muac tin cay o thuong lay 0,05 hoic
0,01. Tir d6 tra bang dé co duogc gia tri tuong
tng. Néu T <F(o;f,,f)thi chap nhan gia thiét
gdc, tic 1a cac diém cla ludi co sé déu on dinh;
nguoc lai, bac bo gia thiét goc, kiém nghiém
tong thé khong thong qua, tic trong ludi co
diém khdng on dinh, can tim va loai trir diém
khéng 6n dinh. Kiém nghiém cuc bo trong
phuong phap chénh 1éch trung binh cho phép
tim ra cac diém khéng on dinh.
2.2. Kiém nghigm cuc bg

Gia thiét diém ludi co s¢ phan thanh 2
nhom 1a nhém on dinh mang chi s6 F, nhom
chuyén dich mang chi sé M, tuong tng c6:

d= dF +_ Pee  Peu 7
_dM’Qd_PMF Pum . "

Thuc hién bién déi sau:
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{ aM =dy + Pl\_/I}\/IPMFdF (8)
Pee = Pee = Pew PI%AMPMF

Thu duoc:

dTdi = d-llz-ﬁFFdF + a& PMMaM . ©)

Tinh (dfPdy): V6i i=12,...,t(t 12 sb
diém ludi). Diém nao c6 (d),P,,,d,,); dat gia tri
ctic dai dwoc nghi ngo 1a diém bi chuyén dich,
loai bo dieém nay, tien hanh lap lai qua trinh trén
V6i cac diém con lai, khi do:
chm

2 H

n

T, = (10)

=
trong do, ;,Lifl :% ,

. fy, =f,—1 doi voi
df
lu6i co s¢ quan trac lun; f, =f,—2 déi vei
lu6i co so quan trac chuyén dich ngang. Khi
T, <F(o;f,,f) nghia la cic diém con lai trong
ludi déu 6n dinh, qua trinh phéan tich d¢ 6n dinh
ket thic, nguoc lai s€ loai bo diém bi chuyén
dich, tiép tuc !(iém nghiém. Qua tr‘|7nh nay lap di
13p lai cho dén khi khong con diém nao trong
luéi bi chuyén dich dung lai.
3. Vi du &ng dung

Hinh 1 1a ludi thuy cong thuy dién song
Hinh, ndm 1996 dugc do kiém tra nham déanh
gia do on dinh cta hé thong diém ludi co s¢ dé
chuan bi cho cdng tac quan trac bien dang tuyén
dap dang duoc thi cong cta nha may thuy
dién[4]. Luoi duoc do voi d chinh xéc do goc
la m, =15 , d6 chinh xac do canh la
m, = (5+2.D)mm. Bang 1 va bang 2 1a s6 li¢u
do dac cua 2 chu ky quan tric.

Hinh 1. So db lugi quan tric bién dang
thay dién song Hinh



3.1. Kiém nghigm tong thé mang luéi

Duya vao toa do cac diém da c6 va sé lidu do dac, tién hanh binh sai gian tiép phu thuoc mang
ludi, toa do sau binh sai cua cac diém ludi duoc 13y 12 toa d6 gan dung dé binh sai ludi ty do cho ca
chu ky 1 va chu ky 2. Bang 3 1a toa d6 gan dung, bang 4 1a két qua binh sai luéi tu do, lwong
chuyén dich caa cac diém luéi chu ky 1 va chu ky 2. Dua vao toa d6 binh sai cac diém luéi cua 2
chu ky tinh duoc luong chuyén dich cta diém luéi co so 1a:
d=(-11 11 -14 -56 -07 74 -34 77 -121 -59 45 26 116 -112 26 38)

Tir d6 tinh dugc phuong sai cua khoang chénh léch d

d'Q;d 123.78
f, 16

pg =

=17.74

Phuong sai trong s don vi lién hop cia 2 chu ky 1a:

