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THANH LAP MO HINH LUN NEN MONG CONG TRINH
THEO SO LIEU QUAN TRAC LUN

TS.TRAN NGOC BPONG, KS. NGUYEN CHi CONG

Vién KHCN Xay dwng

Tém tat: Bai bao cé ndi dung trinh bay phuong
phép xdy duwng mé hinh lun nén méng céng trinh
trong khéng gian va mé hinh lun theo thoi gian cung
véi dé xuét str dung mé hinh lun duoc thanh lap dé
noi suy gia tri do lun déi véi nhitng méc quan tric
lan bi héng trong 1 chu ky quan trdc lun nao dé dé
nham dam bao tai vj tri ggn méc quan tréc lun dé c6
do lun téng cdng tinh tir khi bt dau quan trdc dén
khi dteng quan tréc.

Abstract: This article describes the method of
building a foundation settlement model based on
space and time. It also proposes a settlement model
for interpolating settlement levels of marks which is
broken in a cycle of monitoring. This is to ensure
that the total settlement of these marks can be
measured during the settlement monitoring.

1. Dat van dé

Hién nay, mét van dé thwéng gap phai trong
subt qua trinh quan tréc lan 1a trong 1 chu ky quan
trdc nao d6 sé cé mbc quan tréc bi va dap lam bién
dang than méc hodc méc bi mat dan t&i cac vj tri
gan méc nay gia tri theo d&i d6 lun s& bi gian doan
lam anh hwéng dén két qua danh gia do lun tong
thé clia cong trinh. Vi vay, viéc thanh lap mé hinh
lun theo sb liéu quan trac la cong viéc can thiét vi
khi thanh 1ap mo hinh sé cho phép néi suy d6 lun &
cac vij tri khac nhau cua céng trinh cling nhw cho
phép thwc hién tinh toan, dw bao chuyén dich céng
trinh trong thoi gian twong lai. Khi d6, cé thé st
dung gia tri d6 1un ndi suy dwoc tr md hinh dé xéac
dinh gia tri d6 lun déi véi cac méce bi bién dang hodc
bi méat trong 1 chu ky quan trac nao do.

2. Nguyén tac thanh 1ap mé hinh lGn céng trinh
theo sé liéu quan trac

Vé mat hinh thtec, mé hinh ltn cong trinh cé thé
duoc mé ta théng qua cac nhém yéu tb sau:

1- Céc yéu t6 anh hwéng dén tinh 6n dinh ctia cong
trinh, gébm co:

- Cac yéu t6 thudc nhém nguyén nhan chi dao
gay nén lun cbng trinh (x4, Xz,... X,). Trong giai doan
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thi cong xay dwng yéu td cha dao |a tai trong cong
trinh, & giai doan dau van hanh yéu té chi dao 14
thoi gian, dén thoi ky sau yéu té chd dao cé thé 1a
sy thay d6i mwc nwdc ngdm (ddi véi nha va coéng
trinh dan dung)...;

- Sw thay ddi cla cac diéu kién ngoai canh do
tac déng cla con ngudi (Uq, Uy, ... Um), Nhitng yéu tb
nay la co6 thé kiém soat duwgc nhwng khong thé thay
déi chung, vi du: diéu kién méi truong);

- Céc yéu tb tirc thoi khong thé xac dinh trude
murc do tac dong cua chung téi cong trinh (z4, z,...
z\), Vi du: gi6, bao, dong dét,....

2- Tham sb6 dau ra: 1a cac gia tri dinh lwong (Y), déc
trwng cho mirc d6 1Gn cdng trinh. Trong thuc té quan
tréc, cac tham sb dau ra (Y) con chiu anh hwéng cla
sai s6 do (w).

So d6 mé tad mbi quan hé twong hd gitra cac yéu
t6 trong quan trac chuyén dich bién dang céng trinh
duwoc dwa ra trong hinh 1 [1].

lZ1 l Zo le
X1
—>

Xz DP6i twong
] Ons
Xn quan trac

Lo T 1.

Hinh 1. M6 hinh déi twong quan trac

Khi téng hop dd lun coéng trinh & nhiéu chu ky
chung ta can tra |oi cac cau héi sau:

1- Xu hwéng lun cda cdng trinh trong khdng gian.
2- Xu hwéng 1an cua cong trinh theo thdi gian.

3- Mtrc dd phu thudc dd lun cong trinh vao moét sb
yéu tb ngoai canh.

