
IMI UUNt7 XAY LAP - KIEM OiNH CHAT LUONG 

K ' 

TINH TOAN VA PHAN TICH DANH GIA THONG SO 
* ' 

CHUYEN DICH NGANG CONG TRINH 

ThS. TRAN NGOC DONG 
Vien KHCN Xay dung 

Tom tat: Trong bai bao nay, tac gia thnh bay mgt 
so ngi dung ve tinh toan thdng so chuyen dich cue bg, 
chuyen dich tong the cua cdng trinh, phan tich d^nh 
gia m&c do tin cay cac thong so chuyen dich cua diem 
quan trac va viec ap dung phan mem do hga the hien 
dien bien chuyen dich cCta diem quan trac va cQa ca 
cong thnh de cho chimg ta biet chi tiet va tong quan 
ve qui tnnh chuyen dich cua cong trinh. 

l.Datvande 

Trong edng tic quan trac chuyin djch ngang edng 
trinh ehiing ta can tfnh toan thong sd ehuyen djch cue 
bg va thdng sd ehuyen djch tdng th i eiia cong trinh de 
thi hien do chuyin djch ciia cong trinh. Cae thdng sd 
ehuyin djch eiia dilm quan trac can dffgc phin tich 
danh gii xem gii trj chuyin djch ciia dilm d6 la nam 
trong sai sd do hay vffgt ra ngoai sai sd do, tff dd 
khang djnh dilm quan trac bi ehuyin djeh hay khong 
chuyin djeh. Mat khae, chung ta ed the th i hien diin 
bien chuyen djch ciia dilm quan trac v i ciia ca cong 
trinh thdng qua phan mem dd hga d l cd cai nhin tdng 
quit v i trffc quan ve chuyin djch ngang cong trinh. 

2. Tfnh toan cac thong so chuyen djch cue bo 

Cac tham sd chuyin djch cue bg cong trinh bao gdm: 
chuyin djch theo hffdng tme tga do v i ehuyin djeh theo 
hffdng ap lge. Cae thong sd niy dffgc tinh eho tffng diem 
quan trac bang each so sanh tga do cae dilm trong 2 
ehu ky do. Cu thi gia trj chuyin djch tffng dilm quan trac 
dffgc tinh theo cac cong thffc sau (hinh 1): 

2.1. Chuyen dich theo hffdng true tpa dp 

- Chuyin djeh theo hffdng true X: 

Qx = XG)-X(i) (1) 

- Chuyin djeh theo hffdng true Y: 

Qy = Y(j)-Y(l) (2) 

- Gia trj veeto ehuyin djeh toan phan 

(3) 

Hffdng chuyin djch cua dilm quan trac 

Qy 
a = arete ^=^ 

Qx 
(4) 

Trong cac eong thffe (1), (2), (3) v i (4): XG), YG), 
X(i), Y(i) la tga do dilm quan trac dugc xic djnh trong 
hai ehu ky i v i j tffong ffng. 

2.2. Chuyen djch theo hffdng ap Iffc Idn nha't 

Ddi vdi eie eong trinh ehju tae dgng theo hffdng ap 
Iffc ngang thi ehuyin djeh can quan tim nhat la 
ehuyen djeh theo hffdng tie dgng eiia ip lffe ldn nhat, 
vi vay can phai tfnh gia trj chuyen djeh theo hffdng. 

Khi phin tich veeto ehuyin djch theo hffdng ldn 
nhat (cp) se xac djnh dffgc hai thinh phan chuyin djeh, 
ddla: 

Chuyen djch theo hffdng ap Iffc (ky hieu Qcp). 

Chuyin djeh theo hffdng vuong gde vdi hffdng ap 
lffe (ky hieu Qt). 