H f

Thanh lap luong théng ké

2
Tz“—g=ﬂ=3.41
ne 227

TP\ TP\/\2
2:(V PV) +(V'PV) _ 907

Do T =3.41> F(0,05:16,48) ~ 2.0 nén nghi ngd d&ém ludi co s& bi chuyén dich.
Bang 2. S liéu do canh

Bang 1. S6 liéu do goc

Tén goc Giatrigoc (°° ) T Tén canh Giatricanh (m)
TT | 14 Giga Phai | Chukyl [ Chuky2 D dau P Cudi | Chukyl Chuky 2
ua Fha (5/1992) (6/1996) 1 1 2 630.578 630.589
1 2 1 3 5152 07.17 5152 09.54 2 1 3 552.205 552.073
2 3 1 4 78 40 41.46 78 40 37.16 3 1 4 654.026 654.023
3 4 1 5 75 18 33.47 75 18 35.20 4 1 5 739.995 740.025
4 5 1 6 58 47 20.38 58 47 21.65 5 1 6 583.878 583.878
5 6 1 7 56 04 19.10 56 04 16.77 6 1 7 1370.978 1370.990
6 71 2 39 16 58.42 3916 57.69 7 2 3 522.061 522.073
7 3 2 1 56 1817.73 56 18 18.23 8 2 7 968.958 968.974
8 1 2 6 4019 00.10 4019 01.42 9 5 4 854.338 854.348
9 6 2 7 76 03 59.47 76 04 02.69 10 5 6 663.873 663.880
10 4 3 5 4136 41.72 41 36 43.56 11 8 4 426.762 426.757
11 5 3 1 1455 41.61 14 55 41.00 12 8 5 656.858 656.858
2 | 1 3 2 7149 35.75 7149 29.60
13 | 8 4 5 48 46 30.22 48 46 25.35 , , X ,
4 [ 5 4 1 56 54 56.40 56 54 56.31 Bang 3. Danh sach toa d6 gan dung
15 1 4 3 44 46 55.00 44 46 53.75 Toa dd gﬁn dﬁng (m)
6 | 6 5 1 48 46 56.00 48465213 T X Y
7 | 1 5 3 1105 01.33 1105 01.42
8| 3 5 4 36 4127.02 36 4127.16 1 | 29644.546 | 7440123
19 | 4 5 8 2915 09.10 2915 01.87 2 30267.820 | 7344.168
20| 7 6 2 54 43 45,32 54 43 43.68 3 | 30047.671 | 7817577
21 | 2 6 1 4419 41.30 4419 4545 4 29299.920 | 7995.994
2] 16 5 7225 44.11 72 25 47.20 5 28937.206 | 7222.414
23 | 2 7 1 2420 00.85 241957.31 6 29502.235 | 6873.817
24 | 17 6 24521538 245213.76 7 30561250 | 6420.727
%5 | 5 8 4 10158 20.19 101 58 24.96 8 | 28889.881 | 7877.607
Bang 4. Toa d¢ sau binh sai va lugng chuyén dich cia cac diém ludi
Toa d6 sau binh | Toa do sau binh sai Luogng chuyén dich
TT sai chu ky 1 (m) chu ky 2 (m) (mm)
X Y X Y AX AY AP
1 296445268 | 7440.1109 | 296445257 | 7440.1120 11 1.1 16
2 30267.7758 | 73441727 | 30267.7744 | 7344.1671 14 56 5.78
3 30047.6084 | 7817.5385 | 30047.6077 | 7817.5459 07 74 75
4 20299.9338 | 7995.9813 | 29299.9304 | 7995.9890 34 77 8.4
5 28937.2550 | 72224554 | 28937.2429 | 7222.4496 12.1 5.8 134
6 20502.2264 | 6873.8355 | 29502.2309 | 6873.8381 45 2.6 52
7 30561.2815 | 6420.7313 | 30561.2931 | 6420.7201 11.6 -11.2 16.1
8 28889.9214 | 7877.6014 | 28889.9240 | 7877.6052 2.6 3.8 46
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3.2. Kiém nghigm cuc bg mang luwéi