Dé giai quyét cac van dé néu trén can phai xay
dwng md hinh lun cla cong trinh ma thuc chat mo
td qua trinh IGn cta coéng trinh bang mot s& ham
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toan hoc nao dé. V& nguyén tdc méd hinh lun céng
trinh dwoc thé hién théng qua ham sbé:

@ = Q[F4(x)] + F2(u) + F5(z) + W] (1)
trong do:

F1(x) - thanh phan anh hwéng cla céac yéu tb
thudéc nhém nguyén nhan chid dao gay nén lun céng
trinh;

F,(u) - thanh phan anh huéng sw thay dbi cta
cac diéu kién ngoai canh do tac déong cla con
nguei;

F3(z) - thanh phan &nh hwéng cla cac yéu tb
tirc thoi khong thé xac dinh truéc mire do tac dong
cua chung t&i cong trinh.

w - anh hwéng sai sb do dac.

Théng thwdng chi can xay dwng mé hinh voi
céac yéu té chu dao la du.

3. Mb hinh lan d6i véi cac két cau méng cirng
trong khéng gian

3.1 Cor sé ly thuyét

Déi voi két chu mong clrng (méng bang, moéng
b&, méng coc,...) ¢ dang vung, cac diém quan trac
phan bd khéng trén ciing mét dudng thang ma trén
toan bd dién tich méng cong trinh, khi d6 cé khai
niém vé "bé maét lun" cia méng cdng trinh & moi
thoi diém (chu ky) nhw sau:

Bé& mat lun clla moéng céng trinh trong méi chu
ky quan trdc la moét da dién chira cac diém quan
tréc, voi diéu kién & chu ky dau cac diém quan trac
cling ndm trong mot mét phang.

Mat phang lun ctia méng cong trinh trong mbi
chu ky quan trac 1a mé&t phang gan dung nhat (duoc

Ky hiéu:
:1 Xy Y, 11 g
s= |2 a=|" Y21 | 2=|p| v=
S, X, Y, 1

Khi d6 hé phwong trinh s hiéu chinh viét duéi
dang ma tran la:

Vo= Az - S (5)

Tap chi KHCN Xay dung — sb 1/2017

xac dinh bang diéu kién [V2]— Min) so véi méat da

dién da dwoc dinh nghia & trén.
& X

v

Hinh 2. Tham sé lun céng trinh dang ving

Nhw vay, van dé xay dwng md hinh lun cla két
cdu mong cirng sé duoc gidi quyét theo cac budc
sau:

1- Lap phwong trinh ctia mét phang lun

Phuwong trinh clia mat phang lun cé thé duwoc

viét dwoidang [1]: S, = ax +by, +c¢ (2)

Trong do: x;, y;, Si la toa dd theo truc OX, OY va
gia tri 6 Iun clGa diém quan tréc i, con cac tham sb
a, b, ¢ ctia mat phang (2) cé y nghia hinh hoc nhw
dwoc thé hién trén hinh 2.

2- Xéc dinh céac tham sé clia mét phdng

Néu trén mat bang mong, ching ta trién khai
quan tréc tai n vi tri v&i vector toa do va do lun
twong wng la x, y, S. Khi d6 sé 1ap duwoc n phwong
trinh (2) viét dwéi dang ma tran c6 dang sau:

S X, ¥y 1 a
.. | =1. . .|x|b (3)
S, X, Y, 1 c

DPé xac dinh dwoc 3 tham sb (a, b, ¢) can ¢ it
nhat 3 phwong trinh dang (3), tic 1a can phai c6 sb
liéu 3 diém quan trac. Khi s6 diém quan trdc n >3,
bai toan s& dwoc gidi theo nguyén ly sd binh
phwong nhé nhét.

Ap dung nguyén ly sé binh phuwong nhd nhét,
sé xac dinh dwoc vector z theo cong thirc:

z = (ATA)ATS (6)
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Sai s6 mé hinh (myy) dwgc xac dinh theo cong
thirc sau:

m,,, = 7
=y (7)

Trong céng thikc (7): n - s6 diém quan trac; k -
sb lwgng tham sé ctia mé hinh.