Qcp = Qx.Cos((p) + Qy.Sin((p) (5) 

Qt = Qx.Sin(cp) - Qy.Cos(cp) (6) 

2.3. Danh gia mffc dp tin cay gia trj chuyen djch 
ngang cQa cac diem quan trie 

Tff cdng thffc (1) v i (2), sai sd trung phffong xac 
djnh chuyin djch theo phffong X va phffong Y dffgc 
tinh theo cdng thffc sau: 

m Qx -i 2 2 

m. +m. 

m. 1^1+ml 
(7) 

Hinh 1. Sa do chuyin dich ciia mot diem tmng he toa do phang 

Co the khang djnh la cd chuyen djeh nlu ban thin 
gla trj chuyin djch cd trj tuyet ddi ldn hon k lan sai sd 
trung phffong cua chiing, trong dd k = 2^3, tffc la: 
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Ox > k.m^ 

Or > k.m, 
(8) 

Co the nhan tha'y rang each xac dinh vecta chuyen 

dich neu tren chi' dung khi gia thie't sff dn djnh ciia sd 

lieu goc khdi tinh trong ca hai chu ky la dn dinh. Vi 

vay, trong mdi chu ky quan trac chiing ta can do dac, 

tinh toan binh sai danh gia do dn djnh ciia cae mdc 

chuan, tim ra nhffng mdc chuan dn djnh lam sd lieu 

goc khdi tinh cho chu ky quan trac do. Mgt trong 

nhffng phuong phap hien nay thuong dung de phan 

tich danh gia dp dn dinh ciia cac mdc chuan la phuang 

phap binh sai luoi tudo. 

2.4. Vi du ap dung tinh toan cac tham sd chuyen 

djch cue bp va danh gia dp tin cay gia trj 

ehuyen djeh eua diem quan trac 

Sd lieu quan trac chuyin dich ngang ciia md cau 

Ml (QT5, QT6, QT7 va QT8) va md cau M2 (QT1, 

QT2, QT3 va QT4) ciia mgt eay cau d chu ky 1 va chu 

ky 2 dugc dua ra d bang 1 va bang 2. Ap dung phuong 

phap binh sai ludi tu do d l danh gia do dn dinh ciia 

cac mdc chuan. Bang 3 la ket qua danh gia do dn dinh 

ciia mdc chuan d chu ky 02. 

STT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Ten diem 

QT1 

QT2 

QT3 

QT4 

QT5 

QT6 

QT7 

QT8 

MCI 

MC2 

MC3 

MC4 

Bang 1. Thanh qua toa do binh sai 

loa do 

X(m) 

20079.4532 

20083.9434 

20084.2090 
20089.1274 

20009.2632 

20004.5712 

20004.2852 

19999.8859 

20081.4834 

20108.7452 

19870.6457 

19837.5761 

Y(m) 

10001.0950 

9980.6681 

9979.7575 

9958,6568 

9958.7051 

9979.5205 

9980.5747 

10000.3488 

10093.0912 

9884.4288 

10002.5306 

9975.6725 

chu ky 01 

Sai sd vi trf diem (m) 

Mx 

0.0005 

0,0016 

0.0016 

0.0005 

0.0005 

0.0012 

0.0012 

0.0005 

0.0006 

0.0006 

0.0005 

0.0005 

My 

0,0005 

0.0015 

0.0015 

0.0005 

0.0004 

0,0019 

0.0014 

0,0004 

0,0006 

0,0005 

0,0003 

0,0003 

Mp 

0,0007 

0,0022 

0.0022 

0,0007 

0,0007 

0,0022 

0.0018 

0,0006 

0,0008 

0.0008 

0.0006 

0.0006 

Ghi chu 

Moc quan trie 

Moc quan trac 

Mdc quan trac 

Mdc quan trac 

Moc quan trac 

Moc quan trie 

Mdc quan trac 

Moc quan trac 

Moc chuan 

Moc chuan 

Mdc chuan 

Moc chuan 

Bang 2. Thanh qua toa do binh sai chu ky 02 

STT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Ten diem 

QT1 

QT2 

QT3 

QT4 

QT5 

QT6 

QT7 

QT8 

MC1 

MC2 

MC3 

MC4 

Toa do 

X(m) 

20079.4493 

20083.9312 

20084.2035 

20089.1222 

20009.2665 

20004,5768 

20004.2912 

19999.8939 

20081.4822 

20108,7443 

19870.6476 

19837.5763 

Y(m) 

