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Tém tit: Bién dang 1a mot qué trinh duge hinh thanh tir nhiéu nguyén nhan khac nhau, ¢6 nhiing
nguyén nhan cht quan va ca nhitng nguyén nhan khach quan do méi trudong va bién ddi khi hau.
Téc dong lién tuc va bat thuong cia mdi trudng ciing voi Gmg suat ndi bo phat sinh trong ban than
cong trinh dan téi bién dang pha hay. Phan tich bién dang vi thé cin mot mo hinh hé thong dé
nhan dang va du bao anh hudng t6i an toan cia cong trinh. Bai bao da tmg dung 1y thuyét nhan
dang hé théngctuaHeunecke va Welsch dé phan tich dit liéu do bién dang cua toa nha CT3B (mo
hinh tham s6 - loc Kalman - cho két ciu da thiét ké), phéan tich dir li¢u do bién dang cua khu nha
thip ting (mo hinh phi tham s - chudi thoi gian — cho cong trinh trén nén dét yéu khong thé khao
sat toan dién) tai khu d6 thi Van Quan, Ha Noi. Két qua phéan tich da cung cép cho don vi tu van
thiét k& giai phap xur 1y bién dang cong trinh xay dung.

Tir khéa: Bién dang, mé hinh tham s6 va phi tham sd, loc Kalman, chudi thoi gian.

1. Pit van dé

Quan tric bién dang c6 tim quan trong 16n
trong nhiéu hoat dong lién quan dén k¥ thuat
khao sat. Cac cbng trinh xay dung cin duoc
theo ddi trong sudt thoi gian xdy dung va sir
dung cua ching; cac hoat dong cua con nguoi
cling 14 nguyén nhan gy ra chuyén dich trén bé
mit dat, vi du nhu lun do khai thac mé, khai
thac dau hodc nudc ngam, xdy dung cac hod
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chua lon. Cung voi tac dong ctia mdi truong va
hién tuong bién d6i khi hau, mdi quan tam
nghién ctru vé& chuyén dich va bién dang ngay
cang tang.

Ly thuyét thong ké rat phat trién trong Thé
ky 20, hau hét ching dugc tmg dung trong kinh
té hoc va cac khoa hoc co ban. Bién dang cong
trinh va xur 1y sb liéu quan tric c6 van dung
dugc 1y thuyét thong ké hay khong? Trong khi
nganh Tric dia hau nhu chi st dung phuong
phap s binh phuong nhé nhét véi bai toan binh
sai dé dua ra 10i giai. Nhu vay c6 dap tng duoc
yéu cau cia xi hoi trudc cac nguy co va rii ro?
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Gidi han cua ly thuyét thong ké ddi voi nganh
Tric dia 1a gi?

Mo hinh hé théng 1a su két hop giita kién
thirc toan va co hoc vét ly nham nhén dang doi
tugng dé biéu dién ching dudi dang phuong
trinh vi phan hodc ham sb toan hoc. Mat khac,
hién tugng bién dang theo thoi gian duoc phan
loai can cir trén chuyén dong cia dbi tugng va
lyc tac dong. Bai bao thao luan hai thyc nghiém
ma bién dang 1a ham s6 cua lyc tic dong. D6 1a
md hinh bién dang tinh va mo hinh bién dang
dong luc, hay con goi chung la mé hinh nhan

qua: “nhan” & day la bic xa mat troi ddi véi
cong trinh CT3B va nén dat yéu d6i voi khu
nha thip tdng Vin Quan, “qua” 1a hién tuong
bién dang di quan tric duoc theo thoi gian,
bang cac ky thuat do khac nhau.

Loc Kalman da dugc ching minh 1a phuong
phap uéc luong t6i wu [1], duoc ap dung dé
phan tich m6 hinh bién dang c6 tham so. H¢
thong két cAu hinh hoc va céu trac vat ly cia
toa nha CT3B da xac dinh theo thiét ké xay
dung. Btc xa nhi€t mat troi tai vung nhiét doi
dugc danh gia co tac dong 16n toi cdu trac cong
trinh xdy dung. Trong pham vi hep c¢6 thé anh
huéng téi an toan van hanh cua cong trinh, do
nhiét do bién dong ngdy — dém gay co din
khong déu cac thanh phan t6 hop 1én cong trinh
xdy dung. Két qua phan tich bién dang toa nha

CT3B bang loc Kalman dugc cung cép cho Tu
van thiét ké dé danh gia muc an toan van hanh
cong trinh xay dung.

Chudi thoi gian 1a mé hinh phi tham s6 tiéu
biéu [2] tap hop cac phuong trinh vi phén riéng
phan dai dién cho qua trinh tu hdi quy va trung
binh trugt tich hop, nham mé ta qué trinh bién
dang cua mot ddi tuong khi chiu tac dong cua
ngoai lyc, ma ngoai luc éy khong thé xac dinh
duoc clu trac vat 1y hay két cAu hinh hoc. Nén
dét yéu ¢ Van Quan mac du dugc khoan khao
sat dia chit, nhung diém khao sat rat thua va
khong thé dai dién cho toan bo nén dat khu vuc,
ngoai ra con phai tinh dén kha ning danh gia
sai dia chat nén dat yéu khi thiét ké cong trinh
xdy dung. Ké qua phan tich theo chudi thoi
gian khu nha thap ting dua ra canh bao vé muc
lin gia tang lién tyc, gay bién dang trén dién rong,
yéu cau Chu dau tu phai gia cb nén dat yéu dé
dam bao an toan cho cong trinh xay dung.