3- Y nghia céc tham sé

Dwa vao cic tham sb cla mat phang, tinh
dwoc hé tham sb lun tdng quat cla mat phang lun
theo cbng thirc:

- Do lun tai gbc toa d6 (thwdng la diém trong
tdm codng trinh):

STT =C (8)
- Géc nghiéng I&n nhét ctia mat phang lun:

B = Arctgva® +b? 9)

- Huéng nghiéng I&n nhét (tinh tir truc OX theo
chiéu kim ddng ho):

¢ = Arctg> (10)
a

4- Trwrong hop dac biét

Trong trwdng hop dac biét cac diém quan tréc
phan bé trén mét dudng thang (hodc khi can xay
dwng mé hinh ltn theo truc), khi d6 biéu dién do lun
théng qua phuong trinh dwdng thang. Phuwong trinh
dwéng thang cé dang sau:

S, =ax, +b (11)

trong d6: S; - d6 lun cta diém i(i=1+n); x; - la toa do
theo hwéng ngang cla diém quan trac (i=1+n).

Khi s6 diém quan trac I&n hon 2 diém thi qua
trinh xac dinh cac tham sb ctia dwong thang duoc
thuwc hién theo nguyén ly sé binh phwong nhé nhét.
Sai s6 mé hinh dwoc xac dinh theo cong thire (7). Y
nghfa cla cac tham sé: b- d6 lun cla cong trinh tai
gbc toa do; a = tga (o - Géc nghiéng cha dwdng
thang so v&i phwong nam ngang).

Phuong trinh duwong thdng thwdng duoc st
dung dé xay dwng mé hinh lun theo truc hodc xay
dwng mé hinh lun dbi v&i cong trinh dang théng.

3.2 Ung dung phan tich phwong sai dé dénh gia
bién dang céng trinh

Khi xay dwng mé hinh chuyén dich cong trinh
trong khong gian thi mé hinh st dung da duwoc biét
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trwéc. Do vay, trong trwéng hop nay cé thé tng
dung phan tich phwong sai dé danh gia mc do
bién dang céng trinh.

Trong bai toan xac dinh tham sé cla mé hinh
bién dang coéng trinh, sai s6 mé hinh tinh theo cong
thirc (6) 1a tdng hop cla 2 yéu td: sai sb do va do
bién dang thwc té cta coéng trinh, néu céng trinh
khéng bién dang thi sai s6 mé hinh chi do sai s6 do
gay nén va trong trudng hop nay véi xac suat duoc
chon, gia tri sai s6 md hinh (myy) khéng thé vuot
qué sai sb gidi han.

V&i ky hiéu my, my, ma,... m, la sai sb trung
phwong d6 chuyén dich cla cac diém quan tréc,
tién hanh tinh dai lwong:

2 2 2
m? +mj +...+m
moz\/ ! 2n . (12)

C6 thé coi mg 1a sai sé trung phwong trung binh
dd chuyén dich clha cac diém quan tréc, néu cong
trinh khéng bj bién dang thi:

My = My (13)

Dé kiém tra gid thiét (12) can 4ap dung tiéu
chuan kiém dinh Fisher, béng cach 1ap ti sé:

F=—m (14)

v&i bac tw do bang (n-k) va (n), trong do: n la sb
lwong tri do tham gia xay dwng mé hinh, k la sb
lwong tham sb ctia mé hinh.

So sanh gia tri F vai gia tri t&i han Fy, tra dwoc tl
bang phan phdi Fisher. Néu F <F thi c6 thé coi my
va mg ¢6 cung dd chinh xac va két luan rang cong
trinh khoéng bi bién dang. Trong trwérng hop nguoc
lai, néu F>F, thi chirng t6 rang cong trinh c6 bi
bién dang.

4. Mb hinh Iin nén méng céng trinh theo thi gian

4.1 Co sé ly thuyét dw bdo chuyén dich céng
trinh theo sé liéu quan trac

Gia s&» md hinh chuyén dich céng trinh theo
thdi gian dwoc thé hién théng qua ham sé & dang
tbng quat:

q = f(t) (15)

Gia st ham sb (14) dwoec trién khai tuyén tinh

v&i vector tham sb Z gébm k phan ti:
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Z = (2 2y Z,)' (16)

Bai toan dat ra la, can dwa vao chudi két qua do
chuyén dich trong n chu ky dé& xac dinh vector tham
sb6 cla ham (16). Ky hiéu day thoi gian va gia tri
chuyén dich thu dwoc trong cac chu ky quan trac
bang cac vector T = (t, tyeos )75
q = (9, 9y, ..., G,)" - Khi sb chu ky quan tréc 16n
hon sb luong tham s (n > k), bai toan dwoc giai
theo nguyén ly sb binh phwong nhd nhét theo trinh
tw sau:

Trién khai tuyén tinh biéu thirc (14) theo cac
dung

bién z v&i vector tham sb gan

Z, = (z, z,° ,..., z")", xac dinh duoc:

q=a,dz,+ a,dz, +...+a,dz, +q°; (i=1+n) (17)

v&i:

0 0 0

+a,2,° + ... + a,z° (18)

q° = az

Coi vector chuyén dich q |a vector tri do, chuyén
sang hé phuwong trinh sb hiéu chinh sé co:

v, a;, a, .. a, dz, I,
v a, a, .. a dz I

2 — 21 22 2k X 2 + 2 (1 9)
Vn an1 an2 AR ank dzk In

Hoac viét dwéi dang ma tran:
V = AdZ + L (20)
trong do: vector s hangtwdo L = q - q°.

Theo nguyén Iy sé binh phwong nhd nhat ([v?] =
Min) x&c dinh dwoc vector an sb va tir do tinh vector
tham s6 ctia mé hinh:

dZz = -(ATA)"A'L

(21)
Z =2 +dz

Sai s6 md hinh (myy) duoc xac dinh theo cong

thirc:
_ / [v?]
Myy = Tk (22)

Trong cong thirc (22): n - s6 chu ky quan trac
tham gia xay dwng md hinh; k - sb lwgng tham sbé
cta md hinh.

Ham sb (15) véi cac tham sb tinh duoc 1a biéu
thirc thé hién mé hinh chuyén dich theo thoi gian. M6
hinh chuyén dich theo thei gian cho phép thuc hién
tinh toan, dw bao chuyén dich cong trinh trong thoi
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gian twong lai.

4.2 Ung dung phan tich phwong sai dé danh gia
mirc do tin cdy cua mé hinh

Trong trwdng hop xay dwng mé hinh chuyén dich
theo thoi gian, md hinh lya chon l1a mo hinh dy doan,
chuwa biét trwdc dwoc thuc t& mé hinh nhw thé nao.
Do vay, trong trwérng hop nay cé thé st dung phan
tich phwong sai dé& danh gia mc do tin cay ctia mo
hinh.

Khi xay dwng md hinh chuyén dich theo thoi
gian, sai s6 mé hinh cé thé do sai sb do gay nén va
lam cho sy chuyén dich khéng tuan tha chat ché
theo mé hinh 4y. Chon mé hinh ding gan sat thuc
té thi sai s& md hinh twong dwong sai s6 do. Khi d6
c6 thé st dung phan tich phwong sai dé danh gia
murc do tin cay clia mé hinh théng qua tiéu chuan
Fisher. V&i ky hiéu m4, my, ms,... m, la sai sb trung
phwong d6 chuyén dich cla diém quan trdc & cac
chu ky do, tién hanh tinh dai lwong:

2 2 2
m? +m; +...+m
moz\/ ! 2n . (23)

Dé danh gia murc dd tin cay ctia md hinh can ap
dung tiéu chuan kiém dinh Fisher, bdng cach lap ty
sb:

m
F=—u (24)

v&i bac tw do la (n-k) va (n). Trong dé: n - s6
chu ky quan tréc (khdng ké chu ky quan trac dau
tién); k - sb lwong tham sé ctia mé hinh.

So sanh gia tri F v&i gia tri tdi han Fg, tra duwoc
tlr bang phan phdi Fisher. Néu F < Fg, thi mé hinh
Iwa chon la phu hop.

4.3 Mét s6 mé hinh Iun va chuyén dich nén
mong céng trinh theo thoi gian

a. M6 hinh ham s6 mii

Theo ly thuyét co hoc d&t nén moéng thi do Iun
cong trinh & thoi diém t c6 thé dwoc tinh theo céng
thive [1]:

S, =S,(1-e*t) (25)
trong do: Sy~ dO lun toan phan cda céng trinh;
a - hé sb nén twong déi ciia nén.