10001,0936 

9980.6657 

9979,7582 

9958.6586 

9958.7071 

9979.5228 

9980.5760 

10000.3521 

10093.0921 

9884.4280 

10002.5306 

9975.6724 

Sai so vi tri diem (m) 

Mx 

0.0004 

0,0015 

0,0015 

0.0005 

0.0005 

0,0011 

0.0011 

0.0005 

0.0005 

0.0005 

0.0005 

0.0005 

My 

0.0005 

0.0012 

0,0014 

0,0005 

0.0004 

0,0013 

0,0013 

0,0004 

0.0005 

0.0005 

0,0003 

0,0003 

Mp 

0.0007 

0.0019 

0.0020 

0.0007 

0.0006 

0.0017 

0,0017 

0,0006 

0.0007 

0,0007 

0,0005 

0.0006 

Ghi chu 

Moc quan trac 

Mdc quan trac 

Mo'c quan trac 

Mo'c quan trac 

Moc quan trac 

Moc quan trac 

Moc quan trac 

Mo'c quan trac 

Mo'c chuan 

Mo'c chuan 

Moc chuan 

Moc chuan 

Bang 3. Danh gia do on dmh cua cac moc chuan 

STT 

1 

2 

3 

4 

Ten diem 

MCI 

MC2 

MC3 

MC4 

06 lech toa do (mm) 
Qx 
1.2 

0.9 

-1.9 

-0.2 

Qy 
-0.9 

0.8 

0.0 

0.1 

Q 
1.4 

1.2 

1.9 

0.2 ' 

Danh gia 

On dinh 

On dinh 
On dinh 
On dinh 

Dp lech gidi han: 3.0(mm) 
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Bang 4. Tinh toan thong so chuyen dich cue bo va chuyen dich theo huang da chon 

STT 

1 
2 
3 
4 
5 
6 
7 
8 

Ten diem 

on 
QT2 
QT3 
QT4 
QT5 
QT6 
QT7 
QT8 

Chuyen dich theo hudng true toa do 
Qx (mm) 

-3.9 
-12.2 
-5.5 
-5.2 
3.3 
5.6 
6.0 
8,0 

Qy (mm) 
-1,4 
-2,4 
0,7 
1.8 
2.0 
2.3 
1.3 
3.3 

Q(mm) 
4.4 
12.4 
5,5 
5.5 
3.9 
6.1 
6.1 
8.7 

a ( 0 • ") 

199 44 48.61 
191 07 45.08 
172 44 48.50 
160 54 23 43 
31 13 06.25 
22 19 43.16 
12 13 30.44 
22 24 58.13 

Chuyen dich theo huonq da chon 

P((0.') 
193.16 
193.16 
193.16 
193.16 
12.42 
12,42 
12.42 
12.42 

Q„(mm) 
4,1 
12,4 
5,2 
4.6 
3.7 
6,0 
6,1 
8.5 

Q, (mm) 
0.5 
-0.5 
-1,9 
-2,9 
1,2 
1.0 
-0.1 
1,5 

Tren bang 4, hudng chon la huang xe chay (hudng vuong goc vdi mo cau) 

Bang 5. Tinh toan va danh gia do tin cay gia tri chuyen dich ciia diem quan trac 

STT 

1 
2 
3 
4 
5 
6 
7 
8 

Ten 
diem 

QT1 
QT2 
QT3 
QT4 
QT5 
QT6 
QT7 
QT8 

Danh gia do tin cay gia tri chuyen dich ngang ciia cac diem quan trac 
Chuyen 

dich theo 
hudng true 

X, Qx' 
(mm) 
-3.9 
-12,2 
-5,5 
-5,2 
3,3 
5,6 
6,0 
8,0 

Sai sd 
gidi 
han 

(2.mQj 
mm 
1.3 
4.4 
4.4 
1.4 
1.4 
3.2 
3.3 
1,4 

So sanh 
Qx vdi 
sai so 

gioi han 

> 
> 
> 
> 
> 
> 
> 
> 

Ket luan 

Dich chuyen 
D ch chuyen 
Dich ehuye'n 
Dich chuyen 
Dich chuyen 
Dich chuyen 
Dich ehuye'n 
Dich chuyen 