2. Tong quan

Lién quan dén nguyén nhan giy bién dang,
mo hinh bién dang cua d6i tugng dugc phan
tich trong mot hé thong 1y thuyét toan hoc va co
hoc vét 1y, theo Welsch, Heunecke [3], cac mo
hinh bién dang dugc phan loai nhu trong bang 1.

Bang 1. Phéan loai cAc md hinh bién dang

Bién dang la ham s6 cua lyc tac dong

Khéng Céo
Bibn dang 13 ham <& Khéng M0 hinh dong nhat MO hinh bién dang tinh
en dang fa ham so . M6 hinh bién dang dong Mb hinh bién dang dong luc
cua thoi gian Co - - .
(Kinematic) (Dynamic)

Mo hinh hinh hoc

Mo hinh nhan qua

Trong ly thuyét hé thong, viéc thiét lap mot
quan hé toan — 1y dé mo ta mot ham sb cua hé
thong dong luc duoc goi 1a “nhdn dang hé
théng”. Nhan dang hé thong duoc kich hoat khi
d4u vao va dau ra cua hé thdng 1a nhiing tri do
thoa man phéan phdi chuan [4]. Nhan dang tham
sO cho ta mo hinh tham s6. Nhan dang phi tham
s6 cho ta m6 hinh phi tham sd.

2.1. M6 hinh tham s6

Phuong trinh co ban ciia mo hinh h¢ thong
dong luc la phuong trinh vi phan tuyén tinh
dong [3]:

x(t)
K D M[|x(®)]| = y(®). €Y)
x(t)
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Nhan dang hé théng

!

Cau trac vat ly d3 biét

¢

Xac dinh phwong trinh vi phan

lHép trang

Nhan dang tham sé

lHép Xxam

|
}

Xac dinh ham trong sé

Cau trac vat ly chua biét

lHC)p den

Nhan dang phi tham sé

Hinh 1. Phuong phap nhan dang hé théng [3].

Vv6i y(t) 1a dau vao cua hé théng, bao gém
cac luc tac dong co thé ca nhidu; x(t) va céc
dao ham cua né 1a dau ra cua hé théng (la cac
dir liéu tric dia); Cac matran K D M dai dién
cho cac tinh chét co hoc hodc cac tham sb cia
vat liéu, két cau. Trén thuc té, cac phép do hoac
tham sd c6 thé khong phu hop. Vi du nhu, bién
dang cua mét cu truc dat trén bd giam chin
10 xo.

Mo hinh bién dang tinh 1a truong hop dic
biét cia m6 hinh bién dang dong luc:

K.x(t) =y, (2)

Hé thdng tinh duoc dic trung boi trang thai
can bang méi duge xac dinh théng qua mot tai
trong c6 dinh y(t) = const.

Khi x(t) = const, ching ta quay v& md
hinh ddng nhat hodc mo hinh dong (Kinematic).

Phuong phap udc luong toi uu 14 qua trinh
sang tao qua nhiéu thé ky boi cac nha khoa hoc
nhu Galileo, Fermat, Pascal, Legendre, Gauss,
Markov, Fisher, Wiener, Kolmogorov, Kalman,
Bucy, Carlson [1]. Phuong phap loc Kalman
dugc thé gidi danh gid kha dung trong nhiéu
linh vuc, trong d6 c6 quan tric bién dang.
Cankut va Muhammed Sahin (2000) da d& xuat
quan tric bién dang tirc thoi bang cong nghé
GPS va st dung loc Kalman [5]. Antti Lange
(2003) di sir dung loc Kalman dé uéc luong tbi

wu tri do GPS véi @ xuit Loc Kalman Nhanh
(FKF) trong quan tric vi tri diém trén cong
trinh [6]. Lihua Li va Heiner Kuhlmann (2008)
v6i dé xuat loc Kalman két hop loc dinh dang
[7] nham nang cao d6 chinh xac khi quan tric
bién dang cac vang dat. Yam Khoon Tor (2003)
da dé xuat tmg dung loc Kalman nhiam quan
tric bién dang thoi gian thuc st dung thiét bi tu
dong hoa [8]. Tai Viét Nam, cac rng dung loc
Kalman trong quan trac bién dang méi chi &
bude dau, bang ‘ung dung loc Kalman m¢ rong
cac tham sd dé nang cao do chinh xac woc
luong bién dang cong trinh [9].

2.2. Mé hinh phi tham sé

Néu khéng co cach nio dé& mé hinh hoa
duoc két cAu hinh hoc va ciu tric vat 1y ctia hé
thng, mbi quan hé giita ddu vao va dau ra co
thé duoc xay dung dua trén phwong phap hoi
quy (regression), phén tich tuong quan
(correlation analysis), chudi thoi gian (time
series). Viéc nhan dang hé théng co nghia la
udc luong cac tham sd ctia mo hinh, cac tham
s6 nay co thé khong c6 y nghia vat 1y. Do vy,
mo hinh khong c6 tham s6 duoc goi 1a hop den.
Co nghia 1a, h¢ théng dugc nhan dang chi dua
trén cac phép do, chit khong phai 1a mdt md
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hinh co hoc. D6 chi 13 dau hiéu cha khong phai
la mgt mé hinh dinh hudng (model orientated).
Mo ta chung cho mé hinh phi tham s6 1a tap
hop cac phuong trinh vi phan riéng phan. Néu
dix di1x
Aq = qzd +aq-

dx
—+...+ala+a0x=

md hinh chi ¢6 mot dau vao duy nhat thi ciing
chi c6 mot dau ra duy nhat, dugc bi€u dién bang
mot phuong trinh vi phéan thong thuong thong
qua phuong phap:

dPy dP~ly dy

bp—7p + bp-i 5oy oAby =+ boy (3)