Trong giai doan thiét k&, do lun céng trinh dwoc
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tinh toan dwa theo cac tham sé thyc nghiém S, va
a. Dén giai doan thi cong hoac van hanh cong trinh,
két qua do Iun dwoc str dung dé xac dinh’céc tham
s6 S.., a va dwa vao cong thirc (25) dé tinh (dw
bao) d6 1Un & thoi diém bat ky. Néu da thyc hién n
chu ky quan trac Iun (n > 2) thi hai tham s trén
dwoc xac dinh theo phwong phap binh phwong nho
nhat.
b. M6 hinh ham da thire

Khi st dung da thirc, chuyén dich cong trinh
duwoc thé hién duwdi dang [1):

g = a,+ a,t+a,t’ +..+a,t* (26)

trong do: q, - do chuyén dich cong trinh & thoi
diém t, con a,, a,, a,,....a, 1a cac hé sb cla da thirc.

Trong ham da thic viéc chon bac da thirc k ¢c6

thé thwc hién theo nguyén téc: “Pa thirc duoc chon
la da thtrc c6 sé bac nhd nhat ma sai s6 cua mé

hinh dé twong duong véi sai sé do dé lun”.

Ham da thirc c6 tinh tbng quat va cé thé ap
dung vé&i bat ky cong trinh nao.

5. Thwe nghiém

5.1 Thwe nghiém thanh Iap mé hinh lun déi véi
moéng céng trinh Nha Van phong tai dwong Mac
Thi Bwéi, TP. H6 Chi Minh

Qua trinh thwe nghiém dwoc thwe hién dbi véi
moéng cua cong trinh Nha Van phong tai dwdng Mac
Thi Buwéi, Quan 1, TP. H6 Chi Minh. Céng trinh c6
quy md 2 tdng ham va 9 tang ndi, dién tich méng Ia
khoang 280m?, mong clia cong trinh dwoc thiét ké
la loai moéng bé. Sau khi d6 bé téng méng tién hanh
quan trac lan tai 14 vj tri cGa mong. Vi tri b tri méc
quan tréc nhw & hinh 2.
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Hinh 2. Vj tri méat bang bé tri méc quan tréc lin méng bé

Bang 1 1a sb liéu toa dd, d6 lun va sai sb trung phuong dd 1un clia cac mbc quan tréc & thdi diém chu ky 03 so
v&i chu ky 01 (thoi diém ngay 22/10/2012 so vé&i thoi diém ngay 27/06/2012).

Bang 1. Toa do va dé lin ctia céc mbc quan trc lin méng bé

. P Toa doé Po6 1an va sai s6
Tén moc
STT | quantrac X(m) Y(m) Do lun Sai sb
S(mm) ms (mm)

(1) (2) 3 (4) (5) (6)
1 M2 -0.710 -10.601 -7.71 0.45
2 M2 -0.710 -10.601 -7.71 0.45
3 M3 4.075 -10.609 -8.03 0.45

58

Tap chi KHCN Xay dung — sé 1/2017



PIA KY THUAT - TRAC DIA

4 M4 3.990 -3.591 -8.10 0.45
5 M6 -3.989 -3.720 -8.02 0.46
6 M7 -3.981 3.494 -7.96 0.46
7 M8 -0.871 3.524 -7.92 0.45
8 M11 -3.951 8.351 -7.77 0.44
9 M12 0.074 8.630 -7.96 0.41
10 M13 4.662 6.615 -7.78 0.42
1" M14 4.701 8.408 -7.85 0.42
12 M5 -0.879 -3.690 -7.85 0.46
13 Mo 3.998 3.619 -8.09 0.45
14 M10 0.258 6.583 -7.41 0.45

Tw s6 liéu & bang 1, st dung cac méc quan trac
c6 sb th tw tir 1 dén 11 dé xay dwng mé hinh. Cac
méc co sb thiy ty tr 12 dén 14 (M5, M9, M10) con
lai khéng tham gia xay dwng mé hinh ma dé so
sanh v&i dd 1un ndi suy tr mo hinh. Qua trinh xay
dwng mé hinh lun dwoc thwe hién bang chuong
trinh do ching t6i 1ap trinh va két qua cudi cung thu
dwoc nhuw sau:

Phwong trinh mat phang lan:

S =-0.0000001x + 0.0000056y -0.00792 (m)

1. LUn tai trong tdm cla méng: -7.92 mm

2. Gée nghiéng Ién nhéat clia méat phang lun: 0° 0' 0"

3. Hwéng nghiéng I&n nhéat: -89° 27' 48"

4. Sai s6 mé hinh: 0.13 mm
DPanh gia bién dang méng céng trinh:

Tw sb liéu & cot (6) ctiia bang 1 dbi véi cac mbe
c6 sb thwr tw tr 1 dén 11, tinh dwge mg = 0.44 mm.
Khi do:

2

o 0.13

0.447

=0.09; th = Fu:0_05 (8,11)= 2.948

Trong truwdng hop nay F<F,, nén co6 thé coi
sai s6 md hinh ndm trong gi¢i han cta sai sb xac
dinh d6 lun, diéu d6 ching t6 moéng cong trinh
khong bi bién dang. Bang 2 1a két qua so sanh do
lan do thwc té véi d6 1un noi suy tir mé hinh déi voi
cac mébc quan trdc M5, M9 va M10.