Pé xé4c dinh trong ludi diém nao 1a diém bi
chuyén dich, dau tién 1y diém c6 do chuyén
dich 16n nhat - diém 7 - dem kiém nghiém, theo
cong thirc (7) dén (9) tinh duogc luong théng ké

T, = lef1
u

=9.13 > F(0,05:14,48) ~ 2.0

chang to diém 7 bi chuyén dich. Loai bo diém 7,

V6i céc diém con lai, diém 5 1a diém c6 luong
chuyén dich I6n nhat, lap lai cach tinh trén thu
duoc lugng thong ké:

2
Har,
T,=—

1l

=6.67 > F(0,05,12,48) = 2.0

Két qua cho thiy diém 5 ciing 1a diém bj
chuyén dich. Tiep tuc phép lap véi diem 4,
luong thong ké la:

2

Mot. _1 27 < F(0,05:10,48) ~ 2.18

T, =

Két qua lan lap tht 3 minh chuang diém 4
1a diém on dinh, tir d6 di dén két luan, cac diém
1,2, 3, 6, 8 déu on dinh.

Nhu vay, thong qua phuong phép chénh
léch trung binh phan tich d6 6n dinh diém ludi
co so thuy dién song Hinh d3 phat hién 2 diém
khong 6n dinh 1a diém 5 va diém 7, cac diém co
s& ¢con lai déu 6n dinh, cé thé dang lam géc cho
mang lugi quan tric. Tién hanh binh sai lui ty
do dua trén cac diém co s& on dinh, toa do sau
binh sai va luong chuyén dich cia cac diém
lu6i co so sau khi loai bo diém khong on dinh
dugc trinh bay trong bang 5. Két qua tinh toan
trong bai bao dugc so sanh vai két qua tinh toan
trong [4] cho thiy phuong phap nay hoan toan
c6 thé ing dung trong thuc té san xuat.

Bang 5 Toa d9 diém ludi sau binh sai chu ky 2 va lugng chuyén dich

Toa d sau binh sai Luong chuyén Ghi chi
T chu ky 2 (m) dich (mm)
X Y AX | AY P
1 29644.5257 74401092 -11| -17 2.0
2 30267.7746 73441650 -1.2| -758 7.9
3 30047.6074 78175436 -1.0 5.1 5.2
4 29299.9299 7995.9858|  -4.0 45 6.0
5 28937.2431 72224461 -119| -93| 151 Piém khong én dinh
6 29502.2315 6873.8351 51| -04 5.1
7 30561.2942 6420.7182| 12.7| -13.1| 183 Piém khdng én dinh
8 28889.9236 7877.6016 2.2 0.2 2.2

4. Két luan

1) Phuong phap chénh 1éch trung binh co ly
luan chat ché, do tin cay cao nén duoc ung dung
rong rai dé phan tich do on dinh diém luéi co so
trong quan tric chuyén dich bién dang cong
trinh.

2) Mac du ly thuyét va cong thic tinh toan
ctia phuong phéap nay twong dbi phuc tap nhung
hoan toan c6 thé khac phuc trong qué trinh lap
trinh trén may tinh.

3) Nhuoc diém cua phuong phap Pelzer 1a
khi do hinh lu6i co s¢ khong thong nhat, ¢6 1
hoac mét sé diém bi mat, 1 hodc mot sé hudng
bi che khuét...s& khong thé &p dung phuong
phap nay, vi cac cdng thue trén khong tinh duoc,
can lya chon phuong phap khac phu hop hon
véi diéu kién thyc té.
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SUMMARY
Applying Pelzer method in controlling experiment of datum point stability in deformation
monitoring projects
Pham Quoc Khanh'? Zhang Zhenglu?
! University of Mining and Geology
2 School of Geodesy and Geomatics, Wuhan University, China

Pelzer method (known as Hannover method or method of average difference) which have high fail
safety in controlling experiment of datum point stability in deformation monitoring projects. This method
include two basic steps of “whole test” and “local test” web. This article will introduce the fundamental

principle of Pelzer method and through actual examples of deformation monitoring projects we will analyse
and demonstrate applicability of this method.
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