Dén t6i m6 hinh ARMA (auto regressive moving average), dai dién cho phuong phap chudi thoi

gian nhu sau:

Xk = QqXg—1 + ApXg_p+... +AgXg_q + boXy + byXp_1+... +bpxp_p €))

Céc hé s6 chua biét (an sd) a; va b; la cac
tham s6 dugc uéce tinh trong mét thu tuc xac
dinh. Can bién cua cac gia tri p va q dai dién
cho bd nhd cia hé thong, tuc 1a tai thoi diém
t9, hé théng nhd lai cac sy kién da dién ra trong
qua khu, c6 thé nhé lai sy kién mé dau tai can
bién cia nd. Pic trung cia md hinh phi tham
sO, cac phan tir cia mo hinh 13 mot trang thai
cua thye tai tuy thudc vao cac gia tri cia p va q;
ma cic qué trinh ty hdi quy va trung binh truot
6 tao ra dugec mot ciu tric vat Iy c6 y nghia
hay khong. Do vay, phuong phap chudi thoi
gian dugc cho vao hop xam. Su khac biét gitra
cac hop mau xam, mau den hay hop trang phu
thudc vao cac tham sé hodc cac ciu trac vat ly
ma mod hinh x4y dung.

M6 hinh ARMA bao gdm phan dé quy va

khong d€ quy [3]:
q P
Xg = Z aiXg—; + z bjyk—j
i=1 =0

= R (x) + Ne(¥) )

khi p = 0 12 mé hinh tuy hdi quy: Tri quan
trac x;, duoc coi la sy két hop tuyén tinh giita
trj quan tric trong qua khtr véi hé thong hién
thoi y, cta dau vao. Khi g =0, mé hinh trd nén
khong dé quy. Hé théng lic d6 1a t6 hop tuyén
tinh ctia qua khar véi dau vao hién tai. Hé sb b;
dugc coi 12 thanh phan cta phan tich hdi quy.

Dbi véi cac tri quan tric lién tuc, chung ta
c6 phuong trinh:

y(©) = fo 9(0).x(t - D)dr, ©)

trong do, y(t) 1a luong bién dang tai thoi
diém t; x(t — 1) 1a d6 16n cua lyc tic dong gay
bién dang tai thoi diém (t —1); g(r) la ham
trong s6 md ta twong quan giita x(t — T) Vva
y(t); T 1a khoang thoi gian phan hoi hay con
goi 1a do tré. Moi dang vat liéu khac nhau hay
cAu tao dia chit khac nhau, déu cho ta do tré
khéac nhau. Tuy nhién, co thé dua vao tham s
thoi gian dé ude tinh do tré.

Trong truong hop roi rac, cac mé6 hinh nay
¢6 thé dugc viét dudi dang tong ctia nhiéu
phuong trinh. M6 hinh phi tham s ¢6 thé duoc
g dung cho nhiéu hé thong va quy trinh.

Phan tich chudi thoi gian 1a mot ‘phuong
phap nhan dang hé¢ thong kha phd bién trong
md hinh phi tham s6. Cac thong tin quan trong
duoc tinh toan trong mién thoi gian, 6 chinh 1a
cac gia tri mong doi (uwdc luong) va ham ty hiép
phuong sai, thé hién phuong sai cta tri quan
tric trong chudi dir liéu c6 duge. So sanh dau
vao va dau ra ciia chudi thoi gian bang viéc tinh
toan ham hiép phuo‘ng sai cda tri do, ta nhén
duoc thong tin vé moi twong quan cua chudi
thoi gian trudc va sau khi thyc hién ARMA,
xem xét viéc hé thong phan tng thé nao khi
thoi gian bi tri hoan.

C6 thé ung dung b1en d01 Fourier dé chuyen
dm thoi gian vé mién tan sd, biéu hién qua phd
tan s6, tir d6 phat hién cac diac trung cua mot
qua trinh bién dang. Ngiy nay, cac (mg dung
bién doi séng nho (Wavelets) ciing duge tng
dung trong phan tich bién dang hay chuyén dich
dia dong. Cac ky thuat phan tich moéi nhu:
Mang tri tu¢ nhan tao, logic m¢ dugc ing dung
cho mdt s6 mé hinh phi tham s.
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Nhu da phén tich trén day, nhén dang hé
thong can két hop phan loai mé hinh bién dang
dé xac dinh phwong phép phan tich cho ding.
Db6i voi cong trinh xdy dung co két cdu hinh
hoc va ciu triic vat 1y di biét (vi du nhu nha cao
tang c6 mong coc déng t6i ting da gbc). Dir
liéu bién dang theo thoi gian co thé xac dinh
duoc phuong trinh vi phan, d6 1a mot hop trrfmg
nhan dang c6 tham $6. Phuong phap loc
Kalman 1a thich hop dé u6c lugng tdi wu gia tri
bién dang. D6i v6i cong trinh thip tang xay
dung trén nén dat yéu, ban than két ciu cong
trinh khong tao ra ing suét cuc b x4u. Nén dat
yéu khong duoc khoan khao sat toan dién két
hop hé s an toan két cau va giai phap két cau
moéng da 1am cho toan bd cong trinh (hé thdng)
bi anh hudéng nghiém trong. Hé théng nay duoc
nhan dién bang cac phép do phan anh nhiéu
nguyén nhan tac dong tdi nén dat nhu hé sd
rong, myc nuée ngam, d6 sdu cua moéng nha,
két cAu mong va tai trong tdp trung. Mot hé
thong nhu vay duoc goi 1a hop den, truong hop
¢6 thé xac dinh dugc phuong trinh vi phan thi
d6 1a hop xam. Phuwong phap chudi thoi gian
dugce d& xuat vao nhitng nim 70 cia thé ky 20
thich hop dé wdc luong téi wu va dy béo xu