Bang 2. Két qua so sanh dé lin do thuc té véi dé Iun ndi suy ttr mé hinh

) Toa doé Do 1un (mm)
STt Jf:nn:;% X(m) Y(m) Po | Noisuytheomo Po lech
thyc té hinh
(1) (2) (3) (4) (5 (6) (7)=(5)-(6)
1 M5 20.879 -3.690 7.85 7.94 0.09
5 M9 3998 3679 8,09 7.0 019
3 M0 0.258 6583 7 788 0.47

Tw bang 2 c6 thé nhan thdy rang do léch gitra
do lun do thuwc té va dd 1un noi suy tir mé hinh 1a
nhd va nam trong gi¢i han cla sai sb6 xac dinh dd
lun, trong trwong hop nay sir dung phwong trinh
mat phang dé xay dwng mé hinh ltn clia méng cong
trinh 1a phu hop.

Ciing tir bang 2, gid st» mbc M5, M9 va M10 14
cac mbc bi mét do qua trinh thi cédng xay dwng hodc
hoan thién céng trinh gay nén & chu ky 3 thi dwa
vao két qua xay dwng mé hinh & chu ky 3 ndi suy
dwoc gia tri d6 1un cla cac méc nay & chu ky 3, st
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dung gia tri ndi suy nay sé tinh dwgc dd lun tr chu
ky 1 dén chu ky 3 dbi v&i cac mébc bi mét nay (qua
trinh tinh dé lun khéng bi gian doan). T ly thuyét
va thuwe nghiém chuing t6i dé xuat sir dung mé hinh
lan trong khéng gian dé& ndi suy dd lun cta méc
quan tréc bi va dap (bi bién dang) hodc bi mét & 1
chu ky quan tréc nao d6 dé qua trinh tinh toan do
[un khéng bi gian doan. Déng thoi v&i viéc nbi suy
dd 1an t mo hinh thi phdi gdn mbéc méi thay thé
cho méc cii bi mat & chu ky d6 d& c6 mbc quan trac
& cac chu ky tiép theo (chi néi suy 1 chu ky, khéng
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ndi suy nhiéu hon 1 chu ky lién tiép). Déi véi cong
trinh c6 nhiéu méc quan tréc (cac méc quan tréc co
sw lun khéng déu) thi nén st dung cac méc quan
trdc & gan méc bj va dap hodc bi mat dé xay dung
mo hinh 1Gn va ndi suy dd lun cho méc bi va dap
hodc méc bi mét dé.

Thwe nghiém xady dwng mé hinh lin theo truc A
ciia méng

Trong phan thwc nghiém nay tién hanh xay
dwng mo hinh Iun theo truc A clia méng dé minh
chirng cu thé vé xay dwng mé hinh lun theo tryc.

Trén hinh 2 truc A dwoc bd tri 4 méc quan tréc
lun, toa dd doc theo truc, dd lun va sai sb trung
phwong d6 lGn cla cac méc quan trac dwoc trinh
bay & bang 3.

Bang 3. Toa do va dé liin cta cac méc trén truc A

] D4 lan va sai s
STT Tén moc Toa do — —
quan trac X (m) Do lun Sai s0
S (mm) ms (mm)

1 2 3 4 5
1 M1 -8.547 -8.05 0.46
2 M6 -1.762 -8.02 0.46
3 M11 10.309 -7.77 0.44
4 M7 5.452 -7.96 0.46

Tw s6 liéu & bang 3, st dung cac méc quan trac
M1, M6, M11 dé xay dwng mé hinh. Méc M7 con lai
khéng tham gia xay dwng mé hinh ma dé so sanh
v@i d0 1un ndi suy theo md hinh. Qua trinh xay dwng
mo hinh 1Gn thu dwgc nhw sau:

Phwong trinh dwong thang lan:

S = 0.0000155x -0.00795 (m)

1. Lun tai trong tdm So: -7.95 mm
2. Goc nghiéng : 0° 00°03"
3. Sai s6 m6 hinh : 0.06 mm

Bang 4 |1a két qua so sanh do lun do thuc té
v&i dd 1un ndi suy tir moé hinh dbi véi mébe quan
trac M7.