Chuyen 
dich theo 

hudng 
true Y,Qy 

(mm) 
-1.4 
-2.4 
0,7 
1,8 
2,0 
2.3 
1.3 
3.3 

Sai so 
gidi han 
(2.mQ,) 

mm 

1.4 
3.8 
2.0 
1.4 
1,1 
4,6 
3.8 
1.1 

So sanh 
Qy voi 
sai sd 

gidi han 

-
< 
< 
> 
> 
< 
< 
> 

Ket luan 

Trong sai sd do 
Trong sai sd do 
Trong sai so do 
Dich chuyen 
Dich chuyen 
Trong sai sd do 
Trong sai so do 
D ch chuyen 

TU ket qua tinh toan d bang 5 nhan tha'y: 

Theo hudng true X cac dilm quan trac deu co gia 
tri chuyin dich ldn hon sai sd gioi han xac djnh Qx. Do 
do CO the khang dinh cac dilm deu bi dich chuyen 
theo hudng true X. 

Theo hudng true Y chi co cac diem QT4, QT5 va 
QT8 l i CO gia trj ehuyin dich ldn hon sai sd gidi han 
xac dinh Qy. Do do co thi khang djnh cac dilm nay 
deu bj djch chuyin theo hudng true Y. Cac dilm con 
lai khong bj dieh ehuyin theo hudng true Y. 

Nhu da noi d tren, dilm quan trac khang djnh co 
su dich chuyin neu ban than gia trj djch chuyen co trj 
tuyet ddi ldn hon 2 hoac 3 lan sai sd trung phuang xac 
djnh chuyin dich ngang. Vi vay, trong qua trinh quan 
trac chuyin dich ngang cong trinh can xet de'n quan 
he giffa do chinh xac va thdi gian giffa cac chu ky 
quan trac. Ne'u chuyin djch didn ra cham va khoang 
thOi gian giffa cac chu ky ngan thi khong thi phat hien 
dugc chuyin djch vi sai sd do ldn han gia trj chuyin 
dich. Ngugc lai trong truang hgp chuyen djch xay ra 
nhanh thi vin co the phat hien va xac dinh dugc 
chuyen dich ngay ca khi sff dung ky thuat quan trac 
vdi do ehinh xac tha'p. 

3. Tinh toan thong sd chuyen djch tdng the cua 
cong trinh 

3.1. Mo hinh ehuyen dieh eong trinh trong mat 
phing ngang 

Oe xac dinh cac tham sd dac trung cho chuyen 
djch chung ciia toan bg cong trinh, co the sff dung he 
tham sd sau [1]: 

Quy udc gan cho cong trinh mgt he tpa do dac 
trffng XOY, d thgi diem t, cong trinh d vj tri P, va co he 
tga do dac trung la XOY, den thai diem X^ cong trinh d 
vj tri P2 va CO he tga dp dac trung la X'O'Y' nhu vay 
chuyen djch chung ciia cong trinh c6 the dugc dac 
trung bang chuyen djch giffa 2 he tga dp XOY va 
X'OT (hinh 2). 

Hinh 2. Chuyen dich giita hai he toa do 
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Vector chuyen ddi tga do giffa hai he tga do vuong 
goc phang gdm 4 tham sd a ,̂ By, a, m, khi so sanh vj 
tri cong trinh a hai thoi dilm quan trac cac tham sd 
neu tren co y nghTa la: a .̂ ay dac trffng cho chuyin 
dich tinh tien cua cong trinh d vi tri gde tga do theo cac 
hudng true OX, OY tuong ung, a die trung cho goc 
xoay cong trinh, m dac trung cho he sd co dan kfch 
thuac cong trinh. 