[J?k]:[l ][xkl] xlk]
ﬁxk 0 1 17x(k 1) szk

[V ] _ [ Ts] R ] N [Kylk
vkl 10 THVyae-nl  [Kyz,

Ky hiéu: %y, 9 1a uoc lugng Kalman tri do
hudng X va tri do hudng y; K,’(k, Ky 1a hi€u ich
cta phuong trinh Kalman d6i v&i hudéng x va
huéng Y;zyx, Zyk 1a tri do GPS clia huéng x va
huéng y; Dy, Dy 1a wéc luong van toc trén
hudng X va huong y; Ts = 30 gidy.

Hi€u ich Ky, Ky, ctua phuong trinh
Kalman duogc tinh theo thtr ty tri do (thoi diém
do) va hiép phuong sai ti€n nghiém P, hiép
phuong sai hau nghiém M ([2], [3]) tai thoi
diém tinh.

Céc tac gia da thyc nghiém quan tric bién
dang do blrc xa nhiét mat troi bé‘mg GPS ddi véi

zc—[1 0l

hudng bién dang loai cong trinh nay. Lin 1a mot
truong hop ca biét ciia bién dang ndi chung.

3. Phuong phap

3.1. Phuwong phdp loc Kalman phdn tich bién
dang do birc xa nhiét mat troi

Phep loc Kalman la mét cong cu quan trong
dé phan tich bién dang tir nhimg thong tin t6
hop trén su van dong ciia vat thé va chat lugng
phép do. Phuong trinh tri do va phuong trinh h¢
thong duoc tong hop trong céc thudt toan aoi
v6i woc luong va t6i uu hoa vector trang thai X,
chtra dung nhitng tham s mé ta dong thai bién
dang. Phuong trinh hé thdng cua loc Kalman da
duogc gidi thi€u trong [9] va thuat toan dugc ung
dung dé xac dinh phan tmg cta cong trinh ddi véi
btic xa nhiét mat troi tai vung nhiét doi. Cu thé tai
khu d6 thi Van Quan, Ha Pong, Ha Noi.

Thyc hién loc Kalman bac 1, phuong trinh
ma tran co s¢ ban dau [9, 10]:

521 = Los |52 ?

Phuong trinh tri do cép nhat cia loc
Kalman bac 1:

it olfy T ®

Ts [ Yk-1 ]

1] Vyx-1) ] ' ©)
nha cao tang tai khu d6 thi méi Van Quan, Ha
N6i.Thoi gian thu tin hiéu 1a gan 24 gio lién
tuc, bat dau tir 7 gio 15 phut sang dén 6 gio 45
phlt séng hdm sau. Thiét bi thu tin hiéu GPS
gdbm 3 may TRIMBLE 4000 SSi, anten TRM
39105.00 Compact L1/L2 WGP. bat goc
ngudng 10°, tin suat liy mau 30 gidy. Diém
kiém tra dit trén noc nha 21 tang (khoang 68 m
s0 v6i nén dudng nhya xung quanh) CT3B. Hai
diém thu GPS con lai (VANI va VAN2) dat 6
mit dit, tao thanh tam gidc c6 cic canh gan
bang nhau, cach nhau khoang 400 m.Tién hanh
do nhiét do khong khi tai diém may thu trong
qué trinh thyc nghiém.
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Hinh 2. Vi tri dat may thu tai CT3B cao 21 tﬁng d6 thi Van Quan, Ha Noi

Sau khi trt dit liéu do vao may tinh, tién
hanh phan tich s6 liéu 2853 chu ky do (tri do).

Theo théng ke, ty s6 Ratio cao nhét tai mau
941 la 743.9, va ty s6 Ratio nho nhat tai miu
1025 la 1.7; Phuong sai chudn 16n nhét tai mau
1025 14 119.018, cac mau 1026, 1894, 1895
cling c6 phuwong sai chuan 16n; Phuong sai
chuan nho nhat tai mau 960 1a 0.01. Ty sb Ratio
cang cao va phuong sai chuin cang nho thi do
tin cay cua két qua do cang cao. Ty sb Ratio tai
méau 1025 va phuong sai chuan tai mau 1025,
1026, 1894, 1895 cho thiy cdu hinh vé tinh
GPS trén bau troi vio thdi diém d6 rat xau.

Theo thng ké dit liéu quan tric, c6 2827 tri
do ¢6 sb liéu trén téng s6 2853 trj do, tirc 1 ¢6
26 tri do khong co6 tin hiéu vé tinh (102, 298,
508, 526, 670, 788, 912, 942, 1107, 1336, 1442,
1602, 1603, 1604, 1605, 1740, 1741, 1743,
1802, 2028, 2152, 2395, 2460, 2494, 2779,
2850).

Nhu da phan tich trudc day trong [9]. Loc
Kalman phan tich trang thai khong gian ciia doi
tuong theo thoi gian. D6 1a sy két hop gitra mo
hinh hoa dbi tugng dua vao phuong trinh vi
phan va cac tri do theo ddi hanh vi ddi tuong.
Mot vu diém cua loc Kalman 1a ¢6 thé xac nhan
tri do chura sai s tho, sai s6 hé théng va hiéu
chinh hanh vi cta ddi tugng theo quy dao trude

d6 [10]. Téng hop 2853 tri do trong gin 24 gid
dugc mo ta trong hinh 5 va 6.