Bang 4. Két qua so sanh dé liin do thuc té véi dé Iun ndi suy ttr mé hinh

Te P Toa do DY Iun (mm)
STT en moe .| Naisuy D6 loch
quan trac X(m) Po thuc té theo md hinh 0 l1éc
(1) (2) (3) (4) () (6)=(4)-(5)
1 M7 5.452 -7.96 -7.87 -0.09

T két qua xay dung md hinh va két qud so
sanh do Itn do thuc té vaéi do 1un ndi suy duoc tr mo
hinh cho thay trong trudng hop nay st dung phuwong
trinh dworng thédng dé xay dwng mé hinh lun theo truc
la phu hop.

Nhan xét: Trén co s& két qua thuc nghiém xay
dwng md hinh lan dbi véi moéng bé co két cdu cirng
& trén cho thdy viéc sl dung phwong trinh mét
phéng dé xay dwng md hinh ltn cho toan bdé méng
cong trinh va phuwong trinh dwéng thdng dé xay
dwng mé hinh lUn theo truc ctia méng céng trinh déi
v&i cac moéng cong trinh c6 két cu cirng la phu
hop. Khi xdy dwng md hinh, 4p dung phéan tich
phuwong sai sé cho phép danh gia xem méng céng
trinh c6 bj bién dang hay khong.
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5.2 Thwe nghiém dw bdo dé Iun nén céng trinh
theo ham da thirc

Qua trinh thwe nghiém dwoc thue hién déi véi 1
méc (méc NT12) do Iun nén dat nguyén thd cla
cong trinh tai dwdng Gidi Phéong, Ha Noi dwoc do
10 chu ky (khdng ké chu ky quan tréc dau tién), sb
liéu quan trdc gdm thoi gian, d6 lun va sai sb trung
phwong dé lun (bang 5).

S dung sb liéu 07 chu ky (chu ky 1 dén chu
ky 7) d& 1ap md hinh, sé liéu chu ky 8 dén 10
dwoc dung dé lam két qua danh gia mirc dd phu
hop cGa phan tich ly thuyét va thyc té.

Lan lwot xay dwng mé hinh tlr bac 0 dén bac
5, két qua tinh toan hé sb da thirc va sai s6 mo
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hinh bdng chwong trinh do ching téi l1ap dwoc  dwa ra trong bang 6.

Bang 5. Két qua quan trc lin nén dét nguyén thé tai mbc NT12

‘ Thoi gian quan tric D9 ldn va sai s6
Chu ky (thang) D6 lun Sai s6
S (mm) ms (mm)

(1) (2) (3 (4)
0 0.00 0.00 -

1 1.06 -3.97 0.55
2 2.06 -6.75 0.60
3 3.13 -11.24 0.51
4 4.16 -16.45 0.67
5 5.23 -21.12 0.58
6 6.23 -25.77 0.56
7 7.23 -29.94 0.52
8 8.50 -35.53 0.53
9 9.43 -39.09 0.62
10 10.46 -43.34 0.48

Bang 6. Két qua xay dung mé hinh theo ham da thirc

ST Bac Hé so da thirc Sai s6
T d? a a a a a a mo hinh
thoee 0 1 2 3 4 5 (mm)
1 0 -16.463 — — — — — 9.727
2 1 1.608 -4.347 — — — — 0.628
3 2 0.465 -3.612 -0.089 - - - 0.557
4 3 -2.113 -0.803 -0.880 0.064 - - 0.268
5 4 -4.186 2.324 -2.323 0.321 -0.015 — 0.197
6 5 -5.374 4.566 -3.770 0.735 -0.069 0.003 0.267

Tw két qua xay dung mé hinh & bang 6, tién hanh danh gia mirc dé tin cay ctia mé hinh. Két qua danh gia murc
dd tin cay cia md hinh dwoc dwa ra trong bang 7.