Tff hinh 2 xac dinh dffgc cong thffc chuyin ddi 

giffa 2 he tpa do: 

X'^ a ^ -I- X.m.Cosia) + Y.m.Sin{a) 

Y'= a, -I- Y.m.Cos(a)-X.m.Sin{a) 

Khai trien tuyen tinh bieu thffc tren vdi cac an 
sd la cac tham sd chuyen dich vdi gia trj gan dung 
ciia vector tham sd a,o, Syo, UQ, m^ - 0, 0, 0, 1 va 
de y rang goc a co gia trj nhd a = 0 (nen Sin(a)= 
0, Cos(a)=: 1 va m = 1), kit qua thu dffgc: 

(9) 

r=a^+Y.a + X.5m + X 

}" = Uy - X.a + Y.Sm -i- Y 
(10) 

Mat khic vi: Qy = X'-X, Qy=Y'-Y nen thu duoc bilu 

thUc: 

Y .a + X .Sm Q, 

Oy - Oy - X.a + Y.Sm 
(11) 

De xac dinh dugc 4 tham sd a^, ay, a, m can co it 
nhat 4 phuang trinh dang (11), tUc la phai can 2 diem 
quan trac. Khi sd diem quan trac n>2, bai toan se 
dugc giai theo nguyen tac sd bfnh phuong nhd nha't. 
Trong cong thffc (11) ndu coi Qx, Qy la cac trj do, an 
sd la vector tham sd Sz = ax, ay, a, m, se xac lap dugc 
phuang trinh sd hieu chmh ddi vdi mdi dilm quan trac 
dudi dang: 

f/̂  =^ Uy + Y.a -I- X.Sm - Oy 

K, 

Ky hieu: 

X.a -t- Y.Sm • Qy 
(12) 

B. = 
1 0 Y, X, 

0 1 -X, Y, ^ 

A = {B„B,,....,BJ \ (13) 

& = (fl,.. (3,, a, Sm)' 

Qua trinh giai bai toin xae dinh vector tham sd Sz 
dugc thuc hien theo trinh tu: 

- Lap he phuang trinh sd hieu chmh: 

• A.SZ + L = V (14) 

- Lap he phuong trinh chuan: 

A' ASZ + A''L = 0 (15) 

- Xac djnh vector tham sd chuyin djch chung ciia 
cong trinh: 

SZ =-{A'Ay'A'L (16) 

Qui trinh xac dinh vector tham sd chuyin djeh ciia 
cong trinh dugc don gian di ra't nhieu khi ehgn he toa 
do CO diem gde 0 trung vdi trgng tim cong trinh. Khi 
do a„ dy la gia trj chuyen djch cua cic dilm trgng tim. 
o l xae dinh vector tham sd chuyin djch ehung cua 
cong trinh, ehung ta ap dung cac cong thUc sau [1]: 

SCI. = 

••^yO + ^ y = 
[Qy] 

a = a,,+Sa-

V: 
m-mn + Sm = \ -

XQx^ 

x'- -f- Y 

(17) 

Trong dd: 

Ẑ - U. 
X, = •-̂ ' - K, = (18) 

3.2. Vidu tinh toan tham sd ehuyen djch tong the 
cua edng trinh 

Bang 6. Toa do va gia tri chuyen dich ciia cac diem moc quan trac 

STT 

1 

2 

3 

4 

Ten die'm 

QT1 

QT2 

QT3 

QT4 

Toa do chu ky 01 
X(m) 

20079.4532 

20083,9434 

20084,2090 

20089,1274 

Y(m) 
10001.0950 

9980,6681 

9979,7575 

9958,6568 

Toa do chu ky 02 
X(m) 

20079,4493 

20083,9312 

20084,2035 

20089.1222 

Y(m) 
10001,0936 

9980,6657 

9979,7582 

9958,6586 

Chuyen dich 
Qx (mm) 

-3.9 

-12.2 

-5.5 

-5,2 

Qy (mm) 
-1,4 

-2.4 

0,7 

1,8 
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Tff sd lieu bang 6, ap dung he tga do trgng tam sff 
dung cong thffc (17) va (18) chung ta tfnh dffgc cac 
tham sd chuyin djch tdng th i eiia eong tn'nh nhff sau: 
a, = -6.7 mm; â  = -0.3 mm; a = -0° 00'01.53"; m = 
0.999931 cd nghTa l i tai t im eong trinh eo sff dieh 
ehuyen theo hudng true X l i -6.7mm, theo hudng true 
Y l i -0.3mm, eong trinh bj xoay mgt gde la -1.53" va 
he sd CO dan kich thudc la 0.999931. 
4. Lap sd do chuyen djch 