3.2. Phuong phap chudi thoi gian phan tich 1an
khu nha thap tang

Phuong phap théng ké toan hoc theo chudi
thoi gian do George E.P. Box va Gwilym M.
Jenkins dé xuit vao d4u nhimg nim 1970 nham
phan tich, du bdo va kiém soat chudi dir liéu
quan sat theo thoi gian, trén co sé bao quat cac
tinh huéng tu hdi quy (AR), sai phan va trung
binh trugt (MA) [2].

Tai Hoi nghi Qudc té 1AGchuyén dé vé
Quan tric bién dang lan thir 13, ndm 2005, tai
Tay Ban Nha, phuong phap chudi thoi gian
dugc dé xuit nghién ciru va ung dung trong
phan tich bién dang [11]. Tuy nhién, tir y tudng
ban dau cho mot mo hinh du bao kinh té néu ap
dung cho linh virc trac dia thi con nhiéu van dé
phai giai quyét. Van dé thuat ngir khi chuyen
sang tleng Viét cling dd dugc nhiéu tac gia
théng nhat [12-14] boi vi day 1a mot qué trinh.
Thuét nglr “AutoRegressive Integrated Moving
Average (ARIMA)” duoc hiéu 1a “Ty hdi quy
tich hgp Trung binh truot”, bao gém 3 qua
trinh: Ty hdi quy, sai phan va trung binh trugt.

Lan cong trinh xdy dung trong khu d6 thi
nhén duoc sy quan tdm cua toan xa hoi va cac
nha khoa hoc. Céac nha cao tang (tir 10 tang)
thuong dugc thiét ké mong coc khoan nhoi
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hodc coc ép, coc dong tdi tﬁng da géc. Cac nha
thap tang thuong duoc xay dung theo khu phd,
theo cum dén cu, c6 méng bang hodc mong be,
thuong gia ¢ méng bing coc tre sau khi nao
vét hét tang dat san lap phia trén mat. Pic diém
chung ctia khu vyc thap tang 1a chiu anh hudng
boi tang dit yéu gan mat dat do tac dong cua
lugng mua, khai thac nudc ngﬁm, hoat dong
giao thong va xay dung, hién tuong lun xdy ra
trén dién rong. Céc tac gia di quan tric va thu
thap dir li€u trong 03 ndm lién tuc (2005 -
2008). Dit liéu quan tric 1a bi mat thuong mai

va sau 10 ndm c6 thé cong bd, khi cac hoat
dong thuong mai khong bi anh hudng.

Qua trinh thyc hién phén tich chudi thoi
gian dugc chia lam bon budc.

Budc 1. Thu thgp dit liéu. Dit ligu do gdm
36 chu ky, moi chu ky cach nhau mét thang.
Qua triph do 1un duogc tién hanh déu dan vao
ngdy dau thang, c6 vai chu ky do léch nhung
khdng qua 5 ngay. Quy trinh k¥ thuat theo quy
dinh TCXDVN 271:2002.

bo lan cia mot s6 diém dic trung duoc

thong ké trong hinh 4.

NN Trung Bai hié Nghé &
AN oy~ A thuat Trung Uong T3
“MOILAD 1\ v_ E]/ @ G
LANG.VIET KIEU CHAU.AU @ 8
’ N R&aY < N NG Academy of \
E] / Crytography Techniques™ )
y @ TRIEU ¥
& v/ ‘
7% Nahia trang Trisu Kh
/A" - gnia trang.lrneu uc
¥y d % @
A
7%;
2
@,L'ANG',VAN QUAN
n'Ha NG

()

TAN TRIEU

Hinh 3. Khu d6 thi Van Quéan, Ha Bong, Ha Noi dugc theo ddi lun
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Hinh 4. D) thi d6 Itn thyc té trong 36 thang.

D0 cao trung binh ban dau 1a 6706,89 mm,
d6 cao trung binh quan tric dugc ¢ chu ky cudi
12 6638,05 mm. Toéng d6 lun quan tric dugc 1a
68,84 mm.

Buéce 2. Phan tich ty tuong quan (ACF) va
tu tuong quan riéng phan(PACF) cua chudi dir
lidu v6i do tré 20 theo [15]. Hé sé chinduoc
tinh theo cong thuc:

—1,96. 1/\/E <7 < 1,9. 1/\/1_1 (10)

Bén canh do, ta thyc hién kiém dinh muc do
tuong quan trong chudi theo phan ph01 x%(Q-
Stat) dé xem chudi c6 hoan toan ngau nhién
hay khong; thuc hién kiém dinh xac suat (Prob)
xem c6 tham s6 nao vo nghia hay khong. Ta c6
két qua & bang 2.

Thuoc tinh tinh cia chudi thoi gian duoc
hiéu 1a khong c6 sy thay ddi trong chudi, ma
qua trinh ctia chudi chi 1a nhimg gia tri cia

quan tinh. Cac dao dong cua chudi 1a thay doi
xung quanh mot gia tri trung binh theo thoi
gian. Nhu vay, thudc tinh tinh ctia chudi bao
g0m hai khai niém, tinh theo trung binh va tinh
theo phuong sai.