Bang 7. Két qua danh gigd murc dé tin cdy ctia mo hinh

Bac Sai sb Sai sb trung binh xac
STT da mo hinh dinh d6 lun F Fgn Ghi chu
thirc (mm) (mm)
1 0 9.727 0.57 288.975 3.866 Fgh =Fo.05(6,7)
2 1 0.628 0.57 1.205 3.972 Fgh =Fo.05(5,7)
3 2 0.557 0.57 0.948 4.120 Fgh =Fo.05(4,7)
4 3 0.268 0.57 0.219 4.347 Fgh =Fo.05(3,7)
5 4 0.197 0.57 0.119 4.737 Fgh =Fo.05(2,7)
6 5 0.267 0.57 0.218 5.591 Fgh =Fo.05(1,7)

Tl két qua dua ra & bang 7, da thire tir bac 1 dén bac 5 déu c6 F<Fg, . Da thirc bac 2 1a da thire c6 sb
bac nhd va co sai s6 md hinh twong dwong véi sai s6 do do 1tn nén duoc chon lam mé hinh dw bao va md
hinh la:

S, = 0.465 - 3.612t - 0.089t* (mm)

S& dung mé hinh da thirc bac 2 nay dé dw bao dd lun tir chu ky 8 dén chu ky 10. Két qua du bao duoc
so sanh véi d6 lun do thuc té va dwoc dwa ra & bang 8.
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Bang 8. Két qua so sanh doé lun do va dé lun dw bao tr chu ky 8 dén chu ky 10

Thoi gian D6 1an Po lun Sai sb Po léch
Chu kv quan trac SO VOi do thuo t& dw bao theo mé hinh da dw bao gitra d lun do va dé
y chu ky dau (mfn) thirc bac 2 (mm) Un dw bao
(thang) (mm) (mm)
(1) (2 (3 (4) (5 (6=3-4)
8 8.50 -35.53 -36.67 0.98 1.14
9 9.43 -39.09 -41.51 1.48 2.42
10 10.46 -43.34 -47.05 2.16 3.71

Nhan xét: Trén co s& két qua thuc nghiém, cd
thé thay réng khi s dung ham da thirc dé dy bao
do lun, két qua dy bao cang chinh xac khi diém noi
suy cé thoi gian cang gan véi chu ky quan trac cudi
cung. Thoi diém dw bao cang xa thoi diém quan
tréc chu ky cuéi thi sai sb dw bao cang I6n, gia tri do
lun dw bao nhan dwoc cé dd chinh xac thap. Trong
qua trinh xay dwng mé hinh can tién hanh phan tich
phwong sai d& danh gia mc d6 tin cay cia md
hinh.

Khi da thwe hién dwoc nhiéu chu ky quan trac,
chuing ta cling c6 thé st dung mé hinh lun theo thoi
gian dé noi suy cho méc quan trac bi va dap (mbc bi
bién dang) hodc méc bj méat d& qua trinh tinh toan
dd 1un khdng bj gian doan. Qua trinh ndi suy cling
chi thwe hién déi véi chu ky ké tiép cta chu ky cudi
cung dwa vao xay dwng mé hinh. Bong thdi véi viéc
ndi suy dd lan tr mé hinh thi phai gdn méc mai thay
thé cho méc cii bi mat & chu ky d6 dé c6 méc quan
trdc & cac chu ky tiép theo (chi ndi suy 1 chu ky,
khéng ndi suy nhiéu hon 1 chu ky lién tiép).

6. Két luan

Tw ly thuyét va thuwc nghiém & trén chang téi rat
ra mot sb két luan nhw sau:

- M6 hinh Iin cta céng trinh cé két cAu méng
ctrng trong khéng gian sé cho phép ndi suy dd Iun &
cac vi tri khac nhau clia codng trinh. Khi xay dwng
mo hinh két hop véi phan tich phwong sai sé danh
gia dwoc cong trinh ¢ bj bién dang hay khéng;
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- M hinh [un theo thdi gian cho phép thuc hién
tinh toan, dw bao dé Iun cua cong trinh trong thoi
gian twong lai. Qua trinh xay dwng méd hinh can két
hop véi phan tich phuwong sai dé danh gia mic do
tin cay ctia mo hinh;

- M hinh Iun trong khdng gian va md hinh Iun
theo thoi gian co thé st dung dé noi suy do lun cla
mdc quan tréc bi va dap (mbc bi bién dang) hodc
mébc bi mat & moét chu ky nao dé dé dadm bao tai vi
tri gdn mdc quan trac lun d6 c6 dd lun tbng cong
tinh tr khi b4t dau quan trdc dén khi dirng quan
trac.
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