Bang 7. Gia trt tga do va chuyen dich diem moc QT1 

Ddi vdi moi dilm mdc quan trac can lap bang 
thdng ke tga do va chuyen djch so vdi chu ky quan 
trac dau tien, tren co sd dd lap so dd ehuyin djeh th i 
hien true quan gia trj va hudng ehuyin djeh mde quan 
trac (hinh 3). Ddi vdi cac cong trinh dang thing co bd 
tri nhieu dilm quan trie, dua vio eae dilm quan trie 
chiing ta ve dugc mat cit th i hien dien bien chuyin 
djeh ngang eiia ea cong trinh bang cie phan mem dd 
hgaAutoCad,... (hinh 4). 

Chuky 

1 
2 
3 

Thdi gian 
quan trac 

20/05/2006 
20/06/2006 
20/08/2006 

Toadd 
X(m) 

.20079.4532 
20079.4493 
20079.4436 

Y(m) 
10001.0950 
10001.0936 
10001.0891 

Chuyen djch 
Qx (mm) 

-3.9 
-9.6 

Qy (mm) 

-1.4 
-5.9 

SO D6 CHUYDN DICH DI^M M6C QTI 

10,0 

8.0 

6,0 

4,0 

2.0 

0,0 

-2.0 

-4,0 

-6,0 

-8,0 

-10,0 

-12.0 

-14.0 

•16.0 

-18.0 

/ 

4 

/ 
/ 

i 

0) 

L Ajj 

, Qx(mm 

Qy(nim) 

-10.0-8.0 -6.0-4.0-2,0 0,0 2.0 4.0 6,0 8,0 10,012.0 

MAT C A T C H U Y S N D I C H - M 6 C A U M 1 
sovdncHUKVi 

QT5 QT6 

~~—--̂  

' 

QT7 QTB 

1 " 
»- ' 2 

TH6| GIAN BO: 
1. Chu ky 1 : 20/05/2006 
2. Oiu ky 2 : 20nJ6/2006 
3. Chu ky 3 : 20/08/2006 

M A T C A T CHUYEN DiCH - M(5 CAu M2 
s o vOl CHU KV 1 

T H ^ I G I A N B O : 
1. Chuky 1 :20/D5/200e 
2. Chu ky 2 : 20/06/2006 
3. Chuky 3:20/08/2006 

Hinh 3. Sa do chuyen dich cua diem moc QTI Hinh 4. Mat cat chuyen dich ngang cua cong trinh 

Tff hinh 3 va 4 d tren ehiing ta nhan thay khi sff 

dung phan mem do hga d l the hien diin bien chuyen 

djeh ciia dilm quan trie va eiia ea eong trinh d i dang 

nhan bie't dffgc gia trj chuyin djeh, hffdng ehuyin djch 

ciia diem quan trie v i eiia ca cdng trinh. 

5. Ket luan 

Tff ngi dung ly thuyet va vi du ap dung tfnh toan d 
tren ehiing tdi rut ra mgt sd kit luan sau: 

- Trong cong t ic quan trie chuyin dich ngang 
cong trinh, kit hgp tinh toan cac thong sd chuyin djch 
cue bg, thong sd chuyin djch tdng the cong trinh va 
thi hien dien bien chuyin djch eua dilm quan trie va 
ciia ca edng trinh bang phan mem dd hga se cho 
ehiing ta bie't chi tiet v i tdng quan ve qui trinh dich 

chuyin ciia cong trinh; 

- Cac thong sd chuyin djch ciia dilm quan trie 
can dffgc phan tieh danh gia d l khang djnh dilm quan 
trie CO bj djch chuyin hay khdng bj djch ehuyin. 
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