Nhan xét, chudi thoi gian c6 8 hé sb ACF
dau tién vuot qua ngudng gidi han (theo cong
thirc 10), tir hé sé tha 14 trg di, ACF chuyén
d6i diu. Nhin chung, d6 thi co tinh tinh rat
cham. Cot PACF cho thay chi co hé sd déu tién
(tré 1) 1a c6 y nghia, cac hé s0 khac xap xi 0,
chudi thoi gian co tinh tinh kha t6t.

Tlep theo, tinh chudi véi sai phan bic mot
v6i két qua thé hién trong bang 3. Theo do, co
thé thdy cac hé sb cua chudi gan 0. Néi chung
day 1a mot chudi tinh va c¢6 thé dung chudi sai
phan bac mot nay dé du bao xu hudng cua
chudi trong tuong lai [12].

Bang 2. Thong ké ACF va PACF chudi dit liéu véi do tré 20

No ACF PACF Q-Stat Prob No ACF PACF Q-Stat Prob

1 0.8903 0.8903 30.9809 0.000 11 0.1407 -0.0194 137.4831 0.000
2 0.7967 0.0198 56.5224 0.000 12 0.0815 -0.0348 137.8618 0.000
3  0.7005 -0.0602 76.8615 0.000 13 0.0214 -0.0612 137.8891 0.000
4  0.6159 -0.0013 93.0767 0.000 14 -0.0381 -0.0583 137.9796 0.000
5 05475 0.0332 106.3062 0.000 15 -0.0903 -0.0205 138.5106 0.000
6 04793 -0.0354 116.7832 0.000 16 -0.1414 -0.0499 139.8774 0.000
7  0.4103 -0.0497 124.7254 0.000 17 -0.1815 -0.0122 142.2487 0.000
8 03419 -0.0399 130.4355 0.000 18 -0.2245 -0.0647 146.0807 0.000
9 02737 -0.0429 134.2319 0.000 19 -0.2617 -0.0324 151.5915 0.000
10 0.2030 -0.0660 136.3999 0.000 20 -0.3012 -0.0675 159.3495 0.000
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Bang 3. Théng ké ACF va PACF chudi dit liéu véi sai phén bac mot, do tré 20.

No ACF PACF Q-Stat Prob No ACF PACF Q-Stat Prob
1  -0.0065 -0.0065 0.0016 0.968 11 -0.0530 0.0403 6.2130 0.859
2 01132 0.1131 0.5042 0.777 12 -0.0082 0.0022 6.2168 0.905
3 0.1584 0.1618 1.5194 0.678 13 0.0824 -0.0240 6.6169 0.921
4  0.0356 0.0287 1.5724 0.814 14 -0.1031 -0.1002 7.2730 0.924
5 -0.2016 -0.2461 3.3274 0.650 15 0.0571 0.1061 7.4838 0.943
6  0.0630 0.0212 3.5046 0.743 16 -0.0672 -0.1078 7.7919 0.955
7 0.0230 0.0806 3.5290 0.832 17 0.0330 0.0215 7.8704 0.969
8 -0.2220 -0.1746 5.8921 0.659 18 -0.1470 -0.1159 9.5168 0.947
9  -0.0065 -0.0340 5.8942 0.750 19 0.0748 0.0614 9.9697 0.954
10 0.0569 0.0598 6.0617 0.810 20 -0.0922 -0.0323 10.7036 0.954

Bu6e 3. Phan tich dit liéu trén chudi nguyén
so. Cac tham sb ciia phuong trinh ty hdi quy va
phuong trinh trung binh trugt dugc uéc luong
theo phuong phap sb binh phuong nho nhat, ap
dung k¥ thuat tim kiém lap dwa vao ham tong
cic binh phuong dé thu duoc tham sé cubdi
cung, trén co s& cyc tiéu hoa tong binh phuong
d6 1éch (s6 hiéu chinh) [10, 12]. ]. Tuong ung voi
két qua cua m6 hinh Ia cdc sai s6 cia mo hinh,
sai sO trung phuong ting tri quan tric va gidi
han trén, gioi han dudi cua khoang du bao.

Phuong trinh ty hdi quy (AR-1) cho chudi
nguyén so nhu sau [16]:

(Y)ARMW = 82,1994 + 0,9747Y,_,  (11)

~ Trong do, tri s6 (-82,1994) dugc hicu 1a hé
0 chén; tri s6 (0,9747) dugc hieu la do doc hay

hé sb goc; bién Y;_1 dugc udc lugng qua mbi
quan hé voi cac bién tre 01 thoi doan.

Qua trinh trung binh truot 1a st dung céac sai
s0 trong qua khir dé dy bao sai sO tuong lai.
Phuong trinh MA-1 cho chudi nguyén so nhu
Sau:

(Y)MAM = 77,8244 + 1,0580U,
+0,9147U,_, (12)

Trong d6, tri s6 (77,8244) dugc hiéu 1a hé
sé chan; tri s6 (1, 0580) va (0,914) la cac tham
sO trung binh trugt; bién U, va U,_ 1_la thanh
phan sai s6 & chudi nguyén so va tré 01 thoi
doan. Phuong trinh tong hop tu hdi quy va
trung binh trugt (ARMA-1,1):

(Y,)ARMAQLY) = 6670,087 + 77,8244 — 82,1994 + 1,0580U, + 0,9747Y,_, + 0,9147U,_, (13)

Budc 4. Phan tich dir lidu trén chudi sai
phan bdc mgt. M6 hinh ARMA dugc xay dung
1a mo hinh bét tinh, duoc biét thong qua phan
tich tu twong quan ACF va tu tuong quan riéng
phan PACF. M6 hinh nhu v@y chua thé sir dung
dé woc lugng tuong lai. Do vay, can phai ldy sai

phan cac phuong trinh trén. Phuong trinh AR
(1,1) cho chuoi sai phan bac mdt nhu sau:
(Y)H)ARALY) = _82 8354 —0,8868Y,_; (14)
Phuong trinh MA (1,1) cho chudi sai phan
bac mdt nhu sau:
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(YHMALD = 76,6013 + 0,9054U;

+0,1089U;_, (15)

Phuong trinh téng hgp ARIMA (1,1,1) nhu

sau:

(Y))ARIMALLY) = 6670,087 + 76,6013
— 82,8354 + 0,9054U;
—0,8868Y,_,
+0,1089U;_, (16)

Céc thong sb danh gia d6 chinh xéac cua tri
quan tric va do tin cdy cua md hinh 1a: sai sb
chuan cta md hinh, d6 1éch chuan cua dit ligu
dau vao so v6i mo hinh, gia trj kiém dinh chudi
dir liéu theo phan phdi T va phéan phéi F, trj uéc
luong xac suat nhat ddi voi timg tri quan tric
theo mo hinh, bao gom ca sai s trung phuong
cac gia tri ude lugng [10].

Céc tac gia da tinh toan tit ca cic phuong
an voi cac gia tri ty hdi quy, trung binh trugt
dbi véi chudi chua lay sai phan va ddi véi chudi

da lay sai phan, theo cac mo hinh sau ARMA
(1,2); ARMA (2,1); ARIMA (1,1,2); ARIMA
(2,1,1); ARIMA (1,2,1); ARIMA (2,21),
ARIMA (1,2,2). Cac md hinh thtr nghiém duogc
kiém tra theo nguyén ly s6 binh phuong nho
nhit, mé hinh ARIMA(1,1,1) 1a phu hop nhat
voi duong tri do khisai sd trung phuong tong
hop ciamd hinh 1aY3°(Y, —Y,)? = min =
0,7025mm.

4. Két qua thue nghiém

4.1. Phan tich chuyén déng ciia cong trinh theo
birc xa nhiét mat troi

Chuyén dong cua cong trinh theo birc xa
nhiét mat troi (hinh 5 va6) dugc tich hop ca tri
do va tri loc Kalman. Puong cong loc Kalman
duogc tach riéng voi d6 phong dai 11 1an va truc
toa do dat bén phai dé dé nhan biét.
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- 2320017.418
......... Tn do
" ot - 2320017.416
\\ LOC Kalman
- 2320017.414

2320018.083 */ﬂ%f
2320017983 |

\ - 2320017.412

£ 2320017.883 \\ - 2320017.410
o e S N NP
- |
- 2320017.408
G 2320017783 T
2320017.683 - 2320017.406
i
2320017.583 ) | 2320017404
2320017.483 ; 2320017.402
M NP g Ponaeis S St apas sotnsta
2320017.383 s - 2320017.400
SN O A NMOOWN A NOO DN A NN O N o
N ™~NO S 0O A1 NOOMm OO SN ds 0N
AN <N OO0 DO AN MNMT OMNOOOO TN < N IS
Lo I o B o IR B o B B o B oV A o VA o U o VI o U o

Hinh 5. Thanh phén toa d6 X tai CT3B, tri do va loc Kalman.
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Hinh 6. Thanh phén toa d6 Y tai CT3B, tri do va loc Kalman.

C6 tong cong 2853 tin hiéu GPS dugc phan
tich. Trong d6 c6 nhiing tri do ky di voi phuong
sai rat 1on (388, 993). Ly do gom sai sé do khiic
xa tang dién ly va tré tin hiéu tang dbi luu, sai
s6 do phan bd cdu hinh vé tinh tai diém quan
trac (DOP), trugt chu ky, ...

Loc Kalman da hi€u chinh thanh cong cac
tri do ky di va phan anh trung thuc quy dao
chuyén dong cua cong trinh dudi buc xa mat
troi.

4.2. Phan tich dit liéu chudi thoi gian quan trdc
lun khu nha thap tang

Sai s6 trung phuong ctia md hinh udc luong
dugc trinh bay trong bang 4 cho thay 11 tri woc
lugng ban dau c6 sai s6 2,9763 mm, 25 trj wdc
luong sau c6 sai s6 0,7025 mm [16].

Mb hinh ARIMA di danh gia qua trinh bién
dang cua khu nha thip tang do anh huong cua
nén dat yéu. Nhan t6 dit nén dong vai trd quan
trong khong ngd dbi voi cong trinh xay dung,
boi vi it ngudi muén dau tu cho phan khong
thiy duoc ctia mot cong trinh.

Bang 4. Sai sb trung phuong 36 tri udc luong

STT SSTP(mm) STT SSTP(mm) STT SSTP (mm)
1 8.270224 13 0.747626 25 0.486098
2 5.106284 14 0.96833 26 0.551769
3 0.493488 15 1.688828 27 0.457622
4 3.946755 16 0.573541 28 0.588142
5 2.86295 17 1.351591 29 0.160877
6 0.868233 18 0.275011 30 0.373138
7 1.612044 19 1.312059 31 0.352314
8 1.670971 20 0.712057 32 0.353019
9 1.371373 21 1.423505 33 1.083419
10 0.665095 22 0.483848 34 0.578699
11 2.895999 23 0.669969 35 0.445821
12 0.776263 24 0.688166 36 0.534996
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5. Théao luan
5.1. M6 hinh tham sé, loc Kalman

Phén tich 2853 chu ky quan tric bién dang
cong trinh boi birc xa nhiét mat troi, ta ¢6 nhan
xét sau: Di v6i hudng Y (hudng dong), 35 chu
ky dau,cong trinh c6 bién dang 10 mm véi
phuong sai 3.10° m. Tir chu ky 982 (ltc 15 gid
20 phat mui gio GMT+7), cong trinh bién dang
v6i dao dong tir 2 dén 4 mm. Sau d6, cong
trinh tuong dbi 6n dinh. Hinh 7 13 bién dang
tong hop ciia diém quan tric trén noc nha
CT3B Van Quan.

Dbi véi hudng X (hudng bic), 104 chu ky
dau bién dang dao dong véi bién do khoang 7
mm, sau d6 bién dang tang dan. Bién dang dat
gia tri cao nhat tai chu ky 1009 (lac 15 gio 34
phat mui gid GMT+7), gia tri tuyét dbi theo hé
toa d0 VN2000 la 2320017,4169 m, gia tri
phuong sai 3.10™° m. Thoi diém 2590 (lic 4
gid 44 phut sing GMT+7), gia tri tuyét dbi
huéng X dat thap nhat 1a 2320017,4084 véi
phuong sai 6.10™ m. Gia tri bién dang 16n nhat

theo ngay dém cua cdng trinh do buc xa nhiét
12 8,5 mm v&i phuong sai xap xi 0.

Nhiét d6 khong khi thay d6i ngay dém tur
33%C t6i 24°C va thoi gian bién dang cua than
toa nha CT3B, cho thiy bién dang theo birc xa
nhiét mat trdi cia cong trinh c6 do tré khoang 3
dén 4 gio. Ung xuét ndi bd ciia cong trinh phan
mg tré 3 dén 4 gid so v6i tham sd dau vao 1a
birc xa nhiét mat troi.

5.2. M6 hinh phi tham s6, chuoi thoi gian

Str dung mo6 hinh ARIMA du bao xu huéng
bién dang trong twong lai 1a van dé dugc quan
tam nhiéu. Hinh 8 biéu dién xu hudng bién
dang trong 14 thang tiép theo.

Sau khi phan tich mé hinh bién dang phi
tham sd tai khu thép téng d6 thi Van Quan dugc
thuc hién. Chii ddu tu da kién nghi Tu van thiét
ké diéu chinh lai cac tinh toan két cdu va tién
hanh stra chita. Cac quan tric sau giai doan sira
chita da khang dinh tinh hiéu qua cua cac diéu
chinh nay. Cong trinh di dan 6n dinh trong qua
trinh 1an cb két ciia nén dat.

00.008

00.006

00.004

====loc Kalman trucY

Loc Kalman truc X
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Hinh 7. Bién dang tong hop tai néc nha CT3B Vin Quan.
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Hinh 8. Dy b4o xu huéng bién dang sau 14 thang ctia khu vyc thap ting.

Nhian dang hé théng va phan loai m6 hinh
bién dang 1a ndi dung rat quan trong trudc khi
danh gia bién dang mot ddi twong hodc cong
trinh x4y dung. Str dung cac kién thirc 1y thuyét
théng ké, cac phuwong phap vén duoc ding
trong kinh té hodc xa hdi nhu chudi thoi gian,
¢6 thé kiém tra tinh xac thuc cua dit liéu do dac,
du bao va phan tich cac diéu kién trong tuong
lai c6 thé anh hudng toi an toan bién dang.
Phuong phap loc Kalman da xéac dinh pham vi
bién dang rat nho cua cong trinh xay dung dudi
blrc xa mat troi, vi qua trinh loc da nhén dang
chudi dir liéu do GPS, hiéu chinh va phan anh
trung thuc quy dao chuyén dong cia vi tri may
thu theo thoi gian.

6. Két luan

Bai bao da trinh bay mdt quy trinh phan tich
bién dangtheo mo hinh hi¢u qua hién nay la Ioc
Kalman va chudi thoi gian.

M5 hinh loc Kalman d3 xac dinh dugc bién
dang cong trinh do buc xa nhiét mat troi 1a 8,5
mm, khi nhiét d¢ khong khi quanh cong trinh
thay d6i 9° C. Sai s trung phuong cua phép
loc Kalman truong hop nay dugc xac dinh la
0,35 mm.

M5 hinh chudi thdi gian da xac dinh dugc
xu hudng bién dang cong trinh trong tuong lai,

dua vao phan tich dit liéu theo mod hinh
ARIMA.
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Determination of Deformation of Construction Using
Parametric Modeling-kalman Filter Application and Non
Parametric Modeling-time Series Application

Dinh Xuan Vinh, Nguyen Thi Nhung, Nguyen Van Quang

Hanoi University of Natural Resources and Environment,
41A Phu Dien, Cau Dien, Tu Liem, Hanoi, Vietnam

Abstract: Deformation is a process that is formed from numerous subjective and objective
reasons, caused by both environment and climate change. The continuous and abnormal behavior of
the environment along with the internal stress generated in the building itself leads to destructive
deformation. Deformation analysis, therefore, requires a systematic model for identifying and
predicting impact on the safety of the building. This paper discusses the deformation models,
estimation methods and evaluate the deformation of the buildings by two different reasons in Van
Quan urban area, Hanoi City. Bothparameter modeling (Kalman filter application for known
structures), and non-parametric modeling (application of time series for unknown soft ground) are
applied with the theory of system identification of Heunecke and Welsch.

Keywords: Deformation, parametric and non-parametric modeling, Kalman filter, time series.



